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.. ,There is 'nothing new about going into .t..rctic l'raters to look at the p~o­

plankton~ .' It hao ·beendone tlony ,tiDes 'tiefore, especia1lybythe Norwegion "

workers Gran (1902); Braarud(1935), Gaarder (1938) and·llalldal· (1953),and by

Brit1sh end RUooian workers. From their accoUnts one can build'up'nn appa-":

rently con.pletc' picture of tho' cuccession lind distribution of plant 1.1fe, in '

the'so l'lo.tors'. ", The majority 01'" observo.tioni:i MO depended on· smuples' collectod

by fine :plDnkton neto, o.nd theoc Mve been erlensivcly supplementedby, the

examination 'of' water .bottle caTnpleo. Thc usunJ.· procedure with thc lo.tter MD

bcen ·to preserve th~' oample with noutralized fo:rDa1in, to .\""," "::,' "

0.110\'(' a portion to ocdiment in 0. counting chnmber nnd thon to CO'Wlt' tho ',," "'"

organi.smo ~rith on invortöd I:licroocopc. It io not alwnys ·clear fron ,tbc . ~' 1

cccounto' l1hethor thc oanplos lle~e cO'Wlted on b'oard ship,' withiri' a few houro;:

or examined, ashore in the lo.borator.r~ .. " " .' , .. ' ..' ,: '

.." Ä' persunJ. 01" tho rcoults oho\1s that in I:lost cases the or~sms found ho.d

a: lower 01z'o ' limit of o.bout1°J.l.tl except for colonial' foms such, as Phaeocystis

end Dinob;xon. ' . Fl~rrcllateo \lere rcprcsented mainly by the larger dinonagel­

lates, CeratiUIJ, R2E!dineUQ" Dinophysis, und Coccolithophophorids,· both of.. wbich

have e. relatively rigid otructurc. SI:lD.1l ficgellates ware usually lUI:lped' -,

~oiether under SOI:le collective hco.ding lilie "fingollateo end' monads not c1'o.ssi­

fiedlt~. ',It oeeme pocoible that mony of tho c:mller and I:loro dolicate forms"just

did hot' ourvive' the proccoo of prcoervation andoo were not revealed by tha .',

exnmina.tion. This' posoibility con only bc tcsted by exnJ:rl.nation' 01" live phyto-

plo.nkton at soa. ' "C' j' " "

METHODS

".:: :..: Tbe' Oxamino.tion cf live' phYtoplankton at oea io not particu1arly new either.

';' It~Waa·~o..' 'regw.ar feature of thc June cruioco' of, RV SIR 'LAlJCELor' iri: the: 1950s

(W:lmpcnny/1952). '100 m1 m:u:qples ware concentroted ove; a membraneF'filter, . ;
I

.('resuspended in'1 ml o.nd counted under bright field ill'l.lItli.Ilation:iIl a .. ·· .. ·:· ':
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hn.emc.cytooetor counting chaobor.. In rcc9Ilt yonrs,bottor.o.quipoont has :.l;~ec,o.oe

. avo.ilo.blo, for this type of llork. On RV CIROLMltl n. liild r111 nicroscope fitted
\ ~ ~.:' '"','; 1._, '. " ... : t I.::~:· •.;~ .. .:. -"':" < 'l.,. "r-··t
,~' t-litho. high intensity loop and phase contro.st objectivos MO. boenused.:.The.

microscopo io o.loo equipped \-lith 0. Ro1chort KtJl.ES ocmi-o.utoDctic shutter.for

photomicrogrophy. Thio couplcd \lith Kod.c.k ID.gh··Sp;ocd 'rict~h;oI!l~ :fii~' ~eo
• :i

possiblo tho to.lcing of colour trcnoparonc1co with 0. half-second expos~.~1th

a x20 object1ve or 2-second u1th n x40,objcctive. Tho uoe of c. oicros'coP'Q' nt
• .... ,_ t..'. . ~'. . I :.7" , .- .:~. :.".. ..: : '. ~ "....

seo. in caln weather doca not proocnt any.ooriou13 problem, but in hco.vy weo.ther
.' , •• :..:~ ~"i ,,_'. ,- .t. ',~~ ~"_;~~ :"'-." . ~ - -."t~~:~, .. :

it 1s diff1cult and it 10 anoantinl to occure the operator 00 tho.t oovement
. . ...• , ' T

relative to thc microocope waD roduccd to 0. Dini.::l1..1D. As far ns counting live

-mnter1o.l 1s conccmedthe Dnin ,:p~"OblOIl io. thnt oany org~sns dinintegrate

after, quite a.,shortj;iI::le ,un~cr ,thc microocopc, ond 00 ;the whole, nrca .of, .the.;'<,

counting,chOLlber gridho.s ito-"b~. covorcd in ,:tw~ to ,throe,oinutes. ", For this.~,:

:roo.SO?, ODong others, ,,it .ho.o not ,been p=o.ctico.ble" t~ ,try. to. identi:fy, eacl~.r.\ ' e
organiso: ,ono has to _be contontuith an c.sscm::r:.1ent of thc graup: .to ,which "the:

. . '.'

oo.jority, belongcd pi ood,;:,.,.h~n pocsiblo, photoGTO!,hc of:reprcSE:mto.tive saIJPles.

,; Uherc plankton ic .vory..rich ntt:.1bers ,of, orgooiS:l::J can bo ,obt~ed bya,.,

stro.ight count of. thoce enco~torcd.in 0.9 lJD3 in 0. ha(?~a.cytooe~cr c~untf.na.':
chnmbor. Such a count ,dopende on thora boing,. on c.Yorogo,: oore,thoo one ;', .{­

orgnnima per 0.9. Q!13, or, in,round ,tm::'Ds, ~oro thtUl 1, :X:10~ per litre. ,Since

this is' often not tho'<?o.se CODa ,fom of c.onccntra.tion ,is .essential. :," :: . '_, j

Bo.1lantino (1953) o.nd Bro.o.rud ,(1958), hc.vo both sur:Jl'Jarizod verious nethoqs of.

concentro.tion and concluded tho.t for c~cl~ end dclica.to fO~'1;ln contrifugntion

~\of .living .rJateriaJ. ,.,.as ,thc L'lost usofuL . In ,thc prosont uork cthc cent:rifuge

,:~:...hM..,~~~~_ plo.cod on, 0. giDbcl. to.blo ,to ,rcducc tho cffccts 'ofthc ohip's ,cotion•

.. Even so,,,.there ha.s .been a'.vor.{,. crubotcnticl lOGS of orga.nicn' in .t~? :P,~<:~?SL. •
(',: thio has roducod .thecount to,-?; 01.' ovcn i;. of,.\-Iho.t lIould have bocnexpected . r..... 8 ' _ t ._ H· .. 0......" ',.... . .. ~ .,_ 'M" ;_ ._ ,',., ••_ • '.

froD .tho: rOf3ults,of tho unco:ncc~~ra.tcd,count (soo· belowJ~: Iri-.tho o.bsence.,of,

.- 1 ovido~ce, to thc contra.ry"one Ir..lst 110rk, on .tho bo.cio t1>..o.t thic, loss MS .boe:n,J

.. spread.ooro; or lesG evcnly.tll."=Ouell 0..11 tl'W.J.~TCtlpS· of aJ.go.e prc:Jent,· aJ.~ough,

it is v:ory ,tCDpting .to'lJUbgost,tbz..t, tho.;J.o~oos ,·:orO;I:lore likelY,to,ho.ve·less;

..,;,,~o:ng, thc ooro" robuot graupo, auch 0.0 thc, cliq.to:!(J tmd· lc.:::,g~r,dinono.gello.tes

than thcy \1ould ho.vQ boau DDOIlG the more delico.te (a::nll flo.gollo.tos. "" ..' .::: '.~.

RESULTS .'''' ~ I "" .. .~

l. ::-. ' :1 " ~

•. 'rt';.:.. Obsermtions w~ro onde c:n;throo,cruisos ~y;RV. CIROLMM ,tc. the Bnrento Sea

in ,1913. ' •During, the I'Ia.rch cruisc, the principal, aro~ covered wo.s just, north of. '.' .- . - .. .~. - . ~ . ,..

Norwny i'ron.about 100 to, 120U and. fron 200 , to, 350E•. Chl0rcpp.yll, .'a' vaJ.ues p •-. .. ,~ . . .- .-. . - ..~.,., . ... -,-- ~ . ... ". ..' . . ..' .. ..

,0.0 ooo.su.red;by.tho Tumc:r.:,F1~oronetcr,.:\-lc::i."Cbelo~:0.5 f.J,g/l·thro'Ug':..'1out.. the, area
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'! and· algao \lore too few in nuober. to count,' cven nftcr 6:,10 D1 t sO!J:Plc hn.d bccn

,spun for.15w.n:utes:o.t 1,500 rpo and'reduced to:.0.5::ml~'·' Soue observations,'

were .oD.de: oil, I:l.c..'\terinl :concentrated over 0. ocobrance fil tor; which,. although I,.. ~.~.,

not quantitative, provided S0:::10 qualitc.tive inro:cmc.1iion." . Leucoc5YPtos ~marina

l3utcher wc;:.s .u.suo.lly cotElon, as \lere coccolithophorids (probably, Q.. ',' huxleyi) ";

and smn.ll, apparently 'non-ootilc, green organisms•. DiatoI:lS were.usuo.lly f',

\

representcd'by=small fom.s such'o.s 'Nitzschia'closterium,!. oinuta,. Skeletoneoa.

costatuo" and small speciea of: Chaetoceros.. ,The only dinofio.gollo.tes, seen :,were

"cmali' foms or GyPIlodinium, si.ci.lar to:arcticum, or. minutum. ,:: ".. ' .' '

During the 1"by/June cruise i t wao found that, the' concontration of chloro­

.·phyll .'o.'.in thc, water bad,in aenercJ. increo.sed .to 0.5-1 :lJ.g/l; :Md 'that in

sooe areas:there were patchcs ocvcrcl mIes, acroso withconcentrationo:of .'

- 3-5J,J.g/l.· ,: SODe or these' patchec :\lere, sufficicntly ricb' for Q; oicroscope: count

. to;be:mo.dql,dthout, the necesoity,for concentro.ting tbc snople., :One ,sucb'patch,

;",about1Q-15 niles"acroos, wc.c found c.t 1201~, 240E.. , Four,nicroscopc! counttl: I

',were:I:lC.de'on an unconccntro.tcd sc.oplec.nd ßc.vc:c.:, total of',O dic.tODS, 1, dine-

'.!fio.c""ellc.tc, 0 coccolithopnorids end 64 other,organim~s.' ',This lo.tter group,.'~

~,appenred.to conoist nainly of (;reen orgo.nisos, .probably notilc, whicbwere,:

thought;to belong to tho Prc.sinophyceao, probably relatives of Heteromastix:

or Scourfieldia. Tbin o~e s::nplc Wo.o also spun down; in "the usuo.l wny lJI?d .the

.x2Q'conccntro.te counted. Two counts;wero done and·yielded 0. total of:O dio.toos,

.~1:dinoflagellate; 1 coccolithophorid'cnd'218 othcr orßanisn~;, llhicn ngo.in,wcre

mninly prcsuoptive Pro.oinophycOc.o. If we. convert tbese two seto! of counts to

,~ nuobers, of organisolJ per litre, ue ,find' tho.t. the unconcentrnted·count.go.ve , ",

16 x 106 per litrc und tbe contrifuged oCllple only 5.5 x;106 pe~litreFa,,"\
rcduction to üpproxiDa.tely one-third of thc true value. :-.' '-'i r:

, About two weeko Inter, ,on thc snoe eruioe, tbe ship retunlccl to this
: ~'" " "~o... .'.: ~ .,' ':.. '. • '" • •• iI • • 0( .,-,.. '. : ~.; .. ' ""...:. ~ ,I .. '"'

.. , axea. '. The phytoplankton wo.s still dense onough to giye useful resulto froI:l
~:.!._..' :.' 1 •. h \,.",' ....... ': •• ~. . •.:.~, :.• ,.; .. ', ;:~ •• " .,.' ."'; ••• _•••. ~.;:._; .... 1... •••., ••

counts on unconcentratod snopleso "Sets cf five counto were done on each cf
" :\.l> ••.. ;.)'.l........ . " , I '." ." f, " .• ,: • '.' .... .'"....... ~.'- .. - ... :

two unconccntrated scnples, collected \·lithin about half, an hour of each other,
. '!), •.' : ;.- . ' • - • ' •. ' _'. . ;. ",' ',: ":'" • " . '.' ~. I" . ,: .' , ...• _.1. ;

tbe ship, UD.S not, noving nuch nt the tioe. The ,first set go.ve, 0. nenn result,
. ,", ~ ... ,". 6. . ".. '. ,,' I",. ,'. " ... '" 6'·' '.-' '..... : ','

of 12.a.,x 10.. "org;:-..nis::.s per li'~re end the. second 13.8 x,10 per litro. The
: .. : ':''':~::::~...:-:...' _.: .: ~ ~o. ... :., -' " • "." .... •••• I I'." •••. ', ...,'" • • • '

.' sccond.scople was 0100, conc~ntro.tcd by centrifuga.tion end then counted. This
:. . • ,'!. '. ;. .' \ ..... . . • .•.. .:..... 6 ." ' ' .." , ~ ,.: " '. ~. '. . r.

gav-e a rcsult. cfA.42,x.,10 per liire. Hore Ce~in, tbc concontrotion process
'. _. :... ..l~~" .• ",', J •• " •••••• :"'; .. : ••'~.\."l.. ,," •• '~':~ "i' ' .••... :_, :.•,:~.. ~ ~ .,.; , •• ' :.~ ~ _ ~

bad ,reduced thc number of orb...nious to o.bout 0. third of tbe proper vnlue. In
.. '.:\.' ! ..•. :'",';..1' 'i. I', .". "/.:. ~.. :' .. , . . ' .. " .. j'., .' .'" ..~.. .': .. ~'." • ,;.'

,the, ocDplc9 excnincd on. -Uds occ~sion ~ totcl of 394 .orennisos \Tore seen, which
..... ~..::, '\ ' ... ,;. ~.f.; •.f \. i. .... I,' ' ••• "'} !." _'. .' . ." ...~. , ..•.• : ... ~.. . "".'

, included,1 dinofio.gellate ond, no dia.tons or coccclitbophorids.
.. : .. .' ! . . '. '-.. : ":,.! .'. • ,. \.. .' . ." '.~.'.' '. .• :.. ....,~.

<t- ._ ~ "' •••
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.On thc third cruiso;:: in Lu..,"'1lGtjSeptoobcr,:; nll .thc, counto were donc. o.fter

ccntrifugo.tion o.t 1,500 rpn fox 15 Dinutcc. la.t äbout half·~thö'Dt<::.tions therc

were' substantin.l nurabers of, dintoml' of thc orderof. O.1':'O;5 ..,x 106.'-per'litre.

:~_~casio.n:~1y':,.:.~Q:~':.1102411'l;"30000'Efor exanple,. the' dio.toos worc:thc.most : .. :

nUID:~:rou:s:.:ST.9upiseen; .but::coro comonly thcy. were heo.vily outnur.1bercd by the'~'

fio.gellates. "~Ty'pical;'exaopleoi\'lcroat 16020IN,,14Q15IEzwhere:.there~were>;'.'

.,~.j.Q.!.~~..;:L9.6 ,~f!~~9.s'~d:A.!.j.4:.~..1Q,6 ..:.f.l~~1.:l:.n..tesjlitre, and o.t' 1901S'N;'OS035'E;

.;:::- with.0.28 x'10;,:dintoos nnd 3.21 x..J,9.~.~~n.~c.llo.tes.·,The highest 'coun.~:..of~·:.
fln.gellntcs was rec.o~~4..:.~t :1S2'.91!~?"q1°24'E ,whore__~h~~':l~_~'LeJ:::9 0~04' X10~;-dia-

~... toos .....d 14 31"x ·106,'finI7ell"te.... ".", . -,' ,.,,::,'.. .. 'C', ,,:. '.':... • c....o.L.l • ' """b "-- ..:». . .- ".1- . \', '.. •• •.• _ ".1....

":.{ On :thc firSt of' theoe th...""'ec cruisco,(1brch) ~,there'''1tl.D :VCr'J littlä phyto­

plankton, and: chlorophyll· wao·bn.rcly: rJ.easurnble by. thc spectrophotoootric· ,"; ':

-:rJ.ethod. However, n.lthoUbh thc CDounts l1eretoo' sna1lfor the quoting'·Öf.con-

,:.~,centrationl3 in 1-"8'/1' to be uocf'ul :one 'cen 'Gay. that, thc thrco' chlorophylhr:'a',

'bi,' end' 'c 'llcre cll' prOscnt•. La nas boon'ocntioned ,thc 'floro:contained' both

dio.toos and'flagel10.tes.: On thc occond cruioe, clthough.the concentration~o:r

chlorophyll 'wo.s' substantio.1ly groater, chlorophyll, lei :W;:lO' not dctectcid~', This

ioinnccord with·:tho mcroscopc' findings thnt, at;thil.t.tioe;'.diatooß wera,:not

iI;1pP;t~t...P.\lt tho.t nurabero offthc ·Pracinophyceae were.' r Electrcin 'micrographs

" of prepc.rationo made o.t, 000. givo oooe support to thio vie,." o.;L:tp,ougll,_.~El.~e :.-

,:, " wore iiloo 0.' substnnticl i,proportion of orgl::l1isno. which" appcared nOrD likely' to

:bolong to the Haptophycoao; uhich' ono \1ould oxpoct ~~to contain :chlorophyIIC·'c' •

.~ Unfortunctoly: these: very oooll ocoboro, of the Prasinophyceae. appear· to,.fio.ve ::

sooc'difficult" culturo.l· charactcrictico~ nnd,they.havc not,"ooi'o.r,-cooo:up·i.ß

cultures: propo.red.· i:l.t I 1300.. '. ",; :" ". ': J .<;. ":,.', . :: r .,

•

...... . " .• ; ". '. ~i ~ . . -' I ... ~..: " :.

DISCUSSIOU

"At fir~t·~.ight thc' vor}, 000.11' nuuber of' diatorJ.:i' f'o~ä. iIi t.6.~ pi~~~nt liork
" . -" ,"'."; ~ I ~. • • " H " • '. : ,- • -, .'- ):.. .. ,... ". • ' . I· r . : i : ; '.' " .',' ". •

wOuld llppear to 'be' at varinnco 'with other pcoplc's"findirigo.· Thio 'is not rco.1ly

ti-uc:'""'Fo:i-':ci1"'o~gmtiSo:t~"beoeon fu 1 :063 of '~o~"~at'c~':It'mist'b~:p~o~~~t 'to

'th~ ext~rit 6f 'nt "iahSt 1,606''p6~ rD.;·or 1 '~~166per 1:1tre or'1"~'1Ö9:po~ci3~

In' lh:rsh0.11 1s (~pubiioh~d) -"~cco~t oi '::phYtopi~ni;:to~ i~vootiß-a.t~ö~' ~ these.1
.. ; I ". ". '," .. ' • ". ! , . t ", " ... ........ '. '.N • _ *. • .. ; ".. : '.' " ~ .~. ,N' I .: l' ....

watcro thehignest coimt of dintooo' he recorded ,·1tl.O 'Tho.lao~ gravido. Cl,

:':162,OOC);OOO "ceiisiper "03: ~thi~~;r.o 'iD. i~195'3"~tapp~*hiatelY: 760N' 26'E:: :'The

"secorid Mghe'ot count Yma F~Ä5iinriaoccanic~ Cl. '140~800,00o'coi1s:per ci;' at

! the's~c·'ß'tatiori•. ' :Both 6rthosc· couri.t~:~ welr:belc;u th~ '109 ' rie~doä.:ior'these

,. ;·to fism-e 'siBnificontiy ih tho coUnts pcr··~;.' lla:l1da1 (1953)' in 'his inve~ti-
• •.•••.# - ~ .' : .: - : ( ..- ,!" ."6 '-..,~ ' :- . :' ~ : -~ ;" ,. ..

gationn in tho Uorwögian Sea rocoroed cöuilts 'cf up t6 S' x10 Fr~lri.ria··närio.
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per litro··in·the SULDer of 1949. "This·nu:lbet:wO~dlbewithin·thero.nge.of'direct

countability, but nost of Hn.lldo.l's countsn.t"'\leather Ship'H,'''lero only'of the

order of '0. f'ew thousond.'· Paa::iche (1960) g'ives d1stributiori.\oaps for tho dio;tons

found in the Norwegian Sea' and thc densest conccnt1-ation sho"m i8 of· the order
of 100,000 per litre for Chaetoceros debilis, 500~OOO 'per litre for'Fragilariopsis

~' and .over '10; 000,000 .per iitre ..:for Phaeocystis -pauchetii ' and .IIsnall .flagel­

lates not iclentifiedll • Orily'"the- lOst group would besufficiently' nuoerous to show

up indirect' counts on living ooterial~' 'Paische used' ihe' Uteroohlnethod on'

sanpIes presefv~d 'in neutrcl.ised foroo.lin. . '.

Furtner evidcnce on the oo.jor part played by thc l3tlo.ller orcrnnions CODes

froD neasurenento of chlorophyll 'at in sea water sonples before and after they

have bean passed through neshes of various sizos. On the cruiso CIROLMTA 1/11

(h.ugust-Scptenber) at 103 sto:tions thc JE.~ fluoroscence of snnplcs \-ms

nenoured on Cl Turnor fluoronctor boforo end etter thay had been passed through a

25\.Lo aperture nylon neoh. At 89 stations ovor 8OC;ll of the chlorophyll ta' WllS

contributed by tuo nonoplankton, ond at 5, stationo over 90,6. Sinilnrly, on the

cruise CIROLMU.. 1/70 observations ucra nade at 27 stations uainl; a 10 J,1n pure

nickel D.csh. l1t 23 stationo ovcr 8056, and at 17 stations ovar 90% of thc chloro­

phyll tal wes contributcd by thc nenoplcnkton, ineluding mall dic.tono.

Tne situation then io not thet thcrc io 0. conflict bet\iecn the prosont

f'ind.i.n&rs ond those of previouo \:orl~ers, but that the oicroseope exonination of

living natericl o.t soo. has revecled thc presenee of 0. ln.rgor nunbeI' of very

snnll orG'Ollisos, iihieh arc likely to bo Dorc inportunt then had previously been

o.pprceiated•
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