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The d.tl on Tilue of OxYten luverlHtuxKtion of the lurtace

l"er. Ind depth of oocurenoo of lo.er lim1t of au~era.turlted

leIer in June 1q7q-b4 .re preaented. It 1a ehown that the ape­

tl~l atruoture of oxYeenated le,er d1ffers d~~end1ng on pOlltlon

of frontll ~one end .ater belt oontent.

m;SUMl!:

LeI donu~el aur le degrc da 11 sursaturat10n dei couchea

1~6r1eurelde l'eau par l'oxygene et eur 1, pro!ond.ur de 1•

.~ poa1tlon de 1. frontl.re ~ele do l' couche eura~turee join '

1q79-84 aont prEa.nt~ea. On I montr~ ~ue 1. atruoture Ipatt.le

de 1. couche .aturee par l'oX1gene ~reeente une dlfferenoe

••aentielle, aelon la position de la zone frontale .t 10 aOA-

. , tenu de chal.ur dea ~8UX.
"
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INTRODUCTION
, '

, Duri:ng the photolllynthea18 of algu in vegetation period a

aurplua of dl..01ved ox;ygen '.IU produced in the aurrace l~,era

of the ocean. The obseried aurplus ••• an integral for the per10d
, . - ~ - '.

remainder of all' produced o:Qgen except tor u;pense8 for breathlng

of organllllm8. ' oxidation of oxganlc aubst.nce and evaalonin at~o-
, ,

Iphere. The value of this surplus ~nd.lso the depth ofits d1~ ,

stribuUon aB,. serve with known a"~:Pt1onl an indlrect Clharacteri.
'« . " . . ~. . .

at10 of 1nt.nal~ of organio aubatance productlon tor s perlod '

preoadlng observations (trom beg1nn1ng of vegetation to the moment

of obaervetloA). ~n rnal;ys1ng aessonal varhtlox:a of o:Qgen

eurplus in the NorwegianSea It .as estab11a~d eer11er that the

8zuUa1 maxillUlll ot aupersaturation ••• :obaerved in June. 'l'he reaulta. . . . . .

,of atud;ying the obaracteriet1c. of ox:,genated 1a,er (value ot supel'-

saturation and depth, of oe~~rrenceof super~aturated'i";er) 're­

lative to the main peculiarltlea of b1dr~logl081,condltlona(po­

sition of frontll zone andheat content of sctive layer) are listed

in the present paper'; "

JüT'ERUL J.ND 1lKTHODS

Observations over disa01ved ox;ygen made dur1ng the .ta~dard

.~e;r9 ofthe NOI..egian Se~ in June ~979-84 we~ u8'edss ~it1ale
data.' 'The ox;ygen.as determ1n~d b;r l1nkler method'. Thc lalU. ot ','

auperaaturation of water witli cix;ygen. (A 'o~ c1/1) ,wu ..ti~ted .. ,

exce•• of ob8e~d concentrat1on (02D ,ml/l) 0;er'8sturated one

;(~z ml/l) ao;theglven t~inpersture end ~·alin.t~ (0 OZ·:02D :-.02)~
Di8S0lv~biÜt7' or o~gen ~~. det~ridned accordki tOlntel'­

nAt10nal Oceanogrephlc ;abJ.es.t. 2.'~t :~8eh st~nda~ depth. Tbe,

'.'; .,
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zoan welghted values of oxygen surplus were calculated tor ouper­

aaturatedlayer at esch atation. The depth (D) with a relative

eontent of 100% (~ 02 = 0.0) was assumed to be a lower limit of

this layer.

A comparative analysis of spatiel distribution of oxygen.

surplus in the leyer wes made lVith the charts of 6 02 m1/1

distribution and topographie charts of 100% i8oxygene •• RESULTS AHn DI~CUSSICN

Tha analysis of tbe long-term vsriations of watar temperature

in tb.e 0-50 m and 0-200 III le;yers of the East-Icelandic and None­

gian Currenta st 6S·45'N (Tsble 1). ahowed that dur1ng 1972-82 tho

temperature 1Ia8 charaeterized b1 8 negative trend. The eastern

(relative to the long-term mean) p08ition of frontel zone was

typieel to 5 out of 6 eonsidered years 8Ad western position - to

1981 (Shdvehenko end Iasev, 1983. 1984. 1985). A relative 1neresae .

in heat eontent of tb.e surfoce laye~8 was obaorved in eentral part

of the Sea in June 1981 end 1980 (Shavchenko end laaev, 1984).

A general view of occurrence depth of aupersaturated loyer in

tha Nonegian Sea in 1979-84 was a mosaic of stretchad in the

directlonot eurrent patche~ (F1g.1). The depth limits ranged trom

• 17 to 200 III w1th 25 to 120 JA prevalling, the mean depth - about

75 1Il. Tha maximu:n deptba were record.ed, 8S 8 rul~. in the western

IIl8rg1nal snd Jsn-l!eyen. areas. the ~ini:lium OMa - on the NorweglllJ.l

ahelt. The experimental depth (239 m) .BIS reg1stered in June 1981

in the centre of antic;yclonic &1re (6g e 20'1l 2-::).

In all years the deptb Of th1a layer increBsed !rom east to

w~at. In the western Norwegian Sea the ma~l~UIIl de~th ,t 8uperaatu­

. rated leyer was obeerved in the :ears of increaaed hedt c~tent o~



Table 1. Trends to teroperature variationa in 1972-82
&10 .65°45'N

Weters Layer Trend

·0-50 '7 '" '.95-0.066x; (-0.66)
East-Icelsndlc Current
(11°-5"') 0-200 )' '" 2.09-0.026%, (-0.26) •.. 0-50 '7 :: 8.02-0.046%1 (-0.46)
Norvefian Current
(1°45 -5011:).. . 0-200 Y ~ 6.55-0.071%1 (-0~71)

-----------------------------------
. .

active "8t~riayer (1980-81) and the m.1D.111lWll one - in alh1ormall,y
. .

cold 198'. In the same year there "8S notedthe ahortest spa~lal
, "

enent of the layer deeperthan 7<; c',' 1ts easterl,y limit passed

in central part of, the Se.a dong 7... ·
'. .

. In 1981 end 1982 110 "as loeated along 5°W and in 1979. 1980
. ,~ . " . ",

and 1984 occupled the eastemmost positlon'- about 2.... Accordingl,y,

in 1979, 1980 and 1984 the ,frontal zone "aa displeoed eastward

"hile in 1981 110 cccupied the'westernmost position tor the period. . .

consldered ond in 1982 110' ~a.8.feebl,y marked In central.part ot th~

Sea (Shevchenko an~ Isaev, 1983, 1984, 1985). In sammer 19B} th~

East-Iealandic Current. was' eXtensive, end pronounced. 1108 waten

spread tar .southeast 3nd 100 centralpartof the Soa where great

negatlve t~mpera~ ancm~lie8 ~e~ found (S~eVChenkO; 1984) ~hieh
'did no~' see~ .to f~vour the'i~ten8ive de~elopm~~t of pb,yto~lank~cn. - _.

1D. m1Xed ,:aters•. There foJ:.e , in 1983 ,thc ares cf 8upersaturated

layer of above 75 m was tbe least.

l
c
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Flg.1 Depth of ocourenee of s~erslturated lay.r ln tb8

Norwegian See in June 1Q7Q-84.

Tha value of oxygen surplus varled in th1a 111er on the

aversge trom 0.15 to 1.' ml/l. The extreme·values - 0.11 .nd1~7

ml/l - were observed in June 1983 in the mixed (lll8X1lllUlll) and

Atlantlc watera. The oomparison of A 02 d1stribution and 1ot&~it1

of .~ersatursted la1er ahowed that. al • rule. 1n zone. of con­

siderable (~bove 0.5 ml/l) OX1gen surplus the depth Qf th1.,le~er .

• dld not .xee~d 55 11 ~ tb8 Atlantlc and ~o 11 ~ the :llI1xed ws1;era.

Wltn incruaa1ng of th9.1aye~ depth above 100 11 the A O2 decreaaed

to 0.}-O.2ml/l. Acoording to data trom the 1980 sUX"re,. the ·00l'- .

relation ooeftloient between these values WEiS equal -0.34 (()r •

0.08).

In 1979 the 118.ximml value of aupersaturation "&I observed 10

the cixed waters neer the Jsn-~yen Island end it conatitutedO.92

uil/l • The OX1~en surplus abave 0.5 :::1/1 "as tound in the Eaat-



S
Icelandic waters northeast of Ieeland (D:70 m) end Farcee Ialands

(J'lg~2), end in .ttlant1o ersters north of 70-N (D"'.50 11).

In 198,0 the ma:rll:lum oX)'gen surplus never exceeded 0.70 ml/l .

and wss the least for .·cons1dered ser1es of yeare. The maxUr~

nlues were observed' 1J:1 m.ixed wsters aaat,of Icelsnd (D~90 .).

end' in the' Easternbranch (D.::: 27 m).

In 1981 .the max1mumvsliies of 02 w~re h1gher..: trom 0.70 111/1

in m1xed utera slong 5~ (D~:;O m) to 1.201ll/l east of the Jen- •

llayen Island (D l:::: 70 m). . '. .'. .
. 'In 1982 the oX)'gen surplus in the East-Icelandic Current

. .
"sters was the h1ghest tor all considered years and'reached 1.22

111/1 at 67-30t N• .tlong the sect10n Lenganes-Jan~Ma1ent~ mean
.' ..'

value of AOa made up 0.80111/1. Northeast of.the Faroes Islends

the oX)'genat10n nesrl1 doubled cOl4pared to 1980, 1981 end 1983•.

The minimum values of A 02 (~e8s' than.o.3 ua/l) ,,~re obse~ed 1n

..
' ..

. F1g.2 Distribu~ionot oxYgAn su~ersaturation vslue
. ( 02 111/1) in the 2lorweg1an'See'1JiJ~e1973':'84.

~ J ... •
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• rather l1mited area of the Norweg1an Shoal.

In 1983 amall zone. of maximUJll auperaaturat10n "ere found in

the mixed .atera eaat of lesland (0.63 - 1.7ml/l. D =71-86 m).

aouth of the Jan-Uayen Ialand (to 0.90 ml/l, D = 79'm) and nortb­

eaat of tbe ~aroea Ialande (0.85 ml/l, D = 50 m).

In 1984 there were no observationa iD w..tern part of th& Bee.
, .

ID tbe area au.xyeyed (7ig.2) the t18ximua -orjgen Burplua 414" not

~ exeeed 0.79 ml/l. Like iD 1983 the ares of zoneS ot iDcreaaed
, '

,(abovo 0.5 ml/l),oxYgen surplus waa small. As 1a seen trom the

forego1.r.g the higheat valuea of oxYgen surplus were mainly obeervad

in western marginal area of the Sea during the "hole period under

rene•• The ma~or blooming ZO::l8S were also regiatered there. All

this reaulted from s;yUehrODiam of tbe June aurvey snd armuel maxi­

mum of pbytoplankton vegetation iD the East-Icolandic Current

waters (V1nogradov8, 1970).

, The highest'for the eone1dered perlod v~lue8 of pbotlc layer

oxYgenat10n reg1stered iD June 1982 in tbe western margInal area
, , ,

were aceountod forby mass blooming of pbytoplankton (Degtereva et

al., 1985). At~hat time there wss observed a good water strat1f1­

cation dueto'iDtenslty of the EGst-Icelandlc Current iD deep

layers and eonsiderable (twofold higher than 1n 1981) radiatione heatin€; cf the su~face ~ate~s(Ergakova.,1985).

,'In June 1982the mean supersaturation iD wsters cf the'aoutb­

western Norweglan Ses (6?030' ~,63°30'N,14° - SOW) ex~eeded by

0.12 ~/l the 1981 le~el. 'But'so ,far a8iD 1981 the ~qpth of 8Up~r­

'saturated layer was approximately by 25m greater than'in 1982 one

~; cooaider that the oz;ygen produ~tion in 1981 '1188' ma:r1l:lum of aJ 1

eonsidered years.,Th1s conclu~1o~ ~as eorroborsted b,y ~ta of ",

','- .," ,: '.

\.' .. ~ .... ,'::/;~> >, 'M"

':; ...
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~drobl010g1eal inTostlgationa (Plekhanova, Soboleva, 1982), .s

• reault, there _aa registered an early onaet of biologieal .pr1Jig

in the west, IIlaU development of .pl:!Jtoplankton tbroUghout tbe Sea

snd the. highest for 1979-8' blolllas.es of zooplankton the inton~lt7

of doyolopment of whioh w•• surely connected wlth • IIla.S develop­

ment of pl:!Jtoplsnkton.

'rho o:qgen surplus fields sere eheraeterhed in 1979, 1982 .

snd 198' b7 inerused v81u81S in contral pert of the Sea (62--66-. •

0--6..). The h1gheEt s~ers8turat1on VSlU8S in thie zono ~8~

0.64 al/I in 1979. 1.02 mlIl in 1982 and 0.65 m111 1n 198'. Ths

maximum area cf the zone wos in 1982 (120 m11eab7 lat!tude). the

a1n1mum .. in 198' (50 mi1ee). !he intensif1cation of the Xast­

Icelandl0 Current and frontal zone in the 80uth of the Sea resulted

evident17 in appear.nce of this zone (Shevchenko, 1983. 1984).

The zone l1ke that waa not observsd in 8 penod ot we.kening

of the Xut-Icelandl0 Current in 1980 8J1d 1981. During the dh­

placement of frontal zone _eetward in 1931 there W8S cls8r17 ob­

aened the .divi lSion of tbe ares b;y o:qgen surplus into weetern:

. (with higher .upersaturation) and eastem parhl tho bounda17 of

the 0.4 ~/l iaox:gene psssed neer zer? meridian. The comparilon

of tbe olQ'gen .urplus in wutern and eastem parts ot the Ses at

6S-45'Ir ahowed. that the 1Ila%!mum superaatur8tion waa obsernd in e
Atlantio .stere in 1980 aD4,1984 wbile 1n ••atom Sea .•sters .. in

1981 a.nd 1982.

In June 1981 the position of frontal zone waB western a.nd in

.lUlle 1982 - "vsgu.... l.s.there w•• noted the decreaa. ot borizon­

.tal sradiente. The bydrological,cOIldltlon8 in 1980 snd 1984 were

cbar.cterlsec ~ an.intenslflcatlon of Atlantic·watera .hile t~e
.' • #

intenait, of the Eaat-Icelandlc Current rema1ned the 8S1II8 and tbo
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heat content'ot the aurfsce ls:er incressed.'Hence. the'intens1t7

cf orgenic 8ubstance product1on grew in Atlant1c .stere .1th inten­

a1f1eat10n of frontal zone in the years of relat1ve heat content

increaae and1nthe East-Icelend1e .aters - with .eeken1ng of the

zone or its .eeheN d1splaeement.,

The presence snd distribut1ve pattern of zones with amall

oxygen surplu8 (lees than 0., ml/l) in the Noneg1an Current snd

in 'mixed .sters of the western part of the See' ahould l-e referred
, '

to pecul1ar feflturea of water oxygen regime in ye.ra of intenll1fi-

eation of the Esst-Ieelandie Current (1979. 1980 and 198}); Their

,most eoneiderable e~sns10n wa8 ob~erved in abnormall1 cold 1979

and 198} w1th the deeress!ng heat content of the Norwegian Current

.atera. The ioeal pe~uliar1tiea of thermal regime 1n 1980 end 1982

involved the' redueUon 'of these zones eom.,ared to 1979. In 1980

~ w1th .eakeningof tbe Eaat~Ieeland1eCurrent there increased the

wal'til adveetion or' eastern'branchof the Norweglan curre~t .hieh

'.!lvidentl1 fav~ured t~'more intensive development of pb;ytoplankton
- ,

securing the greater .ster oxygenat1on. In 1981 the .ater,heet

content of aetive la:er in'the,westernbrench was near the norm and

bigher thsnin'1979 .hiehwas also followed,b.1 disappears~ee of

, zo~es with sll:811.·~~ge~ surplus~ ,

~ The 'eompar1soo cf oxygen,d1stribution and that of Calanus at

different 8ge~ (Plekl~nova s~d Soboleva. 1982) aho.ed the fo11owing.

in mixed w3ters of ~entral part of the Sea ~he~e oxygen'surpiu8

ranged trom ~.;8 ,tO~0~~6 ml/l the h1ghest zooplankton biomass en~

abundance ~as aucceededby 8upers~t.mt1on of the upper ;0 'Cl la~er

to 0.7 cl/i oft the northeastern e"sstaor' Iceiend.

I
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, In June 1980 the maximUJll naupl1i abundanee was regiatered 1li

Atlent1c waters in the area trom 64- to 67~ bet~een 2- ena 3~

with highar. OOll:pared to emb1ent, values of supersaturat10n - 0.41­

0.5' al/l. In the Eutern bnnoh w.ten copepodite stages I-V pre­

valled in abe and the. oxygen surplus d1d not excaed 0.40 al/l•

. In 1961 the highest for these years b10maaa end abundance of

zooplankton were ~corded in Atlentic (alO11ß ,ez) end mi:z:ed (dons

5·W) waters with aupereaturat10n of 0.3 end 0.5.al/l respectively~~

In Atbnt10 "sters east of zero meridian .hel'" A02 "as on tho.
average 0.35 al/l (fro= 0.26 to 0.39 ml/l) co~epod1te stages IV-V

of Calanw; mode up the l:ulk of ebundanee "hile :tarther west, in

mixedwaters, the earlier stages 1-111 end nauplii pravailed at

Ä 02 bein,g not lees than 0.5 al/l. In a zone o:t marimum nauplil

abundanoe (64-66ezi 2-'''') the ox;ygen surplua was. 0.54-0.66 al/l.

In 1982 though d18tribution oftotal Beston biomasa Wll8 quite

another the high values of superaaturation correaponded to high

atundancs of naupliia in the northeaat of the Sea- 0.43-0.56 ml/l.

in the west of the Eaat-Ioelandlc Current - 0.87-1.22 al/l•. The

value of o:xygen eurplus was amaller (fram 0.39 to 0.25 ml/l) in a

&~ne of maaa development of copepod1te atages ~-Vof Calanua.

1'hua, the high (aboye 0.5 al/l in m1xed end abon 0.4 ml/l in

Atlant1c waters) valu88 of oXYEenation were indicative of the .onse~

of biologieal spring. Deapite thethermal character1.~lc of a ~ear

the certein degrae of water Oxygenation oorreleted to certa1n state

o! &ooplankton population.

en the .hole, in June .1th the incr6l8e of water heat content

ahl1 !todarah distribution of the l!iaat-Icelandic Currant the o:Q'gcn

pl'OductiOJl will be higl:ler throuehout the See th.Jn in .abnormally cold

l~sr. w1th maximua inta~s11ieatlon of the Eaat-Iceland1c Current.
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