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, . Thora i8 nothing new about GOing into ~tic \oraters to 'look at tho. phyto­

plankton~ It haO'becn done r.:u:ny tiDos, beforo'; espeeially by the Norwegion"';::.

workers Gran (1902), :Braarud (1935), Gaardcr (1938) and lIalldal (1953) a.ndby

:British and·Ru::mianworkem. Froo their accounto one can build up·' an o.ppa-':

rentIy' completc picture of the Guceession and distribution of pInnt Iifedn ;

tbese watcrs~ 'Tbc majority of obscrvationa'ha.e.depended on onmples'colleeted

by firic plankton neto, and thcoe ha.ve bccn cxtenaivcIy supplemented' by. the

exmnination of wnter bottle ao.tlples. 'Thc u.sUDJ. proeedure with the latterhao

bcen to preoervc thc oampleuith ncutro.lized fomalin, to.·.· , , ','

Dllo,., a portion' to ocdiment in a'counting chnmber and thon to count: tho' "; : ..
,

orgcmi.sma with an inverted I:l1croElcope.: 'It is not always elear from' thc : i,',

o.ccounta uhothcr tho m::npleo 'Tore' counted on bocrd ship, withfu a few nouro,.'

or examin'cd' asboro in thc lo.boratory. . ".. , ..

". " "A poraUDJ. of tho rooults shouo tImt in moat casos the orgmllstls faund had

a:lower oizo limit of o.bout 10 \-Ln except for colonial fome such aS.Phaeocystis

and Dinobryon. Flagollo.tea ,rero rcprescnted oainly by the lurger dinoflagel­

latos; Ceratiuo, Peridineu::l, Dinophyo~,- and Coccolithophophorido, both' or which

have a' rolativoly rigid otructurc. Soal.l flagolla.tes were usually lutIPod"- ~ '

~dgetber' under soce collectivo hco.ding lilio lIflo.gellates and moru::.ds not: elo.ss1­

fied" ~~ : lt secoo poosiblo that many of tho sm~ler and more delicate forms· just

did. hot ourvive {he process 01' prcaorvation' and 00 were not revealed by tbe' ~

exncinrition. Thia'poaoibility can only be tested by exüMination 01' live phyto-

plnnkton o,t oea. ~ .~~ .. ' ,

MEmIODS

',.' Tbo Oxmn1no.tion 01' 11vc: phYtoplankton at aea is not partieularly new either.

; lt-was'n 'regular featuro of thc Juno 'cruicco or RV SIR LANCELOT in tha"1950s

("1im.P:imny,1952). ~ 100 mlao.mpleo were concentro.tcd ovar nmembrane' filter,

. rasuäpEmded iIi l' m1 and counted under brlght :field illumination', in a .,"", ~'

1

iud
Thünen



hn.emc.cytooeter counting, chaober.'~' .,In reccnt yenrs:better equipment has bec~I:l~

.• nVlli.labl0 , for thio type of work. On RV CIROL1l.N1.. a '-lild M11 Iaicroscope t1tted
~ \ :. ~ ", <-:. i 1 : : .. ;0 • ! .. " .':~: \, . : "..,. .'.:':~ . :
,,'~ ",ith· a' high intensity lonp Md phaoe controot objectiveo has.been\ls~d.,", '!'he .

microscope 1s also equipped \'lith a Reichert KAN.ES sc:ni-autono.tic shutter tor
". .. '\ • _" ,a ,'" ._

photomicrogrnphy. This coupled '\1ith Kodcl{; High' Speed L.:ctachrÖne' tik 'oDkes

possiblo the talcing of colour tronsparcncieG with u hnlf-oecond exposure with
. • ,- • i

a x20 objective or 2-sccond \dth 0. y40 objcctive•. The uoeof 0. microscopG'at
. • . , '.' '. I' '. ..' • . .". ,'." /f' ; ~ •

sen in caln weo.ther dOGO not p::.:-cocnt ony oori~uo probi.~: 'hut' ~ ho~vY ~e'ätiier
'.' , '. . .::.. . .. '. l -, : ... ,", ~ ...... ,' ••

i t is difficult and 1t io o::woutinJ. to- ;'ocuxe thc' '~per~to~ 00 timt' nov~~~t c '••

relativa to thc microscope 'WaD rcduccd to n o.i ..... jiT..m. 1..0 f.:lr no count1.ng::liv~

-matericl. is: concemed, thc main' problCLl io thnt nony org~O!ls disi..'rJ.t~gra.te

after quite; a· ahort tioe' u..'"1dcr tho raicroccope o:ld co,tho wholo aroa ~f: thc,. .

<?ounting chm:lber.grid has ·to bc covored in ,two to' thrce'ninutcs•.' For this .'.. . . .. ,.' ~ .... ~ . . . "

reo.son, onong otherG,·.1t hac not;been practicable to t::::y, to ,idontify. each ;.., .. . . . .'~. - ......._""-

orgonisn: ono'!lao· to; bo contcnt'tlfith,M: acnc:J~ucnt of thc graU]? to ;~'/hic~.',~e;

tlnjority... beloIlg'od p and, uhcn:posoible, photogrn!lh3 of repro,o~ntat.~ve..saIJpl,~s.

l1here~plankton in vcry. rich nULlbcro of·.org<'...nio::lC con bc obtaincd bY,a .';

straight: count of ~~oGc;enCO":IDtcrod.jn 0.9 t1tl3 in a hacr:a~~onetor. ~~unt~:.
chnmber. Such a count dcpcnde· pn thora bcing, on av-orD.go, norc thon. ono .;

organiso..por 0.9 r:n3 or', inround,tems, nore thnn1'x 106'per;lit;e: ,s~~~·
this is often not Itno· CUGe eome fom of conccntration io eS3cntial•.'

:Ballontine (1953) and :Brnarud (1958) hevo both DUIJ.l:larizcd vnriousnothods,of

concentration und concludod that for coall end dclica.to foronccntrifugation.

~',of ,livinb' t1O.terial wao the noct uocful. : Inthc proocnt uor:k thc. ccntrif~"'C

;7.lh~?.::.be~~.plncodon a ginbal:.t['.b1e to r~ducc tho cffc~tn ofthc chip~a ~otion•

..Even::·so" .thera' hllG ,boen' a·vory cubotenticl los~ of oX'Gonion in thcproceoo; ..
~ ' ......._.u ..• " .• ; • :. 4

;~':,~.thio.hao 'roducod the count'.to tJ or CVf.)n t, Of\lhat wo-.ud..havo been axpocted' ,
" " ••• " , •• '- ..' ,_. .. ~ • ~. ••••• •• • .' "- .. .:. 0> ._., ..

from ..tl].c .results ofthc 'U.'rJ.concontratad COUl.J.t(soc, bolmv). ,". In'.tho. absence.; pr

.-: evidonce· to. the contrary one t=.:nt "lork C:l, tho aaoin that: this loos has_boen

':':. spread.nore, or lese evcnly throUßh clltho· grm.l]?O .. of clgno, prooent" clthougli,

i t . is very, ,tcopting ,to euggoot: ;that, tho 10SGo~ v:Qro; !:lore, likoly .to p.avo.1es~"

.. ' amo:t?g:,tho more, robunt ,graupe, such, ao' t~c: diatoI:l? . nn1. lllr~rdinono.gelll:\.tes. ,

tlmn thcy '\1ould have bCü11 IltlO:lG tho Doro dclico.te oncll nllßella~os. " . '"

RESULTS ...... -i'

:. l \ _. ~. :

,~:,'" :;'! Obsorvations were 0000 on. threc· c:ruiceo by RV CIROLMT1.. ,to. tho :Barents Son

in ;1913.'~: Duringthe Hnrch c:ruioo ,thc principal aren covereo. wao, just north of. . . - . '.. . . . .. . ~ ..

Norw.aY"::fro~ übout 190 : to·12oUünd fron 200 to. 350E. : Chlorophyll 10.1 .valuos"
-". ~ , . . . . ..'... . , .

as oeo.sured. by tho Tumor. Fluoroootor, .'uOl."O·bclow 0.5 J.Lg/l thro.ut3nou~ ..~,e, ~a
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'and algae \lere too few.in nUIJbcr.to:count~·.eveno.fter.n 10 nl.:sonplc bad been

. spun for.:.15 oinutcs 'ut 1,500 rpn ond,rcduced to.0.5·ml.·· Soue obocrvatioris.··.

wcre.L1o.de on IUtteri6.l· eonccntmted ovcr' a L1eobcinee fil tcr, whieh;. although .

not qlUlIltitative~ providcdso::lc qualitative info:rma.tion~ Leucocr;yptos.marina

J3uteher wus ..usually cotm1on~r aS·llcre coccolithophorids. (probably.Q;·. huxleyi)'

ood SIlUlll ~ apparcntly. non-Dotile~'ßTccn orgonisms.·..: Diatoms ''Were ,usUcl.ly '.:":
.'

represcntcd' by ßIJall forms such as; Nitzschia' closterium~ !. trl.nuta, Skeletonema.

costaturJ~ -mld smc.ll opecies of' Ch:letoceros; The only dinoflngöllates soen:were

·.'smalT foms of Gyonodinium citUlar ·to \ arcticum'ör minutum~;. .... :, ~.,

During the Nn:y/June ~rui.so it wo.c foundthat'tho'cohcontration of chloro­

'phyll tut in tho·water bad 'in aeneral.increusedto 0.5-1;lJ.g/l~.ood that in

sooc.arens .. thero·wcro patchcs scvorcl. IJiIes acrosG.·with concentmtions·of. '.

··3-5IJ.g/1~,ISoDe of·!thcsepatchcs \Tore sufficicntly :dch'for a rllcroscope count

... to1bo;mc.do.without thc neccs:::lity for concentratingtho oDDplc.· .. Ono such'patch,

about 10-15 nileoiacrOsS,wD.o·found at 12°N'~.24°E. ·Four.nicroscopo~counto,'

'.wero'o:::.de on an unconccntratod.senplc' end [;O.VC ['.·total ofO dio.tows~ 1 din~

~:·fl~f'J'Qllc.te~·O coccolithophorids end 64·other organioDo., This lutter. group.. ·

.~nppcnrod .to connist Dninly of creen. org'['.ni:ms~ probably Dotile, which .wore

thought·to·bolong to the·~.sinophyeco.e,~probablyrelatives of Hcteromastix.

or Scourfieldia. .Thin S:lDO oenplc' wao elso opun down in thc usual wrx:r end:: the

x20"conecntrate counted.Two counts were done and'yiclded·a·totcl. of;O diatoIJS,

. : 1 : dinoflagellate,. 1 coccolithophorid end 218' othcr orgnnim:::s, 'lhich'llgDin' \fOre

mainlypresuoptivo Prasinophyceac~ If \10 convert these ·two sctc:of countnto

:: nucbers.of orgunisos per litrc wefind,that the unconcentrated'count.~ve.. ·

16 x 106 per litre und thc centrifugcd sCl.lple only 5.5 x'106 per litrc,:·a' ..

reduction to approxiIJately one-third of tho true value. , ... ~ ~~.'. ~:.'

.. About two wecks .lnter, ,on tho same .cruise, the .sbip returned to this

. " ~ .~ . .. .....' . ..... ~. '", ~ . ~ .' .~.: .,'. , . .., ,' ...
.. r • " aren. .. Tbc phytoplankton. was still densc onough. to give .useful results froL1
'.' ~~-,' •• ~ ~ .. ; ...... T ., .' ' .. ~ ..... '. ......... '." .. 4 " " • ". ~;

~counts on unconcentratcd sooplcs. Sets of five counto wcre done on each of .
.... ~.' ... ~< ... ~. '.' •• : • \.. • _ ..... ,' ••• _ '_.J ~.~ ••

two unconcentrated snnples collectcd within about half.an hour of each other,
I' .'" .J'.' _. . '..' ~,' :..' ;. :; ..... '. ' ..' .••• . .. ....' • _..' .;I.. ,_ "":"~ "" •. J .' •

the ohip. lias not. DOVing L1Uch at thc tiDc. .Tnc. first set go.vc \a DC~ result!. ' .. ""'6' .' '.. ', ., 6"" .. ' ' ..
of 12.ß x 10 _c9rg:mistlS per .li·i;rc end thc .sccond .13.8 x 10. per litre•. Thc

: ...... ~.'.1.:.~~~_...:; ...."~",,,,:.:,: :-.. :....: .. ".~.~ ._" ,'.. . ..' .' .. .J • ..•.• • • ..' • 10 ...-. ,.. • i

.' sccond .snnplc.. was cloo concontrc.tod by centrif'ugation ond then countcd. '. This
• .1 ... '" • .......,.: • ..' . .' 6 .' . ~ .' . '. ." . ',d.',._ \. \ • .' \ -,' ,.,", •

.'gavc p. rc:::ult of4.42 x10 per litte. Horc ngain, the co:qcentration process
I ••• i. ~ .1.' •.t~ 0" J \.' .' _ •• • ••••••' '. ~ ~._.:..-...:.."..:_: __ ••.. ~ . .'~' .' .' .

, had. rcduced :thc. nutlber of orb"...nisos to .o.bout. a. third of tho proper. valuc. '.. In
.,,,. '. l" .,). : ........ ' .• '. '.. • . '.' •• • : . '. • .... " "..... " .,' '. " . _ " ," ... \ .•

.thc .sa.mples cxc.nined on this occc.sion 0. total of 394 orGOIlisos ucre seen t which... .' .' ''; ... ~ '. . . '. , ..... .. . ~.' ~ . .' '. .~.. .. . . . .

included 1 dinofio.gcllato nnd no diatons or coccolithophorids. , .. '.. ... .• • . ~ '.';f ~. ... '".................. - ...._ ,. _. -..
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.. ., On thc third cruisa,,' in 11.Uß'UstjSeptcnbcr,.:all the· counts were donc·. ol'ter

contrifugntion at 1,500 r,PD for 15 Dinutcc. ·li.t about half·.the.ctc.tions thora

ware substnntial nuobers of:diatoDc o~ thc.order of.0.1~0~5 X 106 per litre•

...~ca~iq1?-~1:.v:,.: ...~t..71024.N, 30000 fE for o~le,thedio.tonswere:;the.oost ~""

nuoeI'9~.s:t'9:up~scen,..,but oorecoL1Gl.only. thcy were heavily outnUDbered by..the·"

flo.gellates. Typical exo.oples\Vorc o.t 76°.20!H', '14°15 tE..where,therelwere ;.,>

;':.~. Q~.x.J.~6 .#~tgqs ,~d.A;jA-:x~J9.6_ .9-n..gol.~atesjlitre;;.o.ndat 79018fN~ ·;08e>;5 1E.. .. 6 ." 6 ,.
., ~ with 0.28 x·10.c diatoDs :.nnd ;.21 x....10'-.~f?:.agol.lo.tes. ~ The highest c0U!?ot·..of. ;

. .. . 6
fio.gollatcs \ms rOc.6~~.~·.~t.78.?O'J.tl~,.~.q7°24fEwhore ,~~~q ..!J:9~. 0.04 x,10.. die-

<toDs rold 14.;1 ,x:10: .nagelletes... 7. ~",'. :.;.c. ", .c.' ',." :"

'.: .. Ontho first, of: theco: thrcc cruiscs (lfurch) :·thore, Wo.o vory little phyto­

plankton, end chlorophyll Wo.c ... bnrcly; t1easurable by the cpoctrophotot1etric.,

octhod.'.. Howcver, althoU{;h thc'~ountc .wero tao 'soalLfor:tho quoting;of.con-

" centrationo in ~g/l to bo uccful: one Cc.Il' co:y that .tho thrcc.chlorophyllo; ta' ,

fbt::nnd. tc'.. \Tere cll prescnt.'1· [ls·nao boon.ocntioned ·the :floraicontained both

diatoDs nnd fiagello.tcs. Ontho oecond.cruioo, clthough.-tho concentration.of

chlorophyll was substnntially crroater, :.chlorophyll. tc· :WO.S· not detectod.·.. This

io in accord with~tho,oicroocopc·findingsthnt,. o.t .that .tine,. cliatOl:lfLWere:not

ioRO.J;:tnn,t~~t thatnuoboro of.;thc.Procinophyceae were.' ElectJ."On oicrographs

, :of prcpc.ra.tions ocdc at sea givc CCI:lC support. to thio view, a.l~1?Q~"il.~erc '/.

'~.: :wcre also c. substa.nticl: proportion of. orgcn1sI:1s, which o.ppcared ooro likely.to

belong to ,the Ho.ptophyceao, \inich'one iTould"oxpectto contain"chlorophyll>lc t •

UnfortUno.toly these; vory coall oenbers ,of the Prosinophyceao ,; appear. to have

SOIJodifficult',cultural cha.ractcrioticc,;cnd thoy have not; .. co i'a.r, cooo,up in

culturocprcpared atsoa~ . - ..r' .:. '~: . \

• .' : " <~' ;".~.. '~' '.: '. .... .... 'DISCUSSIOn ' .

,. 'At first :slght th~vo~ oori.ll· nUBbeJ:' cf diatoDc 'f~~d' i.ll th~ pres~nt work

woUld appeD.r·to~be':·atv6.riOncc;with other ~OOpiCfO ·finding.~'~' This'is not really

truc. .'Por·nnorgnmSo·to bo sc~n in 1:r:JD.; of ~oawo.to~ it'oostbe prosont to

the~extent ~f nt'least'1,OOOp6r 01, or 1;c··106 .'per litre or:1 ~'109 pe~ ci3!
:U:/r'fush~l' 0 (rinpubiished) D.ccc~t cif: phytoplankton i~vcstigo.tion in these'

wo.t~rs;th~' hign~st· 60Unt ~f diatoDc ne rCcOrd~d.·wao·'~osioi:iira gravidil. 6i,
:162,OOO~OOOccllsp~rn;: 'this ':l~O 'in lhy 1953nt'·approx1no.tely 76°u 26'E: Thc

"second hißh,eot count ~s Frngilnria oceriIrlca Cl. 140";eoO,ooo·'ceils per t13 'at

·tho' sro;,ö': station. Both ~f' these counts o.ro' \ieif "bclo\l thc 109~ecde(rfor these

:'·.'to fi~o cignificontiy in:·thc ~o~ts 'per m;. ' no.lldal (1953);in-'his"i~ve~ti-
••' •. " ,.,. ~. •• '.' ,', <4.. ( : 6, ... · . .. .", ...... '.

ga.tiono in tho Uorweginn' Sea ·'rocord.ed counts" of up to -8' x 10 Frc.gilaria naim.
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pe:!: litrc 'in tho 'eu6:1er öf 1949. 'This nUDbor"~lOuld be withintho ,rrmge of. direct

countability, but Dost of Hall<1o.l 1s counts at"\leathor Smp 11, lloro "only of the

ord~r cf a. fo,,{ 'thoUSM.d~' Pa.a.cche '(1960) givos distribution oapE; for :tho ,diatons

found 1ri thc Norwcgi&l Sea. 'arid. tho' densest concen'tration shO\m 1s of, tho order

of 100,OOOperlitre for ChaatocerOs debilis, 500;bOO'por litro.for Fragilariopais

~'Qnd:ovcr 10,000,000 per litrofor Phacocystia pouolietiifond ',lIooal1 flagel-

. 'iates 'not identified". Only .'tho 'Irist, graup would be 'sufficiently nuncroua to show

up iIi direct counts on Iiving oaterial. Pansche used ilie Uterooh1 'oethod on·;'

saoples preserved in neutrnIised fomalin~' '. ' : '~'; ," -

Furtner evidence on thc Dnjor part playcd by thc ßl:laller or~...nioD.s'cones

fron oeasurenents of chlorophyll tal in sea "rater snoples before ond after they

ha.ve been pa.ssed through oeShcs of various sizcs. On thc cruise CIRO~rA 1/71

(llugust-Sopt~Dber) at 103 stations thc i!l~ fluorcscence of sonplos \'Ta8

cOMured on a Tumcr fluoroootor beforo end after they had been passed' through. a

25\-Ln aportura nylon nesh. At 89 stations ovar 8()c~ of the chlorophyll 'a' was

contributed by tne nonoplankton, and o.t 53 stations over 9~'6. Sinilarly, on the

cruisc CIROLlJU.. 1/70 observations llere nade a.t 27 stations uoing 0. 10 J.,LD pure

nickel nesh. 11t 23 sta.tions over 80;6, mld at 11 stations over 9()O~ of thc chloro­

phyll rn r was contributcd by the nnnopl<:mkton, includ.i.ng SJ.D.11 dintoos.

Trie situation thon io not thnt thoro io a. conflict betwecn thc prosent

findin~rs end those of previous 't:orlwrs, but that the nicroscopc cxenination of

living natcricl at soa has rovocled the prcscnce of n largcr nunbor of very

-sonll Orß'DniS03, w'hich a.rc likely to bo norD iDportent thcrl hnd previously beon

apprcciated.
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