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ABSTRACT .

The data on value ot oxygen suporssturation of the surface
lsyexrs and depth ‘of ocourence of lower 1limit of supersaturated
layer in June 1979-t4 are presented. It is shown that the spe-
tisl structure of oxygenated layer differs depending on ponition

of frontal zone und water heat content.

, RESUMS }
Les dqnnégn sur le degr¢ de. in sursaturation des couches
lu\périourol‘do‘ l'esu par i'oxygéné et sur la profondeur de la
‘ position de la frontiére besse do 13 couche sursuturée join
1979-84 sont présentues, On » montré que la structure spatisle
de la couchob ntu:;ée par 1°ongéne présente un§ différence
ossentielle, selcn la poai’cinﬁ de la zone frontale et le ocone

.. tenu de chaleur des €8UXe
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INTRODUCTION

* During the photoaynthash of elg-e in veset-tion period &
nurplue of dinolvod oxygen -u produoed in the surface layert _
of the ocean.’ 'rm observed eurplua n- an 1ntegra1 tor the period
remainder of e11 produced oxygen except for expensel for bmethins
of organisms,. oxidation or organie -ubetance and evasion :Ln atno-
sphere, The value of ‘this surplus A;a'u.'o the depth of 1ts a1~ .
atribution may serve vith known auu:nptionn an indirect ehu-actori‘
stis of mteneity ot organio eubetance produetion for a period )
preceding obumtione (rron beginning of vegetation to the moment
of obeemtion). lhen rnalyaing eeaeonal varintionu of oz;ygen
aurplul 1n the Norwegian Sea it was eltabliuhed eerlier that the

s -nnual mximm of supernturation na obaerved 1.n June, 'nw resultn

A'of -tudying tha chanctarxetic- of ongenated leyer (vnlue ot auper-
ssturation and depth of occurrence of superutmrated luyer) ro-
lntive to the main peculiarities ot b:drological conditionl (po—
gition of Irontnl zone end heat content of active lnyer) nre ueted

in the present paper. Ll

VATERTAL AND mmons o

- Obaervations over diaeolved ongen nude during tho etandazﬂ ]
. -urveye of tha Noxweglan Sea in June 1979—84 were uaed u mitial‘
data. The ox;ygen was determined 'by Iinkler nethod. Lhc 7alue of )
aupersaturatlon of water uth ongen (A 02 nl/l) was eetinated n )
excesl of obsemd concentration (OZD xnl/l) over aaturated one

: ( ml/:l.) a% the given temperature and salinity (a 02 = O - 02).

‘ maaolvabnity of ongen was detemined according to lnter- .
mtional Oceanographic Tables, t. 2, at each standard depth. m_ S
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mean welghted values of oxygen surplus were calculated for super—
satufated'layer at each station, The depth (D) with a relative
content of 109% (a 02 = 0.0) was ﬁusumed to be a lower limit of
this layer. ' \

A éombarative analysis of §pat1$1 distridbution of oxygen.
surplus in the layér w88 made with the charts of 40, ml/i

distribution and topographic charts of 100% isoxygene.

RESULTS AND DISCUSSICN

The snalysis of the long-term variations of water tenperature

"4n the 0~50 m and O-200 m lsyers of the East-Icelandic and Korwee

glan Currents st 65°45'N (Table 1) showed that during 1972-82 the
tenperature was characte:ized by & negative trend., The eastern
(relative to-thellons-tarn mean) position of frontal zone was
typicel to 5 out of 6 considered years asad western positiom - to
1981 (Shsvchenko énd Isaey. 1983, 1984, 1985). A relative increase .
in heat content of tke surface layers was observed in central part
of the Sea in June 1981 and 1980 (Shavchenko and Iasev, 1984),

A general view of occurrence depth of supersaturated layer in
the Norwegian Sea im 1979-84 was a mossic of stretched in the
direction of current patéhes.(rig.1). The depth limits renged from
17 %o 200 m with 25 to 120 m preveiling, the meen depth - sbout
75 m. The maximun depths were recorded, &s & rule, in the western
marginal and Jen-Mayen arecsas, {he qinimum ones = on the Norwegian
shslf. The expériﬁental depth (239 ﬁ) was registered in Juns 1981
in the centre of anticyclonic gyre (69°20'N 2°E).

In 81l jeara the depth of this laﬁer incfeased from esst to

wost, In thé wegtern Norwegian Sea the waximum depth ¢f supsrsatu-

:ratod leyer wass observed in the years of incressed beast co;tent o2



Table 1. Trends to temperature variationa ia 1972—82

ot 65%u5'
Waters . : _° layer : ‘ ~ Trend
050 ..y +95-0.066x; (~0.66)
Eaat—Icelandic Curreat . o 7=3 e
(Mme=5') - . 0200 - 3= 2.09-0.026:; (-o.zs) .
“:}- eso . y= 8. 02-0, 0463 (-0.46)
Norwepan Current’ R § .
(1%457- f . 0200 -y =

e.ss-o.m;; (-04.71)
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active water layer (1980—81) and the minim one - in nhnomlly
cold 1983. In the 8axLe year tzwre nas noted tbe shortest epatial
extant or the layer deeper than 7‘5 n, its eaaterly limit passad
in central part of. the Sea along W ‘ !

-In 1981 and 1982 11: was located along S’W and in 1979. 1980
and 1984 occupied tb.e eaaternmost posit:lon - about 2'w. According]y,
in 1979, 1980 and 1984 the trontal zone was displseed eaatward
while in 1981 it occupied the weaternmost poeiticn for the period »
conaidered nnd in 1982 it was feebly marked in centml part of the,
Sea (Shevchenko and Isaev. 1983, 198#, 1985). In sumner 198% the ’

East-Iceland:lc Current was extensive and pronou.nced. 1its watera -

spread Iar southeast and to central part ‘of the Soa where great

. negative temperature anomalies were found (Shevchenko, 1984) which

did not seem to favour the intensive development of pl;ytoplankton

N in mixed vaters. Therefore, :Ln 198} ‘che area of supersaturated '

:-layer of above ?5 m was the least. '-; - '_ N
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Pig.1 Depth of occurence of aupersaturaged layar in the :
Norwegian Ses in June 1979-84, ;

.Tho value of oxygeh surplus varied in this lsyer on the
aversge from 0.15 to 1.3 ml/1. The extreme-values - 0,11 end 127
w1/l - were observed in June 1983 in the mixed (meximum) snd

' Aﬁiantic water$.~ The oompariéon of A 02 distriﬁut;on a\.nd intenuity
of supersaturated layer showed that, @s & rule, in zones of con-
) sidérablo (ébove»O.s ml/1l) oxygen au_xﬁlus the erth_ot this«leyer.

.did not exceed 55 m in the Atlentic and 0 m in t'na‘mixéd wsters.
Witn incroasing of the layex depth above 100 m fhg a0, decressed
to 0.30.2 ml/l. According to date fLrom the 1980 survey the .cor- -
relafion coefficient between these values wes equai ~0,34 (G =
0.08). - T R

In 1979 fhn_ naximum value of supersaturation was observed in
~ the mixed waters nesr the Jan-Mayen Island snd it constituted 0,92
m/l . The 'oxygep surplus above 0.5 =1/1 was found in the East-




Icelandic waters northeast of Iceland (D=7O m) n'nd' Yaroes Iala'ndsa
(115.2), and in Atlantic waters north or 70°N (D450 m). -
In 1980 the maximum oxygen aurplus never exceeded 0,70 ml/l

' snd was the least f.or a.considered series of years. Tha maximm
values were observed in mi.xed waters east of Tceland (Dz90 n).
and in the Eastern ‘branch (D~ 2? m).
. In 1981 the maximum valies of 02 were highar = from 0.70 ml/1

1n uixed watern along S’W (D~50 m) to 1 20 nl/l east of the Jep- .
¥ayen Island (D=70 m). : : L

" In 1982 the oxygen ‘surplus in the East-Icelandic Current’

waters nas’ the higheat for a11 conaidered years and reached 1.22
ml/l at 67‘30'N. Along the aection Iaanganee-Jan-Mayen ths mean
value of 402 made up 0.80 ml/l. Northeaat of the Faroes Islands
the oxygenation nearly doubled compared to 1980, 1981 and 1983,
The m:lnimum valuea of AO2 (leas than 0.3 ml/l) were observed in ’

Fig.? Distribuhon of o:cygen supersa*uration value : ]
( 02 ml/l) in the Norwesian aea in June 1979—84.7




a rather limited area of the Norwegien Shoal.

In 1985.emall zones of maximum aupefeaturation wore found in

Atha mixed waters east of Iceland (0,63 = 1.7 m1/1, D = 71-86 n),

south of the Jan-Mayen Island (fo 0.90 ml/l. = 79 m) and north-
esst of the Paxces Islands (0.85 ml/l, D 50 n).

In ﬁ984 there were no observationa in yestern part of the Ses.
In the area edgyeyed (Pig.2) the maximum oxygen surplus gid“nef
exceed 0,79 ;1/1. Like in 1983 fhe area of zones of increased

.(aﬁove 0.5 ml/l)ioxygen surplus was small, AS is seen from the

foregoirg the highest welues of oxygen eurplue were mainly obssrved
in western marginal area of the Sea during the whole period under .
reviel, The major blooming rozes were also fesiateied there, All
thia resulteevfrom syhchrqnism of the June survey and anneel maxi-
mum of ﬁhytoblankton vegetation in the Eaet-lcolendic Current

waters (Vinogradova, 1970),

Tke highest for the considered period values of photic layer

ioxygenation registered in June 1982 in the weetern marginal area

ROYe accounted for by maea blooming of phytoplankton (Degterevs et

"al., 1985), At that time there was observed a good water stratifi-

cation due to intensity of the East-Icelandic Current in deep
layers end considerable (twotold higher than in 1981) radiation

: hsating of the surface weters (Ergakova, 1985).

In June 1982 the mean eupersaturation in waters or the south~-

1western Norwegian Sea (6?’30' - 6}’30'N 14'>- 5'W) exceeded by

0.12 ml/l tha 1981 level. But ‘80 far as in 1981 the dapth of supsr-

fsatu:ated leyer was approximately by 25 n greater than in 1982 one

may consider that the oxyzen prodqction in 1981 was maximum of all

.considered years. This conclusion was corroboreted bg cata of
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Rydroblological investigations (Plekhanova, Sobolevs, 1982), as .
8 result, there ués regintémd an early omset of bilologicsl apring
in the west, mass development of phytoplankton throughout ths Sea
end the highest for 1979-83 blomasses of zooplankton the mten;sity
of development of which was surely connected with a mass develop-
ment of pb.ytoplanktén. S ‘

The oxygen surplus Aﬁ.eldn were ‘characteriz.ed‘in 1979, 1982 .

and 1983 by inecrvased velues in centrel part of the Sea (62°-66°N .

0%-6°%). The highezf supersaturation values in this zone werg

0,64 =l1/1 in 1979, 1.02 ml/1 in 1982 and 0,85 nl/1 in 19583. The
maximum area of the zone was in 1982 (120 miles by lafitude). the
minimum - in 1983 (50 miles), The intensification of the Eest-
Icelandic Current and frontal zone in the south of the Sea resulted
evidently in appearsnce of this zone (Shevchenko, 1983, 1984),

: The gone like that was not observed in a period of weakering
of the East-Icelandic Current in 1980 and 1981, During the dis~-
placement of frontal zone westward in 1981' there was clearly ob-
sexrved the divisiorn of the srea by ongeh surplus into westemn:-

"(with higher uupersatux'atioh) and eastern pertaj the bounc_lar,y of

the 0.4 ml/l isoxygene passed near zers meridian. The comparison
of the oxygen surplus in western and easterm perts of the Sea st

65%45'N showed that the maximum supersaturetion was observed in .

Atlantic waters in 1980 and 1984 while in westorn Sea.wsters - in
1981 and 1982, . o ) )
In Juns 1981 the poaiﬁm of frontal rone was westera and in
Jl;mo 1982 - "vague™, 1,0, there was noted the decrease of horigzon-
‘tal 5radlent;. The nydrologic‘-licondinons 1n 1980 and 1984 were
characterised by 2a intensification of Atlantic waters while tte
utonaiiy of the East-Icelandic Current remained the same and the
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heat content of the surface layer increased. Hence, the intensity
of organic aubetanee'proéucticn grew in Atlantic waters with inten~

'aiticaﬁion of frontsl zoae inithe yeera of relative heat content -

“increase and in the Eaet-Icelandie watere - with weakening of the
'zone or ita weat-ard diaplacement. ]

} - The preaenee and diatributive pattern ot zones with small
ozygen aurplua (leee than 0.3 ml/1) in the Norwegian Current and
in mixed waters of the western part of ths Sea: ehould be referred

-to peculiar features of water oxygen regime in yeara of intensifi-
cation of the Eaat-lcelendie Current \1979, 1980 snd 198}). Their .

.moet conaidereble expansion was observed in sbnormally cold 1979
and 198} uith the decreaaing heet content of the Norwegian Current

‘~‘\watera. The local peculiarities of thormal regime in 1980 and 1982

R involved the’ reduction of tbeae zones compared to 1979- In 1980
zwith weakening of the Eaat-Icelandic Current there increaeed the

warn advection or eaatern branch ‘of the Nor-esian Current uhich
’levidently favoured ;ha.more intenaive development of phypoplaukton
E aecuriag the éreater water oxyéenafion. In 1981 the eater “heat

content of aetive layer in’ the .western’ ‘brench was near the norm and n

E higher thsn- in 19?9 which wae also tollowed by disappeararnce of
’"zonea with emall oxygen aurplue.: o
The comparison of oxygen dietribution and that ot Celanus ai
_different egea (Plekhanova end SOboleva, 1982) showed the rollowingz
in mixed waters of central part of the Sea abere oxygen surplus =
ranged from 0.38 to’ 0.66 ml/l the higheat zooplankton biomass and ’
high nauplii abundance were ‘noted in 1979. The marimuz nauplii
» abundance was aucceeded by supersatlration ot the upper 30 & layer

" to 0,7 ml/l oft the northeastern coasts 3 Icelsnd.
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+ In June 1980 fhn maximum nauplii.abundance was reéiatefed in
Atlantic waters in the area from 64° to 67°N between 2* and 3°E
with bigher, coxpared to amdient, values of supersaturation = 0,41~
0,53 ml/1l, In the EAatorn branch waters copepodite sfagaa 1-v pre~
vailed in size and the oxygen surplus did not exceed 0.40 ml/l.

"In 1981 the highest for these years blomass and abundance of
zooplapnkton were recorded in Atiantie {(slong 3°E) and mixed (along
5°W) waters with supersaturation of 0.3 and 0.5 ml/l respectively. .
In Atlsntio waters east of zoro‘meridian whers 1102 was on the ‘
average 0.35 ml/1l (from 0.26 to 0,39 ml/l) copepodite stages IV~V
of Calanus made up the tulk of ebundance while farther west, in
mixed waters, the earlier stages I~-III and nsuplii prevailqd &%

a O2 being not less fhan 0.5 ml/1, In a zone of maximum nauplil
abundance (64-66°N 2-3°W) the oxygen surplus was 0,54-0,66 ml/l.
In 1982 though distribution ofﬁtotai seston biomsss was quite
another ths bigh values of supersaturation corresponded to high
stundence of maupliis in the northeest of the Ses ~ 0.43~0.56 ml/l,
in the west of the East-Icelandic Current - 0,87-1.22 ml/l. The
. walue of oxygen surplus was smsller (from 0,39 to 0.25 ml/l) in a
zone of mass development of copepodite atages i~V of Cslanus.
Thu;, the high (ebove 0.5 ml/1l in mixed and above 0.4 ml/1 in

Atlantic waters) values of oxygenation were indicative of the onse

of blological spring. Despite the thermal characteristic of a year
~the certein degree of 'atef oxygenation correlsted to certain state
02 zooplankton population. ) ‘ ‘

On the whole, ir Juns with the inecrcase of water heat content
and moderate distribution of the East-Icelsndic Current th9~oxysen
production will be higher thxoughout the Ses than in ahno:mally cold
years with maxiwmum intensification o? the Eaut-Icelandié Current.
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