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. ABSTRACT -

The'ehanges of the'northern-etoek'of the spawning eodVbio- o
- -mass in the ‘Canadian watere end the - Weet Greenland cod biomaae are :

-

'compered with the changes ot’SST'a 4n the Irminser See. The
correlation between variationa ot SST'I and cod biomals in the -

abOVe-etated areas is indicative of poasible inIluence of climatic

changel on the rieh stook atete..;_

CINTRODUSTION -~ * - = - A
'Ehirfy.yeurs;.ebnsiderable-changes'Qf‘sfncksj

CUver the recont
tha'bidmass ol the

ol vome. commersiul tiah Bbecies,'in péiticulah,
Hewioundland cod nOLhuern ‘spawning. stock, Weat’ u[eenland cad hlomaaa,

and Lhe Srotiun BiLVcD hake were observed in the Northwaat Attantia.

_ “In the end of thé aeventiea - early ‘in elghtlea, the stocks
of the- above-mentioned tish reduced TN the minimum followed by a
-melked increaﬂe by ‘the’ mid-wdghties. The viewpoints concerning the

causes of these changea diffLr. ‘Ona of ‘the’ causea 18 thought to be

" the introduction of EOO—mile fishing zones ‘an rlshery regulation

measures. The study of the factors governing the figh thndancé

dynamics is of great importance_fofrtﬁé'fieherieQ:de#elopment.

The piresent report ie“aimQETdt*éoheideri@g}ihe'relationship '

SPECIAL SESSION. ON CHANGES IN FISH POPULATIONS

of one of the mast important and accesdible enviranmertal parame-
ters.~ water teﬁpefaturef¥a§d‘fhe*ﬁfefe of “the ebeve-mehtioﬁea”:ish_g

i gtocka. .




MATERIALS AND METHODS

Mean monthly SST's taken by thu USSR Hydrometeocenter in
the centers of 5°-aquares on the 3cotian Shelf (40-45°N, 60-65°W)
and in the Irminger Sea (55~60°N,-30-35°ﬁ) were used as a predictor
of changes of environmental factcru. Publications on thg Scotian
' silver'hakd blomass sstimates (Fanning,'Waldrdn and Bourbonnais,
1987; Noskov, 1987L the biomass of the Newfoundland cod northern
gpawning atock (FO'C'SLE, 1988), the West Greenland cod biomaas
(Schumackar, 1988) and other papera were used for the analysis or

changes of the fish stock atate. -

The technique of plotting ihtegral curved of the water tempe-
rature anomalies at the sea surface widely adopted in_the oceanolo-
gleal studies of global variastiona of ooeanclegical and hydrometeo-

' rological facfors in the North Atlentic {Zverev, 1972; Girs,:1971)

was ‘used.-

To a certain degree, the integral curves are of abstraﬁt
nature,howaver,_they.are géod tor idehfitication of é tendency to
1n£ensificﬁtion (at‘poaitive values of sanomalies}, weakening (éfi'

| nege*‘va.values of anomglies)} or stahilizing (at small variability

of vigge valuea) the studied proceas.

Below, the tarm‘“the tendency,to change of the sum of anoma-
lies of thanea surface temperaturea'"; will be replaced by "the

change of water temperatures" for shért.

It should be noted first of all that the sea surfsce water
. imperatures aras copaidered a8 an index iéflecting the inter.ction
of ocaanological.éysfems: the warm Gulf Stream waters énd_cold
watera'ot tha Labfador Current in the Nova Scotian Shelf arss,
" WATm watera of the North-Atlantic Current merging with the I ain-
ger Current and cold polar and Labrador waters in the Irmingar Sea |

and West “reenland areas.”

The increase of the sum of water temperature anomalies on
_ the Scofién_ﬁhélf 18 considered to be the result or-ijféngigiggg N
.‘tion of the Gulf Stfeam influence (approach to the Shelf) while
the decrease 1& asaigned to incraased influence of the cold Labra-

dor Current. The ‘rige or the water tenporaturos in the Irmingor Bea

~



" can be attributed to irioreased effaot of ‘the warm Irminger Currant
and movement of the subﬁolar front to the north and to the wost
while the drop «J lauwperatures could be :aused by weakening ot the
Irminger Current, strengthening of the Eaat«dfapnland Curren! and

retreat of the sub-polar front to the south and to the east.

The STT ohworvatlon series used were for the Irmingelr Sea
and.- Nova Scotian Shelf for the 1977 to 1988 perled, i.e. starting
from the lntroducilon of the special‘fisheriaa regime'by Canada .

and a longer obwervation gerlea for the Irmlnger Séu for tha_
1956 to 1988 perlod. Por construction of shorter obaervgtion{ﬂeriaa
by month for the 1977 to 1985 period, the mean SST_valuea'ware de-
tormined, and the obtaihed anomaliea were then summed and summar{f
zed on & 3-month and yearly bases (table 1)+ For oanatruqtioﬁiof &
longer observation series the mean 33T valuss for the foﬁrth quar-
ter (Octobar-Dacamber) of each yeaf were used, The anomalies rnd

. thelr sum (table 2)_weré determined for the 1962 to 1988 pqriod;"f

Thus obtained integral curves of waler temperature anomaliea

wore compared to estimates of the sbove~mentioned fish species.

In addition, the integral curve showing the tendemocy to move- .

ment of the boundary of -the waters with the surface ¥emparature‘o£
10°0 in the north-south direction alony 35°W (table 3) wes congtruc-
ted. To'conatruct this curve, intersection points of 10%{and.35°l
wore read from monthly 337 chartes of the U3SR Hydrometeocenter; the

. diatanoe between auch a point and 53°8 wag oalculated “to within

.10 miles and then the gained monthly diatancas ware summed and dunma-

" rized by quarter and averaged for a year, The integral curvé‘bhnwa
the intrayear and year-to-year tendency to movemunt or'thq‘boﬁnﬂdri.'
of the waters with the femperature of 10°C relative to 53°8 (Biﬁbﬁ'
break). A8 the first approximation, tha drift of this water boundary
can ba 1nterpretad as the shift of thu Jub-polar front in Lhe worth-

south direction.

A ™ie choice of the 10°-1soterm at tie sea surface wea 8tipu-
lated by the fact that it colncides with tke sub=-polar front and J
1) siﬁultanéously the southern boundery of'distributioh of Lropical
Zooplanktonic forws. The mixed faune zone sxtendg southwards.bf

this isatherm and occupies a vast apéce.‘As a wide band, it stret-



_4...‘

ches from the south-weat to the north-east in the direction of the.

North-Atlantic Current water apreasding.

To determine the depth. of lieing the waters with the tempo-
rature of 3.5-4.5v, classified as the north-weatern interstitial
water masa by Muromtaev (1977), the messive of deepwater tempera-
ture ubservations by 5° Marsden trapezia for twelve-months‘averaged
for the 1951 to 1980 period and compiled for this purpese in the
tceanographlc Data Genter: by the Lamanov's group waa. used.
{(Hydrophyaical paraﬁatera in energy active North Atlantic areas,
1985). o |

RESULTS AND DISCUSSION

The analysis of the published data on the change of the
fish biomags shows. considerable fluctuations of abundance and bio-
masa of Bome:commeréial f£ish sﬁeoiea over"fhe'recent 10=30 yeara.
Among these ares the - Scotian silver hake, the biomass of the New~
foundland cod'northern—spawning'stock‘and‘theecod-biomass‘in‘tha
Weat Greenland area belonging to' different. ecologlcal groups. The
silver hake-inhabitlmodaraté waters while the cod prefer colder
iatersm ‘ - _

Novertheleun the cliange of these fish blomuss followed n
gimilar trend: « Jrustic d}op in the end ot the seventies - uurly
in eightles, and tus impetuous increase by the end of the eighties.
An awgaumpiion that thnere exists a common reasbn<responsible for
thie kind of abundunce dynamice and fish biomass puttern,.puuaibly
related to global «limatic chenges of envirommental factors, sug-
geata'itself. The spilnion of Stein and Meastorff (1988) that the
influence of clinmatic changes on the variation of the cod abundan-
ce and biomass in gseparate divisions and in the West Greenlund ares
on the whole is influenced by climatic changea is of indubitable

interest.

The-comparispn-of'changeﬂ of the éum of water temperature
anomalies: in the [rminger Sea and of the cod biocmass in the west
Greenland area showed that a slight increase was observed_qver
ié?? to 198t pericd, and' a marked femperatune drop at:the [rninger
Sea ‘surface over 1982-1988 period (fig. 1). In the second case, it
can ﬁe attributed to glackening of the Irminger Current and strengthe-
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ning of the water of the polar origin. To subatantiate this asgumpt-
ion ﬁhe'charhctér of movement (drift) of water boundéries with the
surface water temparqture‘ot 10°C along the 35 meridian relﬁtivé"
to 53°N (fig. 2), which can be interpreted as the shift of fﬁe sub~
" polar front in the north-aoﬁth direction, is consideredﬂ_Froﬁ.1976

td 1981, year-to-year fluotuations of ths boundary of the watera

with the temperature of 10°Q are not well pronounced, however;
- beginning in 1982, eonaidérable movement 6! thia bbunQer; parti-
éularly intenaified in the aécoﬁd half of the year, has been obser-
‘ved, Maximum recorded amplitudes of theme movements were in 1982,
1984 and 1985, During that period, the vest area of the Irminger
Sen wxperilenced the inrluencé of colder watécs.

During the same period, but with & three year delay, an
opposits trend of the cod biomase variation in the West Greenlaend
area was observed. It markedly reduced from 252 thous. tons in 1982 °

. to .44 thous. tons in 1985 followed by s sharp rise to 613 thouﬂ.'l
‘tons by 1987, i.e. the 14-fold inoresse over two years (table-4).

"Consequently from the anomaiies of the water temperature in the
Irmingar Sc; the trend to the cod blomass change 1n.the Weat Green-

. larl aree can be forscasted three years head'at firat approximation

‘Lo Lng the equatibn of back linear regression written aaq
B = -41,9 SST's + 249,

whers o 1a the biomass, and 33T's 18 the sum of SST anomaliea.

Aa the trend to further decrease of the sum of S3T anomalies
wag observed during 1985 to 1988, the increase of the cod bi.uaes in
the West Greenland should be expected in the forthooming years.

The nnalyses of the sea surface water temperature changes
‘in the Irminger Sea during the 1956 to 1988 fall-winter period, and
the Newfoundland northern spawning cod blomass from 1962 to 1988°
ahowed that a‘trend to the increase of the sum of the 83T anomﬁlies
in the Irminger Sea continued from 1956 to 1977 ha?ing changed from
2.45°0 to 8.1190. Then & backward trend set in which resulted in
the reduced sum of anomalies rTeaching 3.11°C in 1988, The cod spawn-
ing biomess ohanged in antiphase with the temperaturs changes. Soi
‘trom 1962 to.1977.‘1t dgoreased from 1.3 to 0.4 mill, tons (fig. 3},

Thp coetficjients of the baok linear oorrqlation for the considered
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parameters for the 1962 to 1988 period are as followa;

compar{uuu (.t wurrent years r s -0.78%0,05
8 year aliusd _ r = -1.86%50,04
two years aheuad r'a «0.88i0.03

When plotllng the spawning biomass velues ugainst the sum
of the water temperature anomalies for one and the same yeurs over .
the 19b4 to 1972 period (decrease of blomass), the points fit an

actually straight linme, the equatlion of which can be written aa:
B = ~159 S3T'a + 1764

During the biomass growth period from 1977 to 1987 (except
for years 1981 and 1982), the points also fit the straight line

though at the other level.The equation is as follows:
B = -150 + 837's + 1261,

over a nuuber of years (1962, 1963, 1473 to 1976, 1981, 1982 --.E
and 1988), the points £it a kind of an intermediate line: .

B = -160 SST'a + 1560 (see fig. 4).

Therefore during the investigation period diversely orlented cyclic
changea of the sum of water temperature anomaliea-iﬁ the Irmingér
Sea and the Newfoundland cod northern stock biomass took plﬁda; As
the temperature changes usually prsceeded thoae of the blomaas,

the trend of variations of the Newfoundland cod spawning biomass

can be forecasted at firat approximation from the . temperature data

1- 2 years ahead.

Thus on the grounds of the above-atated evidence it can be

. alsumed that considerabla changes of tha spawning cod biomass 1in

" the Newfoundland area are related to global climatic variations of

oceunobruphlc conditifona in the North Atlunt:: that vceurred duripg

© the investigation- period.

' detailed analjais of variations of the sum of the ano-

malfes of the water shelf temperatures and different indices of

‘the silver hake blomass and catch per effort for the Nova Scotian
- area was published in 1988 (Baidalinov and Rikhter, 1988). It can

be only added that a direct relationship of the water temperature
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‘and- aiIVnr hnke—biounaa ohnngea oxintsd in that arba. Eha data ’
oor*ninad in the table show oonsiderable changes of the Btudiad
pg*ametera over 1977-1981 anﬂ 1983-!986 periods.;

Thua from the above-atated data 1t can be’ auggested that
considerable 1ong—tarm ehangas of the state of the stock considered
above are atipulated by olimatio variationa of oceanographio ‘condi-
tions which by strangﬂhsning snd weakenina the dystemg of warm and

nold currants; oreate tavourdble ‘or - uniavourable conditionﬂ in tha -
habitat, to which the tiah populationa reaponﬂ by the 1ncraase or -
decrease of the abundanca and biomaas avidently through provision '

with the rood resourcea.

machaniam oI 1nrluenca of 1ong-term

The identirication of t
changee nf environnsntal factora on tha dynamics of the commercial

tiah abundanne and biomasa is of great importance.

 The* West greenlaqﬁ area‘ia known (stein and Meaatorft. 1988)

to be 1nr1uenoed by the nnrthern aubpolar gyral. lccording to thaSe
authors, genaral Ieaturea ot tha tamperature resima on the Weat

Greenland Banks 1e aa rollown: the water tamperature uhanges fxom

1 to 4.5°G, down to 5004m. the in:luanoa or the warm conatituent ol
tha Irninsnr ﬂqa untaru is obvians. éoeper, thaao lawnia mix

R M.\tni.»o:ﬂv Wy W R ulﬁrlr‘ Al ST 2L .
with tue Labradg . wubera. 8o tha plimatic changas of tha o“hqﬂdlﬂ"
gical regime of Lhs waters in the Irminger Sea ean ba aa,umﬂl to -

influence the r;hime of the Wast Greanland area.

We balieve that two typea~of the‘intermediahe water naseed;
{as. per classitication by Huromtnev. 1977) ‘are :of gxeat inporbanca
for the subpolar gyral’ aystem. These are the North-Wastexn typa
(temperature 3.5 = 4. 590, salinity 34.87 - 34 98°/°°, oxygan con-
tent 5.1-6.2 mi/1) and the NorthrAtlantic type (tempalatare S 14°C;,
salinity 35.0 - 35.9%/4, mrsen.;content 4.0 5.5 mi/1). The Bubpo- '
lar front passing aslong the 1eft Gulf Stream boundary and tha North—r
Atlantic ‘Current divides theae water maasivea. In, the subpolar
Ifront zone, the rising streams are strong. Their rate aomewhat
exceeds that of sinking streama, therarorq‘the frontal zone seruaa
rather &s the ared of riaing of deep waters to the' surface than
the area of intensive water sinking. With uepth, the subpolar front
dividea these watsr magpives not ho:iuontully. ot vertically,
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having changed from the hydrological front to the interface between
Bteadily stfatified water massives (Gruzinof. 1975)." Lhe sﬁﬁpoiar'
front zone is characterized by simultaneous develohment of difie~
rent biologicel seasons which, combined with individual ﬁlanktonic
complexes in diverse water massives, provides a stable foodlﬁasa
for the fish thrgughout the year (Gruzinov, 1%85). Iﬁ'the éﬁéh

part of the Norih Atlantic, a number of vast and steady in tiﬁé

regions of maximum concentrations of the zooplankton biowass related

to peculiarities of water circulation in the subpolar gyral exiat.

One of them, the largest in the North Atlentic in terms of avea,
18 located to the north of tho Newfoundlend as morth as 59°N and
“41°¥W, and occupliea the entire soﬁth—egstern part of fha Labpa&or
basin (Bulatov, 1971). - '

The data in fig. 5 aﬁow that the depth of the Ngrbh-#eab
interstitial water mass markedly descresded weatwardly with the
drop of the surface temperature in the [uvminger Sea. 1t ie likely
that the long-lemm decrease of the S3T's in the Irminger Sea
rseults in the water backing with the North-West interstitial wa-.
ter massive in the West Greenland area. It can be assumed that
due to intensified contrasts (gradients) between the warm under-
lying and upper layer cold waters the conditions se} which favoured

the srowth of the Arctlec end boreal zooplanktonic forme and the
e ofganisms'forming the food base for the West Greenland cod

having resulted in a significant cod biomass increase,

In other words, glqbal changes of the oceanological water
regime seem to cause variations in the animal world communities
ﬁt the scosyatem level including the stock state of commercially
important fish‘ﬂpecies. It should be noted that the pattern of
these global changes in the atmosphere-ocean system cecurring si-
multaneously over & vaét area differ, In some areas they are syn-
chronous, in the others they are in the antiphase, and still in

" the other areas fhey ocoupy the intermediate poaitiqn. Therefore
the monitoring of the environmental factors and the state of com-
mercial fish stocks can be used as a non-traditional method for
ggining expert values of geparate fish population gbundance dyna-

mics.



Thus global climatic changes'of the environmental factors
exert an immenao inxluenue on the state of the fish stocks. Inten-
sified or lowered contrasta (gradienta) between warm snd cold water
massives cmuse favourable or unfavourable conditiona in living
organisms habitats throughout the trophio chain thus stipulating

long~term inoreaae or decrease of the commercial fish biomasa.
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Table 4

' Change of gum ‘of SST"B"axipm"aly in’ the Irminger Sea and

cod biomaas in the Weat Greenland area (bchumacher, 1988)
‘ "in 1979 1988

-Biomass, ' thous. tons

YBLar - ] sum t“)f' - : '
sar, !_iﬁfr'nid Year W& CalculatedDeviation,®

.,g r?tg?9 0,4 -Igaé‘ﬁﬂff 2624 232,2
fe0 2,7 . 1983 - I,7 1359

1981 5,1 1984 34,7 . 3,3
w82 4,6 I8 - 43,8 56,3

1983, . -I,8 1986 . 104,0 3R4.4
1984 . -8,7  Ie87 .7 6I3,2  6I3,6
TooIe86 0 -k 1988 o - (776,9)
1986 . -I6,4 . I%B9 .. = (936,2)
Lo Ieey -1, 1990 0 . - 0 (I133,1)

oIes8 . -24,7. 1991 - < (1283,9) -

P t_:“l 8 o L&

: fBrackets contain cod bioma.sa values for the West Greenland area

‘ prelimina; ly astimtad rrom the SST's.,

. ) Teble &
' Guange. of Scotien. Shelt snver hake ‘blomase (thous. tona) |
‘and:. catch per errru.t in 1977..1951 and 1953 1986 ‘

TTaaloss l 1977-198-2 E t_' Teeae6

Blomass 1+ o 143_137 S 252,;51-7
. Biomass 2+ - N -1;’[_2..,150_‘ C 2094299
- Biomass in the begining 1658-193. @ . - 255-888
- giomgsyear ,332~376 . 3R9-676
Catch per fishing da.y - 20,9-29,6 30,6-44,3.

- Catc}_l per tlfgwl}ng_hour 1 021"1 90 1.75"-4._23 :
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Pig. 1. Change of ihe sum of 35T's anounlies in ‘the Lominger Sea

B,

snd cod biomass in West Greenland area in 1979-1987.

1 - sum of 33T's anomalies in. the venter of 59-60°N, 30-35°W

gquale; T i

2 - cod biomass according to Schumacher, 1988;

3 - calculated values of cod biomass,

Sum of distaces,niles ( ses the text )

—6000 . . i . . N A

1980 1985 1990
Yeoar

the temperature of 10°C along 35 meridian relative to 35°N

over the 1976 through 1988 period,

-

2, Integral curve showing movement of boundary of walers with.
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‘Sum of SST# anemaly, °C

Blomass ,thousand tens

60 65 70 75 80 85 90
Year
Fig. 3. Change of sum of 35T'e anomalies in the Irminger Sea and

the biomass of Newfoundland spawning cod northern stock

(Stein and Messtorff, 1988) in 1962-1948.
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#ig. 4. Newfoundiand spawning cod biomass against the sum of SST's

anomalies in the Irminger Sea for 1962 to 1988 périod.



Depth {Ueters )

Pig, 5. Vertical water temperature distribution by 6-5° s;uare

Teaperature,’C
55 - 60°W,45 ~50° 55 - 60%H,80 - 43%W 55 = 60N, 35 - aC°W
0 2. & 6 2 & & 4 6 8-10 ‘
200 1, 5% 45 58 57
Y :
400 '#_-o 4.9 36 . /_s
600 |- 3,47 37 26 me 40 33‘5 k3.6 b 4S5 ‘
800 "7 34 oy 40 3-8 L F73 -s‘q 45 40 355
1(”0[030 3555 L h,k’-’ngl'
50 - 55°K,45 - 5P so-ss”no-auﬁ%so- 55°,35 - a0
0246810681012 '661012
200 byf wo 3l 3'2"'5 i | e PR 6.0 -
400 Lyy no 36 k5.4 5% g 48 .q;
. e N S
800 [3.,\3.6 36 36 (54 48 4.7 43 i
800 1) 6 30,575 .,m” sy 229 400 400
1000 Lyfe 14 ss(. . 40 3.7.5% Llsz 1e 37 os7
F¥%4

in the North Atlantic. Data averaged for 1951—80 period.
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