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the neuurnent‘ of the photeqnthetie tlntim
et eerbnm by the plankton 11;» in the equetie amm
Ieht hen hen: ea tight mrestigetiu extensively
unlertekm in any perte of the we:-14 luring the hit
We leeedee. though teemieelly it ie possible to
eetinete the prehetivity by eeve:-0.1 nethole, the wgm
en! relieeetive anthem teehniquee have been mainly need

fer eelleeting field date both Ira treeh and urine
waters. nu euazuu use been engaged, in fludiee m
1211111 promotion einee 1957, when the fientrel In-ine

Ileheriee Reeeereh Institute, with which he 1e eleoeb
etel, initiated e. pi at reeeueh et  I1
the loath-eeet east at Indie.

A planned pregrme or reeeereh fer eve: time yeere
animated Ln the lnehere vetere er llendepel eharel their
this regien hen e remarkably high rate of protection
in-Lag e. greater pert 0! the year which eneteine e. 1-an
end we:-iegeted tune ineluaing luau:-lent oerel reete em!
fishes. Yeluee comparable ta the highest letee et
production neeanred enyvhere in the urine mdrmmt
were recorded rrm eme inehore etetime during periede
et high plqteplenkten productien.
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A reliable etandudimtim at eteek eeluttme of
'40 cal the eennttng equlpmt 1; m eeeenttel pa-1-qu
elte in ex-Ge: te get eenpereble ma neenugnl nlnee in
II-'11!!! wofifieiicn menu-el by “G technique. M2125 the
lprlng et 1964 the emulate lpmt sue the in 0090:
llegen vtth I1-of. l.8teclenn_I1e1em at the lotenial
iebu-etery of the Batch rherlaoeatleal Inetihte, where
he get eeqneinted with the experinatel nethule ml ble
legzleel Itemlerliatim of "B. Galtu-en or
brought by kin fro Gepenhqen vex.-e developed at llenhpen

in biological atenduiinfgim at the eteck eelutlme
mete in the nutty. In the eau-ee ed.’ e enparettve etaéy
Oi the different netball of ehmuuutim, he obtained
llilltpore flltu-e laden with thin lqere et radioactive
plastic, £1-0 Dr. 3.1.-Titte at 6uIen\|*en1th Setentitie and
Inhatz-1:1 Renee:-ch Orgenleetim, Auetrelte. Summit“
tim and ealibretim were cerriefi at with e vimlevleee

pl new propertiml eemting eyeic, alevelepenl w the
I1eetr%e mvielen er the Itch Inez‘: leteblielnmt
(new Ihebh hate Renee:-eh»0at.':e), Bnbeg end e liquid
eeintillatim counter at the Redteehnietry Divieim of
flue iientre. the aenliflete attained sheet Mafia]. values
with he blelogieel all eeintilletia netlele. Inter
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eQpu-ieon or ieluee chteined with the eteck eolatiu
an counter at the Institute wee neoe with tune of the
Intwnetiael Agency for “o Detezlimtion at clnilettem
zm ml o.s.1.a.o. Autrelie nu pi-A11e1 Q 53 @
perinentl. theee efforte helped hi! e lug In in obtain
ing ecnpreble and mere econ:-ete renlte in hie etwlice.

Iran was the cenfiidete hue been mun: in pro
onetivity neeeu:-acute elm‘ the went oceet 0! Indie. end
the leccedive See.

Le the nee! for utilieing the prinery protection
date ter eetineting the living resources end the poten
tial. yield wee felt, the cemliiete  e ewy or
the pa.-iluy production of the Inlim Ocean, in gnerel,
tor which ewe fletre. collected by the participating ehipe
in the Internetimel Indian ocean npeiitim were neec.
M the belie of thie it wee poaeihle to lake e. quail
tetive eeeeeaeent of the potential reeom.-eee.

Short-ten etmiee on eaee epeeiel typee ot eco
eyetae have also hen made during the oeeree oi’ the
cendidetew work. Arte: e oeveeteting cyclone elem; the
ecnth-eeet coeet or Indie in Deonber 1984, several lov
lqing ereee were immieted eno. were teeming with diverse

orgenilne. It was e miqne type of eeceyltn with oceanic
tune of phyt oplenktcn tnpcruily occupying 1.e.nd-leckei
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pools with taut changing caviramantal aanditima mt
maacaaim pattarna. Besides, wodaativity at tic mm
banks aha; the Koran cant and the aural not: in the
lmth-out mast, lliniaay and Andaman Isiah an:-0 alaa
Italic! in ohm-t pozioda. flu growth Undies at film
lixd populationl of phytaoplanktan and FBI aulaatol
apoaiu min: natural oanditiana and of a laboratory
aultuxa of a gram flagollato, gbtranlnii
Iylin, wan also undertaken uhlah tam tho first war
obaorntiaaa at ainilar nature £1-Q hum. the  at
the aaaaonal variatim at the 6.1£:t0rmt phosphorus ~h-ac-

tin: in 1.-slat in to primn prodmtia am! total ugania
nit;-agm at the particulate matter are also studied tar the

the ltudtu aeuduatad by the candidate  a
greater part or an an Wu-rmtnm yuan an a nabs: at
the staff of thoa antral 1Hl1'L‘lOIT1lhI1'1fl lucarah Inati

tutu;  bum arimtod toward an mutant of the
maem resources in the sou  the Indian Pminaula
invctbigatima were tho planting mu flea tho
hM.an aaaa and Ira the time of aunts», stints have
made to retina the toamiqac and; qp2aaah ta the
prabla. Tun ifflfliilg han,1n a large measure, adied to
tho anhratanun; of the prilary productivity in tho Indian
ICC! 1%
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flu aanfiidatc 10 indobtca to B:. ~.B.lam Parana.
aw insistent B11-actor Emu.-:1, Indipn Oswell at by-1
“Ital-:1 Runroh, In Delhi,  pat him ea ta these
studios ad In his guidance during the min: part or
the work and alao 1'0: his   ml on»
con:-agumt.

Tho auoaaasivu B1:-001: era of tho Institute,

m-. 11.2. Ianilckux, m~.B.:mu, B:-.s.z.Qa1n and
R.7Ja1.r extended all tgcilitioa and  to
the cmifiato in  at this wark.% the late Dr.
'f.K..Pi1lai., than Dtroatur, Omtral Inatitata or Piaherica
Ehcmolagy and Hr. 3-I-lnnerji, new in H0, Rule, gave
neural suggantial 1n?oha1e~a;l ocoamgm-any work and

in an oatimatim of potential 1-mm-en. trot. a.Y.
lulu,  or In-inc $o1onca, Gauhin University and
ma. 1.6.811», Had at the Mviaim of Karina Dialog
am! Oaanagrapw 0! this hat that: gave what help
and. cneanragamemt in the prapcratius at the thesis.
Henri. L8'.3'onc)h, ?.I.En1uhndrm mi mlyfilyimthnn,
his callamca in the notion attended that: VIQ1U~'1lfl.l.'fi0¢
co-operation bath in the H011! and in tho Laba.-artery. Br

G.5.8% and Hr. D.8%,% an am auroral other
in that Illltiiuti have hem helpful. with law Inggtltiml
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m'¢H.l.-Titta (Australia) had givm the ralioaetivo
Iilliporo tilt on ta: the stands:-fiisatl an at the wants:
and rumored valuable help in flu work awaits! with it.
‘flu onmllhto wuhqu to thank can an at thu

Eho animate azprasu his $mmac gratitude to
Prof. E%.8tcnu.nn Helen, the auyu at primary prafiuotim
20:00.1-ch, for the man curtain am! valuable mggfoatims
rlseivod tn: sinus the bognnzlng If thin work. I1: prmpt
response an ovary commie: bu been 1 omltant sew.-co or
insplratim an guihnu.



All flu: u.:!.tu.»- invutigctiaa  pra
hotivity of tho  an wore bud. m tho thud
lng stock cf phncpluktm tatm with tar nail. Although
culidu-able lnlnrmtlm wan available Q. mob finding
crop nounrcunta, no an were available an the gradua
tiun or uganio lath: E-_ 3;, vhm than Lnvntipttmn
vu-0 initiated in 1957 in the  Into:-I at llmdapll,
slag ihn lath-ltI'k ant of Indim

‘BM war! pa.-ohnla in ‘Inn and lynawnmnly with
rimming crop. Int than in a any Qintinitiun between
the two, thcngh in nature than in rather 1 bin correla
tzlen Mtvom tbs stunting stock at phytuplnnktm and pri
llry prdmtim. Irinnry pohotla !'6P!‘0lfliI in qmtun
Qt ozpnic latte: promised by the  alga mt the
‘uuthlo flan utilising the light Illfl'fl' £1-I tho um and
tho matriata in the nviz.-mat. 81:00 it mun» tho
whole marina food chain vhleh 1:0:-minutes in the larger

fllhu and an mania, thin Italy provides 0 natal hats
in an uaouamt of the potmtial 11014 of {inlay ro
auras.

lo bcgia with, the 1:011-known light and hr! battlo
togcmiquc tamed the hula for the mum:-ants. Inter
with ‘BM mIn11hb1‘11tv Q! anrban-14 firm tho Intcrnatimnl
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2» "0 Bctonlmtia, auzxmmmm, mama,
was nlloatgd tron ltttormt raglan in the G11!
fljunur um. talk In; slag the ninth-out cont at' --,0

A Iyitnatic study mutating Our 0. 7:210! of
13$ inn 1101401 tug mural intemntim Q the
hifln at orpnionattunnlbucimthil annulm
nnnt at tho petunia]. x-neuron in the  mica
If ill G111! oflam: vu ale, lnhnlly with tb
unnrnnt at counting oqupat am ratio-taster 0!
aria tr‘ the tints lair‘: lnablialnunt, 21-nbq,
tutu, lifliiti vac oztmlud ta the nluth--watt cont
0:! India and thn Insulin 800. Baring tho late.-ntimal
Indian 0001:: lzpditiaa a 10.1.-go amt of data III al
lutd ‘w the participating amino: an primary unho
iifl ml tho m11r@mta1 phmnua tkk regulate it
an ttrtumt regions of thg Indian Qua, tho malt:
I1’ which an bung publinholl. ht data  tho
ml Qttnhozo rcfluu 0! tn Indian  an lacking.
than stall”, tluu, ton 1 min oulpluuat to thy 1.1
rutiptim ea the primary production 1! the  Qua:
tr‘ 1 vitally tnpertnmt nectar, when than in nah casei
ml an! geographical ‘variability;

£110 results prenatal bu-0 in ta chapters are bud
ll the candidate‘: wort £1-Q 1951' flag the amt!-cut mi
anth-wont coast: or India and tho Manure Bu.



Ghana: I omtoino tho tntotm and hiotorial
rand in which tho dovolopmt at mm: or ostilattng
primary produotim till tho “O toohniquo woo inirodnood
and tho mbooqamt controversy hon boon ‘ha.-ion; roviowod
with tho work carried out in tho  Iillo

In chapter II m tho onviremout, a short inscrip
tlm of tho oxooo 11¢; tho ooath-not out south-wort
ooooto of Infiio, vhoro tho invontiptimo woro
oorriod Gui, ho Dom 511011 togothor with tho lwfirolagi.-»

col omditimo mi tho plankton ohoroatoziotioo of the
area.

Gbnptor III, m motor! 111 and notfioh, untoinl
dfliailo of tho toalmlqnoo cployod . A critical approiaal
of tho nothosla at otanhrdioatien, tntoroolibz-ntim trials
van ditturmt um oolutiuu Of “a and 1 “um.-um or
tho roaulta ebtoinod by tho two techniques kn o.1ao Dom
tlmlulol in this ohoptor which tun 0. nooooou-,7 aqua’: 
tor o. pa-opor valuation of tho rooultl.

Ohapiu  doala with tho ooooonnl on! qutbitotivo
variations or tho amen phytaplonktoro and tho gau-:1
growth kinetics at tho total popalotim and ono ooloetod
opooioo . Growth trad and productivity ohm:-not ortotioa or

a pom flagolloto, Q otrooollil  5-I 811-NI’! ll-Y0
also bum prosontod in this chaptor.

3
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flhnptarfgivu the numalmlrqlamll. tarta
tial in wintry pminatim in tbs  1:-cu mob
uinahuomdocnnicntorn ottholnumlamtho
tally 1-ate at praiuotim mi tho  at @a1 pre
‘£8-§1fl1l‘§Bl§‘I1f0fIl@t2;Il1lIfl,UOl‘i80I>IfOf
tla incadivo an an the ml bunt “nth of Allcppq
are Cult with amt in mun», an “amt oi’ tbs pro
ductivity of the India Gnu 1: guncnl, in inlaid
bud Q “nibble data .

cum» II hula with tho tutu.-s  pri
mary prdutlu. Ionian ‘I huh with thc nouuuuntu
0:! llflt ynotratiu all the (nth of tho nyhntio $0
in thc izlttcrlnt r0d.unl~ at tho India nan. filatia 2
omtuu thn vuiatims at the 01¢ nutrients nah as
phosphate, nitrate ml ailioato daring the can nmtlu
prudlag tbs at periods 01’ uuth-Int Inna am!
pat-imam nmths. Suctiqnl 3 mi 4 doll with $0 :0
0! thn ltanflng urop oz!’ phtiphnktm as cati
natd by all cmta mi  and of tartan).
abundance at soopllmktorn in 0. shallow urns of thn 0111:!‘ oflflmr. t

filnptu VII 4,0110 with tho difiurmt
in rclatim to primary pa-ductim in the G211’
at Emu. Ohaptcr YIII omtainn remit: ad.’ invcatlgatians
m total mrpnio nzltrulnn (omvnrtol. Sate prutntn Iqutvalnt)
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O! the particulate mite: studied in aujunctimiith
w'1h.rypr0dnot1eatoruncm3\u1nthnQu1£o.f
Imam

Qhqturilemtainaaravicvottb winery pru
hctivity at world wan: M Ananatnto tbs unpara
tln rate of primary prouetim in the Indian ham
11:-a-1'1: the rut of the sums. Bhqrtor I emtahu
the @1130 on potnttal rc%o| of th  nu
bud n estimates Ira primary prahetln aumrnpnta
an V011 as remit: at mleratory fllhory IEIVOJI. In
tut, 1-neural orkimtlm has been 0. I130: ubjootivo
at than tnvoatlptima mi tho malts nitaind Mn
inn new momngtu.'

cm thu prdnlrliiaa at Quanta matte:
in a. awma rugim mu mu um in tn. ngu-n Channel.
lg lotmining the chi-I30: in allnllnlty (1000 of 602)
bikini (1922) ntilntd thb wmflim if  1'0: 1
unit nag. ht the nines were cultural an
human the umhnngc at G02 with the l'bOI)hl:'0 could net
1» mm um mount. urmqumn; nuns (1923) mm
htcd tho‘ cm]. plnnktm crop tram %hr0romIuIpt1cn

\

and u-rived at figures idmtiul with the um-110: alanin
ttnn, the agrocnt, than tortuitml, 1.-mu; rapport
to the validity at the Qlrnlinotry method. Ina was round
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w um um nuuumum (1930) m alumina! m pr»
hntinn tn an haunts in in tuna at  voighv O!
filing Attlnfl cltillti flint the pholphntl
Quaint of the an mu: 01'  an mm 0.15;
mi arrived. at prduaticm values in turn It glncolepor
unit area d mrtaca. nu» hglilhdlnndagainflnptr
(1933) Qllculatd am mm mtqmnm mmmaa 1'1-an
phosphate ocrulpflm which nu nbaqantly narrated to
ahigbtr figure Q thrbnlln at salt Qrror  tar
paupuu (cum, 193:). smnn (-@955) mmuza an
ml prouofian oi’ the In-taco waters in flu
Intern north ltllfntio band m 0. prurient ultimtim at
nygln  in the vertical unto: aim within
tho 1-can or tnvutiptlon. R1107 at Gun (1948) and
‘Kl! vu-tiul Qtntzttuttnn 01' mun in in saga» an
ta utilata gradation. 11 ltanfiual phynicnl. Iumouaphia

1

ncthoh the ant was proflutiun par lay Ln the up»
‘Wham ntimtolwliakmlthca
trio its ana.-bin. oqninlnt. larva; (1950) um
Stale (1956) nu and pnupuu manna to “exam
pwwkin at the rlynouth an urn. ail Ilntn pond
:~npocti.YO1I'- Uflnr and Till  BI! fllll 8h1Orfl
pwll ml light ht: in canto pan  puhotia.
lriviuotthonrivalaapeatactpzinazyprtlncttanhl
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1

3

run darn by ax“-um :1-mm (1952, sasaji’ saw. sacs
an 1964)-V mu» (1956). Inuvutu ussa), stale mm
tutu (1963) an vu-1 onpzchanntvoly up ssnmm
%(1!ll, 1965) QM Vollmanilcr (I) (1969).

first 1-@113 mm nathofi at mmsm tbn pro
tllntia 0101-Quin utter using light amt dark  vu
s.nnu¢a by  (1924) ml nbmqucntly by sun»
an am (1921). It ma ‘Mm tend £1-an 012110:
fins that than in vita a. itltinatly ldmflri-D10
lent bttanm tho %:rmn0 lfl extant er! the phiowhfltu
ml tbs chug“ in the quntitr 01‘ wan in the mi
at min. 1000.11“ the quaattty 01' mtfl  Quin
610:1“ at the unto: are directly unuma by  moh
‘bollo groans» at the plankton, it in acme! that 1u.'o6uo
tiu an In utinfnl through their chug». Eho flaun
oi tho‘ plcnkten  ma their rupiratim not in
oppoiitu £11-octiml. Bat vhm photosynthesis pruflainatu,
in dcbcninatima of ewgn man be npcotoa to gin qua;
god 1115.1 ulna tar the phutosynthuin of tho plnnktn
115:0 ml thereby tam the proéactim at orgmio nhtamc.
21:33 notlmd no mbaqucntly and by llarlhlil. an! 0:: (1928,
1930) to study en. photolynthnil of was  at
ltfiulnt doyths in the an am! also to noun:-0
plmktm prufiuction in loch ltrivm. itoxm Ilolun
( 1932, $937, 1951) also and tho tlohniquo at
311001111 the Danish vmturs. A nodifloatim or thin" mitt!
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and by I110; in both cutrophie and jo1£gu'kro)1fl.o
riglml (1938, 1939, 1941:, 1941b) in u:tms1Vcp1nnk
tn inrutigatima or the tartan ruin, vatua norkh
Atlantis,  Island Band. and Ocargu Ink. Amalia;
to 1110; (1938) Atkins‘ method or manna; phytoplank
tn jrenluctim fzul phnlpluto conwptim and in
hgliah ehumol is appliunblo mly hrtng the £1:-It halt
at 1 ‘ulna when the ruin or phuyhnto ugaoratlon to
phosphate ommjptim in negligibly 111. AM an that
was as paniblc method for inking a mhural estimate 0:1’
pro¢ut1en,% lilo: roan-ton! to the upcrinntal nothnfi at
IIIPGM-B‘ light ml dark bottles omtdning plnnktm. in
trier to twp oonditimn an non.-1y aaturai an pqaalblc the
tattle: vm nun wan mum an water and lnlfpcnlod
at tho sac lop-th fr! which thn auplu urn kin. 2110
hntim at the czporinmt was £1" to swan £110, ta, he
tam! tint the mgm production hrtng shorter Br!-oi: was
not mtfiogunt to counterbalance the £01 u-rem d anpl
1:3. ezygm was determined at thn start mi mi at the apart
nut. 80, it wan peusiblc to dctomino hath tho mun pre
Qiotim uni uygon emluptium of which tho reznu  bu
an up:-realm at photosynthesis. lunar, ho bcllcvd that
the oburnfi values at phat asynthonia was Q1111!‘ ism
the real ana stated that tho emanate plan ally minim].
nrkinnt on at phntointhuia beau» of than  0:1’
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errors. Int later inveetigetioma with ndioaetive carbon
and the date. on ooeenio production oollooted by the
amen: hpeflitim (stumm Iialaem 1952 ané 1954)
proved that this eaamption is not quite oerreot. iho
results or Steaann Iielaow a investigations on the pro
hotion of matter by phatoplenlrtm in eligotrephio tro
pioel ereee were very different tru those of Riley. the
‘R110! obtained by the latter were at leeit 10 tile!
higher. 21:1: liaoreyenoy was suggested an the eiteot or

differential growth of bacteria inthe light and hr}:
bettlee he to the bactericidal effect or sunlight result
the over correction for respiration end oorresponb
ever e-atimatim at photosynthesis. ht for eat:-ophio
intern with ezperinmte letting 24 hour! the date were om

parable. Subaequmtly Yeooero and mm (1954) showed that
there ie no difference between the growth or respiration
of beoterie in light and clerk bottles in experiments le.at~

ing for several ‘days. S‘_B8QllIl Iielem (1954 and 1-955:“) also
amount:-etei by lelm.-story ezpu-innate with @_9_r_gl1__.5 and

e lerine dieta gheleeeioaiza that the effect of nnlight
my be imlireot by producing antibiotics by the plmkton
elgee whloh inoreeaee with light in olur bottles
the bacterial aotivity in thn. ihe iifferenoe in min
ehtim betwem light   bottles no between 12
and 30 tiles higher than the mgm proiuotim due to pho
toeyntheeis of the elflgee. Bo, it wee presumed that doe to
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thl pmdnatlm 0!’ antibiotiol, plmktm 0130.0 cffict 1
rduotion in tho ozygm omluption of the bacteria in
the light bottles. According to Ry-tho: (1956) than $21
porilmtl do not provide any direct dclunltntlm ow this
phonaonom, thorns thou of Yaeouo and htbor (1954)
flroot contradictory cviécnoo. Rytbn (1956) also
don not agree with stoamn lliolamfi min objuotion
that proluotlon nluol obtained by lmg tin liflt no
Cu-I: bottles louurnunta are an than higher since
ulna obtained by by mob expo:-inmtl are too low.

low the controversy no longer exists u the orlo:
or magnitude or global oooanio prllary probation origi
mlly glam by Riley ($944) hm bun rained by 1 tutor
or about 10 (Q-tho:  lliolum 1964; ¥&mtyn0
1-965$ Ioblonta-ililbko 5 _5_1__., 1970). flu moat recent cati__ 1ounto by Ioblmts-lliabko _g_t_ _q._1_. o(}_9;_o_._o__$;§.) 10 2.5 $.0z10

tom (groan production) and 1&5 - 1.8 x 10w ton: (not pro
lnotlm) of carbon par your, which 10 about oqml to tho
vnluu glvm by Stonam Iiolun and Anbyc Ionian (1957).
Aooording to Ymtmoh (HIS), on the whole no 0? any that
the canal, as oupu.-ed to the textile regions of the
nrtb, are virtually dons.-tn. the noun! are prolaottvo
mly DIGIRIQ of their 01:0. tho total production at the
OGOIEII only 2 -.- 3 tines of that m land, whorl“ noun
covers 79$ of tho plmct.
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In tho  Oooan, prior to tho Intornatiml
mm ooum Expodition (non) (1962-es), mu (saaa-so),
Jm Ham! (1933-$4). mzsoowmr (1934) ma ALBMRM8

( 1941-4s) oxpoditimo u-no to ovalna-Qfio tho proluotivity
irc tho ntrimto and tho otmding orop of planktm.
Guam (1931) mm tho nitrato an of mm mm! oa
pofltion to ootinato tho organic promotion in tho
Arabian Soa in wot voight or olgao. During tho GALAIEA

upollitiu  produotion val moamroa by “er nomi
qao in tho vootorn Indian Oooon almg tho ooalt of Atrioa,
oqnotuial port: of tho Indian oooon in a notion flu
Kahuna to Qqlon, lay of Banal and tho Indo-llalqan
“thorn? (Shalom: Iioloon (1952, 1954; Stoolann Halon
and lohyo Imam 1957). thooo mu» rovoalod that, in
gonual, tho primary production in tho shallot ooootal

regions or tho tropioo to high. It woo also ohoorvod that
in tho oligotrophio regions,  thoro no oomilorahlo
nan ion of "now" vatoro with high natriont omtnt into

tho photooynthotio oono, tho daily organlo production was
high.

Baring tho loot dooado thoro has boon oonoisloroblo

prop.-ooo in tho study of primary prohotioa in tho Indian
Moon mi tho mviromoutal phmmona that Qlato 11:.
In omootion with tho I103, botvoon 1959 and 1965 a largo



nabs: at lhlpfl bolcnging to  9100 oar:-101
at intmaitu invortigatiann in the indium Ocean. The
Arabia Sea mi Quin: tho Australian 9:931:10, the
110°! longttuinal nutlm were 11011 armlid. (lythor

5., 1966; Jittl, 1969). Arte: aztmlin mantr
nata at primary profiuction m boarfi thc U16 BRUUI,

Mthnr _0_t_ Q. (}_gg-g_§_§_-) showed that the western Indian

moan is one at tho moat proauotivo raglan; in the world.
8&0 of tho highest values nor rocarhd in tho marina
nuviremont , erupting than trm coral rut: am! an
gran boll, were aburvd in the nerthorn Arabian Sea
6:: the Arabzlan peninsula. the aberration: in the western

halt or tho Arabian Ba are lmarisd by Wooster Q Q.
(1967).

A In-go umber at ncanrnmta were made an board
nun: whieh havc bun rcportod by labnnen (1969, 1964,
1968). Besides, klohnll (1968) in tho lgnlhal flurmt
raglan, Kitoholl-Inna (1967) 6:: sum Am» ma sum
(1985) in the Aultralinn water: all: proamtoal the results
of than mumrmunta.

locust]; troy (1973) has 311m? an tenant 01’ the' I
diltrihutim of ohlarophyll mt at potmtial uainilation
in tho mum mm ma 11-an (1913) has  an
1-chtim 0:1.’ pa-tnnry p:-auction in tho Indian man to
chlorophyll and other mviromental tutors. As part of

12
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an u.s.nm=¢u¢ Program B1-3:106 and xrm (1973)
ltndiul the primary production and stun“-11¢ 8'3»! of
phnktm in tn: smth-cutorn  Beam.

n-nut“ of prim-1'1 nrodunum in an aura-mt
ecological anus at the Indian Gonna vcrlnprcnmtcd by
Heine! (1969). Pruad, Bane:-11 and lair (1970) lulu a,

qumtitativo aasoamumt of tho primary prjoduatim in
relation to the potential fishery resources of thl Indian
Oeaan and Bushing (1971) fer the upwelling regions.

In ailiisian to mah 1111.-not nualurllcnts cit primary

proéuctim 1-apart: m pwtoplankton piflllil at the Indian
man by Iqhinarn and hlmlhiln (1963), 101211 33 g._1__. (1964)

103111 and Inwpam (1966), Hmphrcy (1966) and kphroy amt
Ker: (1969) pr.-avid: a sound basin tar the estimation at

p:olue'%111ty_ in the Indian Ocean.
Sword ltnflu have lam made in the eaaltal anfi ott

lhnro regions at tho Indian nu. )3§ (1959)
numrd the stunning crap at phytoplnnktm by
methods and one to the cenelnaien that the proituetien
mthavutoout orlndiaia oztahighoz-10: cunpanblu
to sac at the new productive arms in the tclporate
raglan. Irasafi and lair (1960, 1963) mac 0. ltnfly of
that uaamnl variation and nagnzltudc at mania in
the M1! of llannar m the oath-out aunt of Inna. fin
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£01136: of invautigatieml curried mt at flu fllntral
luino Piahcriea Research Inltitute slug the aholt
twat of India and the Inocadiwo Baa, "rt discussed
in rohticn to the petmtial living 1.-Qumran by lair
Q Q. (1968)  lair (1970) 1. Radlnkrilmn. (1969) undo
0. study of the prhary productivity in the chili “ten
0:! lllcppq on the lath-Malt can of  during the
pen-union parted and Shah (1973) prumtul tbs na
lnnl nriatim at pw-toplanktcm pipata in the Luca
Mvc Sn aft )6aohi;n.

the 0@i.n backwaters have baa studied lntmnivcly
lmwocmt yous tar plant piglmta (Quin mi ldnly, 1967) ,
light ponltratinn (Q1811, Bhattathlri and 1316.1; 1968) ,

01-‘mic Production (Quin __0_§_ _g_1_._.,1 I969) and mtrimt

ayulc ( and Quin, 1969). insides tho pro
luofizivity at cord. rad: (lair uni 211111, 1972; Quin»
lhnttathlri and Roddy, 1972) of no.) pus bod (Quin and
lhnttathtri, 1971) and liberation at putioulato organic
uttcr by aural ruin m an atoll (Quin am 8 
yum, 1970) have ulna bun tnvutigatol.

than the Indian Moan :ogi.en in nu lager the under
nplored um it and to be, but in am 01' the tar 1::-an
vhuo intcrnatlomzl co-opu-atiun has bun narihallad m an
unprcoodcntod B6810 tor soicntifla exploration.



15

the um. at the Indian nu whuo 2031111: sfialioa
have ban omductud 110 bottom 1'3‘ ad 79' 39' 1 lcngi-»
‘hdc ml. npto 10"! em the loath-cult can and 15°! m
tnc mouth-van can ml the hand" Son.

gag  cant -  orllannar and  g
this anus 10 expound to m prevailing lnmloena but

the rainfall  the sauizh-Mu-t nonuan in van little.
hi!-‘@011 turbulent smitten: at in Quin; lay which om
ttmo lfllfiinon can up to August . During this period the
can 1: km south tn nmrth an 1| particularly strong
flu-% the Paban has running ocean; anally 0. velocity
.01‘ 5-6 knota. U tho aentnry at this tho Pall: Bay is
6.11-I. With the mark or tho north-out trade winds, gona

rally luring hptnbor, the Gulf of Hanna: Daemon eun
parntivnly calm. mm an-wmm at the um u reforaod
and  omfiitiml wmil in talk law. nu north
nmaom thm u-tn in bringing rains and froqnmt
eycloncs which originate in the  of 3%)"
Santana). nriatim or the hydrugraphio proportion:

Iluotnatlom in the mrfaeo tape:-star: at the an.
water at Gulf of llama: shew a double uuillntiann Ina

Illlil is in January which risen lteadily $111 April and
utter lay docreuca. there in again an increase Indian
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firing aoptunbcr-October but not to that level at April.
Ehl lettering of the mrfauo tnperaturc 0! the eeuital
water has bum brought about by tho firm; winds during
the south-wont nonaomx Iaaam. the ucazndu-y put is
Draught by the dying down of tho smth-wont nmlmm winds.

During the period of obnrntim the lowest tdpu-aturo
race:-dad in January was 26.90 and thn highest in April
Ill 32"0¢ The secondary 110$! of Scptnber-Dutch: was
30.0-30.5%. In Pall: Bay the earthen tapu-aturo is of a
slightly lawn: order.

Ethan in a rqular seasonal eyolo in the salinity
la bothfinlt orllannarmd Pall: Bay. Irma. lavvalne or
26'!» m January 1: gradually increases ma rmains high
(> 16°/0») urn tn» middle or lumbar. With cm mm:
at north»-out nonaom rains the salinity falls and lowest
value is renahod in Decatur.

‘rho autri ants at both arms arc diatinetly lower can
parod. to tnpuata regions and tm.-thar they in not show
Inch great flna'h1ati.ons':;in are oharactoriatia 001’ tnpcrato
waters. Ike monthly average phouphato valuu in Gulf at

lhnncz variad £1-m 0.09 w 0.$0;ng.u.r/1. Vhcz-can in Pall:
Bay an. rangcy was 0.14 to 0.25 ,u;.n.r/1.

!ho fluctmtiona in the valuu of nitrates, on the
other hand, are greater in Palk Bay, vith 0. range £1-m
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1.5 to 5.0,u;.at.I/1-. In the Gulf or  month];
nu» 1-mp n-an in to 4.1/a;.¢1=.!/1. no
silicate value: than wide: fluatuatiml 3.3 to 14.8/ag.
at-%It/1 in an of lama: and SJ to 17.9 /ng.at.a1/1 in
tall: Bu.

iho pubmtlu sate:-atim at 6.1nloA1vd onion in
the tartan waters than grate: flnahattma am! n wide:
nngc in Pa?-I Bl!-% In the an-110: invutlptima Inna
(1954. 1956) rma an en; quantities of pamqlmsmm
ul cqrgm ahntiu. 411 not show up rolatiannhtp amt
an appnxmtlq overall _1c|ru- uqgm nturatim. in I111: Bay
which ha  ta be due to fewer coral rats ind
knot laser quantity of finpriaonod pmtcplmkton" or coral
lomntlullao which prohod Qonaldcrablc quantity of oqgon
laartng yhntoilynthtnil.

the pl value: ‘morally 1117 firm 8.4 ta 8.7 at both
the rcgtmn.

‘lb! total not planlrtm (trad  in the IE1!
0! Elma: filibit \n11-dctinofl lllill am minim an wall
u utterances tram ya: to yur. In guénu-:1, the cycle is
Maul, with mo pm bctvoa zmury and lluuh ma another
mm; hptmbtr-Gctobor. tn rm: lay an an itstribation
is Budd. lunar, £1-I January the tohl pluiktm steadily
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hlereuel npte my or June relieved by e drop in haly
l\ll\l8t¢ Apia there in an increase leading to a. peak in
Sept umber-Ont eta: followed by a decline. ‘rho standing

crop 01’ plankton is often law during periods of tur
‘Mince.

Elke eietributien pattern at tote]. pwteplenktm
as ebnerved frun net eollectione reveal that in Gulf of
there are three peak! which altermte with per.-lode
not in populations. In January the ph;-teplanktan pepnleticn
in ‘high fellewed by an appreciable decimation in !‘ebrunry
Ianht Be ememtretion lnereaes during lpr11~lla;y am!

' 1

Inc to August phytoplankton is low. It enee again
imeeaea reaching a madam either in Qcteber er in
Iivaber. Against this abruptly fluctuating phytoplankton

, .

eyele in 6111' et Kemaar, e mere stable distribution is

etlervel in talk Bay. Starting tram at nether low pepuletien
SI-fill‘! thl Phyteplankton eaummity inereeeee steadily
to e. high level by Hey-Jme and remains high ueeyt re: a
alight decimation during Jillrlugnet, upte eeteber, attu
wnieh there is an qvpreeiable-1 tell. Ema there is only 0.
single pruinmt pal: in talk Bey in entrant te the three
peeks In the Gel: of Runner. the eeeamal nriatien and
eueeeaien pattern of the omen pkg-tephnktma are cliseuased

Q.PQr‘t.1-,0
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Large quantities ct grichodemim are noticed
particularly in the emer months in Gal! of
but are relatively scarce in the Pall: Bay. In both
rqima fiinephyeeaee chew two marina with the primary
peak in the smer loathe».

the dietributicn pattern ct aocpllnktcn differs
wiieljy at the two areal. Ihm sccplanktcn ie high in
01' llama: it ie relatively lav in Balk Bay and
L1” verse. Pall: Bay ie characterised by a richer accplmkten. ,
lath-Meat ccalt of India ’   ‘f;

Ehe west coast ct peninsular India tome a narrow

belt ct lcw land lying between the sea and the Western
cue: which mm throughout em» whole lcngbh of the
paninmla varying in width Ira 30 to 150 h inland and

running in a direction north-northwest and ecuth-lougheaat .
Ihere are a mmber of short rivers, many of which drain into
the back waters or varying breadth  parallel to the
cealt.

ihe cutetanding feature ct the wind eyetm in the
seas is a seasonal reversal ct the direction acac
ciatec with the tvc aeneccna. Baring December to February,

the acrthzeaat winds or the land origin prevail. the transi
tim begins by abcut larch and lasts through April. M the
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nail: at lay tha south-wont mmnoan winds or the tannin
origin are Qstnbliahod, which cmtinno to incrouo grains
lly mtil June when thorn is maiden ntrugthming. During
and August, the winds blow at their grcatolt strength
and in Bcptnbur, tho wind 10:60 docronun in 1:1-aqarathiam
for the trnnsitim vhieh lasts thrmgh Owbobcr [and Hwambor.
01’ the two amnoona, the math-west nunaom endures over a

iangor pariad in the Arabian San and in Itromgc: and stea
dior than the north-cut one. 11:0 mat at IOH‘Ih*-'I0_8i mon
som is associated with overcoat Ikiea, ahmnra and strong
winds, as n result or which the solar inshintian is out oft
to n largo uztont. Eh: incident radiation varies mm 750 1;
on a bright day to 150 1y an a olendy in; in 31:17 (Qaaim
g_t_._g}_.,1968). Definite tho hmid auditions anporatiom in
the Arabian Sen is mnzimm during the south-west nmaoom

unlike the anal intense evaporation in winter. (Yonketeawaram
1956: Ingnmathnn and @auu-1, 1964)

rru the vertical density azmmu.-Q sum (us) has
inlcrrod that the pronoun of upwelling of the west eonat
of India in the doopar layer: oi’ about 90 n sets in by
larch and the npvolled water reaches the anrfanc by M17.
flu ciasntion of upwelling taken place in August uni tha
x-nu-no process of sinking begins by Scpinnher. In a period
of two months, the vertical novmcnt in 80 la, giving risa
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ts an average intensity at upvolllm at 40 n par math 
1.c., 1.5 1 10"’ an acc"(8hama, 15). 1110 earlier
ntms (mew. 1959; am Sastry and Hyrland, 1959:
Innlrthm and Jaynrman, 1960) had interred that up
otf the south-welt east of 11161: starts with
the unset of the south-wont monsoon. Regular upnlling
18 ablnt north 01‘ 15'I.

PIC July mworia cool water is present balm 50 m,
than oven at shallwar depths whisk has 1 lav nzqgcn
ssatq; 50$ or loss at saturation  ta so the rule
at  flashers 1-031 ms throughout the entire upwelling
anon (Dana, 196a) .
Scum). variatian of this hydrsmphic propartioas at
1:110 shelf tutors of! the west coast of India:

time-series ohnrntions, during research cruises
anduotod by ‘Bhl Omtral Marine Iilhirifl Raul:-sh Initi
tato sinus 195‘? 01'!‘ the wast can at India an board thc
Isis Iszvqian Project vessels RJ. Kim" and RJ. YARUHA,
have p1.-svmn an on tho nqam1@g as the win asset .
(Hanan, 1959; Rama Salt-ry, 1959! Rama 80.8141‘! am! Kirllnb

15503 lanai:-thm QM Jsqlrllllm, 1980; Pail]. ind Ramamirthnn,
196$; naanirtham and run, 1965: Shnrml, 196?: mm, 195a)

no am-taco tuparaturu all along the east czhibits
1 double oacillatim fin-mg than you fit! the primary mnmm
in April and the ssssndary in Isvuber. $110 csrraaponding
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take plaoo in July/Luguat and Doounbor/January.
lho low tmpu-atoroo are spread over a longor period in

tho north than in the south. lho low tnporaturo in the
lmooon ported in duo to roduotion in the zlnaolatim due
to tho cloudy conditions and tho monsoon rains and run
of! vatorn.

Geno:-0.1.13, tho ooaatal surface ourronto or! the wast

nut of India sot towards the south from Iohruary until
Into October or November and arc rcroroocl during tho rest

K tho your.
Ihoro is no pruinont ooaaonal variation in the dis-¢

solved oqgm omtomt of tho surfaoo waters all olmg the
hut it dooa vary oonaidorably in the suhmrtaoe layers.
Hovovu, highs: mg-on values of ongon in tho mrfaoo waters,
in ‘moral, are noticed in Juno and; September and lower
nines in Jamar! and July. Qho stratification of o-oaota].
ntou hiring July uni Augalt in tho dopth range of 10 to
$0 n results in tho doplotion of ongon below tho depth oi’
It:-atitiontiono.

tho depth of tho mixed layer ohangoa £1-an a dopth of
more than 60 m in Jtcnnary-February to 0. depth loos than 60 m

by Burch-April. By Hay-Juno tho mixed 1110:: still movoo to

ujppu lqora and the least depth of loos than 20 m is ob
served in July-August. Iron than, it starts doopcning to as
tooth of about 40 m by Boptnbor-0otoho:o.( Shana, pars anal

ocfiioation) .
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8’mdioa conducted for prolonged periods at diffhorent

centres had indicated that phosphate, nitrate and silicate
show a seasonal fluctuation, the peaks in their concentra
tion being attained during the south-west monsoon months.

It in also found that when than is an abundant supply or
than mat:-ienta in the water the ratio or Hz? is 15:1, the
can an baa been round in the tampuata regions (Schuma
llflio 1959) .

Ban» (1968) after rovievizg the hyflropaptw of the
Arabian an mu of man mm inferred am: ism seasonal
cycle of primary product ion is apt to he quite aimilar all 
110“ the west coast and that high photosynthetic rates can
ho npeoted during the south-west monsoon and later until

tho cool, dcmgonatod subsurface vat or withdrawn from the
011011’. During the rnaindc: of the your ‘bh0'&0I1li.ty strati

fication in the mrfacc layer will kncp tho iahotoaynthatio
rates low, near oceanic levels.
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lee water ample: were eellectefl in ‘light’ end
‘cert’ bcttlee at fixed hare in the early morning:
firm eiz etetiame epreed we: e distance ct 30 m in
the Gulf cf leaner frm July 1957 (113.1, etetime M
te ii). om wen taken that no air bubbles were left
Ln the bottles. the ‘bottles were then nepended at the
ewe depth by means at ‘cradles’ Ira e plettcm erectefl
tee night fishing at the referenee staticn G1 . When the
nether wee rough, the bcttlee were attached to e pole,
Riel to en enchcred firm. Samples were taken weekly from

the reference eteticn and biweeklq time rest of the ete
time.

In e. few trial series, en-yga cmteat wee detemind.
It the ctert em after 24, 4-B, 72, 96 md $20 hour! of the
enerhemt. Production wee ta:-and to be prcpcrtieml to the
time oi ezpceure until about three deye (713.2) . Hence, 0::

perimente lasting 46 hon-a( tar the £11-et year) end  hcura
[far the subsequent yearn) were ccnhcted. the difference
ll euygen cmcentretzlm betwem the light end dark bcttlee
Ill emverted into its cu-‘con equivalent using rq c:l’ 1.25
fer obtaining groea production values. the difference bet
eea the initial and dez.-1: bottles wee tekem ea the respira
ktn end that bctwem the light bottle end initial ample



run lhcling m umm a nuum u m;?a1r
omnmn:(uu¢6)marn.1.r1|q(r1:or1). a1 an
thc  flatten when nut M tbs oblwntima
have hm nah tar 1  period.
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III taken as the ‘not oxunity p:odmrM.u' (stsmmn
Illlllfl. and Hanson, 1959). Analyses var: carried ant in
-flu $1111.03 Rama: till 1962. Salinity, tdpteraturo,

1!; Qiflmts, phaiphatoa (tqul I in flltorafi and m
fl.1t01.:d aaplca and dissolved inorpnio phosphate no
at ta interline the difttrllt phalphuul trmtims Ln
olmling pu.-unlatc P ml organic P), nitrate and sili
Gift wire noaaurod by standard netball.

Ono litrc samples were tilt-cred (Vhtnu and later

nilnpura f11iO1'B) , ma an» n1“: pupil.‘ :1.-nun with 90¢

anions mi the plant piglpnta was aoaam:-06 by 0. M130:
UM hits Qokkor lbaorpt£;§0t0r with I rd filter (kioharda
v1th=‘!hupson,. 1952). flpoetronio 20 our 1  Spectro

photometer was and alter 1964).  the earlier part
at flu atdy ahrmatognphioang pure ohlorephyll 5 ob
umn  Santos (fivitzarlanel) ma used tar afixmzzon.

Parallel. samples (1 litre) were adinantod, cmtri
find and the phytoplanktun 0011: were 10.ont1.t1od (upto

species 10101 wherever peuiblc) am the tatal cmmta were
tum in both initial and final samples; for thin, bigger
aoid. kettles were OQIPOIMOQ. Ira this data growth kinetic:
of the total phrtoplanktan p0pu‘].at1m and of the more omzmon

upaicl were derived. A11 tho above ptrnnttra were measured
only in ample: taken tram the reternaa Itatien. Only oxygm
nanurclmta were man for the root at the stations.
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iotal orunic nitrogm by tho killhhl ncthofi in
the initial and final ample: were dotornincd for aver
to mninc the suitability of the nluos at
“Sb-camea by um method an an mu ¢r prMuot:l.
Yixfa

Ira 1965, the Indo-Inrvqian Project placed 0. 28
metro lug run:-ah vuacl, 11.7 JARBIL, at the disposal
at the ficntral Karina Piahtrioa Rouarcih Institute for

eollcctim of bydrog.-aphio data ml to osmium: aplen
tuy fishing. All the obaorntiens on the wast coast and
in the vicinity at the Ineeadivo and Maldive Island: and
in the oquntorial 1.-ogia ware made on bani this vual
during her research amines.

"0 ncasurcunta ware mafia first with unpaulos and
£11m.-at obtained :1-an en. Inttrnatiomal lgmcy ar “cs

Batcnimtim, Ghulottmlnnd, nmuk. Inter samples wora \
collected trm tho inaharo regions of Hmhpm (Fig.1) by
a glans battle with 0 ‘match aoohnninh Inumlatad. water

bottlo (Pl1;Qrse1ityp_0) with ploxi gun» mu cylinder (213.3)
or a Tan Dom ample: was used for flap Into: stations. £1;
_g_1_,_t__p_ axpertnmta were aonductod in the nmllmr rcgima on

the math-cast coast tron sunrise ta neon or trm nam to
uncut. lloat or the noasuxnonta on the lath-wont coast

warn by simulated _1_1_:_ _g_i_.__t__u;_ Qcchniquo. Io: this two typos

0! incubators have been used. 0110 was 1 rotary inaubator

($15.4) Qmmrhat similar to the emu and m um the



113.5. Insulated water bottles with plead. glass
cylinder inside used an board for collection of
samples for “B experimmts (span and closed).
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!'1¢¢41. Rat”.-1 mouhtor am! light puanl far aimlstd

E  'QIPQI1HEt3_n-- Glass plates with different layers
for mach screen serving as filters can be attached in
front of each emparment for the bottles for varying the
light intensity .

114.5. 3un um‘ tnaahtar with 1m1=1¢m. mun arr 100$,
50%, 16$, $7‘ and dark ample: in animated E sit:
tfii-qu%e can be





1" P1dz

omrm (steemm llielsm and Aebye Jensen, 1957). the
rotating disc was fabricated out or  and oould hold
10 bottles on the front and two on the hank (dark bottles).
A zlflnoreaomt light panel provided a constant light 3%;

((2.20 klux) .

lhe second one was deck incubator in vhioh sunlight
was the source of illlmination (115.5). Smplee collected
Ira the aurraoe and 6056, 30$, 16$ and 1%» ‘light depths‘
were mpoaed under mesh-aorean neutral density tilt era trans
mitting the one percentage of incident radiations. The
neaenranent or light penetration and calibration or neutral

dmaity filters were carried out by e Iinsley Irradimoe
Meter fitted with e. blue/green filter (details of measure
ment given under the section on light pmotration) .

For incubation under constant light, maples were
collected frm mrfaee and 1:-on bpthn at which 10$ and 17$

light intmeity were recorded. temperature correction ma
nude at 55 per degree oentigrade an the incubator wae o11.-- _
onlatod with anrtaoe water.

Snplea were filtered either in a.hand-flltfiration
unit (213.6) with 0. oyele pulp and in 1 manifold filtra
tlm unit (fl.g.'1) under motion on beard the weasel
Gottingen Membrane filters or Killipome El filters of appro
ximate 0.5 A1 Doro sine were used respectively for the two



1'1g.6. Field filtration unit {M 36 m nmbrane
iiltors. Filtration by pram:-0 dcvdopod with
the aid of a. ‘oicyls fix».

?ig.7. Kanifold filtering unit used an board tbs
research weasel and in the laboratary. Hillipoaro
HA filters or 25 m dia. are fitted an this.
Iiltratien by suction.
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@180. !n§:uq- rum» wag  ‘II;ts   vfilo   filter:
was allies gclimflpnlul. to B1

nu anpln amid at tho Intaantnal lgumr
nbuqantly 001-roetd iy n tune: at 1.47
in IIIR in Itmhrltntiun (fltoinm  plzlmal
run an tnthbility at a nu run rmSyntax (m.a)  aw mumza qr an Lint:  nmui,an

. 0. \ I?‘um  at mmunmzzo-an‘Q_an m dim an th
' lit pulsation ah pu nit  RI

Q  0%“! amt: at this flltuod QM  1 na
sun u an ma ueuzw an nnnlvifl with
Qatari 0! tho nicer. h   itas Q   to:-_thc  nun  aninblol at ma (1951)
2» lutapia  ml  at mmnua
‘Minibar was pt at +10}.an    mlin  byQt
nu; its tank at Dy:-an _g_t_ £41965);



113.8. flu tlmr pmpartiamal crating aystdl. 210
oannto: with the pm-vmplitiar in the mantra.
10 *m:n1:anc'%, cooking pa.  elnotrqnfia
in the 11:: 0140 consists at a p:o-net tins: at
two scalars ~  unis mi the athe binary;
ma a high Avolhgc malt. Qho; phtau it
‘I14 ‘HQ tn‘    3&8 ‘Q  ‘V070
Quanta: guru 0.  cumting ctfieicmq of





S)

Biolmn pa.-datiem -= §%  -" 4,)

+ {%  * 5-1)+.-.....¥’
4,, 11,   the depths xpldg

a, b, Q no the roapoutivb prohctim rate: in
-uh’/am

r;h.wu-(1 ml-_1_g_2gma¢1nau:a_g__g1u_
upuinmfi. In lupin manta undo: mutant light
mo »Ip$.r1a1 tonal: given by Stonann I101:-m and Aahyo
Jain (‘$957) val applied ta got the 001% promtion.
mum waters, the values for the but elcpth
ulna are recorded) were mltiiplicd by the act-all
icyth, if it is loan than the depth of tho nph“o*ti.o zone
and halt tbs product it it is mare (simian Italian am!
Anna zmm, _;=_¢_._g_;_§.) . ocnnlmn ahccb with results
D1’ 1.5 53 experiments warn made to anal the maplimdo
b eI"1I:1nb111.t11a the  ¢p@¢n». aenm pmw
tin awn“ by mmsm 2  tcamtquo ml ‘me an
than ulna ebtaslnd in Q Q3 unfit!-lat:
Ill 14$ than the tank 1021101.
L“? “I-§ ' ;¢'f_:;¢\‘t I d  .;;'=\.r"' \'1 ".:¢?-%- -1  _'j -P~ -\ --.-o- -‘i.auA_--_. _ .._,fi_ - . I . .  - ‘Q . .-. -Q.n.vh~- — '$‘..__’,._“:f;._ _ ._’,'.-2'-/1.

q V. I '"~T".~;'1; 4" yfiv.-Q‘ -Q'.._; _iI’»;".'1? ; ' "  ' ', - dl - " m. -'i- 1 ' ._. . ‘.89.. L. ‘.1. '.'|-

hn uumtial ‘pm:--reqnisita in tbs noun:-slants at
lwotnatim by “B tuahniquo and the anpricon
at nines obtained by airtermt werkcn, 1: an 1.-auumzo
ltmlarltntim at the mpouloa.
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“B tcamiquo no  duoribol by Stlmm
Iznmm in 1952, u tollavofl :1» mum at  5.5.
(1949) fer making 0-01!‘-abaorptim warns. 2h: ulna of
rtimry profiotim canted Iran the activity at the
llyaulc dduooé tru this aothod as tvmé to bu 31$
lain 11' an md-window counter is mad am 10$ Ian:
vtth l window-has amto: (Shaun Italian, 1965).
Emu :11 the values ariglmlly 0 aputcé by ‘aha Intu'na
Agency have bun eurwind aceariingly.

rm apmua made in  at the Mania may
nubmmm, mmmy, vhieh wm mm far 0.11 me. later
naluruloatl were atnnfiardisud by than fiitfarmt methods,

hora um also by the  R093 “unique at Bopmhagm
fihronfl tha when of !ro:t.2.$'l:aeunn Iielum  Hraulnni
la:-10  0! thn International Lgmay far "0 mammzzm.
Q    claim at s%o1-a.b_g_a_12  item  u

\

lift: am Saott (1961).

Pilnohrta =1   fru 0.5 ta 6.0 lg/M2
qua ¢nti1ln1.u.g the um: amt at  nativity were yr!
pnrd in irayliato Ira tbs alymlca of nah stack solu
ztm. ma $1: an diluted ta 509 :1 with 1 wlutiw
1.56 g at 11,00, nu» mm at  awe»
ta-so unzuu water. 0.5 :1  at mu fiilatafi “s



Iflntim warn pipcttnd into can miaal mm truism!
with "Hutton" AM amtalning 0,. 0.5‘, 1.5, 2,5, 3.5,; 4;,§

cal 5.5 I1 rupwtlvolq of the amt  Quintin wad
in flitting the %apeu1%as. to than than 0.05, 6.1; 0.2,

0.3, 0.4, 0.5 and 6.6 I1 at 5.2%  ware tum added.
flho wwipitnta of  thm tenet were allow!

it ltané tar hm  with gentle  in ivory
Bur. Hflfiiiil vars pa-cpnrcd with gab at than
puaipitatoa  their total transfer ( aided by fin cent»
if "%1kot0" ) is Iillipari El tutu:  Lm
lultoid filtering unit. QM otfoetivu iiltarlr; an mi
2.5 83¢ Ill planohotl ware mated dry, Grind  a:£11m*
‘I1 ta: 24 halts, weighed and aountyé. iho following were
the rcsalta ebtainul.M iiuiaii  (em)

1.44

2. '52

3.12

3.-SE

4-49

5?-S6

3. 560$

I-45%

3 -4477

3.3870

3.3433

3-3°“

4'
lctivlw at npuln w  -=



'\ 0
J {'4

*~ S____._£sZ_.J*=1=*=m=  '1’0.8 3,62191.0 3,5555
2.0 3.5344
3.0 3.4499
ma mm 2 --o.esm=

'1' $#L“1'1

4.9 3.3641’¢6
Aafl.'I1ty at mwlo u 5.26 3 1  @

%1m.-;m "mtg;  nflhd. ,, inns  Scott, 1961):
II fifll fhl Cblnlliii   OZ ‘EDIE “U Btfik

“kilns worn htuu.1n06  llqtid acintillatiea aunting
in  through the courtesy at Br-l%¢l%.;1tta and Q
inst: at the Mule m% btabltihmt, Qralhq.

Indian stool: I -» 11.4 1 10‘
-a¢- n - 11.==¢o‘ htumtieml

Lgcany Stack a ea -% 1.45: so‘ v
the are thimua muting  at the gu

($13.8) ma dotazninul by muting ‘I9
0! “'0 11301101 plastic namtoél an uni;-no flltus.
aholuto activities at than flltut rut (statue!
in the Itqatel noinisillatien eamting  pf
Luwknlia. $ab101g11'0a the counts  that shunt! acti
vttla of tho filters um thc ralpwtiw  dtiotcnay.



754

730

590

718

435

T80

575

339

T28

679

1019

662

768

‘$2

719

T20

512

labia 1 gnro thiuknoao cunntiggicffioigggl or
the 55; £10 countc:

~- %  % +sol”'c 9»: <~? ?"‘o enfii‘¢ '3 __ \ ‘I
656 967'

1208

1194

965

1240

359

1273

1024

1:55

1150

11so

1535

1010

124a

1034

1226

1115

aaa

s7.a
52.4

s1.a
61.1

57.9

58.6

61.3

55.8

61.9

6315

59.0

62.4

61.9

61.5

59.2

58.6

64.6

60.9

12 ;622 . % 1062 % 80,2
avenge coating atflclmq 61.1 1; 2 7



C1’. 4.":

linen the nativity of the stock aolatiaml obtaineé by
Hltiplqing thn ablolntc a0ti.Y11'.1 with thl cumin:
Qzttieimcy will be an follows:

mum paulc stock 1 -» ~6.96 1 10‘ @
-a@- xx -- 6.90 1 so‘ ~

Intormtien Agmay 6stock 6 82 - 4.50 1: 10 "
B1.Q1g1a1. method (Stcmum Iielam, 1965)

Galtnroa at Q orella maiaen and
ebtainod Iran the Botany Labomtozy, Royal Banish school
at  Gapmmgon wart grown in Gatcrlindfi medim.
In a 001-in at experiments with different stat aelutima
umaiutont zasulta were obtaimd.

table‘ 2. Zero. thialmua activitiu at diftoxmt neck
Qolutianl obtained Q the 11.01% Gil method

%   ;. V i5-'4‘   '.  V  5 1 stock
6.53 :1: 10‘ ~ 1.64 z 10‘ * 5.19 x 1a‘ - 1.23 z we‘ = 
5.50 1 1o? - 7.35 1 1e‘ ~ 

a.
“é

O\\Il4b\I»-0

6.35 1 10‘ ~ 7.20 1 10‘ ~ 

6.52 1 so‘ up 1.2": 1 10‘ an 4.55 x ea‘
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A V017 clan :5:-aunt in obaoxwud tar the biolagiaal
nflhd uni the liquid. saintillntion nethafi which lméa

validity to each wthnr. M tin ether  the
tonmiqu-.0 at Jitta mfi Scott and the original
gave valuea, whiah were 38 nah lunar mi
higher rupnotinly. Home tho added activity obtained.

the uintillatia method was followed tau: all tha cal
eulatim duo to its comparative simplicity ammo the aomter
bu bum alibratad for its are thielmau counting aft}.
annoy.

Int uoalibraticn GI primary pm-auction toahmquu
been conducted by biologiasl oaamogzmphara or
sworn aamtrioa, in emanation with the International

Gown mention, lpmfloraé by 80% ana 0..
llporta at such meetings (Duty, 1961 and 1962; Bot? _9_t_ g._1_, -.,

$955) @140 a basin for the cups:-inn: at values obtained
by iittumt national technique! .

Arte: the int azmalih:-atim trial at  in 1961,
h'.R.Rn.gm P1-as-ad,% who rcwumted Inclia pro nun mpoulaa

If “G of $.S.I.R.0., Anntrah. A series at enmrront £1;
£.__t_g upcrinmta warn conducted in lull: kg’ using the
Australian mpoulea anfi Intarnatioml lgmoy aponlca
(table 3) . the roaulta were diacanodutingly divurgmt 
G.8.I%.R.0. aapoules giving consistently Ian: valuu - m
the average mly (4%).



hblo 3..  in o 1,1”  E  0 m:0 u ma 9
_..  U’ .-r_  E   8 l L  1...‘ -‘ I. S; Q(I) Il5:;)h: llfifils/hr *$

2 1

1. Jim. 622. 6
5. Jul.4. "5. *6. 6
7.
6.
9.

I5

:3:

:1. ~:2. ta. 
04. :01. 62
16. *
26. 00‘

:8:

$3~ '

F99?

aura: ago

:0. 6

'.;y‘_.| _. .

38

04*-¢G<bO@OGI-l>O‘!$O£mO@-hO0~bO\fiOt""Iur"\ r'\.-I-\IE aw -...»

Park)

3)

66.46
12.16

195.16
45.42
4.61

114.60
4.44
5.12

64.52
12.26
0.14
0.36
0.29

45.26
20.91
$.23
0.50
0.16

10.15
6.61
0.41

22.66
4.66

11.76
20.56 45
1 .73 I0

36.13 32
1.36 $1
0.99 $2

13.16 20
4.66 40
0.43 57
0.25 65
0.25 79

15.76 35
7 .82 $7
0.61 25
0.14 26
0.15 99
5.05 47
4.73 55
0.23 56

17.20 7.78 45
26.9% 16i2 42
12.46 7.06 $7

6.%R!3

§§., 10 6.20 3.24 62



rugJ .

to Ste% Iialam (pa:-semi aemunicatiom)
this largo difference mid be ml; he ta the presence
of toxic snbctancaa in the Aultralian afloat Iolutiana.
It is likuly that flu in 1&1» ton amlfl havo been in
tradnood vhile diluting the or1gi.m1 st%ook an sham by

Stecann Iielam mm Vita-Lndarscz (1979): that when

upoulaa are made trm cmazaially b%
‘clan! by Gilutiem with ordinary distilled vita:
6; mm; $402 by distillation and main; ml: glaaa; din-%
tilled water) they contain ionic 011 which 1| pvoisanaua

for photosynthesis and growth 01 unicellular alps. Kmoc,
thmgh tho Indian apwlu ware made strictly acooréing
to the wignal method oi Stemann Italian (1952) by the
flafllo-flhmistry Diviaim or tha Maia horn Establish
nmt-, it was thought desirable to make an 1ntar-ampari.-
and msasa the n@:l.tude of Variability in HQQQIIO-'

nuts. table 4 gives tho ramlta or __1g  cxperimmta
m, using these apoulea alum; with the Lgmuy
anpeulaa .
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13.55
9.54
4.69

15.15
14.16
4.os
e.1a

20.3:
15.88
1.14

15.05
14.13
s.4o

19.10
12.90
9.09

1z.1o
a.ss
$.10
0.12
$.11

14.52
1.14

*s.os
14.1a
5.4

$5.59
10.95
5.23

19.50
9.65
1.76
0.17

25.45
16.36
10.62
10.36
15.10

53.16‘

9.40
$3.73
2.81

12.52
9.95

1.60
0.16
2.aa
8.65

1a.s2
10.36
15.10
3.16

!hbln»4 ?~ » oa of-1n1= . at - ».,. §~od». iun abtainad@' 1 l ‘v '1 w 1   _\  .'__'_ '. a
WfjqiiigiizfilfiI111lIEEIb@H3Ilf1I;m1£31[IF‘*@1iflur. ‘@1Illlllliltwilflllflljlifiilillilfiifilll;¢n:=.» an »=...Pv<¢:=. 1"I1mL§1y!¢ an:no ... ..

0 F‘! /no gcqy ll» /a an
'"'1T"'“1III3i7ii5iiI3'T5'5'K'TF"“"""1iifliTT17'3§'IET'3§"”"Prnpartical counter (iraportiunul counter pun 0zcarrocjodl

14.32
11.90
4.91

22.20
12.22
1.94
0.22

31.05
19.41
$.68

12.50
14.38
5.51
8.55
9.81
2.59
9.?5
8.09
1.32
0.15
1.10
9.15
9.68

12.30
14.48
5.51



3 F!

Q5 £1152 experiments with natural pepulatian did,
not cmly show any roiuetion in photaaynthciic rate but
chard a slightly mhmuod rate. Ems the  prwuw
tia momma-mats have Dom takon a.:t‘bu' £1111 aaaertaim
in; tho quality of the stock aulutim and proper similar
ullsnum.

Samples taken at different times at tha  1'1-an
the lama locality mi Lazpoaod to amstant light, so an
ta atuvly the diurnal. nriatim in the phatasynthatic rate
para the tallewing remit”

<*=1'> IN/Q'haur I89/I3/hour66 2.49 1 as08 2.58 1 .8510 4.50 3.2012 5.59 2.5814 4.91 4.4:16 3.90 2.-‘I2:18 $.48 2.40
the aha" uric! at upartnmta hi. prwofl conflu

llvcly that the mpauloa Iappliod by the Maia meta
Irhblialncnt, trmbay, and which are and ta:  tho
iimrnmts ainci 1963 hive no anion; which suppresses
rqto or photoaynthuia. Ema-var, vim than
:1-an with rathcr emu mm“ at by



cf!

!!O:f.Stemann Nielsen, he abaarvod an 5$ lava: rate. This
pruptod him to suggest that in lass dense cultures as
I011 as Q aim experiments em: apaulea might give lesser
values, amp:-ed to the Banish nmlos.
I value: at -> % %  rodutiun
~._~..~L  ~ and  teohniuu in ditto:-mt   s

01-dc: to have a proper raaouoiliatiaa at tho
111110: of primary proéaatian obtainefl by tho qigm and

"B tccmiquca, 11: 1; oaacntilnl ta have aunt omparism
of values of ooncurrmt oxperimcnta. Int ht: en these are
very acuity and oven the availablo results are mainly firm
cultures.

In tabla 51, B and 0 threo acts at results are
pxcsmtofl frat

(1)  um apartment: in 0. coastal  at tiara
" at high and low praiucticm. (hblq 51)

(b) floral colonies with symbiotic nannthollae,
(table 51)

(o) __I_g_ _1_r_;__t__rg_ culture of a. 51-an flagolhta, gvl:ra.ac1m1a

Q @111» at different nag» of srwim (Table a) .
Sue authors um to take values of "3 ‘"113-11*!“

as net preduation (orlkfitlim _q_t_ _a__._1_., 1969). this aasmptia

was bonus: tha cliaoremciea ‘oetwcm not prefiucttm abulnnd
frat tum mgm lxporincnta wm 1». with “a than with
gross prohatim. Stnnann Iiolun (1-960, 1955  1964-)
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bee apheaised that the hluee obtained by 140 technique
is eomewhere between gross and net production and for gett
ing either values e correction teeter has to be applied.
Ehe results in fable 51 oleerly indicate tmt ‘mines trm
"8 method need not necessarily be lower than those fran
mgen method. In feet, in the coastal waters when the rate
at preduetien is highqralues or gross produetion obtained

by the ezygen method If"; hem lower, prohebly Que to the
influence or respiration or zooplenktere which happen ta
be in the light bottle.

Ielllieter Q _e_g.__,_ (1961) who studied prinnry productb
in e eeeetal era. by melanin; the water in e large mime
pieatio ephere, eheerved large diee:-@eies. ‘they eenaider
that in the eeeetel inter ‘ ‘Q nethed gives leer results due
‘be the photosynthetic eeeiniletim of nah-iebellei urban.

After reviewing the veriane eepeete at the prehlm, Strick
une (196o),m1¢ stating can “‘e value: ere nearer to net
prefieetien than green, hes stressed that it is net eete.b1iah<
ee e enivernl rule tee ell nu-ine pheteeqntheeie.

Ihe results obtained suggest that in eeeetal areas
the rate at predaetien is high, ehert--ten: experi
late with “'6 give values which are harem te gross pro
hetim, whereee in vetere with lev rates, it ie hare: to
net pz-eduet ion. In experiments with flegeilatee, the value:
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an luau than net productien dua to loss by uoretion
fit at the time of filtration (hblo 8) . ml; in experi
mma of 1»; @rat1an (24 hours) ‘*0 given aaasnrmenta
0! not praduotioa (Shanna Nielsen, 1964). mt such
Citation is normally avoided beams: of ether empha
tium upoaially in oceanic mvirament.

hparimants with the corals (‘table 8), though not
ntrictly eunpambla to than with natural populations at
pwtoplanktma or culturaa, give an idea of the relative
rates even mder very special conditions. hob specimen
tnkm alive {rm a. nearby rest ma acclimtia-ad to the
aqua;-1m oumtli-time (details given in appnndix 3 ( I-'111a1

and lair, 1972) ané ma subjected ta two ants of expatri
lentm (1) Determination at gross produtim by amnges
qr!’ uygm in light and dark jars; (2) Dctonlinaticm of
the “Q upmm by the symbiotic seonnthtllli alone. Since
tho you production is a tunctim of the respiration of the
mtiro cw.-0.1 ooleny,  “Q uptake roprcamta anly the
eentributiom by the uonnthelho, tbs anal cerractim for
renpirattan is inadvqmte in this nae. lmea the respira
tiun 0:1’ the mtire obolew obtained Ira dark ‘battle surrea
tzlua has been added. ta "0 values to got the ‘adjusted grass

pa-a:!.uo"t1m' by the lattu method. the amtrlbntim at boring
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algae which ma not been detemincl and which is a*met1mes

Very aignifiomxt, loan at so-ozlnthcllal Curing separation,
tlnhibitiun at! photosynthesis  too Tluoh light (as saw
nnthcllaa are narlally emditlmcd to the milder i.n1m1-
81-'81 vhilo inside the ca:-ala) , lean at photosynthetic
pgoduta by 0011 11:10 are one or the taotera that would
indiviauallq or eolloninly afloat the malts. Emu a1
rail comparison is nntmablc. Bonnier, in abut 50$ or the
can the remit:  mm; cup;-able. 0:111 in tam mass
the “G values art higher, vha:-cu in not at tin uxpcriaonta
tho; were lunar. Porcmtaga realise! by “B apimt an
proéuotim ncaam-ti W 1151115 bottle angel mum 40-60$.

Zn Quint:-an @1m.u ma sang m  "0
III more than the not production menu-ad kw ezygm
technique (130 ma 103$ rnpoutivolg) (nnu ma Km,
1912, Sabin Y).

Gxygm uni “Q technique do net clan 1101i cm
romltn as   at 8 ample}:
0! reactions  do not have fixed rtlattmshipa with each
ether and the  avthota mama the rah at differ mt
rnctimtg basidu fintim at "5 1;; Qgrbgglatiun m
antiml and roleaao at extra 0011111!-2  0! Phfiiiv
nyathclia um; m 8 aertain newt at =1-inuiw (mu,
19$} ant 1969) 
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18310 5. gminggggivlvtluoe or grggggg groduatian 31 gg[;¢n and. "T
(1) 2&E *

145 6% 8* lntlu 02 ,/14°
1.. Statim mm. 1../1.’/¢., in-1) In-3-25)L ' ' L. §fi:1 . ‘ii-1,g§
1. B1 0 390 393 316
2. ' 5 188 163 131
S. '21 0 57 63 504. ' 4 41 32 26
5. “ 8 53 210 169
G. Enecadtvua 0 13 93 74
7. * 0 8 135 $08
8. * O 56 135 108
9. P1 0% 639 564 452
10. * 8 14$ 81 65

1.01

0.37

1.70

0.78

3.96

7.15

15.87

2.41

0.88

0.57

0.81

0.79

1.35

0.63

3.19

5.59

13.50

1.95

0.71

0.45

—_'i _j__f__ 7“
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; A-ii mmog  anon or m nsaeu rug; gg Lag Q1

qulitativo am! qua.ntitati+vo aflliu an the pha
plankton 0! tho inshore water: or Hmhpn worn band. on
on-tritugd unto: maples and not colloationl. Sixty
spaniel canal; occurring in the plankton were classi
fied into bio.-goopaphioal group: mi the general aha
ot the diatu flora of tho 8:11’ of  and
talk lay were dmuribad by Pruad and 80.1: (1960). It
no tend that the biolegiaal  £1110 in lay or
cno till by the md-of April am! tho aoounhry maxim
Maura in October or Iovabcr.

Iittcan species are wall--reprtamtnl in tbs canno
tims and most at than are tons with a ammo:
but rmin mare er loan important thmughout tho scum
while 1 ta! uoivith a distinct 'qnfi w  Iaxima.
It is 1.100 round that Pall: my is having I largo: brood
ing stock at autoahthnuaa Mata: which 1:0 mostly nuitic,
whoral in tbs Gulf of Hanna: than an nan littoral and
oceanic tonal.

Host at the species warring bath in the Gulf of
Hanna: and Palk Bay and canstituting the ‘hulk of not

collections are ghaotoocros 099.,
§,1nbi-icata, thalaaaionaa nitslaig Gel, _
r==--1-w1- m____-1-1-»==- n-2?,



-I‘-PI

lyloica such as ghnluliuin ocr%6o11ana.,Que;-2. . » .
ainmais, E§_g_1;i£t_;1-Q; varisnl, Qgitocoroa
If  M As_=._____ vrimlla
are alto fannd in  mnlbara especially in
talk Bu. Eropiaal oceanic tuna each an Q utooeroa
&$?."1. vfih IELQQ» EBB‘. .
llddughla ninmsil and Eunidiaaun u are rmmd
way eummlq in an Gulf at Imam. P1-ans! (1954) observed

bloml of single species of ggzoaulmia, Rgnbricata in
Iobruary and _1_l_.a‘1.ata in larch d1u'1n; We succeeding years

in the Gulf of llannar, whereas auxin; the armor as well
an in August-soptnbcr maxim mere um me gnu and
auroral spoons warn not iced flouting. lo also observed
that than are vu.-Lationa in the spcaiil aapocitiom of
the distal Iain: taking place at Qittormt maths 01' the
year.

B and guantiggivo variation of the omen g@o*
M tho sixty two up-win at ditffll rnoorfiad Ira

area, fiitom ipouics are will--represented in the net
oolloctima. Host of than are tons with a IEO: naxiunm
but nnain acre ex Ion important thrmghflt the imam
wills 1 tow are with a distinct ‘spring’ and 'ant\Im'
nulls. Seasonal occurrence of the mun alien species are
diaousud halal":
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hlflevnlrve ewerrmeein
the em 01‘ Ilemer except during the umu.-. In
In 11; tome an important eenetitumt in the plmkten
hm February to April and Ira June to Iernherr with the

in August when it appears in blame. There seems
to be a regularity in their eeeurrenee in Pall: Bey during
emaqgutive year: whereas it ie not the ease in the Gulf
et Manner. In tmperate waters it Le eeneidered ea one of
thou erratic or-genius with extrenee or ehandmee which
are not eeeeonel (er even ennui) in eeeurrenee but are
based on more or leea fortuitously favourable eulhinetiene
of the required emditiene (Allen 1945) ..

Baeteriutrum mum eeeure in both the areee
during smear blame and else during the letter pert of
the year. Q. veriene 1a e more warm water epeeiee that
terms one or the eenetituente e1’ the pwteplenkten hulk
or April-Hay and emetimee in August. In net collection:
it appmre in swarms in both the eras {rm Hay te June.
‘the gems Beeteriaetrm can he eeneiderd as ene of the
fear eminent genera that lakes up the dietm hulk of
‘thin area.

Mddulghie eineeneie 1e considered ea an tropical neritic
epeeiee which has invaded the ‘\3flllpQ1'8..tOe‘\f3t81?8.IhQ.P8 it has

heeme e permanent mmber of the plankton. It has also hem
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and an an indicator or currents and fer dctonlnatian
oi’ the rate of tlov of currents (Laban: 1930). sou; 1 tra
piul specie: 11: in more emnm than lmobigqaia. In
the Gal! or llannar it occurs almost threnghout the year
with the manna during nmar.

Qpgtoocroa  no dasaribcd tar thahéimc rrmindium a a A
the plmktan oi’ the llafiru aeaat (Sub:-nmmym 1946) . It
in abundant in nut Bollcatleaa in Nth the areas and forms

one at major omutltumta of the dlatm manna. It is com
paratively mars abunfiant in Pall: Bay. In the Gulf of Hanna:
it occurs Ln mall numbers int omittently Iran April to
Daonbar.

Ohaotocu.-on hlclnoma in a pranlnam species in
Pall: Bay oaourring regularly during both paaks and is
almost totally absent at ether times at the year. In
the Gulf or Hanna: it oeamra int amitt mtly during May
ta Dumber.

ghaotoclroa laranalg a oaoura in the Gulf or Kama:
almost throughout the year and tom a ma} ar part of the
diatcn population and appears in large mmbar during the

dicta blows. _Q.lormz1anna together with Q .1aao1.nom1s

the bulk oi gotoooroa abundance. _Q_.1oremli.an11al
eounploa the place of galebilia in tmperate waters being
the moat abundant form of Ohaotocaroa when taken on a

rmzml-1:110-gear basis though occasionally stray blows or

6l.laac1-ni an aoour.
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Qgotocoroa gernviuml wear! amenity in the Gulf
at lam: {rm April to Dunbar at intervals. In lambs:
it occurs pox-aiatmtly with a regular moo0uien- In Pal!
lay it in present in fairly good nunbarl £1-Q Ia; ti
Iovabcr.

§_9_0g1_g_od1__i gag occurs in both places almost

throughout the your in tau nmbora. In Juno it ocean more
annmmly in the Quit or Hamnr.

In.‘-.d1ncns  has 0. grants: abundance in
the Gal! of Hanna: than in Palk Bay. It eoeurl t£hoat
flu your at int unis, and is fury c?~mcn in the plmktm
with nninm ahmfia-moo in lh.rah-Aprzll in thc Gal! or Ilannar.

}h1soao1mi.a~;_1_=_a_t5 tn a tqyorntc oceanic species whinh

ocean in both the areal cnibiting who fluohntimc.
~  1m; min.-tug occur: in the Gal! or Hanna: at

intcrrall. It in commonly found in the not collcctiml in
Iobruary, Has.-eh and in lumber. In Pall: my it toms 1
éuimt amber of the gums 1'1-n Jun to Scptanbu.

!ml;=_ % ° ma nitsaotioida mm mm znren¢1§':‘5=n¢
100.? in flu Gulf of llama: with oeaaimnl 13301109. But in
Palk ky it appmrfl only during that two llljar blocs. Though
a no:-tun tom it is ciretul-*g1o‘ba1 and its fiiatribatim
pttorn mpporto tho omtontinn 0! emu involtlgatora that
nu.-itic upocios can survive in oceanic anvirommtl well,
it tho; an tranaportod than (San;-6151958).
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' Qhalaaaiothz-11 irnuonteldii in nmsiéorod as the moat
important species occurring in the plankton of both the
urns. In the Gum‘ of Hanna: it occurs alnuat throughout
the year, and 1.0 a dminant mmbm: =1 tho mmmcr bloama.

Eho  ooourrunao is in April./lhy but in October
alto it occurs in good numbers. 2 is con.£mncn£016.11

aide:-on an oceanic tunporato npoeiu preferring wamcr
wattra.

Littaz-:1 tons such an g app. and 15$  Q10.
app. are more abundant during or imodiatoly utter the
parted of turbulence.

Pall: my in nor: '01- Ion an onclca-ed area and than is
a relatively mm-0 regular uaamsl lmeocuim at specie:
which is probably an indlcatim of a largo: autoohthenoua
‘brooding stock at distal. On the athor mm Gulf or Hanna:
has amapicuoally aoro oceanic species whiah supports the
ohurntima or P1-as“ (1954) about the possible innuraicm
of eaaanio surface waters in the cautal arm during June
lngust an dvidonood by high salinity and lav silicate and
9.1» the pronoun at won mun plnktcnic minis . ‘the

2l\D3l1'\ aimnflanou at phytuplmkhun at ataum M in giiun

in ‘tabla 6.
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tabla 6. Seas].   . Len and relative    A oi

% J1'llL%!lJLJA3Bl0ILLlRIO$’0EAE
OHPIRLLB

1. flolocira suloatn It
2, glodiama subtilyl 5~  i2 °
4. Sknlotonnna aortatm 
5-» 3.2¢.1.§.2=#_:.!.& M*111  <1

6- §.m.§_n22.%m.e cm». r7*  "
9- §§.E.B £33 1‘

11. Q. 1‘
1!.  £1a.oe1d.a 1'1,.  4.I1&0 B‘  l
15. 3. @;i_;g_g_*_b_n_ I
16- 1- alums. I
17- 5- L232‘. "
18. L. alata I
19. Q. glen:-avia I‘
20. 2 etc:-iutznll°

I

I

R

G

Q

I
I
I

1.!

R

R

0

I

I

I
I

1

I

R

.

_,L

..

-.

R

...

I

K

I
I
Q

Q

.3

1

Q

"1

I
I

R

0

Q

Q

I

R

R

R

I

I
I

R

I

H

R

I

0

R

0

1

I

R

R

R

R

R

R

U1
I-J



21. fihaotooog cantata:
32- 9.~ mmi
23- 2- E922
24. Q. diverma
25 ~ 2; £.'.'_1£

26. Q. indicmn

21. Q. app.
28. gtroflothcoa up.
29 . gqlggochg nalleu
30 . mzpa brgtvclli.
3‘! . griooratim _tf_;_@

52. gddulghia ai.nma1a
3% 1- iwga
34. gniaulua _;_;_la.a__;fl__1_

35- @;\¥__'°_:‘.: s
rmnm

36- %_<% $212
57 . Q rmatoghora
$8,  abbrlviata
59-  2;._.'n11_1.s2:w~

§!HAHJ'3%l80lD
1- .. .. ...

R - I 

R R 1 B

3 .... .. .
R as an an

R R R R
R ~ B. I
R Q- Q an
0 B. R R

R11!
-)3...
-3}
ERIE

1'

R

8

R

I
Q

I
I

0

R

1'

R

...

.

.

1'

-.

...

.

...

....

R

Q

b

Z

R

G

I

53

I

I

B

I
Q

Q

Z

Q

R

R

P

I
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42. 3% filmdos 1' I 1' R B
G I R"' ¢

4-4. Lstorimolla 11301110.: B‘5'  ‘Pp! R
45- Aahnmthcs app. -.
41. g_;;2g_L_E balticmi 
43. llaroqg nonunii. G
49. gtgluags woiugggig R
5°-  8911- 1'
51- L1-_=.=_m% =m=~ 

”'*"-m%i%%€~.= .
53. Angkor; op. R
54. lunatic up. 
55. Q2 balls lip. R55- Elli  "
57-  2!-.&2& I
S8. 1. 5% R
59- 1. lgiaaina. 
60. 1. nriata 1'
61 . 1.-~ Imp. 
62- .21.?!-a~i1..2 =1>P- 

1’ I 0 O
0 0 I 
R P R R

1 .. .. ...
0 0 B 0
3 .. ... ..
I 0 I R
11 1 I

3-.....
IRIS.
1......
061‘
IR
... 1» ... ..
L U I I
3 .. ... ..
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nnornen:  g 1! A 5 ,1 g g g Q
63¢Q0ra§1gapp@ R--------3.811]
€4.}PQr1dJ___.1_;__1%Lwmspp. -------IRRRB

QQQQQQ—@¢¢@QQ'¢QQ$@@Q@Qan—'@

I = Bloc hero than 1,0000%} 80118)
A -lhmant (mare than 10,000 calla)
0 - Oman (nor: than 1,000 0011:)
I - Ia: (aura than 500 00118)
R  Rats (Ina than 500 0011:)
"' Ii lblillt
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@‘;._'.L.1.‘ - Otifll Of fill fbtll  r ‘B1 1’ II pi; -Uri IUO CI O »l’ g
flu mum gmoratian time and grmrth constant barn bun

elsewhere far a umber of pbytoplankt era especially
diatmn gram in cultures, But very little work has bum done
with marine phytoplankt era in the natural mvirmont . In

tact, no results have bum reported frat thc Indian nae.
the phytoplanktcro increase in mmbars by @011 divi

a1 on. Eh: indivlflual calla have a variable gmeratzlon time

whm mm duublo inmulvu. run changes according to the
cnvirommtal acnditiom and the mean value tar a. division

time in crpreaaed by the cqaatiom

In 111.110 + Ii
where no is the initial mmbor of cells, at is the amber of
0011: at the and at time 3 ezpraaaad in haurs and 5 0. eonntant

that dopmda on the organia and the ewriroznent. It ta is the
mun generation time tar a 0011 in hours,

t -  or 1: =- o. (Strickland, 1960).I fig 1-I
So by taking the  logarithm flu) at coll mmbara at
tha initial and final phase or thy oxparinmt the growth
constant (5) and mean goncration time (3)  ‘nor aalculaized.

According to su-mklma (1960) 5 mm: for marine
phgtaplanktera (mainly Aiatma) are ganorally nmr the optimum

4

and the results are rarely outside the range of 0.02 ta 0.15
(hmra)'1. Ia ample Branrnd, (1944) r0P°r‘"¢~ 8'99“? 9-15 1°!
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Ila]-1 diatoms decreasing to 0.07 to 0.05 tor larger epooies.
I110 values given by ma: (1957) are near to o.o5 and Harvey
(1934) suggested 0. value or 0.12 for lllaetooerome For -?haeodao-

gig trioornntxm )5 is approximately 0 .06 (Ketow 1939 ago

and M18818, 1958). The generation time for G@ odinizm
is 12 hours indicating e 3 around 0.06 (nagotekie and I-‘nerdy,

1957) - the  value for culture of Giglaz pogedmo is nearly
2 dqe (3weem' and Hastings, 1958). Ho)’.-eod (1957) gives is as
12 hours for mna3;,e1_l_e. enpohloxgg. ¢ For total phytoplanlctom popu

umm Harvey, 33 _g_.(1955) estimated 3 as about 0.035.

fable 71 to G give the 5 and 38 values for mixed popula
tions or phytoplankton and a In oomon species of diaizoma in
theGu1t of Manner, enclosed in light and dark bottles, along
with ea-perinenta for measuring primary production. In both
there van inoreau in mmbere; but in the dark bottles as there
was no addition or new materiel by photoeyntheaia (because of

the oontinuoue darneee) _l_:_ values tmd to be lower. But the
populations exposed to the diurnal variations of light in the

clear bottles would represent ¢1me§’"£§§i1:ar=1 aonditime.
the ohorteat gmeratim time 1-eoorded was 5 hours for

Ihalaeeionema nitaohioidee representing a 3 value oi 0.13.
Io: the mixed population the shortest dmbling time wan 9

hours (5 1 0.08) . For E; and Iavioula, the owon
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I811.

5 S

littoral terms eeenrring in the samples, the deubling time en
the average is a 11zt1= less than 24 hears - feels‘) and G.

Ianahya (1961) reported a three-hon: doubling time (Q == 0.23)
is possible for Skeletonma and the time of flivisiun as early
morning hours. It is likely that acme at the _1_t_ values given
in the table would have been higher if the grazing effect had
been eliminated by filtering oft the aooplanirtera before
inenlntiun.

In coastal areas the nature or phytoplankton production
is one et large blame followed by periods of grazing and deeay
The rate of increased productivity arises mainly firom an in
ereeee of the standing crop and not at the grevtnecmsizent 51+
since k does not follow ea seasonal pattern.

‘table Ta. G:-evth kineiea at mixed   e1§1@;qplg._n_gj;;e_:5s  ea  - 111: and dark bottleseu
8,719

24¢ 379
14,570

51 , 1 W

85,400
1079379
54-.330
85,n1i0

119,190

0.04‘!
0.031
0.02
0.019
O ‘J18

150499
23 5°;54O
25 23,129as 

0 01'!
0.n0‘¥5

0.010
0.018

nmn my emu   ag £_¢_e_; 1:I!  I I‘ L L n Li15  . 41
C’!

T0
25
KI



~(fl0mfl. Qablo 72.) _ -\ I -I' ._. I :2 ‘
IUD. 3.320

15a550
7.610

15r210

‘K325 19.370
5,200

21.99
$155090

1}!» 270710
1510,00
1599000

12,210
22.460
23.480
92,000

470710
51.170

221,200
1639510

57.500
$020,000
476,0001142“,

1*?’ 75¢2°°
52,80
22,200
94°
$0,400
2.20
§.@@@

410

IE1. $40
1,810

3§@

lag. 10
570
$104

-Jwfia

'14-4.090
203.200
43.399

216,00
19.00
?.§®@
3.600

T70

2.050
51.800
2,104

1.330
1,520
1.790

0.008
0.008
0.023
0.938

0.018
0.944
0.049
0.073

0.015
0.025
0.023
0.02
0.048
0.024
0.016
0.041
0.013
0.026
0.04
0.015

0.024
0.059
0.042

0.054
0.017
0.025

E515 Ei§

59
15

14
10

41
28
31
11

15

29
43
17
54

27
175

54

29
12
17

13
41
27

2®.290
13.220
6.410

19.040

16.60

75.600
14.460

13:10
2015,00
16,000
112.00
1190400
22,6
26,200
92,00
9,660
6,400
4.400

Ii
41,450
4,150

650

910
54

1,15

°¢°‘9

0.013
i
Q

0.026

0.®©6
1

°c°9

'°1°°’
0.925

0.022
40.008

0.047
0.917
0.018

0.046

0.017

37

541»

27

117

78

23$
$9

32
88

41
41

39

15

41
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00¢;

H970

Boo;

i,ao
‘y‘9°

150
5;§O
s,aeo

150

61,480
a4.s4e
12i7§@

22,940
16,980
24,93
20,530

14¢49°
$2,319

3,840
333,950

5,050
1,B¢O

257¢559
255g50Q
$511550

123,750
98,210
51,980
48,180

o os4
0.051
o.o2§

6¢°52
5.031
9.098
0.052
0.028
0.042
0¢052

0.055
0.037
c.o1s
o;o1a

0

6,320
1,100

2,300
107,70

*1g5§
2¢§@@

§3r5#O
40,000
$1;510

34,640
33,940
24,570
$4,360

8.?! 35°  Q 5°  90 021
9.933

0.057
0,058

0.057

0.033

0.909
0.614

7b"§flE%£!gE$£s5£>"P‘

£83.
8UP‘;

IE0.

Jan

72
5

10
2

640
1,600
6,0
?4,00
1,499

20
209
40
3&8

155
37

3°
100

3,°¥9
4,590

370699
13,900
7;¢°9
4,309
1,600
1,800

L0

0.015
0.038

GQOZ3

0;034
0.032
0.622
0.038
0.029
0.035
0@023

0.943
0.045
0.625
0.014

Ilnnth 1! % 23% tr  il%3:11 44
$8

39A

2!
22
$2

18
55
29
39

15
15
27
59
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ill!
I000.

Jun.
Oct.

lav.

Ivlr
Sept

flu.

BI.

Apr.
KI!“no   '

Ya» m~.~A=s.zr__.» ww

12,200
1,480,00

79.600

51,000

1,630

5,200

4.00
560

7.520
s,2o

zo,aoo
5go_°Q,°°Q

22,000.00
700;00

$,900,00
3,000

0,00
320,000

1,420
62,00
22,400

0.0$1
0.025
0502
0.048

0.075

0.018

0.028

0.087

0.019
0.044
0.041

>¢

12

30

9.920
4.00

25,000
90

4.0
40
60

11,200
13,00
4.209

\_

123

550

70,200
90,096
45,000
4.950
8,500

251400

9.40
$8,000

100,000
11,000
4,200

0.008

0.051

0.042
0.005
0.012
0.03
0.016
OJE34

0.105
0.025
0.043
0.020
0 049



6717°-0 ,
J.

Ibfi.
I67.

Flflo

ruqy

70

2,000
2,000
9.60

900

00
110

2,200
40

0000

30

2,000
6,20
1.600

350

2,60
20,00
1I.12O
4.960

4,000
4,000
4,000
2,000
5,200

000

5,00
16,00
2,600

0.022

0.00
0.048
0.006
0.036

0.934
0.075
0.012
0.039
0.039
0.068

0.019
0.020
0.010

32

140
15

117
19

21

9
53
8

18
10

37
$5
70

11-» lI..2a&alP1>~‘E
fin.

lib.

2,000
5.400

10,000
10,200

5.499
4.2
6,200

22,900
33.200
60,000
75¢4°
15.200
130690
34.690

0.051
0.058
0.037
0.042

0.031
0.025
0.028

14
18
19
17

22
28
25

0.042 17

0.028 25
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lav.

Boa.

90 Q %¥@3¢*@i@

(fiatd. tabla TI)

"""_"~"'I"_"_""'_"""""‘E"""""""¥""_'Ef [ :!'l “ F 5‘mom
26,600
63.20

2000900

5.2
5.000
8,400
4.200

190
2,720

430
880

zfiwa
1,200
1,aeo
1,500
2,600

320
280
£00

1.120
2,000
1,800

20710
11,50
9.120
2,40
7.200

14.000
5,800
04,800
4,000

5.500
800

1,12
6,400
8,400
5.600
8.000

0.022
0.046
0.042
0.081

0.055
0.030
0.061
0.021

0.025
0.051
0.024
0.044
0.00

1;. l!*.'.é.2$ IPP
0.050
0.022
0.021
0.036
0.030
0.024
0 048

gynmggg ‘@035

0.08

0.042

0.030
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§...<L_L...:  2,  *1‘ M    2.1 ~...<,%\ * ~ 5.. I i*..,:1.~.s..;'1.£ii   .
Ii has bum paintad out I07  (1961) that

mm» an primary prodnoiim in the an iv "6
Mn givm mlmblc rosalts , the prohlnt ralatoi
in iii  behaviour at the species vhiah urn rnapomiblo
the cbuarnd yrodnotxa have not bum invutiptca. Ivar
ill I1-lllifl work on fihtm culture: by lnrihll M
9!! U928) and Inna (1937) than haw ham aural attnpta
ta QM: tbs inrluma or nah unrammtal tater: aa alb
nity, tnporatnro, light and inn-p.n1a nutrients u he gran-th
and lflminlynthuia at pwtoplanktirl. In aifittinn, ‘slurs mvo
boa a aha of kinetic stalls: on miullnlnr alga in
¢l1tI.r0 (of.8t:1ck11nd, 1960) . It 1| clan ponsiblc ts tinfl
anmnra ta the may problna ruin; the £1011 unmet in
the datum at the culture that . In ample, flu phmnonm
at anemia in tho 00012111 baatvatu ha Ina {mi to be duo
to the varying nutrient requiramt at the diflormt phila
ylnnltota (Quin, 1973).

fuleollnlnr alga grown in culture shew a variable 1&5
tntnrvul, lueudd by 1 vignrlu lagarithlc 51-with phase,
auhiaating in the Quentin oi  brnght mm Dy mm.»
depletion or by nohbalitia which inhibit  growth
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(nu am! Ia“, 195a). mu; any at nah I pmsu ulna
01‘ g hot:-unlit: £111: £1-an the paid tnaonlntien in
a smith gins the ‘provth trend. and productivity ohnraatuistica
ad. also tho oenparativo values  by aqua am “G
lothadl.

;__n=_:g__¢_1=__g.;_  1 ennui! otcllging flagolhtc
in the coastal waters of Cochin is an uliallnlar gram am
photutaotia flagollaic with an Ural shape, having 0. étanetnr

at 6/-L . Rcpuroduatian tutu place by longituunal fissim of
tho protoplant into two daughter coils. ihcir phatotaetio
behaviour was found aural for thoir iaolatiw, and they wu-0
oultnrud in l1qne1:'::'(a:od1fld by Iota» and 3011014, 1938) .

0:0 vat old health; and aynohroaoua altars at 4 ml
(all notilo) having 0. omecntratian of 150,000 0011!/I1 were
Lnonlatul into 3 litres at the India taken in 5 litre omiaal
and gram in ditmaod daylight at ram tnpcratnre,
filler aeration. Aliquota at the culturo were tutu any
alternate day and doteminatimn mu-a nah of ahluopwlls

51 ma 1 by an nethofi at rmm ma Stricklnnfi (1955) using
a Bniaa Spectrophotometer. tho cu.-hm prodnattm was mash:-ad

by thu engon and §§"Ch tcemiqnu. In cmpcrinmtal. time wan
3 hurl at 20 kltx. lativity of tiltur val lctlaind Q an
Gain: Binntiflt 57fltc (nootraniaa dorporatioa 0:! India)
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krill; e courting otticimcy of 3.21.. 2110
were measured tar over e math tetellmg tent: urea Ashes!»
niiene (tau a) .
Growth trenfi in sfiifllili

Iran en initial ooneatretien et 200 eelle/11 it
tnureaaevl to 1 aelle/I1 Iv: flu aeeafi aq and than to
39,000 0011:/11 M the third M7. I7 ihe fifth 1111, the
enneentratiaa reached. 100,000 0011:/I1. the enenentiel
growth phase reaehefi its elite: by the seventh lay vhm
the oaeentntia wee 330,000 eelle/:1.

the highest _l_:, value at 0.05 was obtained an the

nun deg when the seen gmereticn tine, 1:‘, wee ‘I4 hours.
RI then an there we e. etndy deoreeee in thegvelne
e pa-epeaei.ve tau-eeee in the seen gmeretiem tine, Q‘. the
3 nine Qrmwd to 0.01 by the twenty arch an mo. there
after emttmed at this level till the thirty iitth ha’. the

gmeretim tine, is‘, nemvhile increased ta 70 Imam‘ Elana
am eel]. mum:-/e1 emeeedel 1 Iillien by the mi et this

portal, the nleorease at the 3 value em the increase in the

1‘ suggest ‘that the cells were ae lager entirely Gividing
he ‘lie nutrient ieftaieneye 160% (1939?) he ehwn thett
plane baclee e. 11ni.ti.ng teeter in hue  0!
Q eeterg  . lepeetefl efiditzlma of nutrimte could
palm; the expmmtial phase of growth in ealturee, an
sheen by laynent and mm (19sa) .



t‘ value 1'02 1  ¢hlo1.~ov%oéan%
g 11111; dughlon 1| 12 hours (lialiood, 1951) . am: (#958)
rfluekl that in tropical tons 3 ulna will N Mflu than
isht in tcpuato Iona, but nah variation is not eb
inrflfi in this spacial.
flhlorupbylla in rclatia to prdnatimz

In Gflwophcnn alga ohlorophll 3 teas a 30.30:
pipat and Q fem: ml; 1 lino: ulpmont. An the chlo
rophyll mam: in an tun: at flu photagnthnia
tin]. , and 11:: lnarouan 1-oprnlnti the mltiplintin an!
growth of the alga, linaltanoanl lam:-ants at 0011
%tl and chlorophyll! 3 nu Q ‘IIIO nalnrod. Quill
Q values abound a pron-Quin inc:-qua flu S56 /1:;/1 ro
prumting l oonamtrntiua at as 1 10‘ um. nu an-m
111:0 ubtainul by the at at the lath as 3116 /1;/1 120
pruning 1 1 10‘ 001.11. anwmhwu 5 pa ms mt 1000
0011: than inflate m inure»: tram < 2,“ to > 5 /I3.
flit  with flu growth or the altar: la; be he
to ohlu-uphyll rclcud by rupture at ulna 00110.utingtas in   hm ale
of ‘KM mks: at 00110 that onhia nit night at chim
rayhll. I0  figure has an ntpificana. sum
laal (1960) gtvu tn; tollmdng up-Quin:

Io. at 0011.: - 2 2 10‘ 1 mg emu-mq11
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lcoemingly the who hr V1? in 181].-'8Il1l1l-13 an
till pond at growth is 0.6 vhiah  with ih 8-£8
of th0L:m1t1u*e. If Q1110:-opwll _a_:_ mi Q  together am
niacrd 1' in 0.4.

Ehc nnatim in valuoaafchlaruphll 3 per litre ranged
Ira about 506 reprumii-B5 '55 2: 16‘ fills ta $1000 pg
ta: 1 : so‘ “Ila. cm nun value 1» 1am cells at eh1cro-
pa-11 1 is 1.1/1;. ‘Eh: ratio at @101-upwll 3 1:0 3 as uni.-é-»
manly aamtmt Iran the and at tho  not (vim unsure
nmta at pipmta were amused) to the cm! at the mc:1
aunt.

In mtu-0, the oaneatration at ahlcmoplqllg par nit
10100 at water for the upper part at the emphatic anofi»
thronit the 0.1 nus u loan in uaulmou with
the wuristim M tbs rate at potmtlal ph.ctaaynthcs1a. ibis
phmumun is choc:-rad am in bodies at Inter  in
tramtpurmt plastic ‘bags (Imtsah ma Bythor, 1951) . In the
vmrinmtal mlturo   rm.-1; constant withmt nrkod
£111 nriatim (about 3-4  . limes thn nriatim in the
¢h1.araph'11 omaatratia an be tally aitrihtnl to tbs
nultipnuatim, grwth and albloqami dlalililt  its #0119.

aau carhm ‘mints per litre par hear 1-angel tram
0.9? to 9.19 IE5 nun:-id by the cqgm toflmiquc, and £1-m



69

9.03 ta 0.34 I56 par hour by  ficomiqnc;
duntiun rat: par unit who: at cells (1000)  Itldillatd
tlu ozygm ehanfe, the highest rate  an
the cxpenmtial phase and thnruttor lac:-and. I‘-“silly.
This confirms the earlier observation that tha inc:-an of
ahloropwlla in flu malturo pr unit vain: an 1:011 an pu
unit mmbcr at @0112 1-epruat ale at the liboratofl chlo
ropwlla which us no lager photuynthottcally native.

nu "a tocntqno rogintorul Ian: nun cnltmtly
in :11 the obaorratim (Sable 8}, being gmufllly 50$ ca’
nan Inn. the llithx-cnoo my to the amalclsium dint of
tbs various haters nah an atrium doplnflon. 1 high:

1. \
IQ of the culture, accretion or hhollcd an-bowéntc in
111101101 torn, 01' the rapture of the fragile nnbrana during
tiliirliiten.  to nah lug; dittormau "'8  in; mt
rnfloéat tho real pmninatim in nouuzdmta with .

gross and in pz-Martian 111:0: giro: in tabla 8
were unpaired using tun foals gum by Stanza: Itolsm
(%1‘9i4). he rupiratin rate has tun ahead ti in about
50$. M oxlnpolatim at the ourvn  thc rate 01’ an
pbfiiuqrntlail as 0 Iunciim at  usumq,  gtvm
by Sicnmn Ilclnn an! Btnlln (1959), flu rate at rtlyiza.-~
fin {dual was 35$ (718.24).

1% it wand appear that sun 0! thy ltumpnq in
the nygm ma ‘*0 ulna in brought hmfm
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nature of tbs ounatituant organisms in the populatlln.
‘Wham iragilo rlagellatea dqminate in tbs planhtan 1*$
neaaunmta wauld naturally record. lawn: values and an
axbitrazy oarraatiu 0t‘10$ tar rcspiratian would naw he
adnquato to cunputa gross prafiuntian.

glhl. as .i...._....-.  .i8‘§1@U 7  *Y ~.   ~= L Q  *1 Lan~jra.o a .¢§II§iI“*?1a.%.
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7406
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;1@@@@
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73°°°°
T5®@@@
aw@@e@
QQQEQQ

“I
Q

Ii

1o.1 ¢1
1v1@e@@
916060

.2.€1
$.99

‘£9? rCollafill euncentrntiun lrilnntiun

7?)

(“/1000 M110)   5? .1;  nut<1. /an

II:%T:::

2.6.
2.15

5 12

aén

2.53
2.91

3.13

3.24
3.34
5-”
2.91

%3.21

II2'2:

0.38
0.391
1.#3
1068

1.03id
0.85
1.93
1.2
1.2a
1.32
1.32
1.95

1.3

!I2

2.511
2.3:?
2.311
2.31%
2.311
2.321

2.311

4:1%
2 03-‘.

20,11

2031*
2.311
2.321

205:1

2.3:;

6.5?
0.23
0.51

9.1?
0.52
e.s2
0.46

0.46

0.54
0579

0.1;
9.18
0.350.6

$3.
0.66

..ZI

6.03

0.15
0.21

0.55
o.4s
0.4:e.a
0.;
o.44
o.ae
0.51

o.1e
0.19
0.#6

up-In

@I@

$3

It
Q1

fifl
dc

2.4

C3
0
\\'9
J5

fl
0.77

3

*”$. 9?§§2n:33
99?99 9? 9:§§3$§::3:3:I

0.34
1-§'%K

91°F’ 5’
iS%$13

E’

0.51
1*

0.20
Qt"
09
18

.15
e.¥§

€§¢3
0

0.66 9.25

e.5§

0.65

.652.6.i.¢7

9.180.2
0.26

F’ 9%’
5i€$23%

9.55
9.16
0.12
6.15

6.22
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smsomn A amen]; ualnlon II R 

Out of the 307 million hmtuu of shallow water
arm! in the Indian Ocean 40 nillim hootnrcl art eon
ttmaoua to the cult lino of India. 0! this abut 17.5
nillim heats).-as are within 50 n depth comm: and the
rest botvcm 50 and 200 m. ‘Eh: mic: pohgie and iiraal
tiahcry roamroos are taken at proaont within the 50 n
depth and a mob the productivity of than arms is at
imcdiatc 1n1:ar%ea'l:. 25.0 west mast ail‘ 11141! hat t Brawler

shalt and an 11.5 minim hectares of shallow (<1 5:9 I
ehpth) area are an the west coast and 6 nlllim hectares?
m the out meant. Inlpito at am: variability due ta
Vlaaonnl fluctuation this  in gnu:-ml, is "wry pro
duativn an my be um firm the tollmring aaemt.

gal! or llamnrz

the naaituxlo of prodnaticm and sauna). vaz-Latin have
been amputee! mainly {rm light and 6.12:1: battle apartments .
E110 4:111 gross prodmotien pox: wit volume or water was aa

pu-atoly oalaulatd fer surface and ‘outta (Par nost part
at the yon: the mtira aelmn is within the aphotic mac) .
mm emmllptim was calculated by tn darn" in the
bottle am not wmanity production by “dusting tho respira
tim {rm the groan and. also by the not increase in the



table 9 ariatima in av _-1. vain 1
~!I?I1ilIE11KT111lII[IIIIIF11!Z][IllEI1
“_§§IIZ11iIIHIIIIIIFSIIIIEEEIEIEIIFIfiiléfi

GIIEIIJEIIIEEIEIIII]l£]l£!14]lI1ii!]lt9FIE!a m

3935 Q @%P Q7'3"‘ I8 Wm/4!-1 I8/Q3/hr pronoun
um/n‘!/m)

lchmary
‘lhrih
April
IWNV

Inc
Inky
Lugutt
Soptqbor
Qatihiz
Innbc:
Bnibur

23.9
203.7
254.5
324.1
37°-4
117.7
77-4
95v?

127-4
835-5
171.5
240.6

45.6
51.8

141.3
1lI§#
177.1
95.1
49.5
41.4

127-4
85.5
50¢?
65.5

254.4
141.9
113.2
196.6
193.3
22.6
2T¢9
54.3
60.0
50,9

110.8
174.0

'72

11853 Eflitlflfl. Ehn daily values was tntiirttnd tc.ib#a£n
*1" PM-lvfiiw Pu‘ mt urn. P01’ m ma by mszpuu;
the urn:-ago daily nlan by the mks: at  pa nmth
tutalqnanthly pru&not1an'wal obtcinnd. I!!! that tbs
annal produutiun was oulptcd.

235.3
141.9
192.1
196.3
198.3
22.5
2-9
45.7
54.0
$5.1

11i.0
234.3
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1% 9'0” produe*t14mpor nit volmo = ‘T246' emmwim " - $2.92 ' (45.69
Annual annuity prdactian " -V: 59.18 "

tabla 10.   maul rodmotia    e or

1-uxirzazzjik361 we $99 as02 -- 195 we 142' ea -- 541 $81 ‘I97#4 - 261 zoo 116G5 ~ 544 4% 729I5 - 594 $44 641
At statien M, thnre ware ‘eve peaks: at prduatian 

mo in lpril-Hay and the othngr in tha latter part Q! tho
year.  the first ynr at the manly the nun math];
W11» mused frw 7? um/I’/an in  to asenw/1’/an
in an with an storage at gum: zoo mg:/:5/an. h an
anon! your thq ulna for the corroapmfln; period van
124 as/:5/flu 1: -ml: and ass an/1’/an in April. em
ulna for the surface and hatjtn were taro or Ian Mei the
sac order of mapitmln. Eho %1 pass prodaatlm for
msxm a1 at an; surface was 72.10 fill’ ma ammptiaa
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32.92 £8/ms leaving an annual net amenity prodénatim
of 39.18 $/I3. The total eonmnpticm emanated ta 45.6!
at the gross production (‘table 9).

the column production for station G1 ranged. £1:-am

1.05 $8/I2/day in Hay to 0.39 30/112/flay in June. fllhe

mmual production for the three years of study were 561,
3'79 and 399 w/ma. (‘fable 10). Station 02 ahwod a. oom

paratively lava: rate whereas G5 and G6 had 0. higher rate.
flu maan value far all the 6 atatims for the three years
at oompleto observation as 400 gs?/as/year.

“c experiments were conducted only at randan along
with ozygm experiments. In all tho ezpermmts conducted
in the ahsllw waters rates of produotien at ‘ch: surface
were higher than at the bottm (297 to 438 ad!’/m at
the axrface) . But at a deep water station oft mtioarin, wharo
the emphatic some atoms to 45 natrn, the maxim rate par
unit volmc was at 10 metros - 512 lg9/1’/day (115.20). no
aolumn produadsim at this atatien in August, which was not
particularly a period of high production, amounted to 6.8
ah’/aaw.

hr]: uptake was 1} at the marinas and 2! at the
bottan. Rate at produoticm in samples takm at neon and
immbatod till sunset was anlq and--fourth at that takm
at marine for the nu.-taco samples, but an nearly the



753

Inc tar the batten! amplos. Elfhaugh there has been a
marina hpruaaim than at noon, the aft orneon maples
%r0g1ata:ulLa. stoop rile. In ‘Chi! cmmcctiam 1’: has ham

pointéofi out by Strickland (1965) that obluwationa in
the Pacific at 50‘!  indicated tht the but approxi
natim to the daily rate in given by twice the photo%
that: measured in can upcrinant? lasting £1-an dam ta
001-nrnom. Mice the nlut firm mid-day to dusk is
markedly lure: and the worst results are obtainfl firm
5 run. Gay of incnbatim er £1-an eztrapelatiuna at cm
porinmtn of short Qanttea ands in the naming u utter
B0630

"c uporinmts wcrc omduatd 1: nu lay nu
196$ to 1964 at ditfumt ltatima (21-P6) at flitfirmi
periods. tho values integrated for depth rang“  8, 10
and $2 nctru dcpméing m the ltatim of tbaorratim
pooled and given in !ab1o.11.
tabla 11 tn 3 ':u..=.3.*;*1=    In 0 :......+~.e.1.I T‘

0

1;-3-W :2  0  56.55 40.5



(Um?! Tabla 1 1)

12-6-1961

26--1962

4¥7~1962

§~7~1952

11*7#19$2

18—T*1962

20—2~193

21-2-1963

i1~6~195§

*2

'2

'2

*2

*6

'4

9'24)‘;
T9"13'l

9'44‘!
'!9'16' I

*2

O

5
10

O

10

0
5

10

0
5

10

O

I
12

0
G

12

o
5

10

0
5

10

MPO

10

638.0
439.0
143.0

1061 .5
153.2

2341.9
545.9
52.5

1375.2
53.3
$7.5

774.3
147.2

8.9

543.2
1250.9

$3.1

29.4
19.2
?.8

42.2
12.4
.2.6

129.1
155.2
104.1

V4.9



(flflflfid table 11)

7T¥5~1953 Ii

25~8~¢954 I‘

268-1954 Ia

2-9-1964 1,

91O4HN+If2

15-1o-1964 1',

19-1e-1964 1:

22-10-1964 1,

QQO

10

0

4
8

0
8

0
8

0
8

0
8

6*

5
10

O

5.5
7

A atc>\a c»1a c>\a ca

203.2
329.4
149.8
.62.4

238.5
165.1
78.9

$41.9
77.7

1‘9o9

144.8
112.3

166.0
88.7

170.0
155.3
$7.9

157.0
105.6
52.4

181.2
146.8
44.4
1.4

215.84
$51.20
37.32

F"'FI

2.2

1.4

1.6:

1.11

1.03

1.62

$.36

0.74

1.29

1.41
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Jhnnary

rdh:uar1'
Ihunna

.lpr11

IQNF

June

Ihlr
lllflflfk

September

Qatibqr

Ibwunbcr

inoonibcr

‘Ell

!rf:§ot1un

0.45 (1)
O¢15

0.46

1.40 (1)
2.40 (1)
3~¢0

4.70

1.54

{.95

1.19

9.95 (1)
0¢79 (1)

lnnunl groan podustiul
2

561 gmhn

._ .s
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For the months when data. are not available inter

polatod values have been taken (table --12).»

um rm low rate of <1 0.5 16/I2/day during imm
Hnroh, the rate of primary production steadily risen to
4.7 96/I2/day in July. nmtfiim rate ampfi .5 36/12/day
by iwat and oontimzoa at a steady rate oi 1* 36/I2/dag
till the month of Bccanbu-.io mm the primary produotion

in Pall: Bay is omlpiououa with a single pat in 3111.1
and mare or lens nninisain a high rate of >W0 ¢/I2/day
Ira April to do-taboos. the annual produotim is omyntad
at 561  which lakes tho region omyuativoly richer
than all the inlhorc invirommt studied in the Indian
seas.

Polk lay being a sheltered area with a larger onto
ohthmou mom! of phytoplankton, higher lnul of mwimts
and better light pmotratim could sustain 0. high rate for
a comparatively Iago: period. the period of low prodnotim
coincides with tho poriod of north-east monsoon vhm tho
sou is rough.

It is also noteworthy that during tho period of intense
phytoplmktm production in July the surface prodaotim
reached an exceptionally high value of 2540 I56/I’/day. Rate
or produotim £011. rapidly within 5 metros but than was
appreciable produotim can at 10 metres. {tho oolm production
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10 usually botvom 3 to 6 50/1.2/day and can was attained.
tho mun figure of a.6a Q0/I2/day, which mm to 1»
the highest rate not recorded. trm anywhere in the Indian
than rogim.

In 8:111: Bay, thi Stcnmn nelson and Achy:
Janna (195?) observed a race:-<1 profiaotim or 6600 130/

I,/11.] in the Mmrtaoo waters he to the presence oi a mgo
mount of naked 41-W1-lxollato, gnu calm pndaatian
mounted to 3.8 30/:2/day as the mphotio sane as ml;
0.8 metro Mop. Ehc nn.nm value rocuud {rm the
Arabian Sn was 6.4 Q/I2/day 0!! the scant of Saudi.
121511  (1966) ¢
; 91. __ and 1 i.;...i?-’-.L-.  :7‘ 1,. .9)

In the inlharo areas on the santh-rut aeut or
India values ova: 2 30/12] day are obtainci within 50 n
flcpth M21113 mmsam parted. 0101- thn Wadgt  01'! tho
Imthorn tip at tho Pulinsula, at 0. ltatim '58 n deep, the
promotion rate was 2.09 go/I2/My in Juno. Just bolew the

3

I5

‘F

nrtaac the rate par nit value was $2 136/I/hmr, suggea
in; a censtant raplmiahlozat or mtriants. B7 using art1t1

3aid light at abant 20 klu rates as high as 52 IQ/I /hour
hnvu also been observed with mu.-taco water hiring nonaom

pox-id at 0. Itatiom south of llmgalorc (12"08‘I) . the



71.3.9. Stations occupied an the south-went coast or
India and the Iaonadive Sea during 1*965-68

with the daily rates of primary prehctim
tar the vmtar calm.
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ulna of 4.55 [U/I2/ll] for the wilt cult -ml
it I ataiim In the Edy!  it Sipiflblr. EM
gnm until; values tar the  arc sham in
83,10.

1% this rate at productien 10 high it 1 not
manual in the anal! u-an or the Indian Bonn. ml-in;
amino 911116!‘  values uxauding 1 30/:2/day
mo 01»0rvd% at 8 ltatimn at which three statima had

‘II-1-Ion oawmg 5 uh’/aq. mmnmnm (1959) obaarvofi
18  chili waters oft Lllappcy on the wont coast during
the  poriad. values ranging £1-an $.38 ‘U/I2/Qty
1;» ms $112/by with an flung! at o.a1 uh’/any. amn
1.1; (1971) plan points out Io.bo.n01m' I obnrwtttan about
intmn preiaeticn oft tho llalabcr coast, flick extended
nan:-in for a omnidcrtblc distance. ‘Bu ebslrntiona at

(1959) firm Iwfli-na am numnml all»
satin the ugh pradnativity at the tnahea.-0 regions or the
lath west east. Ins his presented in sun 13 and tho
of Yuma tar tho utrtumt depth um: (iable 14)
imlloato this tho 10701 d orgamiu produatim in
toward: flu aunt, beecnn 100 tnrarll thd alga or the
untinatal shalt and in last antaido the $011’;  in
raglan at deep water aunt (hbanrn; 1961) at armé



1Yg:1&‘§1@ in values 0
nme. 1'1" ""“"‘1  ,m-m ;prchattm Q gm wast  band an

mr¢!'It®I~
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Isltaadiwa Ialanaa (land  17:11:, 1962). Bud-_m
than eburntima undo so far the annual gnu: pa.-oduotim
fa’ the innhcro raglan within 50 non-an depth cmprising
1 1wta1..u%-co. of t,14.S20 square ktlenetru» has bum el
yutyd 11.50 x 106 tens of carbon.

Io: tho some betwccn 50 n depth am flu 06.5.0 or the
amiilnental shalt the average rate 13 0.47 50/131 flaw which

is xlqhntoly high. the ammal gross produotlun vuuld
aunt cane go/1* and for 1.62.190 mu. at tn. shalt
tutanm 50 and 200 metres the total production has
‘am euyatod as 50 z 106 tom.
table 13.  ~-;.:,.111~   .1 .  .  1..5*?‘ ».. I %_TH'» -  .1, .1 1.: .ma % P  on  =  ~ anw/:2/hr  "'*- ' J01.’--.-.. . ' -0.29
Iobruuqr 0.18larch 0.13°-72'lay 1 .40‘Ina 2 .09July 1 .45August 0.61
Soptabcr 1 .45
%‘§§DQ1' 1 .36‘
Imrmbor 1 .28

‘Int orpohtofl values %



F30’?

fit]-I “Q     “LL-‘ ‘  f):t'_§;..‘,I..'1.j' H 7_Au.@._;;.;~ H ‘K

“i  V an‘ §-"'° -1 l'1.-..i

‘*0 * ‘ Y Q0 ‘ ‘Q G
1 ’1»_Jl-.__- _ ____,___ "mg *‘ g . . _'_*i;... 1!,  ». Q  %  gm IQ]-"H

2a.411.24 551 23 10.91 0.41  41 7.21 was gg

£4 Bunk at Allggx
maxing the math-welt amaoon, slang thn anthem

ooctim at tbs volt cont of India, than is tho parioatie
tumtim at and banks mum in 100:1 parlance as ‘fihakax-0.‘
ibis hard: 1 spell of lunatic aotivity to thmanh at
nahortolk, who an ethaviso kept may mu their nonpu
ttan by the choppy imam ans. tho areal of at banks
prevmo can operation to: the buts in an ethczvin eart
rildm east and 71014 0. bemtiral  at 011 sardine
at tho highly priced prawns. In win at flu impact that
thn mi banks mko on the sauna; at the fishing omunity,
flu  lain: Iiahnriu Roloareh Inltituto initiated
1 cnnrtd study talus 1971 ta anglmt the long:-0 data
available  that: ccolog and  . ibis
uncut at primary prafiudtim and rclatd praportics of
fit Alloppq mi bank {emu prt at it.

flu neat  and wcll.-Ilium ml hub art at
ln:n&1, jut north at Gaahtn, aft Alloppoy all two
Q1110: bunk: at er near Gallant (Kittie) . 11:0
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‘cunt: at Gclicut and Alloppcy are 01‘ I shitting typo.
flu marlin: acccvmtc m the mu! banks are thclc or

Brian (1958), , Bclhlppa (1953),
Sllhappc mi  (1956), Balcflarnn and kidna
mthm (1966), lair _O_'§g}_.(1966), Rae (1957), Yams.
and mm (1969). mt mm of those Jacthcrl has dcalt
with tho prcaucuvuy;

Pcrmzgnuy or nmthly ccllccticml ct mm:
ample: tron the surface and bcttu worn incubated with

5 /no or n2“cc, mu constant light 4: zo tin: ma em
pctcntial prohctivity no dctoninofi which was cmverted
into the daily rat: ct primary prcfiuwtlm an givm bctezc.
The units are presented in l‘1gs.11 and 12 tar the sur
face and bctta ample: to: the tour ntatiema; fetal phy
tcplanktcn caunta taken after settling the aaplcc and
chlorophyll moan:-manta are given in table 15;

tho results ahcv that than 3.: c grant amount out
column]. and spatial variability oven within a limited
um; which 1; nw in cmlonnncc with em rate rcr um
with coat as a whole. this is probably because ct the
spacial cmditimn misting in this mvirmcnt upecially
lulu; the soucn ct the mud bank, which in between Juno
to Scptabu-. At this time the tine ma pa.-not in the aria.
in chrnd up 51112:; an 0111 appearance to tho vain: mi
alas releasing a ccmlidarablc quantity of the mirintn;



Ii-$.11 . the rates of potanttal prehotivity “rived
frail tank upcrtnmil uling the arises water
at thn and bank. I to  are to: tho
1:11:10 statiana at -obaerntim.
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St the ma.-bidity is very high alluring  pmotratiam
ti has than a metro 6m.-mg the  nausea period.
flu highest ehlorophyll 3 ulna: are eburvefl  tht
Illa-September period . Ehe potmtial profiautivity is
tat the surface Qamplflfl as eonparofi to the battm nmplu.
It is likely that the ohlereyhll  ‘do nut raprea mt
0 trans imldli of flaming ore) in fin Q! the pa;-sumac of
non-living ahloraphll released £1-m the ma by wind and
warn Mtim. Imr aasililatian ratios (mm/hr/mg chi 5) ,
unlit during February-Hay when a table emntioaan pra
‘mil, an indicatt em; rm: (Table --15).

the total coll ommta during the manaom season:

are aanaidcnblq influenced by tbs pa.-came: of Eoctiluaa,
both the pink and gram toms. The pbeninesnm of dis

colourud water caused by pink Haotilun during -Pue
Soptmbor portal along tha wast boast has ham» obaorveé

by snbraum (1959) .
Al any bo um £1-cm Eablo 15 thc rate of patential

iaatlllatxa 1» mitumaly high in the ma mu =1» afl
$$ In/:5/w with the  potential pr0duat1
luring the  period. this high rate is
maintain“ by a cmtant raploniahwt of nutridnta ism
tilt mtricat-rich batten. Eh: pot antinl Brfilflivity is
trallhtd into real productivity when unditima tar
pcnctratien are favourable. At  tiiot the was

P
LR

Q}



. a rich range grand for the mingle fiance and
flfllil  “counts tar the a@dant catch at a season
rngh omdltian prevail mtlidc the an of the
of Iii bunk.
In '. " I .   7'   .1‘ A"-?'V  »..~..'‘Dzm-ma sflpll tan M11;/1 aaainih- mu‘ ‘aim tic;

11.83/131' ratw

8 21.80 272,700 26.05“ I .2236 139 1.590 58.43

5.2

J

3IN--'5I0 0.
‘NM

mt.-mm. 5.51 161,000 19.13% 3.5a.oa 129,000 11.55 1 .4

a

U Ha

" B 31.19 1369700  ‘Q08ii:%;_lg.'1;j iii“
inc-Supt. A S 10.81 387,000 29.00 2.?- *1 13.71 269.500 26.34 1 .9

8- 3m‘.'f&OO Ir B0‘L“fitl'll.
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Apart tru tho ht: as tar oollootod  tho son
ma (table 16) the results of aoomramto by
(Steam Iiolnm ma baby: Imam, 1997);
VIII“ (Kahuna-n, 1961) , AIBIGAIA II Klliteholl--Inna,

196'!) and an mum; O! mm mm an nxnm.-In um
bum taken to: o~¢ti.ng the  at the Indian
Man in ‘meal. for the counts 1-mien: tbs anilablc
ht: Mvn been pools! and the avcragc was ‘balm tea: ovary

10' square. Iaafimcq var: ouutmctafl using than values.
2&0 ncuuraatn of  w0>h.ot1m£n thn

mm by ear-mm were tn; mu mu ado vith “Q. 111
rattan: at ntaalo latitudes in the w swam part autumn
tho emtinautal shalt were characterized by a mutation
rats  0.1 ma 0.2 go/:2/by, tin 11110 anally
in  ma  anemia raglan in the
shun» at any prenmnd ahirmro ad mtriiat-with water
bln. mar the shalt at!  tho mango as 0.51
ml?/la. ea tho lguihua mm, unto: nu tho  bunn

4:Zy at an jhotuynthcbic mu nun: mm ac  timet  rat: of proéutin Ira that at the   new
illminatian, indicative at 1   0!-/,. -' 1.-  1 '

§n_1_g_Ln2-nan water u an
and iabyc Jana, _gQ._@.) In  lllti



SF;

Gllzmt 1 rohtivoly high prodnotim rate, 6.22-9-23
I/I2/lay, was toad. the cont of Qcylom hu 1
yrolutiu rate. Vary high ulna: were hohurved l&.‘Bh--h

curt at Ian, whore upwelling, Q1217 high unanim
tlm Q1’ inorganic phoayhato at the hottm or th¢ mphetio

1:10:  a high plqnktan himasa have hum; lnmltratod
_(1962). hsmnrising all the neaaurnontlh in the
hoqatnrial warrimt ayltaa or the  000111, Stonann
I101»: and Aahyo Imam (1957) eonchded that tho rate
at production 1: nedomtaly high in the whole raglan of
the oquatorial currmt syntax: and in rcrbrictod gllll
very high prduotim in found. Qho ahaolutc values, how
hcver, have to he lmhaneed by 1.47.

(1961, 1968) reported that prinary pra
duction in tha open part or the ocean was law and did

hat amend 0.01-W03 I0/I2/day. In increase in the value
GI primary productien was ebaarnd in M-»¢-£1 waters ma
in the mun at aunt of dump water. In the Bands Sn
the prodnotim ruched. 0.024 $0/I2/day. while m thc
lultralian shalt the value inarnnd up to 0 .45 N/I2/68!
In em African  rogim 11; m 0.012 go/1*/an.

Io: the western Xndiam Ocean, Ry-tho: 1966)
\

choc:-rad two In-go arena oi’ low productivity, me to the

north aiming frq 80' to nearly 60'! lmgltmlc and

la

I?
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mu no flmtinent toeibent 5's name. ené. ano
10" to about 40°S latitude and tron 80° E near.-2l.y
teen: Ltriean coast south of  111101!
Ielnnrdmte do not include any frail the coast. But nee.
Inrflentl given earlier indicate that the level of pro
inetien is nigh towards the coast end beenee leee see

Ihe  rate or grass prednetim 1a _q._ 400 gal
ma practically anywhere on the shelf within 50 metres .
emu, 150 - zoo gr:/=2 amnm so and zoo metres and
50 J/:2 mtaide the sneli.

Iorth at the equator Ryther 33 Q4 (le_g_.g_1_§_~)

ebeerved values of primary predueticm increasing‘ to the
nu-tn and wee’: reaching exceptionally high nlnens oft
the eeesta of sewn. Arable and Pfiiatan. the average
tor 23 measurements in that region we more them 1.0
58/I2/lay observed ctr the aenth—ee.ate:rn tip of lrebia.

Based on these neesm-manta, Ryther Q3 _g._.(1966) ml
enlatd that fer the western Indian Qeaen, where the
AMM  survey was eerried out for an area of 23 x 10
Icph (about halt at the Indian aeean regim new being
eunéeidered or me-third of the Indian Gena u eemvm-~

eamly neiltioneé), cu umel pmeueuvny 1: 3 x 109
tea: of eerbm widen ghee en average of 0.35 fl/I2/ha’.
ht beanie or the greet emtreet in the relative moneti
vity in this region the average nine has not men

6
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etylfieemae. Abaut ml! at the total production oemu.-red
in  of the area surveyed. the e'bee1-vetiane in the western
M1! ed’ the Arabian See. are seized by Umeter Q Q.(1981). V

liimhell-Innee (1961) feud for tn» regim at!
lath Atria, between letitaeaeee 26' and 4-7'8, values
ranging £1-an 0.3 to 1 .oa g0/I2/day. High prohotivity
he ubeervel ( > 0.5 £0/I2/dag) in Delgee lay and 0!!
Port Elisabeth‘  (1968 aft) observes nluce rang
ing trm 0.02 to 0.94 50'/I2/My) in the Lgalhe flnrrmt
zegien 0!! ital. 1:.-eee of high primary pm-ednetiein were
loueteé in the vicinity at the continental shelf and also
at the eastern b%a1-1 at the Agalhee Ouzrent.

Ehe average rate or proénctim ta the veeir-an
hit of the Inna Queen ie e little higher than the
eeeizem half being GAO and 6.32 Q6/I3/My respectively

(er: lmdtule 1: taken ee beuau-y). mum the annual
pm pzeleeiim tar the western halt cupriemg 291106
ugh 1e 5&3 1 $09 tunes or cu-baa ma for the eastern
mu emu.-zen; 22 x 10‘ eqam 1: 2.61 x 10’ fine.

Iewtheley etlengalereemeh deteu theprinazy
prehetlm use net available. thmgh it 10 I  part
e! the  mean the salinity in relatively 1-at through
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the apply at fresh water. Aeeerlling to Bteemum Iielsen
and Aebye Imam (1957) vhe provide the first data an
productivity frm this region, uteneive inveetigetiene
an-in; editterent seasons are necessary in order te get a.
true pieture at the productivity at the Bey e1’ Bengal,
an the unseen shift has considerable inflnmeee a the
hgydregxepw and pzeduetivity at this area.

hm-1a and Intemd (6968) heve invent lgetel the
water lotion Quin; the cruise e£ R.Y.AH'!0I EBB]. they
report that the duration and intensity or upwelling an
both aides at the Bey of Bengal is not an greet an Ln
the veetem Arabian Bee. fie eree er highest phyto
plenktm emaentretion were near aha-e en the northern
and eastern aides or the m where there was mplmtemmt
ef nutrimta due to upwelling. the subsurface water rich in
autrimte was feud in t he anthem regime by the enumma
kpeélzltion. Ihe iepth 01’ eaphotio some me 45-66 metres at

the seetern region mi 84-99 metres in the eastern regiea
lav productivity (Stemm: Ieileen uni Aabye
amen. 1951). no lever transparency m the western pm
is premebly aae to the erganie am Lnergenie material
eeuveyefl by the rivers which deereaee the rate at photo
eyntheeie per eurfaee area. 113.13 sham the daily rates
0! palmetto: an reported by QAMIHR Iii 1320!



113.13 flu rater at primary proiactiem in flu Bur
or Imp}... flu values from the Gulf of Samu
andlalklaymtholmth-aart cnflatinfiia
and tht-llfiallh 800. art ‘band m? tho vOm§fl1iat0'flI

oba0rYa’c1an.;% Rust of tin valaoa in the Bay at

Bengal prapu: an based on MMTEI an LEO!
HUB! rcpartl.
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liaison and Labyo Inna,  )'  ~Y'OO‘§.I"
uuuau-same. Institutian   1964).

Blutrihation up at   d;vm% “bymas) tar tbs m or  mu
uw mu» mmm 0.15-1 .45 filniltq"  tho mu
out cant =1   emu-0.15 ah‘/an ta:
thnlndnmiu.    rm tenants
21» nmhum ma 01' an  urinal u  an at

-2» averngu nun me-an  in 0.65
m/1*/an vua 1; ‘mt “tho um»   lax-cum
Ilfilllfl 5113301 Imam (1957) at l*kafl.h*?$°3 (‘20'3‘I"!,
84"56‘"I) whoa the bpth in r62 n lull   Jena 51 n.
%§§:u*'I'at1m ‘nu tniLpri.1, which is  the parted of
an the curl: coast. the :»0In%1t%I  studios in
an that an mp um: mu of :1» ya: in churne
wrtul  1  rat: u  (1968)firing the nutb-an mm

3

can  tutu»:-mu»-1-) an the 0:1": taut, oft
Il1;lnfi fl”bi'hI0QL  this  Islands.
thn shelf tho avu-ago prdutiem in  0&9
e/-M».

Q gross ‘prduoiiem fa:   “tat of
nu nu: m1a:uma ta 25 2 ta‘ an at
Q0-ihiri that on tho wast nut,  has I
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I301! and more pr-onaunued 1l1I\v0~11.tn¢.
Alluring 40$ at tho  prdmtim in ros

nqulrnmt an mmn net pmmzm rm 51 1 10‘
at tho Inflian Oeoan is 3.9 3 109 tmu 6: about
div-tlflh at ho fltintod world Ofillllifi 9:-oiuutim (311.14)

ll illteatd before the Qantinuntal shelf  a
nun awn prdutim of 0.85 w/nzfllq} In via or an
1&1 31-an pnlaatiaa at Q. 4-99 fill: obacrvafl in the
coastal rogima at flu  can tho shun value is
M17 minimal. Lceordinglq the $1 [ran graduation for
s.1 x 1e‘ mu qr en. -mu arias m en. Indian awm
would  it 0.93 I 109 gum Q3 “rpm, “Q $3,; 3;-Q;

pmmim 0.56 1 109 tens. lpprofl.mt01y 6; at the tmx
an aoomnta tar abaut 14$ of the mtira production. ‘theme
estimates tom the gnu;-al basis for the ompatatim 01’ the
potential yield 0:! fish which is given in tht hat chaptor.



l*.Lg.14.% late: out  prqlaetion tn different raglan
or the Indian Guam   bud m ava
Apoold an tor  5' lqiu.ro?.
an aand1da.tjc' a, an aiollatfi
Quin; tho I103 hf: also  and to 601170‘- \
tho average ulna £0: ash
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6--1965
1-6-1965
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13-10~1965
14-10-19$5
1$~10-1965

15-10-1965
11-11-1965
11—i1—$965

12~11~1965
12~11—195
13-11-1955
$5-11-1965
34~11—19i5
25-11-196$
35-11~195
17*‘! 1-“I965

3?~11~19‘5
.3!-11-$955

1!-1:2-1%$

.1:-1:-ms

1'50‘
vow
8‘50'
QC”!
0150'
9'20~
8'44‘
1'53‘
8'15‘O
7052 I
8'32‘
8'32‘
8'43‘

11'25‘
12'20'
12'40'
13135 I

‘3O"°l
12'2O'
11'15'
11'1O'
1$'2$'

12'39'

01:

1‘ogQl
710391
75'20'
?5‘10‘
?75‘26'
73'$9‘
7$'33'U
75‘47'
T6’55'
75'38‘
76'00'
T6‘21'
7‘502fiQ

74'51'
?4‘4°'
74'15'
75'9°'
7$'$9'
T£'21'
74'34'
75°10‘
75'1°'

Ihxuu:'Ily
T4'15'

****. ~ 0***vr* an.
Bate < =wv¢ :n~.,- .~¢ rlstrnc 10558/4;;

1,506
33

1,200
2,000
2,000

400
350
550

1,20
70

99°
200
59
800
200
82
58
8

1,600
180
10

1,26
60

40
7

180

0.35
2.09
0.03
0.13
0.11
0.10
0.00
0.55
0.00
0.01
0.22
0.13
0.01
0.15
0.50
0.11
0.05
0.21
0.21
0.10
0.14
6.04

6.51
9&9!
1.!
0304
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i    ggctraflm mi Myth at the Qlhatta was
mo at the nut owl can variable taatars 111

flunaing  pruluotim in the amount of :01-ar
niliatlm  the mm-taco at the an. the meant
at ndiatiu ontcrlng the an In-fan dcponh upon the
altitude at the mm and changing weather pattema . the
intensity of the solar radiation and transparency at
the unto: together interline the depth at the emphatic
sane.

Band an In: note: neuuraunfia Quin, Bhnttathiri.
and Lbili (1968) have alculatld the average
mung at Olmhin an 250-sse g cal/Q2/5:7, the mum

-;%n;d%.at%1m being in January-Ichrnnry am! the minim in

I111. Unlike tn tmperato rogiml the vcriatim httwem
the nunmm and ntninn neat at radiatim is vary little
hon. 1123.1 ms a aipiflnnt baring m tho nuns]. varia
blllty if  produotim.

It bl been pointoi out by steam Italic ma
hi): hum (1957) that um 1! the mania; nltatim
u  by so; en. productim par nit   bu
O9! at that m a slur day. nu aalltrlui in light



G /gs” 95?

intaulty or om-third the photaqnihotia rat: par
tltit urn 1.0% about  of that noaaurod an 1
bright  om; an oxtrmcly dark days vrhnn than
in incessant rain the rate par nit arcs vaulé be

aha-14:55 when the light int malty at the nrfmla
imnld. be ml; on:-seronth at that en 1 bright My.
Sunk clay: are In and far bctvnm am! as nah haw:

nu real err»: on tho overall amamal pruénction.
ulna the mnztmm rate is ubarvcd in tho -‘Ina-3np'tcn~
bu: pa:-10:1, which include; the lost cloudy days.

0! mere aigiflamce rm rafiiatien in flit
znmwmq of en» water, that aenmm» en» main
or tbs emphatic mm: whleh in turn is influenced by the
cone mtratim at plankton and the presence at etha
mrtinulato or dissolved aabatmooa which absorb light.

iho light pmotratlm me! iapth at the mphotlc
some was studied. an the west aunt at India and thn Inna»

uvc an using I. finals; 1:-rudtana actor. it amnzlnta or
0 Mu-k cell mounted m gimbals and I In “Ill minted Ln
Q Iarldla, a galvanmotor am urinate: which natures direct»
11 thc ratio or tho light intmaltioa  M the sea
all ma dock all that is upruaua in parentage. Bath
thi dick coll ma an coll art fittoi viii! liltirai philo
énll  amen filter: 612 ‘alum/gran which ax: rod’-true.



Gym]. flashed glans plaeod an: thu filters urn» the
light falling an tho 4:011: and an than are flush with
an rim of tn» 4»: 0011 1: an run" mm 1ao~ of
M114 angle light

the in @011 is 11:10:08. frat the 0140 0! the

chip and the readings are taka at hptha at ovary tva
notru max.-koé on the cable. the bpth is than dctumined
by the flaunt of an 0:011 able paid mat. Bath ‘dawn
readings‘ and ‘up readings" are takm. htinctim oo
cfliaimta are dotaminod by plotting the logarltma
at percentage tranmiuim against the depth uni
by ‘Mn: the rmmhr

25 =- 2.3 (103 to -- In rm)

when 25 is the utinadzium coefficient at 5 n lopth, :0
1| the trmninaim ratio at thc am.-taco 1.0. the ratio

neter readings, rm trannissim ratio at 10 n cad so m
(5:11, 1949). tabla 1'! 1,B,0,9 gin the light pmotratim
at some Itatims m the west cult anfl Table 18 $1108 the

ark’1nct1m cattle). at: for different depths at two
J

10

J
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fable 17.  ctratim    to m thcwost110% j.
s. @ '3'] 1s'oo';,  - 151;   --  9; 1

4' |-, M .‘n <  4-  -;- _

33‘88'$mo

1
9.0
1

s$‘83858$3un

75
45
25
18
10

3
1

5°
45
4°
3°
20
17
13
1 2

1-0

:l'N\IU\
kl

40
30
29
10

5
0

38383

10

0
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113310 13; .:_:3. *  iirtiifi IE1 ;e.s.~ ;;.=._».1- ~ h ~ ;._.-I V h I

Batu toaitim Depth a00.|mr0- lufau wnfllcimt

4-5-1965 7'59’! 1415 5 49 9.1387900' I $5 29 0.03325 10 0.01535 5 0.120
6-1--196$ 1935'! 120 5 $9 e.1s113°54“ 15 20 mm25 12 0.0%35 '7 9-95145 4 0.95955 1.8 0.069

In aoasul and inshore 1:-qua: transparency in var;
variable. In the Gulf or llamas: and talk My the
Initial dopth is at about 6 I mueatmg a hifl quantity of
suspended utter. M the wont aunt the mphotia none is
abut 50-60 matron in the ufthnori 103010 (115.15) and

Ina toward: the coast (113.16). M clad; days thc
emphatic some shrinks to 14 metros oven at the dp at
the omumtal shalt (r1¢.11).

Sushi use wu also mud tor a rough measurement at
thd depth of the mphetio shone. the nuhi dine visibility



11¢. 15 . Light pmatratien mi awn of the aphetio
amt in Inc m 1 bright Q01 attaialo the em
tinmtal shelf aria. Bots -- down ratings,
dalhud lino -- up ruadinga and omtimau
lint tho nan of tho two.
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1'13. $6. Light pmetntin an depth oi mo nphotio
nae at 0. Iililfi £11140 the ontinomal I101!

(£0 I 11983) in Danna.   but
emu; at the hunt; at tn nunrnai.
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115.17. Light puntmtim and depth of tho emphatic
sane at 0. nation on the shalt edge
Juno an a duty My.
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I:l.¢.$8. Rats or gross produetim an a fmckien oat depth
re: a station in Bali at Hanna: aft rutiaorin.

flu: measm.-nemta are frn m Q 111:3

213.19. Rate at phetoq-nthclim as a tunntim 0:!’ light

intensity with mrzfaco plankton  0917'!
‘F945 ‘I.
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up      zmrxttn.
85¢ at tin Iltlzo calm: prchliim in  26
m an nu-has "plankton of than uteri thn
um utguzsy “um” until abmfi 56.V lu
as 2-1959)

It nay,’ however, ‘ho ncntinod, that
Iiolun um vzlunaa (1971) hart nouns
talus, whioh several investigate:-n_   #9:
in lalontewy war]: with a dattnitc
new ‘on ahnmand. In field wu'1:£t Mano
invofliptlms ah photosynthesis. In the at-éunua

4

qunatq mi may actor the following cmvcrlim?
have boa nggutoda

1111!! aqua: - a.41-0.50 mm: z an"
(stnuma 195a)

1 rm ax  an mm - an:  1 n"'2

(Sienna 1101001

1; the ntzlnt uuntration aim;
ihlvnltanitottnliatruflapaannm-intnhzvarnndln
300 Ilti mun Quin; 1957*-ECG. ‘lit :0
na utintcl ‘av tit rewind nctlwl 0:2



(3 F1

and In-tuna (1965) using a Iflpolite ungmt at
'--.~'-$7“) J‘? -I

am, nolybdlo acid um  anttneay. rmI,.
Ill Quinta! using tho ooppc:--hydrazine method
d1£u't.0 by the natal--@110 all method of Strielrlam
(1.960 ant 1965) .

the regional and seasonal variations in tho mu-1 ants
ill upper lqca show the same trend as in primary pro
llflicm  the mm: months preceding the nanaoon,
atrium: emoutmtiono new the eaaat as 1:011 as in the

~

can :20 generally lover. Ina reactive phayhato
ran 0.20 to 0.3a pg n.1>/1 with vary nun grndicnt
in thy lint lain‘. Ina: the bottm tho values inaroaaed to
$.9,n¢ at-Q/1. She nitrate nines varied £1-an 0.15 to 1 /E3
$8.!/1 and the silicate amoantratim rangd tru 1.21:0
7.26  21.31/1.

Erin; the period of sauth-wrest annual: (zinc to
lqtnblz) the mtrtrnt oaaemtrntim lnaruan in the
arugiaan. In the nppor 20 metros henna Gill!!!
laflgllnro tho Incl at pholphato amomtmtin nachos
t‘k.I/1- 11¢ Values ranking 1.5 /:3 at.)/1 at
qfilnngnluc when the maxim rate 01‘ primary pro. -0

. ,\_o

In nit value has been record“. Qha hits! values

5
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in the intern eve: the Ihelt reueh I1» to 2.0/cg at I/1.
the whale eentinmtel ehelt waters vere rich in phosphate
emtnt fin:-in; theee nonthe . A greens]. lnereeee true math
to nerth ea eheerved. Ae in the eeee or pholphate, nit:-ate

and dlieate values eleo were higher Germ; this period‘ In
the upper 50 metres near the east, nitrate values 1:-angel
:1-an 0.65 to 1.4 pg at.I/1, with the higher eeneentratieae
in the regim north of Qelieut. Silicate ranging {rm 2.5
te 7.5/I‘ a1:.31/1 were eheerveel between Q-nilom me Hange
Iere.

luring the peat-neneeen period  there is a
£111 in the values at mt;-tents, the eoneemtratime are

men! to maintain e modem.-etely high rate er pmery
nehfllm.  the period of Getober to Deeember the
pheephete velnee ranged £1.-en 0.40 to 0.-8/mg at.)/1 in the\_ 5
1.-egiehe hetwem Ooehin to Qnilen. Bu-Ln; the
£53111! period of Inter;-Iehmary the values were lees.

II the and bent tree. the nutrients were found to

eeaemtrettme than in the other nee:-share../-e e .'- »
1hh.;9 te 1.85 /ug at .2/1 ehaereefl Quin; the emu’. 9 - _ ' . 4‘  - '..' '~ v , ___| . _ '

eherply to 2.5 to $.15 at-I/1 in e chance.\"‘-’l-"-€ '-. ' ' '

3.5 1 depth. Ike nitrate inluee reach up te 2&0 re
1

bu

during ehe eene 1102101 end lo tee the eilieete
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mo to 51.o/q mash is
an lflicatc ulna nu to 4.0 - 11.11:;  an
111:0: in-the 1:-at ettho

than the atria! an ‘
ovathosha1taatkawut0nlt0£!Il£t!i!Iiflisfl»¢'0~
manna seasonal rythn  tho  fitmath-vat ununnuth.;
profiles dmtrlnn  Irlomntaub
IRIIIOOIOYIIO4,

A direct aualntlan batman primary jcchntzn not
mu-int alto an unsound kg  (1964)  the
3$alo:u1notVI!I1!1nt&0!ni1na0am-Lllnhuot
plug  “mun: with the  0! atria-at
né1tl.Intbnomu-nlportottlolrabiasunllntiu
qnprtodthoaoiualtutunaahantanlhfiiluut

h71i1U%tan.
um as aw up nmalufinl cu: u m   m

pun-1.1; w an anmuury at  am»
til  mum: natal are nnu   1::



1 O F’?

whore tho bottu in always in contact'¢  -'1 _.‘.

lmrlying water, a low emamtratim at phosphate
mtriontn night 100.4 to an cannons i.nru?m~u an
in the non chapter. I law lave! of phnphto am!
act a pa-mound uuoml cycle in not qnpto»
If a In 1.-no or organic prafiuotim an up
in no an af Iannar. 1: pmma out by Bnlmnn (1939) 1
1&1 rapt! nttnbelim in the trepiaal Ins vault chock an
tninuhtim of nutrients.
.21..’   £1 of 11 @~  glanktan

Kathi! avlragca of phtoplanktoa 00110, obtained.

-m'=¢- -ml-= M s'=-1~==
G1,  tau 360 0011:/1 in lanai: to 583,000 0011! /1 in
19:11. In the individual ample: the nrinticn mu firm 100
@111/1 in em first val: at lanai to 1,51o,om all:/1 1»
the uconfi wool: at April, the trend at variatim being almost
to that at primary pmduction.

Ioblants-Ilishko £5 _g_}.(19'T0) rmark that fra 1:-ho
10701 at  production in any pnrtiaalar  Q1‘
thi weal! ocean can am judge indirectly the rchtiw Turin
‘aim: in the umber of pbywplanktan eons. ELI; {ml fiat
hspito the tact that the same proénartiua mq oorrorpenfl. to
the moat varied counts at pm-baplankton calls, than is n
ganeral. cam.-rflatim brwom the surfs.» primary prehut in



11$‘!

Ill founding stock at plsyhoplankton. M the storage, an
Mdor incl or primary proénotim eon-upmfla to a greater
fimolnflratim of phytoplankton. ‘tho rotation bottom coll
when and prinary production is given in 315.20.

the monaurmonto or ohlorophqll omoontratiom in
the shallow regions do not nun to have not oorrolaiim
with the standing crop. mac marlin: mounrnmta in toms
or Harvey Plant ripent Units (EN) wore ooavutcfi to
olzloropwll values by using tho equivalent:

lg chlorophyll -= (3 1 1 1: 10"‘) 1 (low! flflia)
Aooordingly em highest ulna or 23 n;/r"/¢uo1-o

phyll was rma in April tollowod by 15 no/n5,~§m lag and the
lowest 2.‘! ng/:3 in Botobor. mu nlnoo obtained from @11
bration ourvoa oonstmotod out of ohruotogrophioally pm‘!

ohlorophgll 3 were diuiniiar to than obtained by the con
version method.

Room’: noaanrmontl of chlorophyll 5 using o Hniom
Spootrophotmotor and by applying than raiser! oquntiono at

Pars om and Strickland (1963) “showed ohlonopbll 5 nlnoa
trill 53 I8/I3 to 69 ll/I3 in Ape.-11 (‘hole 19) .
Higher values were generally recorded in the uartooo and
non:-nrtnoc unploa oxoopting in one satin vhoro the
Ionian value was :.~ooor¢‘lod at 10 n.  1'03-I113-lhlp between

primary prodnotim and chlorophyll III nit fllill to be ai@i—
fioomto. tho correlation ooofiioimt iotvoq



H520. the 1-clnion batvom artue primary prehctim
(I85/I,/¢lI)‘anl standing nu: at p1|7tap1.na1rtm
(who: of 5011:/1) at atatim G1.
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wihvkia (aw/:3/day) and 1o¢.ch1oroph1I1 5 vu imd.
id In +0.44, -0.32 mi +0.-61 at urine, 1 metro and 5
moire dnpths rupootivoly. 2110 '2." walnut between In.

chloropwll 5 and lagmhytepluktan Q0118 an also new
s1@1fl.mnt bum; 0.14.

In the earlier analysis, vhm 45 sets at va1i|.ct
an piponts and nunbcr at 60110 aprcad thrmflmt tho
yam were tutu lute %ma1£watim tho correlation ao
cftiaiakt was +0 .542, which is  aipitinnt. mt
tar July ta Qctober it was -0.03. Emu it is {alt that
whm the an 1» ohujppy with ugh mu em plpmt/Ghlurw
phi]. valun and all umber: is not 3110 the cqcoted
pesitive oorm1at1m.% But a plot at ehisurophgll 5 t£ll1nst
all numbers in a growing mltaro at Eotnsellil (113.21)
shun a In-an; relatiannhip, as ahauld be upwind. the
£1014 nauarumta nspooially in the inahero raglan
an cmaidorably intlumood by mm; uiranauu tutors
man mks tn» values at pigmm unsuitable. Ls uq
(1973) obuwres, chloragwll nines vuulé at nut in!!!-cat:
only the lm-on or lunl of primary proéuatim in an
dun to the aamt or orrar latraduecd by the
quantity at taut its or ind chlaropwll 5 prumt in
ihi 8&1!‘ Iiiwl.



21% ,. flan relation between 0011 auburn um
5 in a growing culture of gnu-anolnu §
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Stmdgg i 0:! lg laaktan
An analyst! at the emlt1‘BuOn‘kI Ir!’

in the auras ample: at statieu I1
two groups mm be roemisei, an  Q
11 horbiforoi ewiihtlfi by
ling“ at dampen,    =0€§E
toms like oiazeplnn. flbligntuy nn1.1ru'u  chvkr
math: an wdrcnofiuac tom the used amp.  quuti-~
tativt liatrtbatim 01 than groups variod minimally
(Sable 20), uni hand Q that: uaeuzrmeo in tho Illplal
the {alluring gmairalzlaatlws are pouiblcz fatal
M neoplanktara omatitutod mainly by tha  mm
ugh awn; nest  at the yum. A
incline VII mtd  Juno. 1 mBui0al Immntatim
III  taxing Iervabu. fiarnivornt III‘!
lea at um puma GI Qua-n~:1u.  (1954)
while  tbs lictrihtim anfi fluctuations or plank
taie Inna at  rnarknl this than is pusibly
1 rolatinn bvhnu than pwtcphlkta pmlnatim and the
the latter ¢¢1nn1.a1n; mun: with puma:
at  pmioplanktm.



H,

20.         I %
-$1 - . I , _

kazbivwu 75 95 we 46 56? 147 128 101 126 79 124 $4mantra-an 45211111111

Sim: pm1np1.uk'tm in the food of thn
sefihnttm, in the lam; 1-an, a largo population
‘n11 when the profiuotim of pwmplanktm in high. in in
tern :e1.at$.:m between pwtoplnnttm mi maplanktén rater:
to ma nunatary flat: at aftoirs, not the ‘moral
relationship lasting aver the whale your (stcaam nelson,
1958 Q). tho I103 data an the iiatributim of zooplanktom
b1Q@sa (rand, 1969) aha: that the average small d1a1:~1-1-
huttau can wall with tun gonna]. dist:-ibntim  ragimal
variatin in puny production. em highly protuctivc
was an tomd u-uni the squall and human coasts and to
a acrtain Intent m the  cast oat {Min
law prolnativity amen may the cabal part at tho Arabian
no lmthezu nuupnu-a,   at 10's nu
tafio, uhihitsa very lav sooplanktfl   thn



11.55

amth at flit   and thn
coast at   a  annuity Q! mu
plankton. the ntimtd  ta the  ecu:
engpruing 51  q.h3 at the  10
5.2 x 10° tan” u  5.9 1 109 am» at
mat walnut in of  fiirsnd, Bemurii. and lair, 1970) ,

Big nag
20 evaluate the ywilnry protection in natural

habitat, the sin of the gross produatim and the 1:6
mat  mun» In the £11111
“G luanrnmta suns aurrcatims  aamptima are
lnflitable ta get citha at the min». 211% U961}
ha lmmnriaea the ton: amditims which are to be
for the aeuurclmt of grass prodnotim by “G.  than
the uerreutien for the diftoranaa in tbs rate of aanilt-~
latim a! “e and ‘ac an bum uau-tained at 6; (su%
Iiellm, ‘I952 ané 195;) .

Ina carnation tar nan-pkt  uptake ed.’
“Q is mas by incuuung a ark smplc." 21:1: has bun
annually fauna ta be about ii in the mrfaao lupin and
towards tn: wan. In curtain mic
flatten in the éart ma um  In nan than' 1

yhvtoqnthaia flntian at “B (mm 19)  w-mam (1969)



Q

oburvol an nu-ago   tiatzln, nu a 1-up at
24 1» 115$ at an nun at an emphatic nu, in the
mun nun; at an an coast. sum» I101“: (mes)
has :1» observed ulna mph 30$ In batten lupin. In
vim: at nah variability lurk with uxratian have
prctorrod win stmhri cnzroctslelu.

fie loan at extracellular pzaduota an 11:7 fill
i to 29$ u oburvod by flannel, $011 ml Io“ (1911) in
than waters. 31:11:21; fin rotntiaa “wag at the
111%!“ utters aw:-C113 ta the Qatar: at fie popnlstla.
lulu flu right selection of the flltorl, “paling an flu
aura 0! flu population, is also among:-7 116210 ‘N
obtain Meir!-tn results. lilliporc EL Iiltcra, 11¢ have
bun and in rattan nun;-nuts, was tonal to have
tho  rttlntion in the more productive inflnru
@111-aunt!  they 10» an ntioutivitw (3-13$)
filters having 0. pare-sin at 0.30 /I,
pcpllaflu is spun. iltiingm untrue £11302:
10aabont4to 19$un~duthclnnu
ht flu ‘ill-Wpfllafien in inn, the rum
poa 11:0 (Q4 0.45 /Ir) an an aunt:
gqtnro at the 0011:.



ma;

She Iapitado at scrratia for rnpiratian that
aooapniu photaynfihuin in rathu uaztnin. 21:1: corru
tim in lopmant upan the 1-at: at 1-upiratia 1-olattvo in
that at grass photolyntluaia . flu amcial aspect at the
aerrwtim for 1-“pants.” 1| the r/n 1-nu;  the
at intominng at the two preeusu is of Inn
(thins, 1961) .

Stomm Iiqlnn mi Hana (1859)
a aathd for measuring 1.-upiratory rate of lltotzephia
phtnplnktea by nan! Of “ca tualmiquc. A eurvc shaving
thc rate at net photouyathuil as a iimetim G!‘
tlnsit-,1 in obtainoé. and by mtmpulltion an rate at ru
pilratim in dcfiuaod. rigs. 22 and 23 give rates at rapin
tim, abtainad by ct:-npolatim, at lR1'fI_8U II.Ip1Ol Iran thc
Gal! at Hams: and Laceadivo Ba. In both M12 tho optiml

rite In! achieved at 10,000-11,000 In. the ate at rand.“
ia rather high but R01: @nn1"'25$ in the
0:!   50$ in thc Mania ample frm the Bn.em<13.1'a
Bu.  35 541969) 0-%‘oau'v¢1l_r0m1.'tt1.an (Any) an a. por

ot mm   20.6 to 45.55 in the
to Stonann 11'1": and luau (1959) the

Illpiration in peromtagc Q1’ 1111?-“timid flute
Li tail: 15$ er lass and in  Imrfsao



113.22. lat: of photmntholil an 0 functim at 11$
intensity surface flatten arm thn Bail! at
llama-. (hind lino givu the aorrutcél waluu)
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fl¢,23~ into of phbtuynthutc as a  0:!
intmmtty with an-taco planktn  1$"!$*I,
105$‘!  .  lino rcprumtl
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Baler 10$. ‘these anthnri also paint ant.._ _ I
.__.\__-_ _:_ .

inrintim at the ruapintery mu an 1 parentage
‘EU:  rate at ph01€Ql7H’6'h§l1l is  a range at
a rate or rupiration highor than 30$ at the
Ojpfll phfluynthvuc rate will, was in the upper halt of
tin  some when intogmtod for all the alps rma
than, gin rile to 1 6,02:-use in the sink or alga. who
htghor rate absurnd by Qllil 3; _g._1_,.(1969) 1| pumps con
tributed by the sooplmktu-1 as the measurement is made
tun the auygcn decrease.

In the Laboratory measurements with a culture 01’

gotgchil a respiration rate at 37$ wan obscrvd 
813.24. (1ig.25 gives the zupiratima rato without the
dark ca:-rattan). Since the dark uptake was rather high it
is pz-and that the calla wemld have bum I-eldioiant, as
ammnmza by Btoumn Iiolsm and A1 Ihely (1956). mm
intlumu 01' a rtlpiratory rate differing firm thst a.rbi
tnrily chasm (1%) in lnflimificlnt 1: em rat O Of pm
Pl-‘llllfliim 1:11 10 ranted (stoma: Iiolsm and. Hanan,

_@ZQ5¢g_1_j_,.) . Esme an the ulna: are givun as gran prod1m
nu. Int its for the ¢¢1mm;1<m of thd not profluetien
urn. per 24 hears tbs variation in tho rupixatezy

v

flit it  ilmrtant. For want of 1|. more Iaoaratq satiation



1'i3.24. Ede at ph0‘§081nthui._n u a tmetia
intact‘! with _a oulturo at g  % I  111.:
Tue patina: 11:: prcunt: the 1:110!
%*t1em to: dark uptake uni to mun
line  mince in ruapirattm.
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!1;~25. Bane as in H-$.24 but without co:-rattan in
dark nptata. fin untlnmcu 11:1: pranks tbs
obaernfl when and th  Lino on-1-Aoctcd
valnu.
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at runltntiaa at different light éopthu  different
light aml~1'l;tona , total not profiant inn for oulpatatim at
utmthl yield has hamtkm as 60$ of gran

he lanitudo or primary  ant
and regional vcrttbtlity in the
by the muuuzuw at mt:-ilillta
piracy at the water vhiah  Myth at
time sine: atbnr plnlatcra nah as light W
arc no-rem 11!!-ting tutors. It is also mun: ms ha
tho stain on the anneal variatien of the ditimat
phalphoru £1-aatims. In the 9:1! of  it in an the
inltantlmcoua uoncmtx-at ion oi the annual olnmtl that
in llwtant but the rate of roplaniahmi: (chlltahm, 1947)
In the Gal! at Hanna: and Pall: up 11' tho rcpliai-shat is
Qlnaofi    wmn autism, en tho unlit cal‘! it in by
flu nausea aalaoiatod with upwelling of inc) ntwn and
unrrmts.

210 iottfl mi ~ 001011.111 In that vat uni  a
will flare house at nutrients which no rolound into tho
the aauth-vast season gunman; at
0!  winds van a  up of the  nears.
£1955) and Sitlhappa ma .mu.-mm (1950) amu
ma» at u manure  ca tho flfl nan.
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Eloy foul tint the ulna £02  phulphtc worn
higher em curupondlng aha £6:  jlulphta
in the uvuylying water flu-in; til 1r0-I$nn
that the Ind rctdna rahtivoly   if
phi: mi other mattimtn. It was
ma 1» at um.-11:: origin an! an
or newt» by thn rnnld up

Another ems; for tin  0!  mu;
flit loath-wast nanlom nmthl is nttrlhttl it  duth
and {may of Betta tam: at the oxllzndllli of tho loaaon.
It in thcroforo 1111011 that during thl ldfll-volt nuluon
claim the phoaphatn in the Ind is alto rnltalcl by high
winds apart Ira the apply generated by the groans or
upnlling. Mono may explain the high caaalntratim at
phcphato in tbs water: at the smut donut Quin; the blow
of phytoplankton unlike in the Gulf of lama‘.
thorn 10 10:0 phosphate in the inlhoro vltcrfl at the wont

can than in required for the growth of Pilhplmktu
(am-nnuyu. 1959) . I-an nu the ma at “nu om
ditinn the Math an: decay of the planttau that link 1-:o_
the batten llborata phuphata T in thc Betta ndinmtn
which TIIIQI available again lur1l;.fl\0 anti anion. ibis
cyclical annual aohugo e1’  Miran tho nadi
nmt all water has bun confine! fur flu wait cont by
Slllnpp (1953) and Suhappa and  (1956) .
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2110 phammun 01’ upvolling m the wilt aunt has also
1 pralnltd attest m the roplmiahmt of nntrimta and
thumb; I primary Vproéuatien. rm mama attest at up
welling can be absurd in the surfaao lagers ml; when the
input pasaiblo water enters the ma-taco luau and also
a£‘tu'L 1 pniodifitn pa:-cameo. the time lag bitumen rcp1en:lah

lint and plwtoplukhm production in reflected in the spatial
and tapers]. variation in tho flmraring at the diatma. 0n
the  oeuat (about 930'!) diateln gradually increase
Ira Jamary racking the maxim in ll; (Hanan, 19458 lair,
1958),» A1: aux“: en. pm: oi’ tho nan, 3111504! by tho 0011
auburn is attainad either in time or July vhm t}: ransom
11 nut active (Suki, 1959) . In the ahnllw arms of
tho Gulf of lama: am Pull: Bay the variation is not no much
as the waters are nixed to tin Betta: am! the pwtopllmktora
B10 neon to the mtriontz in the watt: ulna ml also
vht in ganaratd £1-an the batten.

It may he can {rm Flu. 26 and 27 tht Ilnlaml
mriatim H’-' nlinity in not 01'  llpwhmn Q the
rats 01' organic pzulmrtiun though in anurfinhhlaw at
ozupticnally law aclinitiu.  and
It'll!!! (1972) who studied tht  Q itfhil
phylwplanktura inland {rm the  I32! tilt



I1‘-‘.25 rlmd  fin
»)r¢:nlwtiu¢  ulna are ml;
ta: the nfarmcic I-histaa  an  at
.M%“"u“‘  2:11:17 Prodactla.
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tho ocloptotiaq for mum photooynthoolo in roopmoo to

howooltaityiotommrothoirpookylolwotimtnringn
filo whom high oaaomtrotion of mtrioaio oro ohiloblo
in tho onvirmynt.

Iho tonporatnro one though dooo not onlbit m
an-on 1-om-um (r1a.26) hos an  intlnomo on tho
1-oto Q1’ primary production through rogonorotim oat mt:-iomt
salts. Looorling to Stooum Iiolam and Aohyo Jason (1957)
tho rooaon for tho high roto or prllary prohotim in tho
shallow rogtmo or tho tropioo to that tho high tnporaturo
at tho top or tho bottn oodilonts oauaos a high rogmoration
at tho mtricat oalto which by dittalim and. othor mooihaliml
aro tronotorrol into tho unto: loyora ohovo that hringo forth
on Lnnodioto ottoot an tho pa.-oflaotion by pwtpplonktm.

In tho ottohoro vttoro of tho wont cent m tho athor
hand, it 1o tho into:--roloti mlhip of tho ouphotlo omo and
lixol loqor that dotonolnostho rm of pm-otnotim. Lo laatihmofi
hotoro, tho lopth of tho nixod logo: Quin; pro-lnooon ported.
ll lit‘! 6° lovhtohohooanoo looo thono 20 on during tho numman

tho put-aonoom poriod it ooopono to 40 m.
~!hIofl3lIIfi£o oono in thoao rogiau is novor IIIO tho: 50-60 n.
h tho pro-monsoon poriod on thoro in no in-tbpr  or
iltliont-rich rotor tho roto or prohctim to nointoinod at o.



1}

lawn Ind. an the cinnamon’: or upnlllag. Du.-1:;
tn pat-manna pu-10¢ um tlu nixnl Layer aaopma tho
mtriuatlihvc not mm dcpletd and limos nodaratoly
nu 1».-main’ omtmnu am-tn; this period.

sun; (1956) uuciatcs dittcrcaeu in prohaiim
for the Iladcn Ground. in tho northern Io:-th in an ya whale
tron you to year, an wall an diftu.-men human me arm
mi another, ohtcfly to variations in lixing vhtoh act as
an brake an produotim. lotcm (1958) inn also
clphasiaod the great importance or vertical liztng and yd
1.-ogcaoratim in supplying nutrients for primary prodnurkim.

Eh: lean: rate of primary protluotim tiring the m-0-monsoon

I:
‘F

mt the highar rate! Quin; nanaoon and pork-manna pariah
as I011 as the lam: nluu oburvod nnvlrl an the
accounted dirutly to the availability at mtrimta.

tho mpitude at annual. primzy pl-ohatiun (non)
abtainud in the present  along with nape values an
different rogima and oouyatun are prusmtol in ytlable 21
for cuparllm.

.1’
4



fL% V V L frtabla 21.  *2;     ~   -L   ¢.1:.,-.;~  0.1

I    !2__f@m2= L.
Barnta an . .
mgliah Qficl . .

lorth 30¢ ..
it Emmi! (Lashes.-0)

170-339 K2013! and Ycrjbin
nhgu; 1952

60-98 Cooper, 193$
Gena.-gas Baal: . . 309 Riley, Stmcl and

13‘.P§l0 19‘9
5'7-82 8’¢0010¢< 195$

Bong Ialarml Bound» Ii 470
911' Inuit (open ocean)... 21

R11!!! 1955
Bat’ an‘ 95“-Pi-10 Q 1  dug’

!'ar‘B»le grass bod (Earth) 4,650 06¢, 1956
cars}. reef . . 2,900 Kuhn and Ealiriah, 1957
8116.! waters off low Yo:-1:‘

Shallow coastal rcgiu %160

am,uJm“1 flop. ‘Dog nbher and Iantueh,‘ 1958
Ierth Gmtral Slrlllso 801 78 -40
Inmate Oceans 100-150 Striajlnnfi, 1965lqaato: . . 110-146 -do»
larron trojpioal oceans . . 50
Ooehin Backwater (India) 281
an coast (flontinmtal. aho1£)230
Int cant at India(arm 50 1 aqua) 45$
61:1! of hm: ( inshoreMiran 6 n iopth) 400In 561

40
quin 3; Q. 198
Q Q», 1968
Paint
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mats in an   uuolvdttualvol   W?“0113-1'3!  M  F7  ml
as  by inwltblo mi  phoamtn in
a ca min smplc uteri  alts:tbs utvinaflm of ‘kho1: rum a  Mwoa
tin onmzzm of the  at  maples and
the iiaaalrd  pampmn u an
the ulna for the  flltercfi    ‘tbs
Q1-pain .

:1» wart a nazum 5  (19?! 3%  in  u
Iain: an! of Lanna;   (1959) in flu mgliah
flhnal uflhlo in Main intenutim
tins at ptutntng Interim}: in theIndia  In the annual.
the  emtmt at the caflatal nun nu ham mm
httnl   (1951) and  (1953) at
3* (1954) in  0:!  and talk by, George
A(‘i95§)¢ he (195?) mi  (1959) at  ml‘by ca ($95!?) in tho ahtlf
Sn. Ratios, 5-uhappa ml  H956)

I Li
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1:110  flu; phnophatu in tho   at flaunt
I35 filth __g§_g._}_. (1969) in the Qnhim bn%tnra.
0110 fluapmtc dctraminatieas error  Arabian Sea have
bun urripfi eat éartng the I103 xwmtlfl um prior to
thin, H111, B136 and GAIAEEA kpditima hall mnahanz.-ed

the diatrthtim of  in the   (Gloves,
19385 Stoqflna liaison and Aabyc Imam, 1957)~ Irflvrcvor,

the pat’: om of the relat inn ahangua in the thru fmetiena
Ms net yet hem imdied. 

la the grates’: change in the that trastima at
phalphoras taken place. in the surface waters, mploa
oellucted tram 1: he surface in Quit at name-r worn analysed

as part or tha primary proclnotim studios. mpliaato maples
at '1i.glrt' and Mark‘ Mttlu were :3.» annlyaad  1
twenty tan: hm: paid of _1_n;_ $3 inmbatim. The ncthad
=2»: em anmméxm ¢z inorganie phflphtc m amt at
Rebinsm am! Ehnpam (1948) and for total phuphena per
nhlozta am Mgoatim nothoi of Hanan and Rnbinaa (1953).
Eh: optiul. density was nnaurofi by 0. 111130: and Intta
SP8UK01' lbw:-ptimttfir with 1  tiltaqr and tho alum
warn an-rived firm calibration eurvaa aanitruatcd. with man

atanfluis» Qhu ulna: at tkt  traetimt  the ini
tial amplu an yam in ‘tabla 22

th: tnugmie phoaphatu   nlstiwli 1" in
Gulf of Iii ma 41¢ an ahmr men Gfllfilsl war!-atzlan. ‘HI:
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1111"     /n¢.%n.r/1 .
1  pattu-n main Iwwh vrkh mu  in
final phaaphoru, diuolvod
Quinta a, m the aha hand, ahuwd
aaasmaii. variatim (214.13), enmn 1:1» nmmm Q! an
the fmotiaas was still at 0. lava: 0:61: cuparod ta that
at the waters in tho highs: latitudes .

21¢ men phorphoral tanned aver 1/q.a1=.2/1 Ira
inlay, botwcm 0.5 and 1.0/:3 ah?/1 1'1-an  to
and Ii abaut 0.4/mg n.r/1 m- rm rut at the yum

fin lama trmd has ham absez.-1'06 tar than lisulné

organic phaaphnto ulna mick sheared valuu > 6.5 /15.1% J!
‘avwua  and ling. Ira August ta member it raainefl
at tho lanai 1:101 at 0.2 M.“ .1/1. the an of an pau
pharu sextant in flu  waters than appear: to bl. in
selves! ormmle fun, the pu-amtngo distrtbatim being an:
50$ m tho average. It  bum team to cued 70$ at than
and  in mu  it %hl bun rlfiwod to loas than
20$. mm (1957) has flu!  an-pain  tamed.
63-91.5% at the tutu}.   in  than the
s¢e\:th-wast imam ens%ol   Q!  which
rcmltd in zihtivoly    in



P I 0 -1
I1¢.'28. Sensual chug» in the drittu-at phaaphoru

in Gal! at lama: (initial ample:
-~ IuJ:T£aeo)
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\ \
mama». pnupnma, an Cuimat fruiian

.l'1ilI1YI4  1». ~mL numu in
mu Imam to $1111 M Mminbu ta Inn-»
with  mam valuu in my (3. 0.85/n¢.atJ/1).
K23’ the planing: amtrihltim at
phIp%a as well as its ugitfio
that of tho manic pholpharu fzaaum. Ibis is
D1; because 01' the high pwtoplmkhm prowaatian
It Q/:3/any in um mm»: watts!) am-mg thin
Item“ at the natnrn at  it in unlikely that 100-»
oz-gmima vault  aaatrihtofi to file nation.
an 1% 1; 112.11 ewe an pa:-timlato »¢=p%  ob
Ln this ntaéy were prodfli.nanfl-I ¢Mt1'i.1nt0fl by the
mi ta a lessor ortmt polliblgr by iitlritun.

iaamgmia fraatian twain! tar the   at
yin: at a low Incl at 12-%-15$. In larch
it tamed about 35$. EM
huvcvar,  in lanai when it an
the can at 1 an». flu   on
‘  tor the ma  is um to pa:-stat.-»---.

ml mum wan“ at no am or tlu aperi
Of twmty fur ham (figs. 29 and 301$“.;;:,=- '"

lllmmlmt was tutu ta  that puss primaryi3;'.--- mm in   u an pate! if



l'i.¢.2§.  chain in the ditto:-mtin lupin  6&1! cf
tnuhiiu in um battles fur 24
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H336. Seumal ahmgea ‘tn the dittermt phocphuml
trmtim in lnylu {rm 5:11! at
Lnmhaiiu in  max» tar 24



1.5: {
..<>- J- '1

':

t \
I

&.

1 X“ I
\

0; / /\\ $i X...-I \; °\
‘4 TOTAL P ORGANIC PA X E" ,x__’_I \0..  1, N
q. /I  _...o- *°**—*°
'7, ‘ ’ I   |i_ f" }.l_ | |i | 1j; ) " Y‘ L . "*

1

‘ \

X
l

L  V’ '% LA P » _14 ~“"'j;= __: INORGANIC P
- _- A - 4.’ .

‘J F M AIM;-‘J 1 A s 0 N 0\ - _ > 2| ‘.2 >' '.- _, _L I '5Q '4 . q. ‘ .1



1. 1%; 172

mi uccnuvv  0! the'  in theflaw  mrdnblrhn the
ylpllshim. it all athcr than u cmvat  #011: was awn:-int
itttla which aunts tar   in tit
an amps:-04 to that at tho U-lioivulztzutia. ‘

the cape:-atinly lava:  of
fiilyhit in  of  combined with thl lhéwnt 0!
uumal ayelca,  (1954) had apaalatd
thin mdiatad a law 1001 ad.’ again
ta in than ntnrs.  M ma also attuned
of lmnm (1920) an préhbly an nor:
mhbalin in the  an wmla about  an
or mt:-tats as anally  in an nuthcn
thnintaz. l high rate at phatnynfinlin intin   all  the yum:  1
in   mu-1mu%. an awn lay  (1941); at-  -1- .1 ., . - .mi  theihl ru-unnr  an qatu.   or  awn N  m
1 ls? is ufilihtd  Wm 4° 
noxnm ma awe nun, 195?) . Ska



or mimic  at  mzzu far cm peried
1:4 we/-’/w *1  to am m/-’/1-1 1»
ll ummal nan at 202 /ll! (Praand and
1985). 30 the daily phup1nt¢ uliflhtim may be
to in about 4 1;/:3/dq (0.13 /u.n.r/1) which 1;
lblli tit mrwlgo  amilsblo in lnlutia.
Qrflliu phwphntc in aalutinn at am nmmt in a water
nan my rep).-anti £190: 1 to 500 par oat at the mount
part in thy 413.11 nctabolin ($tc<mnAnn liclam,
1951).

-v

It nag than In um that the amt at phalphata assi
milation in the sullen! mtwa at Gal! at  in alnaat
ta the i.ns1:an"kanuu| amntratian at in inns.-mania
phalphatt. A: in anti: nuns no  ttntitlntim
tL'hr%t the your an! are in cmlhli amtafl with tho
mta, tho rogmuattn 0! phuphnta  phat at the
Batu is cmrkmtly utiliué by the
min rats. flu Ipgd at   til
bottm ans to be high cough tn Iaintda the
at a eomunt level .
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Rho airaalatim at  in the an is hand an
tho qiitativc rontimahtpu iualvod in the various
step: or the nit:-agm cycle 112., living ozganiua, 6.0“.
arganima, ammonia, nitrit en, nitratn, living arganiana.
hm; than the soluble mbatanaoa havo roooivefi ¢msi.&erv.-%
bio attmtim and a lat at infatuation ha bum sa%@1ata&
anaemia; their quantitative oaearz.-mac in  seas,
annual fluatutienfa and their inflnmac m tbs planktm
praduotim.

the dotemimtim or  {rm total £011 nitragun
at phyt aplmrtm by mlt ipliaat in with a weavers im factor
or 6.25 in a. standard p1.-108100 and in omaihrd ntiataw
fiery for neat £1014 work (Strickland, 1965) .  thu
nitrogm prennt in the plankton um its annual variatim“
kn an reacivod nah attmtim.  attnytl his bum
Mia ta  nit:-egnn  in the organisms fin
nitrate an it has not not with   nmramts 01
the nun: misc: and the tumwu of the  make it
1Ipoaa£‘a10_  htumino the moat at nitregm pram’: in
tho parti.cn1ato uttnr in any mart at the an at s givm
lulu’:  nitrate flats takm at intervals of aura:-a1



1  1%-.

walls or months. name a 4 row ‘cm actual»
ttnn of  nttregln in  Ilia and plmttm was and
vy vm hmfi (1935). ma  mavu up cannimuu
oi pr“ tin tam kjollahl  in aflbimltiau with 1
adtlentatim technique zonally and tar the emtln; 0!
pbgnoplmktaa in aria: 'te_ anus MI! tar than  ra
prumt thc  819?»

Gnu litre GI water aollaetd at thc inc time aim;
with the maples for eqgm am alas angles tau
and dark batflus attire hunt; tour harm wore trnted with

40 n1 at 40$ at Iafiaa’ oelutim. Ehq mu:-0 ahnku well am
utter mr an hon: flltarod through fluid. tilts: paper.
precipitates vac thm washed with several  or
éiatillod water. Aflornz-is the prcaipitatu were washed
into emtrigugo when and amt;-itugd at 5000 2.9.1. the
precipitates warn firtho: aontrimgad with we em fir“
changes of distilled ntar and were thm tranltarrei to
1:3 clash]. fl.uka.. 2 :1 at amamtratod nlphrio all mi

a pinch at xase‘ - ‘ nizturc wan thm aua  than
fiigcfild. lflir aoaling it tn: takm up with flilttllil
vain mi anemia estimated in a I-1.G!3l%lj§l1llh1 in the
presence at muss am. Blanks were 0.1» at dag nth
all tho mnlglgu and earrootians mafia. Altqnthor 47 aw
lyau were omfiaatad apread ave: an oightumaoath ported.



values or nit:-ugm wan onward into 9.1.-otcin by
Illilplfillg With ‘kht fliifl 5 ~25.

hblc 23 gives the mu ulna attained tar nah
south with the can-rolpmfling values fur plan prams
film.
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it in {mi amt the tram in primary prodadtm La ra
floated in flu 111110! £152 wflith  by this method.
posh oeinaifiu  April. fa the surface water (I'igJ‘%)..
‘Inc infiivmnal values tru all the analyses at than
Ian watcr and frail 125 ll; ta 1450 I3 pm   ill
car:-ocpenfiisng  produatiaa  69  7620
lag. iha trend as almost  in the  vats:
ulna but men loam: values van  tan tbs Betta
lnnplca. Diaprmrti. largo ulna ts:
primary produotim were obtained  which could
bu oithczr dun 2» htritua or ail.-my mcuzgmaa at leoplankv

turn. Eawmrer the Man values of bath  ahevad a
aigniflaant msmhtim at 55 level: the aerrilatiom oa
ottioiont being 0.3 for tho aurtaac and 0.36 in the ’aat*I:an
(113.32) .

The aatimatia 01' total nitrogen in thc partimxlatc
influx has certain  difficulties. ll tbs aamt 6!
plmktw in a ample at water la  mall in mnnpxiam
with dissolved organic nutter it 1 nut pusiblc to deter
tho nitrmm amt mt oi’ the  by aub£!.m
GI the nitrogen emteat in a uartain semi: of tilta-ed
water nu that at the limo Ifllr vithmt ttltratim. As
putimhta niirugan  in plmktania alps and aaiumla%,
bacteria  detritus, the cantrfhatica of my me at



lip-31.% 80uam.1 vzriattm at  (I 1: 6.25) ml
yrimry pm-ofiuwktm in tbs mrfaac tutu‘: sf
the Gulf at   thc  $999 in
195$.   *"  prehctien mi
continua 11:0 -- protdn.
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32. Ralatimnhtp bctvcnp  in particulate
latter mi.  pro&uati.m. S 
unplaa am I -  anplua.
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ta    30%»: at um-»*4!     n£u-a1.a1::i-tho
ti  as llero  rattan mutilateby  (195?)  strict“

(sane). m  am»:  Q cantata
living  uni has inactive
act:-ital.  Reina (pa.-I-mal  also
an :1-q mum am kjedlhl nitrogm  an
{ho nun:-:0 at‘ an  at prahotivity.1958)mmzu   Iw*~=* '1' ~
1n;k%app1tn  to  at it has‘11'
that   my  alum! nu: thatat  alnogm  sun in  mm“

I{taint  rams: 1958,  5 1961,
Q _g.1961).M lfllliltcr _c_§_  rnpartd uat
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my an nmunn mum (1 z $.25) an pa.*ot0i.nu      u 1
mile  or  amp, flu: total  ‘values
to ma man wanna an Q
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B er an  wars A31
the   hula auroral oxpnditimn

ullatd utmaivo his {rm  part: at
this  nuns . In anti», through  arm»
int; flu mm iuhtd raga: M" also boa
csflnato at thn  Pmfiwtian
in wand mums ands by Riley (1944 3% was mm ta be
18 than Minor  Steam: liaise: alts: a zwni the
1:219 at  ( Stunam Iialam and inky: J mam,
%»  attnptn nah mbaqumtlq at an evaluation
It  Imrld winaxypar-eduotiaa inéi-said that the out
an no:-Q pweflnuttva than hnfi  the napitnio is
M17  of thi    lebleuta--'-!Ii.ahka
Q-,-( 1910) M11 Mind inn  01‘ @111
Quite: 20:‘ the warm  mi gut tbs   zl
uinaifiu wiih that cf Mama I!.¢1an*a mutate.
to than  the worm  11:
2.5 -~ 3.0 1 10“ tau $1‘  pa   and
1.5 - 1 .a 1 sew tan at mam (um 1. a mm awuratawhtlo   fish
the varlfi cums  ‘lira 0 win!  of the
pmhctia at the fiiflcrmt   (19%)
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catinatod the tutti in  Inc at thn upwelling
zigimn at the imfl-IL tml  ihi  Literature it
in paniblc to derive n general its of the %1iu&a at
primary prduation M all in mans.
11:11:11Q OGHJI

Studias am primary pa-aduatla hire ham mafia by a

largo amber of authors using s variety d‘ lctahofla in
Qittormt parts  tho l1i1l‘l‘§16 uapaaially tbs north-matern
ruin. According ‘to Stale (1965) tin small pihetia is
1» am range 01 so-1 50¢/1'/yum whilo  aonaid era an
pelafnlo ranga in 40-aw @/n*/yam. “mm; an
at 100  Gullnnd (1970) ml givg a figure
0! 55 2 ea‘ tn: 0:! mm zmzm for am narth-east
ithntia.

the mrray 01' GALHQ the  rate at
3.a fill:/fifl ma tho lmnat rats u om-5 - ems 0/111;
in   in the ltlartic (warm: my ma
an ronpoctiw-01.3%. the 1-can at lingual: Buzz-mt  tam!
at 0!’ the  proiuotin radon: with a daily rain
at 0.46 - 2.5 w/1’/cw. 11 the  pm:  am west
can ef  tho min urns of high p1'&ot?lm an thl
Mania :1.-no aha; tho oqutar.
lnaorling ta tb annual variattmi in th rat: if ap
thu mic at pa.-inry prohatim ulna ruin with
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values rushing 5.2 Q/I2/ll! of!  fintiliio' . .
an pa:  the ms» an in 0.2 Q» a.4 w/1'/as' r
fiiicqann Iialam and Lab," Imam 1957; Slrokin am
twin 196$; loaaonev and  1965) . Mt‘ the  at
Bath  aoamrummta have ham I14-O by Eoifin mi
(1957). Ehayhavo  high valuu
tho Mast decreasing aaswufi. In 3&1-3'/August  mm»
was tum in the open ocean. R hard ($966) rgpoz-ted
pméuatiam aft the Argentinian Gan fish-an
in malt Pi-III‘! and 8146.01 80;. Aeeardtng in Imllclli
um! firhnda (1966), the Ialkhnd  is angst the
moat prednatiwe gran or we wand sauna mi also arr!”
a  high phwtoplmrkua b1@aa.%  asthma or
minnpmdwtimmtmnhlmiflrrmihauc
cm zoo ‘Q./.3;?:.= an antral  wmwm an-'%%  4-4's and
tau thn halt as nah in tlzc anthem parts

the moan ulna gttpa tar the Atlantic by mum,
liahh am) it 190   69.4 w/I2/war,
which would amnt to a  wo
hctien fig 5 x 1?  pl: yam. if this the Bflfllela
rqim slam aunts tar 575 Iillien tam or
whiflh is 0.  htfl Iigun  with than tar
unwilling area and biggie than the “that: tea:

is
If-=~
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the Pun/@110 upwelling area (6ulh:l.n¢, 1971). mum: the
upwelling ca.-on rate of  prolactien 1: at the
node:-ate Incl tyyioal at subtropical uteri 1.0., around
50 10/I2/your (Gallant, 1970) .

Prinz; prehetim in the Iolltcrruazn uni D1101:
Sn in lflu-:11; lav, his nadontoly high in Illa pa.-1:3,
clpainlly ta the llaak 80:. Values for the Adriana 301
alu 1: up with 12a - 364 (G/I2/Jar.
Quit!» Benn

Ibblcrhs-Ilahkc (1965 and 196'!) nu :0-viewed up
data. an primary produatim Ira the Pacific Oman. A ma
at high  pralutim with rain betwun 100 ané 150
IQ/I: uztmh calm; the loath Maxim malt to the tip
of the llama Peninsula am! slag the Aleutian Ialanfl
chain malufiing nah of the attahoro area of the Gulf of
lhlh. Ibo opm oceanic part at the lath bottle in also
m0ti.un§1y I020 pmmuvu (sa-100 gain‘/yea) cm an
tropical anfi subtropical anal. 2110 Pugot Soul. has a 10:1

an um 0! 2oo-we n/1’/ym. an an grunge at 190 ml
la/your in the  Ii!-'19» within  n contour tbs
um: mama  pm-omcum barium  at 50
umm um (mum, 3.513.).  we go/1’/ya: mu
‘hm tmd. in tht with-natal part of tho  $0:
(ITIIIGEUY, 1951). In $110 narth-mat hoiflo highuat
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pmauuu nu at 5 ¢¢/:2/up was rmrau an of
Hokkaido within tho an at antenna at nun and all
tutu’. tum-um: (1912) bu mnum as ¢<=/:2/ya: 1:
the Boring 80:, ‘I55 (9/ha/7011' in tin wanna firrlnt ml
as gfi/52/ya: 1! an nu.-um» euum aunt.  In-til
fiutoriul fir:-out deal he hunt ate at $3 5°/I2/Jill‘.
ha avatars at m ma hantorial 91::-out (106 @1121
300:) ml to raglan nut at In Zulu! (156 ‘Q/I:/I081‘)
were tout to be an promutta.

1; 1:» nail-0ut1’u1fl.c, mum (mo)
quota an-mama, nppxq ad nun 60 Initial: um an
maul probation an: the coat at Pom in are flu
zoo (0/I2/yin: us Input ma -an mu uni 1» mult
au-uu um». polaibly of m 0:10: at $00 ifi/I2/nu.
lhlaaoullboinvicvotthcrooatanitbyflythor
3131. (1971) in 1 packet at lull) tpwnllul 10102 in thc
Punt filrrnt 01" in an-ago 1'0-to of 10 gt:/1-2/sq for the
an. fishing’: actuate at total primary pnhctta in the
Pun: hunt  10 15$ lillifil tn: at aria at which
a'hout45n1111aatnml\n:0ut:lnltcltohp:0lIulot20h11c
altlcrnnlnlaottiuu. Ihltifllflilliiflrilbflcifit
Ocean u glvln I1 Ioiluatl-ltlih 13 11- (1979) in 127 IIW
1*/an ml 46.4 :6/n‘/nu.-.  u mu author: an
nun; Oceania the lust product!" at  the owns,



whereas the Indian Ocean la the most productive. it the

ans time the yi.o1;l ratio is considerably lower as cam
parod to the Atlantia mi Pacific Gonna‘ EM potential
yum in mlat ion to primary pro6.uct1:m'i.n the
Ocean and adjacent ans is disouaaed in the next seotim
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3;   ,5 In 1! uman mm .§;;:;1’"‘*

ma a lag aunt lino at anti: 6, h
with tho  mi Iicobur Ialmfis ml tht qhnudivu
Azahipnlqa   ho: sham-as . ‘EM
poaittu  lijnfiia with the pminmlar pmrtim
tn; any into m antral put of the inum wean gnu
bar 0 lauatiml admmtazo in marine {inning activities.
At pa.-amt though Inéia amtribnfbu abwai 40$‘ at the fish

at the Indi.m flennprkon  against tho
wax:-la praduatim at 60 nilltu tame: at marina fish, nu
that is mly abmt 1 lfllim tuna: reprumting less
than 2i. 1  at I. n$.1Li.on paranms are actively an
pged in  £1  profiueing amal  valued
at Rn.1,200 ni.111m.% ‘Rh! industry also jarivién qp1oy

to ‘b4 milllm portions. iherc are aimnt 10,
unnamed arafiza which lané 30$ at the total gm.
fiver 600 nillim rupees worth at an toad in “portal ta
diifarmt aauntries .

Studies mile during tho Intcmxiannl
manna as wall as um» “max an nu
mmtriea renal that than are   in the
moan uhiofh 1:0  xioh  mtrienta,
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organic prohotim and wopluktm Mums,
Qemlcqumtly than was could  in-go nooks at
fish. this satin Eula with   71011! and its
cmpanitiea and tho patmti.n1  in  1‘-Mia
an uni tun  moan in general, an “rival Ira
prehcisivity studios.

It! iniinm Mun has an urn of abut 75
1:11 metros .i.ne1nfi1ng tannin QM. min at this 85¢
jumt nus, an agaimi 105 nilliw mph £0: the ttlantie
ad 1% nillim 11.5 tor the  Min. Eh: lmallw
water am.-an tam abut 341 minim q.m in tha
Mum. ‘the shalt as.-an tu.-1 in wifith as 1:011 as in tartan
amtmr.

the uni: c=qua’n of Inah, flqlm and  haw
prutnmt shelrms, whereas aa the out aoaai: the shelves
the out east of ktriu has a narrow shall’
at tau mmth_%un--nut flp. '21:: uoutal angina
Kunanquc, Eanmnia ma Km: are  with
ml 002:1 rain. flu masts at
have 1 vii: shalt with  the wast aunt oi’
an-mm; has 1  shalt; flick  tannin the north

210 wutum  Guam Itlnmli    are at
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both folunia and aural rat ‘typu IEO mnflabillty of
rnsomraoa haw than ta be wind with flu  01' the
tcrraia tau: nploitatim m 1 cdloroial 10110.
goamt E all um its gi ittm

flu fllh hnéinga in the Inéian 080“ ml ‘Iii
lqnunt mm; the last tartan your as aapmrofi to the
Atlantic and Pacific Mun: present 0 poor aapriaa bath
tn the prlp.-on and also in the yield ratio in tuna of
primary profinettm (tabla 25) .20.1010 23.

M V“ N i-‘§ Ifi?<twf$%%s %§~£'Vrfi:. %<¢*tT~, "'qr;
an pcomtcgu

M1958 1971‘ -  %£ %

1801110 13.4 $3.55 9.05IIQLII i J» 3.0‘ 0¢ 991$
flu patina at fiunlopmt in the world  shun

tint at mu bqmug of this  an wu1 1mm;
4 111110: tan“. n 1913 it an labial to 9.5
mlliin tmol uni again tabla! by 1938 ta 20.5 #111!!!
towns. EM  an pm-ulutim inarand at tho rat: of
4-%»5$ P01‘ IN-‘I-’ Irn ‘E932 to ‘I958 am pistol 11; spool than

attor. In spits at a  11-up during 19“ and 191$ the
an-age growth rate for the  in your: nu 6.5!
(iablo 24).
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j!i§1§ 3‘a j;;§fl *=***?if** *1 ‘iii ?#¥ Zl»0 Qf @iG!u;8l
:E§L;: *¥ LT*74?R~P#0U 1¢L;» % %% % %

l I l l ’.  ".  h +1-Y "I e- l  ; V‘ 1-@ ( l l{in 5; IQ,  1 ;5»;¢_;_4 I
19:-s
1969
me
am
ms
ma
ms
196$
m1
1968
1959
1975*

1971

23¢’§
31.4?
33¢‘,
3:71
QQQQQ

‘1@?9
45.20
4‘¢59
59.20
5311‘
$5.49
5#i§1
51.‘
59.55

aaaiaaaaia

‘$1

u2,fl
11.6;
-4 . 2i

this rate of tneruasp in unparplcllad.     other
bust: fad c%1ty. In-oewur, the mm;  is
Mamas according  fit   flan
nstimntaa, the was-11 nu-inc fish at  cqleitofl
with  tacmiquu in  nlrndy fiahsl my
to am: 1229 11111:: tum» by 1985.  the living
mum-an at the can no nut Iilitleu am.  11-011!
11111 bu pualbln ml! by  flillmfiien EB mem
vmtieaal  or aquaculture. the yum in
torn: er earbm (which tans ab-ant 10$ at tho nu weight)
1|  e.4$ at am not primary  in tho
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areas (az¢% Hie1am,~ 1952) ma in tn; Mannie arena
uamaidoz.-ably loss.  vino!  till   and the
Oomn emntriea has a cm11u¢¢i.ug tut to Midge
the gap brwom the proamt yield mi thc gullible prov
duatien.  (1967) has viaaaliaufl. an mtpat at 20%
nillim tame at fish par   the  hum ta
the clue of this cmtury.

at the present 11011 of 3 nillim tunes
Gown, western rogim mount! in 1.9 nillim
tonnes. E110 Arabian San profldos ‘$300,900 tunes anfi Ba;
of mm 8,443,669 tmws. ‘rho grwp at fish»
at harringa, sax-dime, mohevioa mi related tuna untri
hta abmt 28$ of the total; eaten tram tho  Gcean.
R06 flakes, Mean and angers can nut with  of the
total 31014. he amltncums ammntr to: 12$ of the a-vex-ago
sums]. landings or which 2ndLa"*’a aha:-0 at prumt is abut

150,000 ymoa, emanating mm]; or am.-igpa, Runs, button
us! atipjauk cement fer 11$ am the grwp  or
naturals, bill fishes, rte"   8.€$.

Wm Primary vrvhvtiw 1»   wmll
2010 d fend  rolatim in the ea it  noeoaaamq
to man in attiaimuy at mun trmtar Ira em: step in
thu ted chain to mother. EM: is mo of the 10:01:
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aspects of the food chain dynnniea in  sea. 111 fond
ehainu trm phytoplanktm harbiveru ml upwards tmfi. to
be-some intmaahad and toms 9. £0011 web rather than a alnin

Han; arganims feed at more than one level or the food chain
Uhm the atnpa are In in the feud  higher effieimoica
at fund mug transfer are obtained. Eh: neat ilportant
direct camera of phw’cop1.ankt%m an tho cepopofls and r .

luphnsiids. these cmataeeana and their larvae cmatituto
the bulk of tht toad of the other plankton anilala inalml-~
pelagic fish larvae and the planki:-an fee-ding fish. Eh:
most inpartant plankton reading group of fishea are the
clupuoids which cronstitate about 30$ M the marine fish

ateh. A $11 traction of the prohoisia (1-40$) reach
the buttm and serve an a £006 source In the hattm twna.

21: has ham obserwfi that the Landing at 0¢ere1a.1
fish in intensely exploited waters is abuat 9.5? cf ‘tho
0-vsanio miter produoefi by the phytoplankton. lrm though
the paeentago utilisatieén dues not son to be 111$ it is
the mun: that 1: rmd m the sea.

the data are an available £1-an tartan: aunts Ill
Ihnfl!-we wrap. pr!-M-1'! Prflhewm. ahlvrevhurll  =14
crploratory fishing repute. Imus it is paasihlt to
1 bread n.ppra!.m1 at the petemial rucmreoa.

The listrtbutim pattern of ahliraplwll in tbs Infiim
about thafi the Incl of pipmt cmamtrnttm per nit
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area 1 almost than ma ta that at ltlnntie and Pacific
Means can than the e~anaq:'trq.t$.a pr nit volma is
llightly later. (Mphay ,1966) .

2110 averaga almnt of ehllrwilll 5 £0: tho miira
Indian Gum 1» zma ta 1» 14.81 mg/:1 (iatagratd values
upto 2&0 natru). Fur thcwoat can at  the into
gratod nun ulna in 25.41 I3/I2 while fur the east east
as is ml; a.24  In am wutozn mum um mm
the south-tort nmsom¢ utrnaly high value! art fumd
mainly in the aria aft mp:  ma  in thn
upwelling rodml aamwtatol with 81@11 arrmt . Hifl
ulna at primry produetian and noplanlrtua ‘blazes are
also owe:-wed in this urn. (lirasafi, ‘I959; Fraud, Ban¢r;\Li
mi rm, 1919) . sum, I1-otvegal ma Imam: (1964) abservc
that in ‘ems at potential iishorios, the 111$ ehlarophyll
values aim; thu amli aunt are of  tho pram:-~
tint; of nah was in turns at cu-hm find  square
ultra par day in about 4-5 prams. If tho at: at prflnetim
in stun; daring the Imam pariefl the total promotia
mza bu about $50-45o go/1* . In toms of dry woight Q!
0.19.0 11 amen to aoo ;/8 men  can um.

I

moat prdmtivo. Ema the author! helium: mt tha arm at!
ilk Smn aunt, lmntnéa 57'! whim latitude 16'!
the oqutar emu lmppcrt omollmt tiabuiea  the
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south-wast manna pa-lad .

is grant amt at apntial 1aZ::'1at1.m in tho
napituda of primary nroduotiaa in tho  Qomn. the
shelf areas whiah sustain the  of the fish praduotion
at peasant are an tho whale h&Y1fl£ a high ate at produc
tim. Bcaauac of the enchant repleniammt at zmtri mt:
in the aurtaua layara tho nhllaw min areas at ‘aha
ta-spiaa are gmez.-ally productive. In average rate of 0.5
ti 1.0 fl/I2/411 is observed in the shallow araas mast at
the tine. Rates mending 2 30/12/day are fmmd during
the math-wcat monsoon.

In flu  Arabian 8». towards the flefiii if
the avcrago rate within 56 metro dilpfih u ‘mt 1 .2 m/n?/

éq am tn: tho mater shalt raglan: the rats is (0.5 QB]
I2/sq. tn» net m¢@¢21m (takm as  or an gaaa) ta:
flu molt Area an the wast oeaat at India within 50 astral
(1%‘%4,520 04,“) has ‘um aatinated as $0 z 19‘ km» at
lctvom 50 am  not:-an {$68,199 qm) tin nit
umnm is  16 z 10‘ tomes.  ta than whale am
tinlntal shelf area M thaw oat  if  the amnl
produatim is amputofi at 45 13.1110: tam» at anthem.

Send!» (1965) ma tried ta 0 stilato thu potential
ma:-vast 01' the am. {rm nn  M tho um-Id nouns
by  diifermt caelcgial Qffloi may faatars cbtainod
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uparinmtally by smmnn (1959). Liiozefiingly the potential
110141 tar the west coast of India at dittermt traphlo levels
will be as givm below‘:

Baisimate of Votential ield at Yarima
E - ~?F a L= %§8 j

'l~ ~+;_-*1 8Trophio 18701   V5 K Q "'7" " B 8!@ O1'.Q . .\‘ -_'V  gz E, It»
(0) I“ m 5:107
<1) lozbivnzea 3110‘
(2) in stage euntvomos 31105

(3) hi 81:30 oarnivaroa 3:10‘
(4) an mm cu-miter” mo’

5:1 07

3:10" 4.5110‘
3:10‘ 6.&‘!05
3:105 1o.me‘
5:104 15.51103

5:107

4.51007 6:10‘

c.mo‘ saw-"
#e.a1o5 241104

15 .mo’ 151165

61107

mm‘
241105

481104

Since it is iitfimlt to asaiw 0. proper trophtc 1:101
to the different aatognica or tiahaa an they mi; balm ta
mus flan no truphio 1:101, an aaamptim that it the haunt
11 0.11% takm at skip 3%, the iolluwzlng will be the potential

yum in the west coast of Infiia fa: the various ucolngiml
cfiieimey tutu-si

factor  nan {tomes}so; A
15¢
20$

$,00,000
1 0, 20,600
24 ,00~,%-000
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As the praamfl 11016. in abut thrtco the figure at 10$
level it may be aamatdorcd that  at stag: 3 at 10$
otfloimcy theta: in too lav. At 15$ efficiency taster tho
btmaaa shank! bu 1 aillim team” and at 20$ offleianay 2.4
Iillion tonnes. lunar, it it is assumed that halt or the
potential auuld ha takm at ntop 2 an pelagic tiabu which
tad. an phytoplfim em a. nlxturo of pw'k¢p1.l.nkt:n uni sea
phnkton and maths: halt at star S whisk is more nalistia
(lclnoftar ;;a_9_._g_1__§) mp nu mm pat menu waum ‘ho as
fellows:i
,__,%, r,~?-:-.; ,,_,,_____,_,,___L H %  h  '*;.;i.- l  j % % . %

V1” '§§,1LQ¢9@2°‘ 730991359
Qnking nriau tutu: into eemnlfiontim nah an

loplotim of stock Iran prohticm, Quanta viability sic. ,
I pimtial harvuat at at halt 2 million tmcs 1!‘! the
IN‘! tint is I. aodtlt ontinatc (1.0. 56$ 0! the Diana
It 15$ ecological efficiency) .

fh  110111 Ira primary pziiuirim in intensely
nnloltd Intern being 0.“, the potcntial 31.011 would be

“.F“d u %-3--Lg 1 184,000 tomes mt an-rim-=1.$4
111110: tame: of rich. Qho latent £1511.-0 tar 197! hing
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inn“ than ICQI $0 be aceipc £0: doubling $henick.
M the nut aunt thu an prohntim he bum nth

nata n 15 1 10‘ tonnes. ma lay in m min uttnato
C10 to lack 01 satfleimt tats. But the Italian  n
the nuzth-cut can hing  pa.-ohatiw it in puni
bln  I. higher anmal net proiuatim emu be nviugofi.
SD aiming as ‘warn that hllf in taken at step: 2 and 3
flu potmtiala will bu as £0111“:

1” 84¢’;1§a5§r900w "{
flat amt; to 5% at the wont can prdnatin ac

1 minim tonnes instead at the present atck at 259,;
tam”...  tbs petmthl haunt ta thy whale
oust 1: abut 5 lillim ism“ at fish, vhioh in abut
tho yield trn the  econ ;t_ want.

Druid, knuji ml lair (1970) nah u qnmtttativu
unuuat at the petutial alumna at the Infiim wean
ten primary pxuuatim um sceylnnktm Hanan  axaninad
it in the light or the result! at  tithing am
at V1210“  . Qho nut   for
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an u-an 01’ 51 nillian squrokilnctros or the
mm bu um cupid an 5.9 1 1&9 emu a arm
war 701:. this is in clan lg:-cant to tho, mutilate at
Koblmts-lishko _g_ 55., (1970) 1.1». 4.1 1 109 t%.

An oatimto of ‘aha pniblc oatuh at thc prluat
level. at world fishing la ‘H--12 million tmos.
figure has been arrivcd at by oaparinoa at the 11.01!
title in tho Indian Gala to that at thc Atlantic M
Pacific finnnn. But the potential hnrrttt flcrivd nu
ntinatn ef fish Diana: bani an primary proimctim
and its mbaequmt transfer through the  tra§M.nA
101015 call be an high ll 39*-40 1111109. fella“. ll
unkind Micro, in heavily czplaltd \m1m.'_s an tn tic
Iorkh 30: am the hglinh Ghannol, when Ipfil
ll; chained, it has bun ahaorvod this cu-bu mtmt at
03111 run utah divided by not preluottm which 1: 60$
0'! iron proflue-nun gives 1 nth of 0.094. Inca tho
pa-§a1=u1 yum 1; amt 105 I111: 1»emn%(r1;..$5}.'
um n primary nrduum Ana tn prtbtblc ptaiial
is bum tartan! cut tor the arias ruins
25) .



n;.§.  yum n an in different rcgiml u
tn: Indian Ocean an estimate! trn primary
pa.-cation Quin.

118.34. A Pictorial 1-gm-ulntaisim at the cnpultim
of the potmtial 11011" nt1nat%o6. an dittant
regions of tin Indian Qaou haul m mluatuy
array roputa. D - dcurul fishes, 1' - Pelagic
fishes, 0 -~  and Q - tame.
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labia 25.  um

Atlantic 0.04 Puifla 0.05 
Uull. Gonna (lain) 0.09 Gum (wen) 0.000 x 5
flunttnmtal amlt at Indianmun 0 .05 2 $0Gal: otliumu ' 0.07 :5first nut of India O-.22 1 2
kli 66581 0! Infill. 0.14 I 3

filo utintn at potmttal 1101.6. Dana meaning
tul only nun they are aclparod with the results of ea
Plantory nrwyl. Eh: patmtial yiola Lat an tn: the
mike amtinmtgl shalt area at  It  by
sum ml unu-as (1960) has um rum to u z,zm,006
tunes of vhlah that share of tbl wast  in 1,4-11,900
tame: . this utinatc imlniu berth jchflt am! lune:-ml
fish. tho  at um-n1 21;; in an wan mun
varied Ira 28 in 1966 to 36.8 in 1969 (tibia ii) .
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@531‘ 25¢ Q  ' * % ~  ='     #.;..._%  ._._.~. %  ;.2? I_.j"_i J ~  ~81:
‘I 01' OI  II f§'Ii%T=. #

,??iI'i~u.".1..... '  "‘""'"“'  ’
613:1-at 65,86375,940301 25,678Dyson 58.904lush 2,09,98B
1&1}. Ilfi ~ 731.952
Dmdioherry 7 ,079mm 41,680.
hnoadivua 884

‘I8, S89
92 J80

1 , 881
15, $9
34,799
71,914
3:553

29,846
9¢91 2

399

aa,24a
11,58,720

27,559
75 .793

2.94JIII
1 .5138?‘

10,531
17.526
220319

$9193Lnlamznl 262  gig   ggg

tuning the ratio of Qumran}. flab it be 50$ on an
avenge, the  Internal uh! fur tin mtirn Indian
halt an will In $00,000 tuna ant in  mini:
71011 abut 1,600,000 tuna. It 1nt;alLt1l dplqltatim
1| peaniblo for the mun Ihllf arcs at the  Mum
which qnpriaaq 30'? ninim hectares, it Iflflll to possible
ta obtain an 11.01:! of 11 nilliem tonnes Iran thin axons.
Inna theoretically a. ton:-told inc:-can Iran the pm-cant
Incl at uzploitatim monk In poceibln arm Iran tho nun
available within t he oontinatal shelf with India‘ s share
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Erwin 2 and 3 lillin tame: or  the grunt pro»
dnatiea Ira no anti:-0 mm Mun.

Ihn that theoretical fliilntlml are cznincd
ll tin light at ozplezatuy flaking Gail, lnilablc through
hay 1-01:01.-tan which have append in  yarn, a more ear
has nus piehu,-0 in ebtainocl (Ann, $958 1, by 300051963;
huh 3; __¢;_. 1m mm... 1961; Imc1,1965z n»u,19s4;
lhsloa,1966; Shmra __0_$_ _§}_.% 1967; !1uI,1966; Ukulele: and

an-mqgsssz no, 1969; 8110.8, 196:) .
An aaaand Ira those cplozatozy arrays, tho

pot mtial catch km the But African a*0a:rto.1 fishery in
135,000 isms: of fish. Baa-rul flahu.-1 at the offshore
banks 1: oonaidarad to be very high flouting to 2-3 million
tam“. en. potmtial mu from rm Arabia Sea rogim has
Mm cltilatoé at 850,000 tonnu of antral fllh and
1,190, tonnes at pelagic fish with atnnialo proportiea
ct crustaceans mounting to 2,00,000 tuna“. Including tbs
Rad an am! Persian Gulf 1-asourcoa tho anal potential
11011 for the wanna  moan has bun estimate! at
6 ulna tunes (trand; Randi am lair, 19710).

Io: the    thy, poflltttl yield in
1,281, t-can otlnoranl. Q‘ 1,s4o,oee tam” 01' pelagic
flan.  Ialmuin vain-I m Australian shora the
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potmtta-1 yield has bum estimated at 1.22 um» tam».
wan the manic has manna tho potontinl yield as du
luad fen the uplomatbry array: is shunt 10-11 nillim
two: at an (table 27; H.gJ4).
E1510 27. ~=,_,   V 0 A ~%1~ th*1" mun

- _ , H, _  ~ ? *1-*    “.4 J. W581Iut Atrium aunt 180 5 125
hat Atrium Offshore but 3000 -- 5000- -I 8
Smth Arabia, llancat, mm 100 650 T50Ittt Plkiltln 150% 90 250(iflt cont) SN 10% 1600
l!n1uvoa,Inaad1vaa,m\n¢e0 ‘I 23 '50Rod an ‘I 25 25 150Poraim  55 40 95India (out uncut) 143 672 815an Pans-an 98  348mm $25 4% 12$Ehihnfi (want cult) S8 20 ‘#81mq¢1¢ (mm cant) soo 100 ‘roeGqlan 52  142and Ileobu  12

260

H68»

:8

2:10:01: ’ $50installs WQuanta Tm 450""‘ “' 991$“
w.% 3 o u1_1_; Q
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‘Eh! lharo of Indian Bill tmnria the tutti. pa.-aduntien
at fish tram the rum Ocean in than 2.4 minim tonnes
(‘L6 ntlllm tumma tru the mat cent and 6.8 311110
tomes tau tbs cant want) .% ‘H1! wall nun 1|. nearly
three-fold turn“ tram the  Incl of czplottatim.
EM rathar class  in the figure obtain“ 1:.-I
the an an prtnnry mflmnim an V011 an
fishing in  uni Ind: uliflity to nah uthu.
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§-3-5-E-é-£1

this account deals with tho results or inverti
ptima on primary productian and raisin GIPCIUB» can--'

‘H

hated in the Indian has a1na01957 I-l!l11\¢1l60B the

regional and seasonal nriatims in the rate at prodmw
tion, factors aunt:-oiling the awe ma tbs mgnl-had: or
pot mtihl fishery ronmreu in-1106 nu it.

Data. oelloatei tar various pariah using cawgen vmd

“G tgchniqunl fin the 6111.1’ at   hy, the
southwest coast 01’ Zniia including Til-tl08l.1‘!'O Sm ta

gethar with other nailahlc data tom the ‘basis or than
studios.

Intaaivc trials an stanfiarfiinatim and Lateral!
bratim mm ham carried mt to mko tho "B an 1-1»
ltablo and cmparablo. Qho remit: us prumtd aim
with tho lat aria}. and methods .

It in team that the shallow regiens at tho Gal!
lam: and hlk by are very profiuctin with In %1

2pumnam @1443 and 561 gin , rmmtxnxy.
%  I the won-cont the mum prohcun is tnmrfis-.. .  ~-I ',., .

J. s;r;- ~r- -_.'

within so 1 lcpth ma  aeu-um» sa
nun value within 50 n in $.24 I/la/lay with.._.,.__. _. _ l,, . . . . .

rah Curing the anti-aunt Quinn new.



163

ihnninilulnfim-ugthngma-uwanvhmthonizd
1470: is Caper; Ill autumn};  rates are tmfi
mm cu; pflit-lfljgg, 9;.  nu at @mn
in the rut u the ma: u 0.41 uh’/any ma tu
Qligetrophlc raglan: entails the nun 12 1- @11
e.1%a g6/I2/day.

Ihl  pas padutla £0: the mm: r@cna
nthcvntcoalt v1th1n$0l1§ 45! min’ naltatho
rut at tn ‘nu 110 Q/I2,’  . thin vain mount to an
gmuz gran  0! so 1 -so‘ emu of  re:
the mam  app-nu; 1.14.520 q.u ma so 1 10‘
tuna tar 368,790 mph at tho ate: anal! zcflana.

rates at primary prolnotim ta: the out cast
am may aha/any an an shalt and 0.19 d/3:/day mt
ainlo flu shell! and anal ctttlctd gran prolnrkim in
25 z 10‘ tomes at aarbm to: 1,11,156 mph at tha 01:01.2.

c-Ipnrinm with was whore than in
fllrlnitatim mi 37 incl-it flu Qnrbm
the litturmt trophio Incl: using various
0111910801 tutors an oltilatc at 1   at
'5 11111» tom“ at fish bu bun  ta flu
which in abut three ‘kiln tin  11011. Iho
remit: at animator! awn!  a potntial yield
0! 2.4 11111:: tuna tin Mil fin watts, lmung



134

vfgidiw p the estimator tron primary prulutioa data.

81:11am calculations have but nah tor $1 x 106
sq. In at the India Ocean for which the Indian than
lxpoutien ht: are availallo. ho natal lg; promotion
15 mputa at 3.9 x 109 bun at mm ma 1| about
01:0-fifth at the utinsid Iltll 0001110 production,
uhilo the catch in only sac-twentieth at the world preda
atien at marina till. he I301! u-as at fie Indian
00011 alone aaount tor 0.55 1 109 tonal at carbon or

about on-ninth at the total production in the India
Gull. he pfiimtial 11014 Ira flu Indian Qua at the
pz-neat 10101 at nu.-11 flaking 10% about H 111110: tuna»

or flab. he India Sou Quid provide an and autono
blo yield 0.! about an-fourth at the potntial 11011 tram
the Indian Ocean Au the productivity italic: inflate.

In l.lU.t1ea,~thn povfl kilotibu 0! the comm
phytoplankton in natural conditions and 0. pun flngollatn,
iggnflnig in  have ion prenatal.

%hc tater: controlling probation but hon
diunnod. he avnilabiliw at mutant! In boa foul
to be the principal tutor that latazininoa tho annual
and regional variation at primary prodnotioh in tho India
San.



m vnriatiaaa at ho flu-no phowharu £2-aotieaa 
Lnorgania, organic and parflalata 1' haw baa diunaaaé
Ill relation to fie primary pnoinatiaa in G11! at lunar
oft Iandapll.  the rate at prilary production in
uzltoz-:1; high, intaataaaeu caoaisratlu at inorganic
P 1| low and without aizlifiaaat seasonal variatiea. ht
the total P, diaaelrod arganla P and pariinlata 1’ ulna
dotgnito all variation. Iron primary pmlnotien the
rate or phoaplu-to assimilation and rqaaratiu have
ban daduoul.

Eotal ergaaie nitrogen ulna in the pa:-tiealatn
aatta: ooavartad into protein aquivalanil exhibit a
nipitiaaat cal.-relation with primary produatin . flavour,
it in round flat apart flu serving an a arada Lalo: at
ataniing mp , ‘ma aathud don not nan to hell not
91-out an duo to flu aura invulval.

bur callaboratiaa papa-I - on an the qualiiitativa
auouaeat at the potential taaoflau 2! the Indian Qua:
anfi adjaining seas, tum on the primary ptalnctivity at
can at  coral rad: in fie  has and no an
than acolag at a tidal pool an appudnl.

‘"‘”a 000 a-aQQ""-F".



Allan, VJ.

ha

lnitrelg, I‘.LI. lnq
A.Lani

my  M
Ll. H.311:

Amp, Y.

“I18, I.l¢O.

g§o

166

RIIIIIIGII

1945

19511

19555

1955

19“

$959

1959

1957

1973

1,22

193$

$953

maria flattenu ma.mm-. 1' 19$-$54.
blonds: ml  flaking1: Isl an  antho

-9.-.!@!£-Q:

55%

a-gig 55
I Ega

5 ;§
5: ai

gi

50101800.d .
..,?"fi’=‘;-Q .
Silyvqoliil
cllnrojluylllnfishntoalalinflaonollonclwlapnauabtphziqilfll.
QQ-' QR’ QQE: I21" ll.‘ 73""
Inur III! if Hdfiao linflltlfi. 24.
Yul: Iii at Human Iinlatin. 8.

ha cycle at phosphorus in fin naturist
tl0bg‘I.1&&j@|1. §_.5;.gg.@.
5;. , Q: 145-16!.
1110001810 unuaet0rar1n\h9“
nib! at wanna;  polutlviw.L, ii mj)‘ $21-‘I24.
pnhotin in to Inlhn been II.ihololtuot Us In|I1n9uu($)
(8.1. financial): 121-130.

0! lit
011.011 8101108

5,-5. . 1;: 111-111.
cf

ggv '1!

6&2! E3
.1.  § F

£5 E;£5:
E1

i
1

E

8

11: ‘HQ-‘I

3Q!!!-an it finout-tilting iii”
£4» 15;“ at ‘IQ-‘M1.

5

E

If).



H9!»

‘I11;  I‘ to’:

lbuulnv, IUI. all1.1. lulu“
1unlInl,'!.

QI
vunlluni, I.

;iriato, Hzé.

we
Q J0

0l1w£n,1I.,

3.0. llii,
1.1:. anu-m:
.P.IL‘!htI1dh

1959

19“

196$

1955

1937

1944

1961

1935

me

1,51

190

1949

3:111:45-19. '

167

I5 9
155%

*§; '§§§

5%? 5?‘
~» é

E?

shift!
nil II!£lanai.

"annoy  namingin Inn  um. rm/um.
¢l¢=1“-  5- ‘
Lqnut1\s81v0nothal'to:thamu!nnnh1
qtnly-0! jnittaplc ‘1IQIIIb Q} Qflgy
jgggv 135511;; 321.shun an -myWWI»  &@§2;* I" §"’¥i-v QM '9-799  -2
flultlntien c£_n.ri.an on-unit as annalsat tahnialing  tdlnllbncH wI=1=-*1-- 11- I(Ana-ion lllbbilflfln 20:: m

lcthln for in  at nitngnall    it plqnktan.mo Q09V010. IQQIL
800111: Int. Pun.In hhloin  in$0 -  .03flgm  -.k%& g
hint; pmluatioa aiulhl in fin lgnlhn
cu.-not agtn 011' laid. W  Q,

I



Q88; 0

Bvlviv

Gfitag, 3.3.

L

ln0h'nn,l.al
G. hidqmathn

‘Ulla I%~¢~

nay, ms. (lb)

2‘1.3.1.  %

ll. 01%]  ‘

. .
. _ _ .. - _‘

1”i

1”!

193'

195'

1959

1911

1966

1939

1961

19‘!

1961

199!

1957

1950

'.

168

lillylmloltrlllllntointholnthon11: 1-120.
u-mum 1 u¢1q1.-.1an an  an-1.J.»   m.~ 1~l~~ 1!: 517-1"

n'?‘.“"n. 0 in no  .

FE

H

ségi

$25

E;

Q: $1
hth0aniuzl0d'p!ohcl-icninthlna.4%  .E- 11-» E‘;
Emailing ml the jalasttan of tidaQ.  gg_,, 11
Stalin: ya   at
- Q3.» %,;.l-'.<~ E ?
finlavsila. in: 1!!-1!0.
)uuhut1v1tynnun:Inn\,llr£l0lnl
hull min. 8.8. link I01 Ganintan.
1'1 D-1633.

t ,
$2.5

‘figs
|-.~§€§5 "

Eiéii
Z?‘ E

_Il£&  ..
Plvluttivlh ncnnnanio in to andnan. 3?. Q" (4): 1-625..
~_ ITO“. £0 ma momi. n» M1»
lllltcnntoraflniiqnthoflolnilr

8010060! techno 0! in inflate Quinn1:;-1:127 jzpiuflwliy  3.Q.»  E:   1.l1"‘47-59



I

x..d“%\
L ,% LR. Nib Ifl 1%}LI: Sfiii

He-iii, 8.2.

E I. J1“:

31101» Bflvvo
,¢l¢l¢ K1‘ i1.1.‘.
hdorow, 3.7.

P0“, 6.2..
%"ifl,!.Ill.ll.%19fl
,-_ '_ ». .- >.- a \ ' ‘

1959

196

19“

1973

1970

‘I955

1359

1953

1959

-  .,:_- _-_._.‘__.__ . -.

169

he calla tartan tonhlqujtorpalwtltiw.
Elk 2m-  EM-» 11* NFL 79-94
Iltc: calibration of lathe P1&ion
Plvllliiivity hdlniqun. 1,1,.iv 12(3)! 192-!“

tor lllllfln Quanta primacy
pulnfllan uh; zuliputtvo carbon.
mm  mun 1:.» 1-11
nm-pxuran 1. manta an
ab-htuuttc natal (htlntie mu!
Pattie urban). Q. laoonl, Intoznstluul
Gannon-uni: Mayan, )0 lq-9 Jun i966,
Mamet: at pqu-Q, (H. LP. Yinngzahv).
IQIGII: 1“-101.

Pbytoplakhn  in tho South
eastern Ialian Gun. fflhollology of the
India Gum. 100105100. Stalin 3.
(H. B. hiltanholh 131-142.

Intlmion @:% nqml-rm any -1»,an£R- %m.lm- in 11' 9'42
Innnflptlun at the duniad buts of
pohdtivity in Ila;  6%: Q,@- Ea: .BiL-%£-  *
ktaallulupalaotaotphybjtnkicn
mdthoqtinaflnotprlllrypohotlol.

!ho2o10et a1pn1n0@101n~olu0t1n
in aquatic avtnnnata. Q1. Q.
E‘! £3 ’95',°’~

Oqgn-urns 6“ nothohlog. % mklllllk Io. 1!. (ll.  .
flaknll, O:£uI,'16-1'9. h

uanauuaa-lmaananlunbM-=E‘ 99



Gilli, P. I‘ fll
DO‘; 85 h

‘W’ P-(L

Iilnoa, L8.

ECHO

lrdntvod, J.

Gllllfl, -Ll.

Elna, 1.1-., and
LJ. Billion

Envoy, HJ.

LL]. A Osocpoz.-,I-7. ‘  amknollL‘.
»’ 

I

1959

1962

153

1937

1927

1962.

‘$10

3953

1934

1950

1957

1935

1957

170of  onY-'l'I°l"1Iv-   E2Q.-@ M.“ Q‘
may aqua  01‘! him:31% go £09  mo

m- ma-~ 103' "-1"
'!hoWI1tagun 61010. an an luaukpdq  fldlflilfll "0 1:0I90
$0  at pluiten in ‘hp
'=*~=' '1" Mun» m- 1'2.1:.Ia~£..1.2g 11 I00 B. H
Prulinunnzy-xupurt-Q-in*pulnttv1tyollniclokntbouanl hfitklflidiniop lg, g.
%Q. £.1£-  .!.-2.-5 1* 347-57'»“--' -- ... |

I

flu 21¢ manna of the uni. _I_'§>_
Q. Q» £91)» 42»
tbo lchnlntlcn at o@10‘1h0qhonn
in no unto with pnnhlflo all£0 go ail] El
Iunznlnt %o1’;1i|7\ep1cIktu
Q: £2 11.21-.~ 22* 3'5." 12.‘ 7"“"T73'

tho pmimtlea of living miter in‘II if  £0 mo Q0 mp
gi 97-1,10

the dchtzy ml tqrtinty at an Irina.
cuiclqo hlvonliy  hi Ilitina.
Plukha nohltian cal ununau.
!.~ 2- E.» Am 2-D» v E.‘ 407-441

Salar aunties, nhudno &il1¢ht anfi
flotoqiihda; Q. Q, ,161, 1| 199- 1% .



éq, OJ‘.

IQ
LI. IX’

IOU.-1.1., S01“H. in
Q '0 In
Jagulnflln, 1'. and
A-1. lunnnltzy

Jqltxl, I-L

Julia, Ll.

my 8,0‘:

Jiiil, LI.

I. II. 300'“

19“

19‘!

1953

1901

1964

1951

1954

1937

1951

1965

198

1961

171

Bu  at flllllflllilll 3ml g_  fie with nut  Bean.
.B$~ £- Eb L: Q-v H.‘ ‘$5445
lculnfl.  in the Indian OmanIII. fllilfiflynl 5 I35 1.i- I.-% 1- i kn E‘ 7744
0ntInnh1oa§'1.1ontunt1n|u'1'a0n'in'%d  cal the-mimetic
$03!. Q1. mu’ TIMI  $95-399.
Irina: Inflation at the 10:11‘ Sn.@%-  31' 37-65
Olinnflo dulgcl in tin Illin nu.
;_. Qn, 5., Q12)» 215-2:1.
mun-nttomenfiothe In at laud‘W ‘"18 194l-'49AM.-..&--111*
rarhtlom in ldzlnity, 011001"!
uygannnllntriclt lnltlhflnlallorq
intone!-itofiultdknnnllhlklny(80 11118)»  M01,1! 545-36$ %

Iii..*Ialt! to? tin:onin an hgiilll  Lgg.
55- E-£5 ¢*Q' 307'-34% '

gal nunu  non ntg QQ ,w1'=,m,,.%.M*=
‘Dalian-filnnori
pahcitvltr 1:
Sui.  §_.1|  '0
lineal. variation in the lath: Outta

5%

§r

E?

fiis

fig

u1cng?1i9'I. II. ta-Q ynnhuuon.
&.t- l- 2-  1;-'7 Q! 55-75
flnhindntlndauiflwhua
nfivityhldprwnflqd
0" lohtiom an u nun pmamxvayshuns. hi. ., Q: 116-123.



JCIOI, 8
8.1. Dammit

196!

hind“, 3.6. 1951

19“

198!
him, LL ml 6-L Ida 1930

ha, 1.1. $966

htdnn, B. H. 19590.

__________,________, 19393

$947

133$L0. lllfitll

.........................» U59
:.x. luau,
I. O01-‘I13

172

iiiE: ~

3.5%2' *2
W vi§ 2

muiciinfiolnllnfiualwctduln
Bnoiu-lam-11 1968-'61. Qhi.- v £1‘ '9'”
Prlnirynuhctiuuttlunnflaaputdflohliamnn..§(=)-m-m- .
an fin grail: atl'W"I1"“°\- 1
“'3' is E’ E2!-.~ E: 1-1"
J11 $91-41!

m “abides at at Africa uni mu
lvnlopnnt wanna. A yznlhinu.-,1
lI1“'W- LA-9: am» flu: .19» ‘I9 1

01’ ulollhlcrrim- 1-?  mm-.
hn  ylnnqlnto all flint:
Q alias at %h ,5'  LE‘: ' 1
.2}: in 31' 3°94"!
tu:  a onnflnuluat ans flux by ulna.
lg}, $1., I001: D10, 11: 16$-169.

1

rzeeuuvsv in “nun to um-um.
fi‘%:»¥=*' M‘ Q‘ Q’



Iolnlnata-Ilnhh, 0.1.

at
LG. Kahuna'
TV YQ1k611mbi
1:6: Kahuna.

Rah, A.J. and
P. Illfthh

Krapa, I. and
I. manna»;

I117, J.

190

‘$5

1957

1964

1910

1957

1930

1992

1951

1958

1973

\

otprinuypaluotlntn
%!Ili!!ialr» £5! 3*!-3 L jlohctteniahmtfltflan .*

§Z;6-%;=;-ss1-»Ci-%i5i5:E3!“'
%:§§§§éF%a,{%%;§F;.1g@,g;;5gb.

Iowan  97. '

? 1;";
3%}i

g‘

2?

Y?

aa

% In hnhl). ’
.@. Q2: i-» £1‘ "45
Plnktm phw gradation at til andnon.  Inhlltian
Sonfi Puiflfl,  bi! Io.§0$@-011755
htinunl  at Salaam, Ilhiqtcn,
M0.

‘battalion

Print: ozgnlo iiviw at a
hath: 002:1 ad’. Q31. 5%..10 241-251. % V
80auanJ.&aqqa1niho)hQnflat0nl
fl.%‘§lOlIll‘lQl&fi1lIylK8 I.Q
oauocmatintntholnrahflaa.
1- s-..-..=- as m1-.s.>;- m. 2- $19-$46
lhamnytlcnatmwtnilfltlilfin
3lB$'\l3Q¢ £1.-,'I02§.

gntttntivn llasthuq van lain inq film nlthlo lo: Hmtzcnkttp.Q21: 'v 1' 1*,"
amm armada of satin!-til:crop if » }  Q’.
lflflfib £!!::.!lEk-lflub JUMP 3°-17¢

Print: yznlutiau La the Inllan  I.11108101037 of fin
1¢1q::¢-1 aiuznn 5 (Il.‘l@%illiu0dhd1):115-1 (. “



Izlnflonnq, H.

‘.0
IE;L“. Rli

1|l|.IQ¢:»g _wLl. hdvqnl
0.8. Yatuh

lamina, kl.

Iii!!!’ H.7.

LOCI‘, QR.

I-mama, 0.1-.

%lc111, 2.1‘. ml
1-I. Orllill

Icahn, 8.11.

1.1’. m

19$‘

195!

195

1958

1954

1961

1930

1955

195$

1955

1930

4&9!!!

339

174

ii
__ 8’

g-55*

2%,;

F:

100
on 1 visit in Sula, bun.

1'“  ?~1~9mama.    %(limo). % '
Stalin; of‘Iv '1kl-1'-    %_ "3'

5
g g

the Gilhibpiiu of  in
vat  plmloh any  1!,
196)» Inch E1: Olnlnogrniip _ A %

15044110!» 1a,taoo£p2Luttaal1¢u%d
'il\;0I1a&8n1acu1\Iuu. 1;.
l1uuN.o10fl" (c.a. onabmm-, 3.).

Ihuflnmtuaie lists: atlawiiuunina.mmm- in M4 m
luiao l':llhcr:I.nt
Diana! variation in jhohqllhoflo

gm   amm
In  suntan punuiaygudo In Inlwlni.  _at  Ionian 05818,
1:111, $3“, GAIL!/3/D. E00; 16-1

A nth oi m only  in
Inch Siliifl. 1. Q; 55. $3 §§_§. ;_.1935)-8'?!‘  V  % "

5*‘ Ii-2_E?

E3?3;
$1 %=
§F wi

§§ F;= =

i



Kt, PQ‘cl-O

wanna-nnnnnnuia u
6.8.G- H1101jByhq 8301,
LJ. Jouvlraad
1.1:, lduhnlrn

1:'4
5.:-I
FF’
<1‘

G
In

. In-ty
aruhchu-1

Haul, 3.8.

Olin, ll.

Paikknr, LI.

Puma, ‘LI. all
3.3.]. 8iI.'1nkhnl

Ii. ltopbub ml
3.11.8. Strickland

am, 1.3. and
(2.2. lntirllln

, c¢3¢‘o N
P.T.l. I012

‘F959

37°

19?!

19‘!

1966

1969

1956

1967

1963

\
1961

#965

1972

176

lhnnzlnuplEzlvdllh coat.

fifi"-fi%:%i%%"'
an-qpoacueaummuns-u.
£J.-l-3-1- - 5&5!!! PM E

i

;=§§
'5:

: V
P2!.:1=IIOlIOl_171fi at Inn  antsm%M;» E-%
53-42.

mm-.1 ,m.a.. at puma tunamadman in the can and mm.
2_.=a-@:L!.nH:4s&m.a

1%
fig
I91
E:

Qopmi.'*
8000011 nllcttcnl in be Inna Oocndong 1101. II.  union.
£l;!..E~ 1» Q 2% Q-~ E! 51-54
Pllnnq pmnlnctlon in 110013 'II‘\IEI1% i» 1* ">5-"F
Hnhuy Incubus of the lnliu Gaul.
m.1.- m-  &- My 2' 1-1!
Disvlnlioa at qntaplntuqtzioof nurlno plant plplil,with mun Qua‘ tn:
flluumlwllu all nzdhnolall. 1- 53.an £19
on an annual ounuhuu at nfinnBpoolcn at Iain ¢
,1. 5;. 5.3151 3;: met-1016.
bhupi at tin Inlunllvn oflalnuonun}-» 1.01117 cl’ anlithnl.
.-L 3- mb All:  §.(l)'1!9-'4‘5
Prdwfld'§Ih£ hullntrpleOillwliIl§fi%fliIU
nib ml 14¢ Bid. Q3. Q,
£31 43-50

E



é I"!-0I-I. Ethicalifliklin
Proud, LB.

I i and
P.1.l. Id:

U __.-_[' f_“,_f 'i.l'____;“

iif_’_ZI_ _..I.- '_ w —i ‘ii

LL Inuit all
P.V.l'. lair

huh, 13.1.!!!I-Iitgn

1955

7954

195$

19591

19¢»

1960

1962

1962

196$

1910

1959

17'?

martian of phosphate all soluble
organ QICQIIII oqnponh byIMr1II1=*°I- 1%» Li-»
Q‘ 50-65

2!» dnrutariatinatnnrlnoplml-tom
l‘lIlWi§lI.'IIiI\10l;1I‘§§l¢I1f6f
:n|:p.;"llnrlnl|@n. igL1.flQ.,I ‘P V0

hrflnufatallu ea tho p1£tun of the
lantern} aim ofl’ Inllpn;
ygog 1| my
Roonntalvulhtointlnontflyofpmoluotlon

gag Q _§I_p__ % ...'.v_'_l;A.."_.‘1...'l-l..._..L'_;L.. ".'%2:  1
zmpzunn %
nitholq at % VIn&o££abu1J _?9*
%A'1n'01in1n1'ya0oo\:a§o£p?:1n\q'_predation all its  tntuhuinn
u£tl\o1mI\nnntouotfi~0ln1£at
Iumn.-. ggng. in 1(1): 155-168.

Louquziunontnluouetumgnla 1‘pmiuot1onohtn1nodt:nn0w¢cIanl0%

§:-:=92_3§a-  m-
Pro11n1a|:10ha:-nt1e;nnonfl:op:oiat1
vttyofcorhtntlvsilwlotfihorcli
annotations. _P_z_gg_.E. i Q
82- .!l_2.1..-  aw 79¢-19%
Stulioo on organic pmduotlaa. I. fill!
Qt mu £0 £0 ‘E22: £20 Illa,1(1): 1-2‘. V *
L gulntltcthc uuanunt of flu
potential Ilium roanma at the
Indian 000:! and adjoining um.
Iadig 1. i. gin Q0): 15-98¢

ii
in

2&2?

use 1-  11¢»ii

E?’

$5
ii



Putt, 1.

mam, A.

Main, 8.3.

c 0'56 O

P.I.=1.  N
8.1-1. lull

I. Iilllfllal,P.I.l. lliilihlrl i
8|-l.l. [B111

____________ ml1.]. 3
Mal

P..l.A. lmttathiri

vPq‘o‘o  Iii
LP. Donna;

I-I.1. lattnthirl GI
O.‘-I. BIB

1959

1914

1973

1957

1968

1969

1970

1971

$972

1972

1945

1951

178

Elna canopy! Qt  Cffidcnq InIi    '3'   A ~ i
tuck 0 p1¢tQ‘l4ll.% A Q3 . .E.’ %@.'v.$¢.' 93' 'at -mm
‘ho cutilnflon otpllnt 151;“ of

--um an.» m» ab» .11£1>~ 95-1*°~
mu 1-aux» 10.: ilupinfl. many.
.1» m- E: E21: £2" 9 874°3

Oxanin pahnthn in a tangled
'"Il=1- 2294- Ei=m%.- .24.-1'
flfa 51-94

Prohntim at yartinlatn orgnie nutter
my flan me an (omit! mu.(1--l1v~l- Em:
.!5.(4)= 514-510

Prhuy palliation at I . I00 on
Inna“! M011 (I-insulting.» 12(1)‘ 19-!!
Ihoinflucluootanllniwufinntoot
puoumanana auanoeraun
ilaplcll fibylflkfln. $. agb,
lg! 2%-10‘-%

E

§

»a

1-m~l1'~I- mt» .1 iii-»3.112): aw-um
I01. I,  hm,
In 1%, 5!! pp.ml  II (1).



L
kutniic, LA. ml
I-.3. Phony

lnnflribn, 0.2. at
I. Jqualnn

11.1. am

fiafmrfiy, 8.

Ina Batty, LA.

____________________ miP0
ho, LY.

la, D.8.

Ila, 8.158.

lqlunt, 3.3.6. mlIJJ. Mn:

1959

1937

$950

1955

195$

1959

1960

1969

$957

1957

$53

179

{Iii pmlutivity italics in tho dad!
Ililil Offlllflpq, IRE-flit India,
Er ago, it
thinly ct; dinollapllaio bloom."-69

-za

'55:

.1 E

I-9
3.(2)= #99-an

ii ”

-£2

£25; F

during flu

Kata and Illain coats. __;
Q1. $5., 1g1)= 150-16:.

, »

W6:-01031013. atulinn n flnohdanOfllltlltl-‘Bill. £O QE1
Iatcrllnll ulilotzoqunqrotua
Into: elnnruotcalatiel ilthowpor
lqvnot thonuihlnflon Ambinan.
1- am» my Au.»  1(2)» 25:-244.
Maililltiln of tqaahzc, Il11I1fl'
all innit: in he Labia 800 clung
the south Inlaiar nut (South India)
lulu; m pout manual: anna
1§.L'nl- 32-» 103' 93-155
Diatrliuthll patina at tho major
calcite! mam tulnq renames atI131 O Q . I1 . .
@‘:: %.g:§a%9.£' _g p
ho ml Inks of the not cont of hdzla.
§.»!.-_!.~£-,L- . 99—10@
hclhimqobunafluonfintotd
phoqhu-unonnisqt-attlo1nll\or:'oIa'h:I
aftholalahrcoataftqlllnt.
Q.» J£a.1.\.&- Bi.-~ .45.!‘ 7745
Stulicn an flu an nlhruuf: 8% .



Illly, 6.7.0. andVJ. 3
-.

blfltll, 1.6.

LP.  d
ROI. I.

Illllg
Iiclnln, 1.1. wit
1.0. flaps

11107. 8.1. \

. -\._ v .».- -. _

*.‘=3.m‘- =~, :1. f:.»;,l

' '  »

1980:

19685

1954

1937

1954

19“

1951

1933

939

1941;

34'!)

1944

180

mmmm at floayhatna aé
anionic: in flu mun, lesion,
firth Infill: Gnu. in alatian to
can Wiflfllfliflll tantra. 1,
mg. gag. Q5. 1%., an 103-12!.
Iintriiutiunotlrlrlcntntntho
fldtntouolflolnbinfla
u1Q_¢‘ll0wu\0llfl0f£.In61a.m‘  11- 0
fiatlnpuaprflamoteilolonatainhnniunltllnlralatlntotho
oaqnitica at glnktun. {Q§i!%a>1_IQm' '1' "91
lhuqulcctiofllfliilllia
tiohltotlnlno. 351.53,,
11* 421-443

E?

5%

E}

5

Iillllifl
7who

Inert in Bureau! at IQ: on
Ihicrion lunlapnt pcnlfllitlcn
an nun. no/n 2144.
he uttuntinn It dnnotmaflq
0! that mnlatlou W rial"llllyhl. II. A fiO
Ilfllni fur he oltllgtica d’ plnktn
flunk. ,1. Q. Q... 11: 156-11!.
Rita nulls. I. .1 nuliflmq
lnuttptln at fin fluibun at the
hm-tuna ryln. 1.  ‘QM1* 55$-552. .
Flfihnnhilu. II.
north lfilllfii. Q... 2| 14$-‘I62.
Hutton child. III. Ian‘ lulu!Sunni .
m~9m Y ¢ V- ' '
nulls. 11. Gauges IQ.
ht culnllhhltn at Oof flu cu-E an a dole.&- El 11' 119-154



it-lit}:

8.00%,

H. Stxllanl
DJ‘. lqu

Dbtniu, LL ant
1'._6._ ‘!I|¢-“Inca

I060, I., LA. Vollauotlor
# 4. lament

M11101‘. 3-84

LI. Yuan-0

uniGJ. Y; "

§

19$‘

194.

19¢!

1948

1955

1,54

1956

1999

1963

1954

W57

195'

I81

$952-1954, IX - pahflia
utillntidn of equate‘ ‘satin.
QB» iv-v 11634-3340! tic wait!!!13  i  M
filllflflflw  If fin

510 lifilllilflillglf  llItill. £0,  may 11
nu p:innv)nhnt.1.a ll stand.‘£a. we @111‘. Pi‘;flu   in
nlnllznit of pohiflvity.
mum» :.= 1&4-m»
o1'_  pmdncilen.l(¢)* '11-'4
Potcntinl 1moCm:t1v1t7‘o1' to alt.
Eiu 12* ‘°:"‘“'u mmnauv.Q0 “Q hi, H.  I111.
£1. in kilns“ 341-$00.
1  flu cup: at 6“
nothodl of wanting nalhl1- 31%;ml 5.,4o '
‘rho iltilntion of flylopllllill

141*‘ M".1: -II‘!-K. V ’ ?

mu   ma.2 $11-an



DJ. law!

~tO@  ml’Ll. Pan. A.  on
LI. Joana

LI. lmal. LI. mun,
0.1. Luann and I. than

“mg to

mi ac.
‘Ila fill! Si G030 M

Sanhnnaaqfi, 7.1!. and
6.1.6. BM;

...............................................l"
3-$¢ “III

Senator, 1.1!‘

8011011, LR.

lllllrlmfi.

*9‘!

19“

1971

1965

1911

19“

19$!

1955

1955

1955

19$‘

182

Gnthoyallntlnmomoaltioanl
d1ntr£hfl.end‘oQI10untiu'1.lihonltunlaflnlcn. gg5'13‘
Pzhuy agent:  tnrain-tea to iii  clat fin Icahn. Indiaw
m)n1laflannlut111.nt1aat
lminicnnficinthruufioutd
."::=::*;.a@- ~1
flxaryzlpum-tan.thou1aniohloajlwll inflation
Inliafianaoioorvdhlqnou
flljohtlqllfl. QQQ1.‘i ll‘ 73*?!
I-flurttcl at  pmtudcat  by tnflanl.
Zola Q nl

‘#0 go gun%“0 “Q 1“-1’;
htzlntndthofiodiahflrutc
inalnttutounizxnifl£0 E49
£(3)I 2$¢~l47- %

E, $.  3., gmnay-1a.

!hI@fl0aItI\¢fll\ufl|d.ang
i#- &§,Innlcn,I I ,} .
Qoanthlnaancquitimdiflinnuunaaanaihnlilrllfl
Inlnhlnnnlt. @_._§.@_.E3759‘

E!



5 Q ‘Ola

Q11, Go 3»

&mm, 3.8.,
munch

E‘?

E!
E
:1
Fl

i

film, 1.6.

flohlkin, Ll.

high, I J.

BORE!’ R0510

* Q
1:03; n1$h\0I1l

ml’ L

1973

*9“

1960

()
1,‘?

19‘,

1959

1957

1953

$953

1951

1960

183

Semen}. vn-Leticia!rlplh ml can of
ooappgraflio  in theInonitvl  toullh. Q. hp
M0109 of tho  Quin.
In rum spawn. 11$-105.
ii» as in_ wilt " ‘.1-"9it'll-lma3,.££  2&
louunl variation at uaolyflnpnyhio
pmayu-t1'uLo1' flu $01!  of!’ thoM  Qt  " 0 an j 02~ as-n?'*'1' M

$5:
I-Ea

neat oi

“E

if

ii;
iii

fit Inn;  V M"
fidlbraiozy flit‘ VllyM
&$v $21 81-14$._ _ ' \
lhiflil-$116!! stile: 11/1010! LIwr-calm lmas I81-SI‘. L L
I10-pogrnhiul. afiltnn of Illhl..%.,"2(1>= #5:-191.
514 fir 8
H110-lnibf    .
production in ‘Uh itluittn

Q  - Io. (Bi).&E2L-w fin)‘ "'75



$0010, J .1.

ii
i Ll. 3111'!

8h% flclun, E.

‘* , ‘I ,, *1i
195$

1953

1999

1961

1965

1981

1932

193?

1951

195!

1954

$955!

184

Z1‘

‘:5

as
15%

0!: Q

Pxnhrtionlhtiia in

Q-% E.» M1 7944- %
flit qnniihflfi  If purine I
phfllpllnkiolu 55, g1.’ 21 129-150.
Primary pmdnctlcn.  Oaouogrnpky.
El. I. 8011.1. PHIL D. 51¢!
nt‘»0Losc_Q Q|  ‘
8010 pmbldl in flu at) of marl}
rennin“. gi. Pails. Q1. Q1.
!-? mm» H-E.-v .3‘ 453-475

Rllltiomi ilfiiln what; ptohdia,
chlozqmn ma pniulaa emu.
21% 2zmm-- 511): 68-10
llnldtanlo Iniulnclnqn tic no
gf llhgflkifll.Qgmmz m-glh 5-14~
he anal —Iflf of 0@1o attupmduoll iy flu  in ‘kiln
m@'°““"!.1f'.;““°’i.»=i'¢!’§’”'i ,1‘;-$1 Li ‘g.
m marina nptctin at Iaflozl.
1 study of -ocolegy uni pcoiuciiun.
.!£- 3- £w.@&;!E- 21- Mmm. es.» Q.m»m- 1* 5-1"
Iho an of ratio-activc oaflm (fiu)pnhciiqn 1:1» --» 1~ mm mm m_1_g_= 111-140.  % %
m cunts pnluttnn 1; the nuns.
=!.- 5%.-»V.t2' 599-58

5:  at htibiotica by
plflian  cpl its attest uponhotdrld ltflvltioa in tho an.-=¢mm¢@-.@ Q 5., ulppl. 1» nu. 3; m-ant.



i“ _ L
*.liT 1 :1“__iiln

*“‘—‘“*- if -1 : i

“ii Ll _

__ _ T I__ ii
i i —;L_* —_

“>7 i_ — ii I — ‘j

71 _ -1 _ j — —_—-‘

W ;‘1 *7 “iii. Ti‘ ___'j

ii 4i_ij’4l""_‘ — ii

T13; fan

195%

19558

19535

19530

19601

i'9$0h

1962

‘l%S

1964

#955

1957

185

he intimation at fioiaaynihuio
md ruppltstieal hi its ilportanao
for the dctcslnlnnfiioln 04340
i1arin$.mt1u in plntuynthuia.
$19.].-.° 2.1-.§~¢ Q.‘ 94$"9§3

@o;.-ucniscl not-hols for assuring
orgnio palliation in fin us.
222-   2% El-% §L'.1.;»151' 3°- 
L:l@'t and Qrgllio Iwlinnfloa in tho
us. I§:I.<!., 1441 141-I-148.

Ibo hlmec Minn
and nooplaakia in the Ion.

J.» _?_>:° ~ 23- §2=.- M,g1(2 s 178-168.

Prohctivity of he cacao. Ann.
£"_.- __-.@_P1 1=  .1» $41-33?

Duk flntiu at C02 and incarnate
of in produetiviw with ranks
on Qualynficsin. @495.
.PLl.IJ~=I__.;.¢ 12* $43-$51

Q ih ‘biology at tho Indian Oman.
gg ln_,1_¢_w_., 1( 1962): 9-13.

Pzmluotivity, lotinitien and
noaluunnt. In. "ho 800', Vol.-2(m. LI. uni)?  201.,
119-164.

Haunt uhmon in acclaim and

cum. ,1. EL. 3; (sap;-1.) 119-130.

m the ddhatanticn at flu aativiw
in C" Iltwlll £0: tilting primary
QIQCIQCIOQ. ll ‘.";.'.J....-.__’._;.;.T.- _“ 09
:a(m»1-J. E" 24' "“':? - R 25:

Pzinnn 0010110 pzaimnlcn. Iho
nntownfliajmalnoticn 01' ugmionsiiu 11 fit  ii
$3., is 49-13$.



M 1: H3m1.1. mm

and
.‘_H:‘ .4 I ‘ Y1 i

and8a_%tf_I F“

and

Strloklcnl , J JLH.

7 7“ l l _ fit lu __. ll

-_-17 i___‘|i?[~.Ti_if‘T_I‘,— i

I*—i.TTi__T_‘—__; :—‘ ii; *_*ID

1955

1959

1968

1971

197°

1959

1980

1961

195$

1 8 6

m of "c todmiquo m mounting
phctooynthonia at phosflonu or
aitmgn dotieint alga.
mug-» Est»: 2* "4453
lcuurnnant with the carbon-14
todlmiquo of the respiration ates
in nnrhlasnl. papulstiona of phyto
Pllfllmm All .;.3¢_e.&-»
1' mimo
fit nlaptatioa 0! plinth! I13!-O. I.
0010111 Pu.-t. % _!_;_g*_t_.,213

tho lllmimtiaa rate
tin the nto ofI or unicellular

alga mic: urlem light conditions.
D o .fii>%-53 ‘ail ’

Copper loll
fteflwater.
§.( 2) = 95-91.

Bola: aliatia pcnchrntim tho ocean.
A ruin cf r0qn:l.rnQta, data mi
notholoasl nouuuunt wlfi particularantenna to  producti
with 1- HQ: .!'_!.~ 2!. Qa
111453-493

lcnlnring flu production at min:
fl1'§0P1lIIk‘UOI. Mo. m‘
Significance of the ulna obtains!
U7 print; pxoauetim nnuuwnunta.

- 112- 4- imll. 5.8. Doty, Univ. ktfl.
ms. Mule may ca-. nu-1633.

E31

£5

IE;

E5
5

2

ihytoplfita iuctivity. InIOIQ, .o‘0 ‘.9 H”  Io
w....~.%*:e;;===*~:-; %".'%.i Mlumen. uaugm DO. 76$-206.



. 1955
17;? _ir<.":_—_:_- _(:1u-nun d
LR. Pusan:_
filhrfinanynn, R.

i‘.T';‘QX*%" I_' if  1;‘ iii

finally, 1.11. ma
1.8. Katina

Inigldl, 1.

Idialn. G. ma J. mndini

fhnnu, I.H.

1960

1965

1968

1946

1959

1959

1950

1972

1961

1961

187
Pmhttian at aqmo mam 1: theLot the nnnno ted
ll. 11107 Vfi *%nn, 478-995.

Annluletadcniarnnnlyuiu.
£1 - 2.9:-' 2. .- 21.11- 10-125185 99-  %
A  of an rain: nnlnia.mil;  hi   H0  nu
lII1II1I¢ f  E.   nu
A syptcnstic about at tho. an-intplnktento
aunt. _P1._'gg_.  $4.21' °5-*9'!
Btadicnonthoplwtqolnnktnofthn?natelrutorhlic. max.
M‘!  11§"131.~
A8hl1uL0nt7l\o phtoflnkta of theIlli Gilli 01’ Illil. Plli II.
1_§_j_.~_Q_., fie. 189-25!.

9B3'lh1e,¢Q11 1111110: in0! “ %L .?IO 1.
Gagnyhiul variation ed’protection in fie natal:
ta ‘Ibo lain:-relation.
WM» m- 1n~2.2» M4» %
in  Istlxip.  3.

Q: kw. cont.
8.8. A'lan1o”h)c@r’6¢tn£aa,
EB-16$): 141-15!.



Q K0

Yuan, LI‘. ail
LE. kiln!

film, PJI. uni P.G. lump

Ilntihlnm, SJ.

Ycllunulhr, 3.1. (Id)

mm; Boat HI  H

QIIIC, JJ-G. Bl'0,» w

‘iii, 1.1.1‘.

ROI“!-'9 'o'o 'IJ. Silt!“ Q0
LI. bitumen '

QIUILI.

M“; 6.3.

mi DJ. land

19“

U54

19.59

195‘

1959

1911

1953

1958

1967

1962

$53

1955

188

On tbn pannlbiilfln for further
lovolopunt of the aoufllnut lain
timozzluo until the par 2000.
me/o 66/ha. 2. mc,1aa
mania: kolulu, finial, 1--13.

m hohriolhl attach at nallpt
in rflatloa to ‘I-kit‘ aafi 'Du'k'
boti10_ yhotocynfiuiu monnntn.
11- .1-% 211- .$!v Ev E.‘ 1344*

fanatic: at mo '0h&:n.' (ml bank)QI.  M0 mu fin
2(5)» 559-560

On nape;-ation tan the Iflia Goon.
E2351: .!°..1- 2%» 1(3)‘ 554°‘
1 anal an methods for nanny
3:11:17 prdnetlm in aqnctin
environments. II? bdhm Io. ‘I2.
lllllflll 80. Pa'b1.- wad, 21$ pp.

Light quilt; In relation to growth
phoinyafiotio mt: and action
not:-ioliln tn in 0300100 cf nu-he
plmkioa alga. Q. E4, j_Qa$4»-4).
lnptt In tho Innrltlll-lqilhlla
fining‘ Inna 1940-'49. celcnial
attic: Huh. P01. 5, Lulu,
%, 1--145.

Blgnlfloaoo of liarlobiolag.
£1. $. , gs 1-1,.
Mlncttinlnbillfloofcwtldaq
w¢nvsmiw- .§2!.¢.§l&£-%$.~. -.
fl\ou1II01.11l¢1ntbon|:l.ubI'iI0Il
JnaIndhst:n1iahr1ngfl|laoufla
Ollilflfl. o 10 mai &.-» J}. * 211-125
Prlnm pmhatinn. ii Q5.
§_1_g_1_. @. 1., 1: 157-115-L

Auto! forth lotuatatlaa at
jhaoomtlaiyflamnonno.
mug-».w 111-131



189

ad Ll. ‘Uta 195‘! Short ton variation in

" 1' “Q44!R I ‘P L 1'i7i   &- - *"'==' *1» 0»-mm ;J»__1_q,-. 1(4):“:-455

'ne:¢uaauuuuu.

C5? [<22]


	STUDIES ON THEIPRIMARY PRODUCTIONIN " THE INDIAN SEAS
	certificate
	contents
	preface
	chapter 1
	chapter 2
	chapter 3
	chapter 4
	chapter 5
	chapter 6
	chapter 7
	summary
	references



