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, 'There: is nothing new nbout going into ärctic waters to look 'at the. phyto

p1ankton~ "It hao bean done o~ timen before, especially by thc Norwegian: ; :

worke~s Gran (1902), 'Dro.arud (1935); Gaarder (1938) and 1Ia11dal' (1953) and'by

Dritieh end Ruecian workerc. ,From their accoimtc one con bui1d up 'on appa- ':"

rently conp1etc' pieture of the ouc~ession and diotribution of p10nt 1ife' in' ,

these l·mters. ' The majority of observntiono han depended on somp1es collected

by fine p1onkton neto, und these hnve becm' extensively supplemented by.'the

exnmination of wnter bottle sorlpleo. Tbe usualprocedure with thc'latter'ooo

bean to prcnerve thc oample with ncutralizcd fo:roaliri, to',' '

0.110''1 n portion' to sediment in' acounting ehDmber ond then to' count tho ,: ,.'

orgcm.ismo \-lith un inverted rllcroocope. It in not alwnys c1ear from the

llCCOunto \1hethor thc sc.np1es lle~e counted on board ship, within . 0. few hours,

or examined o.shore in the 1nboro.to:z:y. ' " ' .. ': :' . '

'10. persuoJ. of tho rcoulto OhO'\10 that in most enses the organiSI:ls found ho.d

a'lower oize limit of about' 10 !J.I:l except for co1onial fonns such'aa Phaeoeystis

and Dinobryon. F10t:,"'C11ates llere represcnted mainly by tho Inrger dinofiogel

1ates, Cera.tiun~ PeridiDeUI:1, Dinophyoio, und Cocco1ithophophorids, both of. whieh

have e re1atively rigid otruoture. Son1.l finge1lates were usually 1umped

~ogether under some eollcctivc hcading 1ikc "fio.ge1lates ood mo~ilds not· 010.ss1

fied" ~ It seCt10 poooible that tlDIJY of the 0t1a11er and more' de1icate fonns', just

did not ourvive thc' proceso of preoervation ond, 00 were not rovealcd by theoO

•

exnminri.tion~Thia possibi1ity con only be testedby exnmino.tion of live phyto

plookton o.t aea.

METHODS . •. ~.

, The cxm:llnc.tion of live phytoplonkton at oea 1s not pnrtieu1ar1y new either.

It was "a'regulnr feature of thc Juno eruioes of RV SIR LAUCELOT 'in the:1950s'

(Wimpenny~ 1952). '"100 ml cOIJ.Plec were eoneentrnted ovar a 'meobrane filter; .

"resuspended in '1 ml rind eounted under bright fie1d 'UluI:liria.tion ,in" 0.

1

iud
Thünen



--- -- -.- -- .• ---~~----~~-----------------,

,

roccnt ycars bct;tor equipmcnt has becot1e -( •
~:

hn.emc.cytooctor counti.ng; cho.obcr. In

a:voilo.blo fer thic typo of werk. On RV CmOLlUu, 0. lfild f.111 microscope fitted
~ .. :-.. \- ••,>; •... ~ .;.: ' ~ .•. ,•.. ' .. '.:\; ,. _. I .. ··.

'wi~h.o.'hi(;h int,onoity lonp o.nd phace contro.ct objectiveo ho.sbccn used._:The

microocope io aloo cquippod with a Roichort Kll11.ES sC:li-autooc.tic ohutter for

phetomicrography. This coupled uith Kod.cl:; High: spo~ci' D:cto.chrooo fUc oake~

poosiblo tho tcldng of colour tro.ncparcncico with 0. hnlf-occond exposure .. with
, .~ ' .... - .

a x20 objcctivo or 2-oecond \lith 0. y~O objcctive. The uno of c. IJicroscopc o.t

soo. in calIJ weather d~oo not p~cocntUny'oeri~us~r~blo6,~b~tiUh~~~:'w~~th~r
•• ~ '" .:." ~ r ( _ .... •

i t is difficult o.nd i t io eoocntilll to oeclU'O thc' 'Opero.tor' ~'o tho.t o~vehe~t'

relative to thc microscop~ wc.o reduced to a oinicuo. Ac far ao cOUnttng11ve

~oatericl.·io. concemed, thc main :Pl."OblCU" io, thnt nc.ny org~ono ditli.."ltegrate

after.quite, a ahort tine undcr thoLlicro,::::c?PO !'-"ld co thc .'~'1hole;c.rea of the,':'

co~tmg chaobor grid hao :t;o bo; covcred in, tuo to thrco ninutco,' : For ;this" ':

raason, ODong othern,:, i t hao, not boen pr:J.cticablo. to tJ:j' to identify each; ;
• • . -. I, '

organiso: ono hao, to, be contcnt ,lvith on ao::::coc,!Jcnt of thc group to which the
.' .,.' -' ' •• }, #

oajority belongod~ ,o.nd,. \"hen po:::::::ible,: photogTO.:!?hoof roprcoentative,samples.
. '. . - . '..

.;,1lhere ,plankton io very. rich nurabers., of orgonio:lo cnn be 0 btained bY;,a :;

straight, count 01', .thooe encountcrad in 0.9 oa3 in a haenacytooeter c~unting'.
. . ~ ,,' .

chambor. Such a count depcndc on thora being,. on o.vorogo, ,oore thanone " :;

orcranis.m por,o.9IJ:1n~"or,'.'in round,tcrr:ll3~ Dore thnn.1 x10~ per,li,tre~ .:Since,

this io often'nottho;caoe 0000 fODQof conccntr~tioniD,esocntial. ,-

Bo.11nntino, (1953) nnd Brao.rud. (1958) hc.vc both oUIJoorized .variolls oethods· 0.1':

concentration und concluded tho.t for aoall ond:dolicate forco ccntrifueatio~

, of living t1:~ter~al waD the'oo::::t ·uocful.' In the prcocnt \lork. tho"centrifugo

>. ; ho.s boen placed, on, a ginbal to.blo to rcduco tho offoct3 ofthc ship' 0 ootion.
_ ..;:.:...~_• • -"'<V"'- ' •.•. ~... • '

.,Even so, ,there:ho.o been o.:ver:r:oubotuntial lOGs.or orgnnicn,in t~c:proc~fJs;·,

:j, ; thio MO rcducod ,the 1 count to 1;- or, cvcn -} of v/hat would havo bc~'n ~xp~cted : f
.• , . : ~. _.'W.'~'~L·_ ...... ~ •.'. ~ : '. v , " •• .... "'*., •

froIJthe rcsults of tho unconccntr~tcd count (seo beIm,). ,Inthc, absencoof

.. :evidence,to thc,contrcr.Y:ono DUot work on thc baoio that this loss has bc~ .

, :: spread DOrc or leso· evenly through 0.11 thc groups, of algac prooent ~ 'although

it is very tcopting to ouggcot thc.t thc: loooc~ "r~ro n::.orc likcly· to, have less,

;' ~ong.th,c oore;robuotgTOupS such aothc dintoos and:l~ger.dinofiagellates.'

tlum thcy yould havc beün aoong tho I:lorc dclic~te ol:lcl.l' fiagcllatcs.

BESULTS

: ','.,,: ',', . Observo.tions, were 'IJ:J.de on· thrco cruioco' by RV CIROL1.I.UA to thc Barents Sen

in -.,1913. '; , During; thc l'Iarch cruioc tho p;dnciplll area covcred. Wo.o: just north o:f

No~~, froLl about ~790 , to. 7.20n o.nd froo 200 .to 35°E. ,: Cnl0rophyll, t a' vlll\lcs, ~

as I:lco.su.rod bytho,Tume;-:~uoroDetor, \'Tore belowO.5 J.Lg/lthroug'nout .the area



•

·;and olgao \lore too:·few in nuobor, to count, cven nfter:o..10 IJ1. .sD.I:lJ.)lc md becn

.spun for:15 I:li.nutes ct 1,500 rpn end reduced to.0.5IJ1.•.. Sooe observations ,

wore:oode. on:oaterio.l·conccntroted.ovcr a t1eI:lbrcmce filter, which, althougn"

not qucntitative t provided sO:::l.oqup.litative infomation. Leucocr,yptos Darina

l3utcher was'usunlly cOIJIllon, e.s ucro coccolithophorids.{probably,Q. huxleyi) ..

and smnll,appo.rcntly non-ootilc, green orgcnisms•. DiatoI:ls. werousunlly, ,.'.

represented i by ,snalI fonns such as. Nitzschia' closteriumt ,!. minuta, Skeletonena.

costatuo, , end seall species of Cßketoceros. The only dinoflügellates seen~were

·smaIT.fomsof G;ypnodinium sit1ilar to arcticULl or m.nutum. ,i'

During the I-'fuy/June cruise 1t was found that: the,'conccntration of'chloro

.,phyll 'Cl in tho water bad, in general, increascd to, 0.5-11IJ.g/lt end, that in

some.a.reas there were patches sevor...! miles across with concentro.tionsJ·of : :

. 3-.5IJ.g/I. :Sooe of these patchoc Here sufficicntly rich· for a mcroscope' count

to, be :'mc.de uithout thc necesoity for concentmting thc sanpIe., . ;'One such patch,

,cabout .10-:.15 IJiIcc'ncroos, lftl.O found tl.t 12oN,. 240E. Four:r.llcroscopc'countE:J d

were· mc.de on, an unconccntratcd senpIe end ßO.vo· Cl. total of 0 diatolJs, 1 dino-

:.' flo.geIIc.te, 0 coccolithopnorido cnd .64 other orgeniooo.', ,This lnttcr ßrOup .

,.appeared to consist nainly of (;reen orbD.n!sDs, probably motile, which \lere

thought.to.bclong to the Pmsinophyceao, probably relatives'of Heteromastix,

or Scourfieldia. This o~o oCDple ,wo.s elso spun down in. tho usual wD:y end" the

x20'conccntrate counted. Two counts were done ~d yielded'a total of 0 diatocs,

. : 1; dinoflo.gellate, 1 .coccolithophorid c.nd 2180ther orgenisos, l1mcn D.gD.i.n;\IOre

moinly presunptiva Prasinopbycec..e. If we, convert these t\10' seto' of .counto to

,:mmbers of.orgcnismo per 11tro ue find thct. the unconccntrated count, ga.ve

16 x 10
6

per litre ond the centrifuged oenple only 5.5 x 106 per litre".a'

reduction to approxi.rJately one-third of the true value. .,,'
. ';'"

'. äbout two wecks Inter, on the CaDe cruiDe, the ship returned to this
" . .. ... .. . . ~. . '.' .'. '. -.... ~ ~

,..' . ,are~. The phytoplankton was still dense enough to Sive useful results frotl
'. • • • '. • ... ... • • •• '. _.: :.:' ...... ' .' • .- J '.' ~ '. • • _ • '.

counts on unconcentrated sanplcoo Sets of five counts were done on each of
. I ,", • • '"'.

two unconce.ntrated snnplcs collccted within about half an hour of each other,
• .• '. :: \} 1,_ • • .' '.\ '.' .. • •. .1 ... < • ~. ". .' ..'

the ship. uas not DOVing ouch at the t1IJe~ Tne .first set go.ve, n oe~ result
: ,., .':. ;". 6 ' "., ,',' , . ':'... ' ... '. ""6 ,; . : ,',0, • , ....

of 12.8 x 10 org--...nis=.o per l1'~re mld the second .13.8 x 10 per 11tre. Tbe
:.... !.\.... . _ .• ~ _.' '.' " :' ,''';,. . ~ t, " 'e'

. ,secönä.~iioiipie~wQ.ii clao 'concontrc.ted by centri:f'ugo.tion end thon counted•. This
: • ". , • \' I : .... , :"-.) • ..... • 6 . . 1 ,- ..". '. , :. • -~. ~ ". .' '. -' ,

gave c roault of,4.42 x ,10 per liire. Here cgain, the concentration process. ",. . . " . . . -." ..... '.. . . .. ,'.

had"~duc~d'the/~~~be~of org......nirn:i~ ·to-·~b·oüt'·~:-tlii'i-dof the 'prop~r ~ue: - in
.,' .. ' '. lt

l
..,' :'" .' .' .'. '.

the sD.Dples ox~cd on this occc.sion c. total of 394 orgmrlSDs l1oro seen t which
• -..., .... :. • • ;, ..••• ., 1: ... ' _., .. :.: .' I . .:. • '. ~, •.•• ... ""

i~cluded 1 dinofingollatc ond no diatoDs or coccolithophorids.

3



•
'.~

1 ;,

1

,. On thc third cruiso,in t:UßUGt/Septeribcr; ';011 the counts were donco.fter

ccntrifu.gction o.t 1,500 rpo'for 15 rllnutCGo At o.bout hclf ,thc;oto.tions there

were substüntio.1 nUIJbers of diatoml of theorder of O~ 1';'0~5'X 106 per 'lit:re~
.,Occaoionclly.; .. at.,-71024IN~·' 30000 l E for eXDDp1e, the' dio.tomi were tho most ::, .

nUmerous,,:graup' seen, "but IJora' comoiüy. thcy 'were heavi1y outnuobercd by the

f1agellates•.Typicalexaopleswore at-76020 IN, 14°15 1E whorethore'were

0., 06 di to 6 . . " / .' 0 . 0
~"'....5.·x.-1 . a os ·nnd.,4...14 x..:.10 "fln.gc.l1n.tes 1itre,.nnd nt 19 1S IN; os 35 tE:

, ··\.Iith 0.28 x: 106 d!atoos 'and 3.21 x. .10~:.flagellates •. Thc highestcount ...of 0 •...:.

flage11ateG' \'laS recorded:,nt·.18~01I}It.-.01024IE where~.thcreye.rO 0;04 x 106 ;dia-

<-tODS' crld 14.31 x '106 flage11o.tes.. .' ." : .{;'.' '. '\ ,.'j ":'. :: . <::.

!;:. On ·thc first of'these thrcc c·rtii.sos (Uarch)there "m.o very littl~ phito

plnriktori,' and :chlorophyll wao bt1.rcly· Deasurable by the spectrophotoDetric ~,:

::Dethod~' ::Howcver, olthough thc c.oounts uere too srioll for the quoting:of· con

-centrationo in I1g/1 to bo u::wful' onG co.n: ::my~that thc thi-eo' chlorophylls', '0.*,
'b l ' end 'C

'
yoro oll prescnt~ . As has beon I:lcntionod thc 'nora containedboth

diatoDs nnd n6.gollntos.'. On thc cecond emiDe, clthough tho concentro.tion·of

chlorophyll wäs substnntially [p:cater, chlorophyll- 10 I: wa.s not doteeted~ This

io in accord with:the Dicroscope findingG thnt"nt·tr..at:tinojdiatoos were"not

inportnnt..but 'that nUIJborc of ~thc PrasiIiophyeeae worc~ Eleotron mierographs

,cf propc.rationo Dado at soa givo Domo support to thio vioi~, 0.1thou@l. .tho.ro·

wore OJ.so c. substnnticll proportion of orti"o.nisns whieh llppoured' IJora likely to

.. ;belong to the Haptophyeoao, \ihien: one Hould' cxpeet to eontain chlorophyll, 'c' .
Unfortunlltoly these;vory ::no.ll·oCDbors:of the prasinophyeoao·appear to·hnve

sooo·'dif.fieult .eultural chnro.ctcrioties,· and thoy hllve not', .so iar, .corne ~ up in

culturcs prcpared at 'sen.

DISCUSSION

'_:~t first 'si~ht the"vorY oonll huuber o{ diatooo faund i.Il the pi~~ent \iork

w6~d ap:l?e~ to '~be t:it variane~\,~ith other peopio
'
s· findingb~ This i~ not· 'reolly

t~c. For ~o~ganiGn'to"bo s~cn in. 1 r:D:l3 of so~ watc~ 'it 'I:lUst b~ p~eocnt'to

. the:~xt~~t 6r ·nt:ieo.st·1,OOO'p~r 01, '~r 1 'x106 per litro ~r 1x'109'p~~ ~3~

rnil~shriiils'(Unpubli~h~d)~eco~t'of phytopl~ton i~v~stigati~n in'thene

~at~rs th~'hiin~st 60unt of di~toDshe roeordod'wao'1hniaosio~i~giavi~cl,
'16;2,000,000 6eils;p~r:D3: this ~1C.;' 'in I-bs-1953:: n.t ·~pproxinQ.toly' 76ÜN"26IE;~" The

'se6ond higheot"oci~t m;.s Fr~B1.1aria· 'oe06n10a cf. 140~800;00o"eeils ~e~ ci3 'at
';~he' ~nri~' stD.ti~:n."Both of thone counts; o.ro weil beio,,/ tho '109 neod~'d?ior these

;~,;,~ to fi~~:'~i~f.i.enntlY in thc ~ounts per 'i::u:J3•. IIall~,(1953 ~ in hi~ investi

cationo in the n~rweginn Sea roeo'Xded eounts ~f' 'up to 8' X 106 FrÄRifariii. ~cma

4

•

•



•

, .

per litro 'in the sUL1:.lcr·of 1949.' ·.Tnis m.cb9r::would :b~ with~the range of ?:i.rect

countability,'but Dost of Hnll<1oJ.lS counts at,\1eather,Ship ,11, ."Tore ?I9:y.of the

order' of' a fow thousnnd•. Paaocho (1960) givos distribu,~ion.oaps, ~or ,~:h~.;;~?:~ODS

found in tho Norwogian Sea,and~..the dcnsest concentrp.ti;f/:iliOlm1s.of. the order

of 100,000 per litre for .Chaetoceros debilis, 500,900 .pcr.litn:' f':lr .Fragilariopsis

~ and' over '10,000;000 per litro .for Phaeocystis pouchetii .~d. u~~l ;flagel

latcs 'riot idet,ltified". .Only .thc lost group would be sufficieIltly nunerous to show

up in 'direct counts ,on living oaterial. Paasche used the. Uteroohl oethod 0~1'

sanples praserved in neutralis'od fomalin•.

Furtner evidonce on thc oajor part ploycd by the ßIJaller orcr~iSDs ,conea

froo oeasureoents of chlorophyll lai in soa wn.tcr sonples before and after they

bave beon pn.ssod through ocShes of verious aizos. On the cruiso CIRO~IA 1/71

(h.ugust-Septonber) at 103 stations tho l!:..Y!!2. fluoroscence of sooplcs "ms

raeooured on a Tumer fluoronctcr bcforc end after thcy had bccn passcd through a

251-10 apcrturc nylon noch. .At 89 sto.tiono ovcr 8OC;6 of ~he chlorophyll 'a' was

contributed by tne nnnoplankton, and ct 53 stations over 9~'6. Sinilo.rly, on the

crUise CmOLfJJA 1/10 observations uere tlcdc ct 27 stations u::dnG a. 10 !-Ln pure

nickel Dcsh. At 23 stations ovcr 8~~, and at 17 stations ovor 9~;6 of thc chloro-
I

phyll lai \mo contributcd by thc nroloplcnkton, including mall dintoos.

Tne situation thon is not that thora is n conflict botwcen the prcsent

find.i.ngs nnd those of prcvious \:orl~ers, but that thc oicroscope oxonination of

living natcricl at Dca hm:: rcveclod the prescnce or 0. largcr nuc.ber of very

soall organisos, which are likely to bo Doro iDportnnt thnn had prcviously bocn

apprcciated.
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