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PR:FACE

The eandidate after passing M.5¢. 4in Genetics and
Plant dreeding from the University of Kerala jolined the
Cantre of Advanged Studies in Maericulture, Central Harine
Fisheries Reseaszch Insti:iute &8s a Senior Research Scholar
in the first bate: of the Ph.i, prograznae in July, 1980,
Jsuring the firet semasterxr, the candidate underwent an
intensive gourse work in mariculiure comprisiag the
following sspects: Blolegy and culture of fishes,
crustaceans, molluscs, seaweeds and live-food organisms,
blochemistry, statisties,; research methodologles, farms
engineering and agquaculture nanagement, The optional
sub ect Ll.2. 'Structure and Reproduction of Algse' was
studied in Jdetall during the second semes:er, uuring
the sase period the candidate alsc passed the gqualifying
exanination conducted by the Cochin University in
Jpcenher, 1931,

The research work for the thesis was started
during the second semestier, GSeveral field trips were
undertaken in the bnckwitert and inshore walers of Cochin
on board the research vessels of the Institute, iuring
this period she alao got faaniliarised with variocus
analytical techaiques comnected with the marine blology



and oceanography work programmes. For certialn

gpaciallised work the candidate made trips to the
snvironmental Survey Lsboralory and seactor rgsearch
Cantre, Kalpakkam. The Liguid Seintillation Counter
avallasle at the &sl was made use of for certaln si.udies
with motabolites of nanoplankters, The oSud faclliiy at

fie helpad in undersianding the nature of flagelles of the
flagellates isolated by the candiiatee In connectlon with
field trials, the candidat: wade triss to Mandapam to
fanxiliarise with the higher algae a.: its cultivailon as

2 part of the course work ang to do feod trials with
oysters at the ne:uly developed hatchery at Tutlcorin, st
sf zhe other facilities wers developed Dy the candida.e o1 he
own Lnitiative 5. with the guldance »f .he sclenilists,
techalcal s-aff and fellow scholars, The culiure Laba

£ar coniinuous culiure was dovelopaed locally and wmodifled
for :he particular regquirements based on a photograph of
the tube used by rrof, Stemann Nlelsen in the Janish
Pharmaceutical Institute, Copenhagun. Ihe wodified version
has got much moroe advaniages in the fact that inoculation

an: saapling could be done without contaminatlone

54milarly the water bath for carrying sut
physiological study under different temperature was designed

an. fabpricated ai the [netitutes It could malatadn



tomperaturs within $0e5°Us Thus many of tho facilities
for tie experimantal wor:s had to be develo ed or
pnorovised locally and I cartaln cases make use of iae
focilities avallable with sister institutions elsewhorve
This involvaed the cowoneration from colleagues and

sci-ntlsts whose willing nels onanled to conlete this

«ort 1 the minlaom noasiole time, e Nave e

individuall ¢ ac znowled ’}@*ﬁ ia “ha followin: o 208
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1o INTRLUCTION

inhe biomass of phytoplankton and primary
productivity in the sea have always been the basis in
the estimation of the relative fertility and potential
fishery resources. Het sampiing was one of :the accepted
and widely used methods for assessaent of population
composition and bicmass. Lohmann (1903) drew attention
to the fact that sn unknown proporiion of bdiocnmase was
los: by net sanpling since the eells of many organisms
wereo too small to be retained, He applled the -er
‘nannoplankton' (more often referred to as the
"aancplankiont) to the autotrophic plankters that passed
through the meshes of fine silk net, :lolligan and Harbour
{1977) rostricted the term is photosynthetic organiems and
used 'danophytoplankton' instead of nanoplankton,

Several schemes have been proposed for the size
classification of the nanoplankton. The maximum size as
vigsuelized by Lohmann (1303) is SC=50p, But later, when
-plankton nets of saaller mesh size became avallable, further
fractionation wae possible, ‘'Some authors suggest ccpiratUM
the very smallest cells (less than 5 microns) as ‘ultrs
plankton’ and t. liamit the nanoplankton o alges not
exeseding 3up' (naymoni, 198u)e Uussart (1963) and



Hennsh and Boney (1983) consider the maximum uimensions
to be laess than 20p.

Irrespective of size the nanoplankton includes
algae from different classesi Chrysophycease, Haptophyceae,
Prasinophycease, C hlorophycese, Uinophyceae, Bacillariophyceae
and Cyanophyceae, In structursl organisation they may be
naked flagellates, thick walled diatoms, dinoflasgellates,
silicoflagellates or soccolithophorids and cocecold forme,.
The life history and structur: of many of ihene have Deen
studled by inves:iigaiors such as Parke, udanion, Green,
Passche, Uodge, Soney and Sernard,

The eontribution of nanoplaakton to ithe srimery

productivity of the seas has been :uch investigated

{ef. Raymont, 198L), idost of these works show that the
| contribution of the nanoplankton fraction in terms of cell
numbers, chlorophyll g content and carbon fixetion,
whilst variable, represent sizeable proportions (Sue=ilOx
of the total) irrespective of whether these data refer to
polar, ;aap&zaza or tropical seas, Some invegtigators
point out tha: nanoplankton doainate the oceanic waters
and in low latitudes while net plenkton are abundant in
the neritic waters and high latitudes,

For temperate watsrs it has been suggested that in
many areas, nanoplankton becomes important after ithe soring
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diatom outburst (Hdolligan and Harbour, 1977), Flagellates
of less than lup have been reported to form a stable
eomponent of tha. Seotland Seas Coecolithophorids sbound
47 some seas, though minute diatoms are also not excluded
{sollier and durohy, 1962; deers gt alss 19793 [hrondeen,
1376).

Nenoplankton population of warmer seas have been
found to be significantly highe Hulburt, dyther end
Guillard (1965) estimated thaet in the Burmuda Hegion the
nancplankton population was at least hundred times denser
than the lerger phytoplankten. Further studies on the
nanoplankton of the tropical waters have been done by
wood (1963), Tundisi (1971) and ialone (1371la,byc) to
mention a few, Saljo (1964) did the size fractionation
of ihe Indlian Ucean phytoplankteon, e observed that the

more Lo the productivity compared to the larger net nlanktons
Usvasey and dhattathiri (1981) reported that the
nanoplankton chlorophyll a averaged i, 34 ag/s3 8s agalinat
{83 mg/ﬁa far the net plankton in ithe Andaman soa during
the year 1979,

Subrahmanyan (19959) and Subraaanyan end Garma (1969%)
did the ploneering studles on the nanoplankton of the Indlan
eoant, These siudles showed thst in the south west coast
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near Callicut, sbout 308 of the standing crop was due
to the nanoplankton fraction. They did not observe any
seasonal trends in thelr occurrence,

qesim g% als (1974) reported that in the Cochin
backwaters the relative contribution of photosynthesis by
nanoplenkton varied from 45961 while that of net plankton
was only 4=53% of the total production, The smount of
asnoplankton chlorophyll rogistered higher values throughout
the year, However, during the monscon and premonsoon
E,Iﬂﬂihi; the net plankton sgeurred in higher numbers, In &
%,tlﬂilar study in the coastal waters of Cochin, Vijayasraghavan
7;;,;}, (1974) estimated that nanoplenkton contributed 66e4:
of the total productivity,

; The dynaaice of phytoplankton growth in natuxe
depands on the behaviour of individusl speciese (he latter
gan be understood only by laboratory studies on unialgal
gulturess Miquel (1890) was smong the ploneers to inltlate
the gulture of microalgse. Adequate mmounts of nitrate
_and phosphate added to filtered sea wate: wes used as the
‘ﬁaiiaketsnth medium for phytopxanktcn.

Pringshein (1946) has sumnarised the history end
procedure of phytoplankton cultures in the 199G,
Provasoll, Uroop and others modified the culiure medis



by adding trace elements, chelating compounds and

vitamine (Provesoll gt gl,, 19575 Provasoli, 1793

Uroop, 1954,19388,1961a,b), The mineral requirements of
algae were further reviewed by lLewin (1962), O'Kelly (1968),
Stedn (1973) and Stewaxrt (1974),

dany axenic cultures of phytoplankton were
develope: using such enriched media. About 5.. of these
were diatomes end dinoflagellstes an: the rest couposed of
small green flegellates (Chlorephyceae, Prasinophyceas,
Zuglenophycese ), golden brown flagellates and coc¢colithophoric
(Chrysophyceas, Haptophycese, Chloromonadophycese),
sryptomaonad flagellates (Cryptophyceae), red algae
{Rhodophyceae) and blue-green algae (Cysnophycese). Some
well known specles in culture are: _kgletonsma ¢ostatum,
Anshesna sviladrigs, hmm W Heoechivais luthexd,
Ghlegells exzencidess snd punaliells farticlestss

ihe cultures are ri&ud in the labotatory in a
1imited volume of the medium inoculated with a small number
of cells and exposed to sultable conditions of light,
temperature and seration, These bdatch cultures are
s&i’atdmé by periodi¢ reculturing,.
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For saperimental purposes aany investigastors make
use of continuous culturess ihese are of two typess
Chemostat culture (sonod, 1994 Noviek and szilard, 195)
and ‘Turdidostat' culture (iyers and Clark, 1944),
Synehzonous gultuzes are also used in experimental studies
(famiya g% 8lse 1953)

The culture eollections of phytoplankton have been .
used %o study many basic processes relating to photosynthesls,
growth, algel phylogeny and biomass estimates, Experiments
with algal cultures dve providing clues to important
scologlieal processes such as suc¢easion patterns, mechanisn
of phytoplankton blooms and many other phenomenon of basic
importance to plant productivity in the sea.

In the 196U's ihe idea of single cell protein (5C@)
was mooted, The Iaternational Blological Programome ( IBP)
clearly stated thet ‘Investigation should be garried out on
those unused and little used nlant and animal products
which taight be converted into nutritionally exploitable
materisls by biowongineezing technigues', lcroalgee was
fdentified 88 & rich source of 3C/ and consequently large
scale production of different species was undertsken to be
 Ancorporated into human food as well as cattle and poultry
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In nature nanoplankton is the source of food for
the minute zooplankters and cthe larvae of many aquatic
animals (Atkine, 19453 Thorson, 195.; 3Zeers and Stewart,
19693 Parsons and Le Brasseur, 197G), Hence these
microalgac are used as livesfood in rearing the larvae of
fish and shell fish in sguaculture practices. ihough
in natursl environment they feed on a variety of organisms,

in culture systems only a few specles have been found

successful. Jlatonms such as jkeletoneas, .hasieceros,
shelessiosirg ond jitxachlig are known to be goed food for
Crustecea (Kinne, 1977)s sy (197U) and Lasker g% al. (197.)
have reported success in growing marine fish larvae on algal
diet alone, The larvee of the bivalve molluses feed and
grow best on nanoplankters especially the anaked golden

brown flagellates (3ruce gt ale, 19403 Guillard, 1938,
Halne, 1963,197.,1974; keles, 1373),

Hecently microeparticulate dilets haw gained some
progress in the reering of bivalve larvae, 3ut maay authors
opine thai livewfood is superior to noneliving diets ani the
former is still being widely used in hatcheries (.irasek 9% glss
1977 Kinne, 1977)s As such, the culture of nanoplankton
remaing a necessary component of molluscan hatcheries,



The alcrow-flagellate [gochryvais qalbana Parke
i used to pear the larvae of mollusce in the laboratory of
CiFRI, The nutritionsl value of this flagellate is well
recognised (ef. Loosanoff and Davis, 1963). DBut, L. galbana
is a tenperate strain the growth of which is retarded above
229C (Ukeles, 1961)s So mass cultures of L, galbang is
quite unstable in the iropical climate, ilence the need to
isolate tropical strains of nanoplankters that could be of

uss in mariculiure,

Thore has been a few attempts in the past to isolate
nanoplankters fron the Indian walers, Samuel (197.)
¢ollected nine specles of nanoplankton from the seas off
Cochine Studies on the culture and growth kinetics of a2 few
species have been attempted by idair (1974}, Vijeyarsghavan
2t Ale (1973) and Gopinathan (1981). But there has been no
comprehensive study on the gulture of nanoplankton in
relation to its food value,

50 these investigailons wore initiated with @ view
to isolate strains of nanoplankton that could be of food '
velue to bivalve larvee aad to study ihe growth requirements
of these algse in culiure, This has been presented in
deteil in the six chapiers to follow, The introductory
chapter oxplains the relevange of the work together with
the litera:iure review, Chapier 2 gives 3 taxonomic account
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of some.nanoplankters of the Indlian coast including the
present isolates, <Chapler J presents an exhaustive
deacription of the materiasl and methods adopted for the
study, The resulis of the various exneriments on growth
and other physiological activities are presented in

Chaptexr 4, Chapter 5 deals with the mass culture and food
value of the two microflagellstes isolated during the
period of investigation, The e¢oanclusions arrived at by the
study are discussed in Chapter 6.

Growth kinoticss Literature

Iiteresture on the growth kinetics of unicellular
al;se in culture is volualnous (cf, strickland, 196.;
Fogg, 1975)es In bpatch cultures unuer sulisble conditions,
the microalgae grow and multiply rspidly in a sequential
mannar, Thus 4t is posslible to ohbserve a lag phase,
exponantial phase, statlonary phase asnd death phase in
such culturess Lag phase has been detailed by Fogg (1944},
Gerloff gt gls (19%0), Spencer (1954) and iberly (1967),
The exponential or the logarithalc phase produces the peak
growth after which the growth rate decresses and staiionary
phase deqins, The stationary phase may be maintained for
soveral woeks before decline sets in, The durailion of
thege vhases, however, varies with the speciees and :the
prevalling environmental conditions.
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There is no singls parameter to measure growth of
unicellular aljae. when cell auaber is known, the rate of
doublings per day is often used as a useful index of growth
{ippley anc Strickland, 1968), sSpecific growth rate ( $)
or the relestive growth constant (k) and generatiocn time {tq)
ara alsc useful parameters for measuring growth {(iogy, 1975)e
The growth rete is ususlly calculated from eell numzber, cell
carbon, or the auouant of chlorophyll 8. Values of relative
growth retes for different snecies in culture have been
suanarised by doogenhout and Amesz (1965}, Thus a study
oi growth kinetics envisages different aspects such ag
population density, the pilmants and cellular composiclon.

in regular ogesncgraphic analysis the phytoplankton
bilonass 1s often Jetermined as photosynthetic nigments.
Anslysis of the sane by spectrophotometry has been populacised
by dlchards and Thompson (1932) and Persons and Strickland
(1963)s In the 1960's chromatography Lecsae widely used for
more detailed analysis of the algal pijments (Jeffrey, 1951,
1965,1963). These studles have shown that algse gontain
three basic groups of plgmenis namely chlorophylls,
carctenoids anu biliproteinse Thesa fuaction as photoreceptors
An photosynthesiss The distribution of those in the various
algal taxa has been ascertalned by separating the couponent
pigments on chromatograms. At first, paper chromatography
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was used to separate the ghlorophylls and carotenolds of
marine algee in culture (Jeffrey, 1961,196%) and sea water
sanples (Jensen and Liasen Jensen, 1939 Jeffrey, 1974),
Further, microechromatogranhic technlques were developed
which needed only small swounts of the macecial and gave
rapdd and good resolution of the components, Investigators
like iiley and wilson (1963), Hadgwie: (1963) and Jeffrey
(1963,1974,1381) employed the thin layer technique to study
the algal pigments, ulifferent adsorbents and solvent
systems were used by these suthors so a3 to get maxinmum
resolution, |

The solar energy trapped by the nignsnte s used to
produce organic maetter which further is partitioned bdetwseen
proteins, carbohydrates and linids ani within each of these
8re numerous organic substances. Some dats are given dy
Spoehr end ilner (1949), uyers (1949), Parsons gt gl. (1961),
lowin and Guillard (1963) and ‘dyklestad (1974), All thesge
workers point out that the misroalgae are malnly protein
synthesizers. According to Goldman (198.) a baslenged
autritional state produces sbout 5u=bUx protedn, Juwdu.
Garbohydrate 8au 1li=20» lipids. However, prolonged growth
under nitrogen deficlency cause synthesis of lipids or
sarbohydrates at the expanse of protein. The changing
proteilnmcaraohydrate raﬁia during batch growth has been
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studied by Fogg (1999) and Healey (197%), Reviewing the
development of the work in the fileld sorris (1381)
concludes that hesides the general similarity bDetween
specios in the relative smounts of crude protein, lipid
and earbohydrate there exist important differences as
function of spoecles and ecological conditions,

Another integral component of algal photosysathesis
" 43 the releasse of organic metaboliies iniu the surrounding
‘medium (Foggy 19793 Lague 9t fles 198U)e towever, ihere is |
1ittle agreement on the relative amounts of the naterisl
reloased (Hellebust, 19633 uat:, 1966 Fogg, 19664 Thomas,
1771)s The expon=ntlally growing cells aay rﬂleéac fromn
1% to 5un of their photosssimilated carbon while cells in
189 or stationary phase rolease more (cf, :lellebust, 1974,
The variation in the rate of excretion has been attribuied
to different factors - physical, chemical and blologlcal
{Guillard and Wengersky, 19533 darker, 19653 Fogg, 19663
Saavel, Shah end Fogg, 19713 #illisms snd Yentsch, 1976).

% The method of estimation of thae extragcellular
'gagaﬁutts (4CP) employed by these investigators makes use

%ﬁ& the carbonels incubastion method, The corbonel4d incubated
%tlagita are filtered snu the organic fraction in the flliraW
(2CP) 1s determined with the aid of Geiger Counter or
: i¢iﬁ§iilItioa Counter (ef. Vollenweider, 1974},
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Apart from these central features of growth and
photosynthesls the physiological ecology of microalgae have
been much discussed, ihe algee in goneral show high metabolic
diversity. This allows extensive variablility to be
superiaposed on the basic processes, The nature of this
variabiliiy 4s regulated by the eavironnental fectors and
the physiological state of the organisa,

In nature phyioplankton populations are subjﬁet to
a variety of factors like 1light, temperature and nutrient
fluctuations scting simultaneously, ‘tiature has normally
established an equilibrium between all the factors governing
ghétapianktaa production, The incidonge of an? sne factor
becoming limiting in such systems is only occasional,
However, in culture systans single factors like 1light
iatensity, nitrate or phosphate concantration can become
liniting resuliing in growth arresi, This has been
$1lustrated in experimental cultures (ef. Fogg, 1973y
 Stewart, 19743 Platt, 1981).

Soler redliation was early understood to be a prime
factor in photosynthesis (cf. Rabinowitch, 1951}, As such,
in<praduetivity siudies the euphotic zone anc light =
photosynthesis xelatisnship galned importance., Talling
{1997) iatroduced t&a term IK to describe the light
-Antenaity that marke the onset of saturatisn of photoesynthesis,
~ "his saturation level has been defined for & number of
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specics (Stesmann Hielsen and Jengen, 19373 3teemann iiclson
anu iHangen, 1999,1961; .iteensnn ilelsen anu Jorgensen, 1962,
13568a3 Jorgensen, 19364,17693 Steomann ilelsen and <illemoes,
1971).

fhe algel growth and specles commetition in culture
g /stems and natural ecosyssiens is also a fuacticn of
teaparature, Ippley (1972) has discussed in detpll the
effaoct of temperature on phytoplankien growih rates, e
foundi that (here is a gradual an: exponential Llacrease in
the specific growth rates with incroeasing temperaiure upto
4%, He quantified the tomperailure « growth rate
reletionship in ierme of élu. dowever, this ruspoase o
teoperature aeed not be dirzect, in fac:i maay authors
have tried to find out (2o comblned effect of te.nera.ure,
light, salinity and nutrlasnt status in axenlc cultures
(cfs ippley and Strickland, 19683 stewart, 1974). Goldnan
and Carpenter (1974) correlstes tne effect of temperature to
nutrient concentratiun in many fresh water and marine algae,
fiedalje and Laws (1383) has illustrsted in IThalaseiosiza
2lanil Takeno that the effect of teuwderature and nutrients
interact to govern how a particular naranoeter like protein
content vary with teasperature wrlle light affected the range

of thegs valuesg,

The kinoitlcs of ustake of nutricnts anu the relatisn

batweon nutrlient uptaxe and growth of oh.teplsncion nas
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received much sttention. The results of Ketehum (1933)

and Harvey (1957) indicated a hyperbolic relationship between
the rate of uptake of nutrients and the concentration of the
sams in the madiume Ougdale (1967) and Jsperon (1968)
established tha: the rate of uptake of a limiting nutrient
and the specific growth rate are rolated to nutrient
cangentrations in She medium in a way similar to that of the
i“ichasliseienten relation of enzyme kinetics, Further work |
on this aspect has been done by Eppley end Coatsworth (1968)4
Epoley and Thomas (1968)p ippley, Hogers and .cCarthy (1969);
Croop (1973)3 Qasim gt als (1973); Goldman (1377)3 Goldaman
and dcCarthy (1978) and selarthy (1951).

The nutrient reguirement of & specles 1is axprassoﬁ'
in terms of halfesaturation constant(K;)s It ie defined
88 the concentration supporting half the maximua growth (Ku)
or half the maximum uptake (K.) and is calculated using the
#onod expression (Monod, 1942), iost of the research in
this line has centred around the kinetics of uptake of
altrate, phﬁsphatt, sxmonium, silicate and vitanin 312.

Other than light, temperasture and nutrients,
phytoplankton of coasteal waters 18 subject to high
fluctuations of salinity, pil and meany other factors dus to
land drainage an:. other Mmman sctivities, The salinity and
pH requirements of marine algese have recelved attention of
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certain investiga:ors (.roop, 1998a; scLachlan, 1961)

soeder gt Ales 19665 Cesim g% 3les 19725 Hajunder gk ales
1980)s Cells of Dungliells salina sre found to respond
drestically to the changes in salinity by chaenging the
pigaent content {Loeblich, 1982), Thus Livestigations on
microslgae have envisaged all aspects of growth and
assimilatory oroducts in connection with their eco=physiclogy.
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e waters of Inils sulfadle for

The diatoms and dinoflagellates of the Indlan waterxs
ar: well documented {denon, 1945) Subrahmsnyan, 1946,1953a,
1352,1968,1971; Subrashmanyan and Sarma, 196.,1963%3 .lair,
1953,19603 Gopinathan, 1973,1981)s Those woris deal mostly
with the net plankton, ixcept for a few reporte inforametisn
on nanoplankiton is scanty, Subrahmanyan and carms (19635
identified 38 species of nanoplanktiers of which 27 are
diatoms and 26 dinoflagelletes, Tho remaining ace specles

Sarma and Khen (1982) have listed

som:2 nanoplankiers reported from the In.lan seas which agsin
iasclude mostly distoms and dinoflagellates, .iine apecies
of the snaller manoplankters (less than 20 microns) have
been desecrided by Samuel (197G)e A few anecles have been
isclated from the coastal reglion of Cochin and is avallable
in the culture collections of CMFiI, In order to present

8 complete nicture of this study, the iaxonomy and salient
feazures of tha' saaller nanoplankters occurring in Indien
wa.ers are included in this section, soc as to provide

informailon on the specles sultable for culture of liveefood
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in hatchery development, Only those speclas below 2U
microns in size are llisted here; all ciatoms, dinoflagellates,
cnein forming end colonlal types have beon omitted.

Clessification

Algal aystematics has been subjected to much ¢hange
since the time of publicatlon of the exhaustive work on
algae by Fritech (1935,19453), .iany taxa had been reshuffled
and a few naw groups created dased on advanced studies,
fecent revisions of zlgal systematics arc provided by
Christensen (1962), Parke and Uixon (19758), iold anid synne
{1778) and many others. A

The classificetion followed here is ihat of Parke
and ixon (1976).

CYAUPHY TA

OV ANUPHYCEAL

S OUUCCAL S

Chroococceceae

Sauvagesu, 1892

Sauvageau, C. 1892, 199 recelt. 91 Algeries Bulle S0
dots Lraonge %&.

Feitech, ‘oZ. 1935, Jtrugtuxs and deproductlen of ihs Algags
?Qloigg ;5.314; ’

Jesikechary, TeVe 1959, Cygngoohvyta, peldd,
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Spherical cells ususlly single; sometinmes occur
in two's or rarely in colonles of & fow celles o

distingulishable muclilage envelope,

- gistrisutient ihe genus oecurs as plankton in the fresh
and marine waterss The genus 13 also reported %o be

eplizoic on ascldians and within mangrove rools,
Key to the specles

1} Spharical cells, solitary oz in

two's and no characteristie

motility, eoe e pevalekil Geitler
2) Solitary, spherical cells with

Jerky movements eee s S8ling <islouch

Syneghogvatls pevalgkil Geltler, 1932

Geitler, L. 1932, Ekrypto Ele Do 269
Jesikachary, T.V, 1959. W Pe 143,

Spherical cellsj somelinmes two tojether and appear
homlispherical after division, The cells neasure 293,55,
in size, ihe cell contents 1s bdHluish gresn and homogeneous,

ghatribution: The species is reported froam the fresh waters
~ of dsdras, Jelira Lake anc Ceylon by Uesikacharys The strain
~ evelilanle in CHFRL culiure collection was lsolated from the
 Goastal region of Tuticorine
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Syasshocyatia saling Wislouch, 1924

Wisloueh, Seile 1924, Actl m Bote D2R1se 2% 9%

Geitler, L. 1942. 3ghizop! ) gga*gg;f;,a;; Lie
Lund, JeHeGe 1950, W London, §J31 143148,

Small spherical celle of ciameter 3p with bluleh
green colour. Sometimes occur in two's. The species is
enaracterised by the jerky movements of the cells.

yistzibytiont [he epecies was isolated from the coastal
raglon of Cochine

CRYPIUPHYTA

CRYPIUPHYCEAE

CRYP TUMLNADALES
cryptmmdmu

' 3 Paseher, 1711

Pascher, A. 1911, Ber. Deutch, Geas dgd., 221 139-203.

‘Feitsch, m. 1933, £e aad Repreduction of ihe Algas.
Volely ?;Q
Plerre P, Grasse. 1%3. Ixaite o9 soolagie, 285308,

Sutcher, Aelis 1992, Jo mare Rioks AR8s Uskes 3)¢ 185187,
Samuel, S. 1970. J. maks Bials Aas. Indias ]3¢ 30=42,

Motile naked cells with slight dorsoe-ventral
fi»]uaatriseticm A narrow furrow extente from the slightly
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constricted anterior end ts the posterior part, Ihe
flagellee are of unequal length, <C{hromstophore single,

two or auRerous uttti diverse shades of brown,

uistribytions DLlstributed in the cosstal seas of both

tasperate aid troplcal waters,
Key to the specles

1} Uvold cells with a vertical
furrow running down toc the
basal pyrencid . ees 5o fulva Sutcher
2} (veid cells with a2 shallow
furrow exteniing upto the
cantre of the cell, Fyrenoid
subenedian in position ees S Vireggens Suicher

GEvptochrysis fulvs Butcher, 1952

Buteher, Reiie 1992, Jo RaEe Rlcle ARSe UYsliss 31t 183187,
Samsuel, Se 197C. J. nais Riole Asas India, J21 35e42,

Motile naked flagellates measuring 6-8x3-4u, The
colls appear oveld in dorsal view, The apex is truncate
and posteriorly the cell tapers, A vertical furrow exients

. from the spex to the pyrenoid which is posterior in
. position,

| The moilile cell or the resting ¢ell divides
longitudinelly to form dasughter cells. Palmellodc stages
‘;” OECUr, )
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Jigtpibutions Found in the shell fish tanks of Lonway,
Jorthwaless In indla it has been reported from the west

codsts
Cxyptoghrysis vizescens dutcher, 1952

Butchery atis 1932, Jo @Bace Riole Ase JeKey 313 187,
Semuel, Ss 197-. Je maEs Ricle ASSs LDdia, J2: 39=42,

Cells measure S«Ta3e=4u in sizej ovold with a
convex dorsal side and flattened ventral side, A snallow
furrow runs down lateraslly from the anterlior end to the
centre. ‘here aro two flagellse that are unequal 1In leangth.
Uhromatophore single, large, bluish green, sucoth and almost
fills the cell, {here {s a single large and sub~median
pyrenoids

Reproduction occurs by the longlitudinal division
of the mo:ile ¢ell into two, Palmellold stages are also
reported, )

disscibutions The species is reported from Lhe river

Crouch, EZssex. The Indlan report is froa the Cochin coast.

HAPT LPYTA
HAPTOPHCEA:
ISUCHRYSEDALES
Géphyrocapsaceas
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Parke, 4 19474 e B8Ke Dloke ARSe JeKes 281 255=286,

Sonrtniii. ggﬁzgﬁst devigw Algelodlaus .egodle Horfe RIAS,
o #£&fe

Semuel, 5. 197C. J. 3aks bigle Ass. Joula, 12: 35-42,

Gresn, .}éi:. ;ﬁﬁfvﬁ.é. "lenaare 1977. Jo 28%. BRiols 483s dales
] - -

“alls solitery, soherical a:d golden brown in
colour. Two flagelloe of equal lengih, Asexual reproduction
by iha division of the motile cells, <J{ysts are also
reported,

Zistpibutions reported from the coastal waters of iHritain
and urope. In India 1t has bDeen collected from the
Lagcadive sea.

Ziszateria gilva Parke, 194

Parke, 4. 1947, Jo ARLe RIGLe A8Re Uefes 2.8 5Dw2id,
Sanuel, 5. 1970, . pare Riels Asse Indle, J21 3542,

Biflegellate spherical cells measuring about
3.5Tu in dlanetec. Two flagella of equal leagth. There
are two golden brown chromatoshores that ars parletal ia
position. The rest of the c¢cell 1s occupled by <ne nucleus,
" Jeugoelin, oil bodies and contractile vacuole.

The specles is characterised by the spherical shape,

slow rotator; movements an. the absence of stigmae. As the
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¢olls grow old, the number of chromatophores and leucosin

1%“”&;

seproduction tekes vlace by the binary fissi:n of

the cells, C{ysts and palmollodd phases al=0 occur,

t +he specles was filrst reported froa the

plankton samples taken from the Plymouth Jound, Jdritaln.

The Indian strais wos found In the Laccadive sea,

isochryslidacoase
Parke, 1949

Perke, e 1949, Jo mALe BiOLe ASfs UsKes 2§t 255285,
321laxd, Ty and P, Gayral, 1972, | Shvegle es 1t
et 2. yrale o 38 209GALe Ze» 2

Green, Jele and Hede Plonsare 1977. Jo 38rs Riole 588 Ueley
228 7-17:

514ghtly elongated motlls cells with g cazacity i
ehange shape, .wo smooth splcal flagella, ongce to twice
the length of the cell, The motile cell has haptophycean

scales on ths cell surface, 3enthic phases occur usually.

Zisieibutions The genus has been rencrted from the fish
ponds of iritalin, from below the chalke¢liffs of the irench
anc dritish coasts and from the shrlap culture ponds of
Tahits,
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Jaochrysis galbaas Parke, foima nova

CHFRL Culture Noel2: Isolated from the inshore waters of
Cochin on the west cosst of India in .ovember, 1981,

4otile gell
Langth = 12eldp
Hresdth = Swbu

Length of the flagellun = l4u

Goldenwyellow flagellaste moving actively. The
cell is slightly elongated and compressed, There is
marked ¢apicity to ehange shape. The cells are surrounded
by a thin mucilage layer.

Two flagells of equal length arise from the
anterior end, They are visible feebly in the light
microscope as two stiff hair like structures directed mway
from the body, The two are equal in dismeter throughout
their length, w~uring movement the flagella axe directed
forwsrds with the body rotating and gyrating in the course.
IThe dry specimens obaerved under the electron microscope
showed 8 knod like haptonema in between the flagellae
_‘(?1a§a ile

There is @ single chromatoohore that is goldenebrown
n colour and parietal in position, :mbedded in the hase of



EXPLASATIUN WF PLATE 1

Figsel=4, Japchzvsis gelkens foima Qova
Figele voung motile cell viewad under light
K )a

microscone (x .

Flie2e scanning electron microgranh of youn; motile
cell (x 6G0C)s hy haptonemag f, (broken)
filagella,

Filgs.3-4, Reproduction in the palmellold phase
{fi0e3, & 3204 £1iQed, X 640 ),



PLATE
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the chromatophore is the pyrenoid that esppoars as »
part of the chromatophore,

The young motlle cells show a median red body,
In olderxr cells three or four of such round bodles are
ohsexved, The nucleus 1is median in position,

ihe specles show phototactic response,though a
¢lear stigna has not been found, At the posterior end of
the ¢ell leucosin body is prominent, GSmall oil drops are
distributed throughout the cell (Plate III),

Asexual reproduction o¢curs in the youny cultures

by the longitudinal division of the motile cells, whon
'?cﬂltarca are two to three months old, the ecells bagin

to settle at the bottom of the culture vessel foraing a
layer at the bottoms The culiures on examination was
,',;..,',g to contain non-motile ¢ells eabedded in a thin
i»llyir:ot mucilage (Plate 1), It is inferred that this is a
- forn of reproduction in palmelloid phase. These spheroidal
ii;&dividuaio have large masses of leucosin and iwo to four
. ehmomatoshores. Host of thess cells are observed to be
1a°the division phase with or withou: completing the
eperation of the daughter cells (Plste iil)s un fnoculating
Tf§a fresh medlium, all thess nonemoille cells completed

;iyiciea. developed flagella anu becane active, oLivision 4n
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the nonemotile phase have been reported oy arke (1949)
for L. galbgage ‘towever, cysts as observed by Parke (1949)

was not obtained even in 6 month old gultures.

The particulars of the present strain agreos with

that of the genus [agehrrsaige [hree spacies of Jlgochrvais
are roported of walch L. mapitiag anc L. littozalis are
distinguished by 'he sdbsence of hapionena and the duminant
panthic phase (3illard and Gayral, 1972). 48 revealed by
the 58 study, the present strain has got the much reduced
haptonena sinilar to L. galbana, Perke, ine new Lsolate
has alsc been coupared with the live cultures of L» galbans.
parke which is asvailadvle in L.Fil culiure collectiions ihe
charscteristic capacity o change® shapd, the cominaace of
motile phase, th: single chronatophore am the absence of
well defined sti ma supports the sssigning of the present

strain to L. galbangs

| " However, the present strain ciffers from [. gelbana-

Parke in ths cell dimens lons, fhe latter messures Sebu

ia lengih, 2=4; in breadth an: the flagells Tu 4a length
~whezeas the gr«:&nﬁ stralin is almost double the size,
 Mereover, ls galbang is purely a temperate water specles
,;ikilf the pressnt atrsin is tropical, A similar flagellate
k‘i; geported from the tronical waters of Tahitli designated
;jzazsm (JeLe ‘artin, Centre Uceanologique Lu Pecifiquey
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© .personal communicaetion), The ultraestructural aspects of
 these tropical strains have not beea carried out, So the

;‘psottat sirain is glven the designation, ;. galbena forms
_ BRYA® pending addi:lonal studies,

- Blatpibuiions The specles is reported from the fish ponds
of Port frin, Uske The clome (=i was ilsolated from the
1aj00n water of Tshiti, {he present stirain in the cul:iuce
gollection of CiFil was feolated from the inshore region
of Coghin,

CHAY SUPHYTA
CHAYSUP Y CLAS
| CHdus LLAALES

whromulinacoae
Glenkowski, 13870

3 mﬂmki, Le 187Ce Azghs mikroskops AldLes gl 421433,

| Conredy wo 1331 dams e Hous Ulate Mate delidaue.,
i;§¢ezs¢xxg Pe 19638, Lag g;i¥§g ,
‘iu'. i _.,K,"x!'f iU e ’
re bruneg, chrysophygees, Xa
ﬁﬁ;ﬂ; HoCo and HolJs ﬁym. 197&:
: Stxugture ani fe ;

Tells solltary, free swinming, Jells are naked
with no well Jdefined for:s There is a single pleuroneaatic
LUne or wo chloroplast present,

- *ﬁt:aaft&z reforred to as ﬁllﬁfaﬁ {Ces)
| mesning lachrvels galbens’ (Sochin 'sirain)



29

About 12 specles are known., The specles are
distingulshed by .he praesencs or absence of siigmas and
pyrencid, structure a.¢ formation of cysts or nuabor and

forn of chloroplast,

2iatzibytiont The genus cecurs both in freshwa.er and

marine hanitats.

Jofls 1923
Doflein, ¥ 1723, Arch. PEpotisteni., 45¢ 267,
Fritech, FeZe 1933 Strugture gnd Aepreduction of the sLldase

Volely Do 312,

Ge ::g&§¥§§§a!$"iﬁﬁFni culiure Hosllly Isolated from the
‘ hore waters of Cochin in August, 1981,

datlle cell

Pleneter w 1l
Length of the flagellum = 23

Cells sphercidel an: moiile with a smooth
periplast that permits only slight changs of shapaes flhe
e9ll has 2 thin layer of mucilage formin: a halo arouand it.
A single flagellun arises aplcally. 4s showa by Ltho
slactron mieroscopy, che flagellum ends in e duld like
expansion . Plate [I)s o evidence éf ¢cllia wes chtained
in dry specinzns, T[he live cells move slowly 1in a2

rotating mo:lon with active forward movement occasionallye



EXPLANAT IO wF PLATE 1D

Figse.l=5. ghrouulina frelburgeisis
Figels Young motile eell viewed under light

aicroscope (x 15.0),

Fige2e blﬁer motile stage showing the mucilage
' envelope (x 153C).

Fige3ds Scanning electréﬂ microaraph of young
motile cell with siretched flagella
(x 35.0)e

Flje4. scanning electron micrograph of young
motila cell with the flagella bent upon
fteelf (x 35.0),

Fige.9=06, #Haproductive phage in six moath old culture
a~owing dividing cells end cysts (Figed,
x 32ug FlgebH, x 545 )e
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The single cup-like chromaiophore is golden-brown
in colours ihis imparts ithe characteristic colour to the
culture, At the posterior end of the cell, in the cup of
the chromatovhore lies a lump of leucosin, Pyrencl: is

found as a2 rounded protrusion within cthe chroaatophore,
“Ine singl: nucleus is displaced to the enterior end
(Plate 11i).

ihe species shows phoiotactic response, & rod
- goloured stigna is visible along the anterior edge of the
. shromatophora, There is a spherical body at ths base of
 the flagellun that apnears granulare A few membrane bound

-~ bodies cecur randosly in the ecytonlasm,

Asexual reproduction occurs in :iie youn; culiures by
?jtgn division of the motile cells, In cultures that are
;;gvt: 2 month oluy nonwmotile cells are found to settle down
;gggyaiag a mal-=1like layer at tho botto: of Lhe culture vessel
%f(?;ggg Il)se ihese noa-motila ¢ells have been cbsarved to

- divide iato two or four cells that remain tojether bdefore
xh&iﬁg released, These none=motile calls are sometlimes
surrounded Ly muclilage, Culiures that aczs gtill oluer,
showed ¢ st foramations The large nonemotile ¢:ll divides
fnto two within the c¢yste The cyst is almost ovold in shape
with soooth outer wall and the plug reglon ralsed above the
ace (Plate Ili),



EAPLAIATLL Y WF PLATE 14X
(Figselwll, x 15.0)

“lgsel=3s lIgoghivalis galleng (Ces.)
Flge.le=2s Young motile stage illusirating the ‘
variation in shape and positicn of the ?
chromatophores €, chromatoshorog ;
1, leucosing n, nucleus; s, stignaj

vy vosicles,

Fi 18, 3e5, Repraduction in palmellodd phase,.

Filga,Hwlise
FL360 Younyy motile cell illustrating the

internal structure. ¢, chromatophorej

1, leucosing a, nucleus, @, stigna,
Flgs.7=8, Cell division in ine non-motile shase, |

Flised=lie Jyst form ilon in older cultures,



PLATE 1l




n

f; Based on the observation thst the present strain

hes a single cup-like chromatophore that lodges the
pyrenodd, a large posterior leucoein budy ani a single

flagellum, it has been assigned to the species

&mmm»

? Wgﬂt The preseni s.rain was sbtalned from the
inshore waiers of Cochin,

CHLA PN I A

PAAS LGP AY CEAE

PRAS LILCLAUALES
Prasinocladacese

Steln, 1878

. ‘Stetn, Fo 1878, Dex QRusnismue dex Infusiane sthisse, 3t 1.
desty GeSs 1916, J» Apts londen, 241 3 (Platymonas ).
KyMn, ﬁislgga. Kunale Evsdoar. Selkie Lund. Eozhandle,

.
Buteher, Re¥s 1939, [Flahs Inveats Ser.iY, 67=71e
MWQ ) %?ﬂkﬂ; 1965, Jo mace 2iols AS8e Uafey ﬁl;

m&; Se 197C. Js Bmaks bRlole Amge Jndlas, ]2t I5-42,
!ﬁt; 3s 1971Le Exssellss 33s 289303,

Parke, M, and PeSe UiNON.1976 5 ' Ue B
’ a‘ b P » s GAEs Biole £88¢ el

Actively swimaing green flagellates) ellipsoid or
r6id Ln shapes Flagella four in nunmber arising froa an
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splcal furrow, uJistinct ayeespot and pyrencid oresent,
Reproduction is by longltudinal division of the protoplaste

Cyst forma:ion also oecur,

The genus resemblos Carterisy but with slight
. differences in “he flattening of the cells, position of the
eye-gpot and In the nature of the cyst,

The genus has been used synonynous with Platyoonas.
Wast, owever, the evidence is inconclusive,

Found in the inshore wa .er of hotih

temperate and troplcsl seas.

-

Key to the species

1) Cvoid body with renifors

starch sheath and subemedian

stigma ees 1» garteriiformig Suteher
2) dody tapering posteriorly |

with "t sheped starch

sheath ani nedian stigma eee Le QEOcilis Kylin

.
Lo

Jutecher, 1959

Buteher, Hets 1959, Edshe Ivest. 5es. iV, 67-71,
Semuely Se 1970e  J, @axe Riole Adme fncda, 121 3542,

’”ﬁh ihe g%ﬁi’éﬁf’%‘ 1976e J» mazs Diole 4BRs doites
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Cells moasure 12«16 x 8-l1 x Tu, It ls broaily
ovold at the anterior end and tapers posteriorlys Four
flagella arise from the shallow fur.ow in front, The
length of the flagellase is almost equal to that of tue

cell,

There is a single, smooth, cupeshaped chromatophore
that is pale green in colours It becomes coarse and
granula: 23 the cell grows olde A large basal pyrenoid

wiih reniforn starch sheath is present,

feproduction 18 effected by the longltudinal
division of the resting cell, Thick walled cysts are

observed in older cultures,

e specles is reported from the rock pools

on the lsle of Cumnree, Scotland, In India it was cullected

from the c¢castal waters of Cochln,
I» gxacilis Kylin, 1935

Kyling ‘b 1939 4 Lusds Eorhendle
' v, 20 BN

Butcher, He e ww- Eish, faveste 82e Ly 67-71.
Senuely Se 19Tue Je @ese Riole fmse ladis, 1zt 3547,

Parke, ﬁiég?“izﬁii’aﬁfm”’ 1976 o DaZe RI0Ls 488s deipes

Cells cylindrical with rounded eads measuring

 BwlZ X 6458 x 4,54, From the shallow apical furrow arlse
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four flagells of equal length, A long narrow sinus

. gxtents from thoe furrow to the bhase of the cell,

5ingle pale green chromatophores Fyrencld with a

it ghaped sl.arch sheath anu nedian stigua,

deproduction by division of the celis or by cyst

foraastlion.
Hetributions seported from the dltches, salt marsnes and
sovls in Rentelsle of wight and in th: west coast of .weden
anc india,

CHLURLP NOEAE

«+0878tacsae
E

Seijerinck, 139

Beijerinck, ¥%. 19.4, [8Ce IZave Qe LS

o 1t 14-27,
Ez‘it.eh' Foie 1935, W and Raproduction 2& m ﬁ! q8¢
Yols Ls De1476 *

Butcher, Re's 1952¢ Js BAKe Riole 488 UeSes 3Lt 17515l
Saauel, Se 197us Je maz. Riels 48s. Inila, 121 3342,

Parke, ‘%?ﬁizg:g%:&xan' 1976«  Jo 38Cs Dlols £88e Jeies

Coccols green algaz wiih sphericsl or ovolidal
shapce Cells single or in yroups. Heproduction is by the

division of the colls into two to gluht nonenotile spores,
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Ristributions .he genus is predominantly fresh water
in habitat, & few speclios are marins,

ney to the specles

1) Cells oval, chromatophore

pright gree:, granular,

pyrenci. absent ese e RBEANS Sutcher
2) Cells oval, chramatophore

gresn, sacoth, pyrencid absent ... $e gvalis sutcner
3) vells scherical, chromatophore

green, gramlar, pyzrenold

pregent ese ko 82lins lutcherx
ihlgrells gasing Sutcher, 1952

Butcher, ‘e 193%¢ Jo 3aLs RiOls 488e Jeses L3 179=181
Ssmuel, Se 1970 Jo 3aie dlels Aes. indla, J2s 3042,
Parke, Me ani - eleiixons 1976s  Je BaEe Rhols A88. JeZes

%3 B2 TuDP4,

The ¢ells are oval measuring Se13 x S=3, in size
and is 1limited oy a thin cell wall, The single chromatoshore
is oright reen in ¢olour, plate-like parietal in positiun

! and almoat fills the gell,

uring reproduction the mothe:r €oll divides to

fosm 316 daughter colls,



neported from the offshore reglon of
Quilon, west coast of in.las. It has been isolated fron

Port irxin, s

Shlerella avalls 3utcher, 1352

LeNher, defe 1952, de b o) m‘ wq j_;_;.’ g&l 183. =1,
Samual, 5e 1974  Je 3mage DRigle 488. indis, 121 30w42,

F“k@, by ami Peiie Jixon l?’%c _«;f;p %ggf Q;QL iﬁmggg ’i __,‘.
381 5272534, ’ * il

The oval or ellipsold cells nvasure 3ed X Jwli ;e
There is & slazle chloroplast that is greoen, parletal an:
saooth filling the encire ¢ell,

The mother cells divide asexually tu produce Ged
daughter cells,

ihe speclios was first isolaeted fro: river

Crouch, Hesax. in india it is reported froz the water

saunles collected from the sea off Cochine

lorella saiing Jutcher, 1952

Jutcher, dewe 1957  Je B2Ze RAQLe ABSs Jeies 31t 177130,
T .Bamuel, Se 1970 J. BALs Di0le 488 L0333, 121 354U,
?‘:k@, e DE Pee éfix@ﬂ. 1:;?&0 i‘ w* m‘ m‘ -&:’iﬁ"

23¢ 327=394,
Celle Be7u in sizej Driht green anu spherical in
shape. oChloroplast single, granular and saucer-shapeds
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}?yteaa&d is large and centrally placed, It ls surrounded
- by starch shaath,

Reproduction is Dy the successive ilvision of tho
¢oll contents into elight cells,

;Q;ggggggggggs The specles was first lsolated from the

Conway tanks. Ihe Indian report is fron the Laccadive sede

Chlorocoecaceae
esTgtracystis Orown end dold, 1964

 Brown, Reide and Hele Bolde 1964, Ihe Univerelty of Igxas
| Eublicatien

0e 54176
%xd’ ""iﬁug aﬁﬁ Hade ﬁ‘f"ﬁ@. 1!"}?3;’ % ghﬁ m
REDroGUeel s’

7 he cells are spharical oecurring singly or in
; irﬁﬂpﬂ. Chloroplas: is parietal snd cup=shaped, pyrenoid

. s conspicucuss

Asexual re roductisn occurs by the division of the

%f%&ii ints 2«3 daughter cells. Joospore formation also doaes

eecur. Sexual reproduction oecurs by biflagellate ganetos.

latracystis so.

Senuel, S. 197.. Jo p8r. Riols Ass. Jjadia, )2t 35=42,

AR A T o

*5The genus is included 1a the fnaily 4us to Lis pageblance
£ : -, Parke and Dixon {197%5) hawnot dealt with

. the genus. d and aynne (1978) haveplaceu it uncer

" Chlorosarcinales,




The ovold or spherical cells measure abdbout
13«16 in size, The cell wall is thin while young ani
Aater becones thick and striated, The chloroplast ie
;Pari-aui evi almcst fills the cell, The nedlian pyrenoid.
h surrounded by starch grains.

The specles reproduces assexually by gell divisiosne
?aamnsg and aplanospores are also reported, Soxual
m.’ma of isogamotes have sleo Deen noticed.

| ihe aorganisa resembles Chloroccecus in appearance
_ and 1afe cycles

Wn The specles 1s renorted from the inshore
fg;ri.as reglon: of the weat coasi of Indiia,
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3. SATERIAL AdD AuTHUOWs

dsthods of Lsolation and malntenance of mieroaslges
in exenic culturc are based on the classical mothods used
in bactericlogye. Lespite many attempts to reflne and
simplify the conventional techniaoues, :he process of
isolation of unicellulsr algse remsins lengthy and tedicuse
The standard me@thods used in the literature with necessars
modificazions were used to isolate nanoplaniktere during
the present study,

The water sasples for the isolatilon of lhe
iAnaﬂopisnktan were collected from the coastal region of
 Coehin (995304, 76°15'Z) near ba:imouth. As this group of
; algae is not retaianed by the standard phyloplankton not
; ﬁﬂa;ﬁa bBolting silk net of =mesh size 64u) no net sanples

" were taken. Instead, surfsce water samples were collscted,
?teailccézeaz were made from spril to August, 193l. The

iftster sanples were stored in polythens bottlaé and transported

¥ %o the laboratory within one to two houss of collectlons

In tha ladoratory, the samples were flltereu
‘§axoaqa whatnan Ho.942 fillter paper to remove the laxger.
;#ige fractilon o- phytoplankters, The filtrate was

S
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;lﬁzlasfcrztd to gulture flasksj enriched with nutrients
f iaé incubated for a few days under fluorescent lamps.
é;?ho enzicnment promoted rich growth of diatome snd
“dinoflsgellates, The mixed culturss were then filtered
g;aqaiﬁ through filter pepers, Filtration wes quite
éfs!f&etivv in removing the dietoms and sicilar large sized
Eigl:nktan. The process was xwpc;;cd several times so that
%;gaiy snall flagellates and small goccoid algae were left
%?ia the alxture,

- Further isclation was done by agar plating and
ggﬁixatiaa techniques 1945 agar was prepared in idiquel’'s
' aiéium and inoculated with tha algal mixture, [hese were

i#eu%attﬂ for s week, Certaln green any brown growths of
slges were observed on the agar plates following incubation,
3§iat weréd transferzed to liquid aedium, However, agar
plating method was not found to be effective for the
ilﬁlltiﬁﬂ of flagellates.

Jllution technique was founi to be quite successful
for the lsolatiocn of flagellstes, Culture medium (Miquel's
fum) was taken in a series of test tubes and each
fassulated with a drop of algal mixture, These were

imsined under the microscope every fourth day and the
ceessful cultures were diluted, The process of successive
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© dilution w&# done repesatedly, Jy this meihod two
unlalgal culfures of micrs-flagellates which were nct
i avallable in the regular siock culturss of (e institute

f were obtalned,. .

The new isolates were ldentifiod to be Chrumuling

nsis Uoflain and Isgchryeis galbana “arke forus
. pgvee ihe morpholojical features anu the physiolojical

i ¢haractoristice were used for the ldeatification of these

; flagellates, Live speclzons wese exanined under the

} mieroscone to study the pattern of moveseant and thse internal
" egganisation, Jlze messurements were tasken froa tue 1live
scecimens, ihs naiure ani nunser of the flagellae could
not be ascertained from the lich: oicrosconic osbservation.
S0 the soecliens were scanned in Scenning clecirsn leruscope
{P384 BGlle For 526 study the cultures were fixed in i
os:alun tetroxide in illlonig's buffer for one hour at low
temperatuge. iho fixed cells were washad wiilh de-~ionized
water, A drop of the concentrated culture wes transferred
toa glass substratum and dried in dust free atmcvsshere,
?fhe dry sanples wore coated wiih goald and examined in the

Sy

the two new isolazes wers aaintalaed in the

;1a§3razéry to study the phy=iclogical characteristics,

From the eloc: cultures malatalned in .he il culiure



EAPLANATION GF PLATE IV

1. tock cultures of Ge £
and J. galbang (Cate)
2, Jultures of S» galing grown in Haffkine flasks,



PLATE IV

M _
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¢ollection, two speclest Syneghocystis galing /islouch
gzacilis <vlin were also used for raking

gozparative studlioes {Plate_i?)‘

The nanoplankters were grown ia enriched sea water
88 batch cultures. Sea water colleetad ram offshoure was
@llowad Lo age in carbuoyes before preparing the ciliure

- mediuae The sea water was filtered through shatman wi/fC

=

filwer paverp enriched with nutricnis an. autoclaved, The
cool sterilised medlum wae eguilibratec wich filiered
air for 24 hours ani trensferred to eterils culiluse flgska.
Care was taken to keep the bacterial contaminstion law;

Howaver, the culturss were ot Lotally bacteria free,

pifferent nutrient solutlicns lixe .iguel's mediun
(#4iquel, 189 ), Erd Schreiber sclution (Schreiber, 1325)
5:&& salna's asediun (Walna, 1374) were uscd Lo culture thoe
planzton. ‘iowever, after a few experiments the slandard
iﬂidia were modified based on the observaiisns. The
_oaposition of ihls modified iiquel's medius Ls iven
;bciéw:

tasslium niiraie {ﬁaw3) »on 2. gas

tillev water ess 1o ml



~ Sedium dihydrogen orthophosphatle
{ ja iﬁ Ay 4%

. Distilled water

- Celeium chioride (CaClye 61,0)
~ Ferric chloride (ieCly)

;_an. tiydrocnloric acld
 Pletilled waier

; ; et

pleodiun ethylene ulaalne

;ictra acetlic acid (&u:iA)
Hanganese ciloride (#nCl,e 4i,0)
_ Zinc chloride (ZnCl,)

?ﬁebaitsus cnlcfiﬁ@ {5@212. éHQQ}
fﬂagger sulphate {(CuSige 552g}
%ﬁatﬁa Joric acld {dgdus)
é%ﬁis%;lieé wa.er

Belution s
S Belution T

QHQQ}

L X B J

LR J

LR & J

LR R J

LA A/

L R R

LR R

*58

LEJ J

[ X R J

L R J

245

12
1.5

Leld
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gne

v oml

gas

@l

3 al

5 ml

2l



- Solution o ase e25 ml
1 Sea wa tex ese Lloia; ml
f?rt: buffer V eve 5. mge

, ihe salinity of the sea water used to prepare
the nedium was 1D=204x, for the culture of J. galing and
I» axacilis while G, and L. galbana {<ese)

- were grown at 3.=35;, sallnity.

The stock cultures and oxperimental cultures were
_ grown 11 one litre conical flask or thres litre Haffkine
j gta¢a made of corning glass, The flasks were plugged with
_ mgn-absorbent cotton. The culiures were >laced on shelves
- Mluainate: with fluorescent tubes giviag an illuninaice of
;éﬁ,ﬁﬁﬁ lux on a 13114 lithiedark reglue. This light
;gaaaitiaa was used for all the experimenis unless specifled,
é?he amblent temperature was 24°C st night houms to 35°C at

- noon Ain sumser aonthe,

fhe guliuros were not ssrasceds wnce & day, the

ggiiaaka wer: swirled manually io give three to four rotations
of the susp&%siaa. The plankters grew well withou:

ttling {or abcut a monthg but ihe older ¢ultures showed
;;&e teadancy to set.le down,. This was avolued by using

‘?ﬁiwm tubdes that could De serated from Dolow,
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The culture tube used for the purpcse wae 8
modified versisn of the one used by “rof, usteemann 'ilelsen
in his laboratory {late Vs It consists of a tube of
dlaneter 7.9 ¢ and 5.0 ml capacity, »ndiag in a conical
bottom which is drawn out into a narrow tube of lanvier
1. ¢u. The narrow tube recurves aii runs parallel to the
vniéé tuba an.J ends in a dDUuldb thal opens outs The wide
tube {3 provided with an cutle: fittad with glesss stopner,
This facilitates inoculation and saiplings .he uppesr end
of the tube aarrows into a curved tube, [he culture tube
1 alsu provided with ihree suppoxts at the base, .terile
alr is lot in through the narrow tuvee The curveu %ub@‘
 favours the exi t of ti2 air ss well as proveats the

hactarial contaninatisn,

dore eontrolled condiztions of growih were
obtalned oy lmnersing the culture tubes in a temrerature
pat~ {(Plate Vi), the tesperature sath conslsted of a
Perspex tank of 1. litze capaclty fllled with waler anud
:?héazsﬁ by an im.ersi:n heater. iha heater was connected o
@ Jumo thermometer throujh a thermostat unit. Jhe water in
 the tank was kept in circule:isn so tha. hasuln, was uniforme
§1This set u could be used to attain as wall as ualntain

 temperastures at 3%, 35, 4.°

an: 457, ihe heatdng
. system could not ve used for lower te .pera.ures. Inis

;fias accomplished by adding ice Lo e tanke [he satlre
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BAPLAAAT Ll OF PLAIE VI

zxperimental set up for controlling amblent

teapara.ure for nanoplankton culture.



PLATE VI
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98t up was illuminsted from above as in the other
eaperiments,

shenaver nocessary the iaclidant light alsc weas
gontrollpd by using eppropriace filters to cut off the
xigﬁiﬁg ’

sliquots.of the culture (Sel. nl) were taken after
?%ﬁargaga mdxding and Tixed in Lujol's lodine, .he c-lls wore

eounted with a przviously callorateds {eesccytometer.

5% ) ihe efficisncy of growin was caleculated as qrowth
isatt or Joubllings per day (k) givae: by tho equatica (1)

f{%‘iﬁzﬂey an. strickland, 1958,

& A 3,32 . ‘ :
= {divisioa/day) = ﬁg; kl?%l.::’tt - 1ug1«.ﬁtn} ese OFel
;ﬁac:a time 1s in 24 hour day and 3432 = 1oy.lue

- the instantanesus rate of growtnh or tho gpecific
%grawth iate {g}é%%} was ¢oaputed fron k' followlng the

squation given ny isldman, 1977 {ege 2l

dounlings per da, % 593 « ene  GeY

The mean generation time {tgi was caleculated Tron eged

- dakriokland, 190 .
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tg = 4% where k = relstive growth constant/hr =

1 en, = 12‘}.

;A . 2

%o

Tho rate of photosynthesis and the amount of the

;4§§ggaats wore ugsed as indlces of physiocloglcal activity.

The rate of nhotosynthesis was determined by the

é;éa:bannld technique {iteemann {ielsen, 1952 Steenann .ilelsen

. mad Jensen, 1757}, <he cultures were diluted about ten times

and taken in 5y ml bottle. o«ilutinn was necessary to prevent

any shadlng effect anc also the self ajssorptio: of the veta

14

. Feys on th: filters, ihe " 'C was added in the form of

Bouius bicarbonate at pid 9.6 The lsotope was supilied

by SAIC, sombaye 1 @l of the hot soluticn having an
"txvity of Buliwas sdded to cach sancloe. Thz operations
wr: done in suhdued~l£§ht. vark bottle contzols were also
= kept simultanecusly., The not sasplas were incuvated for two
f ;& four hourss 1ihe incubation was done in a rotary
fncubstor iliumiatteé by a set of fluorescont laaps or they
wer: left aslongside the cultures for incunotions Al

saples had replicatlons.

The incubated sanples were filtored imiediately

x

sugh Lllinore i5 fllters gw.#ﬁu)‘ ihe filﬁ@r sapers



ware rinsed with filtered sea water to resove any
adnering ianocrgaenie léﬁ an dried in desiecatsr over sillca

g 1.

ihe sctiviiy of the hot sasples wae doeterained with
tne alu of Gelger Councer (Gis 16, o) of efficiency Jelive

‘ha cate of produciion was e sressed as mg of/litre/nr,

: " net tivis 5 GEVGY AL .
.ate of productisn = 22L.8C :?i Lp2aS35000 dioxise
whers net aotlvity wae deternined anc added activiiy was
covrated 9y the nioloaical sethod of Steanmann ilelsoa, 1563
a3 comzarcd with the Liquid Seintills lon techalgue of

sitis an. sgott, 1351 [Halr, 1965},

The axount of cibon dioxdde was deternlsed by a
double titration metino. usin: phenolithaleln followad by

methyl orangs titrailon (A4, 1980 ).

+he 1ight anu cack bottle technigue of Gsarder and
arasn {(1927) was also use:d Lo deteraine the physiclogical
state of the zulturess Jlluled culitucus were incubated fur
w3 hours in bottles of 125 ml capaciiye. ihe oxygen contaac
of the {altisl, dar< ano light nptiles wore deteruined by
tha winkler %itratiaa.{ ‘ha oxsgen values wers converted to
thelr caron equivalents,

ey @l X 2336

)

froduction (g U)o =

Whara e lue m Photosyntheilic guotlent = 1,25



49

ihe asount of chlorophylls anu caroteacids wore
geterained oy spectropnotometric analyssis of the acetune
extracts a>:lying the equations of sarsons and sgrickland,

1453 an. Lorenzen, 1967.

Sumliu ml of the culiures were filtered tnrough
illipore Aé_filte:sg’ 1-2 drops of 1. .agnesium carnonate
"was gdded Lo the samples whils filt@ftn@. The pigaontis

were axiracted by adding l. ml of 9.+ acetane fur 2ach

[

filtere, 1he extrac:iion was casrled oul at low tenperature
for avwut 2. hourse The exiractis were centrifuges and the

axtinction of the clear -:luticon was moasured DY

sreciroshoioneter = Jalcas (U~ 5. ) aad S (s BbBL)a

in batch culiure,

Healthy eculiures of L. freiburdensis, Jf. galbalg (Cesd)
ani ;e 8§2lidg were lanocculated into modifled dquel's aedium
tazan i 1affkine flaskse he culturc volume was
rastricted %o two litres., Llupllicates were zent for each
g oCigse iho culiures were illuminated artiflicielly at

ganient tomneralure,



The cultures weres meintained for 3U dayse Alisuots
were withdrawn on alternate days to Jdeteraine the cell
auaber, plgmeat content and physiological activity

{described in 3,3).

2 L. rEE IS L e

o A AR MG T TR SO v

ndalgal culiures of the specics were grawa as ia

the above axserlaents hie cultures «e.e nharves.ed during

Ly exngnential hags,

she algee froan 1 ed . ul of ¢:ltures «@re harvested
oy filterin thraugh lllisore (A fil ers and Lhe nigaeats
axtracted with 1 ml of 3. agcetones Ihe nignon. exiract
was lomedia.ely traasferred Lo an equal voluse of diethyl
elnare The 2ixiore was itaz<en in a seoarasting flask and
ghaken wit about ten tlines its volune ¢f 1 sodiun ¢t lorlde,
Jhe olgaents mlorated ¢ tho ether layere 'he ether nhase
was repeatodly washed with sodiun ¢hloclide soluiisn o
fonove @y excess atetoae el water soluble Lnnurl.les.
PN ethes lager was concenirate. uae . o sirean of altrogens
sondensed waterx was remocved from thoe sanslos Ly

caatrifugation,
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5ilica gel was made into 8 slurry with dlstilled
water {(1:2 w/v) and coated on to ¢hronastograshic plates
(2. M 20 X Le2 €n) at a ithickness of o530 mm using an
ap-ligcator. The coatei slates were siredrled, he nlates
were activeced at 1.9y for half a. hour aid stored in
desiccators il nlates were used within a wees« of
praeparation.

The concentrated pilgnent extracis were appllied to
e i lee plgﬁus uging a cagéilarv spotiing alde Along
=it1 the saanles stanxdard chlorophyll @ {sup:liea by Landoz
Lidey, witzerlami) was also .ovelopauds he @xtracis ware
drled over the L. plates ia a gentl . sirsam of altiogens

ine eatire nrocess was carried out in diffused lijhte.

hromatogrannic tanks were lined with black ~oner
anu agailibrated with the a»punriate solveat alxturs
nefors he nlates were develoned, 1he solvent systenm used
_an neprovanolt ligh: seirsleus (6 “=3.% fractisn)
(7589753 v/v) for the ilrst ilseaslon and chloroforas
light setroloum: acetoas (251753 453 v/v/v) for the seconu
diso slone Afier whe first run, ithe olates were dried in
dar. aas then develooed in the secons dimoe.usion, ihe
first run o0k 6. inutes to complets an: the secsad ruyy

45 ninuloese
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The dr, plaics were observed undex Jv light to
locate the plogne.ise he solvent front and the pl ment
grots were marked., {he colour ¢f the pljmeiis also was

noLade The 4, value of the nigments were conmputed,

ey

“hlorzphyll g was ioentified based ca ihe colour of the
gnot and g of th: standards The otner o1l iments ware

fdentified wish e help of the culdelines gliven oy

seifreoyv, 1953 an. 1981

he cultures of L. frelb v Lo G2lD82E eSe )y
e 381102 ond L. gzegilig were growa In modifled ii::el's

auedium unser artificlial illusioati s wi.s light-dark cycle

at aubient tesperature. .aseles were Lakon atvwer flve
davyse ten dayss auu swaenty days of growlh f.r asalyslis,

ihe cells wers collzcted By oither conuxrifugation or
filiration. he adhering iall crysials wore reaoved Ly
washing the c¢olls with an isotonlic solution of sasonium
fornate. A8 the sasnles could aot Do aralysed imnedlately
thoy were deesefrozans -ix replicates of cecnh saunle were
asalysed, [he culturss ve@re not totally sacterle fres,

w3 thr bacterial counts also were taten Juring saanling.

The coll susder was coun ed by laemocytons Ler,

‘he dry welght of Lho aluae was -deterilined by the sitasdard
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method of evaporating off the waier content fron

filtered sannles.

“311ipore A fil.ers were waghed with distllled
waier, dried and weighed, 50elUU ml of cultures and
corresnonding volumne ol media were flltered through
filter rapers of identlcal welghie After filtration
the gamnles were rinsed with an isotoslc solution of
saoniun formats to remove any sodiuxn chlorlde crystals
retainade The pasecs were suciked dry, folded, blotted

and welghed lamediately,

The sanplas were dried to coastant woelight at
quﬁgﬁi cocled end welighed, (he welgnht of the filter

napers ware Jdeducted to get the welght of ihe algae,

Jrs welght (W) = 5

solsture content (x) = =

The carpohydrate content In alise 1is comnrosed of
cell wall polysaccharldes aid reserv> carbohydrate in
gddl-lon ts lntermedlate sugars of the photos atheiis
natnh.ase A good part of these algal nolysaccharides wreak
@ 1into siaple sujars on acld ‘hydrolysise ihese siaple
81388 can oo estimated by wlsonmio gyl nethod ( felscn,

12443 somogyi, 1943),
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The nanoplankton derived by the centrifugation
of 2% unl of the culiure wes hydrolysed with 3. sulphuric
acid in a watecbath, iydrolysis was dong for six hours o
angsure complete breakdown of the pulysacchasiues., The
saaoles were cooled and centrifuged, 1 3l of thls clear
sxlativ was sipetted into a él&aﬂ toat tube ana thd
arsenow=molybdate reegen: added, The 3>sorhance of he
esloured solution was measured at 530 an using a
spectrophotometer | spectrome 2.u)s Glucose was used as the

gLanuarde

The proiels content of the nanonlanxton cells was
determined by Lowrs's metnhod (lowry gt als 1951) using
iolineClocalteu reagent, [he algal pellet obiolned by
centrifugling 290 ml of culiures was 2xtracted with &
ethancls T[he protein nreciplitated was sonarated by
centrifugatione The precinitate was dissolved In 1 1 sodiua
nydroxide, It was agailn centrifuged to reamove any
rasalning cell pacticles, The protela content in the
gxtract was ~stimated b, the Lowry's methods The uptical
density of in2 blue colour developed was ycasured al 33 aw
using spectrophotometer _spectromc Zi)e Ihe stendard

grash was prepared using jdovine serun albumine
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The liplds of algae comprise photosynthotie
signonts « chlorophylls anu carotenclds aau oiner coasvunds
1ika oshospholiplds anc glscolipldses Thesge are extractabdle
by organic solvenise. The method enmilosed was Lhat of :ligh

an. yer (1999 ).

doguate anvunts (29, al) of the cultures weue
contriruged an. to thiz algal pellet added a mixture of

chloraform an: ~ethanol (211 v/v)e Tha cxiraciicn was dono
reneatedly with small volumes of =:e solven: for about

Je=sd hrse he mimture was traasferred to a separating

fla:k a3 gheken with distilled water, The llnid layer
was strioped of: g centrifuged to re-sve any c¢ell particles
and tme solvent evarprated off in a walterbath, Tha wolght

of the lipid fraction was deternined,

The level of carvohydrate, pzro.elia and lipid, ia the

nanoplanikters was calculated as perceont d:iy welght,

The steaderd dilution plaie technlgue (Praser and
seraldly 1966) was followed for the -aumeratlon of bacteria.
utrient agar {(illen, 1933} prenared in filliered sea waier
wos used as the mediun fox growlng sactecias The

anposition of tve sedlus is glven Dalowd



36

Glucose see O gus
Factopeptone s I3 gm8
seef extract sss 3 gms
Jger ‘ ase 15 gus

flliered sea waier see l..u ml

o vy o -
g ses Talmie.

The bactorial plates weze lucubateu fur 96 hours

ais the goudnts were tLakens

3. ﬁ‘. 033.

The sterlle sedie (9.4 =l mccified igquel's aediun)

w9re inoculated with aporoxinately 1 ¥ ecoli: of the ualalgal
cultuses,e The soecies under stady were L, freiburgensis,

ie Qelnana (Cesely e galing and T. gxacilis. cirowth
con-itions wers the sase a8 in the revious oxnerlment.

analiag was done oa the 4th, Sth and 14th day of growth,

ihe samnles were Hiluted anu incubasted in triplicats
wit™ carhoneld fur two hours in the sanw: ¢oiditions as the
culiuce phase, ~fter incubation Lho sandles wers fililered
through dllinore 4 filsers, The filtr:ie was rotalned,
Phe filsors were washed with flliered sea wateo sucked dry

and stored in Jdoesiccatore 1. 21l 0f tie culture filtrote
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was acldified with 1 ml of 1o (i1 and the radloactive
bice bonate was romoved v bub3lins with aire Ihe
solution was then noutralized with 1 nl of the NJ1o sodium
hydroxiues Thoe radlcactivity of the sanples was measured

using Sedntillacion Councer (L33 20, lie

che ligul. seintilla.fon zysten works on the
aroton easlssicn anc 1.8 subgequent coawversion Lo electroaic

sulsey the former selng relesged by cercaln ¢ospouais whes

spunarded by nuclezr rasiation.

4
The activii, of the guenched siandards of 1 . was
deternined by twowchannal counting an’ the chaanels ratin
o fAL) was computed, Fron this the counting efficlency

was worke ! put as prageatad in tablo ) givea belows

the counting efficlency was nlotted agalnst ¢hrannels

ratis to obtaln ths Quenc corred . lon curve .. 'late Vilje

e -3 2l zach of the rosiccarn.a was withdrawn zeas

aisoules of 1 ml canaGii, and ihe ena Jdeteralnede 1he



EXPLAJATICH OF PL-TE VI

1. Liquid Scintillation Counting System used for
the measurement of excretory products of
nanoplankion,

2. vhennels ratio versus Detection officlency of

the counting systea,
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PLATE VI
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counting efficlency of thése sanples were .etlteoruineu
from the quench correction curve anu the absclute activity

was calculated as u /aapoule.

3. The activiiy of the fllters was deteralned Ly llguid
scintillatic. suspansion counting {.rishnasurthy and
Jiswanstian, 1952)s The filter paper was dissolved in 1 al
0. acetons in a iest fube, ringed iwice with dioxans and
trassferrad Lo the scintillation vial contalning polystyrine
gele The gel was propared oy dJdissolving 4.  gus of
pols/styrine in 10U al of uliexane scintilllator, The

concosition of the dioxane fluor ls jglven elows

P t 4 gms
B F ] S mgs
saphthalene 1 12 gms
~ioxane s loos =l

ihe saaple reaelned on the surfsce of Lhe geles
This wag fod into the counter and (1@ ¢oun:is for hundred

geconds were taken,

Liquid scintillation soluilon counting was employed
Lo coasurs the acilvlty of ihe filtrstas e ml of tho
filirats was taken in scintillatio: vinl an: 1% ml of

scintillator was added to L:i, Thae vial was shaken Lo et
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.8 homoganaous solutlons The activity of this was couated

for 1.4 seconds,

nlabelled saanles gerved as olan: in each
deteriination ans these Hlank values were deducted from
all samnle readlnis, The absolute aciivictiss of e

sannles were Jdetertlied from the quenc: correction curvae,

The nsnoplankters under siudy were isclated from
t5o goastal reclion of Cochin near the araouth wheoe the
gsalinit, fluctuates from Drackish to strictily aaring
{uarbyghire, 1967)e 50 the response i .he nanoplankiers

to difforent salinliy levels was studied in culture,

galinge “he mother cultures were grown at galiniiy JSdie

whizh 18 oiten obtalned in the sea waier off Jochine 1 1l

of these cul:iures were incgulated 4nte 5. al of Jouiifiad

igquel's mediume ach 8lja was grown in three saliai.y

lovels 34x,, 24:, and 14yee JThree roplicates wer: keot for
qv»w— T g YT

each irsatmonts. The nine exneblinental cultures of cach

snacies were rancoalzed completely o & ualform illumination

of Jiswis lux from white fluorescent tubes at a bdieant
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teaperature (°late VIiije The design of the

exrerinent §s given belows

ii 1 i1
il 4 ill

Tevataont & s 14:,
freoatoent 12 t 2d4ne

Preatment 111 ¢ 34,

fhe lower salinitles of ld...an. 24, were oditained
by diluting the ses water wiih distilled water. .hese
were astoclaved end aserated for 24 nourz defore adilng
tho nutrientse (he 24 was adjusted to #,. uslngy iris

fiers

The growth of the culiure was fullowed for three
waakas. [he cell deasity and the auount of ehlorophyll 3
+8s neasured regularly. After three weeus the experiment
was discontinues ag 1% wes found that the cell
sultiplication and €39 asount of chlorophyll hau docroassd

caasieorasly a2nd Lhe cullure showed 8ensscenca.

he ol of the sea water unier normal coadl:ilons
very fron 7«7 10 Se3e  Sut factors like dilutlion, sacterlal

acrion and human activities are found to change this nornal



CXPLAJAT Bu i OF PLATE VIII

The experimental set up of the cultures of

g frodouzgensig (1) and 3. galing (2) to test

thelr tolerance to three differsat salinity levels,.






62

‘gtates ihe response of the phytoplankton also may vary
to the ehanged peis . This was tosted in cultures of
nan&piaéktan using four different pii lsvels, The
experim-at was dgaegﬁa sinilar lines as the orevious one

(3e: ¢} ueing tho sane oxganisne,

ﬂe@ifi&é diguel's mediun was prepared in sea water
of salinity 34, and nH 4, Jhis medliun was acidified to
ostain wne Jdiffereat pi levels: 5,5, 7o and Tede 5. 2l
of these media tazen in one liire corning flasks were
iacculates with the cultures thet were growln; & a i g,
- ach treatnant was Jone i1 triplicates The trod&ime ts

weia cumnletely randonmlized as shown bHelow,

A

L ¥ Igi i g

Iy {i I ¥

I i L i

R L]

ireatment [ § 6.0
{reawment ii 1 T
freatasnt 1:1 ¢ 75 x

ireatment IV 3 S.U

ihe cultures were observed till they reached the

stallcnary phase, The cell density at the peak grow.h
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phase (4 days) ani thae final yleld {(on 15th) were compared,
-imultansously th> amount of chlorephyll @ was zlso

DU ABULeG,

while estimating the rate of photosynihesis nany

factsrs are reported to interfere with the acsuracy of the
ecsuresenis. The den:iiy of the phytoplaakton is onae such
factore This was tested In culturas of the nasvplankters =

d» galbang (Cess) and 3, galina so that

the optimun cell uensity that must be used for the

shotogynthetic rate measuren:nis cuuld de fixed,

<he culiures of iha three organisss were grown in
aodifled “lguel's medium, he flagoellates were provided
wiin nedium of sellnity ssout 344, anu tne bluewgreen
alise were grown at a gallalty of 1%, The culture
conidlilons were similar to .hose described 1a 3e7. ihe
cultures were allowed Lo grow and sulilply for a week so
that suf:i¢iont cell populs.ion was built un,

: #
2818 orew usto a deasity of 1444 x 1L"/ml;

&
i“e8e ) to @ concontration of 643 x 1. /ml and

2+ 2akdng to 33+ x 1%/al.
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The saiples of these cultures were withdrawn and
diluted wilth the medium %o get cifferent uoensitle s These
we:e lacubated In trinlicste with carboneld for two hours
in the sano culture conditisng as the culture. #fler
incubation the saanles were filtered Lhrough llisore a4

filters anu the activiiy was messursd using the Ueluyer counter,

dedelie Influence of lisht on growth an. activity of
aengplanktezn,.

saten cul uree of the three nanoplankters waro
ralsed in modifiad ilquel's medfum under ambleat touperature
anu Jig.use dux lijhie Two sets of ‘u:licals cultuces wero
aalntalede e s2t was illuminated continuously from
cool=white fluorescent lamps, while the other sat was
susjected to llghg-ﬁar& cycle of lu:l4 hourse The increase
fa the cell population was studied for a monthe ihe finasl
yiala and growih raie were coampared for noth the 1liunht

coniloionsgs

Surdng the logarithmic phase of growth of Lhe
congiantly 1llusinaced cultures alliquots wors withdrawn to
8:udy thalr shotogynthetie activity at different 1light
intensi.less The sanples were diluted suitadly and

14

incubated with £ in 65 ml bot.les placed on a potary

facihators
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The rotary incubator used for thé purpose wae
similaer to that described Dy iteemann ilelsen and Hansen
{1961) and lalr (1974), The saupls bHattles were fixed on
the rotating wheel of the incubator a3’ covered wizh
aagzapriate‘light filters simulating the uifferent light
c;a&itiaﬁx;§11 samnles hald duplicates. The rotating
wigel was lowered Ints the fank filled with water, ’he
teanerature of the water was 3.°C, It -as illuminated by
8 bank of ten white fluorsscani tubes {7 watts cach)
aid a batlery of three incendeseen:t bulbs (1. watts each).

fhese togeilher gavs &1 Lllusinanes of 68 x iylﬁ quasta x

Ca™ 88C™ .00 28450 m ot x co™d o 4.y -~ lux,

ihe samples were preeexposed to the new lignt regine
for one hour 2eforas the addiiion of 14;. The experiasent
pooper (ook two hours of incubatlion afier which the saaples

were flltered and ithe activity geasured in Geliger counter,

Jaiie 4 lLof

The nanoplankters were exposed to a range of

to seraituces from 570 to 45° ¢y stud: the effect on
a0tillty and viabilits 4n cultuses. Cultures growling at
room tesmparalure warc exposed Lo ithe low tamperature of a

cefrigerator (5°C), Semples froam this were recultured into
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fresh mediua at room temperatucre evexry weew, I1his was
done for about six monthe. The cultures were similarly
ex:osed to higher temperaiures {(uptc 45°C) and tneir

~m@§iliaf and viadlility were observed,

?h& grawth rate of ithese nangplankters was
dete mlaeé for the temperatures 2 ,23,3.,3% and 4:°C, The
cellsfwwre incculated in.o asout 5. ml of the culture
moddus taken in i3 cul.ure tubes {described in J¢2)s ihe
caztaxé tubes were lazoersed into the Lemperalure bath
salatained at :ihe raqulta& temperature. -“ach culture
nad ite duplicate, [he cultures were aerate csnataﬂtxg,
Tha éhela sot up was Llluinated fros above wiith five
fluorescent tubes of 4. watts cach (Plate vi)e The
heatlng system with the im.ersion hasater an. the Jumo
thermometer functloned to acquire anc maintala teaperatures
av.ve 3.%C, The lowar tamporatures (20 aw 25°0) were
outained by adding ice to the ~ailex in the tonk, ihe
teuperature in the water »ath was kept uniform by keeping

the waler in circulation 5y 28875 0f 28ratlorse

ing growth rate of the plankters was s:udied for
six Jays taking the ¢a2ll counts dail; at each tenperature,

‘ho results of the dunlicate exveriments were averaged.
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sRrdng che exponentlal phase of these cultuses,

alijuots of l. ml were wi hdrawn :zo: cachyg diluted and

3 Z ® - % & ES i i &, 4 e % i
the rate of sholwssvnthaesis deteraine. by Whe :l‘; methoide

agtricnts .niirete

ditrate and shosphate are tho major autriencs what
contrivut: 1o the culiure medla, 5o the influence of
different cuncentrations of these nutricais on growth rate
of Lno nancplankiers was studied in nateh ciliures of

Tinli@d valano,

To exasine growth st differss’ aluraste levals the
cultures wore first desloted ¢ nitvale. V?his wag Lonoe
3y growlag cells of L, fralburgonsiz, L. 43lbana [ lese )
an. e galinag in nsedifled idquel's sedium devold s5f adued
altrogen souzce for 8 nerlcd of 1. davse The seg water
usau for proparing the nedlum contalned only 1% ug at

'n;»»;:\g"' */li Lroe

wells fror the ledepleled gcultirass were then
incculated intu flasis of - arile ¢:lture odium & . varicus
sscunts o 4 o Sotassiu . nltrate war added La each flask
w2 izl coneetrations from 246 2o 3 an.at Nflitre,
wnlicates wore aaliatalned for cach trea . mrite The cultures

ware apews {or slx Jays uncer aruificial illusinsatisn aad
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anblignt temperature. The cell counts were takon dally,

The aaount of %a?-ﬁ in the aedium was measured at the
p2ginndng of the experiment., The cultures were filtered
and the flltrate was used for the deterainatisn of nitrate.
the 4., in the zedium was first reduced to dop B
deterained colorl etrically eunloying the aethod deseribed
by Strickland and Parsons (1968,

A slollar experizent. . was conducted to find osut ihe
asount of Lhe phosphorus required by these organis-s in
cultures The source of phosphorus was iaﬁ2?$.ﬂﬁﬁu.
“hosphorus starved cultures were incculatel iato nediun
contadaing differon: concoutrations of phosphate, The
init.a) levels of dissolvod phosphate wﬂngaeae:mined
spectrophotometrically for sach treataoal following the
methodology of urphy and iley (1962). 48 in the case
of alirate the cell counits wers taken for six davs. The
ngan of the duplicate oxerinonts woro taken and the half
saturation consiants for growth was coasuted usiag the

relation S o unax {(3/u) = Rie
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Culzures of Lhropulina frelburgengly werc growa
in modified Miquel's nediun Lo stuidy its growth kine:ilcs
(3edel)e Actively growing cells were lnccuilated ints
fresh medium to glve a concentratic of 25 cells/ml.
The coll nuzier was counted after 48 hours Lo find whether
there was any noticeanls incraase, Lt was foun that the
cell numoers increased gradually in the flrst 40 huursy
hetween the Znd and 4th day, eoll divisions were raid
an. -he ¢oll population increascd four times, In tho
followin; uays of observation, the ¢2ll congantration
iacreasen gradually, resching a densily of le4 milllon
cells/ml in 3. dayse The nighest growth rate was found to
occur beilween the Cad ana;éah aye ihe phase of Jueclining
growth rate was founud to ne batween 4th aid lith day.
After 12 daye, ithe s:iaticnary phasu egane {he cell
aunners cengined ststlcnary till the 3uth day shen the
exseriasnt was discontisuwed (figJA}s he hlghest growth
rate recorded for the spoclies duriag thls study was 2,060
divizions per day corresponding £- 2 mean generatlon .ime
of 2 hours. he gelatlive growth coastant Do hour was

e T9 {Table 2.



A

74

iadle 2, ©Cell concontration and growth rate of three
aaaapzaﬁktar; grown at 2 light intensity of
2 lux with a light-dark cyecle of 1. 114
hau:s at anbient temnerature,

- A " N e e _ A
Initi= ‘Highest Haxie indie Helee
a8l inocue dongity mum  mum tive
culturs lum attalned doubs gonepregrowth

lings atlon conste
, Lim=  ant
cells/ml  cells/al tiet ¢ ' nex/hx

o " g AT

35 Gpditii.  led3 16 ...43
144 BaTSyidany ZeT4 D gl T

ihe live cultures were observed unde. the azicruscope to
study thelr sotility, ihe wotllity of the cells 1a the aged
cult.res was comparstively lusss lany cells were ava-mutlle
anxd saxk to Lhe botion of the culfure flask forming 2 thin
layer at the apitome The colour of the soung cult.ure was
soldenwyallow, 48 the culture jrew ol , the yallow colour

gbve way to an crasjewro. tint,

‘he piment eantent of the cultu e renalned lew
imediately after lnoculaticne Satween thoe Ind and 4th day
tha atwunt of Shlaronhyll g, g and carotenolds rose up steeplys
Hfter che 4th day the increase ian the anount of the nlgnoents

was gradusle It reached stellsnacy phase oy the 13th day
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and this level was malntained till the 3.th day {FLi7.IB}s
However the amount of ploments per unlt number of cells

was hishest during the first week of culture {Table 3).

‘he aaxlmun values for chlorophyll g, ¢ and carotencids was
e85, Lel37 anu .e326 g@/lﬁﬁ cells, Chlorophyll a was
alwass greater tha: chlorephyll g while carotencids
doalnated over the chlorophnyllss The amount of the
carotenoly plgnete was about double thatl of chlocopnyll g
t111 the 24th day of cultureg but later t(he nroportion of
cerstanndds seean: ten clmes that of chlorophylla g

{Tadla 3.

ihe metadoliz activity of the flagszllate was me.sured
in teras of tie oxygen sxchange. The rate of oroductlion was
spsecsved to lacreass duriang uhe peri.d unio L. days (Flue<iig
tie rate of nooouctlo decreased on lith and 14th and
yenalned more or lasgs szazkﬁaargxfsr tha rest of .1 pericd.
ihe highest nroduction was 12.. ﬁgﬁllgé calls/hour {(liross
produciion) and 4. agq/iaé #alla/hau: {net productiocn)e
After tie luth day, the rete of net productlion decressed to

1. ag;/l&é cells/hour,

A8 per the "“s: yptake the phologsynthetic acrivity
incroased u?t& 16 days and further Jeclined (fige 2iYe the

hishest sroduction was observed o o9 6. gg;/!@é cr1lls/hour.



FlgslA, Increase in cell number of Chpomuling
freidyrgengig during growth in batch cultures
Fl:e1l3, Variation in the amount of photoeynthetic

ploments of the above epecles during growth
in batch culture,



Mg U

Pigments

o—0 Chl_orophyll a

X—- ==X Chlorophyll ¢
» Total Carotenoids

8 12 16 20 24 28

DAYS OF GROWTH



Flge2Ae

Fl’;}.gdq

Late of produetion of organl¢e carbon by

Ko gggggy;ggéggg for a growth oerlod of 3u days
in batch culture (measured by the oxyoen
technique), | |

Rate of production of organic carbon by the

above specles for a growth period of 30U dave

14

in bateh culture (measured by the *'C technique),
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Te
Table 3. ?&riatia? in the amount of pilgsents expressed
as. ug/10” cells of Mromillna freiourgensis for

8 growth porios of 3. dave in bateh culture

————

—— i

Age of ) . . fotal Carotenoldsy
culiyre “hioroohyll g Chloreohyll g sarctencids Chlorophyll &

(days) ua/lu& cells ggfxwé celle 5§/1§6 calls

2 e 198 e 100 Led.D <o
4 Je 249 e 189 e 326 “ed5
& Le 236 e 175 Lin 453 1.92
3 edld UelD9 e 304 1.7
10 (e 182 0134 w312 1.71
12 Le112 ~en T4 Lediis 1. 79
14 FY § IV a8 e 182 1.65
16 o83 eud4 9138 1.66
13 CeiBS - eledu e 143 1.68
24 LeUBC 236 e132 RYY "
22 Lini T8 N ¥ e 148 1.9.
24 Ceil69 e 2B #3143 24,07
25 Uil oeu18 . e123 3,13
Za el ) e 128 1..31
3 el kv g LAB CedliB 1.e49

" N e e

o Lhe 4th day., ihe rate of producilon remalined at about
1. ggﬁ/ine cells/hour $1ll the lZth uay and then decreased

furinere
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The photosynthetic pigments of . frejburgensis
was enalysed by iLCe The ¢aromatogran resclved five
fractions (Flge3did)s The RF value of these foactions are
given in iable 4, The srange piloment, with Lhe hignhest Ap
value was identified as carotene, Chlorophyll g was blue-
green in colour in UV light with Re Uedd and Uasd3T7e The only
other green plgmnent loceted was light green in c¢olour and
this was identifiled as chlorophyll g he remaining two

fractisng were yvellow in colour. Thasgs could probably Le

xanthophylls,

The blochomical components of the flagellate was
aguimated in terms of carbohydraie, protein and linid,
The water coatent of :ho flagellate varled from 1455+ 1n
5 day old cultures to 59.2ux in 2. day old cultures,
simultansously, tne dry weight of the cells ingressad from
120 ug/10® cells to 253 pg/1.® cells wuring the 2u days
growth (Table D). Protelin was the sajor —~hotosynthetic
sroduct during the exponencial phase of culture, As the
culture grow old the amount of protain decreased ani that
of carbohydrste increased, The ratio of protein o
carbohydrate reduced by half within teon days of growth in

cultures Thz chonge in the lipld content was less pronounce



F‘v’f}. 3;

Twoedimensional chromatograms of nigments in
nanoplenkters separated on silicawgel thin layer
plates. Ae S 82lina, 8. $o frelbupracnsis,

Ce Lo galbana (Cese )y Ue I» gxagiliss Solvent
systen: first dimonsion, C.8» nepropanol in 1ight
petrolou: (w@"z); second dimension, chloroformty
1ight petroleuniacetone (25137;’::&3.5); 1. carotens
{orange i, 2, ¢hlorophyll a2 (bluvegreen), |
3, chlorophyll § (olive green), 4, chlorophyll g
{14ght green), 5, fucoxanthin (orange), 6,7,8,9
unidentified pligments,
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Table 4, &F value of p%ot@tyntﬁatic nigents of
2hon (geiburge.isis, fsochrvals galband (Cese)y
aaling end Tecraselats gracilia

senarated on thinwlayars of silica gel

]

18t .inensiont  2nd oimensiont
Spat el ne Propanol hloroforat ligh
asggﬂr in i1t petirlewss
- get:slaug acetons
(60 - 3.°%C) 2B THE Led
warotonas 1 Le 93 ~»33
{~range)
Shleroshypll g P e 34 pacy )
{ :lug.green)
u%iﬁreﬁiygl 3 wesd P
{wlive green
“hloronhypl g 4 TRPEY be P
.'ala grean;
?HS@K&ﬂﬁﬁiﬁ 5 I i 45 el
{wrange )
nidencified 6 e lB PP
¥ ? bt B 3':3 i 4&
' g ' i}? ‘ 18




Table 3, dlochemical compositiun of chroguling
fxeiburgensis raleed in batch culture,

A A A I A A S AN

Sampling interval

Fraction - .
S days 1o daye 26 days
———— - - o " ————— os—e— eaannanibonmal:
Pereont molsgture 21.56 8640 D620
+3.68 471 13.16
bry welght {uo/1c® cells)  12¢ 182, 233,
Protein {x dry wt,) 53.4 46485 4016
+5e12 2he 30 +11q::2
carbohydrate (i dpy wte) 2046 32495 43,33
£5048 +7.64 14,98
Linid (. G.y wia) lielb 11,60 1724
Protein: Carbohydrate Ze2u 1,22 92
Zactarial count/ml 180 106 39.
el L A e

The amount of extracelluler products of the specles

was sstimated Dy liquld scintillation technigue,

The rete

of exsretion wes low during the phese of active growthe

Juring the stationary phase the amcants excreted increased
azout five folds The ancunts varled frow 3Ix 8o 12,57
of the total carbon fixed {Table 6)¢ In teras of absolute

activity, about Uelliw 433 ul were retalned in the mediun

for an added activity of 54l {Table 7ie
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Table 6, 7ercentage of extracellulsar products (LiP)
raleased by . freibuxgensig durin; phases of
growth in gulture, (?ﬂa » s0)luble represents
the ls as fraction of the total caorbon fixed)

+ays of »
growth sclunle
4 days 7 x 1u4 13453  La8u 3. .

8 days 16 % 1.7 Teu3 a3 TeS .
15 days 33 x 14 FeTl  1e22 12457

Table 7. The absolute activity in a0 rotained by filtrates
of 14@ labelled nanoplankton cultures (/«dded
setivity = 5 ulje

, | Sampling interval
Julture
4 days 8 days 16 days
el @ 2T e .33
P {1 g A3 T bW
B ) 1?9 Ql‘%l I':.ii73




acanghzgloiagy of Chromu

Salinitys ‘the salinity tolerance of the snecies was
testod by gréwing the flagellastes in culture medlie of
salinitios 14:,, 24:, and 34x.,s The rate of cell division

was affected by the varkaticn in salinity. As seen frog
Taczle 7, the cell counts showed consistantly higher values
for the treatment level Iil i.a.‘3ﬁ&.¢ Analvels of
variance showed that the difference botween the troatnents
was hishly sigaificant except on the 2ad day. The dansity
of tne culiure was vary low at 14:., wnlle at &4 .80 was
nicherg but the highes. uensiiy was Lullt up at the

sallalty lavel 0fF 34,4,

ihe difference in the salinily of the culture
sedium was snarply reflected in the amnouatl of chlorophyll g
Analyeis of vexiaa§@ showad the troatmenis to be highly
significant fron the 4th to 24th, At the lowest sallnity
lavel the chlorophyll caﬁteﬂt wag very low compared t. the
oLher tw: treatmanta, At ©dle, 1t was further hilgh and
the wnediun at 34., gave highest chlorophyll g value
hrgughout the exneriment, The variatiocn in the smount

of %he slmmont 4s given .able 3,
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Jewla 9. Jell conceniza isn end chlorsohyll g eontaat

of

1ine

sorisd ef 24 days.

Lrziouxdenalg Growa in culture

meila of salinltios 14,y 4., and 34, for &

g

age of caill concontration per ml

culturs

Jhlerophyll e \g«i]/l

5
gells

(days) 145

f;‘

245,

34,

1‘3?:.
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1= Sedel
14 S S
16 frgl 28k
i o ’ IG5
< g TATL

4,395

i? 4 ‘—5‘35 » 3&3&

a7,

1693350
PYIELTE
43 ¢ B
i 3o PRNR
T g8
T e85,

3H.

53
“elTui
KN
108
LIS B
& 5T
84,497
T Tl
Toa 7830

1.2 985

1 l? '] 6~ Y

0 T3
&TT
ekl
TS

el D9

Phe 3da

celB el

ihe response of the soecios Lo

was foun . Lo e

HIONGUNCEG.

W Ver,

the ghease An ol

e ortil

[}

coant was aot



9

much affocteod 4a the od roawy of 6% 1o Be Hut the

anount of c¢hlorinhyll g variea significantly (Tadle 9.

A% o B, tﬁg asoun: of thae plogmont was aoout doubls that at
ni 5eH both at the exnonaitial phase anu the statlonary
nhagse. ihe asalysis of varisnce showe. that ihe

difference is significant ot 1x level.

Tadle 9 w2ll cuncs 3»?&%331 aand ¢hloropnyll g coateat of

L 3@ | BEdaasds <oriag phases of growih
ix ezltate a@ﬁia af different p 1 levels.

Légarit&mic phase | %tatiaﬂary shase
;raatnant A ——— PSR,

i level) Jell séwtlty Chlerophyll g well density Chlosoph:ld
per nl g&/l#ﬁ colls PeT al §§

«g3/1 = e=21lle
é. 5} 19,73,; Liw l?l Yoo '78 s Lig .83
Te 2B i FIg AT e BE
Te % 2 ,,r,ﬁ ¥ e 282 11" Y7 R
Bei Lighi . LadlY PG 2 wel6l

.nile maasuring he rete of cardbon flxation the

coscertration of the culture used for the experinont was
cutlaised so that selfeshading ves avolded., [he coll density

a3d the corresponding incorporetion of cardone-l4 {3 given in
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Table lie The rate of production incroaged upto a cell

dJangliy of lie8 x 1.7 per ml, At ihe next density

lovel tastod (1444 % 145 per nl) thers was drastic

roduction in %2 oroductions 1944 represeats this
srashicallye fro: ‘he available data it may de sssumed
. ' 5

rat cell concantrasisas anove 1. x 107 per ml was

iaaipitory to Lhwo rale of 14; fixation,.

ranle lue Carsoneld aptake by e fralburgengis as funcilon

of ¢cell concantratiocn.

-21l density per al Jounts per minate

12y v 145 2151
36y 575 £9le
T g i 1519  £150..
1.8, “763 £63.7
144, . . 1415 2lUle.

fioct of light

The 1i9ht conaltions o whleh the specles was exposed

affacted oy win profouncils, Cul-ures woere axposed Lo

Altesnatly; llontedary perdol ass slso cons-ant lllucdination

far 5 moniie Ithoas exposed .o cons.en. 1iluaination

dovoloved rasidly congacsy Lo tw cthers T 8a inltlsl



14 .

Flysde itate of carbon fixation (expressed as ~ C

uptake in com) as function of different

culture densitlies of . freiburgensis.



Fig. 4.
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density of 4. cells/ml, the populatiocn ygrew upto

12 = lgdfmi within 06 days wiih llightedark cycle

wiile constant £lluminatisg praducad a higher ponulation

dansity 2.3 x 1 cells/al {ianle 1ll)s A8 is oiserved,

the econtisucus Llluninatisn induces "ilyher growth rate of

tha flagellate,

‘acle 1l ffect of phoilsperiad on growth of
Ze frelburgencis 1a Dateh culture,

sga of Call density per ml
culturs .
{dave) 1214 ightedark cycle Cons.ant {lluninatlon

- e o

20 63,1 15,3 o«
20 T TR 158 ’ 3o
va 37903, 175y L

; {.‘ k i{ A '\.,é ';,.i%;':;;,; 2!3 L sl
5!“; éa 'y 11,- ;j"«:,} 173 * 3 TN

3 57 giiii s 2o g B
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The metasslic setivity of the flagellate was‘aff@cﬁﬁé
significaatl; ny the inteasity of 1lluniaatlsas  ihe lighie

shutosynchesis curve follo.ed the hyperdolic reolatlien as

£z
>,

ser Lhwe %qua;iasiy m:a%ba¢c42 with an ii Gt 24 x lul§ xen - X
sac"i (o 19e¢) Rlux) {iigev.e Ihe nigrest light Lkaténsiy;
that su.sorted the aeximoam rate of carsoa fixation was

Shenl = ivlﬁ quanta X aﬁ‘i X aaﬁ”l. St she lowest lignt
iaconsiiy tested (1 x lulﬁ X quaita X mi‘g % s&c’l} the

rats of production was very low, boing 1%.43. of that at

1iahe satarstione & similar reduction was noticed al the

51 mest lighe intensity .osted lees 1345% . of producil a

- -
at 43 x lglﬁ adanta X e X sﬁc"lo

lespera.ure was foun: Lo e onaos of the ifmportant
Tactirs controllin: growih and osroliferation of
. y L g e Jhen exooged to low tamoeraturs *’3'»3
tn- flagellate lost motility wi hin five minutes, ,fter
a weak when thay were recaltured ai roosn tenseraiure, the
cul.ure ware viablo. {he viadiliis i the culiuros stored
1 2iwe rafrigerator was rotelnes for Lhros n.nthse ~fler

tare. months the cultures uid not regaln viaollity on

rrassfer to fresh medius at roua teuperatlure,



FijeDe ihe ra.e of photosynthesis (expressed as‘laj

uptake in cpn) as fuactlion of light intensity
for g. frelburgensis, |



Fig. 5.
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The growth of the culiure was si:iled withln the

boby

Viprerailube range 2¢-4q§§. ihe motility of tis ealls also
varied within this teassrature ragee it 2 "o, 3u. of the
cells woere non-motiles &t toungratures of 295, J. anu as®e
c.e ¢olls behaved iwrialls, .hen oxposed to 4.0 all cells

1ogt nubility wii in Z2ed HoUrs 28 oXDcsura,

The growih 9. the ¢ulture wit:in the tmpecature
rone was quaniliied oy mneasurliag the tate of growth, he
rate . doutling dld nos show similicant iifference wiihin
e lgmperoiure raage 2d~3§aﬁ. fia érﬁﬁ thy raty ol growin
was ¢ aslserasly low axi the euliéra aid awt susvive ors
nan five dayse tho wan d ublings per Zay for Lhe cifferent

Lenperatures is sives in fasle 19,

T M & s . %, o léw— [ ¥ . 4.
cable 17, Rate of growth and 2 oaptake (as couats per
ainute per samnle lacudated) at  ifferent
temperaturns in aten cul ure,

- e

Isoghrygls
galbang (e8]

iaomerature

x
o
#

k ¢

G 2466 498 2456 173 1697 1347
- 275 458 .64 34z Ze26 7479
3 3405 4392 2,76 2557 Ze13 2329
33 2e34 1334 2,66 1390 2,13 385
4. e l3 224 e85 4z 1.15 1 99




The rate of fixatisn of carbon was measured

eln ltaneously. The ¢ tncorpors:iiza by the flagellate
was observed to e highly sensitlve to tewperaiure. hure
was siznificaatly high proiuction at 3.°%0 waich was reduced
ts half at 3575, 4t all other tamperatures the rate of

ap «uetion was ver, low [Table 12),

ihe ndiraie ani phosphate reguirsmont of the secles
was alsc ueterained. The rate of esll division in the
cul.ure varied wiih tae concentratisa of altpate ln the
aediune fonlying tw lincar transforaaiion of thea
onodg @xcression, U= oo ax (6fu) - a@, . halfesaturation

constan. for growih was ciilained as .7 ug at t’l

with a
max .mum specific growts rate of .91 per day (Figeb). It
was also viserved that at a8 o level of more than o mg/lite

the growth of the flagellates was hlgnly iahibited,

“fmilarly, ihe &;é requirens it of the s»ecies ¢ould
se defined by tw relatica 5 m o097 (/) = le3l where
1l.31 i5 -he nalfegzatu ation coastent for growth, axu .97
y:ing the maximun . unlimited) gzowilh rate il 7). It
wag observed .hatl g coweeniratliong at and abov:

2% anf/litre, the urowith of the flagellaie is inhibited,



Fliebe Hulation botween the eoncentiatlion of nitraie

in the cul.ure mediu: and the specific growth

rate of 2, froiburgensis.
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Fije7e Helation bDetween the concentration of

nhagphate in the culture medlium and the

spacific growth rate of L frelbu



Fig.7.
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an obvicus fact here was thatl .1} SuDSLrae
concentraticn suporting, the Pmax {nlisited wes far
lower than actuslly observed, Thus the shsarved jrowih
rate nears ihe R ax osnly at about 2. ua-at. -é.L"'l Tanle 13)

£or nitrate an: araundd 7ed pom? L"! for shosnhate [ Taole 14;

Table 13, opecific growth rate {pfday; durln  exponentliel
shase of . fralburgensis, L. ekbang o «8.)
and je gallna as function of 1 3 coacentratlion
in the aediun,

e

« . S
ke a@lDaca ‘Vese) e $3li0a

3 Coagentsam ﬁ,; CoSont o= L gongante

L -l N3 S ratic

s L NL inf ) N4 13 T T L Now Jda .-

Lion ugmat NI w/day tion aoeat N «f day wgeeat  NL 1 wfd
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Tasle 14, Specific growth rate [y/day) during
expensntial phase of L. freibw-gonsis, l» gelbana
. eBe) and Je galdna 8s funciloy of L,
concentration,

Substrate 1
¢ong niration Ce freibyrgensis i.

PR S

b Wadd il e B
le3- wadd G M X e 37
Ze3u LB " e e e A3
Goiti PR % TO RN e 4 el
7efi e L RO v 033
15 - e FTh a4 076
Dhe B LeFlD 20 « 37
4eis T 26 Le 6
e v e P51 e IO .96
15 o e 908 Je 96 a9

Zultures of Lsgchrysis galbana (Cess) wore grown in
sariched seawator to stuuvy Liis growih kinotics. ‘nder the
d-fined eonitizions (3e4.1) the flagellate wes foumd tu jrow

rapldlye From an inltial coaeeniratiss of 3D cells/al the
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cell count increased to 1,99 x 1@5/m1 on the 4th uay.

Aftor the 4th day ihe increasse 1. cell cuunts was slow
ie84)e The stationary siage persisted till Zu days

aftor which the coll counts began to ieclines The highast
growth rate was during vw losarithnic growth phaso wlih 2
zoan doubling rate of 143 divisizns par day {or a goneration
time of 16 hours. he curresponding relativy srowth gonstant
was +.43 per houre he saximun Jensity attained by the

3l ure was G497 X 3m§ ner al (Tasxle 2l

—arresponddng to tie declineg in cell nuavers it

was alie obhssrved tnat L2 arzeporstics of molile cells

A

1 2w culid.o aecroagade ihe no ensilile czlls setiled

&

to the pott . of tha culture flask forming a thin layer.
The goldenedrown colour of the culturs chaaged to a reddish

brown by tha 4th weake

ihe aasunt of chlorophyll g, g aw carctenclis
was very low on the 2ad dayg bu. within the ext two davs
there wes a sudden increase of abou . twonly Limose ~fter
the 1 arth day the plgnente lacreased gradusally 111l tiw
D.the  [he moun. 2f all the plaoments decreased oa furtae
a1inT of the culiure (Flgefiitje The amant of chloxoshyll 3y
¢ an! carotenoids per uni. auaber of cells was comparatively
ni ner during Sel2 days (Tanle 195) with the naxinus amounts

0f LeDi4, Le418 an. L0662 respoctively, the guantli; of



Filge8sie Increase in coll number of Asoghrysisg

galbana (Cess ) during growth in bateh
culiure,

FlgeGie Variation in the amount of photosynthetic
21 jmeats of the abyve species during growth
in batch culture,
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chilorephyll g was less than that of carotenolds while
the lastier was less in gquantity compared io the totasl
chlorophvlilse The ratlo of caretencld to chloruphyll g
dic not show much fluciuation except for .ne last .ay of

angarvaticose

Tasle 1% variation ila the amount of Laeals expressed
as pgflué cells of L galngna (‘ese; for a growth
asericd of 3. days in bhater culturo,

e NSNS
~ge of Chloronhyll g Chlorophyll ¢ ioial ~arptenclas/
cultuce caroteiolds ‘hlurophyll §

(. ave) wg/1° cetls  ua/10® cells  ug/1® colls

— -
i
:a.;"«. B {f}g S ] }é:% v ¥ 1 u‘» 1‘ é’? §

4 e 142 e 1B o l9% le3d
PYs. 1 Led L .9 304 1.37
3 e384 o418 e BB 1al3
1 19 7. Led38.. . 3 W le22
12 e 458 I X1 o994 1.7
14 —eB3 o3l - Y e 1633
15 e A e 3.4 L0253 led.
ia .0 Lo diid a3 1e31
2 o8B 233 e d68 le16
) e 365 SeZdu e 4Bl 125
-4 e 318 Je192 a3 1.53
) GeR26 o185 R-E 124
28 Lelded e B2 alHd 1.16
3.3 e diB ~eliid e, T fed

o
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ihe flagallateqexﬁibiwsé high metabolic activity
ca thix 2nd ani i4th day with a gross roducid.n of
4. pgif1? cells/hour ani 8 net procucilon of 12 “gﬁllxé
colis/hour as measured by the oxygen technigues Froam the
Hth to @2nd the nraductisn regslned uniforn | Ljesi) an

la . er egan Lo decroase,

~8 paxr the Carbon=id excerisont, ths flagzllate
exniblted ni-n metabelle activity Jdurling the npericd from

Ce davg wit: 3 maxlaus observes rate o»f léfggﬁ/la& cells/

rcure  ADN9F e Stn day e raie of orouductlon deeressad

1.9

71 chromatograshic senaration, ihe plmenis

3
ey

the strala cesolved ilnto five fracil s 11430,

L1
b
G

orange colouread carotene, tie olue ff@ﬁﬁ chlsvosphyll 8

ene the light reen cnloruphyll ¢ wers gasily notlceadle,

2%

e wo wether 820l wdre yellow in colour anc 10 is assused

tiiat these may o2 xarthoshyllss exle 4 o

5
7

b4 P ey g 4
VeSS LR AL

}1,
values of the Jiffezent Dimenige

The water content of the cells varied from 7Tled. to

GleT4 . foum tha Bih day ‘o 2 Lthe lhers was conslsteat
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date of production of organicicarbon by
e galbgns (Ces.) for a growth period of
3. deys in batch culture (measured by the

oxygen technlquej,

nate ol -roduction cf*crganic carbon by the
above specles for a growth pericd of 3 davs
in bateh culture (measured by the 14,

tecanique ).
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incroase in :he dry welsht of the cells as culture ajed.

Tha dry weight per aillion cells was 130 ug on the 9 day
wher-as the welght incroased to 373 ag sad 465 pg durlag the
1.th and 2.th day respectively. [hs major sroduct of
synthesis was proiein during ihe exponentiel phase. A8 the
cul .uTo bDecaxe oli tie &iount of protein decreased whllo
that of carbohydrate increased, As & resul. iie protelas
carbchydrate rotic iecreased from 1le33 to .93 wilhin

2. sayes {(Table 156)s <he 1lipld content wes comparatively low

throghouts

[esle 16, Olochesnical compositlon i ]
raised in batch culiure,

. - -~ A A

samanling iaterval

fraction :
% days 1: days 2. days

e —

Pareent mols.ure 71.4 9Be 5 5le74
617 3462 2451

Jry weight {y@/l&é celle )135,0 3734 465,

crotela (i dry wie) 51e3 dael0 3748
270 +5e 14 el

~arsohydrate {(x dry wie) 2iev | 3934 4. 3.
2716 ifed e I B

boda (e dry we) 6075 Be53 11,67
;2;2»75) il‘:g-;g 13, pot

Prozeing Jarbohydrate 1,83 1e43 e 3

sacterial count/al Sicieid e 11 .o
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Table 17 glves the relative amount of excroilcn

of e galbana (Ceselds wuring tie exponentilal phase of

growth only Je9.« of the total shotowassinllate was

releaged into ths medius, In one week oli cul:iures this

Lncreased 1o 13,57 and on the 15th day to 45440

fanle 17, Percentage of ax:iracellular products {(oui'}

released by Ls 4alDang (Ce8s) during phases of
growth in cul:zure, {(ihe % soluble represoents
the &l as fractlon of the toteal carbon fixed)

a8 of | . -} i
growth ells al soluble
4 , | o ,
4 7 2 Yo 31;32 lec 3,9
8 25 x 1.2 12,01 1,63 13,57
16 2. x 1% 4,42 Dy 45,2
L _ - L "l e

Sy

‘he sacunt of absolulo activity retsined as “UP in

sediun was also vetersined, 1wt of the % p. added

gsannle, Lll% L0 was retalned as ECF in the 15 dave
culiures n he 4th and 8:ih day this fraciion was

ing Jed0 and Ue43 respectively (Tanle 7).

ihe salinity of (e culture mediun affected

t

41:)

to each

2

less

s

1d
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growth of the flagallates The culture density anu the
sigment gontant varied wt%h the sallinality levels 14, 24
and Jx. {Table li)e Analysis of variasce showed the

ravle 18, [he cell conceniration and chlorophyll § tontent
of l. galbana {Cede) grown in culture media of
sali itiea 14:,, 245, and 34., for a period of
24 dayse.

L i " " o _ - . % B
&gitof Cell concentration/ml Chlorophyll g (ug/1.° cells)
culture . ~ e
{davse) 144, 24%, 34, 14, L 2 b 1

, o e

— i ey

T NS SRy - - -

19300 8620 383 Qe e 119 . »128

6380 2,915, 34895 (e234 LeR8. e 341
1,702 4,625 . 538300 L.167 Selli Jedd4
1,826..0 5,3TThx. 6,130 U.174 LelB8 Lel9S
10 3,85300 86,8080 . Teludul T.1ll4 Jel92 Lel34
12 4,825 659283.. 8,854  LediZ Ueldd e lD7
14 5,1 400 6,928 F,92..4. Ueluld Je 143 Je 197
16 B5,691.0 8,913 Be813 0  Ullub Uel32 Je344
18 5,902 1289000 12,9000 Ul VP S vell9
U ST 18,54100 20,8030 Lelel weniST e B8
22 Dpd3ui 18,2310 17,85800 uei&d JeiiB4 e B9
24 5,380 18,1000 17,5340 4024 LelTH Le T

- - N e e " : -

trzataent effeet to be highly sigalficants The cell density
81 ghlozophyll g weors consistently low for the lowest
salinity (14.,) tostedy but the culture densities at 24 and
34ne did not Giffer much throughout the experisent. The
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maximun ¢ell densit: bullt up during the iyeatmants
wes . 54932 lakhs/ml (T}, 184341 lekhs/ml (i,) end
2 .45 laknhs/m) “‘3).

The amount of chlorop:yll @ was very low in
cultures grown at ld., At 24x, the quaniiiy was still
nishery but ithe hichest salinity level .roducad the

gqreater quantity of slomenis conslstently,

The pi requirencnt of the snecles was also found o
be culte specifice The rangs of i from HeD to 3 affected
ths cell multiplicatisn and the content of chlorephyll 3
snalysis of varlence sWowed that both 8t logarithnlce chage
ani siaiionary etage the reationts were highly significant,
3uth ths ¢oall ¢ounts and chlorophyll 4 reglsiered higher
values for the 2.4 8 {:able 1Y)
fable 19, Cell concentrazica end chlorophyll g content of

de galneag (-ese; duriag pheses of growth in
culture uedia of different pii.

Logaritnalc ~hase gtalonary phase
srgataent . . : -
>4 level ce2ll denszity <Jhlorophyll a zeil dene Chlorophyll
sity
per ml yg/lgé cells por ml wg/1.° culls
f?. 5 ) 15 By i 290 5T i3, ol 1@%
Te - 12%%. . vadad T4Y7, . PSS hel
Te 121 0 ~a307 7453 .. . e2}7
Rl 5% e 313 a7 A P

e



The aaxcuat of carbonmld4 ingurporaclon by the
flagellate when incubated Lu short tern experlaents was
shserved to Ancreass with the cungentrailon of the cells
in the culture (Tasle 2.je he increasse in the rate of
aroduction was not quite linear (Ilgel.)e At about
the goll denslity of 5 2 Iyﬁ/al, the rate of production
was foun: o saturatee The oroducticn lecreased arcund a

dongity of o X 1;3 cells/al,

Tarla 2ue Larnoneld untace by L. 4212818 ( 8.
as & functian of ¢c21l conecantratiosne

- - - — B— : -
Call density per ml - counts per minute
i —
Sgndl 53 1 Jeiv
16,00, 103 £1%..
2y i 235 4 Ba3
324 Aans 39 2131
47450 363 3 7.6
5% gl A 29, £19.8

{Ce8e)} was grews in constant illuaination

S,n alband

an’ also subjeet > lighiedark cyele. 1he cell counts



Flgel. e iate of carbon fixation (expressed as 14&

uptaze in com) as function of different

cultuge deansities of 1, yaloand (.ese)
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showed that the photoperiod affected the cell divislon
rate considersbly. GStarting from an initlal concentration
of 35C gelis/ml, the culture developed a density of

23 x 10%/al in 3 days on constant illuminstion while it
remained at 8,2 X xﬁ§7mx in e cultures exposed to lighte
derk regime (Table Zl).

;enle 21, Effect of photoperiod on growih of
v galbang (Cess) in vateh culture,

Ago of 3!&1 éanatty pcr a&
(dave)" 10114 Lightedark _ Constant _
eycle illumination
A SO AT S Sa— — o —
o 3500
2 3,330
4 20543000
6 2541200
8 36,0000
10 45,4300
12 39,8100
14 45,3000
16 634 1000
18 79,4350
2G 12440000
22 123,940
24 150 4 Ut
<6 128, 9GO0
28 188, 500G
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The flagellate showed different rates of sctivity
at various light intensities, Ihe rate of photosynthesis
was plotted agalnst the respective light intensitiee to
get the hyperbolic relation bdetween these {(iig.lljs As the
figure shows the rate of production saturated at 34,71 x 1&15

quanta x ¢§"2 p 4 :ae”l with an [ of 24 x fos'x quants x en™?

I&¢‘1- The rate of photosynthesls was considerably low at
13 quanta x en % x sec™l) and hignest

x oéd'i) 1ight Lntensitles tasted,

the lowest {1 x 1.

62 x xs’”

quanta x 6ﬁ“ﬁ

The motility, visnility anu growth rate of the
species was related to the teuperaiure condltlons, 1ihis

was 1llustrsted Dy the tesperasture controlled oxaerim@nts.

The cultures were exvosed to 5°C :o 4%C, At
5%: the tmmediate response was to lose motility and the
effect was complets. At 20°C, 30x of the cells wers motile.
At 25.35°C all colls were active, -hen the cultures were
aexnogsed to 4&“2. the aa&lsVQradualxy lost their actlive
movenents and within two hours 1UG: of the cells became

nonwaatile,

The cul:zures remained viable for three months in
the refrigerator (3%°C)e At higher teaperature {4§¢€).
the cells were viable for four days aad dld aot regain

viability on return €¢ the reoom teaperature,



Fi5411, The rate of photosynthesis (expressed as “;

uotaike 17 cpm) as function of light fatensity
for L. galbanag (CeSe)s



Fig.11.
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The rate of growth of the flagellate for the
teaperature range 20e4.°C was determined, ihere was no
significent difference in the growth rats at temparatures
from 20 to 35°C) but at 4.°C the growth rate was conselderably
low [Table 11).

Tenperasure influsnced the ophyslologyical sctivity
signifigantly. The rate of productlon of the flagellate
was highest at 30 &; At 33°%C 1t was reduced to half of
that at 300, The rate of production was very low at 2.,

25 and 4.°C {7Table 12) coupared to that at 3. and 3§°¢.

The rawe of growth of L. gglbanp (Cess) was
dapendent on the concentration of nitrate ani phoasphate
in the medium, Apnlying the sdonod expressicn, it was found
thet the halfe-saturation constant of growth for nitrate
wes 1463 g at=i L™1 for a y ., Of Ua947 (Figel2)s
‘owaver, it was observed that this maximum growth rate
wag attainod only at a relatively higher sudstrate
concantration L.0e 8t 80D0UL 45,23 ug ated L3' (Table 13).
Clear evidenee of jrowth inhibition was found o otcur

at gungenirations of 4.0 mg/liire of Potassiunm nitrate.

similarly, the halfesaturation constant for Pug
was obtalngd from the rolation, 5 @ 974 { /) = 1463
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where &; = 1,63 pide? L™, This was equivalent to a
manlnum growth rate of o974 (1 1gel3)e .able 14 gives

the nbserved growth rate for sach substirate congsniration.
Accordingly, she sasturation level was reached only at

& subsirate concentration of aboul 25,42 pu-- ﬁ'l.
Phosshate lavels sbove 35 mé/li&re 1ahibi§¢d the growth

of Lhe organism,

The culture of 3

galing when grown

in batch culiture clesrly showed a logarith ic phase and

stetionary phase which after s few days began tg show
senescence. o lag phese was obaerved in culture. The
call counts ingreased from an initial coacentrailon of
144. cell/ml to 9 lakhs/al within four days. The cell
doubling contiaued tnough a8t a decroasud pace till 15th
whes the culiuie density was 47,5 million cells per =l.
After 18 days ithe ¢ell nuabers hegan to fall {Figelda),
1y the 30th, the c¢all density cane down o 3 milliga{ala
Jdring the peak growth period thé rate of Joubling (k)
was Z474 for a generation time of 9 hours, {he growth
constant per hour was found to be . U279 {(Table 2), Though

the growth rate decreassed af .er four days it was observed



Fizel3d. Helation between the concenirstion of
shosohats in the culture nediua and the
soocific growth rate of L. galbang (Cesele



Fig.13,
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that upto 12th the punulation doubleu iiself evary

43 hour thus bullding up a very dense cul:iure,

‘he young culiures had a bluishegreen colour,
The nlue tint reduced as the culture aged. The declining

cultures ware dull gresn in colour,

The asount of chloronhyll 8 any nonechlorophyllous
pizaents als2 followad tho gawne irend as the c¢ell numners
{ii7e183)e .wrino the first four days the increase In
the anosunt »f the nignenis was exnonzntlalj this was
f21lowed Dy & nradual ris2 till the 12th ano later the
cul ure was in the sta dlocers s5.ates wecline in the
anont of the plocents began by 2oty daye The amount
of ¢alorophyll g per uwalc nunser of <ells was high during

0 cellse

jwli dassi the maxinun smount osing Lenld ag/lu
slmilarly -he nonechloroohyllous plassnis alsc were
found to be maxlmun frow Sel4 daye with a congeniration
of et lé yg/xgé calls, ua a8ll days cxacept the 2nd,
chlorophyll g domlnated cver the noa=chlorophyllous
aigaents.  Bul in the declining cultu.es Ll.2. from the

Yutn, the asount o agn=¢tlorophyllous nignmenis was

hi er {Tabls 22}.



Flgeldie Increase in cell number of jynechocvatins
galinas durling growth in bateh culture,

tigel4.ie¢ Variation in the anount of photosynthetic
piiments of the above species during

growth in batch culture,
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Tanle 22, :axiat&aa in the amoun. of oigments expressod
as gg{i calls of .y
growth perlod of 30 dave 1# hateh culture,

. . “lon L
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she rate of productilion as shown by the orygen awd

4 , A ; . ;
L netheds gave the nighrst prosucticn rate on 5 to 8 days.
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Aftor this period the rate of producticn reduced
considerably (FlgelBAje After ten days the activity
resained stationary with slight fluctusiionse

+hen the experiment was discontinued after 3. days
the nhyslolojical sctlvity was at she declining stages
In the carsen=14 experiasents tho outcome was ore
variasle after 1u days of growtn (Iigeldi)e ihe rato
of production increased on the 12¢h day followed by
decpesss on l4th and 16th, inis fluctuacion remalned
t1ll the 3.th daye. The highest rate of nroduction as
measurad by the oxygen experinent was Ledu v%d/1$ﬁ cells
{gross production) and 2. pgi/l&ﬁ colls {net production).
As per the 14& gechnique -he highost rate of spouction
wWag Led. agﬁ/lué colls,

The pizaent systen of the blueegreen algoe was
found to be cosdosed of five fractlons (Flgedi) of
which carotens ais ealorophyll g were doninaate, ihe
siher thpee fracilons could not bpe identified, ihe .4,

of thuse are given ia Tadle 4,

ne nlochemical composition of the spocles showed

dofinite trends in the new and aged cultures. ihe waoler



FlelDAs note of productisn of organic ecarbon by
e galing for a growih serlod of 3. days
in batech culture {(measured by the oxygen
techni uej,

i «1Di, ilate of production of organic carbon by

the above species for a growth perlod of

3. days.
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content of the colls was considarably reduced in old
cultures. Jhere was a difference of about 35/ hetwean

the five day avi twenty day old cultures Similarly
increnent in the dry welght was noticed, Tha young culiure
weighed 7 ag/lwé ¢colls and it doubled as the culture

becane twenty days olde The nrotein contant was
coupacatively low with a1 average of 33=4lir o ihe ratis

of orotedn t: carbohydrate decreased from leZ3 to Ll.74

as the culture becass olde The variation in lipid content
wag relatively low, ihe amount of vericus couponants ave

given L. ladle 23,

iasle 23, Blochemical composition of 3. ga8ling raised in
batch guliure,

OO " A AT AR AT e " " L
Sampliing interval
Fraction - - AP
5 days 1. days 25 days
— - - "
Prercent aclisture B34 57 B 06 BielD
20e 14 +:3,88 2414
sy walght (ug/1c? 7 749 15.5
cells) ,
Protein (% dry wis) 41,0 34,2 33.12
te 15 +1 132 35034
;;70 93 ;;Soﬂ ﬂl& 19
Lisid (;s‘; ﬁ!“f whe ) 12402 1,910 9‘024
2238 43612 $2410
Proteins Cearbohydrate 1,29 Lo 94 e Tl
Jscteris count/ml } O 1 4

o : - . —_——
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ha specles was obsexved to release a pert of
the photoesssimilates w0 he culture medius, The four day
old cultures excreted 38,91Xof the total carbon fixed
while the sroportilon Incroased to 64,5 in the cultures
after 16 days of grow:h (isble 24), In terss of the
absolute sctivity amounts renging from el2%m., 273 ul were
retained &n ithe sedium es ulP outl of the 3 o mided to
oach sasple {(Tadle 7).

iable 24, Pereentage of oxtregellular products {ECH)
released by Se galing during pheses of growtn
ia culture. (ihe i soluble represeats the Llv
as fragtion of the total carhon fixed).

AN A - N - R e
Uays of Colls ml“i thz‘thaltt@ soluble "
growth — "';Mf' c/' l/?‘l‘l o oluble

4 16 x 1.° 24,62 9,58 38,91

8 s x 10° 18,95 7400 36494

16 1o x 104 14,24 9,19 545

Lcomphyetolog; of 3. 33Ming
2alinity:

The growth of S gallnag varied with the salinity of
the nediunm, As shown by the analyeils of veriance the cell
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counts were significantly different till the 1l4th day
following inoculation with exceptlon on the 2ad, After

14 days"there was virtuslly very litile difference betveen
the ipeastments as far as thé cell counts we.e concerned
(Table 24}, 3ut the culturse at low galinity levels were
found o de more healiny with a blulshwgreen tint while

that at higher salinit, {34.4.) was dull greea in colour,

The aacunt of ehleronhyll g was high at the
lower salinity levels (l4:, and 24x,). Analysis of
varisnce revealed the tres-ment effect io e hinly
signifiecant, otween 14, 8nd 24,4 Lierc was however,
not auch difference in the amaéﬁ: of :he osloments (Table 25),
4t saliniiy 34:, the asount of chloroshyll g was too low

taroushout the experliaani,

«ffeek of od

ihe difference in tae pi of L@ culture medium
was reflected gradually in the growlng cultures. In the
four day old cultures the cell density did aot differ
sigaificantly ia the pi rasge 6«5 ~ 3, Jut when the culture
secame stlll older, there was sigiificaent iiffersucs between
the trestameats {(Table 26)s The highsst cell density was
built up at pid 7.5 to be closely fullowed by that at 7
and H.9¢ At the stationary stage, the coll density at pi 8
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FllelBhs Hate of carbon fixation {exrressed as “C

untoke in cpm) as function of diffoxent
culture densities of s galina.
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jpto g:a x mﬁ‘ cells/ml, the production remained
unaltered, Above this denaity, the rate of production
decressed, The cell densities and the corresponding ""é;;'
activity is given in Table 27,

Table 27, Carboneld uptake by Jynechocyatis saling ee
function of co2ll concentraticn,

Cell density : Counts per sminute |
279,0000 4430 ¢ 134,4
H40 5 COCO T35 x 9840
8280000 16089 & 767.0

1280,0000 12)2¢ g 38240
1650, 5000 12196 ¢ 74,2
ARSI 11910 ¢ 1.3.8
200 p OO0 6451 & Tieu
JI00 9L 1568 3 53.8

D i o

The gesponse of the organisn varled significantly
with the ghaiapaxiad to which the cultures ware exposed,
The rate of cell Jdivision was higher in those subject to
congtant iliu&lnatiﬁnt from an initial densiiy of 1440
cells/ml a density of 45 x 1{35 celis/nl wes reached in
thiriy days, by continuous illusination whersas the
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denslty of the culture subject to lightedark cycle
renalned at 8 x lﬁé cells/ml {(Table 25).

i8ble 23,

cffect of photoperiod on growth of . galing
ia batch culiure,

sge of
culture
(days)
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the Iateasity of 1light Lo which the cultures

ware oxpoged affeclted the rete of oroductiocn,

From the

hyperbolic relaticn between the light a1 photosynthesis

i+ was observed that the rats of carion fixeticn was



1.9

P
-

19 quanta x cn

saturated at 34,71 x 1o X aac'l with an

i, of 24 x 11? quenta x ex™ x sec™! (Fl..17). ihe
aeiaoplic activity was wvery low below 14 and above
31 0% 1@15 quanta x c&"ﬁ X sﬁd‘l.

fhe vieblliiy, yrowih rate aw rate of aroductiua
af the bluewgresn algs was veternsined at different
teapersturess :he cultures were kRept in refrigeraice
390) s ragultured woakly to frog nedium at roos
temmorature. Lt was olserved that thoe cultures were viable
upto six months of storage under the low tesperature, . he
cultures oohaved acraslly froom 2% - égﬁﬁ. The neral

daath polnt was obzerved Lo be é§§ﬁ.

he growth prate of thoe cultires differed slightly
8t ihe teuperalure rangs 2wt B e ihe Twan doubling rate
per day 1is given in Table 12, ihe highest growth rate
securred at 25°. with slight peduction at 3. and 35%.. au
7 P, the rate of growth wes less thaa shat at 25% ana it
was 8till lower at 4.%C, 4t this hishor teaperature the

¢:xlls were viaile though wiin a highly reduced growth rate,

she goncentratic of nl:rate in the culture msdiun

and growth of jge galing in culture was related as per the



Fliel7. The rate of ~hotosynthesls {exprcossed as ldﬁ

uptake in cpm) as function of 1light intensity
for 2» zalina.
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relation 5 = o383 (fu) = GeBl whare _e5l1l = halfegaturation
constant for arowth and (983 = mexiaun {unlizited) growth

rate (Figelide

similarly, the phosphate reguicement of Lhe
sseciss could be defined by the relatlon 5w 0963 {(ifu) =
le34 whese leJd4 is the halfesaturatic: constant fox growth

B804 Le063 18 the aximus unlimited growlh rate {Flgelije

#8 &7 the case of flagellates, here also the
trend was that the observed rate of growth neared . .. only
at very high subsira.e cuiGeniraticne {.able 13 and 14},
f: was als> observed thot a nitrate conceatration adove
4. mg/iitre end a phosphate concentrailsn of about

3. mg/litre wece inhinilory to the growth of the specles,

fhe growth kinetics of the specias nas bLeen

deseribed by ‘air, 1974, s ggacilis isolated from the
inshore ragion of wochin was cultured in Aiguelts sedlum
ai its growth in culiuro was étuéie& for 3% dayses ihe
nighast growth rate (k) as coaputed froa .he call couats
was Leud wiin 8 cenarsilion timo of 14 nours. From an
fattial inoculu: of 2. ecells/al, tho culture density
increasad to 1 illion by the end of the sbservetlion

saplode whloroshyll-g 80 3 were also neasured



Filnel8s ihe relation botween the concentration of
niirote in the culture mediun and the

soacific growth rate of Jo g3ling.
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Fise19¢ The rolation Dotween the concantration of
shosphate in the culture mediun ani the
soacific growth rate of 3 g3ling.
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simsltanecusly. The gross cerbon values per litre
- mar hour ranged from UeUT to Ue 79 mgl measured by the
oxsgen tachnique, ani from ..ud to we34 ngo per hour oy

s }

t1 4£»tschaiqu¢.

Certain other aspects of growth of t:ls strain

was siudied during tae prze-at investigatione

The nhotosyathetic pigments of ie gracllis was
analysed by .Lis :he chromatogran regsolved 4 fractiuns
iFije3uj)e “hloronhyll g, chlorochyll B and gargtane was
quite prominent. .he Ap values of thoge are given 1ia

Talae 4, The rensining fraetion was assuned to ve

xanthophyll,

The sischesical e¢onnpnents proteins, carbohydrates
and linids of the flagellate varled in thelr relative
amouniss ihe Linld tavel was conparatively lower than that
of Cartonhydraie and Proteln. Protein and carbohydrate
contrinuted the najor share with predominant proteln
s nthesis (Table 23)e Tha ratlo cf protein to carbohydrate
decreassed by half froa filve days to tweniy days of grouwthe
similarl, thero was high fluctuatioa in the water content

ai. dry welont of the cellse
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Table 29, diochemical composition of lgirspelnis ggecilis
raised in batch gulture,

Sempling interval

Fraction P UNTTIR——————— A

S days 1i days 2. days
Percent molsture Bheii. Bleiis 32475

2314 13.84 +4,81
ory weight (ug/10° cells) 379 72, 1249
roteln {» dry wi,) g b A0y Th. Ay

212415 17468 2834
Li:id (. dry wie) Sedu 2036 1.86

. 7Y 9 e 76 X 81
yrotein: Carbohydrate Zele 1e95 e 99
Jacterial count/ml 8. 5 12

The exten: of orgonic excretisn also changed with
the age of the culture. 2,54 of the total metadbolite was
released intc the medium on the 4th day whereas on the
1554 day this fraction increased to 22,36 (Table 3.).
in terns of abgolute activity Ualle.ie 28 ul were cbhtalned
as .? in each sample aided with a total activiuvy of

3 wi (Table 7e



Tasle 3Ue
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Percentage o extresellular producis (uuv')
released by [etramelais gxacilisg during phases
of growth in culture, (ihe .. soluble represents
the ZCP as fractisn of the total carbon fixed)

~ays of -l Particulate solubvle 7o
growth  -oils ml ——ETIIRE.—  oluble
4 red % 10° 2439 el 249
2 7 x1.4 2,13 edu 13,76
15 15 x1.° 3,22 a2 22436

- A AR - N
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- J‘él #5.4

By iAbo wrbduding oF colile
Lo dnYals o i (e @e A CYALUAL L Wi A
Pudiw Vil L aﬁﬁiﬁﬁbﬁ%ﬁ;‘

LY S 1 T S

5’1‘ A culiy

sase nroduction of nanonlansiton has heen takea up
{7 sarieultu-e sperations in connectlon wish the reariag o
the filterefoading larval stages of marine fish and oiner

invortehratog,

The simplest method for the nass oroductlen of
shytoplankion is oy addling comercial fectillizers to sea
watar enllected and kent in sutedoor tanks, In this
aystes filtered geas water is let ints opan tanke of
Yo to lugiss gaellons caracityg fertilized wich cosxvercial
¢sptilizers to sroncte a good growth of wixed phytoplaniktons
Luch systene could be lastalled cut-door oo in green houses
enat ars artificlally 1lit t. srovide an yaoar rouad supuly

of aixed shytonlankion culture.

Large scaole culture of haetoeeres affialg is
taten up kn the prewa culture laborator; of «uinl, Cochin
sn siuilar lines. #lbre glase tens. of capacity 1o miibvan
are filled with iiltered sea waier and fertllized with

comereial fertilizers. fhese are lawculated with siock
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culiures of Go @Lfiaigs At temperatures avove 28°:
goud diatom growth dominsted by o affinle is obtained.

ugiaigai cultuczes of. nenoplankton of proven food
“qgsalliy sra raised on a large scale in controlled conditions,
sany ladoratories maike use cf pyrex carbuoys as growth
chabers fgr axenic cultures, The carbuoys are malatalned
at constent teapers.ure and illuanlnated artificielly. The
cultures are. aerated by pubbling a mixture of alr 8ud Uige
., fixed volune of the culture is harvested dally anu is
teplaced sy an equal volume of the mediune this ls a
selecontinuous systems Slallar cultures are maintained-
in the mollugstan hatchery of LxFid at Tuticorine, The
culture contalners used are 2 litre carbuoys or perpex
tasks that are ;rtificiaily 11t Lindoore

“sncinuous euliure s¢stens have bDeea built up
14 many laboratories for asriculture ocerations ~alaer 8% Bl
{19753 snd Trotta (193l)e These laboratoriss use different
cilture contalhers like ssherical or ¢ylindrical glasse
sottles, perpex cylinders or glastic7bags. These cantinuous
culiure systeas may funcilon as 'turbidos.at' or ‘chemostat’
cul.uros (cfe gy, 1973je Ihe continucus culture
produciion system usually is coaprised of rows of oyrex

carnuo s or plastic nagys wiih arovisicn for addltion of
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nutrisnzs, wi hdrswhl of the culture and aeration, It

has elsso thé added adventage that tne cultire can he
maintalned in ateady state go that a nore unifors produgt
can be fed to the larvae continuously (Palmer gt fle» 19750
‘he presont investigation pertalas to mass culiure of
galbang foxua HQVEs

ihese were arown 8s discontinucus zulture under controlled

coxiitions.

fhe flagellaies were invsulated into walae's
sediua taten in 20 liure jlass carducys. ihe cultures
were exposed L0 & lijhiedark cycle of 12:1% hours with
{11lamination of about b, .l lux from fluorescent laaps
+ z temperstuse of 3.42°%. (Flate [4) with constant

saratione

The growih of the culiure was followed by taklng

the eoll counus for twenty d.yse

The esl-ure was inoculated at o doasity of
35 . eells/ml, From tals inisial concentration it

iacraased to l..13 million eells/ml in six days. «ftes



117

the 1 th day the cell nu:bers hegan to decrease. owover,
tha culture declined completely only by the 24th day. The
cell counie for the varisus days arse given in Tanle 3l
ih: growth rate of the flagellate wes calculated from the
c2ll countas, (he maximu: growth rate was observed to he

gn the 2nd day belng Z.1 ioublings per day.

AsoelRysls galbans (Cess s

The culture nhad a densit; of 326 cells/ml
initially. .aring tie course of growth it iacreased to
2.7 lakhg ner ml in ton days. Later the cell nunbers were

founi to decreasss {[.able 3l)e It was found that the urowth

Tasle 31, -ell conceatrpaetion per wl, in mass ¢ulturss of

g4albeng (Ces

~3e of hroauline toenr
- . ysis
silsaze il -

L 3260
1 1,80 TRoC
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rate was aeximum on the 2nd to 3rd day wi:zh a maximun
valuz of 2,94 doublings per daQ. 5&9 gul iures declined
con-letely and the cells settled down by ihe 2uth day
sfter tho initistion of the experizent,

3ivalve hatczmrka sround the world utilise

different fecds to rear the larves from the beginning

of the planktonic stege to metamorphosis. ihe relative
#ffiéioncy of the foed fs verifled in terms of the 13:?39'
that sirvive, Loosanoff end his collsborators in the

Alford laborstory and .alne, Cavis, Guillard, Imal end
others ia jurope, America and .Jepa: have successfully

| roarsd the larvee of several gonera of vivalves .¢f. loosanoff

and Javis, 1963)e

It "es been now well established that bivilve
larves e#n‘hé reared in the lascraiors on a diet of suall
anoxed flagellates., It is also obsepzved that the .
g%}t@;l:ﬂkt&tt .are not equal in nutritive valus. .ole

1935) suggasted that the algse like chlorells and g

wers unsuitable as fooud for oyster larvas probsoly hecause

of the thick cellulose cell wall which the larvae nay find
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difficult to digest. However, ilewell (19353) demonstratad
that the style enzymes of adult oyster can degrade cellulose,
‘oosanoff and arax (1951) ralsed tho larvae of certain
sivalves on mixed _hipralla culture, ..avis {1953)

osserved that the lasves of Crassostres virgialgs utilised
thick walled nanoplenkton: hlorells, 2 YEAONAS 8Dy

LIk nutine 1his lec o

the suggestion that certaia hivalves can utilise only 2 few
s ecies of microaljae wille certain olhers have a wider
cotisne  As Jkeles {179, suas upy the three bosic

rejquireseats of the feed arete

1., .he food 1ust 52 no'wtoxic.
Te Lt must be easlly accessiblr by aniaalse
3, 1z must provide ths nutriente for norsal growth and

davalontiont,

1t has also been onserved thot a mixture of aljal
ssecies is suverli.r for feoding commared ito slingle specles,
© aixture of igochrysls galkgna, gnochryeis Juinells
slatrzson ggu spe a3 _unaliella gughlerg induced rapld

g owth of both clan a1 oys er larvas comnased Lo ecual
qusatizles of any of these fed separalely (¢fe Lousanoff

a1 wavis, 1963},

sraguction or soxkc producis a2t o coscentraili o

le:nal *o 1o larvas is c:asluered .0 b 8 drawback of



ertain flagellates as _ZNEO33
aillard, 1993), + few stucies have slsc been directed

o the cremical composition of the aanoplankiters.

The size of the faaﬂ'marticls s an obvious
linitatlen in the develoomant of 1ive=food in bivalve
istoms are not usually ug:d to rear the
s78Ler larvas ss thoge are targer snd Jiffleult to digest
However, Jeasanese workers have

1aicherios.

due to the sillce walls.
guccessfully reared molluscan larvaee mainly that of

scallon on 8 distom diet cosmrising Lyclotells N3AR

{Jkeles, 1975).

Solourless flagellates have peen toied by many
ite successful

&

worierse Sut they have not proved %o be

food for rearing oyster lervoe {(ualne, 1996). ihe

silford lsborstory tesn slso nas arrived at a eimilar

concluslian,

The motile green alga: llke punaliella sad

ars also cunsldered to De satisfaciory food

for rearing the larvas, lovever, the yollowmbDrown
nave nzoved to

nrysomonads in slagle &w in coabinations

33 the best food for bivalve larvae. Flag-llates like
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s Jutheri were found to
be of equal food value aii goong the nest to feed the

pivalve larvae (Loosanoff nuﬁ uavis, 1963)., alne (1936)
also observed rasid grow n of the larvas of gtred gdulls
an a dlet of L. galdang axwl aroiher hryRononas

a2 pleiadags The significance of isoshxysis

.a in bivalve hatcheries has further bHeen proved oy

Lalne (197.) end .pifanio (1979)s L gslbaaa ie used in
molluscan haichery of uaFnl to rear the larval stages

of pearl gyster, pinctads fychty and edinle oyster,
22 DaILagenside Ascenily succoss was acaiaved in

rearing the larves of Indian mussels, L3108 indicg and
yiridis from fertilizaticn tu spat 6.80%. A trepical

sirain of je galbpaga has seed used with great success by

‘wart end cpifenis {1981} to reaxr tae larvae of the Anerlcan

oyster, ;ressostres YiEgialSds

&

The prosant experiment was conducted to find out
sne suitadbility of the tropical flagellates yhromaling
freiourgenais end iseehrysis dallana {CeBe} 88 food foI
pyster larvae. Jewly hatched larvee of adible oysiel,
Sregsostresd agdragensglis was used for this purpose. In ihe
jaboratory of CiFil these larvao are us:ally ralssd on a ‘ilet
of i« galpenge The autritional qualits of the present
isclates were conpered sgainst this control fead,



Aaturally spewned laxvae of g ngdrassnais were
collected after 24 hours of fertilization. The size of
the larvae was 55u. These larvas wers suspended in
saa water {filtered through la net and JV irradiated)
of salinity 34, at a temperature of 2042°C,

filtered snd sterilized gea water was taken in
gsrnlin; glass hHoakoxs of capacity 249 litres and equal
aunber of larvae ware suspended in them at & density of
five larvas per mle These were placed as ihree sels and

fecd .n one of the three dlate glven velows

Jtet & =  ghrenuldna £xeAbURJensis
et 3 = Lsochrvals galbang (Cese)
Jeatrol =  igeshiyels galdena

ine foeding schedule was onee in a day at & rate of

5.0 colls per lazvas

The lazval éensu-f and feeding level wexe fixed
rhitrarily. -very aliecnate day the ses waler in which
the larvas wers s:ushended was changed, The nangplankiers
used o feed the larvae wore cultured in .alne's medium
as deseribed in section 5.1, These were f-d to the, larvae

on svery Sth day of inoculation.
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samples of larvae were collected from each group
at Z=4 days interval and the size of the larvae wes me agured,
Ihe number of days tsken by the larvae to setile as soat and

the percent survival of the larves were also noted,

Heguls

The mean size of the larvas on the varlious days
of cbservation is given in Table 32, All tae three diete
supported the growth of the larvae o metanorphosis, Jut
as presented in {eble 32, the diets influenced the :rowth

ra:s (reflected by thz size of the larva) differentlv.

Table 32, Mean size {in microns) of the larvee of
Crassostrea axiraseashs reered od three
nanoplankton ﬁiets {Initial size of the
1arvas = 35uj,

sampling interval
wie A ‘ B : - T
’ 5 7 11 14 19

6313 dav; éayn , days  days

ng fxelburgensia 73425 1200 16@.75 298a* $73.3
ﬂtdﬁ 341-3# 37034 :,8.15 t?-?i

L80chEysls 2810318 (Jese)Peve 91425 154425 261 425 333,20
Ui3036 $5u8u 2316  36e74  15e3

Lsochrrais , | 87,25 106450 137425 201,75 492,%
Wm ral) gx:% xa:m :.3:?5 :r.?:l? 2822

D S T RN SO N -
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The mean alze of the larvae was larger in those

ke ani Lo galbgna (Cese) conmparsd

to the gonsrols sesulis of the student tetest indicated

fod with L.

24 ialy significant difference between the size of the epat
as eassured on the 1lith day of cpservatica. <he resulis of

tetogt with the three wlets 1s glivan Delows

dlet ifcontrol = Plueuly defs m 13, t = 13,32%°
vlet 3/c01:r0l @ PSietly Usfe » L3y t = Sed1%e
Jlet Afdlet 3 = PSUeUly defe @ 18, t = Do 03%*

Thase data show that the nresent lsolates induced
nigher growth rates of the ovsier larvae, ([t was also

an.erved that tha larvae fou on ge sottled

on the 17:¢h day while in the otier two the larval gettlouen:

swarted enls on the 13th daye

*s5i90ificant at L. level.
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The percent survival of the larvae was significantly
higher in those fed with the ppesent isolates:

Go fxelburgensis end Ls galbang (Cese) (lable 33)
Table 33, Dercent survival of the larvee of . nadrssenaia

fed with three nanoplankton diets (Initial number
of larvae = 1uyiidl)

WMW B - DRSNS
4oe of spat Percent
Jhet obtalined survival of
| laxvee
chzomuling fxelburgensis - a9 2,79
laoghzvals galbang (“ese) 1.1 1.1
igochivels galbana (Control) 24 Ue ' 4

ihis experiment clearly indicates that the pregent
Lsolates, Shromulins fredburgensls end jeochrvels g9al2add (Ce
are quite successful feeds in oyster rearing. 4Aaong these
sin offers the grestest sotentlial to de

developed as livewfoods

in the bivalve hatcheries 1:; Iniia and abroad

ani Lsgohrysis salbang es these hws neen found to proaote

good growth of the jtarvae, Therc are s me randiom reports

sreater importance has een piuod on i

pledadesg belng ueed successfully for reaxing
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the larvae of @rcenacia merssnaris (-evis and Loossnoff,
1993), uatzea gdulis (Walne, 1995) snd Srasscetres YAgAnica
{Loosanoff and lean, +ilford leboratoryje. iowever, these
su.iors conslder J. galbana and s Jutigr} superlfor Lo

=» Rleigdeg in promoting the growth of these vivalve laxveos

twart an. woifanic (1981) have presented th: tropical
strein of Jgochoysis (Teisc) as a suliladble substitute for
isgehzysia galbags for both the larval snc juvenlle suerican
giggainigse I=iG. 18 reported o De

suitanle for development in mass cultures i green house

Fd

075188,

s=avironment of 19«3.°C under which conditions this gives

Led to 2 doublings per daye

the present invest:igation has projected to tronicel
flagollates wiih “4% to 3.0 doudllings per dey In tae
temne-ature reange 2.=33%¢, It has bees shown experimentally

-hat both these speclies thrive well in indoor nass culiure

ssetam, In the casae of stabllity
greaser potential to be developed in hatcheries. The
fesding experiuent also projectis LNronulins

suparior in food value than fsochgpysis galeng (-eSe)e

incee fiadings Lndicaze the greatesr potential for “he use of
freiburgensia in the tropical oyster hatcheries,
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DESCUSSILN

ihe nancplankterss, jhiromuling fxai

isochxyeis aalhans (Cese) and Jyngghocvatis saling raised
in culiure to study thelr growth rate and activity grew

asy-ntotically building up dense populations. 7As seen from
the results the logarithmic phase, the phase of declinlng
grow.h rate and siationary shase were well aarked 13 the
course of development of the eulture, In most of the
ciltures tie laj nhase was nol noticeds, Frobably the
ansence of the lag ~hase le begause the inocula were laken
from exponentially growling cultures, In fact Spencer {195%4)
axi Fogg {(1744) nave correlated the lungth of ithe lag nhase
tc .he age of inoculus, They report :hat in Pheeedsctrluia
gg;gggnggga and ia Agabaeng eylindiica the lag phase 1is
totally absent if :he inoculum had been growing exponsntiallys

The aaximum growih rates observed (iable 1) was

o GAALAID (“eSe)
ani e gaiing respectively corresponding to a ralative

“eblupledd anu Zea74 £Or e

geowth constant of LeuTdy wendd and el “revicus
literature shows that the raelative growth constant (k)
for varioue ohytonlaniters varies between ..l 8ad el par

nour a8t ocimun condlitlons (. ponley nd SGtrickland, 1963 )a
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Gluewgreen algae in genagal are observed to have iow

generation time, the lowest %g recorded being two hours

for inscyatds nidylens (krstz and iyers 19552)s 1. galbana
‘guss) (396 13) took more time to divide then
(524 o ) In fact in other exneriments

{n the seme series L. gg;agg;_(ﬁ.t.) showed similar
growth rate as Ls 3ut the higher generation
time {t ) of I» galbans {vt") ghown in the experiment

3.4.1e may Do due to some factor aanaﬁznoé with the inoculune

inese results show that spart from culture eonditicns and
eall volume, factors 1ike heslith of the tnoculunm and cthers
faalures characteristic of & species or taxon gan affoct

the growth rate in culiu.es

The amounts of Chlozoohylls @ g and total carotanoids
wore nigh during the exponential phase for the flagellates.
inis may bs bDocause the cells have access to scundant
autrients, The saount o ehlorophyll 3 decreased
considerably in 8 a2 week's time. similar results have Deen
obtalned in sateh growth of cullures by previcus workers
Liopris ani Glover, 19743 Vijayareghavan gt als 1975)e
tns relative proporilon of carotenoids increased in the old
cultures resuliing in the change of colour of the culiure
from golden yellow to orenje=reds sgeumulation of

carotencids in sgeing culltures has -een frequently
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encountared {(Foguy 1973)e The possible reason for this
ss sugoested by Uroop (1954 is the depletlon of nitrogen

or phosohorude

Tha culture of §zﬁgg§gg;g§1;,ggl§gg_mehavea in a
slightily different waye. in thils the plgment eontent kept
an incressing for eight days, remained at the maxiaum till
14th and thea began to @aareass.’ ine decrease in
ehloronhyll g was reflected in change of colour of the
culture from bluish green %o dull green.

The rate of preduction of LRRgnulina
end Lgoehxysis galieng (Tess) was st the highest level during

the first week of culiure colneclding with the maxinum

&

slgment gongentrations Inds confirns the fact that
sroductisn is proportionsl to -he piymen:. contents, Jut in
ynechogsatis saliag the poriocd of pesk metabolic sctlvity
apeceded that of maximum chlorophyll g content, Probably,
osther factors such as high culture coacentration #nﬁ its
fur -her consequences interfered with the me asurementss

iha ﬁaezvased rate of production in the ageing cultures
may be attributed is the uecreased content of chlorophyll &
and aucrient depletion which is probable to oecur in bateh
cilturese wrecver many cells in the old cultures wele

in he nonemctile restlng etage a8t which time metabslic
activis; is normally reduced,



A¥

131

Chyomatographic analysis of the phoiosynthetis
sigments of the species revealed the major fractions and
nence their Laxcvawale affinitiess <hlorophyll a ad
carctene was observed in all the four specles. ihese
components are characteristic of ell algal classes (ﬁtzain,
1951je Chlorophyll 3 1s unique to the green algal line
sni the results showed it to be present caly ia Ietzaselnis

gracllise Chlorophyll © was located in L 15320 ig and

I gslibans (Co#s ) indicating ithem %o belong o the oxown
algal linee dn sueh fadicative plgmenta could ba spotted

galinge The suggestion that the yellow
plynznze of the sheysomonads ¢o:ld be xanthophyll is
substan-iated by the wors of Jeffrey (1968) on L. galRangs
she fracsionated the pigments of je galbana into seven
fractions including chloroshyll R Se carotene, fucoxantnla

anc three other yellow xanthophyllse

ihe nawplankiers were observaed Lo have predominant
aroiein synthesis in cthe exnonential growth phase while
twe relastive proportion of protein decreased in the aged
culiures, #lgae have oseen established as aalnly srotain
gsathesizers {Spoehr and “ilner, 19493 Lewin and Gulllard,
19631, parsons ¢f ale (1961) observed in slgae harvested
at logarithaic ohase of growth, lower contents of linids

and garbohydraie, rlcketis {1965) usin; statlonary phase
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cul:ures obtained relatively highe: 1ipis and carbohydoate
content, Platt and tgwin (1973) also suggest that lipids
are alnor componants of phytoplanitons ins present
shservation of changing ratios of protein o carbohydrate

is on par with .hat of the resul:s .bteined by Hands {1969},
ayklestad {1974) and seldnan (1980) Fogy 11996 working
with the diatod, ggg;gg;g,gg};;;gag;g,absc:veﬁ that the
agedominant srateln synthesis ie replaced by 1ipid in
nitrogen deficient aldase Autrient depletlon jleading to
carbohyd:ate accumulation in netural populations nas been
roported by syklestad and Haud (1972) and Haude g le (19730e

The bacierial counis 4n 1ve culiures usad for ;he‘g
presant analysis wae negliyible. As such the role of
nac:eria in the echangling petabollc patiern of e algaes
geens to DO insignificant. The variation &n the chemicel
. gompositlon of the coll, though apparently rolazted to the
sge of the eultiure 8&° sbserved in the nregent siudy, could
ba due to ihe 1nfluence of physical and chemical factoxrs
of ‘he environsent to which tha specles were exposed, it
was also cbeerved that the smounts of aroteln, ¢carhohydrate
and lipid in the four species weId not identical though
they w;ra‘gzawn uncer similar conultionss ihe difference 1is

therefore solealy 8 apacles charscteristice
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The asount of atgania}@ntaaalxacﬁ ralessed Dy
cahin 1, 1e galbeaa (CoBels
e 23ling and I» g;gg};;g,vaziqd from 2e%% Lo 6445%e
. iperation of organic aatabolites is shown Dy 83l

the nanoplankters S

iraenss

shytoplankters, However, there is little sgreenent on
the 8-#clute anounts relossed, The consensus of opinion
1s that cxzmnaa:;iau? growing ca!.xsv'mlem sasamratiwxg
1ges amounts of organic metabolites while :he rate of
axcraiion Incresses during the stationary phase {(cfe
“4allabust, 19741, The seme was observed in the present
studye £ AERAX

ohase and it tncreased Lo 12,974 by the 16th daye similerly

L hUraencaAs oxereted 3 durlng she exponential

the other algee showad incresgeu rates of excratlon with

a:21inqe

Gulllard an Hangersky (1958) have shown that
&arm#@sryswﬁytm rolease kozqaﬁig aetabolites at increased
rates during the post axponential phase of grovwihe
Lo galbang produced upto .5 mg/l and PEY@ASSAN] RAEVUR
125 =g/l of excreted naterisls in .he present study the
a‘.:aahria sirain of L gaklend (Cess ) produced upto Ze. 2gfLs
iraensigs Le22 o/l 8ad Le aracilise T2 2g/1e
In j» g8l4na it was 9.93 agfl for he given culture

o
el

donsitios (se@ Chaptes 4)e
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The present data agree with the work of
sanvel gk Slsv 1971 on a fevw tropicsl flagellotes.
According to thelr obaervation geven day pld cultures of
sicratexiy SPe and Ghiozsdla 8Pe excroted 3elsiy  LeB3re
4,35 ad 1,695 of organic matier regpectivelys
dellebust (1963) stuévlng the rate of excretion of 22
species of pﬁytepxaaktors concluded that st jogarithaic
~hase undier similax coniitions the majoriiy of the
gpacles gxcreted only 350 of th-\aa:ﬁga assimilateds

i fow 2lgae axcreted uoto 2984, In the presant experimont

sne cultures of ZYN2K gg;;gg;ra&sed under the
esue conditlons as the f1sgellatas exhibited a highes

. percentage of excretions Oucing the exoonential phase,
the flajellates excreted less then 4% of “he 4.

. corporated while gs galing showed an excretion of
38,917 ?zuhabig this 1s explained DY the work of
jelewajko (1965)s In dilute suspensions of microalgal
culiures excretion was less than 2% of the ratal caron
fineds ncesalive pﬂpulatseﬂ.éengitzos reducaed
pﬁeaoayathetis as well as increased excretion. e relates
1t to .he decreased eacion dioxide congentration snd 1ight
intensity that take place Gue to coll crowdings pagulting

in higher pates® of extretions the higher axcretion rate
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by Se 5alina observed im the present study may be thus

atiriouted to the increased asopulation density.

The percentege of disselved organic matter may
tend to rise with Jecreasing physlological activiiye .+he
nisher czntont of organic metabolites 1n the culiure
nedlus in ageing culturxes sould alss 92¢ due to the passive
release of organic matter from the doad and moribund cells

{Fogae 1973}

A gtudy of the kinetics of growth of phytoplankiers
is sever complete without an apnraisal of its imnedlate
gavironsental factors that control growth, An excluslive
facior in the cultivation of sarine microalgae is sallalty
€ tao culiure mediums he Xesponse of the flagellates
nader study was similar to the varlation in salinity of

the nediun while YN8 galing had different

salinity proference. The chrysomonadg grew wall at higher
aslinities (greater than 24%,) while 3 galing multinlled
ranidly an: hed a hijghers aigment gontent at the lowest
salinity level {14n.) tested, i{n the case of flagallates,
aoth cell aumuer and chlorevhyll g was low at sallnity of
190 12 3o £2dd08 higmar salinicles affected tha ~igment
content profoundly as shown DY the chlocrophyll &
naasur@maﬁts and it could ne ciscerned iroa the colour of

the eculture that tiey were not hoalihye Sut cell counts
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were nearly uniform after the culture entered stationary
phasee Lt has been reported that subeoptlimun salinitios
cen affect the chlozophyll & content of the algas while
the growth may be unaffected {McLachlan, 1961)e Shaxp
¢hanges in the colour of the culturs l1s raported to oceur
in cultures of punalizlla galing grown at differant
saliniiy levels {Loebdblich, 1962 )¢ The colour of this
flagellate vary from green at lower sslinity o red at
vary high galinitics. soviously, 2t higher saliniiles
there is @ reduction 1a chlorophyll synthesis and incroase
in Lhe carotenocld nigaenise ‘his particular wehaviour of
e Saling is also shown to be browsht avout by ghanges in
aiy light inteas ity, and deficiency of nitfcgen and

.8 phorule i{a the preszat study, ohe nigaent content
vas affacted tigaifi::aatly'ﬁu:mg the exponontial phase
alss whed autrients could not have been 1imitings 50 the
ragponse of the slgas i3 not due to nutrient deficioncye
The chanee of nigh 1ight intensity affecting the plgment
contant of awy particulss tyeatment was 2180 elininated
as all the cultures were exposed Lo similar condiilonse
48 -he i was acjusted using puffery the sehavicur of

-he snecles is a%tg‘i%mt&b}.a 1o salinity change alones 1t
may be noticed that the rate of celd divistion and
synthosls of chlorenhyll & was oromoted dY higher salinitios

a tne flagellates wnhile the sane galinity levels {nhibited
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1 synthesis in Ge 28105032 It may be that
acting with fatracellular fostures that

rowth and activity ©
spaclies daiffer,

the ehloroohyl

gsliniuy 18 inter
{ the organisiie

ultinately define the §

+ne ontioud salinity level for the

Though
all show adaptability o the rang? of salinily rosted and
ghow how the algae can

r §s & good exanple %o

the requirenant of the

Lhe gxperinen

eontrol its metabolic activity o

aaviyaaﬁﬁat.

ed capacity o adjust

sgallates ean grow in

Lo 284 5 iﬁ:avasuli.

thtaﬁl&axtaﬁ has @ark

oganticallye “oat nexitic marine fl

5 with an ontimuws at Pl
1963a)e f@ONg Ne hrysomondise ke gﬁ}%ﬁgﬁ‘b&l@tﬁte»
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optimun (TGS 19538}
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aalinitd
oW @ discinct salinity
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sht end nutrlients
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fyrthor, the splindt
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sonin ef 8leo 1381,

~geds gt 8le (1972) nave att
§ o maxlaun shytogynihe
{sclated from the

4 showsd

tanpecraturey i
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ah
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L
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Y1 e o ghﬁaesyﬂtﬁasia seeurred at 1
iney rolate t148 Lo tha ecolopical fea.ur?d
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of the reilon from which the spacles were tsolateds

in the inshore region of Ceeching the salinity varies

from brackish {145 ) %0 aarine (uarbyehlrd, 1767 e

The reduction i salinlty is coupled with enplchmont

a: nutrionts enabling dense phytoplankteon growth

{ Subr ahmany 8y 19943 ~rekash anG SBETD8y 1964), ha Sand,
they TOAaS0N, Ay B9 responainle fof asccelerating
~hotogsynthasis {a the cultures at low galinitias. dut a8
the prasent gavestigazdons ravesal, the flagellates,

e ggg;gg;ggggjg,aad ie 92lR304 (CoBe) that wRIS also
{solated from the inshore reglon of Cochin exhibited
sotter growth at higher salinities 2idie! while j. saliag
grow bet.er at jower sallnilyje s paling 1s 2 bluse=grean
alaa, the groud seing mostly reprasented in frosh waler
esikachalYs 1959 ). sy e 3L 1s this hasic affinity to
fregh waler anvironnaentiy that 1s responsible for tho betler

growth of the apecies at the lowast salinity (145, ) testeds

The cesults 5§ the axpecinent al.h the thres gpecles
revoal that salinity t»lerance ls greﬁuminaatlg a spocles
characteristic ghough Lhe some RaY py imiuced hy an
ecological need for survival. ihese resulis jend suppors
to the statement of sasin ot ahe (19720 tnat ‘'tropical
ahytoplankion specios show 8 wide adaptability to Changes

1n salinizy's nyt is at varlance with Lhe gsnerallzatian
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that "thelir askimus gheta:gaahitse rates cecur at low
salinities’ assuning that ﬁh&ﬁbifﬂtﬁ%%iﬁ rate reflects

growthe

ihe hydrogen lon conesntration of the nediun
affected the call counis 88 well as the chloronhyll 3
synihesls though tha effect on the latter was moTe
9ransuazed. ine flagelletes grew nest at pil Ba The
acldlc p was found to He uynsulteble for thene Jut at
nil levels less than By a0 gg;;ag,uxﬁiaitoﬁ good qrowthe
ihe aarine spacies iﬂ\Gﬁit‘-ﬂi“@ arxe reporied to tolerstie
B4 to b pi jevels with optimus at pi 8 (&ayylanﬁ Fogde
1958b ) pigmant chan @8 arc also roported to oSCu¥ in
relstion %o pi changee 1t is believed tnat pH affects
the argagisa through ilhe t:aaigar% sacanisas of the
asabpane s/stems oF it aay interfere directly with the
aetasgllc sctivities of irxilrectly by conirolling the
glssociation rateg of the {norganic and spgenic egmpounﬁa
in the medium {gf« Soeder and stengel, 1974)s

{1 may be notleed that S» Aaliaa hee tow salinity
ao low i ootinme while the flsgellates prefer hicher
salinity and higher pile it may ba renenbered that in
asquatlic nodlies fresh water influx that bring soout reductic

in sallnity nay jower pile in the 1ahoratory studlies it
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has been shown that the spacies congernad ¢an xiapt o

poth t-ese factors simultansously.

The sate of ea:@wnﬁlé uptake by the nanoplankters
was foumi to increase wiih tnhe cell concaatration. dowever
ine trend ild not continue tndefinitely. eyond B cullure
geisicy of Gmls R iqﬁ golls/ul, the rate of photosynihosis
ni the flag-llates was reduced. .lowever in Je galina,
cil.ures at densitloes exgoeding 175 x iaﬁ cells/:l showed
s docroasing traad, Iho probanle reason for this inhinitis
Loy be that the emount of light recelived Dby tncividuel cel
was raduced Jue to crowding or the aa0unt of garb.ndioxide

we1ld have been liziting in high density cultures.

Lioght influances nhotosyatheslis by 1ls quallity,
guan. ity and ~hgzopericis The algse used in the present
invastigaiions were matntalned in Lib ¢scle of 1u1lé from
£ juorescent lanpse. Hovaver, all the three grew batter at
¢rnstant illuminaticn. it may bu reasoned that longer 1%
sarios enazled lighi processes of photosyathesis to oe
carcied on furiner regaii&ag in more synthesis of crgeaic
ca:sons It is generally helu thai nluawg:een algae do 0o
need 3 lishiwdarkz cycle for good growthe seforence 18y >
wage to T003 gh gle (1973) who siatle that *intecrmittent

filunination (156:3 Li) woes not give detter yields than
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eontinuous {1lumination s bDluewgreen algas do not
sppoar to requlire 2 diurnal alternation of l1ight and

dark noriods’e

fesponse to phatayexiad nag been found 0 pccur in
the green alge aga;;;ggxgrsggggggg;gﬁk(ﬁpgxay and Coatsworth,
1966 and in the narine diatoms (curbin, 19743 4olt and
Smayday 1974)s Foy 24 3ks {1976) observed that the smaller
specles of yscillatoxia nasely w» Eedekil orew fagter in
constant i1luminazlen chough the larger specles e paesdhil
exnibited bette: gro#th on the LiJ cycles Ihey ?eagon:ahat,
i the ssaller ssecies where th@ surface orea/voluamd ratio
i3 large the rate of excreiion tand to oe high in the darke
50 on cong.ant {1lumination the rate of loss is mininiseds
spooanly the sane raason ady axplain the natter growth of
the presunt sg&ci#a studied when subject to consiant

111uninatione

ihe rate of pﬁgﬁasyﬁthesin in all the three cultures
increased with incressing light intensity. [he Aincreased
rate of ~hotogynthesis with {ncressing lioht intensitles
may be nrought ahgut alher by an ina:gascd’pigmcnt gontant
or Y sanancenent of the ghatenynthutié rate itself
{zeonann {ielsen and Jorgensen, 13684 JOrgensen, 1969 )a
spwaver, all spacies invariably showed lis ghatcsynthaa&s

aroun: 34 % 1@15 qutntalemgftgc. with L ranging from
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Giwad X lé;:m @M%d&ilwm Light = ;}ha%es?amasu
relationship hasy besn &acﬁm early Y Talling (199T)s
steemann olelesn (1962), Jorgeneen (1364)s sesliister gt Ble
(1e64; and steenann Hislsen and <illemoes (1971je 1hey
hove recordads differences {n the light adaptatian cspacity
_indlcated by i?;) and light gaturatad ghaiasymhe:u.
dgranding on wne species uynier siudy and the ma-im;msatian
1ight {ntensiiys it is noticed that, in the sresent
Lavastigationy :nare is not much differencd in :he response
5§ <he thres species concerned, 1t ®may he that all thes®
arganisns wore yrown UNer the sone 1ight conditions
sorganaen (1;?&4} ‘reports hat chlocalle vulgails and

| adspted to 3 klux and 21°C hed

aoarly same L. 1.0 12 kKlux foX W and 13 klux for

hlorellas but whed grown at 3 klux and 21%¢, whis
gloilariey in &y was Aol obtaineds ihis ghows that boih
species factor ahd ore-incunation gector can effect the I
aet to exclude the inilusnce of temperaturds saddux ad
ones (1964) have also rolated ¢he light acaptation
canacity of alernalgas O genpesature and the chemical
coanusition of tha nedliude it the available evidence

1t can oo sald chat e I of the specles togted has beed
$4f luanced DY the pm-igwu’rmﬁan 1ight gntensitye
senerallys the gempoavate gpecies have low light gaturation

lovzls compbred 0 1ponlcal formbe ?ﬁa%watﬁasis in
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tricornutug is satursted at 12440 luax
luthery it soturates

at Zoou lux {.Toop, 1961c)e in che sres:nt iovestigation

{layward, 1968c; wille four

sno saturating light latensitlies were qulite highg may be
-cause Lhcse are trosical strains and acclimatizeu o

1ianL of 2.9 o« luxe Q8sin gL 3k {1972) nave also reported
similer L volues for certain troplcal dlatoms and

flagallates,

$1.hin the Lompersiure range 2 w3570 the growth
rats of the three species did not giffer sigaificantly.

Tha srowth wes serlously affected at 4.%:; vut gyaeghoc:

galing contiaued to survive upto 45°C, lowever, ihe
tpaserature rangs fof shotossathosis was found Lo ba very
narrow. laximan photosynthesis occurrad at 3.°C in the
flagellates »aile it was at 25°C for L. galing. The rate
+F sroduction was conslderadly reduces st all oiher
comperatures. Ihoe teaporature range for survival was
sowever large for all apecles, lagellates could survive
the low teaseraturs storage for 3 mvnths and galina for
G meonthse olmecrepancies in .he reaporsture ontina for
growth and shotogvatheslis have Deen renoried easly. it
cgy he that ihe eazymalic processes cotrolling the ¢ell
diviglion s photosyntheslis are sifferant {(innls and
iagrahen, 19743 ~hee and Joilham, 1931, #tother asnecti

is thet iae ootimum tenperaluce for growth is nligher
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conpared t. the tenperate weter strains, that ususlly
nrafer 152270, Atcording to kala axd fogl 11958b} and

Jkeles 11991) Jhe galbgng does aot survive above L7=3. %o

Lut tae oresent dsolate of ds galbana grows wsll at

= <337, with maximuz photosyntnes cic activity at 300 In

fact toopiesl s Lraing are unarle to grow ot lower

Py LTEY TON sronlical strain of B 5 did not

grow at 19°C, put st nigher toaperatures upto 37°. growib
was normale IThe same nas seen showa DY cecrtaln tropical
Liazons {(Guillard and Ayther, 1962} Thomas, 1260). ihus
s pruasent {avestigation lends gunport o ihe view that
Gifferan: shecies and strains of the sa @ shacles isclated
fron different g%agta@hical 1ocatlonsg, way aiffer in tholr
camneralyse Fespenedss The teanerature of scclimsilon has
s significant eole in this adantation process. adaptation
ngy ue sro-3ht aboul by 12any ¢ranges within ‘ne esll, like

changing the aisment content oF Ny ete

The sheraal death neilat is also sign fou the traoical
alankiarss The concerng: 1 1agellates wers alive only fox &
weei wian exposed 1o e 4 e a2lins survived at % I
thssh when highly reduced Jrowih rates Howaver 439 sesned
ra e lezhal o e goocies. i1hese sa-ervations aieé ia
ceasing wiih the ymaals of isll (153} tnat ‘ective sLages

of ‘protists’ are gsually killed as the tauperature
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approaches as®ct,  The thermal death mey be caused BY
an increase in the viscoslty of the protoplasi,
denaturation of proteins oF autritional gtervation

{ e ilbrunny 19523 Hutner at Bles 1957)e

The siount of al:rate and phosphsate a8 gndlcated

by &, gupporiing che mexipun growth rate of the flagellates

i Gl

galing were jifferante ih@ ﬂﬂ_inﬁigates
the capacity of ihe specles W0 adapt 1o low gubg .r 819
jovelss & species wiih low ﬁ$ and bigh growth rate can
sominate those with higher a“ and low growth pate in mixed

cultures and aatural gagu;stiana. cenpacing ihe LWO

fiagellates, it is found that i gggigg§g§3g;g
nag @ ﬁﬁksf o1 upo=ats 3 ﬁfl which is almost nalf of
that for 1aachKisis galaans (CeBe)s NG lipay of

nd (CeSe) W8S not prag&ttﬁgnitely niyhers Lt mey

B AS3UMA et in alxed culiures of these ghecles

g will dominste at iow nitrate jevels at

loast during the {.:1tlal phase of culturae spobably the
~atlc may change as the culture ages due to the rolatively

nighe: growsh rate of Le $8lBend (Co8als

The pheosphate gtilization capacity of the
flag:llates does aotb aiffer narkedlyes Jowaver, there

can be marginal gifference in the popule iun density in
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the mixed culture of thase species at the initiel

gtages with @ dominance of e

P e - ) | .

5o galinag has a <, of 81 upgest. 4 L for & gm!:
of Ue983e This shows that ihis blue=greaen alaa is Detter
equipped to outcomplete tha ehrysomonadse fhe and Pyax

for phos horus utilization of 2s galing was nearexr to that

34 ;%.Q 3}‘ b iR T m&!’i’; 1;3‘5 ;i’;ﬁ) and mg%s \}éﬂau} axi

1,31 {&g? and 97 i“mnx} respoctivelys inis would give

an slmoet egual chance for ?:aliferatien to the specles.

It is also ssen from the data that the gubstrate
cocentration gu-naridng maxioum growth ratc as per the
suservatiod js quite nigh hah sna. Colputeds 1o fact the
. acasures the anitity of phytaglaﬂxters ts utilize low
guhs (Lo Ld c&ﬁcﬁﬁttaiiﬁﬂﬁg This jugtifies the low ﬂﬁ
yvalues that has also Daen obtalned for many pther
shetoplankters {Thomas at al» 19634 -ppley zt 2l 1962}
it may DO renenhered +qat the “onod expression agsunes
sagt 'there 48 asnly a singla supstrate or in tha cas@ of
~1tiguos rate reac ing € eangantraisn 4§ all other
gusgirates axe naold eans;aﬂ%'«iscﬁa:th;. 1231} in thoae
ayx-ecimonts the attrate & shogphate esacentrations 3 24
~sGa to VASYE syt the extent of gateraction gf thoese
sgurstrates ab differant congentrations 1o o».her sunsirates

ail tha algee 1teelf was not KnoWie similarly the ohysical
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{nto A more stanle culture reaching 2 density of
cells/ml in five da
4% 1> cells/nle I. galband {CoBe)

g were

heT X 1&5 ys time starting from
an inoculua of e
also showed similar growth ¥

sble as the formar 8
field trials for ac
4 be develonsd i
s and used

ate thoush ‘ne culiuré

pecliats ithess results

cagtahility indicate
n ness

aos Laat st
as wall as the
Lhat poin Lhese
culture systons

flagellates coul
in tronical natcherie

Lvomfood 1n Tearing tne oyetes 18rvace

successfully as 1
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SR

The developmont of mass eulturesof phytoplankton
as livewfood, forms an iategral part of ~atechery systems
1a saclculture, ARG such photosynthetic microalgae
nanoplankters with cell dimoasions of Bombuu and loss
are essential for providing the right type of faod for
sarly larval stages of bivalve 20lluscs. Hence the
tgolacion anu developnent of nanoplanikters in azenic
gultuz2s ;a,g&;;g,aanﬁiasann nsve Heen un ertasken for

further mess apoductions

‘he pres:nt study on aanoplaniton is nased on the
1golation ans developuent of unlalgal cultuies from the
s aghora waters of ocning choracterization of their growting
assimilaiion products, aco=physiology and gvaluaiion ol
sutritional qualltve The work was carried out dyring the
serio. 1950=1933. The aewoplenkiers wai? isolated and
grown ia the 1aboratory 88 nateh cultures to s.ud; the
inecroase in cell sopulation, the photosynthetlc pisments
an payslologlcal activity, ihe enomical composition of
cnag: organisms and thair rote ol excreilon wers also
dataralnade he gnvironmental factors = physical and

ensnical = that influence the growth of Lhese cultures
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were defined by econsucting jndependent axoerimentbe
sass culiures af Lhe jgolated aanoplankters were ralsed
{ndoor sd fou o the jerves of aulble oyaler to .est

shatr suls ability @8 1ivomfoode

; axonoal descrip:zlon of thirteen species of
nasoplanktars {3 the Cocndn estuaring ani coastal rogions

nave bDeen yivens of these WO were isolated during the

seriod of tnis gnvestigations ihey axe

uEgensis Joflein and W 3aibana sarke
foras No¥a .rofarred 88 Lo aaibans (Cote) @G thOSO are

aew records for :he indien wealerds The latter is
consliered a8 8 aow troniesl form differing from the widely

gEnown tLeanorate $pec 123

the idani »{fication of Us

{CaBe) WaS made fronm taalr mmmlcf:;ieu and anatonical
faaturas a8 obtained with 1ight mieroscond and confirned
5y seaaning sleetzon Aierostane and analysls of

s-‘x‘mtmgmmﬁie nigaents using : hinwlayelr chmzmm@raphy.

ihe varlous rachndques and nedia %mgala,ed in
is:-1atlion andd development of axenic culiures of
aancslankion and analylis of ehlorophylles cheaical
compos i lony ratt of excretlon a8 wall as ine oethods

snnloyed o Jeterzine the rola of various environnenisl
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factors on growth ginetics of these nsnoplankters have
neen <igcresed under methodologye

‘he kinetles of growth of the present isolates

. and o Gallnd (Co#e) ware s.udled in
detall slong with two otner nencplankters §gagg§ggzgggg
galina awl lgéxggggaigrggﬁgglgg The growth of lhese
species was ~afined by measuring ihe growth rate Las
gvidenced by the call counts), the amount o1 cilorophyll
and carotencid pignaents and phe%mymmtic sroduction
(given by the Lesgucement of oXygena axchange and Car ‘Donmld

uotakz; for 8 perios of thirty dayse

The various growth agasurements of the abhove
species showad that they exhibiled nresk growth and
activity fron two ts six days of inoculaticn anc shen the
qrowih rate declined jraduallye within 12 to 16 days sll
cultucres attalned g tationary phates As the cultures
Lagane one month olie thelr growth anu activiiy reduced
drastically with ke gmm (Cone) ond 3» s2LINA showing

ganagcance while . was more stablee

ihe amount of preteln, carbohydrate and 1ipid of
o [relRuEuensiss be 13M2324 (Cese s 3o S3kiNQ 80
e azacllis was estmateﬁ at differeat phases of growth

$a culiuroe N ralative aropertion of the protain was



nigh in all the spacies during the expoa9ntia1

of g?awaﬂ—%@inﬁ 53,45 of the dry welgnt in ge LES

st Sledn AN e ggaggag,(w¢a¢}. in Se galina and ie g;gg;;;a
1t was 41. end S rospectivelys the relative anount of
arotaeln decreased 15 he ageling caltures while that of

cernohydratas tacyreaseds t4pidas weie comparatively 1aase

The asount of axtracellular productis roloased DY
gne axve aanoplaniiecs ducing their ahases of growth in
guliase was o5 . iaates by e carbonels method usldng 3
Liquid seintillation counters 1L was ghaerved tnat the
rase of gxcretion increased wich the age of culiuress
aarding exoneniial Pnasss cultuces of o ggg;ggggggggg
rolaased - 5f the total carbon fixed to the mediud
w=ile this fractic: facreased to 12427« dn gLationary
shase culliuress :pn the cultuces of Le gg;gggariﬁ.u.}
thore was 80 iNErease from 39 bu 45,2% and 10 e galing
the range was from 33,914 to B4eDi in Le gracilds ihe
ancunt oF axcgation varied froa e Lo 00 36 from the

zalinity talezande gtuiies conducted with media
of larey 8ive and 345 salinity ghowed that the flagellal

Lo freiousgsasis aid je gahdend (Cese } grow Dest at 34,
wiile Se 88llna g 1owed Delter growth ot 1440
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The ootimum pH for the gpecics varied wi:h
and Lo g2AbENS {Ce8e ) growin: sost
at a niof 8 while 2o 83lA03 sroliferated det.er st

tho rate of capson fixation by tre Aasoplankters
was found L9 9 affogted by the density of Cultur@s The

flagellates hat 8 lower »ntinal gaturation seasity Lle%e

.
fel. x 1.7 cells/al compared to cultuses of Ly

galing for wilgn whe rate i 14, sotere increased wiih

8%

e:>11 econcentraticn unto 175 X 1&5 eolls/ 21 after shieh
wnoro was doclinee inls difference could be rolated Lo

s polative volume of the two speclese

ssltures maintadned on @ lightedars cyele of 1.114
macurs exnioited algher spoduction rase when exnosed Lo
coantant illuniaations olmilarly £he 1150t 1ateasit/

s iovorting the maximun producticn of thoge culturss 8lso
i ot siffer sigaificantise The 1ignt sdeotation of the
gncles 88 defined oy the constant iﬁ was found to O
Pl % lglﬁ quanto % cﬁ"ﬁ X tec'l for e AL S

T %

Lo gals (CeSe) 8Vi 2o S2hiDds

ihe influence of tenparature on Lhe growih and
a tvity of L nanoplan-ters was giudled by growlin: them

14 12 mostatically controlled water oaths. {he
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flagellates, i W and Lo gaiRenn (Cess)
exnibited maximum nroductivity at 35°: while $» 2aliDA

was more agtive at 25;« 3ut the optimua range of
temperature for growth was widex {2@@%’“&‘} for all the

taray 8pOCiRg.

the thermal death poiat was 4.%: for .. [xeibuzuensis
and Lo golbana (Cess) 8nd 43%C for 3 salinae §s 2alDR
survived l:ange‘“ periods (six months) of exposure 0 low
tennsrature (§8e 5‘@%’2) t*xm the flm}.ltut {3 montheie

ina gale of growih of us b
[ le@e) @nu e gELINA wOS gtudled with respect to varying

crncentrations oi nitpate sad phosphate in the culture
sedium and the nutrient reqguiresent of these species were
sefired in terms of halfegaturation constants for growtihe
qmong the tha&t. G fReibuzgsnsis was found

to have 8 }.awr aaxfmsatu:aum constant anxd highel growth
compared to Le SaiRS0R {CeBe ) giving ihe formes potter
chances for ai:rate utillzatlioens je £a8ling was better
equipped to conpete with the flagellastes at low niirace

lavels.

The phosphate utilization capacity of Le [EgiDURIENS
wes higher shan that of L. 2akbana {Cess ) while . galina

was sofe or less at par with G
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From the nutrient kinetie studies of the
flagellates Lt wos evident that Lo {Zei0uRORNs
petter chapces of survivel then 1. galRand (CaBe)

in cultuiee

_ass culturesof the present feolates i wmu
and Lo galbang (Ce8s) were raised in 2u lilre carbucyse The
flagellates grew and =sultiplied repidly. In shese aa8e
culiures also C» {xeiburgensie showed more stadlility.

The sceeptabllity of the two specles S izeibusgensia
Coflein snd Le galRand (Ces.) to the solluscan larvae wie
tested,  lowly haiched lervee of WW
fod separately with 3. fEolNE92N2al and L. galzang (Cese)
sotiled ss spat in 17 and 19 days respectively. The

reosults of the experiment showed that these flagellatas
wers not only acceptadle o 1he larvae but aleo induced
higher growsh rate and larval survival compared to control
food L.00 L QQLDSNA Parke, the touperate waier strain
that 1s widely in use in hatcneries. s freinurgensia
se:ns to be the m0re sotant species for developmont as

liveefood in cystes nateheries,
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