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During thc: ycars 1049-1954 thc: R. V. Ernest Holt has made sevcrs_l 
thousand plankton otsel"lations in that part of the Baronts Sea covercd in thc 
course of r.lJ;;I' Arctio Fishcry investigations. 01' these some th.r:ee hundred 
havo been t8k(m !Jy 50 m. hauls using thc Internatiol181 Fine Net as weIl as a 
water bottle s'impling for phytop181'L1<ton during 1953. This Fino Net and water 
!Jottle plankton has now beon amüys6d; it is found to fall into a v{oll defined 
pattern whoso dcscription and interpretation will !Je tb3 object of thc present 
paper. 

Figure 1 shews the area oovercd by the Ernest Holt. Therc have !Jecn two 
main linGs of l)l2-ukton and hyd.rographie stations. The Vest Bear Island 
seetion runs from the island along tho 740 24' parall,ü te longitude 13ü-il 
while the Bouthern sectionruns from Cape Bull (thc southcrly point of BGar 
Island) to Loppen on tho Norvicgiancoast. A furthcr throe lines of stations 
running off thc Spitzbergen bonk Ülto thc decper vrater to thc north (Jast of 
Bear Isl8.nd hr;lve also been worl:ccL 3:121"8 the co,rerage i8 far 1esB complete~ 
The southcrn stations A-E W8N enly ssmpled for phytoplankton in 1949 and 1950. 

Tho hydrogx'ap'w 01' thc "ro" has been discussed by LOG (1952). Tho 1Nostern 
section VJ'[!-S tu ::c'un from thc Arctic Yiater of thc Bc;8.r Island current 
through an are", of mixed 'ifete'" "nd out into thc oeeanic water of the West 
Spitzbergen Curr,::' :.t. ffhu southurn section also starts in Arctic water nco.r 

'Bear I slC~D.d 2·110 throu:~h 2< region of' variable hydrogrc~phy crosses the 
N .. Cape br2.nC~1 of t.ho ocoanic current where it flows into the S. Barents Se2.~ 
The threc G2.3t':;;Y':::l bE".~-ll( scctiOJ,13 are 2_180 in vw.ter cf vn.riable composition und 
currü:n.ts... A (r~~_'-[l.eh from thc !\f. r}:.;.pe Currcnt flo'Vis nortbJo.rds in the region of 
730 N.300 E •.• clD,d 01rc:',.08 rour,d upon its81f Gither bcooming oonfused with tho 
Arctic wrttcr dGiI~l oLf' "':):18 SpitzbGrgen bani<: or else returning south with 
the Be"r IsJLnd eUITdlt. In this area, just off tho bank, cddies aro set up 
and the pasi tiOD. ccrresI)onds to thoSG edgGs of the Arctic \vatür in the riest 
NorvregieJ.D. Sc;;.'" ÜCDCTib(;d by Wiborg (1954-) C.s bcing highly produoti vo of 
zooplankton, 

'l'hough c'_ W!üürc!l [,ceount of' thc phytoplankton specios to be fou:nd in the 
YiCst Barc!lts Sen Wi!!] gi7011 by Wulff (1916) there have been no detailed 
eeologiccl studio!: ',.,1 thü an;,,_. The standard work on the phytoplankton of 
the Barents Sea Y1El.,,-, QOl1Jj by l~reps and Vjerbinskya (1931) and consisted of D. 

nutricnt, pE, ;y.?:.y;:c: e . .!l.d f'iE-:';rt1cnt survey ~?:.long the Ko 10. meridio.n a t' 33°30 tE. , 
and ~'.lso at 38 v E ~ (jxt0n.din;~ northYlnrds from thc Murman Coast Q.S far D..S thc ice 
Gdge ~ lrhe 30(~LucnGc 01' :nutricnt deplction CJl1d pigment development they 
describe has b~.J.:;Y.l conf:Ln.o.0d in terms of' the cho.nges in standi.YJ.g crops of 
phytoplankton j_n thu Bs"r IsV,nd region some 500 miles to the 1ilOSt. The 
actual composit:iorrs oi' t~10 D.rctic D,lld oceanio floras noar Boar Islo.nd 
togethcr wi th the 8ce.SDnal 0.bunaC~nc0 of thc consti tuent species, agrecs weIl 
with other rdsults frorn sub-o.rctic phytoplankton investigc.tions, more 
cspccially those of Braarud 2_nd Heilsan fram th0 Demnark Strait and Icclc.nd~ 
The roasoning 3_pp:Liecl by Svcrdrup (1953) in arecent paper on the "Condi tions 
of Vern2.1 Blooi.<üng of' Phytapln.nktonll givG ['<.n explanation of tho timing Elud 
extbnt of the 3car Islcnd phytoplankton produotion when adnpted for this aroa. 

Mothods 

~lho c:yror of tb.c Fine Net, as compared vrith other stendard 
tcchniqucs 01' (;stimation has been ealeulatod by Stesmon 
Nielson C_}:l<l ,~· .. _;3,j G:::sh:1.::g (unpub~).. Thc r0sults from Fine Not ho.uls D.re 
subject to v",r:, '_",J crror (lopendent both on thc quantity and composition 
of thc:: flore -,yb.ic~l i t p[',.s,ses, 2ll. errar 'ivhich rnn.y b0 VBr'J grc~ t whcn 
the SPOCiU3 üI:';;:.plocl C~I'C [',LLong tho ßlnD.ller phytoplE'.,nJ.<:tonts. Although this 
mnkes the }lin.e Net ,u:nsuit2,blc für determining tho tru0 standing crop or 
cxact CQl11PUsi t~LDn of thc phytüplc.nkton it is consi~l(jrcd" cspccic.lly whcn 
GOrDpDrcd yr:l:~:t: .:,'ccc·.:::üo:kll ·dD.tcr bottlc sD.mplcs, to givo (::. suffici'cntl~ good 
guidc:) "GO thc r(·;lc~·t:;"',rc vD.rü.tions as to justify i ts uso (Corlctt 1953)" 
Wc:,tcr, büttle se_;:,lplcs ~,;:.'.kcn f'r81~1 the Arctic V1!;:.ter indico.te tlk'1;t thc diatoms are 
by far thc: most inportant constituents of thc phytoplankton. Thcre are more 
nD-'I1nopl[":1kton,t;:;; 2J~d ;::,;_:::D,ll diD."COLlS in tho occanic 'iJvat0r and D. prclilninary 
survey cf tho i'oIUGr indicf:.tGS tl>..L"\t thoy are relativGly insignificant 
(Butchcr, <> j , 
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For detailed examination of the relationships betweon vertioal stability 
of the water oolwnn and distribution of thc phytoplankton water bottlE, samplos 
from 1953 have been uscd. 

The method of counting in the oase of w0.ter bottles has boon by an. 
inversed miorosoope whilo ]'ino Not bauls h0.ve been oounted by sub-sampling 
using 0. st<;inpel pipette (Ho~senls method). '1'he f'orm8r h8ve bcen
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neunber of cClls/lltrü al1,d "tue lo..tter as numbcr cf cells undür a m colurnn 01 
50 metres dcpth" In both cases thc spring dio.tom Chaetocoros 80ci0.1e hees 
been estiIUated as numbers of chains/s8.:mple ovving to th(; very small size of i ts 
individ~~l oells. 

Rosults from these counts and th" idcmt:Lfic0.tion of' the speoios f'all into 
a consistcnt patt;orn from ycar to y(;[ .. r~ Thc trips of thc ilHoltll nrc irroguler 
e.nd the covcragc some;tim0s po ar ovJing to w0ather oonclitions so that in SOLle 
yoars this pattorn of phytoplankton production 13 cücarcr tho.n in othcrs~ 
Besidos this the bloorüing of c1iatoms mo..y take plo.cc Gxtremoly I'2.pidly and there 

t -cl must be nUlnerous occasions vvhon thc tiDe intcrvnl betwccn consccutive cruisGs 
of zcJ?proxix:J.e.toly n l:lOnth has CC.USGfl us t';J miss a lc.rgo sC?lc production .. 

A ~:lOnthly sW'~:da:r'Y of th'J' ]1in(; I\fet ancl Wetter büttle saE1~ples over tho 
period cf 6 Y0ars giver:; a pictul'o 2;.ß follo"\j~"S:-

Jan. JPe.p..!.J~Io.r~ "Tcle phytop'lc.rikton is gcncrrtllY poar ov(;r th0 vlhale region .. 
DinoflagellD. tos Cl.nd :tintinr1:~.dq nutnu;:-:b(;J,:' th8 diE:. tODS vvhich DIe cxtrer.lely SC2~rco .. 
Thc species of di~t·~Oj~l t;::.[~t are i'ou,nd bolüng to tho S'Ul"lL1er end D.utUl~1n flo"'ii[ering 
types Md only COl:tC in the dcep ',;i:ltt:;r st~:j:;ionH" On thc be,rik therG 18 alr.1ost 
1'10 trQC0 of crcr ~::r:, or clEl..ü-;,ß of t;lf;:) spring floworing c.rctic spccios which 
supports th(: vie',7 0::: UssD.chdV theJ; thCEi(; e-Y.'G brought do\~m Bach ycccr in tho iee 
flocs~ (Ussachcv;: 1946), thclJ.gh th0X'8 i8 Ci.Iso thc possibility tho.t tb.ey arG 
on thc bOttOi~1 during wintE;r~ 

~~il (Fig o 2) A le,rp:c outburst of spring phyto~plankton tZ1.kes plf.\.ce 
on thc Spi tzpcrGcn :L';c~rJ::. ,71:1 rLGLTly cvur,:r l.nstnncc high stD.ndi.ng crops of 
aiatoms are rocord.0d fron thc~ 8118,llo1,7 A.rctic stc.tions 1,'IX-BK6. At the srJne 
time tho phytoplc,lücton inc:1o doep wr,tcr sti:.tions 01' tho West Spitzbergen 
current rer~ains at itß \iin1:;er lcv:;l.. :.r-ho stations thn.t o.re just off the 
bo.n13:: show ';:1. high stnnding erop only under ccrtc.i:n. hyc1rogro.phic condi tions -
na:m,e1y 8. shc.llo'VV tCDpcr;;üurü inVE.:X'dion. väth co:~.d ü.rctic -J"lD.tcr' of low salini ty 
lying on t01! of \lann0r and. 1:101'0 so.line ~~:rD_tcr I; Thc: "'uo. ter in which 2. spring 
f'lowering takes plece" S8CL1'1 assoctatcd y;ith thc oilge of the iee paok or with 
ice flocs b10v\l11 S. Tl. by thc :prcvc;.iline; winds rluring this L1onth~ Thc species 
"liyhich rüake up thc spring flov,rcring aro CL11 d.cscribcd by Lobour as 8..rct:ic­
neritic and in general corrcsponü to t·tlose faund in grc2.t qUD.lltitics near the 
iee edge by Bro.arud und Niolsen" (IvIostly 9ho.e~o.~ .~?j..Qlc, Tho.lassio~ 
e-n.d F1'agilCixi2, .spp~) In thc deo}? wCetc;r S·tL~t::"0X'Ü) uf t:l;".; ~;I~(;iT'c Spitzborgen and 
N. Cape currents the1'c is 110 lee cOV(;r8.g0 c:u~d po trc~nsicnt incursions of melt 
water.. Thc:~ce is D,130 0. hO:.10gaYlOUS watcr colv.LU1 far dO-Wl1 bclow thc euphotic 
zone which is pcrhaps thc o1'i tie2_1 fo.ctor in c1G12~ying thu floY\fcring of the 
occonic s,pecies.. ObE',GrV2,.tions tD.kcn in April 1952 -dith a H(;nsen 1 1~1. net in 
thc region of Station A a.ne extending vwstviCLrds to thc NOr'Negi8J1 COD.stc.l Yl'-'.ter, 
showed a lo.rgc; stD.nding crop 01" 'phytoplankton YJ8.$ prcse;ut.. During this L10nth 
therc 8.1)peo..rs to bG a flo'v'iluriJ1,..g of diL1to:i:1S in tue coo.stnl wn.tur to thc eouth 
.s.nd near the iee 8C~gC to thc north, but nano in thc: ocr~;D.nio ",;JE:ttc:c betvfocn .. 
This observo.tion o.zr00s wi -:~h thc findings üf KrGps Qnd Vcrbjinskya. 

lVID.Y (:D'iZ .. 2) Ths spring outburst is still rccordcd frü:J tho Go.st 
pc.rt of' tho Bc.nk (st Bk 1_6) "her.;, pcriocls 01' stabili ty ,encl. turbulonoe UC'.y bc 
supposccl to i.:,lt-crxv'.tl'; but vJhorc thc bottOi:l is c,l:Lthin tho 11 critic2.1" dupth für 
tr.e: tine of yC;D..!'" (An clabor2~tion of this concept vvill b(C, found tmclor ,th0 
scction on rccdiat::Len 2.nd stc.bili ty.) 

The sto,THling ero}? of zooplankton in these e,rctic Yf8.tur st2.tions is ;s'!.lso 
lOij{ ["nd Cl. theorotic2.1 estiDate of its grazing l)otcntiLl.l coupled with thü 
stn.uding crops. end relJroductive rc;."tus of the phytopl;:\nl<:ton, indicatcs that thc 
plo..l1ts are not liui ted by grnzing. This contr2.s JGS -,ai th th(~ posi tiOl1 in the 
i:lixed Qnd ococ.nic Vle.tcr ovt.:r thc st:tne :pc;riod, 'i/cl.on high stencling crops of 
zooplankton and nuübcrs of' nauplii. associat0 low stc.nding orolJs of phytoplnnkton 
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with a grazing controL(i;e. in addition to the physico.l controls of' 
radiation and stability.) That this is so is indicated by th& very low 
quantitics oi' phytoplankton that havc been taken in the deep water 
stations during this month, even when a thGnnooline wi'Ghin the oritical!" 
depth has become established." " 

~ (Fig. 2) The quantitics of' phytoplankton rcoorded vary greatly 
i'or a.ii'f'erent years. The general indieatiens are that n~diatioll and 
stability no lenger limit produotion, exoept whorc the ioe is still present 
towards Hope 1slcUld, but that thc rioh standing crops previously noted on 
the Bear 181and Bank havc depleted the nutrlents 2.nd have pc.rtly sunk and 
"partly becn grazed down. 

Such f'lora that i8 recordcd consists oi' ocoanio spooios in the deep 
water dominc,ted by Chaetoceros spp (more particu.lo.rly C. compressus 
~Q9_:r:-volutus ~ C .. lascinios~.§.~) vrhich is also fauna mixed. vii th thc rem8,ins of 
the spring f'lowering in the cold wo.tor stations. At st(,tio!ls M-P the 
temperature romains in the region of' 2°C during June amI the oocasional lo.rgo 
i'lowerihgs of' chactocorids (\lwaysappear nssociatcd with wo.ter oi' 6_7 0 C. (Fig.$*)' 
The Arotie 'Te ter thus SGe'llS inimioal to thes'o oeoanic i'orll1s. 

The water to the N.E. of Eear Island always has lcv! standing crops with 
a i'ew oho.etocerids 2nd Rhizosolenio. spp. present. Hm7ovor, tho great nWüber 
of copepod nauplii fauna. hbro during this month indic2.tes thnt thcrc is a 
high productivity coupled ,,;rith intense grazing. Occe.sional high st2.ncling 
crops are fauna along the southern scction but the rari ty with v\rhich these 
are enoountered suggcsts that they are rapidly caten down and only f'ortuitously 
sarnpled by tho Ernost Holt. Along thc outor stations oi' the west sectiOl~ 
tl'lere have nover beon good cD.tches 01' phytoplankton durirlg Juno but again 
this is doubtless due to thc heavy grazing. 

July (Fig. 2) A she.llow thsrmocli1l0 at loss than 25 Iil. coupled with 
24 hours dD.ylight provides at least two 01' the i'actors i'or re.pid 1'roduction 
of' algae. Very large hauls w'ore obt,üncd on the southem s0otiOil stations 
A, Band C during 1945 but on the whole July is poor in standing crops. over 
the whole area. Thü work of' Kreps and Vjorbinskya shows that the upper 
l"yers of both j;rotic ~nd AtlL\Htie wc.tor hiNG beon doplctcd of' nutrionts by 
this month and the position i8 likely to bo simile,r in the Bear 181c.nd region. 

August (Fig" 2) Tne pattern of phyto production c1uring c.utumn is, at 
lCD.st to 80mo degreu, tho rGvc:rsü of thc.t wo h2.ve trr:.cccl dur ins spring.. .L:.?:[ge 
i'lowerings oi' Rhizosolcnia (\Hd Th,üD.ssiothrix (,re found in tho deep oceanio 
wntor 01' the "iicst Bear Island section m1d also in tho southern stations, 
though the coverage here is extreUl(üy POOr' Both these sp1'. he.vc beon :found 
in 'luanti ty oi'f the Bank north oi' Bear 1sland in the D.utU.Oll1. This poor 
covcre.gG is due to the i'act that thc eod c,t this ti"", nre far to the north 01' 
Bear Islend 30 that theru ho.S not c.lways been ti.;'lo to e2l'nple thc t,[Q i'ixod 
sections as tho Holt proc8eds to th~; aroQ -af the fishery" FroEl thc 
Gvidence aV[t.iläbr:;--the D.utunm flowering SG,~i1S speoific t,o certain regions. 
The position i8 thus comparc;blo wi th that c1esoribeCl for Rhizosolcnia 
E.1Y:liformis and ~idc1~ sinensis in the North Sca by ~limpenny n.nc1 So.va.gc 
whcre huge crops of these diatOl:1S are.. faund yce:r D.fter yoa.r in thc 
Smi th (s Knoll, Dogger Dank and Schcldt o.rcas. 

üf thc diB.toms, Thc'..lc.ssiothrix lonrs:i;..~sima nnd RhizOSQ~(;;E,~~. app. domil18.tc 
the [':utumn ph.ytoplo,nkton. Very lE:.rgc ste.nding crops cf those dic.toms arG 
f'cw1d ofi' the ')1wk to thG south nnii west 01' Bear Island and also along thc 
western edg0 of tho Spitzbergen bank itsolf cluring L.UgU;1t and September .. 

Besides thc spooios mbntioned abovc somo oi' the SUüMO, i'lowering 
Ch(~cotocerids persist intü thG auturan and <). largo outburst of Chaetoccros 
convolutus y{c:.s faund c,t the south<:.;rn 8tn,tions C und D in S8IJtcInbE;r 1949 ~ 
The peak f'loworit:s;s of th8se Chactoccrids aru a3sociatecl with occc:nio wO.ter 

. 0 
i'rom 6-7 C. 

Nec.X' Boar Island th0 autmUll :phytoplankton, such 0..3 it is, consists of a 
mixt ure of the .A.rctic ne;ri tic forms in small numbers which hc.vL1 rcmuined 
frorn the spring l)roduction, togethcr with vllrying quariti ties of th0 oceanio 
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weetcr species which mvo drifted into thc colder 'iv::"tcr from their main centres 
of reproduction off the bank. 

September (~'ig. 2) Thc &l1ount of radiation available for phytoplankton 
production during this month is comparable vJj.th that in March, and after the 
equinox gales and oooling'of the water begin to break up the summer stratifica­
tion ncar thc surface. These faetors militate against the reproduction of 
algae and tov~rds the end of the month phytoplaructen hauls begin to decrease 
rapidly. ' 

Off the bank the flowerings dGseribedabove may porsist woll inte September, 
but in tho shallow water on the bank eatehes consist almost entirely of Ceratium 
arcticum, C., fusus and great mlL1bersof thc Tintinnopsis favella. -- ; 

Nutrient observations' '~fron1 ·Sopte:mber :L949 show~ that along thc southern 
section regeneration has taken plc.ec as comp,"red 'iVith the July figures. 

October Thore is a gbod covorage during this nl0nth 01' thc bank e.nd 
deep w2.ter sections rOflecting the whcreabouts of thc cod during the stUlle 
period. Tho Fine Not hauI,,' are slaaller thE:cn those of thcprevious r,lOnth wi th 
dinoflagellatcs c.nd tintinnids replacing thc diatoüs. The dopth of the 
surfaee themoclino, ,where this is detoctable, is grc;ater th,:cn that found during 
September. Thc radiation is dofini toly Ihuting for plant production. 

November and Dccember Tl'lese months refloct 8:Cl incrcasing degree of 
vertical turbulence in thc surface waters [md C\ll alclOst total lC.ck 01' radiation. 
Phosphate values for Novcwber 1953 in tho surfac8 10 m. along tho \Tost Bcour 
Island section gave a lOloan ve.lue 01' 21.3 r.1f\./m3 which is ;: to a winter level 
of O. 75,P gü. atons P/litro _ so,newhat highor than Harvey's estir;1atv for the 
Ch811ne 1 l'aaximutl" 

;rhe phytoplankton consists al;:1ost cntirely of poridinians and Tintinnids 
but thc quant i ti es o,re extreclely sl'lall - not, bowever, rcaching their 2.bsolute ' 
lnm.1.18. until March. :B'or Ncvcnbcr 1953 one or two chains of Chaetoceres 
convolutus and a feld Hhizosolenio. spp. würe found in lTlOst section statiQ,ns 
but at 1'1 and lfL at this tir.le thore was no sign of initial ovorwintcring 
popule.tion 01' thoso Sl)ooics which WGrc 'GO ccnsti tute tho spring flovloring ef 
1954. ! discussion on th8 significanco of ttüs will bo feund under the 
section on lce Effcots. • 

Thc CorüVosition of thc Phytcplankton 

Although SOEle 17 specics of dinoflagellate and 40 species of dia tOLl have 
been observed froJü tiae to tirüe in thc ]'ine Not rJ,mls, by far thc bulk of 
the Bear lsland phytopl~<1kton consists 01' a fcw doainant sp0cics oi' dia ton. 

For thc; sake of convcnicnco a SOl.lGwhat arbitrary distinction has been 
I.mdo between those s.tations where aspring f'lOwering cocurs and those at which 
nc such flowerinc;hasbcpn found. J~ ;:!Gan percentage conposition of the 
diatoa flora for the Yfhdleperiod 19Ao9-1954 gives tho following picturo;-
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DIA'TOIviS 10 OO!\I!?OSITION (FROl.' NO. OF' ruLlB!SP.t'. J:'REMNT) 

,viEAN VJI~lJES 1949-1954 

Fine Net hallls at 50 m. 
T-"-"....,.f~-..-·~-"··_-"--·"'"'-~-'~'""-""--'"-,·~'-,,·'"-~---,,~-~,- ~"_."<, "~r""' """~.-~,._~.""'-'''-".~"'~.,,,,"".~"'','' ,,,,,,,,,.~.,,.,,~. __ .,, ._,~~.""", .. "~".,,, l"""~''"~"''- -"""--"":'~~''"'\--'"-'-'''~''---'"'W_-'"'"-'~'''"'l 

.• , .. APKIL-~ILAY 
. . .. --_.-, .. " 

JUlffi -JULY . 

B gravida 40.54 Thalassiosira gravida 4.60 

1'0 1007" 0.88 

AUGUST-SEP1~IvreER 

)Lütle or uo p\ry'Go-
) 
)plankton (except f'or 
) . . 

) str,tionP + Q whose y" 

~ eomposi tion is the smue 
) . 

) as thD.t shovvu bclow). 
) 

~. 

~ 
) 

ChD.CtOC0l"OS 27.60 
convolutus 

C.· c1ecipiens 5.26 

C. L'.tlc.nticus 0,55 

Thc~l?-ss iot hr:l'x 32,'11 
longissimo. 

Rhizosolcnia 21.06 
hebete.ta 

R. styliformis 0.16 

R. alc.tEl. 10.00 

To 1007;9 2.60 
"., ___ ,_L~. __ .. ".~_"_,~, __ " .. " .. _.",,~._ . __ ,._,~ .. _, ___ "'_ .. __ , "."_ ... e __ ._L.,,~~.~~ .. ~ __ .. ~~._ ""e""""_""," __ '~_'~'_~_,~,_"._,,~._,,,,, ._~,~....:." ___ "l~, __ ,,~.~,,",, _ .. ~.",,,.~ __ ,_ .. "~.~_._,,, __ ,, ... ,, __ ,,,,_,_ " .. _.....l 

11h8 c:;,bovc. tablo thus clocs not corrcspond to' D.ny one yef:,r but is gGl1cr~:.lly 
trUG from ye2.r to YBccr. As pr<cviously describerl, thc speeics Chc,ctoceros 
sociale h..'1.S been cstim'-:'cted üs DO .. of chail1s/col~ oVling to the vGrysIDo.ll 
siZG of individw~.l cells when compared li7ith other diatoms observed. If 
countcd as E:.ctual nunber of CGlls it would m(~kc up considcro.bly 1110re than 
the 4.4170 of tho sprL'1g florD. Sh07IU, 2.8 thc cGll!chain nUlilbcr at this time 
vo.rie s betw0:en 7 anel 12. 
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Thenurl1bers of tl,inoflagellates taken do not allow a reliable table to be 
dravm up as in the ease of the diatoms, .no):" .. dothey oeeur in suffieient quantities 
to "lake 1'1 valid distinetion .betweEln the eomposition of thebank and deel' water 
speeies. The eommoncst speCios onthe.bB.:nJ.<:.c;ppear to be Ceratiu,".! areti_~, 
O.intermedium, ß.. macroeeros, Peridinium ,E.':'.ll~cid,?: and ;r ... d~r~~. In the 
trest Spitzbergen eurrent the highest nUinbers of dinoflagellates were ülken 
during thc autumn with the ',lOSt abundant speeies being C. fusu"i., C. furea, 
C. maerceeros, and to alessex extent O. lineatuLl, C. tri,Pos, Peri,4.iniwl~ 
.s!:!,.rti,Pes and Dip.o,Physis norvef,;iea. 

Other flagellates reeorded inelude Halospha~ viridis, Phaeoeystis sPp., 
oeeasionally ir) great numbers, and also silieoflagellates ineluding 
P~ntosphsera hux1~. 

It is of eonsiderable interest to compare the dol:\inant, spaeies found in 
the Bear Island region with those reported by other authors for the Norwegian 
Sea, the Fjords, Greenland j Ieeland and the Denmark Strait. BraL;rud (1929) 
from the DellLlark Strait finds the spring din.toli' outburst in Arctic water was 
an "Aehnanthes-Fragilaria" or a "Thalassiosira" vegetation; later succeeded 
by"Detonula". The summer dominant in mixed Aretic-Atlantic water was the 
diatom Nitzschia delieatissiaa while the n.utWClll flm,Gring w;:\s dol:linatc;d by 
Rhizosolenia alata, 

SteeJ;lan NiolsEIYl (1935) in his papor on the phytoplankton of the Faroes, 
Iceland, and E. Greenland reoords the spring Q,iatons -"ere !:lade up Elostly of 
N. delieatissir.la and Fragilaria ~ off the Faroes. In tho eoastal wB.ters 
of Iceland D. flora dorrline.ted by Skeletonena eostatw.l, ThalD.ssiosira gravida 
and T. nordenskioldii was found for May. In the ooe=ic 'rmter Nitzsohia 
delieatiSSlJlla eontinued to play D.n lLlportant rale thrcughout thc swnGcr with 
Rhizosolenia faer~ense inereasing by August. For tho Donnark strait ,egion 
in June Nielsen records a diatotl phytoplankton eonposed l;lainly of 
Chaetoeeros tl,ebilis, C. eontortus, C. laeiniosus and C. fu:rctLle.tus. 

Gae.rder (1938) vlorking in thc fjords of N. NorvlT0_y finds \l. spring flora 
of arotic oomposition eonsisting uainly of C1Jll.etoeeros soei2,10 and 
Fragilaria oeeaniea i8 replaeed by a sur,Taer outburst of r:lore"""Southern origin 
sueh as Chaetoeeros affinis and ~rvisetus. 

Per Halldal (1953) in a study of phytoplankton taken froLl the Weather 
Ship M in the Norwegian Sea deseribes a sir:lilar SW_][.ler and auturiU'l flora Qs 
that found .in the West Spitzbergen ,tater at Bear Isle.nd. 'rho major exccption 
S681as to be that whereas ho feund Fragilaria ~ the dor.Ünant dia tOLl 
thrcughout thc, whole flowering season it has not yet been found at Be~r Island. 

The Pattern ofFlowering 

The pattern of phytoplankton production in thc Bear Island region with 
,the sharp distinction betwcen 1'1 spring e.retie flora and a SW;lll10r oce~ie flora 
has also been reeorded for other regions in the Aretic Oeeans. As .stated in 
its general fonl this pattern was "lost e101lrly shown by Kt'e~s and Verbinskya 
(1930) by ehe;:1ical methode and as far as the present work is coneorned their 
findings are fully oorroborated by cl quantitative estil.1ation of the flora itseLf. 

All the phytoplankton werks eited above devote· sone spaeo to an eeologiotil 
eonsideration of the flora. There has been a gradual developing of the 
early ideas of Gran and Brandt in assessing the role of nutrients, t<onpore.ture, 
stability, radiation and other faetors and thair rele.tiv6 LlportanCG in 
deterrl1ining the tining and extent of phytoplankton :produetbn. Although e:ny 
of thesefaetors l:JaY be the lini ting one for a partieular flowering of algae, 
inereasing er.lphasis has bcen laid on grazing and stability in reeent papers. 
Develop;;lcnt of hydrographieal methods has allowed a Dorc intiillate study of the 
relations between radiation ava:i.lability and thoruL,l stratificati8n. For 
eXDnple, thc paper of Halldal's (see above) from the Norwegian Sea eorrclates 
the onset of phytoplankton produetion with the gradual stabilizing of the VIv_tor 
cohu;m and thc' rcduetion of vertieal transportation of algae cut of the photie 
zone. He shows that, at Weather Ship M, it is this eeologieal faetor whieh 
prcdominates in detennining the e044_1enCcllwnt of vn oVGrall })hytopl!".:nJ.<:ton 
prcduetion. 
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Tho work with ':1Dst b,;aring on thc int~rjJr0tD-tion of tho pD-ttern c1escribed 
fror;}. thc Ernest Holt is tho.t of SVerc1rup (1953) IIOn conditions' for the 
verno.l blooLlin.?; of phytoplanktontt

• I lhis is conc(;;rned iJvith tr~e r.1utuß.l 
interc.ction pf ,incrcc'sing rndio.tion, and thcn.lD.l stratification :U1. dcfining 
a "critice.l" d",pth thc rOD-ching of which dcterninos tho stD-rt of phytojJle.nkton 
production in thc spring. L ;1cthod is describec1 for workingout. this c1epth 
für a, givoD nrC2. o.nd this is appli0c1 to tb,E; underste.nding of production' of 
phytoIJlankton oncl ZOOlJlanlcton in the slJring at Weo.ther Shi]? 11. 

Tho tcchnique has been ac1aptod for the Bcar Isle:nd rc;gion. An exar,ünation 
of the cri tical depths . o..1'1d extcnt of vertico.l turbulence founc1 bythe 
Ernost Holt o.t thosano tiDo. r,s the phytoplankton lJLluls ymro to.kon, givos too 
v.ndorlying explanation of the til,üns already described above. Besides the 
rr:.diation and stabili ty fuctor 801:18 consideration is gi yen to the üffects of 
iee coverago, o..s being pnrticularly rEÜE;vant to the aren.. Los?, q~\u.:.,.be .-s2,id 
about nutrients and grazing but what is kn01ivn cf these contributcs to 
csiablishing un explanc.tion of thc chclnging p2.ttern cf Fine Net ~J.1:g -~~'"Q. tor·· 
bottle phytoplo.nkton throughout the year. . 

C"Ecology öC13eo.r Islanc1 Phytoplankton 

The uothod of prosonto:tion will be to dc<:.l wi th rccc:ic.tion, sto.bili ty, ice, 
grc.zing ond nutrients separatoly and then to SUIJElecrize thcir interaction on 
the production of the phytoplankton. Selected wO.tor bottle stations will 
then be analysed in detiÜl in th" light of the (;cological eonsidero.tions 
previously deduced. 

1. R!illIATION 

. Rac1ia tion is perhc.ps the luost important factor in thc produc.tion of 
phytople.o.kton Ln the sea. At high latitudcs, such as Bear Island, thero is 
a complete chcenge during tho spring frol.l total liE,rknGss~o total daylight, Md 
vice versa in the autl.t~nn. 

The a':1ount of rac1iation o.vailablo togcther wi th t he turbidi ty of tho wa tor 
dcfines thc euphotic zone Qnd cO~:1penso.tion depths, hc-mce 30ver.xü.ng, thc degree 
.cf stccbility ncoossary for production to te.ke place. It also c1cterr.litlGS 
.the rcproc1uctive rates of th<c diatoms within tl18 euphotic zone. Ieo 
coverage cuts out a largc degree of the incident radiation auel is of :L~lportMcC 
in liraiting the proc1uctive etroccs cluring tho senson when radic.tion \'i'?,~~4 be< 
otherwiS6 sufficient. 

It has been thought ',70rthwhile to uake a detcciled stuc1y of the qUD.l'1tity 
of .radiation available in the west Be,ron'Gs Sea ",nd the effects of ice and . 

. turbulence in 1,ir~1i ting rClJroduction of a1sae .. 

The incident rad.iationo.t Bcar Is;to.nd Ras caleulatGc1 froi,1 lilosby's fOrf"ule.:-

1 0 " .027 (1-0.0'750) L gm. cal 
-2'-1 

CLl r:.lin 

"hore 1 0 " incic1ent radiation, ,02'7 " fo.ctor for atuos. turbid, C " L1ec;n 
clouc-:'iness L ;;;; n8an alt. of SUD. Thc factor _of '.027 W'QS obtained for D. 

latitude of 700N but would bu e.pproxi;:;lately th.c same for Beo.r Islo.nd B.t 74
0
N. 

The ;,18an oloudiness o.nd E:ltitude' of the sun ,;lay be obtained fro!;1 the 
T.l1eterologicnl tables and l1&u'ficD,l tr::.blcs rt;,spectively. Tht;; percentaßc- of 
tote,l energy avnilo.ble for photosynthesisis t8.1zen by Sverdrup to be -"- 2°7" 

In deten:üning thc o.ctual arüount of cnergy entering thc SüD. surfaee i t is 
necessary to introducG a reduction fe.ctor for surfo.ce reflection.· This 
varies both with thc altitude of the sun and with the c1egree of cloudiness 
and cannot be res.dily o.soerto.ined. However, i t is kno'Wl1 that 97< of the 
surfo.cc: energy is reflocted for a totally OVGrce.st sky and 2.S the pear 
Island areo. has consistc:nt cloud values great0r than '7/ lüths ,this 10ss 
has beim to..ken. The values obtained l:lay thus be a little high. 

Fror:! the energy entering the sea surfe.ce, and 0. knowledge 01' the 
cxtil')ction coefficient for ereen light in the area conoerned (11impenny 

'1. 
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Corlctt 1953, wlpub.), tho dopth of cOL1iocnsation has been worked out. The 'd 
:C1Gthod will be discussed in thc section on stability. Lssw:üng tb.at Id " la-i<: 
(where Id = energy at Qcpth cl, 1 0 '" incoLling oncrgy, k '" ext. cocdf.) 'the T.lean 
energy values in the ~Jhotic zone have beon obtd:ned. (Fig. 3). 

The finc_l stiep Vt&,S to equ8.to D, reproductivG rate to these figurcs of 
available energy. Thc data usad here was taken fror.! ,Tankins (1937). 'l:his has 
b0cn adaptecl by Riley ane a gra")h dravtü bc-c,!(:jon the nunber 01' divisions/cLay 
and thc; radiation in gü.co.ls/o;n2. 13010w 25 1",'1.oals./oD2 day thc relationship 
between r6productive rates and rac1i[:d;ion is linear. This 'vras also ShOVJll by 
Barker (1935). Jonkins uscd Cosoinodiscus Gxcontriqus in her experi::;cmts and 
although the above relationships refor cO the basic proeesses of photosynthcsis 
in diator:ls, differing clogrees of efiiciency of utilization bctMcen Sj?ecies oceurs. 
This problCi:; was stuclicd by Lanskaya c.ncl Sibkov (1950) who showed that 3 
Coscinodiscus spp., Rhizosolenia calcar-'D.vis 2.nd BidClulphia ~te.E:.sis 
caoh rcquire<l cl similar nu;~bcr of cülorics for 0. division whi1e Di ':;zliuta 
Brightwolli ncoc1cd only half this quantity. This should be borne in ::lind when , 
the mean reproc1uctive rates (obtainccl as indicatec1 frc)I;l Coscinodiscus cxecntricus) 
are applied to DnY other C~iCl.tOl';1 spccies. 

Thc results are expressod. in Fig. 3, They shovr thc very rapid incrcase 
in thc thcoretical repro(luctive rates obtaining in thc euphotic zone <1.S thc 
hours of daylight lengthen Cl.uring thc; spring. 'l'he graph is no;~ SJ;lOoth as 
41can clouc1 values have beon t::ckon uhich al tor thc gre,client far each month. Both 
along t:he southern nnd western seotions Q current of cold "hT':.ter is r:leeting a 
'I{c.ruer one anti these ars thc sort of conditions v/hero clouCl L1D.y be eXl?8ctecl 
to ford. Thc ,"cturÜ cleuc1 valuos ueeel. are froa thc lv[otcrologicrü st.<;ticm at 
Bear Island and in the outor stations a'·;;ay froLl thc colcl ';mter there 412,y well 
be rather less clouQ. limlGV0r, the effect of cloucl istvfG-fold; it cuts 
down thc dircot light hut it also increases tho diffuse light so thD,t for low 
sun angles, such aß Yfe are dec.ling vJith cn.rly in tho ye~-1.r, the cloudiness of 
the sky may aetually inoro8,sc the quantity of l"E\chation ontering the we,ter. 
This is because reflection lasses for low sun anglcs are grceter ths.n losses 
of diffuse light by X'efleetionl 

HOVf ne2.rly tho actua.l reproduction rates approach the theoretioal fi~;ures, 
in fnet ho~\jv far this Hproduction potentiall1 can be rG8,lized, deJ.?enCls of course 
on a rlULlber of other fLtctors. 

2. STJJlILITY 

Tho r,vost sigllifieant of thc,se faotors is likely to Pe 'ohe Dccintenance of 
thc reproducing popUlation within thc euphotic zone. Um! far the 1,opulation 
of algac reuains in this zone clepcncls on thcir buoyaney ancl on tho vcrtical 
z.:.1overüent, or turbulcnce, of th0 ~;j\later colw,ln. Heal thy diatoms l':'1ay be 
8lCJ?ecteel. to l:lainte,in their positions in still vlater (Gross and Zouthon, 1948) 
so that thc important factor i5 the turnov0r of the aotual nassüs of water in 
which they are suspended. 

VerticP,l turbulenee is LlI"inly dUG to p, eooling of thc surf"cco w,o.ter 
incre2_sing its density 2J:1d c2.using it to sink, it is also due to "'[rind c.~ction, 
currents, tides and upvvel1ing of doeper w:\tors. Whero thc surface waters e.rc 
we.rr.,1 cl1.d 108s clense tht.n the underlying ones, 2~nd other factors are not cE1.using 
turbulcl1ce, a thexrüoeline of var:;ring shaX"2ness will be formed. l:he presoncc 
of such 2, thenaocline, indicatccl by densi ty ueC,SUrDi:l8nts t::ckon frou the ~, 
has beGn L'!.SSDr.10d to indico.te the clcpth of rJ.ixing 01' the surf8,ce water f,ll?,SSCS. 

In Sverdrup r s paper [, sit,iilc.r ~ll.ethod is used, te.king both tCj:-.1pex'Gturo end 
srtlini ty r:leD.surenents [;,nd 2\. continuous teL1per<::~tur0 rccord using c. liLosby 
thenJ.osonde. Irhe degree 01' r,lixing ";;:rithin thc therüoclinc hL"S been assU;-;led 
to bo uniforü, 8.$ indec(J. >::luSt be the Co.SEJ für the thGIuocline to rer.1D.in constant 
for any length of tiJ;le. 

Sverdrup shows that thc processes of' :photosynthesis anc1 respiration 
wxy be consiclercd in terms of the relative vollllC1es~photosynthesising and 
respiring c,lgac respeetively. The i'oni1Gr will de~encl on thco light Ltnll will 
c1ecrec.se logi.\ri th1:.\ici:i..lly fro::l the surf~\ce (L1.1w0.YS bcnring in mind thD.t 
rE::prod.uctive rate is only lJrOportionc1.1 to radiation b81oT~- a c~)rt,E ... in ,value) 
whereas respiration, thr:.t is, 10ss of synthesisccl r,18.teri2~1, {O,B.y be tccken as 
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uniform throughout the water eolumn in whieh the algae are eontained. Where 
'the rate of photosyn'Ghesis equals thc rate of respiration i8 the oomponsation 
depth and the lunit of tho'ouphotio zone. For overall produotion total 
photosynthesis > total respiration and this ~ondition dopends on the relative 
dopths of euphotio zone and surfaoG turbulonoe. 

The oritioal depth is that rlepth where the total photosynthesis below 
uni t surfaoe anrl respiration are equal. The expression for tho ori tioal 
rlepth isrlefined by Svordrupas follows: ~ 

whore bor '" ori tioal depth Te '" 8norgy at sea 

k '" extinotion ooeff. 10 '" 
enorgy at oomponsation depth 

Der '" le/lok 

Tho moan energy values have alrcarly been ebtainerl (see seotion on rarliation). 
The extinotion eooffioie"t i8 knowll as is the oner",y c,t the oompensatio

n 
depth 

(0.15 g~eal em-2 hour-1 after Jenkins). ~hus the criGieal depth far the 
increasing radiat:,ion values cari be detennined. Using an extinction coefficicnt 
betvmen 0.075 anrl 0.1 thG Nsults ",re as follO'ijß (Fig. 4). 

The oampensation rlcjOth is obtained.from the expression 

D "logo e 

k 

kDcr 

anrl this has D.lso been sho,m in Fig. 4. From the eompensation depths the 
total energy in the auphotie zone has been obtainod a8 described above. 

The reoords for rlepths of thermüoline für different months 8.re somewhat 
inoomplete but 8. surwnary 01' 49-54 rosults is tabulaterl boforo rlotailed 
oxamination of any 011.0 station is undortaken. The interpreta'Gion of 
hydrographie data in terms of stability of' thc water COlUllln is extremely 
rlif'fieult "here no eovious thcnnocline er rlensity change cxists. In st3,tions 
vvhere a shallow gradient of salinity 9.nd tempere.ture exists für several 
hundred metres 11.0 eonclusions have been made rep:arding vertioal turbulenee. 
Theugh a number 01' such e"ses are founa. in spring the majerity have well 
defined thermoelines or Ciensity ehe,nges eorresponding to 'ehe clepths shown 

in Table 2. 

:fable 2 

June July-Oct. 
}/ionths lIfov. -F'eb. lv[ar. -Apr. May 

Critie3,l 0-5 m. 30-140 m. 140-190m. 190-240m. 240-3Om. 

Depth 

Depth of 75m. (or 50rn. (or 25 m. 25m. 30-60 m. 

turbulence ".7here bot- "hore bottom 
tom depth rlepth is 

1. Bank is within within this 

Stations this eom- complc"be vor-

L-P plete ver- tical mixing) .. 
tical mix- In easOS where 

ing) • i08 has been 
present reeently 
inversions form 
at 10-25 m, . 

2, Deop )200 m. > 200m. Variable, 2'5-75 m. 40-80 m. 

Viater " usuo.lly 

Stations 
;> 150 m. 

Q-W 
J-A 

0. 
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The general inference is that on thc ban.1: during the 1110nths ]\/[arch ~ iViay the depth 
öf thQ bottom, or the depth of the therJllocline, either positive or an inversion 
due to ice ;llelt VI8.ter or surface cooling is "oll within the critical dcpth for 
the time of year. Off the bEm.k, however, the position is reversed during 
these months with the depth of turbulence exceeding thc critical depth. 

Thore is a sharp formation of a thermooline bet1ilecn MC.y-Jun6 ',jithin the 
eri tiCEÜ depth in the deep water, end the thecretical assUl!ll'tion that li ttlc 
or 110 overall produetion ean oeeur thon; until the latter month is fully borne 
out by the quant i te:tive sarl1J?lin[~. 

This relationshiT) ieshoi!" sehematieally in Fi"ure 5 where data from the 
spring months of 195{ ie used. Q 

ICE 

The effeet of iee in thc vieinity of the Ecar. Island bank is extremoly 
important in govorning loroduetion. The extont of the Barents Sea iee fieId 

.. varies IOr~)fD. year to year. but thc 11areh _ Apri11imits for 1953 arc shown in 
Fig. 6 and this is· typical for the period studied, These spring li.'lli ts 
eorrespond to tho yearly lirilits _ spring being the "hydrogrc.phie midvlinter" 1'0 
the ice coverago. 

There are twe ways in whieh thc iee nlß.y be expeeteo. to infIuenee llhyto­
plankton produetion. In the first OMe it will reduoe the 2JUOunt of radic.tion 
available to the flora bclow it thus roduoins or delaying thc flo-Clerins of 
thc algae; in the sccond oase it haB been sho~vvn to libero.te· a number of the 
main sprine; sp.eeies on melting to form an initial reprodueine;population in 
water otherwiso largcly bereft of plants, and also it f'orms, in meItinc;, Be 

shallow thurmoeline of 10Yl density malt Ylatcr in which rapid floVioring can 
Qceur. Iee coverage may cüso be thought cf us insuln;ting the :t;J2~t.er below 
i t from thonnal eff Gote 2.nd wind 2~ct;Lon, hance rGducing i ts turbulcnce. 

The passage of radiation through ieEl has been most fully studied by 
Grecmb,mk (1945) in a monograph on the efflOets of iee eoverago.·on fish survival 
in Juneriban 12"'.kos. He showed th2.t the dBgree of rc.'-.diation o.blc to penetratG 
iee depends ver; largo}.-.)' on i ts inelusions - bubblc s, üotri tus, ete" ,"nd the 
depthof snow eoverage, L seleetion of his figures , togothor with those of 
Croxton et al. (1937), hard and Luno.quist (1942) 8.nd Thc,,"ues (1938) for 
trans.rniss-ion tbrough iee is 8.8 follows:-

lee dGpth 

10" 

10" 

10" 

24" 

SnOYl dcpth 

1" 

2" 

3" 

Condition 

Clcar 

Soft on top 

Very elouo.Jr 

Pe,rtly eloudy 

) 
) 
)vret snow 

~ 

% of incident radio.tion 
trenS!11itted 0.11 YI8.veleup;ths) 

67% 

14cZ _ /0 

7.2% 

7.6if 

10;;_ 

47~ 

5% 

(DRY snow SD.ve a further roductioll 01' 4/5ths on tho wot snow tn\nSl\1issions) 

Obsor\ro..tions 111/lde from. tlie 'Ernest Holt on. ·tho Yicst 3nrcnts 8GB. icc indicate 
that thc noxual dopths remge froß 1-4- ft •. depending on the type of ieo ano. i ts 
~ge. The snow covero-gc, 0,180-" vc'.ries groo.tly.. However, tho nbove figuros are' 
enou,gn to ShOYl h01i" e., vory 817][::.11 depth cf iee, in Q11.Y state othcr the.n absolute 
clo.ri ty, is more th2.n sufficient to rcduce the rc,_clint ion to a lini ting extent 
for photosynthGsis, ji'ror" the racliati:m figurcs for April thc 0ffeet of 1-ft. 
01' iee is to reduee thc overe,ll reprocluetive rüte on the BcE.r 1s1ano. bankto 
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,loss th[:~n :1/10th of its v[vl'ulc in elco.r vlc.tcr für tho selile ['~rea. 

Br(\e.rud (1935) took Q sories of sttetions into the eage of 'the Greenlccnd 
icofield lcc.ding frou 10030 iee into the eontinuous rD.fted variety *. He 
found very rich phytopknkton ·"here thG iCG .. b,0Cl recently doce.yod· ,md. this 
malt water of lov! 8[\li11i ty ge.vB 0. shaX1J tellwer2.turc inversion in -;:rhi,ch ,.:~h.~" 
.elowering occur:t"'cd., The nutricnts in this surfc:.ce zone rapic11y b8ct~1C'·1i1J.itirig'~ 

Für evidonc8 on the release of sporos c.nd phytopl8.nktol1ts into nel t Vlfc.ter 
the work of' UssQchev (19'16) is the ,:>ost ce,.lprehensive. He investigatcd the 
florD. frozol1 into the ieo L1C:.$S0S 01' tho Kara SO[,,,8 and Strn.its of Franz-JosGph-
Land. BesiCLcs nU':lcrous d.LS.tOD8 thera \\r8re few flagel1c.tes, pcrid~Q.ns or othor 
algae.. AJJ.ong -'ehe l:d.ost fr0qucnt species of dic:COlllS ~,~~0ro:-

Thc.lc,ssiosira E2rclens~j.oldii) T. grn.vid.c, ~ Frc..r;ilD.rio. S2,9anico.., 

Nitzschio. fr=-gida, Achnanthc;:~ tf1.e~l.iE.'..ta 

arJ.d 18ss frcqu8ntly 

Fre'ßil,~}_a islL\ndico. D.nd N8.vicula s;pp .. 

), These s}?Gcies represent sone of thc un.in constituents of thc Benr Island 
bD.nlc spring flo\iierins Ll':c1 therc c,),n be 1i ttlc doubt as to their s:ilnilar 
origin f'ror.1 thü ~~1(:·lt5.Yl,S oi' tl".o iee fi'31d. The prcsencc of rich crops cf 
phytoplD.J1J{ton in thc in.10c.iatc vicinity 01' iCG has bean known for a lang tiDe 
und n. nw.1b6r of theories iJueh [',s thL; lJresencG of orgnnic "leptopelsU 01' high 
DolcculClX' 1vater (du.c to DU!.lbo.r but rccently discQrdcd) httve been ndvo.l1.cod" 
For thc 8o.st Bo.:cents SOL'. ~~ tsolf Jo.schnov (1939) notes that v0ry c~bundB.nt 
phytoplankton wc.s faD.nd t\t 750 3Q'N - 76°30' in Jurw, which earrGsponCis to 
tho position of thc 'ico at -'chis tir,-~o of Y0D.r", 

Ussach8V sug2;G8t~j D. L1t:-thoc1 '~vhercby thu oveI'"'v:rintoring diatoüs Y,lD.Y bu 
supposecl to get into thE:.; :Lcc nnd ?onsidc.rs thGY conG dQ"\'/l'l trola CL northcrn 
contra of distribution w3~th tbc ,8.dvf:J:I.cine; iee Dach winter. Tho vvest 
Barents Sea iee T'C:;C~(:;.F;3 up ) Ba::lk ·~~O Spi tZborgcrl, Hope Island and further 
north to BOoN and El0'~'8 tr~':; S1.1I.L:l0r e.rfl ccutUl:ll1 of OD.ch year; a s:i1:lilc.r 
adV2.uce of thc sprinf~ phJltopls.nk ton h~;cs been noticod, or 7v·here diff'cruntio.l 
9;razi~q h2.s obscurcG. t:1C :pictv.rG Cl. nucleus of C01JCpod nauplii to.kcn ~,,{ith the 
J:!'ino Net Gan ba tn:~ccd i:lovin,:.- northdfcrds ~ (:Pig~ 7) ~ This pC2..k of cOj?81?oCl 
nauplii to.kcn by thc Fine Not 2,ncl cGn3ists 01' juv<> Calanus fin:~;tD..rchicus, 

Mctric1io. lonp,2:- HGtr2:di~'- 12:?:~~22} ~vli~~?"?:.t.cl1a norvegic!l, PseuclocD.lD.nus 
elon[!,8..tus and othür spo;;ies; thüu~~~h für tho purpüsG of this 1)2.per they hD.vC 
beeil lur.lped togGthcr to j llu.s1:;~'8. te the northvm,rd trend. 

Finally thc hydrogrc,:phic 0ff'ects 01' ice in proc1ucing shc'1.rp grD.oients 
ean be clearly seen in t~io dotc:.iloc2 cxo.lJiu['j.:ion of a molt '.i;o.tcr station 
fellewius. 

Tho oonc1usions as to th(; effGct; of iC8 on production of' th0 Boo.r Isla.nd 
Bank are thus U1D.t it S\cts in 8. CLQlv~orious m[~nner by cutting clo-vm ro.din.tion, 
hut is othcrVlise an bssent:::_al fs.ctor ~.n. cpntributin,e; to the sprinr,;; flo"l:rering 
of thc Arotic Ylo.ter, ho"th in.p.J?ovidin/.i; _B. nuclaus of alc;n.c nnc1 stable 
hydrographie conditiou,s ·in ~-/hi6h' 'thay Cn.h reprocluc<;;;. A furthar point is 
that largG !f gro-v\rlers1i c.nd l)Ortions of G.0CfD.yin8 iee are oontinuD.lly drif'ting 
off thc bomc into cle<p0r [~:C1.d 'W2,rLlC;r 7Jc.'.tcr durine; spring, and "dhol"'o this 
hc..ppens [.l, 10e,.'),1 fli'.i.rC:'ic!l flo1:'Torin2; occurs ovar tho mixed or oC8[''.llic YlD.tor" 
J.'1. nUi:1ber of such ~".dvo.nces o.nd ljclti:n~j of individuQl po.rts oi' -ehe iee fiold 
vvill hD.vC thc effect of ft T:'1D.nuringtl the ::üxcc. Lrü2.S ::".nd l·,1uint2.ining stD.bili ty 
ot the crucial tins "Vihen production i8 sto.rting and this is c. possib1o faetor 
contributing to thc wholc productivity of ro~ions vrhere cold o.nd y;o,nil we.tor 
neet (as shavm by ~Iiborg 1954). .' 

TEjVlPJ<:RLTURE 

Ji.S Sverdrup (Sv8rQr:;q) e't Lll~ .194,;2). p'oi~ts out ,. 'thc effect of tempcrature 
on. e. florE'. is nore to ~~ovo:,cn its couposi tion thc.n i ts .. quant i ty '" ]'ig", 8 
shows tb.e temperatur" nmse cf' the main phytaplurJ<ton peaks around BGar 
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Islond. anc1 in tho\iostSpitzberl3on Current frou 1849-55, That thc effeot of 
tCl:lperature on the extent cf these peaks is a soeondary one is slreD.c1y LJplieit 
in tho eonsic1erc.tion of 'ohe preeec1ing oeologieal fccctors c,s inc1ieatinr; their 
primary causes.. HovrcvGr, thc "l)r(.:fcrence ll of certaiu. s~)ocies far vo.rious 
temporc"tures cun be seen fro:;:'l thc couposition of these he.uls. GrD.l1 Lud Braarud 

. (1935) for the Gulf of lilaine f;how Thalassiosira norc1enskiülc1ii to ha70 a 
preference for 3 0 C_ water., Chaeto?~ debilis for 6°0., Ohaetoceros COl:l;preSSUS 

für 90 C. anc1 C. constriotus for 12°C. The tolcration 01' eaeh of these speeics 
seoms SOrJewhc.t below thGse-i'i:;ures fro"l the Boa!' Isle.nc1 c1ata, (lril all of the 
spring flowering speeies (see Fi.S;. 8) app",ar to flourish froD _1° to 2°C. 

GRAZING 

An account of the zooplllnkton Qlltll collectcc1 by the Ernest Holt is in 
prep8.rE},t:i,;:>n. The picture vlhieh er1erges - ffi fcr 28 the ErD.zin,g ~or is 
concerned - ShOVfS thD. t thcre 2.TC not sufficient ani"cJL"ls on the bank to graze davm 
the spring populdion of phytoplmlleton (Gr2.zing "potent illl" of thc stllnc1ing 
crops using Gauld's Clata havG teen conpared vath standints crol)S [LUa rcproductive 
rate of diato;:ls). Thc copopods which Qonine.te thc zooplankton cor.1Llunities 
return frol" tho 0.80p villter off th'J eontinental shelf fllirly w,lll into tho 
spring and gradually D.dvanco u:p on to the bD.l'L1( rogions. The nonnal definition 
of a raarine :flora by grazinE':, so vvell cstD.blishod by "FlcfJil18 (1939) ancl others 
c1oesnot oecur until 'ohe SUlJ'.ler in this region when tho pllttern of production 
and, standing crops of phytoplankton i8 duc to the lui.derlyin[; 8razing offccts 
of herbivoros (pers 0 COLLl. Corlctt). 

Supporting thc idca of a:n excossivu production of spring phytol)lc.nktori 
Buch excooding the grazing potential of tho herbivore stanc1ing crop,for thc 
88,3.:.10 'r.1onths, is the largo nuubcr_ oI', Cletritus feeders which <"rc fauna on thc 
bank or along its ec1ges o The most important of these are the euphausiids 
which occur in gre2.t quantitiesj in the latter region on the bank itself 
Cucumaria frondosa has been reportec1 at adellsity of 6 to a square metre, 
(Brotsky anc1 Zenkewitch), 

_ The very law temperaturos in the A:;_~ct;ic vfater vfhere the spri!lß flOv'vering 
1s at. its maximum are possibly ')rohibitive to the zooplanktonts thoul3h further 
evic1enoe is required on this" That reproduction of copepoc1s can take plilce 
near the iee eClge has been shown alroady in B'ig. 7, but again this rDay be when 
turbulence has c1isruptec1 th" melt water thermoeline anc1distributcc1 the plants 
more eveniy in the wilter coiumn YihGre they can be eilten. 

NUTRIENTS. 

Nutrient obsel'V'lltions tsken by the Ernest Hqlt consist of phosphate 
measurements in 1949 anc1 19.55, The full ::,~,:"l_+.S 7'ill be includec1 in future 
reports on the hydrography of the area Ilnd it ,nll be sufficiont for tbe 
purpose of this paper to extraet any information inc1icating phosphate aB 11 

limiting fllctor for p12illt production. 

During the J·uly cruise 1949 no phosphllte (meesurec1 aS /1 gm atoms P/iitr(20) 
WIlS c1eteotllble in the surfllee 50 m. Ilt stations A, B, C, D where 11 largo-scale 
flowerinl3 of phytoplankton was in proccss ·whilo Ilt the surfacG 50 m. at other 
stations variec1 from 0.09 - 2,08 fU gm atoms P ,'Tho September vllluGS showec1 Iln 
incr,ease für every sto.tion- cxrunined ~:vith more unifoDll valucs near tho surface 
(0.32 - 1.1.8p gm Il+;oms), 

Für 1~53, ~1i'vint8r values in thc top 50 xii. (meD.GUroel D.S P04 mym3 ) YICre frolU 
12-29 lllgjm3 vrith thc highor values in the shc.lloVJ wder stc,tions. For the 
autumn of that yeo.r phosphate y.,ras entiroly d.eplctcd in certnin bi.1nk stations 
(October) near Hope Isl2cnd thouSh there WelS littlc phytoplankton there. 

Phosphate mllY thus be lirniting both on the bünk and in deop w" tor wherc 
11 persistent crop of phytoplankton and thermocHne havc existed, but this i8 
somewhat exceptiorol but there i8 not sufficient c1atll to makc vllHc1 conelusion 
about. Few phosphate villues wcre taken in ico wiltor flowerings bui;'i;ney show 
(for 1953) 11 v"ry largo recluction inthe surface Wilter whieh l'1ay hc.vc lirüited 
the extont 0:(: such flowerings. Brllarud (1935) obtainec1 zero vlllucs for phoS1Jhate 
in mllny oi' his iee water phytoplllnJrton blooms. 
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Excuninntion of selccted stations 
, ~-

Tho ecological intcrpr8tation of thc BGar· Island phytoplankton production 
outlined aiJovc, ,",orG espccic,lly in its api'lication to the sprins flowering 
tJattern, will now be applicd in detail to solocted stations. 

During the spring 17e ean classify tJ:lreo distinot types of station eaoh 
. wi th th"ir charaeteristic hydrographie conditions and phytcpl&\Dkton distribU­
tion; 

First thora (lre the stations in Arctic Vlc;~tor, usually on the b;::~nlc, where 
a shallo .. J;lolt water layer li;;litod by.a strongly me.rked teüperature inversion 

.~Qy.erlies ,Ylanaer arid more denso ~~vator.' 'rho typicc~l profiie shOV1S high oxyg0n 
saturation, tho then",ooline oorresponding to the phytopla~~ton produetion and 
low phosphate values. 'rhe majority of thElphytoplankton itsolf is aiJovo tho 
therrJoolino though after " period it ]]my be sUj)lJosed to lilli t i tself in somo 
v'lay (i. o. utiliza tion of nutrionts ) aua.. beeOL1G senescent D,nd sink. 

An eX8"-;,plc of this is St. 1;3, cruiso IV, 1953. 
320 00'E., [md johe station ',ms -..üthin visible distanqe 
(Fig. 9). 

'rho. position iS75035 ' N., 
of the ioo fiGld Gdge 

Second are thc stations, 3.1so· -in Arctic ,, __ -el.ter, ~,Th0re no obvious therlaoclin0 
exists but wh8re thcbottou i,5 with:Ln tho critioal dopth for the tilc1e of year 
<lnd where a qunntity of' phytoplankton ~11['.y bo consider'od as fairly uniforaly 
distributod throughout tho ,aator ooluLID. Suoh conclitions are restricted to 
the shallovv b6.nk area and-,·Llay weIl bü a second stase in, the dev~:;lopnent of' a 
L1elt water station whioh-lus boen subj80ted to turbulonc8. 'Thore i8 not 
suffioiont evid8noo to show this but the eor,lpositi6n ofthe flora, with the 
exoeption of a fmr noritic speeios, i8 very sinilar -Go that ef aElelt water 
stction. An oxaraple is shown in Fig. 10. 

,1'hird are tho stations in doeper 'i1B.ter 17here no therr;lOclinc exists ;rithin 
the cri tie"l depth, vhero. there i8 ne flowerinp; of phytoplankton and v;here no 
depletion cf nutrient or o~yg8n satUration exists~' Any station in deep 
,roter Llay be taken to illustrate this (Fig. 11). It vd.ll bc soen that the 
phytoplankton tclcen is ncgligible (md this i8 only to 10e GxpeetGd,butit should 
be noticed that if the v(;rtioal turbulenoc exteIlds dewn b(01o,;, 200 D., and the 
algae are un1forr.lly distributedvv"ithin 'chis depth the sC\lcopling of the top 
50 1:1. would only produce .~ of the total population. However, cven if the· 
sru;rple values are r.mltiplied.hy a faotor of this order the 1'6suJ,ts.still 
rcrClain cf a very low. order ofproduction, 

These stations all r81ate to the spring flowGring and 8. further eXDuple 
i8 taken für a deep yvo.ter station shovring e~ hie;ff production 8. littlc later in 
the yee.r by -"hioh tjnG· tho hydregraphie oonO-itions ncoessary hieve boen 
fulfilled. (:B'ig. 12). 

Diseussion 

Llthough the uso of the Pine Net has lir.lited thc ]Jhytopl,.nktOn i.nfor;c1ation 
which the ~ has obt2.incd during her fishcry investigations fron 1949-1954, 
the overall timing "nd extont of the produetion i8 so ;]lCtrkod, that the 
SCtJJpling tcchniquG hns been n.cloquate to show its general nc..ture. Such 'if2.ter 
bottlo SOJ:lllles that have been ~Gc.ken fully support thc F'ine Net rcsults. 

'rho pieture the.t O;]10rges fro;,1 the phytoplankton COUlitS" and hydrographie· 
d<:'1.,tD. is perhel")s not a nü-r: one, exce)?t in so far ~:s Sverdrup I s concopt of D. 

eritioal dcpth of turbuloneü (or degrce of sto.bility) h2,'" been shown to bo 
~ vcry i.:lportant f2~ctor in unders to.ndint tho dctc~ilGd tinine of thc ~v[es t 

. Btrents Sec, flow6rine. 

Thc; recession of the iee and thc production cf algae ",;/hich f'ollO'vlS it 
each year i8 the Dost; outstanding DhGllODeno. in thc ~)rea invCsti88.tE:.d.. This 
annual cycle of Gvents followec1, as wo h2.ve seen, by the SpD.YilTliiiP: of thc 
copepoc1s vn th thc til~1G 1['1,3 vlhieh exists betwcen the zrazing control of thc 
dia tOlUS and thoir reproduction, l.lust detoynine thc >,{hole riehness of thc 
area [eS t"'. feGding 3round for benthic life 2.nd fish. Thc o.bllYJ.r1<.'1.nCd of~ 
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detritus feeders which.livo on the Bcex Islo.nd Bank anel extend north-we,st to 
Spitzbergen and north,;..east to Hope Island and beyow:t, r.1C:.Y üwe thcir sreHt 
mll:lbcrs to an excess of plnnt production in thc Lrctic and nixcd ',vectür which 
sinks do"m through tht: viv/cer during thc sprillg~ 

Irhough the j-"ret'ic' alga"e, th0iJ.selves are achptcd to lov:T telTiperatureG o.na 
only hold frOlI! rGproduction· by lack cf radiation through the ioe thcrc can bc n9 
doubt that i ts 'i'ri thdr~lwf';.l and thc subsequent -,vD.rning up o:f the bank 'water is 
i111porto.nt in controllü1[': the northvrard movcL18nt of fishes on the edge of thcir 
teml')erature rang'c, wut that is outside tho sea-pe of this IX11Jcr. Thc l/irork 
done on thc Phytopl8J:1lcton ropresents only 0.. vory SL1D.ll JXTt of the vrholo 
bioloeico.l and hydrographi9al investigation of 'ohe area earried out by the Holt. 

'rho westcrnseetien extends out into the West Spitzberg(m eurrent and beyond 
and here very rieh oceanic phytoplanl$:ton has ulso been found fro:l1 tL1IJ to ti;;le, 
though tho picture is Lluch 10S8 consistent --'chan that found on the bLnk:. Harvey 
et al~ hD.VG Shm;ll'l~ with others, thnt the persistencG of ~'~ standil'lß crol) of 
phytoplankton ean only bc explainod as .due to low grazing Eend thcc'c hi;;h standing 
crops of phytoglgnkton are normD.lly transient phenot1ena.. Thc successivG y-cars 
which we have found rich phytoplanlcton .on the Boar 1sland banlc indicatc that it 
must last over·a considerabll!l number of weeks, ätid tha:t thEi somewhe,t theoretieal 
[Crazing potential ealeulated for thc zooplanl$:ton present, really is eorrect in 
being only afraction of the plant j)roduetion for thc S8Jne period. 

The preparation cf a more dotailed exeminationof the flaselh,te 
population is in hand, also the identifieation of uncertain spceies of 
planl$:tonts noticed dur,ing counting. ~'he aetual maximum cluanti ties taken 
over the six years' \fork for the main dia tom species in the Fine Net hauls is 
included at the end of this paper, together;l"ith the place of their occurrence 
and number of cells to a ehain. 

Summary 

1. Fine Net hauls from 50 m. depth (using 1ntern~,tional net, 50 0111., 200 mesh) 
rJß,vG been carried out over aperiod from 1949-1954 in thc ;':rest Baronts Sen 
and Bear 1slan(1 ba.nle region. Two main lincs of stc:tions 2.re described. 

2. The s8lllples hev.c been f'ound to fall into a pattern of spring produetion 
in thc Aretic V/Lcter and near th.e iee pack with Ce dktom· flora do,<Ünated by 
Thalassiosira spp", Fragilaria SPR ... and Chact?.9~ ~<2E.~~~~, and a latBr 
produetion in the oecanic water domina ted by Chaetoeerid ~. An autumn 
flora mainJ.-y composed of Rhizosolenia p.n,d Tho.lassiothrix spccies hc.s been 
faund in thc vnirnier v]'rtter~ ---- ----

3. A study has been made of thc effeot" 01' radiation, iee coverage, vertieal 
turbulcnce of the water eolumn, end more brieflynutrients, telUperature emo. 
grazing, in thcir interaction o..nd eff8CtS on the tiining" rind cxtent of the Bcar 
Island phytoplanlcton. Thc concept cif a eri tieal dopth to whieh turbuloncc may 
extend beforc i t limits produetion has been taken from Sverdrup and 'C"J?jJli0d 
to the Ernest Holt data. Veclues of incidcnt rl\diation ",nd extinction 
coeffiei(mts a'GBoar Isle.nd are given. 

4. A northviard wave of copepod nauplii produetion following thc rccoding ic.e 
is ShO"'vID. 

5. Detailed cX2JUination of seleetcd v""ter bottle skctions from 1953 is 
undertaken to illustrcete the importanoe of thc eeologier,l factors previously 
deseribod and finally 

6. .A sugG~stion is put foX'"v'{ard to üccount ,for the richnoss of the West Barcnts 
Sea as a .feediny; ground für fish and other D.nillELls~ 
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List'of sp8cies maxim2, from Fine Not Hauls 

Cells in 1 m. 2 eolu;m, 50. m. dcpth 

Diatoms Y0D.r ~~ Station Oclls U.li1. 2 Cclls/chain( av.) 

11Ielosir"" hyperbor'ea Grun. 1949 

Coscinodiscus radiatus Ehr. 1(,53 

c. sub-bulliens Jorg. 1953 

Thalassiosira Nordenskioldi;l Cl. 1952 

T" gravida Cl. 

T. fallax Mcun. 

T.hyalina Grun. 

T. bioculata Grun. 

Coscinoscircc polychordQ Gran. 

Lauderia glacialis Grun~ 

Bacteriosira frQgilis Gran. 

SkcletonemQ costaturn Grei • 

Leptocylindrus dQnicus Cl. 

Corethron criophilum CQst. 

Rhizosolcnia alata Brightw. 

R. sctigera Brightw. 

R. stylifonnis Bright'iV. 

. R. hebotatn Bail. 

'Chactoceros cetlanticus Cl, 

C. densus Cl. 

C. borealis Bail. 

C.' convclutus Cast. 

c~ concavicornis Mnng. 

C. danicus Cl., 

C. dccipiens Cl. 

C.. compressus L8.ud. 

C. affinis Laud. 

C. lQciniosus Sch~tt 

c. diadcma Ehr. 

C. hclsatious Sch~tt 

C. sultilis Cl. 

1952 

1954 

1954 

1953 

1950 

1950 

1953 

1053 

1953 

1950 

1&52 

1949 

1952 

1949 

1949 

1,49 

1954 

1949 

1950 

1952 

1948 

1952 

1950 

1849 

1950 

1953 

1953 

5 

5 

5 

·1 

4 

5 

5 

5 

5 

6 

5 

5 

5 

7 

8 

6 

8 

6 

7 

7 

8 

7 

7 

8 

6 

8 

7 

7 

5 

5 

5 

'iji 

Bkl 

Bk3 

p 

N 

Bk2 

Bk4 

Bkl 

}:bc 

11L 

Bk3 

lvi 

N 

B 

v 
},i 

p 

11 

B 

C 

K 

C 

Q 

p 

1iI 

Q 

G 

B 

lvlx 

Bk5 

Bk3 

186,000 

1,650 

8,250 

490,000 

27,900,000 

14,850,000 

99,000,000 

60,000 

984,000 

198,000 

13,750,000 

40,000 

140,000 

3160-000 , , 

34,000,000 

4,500 

1,200,000 

2,850,000 

135,000 

1,390,000 

25,000 

58,000,000 

473,000 

340,000 

25,200,000 

1,380,000 

1,320,000 

124,600,000 

1,170,000 

1,530,000 

165,000 

4 

13 

\) 

11 

11 

2 

3 

6 

10 

8 

4 

3 

5 

5 

2 

1 

4 

7 

6 

4 

8 

5 

9 

5 



Diatoms (Cont' d) ~ lilonth Station Cells u.m. 2 Q:.lls/ chain( av.) --
C. fre.gilis Mcun~ 1950 7 G 750,000 5 

C. debilis. Cl; 1953-' 5 Bk2 1,544,000 12 

C. sooialis Lecud. 195:3 5 Bk2 230,000,000 10 oh/col 

Biddulphia aurita Lyngb .. 1952 4 Mx 588,000 3 

Fragilaria islandica Grun. 1;;52 4 N 78,000,000 20 

F.. oceani CD. Cl. 1952 4 N 31,000,000 17 

Thal2.ssiothrix 10ngi88i1".la Cl. 1953 $) R 10,000,000 

T. Nitzschoidcs GruB, 1853 5 Bk2 150,000 5 

L,chnanthes taenin. t<J. GruB. 1953 5 Bk3 4,725,000 7 

Navicula }?elagica Cl. j953 5 Bk3 180,000 12 

N. SPI)~ 1954 7 Nx 800,000 

Imphiphora hyperborca Grun. 1955 5 Bk3 540,000 6 

"* Ni tzschia closteriurü' Ehr. 1953 27 150,000 

N. frigida Grun. 1.C4S 6 1iL 300,000 20 

N_ seriato. Cl. 1953 5 Bk4 40,000 7 

N", delicatissi:C1El Cl. 1950 7 Q 1,120,000 4 

Dinoflagclla tos 

Dinophysis aouta Ehr. ,1949 9 C 1,500 

Pcridiniw~ deprcssuo Bail. 1952 6 :e 280,000 

Pcridinium curtipes " Jorg. 1950 10 G 27,500 

P. islandioa Paul. 1953 10 Bk5 57,500 

P. pclluoida Bcrg 8 1850 10 G 1,000 

Ccratiwll furca Ehr. 1950 10 S 10,800 

c. linoe~tum Ehr. 1950 10 S 27,000 

C. fusus Ehr. 1953 c 
" R 390,000 

C. tripos Mll.n 1953 9 Q 165,000 

C. buoQphalum Cl. 1950 10 K 2,500 

C. Tüp",croceros Ehr. 1950 10 U 147,000 

C. longipes Bail. 1949 9 C 330,000 

C. aroticur.1 E,hr. lS53 6 Bkl 1,000,000 

C. intermediuI.l Paul .. 1950 10 U 15,000 
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