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INTRODUCTIOH . o N :
" There is nothmg new about going into Lrctic waters to look at the: phyto-

plankton. - It has been done many times before, especially by the Norwegian -
workers Gran (1902), Braarud (1935), Gaarder (1938) and Halldal (1953) and by
British and Russian workers. TFrom their accounts one can build up-an appa~-:
rently complete picture of the succession and distribution of plant life.in -
these vaters. - 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 la.tter has
been to preserve the sample with ncutralized formalin, to
allov a portion to sediment in a counting chamber and then to count tho =
orgenisng with an inverted microscope. It is not always.clear from the i
cccounts vhether the samples vere counted on board ship, within a few hours,.
or examined ashore in the laboratoxy. v

A persual of the reoults shows that in most cases the organisms found had
a:lower size limit of about 10 pn except for colonial forms such.as Phaecocystis
and Dinobryon, --Flagellates were rcpresented mainly by the larger dinoflagel-
lates, Ceratium, Peridineun, Dinophysis, and Coccolithophophdrids," both of.which

have & relatively rigid structure. Small flegellates were usually lumped -
'Igog;ether under some collective heading like "flagellates and monads not clagssi-—
fied", - It seems possible that mony of the smaller and moro delicate fdms'-just
did hot survive the process of preservation and so were not revealed by the -
exanination. This’ po pibility con only be tested by examination of live phyto-
plankton at sea. - CoT SRR P SO0 PG
METHODS ' R
L. The' examination of live‘phjrtoplankton at sea is not particularly new either.
" TIt'was'a regular feature of the June cruiscs- of RV SIR LANCELOT in’the’ 19509

(Winpenny,” 1952). 100 ml samples were concontrated over a membrane fllter,
Zresuspended - in 1 ml and counted under bright field illummation in a’oen e
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haemecytoneter counting chamber. In recent years bet’ccr equipnent has 'become /ot
avo.llable for this type of work. On RV CIROLANA a Wild _M11 mcroscope fitted
wlth o. hign intensity laop and phase contrast obgectlvcs& ha"’ been used The
microscope is also equipped with a Reichert KAM ES 8 m-automu'tlc ghutter for
photomicrography. This coupled with Kodalz ngh Speed Il'.cta,chrome fllm makes
possible the taking of colour transparencies with a half-second exposure wrth
a x20 objective or 2-second with a x40 obaectlve. The ‘use of mcroscope at .
sea in caln weather docs not prescnt a.ny .,erlous problem, 'but in heavy wea.ther
it is difficult and it is escoentinl ’co s.ecuce tne opera.tor so that movement
relative to the microscope wos reduced to o niniounm, As far as counting live

-nmaterial is concerned the main -problen ig that nany orgapisn's,,_disintegrate
after quite a short time under the microscope and so .the whole areca of the .|
‘counting chamber grid has ito .be.covered in two to throe minutes. . For this.
reason, anong others,.it has not been practicable to .iry. vo identify each ;. - .
organisn: -one has to be content with an assescment of the group: to Awhic‘}} the,
najority belonged,: and, when poscible, photographs of. Ifeprcs_entatix}e samples.
.1 Where plankton is very rich numbers of orgenisns can 'be }obt_a.inef'l by a. -
straight count of those encountered.in 0.9 mn3 .in a haenacytometer countingl_
chamber. Such a count depends on there being,. on average,. nore than one. . -
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organism per 0.9 m”. or, in.round tecrms, nore than 1 x 106 per litre. Since
this is often not the-case sonc .fom of concentration.is essential. .- - . .,
Ballantine (1953) and Braarud .(1958) have both summarized various methods of
concentration and concluded that for snell ond delicate forms. centrifugation
~of living material was the most useful. * In the present work the centrifuge -
i, has been placed on a ginbal, toble to.reduce the effects of the ship's.motion,
--Even 50, there has been a very substential loss of orgzanisn in the -process;; '
i+:.this has reduced.the count to.d or even % of .what would have been expected -
fron the: results of - the unconccptratcd.. count (see bg,low)__, . In"the absence of,
-3 evidencen to. the contr;xy“ohe_ must work-on the basis that this loss has been.;
spread,nore; or less evenly through all the groups:of algae pregsent,- although
it is very tempting to -suggest.;tlmt,thev locses were: more likely to-have less,;
~c.emong, the more, robust groups. such an the diatons and larger dinoflagellates
then they would have bcen anong the more delicate small flegellates. oo

RESTLTS R
< niy.. - Observations wgré_made on; three,cruises by RV, CIROLANA to the Barents Sea
in.1973. . During, the March cruise. the. principal. area covered was. just,north of
Noxway. fron about 70° to,72%1 and fron 200. to. 35C%E. . Cnlorcphyll: 'a! values,,

. as measured, by -the Tumer. Fluoreneter,: vere below.0.5 pg/l: througnout the area

2



+and-algae were too few in number. to count,: even after a.,10 nl.sample had been
-spun for 15 minutes:at 1,500 rpn and’ reduced to:0.5:ml:” Sone observations. -

were . .nade-on. mters.a.l concentrated over o membrance filter; which,.although:.
not quant:.tatlve, prov:.ded sone qualitative infommation.  Leucocryptos marina

Butcher was usually common, as were coccolithophorids (probably. C. huxleyi)-

and small, apparently non-notile, green organisms. - Diatoms werc.usually .!:
represented by ‘small forms such os Nitzschia closterium, N. ninuta, Skeletonema

costatun, and small species of Chaetoceross .The only dinoflag"ellateso.seen:.were

.small’ foms of Gyrmodiniun sinilar to arcticunm. or minutum. el
During the May/June cruise it was found that.the’'concentration of chloro-
-phyll fa!.in the water had.in generzl. increased.to 0.5~1°pg/l;:ond that in
‘ some- arcas there were patches scvercl miles. across with-concentrations .of .
~3-5|J-g/1.- :Sone of these patches vere. sufficiently rich for a nicroscope:count .

_to"be.e’me.de_without' the necessity. for concentrating the sample.. :One such'patch,
~about 10-15 niles. across;, was found at 72N, 24CE. . Four nicroscope:counts:!

‘were:mode  on an unconcentrated semple cnd gove s total of 0 dictoas, 1. dino-
-.iflagellate, O coccolithopnorids and 64 other.organisms.' -This latter group..-
+.appeared to consist nainly of grecen organisnms,. probably motile, which were :

thought:to belong to the Prosinophyceoe, probably relatives of Heteromagtix:

or Scourfieldia. This sane scnple was a2lso spun down:in-the usual way and:the

.x20'concentrate counted., Two counts:were done and -yielded a total of:0 diatons,
.*1:dinoflagellate; 1 coccolithophorid cnd- 218 other organisns,, which again were
mainly. présumptive Prasinophycece. If we convert these two setsiof counts to
< numbers. of organisms per litre we find- that the unconcentrated-count gave . -
. 16 x 106 per litre and the centrifuged sample only 5.5 x§10§ per.litre;:a
} reduction to approxmately one-third of the true value. - .
e About two week., later, on the sanme crume, the Shlp retumed to thls
, a.ree.“ Tne phytopl.:mkton was Sulll dense o:nough to glve u.,eful reeults from_
; - count' on unconcentrated samplw, Set° of fJ.ve counts were done on ea,ch of:
| two unconcentrated sunples collected m.tmn about hulf an hour of each other,
the snlp vas not movmg much at the ta.x:xe.~ The flr.,t uet go.ve a nem re ult
of 12,8 x 106 organiszs per litre end the .,econd 13.8 x 106 per, litre, '_ The
i N secoﬁ'&"é'ilple wo.s ,..lso concentrc.,x.ed by centrlmgatlon dld then counted. Thlu
‘ : gave a re.»ult of 4 42 x 106 per llt'e., Here 'rain, the concentratlon process
he.d .reé.uced the number of org mmu« to about a. thlrd of the proper value. AIn
tho f*umpleq exum.ned on. 'hhl" occ 1on o tot.l of 394 org'xm.eno vere seen, ’unich

mcluded. 1 dmoflugellate and no dla.toms or coccol:.thophondu. '
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"On the third cruisge,¢in Lugust/Septenber,f:all the .counts were donc.after
centrifugation at 1,500 rpn for 15 ninutes. At about half.ths’'stations there
were substantial nunbers of. diatons of the order of 0.1-0.5.% 106---per‘li’cre.

. Occagionally,.at 71°24'N,..30°00'E for éjcé.mple,. the’ diatons were:the mogt -
numerous: group‘ seen; -but.more: cormonly. they. were heavily outnumbercd by. the':
flagellates, :Typical- exanplesiwere at 7609201, .14915'E where .there ‘were . -

i ,QJ-_QEE..J.QG diatons.and 4,14:x 10° flagollates/Litre, and at 79°181; 0893518
i with 0,28 x1107.-diatons and 3.21 x. 106. .flagellates. *-The highest ‘count of. "

flagellates was recorded-at-78°01!'N; 07°24'E where_there werc 0.04 x- 106 ‘dige-

~ tong . and 14.31 x 106 flagellate.;. RPN T PO SR

{ On:the first of these threec cruises: (I'.farch) -there was :very little phyto-
plankton, and:chlorophyll -was barcly neasurable by. the spectrophotometrlc
‘method, - However; although the cmounts were too small . for the quoting of:con-

.~centrations in pg/l to be useful ‘one cen ‘say.that. the threc chlorophyllé“f'a',
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bt and ‘te! were 21l present. - Ls nas been mentioned .the flora:contained: both
diatons and flagellates. ' On the second cruise, although. the concentration-of
chlorophyll was substantially greater, chlorophyll.'c! was not detectéd. - This
ig in accord with' the nicroscope findings that, at.that. tine,rdizstoms weremot
inportant but that numbers of “the Prasinophyceae were.’ Electron nicrographs

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

.were also o substantial‘proportion of organisms.which' appeared more likely to

- :belong to the Haoptophyceac; which' one would cxpectito contain:chlorophyllitet.

“Unfortunately: these very small nembers.of the Prasinophyceaec . appeaxr.to.have:
sone difficult’ cultural characteristics; and. they have not, ‘so 1‘....,~come up in
cultures’ prcpared ‘atseas . d B S PR S SPIREES
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DISCUSSION )

At f:Lrst s:.ght the very cmall” nunber of dlatoms found in the present worl
would appear to be at varla.nce w:.th other peoplc'« findlhb.,.“ This is not rea,lly
true." For~ an organlom to be uccn in 1 mm3
the exten'l: of a’c lcast 1 000 pcr ml or 1’ x ‘IO6 per litre or 1°x 109 per m3
In Ma.rsha.ll'** (unpub11 hcd) ...ccount of phyto;)lanl'ton 1nvest1ga.t10n in these
wa.ter, the hlgnest count of dla.'bons he reco-ded vas Thalagsiosira grav:.da Cl,
162 000 000 ‘dells’ per na' thl"‘ ves in ILy 1953 at approxmately 76°N 261E. The
second hlghest count wau Frugila.ma. ocecmcu Cl. 140 800 000 célls per 5o at

of sea water it r.m.,t “be pre,sent to

the sa.mo sta.tlon. Both of tne Qo count "are well below the 109 necded for these
“to figure ulgnlflcantly 1n 'the counts per mB." Halldal (1953) J.n his 1nvest1-

gations in the Horwegian Sea. recorded counts ‘of up to 8 x’ 10 Frugllama. nana
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per litre in the summer of 1949. - This munbef would be within the rangs.of direct

countability, but most of Halldal's counts at”Veather Ship-HM, were 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 litre for Chactéceros debilis, 500,000 per litre for Fragilariopsis

' nana’znd over 10,000,000 per litre-for Phacocystis.pouchetii-and "snall flagel-
“lates not iciéntifiéd". Only the last group would be sufficiently nunmercus to show

up in direct counts on living naterial. -Paasche used the Uternohl nethod on’
ganples preserved in neutralised fomalin. R

Further evidence on the major part played by the smaller organi;s*ﬁs cones
fronm neasurenents of chlorophyll 'a! in sca water samples before and after they
have been passed through nmeshes of various sizes. On the cruise CIROLANA 7/71
(fmgust-Scptenber) at 103 stotions the in yvivo fluorescence of samples was
neasured on a Turner fluoroncter before ond after they had been passed through a
25un aperture nylon mesh. At 89 stations over 80% of the chlorophyll 'a! was
contributed by the nanoplankton, and at 53 stations over 90é. Sinilarly, on the
cruise CIROLANA 7/70 observations were nade at 27 stations using o 10 yn pure
nickel nesh. At 23 stations over 80%, and at 17 stations over 90% of the chloro-
phyll 'a!' was contributed by the nanoplenkton, including sall dictons.

Tne situation then is not that there is a conflict between the present
findings and those of previous vorkers, but thot the microscope examination of
living matericl at sea has revecled the presence of a larger number of very
small orgonisms, which are likely to be more important thean had previously been

appreciated.
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