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ABSTRACT

Hydrological features of the south-east Baitic Ses are sented on the basis of materials,
obiained in 10 cruises of R/V “Monceristali” fromn M vy 1992 (o May 19935, Maggr trends in

salinity and oxygen conditions w:r‘:zhi"iy of the deep sea wat cu scd by the most strong

fox tize latest {5 yeers {nflow of Kasie egaic waler in Izs:wsry c.ru weaker one In December ‘

s

1893, were smaﬁysed. Cod spawaing conditions ere characlerized for 1992—1995. The results

or cod distribution

featuces in spring for various hiydeological eonditions.
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INTRODUCTION

In 1992-1995" AtlantNIRO researches on R/V "Monocrystall' revealed
gignificant chainges of hydrological conditions in the South-
Eastern Beltic Sea; especially within.the deep~\ater and near-

bottom layers. Taking in account geale and amplltude of hydrouheml- _
cal indices varisbility observed in 1993-1994 a3 & result of advectlon
(January, December of 1593), | latter may be con31dered as the -
mogt important event for the last 2 decades.

In .the paper presented the attempt is made both to reveal water
condition variability on the basis of absolute values of hydrolo-
gical features in the South-Eastern Baltic Sea, andvto assess
quantitatively °patial and tempbra* gcale of-ddvection and its

nsequences for cod living conditiona within bubarea 26 of the
Baltic Sea.

MATERIAL AND METHODS

Analysis of hydrological condltions and temporal variability was
carried out on the basis of materials of 10 R/V "ionocrystall"
cruises in Subarea 26, restricted westwards by economical zones

pf Poland and Sweden, during March-June and OctobchNovember 1992~
1995.

Hydrological researches were performed with a probe S7TD-1000 from
- the surface to the bottom with temperature and calinity data
printing at every 5-10 m and in near~bottomilayer. Totallj‘oveb
"O hydrological stations were carrled out in the area during the
above perlod. At standard statlon a complex of hydrochemdcal
meagsurements was performed. Sampling wes made by Nansen's batho-
meters; dissolved oxygen content is estimabed wibth Vinkler's:
method (over 500 measurements). Temporal hydrological variability.
;was defined'on the basigs of observations at 2 decpwater interna-
tional stations: P-1 in the center of Gdan°k Deep and BY9 - 1n
: the Southern Gotland Deep. (Flg. 1). . .

Data on cod dlstrlbution in the south-eastern part of Subarea ICES
26 in the Baltic Sea are presented based on the results of 114
_control hauls with bottom trawls DT/Ti 30/30 and DT 28. 5/37.6

with vertical .opening about 8 m and sma’l—mesh Lrame in the qod—
end with a bar length of 6.5-10 mm. | "
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Trawling wes carried out for 30 minutes. In total 10 948 specimen
'of cod were analysed and measured. Maps of distribution over the -

trawling survey area for 1993-1995 were drawn up on the ba31s of
cod catch size and compositlon.t

RESULTS AND DISCUSSION

. During the last years hydrological ccndltlons of the South—Eastern
'Baltic Sea was characterlzed by 31gnif1cant varlatlons,‘stlpulated
by advection processes predominance in formation of water column
vertical structure. Thug, wnlle durlng 1992 and early 1993 deflnlte
Qtrendu of sallnlty decrease in near-bottom layer and at middle
deptn of Gdansk and Gotland Deeps, and xlthln a broad area. of Gotland
.Deep an excluq1vely long-term utagnatlon period was observea,
‘.durlng March-April 1993 a conﬂlderuble 1ncrease of aa11n1ty was -
found in Gdansk Deep (Zevera, 1q93) Therefore,‘lnflow of Kattegate
water, observed in the straits area in. January 1993 (Anon, 1994),
reached the South-Eastern Baltic Sea by April which resulted in
above-mentibned chainges of hydrological uondltlons. Data from
the Table 1 allows to assess that process scale both in absolute
value and in the average long-term values. The Table shows that '
“absolute increase of salinity in near-bottom layer exceeded 2%
in March-ﬂay 1993 while negative anonalleu decreased by above 10 .
‘ t*meu._‘ ’
- In general advection of highly"salihe water of fhb South-Zast
‘Baltic Sea in 1993 was characterlzed by restricted and short- term
1mpacf to Gotland Deep as compar eG@ to Gdansk .Deep. In the central
"pqru of the latter with . decrease of dissolved. oxygen.from O. T to-
0.2 ml/1 was observed first in the horisont of 200 m from July to
October while that in near-bottom layer decreased from 0.2 to O.5ml/1
and by fall hydrogen sulfide apeared in the nea*-bottom layer. As
referrad to the extrbm south of Gotland Deep (north—western part
of . uubaréa 26, utatlon BY 9 where no stagnatlon was obserVea earller),_
only insignificant increage of uallnlty (0.3-0.5%) in near—bottom
layer (100 m and more) was found. ' o :

flaximum advection procoss»s deveTOpment ooncern¢ng 1mpaCu upon

water condltlong in the are &, was observed in sprlng 1994, though
the next Kattegatp water inflow (December 1993) was con51derably
weaker in salinity and volumg (45 cub. km versus 135 cub.km)(Anon,1994)
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However,vtaking in account the "trace" of the previous advection
inurease cf absolute salinity values from- spring 1993 %o sprlng
1994 emounted to 1.0-2.5%, in the_layer of . 70m:bottom of Gdansk -
Deep, and 0.9~ kR 4N° in the layer of 100m—botvom ef: bduthern Gotland /
Deep. For the first time. durlng the last years salinlty value in
the noar-bottom layer exceeded 13%, in Gdansk Deep and. 12%,. in
Gotland Deep. In the first case average wveighted salinlty over

"the total wator column was equa1 to average long~term value whlle
in near-bottom 1aver the: latter. was eyceeded bJ 0.8%, (see Table 1)

The major consequence of transformed Kattegaue wate:_advectlon

in spring 1994'was s total replacement of deep water in the
Raetein Baltic Sea. In the vast area the most long-term stagnatlon'
perlod in the current centure (over 15 years\ was completed. LA
Dleeslvec otygen level in the near- bottom layer of Gdansk and
Central Gotland Deeps exceeded 3 ml/l at saturatlon of above 35
Such high- velues had been observed in the area for the flrst

time since 1930 (Anon, 1994) '

Varlatﬂons of selinlty 1n near- bottom layer of Gdansk Deep and A
éxtreme south of Gotland Deep durlng 1992 1934 are presented in
Pig. 2. ' ‘

| As a result of cons1derable salinity increase in the deep water
during 1994, the hlgher stratification of water column occured,
especially that in Gdansk Deep and northwards where ‘vertical
gradients of salinity approached 0.32-0.53%; per 1 m in individual
areas. Increase of vradlent in the halocline & stipulated condide—
rable decrease of oxagcn level 1n nearnbottom ‘layers of deep-water
area from sumner to fall of 1994 as compared to 1993. ‘theréfore
in October 1994 the level of diseolved.oxygen'emountedktb 0.1~ \
- 0.7 ml/1 (saturation below 8%) 'in .near-bottom layer, as compeared
to 1.0 -1.7 ml/1 (18% ) last year (Fig. 3). Thus, one of the most
important consequences of advection in i993 1994 was occurence of
- conditions for deveeopment of anoxic constlon zone in Gdansk
‘Deep during winter 1994/1995. Ag is shown by the -observations in
March 1995, in the area with depth of 80-85 m southwards of 56°Nv
the dnrt-term‘development of the above-mentioned zones, similar
to those in winter 1993-1994, was found in couple with retention -
of the latter till sprlng, whlch also is caus ed by lower winter
‘cobllnv of surfuce water and decrease of w1nter convectlon depth
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8 compared to the previouo period.

Shus hydrologlcal conditions in spring 1995 were characterlzed

by exlstence of zones with oxygen deflClenoy (O 1-0.7 ml/1 at =
~'elza.tn.ve saturation helow 8%) over the vast area<ﬁ'&bn&'nfpwhﬁ1hmm
bean amerved in spring for me firgt time since 192, In late Iﬂey-oazﬂy June “futher
. decrease of oxygen was ‘cbserved also in the central. Gotland Deep
where oxygen level was .below 1 ml/l in the neur—bottom rayer.
Analysis of near-bottom temperature and sallnlty Varldbllltj from
‘late March to June 1995 revealea 1nflow of another parcel of "fresh"
- North Sea water into ‘the area whlch resulted in near-bottom sali- .
nlty in~rease and oxygen level 1mprovemont in Southern Gotland and
Gdansk Deeps (oxygen ‘level. wag over 2 ml/l at relative content

.of 25~ 33/0)‘ However, in the Centx‘al Gotland Deep and northwards:

of Gdansk Deep the - condltlons per31sted to increase oxygen defici--
ency in the water column below halocline and in near—bottom lo‘ors.

. As compared %o spring obserVaulons of 1994, and in spite of advec-

tion obserVed salinity values in Gdansk Deep were lower than those
of the prevlous year by O. 8-1. TNe in the.near-bottom layer and “
.by 2.3-3.0%, in the layer of 65- 85 m.. As comparod to long-term
-average values for the whole arca, negatlve uallnlty anomalles
occured in - 1995 as well as in 1992 and 1993 (see Table 1)

Comparlson of Murch and_may 1999 surveys results a“lowed to manc‘
: oonclu ion on the dominating advection water flow towards uotland
Deep which by the end of May was clearlv traced in the: vortlcal

A .fleld of temperature, salirity and oxygen up to 56°50 N, 1.e.

'hy July oxysgen conditions may be. expected to improve ‘and sallnitj
of deep water to incresse in the central part of the areas -

_Observdtions made in Gdansk Deep, including Standdrd gtations -

~ dublication in March, May and June, showed the oposite situation,
: decrnage of advection in. that dlrectlon which suppose no 1mnrove—'
ment of conditions 1n the area northwards of the Deeo._ ‘ ‘ '

‘General dynamlc of temporal temporature, S&liﬂ’uy and oxygen
variability at stations P-1 end BY9 from 1992 to 1995 is presented

at Flgures 4 S5¢ T B ‘ | a
Nuturallj, such sharp var1at1ond of nydroxoglcal conditions af {fect~

ed con81derably the living condlulons of demersal 1lsueo, and
,ﬂxygen defic1ency obgerved in ulnter 1994/1995 in the deep luyer
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of Gdansk Deep affected the Baltlc herrlng and sprat w1nterlng »
conditions. The impact on the Beltlc cod is- represented by consi-'
derable varlablllty of c';pe.wm.ng grourds area. § ‘

Iiocation of 1soha‘1ne 10%, in sprlng (Antonov, 1987) ‘may be consl-d'
dered as an indirect evidence of advective processes strength

and spawning grounds area varleblllty. Assessment of the area-

of neer-bottom water w1th sallnlty above 10%, showed. conqlderablg
veriati ons of the letter from 1°92 to 1995.. . ’

_Mlnlmum ares of sallne water was observed in 1q92 and in March -
1993. During 1993-1994 when Kattegate water 1nflow approeched
max1mum, the area of salnne water wasg, the most one,- however-in

the first half of 1995 the area decreased due to reduce of. "iresh"»
water inflow (Pig. 6). Ane1y31s of the dlagremme ghowed that in 1994
the area of water with salinity over 10%; was more than twice '
.hlgher within Subarea 26 as compared to that in 1092. The value'
within Russ1an zone from llarch 1993 ‘to April-May 1994 wag more .
than 4. tlmes higher. Iigure T shows temporal Varlatloﬁs oi 1sohallne ‘
10%, within Subarea 26. ' ‘

To characterlze condltlons of cod living ‘and distribution in spring,
it should.be noted that isohaline 1005 occures the - extreme border

of cod dlstrlbutlon area during spawnln period while. the optlmum-‘

spawnlng and eggs cevelopment condltlons are observed at sal1n1ty‘_

above 117, (Antonov, 1987 Plikshs, Kaleas, Grauman, 1993,"Vesf1n N
and Nissling 1991; Nissling end Vestin, 1991). Cxygen conditions
seems also 1mportanu ln this respect. Experlments by Otterllnd
(1953) and more recent. researches (Westin &nlegsllnp, 1991,

'_ Nissling and Westin, 1991) showed that normal living cond tions”

. of cod require no less than 2 ml/l of dissolved oxygen. Thus, the'd
<ebove-mentloned values of salinity and’ oxygen in. the ‘long run deflne.
the ohlckness of layer, favourable for cod reproductlon.

Taking in eccounu the above crlterla the depth of isoaallne 1000{
_rand 1140, as well es isooxygen 1.5 and 2.0 ml/1 were -estimated for -
varlous observation periods from 1992 to 1995..As a result the plotsl'
were drawn up for temporel variabilluy of the layer depth favou— -
rable (10%,-1.5 ml/1) and optimal (1%, - 2. 0 ml/1l) for cod _spawning
(f:.g. 8 9). Dymanics of area occuplied by we.ter of salinity abovc
11%0 in Subares 26 from 1992 to 1995 is presented in Fig. 10.
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Analys:.u of Fig. 8, 9 evidenceg that similar to area-, oCéupiedv

by highly saline waler, considerable variations of thickness of

the layer suitable for cod spawning were observed during the

period discussed. Thus, during 1992-1995 that layer thickre‘

varied upon extreme criteria (see above) from 3 m in Aarch 1993

to 30~35 m in April-Harch 1994 in Gdansk Deep, and from 10-13 m .
(May 1993, April 1993) to 23-32 m (April 1994, iay 1995) in Southern
Gotland Deep (see ¥ig. 8). However, data of Fig. 9 should be .
congidered morec repregentative estimate of optimal for cod spswning
thickness of layer, since the layer thickness was estimated with
commonly used at present predictors, revealing the best correlaticn
between environment conditions and ctrength of individﬁel cod :
year-clagses (Plikshs, Kalejs, Grauman, 1993); Pigure 9 shows that
unlike the layer, estimated by the critical bourndaries the.best condi-
tions for spawning and hence the higher cod recruitment were obserVed'
only in Gdansk Deep and only during sirong 1nflow of "fresn"
Aattegate water in April-dMey 1994. During other pernods in. deep—;
water areas, the thickness of layer favourable for cod opawnino
decrcased to 5-10 m, or even was totally "wedgedtout™ which was
stlpulated by -limitting effect of salinity in 1992, 1993.'eépecially"
in the . area of Station BY9, and by dissolved: oxygen level in near-
bottom layer during summer 1994 and early 1995 (see Fig. '3, S).

- Thus,. assessnent of cod reproduction conditions on the basis of
those more rigid crlterla, allows to conclude that durlng 1992-

1995 spawning grounds area within Subarea 26 were rather rest icted
.;hlle the most favourable conditiong __fqr cod spawnlng and ef"O‘S'
development occured in apring 1994 after two Kattegate weter

inflows in January and December'1993{'as was mentioned ébdveJ"

Impact of interannual variablrlty of hydxologlcal condltlons ln'
near-bottom iayers on demersal fishes distribution in 1993-1995
wag . con31dered for cod as one of the maJor cnmmerc1al specles."

During the second half of Aprll—early May 1993, cod 1ength in .
control catches varied from 9.4 to 112, 0 cm. The largest aggrega~
tions of cod occured at deptheabove 80 .1 with near-bottom water
salanlty over 10/, ( Flg.11), water temperature 445=5. 3°C and -
relatively high oxygen level ov;r 4 ml/l. ‘

Fish length in catches from deep-water area varied from 12 ‘%0 112 em



while individuals of 30-55 cm in length Dredéminated (aVGrage
length 40.5 cm). Most fishes had gonades of III-IV maturlty stages.
About. 20% of fishes were of p¢e~dpawning and spawnlng condltlons.
The number of spawned females and males constitutnd up to 4%.

Cod catches from the devth up to 80 m with water sallnlty'near~
bottom below 9%,, at temperature of 3.2-4.0°C as a rule never ,
exceeded 10 kg per 30-minute haul,’inspite'of high‘otygén level.
Cod of 9.4- 90 ‘cm in lenguh was flshed whlle 30 55 cm was a predom¢—
nated length. ' ‘

Spring 1993 was char acterized by‘major‘concentration of ybung OOdup‘i
to 30 cm in length within the same areas, ag adult flSh (ng 12)
Total cod catches exceeded no 200 kg: (38 kg in. average) ‘ '

"In April 1994 cod C&tbhbs per a haul amounted . in average to »
84 kg while the. major ug*regatlons were associated with near—bottom
water aallnlty 11mo and over (Fig.13), at temperature 4.0-5.3°C.
Oxygen level in deep-water areas of Gdansk Deep was high (over 2ml/l).

Cod'length in catches varied from 7 to 100 ¢m, however in deepJ‘
water area (80 m and more) fishes of 30- 60 cm. in length predomlnated
while at less depths the length was 25-40 cm. ‘

. Pishes with gonades of III-IV maturity stages dominated. Number
of . pre-spawning and spawning cod was only 2-3 %. Small cod,df 7-15 cm
in length was caught mainly at depth up to 60 m however those fishéék
occasiohally were found over entire area. Increase of arsa with
higher nesr-bottom water .salinity (abovg 105, ) due‘to‘the'North Sea

'.mter advection affected the-pattern of young ccd distribution”i
The highest catches were found at dépth‘of 40—90'm'(?ig; Jd)fwithk
water salinity‘¢f T.44-12.0%c, water éemperaturé’2.8—5.0°C-and
oxygen level over 3 ml/l. .

In Merch 1995 oxygen conditions in Gdansk Deep and ajacent afeus
of 90 m and more in depth were extrnmely unfavouxablo Minimum
oxygen level. below halecline approached 0.12. ml/1 sometlrneu and

in general was below 2 mL/1.

"In bottom trawl catches from guch areas cod was absent.or occured
rarely (Fig.15)., Major aggregationg were found at the depth of
90 m and less. Averoage cod catch per 30-minute haul amounted to -

109 kg. In the western part of investigation ares nerthvards of
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‘Gdansk Deep at the depth of 83-90 m the length‘of cod:inkoutone8~
was 19-90 cm, predominated size - 43-63 cm, aVerage length = 54.0 cm,'
Eastwards and northwards of the poor oxygen area, at the depth 4
of 38- 90 m the len gth of cod in catches was 11-103 em,’ predomlnated
size - 26-65 cm, average length - 37 7 cm. The bulk of - maturo cod
~ had gonades of IIl v stages while the number of pre spawnlng
and spawning cod was only 1-2 %. '

Young ood . 30 cm in lenbth distrlbuted mainly in the areas: of
.38-T4 m in depth, at near-bottom water salinity of 7. 3= 1Ooc (Flg 16),
temperature. - 3-5°C and high . oxygen level.

Relation of cod distrlbutlon and- oxygen level in near-bottom layers»
wasg observed by many authors, including M. Berner, R, Sohema1nd&~
" (1958), descrlbed smmllar 31tuatlon in Bornholm Deep. '

Those authors showed that in the areas of low oxygen level 1n“'
near—bottom layers fish was distrlbuted in’ pelagio zone and is
unavailable to a bottom trawl. Excluding no such situatlon, weﬁ
'should note, that our data on cod distrlbution in March 1995 -
ev1dencn considerable increase of young flSh number around anoxic .
areas at less aepth with - hlgh oxygen level.

CONCLUSION ‘
In 1992~ 1995 ;ibnifloant Varlatlons of hydrological condition? :
- were found in the South—Eastern Baltlo Sea, eopeolally in deep -
" waters which was +he result of the Kattegate water 1nflow in. uanua“v
.and December of - 1993.- " '

Due- to advectlon aev1ation of sallnlty values from long—term
“average decreaSod by 5-10 times.\f In 1994 sallnlty in near-
: bottom 1ayer of Gdansk Deep etcoeded the latter. Eor the flrut time-
during laut years sallnlty value in Gdansk Deen was over 1300, and
. that in- uotland Doep - over. 12m°..x ' :

One of the moqt eaoentlal consequences of the Kattegaue water o
: 1nilow was the completdon of the most long for the century \OVeP
15 years) stagnatlon perlod ln the Eastern Baltlc Sea 1n ummer
1994. ‘ T LR ‘ ‘ '

Assesoment of areas, ocoupled by wate* of hlgher sallnl y‘(102°)
for :Subarea 26 shows total mnorneno by 2. tlmes, and 1norease in

Ru951an zone bj above A tlmes from snr1ng'@92'993 tlll Tuy 1994.
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Ano»her consequenee of high uallnlty water inflow wawu . vue -
increase of water column stratification which in ‘couple with
‘warm winter of 1994/1995 resulted in anaerobic processeq develop-'
;ement in a deep part of Gdansk area where oxygen’ deflclency (01~
0.7 ml/l) was observed. not only in March bu+ even in May-June 1995.

Analysis of environment variab111+y in cod spawnino grounds
shows that from 1992 to 1995 the most favourable conditions for
spawning and eggs development w1th1n oubarea 26 were in spring
1994 during raximun adveetlon for the perlod concerned.

Durlng spring magor aggregatlons of - adult cod were observed 1n"

the deep-water areas with aallnlty of near—bottom layer above

1OA° and - oxygen level of 2 ml/l and more. Water sallnlty and -
+emperature restrict " young cod dlstrlbutlon to the less extend

while adult pre—spawnnng and spawnlng cod prefered hlgher sallnnfy
" and temperatuse of water. Oxygen deflclenoy resulted in cod mlgratlon
into nearpy areas with oxygen level of -2 ml/l and more. HoweVer
pre-spawning and “spawning fish which prefer areas with higher
» salinity, ‘distributed around "gnoxic" zones and, posglbly,‘ln

pelagic zone over oxygen—deflclency layer. ‘
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Table 1.
Water salinity {average four each standard stations) and its deviation frem the mean long-term values (ofoo)
in spring and autumn 1992-199% {the Gdansk Deep).
o~ [t 4
g1 1slglaslg >822tz lal8l2l8]l2|212
&5 [} b ] - ® N © @ P o N o e © pri [} D ©
= £ @ £ = E e = _‘g E pa = 7 £ ] £ = E e =
e o 0 (o] [+ 0 > o] o - Q ) O 0 C G e} > Q
o = [e) c e < B c [ = a o ol < O  cof o o =
= © S ] & © b @ 5 @© b © = © E] © g @ = @
s - o o
Layer ‘
0-50 m e 04173 03175 VI LTFI 03174 02174 02172 L4172 04174 021 T4 G2
Near-bottom
layer 1920 131 198 - 1.9 191 " -Z4 43002 1411 - 061117 02123 08 {118 0411110 05 142 =03

Whole layer| 81 06} 80 0879 0885 02 87 01|85 0287 00|84 04|84 03|84 03




Fipure

Figure
Pigure

Pigure

Pigure

Pigure
Pigure
Figure

Pigure

" Figure

Pigure

Figure

. Figure

Pigure

Figure

Pigure

_‘]3 -

LEGENDS
Research area and 1ocation of 1nternatlonal deep-water
gtationg.

Salinity dis trlbution (%) in the near- bottom layer

(1992-1994). . .
uallnlty and oxygen ° variatlons in near—bottom layer from

1992 to 1995 (Subarea 26.).

Spatial- temporal varlablllty of temperature, sallnlty and
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Spatial- temporal variability of temperature, sallnlty
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Water salinity in near-bottom layer and cod catches per
30-minute hauls ln April- May 1993. o '
Water salinity in near-bottom layer and catch of cod
of 30 cm in lenoth in April-May 1993. R
Water salinity in near-bottom layer and odd catqhes‘per
3o-minute hauls in April 1994. .

Water salinity in near—bottom layer and Eatches of cod

of 30 cm invlength in April'1994. ‘
Water salinity in ‘near-bottom layer-and cod caﬁches'per
30~-minute hauls in Ap”ll 1995. ' | o
Water salinity in near-bottom layer and ca?ches of cod
of 30 cm in length in March 1995. o



Table 1.
Water salinity {average four each standard stations) and its deviation from the mean long-term values (o/oo}
in spring and autumn 1892-1885 (the CGdansk Deep).
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