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PREFACE

After passing M.Sc. in.Botany with Palynology as a
special subject, the candidate joined the Central Marine
Fisheries Research Institute for the Ph.D. programme of
the Centre of Advanced Studies in Mariculture in 1980.
During the first semester she got familiarised with the
various disciplines connected with mariculture such as
ibasic science, finfish culture, mussel culture, shrimp
culture, seaweed culture, environmental monitoring and
connected field work and analytical techniques. During
this period the candidate was assigned the work on sporugla—
tion and propagation in some agarophytes. After passing the
qualifying examination with mariculture and algology as
‘special subjects, the candidate moved over to the Regional
Centre of CMFRI, Mandapam Camp for collecting field data

and carry out the laboratory work.

During the stay at Mandapam the candidate had been
visiting Kilakkarai, Thonithurai and Puthumadam fortnightly
to collect field data on four species of agarophytes viz.,
Gelidiella‘ggg£g§§ (Forsskal) Feldmann.§tIHamel, Gracilargg
corticata J. Agardh,lQ. edulis (Gmelin) Silva, and Hxpnea
musciformis (Wulfen) Lamouroux. In addition, the candidate



also visited the coral islands near Rameswaram Island in the
Gulf of Mannar where there are luxuriant algal flora.
Because of its unique position with the Gulf of Manner
having a typical oceanic environment and ecological
conditions on one side and Palk strait with eutrophic
conditions on the other side, and the changing pattern of
the monsoon and winds make one area or the other at Mandapam

always approachable for field work and sample collections.

The samples were regularly brought to the laboratory
and sporulation studies under different environmental

conditions were carried out in the laboratory for_§g¥§p;r
experiments.

The theme of the work is focussed on the spore output
studies of some economic agar and Carragheenan producing red
algal species of Gelidiales and Gipartinales of Floridiophycae;

Gelidiella acerosa (Forsskal) Fieldmann‘§t_Hamel, Gracilaria
corticata J. Agardh., Gracilaria edulis (Gmel) Silva; and
Hypnea musciformis (Wulfen) Lamouroux. The study was carried
out for two years from October 1981 to October 1983. Data
were collected on the seasonal and diurnal aspects of spore
liberation of the four red algae to know the spore liberation
of the four red algae and to know the spore production potential
of the fertile fronds during different months of the year.



Experiments were also conducted in the laboratory to
understand the effects of different environmental factors

such as desiccation, salinity, temperature, light-intensity
and photoperiod on spore shedding. During these experiments
some information on spore germination has also been collected.
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CHAPTER - 1

INTRODUCTION :

The decade of 1970s heralded a major research effort into
mariculture of economically important red and brown sea-weeds,
particularly the agarophytes and alginophytes. The limited
and declining natural populations, lack of synthetic
substitutes for the phycocolloids with their upwardly
spiralling costs have emphasised the need for more research

in this area. Now, algal mariculture has hecome technically
and scientifically more feasible}

The marine red algal species (agarophytesj of Florideophyceae,
(Rhodophyta) especially belonging to the orders Gelidiales
and Gigartinales are used for the manufacture of agar-agar,
carrageenan and other phycocolloids in many countries.
“Agarophyte" is a term applied to those sea—weeds producing
amorphous gelatinous substance referred as ‘agar’. In
India Gelidiella acerosa and Gracilaria edulis are_used as

raw material for the manufacture of agareagar by the
sea-weed industries. Apart from this, several genera of
the order Gelidiales such as gpanthopeltis, Gelidiella,
Gelidigm,‘Eterogladia and Suhria and those of the order
Gigartinales like A ardhiella, Chondrus, Eucheuma, Gi artina,
Gracilaria, Gygnogongrus, Hzpnea and Sarcodig are consumed
as food either as raw or in processed form in different



countries particularly in the Indo-Pacific region. This
obvious use of seawweed for food has reached its peak in
Japan where different species are harvested for this purpose.

In Wales and Ireland laver (ggxgpg umbilicargis) is a
traditional delicacy. In many countries seaweed biomass
is used as animal fodder, fertilizer or as an energy source
to produce methane gas. Seaweed extracts and composts are
applied to crops as a nutrient source andtaoil conditioner.
(Subba Rao, 1965; Levring_gt_g;., 1969; Santelices, 197A;
Michanek, 1975 and Chapman and Chapman, 1980).

Many genera and species of the orders Gelidiales and
Gigartinales are widely distributed in temperate and
tropical to sub-tropical waters of the world. In India 6
species of Gelidiella (Sreenivasa Rao, 1970 and Sreenivasa
Rao and Trivedi, 1974), 17 species and 2 varieties of
Gracilaria (Umamaheswara Rao, 1972 a) and 9 species of Hzpnea

(Untawale.g3.g;., 1983) have been reported. Many of these
species form an important component of the seaweed vegetation

at various localities along the Indian shores. Along the
coasts of Mandapam Gelidiella acerosa, Gracilaria arcuata
var. arcuata,;§. arcuata var._attenuata,;§. canaliculata,
‘Q. corticatg var. corticata,.§..corticatg var. c lindrica,
Q. cgvlifindrica, Q. disticha, Q. edulis,,'_(§. foliifera, Q,
'b 9.! meinnarensistr 92 ! 9- .9.P...t.‘:.1.§.§o 9.0 t



IQ. verrucqsa, Hypnea musciformis,‘§. pannosa,‘§. spinella

and.fi. valentiae have been recorded by some workers
(Umamaheswara Rao, 1969 and 1972 and Rama Rao and

Subbaramaiah, 1980).

A vast amount of literature is available on the morphology,

taxonomy, growth, reproduction and phycocolloid content
09 some economic seaweeds e.g., Gelidiella acerosa of the

order‘§elidiale§ and various Gracilaria and Hypnea species
of the Gigartinales order (Floridiophyceae, Rodhophyta) by
Fritsch (1945) Umamaheswara Rao, (1969 and 1972), Rama Rao

and Subbaramaiah, (1980), Rao, (1970), Rao and Krishnamurthy
(1968), K. Rama Rao (1970 - 1982). But the informations
that are available on spore producing capacity of the algae
are scanty particularly with reference to the effect of
environmental factors on spore shedding and the germination
of spores. In order to assess the mariculture potential
of these species by spore mihod, sporulation studies on the
same were undertaken on_Qelidiella acerosa, Gracilaria
COrt;9a§§, G._ggg;;§ and Hypnea musciformis growing alongI’.'."3

the Mandapam coast.



Studies on spore phenomena have been initiated in some
economic algae such as Gelidiella, Gelidium, Porphyra,
Gracilaria and Hypnea of Rhodophyta and Dictyota,

Turbinaria, Padina species of Phaeophyta and in'g;y§ species
of Chlorophyta by Rao, (1971 a b), Tanaka, (1941), Mshigeni,
(1976), Suto, (1950), Yinam Ngan and Price, (1983), Detailed
knowledge on sporulation is not available as regards the other
members of Gelidiales and Gigartinales occufiing along the
Indian coasts.

During the present work, carried out for a period of 2 years
from October 1981 to September 1983, data have been collected
on the fruiting behaviour and experiments were conducted at
room temperature on the daily and seasonal changes in the

shedding of tetraspores of Gelidiella aoerosa and tetraspores
and carpospores of Graoilarig corticata,.§. edulis and
Hypnea musgiformis and also periodicity in the daily liberation
of spores in these four red algae, Influence of important
environmental factors such as desiccation, salinity, light
and temperature on the spore output have been studied
in det 0



Data have also been collected on germination of spores of
four red algae. Informations on the hydrological conditions
of the inshore waters in the vicinity of Mandapam such as
surface sea-water temperature, pH, salinity and dissolved
oxygen were also collected. Results obtained on the
above aspects are presented and discussed in this thesis.



CHAPTER - 2

R§yIEw OF LLIERATURE

The red algal members of Florideophyceae (Rhydophyta)

especially belonging to the orders Gelidiales and
Gigartinales ocouring in various regions of the world have
been studied for the past four decades in view of their

commercial value as a sources of agar—agar and human food.
These investigations carried out on different species of

Gelidium and Eterooladia (Santelices, 1974), Gracilaria
(Hoyle, 1975) and.§zpggg (Mshigeni, 1976 a, b,_d and 1977
and 1978) and Mshigeni and Lorri (1977) provide pertinent

information to our knowledge on their taxonomy, biology
and economic importance.

Studies have been conducted in India on some important
members of the order Gelidiales and Gigartinales. Among
the order Gelidiales, studies were carried out on the
ecology, commercial utilisation and cultivation of
Qelidiella acergsg, by Sreenivasa Rao, (1969, 1971 a, b, c,
1974 and 1976); Umamaheswara Rao, (1973 a and 1974 a);

Sreenivasa Rao and Trivedi, (1974); Subbaramaiah §§‘g;.,

(1974 and 1975); Bhanderi, (1974); Krishnamurthy.g§_a;¢.
((1975); Subbaramaiah.§§‘g1., (1975): Thomas g§'g;.;(1975

a and b); Rama Rao.g§.§l.,(1976); Chennubhotla §3_g;.,
(1977a, b and 1979); Rama Rao and Subbaramaiah,(1977

and 1979); Joshi and Chauhan, (1979); Subba Rao, (1979);



Mairh_g§‘g;., (1979 a, 5); Pate1.g§'g;.,(1979 and 1980)
other species of Gelidiella (Subba Rao, gt g;., (1977)
and Untawale» .932 an (1977). 9232.92.92 .I.?.9.~“>.~°:...i..3.L.,_.u2 2.9.9

Pterooladia heteroplatos by (Umamaheswara Rao and

Sreeramulu, (1964) Mairh and Sreenivasa Rao, (1978);

Kaliaperumal, (1979); Kaliaperumal and Umamaheswara Rao,

(1981); and Umamaheswara Rao and Kaliaperumal, (1983).

Among the members of the order Gigartinales, investi
gations on taxonomy, morphology and anatomy were carried
out in certain species of_Gracilaria by Ahmed, (1966);

Oza and Krishnamurthy, (1967 and 1968); Krishnamurthy

g§‘§;., (1969); Raju and Thomas, (1971); Umamaheswara fiao,
(1972 b, 1973 b, c, 1974 b and 1976); Rama Rao and Thomas,
(1974); oza, (1975, 1976, 1978 and 1979); Subbarangaiah

_g§'g;., (1975); Thomas and Krishnamurthy, (1976); Thomas.
(1977); Rama Rao, (1977 a); Mohan Joseph and Krishnamurthy,

(1977); Chennubhotla g§‘g;.,(1978 and 1979); Subba Rangaiah,
(1978) and Umamaheswara Rao and Subba Rangaiah, (1980)

and.fi1pggg by Rama Rao (1970, 1972, 1976, 1977 a, b, 1979,
and 1982); Rama Rao and Krishnamurthy, (1968 and 1978);

Subba Rangaiah (1978); Rama Rao and Subbaramaiah, (1980);

Umamaheswara Rao and Subba Rangaiah, (1980); Solimabi go a_l.,

(1980)., Rama Rao g_{; a_]; (1983),



2.1 SEASONAL GROWTH BEHAVIOUR

The plants of Gelidiella acerosa in the Palk Bay near
Rameswaram and in the Gulf of Mannar near Pudumadam have

been observed throughout the year by Umamaheswara Rao,

(1973 a) and these plants attained maximum size in two
seasons with a half yearly growth cycle. The main growth
season with maximum number of large sized fronds was found
between December and April on the Palk Bay side and between

July and August on the Gulf of Mannar side by Umamaheswara

Rao, (1973 a). Gelidiella acerosa occurring on the reef
at Kilakkarai reached maximum growth in November, as

measured by the length, bushiness and the number of branches

of plants (Thomas_g§_§;., 1975 a) and the plants showed
2 peak growths for the same period, one in July and another
in November, as measured by wet and dry method (Thomas.g§

g;., 1975 b). The peak values in monthly growth rates in
length and percentage cover of_§elidiella acerosa growing
at Ervadi near Kilakkarai were recorded during summer
months May to July. Higher growth rate in cover was also
observed during winter months November to December (Rama

Rao and Subbaramaiah, 1979). Subba Rao, (1979) observed

that the mean monthly growth rates of the plants taken
individually or as in population were maximum in January
at Ervadi and in February at Rameswaram. Chennfibhotla



,g§_§;., (1979) also observed the vegetation of Gelidiella
acerosa occurring throughout the year at Pudumadam,
Kilakkarai and Krusadai Island.

The seasonal growth behaviour of Gracilaria corticata
growing in the Gulf of‘Mannar tide near Mandapam was

studied by Umamaheswara Rao (1972 b). He stated that these
plants occurred throughout the year with its peak growth

from.June to September and another small peak in November
or December. Similarly Chennubhotla.g31g;., (1979)
reported the occurrence of Gracilarig corticata in all
the months of the year from Pudumadam;

Population of Gracilarig edulis in the Palk Bay near
Rameswaram was also observed throughout the year by

Umamaheswara Rao (1973 b). Increase ingmean length was

observed by him from November or December and a large

-number of plants reached their maximum height during the
period January to April, after which there was a decline
in the mean length particularly during May and June.
This reduction in the height seemed to be due to the
breakage or removal of fully grown and old fronds
(defoliation) and_also by the development of fresh plants
in the population. Again another small or secondary peak
in growth was found_in August and September with increase
in height from July; During October/November there was



10

a considerable decrease in the average length of the plants.
Similarly Chennubhotla‘gt_§;., (1979) also recorded the
vegetation of Gracilaria edulis throughout the year at
Rameswaram and Krusadai Island.

2.2 FruitingBehaviour :
Tetrasporophytes were observed only for some months in the

population of Gelidiellg acerosa growing at Veraval by
Sreenivasa Rao, (1974) and at Rameswaram by Umamaheswara

Rao (1973 a) and Rama Rao;gt.g;., (1976).

In Gracilaria corticata growing at Veraval, tetrasporic
phase occurred almost throughout the year while sexual
phase was seasonal.occurring from September to February
(Oza, 1979). Tetrasporic and cystocarpic plants of

Gracilaria edulis occurred through the year in the Gulf
of Mannar side at Mgndapam (Umamaheswara Rao, 1976) and
Visakhapatnam coast (Subba Rangaiah, 1978). In Gracilaria
edulis growing at Rameswaram in the Palk Bay tetrasporo
phytes occurred in all the months except in October or
November. Antheridial and cystocarpic plants were seen
only in the month of January and only one or two plants
were observed in the samples examined (Umamaheswara Rao,
1973 b).
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2.3 SPORE PRODUCTLQN POTENTIAL IN ALGA

The spore production potential has been investigated in a
few economic seaweeds, Suto (1950) developed a method for
counting the number of spores produced by seaweeds over a
given period of time.. In this method, a known size of a
sporulating thallus was collected from the field, brought
to the laboratory, and placed in a Container of seawater
with a glass plate at the bottom. The spores liberated
fall on to the glass plates The plate containing the spores
is brought under the microscope and the spores are counted
at hourly intervals for 12 hours. The mean value of the
count is then used for estimating the rate of spore kiberation
and the total number of spores which a mature thallus can
produce. This method involves the counting by rows and has
been called (Katada 1955) the ‘obi’ method.

Suto (1950) in his counts on the spore production poten~
tial in Gelidium amansii found that 1.0 g of a fertile

Afrond of this species produced about 10 to 105 spores
per day. Oza and Krishnamurthy (1967) using the same
method (with slight modififiations) found that in.§§gg;lgg;§

ggggggggg a single mature oystocarpic plant produced up to
1.97 x 104 carpespores per day in December, the season<f
maximum spore shedding. Similarly, Rao (1971 a) found that
an average seized tetrasporic thallus of Qelidiella acerpsgh
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produced 2 x 104 spores per season (i.e. October — November).

Neushul (1972) developed a different method in estimating

the spore-production potential in.fl§crocystisi£g£ggg£§,
by measuring the number of sporangia per square milli
meter of the sporangial area and multiplying this by 32,
the number of spores in each sporangium. He estimated

3.5 X 105 spores per mm2 of sporangial area on each side
of sporophyll (Anderson and North 1966).

In.§gggg£hi§§_germat9dea, individual sporangia were found
to contain 128 zoospores (Norton 1972), in Gracilaria
verrucesg about 200 to 2000 carpospores can be obtained
(Kin 1970) from a single cystocarp, while in.§§lggigg
nebustgmfi 65 to 430 carpospores may be obtained (Guzman 

del PPOO 2;. g;., 1972) from a single cystocarp and the
total number of spores produced by a mature thallus may

be 3#,000 to nearly 300,000 carpospores. In most other
seaweeds like Gracilaria cortioa£§,‘g. ggggig and Hypnea
musciformis occurring at Mandapam coast, this kind of
investigations has not been conducted.

The reproductive capacity of the two species of Hypnea
specially L §§Eusciformi_§ at Veraval, West coast oflndia
ANDl§. valgntiae at Pamban and Krusadai Island, East
coast of India was studied over different seasons by Rama
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Rao (1977 b). The tetrasporophytes in Hypnea muscifongg
occurred throughout the year with no distinct peak while
cystocarpic plants occufied only in October each year. The
tetrasporic plants in.Hypnea valentiae also occurred in
all months at Pamban and Krusadai Island while the

cystocarpic plants occurred for 11 months at Pamban and for
7 months in a year at Krusadai Island. Maximum frequency

of tetrasporophytes and carposporophytic plants of Hypnea
_va1entiae at Pamban and Krusadai Island occurred in

February and June/July respectively. Male plants were not
observed both in Hypnea musoiformis andifi. valentiae. At
Visakhapatnam coast tetrasporophytes and carposporophytes

in the population of Hzpnea musciformis occurred in all the
months of the year (Subba Rangaiah, 1978).

2.4 SPORE SHEDDIQ: :

Information available on spore shedding in natural and in
different environmental conditions influencing spore
shedding is very little on red algal genera. Japanese
workers paid more attention to this aspect and collected

data onigglggigg, Porphyra and other economically important
seaweeds. The spore output estimated by Suto (1950 a and b)
for the fronds of Gelidium varied from 1,00,000 to 10,00,000
spores/g. fresh wt./day and the spore shedding was found
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chiefly for one day, Boney (1960) estimated spore output
in Antithagnion plumula for a number of days with more
than 50 % spore release in the first 24_hrs, about 20 %
on the second day and 16 % after 3 days.

Studies have been conducted on sporulation of some red

algae growing at Mandapam area and other localities of
Indian coast. Gelidium pusillum and Pterocladia heteroplatos
at Visakhapatnam coast were studied by Kaliaperumal(1979).
Gracilaria corticata from.Mandapam region was studied by

Umamaheswara Rao (1976) and.Mohan Joseph and Krishnamurthy
(1977). Rama Rao and Thomas (1974) collected Gracilarig
edulisxfrom Krusadai Island near Mandapam and studied

carpospore output. Krishnamurthy (1967) reported tetraspore
output in_Graci1aria millardetii. Oza and Krishnamurthy
(1968) observed liberation of carpospores per plant in
Cracilaria verrucosa growing at Kuda near Bhavnagar in

Gujarat. The tetraspore and carpospore shedding in Hypnea
valentige from.Mandapam was studied by Rama Rao (1979),

Subba Rangaiah (1978) collected data on tetraspore and

carpospore output in four members of Gigartinales order.
namely Gracilaria corticata,‘§. textorii, Gracilariopsis
gjoestedtii and Hxpnea musciformis growing at Visakhapatnam
coast. Shedding of tetraspores from stichidig in
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Gelidiopsis.variabilis was observed for 3-4 days at
Visakhapatnam coast by Kaliaperumal and Umamaheswara Rao,

(1982).

2.5 SEASONAL CHANGES IN SPORE OUTPUT :

Seaweeds vary tremendously in the timing of their spore
production. In some of the warm eastern shoreline oi
South Africa (Isaac and Hewitt, 1953) or the tropical
regions such as India (Rao 1970) where the growth of gypggg,
occurs throughout the year, ietrasporangia are borne on
the thalli throughout the year. Dictyota dichotoma and
Centroceros plavulatum in India also produce spores
(Umamaheswara Rao and Sreeramulu 1970) throughout the year.

In Gracilaria verrucosa, spore maturation was observed only
(Oza and Krishnamurthy 1967; Ogata 1972) at certain periods
of the year. In this alga the cystocarps were found in
September or October in India and the peak spore production
was attained_in December or January. Tetrasporic thalli
in contrast was seen only from March to September. In
Gelidiella gggggga, there were observed (Rao, 1971 a)
two spore-shedding seasons a year in India: (from April
to May and from October to November), each spore shedding
season lasting 25 to 30 days. In Baja California, Gelidium
.§gQg§tum has its peak for spore production during August
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and September (Guzman — del - Proo.g§.g;., 1972), the
total number of spores released gradually decrease towards
January and February, coinciding with winter.- In many
algae, the season of fertility is related to the
geographical location where the alga grows, and this may
be correlated with temperature or day length.

Seasonal changes in spore output in some seaweeds have
been reported by few workers. Sreenivasa Rao (1971 a and
1974) studied seasonal variation in tetraspore output in
Gelidiella acerggg growing in the tide pools at Veravaly
g§;;g;gl;§.ggg£g§§ from Pudumadam was recorded by
Umamaheswara Rao (1974). Kaliaperumal, (1979) collected

data on the seasonal spore shedding in Gelidium.3g§;;;gg
and Pterogladia'he§g§gp;ggg§. Data on seasonal changes
in tetraspore and carpospore output of Gracilaria
oorticata growing at Mandapam were observed by Umamaheswara

Rao (1976) and.Mohan Joseph and Krishnamurthy (1977).

The seasonal change in tetraspore and carpospore output

in Gracilaria oorticata and gypnea musciformis growing at
Visakhapatnam coast was also observed by Subba Rangaiah,
(1978), Oza, (1979) conducted laboratory experiments in
Gracilarigdcorticata occurring at Veraval coast. He
observed two peak periods of sporulation. Studies on the
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seasonal rhythm in the shedding of tetraspores and
carpospores in Hypnea valentiae from.Mandapam were
carried out by Rama Rao (1979)¢= Maximum number of

tetraspores was observed in February and carpospores in
October.

The spore shedding in Qracilaria edulis growing at
Rameshwaram was reported by Rama Rao and Thomas, (1974).

He stated that the total spore output per plant showed
peak values in July and August and gradual decrease by
January, He further stated that higher values of spore
output were seen again in FebruaryéMarch while in
April4May a total lack of spores was observed. The spore
shedding in Graoilaria vérrucosa was further observed by
‘Jones (1959 a) and Oza and Krishnamurthy, (1968) and
in Gelidigpsis variabilis by Kaliaperumal and Umamaheswara
Rao, (1982),
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2.6 DIURNAL PERIODICITY IN SPORE SHEDDING :

Diurnal periodicity in spore liberation was observed in
some members of the order Gelidiales and other red algae
by few investigators. Suto (1950 b) and Katada.g:.g;.,
(1953) observed diurnal shedding of spores in Gelidiug
amansii daily in the afternoon.- Fukuhara (1957) conducted

diurnal experiments in.Iridophycus cornflcopiae and diurnal
variation in shedding of spores was scarcely'recognisedQ
Matsui (1969) observed diurnal periodicity in the liberation
of tetraspores and carpospores in Gloiopeltisitgggg and in
Gloiopeltis furcata. In the former maximum release of spores
was noticed from evening to midnight and in the latter in
the early morning. Umamaheswara Rao (197# a) reported
diurnal periodicity in the liberation of tetraspores in
Gelidiella acerosa and in Gracilaria corticata (1976).
Diurnal periodicity studies in the liberation of spores
was also observed in Gelidium_pusil1um,_§e1idiopsis variabilis

and.in.§teroclag;g heteroplatos by'Kaliaperumal,-(l979)g
A definite diurnal periodicity in the shedding of carpospores
in_§ypgg§ valgntiae was reported by Rama Rao,*(1979);
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Recently Ngan and Price (1983) collected data on the diurnal
periodicity of carpospores and tetraspores discharge in 14
red algal taxa growing in the vicinity of Townsville region,
Queensland, Australia under a variety of laboratory
conditions. Experiments were conducted at hourly or
bi-hourly intervals over periods of 24 hours or in some
cases 48 hours.

Differences in the time of peak shedding between tetraspores

and carpospores was observed by some workers. Katada.g§_a;.,
(1953) in Gelidium amansii, Subba Rangaiah (1978) in Hypnea

musciformig, Matsui (1969) in Gloi0peltiS_£gg§§ aand
gloiopeltis furcata; Umamaheswara Rao, (1976) and Subba
Rangaiah, (1978) in_Gracilar;§ corticata, in Gracilaria
textorii and Graoilariopsis sjoestedtii by Subba Rangaiah
(1978) and in Gelidiumlpggillum and Eterocladia heterqplatos
by Kaliaperumal, (1979).

;Seasonal variations in the diurnal periodicity of spore
output were investigated by Katada'gt_g;., (1953) in
Gelidium amansii. Similarly in Gelidium pgsillum and
Gelidiopsis yariabilis seasonal changes in the diurnal
periodicity of tetraspores was observed by Kaliaperumal(1979)o
In Gracilaria corticata,‘g. textorii, Gracilariqpsig
sjoestedti; and Hypggg musgiformis the diurnal periodicity
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of tetraspores and carpospores was reported by Subba
Rangaiah, (1978). He observed that the diurnal periodicity_(La . ’ V
of tetrasports not vary in different months or seasons/\

of the year.

2.7 .E»\FFECTSW‘_C_)F’ENVIRO1\1I‘/IJ’:."N'Z[‘AL FACTORS ON SPORE SHEDDING :

Effects of environmentalfactors like desiccation, salinity,
light (intensity and photoperiod) and temperature on spore
shedding have been further observed by some workers.

Since exposure to air and desiccation of plants caused by

tidal action influence spore production (Suto, 1956 a)
experiments_were carried out by Katada (1955), Matsui (1969)
and others, to study its effect. Katada (1955) reported
that desiccation in the shade has no including effect upon

the shedding of tetraspores in Gelidium amansii and in
these experiments the time of shedding was extended within
about halfea-day. On the contrary} Matsui (1969) reported
accelerating effect in Gloiopeltis species.

Sreenivasa Rao, (1971 a) further reported that drying of
tetrasporic plants in shade had no effect on spore output
in Q-elidiella acerosa, Umamaheswara Rao, (1976), (in.
ggggiggggg‘gg£3igg£g)stated that tetraspore output decreased
markedly in thalli exposed for one hour and there was no
spore shedding with fmrther increase of exposure to air.
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While carpospores-were not at all liberated from cystocarps
during one hour exposure at room temperature. Recently
Subba Rangaiah, 1978 and Uamaheswara Rao and Subba Rangaiah

(1980) observed the effect of exposure to air of the
tetrasporic thalli in Gracilaria corticata, Gracilaria
ptextorri, Gracilariopsis sjoestedtii and Hypnea musciformis.
The tetraspore output decreased in all plants with increase
in the duration of exposure of the fronds and maximum spore
release was observed under continuously submerged conditions.

Recently Umamaheswara Rao and Kaliaperumal, (1983) studied

exposure to air of tetrasporic fronds of Pterocladgg
heteroplatos, Gelidium pusillum and_gg;;diopsis variabilis
growing at Visakhapatnam.coast; They observed maximum
spores_in submerged conditions. Umamaheswara Rao and

Sanjseva Reddy (1982) studied tetraspore shedding of the
tetrasporic fronds in Dictyota dishotoma with maximum

spore output in submerged conditions.

Yamasaki £3 gl., (1957) studied the influence of sea water
of various concentrations on the growth, formation of
sporangia and liberation of spores from the conchocelis

phase of_gg£pg1g§;t§g;g. He found more number of spores
in 28.19 %u3 whereas Matsui (1969) found that tetraspore
liberation was not significantly influenced in salinities
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between 17 %o and 52 %o in.Q;piop@1ti§J§ggg; and Gloiopeltig

furcata.. Monospore release was found in Agrochaetigm
ggggphytioum by White and Boney (1969) in the media of

19.2 %o 9 49 %oS. Normal production of zoospores or
gametes was found in _I=J__1_y_a_ §_a_§_9_igLa by Mohsen _e__1_:_ _a'_l_., (1972)

in the salinity range between 20 and 35 %o.. Higher salinities
from 35 %o to 45 %oS enhanced both the formation of swarners

and their discharge.

The spore output experiments in different salinities
ranging from 10 ~ 60 %o were conducted by Subba Rangaiah

_e_1_;_ _a_Z_L_., (1975), Subba Rangaiah (1978) ‘and Umamaheswara Rao

and Subba Rangaiah (1980) in which the optimum range observed
for peak shedding of spores was 30 -"40 %o in Qracilaria

corticata,.g. textorii and Gracilariopsig_gjoestedtii and
in.H1pnea.mg§g;;g§g;§ maximum spores were obtained at

20 - 30 %o. Umamaheswara Rao and Kaliaperumal (1983) also
conducted spore output experiments with tetrasporic thalli
of Gelidium pusillum, Bterocladia heteroplaggg and
GelidiQpSiS gggggpgggg in different salinities ranging
from O %o to 70 %o. In _(_I-__e_e_l_:i_._c_1_;i._}_;I_m  and gterocladia

heteroplatos spore shedding was found at 10 %o — 60 %o
and peak discharge at 30 %o salinity was obtained. In
Dictyotgigichotoma (Umamaheswara Rao and Sanjeeva Reddy
£1982) maximum spore shedding was observed at 30 %o Salinity..
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The effect of light intensity on spore shedding has been
studied by some workers. White and Boney (1969) studied

the production of monospores in Acrochaetium endophyticum.

Massive spore output over long periods was seen in the
light intensity range of 50 - 110 lumens/Sq.ft.(538-1184 lux)
in.yonostroma by Ohno (1972). The effect of light intensity
was further studied in.flpnostroqa nitidgg by Ohno and
Nozawa, (1972), in the tetraspore shedding of Gracilaria
corticata, Gracilaria textorii and Gracilarigpggg sjoestedtii
by Subba Rangaiah (1978) and Umamaheswara Rao and Subba

Rangaiah (1980). In Graoilaria corticata,.g..§g§gQg;;.
and Gracilariopsis sjoestedtgi maximum release of
tetraspores were obtained in complete darkness, but in
Hyggea muscifogmig spore output was higher at 750.1 50 lux
light intensity than in total darkness. Umamaheswara
Rao and Kaliaperumal (1983) found peak liberation of

tetraspores in Gelidium Eusillum, Pterocladia heteroplatos,
and Gelidiopsis variabilgg at 500 lux.

The effect of day length on sporogenesis has been reviewed
by Dixon and Richardson (1970) in.§ggg;g_fuscopurpures.

In this the conchicelis phase produced monosporangia only
in short day.photoperiods. Iwasaki, (1961) observed
monospore formation and release of fertile EOHOSPOTQS in
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Porphgra;§ggg;g, induced by short day conditions. Work on
photoperiod induction and liberation of monospores from

the conchocelis phase in 5 species of Porphyra was observed
by Kurogi and Suto (1962): Porphyra tenera,l§. kuniedai,
_]§_°_..p ‘ezoensis, §_. pseudolinearis and E. anggsta. Liberation

of monospores were also observed in short day conditions.
Kurogi and Suto (1967) observed more liberation of monospores
‘in Porphyra umbilicalis under long day conditions. In
Acrochaetium endophyticum plants kept under long day
conditions produced large number of mcnospores at all light
intensities ranging from 30 — 500 lumens per sq.ft.
(323 - 5382 lux). Ohno (1972) studied gamete liberation
in.Monpstroma and found that long day treatment produced
faster gamete liberation than short day treatment.
Umamaheswara Rao (1974 a) observed maximum shedding of

tetraspores at 16 +'B LD cycle in Gelidiella acerosa.
Liberation of tetraspores and carpospores in Gracilaria

corticata was observed by gmagghggwgrg gag (1976). He
reported maximum tetraspore shedding in O + £1 £5 cycle
and carpospore output in 4 + éaiffi cycle. Similarly
maximum release of tetraspores was observed by Subba

Rangaiah (1978) and Umamaheswara Rao and Subba Rangaiah

(1980) in Gracilariaflggrticata, Gracilaria textorii,
Gracilariopsis sjoestedtii and Hypnea musciformis at O¥§H LD
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cycle, and the spore shedding decreased with increase in
the duration of photoperiod. Recently Umamaheswara Rao
and Kaliaperumal (1983) studied the combined effects of
light and its day length on the shedding of tetraspores
in .§.§.=‘.l.?l.*E1.?f.-..1.1...ml.P..1§..§>.5.L.3;.1._11.I.11: .E.:v.e-:r‘_o..<;1.-..€2_§1.i.s Bsteroplatos and

Gelidiopsis variabilig. Maximum spore output was obtained

at light intensity of 500 lux and photoperiod of 16 :'§
and 2.4 :' '5 LD cycles.

The relation between spcrulation in seaweeds and temperature
of seawater was studied by Suto (1950 a and b). Accord
ing to Suto (195C a) spore Shedding in seaweeds takes
place when the seawater temperature has reached an

optimum level for each species. He observed that spore
liberation in.§g;ggggg‘gggg§;;_takes place in the after
noon. Katada (1955) supported Suto's observation, also
working on Gelidiales for Gelidium.amansii. He stated
that shedding time of tetraspores_and carpospores varied
according to the temperature of the seawater in the field.
Fukuhara (1957) conducted experiments with Iridqphycus

cornucopiae. gurggg andiggiyamg (1966) examined the

effect of water temperature on the liberation of mono
spores on 6 species of Porphyra, namely §,‘§§gg£g, ‘Q.
. 3. -  . !. ~  » !. - ax;e.9;b;§.9l:t1,:e and
E; _pseudolinearis. Monospores were liberated between 10°
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and-25°C in.§, ggpera,'§.,yezoensis and P an usta, and0‘L8

liberation of spores was little or not seen.in.§..5gg$§dai,
Q. suborbiculatg andl§.‘pseudolinearis at these temperature

ranges. Kurogi g§‘g;., (1967) noticed differences in the
optimum temperature of monosporexliberaiion between the
conchocelis occurring in the autumn and spring plants of
Porphyra umbilicalis. Subba Rangaiah, (1978) and
Umamaheswara Rao and Subba Rangaiah,(1986) observed

variation in the liberation or tetraspores at 5 diiteront
temperatures ranging from 15°C to 35°C in Gracilaria

corticata,_Gracilaria textorii and H1pnea‘mg§gi£ggg;§.
Similarly the tetraspore output also varied at 9 different
temperatures ranging from O'- 45°C in the tetrasporic
thalli of Gelidium ousillum, Pteroqgggig heterqplatos
and Gelidiopsis variabilis as observed by Umamaheswara Rao
and Kaliaperumal, (1983). Peak output of spores was
noticed at 250C in Gelidium pusillum and_§terocladia
heteroplatos and at 30°C in Gelidiopsis variabilis,
Similarly Umamaheswara Rao and Sanjeeva Reddy, (1982)

observed maximum liberation of tetraspores from 25°C

to 309C in.Qggt1ota dichotoma.
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2:8 GERMINATION7QF SPORES :

Some workers observed germination of spores in different
seaweeds. Barilotti and Silverthorne (1972) observed
seasonal spore germination in Gelig;gg‘gQQg§3gQ from Baja
California. Fruiting plants were seen throughout the year
and spores liberated during the spring and early summer
were germinated producing young thalli on new substrata.

In Chondrus crispus maximum germination rate was observed

as the early féllni éubba Rangaiah (1978) also observed
monthly variation in the number of dividing tetraspores
and carpospores in Gracilaria cortigata and Hypnea
musciformis liberated on the first day and spore germination
within 24 hours from December 1974 to April 1976.
Kaliaperumal, (1979) collected some preliminary data on the

percentage frequency of germinating tetraspores and
carpospores in Gelidium pusillum and tetraspores in
Pterocladia heteroplatgg. He did not observe dividing
spores within 24 hours in Gelidiopsis_gggggg;;;§ during
the two and a half years seasonal study on spore germination.
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Spore germination have been shown to be influenced by
environmental factors such as desiccation, salinity, light
and temperature by some workers. In Gelidium pysillug
and _1_-;t_e_:;-_9_c1adia _1_1_eteroplat§§_ Kaliaperumal, (1979) found

maximum spore germination in controls than when exposed

to air. Subba Rangaiah, (1978) studied germination of
spores of Gracilarig corticata, and Hypnea musciformis
in different salinities, Kaliaperumal (1979) found
maximum germination of tetraspores of Gelidium pusillum
in 20 %o and 30 %o whereas there was no germination in

the tetraspores of Pterocladia_heteroplato§é

The effect of light intensity on the germination of
corpospores of Gracilari§‘y£§ggggg was studied byi
Jones (1959). The same study was also done by White
and Boney (1969( in_§g£gQaeg£gg endophyticgg, by

Subba Rangiah (1978) in _C;‘;_1;_;_g_;1____J1:_g_;_;;_L_§ _g_g_:;;t;.__%1;_g_ and

Hypngaimuscifgrmis, by Kaliaperumal (1979) om gglgdggg

'pg§;llgQ and Pteroclagig heteggplggg. Katada (1949
and 1955) observed the effect of temperature on germi
nation of carpospores and tetraspores in.§§;g§ggg amansii.
Further studies on this aspect was done by Fukuhara,
(1958) in Iridophycus corngggpigg, by Ohno, (1969) in
.<2.9.1.i.di:Lg,m saarsii. by Subba Rangaiah, (1 978) in .§.2:.9£_i.3L.9~.;‘.i.a._

and gypgeg from Visakhapatnam coast, by Kaliaperumal,

(1979) in Qelidium_pusillEg and PtergQl§g;g_Qgfieroplatos.
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CHAPTER -A3

MATERIAL AND METHODS

Mandapam (79O8'E, 9O17'N) is situated on the southern part
of the East coast of India (Fig.1). To the north of Mandapam
is Palk Bay and to the south the Gulf of Mannar- The coastline
is sandy with boulders and platforms of compressed sand stones
with rough and uneven surfaces ocouring at different places
with luxuriant dense growth of algae (Plate 1 A, B,C;&‘vD.).
The present sporulation study was made by collecting the
plants fortnightly during the:spring tide periods from three
stations in the Gulf of Mannar side namely Thonithurai,
Pudumadam and Kilakkarai (Fig.1). From Kilakarai (79O47'E,

9°121N) tetrasporic plants of Gelidiella_ggggg§g (Forsskal)
Feldmann|g: Hamel were collected from the reef situated in the
subtidal region and oystooarpic plants of H1Dnea_musCiformiS

(Wulfen) Lamouroux from the rocks in the intertidal region.
Collections of tetrasporic and oystocarpic plants of Graoilaria
corticata J. Agardh and Hypnea musciformis were made from the
rocks in the intertidal region at Pudumadam.

Tetrasporio and oystocarpio plants of Graoilaria ggg;;§
(Gmelin) Silva were collected from the subtidal region at
Thonithurai (79°E, 9O16'N). Plates (2-8) show the photographs
of the specimens of the above four red algal speohes. The
material collected from all these stations were brought to the
laboratory in polythene bag containing sea water and they
were used for spore liberation studies.



Figure No.1 Coastline of Mandapam showing the

three collection localities namely
Thonithurai, Pudumadam and Kilakkarai.
Inset is the map of India showing
Mandapam Region.
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Plate No.I (A~D) Thonithurai coast showing boulders
and platforms of compressed sand

stones with seaweed growth.
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3.1 SPORE QUTPUT

Tetrasporic thalli of all the four red algae and cystocarpic
thalli of Gracilarig'gg§£;ggg§ andl§.;ggg;;§'were used in
experiments carried out to study the seasonal changes in
spore output, diurnal periodicity and also the effects of
environmental factors. Cystocarpic plants of Hypnea
musciformis were not available in all months of the year.
Depending upon the availability of carposporophytes,
information was collected on seasonal and diurnal aspects
of carpospore shedding of this species. However, experiments
on the effects of selected environmental.factors on carpospore
output of Hypnea musciformis were conducted during the
months when cystocarpic plants were available.

Small clumps of Gelidiella acerosa with well developed
stichidia and 5-6 cm long fronds of Gracilaria corticata,
‘Q. edulis and Hypnea musciformis with well developed
tetrasporangial sori and mature cystocarps were used for
each spore shedding experiment. The materials thus
selected for the experiments were cleaned and washed several
times in sterile sea water. The thalli bearing fertile
ramuli or stichidia of Gelidiella acerosa were placed in
petri dishes of 5 cm diameter containing 20 ml of sterile
sea water (Plate 9A) and fertile (tetrasporic and cystocarpic)
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fronds of Gracilaria corticata,_g. edulis and_fl1pgg
musciformis in 9 cm diameter petri dishes filled with 50 ml
of sterile sea water (Plate 9B & 9C). For estimating the

spore producing capacity in the laboratory at room
temperature the experimental sets were illuminated with a
light source of 500 lux for 8 : 73 LD cycle(Plate 9A,B & C)
For collecting the information on the seasonal spore output
the spores liberated in the petri dishes were counted after
24 hrs every day and for diurnal spore output, spores
liberated into the petri dishes at different times of the
day i.e. at 4 hrs intervals from 2 PM onwards were counted.
Tetraspores and carpospores liberated in the petri dishes
were counted, as given below :

3.2 SPORE COUNT

At the end of each experiment, the liberated spores in the
sea water in each petri dish were mixed thoroughly with a
fine brush and the spore suspension transferred to a
measuring cylinder (50 ml, 100 ml or 250 ml). The volume

of the spore suspension was adjusted to 20 or 25 ml for
Gelidiella gperosa and 50 or 60 ml for Gracilaria corticata,

‘Q. edulis and Hvpnea musciformis using washings of the petri
dish and sterile sea water. When spore shedding was high,
the spore suspension.was diluted upto 50 ml or 100 ml or
250 ml. A sub sample of 1 ml of the spore suspension was
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then pipetted out into a plankton counting chamber and
the spores present in all the squares of the chamber were
counted with the help of hand tally counter under a
monocular microscope. The degenerating sporeswere not
counted. From the mean value of two counts and the total

volume of the spore suspension, the spore output from the
fruiting material was estimated. Depending on the
availability of the tetrasporic and cystocarpic plants
two or four experiments were conducted separately in a
month for collecting data on seasonal and diurnal spore
output. Fresh weight of the fronds of these four red algae
were noted at the end of each experiment for computing
their spore output per gram fresh weight of the plant. For
Gglidiellg acerosa fresh weight of 5 clumps and the total
number of stichidia occurring on each clump were recorded"
every time to estimate the number of reproductive ramulii
per gram fresh weight of the plant material. The
procedures followed for seasonal and other studies on
spore output are outlined as given below :



33

3.3. SEASONAL_§HANGES IN SPORE OUTPQE :

Every month four experiments were conducted with Gelid ella
acerosa, Gracilarga cortioata,5§. edulis and Hgpgea musciformis
from October 1981 to September 1983 to understand the

seasonal changes in sporulation. The tetraspores and
carpospores liberated daily (every 2h hours) till the plants
discharged spores upto a maximum of 30 days were counted to

lcnow the variations in the output of tetraspores and
carpospores in different days under laboratory conditions.
The total number of spores liberated at different days from
the plants collected every month was used for estimating
the seasonal changes in the spore output and it is expressed
as spores per gram fresh weight of the sporulating thalli.

3.1+ p_:g_U_13N_;A_g PERJODICITY IN §1PoRE. .oL1rsPAU$ :

Information on the diurnal changes on spore shedding was
collected by changing the material at every four hours
from one petri dish to another containing sterile sea water.
These diurnal changes in spore production were studied for

two years from October 1981 to September 1983 for the
tetraspores of Gelidiella acerosa, and for the tetraspores
and carpospores of_Grac1laria oortigata and.§. edulis and
Hxpnea musciformis. The diurnal rhythm in the liberation
of oarpospores in Hypnea mggciformis was observed for one
year only from August 1982 to July 1983 from Pudumadam area.
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Data could not be collected on the diurnal periodicity of
tetraspore output in Gelidiella acerosa, Gracilaria corticata
and Hgpnea musciformis for the month of December, 1981.

The spores liberated at four hour intervals i.e; between 2 PM
and 6 PM 3 6 PM and 10 PM 3 10 PM and 2 AM ; 2 AM and 6 AM-;
6 AM and 10.NM and 10 AM and 2 PM were counted as stated

earlier and the data are presented as the percentage of spores
per gram fresh weight of the fruiting thallio The materials
were collected during the spring tide period of every month
and both seasonal and diurnal experiments were commenced

at 2 P; These experiments were conducted at room temperature
in the laboratory (29 3 3 °c) and at light intensity of
500 lux during the day time for 8 hours from 10 AM to 6 PM.
i.e. 8 i T6 LD photo regime.

3.5 EFFECTS OF ENVIRONMEflTAL FACTORS ON SPORE OUTPUT :

For assessing the effects of various environmental conditions
3-9 experiments were conducted for each factor. The methods
adopted for each factor is described in the following
paragraphs;
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3.5.1 EXPOSURE TO AIR on DE_$ICCATION :

For studying the influence of desiccation or exposure to
air, fertile fronds of §gl;g;g;;g_agero§a, gracilarig
_gorticata,_Q. edulis and-Hxpnea musciformig were exposed to
air in the laboratory. Before exposing to air, the materials
were washed off any foreign particle and then blotted with
the blotting paper. The materials exposed to air upto
eight hours in the laboratory (from 15 minutes, 30 minutes
and 1 hour intervals) were then transferred to the petri
dishes containing sterile sea water. Fronds that were kept
throughout the period of the experiment in submerged conditions
were used as controls, The spores liberated were counted
next day after 24 hrs. While conducting these_experiments,
the laboratory room temperature varied from 26.5 °_to 34.3 °C
and the relative humidity varied from 50 % to 87 %. The
relative humidity was found out with the help of a hygrometerg
The experiment was conducted under a light intensity of
500 lux and 8 :'T5 photo regime.
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3 .5 .2 SALINITY :

A stock solution of 100 o/oo salinity was prepared by
evaporating the sea water collected from the inshore area.
of Mandapam and estimating the salinity following the
Winkler's volumetric method of Strickland and Parsons(1968).
The stock solution was sterilised and used for experimental
work. From this stock solution the lower salinity grades
were prepared by adding requisite quantity of distilled
water. The spore output in the four algae was estimated
at 0, 1o, 20, 3o, 40, 50, 6o, 70, so, 90 and 100 o/oo
salinity by maintaining the petri dishes at room temperature
and providing 500 lux day light fluorescent illumination
for 8 hours and 16 hours dark cycle;

3 .5 .3 L;LGH;TL IN§f'EN§I§:Y 3

Light intensity experiments were carried out at 6 different
illuminance values (0, 500;‘1000, 2000, 3000 and 4000 lux)
and the petri dishes containing fruiting materials were
subjected to 24 hour light cycle for sporulationy



3.5 .4 _E1-I_C_)_TOPERIOD :

The combined effect of three different light intensities

(500, 2000 and 4000 iux) and day length on spore shedding
of the four red algae were studied. The petri dishes
containing the fruiting fronds (tetraspores and carpospores)

immersed in sterile sea water were subjected to 24 hours
dark (0 : EZ) and light (24 :'5) cycle with 4 hours interval
i.e. O : EZ, 4 : E5, 8 : Z5, 12 : TE, 16 : 5, 20 : Z and
24 : 5 using three light intensities.

3 - 5 -5 .lE;“h@.P,.E-..i/§.§E.‘..lR.-‘$3.. 3

JThe influence of 10 different temperatures
-15 °, 0 CC, 5 °C, 20 °c, 25 °c, 30 °C, 35 °c, 40 °c, 45 °ac
and 50 °c on spore shedding was studied by maintaining the
petri dishes for 24 hours in a temperature controlled dark
even or refrigerator or deep freezer, In all these experi
ments on different factors the spores liberated in the petri
dishes were counted after 24 hours and the spore output was
expressed as spores per gram fresh weight per day,

3.6 GERMINATIoN;oEgseoRa§ 2

While counting the spores in various experiments planned
in this study, data on the germinating spores were also
collected separately. The frequency of these germinating
spores (within 2# hours of their liberation) in different
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-months of the year and also in the experiments conducted
to study the effects of exposure to air, salinity, light
intensity, photoperiod and temperature on spore shedding.

3.7 SEASONAL QHANGES IN TEE HYDROGRAPHICAL PARAMETEg§ :

In an attempt to determine the seasonal fluctuations in
the hydrographical parameters in the localities from where
materials have been obtained, fortnightly data were

collected from October 1981 to June 1983 on the surface sea
water temperature, pH, salinity and dissolved oxygen, while
collecting the materials. The surface sea water temperature
was measured and the atmospheric temperature in the field
was also recorded simultaneously. Water samples were
collected from each collection spot for analysis of pH,
salinity and dissolved oxygen. For estimation of dissolved

oxygen, the water samples were fixed with 1 ml of MnCl2
(Winkler A) and 1 ml NaOH + KI (Winkler B) solutions

immediately after collection on the field. In the
laboratory, pH of the sea water collected from the work
spots was found out with a pH meter. The salinity
and dissolved oxygen of the sea water were estimated by
standard methods given by Strickland and Parsons (1968).
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.CH§§TER - 4

RESULTS

Results obtained on the fruiting behaviour, daily
and monthly changes in spore output, diurnal periodicity
in the production of spores and the effects of environ*
mental factors such as desiccation, salinity, light
(intensity and photoperiod) and temperature on spore

shedding in the four red algae of‘Mandapam coast namely
§g;;;e;lg_ggg£g§g, Gracilaria corticaga,.§..gggl;§ and
§ypggg'gugg;£g£mi§ are presented here. The data
collected on hydrographical aspects such as temperature,

salinity, pH and dissolved oxygen and also atmospheric
temperature recorded from the three collection localities
namely Thcnithurai, Pudumadam and Kilakarai are also
presented in this chapter.

4.1.1 _]_§‘_RUI'._[flI\IG BE1I_j_._€_1_’\I_lOUR ’:

Population of Gelidiellg gcerosa_at Kilakarai, ggggglggg
ggggigagg at Pudumadam,l§. edulis at Thonithurai and
tHypnea musciformis at Pudumadam and Kilakarai in the

vicinity of Mandapam occurred throughout the year.
Igfiraspgric plants of all these four species were found
continuously from October 1981 to September 1983.

CvS’°°°m°1“I5—*=-0 Plants of  .9_<2r.ti.9.a39s and .<‘:~ .e~:1.9_;ie
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occurred in all months of the year. During the two year
period October 1981 - September 1983, carposporophytes

of‘§ypgg§;my§ciformis at Pudumadam occurred only for
13 months from August 1982 to July 1983 and September

1983 and at Kilakarai except in November and December

1981 and January and June 1982 they occurred in the
other twenty months. Cystocarpic plants of gglidiella
acerosa were not found during the entire period of the
study.

4.1.2 gQflEflQLOGICAL APPEA§§NCE OF THE FRUITING

EfiOND$ Qf THE FOUR"SE§g;§§mpF AGARQE§gTE§ :

The identification of cystocarpic and tetrasporic
thalli in the field with the ordinary eye is most
desirable for one to be able to facilitate the process
of collecting the fertile thalli to be used in the
sporulation studies.

The "fruiting" thalli of the four algal species,
are shown in plate (2 - 8) and figures, (2E - 2H).
The tetraspores are produced by a tetrasporic thallus
and carpospores by a cystocarpic frond.

Cystgggrpic Plants

In all the species described the carpospores are
produced in swollen sessile hemispherical structures
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with dark red, brown contents, known as "cystocarps"
which are borne singly or in an aggregation of two,
three or five cystocarps. These occur all over the
surface of the thallus and also close to the thallus
apex. The cystocarps observed in Gracilarig cortigatg,
G. edulis and gxpggg musciforgig vary in size and may
attain a diameter of up to 0.5 mmnto 0.9 mm and 4.0 mm
to 1;2 millimeters. Cystocarps are (Fritsch, 1945)
part of the carposporophytic generation which develops

yparasitically on the female gametophyte. The morpholo
gical appearance of the cystocarpic plants is shown in
plates 2 - 7 and Figures 2F and 2G.

Tetrasporic Plgggs

The tetrasporophytic thallus producing the tetraspores
in Gelidiella ggggggg, Gracilaria gg££$cggg,‘§.‘ggEl;§
andiflypggg muscigprmis are shown in plate (2-7) and

(Figures, 2E & H). In Qelidiel;g‘§gggg§g and‘§ypgg§
_gusciformis a fertile tetrasporophytic plant is
distinguished on the basis of its swollen side branch
lets which are then called as stichidial branches
(Tanaka 1941) and from the presence of lack of any
hemispherical swellings. The swollen region of the
stichidia or ramullii, where the tetrasporangia are
concentrated, is usually of a darker colour (Pink
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brown in case of Gelidiella acerosa and darker brown in
colour in.Hypnea ggggigprmis) than any portion of vegeta
tive branchlets (Pate 2 & 7) and Figures 2E and 2H. In

Gracilaria corticagg the tetrasporangia are found all
over the thallus just below the cortex and embedded in
the cortex layer. The thallus is flatterned as shown
in.Plate (3A and AAB) with numerous dichotomous branches

arising from the basal attachment. In_Q. edulis the
thallus is cylindrical in structure, dark red, brown,
green in colour with numerous fronds arising from the
basal disc (Plate 5A.& 6A). The tetrasporangia are

borne on the tetrasporic fronds just below the cortex
layer. In these species there is no specialised appen
dage as is found in Gelidiella acerosa and Hypnea
musciformis.

Thelgglggigllg acerqgg plants are thick wiry, mostly
light brown dark brown to green in colour. The frxmnds
are stiff, cartilaginuous show repeated pinnate
branching (Fritsch, 1945) (Plate 2A, B and Figures 2E)

Hypnea Musgggrmis

(Plate 7A, B and Figure 2H) has fleshy terete thalli
with numerous long and short branches and are incurled at
the tip, with dark green, brown in colour.



Plate No.11 A Qg}idie1la acerosa, habit.
(B-C) Tetrasporic thalli Q, acerosa

t»:i"bh  (s- stachiciia,
B-branch, bl- L-manchletl 'T— H101“
marl-zed an-ow) .



PLATE _II.



Figure No.2.E Fruiting frond of Gelidiella
acerosa, showing tetrasporangial
stichidia. Arrow showing T-thalli,
S-stichidia, b-branch, bl-branchlet.
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Plate No 111 A Gracilaria coxticata (t9tTaSP°ri°)
habita

B Ea ..C.<2.r;1;,i.._<::«:;:;; CCvS*~’~°°a“Pi°9 }“"‘b‘“"
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Plate No.IV A kGr-acilaria oortioata (tetrasporic)
habit.

B Tetrasporic thalli of Q. 'c.or'l:icata
fmagrfified) .'_i.-.:_'_: A‘

C Cystocar-pic thalli of _g_. corticata.
D Cystooarpic thalli of Q. corticata

showing oystooarps. (C _ma,,,<ed C)
arrow)
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Figure No.2.F Cystocarpic frond of Qgcggiarig
_c_:_gg§;gg3g showing the arrangement

of cystocarpa. Arrow showing
C-cystocarp, T-thalli, b-branch,
bl-branchlet, X 10.



FIGURE- 2 F



Plate No9V A Tetrasporic plant of Graoilaria
. Ig§g;;§3 habifie
B Cystocarpio plan? of‘§. edulis, habit.



PLATE-V.



Plate No.VE A
B

C

Tetrasporic plant of firaci ‘a edulis.
Cystocarpic thalli of‘Q. edulis.
Cystocarpic thalli of'§. edulis
showing cystocarps.



PLATE_V|.



Figure NO.2.G cystocarpic frond of Q.
showing the arrangement of

cyatocars. Arrow showing
C-cystocarp, T-thalli, b-branch,
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Plate No .VIf[ Hxpneg muscizformis, habit.



PLATE- VII



Plate No.VIII A Tetrasporic plant of Hzpnea musciformis
B Cystocarpic plant oflgyphea

musciformis with oystocarps.



PLATE _V|||.



Figure NO 02 oH Part or a tetrasporic frond of g1pgg__a_

%gg9_;_'x_z,1__i__s to show morphological

appearance of tetrasporangial stichidia.
Arrow showing T-thalli, S-stichidia,
b-branch, bl-branchlet.
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Plate No.IX Experimental sets kept for sporulation
studies.
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Plate No.X A Tetraspores of Gelidiella aoerosa.
B Spores of Gracilgggg corticata.
C Tfiaores of ~_G_;r‘__Qéi;a£_,:_I:a ‘egigig.

D Spores of.§1Qg§g_musciform;s.



PLATE- X.
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4-2 §§.9.8.E;oUTPiUE =

Tetraspore output at different days during various
months of the years were studied in Gelidiella acerosa,
Graoilaria oorticata,‘§. edulis and Hxpnea musciformis
are presented in Tables 1-4 and that of carpospores in

Graoilaria_gorticata,.Q, edulis and‘ggpggg musoiformis
are given in Tables (5-8) to show the trend in the
daily liberation of spores. In the four algae studied
maximum shedding of both tetraspores and Carpospores

were seen on the first day almost in all the months.
The tetraspore output decreased from 2nd day onwards
(Tables 1-4) whereas carpospores were liberated
rhythmically with peaks at intervals of different
days in many months.(Tables 5-8). To show the rhythmic
liberation of carpospores in gracilaria corticata,w§.
edulis and‘§1pgg§ musoiformgg, the data for few months
from Tables 5 to 8 where this trend is clear are plotted
in Fig. fi&3.Uhder laboratory conditions tetraspore out
put was seen from 6-14 days in.Qg;;g;gll§_ggggg§§,
6-27 days in graoilaria oorticata, 3-30 days in Q, edulis
and 3~23 days in Hgpnea musciformis during different
months of the year (Tables 1-4), Shedding of carpospores
was found for 6—3O days in.Q3gg;;ariapgorticata, 10~3O

days in G. ggulgg and 2-24 days in.§zpQgg muscifoggig0&1



Figure No.2 Seasonal variation in stichidia (A)
and tetraspores (B) o£'§§;gg;g;;§
ageroaa and tetraspores (C) and
arpospores (D) of Grac;1ar;a coggicat .
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during the period of this investigation.CTables 5-8).‘ Plate
(10) shows the photographs of tetraspores and carpospores of
these four red algae.

4.3 ,SEASONAL CHANGES Ifim§PQfi§_QUTRflT

The total quantity of tetraspores and oarpospores liberated
at different days from plants collected during every month
ewes used for estimating the monthly variation in spore
production. "The number of stichidia and tetraspores per
gram fresh weight of the'plant of Gelidiella_acerosa from
October 1981 to September 1983 are given in-Fig. 2. The
tetraspore and carpospore output for Qracilarie oetticata
are plotted in Fig. 2c,%.ncz for Gracilaria e_dul_i_§ and g1_p_g_e_g_

musciiormis in Fig. 4.

In_Qglidiellg‘ggg£g§§ stichifiia containing tetraspores
were found in all months of the year without any seasonal
variations in their abundance. However, maximum number of
stichidia per gram fresh weight of the plant occurred

between.Apri1 and July 1983. During the period of this
study, the number of stichidia varied from 13 to 418 per
gram fresh weight of the plant (Fig. 2A). Figure 2B shows
the monthly and yearly variations in tetraspore shelding
or qg}idie1l§.2£££gg§. Spore liberation occurred in all
the months of the year. Though there was no regular trend
in spore output, maximum shedding of tetraspores was observed



Figure No.3 Rhythmic liberation of carpospores
in Gracilaria corticata (A), Q.
edulis (B) and Hxgnea musciformis
from Pudumadam (C) and Kilakkarai (D).
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in the first year in the month of July and in the second
year from April to September with a low value in July is
shown in Fig. 2B. The tetraspore output ranged from 5,744
to 3.89.793 spores per gram fresh weight and there was no
relationship between the number of stichidia and spores
liberated from the plants collected in different months
of the year in Gelidiellg acerosa.

Shedding of tetraspores and carpospores in Gracilaria
corticata were found in all months of the year and regular
changes were not observed either in the output of tetraspores
or carpospores (Fig. 2C and 2D). The tetraspore output
varied from 8,181 to 92,277 and carpospores from 8,086 to

h,87,178 spores per gram fresh weight. In_§racilaria3ggg;i§
also tetraspore and carpospore output occurred in all the
months of the year without any marked seasonal fluctuations
in the production of tetraspores and carpospores (Figs. 4A
and 4B). The tetraspore output varied from 2,135 to 1,09,565
and carpospores from 28,652 to 3,27,833 numbers.

Data on tetraspore output was collected for all the months
of the year for Hypnea musciformis occurring in the
intertidal area at Pudumadam (Fig. 4C). Information on
carpospore output was gathered only for 13 months from
August 1982 to July 1983 and September 1983 for Hypnea
musciformis also collected from Pudumadam and for 20 months



Figure No.4 Seasonal variation in the liberation
of tetraspores (A) and carpospores (B)
of Gracilaria edulis and tetraspores(C)
and carpospores (D) of Hzgnea musciformis
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for the same species collected from Kilakarai (Fig. 4d),
since in the other menths oystocarpio plants were not
available in the field. Marked seasonal changes were not
seen in the liberation of both tetrspores and carpospores.
The tetraspore output varied from 2,662 to 5,94,953 spores
“per gram fresh.weight per day. The earpospore output
ranged from 16,t12 to 6,46,585 and from 2,814 to 2,83,745

spores per gram ireshrmeight per day in.H1EneaJgg§g;§g§g;§_
collected frem Pudumafiam and.Kilakarai respectively.

4.4 DIURNAL paelcnmcieew N the secne SHEDDING

To show the general trehdfi in the daily periodieity in the
liberation of tetraspores and carpospores in different
months of the year, the mean values (expressed as percentage)
of the experiments congested in each month for 2 years from_
October 1981 to September 1983 with tetrasporophytes of

Gelidiella acerosa, Gracilari§%cortipata,4§.‘3§E;i§ and
Hzgnealmusciformis are plotted in Figs. 5 to 12. Data
collected on seasonal changes in the diurnal periddicity
in the shedding of carpospores for 2 years from October
1981 to September 1983 with Gracilaria corticata and_§.
edulis. For 1 year period from August 1982 to July 1983
with.HxEnea musciformis collected from Pudumadam (Station II)

and for 20 months 10: carpospore output in_HgEnea musciformis
collected from Kilakkarai (Station III) are plotted in
Figs. 13-17.



Figure No.5 Diufnal periodicity in the shedding
of tetraspores of Gelidiella acerosa
collected from October 1981 to

September 1982.
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Figure No.6 Diurnal periodicity in the shedding
of tetraspores of Gelidiella acerosa
collected from October 1982 to

September 1983.
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Figure No.7 Seasonal variation in the diurnal
periodicity in the liberation of
tetraspores of Gracilaria corticata
collected from October 1981 to
September 1982.
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Figure No.8 Seasonal variation in the diurnal
periodicity in the liberation of
tetraspores of Graoilaria oortioata
collected from October 1982 to

September 1983.
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Figure No.9 Seasonal changes in the diurnal
periodicity in the liberation of
tetraspores of Gracilaria edulis
collected from October 1981 to

September 1982.
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Figure No.10 Seasonal changes in the diurnal
periodicity in the liberation of
tetraspores of Ggggilarggjggggyg
collected from October 1982 to

September 1983.
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Figure No.11 Seasonal variation in the diurnal
periodicity in the shedding of
tetraspores of Hzgnea musciformis
collected from October 1981 to

September 1982.
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Figure No.12 Seasonal variation in the diurnal
periodicity in the shedding of
tetraspores of Hypnea musciformis
céllected from October 1982 to

September 1985.
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In ggligigllg acerosa except in December 1982, in all
other months peak output of tetraspores was observed
within the first hours after commencing the experiments
i.e. between 2 PM and 6 PM. After 6 EM there was a sudden~

fall in the liberation of tetraspores and the percentage of
spores liberated was minimum from 10 PM to 2 PM (Figs. 5 & 5).
Sudden shedding of tetraspores with prominent peak at one
period of the day was not seen in different months of the

year in Gracilaria gprticata,]§._edulis and Hypneagmusoiformis
(Fig. 7 to 12). In general, the quantity of spores
liberated was more during the period of the day from 10 PM
to 2 PM and minimum quantity of spore were liberated between
2 PM and 10 PM in all these three species of the order
Gigartinales. Similar observations with maximum carpospore
output from 10 PM to 2 PM were made from the cystocarpic

plants of Gracilaria cortigata and4§. edulis (Figs. 13 to 16).
But in.Hypnea musciformis maximum liberation of oarpospores
occurred either from 10 PM to 2 AM or from 2 AM to 6 AM

during the one year period from August 1982 to July 1983
collected from Pudumadam. The same was also observed for

2 years in the carpospore output of Hypnea musciformis
collected from Kilakarai. The quantity of oarpospores
liberated between 2 PM and 10 PM in Gracilaria cortigata,
Q. edulis and Hypnea musciformia was less (Figs. 13 to 17)
as observed in the tetraspore output of these three species.



Figure No.13 Diurnal periodicity in the carpospores
output of Gracilaria corticata collected
from October 1981 to September 1982.
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Figure No.14 Diurnal periodicity in carpospore
output of Gracilariaicorticata
collected from October 1981 to

September 1982.
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Figure No.15 Diurnal periodicity in the shedding
of carpospore of Gracilaria edulis
collected from October 1981 to
September 1982.
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Figure No.16 Diurnal periodicity in the shedding of
cerpospores of Gracilaria edulis
collected from October 1982 to

September 1985.
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Figure No.17 Diurnal periodicity in the liberation
of carpospores of.Hypnea musciformis
collected from August 1982 to
July 1983.
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#05 §§§§§TS OF SELECTED ENVIRONMEN3§£ FACTORS ON

§£QBE SHEDDING

Results obtained on the effects of environmental factors

such as exposure to air and desiccation, salinity, light.
and temperature on tetraspore liberation in Gelidiella
acerosa and tetraspore and carpospore output in Gracilaria
corticata, Q, edulis and Hxpnea musciformis are given below:

4.5.1 §;<_PosURE TO AIR on DES;_CCATIO_l\_I

This experiment was conducted with a View to study the
effect of exposure during low tides and the resultant
desiccation of plants on spore production and also to
understand the spore release from plants occurring in
shaded areas in the field. Changes observed in the release
of spores from Gelidiella acerosa, Gracilgria cortica;a,.§.
edulig and Hxpnea musciformig in the controls (0 minute
exposure) and at different periods of exposure to air in
the room (Temp. 2835 to 30.7 °C and R.H. 52 % to 87 %)

are shown in Figs. 18 to 21.

In the experiments conducted with tetrasporic thalli of
Gelidiella acerosa exposing them to air in shade in the
room at intervals of 15 minutes upto 120 minutes,
sporulation was seen upto 105 minutes. .Maximum output of
tetraspores was found in control i.e. in fronds submerged
for 24 hours and the number of spores liberated decreased



Figure No.18 Effect of desiccation on the tetraspore
output in Gelidiella acerosa.
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Figure No.19 Effect of desiccation on the liberation
of tetraspores and carpospores in
Gracilaria corticata.
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Figure No.20 Effect of desiccation on the
liberation of tetraspores and
carpospores in Gracilaria edulis.
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Figure No.21 Effect of desiccation on the
shedding of tetraspores and
carpospores in Hzpnea musciformis.
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with increase in the duration of drying of plants at
room temperature. The spore output declined rapidly in
15 minutes exposure and thereafter gradual decrease in the
liberation of spores was observed in exposure of upto
105 minutes (Fig. 18). In the experiments conducted with
tetrasporophytes and carposporophytes of Gracilaria

corticata exposing them to air at V4 and 92 hr intervals
upto h hours, tetraspore output was found upto 4 hours and
carpospore output upto 392 hours. As observed in the
liberation of tetraspores in'§glidie1la acerosa, maximum
quantity of tetraspores and carpospores were released in
0 minutes exposure and the spore output decreased gradually
from Vh hr exposure onwards (Fig. 19).

In the asexual and female plants of Gracilaria edulis
exposed to air at V2 and 1 hour intervals upto 8 hours,
shedding of tetraspores was seen upto 8 hours and
carpospores upto 6 hours. The quantity of tetraspores
liberated from 15 minutes exposed thalli was found to be
more than control. From 1 hour exposure there is gradual
decrease in spore discharge though there is slight increase
in the release of tetraspores from 3V2 hours exposed
plants over 2, 2V2 and 3 hr exposed plants. But maximum

quantity of carpospore output in gracilagig edulis was
found in control with gradual decrease with increase in
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the duration of exposure (Fig. 20) as observed in the
tetraspore and carpospore release of Gracilaria corticata.
In the tetrasporic and cystocarpic fronds of Hgpnea musciformis
exposed to air at Vh and 92 hour intervals upto 4 hours,
tetraspore liberation was seen upto 4 hours. The quantity
of tetraspores released from the thalli exposed at different
time intervals varied very much without showing any trend
in the spore release.‘ But maximum liberation of carpospores
occurred in centrol with gradual decline except at hour
exposure (Fig. 21).

4.5.2 SALINITY

Effects of salinity on spore output in.Ge1idie11a acerosa,
_gracilaria‘go§ticata,‘Q. edulis and H1pnea.gg§§g£§§g§y§
are shown in Figs. 22 to 25 respectively. Spore output
varied markedly in different salinities of sea water
tested from 0 o/oo (0, 10, 20, 30, 40, 50, 60, 70, so, 90
and 100 o/oo). In all the four algae, release of spores
occurred from O o/oo to 90 o/oo and there was no sperulation
at 100 o/oo. Peak spore output of tetraspores was found at
no o/oo in Geltidifiellpa _a_c_§_r_o_§__e_1_ and at 30 o/oo in Gracpilaria

_ggrticata,‘Q. edulis and Hxpneapgusciformig. Though peak
spore output occurred at these two salinities, the
quantities of spore liberated at 20 o/oo and 50 o/oo in
the four algae were also more than compared with the
release of spores in other salinities.



Figure No.22 Effect of salinity on the tetraspore
output in Gelidiella acerosa.
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Figure No.23 Effect of salinity on the tetraspore
carpospore liberation in Gracilaria
corticata.
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Figure No.24 Effect of salinity on tetraspore and
carpospore shedding in Gracilaria
edulis.



XIOOO

SPORES/g. fr. wt. /day

FIGURE 24 GRACILARIA EDULIS

46

36-‘

N O‘)
I

CD 03
L,‘ J

\\

m 1

o———o TETRASPORES

£r—1AcARPosPoREs

SAL INITY ( °/co)



Figure No.25 Effect of salinity on the discharge
of tetraspore and carpospore in
Hggnea musciformis.
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4.5.5 LIGHT INTENSITY

Figs. 26 to 29 show the quantity of spores liberated from
Gelidiella acerosa, Gracilarig corticatg,.§. edulis and
gxpggg musciformis in dark ( 0 light intensity) and at 5
different light intensities ranging from 500 to 4000 lux
(500, 1000, 2000, 3000 and 4000 lux). Spore output varied
in different light intensities ranging from 0 to #000 lux
and spore shedding occurred in all 6 light intensities.
The spore output in the four red algae was less in dark
(0 light intensity), 2000, 3000 and 4000 lux light
intensities. Peak discharge of tetraspores in.gg;;diel1a
ggggggg, and tetraspores and oarpospores of Gracilaria
corticata and'Q. edulis was found at 500 lux. The quantity
of spores liberated at 1000 lux was also high in these
three species. In.H1pnea musciformis maximum liberation
of tetraspores as well as carpospores was observed at 1000
lux light intensity. More number of spores were released
also at 500 lux light intensity.

4~5o4 EEMEEQAEHEE

Changes observed in the spore output of Gelidiella acerosa,

10 different temperatures (-15 O, 0 O, 5 O, 20 O, 25 O, 30 O,
55 O. 40 O, 45 0 and 50 00) are given in Figs. 30 to 33.

Gracilarig_ggrticata, G. edulis and Hxpnea muscif0rmi§ at
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In Gelidiellg gggggsg tetraspore liberation was not found
at -150 450 and 5000. Minimum quantity of spores was
ireleased at O0 and 40°C and the spore output values obtained
at 5° and 35°C were also low. Maximum quantity of spores
was liberated in the gelidiaceous alga between 200 and 35°C
with peak at 25°C (Fig. 30).

In.gga9ilaria ggggigagg there was no spore release at -15°,
0° and 50°C and spore output was minimum at 5° and 45°C.

Peak discharge of tetraspores was observed at 50°C and
carpospores at 25°C. The quantity of tetraspores and
carpospores liberated in other temperatures was low (Fig;31).

Shedding of spores in.g£g;;gg;§.gggl;§ was minimum at
0°, 5°, 40° and 45°C and low spore output was found at 35°C.
There was no spore output at -15° and 50°C. Though peak

output of tetraspore was found at 30°C and carpospore
liberation at 25°C, the spore output values obtained for
tetraspores at 20° and 25°C and for carpospores at 20°
and 30°C was also equally high in graoilaria edu1is(Fig.32).

In Hxpneapmusoiformig discharge of tetraspores was not
found at -15°, 0° and 50°C and oarpospores at -150, 00,,
#00 and 45°C; More number of tetraspores and carpospore
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liberation was observed between 20 OC and 35 0C with peak

spore output at 30 0C for both tetraspores and carpospores.
The spore output in other temperatures were cemparatively
low (Fig. 33) .

4.5.5 PHOTOPERIQQ

Figs. 34 to 40 gives the quantity of spores discharged
fromGelidiel1a_ggg;g§a, Gracilaria ggrticata,.§. edulis
and Hypnea musciformig with the effect of different light
and dark cycles on spore shedding at three different light
intensities. Data were obtained at a low light intensity
of 500 luxg at a medium light intensity of 2000 lux and at
a high light intensity of 4000 lux for all the four red
algae. These light intensities were selected depending
upon the daily spore output observed in these algae
(Figs. 26 -_29). In these experiments, planned to study
the combining effects of day length and light energy, peak
spore output varied with the duration of light intensity in
different light and dark regimes.

In=§e1idiella'ggg£g§§ at a low light intensity of 500 lux,
tetraspore output increased from O + 25 LD cycle and
maximum sporulation.was observed at 12 : T§'hrs LD cycle.
With further increase in light period, though the spore
output decreased (Fig. 34) the values obtained were higher
than that at 0 +'§5 LD cycle. At 2000 lux light intensity



Figure No.26 Effect of light intensity on the
shedding of tetraspores in
Gelidiella acerosa.
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Figure No.27 Effect of light intensity on the
tetraspore and carpospore output
of Gracilaria corticata.
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Figure No.28 Effect of light intensity on the
liberation of tetraspores and
carpospores in Gracilaria edulis.
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Figure No.29 Effect of light intensity on the
tetraspore and carpospore output
of Hxgnea muscifdrmis.
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Figure No.30 Effect of temperature on the
release of tetraspores in Gelidiella
ac erosa o
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Figure No.31 Effect of temperature on tetraspore
and carpospore shedding in Gracilaria
corticata.
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Figure No.32 Effect of temperature on liberation
of tetraspores and carpospores in
Gracilaria edulis.
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F1gure.No.33 Effect of temperature on tetraspore
and carpospore output in Hzgnea
musciformis.
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Figure No.3# Combined effects of photoperiod and
Light intensity on the tetraspore
discharge in Gelidiella acerosa.
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the values obtained at 4»: §5 LD cycle were higher hhan
in complete darkness (0 + Z5 LD cycle) and peak liberation
of spores was higher observed in 12 3'7? LD cycle. Spore
output decreased with further increase in the photoperiod
at the intensity after 12 : T2 LD cycle. At 4000 lux
light intensity, spore output was high at 4 :'§0 LD cycle
than at complete darkness (0 lux) but spore number was
comparatively higher than that obtained at 8 :'TE LD,
12 L : ‘Ti D, 16 L : E (D to 21+ L : 6 D photoregime (Fig. 34)..

In Gracil§r;§_gorticata (Fig. 35) at 500 lux light intensity,
slight increase in tetraspore release was seen from 0 +'§K
to 12 :'T§ hrs LD cycle, after which spore output increased
greatly and highest number of spores was observed at 24 :'0 LD
photo regime. At 2000 lux, peak liberation of tetraspore was
seen at 0 : 25 (complete darkness), whereas in 4 L : §0'D
photo regime spore liberation was higher than that observed
for other photo regimes (i.e., 8 : TE'LD cycle onwards)
shown in (Fig. 35). At 4000 lux light intensity, maximum
spore liberation was observed at 4 : 2'6 LD cycle and at
other light and dark period spore output decreased (Fig. 35).
In the carpospore output of the same species (Fig. 36) at

500 lux, maximum spore liberation was seen at 24 : 0.LD
cycle. Spore output increased with the increase in the
duration of light intensity. Spore output at 0 light.
intensity (complete darkness) was also higher than that



Figure No.35 Combined effects of photoperiod
and light intensity on the tetraspore
discharge in Gracilaria corticata.
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observed at 4 ; E0 LD cycle (Fig.36). At 2000 lux light
intensity, spore output increased with the increase in the
duration of light intensity and peak liberation.was observed
at complete illumination (24 +45 LD cycle), In 4000 lux,
maximum spore shedding was observed at 4 : 56 LD cycle. At

8 : lg LD cycle spore output decreased (Fig.,36)..

Fig. 37 shows the carpospore output of Gracilaria edulis.
At 500 lux, spore output increased with duration of light
and maximum carpospore release was observed at 20 : 4 and

24 : 5 LD cycle, At 2000 lux, maximum spore release was
seen at 16 : §'LD cycle, Spore output in complete darkness
was higher than that at 4 : £6 and 8’: lg LD cycle (Fig.37).
At 4000 lux, light intensity, high spore output was observed
at 4 : §5 LD cycle. After 8 : lg LI>cycle. Spore liberation
decreased greatly.

The tetraspore output of Gracilaria_ggulis is given in
Fig. 38. At 500 lux light intensity, maximum spore
discharge was found at 20 :'4 LD cycle. At photo regimes8
pf 16 : 8 and 24 : 5 spore output was more or less of equal

nature (Fig. 38). At 2000 lux light intensity, spore output
was very high at 8 :'T3 and 12 :'T§ LD cycle. Spore output
at 0 light intensity was higher than that at 4 :'Z0 and
16 :‘8 LD cycle. At 20 :'4 and 24 :'U LD cycle, spore
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liberation was higher than that in complete darkness, 4 :'§5
and 16':'§ LD cycle. At 4000 lux light intensity, spore
shedding was high in complete darkness and maximum spores

were observed at 4 : E5 LD cycle, which decreased with
increase in photoperiods. (Fig. 38)

Carpospore liberation of Hypneamusciformis is given in
Fig, 39, At 500 lux light intensity, spore output increased
with increase in the duration of light energy; Maximum spore
shedding was seen.at 16 :45 LD cycle. Spore output was also
high at 20 2 4 and at complete illumination (24 :'0). At
2000 lux light energy, spore output was maximum in dark

(0 light energy) and decreased successively at 4 :‘§5,
8:375, 12:73, 2o:'i£an.c124:'5LDcyc1es~. At16‘:-8-LD

cycles carpospore output was as high as observed in 0 light
energy. At 4000 lux light intensity, maximum spore liberation
was observed in 0 :'§4 LD cycle (0 light intensity). The
value obtained at 4 :'§5 LD cycle was less than that obtained
at O 3 E4-LD cycle. But higher than 8 : {E LD cycle. The
spore output then decrease successively in the other LD
Cycles (Fig. 39).



Figure No.36 Combined Qffects of photoperiod
and light intensity on aarpospore
output in Gracilaria corticata.
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Figure No.37 Combined effects of photoperiod
and light intensity on the
car-pospore output in Gracilaria
edulis 0
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Figure No.38 Combined effects of photoperiod
and light intensity on the tetraspore
putput in Gracilaria edulis.



A633 ooémaopoza

2 N. 0 ¢ 0

La 14 4. 4 fl A O

‘ O

4

h

I.. 31. ... H0000. VS4 4 d. O1 H3S4 /
..6ooo~...o\.

u.m.. ./pD. . .2: 80¢ I A

.5. ooom olld -oooom \

.3. oom fill

CL mflaom <_m<.__o<mo .mm-mm:u:



Figure No.39 Combined effects of photoperiod
and light intensity on the carpospore
output in.Hx2nea mggciformis.
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Fig. 40 shows the tetraspore output of Hypnea musciformis
at three different light intensities (500, 2000 and 4000 lux).
At 500 lux, spore output increased with increase in the
duration of light energy from O :'§Z LD cycle and maximum

spore output was seen at continuous illumination (2446 LD

cycle). At 2000 lux light intensity? the value obtained at
12 :.?§ and 24»:lO LD cycle showed maximum spore output

than at 0 : ‘£11, 4 _: 2'6, 8 : T6, 16 :3 and 20 :'lI_LD cycles,
but W039 51i8ht1Y_ higher than at 0 : EZ LD cycle. At
'4000 lux, spore output was high in O +'§Z LD cycle and
maximum spore discharge was seen at 8 : 73 LD cycle. In the
other LD cycles (12 : T2, 16} '5, 20 3 '4' and 24 : '5) spore
output decreased greatly(Fig.40).

4.6 QERMINATION QF SPOR§§

Data obtained on the percentage frequency of germinating

tetraspores of Gelidiella acerosa and tetraspore and
carpospores of Gracilaria c0rticata,‘§. edulis and Hgpnea
.muscifg§g;§ are given in Figures (41 - 44).

GERMINATION OF SPORES IN DIFEERENT MONTHS OF THE YEAR

Monthly means estimated for two years data are plotted to
show the general trend in the germination of spores liberated

in different months of the year. In Gelidiella acerosa the
germination rate of tetraspores varied seasonally from a



Figure No.hO Combined effects of photoperiod and
light intensity on the teraspore
output in Hxpnea musciformis.
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minimum of 12 % to a maximum of 91 %. Highest rate of

germination (within 24 hours period) was observed in
January e February - March and also in July ~ August 83
(Fig. 41.1). In tetraspores and carpospores of Gracilaria
corticata,;g. ggggig andlfiypggg musciformis, (Fig.41.2-44)
germination of spores was observed throughout the year and

highest rate of germination was observed in the months of
October, November, December '81, December a January '83 for

tBracilarig corticata and Gracilaria edulis. In Hypnea
gusciformis highest rate of germination was observed in the_
months of August ~ September, 1982, February 1983, July 1983,

for tetraspores and for carpospores from Pudumadam was
observed in the months of August '82, December '82, January '83,
February '83 and October '83, In the carposporic plants
(flypneafimuggiformis) collected from Kilakarai, germination

of carpospores was observed highest in the months.of July '82,
November '82, and September '83, though germination of spores
was observed in all the months of the year, which mostly
depended upon the maturity of the spores during liberation
and optimum conditions available during and after liberation.

Dividing spores were observed within 24 hours of liberation
in Gelidiella acerosa, Gracilaria corticata, Q. edulis, and
Hypnea musciformig during the two years o£ seasonal study
on spore output.
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EXPOSURE TO AIR.

Data observed on the germination of tetraspore of Gelidiella
acerosa and tetraspore and carpospore of Gracilaria corticata,
‘Q..edulis and HXpnea_musciformis in different experiments
conducted to study the effects of environmental factors are
given in Figs. 45 -.5h. In Gelidiella acerosa tetraspores
showed maximum germination in control (d0 minute exposure)
(Fig.45A) than the fronds (with fertile stichidia) exposed
to 15 minutes exposure and above showed'decreasex in
germination of spores. Spores did not germinate in the
fronds exposed to 90 minutes. In Gracilaria corticata,
maximum germination within 24 hours was seen in control
in tetraspore while tetrasporic frond exposed to air showed
decrease in germination of tetraspores and there was no
germination in the fronds exposed to 120 minutes (Fig.45B);
The carposporic frond exposed to air for 15 minutes showed
more germination than the control. Carpospores also
germinated.in the fronds exposed to 150 minutes. There was
decrease in germination of carpospores with increase in
exposure after 50 minutes; _There was no germination in the
fronds exposed to 2?? hours. In the experiments conducted
at room temperature with Qgacilaria edulis, maximum
germination rate was seen in the controls and the germination
rate decreased with increase in the duration of exposure“



Figure No.41 Seasonal variations in the germination
of tetraspores of (1) Gelidiella acerosa
AND (2) Gracilaria corticata.



:u:.._r—dr\q¢

«mm.

0

45$
421"

.
o z

..<!
-4"‘)

m<....:<2

d 4 1 d

<.2o_.Eoo <E<.:o<mo

....

amomuoq <.3m_o_._mo

— .

zo_»<z_2mmo mmoam z_ zoC<_m<> izomqmm

._¢-mm:o_.._

oow

ov ./.oo 9....._.JomaaLwudluo vNSVoudiON9.39

% 3

omssd0om H39

oo_



Figure No.42 Seasonal variations in the germination
of (1) carpospores of Gracilaria
corticata (2) tetraspore of Gracilaria
edulis.



+5
40

O

m<4_o<m

m_.Som <_

1 1 4 fl 1 q

<._.<U_._.mOU <_m<.:o<mo

OO
N

O
Q‘

6
co

0
2.o¢om

S380'dSOd8VO
S’ 3 8 0d S :10

sauodsvuxa;
NOLLVNIIN 3 3 9 as



Figure No.43 Monthly variations in the germination
of (1) carpospores of Gracilaria edulis,
(2) tetraspores of Hxpnea musciformis.
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Figure No.44 Monthly variations in the gérmination
of carpospores of Hzpnea musciformis
(1) from Kilakkarai and (ti) from
Pudumadam.
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Figure No.45 Effect of desiccation on spore germination:
(A) Germination of tetraspores inGelidiella acerosa.
(B) Germination of tetraspore and

carpospore in Gracilaria edulis.
(B) Germination of tetraspore and

carpospore in Gracilaria edulis.



'1.

‘I. GERMINATING SPORES ‘lo SPORES GERMINKTING TETR ASPORES

F|GURE-45. GERMINATION OF SPORES

. GEUDIELLA ACEROSA
304 0——'''° Teflaspores2o~ r

-+

IOT A0 I I I I T T j I §6 us so 445 so 75 90 :05 I20 I35
4 GRACILARIA CORTICATA

301 o——-0 CarposporesJ 0-——° Tetrospores

B0 * 3 ' I T F 1 I I I  fl ‘V r0 I5 30 45 so 75 90 1055120135150 23 3 3’: 4
,O0_ GRACILARIA EDULIS

80" 0---0 Carpospores4 0--*0 Tetrospores
60‘

404

20-‘. C
0 V  I I, I V I r 1 féif ‘W I I I IO '9 I - 2 3 4 5 6 7 8

EXPOS RE TO AIR (minutes) (hrs)



Figure No.46 Effect of desiccation on the
germination of spores (tetraspores
and carpospores) in.H1Qnea musciformis.
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to air upto 2V2 to 3 hours (Fig.45C). Germination of spore
was not seen in the frond exposed to 3 hours and 392 hours

in tetraspores and carpospores. In the experiments conducted
with Hxpnea_musciformis, maximum spores germinated in the
control, and the germination rate of tetraspores and
carpoapores was high in the controls which decreased with
the increase in duration of exposure to air. Tetraspores
did not germinate in the fronds exposed to 105 minutes and
carpospore germination was not seen in the fronds exposed

to more thar 155 minutes (Fig.-46).

S NITY

Germination of spores tested in different salinities for the
four algal species is given in Figs. 47 - 48. Maximum
germination of tetraspores of Gelidiella acerosa was

observed at 20, 30 to 40 %o salinity. Tetraspores also
germinated at 50, 60 and 10 %o S, but the intensity was
low; There was no germination at O %o and 70 %o and

above salinity. In the experiments conducted for_gracilaria
corticata, gracilariauggglig andlfixpggg musciformis,
tetraspores and carpospores did not germinate at O o/oo S.At1O9$o3
spores of the 4 algae germinated except the tetraspores of
Hxpnea musciformis. Germination rate increased at 20 o/oo

and the highest rate of germination of spores could be
seen at 30 o/oo S in.Graci1arga.gorticata, Gracilaria



Figure No.47 Effect of salinity on (1) germinatien
of tetraspore in Gelidiella acerosa,
(2) germination of ¥e¥raspore In.5raci1aria
corticata (3) germination of carpospore
n Grac aria corticata (4) germination

of ¥eEraspore n rac aria edulis.
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Figure No.#8 Effect of salinity on the following:
(1) Germination of carpospore inGracilaria edulis.
(2) Germination of tetraspore in

Hzgnea musciformis.
(3) Germination of carpospore in

Hxgnea musciformis.
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ggggig and‘§1pggg musciformig, though high rate of tetraspore
and carpospore germination was also seen at 20 o/oo and

40 o/oo S5 Germination_o£ spore was not seen above 70 0/00 S
in Gracilaggg oorticata, 60 o/oo S in.g, edulis and 70 o/oo S
in tetraspore and 60 b/oo S carpospore of Hxpnea musciformig.

TEMPERATQEE

The experiments conducted in different temperatures, for the
germination of spores in the_four red algae has been
represented in Figs. 49 - 50. Spores(tetraspores) of
Gegidiella acerosa did not germinate in the fronds kept at
-15 O; 0:0 C whereas spores germinated at 20 0 C and
maximum rate of germination occurred at 30 O C. Germination
of spores decreased after 35 OC. Sporesdid not germinate

at 45 °C and complete inhibition was seen at 50 OC. Spore
germination tested for the tetraspore and carpospore of
_g§acilari§ and Hxpnea for the experiments conducted at

00 0
10 different temperatures (-15 0, 0 ,55 °, 20 °, 25 ,
30 °, 35 °, 40 °, 45 ° & 50 °c) are givenin mgs.49& 50.
The tetraspores and carpospores of Gracilaria corticata
did not germinate at -15 QC, 0 . and 5 03; At 20 CC
germination rate increased with maximum rate of germination

was occurring at 30 OC, At 25 ° and 55 °'c also germination
rate was more or less high. .But there was no germination



Figure No.49 Effect of temperature on the :
(1) Germination of tetraspores inGelidiella acerosa.
(2) Germination of tetraspores inGracilaria corticata.
(3) Germination of carpospores inGracilaria corticata.
(4) Germination of tetraspores inGracilaria edulis.



GERMIN-ATING SPORES (‘/4

TETRASPORES CARPOSPORES T :1 R A 5 pg 3.; 5

FIGURE - 49. GER MlNAT|ON OF SPORES
so

, GELIDIELLA ACEROSA
so»

40

0 1% Y 1 1 V D
60__ GRLCILAEIA C0'RTICA'TA (T1)2 :
40-*

0 9 .. 9 I I 1' ? t I r '80% G-CORTICATA (C).
60-‘4°; / ‘K

-0
R f04'‘ 7 W fl 1 r r 1 A‘_’T80-1 G.EDUL|S (T)

60-‘

40-‘

20-4

I5 2'0 2‘5 3'0 ‘$15 40 35 so
TEMPERATURE (°c)

I 0 Q4



Figure NO 050 Effect of temperature on the following:
(1) Germination of carpospores inGracilaria edulis.
(2) Germination of tetraspores in

Hzgnea musciformis.

(3) Germination of carpospores in
Hzgnea musciformis.
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at 45 0C in carpospore and at 50 °C for tetraspores. In the
experiments conducted for Gracilaria eaulis spores(tetraspores
and carpospores) did not germinate in the fronds kept at
-15 0 and 0 OC. Very few spores germinated at 5 OC and
maximum rate of germination of spores was observed at 25 CC

for both tetraspores and carpospores given in Figs.49 and 50.

There was high rate of germination in the fronds exposed to
30 0C; After 35 CC, germination decreased and at 40 DC
spores did not germinate and complete inhibition was seen
at 45 O and 50 DC. In the experiments conducted for Hvpnea
muscifigrjis, tetraspores did not germinate in the fronds

O and 5 OC whereas at 20 OC high germinationkept at e15 °, 0
was seen and maximum rate of germination was obtained at

25 DC and 30 OC. Germination of tetraspores decreased after
35 0c, at 40 OC spores did not germinate. The carpospores
germinated at 5 OC. Germination of spores rapidly increased
after 20 CC and maximum germination was observed at 30 °C;

High values were also observed at 25 O and 35 °C and very
low at 40 DC. Spores did not germinate at 45 Oand 50 °C;'
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LIGHT INTENSITY

The results of the experiments oonduoted at different light
intensities (0, 500, 1000, 2000, 3000 and 4000 lux) for the
four agarophytes to observe the germination rate in
tetraspores and oarpospores, are given in Figs.51 and 52.
The germination rate in tetrasppres of Gelidiella aoerosa
was high from 0 to 1000 lux light intensity and maximum
rate of germination was observed at 200 lux light energy.
Germination rate declined at 3000 lux and spores did not
germinate at #000 lux. (Fig.51.1). s;m11ar1y“1h the "
experiments ooEdu©ted‘forvGraéiIaria corticata (Fig.51.2)
the values obtained at 500 and 1000 lux were lower than
that obtained-in dark (0 1ux)} The rate of germination of
spores was high between light intensities of 1000 and 3000
lux. In the carpospores the germination observed at 500 lux
was less than that in dark but maximum germination of spores
vv 05

Have observed between 500 and 3000 lux light intensities.
"In the germination of tetraspores of Gracilaria edulis
(Fig.51.&) the rates of germination at 500 lux and 1000 lux
were lower than the value obtained at 0 lux light intesity,
Maximum germination.was observed between 1000 lux and 3000

lux light levels. "Germination rate decreased at 3000 lux._
The rate of germination in the carpospores obtained is given
in Fig.52.1. At 500 lux and 1000 lux the rates of germination



Figure No.51 Effect of light intensity on the following:
(1) Germination of tetraspores in

Gelidiella acerosa.
(2) Germination of tetraspores inGracilaria corticata.
(3) Germination of carpospores inGracilaria corticata.
(4) Germination of tetraspores inGracilaria edulis.
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Figure No.§2 Effect of light intensity on the following:
(1) Germination of carpospore in.Grac11ar1aedulis.

(2) Germination of tetraspore 1n.Hzpnea
musciformis.

(3) Germination of carpospore in.HzEneamusoiiormis.
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are observed lower than at 0 lux light level and high spore
germination was seen between 1000 to 3000 lux light level.
After 3000 lux, the germination of spores decreased, In

similar mannerrexperiments conducted &3b.H1pnea musciformis
(Figs.52,2 & 3): the rate of germination of tetraspores
increased with the light level and high rate of germination
was observed between 500 and 3000 lux light energies. The
germination of carpospores also showed more or less the same
trend (Fig.52,3) i.e. the rate of germination of oarposporas
of Hgpngglmusigprmis increased with increase in the levels
of light intensity and high rate of-germination.was
observed between 500 and 3000 lux. In all these four algae
studied there was no germination at 4000 lux light intensity.

PHOTOPERIOQ

In the experiments conducted to study the combined effects

of selected light intensity with duration of day length on
the germination of spores of the_four red algae studied are
represented in the Figs.53.1, 53.2 & 53,3).'The tetraspores
ofI§g;;gie;£§ acerosa showed high rate of germination with
duration in the increase in photoperiod of low light intensity
(500_1ux). The values in germination of spores at 4 :‘§5,
8 : :3 and 12 : T? to 16—:'§ were low as compared to the
fronds in dark (0 light intensity) but in (20 :'H & 24 :;0)_
LD cycle higher rates of germination of spores was observed}
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The fronds that were exposed to 2000 lux light intensity
at different photoperiods, high germination was observed
at 16 : 3 LD photoregimes, whereas at 20 : E} 24 2 U
and O lux (O : EE) spore germination was higher than
during other photoperiods. In the fronds exposed to 4000
lux light level at different photoperiods, high spore
germination was seen in dark (0 : §E)Au The tetraspores
germinated,-in the fronds kept,et-4 : E5mLBacyo;e, but
were less than that observed in.O : E4 LD cycle.
Germination of spores decreased after 4 : 75 LD cycle and
sporesdid not.germinate after 12 :'7E LD cycle (Fig.53.1).

The experiments conducted to study the germination of spores
(tetraspore and carpospore) of .§rgg;;aria_gorticata under

different photoperiods are presented in Figs. 53.2 & 53.3.
Higher spore germination was observed in dark (0 : E4 LD

cycle) then with the fronds illuminated at 4 : §U & 8 : 36“
LD cycle (Fig.53.2). With the increase in the photoperiod.
rate of germination of tetraspore increased after 16 :'§ LD
cycle and high rate of germinating spores were observed

at 24 :‘5 LD cycle, in the fronds kept at 500 & 2000 1ux
plight intensities. Fronds kept at_1ight energy-of 4000 lux,
spores germinated in dark (0 light energy) and at 4 :'§5aand
8 :‘?6 LD cycle. After 8 :'?g LD cycle germination decreased.



Figure No.53 Combined effects of light intensity and
photoperiod (LD cycle) on the following:
(1) Germination of tetraspore inGelidiella acerosa.
(2) Germination of tetraspore inGracilaria corticata.
(3) Germination of carpospore inGracilaria corticata.
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Spores did not germinate in the fronds kept under 20 :'E
énd continuous illumination (24 :'5) (Fig.53.2).

Maximum carpospore germination was obtained in the

oystocarpic fronds kept under continuous illumination of
500 lux light intensity (Fig.53.3). The values observed
in the fronds kept in continuous dark were more or less
higher than those values obtained in other photoperiods
(4 : ‘E6, 8 : T6, 12 : T2) and 16 : 3 LD cycles). with
the light intensity of 2000 lux (medium light intensity),
the cystocarpic thalli were tested under different
photoperiods of 0 +  4 +30, 8 + I‘-IE, 12 + -1.5, 16 + E,
20 +‘Z and 24 +‘0 LD cycles. High rate of germination
was observed at continuous illumination (24 +'U LD cycle)
and also at 12 + {E LD cycle). The fronds kept in dark

(0 + 5;) also showed high germination than those under
4:+'§5 LD cycle. The cystocarpic thalli kept under high
light intensity (4000 1ux)and different LD cycles as
treated above; germination was observed in 0 +‘§Z LD cycle,

4 +.§0 and 8 +'Tg LD cycles, but high rate of germination

occurred at O +'§Z LD cycle and slightyless values were
obtained in 8 +-73 LD cycle (Fig. 53.3). Germination
was not found at 24 +'U LD photoregime.



Figure No.5¢ Combined effects of light intensity
and

(1)

(2)

(3)

(4)

LD cycle on :
Germination of tetraspore inGracilaria edulis.
Germination of carpospores inGracilaria edulis.
Germination of tetraspore in
Hggnea musciformis.
Germination of carpospore in
Hxpnea musciformig.
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The trend was also similar in'§§gg$;g§;§ edulis for
germination of tetraspores and.carpospores which was seen
in dark as well as in continuous illumination of low light
intensities of 500 and 2000 lux and in high light energy
of 4000 lux. Spores germinated in dark and the germination
decreased with increase in the photoperiod of 4000 lux
light intensity. Tetraspores did not germinate aty.20 :‘E
and 24 : 5 LD cycles, while in carpoapores high rate of
germination was observed at BXTE LD cycle (Fig. 54.2).

lJ1}figyg§;ggsoiiogg;§ also simi1ar“trenfl«wsaobservod.
Figs. 54.3 and 54.4 give the trend observed for the

germination of tetraspores and carpospores at three
different light intensities (500, 2000 and 4000 lux).
Tetraspores and carpospores showed maximum germination

at continuous illumination of low and medium light
intensities but germination of spores observed in dark
were also more than that seen at 4.50 and 8575 to
1653 LD pbotoperiods. After 16{§ LD cycle germination

increased. fikhe experiments conducted at high light
intensity of 4000 lux, maximum germination of spores
was observed in dark (0.54 LD cycle) and the germination
observed in 4f§0 and 8575 LD cycle, the values of which
were lower than in.0.§4 LD cycle. Carpospores germinated

upto 12:7§.ph0toperi0d and at 16:§ onwards carpospores
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did not germinate. Tetraspores germinated upto 20 :‘Z

with a very low rate and at 24 :'U LD Cycle there W35 H0
germination (Fig. 54.3)

flode of apore Germination :
In Gelidiella acerosa tetraspores germinate according to
one of the various germination patterns described by
Chemin (1937) and Fritsch (1945) as 3Gelidium type’ of
spore germination takes place which resemble the 'Nemalion
type’ in which the protoplasmic contents of the germinating
spore first migrate into a lateral protuberance (Plate 9A)
from which the algal thallus later develops. This
production of intermediate multicellular mass of cells from
which an erect shoot and a rhizodial system are later

differentiated is the characteristic of the order
‘g5lidiales'.

In_§£ggilgr;§:corticata,‘Q._gggl;§ and Hgpnea musciformis
belonging to the order Gigartinales, the mode of germination
of spores %2§L found to be.similar in both carpospores and
tetraspores. Disc—like structures were observed.
Segmentation takes place in which first a cross-wall is
formed dividing the spore into 2 celled stage. lThis is
followed by a wall perpendicular to the first one dividing
it into a 4—celled structure. This with further segmentation
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by walls perpendicular and paralell to form a multicellular
disc or mass of cells from which an adult thallus develops.
This type of germination is described as iDumontia5 type.

4.7 SEASONAL CHANGES IN THE HYDROGRAPHICAL PARAMETERS :

The data collected from October 1981 to June 1983 on the
atmospheric temperature, surface sea~water temperature,
surface sea—water temperature, salinity, pH and dissolved

oxygen of sea water in the three collection localities
.namely Thonithurai, Pudumadam and Kilakarai are presented

in Figs. 55 r 57. During the period of this investigation
the atmospheric temperature varied from 25.5 to 30.4 0C ;

26.0 to 31.5 0C and 26;4 to 32.1 0C, the sea water temperature
from 25.8 to 30.7 °c, 26.0 to 30.7 °c, 26.0 to 5o;7 °c,
26.4 to 31.9 0C 3 salinity from 28.28 to 35.77 b/oo,V3OI62 to
35.59 hfoo and 30.59 to 36.25 o/oo S and dissolved oxygen
from 3.34 to 6.14 3 3;§5 to 5Q69 and 2.67 to 6.33 ml/1 at
Thonithurai, Pudumadam and Kilakarai respectively} The

pH of theffigter varied only from 8.0 to 8.7.



Figure No.55 Seasonal variations in the selected
environmental parameters at the 5localities of collection.
(e.g. Atmospheric temperature, surface
seawaterutemperature, salinity, dissolved
oxygen, and pH of the seawater in the
‘collection localities) at Thonithurai
(Station.I).
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Figure No.56 Seasonal variations in the environmental
parameters at Station II (Pudumadam).
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Figure No.57 Seasonal variation in the environmental
parameters at Station III (Kilakkarai).
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Ct , ER- 3
DlS_ ONT
In the present study, data were collected on fruiting
behaviour and sporulation of four economically important red
algae growing along the Mandapam coast namely Gelidiella

acerosa, Gracilaria orticata,‘g, edulis and Hypneapmusciformfis.
Experiments were conducted with these algae under laboratory
conditions to find_out the variations in spore production in
different months of the year and to know the diurnal
periodicity in spore shedding and environmental factors
affecting the spore output.

As reported earlier from Mandapam area for Gelidiella acerosa
(UmamaheswaraRao, 1973 a; Thomas et al., 1975 a; Rama Rao

and Subbaramaiah, 1979; Subba Rao, 1979 and Chennubhotla;g§;§;a,
1979); Graoilaria corticata (Umamaheswara Rao, 1972 b and

' and §.edulis Cumamaheswara Rao 1973 b and
Chennubhot1a_§§_§;.; 1979);Ain the present investigation also
Chennubhofla et a1 1979)
populations'bf"these red algae and also Hypnea musciformis
were observed throughout the year in the vicinity of Mandapam.

FRUITING BEHAVIOUR

At Veraval the tetrasporophytio plants of Gelidiella acerosa
were seen in the population during April -May and October 
November (Sreenivasa Rao, 1974). The tetrasporophytes in the
population of Gelidiella acerosa growing at Rameswaram remained
continuously for 7 to 9 months from February to October and



70

in general maximum number of plants with stichidia occirred
in the population after the two peak growth seasons in an
year (Umamaheswanl Rao, 1973 a). In the Qglidiella acemasa
plants growing at Pudumadam, tetrasporic plants occurred
in all the months of the year except in July. Minimum
number of stidhidia with mature tetrasporangia was found in
August and September.

Similarly the number of stichidia per plant was low again
in February and March. In other months of the year fertile
ramulii were more, indicating that peak reproductive
activity occurred between April and June and between
October and December (Umamaheswara Rao, 1974). At Kilakarai

plants of Gelidiella acerosa showed peak reproductive period
of tetrasporic plants in.June (Thomas_g§_§;., 1975 b),
whereas in Gelidiella acerosa growing at Rameswaram the
number of stichidia per plant showed a maximum in.January
and the maximum percentage of tetrasporic plants was
observed in June. A second lower maximum in the number of
stichidia per plant was observed in August. The reproductive
capacity of the population which combined both these

features showed two maxima, one in January and another in
June. The tetrasporic plants occurred only from August

to January in a year (Rama Rao‘g§.g;., 1976). As reported
in other geographical areas (Chihara and Kamura, 1963)
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sexual plants were not encountered in these studies . But
in the present study tetrasporic plants were found throughout
the year in the populations of §elidiella'acerosa growing
at Kilakkarai as previously observed at Pudumadam by

Umamaheswara Rao (1974). Cystccarpic plants in Gelidiella

acerosg were not encountered in the present investigation
as reported from India by Sreenivasa Rao; (19$9) and
Umamaheswara Rac (1973 a) and in other geographical areas
by Chihara and Kamura (1963).

In_Gracilar;§_corticata growing at Veravalg tetrasporic
plants occurred almost throughout the year while sefiual
plants occurred seasonally (Oza, 1979). But in Gracilaria
corticata growing at Mandapam (Umamaheswara Rao, 1976) and
Visakhapatnam (Subba Rangaiah, 1978) both tetrasporic and
cystocarpic plants occurred in all months of the year.
Similarly asexual and female plants were observed throughout
the year in the population of Gracilaria cortipata occurring
‘at Pudumadam“

In Gracilarig edulis growing at Rameswaram, tetrasporophytes

occurred for eleven months in an year and cystocarpic plants
were seen only in the month of January(Umamaheswara[Rao,1973 b)
But in Gracilarig edulis growing at Thonithurai, tetrasporic
and cystocarpic plants occurred in the population in all
months of the year. JAt Visakhapatnam coast tetrasporophytes
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and oérposporophytes in the population of Hypnea musciformis
occurred in all the months of the year (Subba Rangaiha, 1978).
Though the tetrasporio plants were observed throughout the

year in Hypnea musoiformis growing at Pudumadam, cystocarpic
plants were seen only for some months in the population at
Pudumadam and Kilakarai. ‘This agrees with the findings of

Rama Rao (1977 b) for Hzpnea musoiformis growing at Pudumadam,
cystooarpio plants were seen only for some months in the
population at Pudumadam and Kilakarai. This agrees with the
findings of Rama Rao (1977 b) for Hypnea;musCiformis growing
at Veraval and fiypnea valentiae growing at Pamban and
Krusadai Island.

§pore Shedding :

Maximum and minimum values obtained on spore production
during the entire period of this study are given below to
show the range in the quantity of spores liberated in
Gelidiella ggggggg, Gracilaria corticatg, §,lggg;;§ and
Hxpnea.Qusci£prmi§.
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Table (9)

Maximum and Minimum Values of Spore Output :

(expressed as g. fr. wt. per month)

Algae Esfaf aasiéa %‘:“:%3%?9a%;:% 3'
Minimum. Maximum Minimum Maximum

Celidiella adasagg 5,744 5,89,793 9- 7
Gracilaria_ggrticata 8,181 92,277 8,086 4,87,178
g. eduiig 2,155 -1,o9,565 28,652 13,27,853
Hzpnea musciforggg 2,662 5,04,953 2,814 6,46,385221.‘.-L1‘  . '"

Studies that have been conducted on sporulation of some
red algae growing at Mandapam area and other localities of
Indian coast are discussed below :

In Gelidiella acerosa a maximum output of 10,000 tetraspores
per plant was observed (Sreenivasa Rao, 1969); The tetraspore
production varied from about 5000 to 10,000 spores/g. fresh
wt./day in the plants collected from Pudumadam (Umamaheswara

Rao, 1974 a). The tetraspore shedding in Gracilaria corticata
occurring at Mandapam ranged from 84,000 to 3,98,000 spores/g.
fresh wt./day and carpospores from 1183 to 2374 spores per

cystocarp per day (Umamaheswara Rao 1976). A maximum
carpospore liberation of 8,66,700 spores/plant was found
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by Mohan Joseph and Krishnamurthy (1977) in Gracilaria

cortioata collected from.Mandapam.

In Gelidium pusillum and Pterocladia heteroplatos growing

at Visakhapatnam coast, tetraspore output ranged from.
1,149 to 10,78,505 and carpospores from 1,176 to 6,99,943
in Gelidium_pussilum and 1,427 -1 7,94,055 tetraspores
39,966 - 1,67,04O carpospores/g. fresh wt./day in
§terocladia_heteroplatos (Kaliaperumal 1979).

In-Graoilar;§;corticata occurring at Mandapam, tetraspore
shedding range: from 84,000 to 3,98,000 spores/g. fresh wt./
day and carpospores from_1,183 to 2,374 spores/cystocarp/day
(Dmamaheswara Rao, 1936). A maximum carpospore liberation

of 8,66,70O spores/plant was found by Mohan Joseph and

Krishnamurthy (1977) in.§. corticata collected from
Mandapam, The carpospore output per plant varied from

6,919 to 6,49,873 from plants of Gracilaria edulis collected
from Krusadai Island near Mandapam (Rama Rao and Thomas,

1974).

In Gracilarga millardetgg, Krishnamurthy (1967) recorded
maximum output of 68,500 tetraspores and 42,782 carpospores

per plant. Oza and Krishnamurthy (1968) observed a maximum
liberation of 70,000 oarpospores per plant in Gracilaria
_yerrucosa growing at Kuda near Bhavanagar in Gujarat. In
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Hzpnea valentiae £rom1Mandapam maximum number of 3,14,9#4

tetraspores and 7,01,607 oarpospores were released

(Rama Rao,~1979)3 Subba Rangaian (7978) collected data on-e
tetraspore and oarpospore output: in the four members of
Gigartinales namelylggggglggig oorticata,;§. textorii,
_§raoilariopsis.gfigestedtgg and Hxpnea musoiformis growing
at Visakhapatnam coast and maximum spore output was found

on first day. The tetraspore output ranged from 13,665 to
12,30,380 spores/g. fresh wt./day and oarpospore output
varied from 280 to 6807 spores/oystooarp/day among the four

red algae. In.Gelidiopsl§_Xar}abi1is growing at Visakhapatnam
doast shedding of tetraspores from stiohidia was observed
for 3-4 days with maximum discharge of_spores on the first
day (Kaliaperumal and Umamaheswara Rao, 1982). The quantity
of spores liberated on the first day varied from a low value
of 20 spores to a maximum of 2,60,94O spores per gram fresh
weight of the plant.

The oarpospore output per plant varied from 6919 to

6,49,873 in Graoilarig edulis collected from Krusadai
Island near Mandapam (Rama Rao and Thomas, 1974).
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The present estimation given above in Table (9) are based
on total number of spores released per month. The above
figures reveal that the spore shedding capacity is very
high in the four algae studied. The values obtained for
tetraspore output in Gelidiella acerosa in the present
investifation are higher than that obtained for;Q. aoerosa
growing in the tidalpools at Veraval (Sreenivasa Rao,1969).
The tetraspore production varied from about 5000 to 10,000
spores/g fresh wt/day at Pudumadam (Umamaheswara Rao,1974 a).

The spore output estimated in the four red algae can be
compared with the values reported for Gelidigm amansii
(Suto, 1959 b), Gelidiumppussilum and Pterocladia heteroplatqs
(Kaliaperumal, 1979), Graoilaria oorticata (Umamaheswara
fiao, 1976; Mohan Joseph and Krishnamurthy, 1977 and Subba
Rangaiah, 1978),‘§. edulis (Rama Rao and Thomas, 1974), Q}

millardetii (Krishnamurthy, 1967),.§. textorii (Subba
Rangaiah, 1978),.§. verrugosa (0za and Krishnamurthy, 1958),
Egpnea valentiae (Rama Rao, 1979), Hxpneaggusoiformis and

Gracilariopsig sjoestedtii (Subba Rangaiah, 1978) and
4§elidiopsis_yariabilis (Kaliaperumal and Umamaheswara
R30 9  ‘o

In general, maximum shedding of spores was seen on the first
day in the four red algae (Tables 1-8) and it agrees with
the results obtained for Gelidium amansii (Suto, 1950 a),



21-.uJ1..J.2 (Mm: 1950) y §.1:.e9.i,ler_i.e edulis
(Rama Rao and Thomas. 19?fl},’§,pggrticat§ CMohan Joseph

and Krishnamurthy-, 1977 and Suhba Rangaiah, 1978), EC.‘

gegtorii, Ggaeilarioggis sjoestedtii and Hxpgea musciformgs
(Subba Rangaiah, 1978) and oelidium p}_1wsil"ILum, g_t;roc1gd;_g

heteroplagos and Gelidioggispggriabilig (Kaliaperumal, 1979‘
and Kaliaperumnl and Umamalmswra Rao, 1382). Rhythmic
liberation of Qarpospor¢$ with peaks at intervals of 4-5
days was reported in.Graoilaria‘gorti§g§g.(Mohan Joseph
and Krishnamurthy, 1977), G, edulis (Rama Rao and Thomas,

1974) and Q, yerruoosg (Qua and Krishnamurthy. 1968).
Similar trend in the diaohergq or oarpospores was observed
in the present study on,Greo1;aria.gprtigat§,_Q..ggg;;§ and
Hxpnea ggsciformis (Tables 5-8 & Fig. 2.).

Seasonal Changes in Spqrergptpgt:
seasonality in the liberation of tetraepores was found
in Gelidie;;§.ggg§g§§ growing in the tidla pools at
Veraval (Sreenivasa Rao, 1971 a and 1974). In qelidiella
acerosa growing in the tide pools at Veraval, the libera
tion of tetraspores oommenced by the end of April and the
Shedding of spores in.maximum number of plants was over

by the end of May. During October-November there was a
second cycle of formation and subsequent liberation of
tetraspores. The production of tetraspores during this
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period of reproductive activity is less compared with that
in ApriléMay. Moreover the spore production season in
October-November was shorter than that in ApriléMay. The
shedding period extended only for 25 to 30 days in each
fruiting season (Sreenivasa Rao 1971 a and 1974). But
in the present study on Gelidiellg ggggggg growing at
Kilakarai shedding of tetraspores was observed through
out the year as reported for Gelidie;;§_ggg§ggg growing
at Pudumadam (Umamaheswara Rao, 197h). In Gelidiella

acerqga growing at Pudumadam shedding of tetraspores
was observed during the entire fruiting period with peak
spore output during May—June and November—December. The

spore output was minimum during the two vegetative growth
phases of this algae and though the number of stichidia
per plant was more, the spore production was less in
April and October. This may be due to the occurrence of
immature tetrasporangia immediately after vegetative
growth periods (Umamaheswara Rao, 1974). Spore shedding

was found in all months of the year in‘§g;;g;gg‘pg§;;lgg
andmgtgggglggig heteroplatos growing at Visakhapatnam coast
without any seasonal periodicity in the quantity of tetraq
spores and carpospores liberated (Kaliaperumal, 1979). In
the earlier studies on_§g;;gigl;g_ggggg§g,seasonal vari_
ation in the number of stichidia and peak discharge of
tetrasporos ht particular periods of the year was reported
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by Sreenivasa Rao, (1971 a and 197h); Umamaheswara Rao,

(1974) and Rama Rao g§..g;.,(1976). In the present
investigation, though spore shedding wastseen in all
months of the year, in.§g;;gi§;;g_§gg£3§§ seasonal
veriations were not found (Fig. 38) and in this aspect
it agrees with members of Gelidiales namely Qelidigg
ml.-°.-.».:;L_1.J.+.L_1.m.. and Pt e_r.:_<>a1adis ;'1.s.ia<2£;9_12.ls.’§,a§ gorwins at

Visakhapatnam coast (Kaliaperumal, 1979). Similarly
there was no seasonality in the production of stichidia
in  s2s.I;0_§s (Fiso 31*») 

Data on seasonal changes in the shedding of tetraspores

and carpospores of Gracilaria corticata from.Mandapam were
collected by Umamaheswara Rao (1976); Shedding of tetra
spores and carpospores was observed in all months of the
year with marked variations in the spore output. The
tetraspore output was maximum in.March and April and
another small peak in NovembereDecember with an increase

in spore output from September. The carpospore production
was maximum in March and again in September and October.

The seasonal periodicity in carpospore output was some
what different from that of tetraspores. The second peak
in carpospore shedding was observed two months earlier and
high values were also obtained in January and June. Mohan
-Joseph and Krishnamurthy (1977) observed seasonal changes



in the shedding of carpospores with maximum output on the

first day and rhythmic liberation of carpospores was also
found in this species collected from.Mandapam. The tetra~

spore and carpospore output varied seasonally in Gracilaria
corticata and gypgga musgiformig of Visakhapatnam coast,
with peak shedding of spores in the periods between
December and February/March and from August to October

each year (Subba Rangaiah, 1978). Two peak periods of
sporulation were observed in}g§gg;lgr;g.gggt;gg£a occurring
on the coast of Veraval. Laboratory experiments were
conducted which showed the tetraspore shedding from April

and August and carpospores shedding from November to
December (Oza, 1979). Studies on the seasonal rhythm in

the shedding of tetraspores and carpospores in fiypggg
yalentiae from.Mandapam were carried out by Rama Rao (1979).

Maximum number of tetraspores were released in Februaay
and carpospores in October. But similar trend was not
observed in the liberation of tetraspores and carpospores
in Gracilaria corticata_ growing at Pudumadam (Figs. 3C

and 3D) in the present study.

Seasonal variations in the liberation of carpospores
with peak activity at particular periods of the year was
reported in.E£§§ilag;§ edulis collected from.Krusadai
Island (Rama Rao and Thomas, 1974). But in Gracilaria
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edulis collected from Thonithurai seasonal variations were

not found in the release of tetraspores and carpospores
(Figs. 4A.and 4B). The duration of shedding of carpospores
in Gracilaria edulis growing at Rameswaram increased from
3-4 days in February to 30 days in August and decreased from
September to January; The daily periodicity was always
maximum-in the first day and decreased gradually but showed
a second maximum after fourth or fifth day in the months of
July-August where the number of days of sheddinfi“was s
prolonged. The total spore output per plant showed peak
values in July and August which gradually decreased by
January. Higher values of spore output were seen again in
Februaryémarch while in April and.May a total lack of
spores was noticed (Rama Rao gnd Thomas, 1974). Seasonal
variations in the liberation of spores with peak aptivity
at particular periods of the year are reported in
Gracilaria verrucosa (Jones 1959 a and Oza and.Krishnamurthy,

1968) and gelidiopsis variabi1is(Kaliaperumal and
Umamaheswara Rao, 1982). Rhythmic_1iherotion of carpospores
with peaks at intervals of 4-5 days were also recorded in
Gracilaria verrucosa by Oza and Krishnamurthy (1968).
Similarly as observed in the present investigation, there
was no seasonal periodicity in the shedding of tetraspores
and carpospores of Hypnea musciforis collected from
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Pudumadam and Kilakarai (Figs. 4C and 4D) while it was
observed in Hypgea'musciformis from Visakhapatnam (Subba

Rangaiah, 1979), and Hypneavalentiae from Mandapam
(Rama Rao, 1979).

‘Qiurnalgperiodicity in Spore Shedding :
Diurnal periodicity was observed in some members of
Gelidales and other red algae with maximum shedding of
spores at a particular time in a day. Diurnal periodicity
in the liberation of spores with maximum output at a
particular time in a day was not found in Iridophycus
pgurnucopiae (Fukuhara, 1957). But periodicity in the
liberation of spores was observed in members of Gelidiales
and other red algae (Suto, 1950 a and b; Katada_g§‘g;.,

1953; Katada, 1955; Umamaheswara Rao, 1974 a; Kaliaperumal,
1979 and Ngan and Price, 1983) and Gigartinales (Matsui,
1969; Umamaheswara Rao, 1976; Subba Rangaiah, 1978;_
Kaliaperumal, 1979: Rama Rao, 1979 & Ngan and Price, 1983).
Matsui (1969) observed the release of maximum number of

tetraspores and carpospores from evening to mid-night in
Gloiopeltis tenax and in the early morning hours in
Gloiopeltis furcata. Umamaheswara Rao (1974 a) reported

-the periodicity in ‘Gelidiella acerosa with peak spore
output in the day-time between 2 PM and 6 PM.
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In Gelidiella‘ggg£g§g growing at Kilakarai also diurnal
periodicity with peak liberation of tetraspores in the
afternoon from 2 P.M to 6 P.M. was found in the present
study. It confirms with the observation made by Umamaheswara
Rao (1974 a) on the diurnal periodicity in the output of
tetraspores in Gelidiella‘ggg£g§g growing at Pudumadam.
Seasonal variations on the diurnal periodicity of spore
output was observed in Gelidiales members such as Gelidium

amansii (Katada_gt.a;., 1953) and Gelidium pusillum and
Pterocladiglheteroplatos (Kaliaperumal, 1979). But there
was no change in the diurnal periodicity surges obtained for
different months from October 1981 to September 1983 in
Gelidiella acerosa (Figs. 5 and 6) and it is in confirmity
with the results obtained for Gracilaria_ggrticatg, Q,
textorii, Gracilariopsis_§joestedtii and_§ypggg musciformis
growing along Visakhapatnam coast (Subba Rangaiah, 1978).

Suto (1950 b) and Katada _e_t _a_I_L_., (1953) found the shedding of
spores in Gelidium amansii daily in the afternoon.

In gracilaria corticata maximum spore output was observed
during night time between 10 PM and 6 AM. (Umamaheswara

Rao, 1976). Subba Rangaiah (1978) observed peak shedding

of tetraspores and carpospores in ggacilaria corticata and
ggacilariopsis gjoestedtii and tetraspores of Hypnea
gusciformis during night time between 2 AM and 6 AM.



In ggacilaria textorii maximum liberation of tetraspores as
well as carpospores was seen in the afternoon between 2 PM
and 6 PM. Data collected continuously for 2 days with
tetrasporophytes and 3 days with cystocarpic plants indicated
the ocourrence.of similar diurnal periodicity in the
liberation of tetraspores and carpospores of the above algae.

Diurnal periodicity with a prominent peak in the liberation
of spores was observed in Gelidium_pusillum and Gelidiopsis

_variabilis and a definite peak in spore shedding was not
seen in Pterocladia heterqplatos (Kaliaperumal, 1979).
There was no difference in the time of peak shedding of

carpospores and tetraspores in Gelidium_pusillum and

_Eterocladia heteroplatos. In Geligium_ppsillum peak output
of spores was observed during night time between 6 PM and

10 PM or 10 PM and 2 AM. In Gelidiopsis variabilis peak
shedding of tetraspores was found during the day time from
6 AM to 10 AM or from 10 AM to 2 PM. Rama Rao (1979)

observed a definite diurnal periodicity in the shedding of
carpospores in.fiypnea valentiae. Ngan and Price (1983)
recently collected data on the periodicity of carpospore
and tetraspore discharge in 14 ded algal taxa from the
vicinity of Townswille region, Queensland, Australia under
a variety of laboratory conditions at hourly or bi-hourly
intervals over periods of 24 hrs or in some cases 48 hours.
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In the diurnal periodicity of tetraspores discharge based on
hourly records of spore output, the spore liberation.was
observed from 04.00 hrs to 10.00 hrs with peak at 06.00 hrs

in Gracilaria edulis. The time of maximum output of
tetraspores and carpospores in Graci1aria_§h9dotricha
andyflypggg cervicornis and tetraspores in Gracilaria textorii,
‘Q. verrucosa, Hypnea pannosa and‘§. valentiae was found in
the morning between 05400 and 09.00 hours. The above
observations is in confirmation with the data obtained in
the present study for the three members of the order

Gigartinales {Graoilaria corticata, Q. edulis and Hypnea
Eyusciformifi).

Differences in the time of peak shedding between tetraspores
and carpospores was observed by some workers. Katada gt 3;.

(1953) found that the shedding time of carpospores in Gelidium
.§gggg;; was always earlier (3-4 hours) and shorter than
tetraspores. Subba Rangaiah (1978) observed maximum

shedding of carpospores in Hypnea_musciformis 4 hours
earlier (10 PM to 2 AM) than peak tetraspore output. The
data collected in the present study on Hypnea musciformis
agrees with that of Subba Rangaiah's (1978) observations.
But there was no difference in the time of peak tetraspore
and carpospore shedding in_gloiopelti§ tenax and Gloigpeltis

furcata (Matsui, 1969),‘0racilariapggrticatg (Umamaheswara

Rao, 1976} and Subba Rangaiah, 1978), Gracilaria textorii



and Gracilariopsis sjoestedtii (Subba Rangaiah, 1978),
Gelidium_pusillum and Eterocladia hetgroplatos (Kaliaperumal,
1979).

Seasonal variations in the diurnal periodicity of spore output
were also investigated. Katada'gt.§;. (1953) showed that
the time of peak shedding of tetraspores and carpospores in
Gelidiym‘gggg§;; becomes gradually earlier (between 12.00 and
14.00 hours) in a day between June and September and it
occurred later-(after 14.00 hours) in a day during October
and November. Similarly seasonal changes in the diurnal

periodicity of tetraspore output in Gelidiug pusillum and
Qfilidiopsis variabilis was observed by Kaliaperumal (1979).
In gglidium ppsillum peak output of spores was observed
between 6 PM and 10 PM from March to November and four hours

later between 10 PM and 2 AM from December to February.

In Gelidiopsis variabilis peak shedding of tetraspores was
found between_6 AM and 10 AM from April to November and
between 10 AM and 2 PM from December to March. But in

ggragilaria corticata,‘§. textorii, Gracilariopsis_§1oestedtii
and Hxpnea musciformis the diurnal periodicity of tetraspores
and carpospores did not vary in different months or season of
the year (Subba Rangaiah, 1978).

Though a definite peak at one period of the day as observed
in the present study was not seen in the shedding of



tetraspores»and"carpospores in Graoilarig Qorticata, Q, edulis
and Hypnea musciformis, maximum liberation of spores
occurred in these Species between 10 PM and 2 PM (Figs. 7;to 17).
This period coincides with the times at which maximum spore

output was observed for Gracilarig corticata and Hypnea
musciformis growing in India (Umamaheswara Rao, 1976 and Subba

Rangaiah, 1978) and Gracilaria edulis and other species of
pggacilaria and Hypnea such as Gracilaria rhodotricha,.§.
textorii, Q. verrucosa, Hypnea cervicornis,4§.ppannosa and
‘E. valentiae also growing in the vicinity of Townsville region,
Queensland, Australia (Ngan and Price, 1983).

EFFECTS_OF ENVIRONMENTAL FACTORS ON SPORE SHEDDING

For a successful cultivation of spores, we need to know the
different factors affecting spore output. Effects of
environmental factors like desiccation, salinity, light
(intensity and photoperiod) and temperature on spore shedding
have been reported by few workers. Sea water temperature

and the above conditions are considered as important factors
for controlling the growth and reproduction of intertidal
algal population. Detailed studies on these ecophysiological
aspects have not been made on the intertidal algae growing
along the Indian shores particularly Mandapam coast. The
scanty information available on spore output indicates that
the response to various factors of the environment varies
in different algae.
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EXPOSURE TO AIR AND DESICCATION

Katada (1955) reported that desiccation in the shade has no
inducing effect upon the shedding of tetraspores in Gelidium
amansii and in these experiments the time of shedding was

extended within about half a day. On the contrary, Matsui
(1969), reported accelerating effect in Gloiopeltis species.
Accelerating effect in liberation of spore was observed in
Ql0igpeltiS‘£gg§§ and Gloiopeltis furcata when the fronds
were exposed to air.

In Gloiopeltis tenax fronds were exposed to air for 2 ~ 6 hours
which hastened the liberation of spores and majority of spores
were liberated within a short time, even 10 hours before the
peak time of daily spore liberation. In Gloiopeltis.£u§g§£§
when exposed fronds were reimmersed around the time of peak

daily liberation, a large quantity of spores were liberated
immediately after reimmersion. Even if the liberation did not
occur immediately after immersion, the exposure affected the
time of subsequent liberation. In both species the number of
spores liberated immediately after immersion gradually decreased
if the exposure was prolonged beyond 6 hours.

In gelidiella acerosa (Sreenivasa Rec, 1971 a) drying of
tetrasporic plants in shade had no effect on spore output.
The spore shedding decreased in the fronds exposed for 1~2
hours and prolonged drying of fronds for 4 to 12 hours
injured the plants,
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In Gracilaria cortiggta (Umamaheswara Rao, 1976), tetraspore
output decreased markedly in thalli exposed for 1 hour and
spore shedding was not seen in fronds exposed for a period
of 2 to 6 hours. Carpospores were not at all liberated from
cystocarps exposed even for 1 hour to air at room temperature.
In the experiments conducted with tetrasporic thalli of

Gracilaria corticata,flgracilaria textorii,_gracilariopsis
sjoestedtii and Hypnea musciformis exposing upto 105 minutes
to air in the room with 15 minutes intervals, the tetraspores
output decreased in all plants with increase in the duration
of exposure of fronds and maximum output was seen under

continuously submerged conditions (Subba Rangaiah, 1978 and
Umamaheswara Rao and Subba Rangaiah, 1980).

.In the desiccation experiments conducted with tetrasporophytes

sof_§elidiumppusillum, Pterocladia heteroplatos and Gelidiopsis
lygriabilis growing at Visakhapatnam coast, maximum tetraspore
Aoutput was obtained from the thalli kept under submerged
conditions. The above observations agree; with the present
study made in_§elidiella acerosa, Gracilarig_9orticata,.§.
edulis and Hypnea musciformis.

According to to Umamaheswara Rao and Sanjeeva Reddy, (1982),

maximum tetraspore shedding in Dictyotg dichotoma was seen

control experiments where the fronds were not exposed to air.
The tetraspore output decreased even in fronds exposed to air
for 15 minutes. with increase in the duration of exposure
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to air, the spore output declined rapidly and total inhibition
of spore shedding was found in fronds exposed for 120 minutes.
But in the fronds of Gelidiella acerosa, Gracilaria_gorticata,
‘Q. edulis and‘fl1pggg musciformis exposed to air, spore output
declined than in the fronds kept continuously under submerged
condition (Figs. 18-21) indicating that exposure of fronds
during low tides adversely affects spore liberation. Submerged
condition was found favourable for maximum spore release in
these four algae. These findings agree with the results
obtained ior.gg;;g;gg gggngii (Katada, 1955), §:;idie1lg
acerosa (Sreenivasa Rao, 1971 a), Gracilarialportioata
(Umamaheswara Rao, 1976; Umamaheswara Rao and Subba Rangaiah,

1980; Subba Rangaiah, 1978), Hypnea musciformis, Gracilaria
textorii and Gracilariopsis gjgestedtii (Subba Rangaiah, 1978;
and Umamaheswara Rao and Subba Rangaiah, 1980), Gelidium

_pusil1um, Pterocladia heteroplatos and Gelidiopsis vgriabilis
(Umamaheswara Rao and Kaliaperumal, 1983) and_Qictyota dichotoma

(Umamaheswara Rao and Sanjeeva Reddy, 1982). The maximum

tetraspore shedding in Dictyota dichotoma was seen in control
experiments where the fronds were not exposed to air. The
tetraspore output decreased even in the fronds exposed to
air for 15 minutes. With increase in the desiccation of
exposure to air the spore shedding was found in fronds
exposed to 120 minutes.
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SALINITY

Any significant variation was not observed in the shedding of
spores between 17 and 52%osalinity in §;oiopelti§_tenax and
ggoiopeltis furcata by Matsui, (1969). More number of spores
were liberated in 15.6 chlorinity (28.19 %o salinity) and the
spore output decreased at 11.0 (19.89 %o salinity) and 8.2
ohlorinity (14.83 %o salinity). At 5.4 chlorinity (9.78 %o
salinity) the number of spores liberated wase very low.
Matsui (1969) found that the tetraspore liberation was not
significantly altered in salinities between 17 %o and 42 %o
in Gloiopeltis tenax and Gloiopeltis_furcata. At salinities
below 12 %o and above 60 %o liberation of spores was delayed
and the number of spores also decreased in these two plants.
Monospore release was found in Acrpchaetium endophytium'by
White and Boney (1969) in the media of 19.2 %o --49 %o

salinity, while plants died in 6.4, 12.8 %o S and in salinities
above 49 %o. Normal production of zoospores or gametes was

found in Ulva fasciata by Mohsen‘g§_g;., (1972) in the
salinity range between 20 %o and 35 %o. Higher salinities
from 35 to 45 %o enhanced both the formation of swarmers and

their discharge. On the other hand salinities below 20 %o
retarded both the maturation and discharge of swarmers and
below 15 %o no dehiscence took place.
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The spore output varied in experiments conducted by Subba

Rangaiah g; g;., (1975), Subba Rangaiah (1978) and
Umamaheswara Rao and Subba Rangaiah (1980) in different

salinities ranging from 10-60 %o and the optimum range
observed for peak shedding of spores was 30-40 %o S. in

Grapilaria cortioata, grggilaria textorii and Graoilariopsis
gjoestedtii and 20-30 %o in Hypnea musoiformis. Umamaheswara
Rao and Kaliaperumal (1983) conducted spore output experiments

with tetrasporic thalli of Gelidiumlpggglggg, Pterocladia
heterdplatos and Gelidiopsis variabilis in different salinities
ranging from 0 to 70 %o. In Gelidium pusillum and Pterocladia
heteroplatos, spore shedding was found from 10 to 60 %o with
peak discharge at 30 %o salinity.

In gglidiopsig variabilis spore shedding was seen only in three
salinities (20, 30 and 40 %o) with lowest value at 20 %o s.
Sa1inities«<20 %o completely inhibited spore shedding and at
40 %o salinity the spore output was more than in'gglg;gm
_pusillum_and‘gggggpladia heteroplat s Of the eight different
salinities (0-70 %o salinity) tested with'Q;g3yg£g dichotoma
by Umamaheswara Rao and Sanjeeva Reddy (1982), spore output

was observed in salinities ranging from 10 %o to 60 %o;
From 10 %o salinity onwards the spore output increased and
maximum shedding of tetraspores was observed at 30 %o salinity.
The spore output declined from 40 %o salinity and it was
minimum at 60 %o salinity. But as observed in the present
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study salinity of sea water influenced sporulation in
Gelig;ella.g§erosa,'g5acilaria corticata, Q. edulis and
Hygnea musciformis and spore release decreased markedly below

20 %o and above 40 %o salinities. The optimum salinity range
observed for maximum shedding of spores in the four algae was
30-40 %o (Figs. 22-25). Though the optimum range of salinity
varied on monospore production from conchocelis phase in

‘Egrphyra (Yamasaki 3; g;., 1957), monospore release in
Acrochaetium endophytium (White and Boney, 1969), formation

and discharge of swarmers in.§;g§ fasciata (Mohan et al., 1972),
tetraspores output in Graoilaria corticata, Q, gggggggi,
Gracilariopsig sjoestedtii, and Hypnea musciformis (Subba

Rangaiah.g§ g;., 1975; Subba Rangaiah, 1978 and Umamaheswara
Rao and Subba Rangaiah, 198O).E1Gelidiumppusillum, Pterocladia

heteroplatos and Qelidiopsis variabilig (Umamaheswara Rao and.
Kaliaperumal, 1983), and Dictyota dichotoma (Umamaheswara Rao

and Sanjeeva Reddy, 1982), the general trend observed in the
formation and release of reproductive elements in different
salinities in these algae was similar‘to that observed in
the present study on Gelidiellg acerogg, Gracilaria_g9rticata,
‘Q. edulis and Hypgggflmusciformis. The optimum range of
salinity found in the laboratory experiments is nearer to

the annual range of 28.28 - 36.2§Z§alinity recorded during
the present (Figs. 55-57) and earlier investigations (Prasad,
1954 and Jayaraman, 1954) for the inshore waters of Mandapam

area. These findings indicate that the salinity of the
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sea water in the nearshore area of Mandapam is suitable for
liberation of maximum number of spores in all months of the year.

LIGHT INTENSITX

In some species of the order Gelidiales spore output studies
were carried out by Katada (1955). He observed that the
shedding time in the case of tetraspores was earlier in the
light than in the dark, but carpospores were not affected.
Rao (1971 a) also reported similar observations in Gelidiella
acerosa, where spore liberation was slightly promoted by
light. Monospores were obtained in the light intensities of
19-500 lumens/sq.ft. (205—5382 lux). The sporesbleached and
died soon after release between 480-500 lumens/sq.ft.
(5167-5382 lux) and spore output was not found in dark.
Massive spore output over long periods was seen in the light
_intensity range of 50-110 lumens/sq.ft. (538-1184 lux).
In.Monostrgmg (0hno, 1982) liberation of gamete was found
between 500 and 5000 lux and at higher intensities of 10,000
and 20,000 lux no liberation of reproductive bodies occurred,
although gamete formation.was ohserved. However,_gamete
liberation was seen at 10,000 and 30,000 lux light intensities
in.Monostroma ggtidum (Ohno and Nozawa, 1972).

Subba Rangaiah (1978) and Umamaheswara Rao and Subba Rangaiah

(1980) reported maximum shedding of tetraspores in Gracilaria
£9PtiCata, Qgggilaria textorii and Gracilariopsis sjoestedtii
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in complete darkness. The values obtained at 750 3 50 lux
were slightly less than those obtained in darkness and the
spore output decreased gradually at 1500 and 2000 lux light
intensities. But in Hypnea musoiformis spore output was higher
at 750 t 50 lux light intensity than in darkness and the spore
production declined in the other two light intensities.
Umamaheswara Rao and Kaliaperumal (1983) found that peak

discharge of_tetraspores in Gelidiug_pusillum, Pterocladig
heteroplatos and gglidiopsis_Xariabilis at 500 lux. From
1000 lux the spore output decreased with increasing illuminance

in Gelidiumgpusillum and Gelidiopsis variabilis and complete
inhibition was seen in these two algae at 5500 lux. In
Eterocladia heteroplatgg the peak output was at 500 lux.
Changes observed between 1000 to 3000 lux were not marked

and lowest values were obtained at 4500 and 5500 lux,
light intensities.

In the experiments carried out with the fruiting thalli of
Geligiella acerosa, Gracilaria corticata,.Q._ggg;;§ and
Hxpnea muspiformis at different light intensities, in the
present study spore release occurred from 0 to #000 lux.
This observation agrees with those of Ohno (1972) on gamete
liberation in.Monostroma, White and Boney (1969) on mono
spore output in Acrochaetium endophytium and Umamgheswara

Rao and Kaliaperumal (1983) on tetraspore shedding in
Gelidium pusillum, Pterocladia_h§teroplatos and Gelidiopsis
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gariabilis. gubba Rangaiah (1978) and Umamaheswara Rao and

Subba Rangaiah (1980) observed peak discharge of spores in
complete darkness in Gracilaria gorticata,‘§N'textorii and
Gracilariopsis sjoestedtii whereas in the present study
maximum liberation of spores was observed at 500 lux in

gglgdiella acerosa, Graoilaria corticata and.§. edulis
(Figs. 26-28). The results obtained on these three algae in
the present study confirms with the results of Umamaheswara
Rao and Kaliaperumal (1983) for ggligium pgggllgg,
.E£2£92le§ie 2££§£9R$§E9§:3nd.§E$£§$9R§i§ variabi}iPis in

which maximum tetraspore output was observed at 500 lux.

Peak output of spores was found at 1000 lux in.gZpgga
musgiform;§_gr0wing on.Mandapam coast (Fig.29) and it is

similar to that observed for Hypneg musciforgig growing on
Visakhapatnam coast (Subba Rangaiah, 1978 and Umamaheswara

Rao and Subba Rangaiah, 1980) where maximum spore output

was seen at 750 :_50 lux. In.Mono§§roma.Q;§iggg gamete
liberation was seen at very high light intensities ranging
from 10,000 to 30,000 lux (0hn0 and Nozawa, 1972). But in
gggggggggg inhibition of spore emission was found at 10,000
and 20,000 lux (Ohn0, 1972) and in_§elidium pusillum and
§g}g§gpp§i§,g§gggb$l;§ at 5,500 lux (Umamaheswara Rao and

Kaliaperumal, 1983). In.§§g;Qg;ggg§;ggfigggplafigg lowest
values in spore release were obtained at high light
intensities of 4,500 and 5,500 lux (Umamaheswara Rao and



Kaliaperumal, 1983). Similarly in the present investiga
tion also minimum number of spores released was seen in
the four algae at 4,000 lux light intensity.

222129593322 =

The relation between sporulation of seaweeds and sea water
temperature was studied by Suto (1950 a and b). According
to Suto (1950 a) spore shedding in seaweeds takes place
when the sea-water temperature has reached a level optimum

for each species. The spore liberation in.gg;iggpg;gg§£§g;
takes place daily in the afternoon, probably because the
right temperature is reached then. He further stated that
shedding season started in_§g;;gigg when the sea water
temperature rose to 20° C for carpospores. There was an
optimum temperature range for shedding of spores and
abnormal temperature delayed or hastened shedding by about
20 days. The direct evidence of temperature influence on
spore shedding was later supported by Katada (1955) also
working on Gelidiales for Qgligium amansii, who observed
that the higher the temperature of the preceding night,
the earlier the shedding of spores the following day. The
shedding time of tetraspores and carpospores was not
restricted to the afternoon of a given day but varied
depending upon the temperature of the sea water in the
field. It was also found that there was no change in the



shedding time in the next day when the water temperature
was less than 25° C. In the experiments conducted by
Fukuhara (1957) with ;ridQphycu§_gornuccpiae, the diurnal
periodicity in the shedding of spores was not affected by
water temperature. Shedding of tetraspores and carpospores
in.ggl;g;gm was observed when the sea water temperature rose
to 20° C-and 24° C respectively (Suto, 1950 b). The
optimum range observed for spore liberation in different
species of Eggphxra varied from 10-250 C (Kurogi and
Akiyama, 1966) and from 1-15° C (Kurogi  _&3_;L_., 1967).

Kurogi and Akiyama (1966) examined the effect of water
temperature on the liberation of monospores on 6 species of
P<>r-h ra» namely 2- .’9..e;£.1.<:.r.e»* .2» l;.u2.ie_da.il .2» xe.2.=.9.ez2.$.é.-.§:

§. angusta,_§, suborbiculata and 2; pseudolinegriga
Monospores were liberated between 100 and 25° C in"

E. §ggg§g,;2..x§gggg§;§ and_§. ggggggg. The liberation was
little or not seen in.§, gggggggg, E. suborbiculata and
E; pggggglggggggg at these temperature ranges. Kurogi
.33 3;. (1967) noticed differences in the optimum temperature
of monospore liberation between the conchocelis of the

autumn and spring plants of Eggphxgguumgiligglig, although
experiments flnbh these plants were carried out at the same
time. Abundant monospores were liberated at 5°, 10° and
15° C in monoecious spring plant. There was no significant
influence on spore liberation in the temperature range of
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15~25°mc in Gloiopeltis tenax and 10° c—2o° c”in”c1diqpe1t;§
furcggg. At temperatures above or below these ranges
liberation was delayed and the number of spores shed also
decreased (Matsui, 1969).

Tetraspore shedding varied at 5 different temperatures
ranging from 15° c to 35° C in Graoi1ar;g_ggrticatg,
Gracilaria textorii and Hypnea musciformig (Subba Rangaiah,
1978 and Umamaheswara Rao and Subba Rangaiah, 1980). There

was no spore discharge at temperatures below 15° C and above
350 C and peak shedding was seen at 30° C. The temperature
between 25° C and 30° C was considered as optimum for discharge
of maximum number of spores in these three algae. The
tetraspore output varied at 9 different temperatures ranging
from O0 C to 45° C tested with the tetrasporic thalli of
Gelidigm_pusillum, Pterocladia heteroplatos and Gelidiopsis
variabilis (Umamaheswara Rao and Kaliaperumal, 1983). In
Gelidium_pusillum spore output increased from 15° C with peak
shedding at 25° C. At 30° C and 55° C the spore output

declined rapidly. Inlgggggglgdggiggteroplatgg minimum
shedding was obtained at 10 and 15° C and also at #00 C
showing its ability to liberate reproductive elements
at low and high water temperatures. Between 20 and 35° C

the changes observed inifieteroplatos were similar to those
of Gelidium_pusillum with peak discharge of spores at 25° C.
In contrast, in.§§lidiopsi§ variabilis spore output was
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seen only at three temperatures (25, 50 and 35° C) with a
maximum at 50° C. There was a sudden fall in the quantity
of spores liberated by this algae at 35° C. Peak discharge

of spores was.found at 25° C ingpusillum andfheteroplgggg
and at 30° C in%§ariabili§ showing that the temperatures
between 25° C and 30° C was optimum for maximum liberation

:of spores in these three species. In the experiments con
duqfified with Dictyota dichotoma at different temperatures
ranging from_1O to 45° C, maximum output of tetraspores
was seen at 30° C.’ There was no shedding of spores from
the fronds subjected to 10° C, 40° C and 45° C temperatures.
When compared to the other temperatures tested, the values
obtained at 25° C was slightly high indicating that temper
atures from 25 to 30° C were favourable for maximum liber

ation of tetraspores in_Diotyqta dichgtoma (Umamaheswara Rao
and Sanjeeva Reddy, 1982).

In glgggpgltgg spp. peak output of spores was reported from~
10° C - 25° C (Matsui, 1969). The optimum range of

temperature for the species of Qglggggm, Porphxra and
gloiopelggg was found to be low as compared with those for
the maximum release of spores in_§gl;g;g;;g acerosa,
Gracilaria 9.9.r.:9.i.2_§:c_e. 9- .e.<_1.t.:.;L..J;§. and .P.ixp.n..es masciformis

growing in the vicinity of Mandapam. The optimum temperature
range for maximum liberation of spores in these four species
was 250 C - 300 C (Figs. 30~33) as reported for the release
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of tetraspores in Gelidium pusillum, Pterocladig heterqplatos,
Gelidiopsis variabilis, Gragilaria_gorticata, Q, textorii,
Hxpnea musciformig and Dictyotg dichotoma growing at
Visakhapatnam coast (Subba Rangaiah, 1978; Umamaheswara Rao

and Subba Rangaiah, 1980; Umamaheswara Rao and Sanjeeva
Raddy, 1982 and Umamaheswara Rao and Kaliaperumal, 1983).

This temperature range coincided with the annual range of
surface sea water temperature recorded for the inshore

waters of Mandapam during the present investigation (Figs.
55-57) as well as in the earlier observations (Prasad, 1954;
Jayaraman, 1954 and Umamaheswara Rao, 1972 b).

Photoperiod:

The effect of day length on sporogenesis has recently been
reviewed by Dixon and Richardson (1970). In Bangig fusco
:pyrpurea, the Chonchocelis phase produces monosporangia
only in short day photoperiod (9L : T5 D, 12L : T§'D, or
9 L :'9'D). Literature available also suggests that day
length or photoperiod influence the spore production.
In.§g£pgx£g.ggggg§ (Iwasaki, 1961) monospore formation
and release of fertile monospores were induced by short day

pcondition of 8-11 hours light period. Work on photoperiod
induction and liberation.of monospores from the conchocelis
phase Of 5 species of gggpgxgg were carried out by Kurogip
and Suto (1962). The adequate dark period for the liberation
of monospores in Porphgra tenera, E. kuniedgi, P. yezoensis,
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3. pseudolinearis and‘£. angu§tg'was 12-16 hours (Short
day condition) while Kurogi and Suto (1967) observed
more liberation of monospores in Porphyra ggbilggglgg
under long day conditions. The Acrochaetium endophyticum
(White and Boney, 1969) plants kept under long day con
ditions (18 i66'LD cycle) produced large number of mono
spores at all light intensities ranging from 30-590
lumens/sq.ft. (323-5382 lux). In Monostron3_§1_, Ohno (1972)
found long day treatment (18-24 hours light period at
3000 lux) resulted in faster gamete liberation than fronds
given short day treatment at the same light intensity or
fronds maintained under natural day-night regime. In
Gelidiella acerosa (Umamaheswara Rao, 1974 a) spore output
was found at O + 5?, 8 + T6, 16 + E and 24 + 5'light and
dark periods and maximum shedding was observed at 16 + 6 LD

cycle. The present observations made dn.Gelidiell§ acerosa
agree with the findings of Umamaheswara Rao (197h a).

In Qracilaria corticata release of tetraspores and carpo
spores was observed in different light and dark periods

(Umamaheswara Rao) 1976). The tetraspore output was maximum
in O + §E LD cycle and with increase in the light period
the spore shedding gradually deceased. The carpospore output
varied under different light and dark cycles and maximum
number of spores was liberated in.4 + 55 LD cycle. Similarly
maximum shedding of tetraspores was also observed by Subba
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Rangaiah (1978) and Umamaheswara Rao and Subba Rangaiah

(1980) in.Q5§g;;ar;§ corticata, ggggiggria textorii,
Gracilariopsis sjoestedtii and Hypnea musciformis at
O + E5 LD cycle, and the spore output declined with increase
in the duration of photoperiod. The values obtained at
4 + 25 LD cycle were also higher than in other photoperiods.

The above findings is in confirmg¥§en with the present
investigations made on three species of the order Gigarti
_r__1,ales (Gracilsrie corticats: 9.» _a~:.1_s.l.J',+.§ and Exaees .I1.12.s«..<>_i;.£..s>_;?.n.1fi.;_§)

Recent studies made on the combined effects of light intensity

and photoperiod have indicated that the amountfienergy received
by the plants affects their growth and reproduction and
while reviewing the earlier work, Dixon and Richardson (1970)
described the interacting effect as photosynthetic effect.
Murray and Dixon (1973) reported the effect of light inten
sity and photoperiod on apical cell division in Pleonosporium
squarrulosum. Rate of cell division was found to be affected
by both light intensity and light periods of 16 + 8'LD and
8 + To LD and increase in cell division was found upto a
value of 558 mean daily Illuminance (Illumination in lux
multiplied with photoperiod in hours per day). The combined
effects of illuminance and duration of light on the shedding

of tetraspores from Gelidium pusillum, Pteroqlgdig hetero?
platos and gglidiopsis variabilis was recently studied by
Umamaheswara Rao and Kaliaperumal (1983). At 500 lux spore
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output increased gradually and peak shedding was observed
under long day conditions between 1653 and 24 : 5'LD
photoregimes. At higher illuminance maximum shedding
was seen under short day conditions. Maximum shedding
of spores at 2000 and 3000 lux in Gelidium_pusillum and
Pterocladia heteroplatos was observed at 8 : 73 LD cycle.
At 4500 lux spore output was high in these two species
under 4:20 LD cycle. (Although variation exists in
relation to intensity and duration of light, spore out
put was low at higher illuminance values as observed in
the data collected under continuous light. The variations
in the mean values of spore shedding were observed in
darkness (0:25 LD) and are due to the use of materials
collected at different times of the year). Thus the
role of light (intensity and photoperiod) in inducing
spore shedding is still obscure and that further work
needs to be done to investigate this relationship in
other seaweeds of economic importance.

In the combined effect of light intensity and day length
(light and dark cycles) the earlier works in gggphygg
spp. that indicate the release of reproductive bodies

were induced by short day conditions onlyfby Iwasaki,
(1961) and Kurogi and Suto, (1962) in Gracilagia corticata
by Umamaheswara Rao, (1976) and Subba Rangaiah, (1978)

in Gracilgria textorii, Gracilariopsis sJoestggt;i.and



105

gypggg mgsciformis by Subba Rangaiah, (1978) and in long
day conditions in Porphyra umbilicalis by Kurogi and Suto,

(1967), in Acrochaetium endophytigm by White and Boney,
(1969), in Monostroma by Ohno, (1972) find in Gelidiella
acerosa by Umamaheswara Rao, (1974). In _1-I_3_a_ng_i_._a _:§_}_1_§__c_o_~

purpurea, the ghggghggglig phase produce monosporangia
(Dixon and Richardson, 1970) only in short day photo
regimes (9L : 15D, 12L : 12D, or 9L : 9D). Similarly
the  phase of .F_’.<2rp.1:1:z.;".e .i..:.§.I3.9.1;e Produced mo no

sporangia (Kurogi and Suto, 1962) only in a short day
photoregimes. The same was also observed‘in.g;§g§_g§;;
fornia which produces monospore under 8L : 16D photoregimes
(Scott and Dixon, 1971).

From the above it is seen that in the first two genera
(§,fuscopurpurea_& E. tenera) the response has been shown
to be truly photoperiodic since sporogenesis is inhibited
by light interruption in the middle of the dark period.
In,gg£gghgg3;gm pggtipgtgg tetrasporogensis occurs only
in photoperiods of 10 hours or less (in a 24 hour cycle)
but exposure to light in the middle of the dark period
(West 1968) was not inhibitory, hence in this case the
response does not appear to be truly photoperiodic. On
the other hand Pseudoglpiphlggg gggguggg showed (Ramus,
1969) a complex interaction of temperature—light intensity
and light duration in tetrasporogenesis. In photoperiods
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of 16L : §E, the Maximum spore production was at a temperature

of 200 C and at light intensity of 2,700 meter candles but
when the temperature was reduced to 150 C and the photoperiod
and light intensity remained the same, spore production was
reduced. When the thalli were grown at 15° C under a
photoperiod of 16L : 50 and at 1,100 meter candles light
intensity, spore production was totally inhibited. Thus day
length is reported to be an important factor in the production

of spores of some marine algae. In his studies on.§grph1§§
tenera, Kurogi (1959) observed that daily photoperiods of 8-11
hours not only induced monospore production and maturation
but also induced the release of the monospores. In Gelidium
pusillum peak spore output was observed at 16L :'§b in 500 lux
and at 8L : 1'57) in 2000 lux light intensity. At 4500 lux light
intensity high spore shedding was seen in complete darkness
(OL : Em) than in AL : 20D. Similar trend in spore shedding
was observed at 500 and 4500 lux light level in Pterocladia
heteroplatos and at 500, 2000 and 3000 lux in_gelidiqp§i§
gariabilis (Kaliaperumal, 1978).

In the present study, peak liberation of spores was noted
under long day conditions at low light intensity and at high
light intensity under short day as well as under long day
lengths. In gelidiella acerosa maximum tetraspores were
obtained at 500 lux light intensity under a photoperiod of

24L : 00, at a laboratory room temperature of 30° C. -At
2000 lux light intensity maximum spore output was obtained
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at 16L : Eb, 20L : Eb photoperiods and at high light
intensity (4000 lux) maximum spore shedding was seen in short
day length of AL : 56D as well as in complete darkness.
Similar results were obtained for tetrasporogenesis and
carposporogenesis in Qracilaria gprticata,.§._gggl;§ and
Hypnea musciformis. Thus day length appears to be an
important factor in the spore production and spore shedding.
Their interacting effects show that the amount of light
energy received by plants influences spore release and this
periodicity in the discharge of spores is due to the
photosynthetic effect as has been described by Dixon and
Richardson (1970). Similar photosynthetic effect was observed
by Murray and Dixon (1973) in the division of apical cells in
Pleonospgrium squarrulosum. From the present study on spore
shedding it may be presumed that the Mean Daily Illumination
is an important factor in marine algal growth and reproduction.

_gFoRMI NATION? or sPoR§_s_

Information available in the literature indicates that the
rate of germination of red algal spores varies in different

.;, :theueh aruitiefimeans Of the Year 3339 in  A
plants were found throughout the year, spores germinated in
the spring and early summer (Barilotti and Silverthorne, 1972).
Another similar observation was reported by Prince and
Kingsbury (1973) for seasonal variations in the growth.of

germlings of_phondru§ crispus. Data obtained in the present
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study on Gelidiella acerosa do not agree with the above
findings as the germination of spores were observed throughout
the year. There was no particular season for spore germination
as the fruiting plants were present throughout the year of
study and spores liberated settled at the bottom of the petri
dishes and germinated soon after settlement. This was
observed during the spring tide periods throughout the year
of study. Germination of tetraspores and carpospores of
Gracilaria g9rticata,‘Q. edulis and Hypnea_musciformis was
aalso observed throughout the year of study, except in the
carposporic plants of Hypnea musciformig which were available
only in some months at stations II and III.

In the other gelidiaceous algae e.g. Gelidium pusillum and
_Eterocladia heteroplatos highest number of dividing spores
were observed during and after the peak growth period
(Kaliaperumal, 1979), whereas in Qelidiopsig variabilis
spores did not germinate within 24 hours. In the present
study the spores of Gelidiella acerosa germinated soon after
liberation and settlement at the bottom of the petri dish.
The germination rate was higher in Gelidiella than that
observed in species of the order Gigartinales e.g. Gracilaria
_9orticata,.§. edulis and fiypnea musciformis collected from
the vicinity at Mandapam region. The tetraspores and
carpospores also germinated within 24 hours of liberation
in the above three species of the order Gigartinales.'
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There was no seasonality in germination of spores as the
reproductive plants of tetraspores and carpospores were
found throughout the year and plants were collected during
the spring tide periods. The spores (tetraspores and
carpospores) germinated a few hours after liberation from
the parent thallus. These observations suggest that during
the two spring tide periods in each month maximum spore
output and germination takes place than at other times.

Seasonal germination of spores was observed by some'workers.
Barilotti and Silverthorne (1972) reported seasonal germination
of spore in Gelidium robustum from Baia California, in which
juvenile thalli were observed on artificial substrata only in
February. Though fruiting plants were seen throughout the
‘year, the spores released during the spring and early summer
were successful in producing young thalli on new substrata.
In Chondrus crispus Prince and Kingsbury (1973) observed
low sporulation and growth rates in winter and spring
months and maximum sporulation and growth rates in early
fall. Subba Rangaiah (1978) observed monthly variations
in the number of dividing tetraspores and carpospores in
Gracilaria corticata and Hypneagmusciformis released on the
first day (within 24 hours) from December 1974 to April 1976.
.The germination rate varied from a minimum of 11 % to a

maximum of 60 % in the two red algae and highest number
of dividing spores were seen during the peak periods of
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spore shedding from December to February and from June
to August.

Some preliminary data were collected on the percentage
frequency of germination of tetraspores and carpospores
of Gelidfgg pusillum and tetraspores of Pterocladia
heteroplatos by Kaliaperumal, (1979). He found that
the germination rate of tetraspores in Gelidium pusillum
varied seasonally from a minimum of 0.3 % to a maximum
of 13.6 % and that of carpospores from 0.2 to 39.1 %.
Highest rate of germination (within 24 hours period)
was observed in tetraspores and carpospores of ggligigm
pusillum in February and in general high germination rate
was observed during and after the peak growth season. In
Pterocladia hetgggplatos the germination rate of tetra
spores was less than that observed in Gelidium pusillum
and data obtained in different months ranged from 0.5 to
4,1 %. The germination rate was less than 1 % except
in the Ebnth of September. Only 4.7 % of carpospores
of Pterocladia heteroplatgg germinated in experiments
conducted during September. In other months there were

no divisions in the carpospores liberated. Dividing spores
were not observed (within 24 hours) in Gelidiopsis
variabilis during the two and a half years‘ seasonal
study on spore output (Kaliaperumal, 1979). During the
present investigation on germination of spores (tetra
spores and carpospores of the four selected species of red
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algae), it is observed that the liberated spores do not
~follow any regular seasonal periodicity in the germination
as reported by N. Kaliaperumal (1979) Subba Rangaiah(1978)

Spore germination and growth.have been shown to be
influenced by environmental factors such as desiccation,
salinity, light and temperature. In experiments conducted
at room temperature with Gelidium pusillum, maximum
germination rate (18.5 %) was seen in controls and the

germination rate decreased with increase in the duration
of exposure upto 45 minutes (Kaliaperumal) 1979).

Germinating spores were found inwgterocladgg heteroplagos
between 15 and 60 minutes exposure periods and in fronds

exposed for more than one hour spore germination was not
seen.(Ka1iaperumal, 1979); In the present study of the
spores easily germinated in the fronds(fertile) kept undere
submerged conditions, than those fronds which were exposed
to air.

In Gracilaria corticata dividing spores were found in

salinities ranging from 20 to 40 %o with their maximum
number at 30 %o andfhypnea musciformis though peak output
was found at 20 %o the rate of spore germination was
maximum at 30 %3 (Subba Rangaiah, 1978). In different

salinities tested with the tetraspores of'gg;;g;Emg
pusillum and Pterocladia heteroplatos germination of spores
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‘was found only in Gelidium pusillum at 20 and 30 %o and the
values were 1.0 and 0.7 %o respectively.

The effect of light intensity on the germination of
carpospore in'§;§g;;g§;a*verrucosa was studied by Jones
(1959 a). Development of carpospores was not observed by
him when the carpospores were exposed to high light
intensities for 4 to 5 hours daily. Spore germination
was also observed in Acrochaetigg endophyticum by White
and Boney, (1969) under 19-420 lumens/sq.ft. (205-4521 lux)
and it was not found at dark and 480-500 lumens/sq.ft.
(5167-5382 lux)Q In Gracilaria corticata and Hypnea
musciformis though peak production of spores was observed
in dark and low light intensity, germination rate increased
from 0 to 1500 lux intensity and thereafter slight decrease
was seen by Subba Rangaiah, (1978). The rate of germinating
spores was high between 1500 and 3000 lux light intensities
in Gelidium pusillum and the values obtained at 500 and
1000 lux light intensities were less than those obtained
in dark. In light intensities above 3000 lux there were
no dividing spores. Similar trend wassnot observed in
Pterocladia heteroplatos by Kaliaperumal, (1979);
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Katada (1949 and 1955) studied the effect of temperature
on the germination of carpospores and tetraspores in
Gelidium amansii. The optimum range of temperature under
experimental conditions was found to be about 24 OC — 26 OC.
Below this range of temperature the germlings developed
slowly but were healthy in general, while above 28 °c the
sporelings died quickly. In lridophxcus cornucopiae the
upper and lower limits of temperature for the germination
of carpospores as well as tetraspores were about 3 O - 23°C
and the optimum temperature was 70 - 15°C (Fukuhara, 1968).

The effects of temperature and salinity on the growth of
sporelings of Eelidium amansii were studied by Ohno(1969).
He reported that the growth decreased above and below
normal sea water concentration and reduction in growth was
more at 25 0C than at 10 °C. Spore germination was not
seen at low temperatures of 10 OC and 15 0C in Gracilaria
pggggigggg and Hgpgea muscifgrmis. Dividing spores were
found between 20 OC and 30 °C and rate of germination was

maximum at 30 OCa These temperatures agree with the
surfaoefiaater temperatures recorded along the Visakhapatnam

003st (Subba Rangaiah, 1978). In experiments conducted
at different temperatures though the values were irregular,
germination rate increased from low to high temperatures
both in.gglidium_pusi1lum and gterocladia heteroplatos
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and high values were obtained at 30 OC and 35 OC by

Kaliaperumal, (1979).

In relation to the influence of environmental parameters
on the germination and further growth of germlings, in

Gelidium amansii was observed by Ohno, (1969)o He showed
that the growth of sporeling decreased above and below the
normal salinity of sea water. In Gracilaria_verruc9sa,
Jones, (1959) did not observe development of carpospores
when exposed to high light intensity for 4 to 5 hours daily.
White and Boney (1969) also did not observe germination of
spore in Acrochaetium endophyticum in dark as well as in
high light intensities of 480-500 lumens/sq.ft. (5167-5382
lux). Similarly Katada, (1949 and 1955) reported an
optimum range of 2# CC - 26 CC for the development of
carpospores and tetraspores in Gelidium amansiis From the
present investigations on spore germination given in Figs.
45 to 54, it may be pointed out that submerged condition
of the fronds, sea water salinity around 20 to 35 ppt.,
light intensity of 500 lux to 3000 lux and temperature
Of 25 CC to 35 0C are favourable for germination of spores
in gelidiella aaerosa, Grgc1;aria corticata,.Q. edulis
and_HXpnea musciformis. Complete darkness, short day
conditions as well as long day conditions were also suitable
for spore germination as observed in the present studies.
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These are in coniirmity with the findings of Katada (19h9
and 1955); Jones, (1959); Ohno (1969); White and Boney
(1969); Burns and Mathieson, (1972). In Gigartina stellata
the optimum germination of spores occurred at 30 %oS and
maximum growth rate at 25, 30 and 35 @o salinity. The
spores did not germinate at 15 %c, but showed some germina
tion and growth at 50 %o as is found in the present
observations made_on the germination of selected red algae,
is given in (Figs. 47-48), which also agree with the
observations made by Subba Rangaiah (1978) on some species
of G$gartinales, and by Kaliaperumal, (1979) on two species
of Gelidiales.

Mode of spore germination 3

The divisions in the germination of spores were observed
in.the tetraspores and carpospores of the three members of
the order Gigartinales studied. Gracilaria and Hxpnea showed
a similar pattern of segmentation of spores In the order
Gelidiales (Gelidiella acerosa) where a lateral protuberance
is seen where the protoplasm from the original spore migrates

into the protuberance and iurther divisions were observed
in the lateral protuberance from which adult thallus
developed. Thus type of spore germination found in
Gelidiella gggggg is characteristic of the order Gelidiales.
It is described as 'Gelidium type‘ of germination(Fritch 1945)



116

In Gracilagig corticata,g§. edulis and_§ypng§ImE§g;;g§Q;§
(Gigartinales) the protoplasm remains enclosed in the
original spore and divides by a wall perpendicular to the
substratum, giving rise to two cells, and then by the
formation of a wall perpendicular to the first one gives
rise to four cells, forming a quadrant. The four celled
sporeling later by further division forms a multicellular
structure. This later on forms a disc-like body from
which rhizoids, unicellular hairs and young thalli formed
This type of division observed in Gigartinales is described
as 'Dumontia type’ by Chemin (193fXtFrmtsch(fl945).
Fragmentary studies on germination of red algal spores have
been shown to be of diagnostic value in determining the
taxonomic and phylogenetic relationships (Katada 1955;
Chihara & Kamura, 1963). Similar types of observations
were reported in the order Gigartinales (Rhodophyta) by
Subba Rangaiah (1976) in the germination of tetraspores

and oarpospores of Gracilaria corticata and Hypnea
musciformis occurring in the Visakhapatnam coast. Studies

by Jones (1959) on Gracilaria verrucosa, Feldmann (1962)
on Corydelgladia erecta, Burns & Mathieson.(1972) on

Chondrus.grispus have confirmed the 'Dumontia3 or
"mediate discalis“ type of spore germination in the above
algae.
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Hgdrography 3

The environmental parameters (e.g. sea water temperature,
salinity; dissolved oxygen and pH) vary seasonally and
this (Conoover 1964) cause some species to disappear and
reappear according to the season and optimum conditions;

Temperature :

Temperature is one of the most important factors affecting
the growth, reproduction and many other activities in the
living organism. The mean temperature of a given locality,
the seasonal and the annual variations do play very
important roles in the littoral, or intertidal to sub~tidal
zones, varying in seasonal and geographical distribution,
pattern of many marine algae. The effect of temperature
on the validity and growth of seaweeds and developing
sporelings has been investigated by several workers. In
Scinaia fercellata and fielminthoclagig purpurea the
critical upper temperature limit is 35 DC to 40 OC.
(Chemin 1937). He further reported that the tetraspores
of Gelidium latifolium tolerated a temperature maintained
at 39 °c for 30 minutes; but the carpospores of
Callophyllis laciniata succumbed at 36 0C after 30 minutes.
Inlgglggggm amansii the favourable range of temperature for
the development of carpospores is 24 0C to 26 OC and below
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24 OC development of sporeling is_very slow, whereas above
28 °C the sporelings die quickly. In Codium fragile the
favourable temperature for spore germination (80%) (Weber

1968) is 22 CC, whereas as at 8 °C there is only 10% spore

germination. Sporeling from the monospores of Porphyra
require a temperature ranging from 60 to 14°C for maximum
germination, (Yendo, 1919) while those of tetraspores and
carpospores of.Qhondrus crispus showed optimum growth

at 15°C aid at 2008 there was no germination (Chen and
Mclachlan 1972). In Gigartina stellata, the growth rate
of the sporeling was accelerated with increase in temperatures
to 19 °C (Burns and Mathieson 1972). At relatively high
temperatures the increased respiratory rates may exhaust
the algal food reserves. If this is prolonged the growth
of algae would be arrested (Moore 1958). In tropical
intertidal zones, one would expect.that during the period of
Row tide emersion, direct insolation causes algal habitats
to be subjected to relatively high temperatures. Only
algae with a high tolerance to elevated temperatures can
live higher up on the shore, hence temperature is one of
the causal factors of vertical zonation in the distribution
of sea-weeds;
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Figs. 55-57 give the seasonal variations in the monthly
observations of temperature, salinity, dissolved oxygen
and pH of the sea~water in the three collection areas
in the vicinity of'Mandapam. These findings suggest that
sea water temperature ranging irm 25.8°C to 31.900,
salinity from 28.28 to 36.25%o, dissolved oxygen of 2.67

;to 6.33 ml/l and pH of 8.0 to 8.7 occurring in natural
environment are favourable conditions for growth,
reproduction, sporulation, spore germination and further
development of sporelings to adult thallus of the seaweeds

Generally the ranges of environmental tolerance of marine
algae are_related to the habitats of the algae in which
they grow. The above findings are in agreement with the
similar observations made by Ohno (1969) who found that

the growth rates of the early stages of_g;g§ pertusa and
Porphyra tenera were maximum at salinities ih the
neighbourhood of normal sea water. In Ghondrus crispus
the percentage of carpospore germination and the growth
rate of the sporeling varied (Burns & Mathieson 1972)
according to the combinedeéfteots of temperature and
salinity.
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Salinity of the medium in which the marine algae gng
algal sporelings grow is one of the parameters which is

considered to influence many metabolic processes in
marine organisms; A given algal species in question
grows best in the medium whose salinity is more or less
similar to that in their natural habitats.

Ohno (1969) in his observations found that the growth

rates of the early stages of Ulva pertusa and Porphyra
tenera were maximum at salinities in the neighbourhood of
normal seawater. The percentage of germinationogarpospore

in Chondrus crispus and the growth rate of the sporeling
varied (Burns and.Mathieson 1972) with the combined
effects of temperature and salinity, but the maximum
percentage of germination occurred at 11 OC and 35 %o
salinity, f-Maximum:-tgyzomth occurred at 19 °C: from 15 %o

to 40 %o, reaching a maximum at 40 %o$, but showed a sharp
drop of zero growth at 50 %o salinity;

In qigartina stellata the optimum germination of the
spores occurred (Burns and.Mathieson 1972) at 30 %o S
and 11 EC, whereas.maximum growth rate occurred at 19 OC
and 25 %o, 30 and 35 %o salinity. A restricted tolerance
to reduced salinities and temperature at 19 50 was observed

in this species by Burns and Mathieson (1972))the spores
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did not germinate at 15 0/00, but unlike Q. crisgus showed
some germination and growth at 50 0/00. salinity.

Burns and Mathieson (1972) have further reported that some
seaweeds could tolerate relatively low salinities under
conditions of reduced temperature. For e.g~, the carpospores
of Gigartigg stellatg, showed germination and growth at
11° C but showed no germination and growth at a temperature
of 19° C.

Salinity has been found to affect rates of photosynthesis
and respiration, It has been shown to affect the amount
of extracellular carbohydrates diffusing out of some algae
'(Foggl1966), In some species of Ulva and Fucus the rate
of photosynthesis is doubled when salinity is decreased
by a third (from 35 0/00 to about 10 0/oo salinity),
whereas some algae e.g,g§nteromorpha sp.,_§ggg§ vesiculosus
and_Egrphyra laciniata, do not show significant changes in
respiration rates with salinity fluctuations, but other
algae such as.§..serratu§ and ggminaria digjtata show
enhanced respiratory rates with decreasing salinity.

In pure cultures of Isochrysis galbana and Prymnesium
Ipgggglug_the amount of extracellular polysaccharides
produced by the algae was increased with reduced salinity.
It is a well known fact that the amount of dissolved gases
in seawater is higher under conditions of reduced salinities
than at high salinities (Raymont, 1963).
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Among the dissolved gases, Oxygen is the most important
for‘hlgal survival. Basically algae are aerobic and
photosynthetic organisms and therefore they require

oxygen for respiration and CO2 for photosynthesis.
From the present findings of the dissolved oxygen in
seawater, it is seen that dissolved oxygen ranging from
2.67 to 6.33 ml/l is favourable for the growth and
sporulation of algae, Similarly pH ranging from 8.0 to 8.7
are suitable for the growth and sporulation and other
reproductive activities in the seaweeds.
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CHAPTER - 6

. §_g;vMARY

Studies on sporulation of four commercially important red
(sea-weeds)

algae (agarophytes) namely Gelidiella acerosa, Gracilaria
corticata,,Qa edulis and Hypnea musciformis growing in the
vicinitynof’Mandapam coast were carried out from October 1981
to September 1983. During the two years of study; fruiting
behaviour in the natural population of these species was also
investigated. Laboratory experiments were carried out with
the four algaeffigwggfilect information on seasonal aspects of
spore production and diurnal variation of spore shedding.
Detailed studies were made under laboratory conditions to know

the effects of some selected environmental factors such as
desiccation, salinity, temperature, light intensity and
photoperiod on spore output in Gelidiella acerosa, Gracilaria
.<.e.c.1;.u.lé-.§. and I_i3z;2.es=.e   data were also
collected from the inter-tidal region around.Mandapam area}:
The results obtained on all the above aspects are presented
in this thesis.

Population of Gelidiella acerosa, Gracilaria corticata,.g:
edulis and Hypnea musciformis occurred throughout the year
ALGE EH5 coast oE'Mandapam. Tetrasporic plants of_the four
species were observed in all the months of the year} During
the period of this study carposporophytes of Gracilaria
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corticata and.§. edulis were seen continuously throughout the
year, while in Hypnea musciformis they were found only in some
months from Aug. 1982 to Sept. 1983 at Pudumadam. But at

Kilakkarai the cystocarpic plants were observed almost through
out the year. Cystocarpic plants were not found in the
population of Geli§;ella_gcerosa.

Maximum output of tetraspores and carpospores were observed

mostly on the first day of the experiment in the four red
algae studied. The tetraspore output decreased from second
day onwards and rhythmic liberation of carpospores with peak
shedding of spores at intervals of different days was also
observed. Under laboratory conditions tetraspore output was
observed for a period of 6-14 days in Gelidiella-acerosa 3
6-27 days in Gracilaria corticata 3 3130 days in.§. edulis
and 3-23 days in Hzpmea musciformis during different months

of the year. Carpospore liberation was found for 6-30 days
in Gracilaria corticata, 10-30 days in_§.‘edg;fls and 2-24
days in.Hypnea muscifogmis during the period of this investi
gation. -Seasonal periodicity was not observed in the liberation
of tetraspores and carpospores in the four algae studied and
also marked seasonal changes were not found in the abundance
of stichidia per gram fresh weight of the plant/thalli in
Gelidiella acerosa occurring at Kilakkarai.
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Diurnal periodicity in the liberation of tetraaspores with a
prominent peak between 2 P.M. and 6 P.M. was observed in

Gelidiella acerosa and there was no change in the time of peak
shedding of spores during this study. A definite peak at one
period of the day in the shedding of tetraspores and carpospores
was not seen in Gracilaria corticata,.Q. edulis and Hgpnea
musciformis and maximum liberation of spores occurred in these
three species from 10 P.M. to 2 P.M.

In the experiments conducted in the laboratory to study the
effect of environmental factors, spore output declined with
increase in the duration of exposure of fruiting thalli in
shade and maximum number of spores were liberated from the
plants mostly under submerged condition. The spore output
varied in different salinities tested, and peak shedding of
spores was seen in 30 %o S in Gracilaria edulis and Hxpnea
musciformis, at 40 %o S in Gelidiella acerosa and at 30 %o S
and 40 %o S in Gracilaria corticata. The optimum salinity
range for peak shedding of spores in all the four algae was
30-40%oS. Peak sporulation was observed at low light intensity

of 500 lux in Gelidiellgiacerosa,_g;acilaria_corticata and;§.
edulis and at 1000 lux in.H2pnea musciformis; Spore output
decreased in high light intensities. Spore production varied
in different temperatures with maximum spore output at 25 0C

in Ge die a acerosa, at 30 °C in Hxpnea musciformis_and at!
25 OC and 30 °C in Gracilaria corticata andgga eduliss
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The germination of tetraspores in Gelidiella acerosa and
tetraspores and carpospores in Gracilaria c0rticata,.g. edulis
and Hypnea musciformis occurred throughout the year in the
laboratory conditions. But under selected environmental
factors in the laboratory, maximum number of dividing tetraspores
in Gelidiella acerosa and tetraspores and carpospores in
Graoilaria c0rticata,‘g, edulis and Hypnea musciformis occurred
in submerged conditions, at salinities ranging from 20-4050,
-light intensity from 500 to 3000 lux and temperature 25 to 30°C.

Mode of germination observed in Gelidiella_gggnq§g was that of
‘Gelidium type‘ and that observed in Gracilaria corticataeyg.
edulis andlHypnea musciformis was that of 'Dumontig type’.

In the sea water samples collected at bi-monthly intervals
from October 1981 to June 1983 from the interfidal gcgion at
three localities in the vicinity of Mandapam, temperature
ranged from 25.8 to 30.7 °c,,sg;;gg;yy£rpnm28.28%o to 36.25%o,
pH from 8.0 to 8.7 and dissolved oxygen from 2.97 to 6.18 m1/
litre. The atmospheric temperature recorded in the area
varied from 26.0 0C to 31.5 0C;
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The present study on sporulation in selected/red algae of
economic importance, suggests that the submerged condition
of the fronds, salinity from 25-35%o ; temperature from
25-30 °c ; low to medium light intensity (500 to 3000 lux),
complete darkness, short day as well as long day conditions
are favourable for spore production, spore discharge, spore
germination, development of sporelings to adult thalli in the
species of the orders, Gelidiales and Gigartinales, occurring
in the vicinity of the coasts of Mandapam.
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