
p r ' r ^

INDUCTION OF SPOROGENESIS IN 
GRACILARIA SPP (GI6ART1NALES, RHODOPHYTA) 

BY ENVIRONMENTAL MANIPULATION

DISSERTATION SUBMITTED 
IN PARTIAL FULFILMENT OF THE REQUIREMENTS 

FOR THE DEGREE OF
MASTER OF FISHERIES SCIENCE 

(MARICULTURE)
OF THE

CENTRAL INSTITUTE OF FISHERIES EDUCATION 
(DEEMED UNIVERSITY)

MUMBAI-400 061

by

R SARAVANANE 
(Mari. 52)

r* Cn'ltTS-! "-^...-4

t,f lo  -

IC A R

if ceipt - --—  

• u . s r . .  Hc._cS , ' - ? 0 : zD

CENTRAL MARINE FISHERIES RESEARCH INSTITUTE
INDIAN COUNCIL OF AGRICULTURAL RESEARCH 

COCHIN-682 014 
INDIA.

JUNE 2001



ro MY BROTHER
p. RADJASSEGARANE



••n 3T-J tj
I C A R

Trgrft T n f^ 3 i^  vt?aiPT
T t e  sffcra t l603r^<‘̂ ll^o1H, ^f^tffR-682 014

Hum (Ofi)
Tefegian\TekxFaxE>neil

J9-mH...£xL
391-W7CADALMIN EKM 088?-M)5 MFKI IN 
W843MJ09nidcn'tM3iii)d2.\vnln6tin

CENTRAL M A R IN E F IS H E R IE S  R E SE A R C H  IN STITU TE 
POST BOX No. 1 603, ERNAKULAM, COCHIN- 682 0 14 

('TOfP-I q f^ )
(In d id ii  C o u n c il  o f  A g iicu lh o ra l R e s e a ic h )

Dated; 30 June 2001

CERTIFICATE

Certified that the thesis entitled “INDUCTION OF 

SPOROGENESIS IN GRACILARIA SPP (GIGARTINALES, RHODOPHYTA) 

BY ENVIRONMENTAL MANIPULATION” is a record of independent 

bonafide research work carried out by Mr. P. Saravanane during the 

period o f study from September 1999 to August 2001 under our 

supervision and guidance for the degree of Master of Fisheries 

Science (Mariculture) and that the thesis has not previously formed 

the basis for the award of any degree, diploma, associateship, 

fellowship or any other sim ilar title.

Major Advisor/Chairman

Advisory committee

Dr. F̂ feeta Jayasankar

Scientist (Sr. Scale), 

FEMD, CMFRI.

Dr. P. I^Iadiiaran,

Scientist (Sr. Scale), 

FEMD, CMFRI.

Dr. Somy Kuriakose,

Scientist, 

FRAD, CMFRI.



DECLARATION

I hereby declare that the thesis entitled “INDUCTION OF 

SPOROGENESIS IN GRACILARIA SPP (GIGARTINALES, 

RHODOPHYTA) BY ENVIRONMENTAL MANIPULATION’ is an

authentic record of the work done by me and that no part thereof has 

been presented for the award of any degree, diploma, associateship, 

fellowship or any other sim ilar title.

30 June 2001, ^ P . SARAVANANE,

Kochi. M.F.Sc. Student,

CMFRI.



a lllH  H c li} .  < H 6 o^^^i U O IU 'K ^H ^  ^TTof? uJJcft %. ^< % d l 

€id.ici( ^  ^  ui<p[a.(i> ?T<^/crr cr>7 z ^ u
u  jn m z  3 d M  h  ^  u a c R  w n n  ^  ^

cp^o) ^  f e f ^  /c/cp(«J ^  Ct?< 'I? ' [ ^ m  (5iT ti< ^C il

7 ? ^  t r ?  y f ty t fc T  ^ i[h c t  m ^ & R n

ttteii ^  3 T ^ T c im m  at w ^itu  u u d ^  a? cam zter
^  ? l te r  ^ l 4  tpe icH vrllo j^u ityto t ^

[hct>u4l 3TclZSll& , cffuTP^ oJoJoT cftun^
3 m f^ H ^  g f e  3 ^  c fh rn ^ s H  ^  j t R « f l f c r c f r  ^  s re z re zo f

^  c r to t /u ^ o f f f f^  ^TXtt ^  a id lc l i^ R n  U lU e d

jra5T?nczftr, ! j^ ? r  !? ^ ? r  cQucti aftz c tio r^ i^

^  ? is r r  i>72zr. # ,  fi> }f^ ih Y T  ^  ^
9 ^ 3 x m  et<*<Il s ra ftr ^  2000 ct^tn  J iw ? r  S a d i  ct

25°C ctm^Hlot Tfz iJZ# # -  $ ^ l h H  ^
^torurpjjom  ^  ?J??3rrcf e i r ^  ( 630-670 nm) 177  g # .

tp T ^^T T T ^rfo T o f ^  ^ i : t i  ^  «tGc/Z < 5 ^  3 1 ^ . doacp7«^

^  [ h < n u { l^  3 m z ^ n ^  c i t f  ^ r c f

§ # . SlfhcticiJl ^tuTUri J(Ml<iot 25 

u m ^ rm fh  ^  f W  a¥ ^  c r ^  a f i^
cjc«r?tficr ^ f c f  g3 ir. a tifh ^ l ^  25-26  

f k ^  dm<Hiot ^  z i m f ^  ^  

3UU cim  3 m ^  ^  iJ7 q i^  oTT



ABSTRACT

Gracilaria spp have been regarded as the most important agarophytes 

for cultivation due to their high regenerative capacity. Seaweed farming from spores of 

Gracilaria is considered as an alternative tool to protect the natural stock and to meet 
the demand of raw materials for the agar industries. Non-availability of female 

reproductive plants with mature carpospores during favourable period of cultivation is 

a general constraint of reproductive propagation. The present work includes study of 
developmental stages of carposporogenesis, induction of sporogenesis, spore output, 
early growth and survival of spores. Gracilaria edulis and G. foliifera were subjected to 

various environmental parameters such as photoperiod, light spectra, light intensity 

and temperature for induction of sporogenesis. G. foliifera showed initiation of 

sporogenesis under long day at 2000 lux light intensity and temperature of 25° C, while 
in G. edulis sporogenesis was initiated under red spectra (630-670nm). The 

chlorophyll a, phycoerythrin and allophycocyanin contents showed increase under 

630-670nm. The histological observation clearly showed the developmental stages 

of cystocarp in G. edulis and G. foliifera. Maximum spore output was obsen/ed at 

25° C and short day photoperiod for both the species (P>0.01) for first two days and 
declined subsequently. The spores of G. edu//sand G. foliifera have grown well up to 8 

days in PES medium maintained under temperature range of 25-26° C (r=0.99).
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1. INTRODUCTION

During the past few years, phycoculture has gained importance in 

view of increasing demand for manufacture of variety of goods from seaweeds. 

Seaweeds are marine algae, saltwater dwelling, and simple organisms that fall 

into the rather outdated general category of plants. Most of them are the red 

(6000 species), brown (2000 species), and green (1200 species) and most of 

them are attached by the holdfasts, which only have an anchorage function. This 

plant-like organisms are found throughout the world's oceans and seas and none 

is known to be poisonous. Many are in fact eaten and considered to be delicacy.

It is estimated that the total standing crop of all seaweeds In Indian 

waters is more than 100,000 tones wet weight consisting of 6,000 tones of agar 

yielding seaweeds. 16,000 tones of algin yielding seaweeds, 8,000 tones of 

carrageenan yielding seaweeds and the remaining 70,000 tones of edible and 

green seaweeds ( Devaraj etal., Unpub.).

The total production of cultivated seaweed in the world is about 

3,250 million tonnes wet weight and the total cultivation area is estimated as 

200 X 10  ̂ hectare. China leads in han/ests from aquaculture with 4.8 million 

tons followed by South Korea (650,000 tons), Japan (570,000 tons) the 

Philippines (465,000 tons) and North Korea and Indonesia with 110,000 tons in 

each during 1995 (Buendla, 1998). The annual total value of cultivated 

seaweeds has been reported to be about 3 billion US dollars (Geng 6t a!., 1999). 

Much of world’s agar is processed in Japan but the resources are obtained from 

elsewhere.

Of the major classes of macro algae red algae, assume greater 

importance due to their wide utilization. Rhodophyta appears to have 675 

genera. Family Gracilariaceae of order Gigartinales and group Rhodophyta has 

six genera and 130 species, of which more than 120 species belong to 

worldwide agarophytes. The cell wall polysaccharides of Rhodophyceae known 

as agar-agar and carragenan are used in pharmaceutical, food and cosmetic



industries as a gelling or thickening agent. Because of the polysaccharide 

composition of these algas, Grscilsrid is one of the important agarophytes of 

India presently exploited only from the natural resource to meet the demand 

of agar industry. Besides its use as an agarophyte, species of Gracilaria are 

also used as medicine (Chapman, 1950), fertilizer (Zaneveld, 1959), human food 

(Leving et a i, 1969), tertiary treatment of sewage (Ryther et al., 1979), 

food for invertebrate cultivation (Chiang, 1981) and for biogas production 

(Hanisak, 1981).

Asia is the leading in the supply of Gracilaria spp for the 

manufacture of agar (Doshi et al., 1992). The current international market price 

for the raw material of Gracilaria species range from US $ 1200*1300/ton.

There is luxuriant growth of seaweeds along the southeast coast of 

India, Gujarat coast, Lakshadweep Island and the Andaman and Nicobar group 

of islands. Fairly rich seaweed beds are present in the vicinity of Bombay, 

Ratnagiri, Goa, Karwar, Visakhapatnam and few other places such as Chilka 

and Pulicat lakes (Chennubhotla et al.. 1987). In India, the natural agarophyte 

resources are found In Mandapam and Tuticorin area of Gulf of Mannar, Pulicat 

lake, Andhra Pradesh coast, Chilka lake, Arabian Sea near Kanyakumarl of 

Kerala coast. Lakshadweep island and Andaman Nicobar Islands.

The area between Keelakari and Rameswaram in southeast coast 

of Tamilnadu of India forms the nodal region for commercial exploitation of 

Gracilaria spp (Umamaheswarrao, 1969). Demand of Gracilaria has increased 

significantly over the last ten years and this led to over exploitation of the natural 

stocks in several geographical areas (Paramasivam and Devadoss, 1985). The 

decline of the natural beds of Gracilaria in recent years prompted the 

development of several restoration techniques,

Farming of Gracilaria is a reliable method of Increasing volume and 

quality. Gracilaria has very high regenerative capacity and hence vegetative 

propagation by cutting is presently done on nets and ropes placed In ponds and 

inshore waters. However, nursery produced seedlings from spores Is better for 

cultivation because of uniform growth and survival rate (Trono, 1987).



Looking into the life cycle of Gracilaria, the asexual diploid 

individuals bear tetrasopores during the formation of which reduction division 

occurs, and these spores give rise to a perfectly similar haploid individual 

bearing the sex organs. The gametes of these individual plants unite together 

and produce gonimoblast representing diploid phase, from which carpospores 

are formed. These carpospores grow into diploid individuals bearing tetraspores 

(Diplobiontic forms) (Fritsch, 1945).

The life history and reproduction of Gracilaria spp were studied by 

Jaffe (1958). Jones (1959), Umamaheswaraao (1974), Bird and McLachlan 

(1976), Evans et a!., (1982), Chennubhotla et al. (1986). Breeman and Guiry 

(1989), Figuero et al. (1995) and West et al. (1996). Nutrients, temperature, 

salinity, wavelength and intensity of light play importance roles on reproduction 

and life history and life history of seaweeds.

Among the total population of G. corticata in natural environment, 

about 77% were in fruiting, of which 17% were of cystocarpic, 16% of antheridial 

and 45% of tetrasporic plants (Subbarangaiah, 1983). Considering that the 

fronds of Gracilaria sp bearing reproductive structures are rare in nature, the 

induction of sporogenisis by environmental manipulation has been identified and 

analyzed for suitability and viability. This technology could be applied to promote 

the establishment of Gracilaria cultivation from spores as an alternative to 

vegetative propagation. Eventually it will help to conserve the existing natural 

resource of Gracilaria. The cultivation of Gracilaria will also increase the 

production of agar, agar products and other seaweed products and can give job 

opportunity to the rural fisher folk.

Objectives of the study mainly include

1. Induction of the sporogenesis

2. Studies on developmental stages during carposporogenesis

3. Identification of ideal environmental conditions to induce 

sporogenesis and spore output

4. Increase the survival percentage of the spores.
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2. REVIEW OF LITERATURE
Gametogenesis and sporogenesis have been known to play major 

roles in the reproduction of seaw/eeds like any other reproductive plants, in 

addition to vegetative reproduction method. Correlation betw/een the 

environmental factors and sporogenesis in seaweeds has been well studied and 

established by many researchers. These studies are expected to support the 

seaweed farming through continuous availability of sporelings.

2.1 Gametogenesis
Antheridial mother cells are easily distinguished by their dense 

cytoplasm containing few vacuoles and a large central nucleus with active 

perinucleus golgibodies (McCully, 1968; Berkaloff and Rousseau, 1979). The 

carpogonium consists of an enlarged basal portion harboring the ovum and a 

long narrow process known as trichogyne (Venkataraman et al, 1974).

In Fucus, the cytoplasm cleavage proceeds by fusion of vesicles 

resulting eventually in 64 almost isodiametric cells. And the oogonial mother cell 

divides further and at the 8 nuclei stage, the nuclei are dispersed throughout the 

cytoplasm, which cleaves into eight individual eggs. Eggs are separated within 

the oogonium by a sulphated polysaccharide mucialiage (Evans et al, 1982).

In Scinaia forcellata, BelaBhatia and Vijayaraghavan (1995) 

studied that the Spermatangia are borne at the tip of 3 or 4 celled spermatangial 

filaments that project beyond the epidermal cells. They noted that the one of the 

hypodermal cells cuts off one or two cells; each of which produces one or two 

spermatangial mother cells and two or three spermatangia are produced from 

each spermatangial mother cell.

In Cystoseria indica, the presumptive oogonium initially possesses 

dark cytoplasm, large nucleus and a few chromatophores and later divides by a 

transverse wall into two cells and the upper cell acts as the oogonial mother cell 

and lower cell as a stalk cell (Sahoo and Vijayaraghavan, 1995).

Subbarangaiah and Vanillakumari (1999) found the 

carposprophytic antheridial and tetrasporophytic plants in all months of the year



and maximum development of these saprophytic and gametophytic phases were 

also found in two seasons in the periods from July to August and November to 

December.

2.2 Fertilization

Cook et a i, (1951) showed that a variety of simple hydrocarbons 

including n-hexane, ethers and esters would mimic the natural chemo-attractant 

for the sperms towards the egg. In Fucus, the secretion of sperm chemo 

attractant mediates the initial interaction between the gametes by the eggs, and 

the development of a strong chemotactic response has been shown to parallel 

the evolution of anisogamy and oogamy (Muller and Saferiadis, 1977).

Sperm appears to “probe” the egg surface and attach itself with the 

egg by its anterior flagella. Then the sperm moves further for fusion and 

fertilization occurs. Within the seconds of gamete fusion the egg cell releases the 

p-linked polyuronide, alginic acid, help within cytoplasmic vesicles, to form an 

incipient cell wall to the developing zygote (Evans et a i,  1982).

2.3 Sporogenesis

Sjoestedt (1926) observed that the carpogonium in G. 

confen/oiders (=G. verucosa) and G. robusta is two celled and is developed from 

a bearing cell arising from a primary cortical cell. He found that the fertilized 

carpogonium fused progressively with neighbouring cells and formed a fusion 

cell, which later produced the gonimoblast in Gracilaria (Oza, 1976; Edelstein et 

a i, 1978).

The fertilized carpogonium of Gracilaria fuses progressively with 

the adjacent multinucleate nutritive cells. Meanwhile the cortical cells above 

divide copiously to produce the cystocarp-wall; the inner cells of the rows thus 

formed, however, constitute a nutritive tissue around the fusion cell. The several 

goimoblast-initials develop into a dense aggregate, the inner part of which forms 

a compact pseudo-parenchyma bearing the rows of successively ripening 

carposporangia (Fritsch, 1945). Smith (1954) reported that the production of an 

auxiliary cell produced by the supporting cell in G. foUifera with which fertilized 

carpogonium was connected by a short connecting filament.



Oza (1976) observed that in Gracilaria corticata after fertilization, 

the trichogyne shrivels up and the carpogonium fuses with lower cells of the 

carpogonlal branch, the supporting cell and sterile cells resulting in a large fusion 

ceil. He noted that the gonimoblast are initiated from the fusion cell as a number 

of lobes and these become delimited as cells, which give rise to dichotomous 

branching filaments. From the end cells of these filaments, carpospores are 

formed in chain, borne on slightly enlarged stalk cells. The carpospores are more 

or less spherical 18 ■ 20m in diameter and have granular contents and a single 

nucleus. A mature cystocarp shows the presence of irregular filaments extending 

from gonimoblast to the base of the pericarp; these are the so called nutritive 

filament.

Joseph and Krishnamurthy (1977) found that the young cystocarps 

are solitary but sometimes during the development, two or three unite together to 

form a compound cystocarp in G. corticata. They observed that carpospores are 

reddish brown in colour and 20-30 p in diameter and the maximum number of 

spores were liberated on the first and second day of the experiment. Yamamoto 

(1978) found the tip of the gonimonema is to have pit connection with cells of the 

pericarp. However in any of the Indian works, such pit connection could not be 

observed in the spores of Gracilaria.

At least the majority of carpospores within a single cystocarp 

mature simultaneously resulting in the release of almost the total potential 

spore production from the cystocarp within a single short period in Polycsiptionia 

and other seaweeds (Ngan and Price, 1983). It has been observed that 

51.33-57.33% of cystocarpic plants, 34.17% of tetrasporophytes and 

12.67-14.50% of male plants of Gracilaria /exfor//collection occur in natural bed. 

G. textorii have a short life span of 3.5 months and produce more cystocarps 

plants than tetrasporophtes (Subbarangaiah, 1984). In Centroceras clavulatum, 

Sahoo (1989) obsen/ed that the bisporangia and tetrasporangia (both tetrahedral 

and cruciate type) are found in the same plant and all the cells are connected 

with pit connections.

In Caulacanthus ustulatus (red algae), following presumed 

fertilization, the diploid nucleus is transferred to the auxiliary cell, which expands



and cuts off several multinucleate gonimoblast initials. The gonimoblast initials 

a re  distributed around the periphery of the cystocarpic cavity and divide further 

to  produce generative gonimoblast cells and the later cleave repeatedly to form 

clusters of carpospore. The first formed gonimoblast cell is transformed into a 

strong gonimoblast cell containing large quantities of starch granules and 

presumably functioning to supply nutrients (Delivopoulos and Diannelidis, 1990). 

Kain and Destombe (1995) found that the plants could bear both gametangia 

and tetrasporangia, either on separate parts of the thallus or on the same in 

Gracilaria.

2.4 Influence of environmental factors on sporogenesis

Jaffa (1958) observed that the strong unilateral illumination induces 

the formation of the rhyzoidal protrusion from the shedded side, i.e., the region of 

least absorption, whilst unilateral illumination of moderate intensity 

(10'^^ to 10 Quanta cm’ )̂ causes the protrusion from 9 0 ° -  135° away from 

the source.

Jones (1959) suggested that in Gracilaria verucosa the growth 

rates of cystocarpic and tetrasporic plants were not always the same in the wild 

population. Tetrasprophytes occur at Rameswaram area for 7-9 months with 

peak number of fertile plants between March/April and June and again between 

August and October in Gelidiella acerosa (Umamaheswararao, 1974).

Photoperiodic control of receptacle initiation has been 

demonstrated in F. distichus subsp. distichus (Bird and McLachlan, 1976) and 

Ascophyllum nodosum  (Terry and Moss, 1980). Both species form receptacles 

under 8 and 12 h photoperiods but a 16 h photoperiod was inhibitory (Evans et 
a i,  1982). In Gracilaria, the fertile thalli predominated over the sterile thalli during 

months of high salinity (30 -  35 ppt) regimes seemed to favour reproduction. The 

population is mostly vegetative when the salinity is 20 -  25 ppt (Trono and 

Corrales, 1981).

Evans et al. (1982) reported that light, chemicals, gradients and 

electrical fields are the main vectors for polarity. Other factors, which can induce 

the  polarity include direction of seawater flow, the presence of other zygotes, H*



and centrifugation. Friedlander and Dawes (1984a) reported that the release of 

carpospores was negatively correlated with temperature under dark or low light 

conditions (r = -0.883, P<0.05) in Gracilaria foliifera.

Chennubhotia etal,  (1986) showed that the tetrasporophytes were 

more abundant than carposporophytes in Gracilaria foliifera. The total population 

was tetrasporophytic plants during the month of February and maximum output 

of tetraspores and carpospores were recorded on the first day. In Gracilaria spp 

tetraspores cultured without aeration developed into plants bearing 

spermatangia only; tetraspores cultured with aeration developed into 1:1 female 

and male gametophytes (Estela and Oliveira, 1988).

Breeman and Guiry (1989) recorded that high water of spring tides 

falling at the beginning and end of the day reduced effective day length for the 

plants and caused an early onset of reproduction in Bonnemaisonia hamifera. 

Photoperlodic Induction was affected by tides, principally by the time of day at 

which high and low water occurred through the spring/neap cycle. High water of 

spring tides falling at the beginning and end of the day reduced the effective day 

length for plants and caused an early onset of reproduction in Bonnemaisonia 

hamifera.

In red algae, light has been reported to induce developmental and 

morphological changes in the phenomenon of photoperiodism (dependence on 

day length), of photomorphogenesis (dependence on spectral range) and in 

other phenomena like phototropism (Luning, 1990). Guiry and Dawes (1992) 

reported in Asparagopsis armata that at a day length of 8 h, Irish plants formed 

tetrasporangia only at 17° C, Italian plants at 17 - 21 ® C and Australian plants at 

13 -17*^ C. However, after an incubation period of 5 weeks, only the Italian strain 

consistently showed 100% reproduction under these conditions. At 17° C, the 

critical day length for tetrasprogenesis is 8-9h for the Irish and Australian strain 

and 9-10h for the Italian strain. Arsenic and Iodine supplementation to N and P 

enriched seawater appeared to be necessary for reproduction in the Irish strain.

Figuero et al. (1995) recorded that the light absorption around the 

maximal transmission of the blue light used (440- 480nm) was 1.2 -1.5 times 

smaller than that around the maximal transmission of the red light used



(630 -  670nm) in Porphyra umbilicalis. The better growth rate in red than in blue 

light was probably due to higher photosynthetic efficiency and quantum yield in 

the red light. Reed et al. (1996) recorded that the reproduction is closely tied to 

environmental conditions and the availability of resources and thus typically 

varies with season in seaweeds. They explained reproductive allocation and 

spore standing stock in Mscrocystis were negatively correlated with seawater 

temperature and positively correlated with the nitrogen content of adult plants.

W est et al. (1996) showed that in Stictosiphonia hookeri, the 

temperature required to induce sporogenesis correlates with the range of water 

and air temperatures in the natural habits. Buchhioz and Luning (1999) 

observed that the pieces of young tissue developed sorus under various light 

regimes and a range of temperatures in seaweeds. They noted that in contrast to 

Laminaha digitata . L. saccharina tissue required short day conditions fo r sorus 

formation and nutrient seawater accelerated sporogenesis compared to the pure 

seawater. Edding et a/.(1987) reported that the extremes in temperature (10 and 

30° C ) inhibited development of Gracilaria spp.

2.5 Pigmentation

In Gracilaria verucosa, the parts of the plant under the brightest 

area of the field becoming lighter in colour while the remainder In the less 

intense light lost less of their pigments (Jones, 1959). The concentration of both 

chlrophyll a and phycoerythrin, which were found to be the main pigments in 

Gracilaria spp.. decreased with increasing photon fluence rate, while 

phycocyanin was more stable (Beer and Levy, 1983).

In Gracilaria foliifera. Friedlander and Dawes (1984b) found that 

the chlorophyll a and phycoerythrin levels were higher sporelings preincubated 

at 30 ppt as compared to lower salinities. The strains, which had higher 

chlorophyll, content showed higher growth rate performances in Gracilaria spp. 

(Levy and Friedlander, 1990).

In red algae, under condition of low light higher pigment content is 

required to enhance the antenna molecules of the photosynthesis. In strong light 

the pigment content should be lower in order to avoid photo damage (irreversible



inhib ition of the photosynthesis apparatus) and photo inhibition (Reversible 

inhib ition) (Luning, 1990). Rodrigo and Robaina (1997) found that the pigment 

com position o f sporelings prom otes a better photosynthetic perform ance under 

ch lorophyll a excitation.

2.6 Shedding of spores

Oza and Krishnam urthy (1968) indicated that apart from  tetraspore, 

the m aturity of the specim en has a great influence on the spore discharge rates 

in G racilaria verrucosa. Boney (1975) recorded that the m ucilage sheaths 

occupied 52.8 -  87.7%  of the com bined spore plus m ucilage volum es depending 

on the species. The peak shedding of tetraspores in Gracilaria corticata  were 

observed at the early m orning hours from  02.00 to 06.00 h (Um am aheswararao, 

1976; Subbarangaiah and Um am aheswararao, 1983).

The m ean d iam eter of carpospores and tetraspores of Hypnea  

m usiform is  were 26.9 ± 0.6 and 24.2 + 0.4 pm respectively (Mshigeni and Lorri, 

1977. In m ost of the red algae, the size of the spores produced by a specific 

p lant apparently depends upon the type of sporangia it produces (Okuda and 

Neushul, 1981). The sm allest spore d iam eter of 3.0|.im has been reported for 

te traspores o f pseudog lo ioph lora  confusa  with the largest size of 182.5j.im for a 

tetraspore of Leveillea jungerm ann io ides  (Ngan and Price, 1979).

Subbarangaiah and Um am aheswararao (1983) observed that 

carpospores shedding occurred for 5 to 10 days whereas tetraspore shedding 

was seen only for 3 days and the m aximum num ber of carpospores was seen at 

m idnight 22.00 to 02.00hrs and early m orning hours 02.00 to 06.00 hours 

respective ly in Hypnea valentia. Sylvester and W aaland (1984) showed that the 

fresh ly re leased tetraspores average IS -IS p m  in diam eter in the Gigartina 

exasperata. In G elid ium  pusillum , shedding of tetraspores was seen for 4 days 

and carpospores continuously for 20 days under laboratory condition 

(Kaliaperum al and Um am aheswararao, 1986).

In G. edulis, Mai and Subbaram aiah (1990) suggested that time 

between 19.00 and 01.00 h as ideal for bulk co llection of carpospores for mass 

cultivation. In the laboratory experim ents 30 to 40%  salinity subm ergence of



fronds and 27 to 44 [jE m'  ̂s ' light intensity were found to be favorable condition 

for the maximum liberation of spores (Narasimharao and Subbarangaiah, 1991).

Sundar et al. (1991) observed that the spore shedding took place 

for 5 to 12 days only and maximum shedding of carpospore in Gracilaria crassa 
was seen on the first day. Carpospores apperared on slides as dark red. 

spherical cells, approximately 20pm in diameter with some undergoing cell 

division after 72 hrs (Glenn et al., 1996). Subbarangaiah and Vanillakumari 

(1999) reported that the tetraspore shedding varied from 4,240 to 5.28,461 

spores/g fr. wt/day on day one in Amphiroa fragilissima.

Banumathi and Subbaramaiah (1990) reported that type wise 

maximum peak spore shedding occurred generally in March as monospores 

from 12.30 to 1.30pm: bispores and polyspores from 1.30 to 2.30pm; tetraspores 

from 11.30 to 12.30pm under laboratory conditions in Gelidiella acerosa.

2.7 Influence of environmental factors on shedding of spores

Ramarao and Thomas (1974) reported that the daily periodicity 

was always maximum in the first day and decreased gradually but showed a 

second maximum after fourth or fifth day in G. edulis. No shedding is seen when 

the seawater reaches higher temperature i.e., 29-33'^ C in April -  May. In red 

algae, hydrostatic pressure on the pericarp walls will direct the expanding spore 

mass towards the terminal canal leading to the ostiole (Boney, 1975).

Umamaheswararao (1976) pointed that the submerged condition is 

more favourable for spore liberation and any increase in the duration of exposure 

caused by tides would greatly affect the spore shedding in Qracilaria corticata 
especially in cystocarpic plants. It may be noted that in Gracilaria corticata 

maximum liberation of spores Is seen while keeping the plants in submerged 

condition and in a dark chamber.

Nagan and Price (1983) noted that the peak liberation of 

tetraspores was delayed in G. pusillum  and G. Variabilis when seawater 

temperature was below 30C. The majority of taxa investicated maximum spore 

output took place between 05.00 and 09.00 h on the day following collection, 

during the prediched flood tide period.
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Submerged condition of plants, long day condition at low 

illuminance (500 lux), seawater of 30 to 40 ppt salinity and 25° to 30° C 

temperature were found to be favorable for maximum shedding of spores in 

Gellidium pusillum, Pterocladia heteroplatos and Gelidiopsis variabilis at 

Visakhapatnam (Umamaheswararao and Kaliaperumal, 1983). Ruiz et al., 
(1989) found no correlation between spore release and salinity or the number of 

reproductive pinnules present in Gigartina canaliculata. The release of 

carpospores from the cystocarp via the ostiole occurred precipitously during the 

first two minutes after the plants were put in water.

Ganesan et al. (1999) identified that the UV radiation enhances 

spore liberation initially during short time and inhibits spore release during 

long time exposure. Low illumination 26°C and short day (8:16h LD) with 

submerged condition of plants and seawater of 35 ppt salinity for maximum 

liberation of tertraspores. A combination of 26° C and short days (8 L : 16 D) 

gave the highest carpospore discharge per cystocarp in Gracilaria cornea 

(Vriosteegui et a/.,1999), At 31° C spore release and sporeling growth 

were significantly depressed regardless of irradiance in Gracilaria cornea 

(Rojas and Robledo, 1999).

In Polysiphonia platycarpa, Subbarangaiah and Sudhakar (1999)
2 ^reported that the effects of different photon flux densities from 0 to 52 pE m- s' 

and different periods of exposure to air from 15 to 60 minutes and different 

salinities from 10 to 40 ppt did not change the normal peak period of shedding of 

spores. However, the effect of cold treatment at 10° C showed significant 

variation in the peak shedding of spores. The maximum spore shedding was 

observed between 1400 and 1800 hrs.

2.8 Spore settlement

In red algae, Okuda and Neushul (1981) pointed out that the 

sinking rate might change as mucilage released from the cell. Hoffmann and 

Camus (1989) observed that the sinking rate of spores measuring <15j.im in 

diameter was significantly lower than that of spores >15|.im (P<0.01) in benthic 

algae. They showed that spores were viable from 4 to 11 days, depending upon

i :



the species. Spores rem ained suspended near the water surface for >12h but 

the ir concentration decreased to >50%  of the initial value after 24 hours.

There may be developm ental tim ing m echanism s in the cells for 

settlem ent activity in Pterygophora  (Amsler, 1990). The spores released from  4 

and 6 cm above the substrate show  a normal disc deve lopm ent than 2 cm in 

G racilaria ch ilensis  (Herrera et a i ,  1997).

Sante lices and Dedo (1999) found that the artific ia l substrate 

coated with polylysine reta ined 4 - 1 0  tim es more spores than uncoated controls, 

both in fie ld exposed and in nursery experim ents in Mazzaella lam inahoides, 

Lessonia n igrescens  and Utva rigidia.

2.9 Spore growth

Mshigeni and Lorri (1977) showed that the spores were 

segm ented into 2 cells by form ation m edian wall, then a second wall was 

form ed, usually perpendicu lar to the first one and further walls were added, until 

a m oru la like mass of cells was produced in Hypnea musiform is.

G allagher and Humm (1983) noted that the algal spores settle and 

grow  well on dacron tw ine, m eshnet, fibreglass screen and m ollusk shells. Out 

planting of sporophytic stages at various tim es during the year indicated only 

sporophytes prepared from  autum n and w inter could survive sum m er conditions 

in Lam inaria saccharina  (Lee and Brinkhuis, 1988).

In G. edulis, Reeta (1992) reported that an erect frond developed 

from  the Paranchym atous disc of the dividing, spores w ithin 15-17 days of their 

ou tpu t when the size of the circu lar Parenchym atous disc grew to 557 |jm  in 

d iam eter. Tassende and Fraga (1997) recorded that the growth of young shoots 

were atta ined in swn-T m edium  contain ing 1 mg I of bezylam inopurine under 

an irradiance of 20p mol Photons m'^s’  ̂ in the deve lopm ent of Chondrus crispus  

s tack house.

The spores are m icroscopic in nature with a size of 0.019 mm 

during liberation, got attached to the substratum  and started dividing to form  an 

uniform  Parenchym atous disc or the hold fast in G. edulis  (Reeta and 

Ram am oorthy, 1997). It was found that pre -  rinsing the blades w ith tap water



produced marked sporulation without affecting germination and survival in 

Lessonia (Fonck et al., 1998). In Kappaphycus alvarezii, Azane and Aliaza 

(1999) recorded that the high levels of nutrients (F/2, F/20) enhanced growth of 

contaminants and reduced carpospore viability. He also noted that the germ ling 

growth was highest in the more enriched medium (F/2).

2.10 Life history

A triphasic cycle is one in which a haploid gametophtye produces a 

diploid carposporophyte which in turn gives rise to diploid free living 

tetraporophyte (Drew, 1955: Kylin, 1956). Members of the Gracilariaceae are 

generally thought to have the standard Polysiphonia type life history (Lobban 

and Wynne, 1981).

Diploid carpospores and haploid tetraspores are to be produced 

during the process of life cycle (Santelices and Doty, 1989). The triphasic life 

with isomorphic gametophytic and tetrasporophytic generations in which meiosis 

takes place in the tetrasporangium (Yamanouchi, 1906). In Gracilariceae, the 

period to complete the life history in Vitro varies not only with the species, but 

also with the culture conditions (Oliveira and Estela, 1994).
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3. MATERIALS AND METHODS

3.1. Sample collection

3.1.1. Collection area

Species of Gracilaria were collected from the Southeast 

coast of Tamilnadu near Mandapam. G. foliifera and G. edulis were collected 

from Rameswaram and Thonithurai respectively (70°11’E and 9®17’E). The G. 
edulis was also collected from the landing centers at Vedalai village, which were 

collected from Hare Island by the fishermen. Samples collected from the 

respective collection centers during low tide in the morning and transported to 

the laboratory o f Mandapam Regional Center of CMFRl. Immediately after the 

collection, the plants were cleaned well in running seawater for 3-4 times to 

remove the epiphytes and kept under running seawater in fiberglass tank in the 

greenhouse.

3.1.2. Transportation

Fresh seaweeds were sorted out and packed in the perforated 

polythene bags. The bags were kept in a bucket filled with a required level of 

enriched seawater (Walnes, 1974) and transported to Kochi headquarters of 

CMFRl.

3.1.3 Treatment of plant

The plants were kept for few hours under vigorous aeration to 

overcome the transportation stress. The plants were washed thoroughly in 

sterilized seawater in order to remove the debris, and brushed to clean the 

visible epiphytes. Surface sterilization of the plants was carried out by sodium 

hypochlorite solution (1 ppm) and antibiotics mixture of ampicilin, 

chloramphenical, gentamycin and streptomycin (0.2 mg/ml)).

3.2 Influence of environmental factors on sporogenesis

3.2.1 Photoperiod

This experiment was set up to know the development of 

sporogenesis in the vegetative plants by exposing them to the short day (SD)
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photoperiod in the growth chamber (8L:16D), Three, 2 L capacity semi­

transparent plastic box were filled with Provasoli Enriched Seawater (PES) 

medium (35ppt). The vegetative plants of G. edulis and G. foliifera were 

thoroughly washed with sterilized seawater and kept in the box under different 

light intensities. The temperature of the growth chamber was maintained at 

25°C.

Another long day (LD) experiment was also done by exposing the 

vegetative plant to the long day photoperiod in the growth chamber (16L:8D). All 

other conditions were maintained as above.

3.2.2 Light spectra

The vegetative plants of G. edulis and G. foliifera were thoroughly 

washed with sterilized seawater and kept in the semitransparent box filled with 

PES medium. Plastic boxes covered with different colour paper. They were 

subjected to different light spectra such as green (450 -  610 nm) red (630 -  

670nm) and plants exposed to white light were treated as control.

The whole set up was kept inside the growth chamber for a period 

of 20 days with an automatic control of 8 h light and 16 h dark provided at 25°C. 

Once in a 5 day, the medium exchanged and at the end of the experiment the 

section cutting and pigment estimation were performed. The estimation of 

pigments such as chlorophyll a, Phycoerythrin (PE) Phycocyanin (PC) and 

Allophycocyanin (APC) was carried out by the procedures of Jefferry and 

Humphery (1975).

3.3. Developmental stages of cystocarp

Histological observations were also made from the sections of 

cystocarp of wild collected plants of G. edulis and G. foliifera. The very fine 

sections were selected and stained with cotton blue or eosin for 1-2 minutes. 

The fine sections were selected and mounted on mixture of glycerine and 

seawater (1:1). Then it was observed under the light microscope and scanned 

using a digital camera and a computer connected with the microscope (Zeiss, 

400x and lOOx magnification).
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Plate 1. Experimental setup

Plate 1.1 Spore shedding in outdoor environment

P late 1.2 Spore shedding in contro lled condition
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3.4. Spore shedding

Two 50 L capacity plastic troughs were filled with Grund medium 

enriched filtered and sterilized seawater. Cleaned slides were kept at the bottom 

of troughs as substrate for adhesion of spores to the slides. The pre-treated 

cystocarpic plants of G. eduiis and G. foliifera were kept on a net cloth, 

suspended on the surface wafer, keeping a gap of 15 cm from the substrate. 
Aeration was provided for the uniform distribution of spores. After 24 hours of 

incubation the slides were taken and observed under microscope for the spore 

output a nd  attachment.

3.4.1. Spore output in growth chamber

3.4.1.1 E ffect of short day on spore output (8 L:16 D h)

The two 1000ml beakers were taken and filled with sterilized 

seawater and two slides were placed at the bottom of beaker. Cystocarpic plants 

were suspended on a nylon net just Immersed on the water. They were 

maintained in a growth chamber at 20*^0 with a photoperiod of 8L:16D. A control 

under room  temperature was maintained and the spore shedding was observed 

once in 24 h by keeping new slides in the beaker after each observation and 

continued for 5 days. After 5 days, the set up was exchanged with new 

cystocarpic plants of all the above five species and kept at 25°C. The 

observation was taken continuously for five days with an interval of 24h for spore 

shedding.

3.4.1.2 E ffect of Lorig day on spore output (16L ;8D h)

The long day experiment was conducted as like short day but a 16 

h light and 8 hrs dark was given to attain the long day. The obsen/ation was 

taken once in 24 h for 5 days at 20°C. A fter 5 days the fronds were exchanged 

with new fronds and kept at 25°C for spore shedding. The observation was 

continuously recorded once in a 24 hrs for a period of 5 days.

3.5. G rowth of spores

This experiment was conducted to analyze the efficacy of the 

different growth medium. Different culture media were prepared such as



Plate 1.3 Sporogenesis in controlled cond ition

Plate 1.4 Spore growth in enriched media
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Provosoli (1968), Walne (1974). and Grund (von Stosch, 1963) with sterilized 

seawater (30ppt).

Different enriched medium was poured into culture tube 

(100ml capacity) approximately a half level to the tube depth. One slide with 

good spore attachment was immersed in each tube. The open end of the culture 

tube was covered with aluminium foil paper and kept under controlled 

temperature (24 -  26®C). The enriched medium was exchanged once In a  5*day 

interval. The slides were observed daily under Olympus compound microscope 

for the growth of the spore. The number of the spores was recorded under a 

particular field either InlOOx or 400x magnification. The size of the spores was 

measured by using ocular micrometer and the diameter was expressed in 

millimeter.

3.6. Image documentation

All the anatomical sections of the developing cystocarp were 

documented using a Olympus zoom camera with Kodak film. The stills of spore 

shedding and growth of spores were taken using a compound microscope 

(Zeiss) provided with a digital camera and attached with a computer for imaging. 

The image was clearly adjusted and further edited with the aid of computer to get 

a clear picture.

3.7 Statistical analysis

The data on the spore shedding were analysed statistically using ANOVA 

test (t -  test) and the growth studies data were subjected to regression analysis. 

The significance was checked with table values.
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4. RESULTS

4.1 Influence of environmental factors on sporogenesis

4.1.1 Photoperiod

In this particular experiment G. edulis and G. foliifera were 

subjected to different light intensities under 8L16D (short day) and 16L8D  dark 

(long day) photoperiod. The plants did not show any change in the development 

of carposporangia on the thalius when exposed to short day. On the other hand 

plants exposed to long day condition showed initiation of cystocarps in G. foliifera 
under low light intensity of 2000 lux (Plate 2.1).

4.1.2 Light spectra

Both the species of Gracilaha were also subjected to different light 

spectra showed prominent cystocarp in G. edulis when exposed to red light. 

(Plate 2.2) G. foliifera did not show any encouraging results. The two species of 

Gracilaria, when exposed to different light spectra (green 450 ■ 610nm and red 

630 - 670 nm) showed remarkable variation in their pigment levels. In G. edulis, 

the chlorophyll a content was higher under red spectrum than that of green 

spectrum. Similarly the PC and APC content also showed an increasing trend, 

which were almost 20 and 15 times greater than that of green spectrum 

respectively. The PE content under green spectrum was higher than that of red 

spectrum (Fig. 1).

In G. foliifera, the plant showed very high difference of PE content 

under green from that under red light (about 200 pg/g plant). PC was also very 

high under red light (about 9 limes greater than that of green). In contrast, the 

difference in pigment contents, especially (hose of PE, PC and APC showed 

high difference from one another (Fig.2).



Fig. 2. Pigment composition of G. edulis under
different wavelengths of light
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Fig. 3. Pigment composition of G. M/Yera under
different wavelengths of light
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Plate 2. Cross section of initiation of sporogenesis

Plate 2.1 Early growth of development o f cystocarp in G. edulis

Plate 2.2 Early growth of development o f cystocarp in G. foliifera



^  ^  ̂ I  ' '
v 4 - '

■ V \
^/v

•• V

I r ’
, U . " I V V ^ -'̂  *>



4.2 Developmental stages of cystocarp

Developmental stages of cystocarps and carposopore formations 

were thoroughly studied by making histological sections of cystocarps of G. 

edulis and G. foliifera from the apical portion of the thallus to the base. It was 

observed that formation of carposoporangium starts by accumulation of 

chromatophore in the apical cell, which form the carpogonium initial. In the 

present study, it was not possible to find out the stage prior to fertilization, where 

the trichogyne of the female reproductive organ acts as the receptor for the 

spermatangia. After fertilization, the carpogonium initial divided to form a series 

of gonimoblast filament (Plate 2.1). At this stage the pericarp was not well 

developed. The pericarp was formed by the repeated division of cortical cell 

layer, which formed the covering to the carpogonium initial (Plate 2.2).

In G. edulis, the pericarp was very uniform throughout the 

cystocarp and it formed a narrow constriction at the base (Plate 3.1). The 

gonimoblast filament was intermingled with nutritive tissue, but no definite 

gonimonema was observed which connects the sterile cells with the pericarp. 

The apical gonimoblast filament formed the carpospore initial and a series of 

carpospores developed by repeated divisions (Plate 3.2). The ostiole opening 

was formed when the carpospores were matured and ready to get released from 

the cystocarp (Plate 3.3). The ostiole was more prominent, which explains the 

spent stage of cystocarp of G. edulis (Plate 3.4).

In G.foliifera, the carpogonium initiated with gonimoblast filament, 

which were arranged in a regular way (Plate 4.1). Its pericarp layer was very thin 

compared to G. edulis and a sharp constriction was found at the base of 

cystocarp (Plate 4.2). No prominent gonimonema was observed in G. foliifera. 

The nutritive filment of G. edulis was found to be more elongated unlike G. 

foliifera, where the cortical cells were protruding inside the sterile layer of the 

cystocarp (Plate 4.3). Ostiole was formed when the carpospores were matured 

and ready to liberate from the cystocarp (Plate 4.4).
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Plate 3. Developmental stages of carposporogenesis In
G. edulis

Plate 3.1 The gonimoblast filament with definite pericarp

Plate 3.2 Carpospores and nutritive filament in the cystocarp
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Plate 3.3 Mature cystocarp with prominent ostiole

Plate 3.4 Spent stage of cystocarp





Plate 4. Developmental stages of carposporogenesis in
G. foliifera

Plate 4.1 The gonimoblast filament with definite pericarp

Plate 4.2 Cystocarp with sharp constriction in the basal end
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Plate 4.3 Cystocarp formation by the gonimoblast filam ent

Plate 4.4 Matured cystocarp with initiation of ostiole
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4.3. Spore shedding

G racila ria  edulis when placed under different photoperiods and 

tennperalure showed variations in spore shedding. The spore shedding was 

higher than the controi under short day (8L16D) photoperiod with 25*  ̂ C. G. 

edulis  showed an increase in spore shedding during the first three days, which 

then declined drastically. In all the other three treatments (SD 20° C, LD 20'^ C 

and LD 25° C), G. edulis showed less spore shedding than that of control. 

However, a slight Increase in the spore shedding could be witnessed in SD 20° 

C and LD 25° C at the fag end of the experiment period (Fig.3).

In G. foliifera, treated plant exhibited higher spore shedding than 

that of control. However, the highest spore shedding was obsen/ed in the SD 25° 

C except on the last day of the experinnent followed by LD 25° C with m ore or 

less same trend as like as SD 25° C (Fig. 4). This difference was statistically 

significant (P>0.01). Considering the overall trend, SD 25° C and LD 25° C 

showed an increase during the first two days with a decrease foi" the remaining 

days. The percentage deviation on spore shedding from  the control has been 

given for both the species of Gracilaria  in Table 1.

4.4. Early growth and survival of spores

The spores of G. edulis and G.foliifera were grown in three different 

nutrient media (PES, Walne’s and Grund) immediately after spore output. In 

G.edulis the survival rate of the spores during early stage was more in W a lne ’s 

medium followed by PES and Grund medium. On the other hand, the growth 

was more encouraging in PES medium (Fig. 5). The relative growth rate of G. 

edulis  did not show much variation in the growth in PES and Walne’s medium 

but PES medium favoured the growth up to  8 days (Fig.6)(Plate 5.1 &5.2).

The number of spores and survival rate of G. foliifera, were more in 

PES medium followed by Walne’s and Grund medium. There was a sudden 

decline in the num ber of spores w ithin third day of spore output in PES and 

Grund medium but the decline was gradual in W alne’s medium (Fig.7). The 

relative growth rate showed high value in PES medium throughout the culture



Tablel. The percentage deviation of spore shedding from the control

Gracilaria edulis

No. of 
days

Short day Long day Control 
(no. of 

spores)25° C (%) 20° C (%) 25° C (%) 20° C (%)

1 28.84 0 0 -41.57 2.67

2 42.21 -34.6 -11.42 -50.17 2.89

3 53.93 -16.85 -37.45 -41.57 2.67

4 27.87 45.9 18.03 -27.05 1.22

5 49.25 98.51 82.09 -16.42 0.67

Gracilaria foliifera

No. of 
days

Short day Long day Control 
(no. of 

spores)25° C (%) 20° C (%) 25° C (%) 20° C (%)

1 17.46 -11.64 11.64 -23.81 1.89

2 69.44 38.89 54.17 23.61 1.44

3 54.17 -22.92 38.87 0 1.44

4 165.67 65,67 132.84 65.67 0.67

5 32.84 65.67 82.09 49,25 0.67



Fig. 4. Spore shedding in relation to different
photoperiods and temperatures in G. edulis
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Fig. 5. Spore shedding in relation to different
photoperiods and Temperatures in G. foliifera
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Table 2. Survival rate of spores in different growth media

Gracifaria edulis

No. of days
Average survival (%) of spores in different growth media

PES Walne’s Grund

1 98.7 84.05 79.31

2 50.4 68.23 39.59

3 48.96 48.28 27.92

4 20,16 27.59 20.3

5 12.96 11.03 12.69

6 9 9.2 12,69

7 3.96 0 0

GracUaria fo/iifera

No. of days
Average survival (%) of spores in different growth media

PES Walne’s Grund

1 86-04 69,78 98,64

2 66,06 42.83 96.14

3 45,83 29.08 37.29

4 34.85 24.73 15.68

5 16.52 9.89 9.04

6 15,69 4.35 4.19

7 9,08 0 0



Fig. 6. Early growth and survival rate of G. edulis
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Fig. 7. Early growth and survival rate of G. 
foliifera
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Fig. 8. Relative growth rate of G. edulis in different 
culture media
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Plate 5. Early growth of G. edulis

Plate 5.1 Fifth day after spore output (400x)

Plate 5.2 Seventh day after spore output (100x)
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Plate 6. Early growth of G, foliifera

Plate 6.1 Fifth day after spore output (400x)

Plate 6.1 Seventh day after spore output (lOOx)





period (Fig.8)(Plafe 6.1 & 6,2). The relationship between the growth and duration 

of the culture was statistically established by regression analysis. The 

relationship was very highly significant for both (he species when grown in the 

PES medium (r=0.99). The percentage of and survival rate is given for both the 

species of Gracilaria  in Table 2.
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DISCUSSION



5. DISCUSSION

Seaweed farming has great potential to develop into an industry 

considering the importance of certain specific products derived form the 

seaweeds. Seaweed culture has m any advantages over other types of 

mariculture practises. Apart from less labour intensive and eco-friendly nature, 

seaweed culture is known to yield products, which are very essential fo r food 

and pharmaceutical industries world w ide as on date. O liveira and Estela (1994) 

has stressed the economic importance of seaweeds and recommended for the 

farm ing of macro algae. During 1980’s, the demand fo r seaweeds particularly 

Gracilaria spp was w idely met by the harvesting from the wild, which has caused 

a decline in natural production (Rajadurai, 1990; Guanzon and Castro, 1992). in 

order to maintain and stabilize the supply of Gracilaria for many industrial 

purposes mass cultivation is required.

Doty (1973) opined that tropical areas are more suitable for 

seaweed farming as productivity is higher in warmer than in colder latitudes. In 

this context, seaweed farming has considerable relevance with reference to 

India, a tropical nation blessed with several species of th is macro algae.

Gracilaria  spp are known to multiply through vegetative 

propagation as well as by spores. Vegetative propagation has been widely 

practised for G racilaria  spp. in pond culture due to their very high regenerative 

capacity for the plant and simplicity o f the method (Trono, 1981). However this 

has declined due to  obvious reasons. The planting rate of Gracilaria has been 4 

ton/ha under polyculture and 5 ton/ha fo r monoculture (Shang, 1976). Under 

these circumstances, the availability o f the huge quantity of plants fo r the 

vegetative propagation to undertake mariculture of seaweeds is very limited. The 

constant growth of epiphytes and continuous grazing by other aquatic organisms 

were also found to reduce the intensity o f vegetative propagation. In this context 

reproduction through spores under hatchery conditions is promising fo r the 

continuous supply o f stocking seedlings for the pond culture of Gracilaria  spp 

(Mathieson and Norall, 1975).
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Environmental manipulation for better spore production has been 

found possible in Gracilaria spp. by many authors worldwide (Doty, 1973; 

Ramarao and Thomas, 1974; Ngan and Price, 1983; Ruiz et a!., 1989; 

Vriosteegui et a i.  1999; Ganesan e t a i ,  1999). In the present study also, 

environmental factors such as photoperiod, light intensity, temperature and 

different light spectra were found to influence the sporogenesis in G. edu lis  and 

G. foliifera.

There was no initiation of sporogenesis as well. Exposures of 

Gracilaria spp to high and medium light intensities for longer day duration was 

found to cause discolouration, while a t low intensity the plants were not affected. 

The above finding can be well compared with earlier studies as the influence of 

photoperiod on sporogenesis or p lant health. The plants grown In shade has 

shown higher photosynthetic performance and pigment accumulation at low light 

intensities (Boardman, 1977). The find ings in the present study correlate with the 

findings of Luning (1990) also, who stated that for photon absorption, the plants 

tend to have higher pigments at lower light intensities, which would be reversed 

at higher intensities.

Luning (1990) also stated that the plant would show developmental 

and morphological changes when exposed to different light intensities. This has 

been found true under low intensity of light exposed for longer duration (LD). The 

contention of the Charnofsky et al. (1982) with regard to the above was also 

found true in the present study, as G. foliifera has shown initiation of 

sporogenesis at low light intensity.

Ramus e t al. (1976) have reported that both light intensity and 

spectral distribution affected the red algae. Although the red algae have been 

reported to utilize low light intensities and different light spectra, the level of 

utilization and influence on the plants were found to vary from species to 

species, within the species at various intensities, in their growth habits and even 

in same thallus (Brinkhuis and Jones, 1974; Mathieson and Norall, 1975; Dawes 

e ta l., 1976,1978; Durako and Dawes, I9 6 0 ; Gleen and Doty, 1981).

Various authors while working on the influence of light spectral 

distribution on the red algae were of the opinion that the red algae were well
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adapted to a large variety of light spectra. The absorption spectra of the thialli 

have been reported to be a response of light quantity rather than to spectral 

distribution (Dring, 1981; Beer and Levy, 1983). Therefore, the observation in the 

present study m ay be specific to G.edulis under the present laboratory 

conditions tried.

Liu e t al. (1981) already opined that in Gracilaria  Spp chlorophyll b, 

c  and d were either absent or in low quantity. Gracilaria Spp were reported to 

have absorption spectra in the range of 400-650nm, due to the presence of 

chlorophyll a. In the present study, both the species studied showed the 

dominance of the chlorophyll a under red light spectrum than the green light 

spectrum. This finding coincides with the statement of Luning (1990) and Reeta 

and Kulandaiveiu (2000). The inactivity of chlorophyll a In red algae under 

unfavourable light spectra was earlier reported by Haxo and Blinks (1950) as the 

“red drop" and “blue drop”. Dring (1981), after studying the red algae in coastal 

water, has stated that the photosynthetic effectiveness decreased with depth in 

green algae increased in red algae due to  high content of phycoerythrin.

In the present investigation it was found that both the species of 

Gracilaria showed an increased PC and APC content of under red light is in 

accordance with the findings of Figuero e t al., (1995). Beer and Levy, (1983) 

while studying the effect of photon fluence rate and light spectrum composition 

on photosynthesis and pigments relation in Gracilaria species found that there 

was a ratio between chlorophyll a and phycoerythrin, which decreased with 

increasing wavelength. They also reported a negative relationship between 

chlorophyll a and phycoerythrin when the wavelength increased. This condition 

was found true in the present study, where plants at lower wavelength appeared 

to be red while the plants under higher light were of greenish colour, which could 

be attributed to the dominance of PE at lower wavelengths and chlorophyll a at 

higher wavelengths.

G .edulis  and G.foliifera a re  morphologically different, one being 

cylindrical and the other flat and compressed. They also show different 

anatomical variations in the development o f cystocarps. Developmental stages 

during carpospore differerentiation are o f significance because they have
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phylogenetic implications. Occurrence of nutritive tubular filannent a 

characteristic feature reported in G. conferoides and G. compressa (Sjoestedt, 

1926) is not prominent in G. edulis and G. foliifera. Yamamoto (1978) classified 

gonimonemata in two major types. The common gonimonema like structure, 

which is tubular cell w ith swollen at the top was more evident in G. edulis, but the 

other gonimonema which joins the pericarp layer were not evident in both the 

species of Gracilaria in the present study.

The reproductive potential o f the red algae can be measured by the 

quantity of spores tha t are released during spore shedding. The environmental 

conditions are known to influence the reproductive activity of the algae (Guzman 

e t a i,  1972; Umamaheswararao, 1974; 1976). The relationship between spore 

shedding and seawater temperature studied by Suto (1950) is similar to that in 

the present study. He found that when the seawater was 24°C, the shedding of 

carpospores started in Gelidium species and abnormal temperature in the 

seawater delayed o r hasten the spore shedding.

The difference in photoperiod (L:D) was found to influence the 

carpospore production in G.corticata (Umamaheswararao, 1976). Present results 

in this study are a lso conformity with this obsen/ation. G.edulis when placed 

under short day (SD) a t 25° C, shedded the carpospores at a higher rate than the 

control. Longer day and lower temperature were found to lesser spore shedding, 

which can be com pared to the findings of Joseph and Krishnamurlhy (1977). 

They found that cystocarpic plants o f G.verucosa had peak season of 

sporulation during December at Mandapam, which coincides low daytime water 

temperature of almost 22 - 25°C.

On the contrary, G. fo liife ra  in the present study showed positive 

response of spore shedding only a t higher temperatures irrespective o f the 

photoperiod. Chennubhtola et a i,  (1986) while studying the carpospore output in 

G.foliifera  found that maximum spore output occurred on the first day and 

maximum quantity o f spore liberated in the month of March. This was sim ilar to 

the present study, where the maximum output of spores was in the first day, 

which declined gradually. Long day exposure has greatly favoured spore 

shedding, there was a positive correlation between the temperature and quantity
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of spores released. Generally at both photoperiods the number of spores 

liberated was lesser at 20°C. This finding is contrary to the finding of Friedlander 

and Dawes (1984a) who found that release of carpospore was negatively 

correlated with temperature but at low light condition. It could be assumed that 

by giving proper photoperiod, G.foliifera  can be made to liberate the spores even 

at higher temperature.

Maximum shedding of carpospores by G .corticata was reported to 

be on the first day by Subarangaiah (1983). He has observed that the quantity of 

spores declined drastically during the course of his observation. In the present 

study, the control p lant behaved as above while the alteration in photoperiods 

and temperature caused greater variation. Though there had been very poor 

release of spores on the first day at all the experimental condition, the num ber of 

spores released was found positively related to the temperature rise exhibiting a 

peak on the 3''  ̂and 4'^ day.

Similar trend was also reported by Joseph and Krishnamurthy 

(1977), who noticed more than one peak in the spore liberation In G. corticata. 

Therefore it could be understood that the plant is influenced by photoperiod and 

temperature, which can be suitably manipulated to get maximum spore output. 

The above authors also reported tha t 25° C could be considered as ideal 

temperature for G. corticata  to release spores as most o f the spores could be 

seen in the plant collected during October and November.

All the experimental photoperiod and temperature tried for 

G. crassa have resulted in poor spore shedding than that of control indicating the 

plants poor response to the optimum conditions existing in the control 

(27° C + 2° C w ith 14:10 h). There may be favourable temperature and 

photoperiods other than the one tried in the present study, which may be 

examined in future.

Studies on the growth and survival of spores of seaweeds under 

different culture m edia are scarce. Influence of growth regulators on the growth 

of Gracilaria species has also been studied. McLachlan and Bird (1986) 

highlighted the importance of nutrient concentration fo r growth. Oliveira and
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Estela (1994) have reported that except for a few cold-water species, the 

optimum temperature for Gracilaria species is around 25® C.

In the present study with the spores of G. edulis, the three culture 

media used have promoted the spore growth (increase in size of the spore) 

uniformly. However, early stage of spore growth showed a high stage of mortality 

in the initial stage of development. The PES medium showed better performance 

than other two media tried in terms of longer duration support for spore growth 

and survival. The Grund medium could not support the survival of the spores as 

that of other two indicating poor availability of required nutrients for the spores. 

The percentage of survival as well as the growth rate was more in Prosoli’s 

medium followed by W alne’s medium. Grund medium did not show encouraging 

result due to the lack of essential vitam ins such as biotin, thiamine HCI and trace 

elements. PES medium has most of the essential vitamins, trace elements and 

Tris in optimal quantities. Grund is having ten times more enrichment than PES 

in concentration and did not result in high growth rate. PES may be a better 

enrichment medium for the nursery rearing of spores in the early stage of growth 

and found to be more economical with high growth rate. From the study. It is 

evident that with right quantity and quality of nutrients, the spore growth can be 

enhanced with increased survival. From the experiments with both species, PES 

medium can be adjudged as the most suitable medium for the spore growth.

47



SUMMARY



SUMMARY
Seaweeds, particularly red algae are considered economically 

important due to their products, which find application in human food, food 

processing and industrial uses. Seaweed farming has been advocated considering 

the fast rate of depletion of natural stock due to indiscriminate wild harvesting. 

Research on sporogenesis is thought to be a tool to find out various solutions for 

encouraging seaweed culture from the spores and to fulfill the demand of seaweeds 

for the variety of applications.

Gracilaria  spp reproduce both vegetatively and sexually. While 

vegetative reproduction requires a large quantity of plants, reproduction through 

spores can be done with limited quantity of plants, provided all conditions are 

favourable. Under the above circumstances, the present study was taken up to find 

out the influence of environmental parameters such as photoperiod, light intensity, 

light spectrum and temperature on the sporogenesis and spore output and on the 

early growth of spores in laboratory conditions.

The studies on photoperiod assume importance in the context of 

seasonal influence on the sporogenesis. The complementary factors such as light 

intensity, light spectra and temperature will be useful to find ou t at what depth in the 

sea the sporogenesis can be promoted under natural conditions. It is confirmed that 

only at low light intensity in long day exposure, G.foliifera showed initiation of 

sporogenesis. G. eduHs showed positive initiation of sporogenesis under red light 

spectrum.

The histology of carposporogenesis showed the remarkable variation 

during the course of development o f the carpospore. The elongation of the 

gonimoblast and the expansion of the cystocarp, presence and absence of nutritive 

filaments was also clearly represented the developmental stages of cystocarp. 

Histological development pattern of cystocarp can also be a tool for taxonomical 

ratification of Gracilaria  spp. Various reports have clearly shown that the pigment



content of Gracilaria spp is affected by different light spectra. In the present study 

also, phycoerythrin (P£) showed an increased level under green spectrum, w tiich is 

because of the absorption efficiencies of PE under low pfioton influence rate. All the 

other pigments were found at increased levels under red spectrum.

Spore sfiedding is an important activity following the sporogenesis in 

Gracilaria spp. In the present study, 25°C under short day was found optimum 

under all conditions tried for spore shedding in both the species and it was 

statistically significant (P>0.01). Though both the plants have shown spore 

shedding, there had been variation in the amount of spore shedding on different 

days of the experiment. This clearly indicates the interaction and influences of 

environmental parameters such as photoperiod and temperature on spore shedding 

in Gracilaria spp. Favourable results obtained at 25°C indicates that both species 

studied have more spore shedding activity in the months of higher temperature than 

at lower temperature. This hypothesis has been well supported by many 

researchers.

Nutrient supply and availability have been regarded as major factors 

determining the growth of the plants under natural environment. In an attempt to 

know the growth of the spores based on the nutrient supply, it was found that the 

PES medium has supported the growth of the spores better than Grund and 

Walne's media. The calculated r-values for both the species were highly significant 

(r= 0.99). This was found applicable to the survival of plants also. Optimal nutrient 

supply and enhancement of growth of spores would help in a long way for hatchery 

production of viable spores in order to support the seaweed farming.

43



REFERENCES



REFERENCES
'Amsler, C. D„ 1990. The behavior, physiology and release of Kelp spores. Diss. 

Abst. Int. PT. B- $ci. and Eng., 51 (6): 254pp.

Azane, R.V. and Aliaza, T. T., 1999. In vitro carpospore release and germination in 
Kappaphycus alvarezii (Doty) Doty from Tawi- taw), Philippines. Botanica  -  
Marina, 42 (3): 281-284.

Banumathi, R. and Subbaramaiah, K., 1990. Diurnal periodicity of spore shedding in 
Gelidiella acerosa  (Forsska)) Feldmann et Hamel of Mandapam coast. 
Botanica Marina, 12 (1&2); 137-147.

Beer, S. and Levy, I., 1983. Effects of photon fluence rate and light spectrum 
compostion on growth, photosynthesis and pigment relation in Gracilaria  sp. 
J. Phycoi, 19; 516-522.

Belabhatia, and Vijayaraghavan, M. R., 1995. Development and histochemical 
studies on spermatangia and spermatium release in Scinaia forcellata 
Bivonaberanrdi. Seaweed Res. Utiln.. 17:177-182.

Berkaioff and Rousseau, S., 1979. J. Phycoi., 15; 79-84.

*Bird, N, L. and McLachlan, 1976. J. Phycologia, 15; 79-84.

’ Boardman, N. K., 1977. Comparative photosynthesis of sun and shade plants.
A. Rev. PI. Physiol., 28; 355-377.

Boney, A. D., 1975. Mucilage sheaths of spores of red algae. J. Mar. B iol. /^ss. 
U.K., 55:511-518.

Breeman, A. M. and Guiry, M. D., 1989. Tidal influences on the photoperiodic 
inductfon of Tetrasporogenesis In Bonnemaisonia hamifera (Rhodophyta). 
Marine Biology, 102(1): 5-14.

Brinkhuis and Jones, 1974, Photosynthesis in whole plants of Chondrus crispus, 
M a rB io i{B e (\.) , 27:134-41.

*Buchholz, C., and Luning, K., 1999. Acceleration of sporogenesis in some large 
scale cultivated seaweeds. In: Third-European-Marine-Science-and- 
Technology-Conference-MAST'Conference, Lisbon, 23-27 May 1998:- 
Conference-Proceedings (ed. Barthel, K. G., Barth,H., Carbonell, M. B., 
Fragakis, C. Liplatou, E., Martin, P., Oilier, G. and Weydert, M.) Luxembourg- 
Luxembourg. European - Commission- DG -12  - Science -  Research -  and 
-Development, pp. 204-205.

Buendia, R., 1998. Seaweed markets in Southeast Asia. SEAFDEC Asian 
Aquaculture, XX(1): 24-25.

Chapman, V. J., 1950. Seaweeds and their uses. Methuen & co., London, 287 pp.

.̂ 1)



Charnofsky, K., Towill, I. R. and Sommerfield, M. R., 1982. Light requirements for 
monospore germination in Bangia atmopurpurea (Rhodophyta). J. Phycol., 
18:417-422.

Chennubholla V. S. K., Kaliaperumal, N.. Ramalingam, J. R. and Kalimuthu, S., 
1986. Growth, reproduction and spore output in Gracilaria folifera (Forsskal) 
BOERGESEN and Gracilariopsis sjoestedtii (kylin) Dawson around 
Mandapam. Indian J. Fish., 33(1): 76-84.

Chennubhotala, V. S. K., Kaliaperumal, N. and Kalimuthu, S., 1987. Economically 
important seaweeds. Seaweed Res. Utiln. in India. Cent. Mar. Fish. Res. 
Inst. Bull., 41: 3-19.

Chiang, Y. M., 1981. Alternation of Gracilaria  (Rhodophyta,Gigartinales ) in Taiwan . 
Proc. Int. Seaweed Symp., 10: 569-574.

'Cook, A. H., Elvidge, J. A. and Bentley, R., 1951.Proc. R. Soc. London, Ser. B, 138; 
97-114.

Dawes, C. J.. Moon, R. E. and Claire, J. L., 1976. Photosynthetic responses of the 
red alga, Hypnea musciformis (Wulfen) Lamouroux (Gigarntinales ). Bull. 
Mar. Sci., 26: 467-73.

Dawes, C. J,, Moon, R. E., Davis, M. A., 1978. The photosynthelic and respiratory 
rates and tolerances of benthic algae from a mangrove and saltmars estuary 
a comparative study. Estuar. Coast. Mar. Sci., 6: 175-185.

Delivopoulos, S. G. and DIannelidis, B. E., 1990. Ultrastructure of carposporophyte 
development in the red alga Caulacanthus ustulatus Gigarntinales: 
Caulacanthaceae). Mar. Biol., 106 (1): 145-152.

'Devaraj, M., Filial, V.K., Appukuttan, K., Suseelan, C., Murthy, V.S.R., Kalatharan, 
P., Sudhakara Rao, G., Pillai, N. G. K., Piilai, N. N., Balan, K., Ghandrika, V., 
George, K. C. and Sobhana, K. S. Packages of Practices for sustainable 
ecofriendly mariculture, land based saline aquaculture and sea farming. In: 
Proceedings o f  Fourth Indian fisheries forum (in Press).

Doshi, Y. A., Parekh, R. G. and Chauhan, V. D., 1992. Indian agarophytes.
Resources, utilization and their management. Seaweed Res. Utiln. 15(1&2): 
185-190.

‘ Doty, M. S., 1973. Farming the red seaweed. Eucheuma for carrageenans, 
Micronesica, 9: 59-73.

'Drew, K.M., (1955). Life histories in the algae with special reference to the 
chlorophyta, phaeophyta. Biol. Rev., 30; 343-90.

Dring, M. J., 1981. Chromatic adaptation in benthic marine algae. An examination of 
ffs eco/ogica/ sfgni7icance using a theoreflcaf mode/. Lim noi Oceanogr., 26; 
271-84.

51



Durako, M. J. and Daves, C. J.. 1980. A comparative seasonal study of two 
populations of Hypnea m usciform is from the east and west coast of Florida, 
U.S.A. Mar. Biol. (Berl.), 59:151*6.

Edding, M., [vlacchiavello, J. and Black, H.. 1987. Culture of Gracilaria sp in 
outdoor tanks: Productivity. In: Twelfth International Seaweed Symposium 
(ed. Ragan, M. A. and Bird, C.J.), pp. 369-373.

Edelstein, T., Cheu, L. G. M. and MacLachlan. J., 1978. Studies on Gracilaria 
(Gigatinales, Rhodophyta); Reproductive structures. J. Phycol., 14; 92-100.

Estela, M. P. and Oliveira, F. E. C. D.. 1988. Deviations in the life-history of 
Gracilaria sp  (Rhodophyta, Gigartinales) from Coquimbo, Chile under 
different culture conditions. Hydrologia, 164: 67-74.

Evans. L.V., Callow, J. A. and Callow. M. E.,1982. The biology and biochemistry of 
reproduction and early development in Fucus. In: Progress in Physiological 
Research (ed. Ronnd, F. E., and Chapman, D. J.). Elsevier, Amsterdam, pp. 
67-110.

Figuero, F., Aguilera, J. and Niell, F. X,, 1995. Red and blue light regulation of 
growth and photosynthetic metabolism in Porphyra umbilicalis (Bangiales, 
Rhodophyta). Ear. J. Phycol., 30: 11-18.

Fonck, E., Venegas, M. and Edding, IVl., 1998. Artificial induction of sporulation in 
Lessonia (Phaeophyta, Laminariales}. Journal o f Applied Phycology, 
10(4): 399-403.

Frledlander, M. and Dawes, C. J., 1984a. Studies on spore release and sporeling 
growth from carpospores of Gracilaria foliifera (Forsskal) Borgesen var. 
angustissima (Harvey) Taylor. I. Growth responses. 19: 221- 232,

Friedlander, f\/1. and Dawes, 0. J., 1984b. Studies on spore release and sporeling 
growth from carpospores of Gracilaria foliifera (Forsskal) Borgesen var. 
angustissima (Harvey) Taylor. II. Photosynthetic and respiratory response. 
Aquatic Botany, 19; 233-241.

Fritsch, F. E., 1945. Florideae. In: The structure and reproduction of the algae. 
Cambridge University press, Cambridge, pp. 379-767.

‘ Gallagher, S. B,, and Humm, H. J., 1983. Techniques of laboratory cultivation of 
marine algae. University o f South Florida Publication. 119pp.

Ganesan, M.. Maish, O. P., Eswaran, K., and Subbarao, P. V., 1999. Effect of UV 
radiation and other environmental factors on the liberation of tetraspores 
from brown alga Padina boergesenii (phaeophyta. Dictyotales). Ind ian J. 
Mar. Scl., 28: 50-54.

Geng, F. X.. Ying, B., and Shan, L . 1999. Seaweed cultivation. Traditional way and 
its information. Chinese J. of Oceanology and Limnology, 17(3): 193-199.



Glenn, E. P., Moore, D., Fitzsimmons, K., and Azevedo, C., 1996. Spore culture of 
the edible red seaweed Gracilaria parvispora (Rhodophyta). Aquaculture, 
142: 59-74.

Glenn, E.P. and Doty, M.S., 1981. Photosynthesis and respiration of the tropical 
red seaweeds, Eucheuma striatum  (Tambalang and Elkhorn varieties) and E. 
denticulatum. Aquat. Bot., 10; 353-64.

Guanzon, Jr. N. G. and Castro, T. R. D., 1992. The effects of different stocking 
densities and some abiotic factors on cage culture of Gracilaria sp 
(Rhodophyta, Gigantinales). Botanica Marina, 35: 239-243.

Guiry, M. D. and Dawes, C.J, 1992. Day length, temperature and nutrient control of 
tetrasporogensis in Asparagopsis armata (Rhodophyta). J. Exp. Mar. Biol. 
Ecol., 158: 197-217.

•Guzman, D. S. A., Guzman, S. L  0 . and Barrera. J. P., 1972. Shedding rhythm 
and germination of spores in Gelidium robustum. Inst. Nac. Pesca Ser. 
Divulg. Max., 6: 1-14.

Hanisak, M. D., 1981. Methane production from the red seaweed Gracilaria 
tikvahlae. Proa. Int. Seaweed Symp., 10; 681-692.

*Haxo, F. T. and Blinks, L  R,, 1950. Photosynthetic action spectra of marine afgae. 
J. Gen. Physiol., 33:389-422.

'Herrera, P., Vejar. F., and Alveal. K., 1997. First development stages of 
carpospores of Gracilaria ch ilensis  (Rhodophyta, Gracilaria) at different 
density of attachment. Gayana- OceanoL, 5 (1); 41-48.

Hoffmann, A. J. And Camus, P., 1989. Sinking rate and viability of spores from 
benthic algae in Central Chile. J. Exp. Mar. e/o/. Eco/., 126; 281-291.

‘ Jaffe, L  F. 1958. Exp. Cell Pes.. 15; 282-299.

Jeffrey, S. W. and Humphery, G. F., 1975. New spectrophotometric equations for 
determining chlorophyll a, b, c and cz in higher plants, algae and natural 
phytoplanktons. Biochem. Physiol. Pfianzen., 167: 191'194.

Jones, W. E., 1959. The growth and fruiting of Gracilaria venjcosa(Hudson) 
Papenfuss. J. Mar. Biol. Ass. U. K., 38:47-56.

Joseph, M. M., and Krishnamurthy, V. 1977. Studies on the shedding of 
carpospores in Gracilaria corticata. J. Ag. Seaweed Res. Utiln., 2:1 •-8.

Kain, J. M. and Destombe, C., 1995. A review of life history, reproduction and 
phycology of Gracilaria. J. A pp lied  Phycology. 7 (3); 269-281.

Kaliaperumal, N. and Umamaheswararao, fvl., 1986. Grovrth, reproduction and 
sporulation of marine alga, G elid ium  pasillum, Indian Journal o f  Marine 
Sciences, 15:29-32.



‘ Kylin, H., 1956. Die Gatlvngen der Rhodophycean. Gleerup, Lund.

Lee. J. A. and Brinkhuis, B. H., 1988. Seasonal light and temperature interaction 
effects on development of Lam inaria saccharina (Phaeophyta) gametophytes 
and juvenile sporophytes. J. Phycol.. 28 (2): 181-191.

*Leving, T., Hoppe, H. A. and Schmid, O. J., 1969. IVIarine Algae. A survey of 
research and utilization. Gluyter & Co..Hamburg , 421pp.

Levy and Friedlander, 1990. Strain selection of Gracilaria sp. I. Growth, pigment 
and carbohydrates characterization of strain of G. conferta and G. verucosa ( 
Rhodophyta, Gigartinales). Botanica Marina, 33:339-345.

Liu, C. Y., Wang, C. Y. and Yang, S. S, 1981. Seasonal variation of the chlorophyll 
contents of Gracilaria cultivated in Taiwan. International Seaweed 
Symposium. Pp. 450-460.

Lobban, C. S. and Wynne, M. J. 1981. Rhodophyta: life histories. In: The Biology of 
Seaweeds, (ed. West, J.A. and Hommersand, M. H.). Blackwell Scientific 
Publication, London, pp. 133-193.

Luning, k., 1990. Seaweeds: Their Environment, Biogeography and Ecophysiology 
of seaweeds. A  wiley- Interscience Publication, pp. 277-370.

IVlal, T. K. and Subbaramaiah, K., 1990 Diurnal periodicity carpospore shedding in 
the red alga Gracilaria edulis (G nel) Silva (Rhodophyta). Indian Journal o f 
Marine Sciences, 19: 63-65.

Mathiesan and Norall, 1975. Physiological studies of sub-tidal red algae. J. Exp.
Mar. Biol. Ecol., (Berl.), 20: 237-247.

*McCully, M. E„ 1968. Protoplasma, 66; 205-230.

McLachlan, J. and Bird, C. J., 1986. Gracilaria ( Gigartinales, Rhodophyta) and 
productivity. Aqua. Dot., 26: 27-49.

fyishigeni, K. E. and Lorri, W. S. 1̂ ., 1977. Spore germination and early stages of 
development in Hypnea m usciform is (Rhodophyta;Gigartlnales). Marine 
biology, 42: 161-164.

'fvluller, D. G. and Serferiadis, K., 1977. Z. Pfianzenphysiol., 84: 85-94.

Narasimharao, G. N., and Subbarangaiah, G. 1991. Control of spore shedding
from some marine algae of the Visakhapatnam coast, India. Br. Phycol. J., 
26: 353-360.

Ngan, Y. and Price, I. R., 1979. Price systematic significance of spore fringe in the 
Florideophyceae (Rhodophyta). Br. Phycol. J.,14: 285-303.

Ngan, Y. and Price. I. R., 1983. Periodicity of spore discharge in Tropical 
Flodideophyceae (Rhodophyta). Phycology Journal. 18: 83-95.

54



Okuda, T. and Neushul, M., 1981. Sedimentation studies of red algal spores. J. 
Physiology. 17: 113*118.

Oliveira, F. E. C. D. and Estala, M. P., 1994. Gracilariceae. In: Biology of economic 
algae (ed. Akatsuka, I.). APB Academic publishing BV, pp. 185-226.

Oza, R. M. and Krishnamurthy, V., 1968. Studies on carposporic rhythm of 
Graci/aria verrucosa (Huds.) Papper. Bat. Mar., 11: 118-121.

Oza, R. M., 1976. Studies on Indian Gracilaria II. The development of reproductive 
structures of Gracilaria corticata. Bot. Mar, 19; 107-114.

Paramasivam, M. and Devadoss, G. G. M., 1985. Effect of growth regulators in the 
field cutivation of Gracilaria edulis  (Gmelin) Silva. Indian Journal o f Marine 
Sciences, 14: 230-231.

*Provasoli, L , (1968). Effect of plant hormones on Ulva. Biol. Su//., 114: 375-384.

*Rajadurai, N. R., 1990. Report on the Regional Workshop on the Culture and 
Utilization of Seaweed. Cebu, Philippines, 27-31 August 1990. Bangkok, 
Thailand. Regional Sea Farming Development and Demonstration Project 
RAS/90/002. 183pp.

Ramarao, K. and Thomas, P.O., 1974, Shedding of carpospores in Gracilaria edulis, 
(Gmel) Silva. Phykos, 13 (1): 54-59.

Ramus, J.. Beela, S. I. and Mauzerall, D., 1976. Correlation of changes in pigment 
content with photosynthetic capacity of seaweeds as a function of water 
depth. Mar. BioL, (Ber!.), 37; 231-238.

Reed, D. C., Edeling, A. W., Anderson, T. W., and Anghera, fvl., 1996, Differential 
reproductive to fluctuating resources in two seaweeds with different 
reproductive strategies. Ecology, 77 (1): 300-316.

Reeta, J,. 1992. On the successfuf culture of Gracilaria edulis  form spores. Marine 
Fisheries inform ation Service, CMFRI Publication, 117: 15-17.

Reeta, J., and Ramamoorthy, N., 1997. Propagation of Gracilaria edulis (Gmelin) 
Silva by reproductive method. Ind ian J. Fisheries., 44 (4): 353-360.

Reeta, J., and Kulandaivelu, G., 2000. Effect of light intensity on the saturation of 
photosynthesis in Gracilaria species (Rhodophyta). Seaweed Res. Utiln., 22 
(1&2): 31-35.

Rodrigo, M. and Robaina, R. R., 1997. Stress tolerance of Photosynthesis in 
sporelings of the red alga Grateloupia doryphora compared to that of stage III 
thalli. Marine B io logy,126 (4): 689-694.

Rojas, J. 0 . and Robledo, D., 1999. Effects of irradiance and temperature on the 
release and growth of carpospores from Gracilaria cornea J.Agardh. 
(Gracilariales, Rhodophyta). Botanica Marina, A2 (4): 315-319.



Ruiz, I. P., Esquivel, Z. G. and Rosas, L  E„ 1989. Spore discharge in the 
carrageniophyte Gigartina canaliculata  Harvey (Rhodophyta, Gigartinales). 
J. Exp. Mar. Biol. Ecol., 126 (3): 293-299.

Ryther, J. H., Deboer, J. A. and Lapointe, B. E., 1979. Cultivation of seaweeds for 
hydrocolloids, waste treatment and biomass for energy conversion. Proc. Int. 
Seaweed Symp., 9; 1-16.

Sahoo, D.. 1989. Carposporophyte and tetrasporophyte development in 
Centroceras clavulatum. Phykos, 28 (1-2): 210-215.

Sahoo, D. and Vijayaragavan, M. R., 1995. The structure and function of oogonium 
wall layers in Cystoseria indica. A correlative histochemical and 
ultrastruotural study. Seaweed. Res. Uliln., 17; 203-213.

Santelices., B. and Doty, fvl. S. 1989. A  review of Gracilaria farming. Aquaculture, 
78; 95- 133.

Santelices, B. and Dedo. D., 1999. Evaluating substances that facilitate algal spore 
adhesion. Hyc/rob/o/og/a, 398/399: 241-246.

Shang, Y. C., 1976. Economic aspects of Gracilaria culture in Taiwan. Aquaculture, 
8:1-7.

’ Sjoestedt, L. G., 1926. Florideen studies Lunds Univ. Arsskr. N. F. Avd., 
22(4): 1-94.

Smith, E. G., 1954. Cytological observations on Gracilaria maltipartila. Brit. Phycoi 
J., 2: 4-5,

Subbarangaiah, G., 1983. Seasonal grow/th, reproduction and spore shedding in 
Gracilaria corticata. J, Ag. of the Visakhapatnam coast. Proc. Indian Natn. 
Sci.Acad. B.. 49 (6); 711-778.

Subbarangaiah, G. and Umamaheswararao, M., 1983. Seasonal growth, 
reproduction and spore shedding on Hypnea valentiae. Proceedinfg Indian 
Academy science (Plant Sci.) 92(6): 473-482.

Subbarangaiah, G., 1984. Growth, reproduction and spore shedding in Gracilaria 
textonii (Sur) J.Ag. of the Visakhapatnam coast. Phykos, 23 (1&2): 246-253.

Subbarangaiah, G. and Sudhakar 1999. Periodicity in the liberations of spores in 
Polysiphonia platycarpa Borgesen (Rhodophyceae, Ceramiles ). Recent 
trends in algal research (ed. Subbarangaiah, G.), pp. 270-282.

Subbarangaiah, G. and Vanillakumari, E., 1999. Seasonal growth, phenology and 
spore shedding in Amphiroa fragilissima (L.) Lamouroux (Rhodophycea, 
Cryptonemiales) of the Visakhapatnam coast. Recent trends in algal 
research (ed. Subbarangaiah, G.), pp 255-266.

.̂ 6



Sundar, S. K. L ,  Subbarao, P. V. and Subbaramaiah, K., 1991. Studies on 
carpospore shedding in the red alga Gracilaria crassa. Indian Journa l of 
Marine Sciences, 20: 70-7t.

*Suto, S., 1950. Studies on shedding, swimming and fixing of spores of seaweeds. 
Bull. Jap. Soc. Fish. 16:1*9.

Sylvester and Waaland, 1984. Sporeling dimorphism in the red alga Gigartina 
exasperata (Harvey and Bailey). Phycologia, 23 (4): 427- 432.

*Tassende, M. G. and Fraga, M. I., 1997. Effects of the culture conditions on the 
development of Chondrus crispus  stack house (Gigartinales, Rhodophyta) in 
culture. Sci. Mar. Bara., 61(4): 451-458.

'Terry, L  A. and Moss, B. L , 1980. Br. PhycologyJ., 15:291-301.

'Trono, G. C., 1981. Pond culture of seaweeds. Report on the training course of 
Gracilaria algae. (A training sub project under FAO-UNDP project 
RAS/79/0411. Implemented through RAS/74013) Manila, Philippines.

Trono, G. C. and Corrales, R. A., 1981. The seasonal variation in the biomass and 
reproductive status of Gracilaria in Manila bay. X International seaweed 
symposium. W alterde Gruyter & Co., NewYork, pp.743-748.

Trono, G. C., 1987. Seaweed culture in Asia-Pacific Region. RAPA publication,
FAO, 41pp.

Umamaheswararao, M., 1969. Agar and algin yielding seaweeds of India. Proc.
Intl., Seaweed Symposium, pp. 715-721.

Umamaheswararao, M., 1974. Observations on fruiting cycle, sporeoutput and 
germination of tetraspores of G elid ie lla  acerosa in the Gulf of Mannar. 
Botanica Marina, XVIII: 204*207.

Umamaheswararao. M., 1976. Spore liberation in Gracilaria corticata J. Ag. 
Growing at Mandapam. J. Exp. Mar. Biol. Ecol., 21: 91-98.

Umamaheswararao, M. and Kaliaperumal, N,, 1983. Effects of environmental 
factors on the liberation of spores from some red algae of Visakhapatnam 
coast. J. Exp. Mar. Biol. Ecol., 70; 45-53.

Venkataraman, G. S., Goya, S. K., Kaushik B. D., 1974. Reproduction. In : Algae; 
form and function. Today and Tomorrows Printers and Publishers, New 
Delhi, pp. 15-64.

VonStosch, H. A., 1963. Wirkung von Jod und Arsenit anf meresalgen in Kuftur. /n: 
(ed. Vin/ille, D. D. and Feldmann, J.). Proc. Int. Seaweed Symp., 4; 142-50.

Vriostegui, A. G. and Robledo, D., 1999. Factors affecting sporulation of Gracilaria 
cornea carposporophytes from Yucatan, Mexico. Hydrobiologia, 398/399: 
285-290.

57



W alne, P. R., 1974. Cuture of bivalve mollusks, 50 years experience at Conway. 
Fish. News (books Ltd). 1-1730.

W est, J. A., Zuccarrello, G. C., and Karsten, U., 1996. Reproductive biology of 
Stictosiphonia hookeri (Rhodonnelaceae, Rhodophyta). Hydobiologia, 356- 
327; 277-282.

Yamamoto, H., 1978. Systematic and anatomical study o f the genus Gracilaria from 
Japan, tvlem. Fac. Fish. Hokkaido Univ., 25(2): 97-152.

Yamanouch, S., 1906. The life history of Polysiphonia violacea, Bat. Gaz.,
42; 401-49.

ZaneveW, J. S., 1959.The utilization o f marine  algae in tropical South and East Asia. 
Econ. Bot., 13: 89-131.

* Original is not referred

.̂ s




