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INTRODUCTIOH v o A P
There is nothing new about going into Arctic waters to look at the.phyto=-
plankton. It has becn done meny tines before, especially by the Norxwegian .
workers Gran (1902), Braarud (1935), Gaarder (1938) and Halldzl (1953) end by
British and Russian'worke;s. - Trom their accounts one can build up'an appa--:

rently'éomplete’ picture of the succession and distribution of plant life.in .

these waters. The majority of observations has.depended on samples' collected
by fine plankton nets, and these have been extensively supplemented by. the
examination of water bottle samples. The usual procedure with the latter has
been to preserve the sample with neutralized formmalin, to:' =~ LT
allow a portion-to sediment in a 'cownting chamber and then to count: the
organismg with an inverted microscope. "It is not’ always clear from the ::i-.
accounts vhether the samples vere counted on board ship, within a few hours,’
or examined ashore in the laboratozy. -

- A’ persual of the results shows that in most cases the orgonisms found had
a' lower size limit of about 10 um except for colonial forms such as Phacocystis
and Dinobryon. ' - Flagellates werc represented mainly by the larger dinoflagel-
lates, Ceratium, Peridineun, Dinophysis, and Coccolithophophorids, both of which
have & relatively rigid structure. Small flagellates were usually lumped - -
together under some collective heading like "flagellates and monads not: classi-—

fied". . It seems possidle that mony of the smaller and more delicate fomms. just
did not survive the process of preservation and so were not revealed by the -
exanination, This’ po sibility can only be tested by examination of live phyto-
plankton at sea. . - : . ST e o ;
METHODS ‘ :
' The oxamination of live phytoplankton at sea is not particularly new either.

"It was' a regular feature of the June cruises of RV SIR LANCELOT in the 1950s

(Wimpehny, 1952). -100 ml sarples were concentrated over a membrane filter,

- resuspended in 1-ml and counted under bright field illumination.in a -~
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haemecytoneter counting chanber.: In recent yearé-better equipment has beéome
ava.lla'ble for this type of work. On RV CIROLANA a Wild M11 microscope fitted

% ,w1th o. hlgh intengity lonp and phase contrast obaectlves has been used.gﬂThe
nicroscope is also equipped with a Relchert KAII ES seml-automatlc shutter for
photomicrography. This coupled with Kodalz ngh Spced ctachrome fllm ma.kes

* possible the taking of colour transparcncies with o half-gecond exposure w:.th

‘ a x20 objective or 2-second wvith a *:40 ob,]ectlve. Tne use of & mcroscope at

sea in caln weather does not pa.escnt my ﬂerlouﬂ problem, _but' 1n heavy wea.ther

: it is difficult and it is csseatial to sccure the operator so that movement :

| relative to the microscope wags rcduced to a minimum, As far as counting live

| -matericl is.concerned. the main-problem is that nany orgenisns disintegrate
after quite.a short time under the microscope and go.the whole arca of. the ;..
qounting. chanber. grid has 10 be covered in two to' three nminmutes, . For this

‘Treason, anong others,-it has not been practicable to try.to.identify.each ;. - .

L)

organisn: one has-to.be content with an.acsescnent of the group to which- the,
majority.belonged; and, vhen:possible, photographs of representative samples.
- Where:plankton is very, rich numbers of orgonisms can be obtained by a .-
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chamber. Such a count depends-on there being, on average, more than.one .
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straight. count of those, encountered in 0.9 tm” in a hacmacytometer counting .

organisn per 0.9 m” or, in round tcrms, nore than 1 x 106 pertlitre. -Since
this is often not,the case some form of concentration is-essential. -~ .- - .
Ballantine (1953) and Braarud (1958) heve both summarized various.methods, of
concentration and concluded that for smell and delicate forms centrifugation.
~of living material was the mogt ugseful. ; In the present work the centrifuge
~:has.been placed on a ginbal-tcble to reduce the effects of the ship's motion.
--Even’so, there has been a-very substential loss of orgonisn in the _‘proce : '
21 this has reduced the count to fé. or even :; of what would have been expected
fron. the results of the unconcontrated count - (Uee below) . In-the absence; of
- revidence:to the contrary onc must work en the btasis that, this loss has been.
. spread .nore or less evenly through 21l the groups.of algae present, although
it.is very, tempting to suggest . that. the losses were more likely to have, less.

~ - among -the more.robust groups. such-as- t}}e,dlatome‘and lerger dinoflagellates. .

then they would have becen aneng the moxe delicate smcll flegellates. - . .-
RESULTS R
~nin,  Observations were nade on. three.-cruiscs by RV CIRCLANMA to the Barents Sea

in;1973.- ; During the March cruise-the principal area covered was.just north of
Norway. from about 70°. to.72°N ond from 20° to 35°E. : Chlorophyll 'a! .values,:
as measured. by the Turner Fluoroneter, rwere-below 0.5 pg/1 throughout .the area
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-and algac were too few. in nunmber.to.count; even after.a 10 nl.sample had beeh
-spun for:15 minutes at 1,500 rpn and reduced to.0.5 ml.” ‘Sone obgervations..
were.nade on material ‘concentrated over a membrance filter, which;. although -
not quantitative, provided sone qualitative information. Leucocryptos narina

Butcher was.usually cormon, as.were coccolithophorids:(probably.C:: huxleyi) -
and small, apparently. non-pmotile, ‘grecn orgaonisms, - Diatoms ‘werc.usually - ..:
represcnted by soall forms such as:Nitzschia closterium, N. minuta, Skeletonema

costatun; "and smzall species. of ‘Chaetoceros. The only dinoflogellc.tes seen-were
~~small forms of Gyrmodinium similar to'arcticun or minutum, " e

Durlng the May/June cruise it was found thatithe: concentration of chloro-
-phyll tat! in the.water had in general. increased to 0.5<1 :ug/l,. ond that in
some.areas-there were patches scveral miles across.with concéntmtions'of. Do
. 3—-5ug/1'. ‘Sone ofthese patches were sufficiently rich ' for a nicroscope count
.toibe 'made .without the necessity for concentrating the sample.-..One such'patch,
about 10-15 nilesiacross, was found at T2CN,.24°E. - Four.microscope’counts ¢

“wererncde on an unconcentrated sample and gave o total of 0 diatoms, 1 dino-

=+ flagellate, -0 coccolithopnorids cond 64.other organisns. .. This latter group..-

..appeared .to consist mainly of green. orgonisns, probably motile, which .were

thought:to belong to the Prosinophyceae,~probably relatives of Heteromastix:

or Scourfieldia, This same szmple was 2lso spun down in the usual woy ond : the

x20:concentrate counted. .Two counts werc done and:yielded a total of:0 \diatoms,

.'1!dinoflagellate;. 1 coccolithophorid cnd 218 other organisms, which again wvere

mainly presumptive Prasinophycece. If we convert these-two sets:of counts. to

;2 numbers. of organisms per litre we find- that the unconcentrated-count.gave . .-

-P|

Len.

16 x 106 per litre and the centrifuged sample only 5.5 X'106‘ per litre,ia'..
reduction to approxinately one-third of the true value. et
L Abou’c two weeks later, on the sane cruise, the shz.p returned to this
,area. The phytoplankton wes stlll dense evough to glve usefu.l results i‘rom
count., on unconcentrated smles, Sets of five count were done on each of
two unconoentmted smples collected wlth:r.n about hali‘ an hour of each other,
the shJ.p vas not mov:.ng much at the tine. Tnc flrst ,,et gave .a neen reﬂult
of 12 8 x ‘IO6 orsg.nls..‘s per, 11ure und the .;eoond 15 8 x 106 per lltre. , Tl.le}
seco“nd“w.::;npvl-e. wo.s e.lso concnntrg.xed by centrlmgatlon and then counted 'I'liis
gave a re.,ult of V: 42 x 106 per lrtr e. Here .,gain the concentratlon process
had reduced *he number of org un:..,ms to.about a thz.rd of the prope“ vo.lue. In
the .mmples exmned on th:..; OCCZ‘..S:LOII a total of 394 organlsmc' were seen, wnich
moluded 1 dmoflugellate and no d::.atoms or coccoln.thophorlds.
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‘On the third cruise, in fLugust/Septenmber,.all the counts were donc after
centrifugation at 1,500 rpn for 15 ninutes. ‘At about half.the stations there
were substantial numbers of-diatons of the.order of.0.1-0i5 x 10§ per litre.

Occasionally,. at T1024'N, 30°00'E for exomple, the. diatons were:the.most ¢ ..

numerous group:scen, - but more cormonly. they were heavily outnumbered by:.the-.
flagellates. Typical exanples were: at 76°20'N +14°151E . where ,thereiwere ..

5 with 0.28 x-1_0§ d.iatoms -..and 3.21 xh,_‘]Qi;i‘;g,gelblates. «The hlghest cou;;t;:.of

flagellates was recorded. at 78%01!M, 07924'E where ‘t_h_e;je_,_y{e:e‘ 0.04 xe,-10.6_. dia-

:tons znd 14.3%1 .x- 106 flagellates. -« ¢

_ On the first of.these: three cruises: (Ha.rch) “there was very little phyto—
plunkton, and chlorophyll wa.,--~ba.rcly;mec.surable by the spectrophotonmetric. -

‘method. .. However, although the-cmounts were too amall. for:the quoting:of.con-

. centrations in pg/l to be useful one can say that the threc.chlorophylls tat,

'bt.and: te! were 211 present.: As.nas been.mentioned ‘the :flora:contained both
diatons and flagellates. .On-the second.cruise, although-the concentration of
chlorophyll was. substantially greater, . chlorophyll. tc' was not detected... This
ip in accord with:the.microscope-findings that, at that tine,. diatons.were not
inportant but that numbers of.the.Prasinophyceae were.‘ Electron nicrographs

-7of preperations made at sea give scme support.to this view, although there:..

:.were also o substontial iproportion of. orgonisms. which appeared nmore likely to

-.’belong to .the Haptophyceae, uhich one would:expect to contain-chlorophyll. tct.

Unfortunately. these very small members:of the Prasinophyceac’ appear. to have.

gone - difficult cultural char“ctcm"'tlcu, vznd they have not;.so far, come:up in
cultureu prepared at-sea. o L L tLrianeeo T wiy T e

PPN

DISCUSSION
At fir it s:Lght the very' cnall number of ‘diatons i‘ound in the present work

would. apnea.r to be "at variance wrbh other peoplc'e flndlngs. This is not really

true. "For an organ;l.om “to be .)een in 1 mm3 of sea water it mu.;t be pre.,ent to

the éxtént of at least'1,000 per ni, or 1°x 160 per 1itre or'1 x 107 per e

In l‘hrsha,ll'° (unpubllshed) accou.n'b of” pnytoplam'ton 1nveot1go.t10n in these

waters the hlgnest count of diatons he recorded was Thalagsiosira gravida Cl,

“162,000,000 ‘3ells per n3 this viao in Moy 1953 at approximatoly 76°N 26'E: The
'Nsecond hlghest count was Fragilaria oceanica Cl. 140 800 OOO ‘cells per m3 at

"the sumc "station. " Both of tne.,e counts are well ‘below the 109 needed for these

“'%6 figure significantly in-the counts per rm’. ' Halldal (1953) in his"investi~

gations in the IIorwegia.n Sec,, ‘rocorded counts’ of up to- 8 X 10 Fruzllama nana
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per litre in the suirier of 1949. This nunber would be within the range of .direct
countability, but most of Halldal's counts at Weather Ship M, vere.only of the
order of a few thousand, - Paasche (1960) gives distribution maps for the.diatons
found in the Norwegian Sea and the densest concentration shown is of.the order

of 100,000 per litré for Chactoceros debilis, 500;000:pcr litre.for Fragilariopsis

nana ‘and’ over 10,000,000 per litre for Phacocystis pouchetii’and ‘Msmall flagel-

“lgates not identified". Only ‘the last group would be sufficiently numerous to show

up in direct counts on living naterial. Paasche used the Uternohl nethod on-
sanples présefved in neutralised fomalin, * = - ! 0 imevhs

Furtner evidence on the nmajor part played by the smaller orgconisns cones
fron neasurenents of chlorophyll 'a! in sea water samples before and after tiley
have been passed through meshes of various sizes. On the cruise CIROLANA 7/71
(August—Septénber) at 103 stetions the in vivo fluorescence of samples was
neasured on a Turner fluoroncter before znd after they had been passed through a
25un aperture nylon mesh. At 89 stations over 80% of the chlorophyll 'a! was
contributed by tne nanoplankton, and at 53 stations over 90i6. Sinilarly, on the
cruise CIROLANA 7/70 observetions were nade at 27 stations using 2 10 pn pure
nickel nesh. At 23 stations over 805, and at 17 stations over 90% of the chloro-
phyll ‘'atl! was contributed by the nanoplankton, includingsuall diztons.

Tne situation then is not thot there isc a conflict between the present
findings and those of previous workers, but that the microscope excnination of

living nmatericl at sea has revecled the presence of o larger number of very

"small orgonisns, which are likely to be nmore importont thaon hod previously been

appreciated.
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