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ABSTRACT

“he 1990 hydrczraphic corlitions in the Labrador Sza, Grand
Banks off Newfoundland and Scotian Shelf were analysed against the
background of the interannual veriations observed during the last
five years. For some characteristics 14-year period data were
taken. Sea surface temperature (S5T), surface boundary location
and temperatures for the various depth layers were included into
the analysis. Interannual variations show the decrease of tempera-
ture in 1990. In some periods of 1990 temperature angmalies at-
tained thelr lowest values reported for the last five years.

The main reason for the decrease of temperature is considered
to be the stronger coolipg of the surface layer in the Wesat Labra-
dor Sea in winter 1990 as compared to the previcus 4-year period.
Spring transport of these waters by the Labrader Current further
to the south, apparently, promoted the decrease of temperature in

the Scotian Shelf water column, primarily in its eastern portion.
INTRODUCTION

The objective of the present review is to analyse the 19350
temperature conditions in the Labrader Sea, Grand Banks of Newfound-
land and Scotian Sha2lf against the backzround of the interannual
variationa preseated as time gseries data for 1986-1990 and 1977-
1390, These data a3 well as cther characteristics can be uzed %o
evaluate in deiails interannuel variation of physical environment
and to estimate the 1990 conditions. It is the second objective to
determine r=asons or environmental factors influencing the Scotian

Shelf ailver hake distribution and maturation during spring-summer




1990. The hypothesis was asaumed that the surface temperature varia-
tion in the Labrador Current Area(wegtern Labrador Sea) in some

time results in the variatlicn ¢f temperature and volume of water

in the Scotian Shelf intermediate cold layer because of the conti-
nuous weater transport by the Labrador Current from north to south.
Winter and spring envireonmental conditicons are of great importance’
for the subsequent temperature regime of the intermediate layer in

the south.

MATZRIAL AND M=THODS

To anelyse 55T its monthly mesns for 1986~1990 were obtained
from the charts issued by the Hydrometeocenter of the USSR. Tempe-
rature values correspond to the cressing peints of the 5-degree grid
and centres of the 5-degree trapeziums covering all the North At-
lantic region. Six points from the northwestern portion of the grid
were chosen to demonsirate S37 seascnal and interannual variations
in the Labrador Sea, Grand Banks and Scotian Shelf (Fig. 1). To
celculate S3T anomalies the means for 1977-1982 were used. Further,

the means for 15-year period (1977-1991) are supposed to be used.

Monthly means of the surface boundary location in the Scotian
Shelf between 59°W and 65°W and to the south of it were enalysed
ag well. Distances in tens of miles between 37°N and position of
boundaries for cold shelf waters, glope waters and the nmorthern
edge of the Gulf Stream were used as indicators of boundaries, Dis-
tances were obtained from the Canadian facsimile charts {(Ocean
Peature Analysis) for each meridian between 59°W and 65°% and then
averaged within the area by month (Sigaev, 1986}. Anomalies for these
distances were calculated with respect to the monthly means for
1978-1587. Gaps in data were available for 1986-1989 (winter months
and April) due to lack of the facsimile charts.

Data of bathythermographic observations for 1978;1990 collect-
ed in eutumn during the annual Canada~USSR Scotian Shelf surveys
on juvenile hake abundance and distribution were gumnarized., Meshod
of square by square data analysis was uged including calculations
of temperature means for the whole area and groups of squares cover-
ing spawning grounds and slope region. As previously data for 0, 50,

75 m and bottom were averaged. Plots of interannual anomaly varia-
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tions witﬁ respect to the means for 1962-1986 are prgsentedf

To estimate the Scotian Shelf environmental conditions in
spring-gummer 1990 STD and data from the bathymetric stations were
used collected by the R/V EVRIKA in May-Juli 1990 within the frame-
work of thne joint Canada-USSR silver hake surveys; Using these data
the means of tenperature 0-30, 50-100, 150-200 m and differenﬁ shelf
portions were calculated and combared with the means for 1551-1980-
(Orinkwater and Trites, Technical Report No. 1539, 1987). The means
for a layer were caiculated by averaging values for the depths in-

cluded into the layer.

RESULTS
Sea surface temperaturs

Six groups of plots for the 1986-199C surface temperature ano-
meliss ceonteining monthly means are pregented in Fig. 2. As it was
mentioned atove these plots correspond to the points disposed in
three areas (two points per area). Comparing plots for two Labrader
Sea sites we can see the differences between 1990 and the previocus

-4—year period. Plots of the first and second groups prove winter

and spring conditions in 1990 to be the most severe ones observed
during the last 5-year pericd, i.e. ice cover in the areas mention-
ed was observed beyond the usual terms. If to ccmpare fhe 1990 plots
with the rest ones we .can see that for the first and second points
the 1990 monthly means of anomalies are very similar to those observ-
ed during relatively cold 1987 and 1986, respectively. But also
winter and spring conditions at the second point are highly similar
to thoge obgserved in 1887.

‘The plots for the 1990 SST anomalies in the Grana Banks (see
the 3-rd and 4-th points) differ from thoSe constructed for the pre-
vious years, namely negative values prevail during the first half
of #ﬁe year, This situation ig very similarrto that registered 'in
1986. Iﬁ other cases either positive or clogse to normal values
markedly prevailed.

Suwrarizing resulty of SST analysis in the Labrador Current
we can, possibly, refer 1990 t%o the group of cold years with an ab-
normal decrease of temperature during thé first half of the year.

The last two points are disposed in the Scotian Shelf where



the surface temperature is mainly influenced by local environment.
Difterences are clearly‘éeen between the plots of annuai anomélies.
This can be explained by the fact that one of the points is dis-
posed in the shelf itgelf and the other one off the slope. In ile
nofthern point témpefature ig mainly influenced by the seasonal
processes; in the southern point strong interdspendence betweeu
temperature and advettion of the warm slope wafer can be obsersed.
Lower values of SST anomalies were recorded during the first helf
of 1990 (see Fig. 2, point 5). Between January and June only in
Fabruary weak positive‘anomaly occurred. Then between July and late
1990, inclusive , it was negative, November éxcluding when it kept
close to normal. Between 1987 and 1989 positive ancmalies prevailed.
In 1986 weak negative values predominated. In the shelf {(see point 6)
annﬁal $37 anomalies for the years discussed were characterized by
'the decreﬂﬁe of temperature in spring-summer and its increage in
autumn. In separate years a specific temporal shift occurrad. This
trend can bé seen for 1990 a3 well, but almost all the menthly
meens of enomalies being negative. Judging by'the character of the
anﬁual anomelies 1990 ig very similar to 1988 which is considered

to be the coldest year during the last five years.

Water boundaries

The plots of annusl anomalies concerning boundary poéitions
for cold shelf and slope waters and the northern edge of the Gulf
Stream front are presented in Fig. 3. The boundary pdsitions
reflect interannual variations eﬁtending frém north to south. Spe-
cific peculiarities of the 1990 boundafy dynamics can be seen in
gpite of the gaps in data happened mainly for the winter monthy,
Fig. 3 displays negative anomalies in the shelf waters between
May and late 1990, inclugive. It means ihat due to the decrease of
temperature boundary ghift to the south occurred. The decrease of
temperature mosi likely resulted from intensification of the cold
waterladvection from the north, ‘Summer peak in the ploi, possibly,
demongtrates the seasocnal warming of the layer which, however,

" didn't result in the normal Boundary location. As to intraannual
variations of boundary location the situation-observed in 1990 was
the most similar te that observed in 1988, when from lMay to December

boundary for the cold shelf waters shifted more to the south ag
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comparsd to its meaﬁ'multiannual position, Two years, namely 1989
and especially 1986 should be referred to as the "warm" ones due to
the cold watelr boundar& displacement to the north. ItAshould be noted
that in 1990 boundary displacement (i.e. the decréase of temperature
in the shelf region] occcurred two menths earlier as comparsd to that
observed in 1989.

As %o the slope water boundary its spring-summer shift to the
south and autumn shift to the north were available. These are sShown
in plots for 1987-1989. In 1986 the peculiarity mentioned was not
found as that year proved to be abnormally "warm" one. The south-
ward shift was clearly distinct in June 1990. The northward shifti
cccurred from July to September and then from QOctober to December
a gtrong southward boundary shift could be obsgerved. Thus, the
general trend for varigtion of the slope water boundary positien in
199C was gupporied by its southward shift. In 1990 the variation
of the boundary position for the cold shelf water was noticeébly
similar to that of the slope waters. The.boundary location of the
northern edge of the Gulf Stream front changed according to the
same intraannual scheme: the northward shift in winter and spring
was followed by the southern shift in summer and then in'agtumn the
boundery re-shifted to the rorth. In sutumn 1990 unlike the pre-
vious years no shift of the northern edge of the Gulf Stream froat
to the north was observed (see plotg). Beiween February and late
1990, inclusive, the Gulf Stream front shifted to the scuth indi-

cating that the surface layer temperature was decreasing.

Water temperature anomeslies in the Scotian Shelf in

spring-summer 1990

After the monthly means of temperature and salinity for the
Scotian Shel: pegion had been published (Drinkwater and Trites,
1987) we could compare the results of our current observations with
the former ones. The table attached contains data on temperature
anomalies by layer and shelf site and is based on the comparison
of temperatures obtaiced by R/V EVRIKA in 1990, It can be seen from
the Table that negative anomalies prevailed at 0-30 m over the
mest shelf portions. In the intermediate cold layer {4$0-100m) nega-
tive anomalies occurred east of the Emerald Bank (the Western Bank,

shoals off Sable Island and Banquereau). It should be noted that
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the first two areas are spawning grounds for silver hake. in the
150-200 m layer occupied by the warm shelf waters negative témpe—
rature anomalies occurred only in the Western Bank and Banquereau,
_Thus, it can be concluded that decrease of temperature from May to
_July 1950 was démonstrated more clearly at 0-30 m over the whole
shelf area, at 50-100 m in the spawning grounds and within the
'whole depth range in Banqueréau. The decrease of temperature is
mostly related to intensification of the cold watér advection

under the influence of the Labrador Current.

Water temperature anomalies in the Scotian Shelf in

autumn 1977-1990

Anglysis of the interannual variation of the autumn tempera-
tures in the Scotian Shelf is based on the bathythermographic data
collected during the USSR-Carada surveys on silver hake O-group
ebundance. The surveys have beesn conductsd since 1977. Method of
square by square treatment of data was used, Pig, 4 displays the
interannual variations of temperature in autumn 1975-19%0 at 0, 50,
75 m end at the bottom. Data are presented for the whole shelf re-
gion, spawning site and slope area. As we can sce the surface lay-
er temperature steadily decreased since 1980-1981. In 1990 a nega-
tive ancmaly occurred but its absolﬁte value was lower a3 compared
to that observed in 1988. We assume that boundary of the sesasonal
thermocline and core of the intermediate cold layer correspond
to the 50 and 75-m depths, respectively. Bottom temperature demon-
gtrates tha impact of the warm slope water advection. Within the
deeper layers temperature increased in 1979-1987 and 1984-1986 and
decreaged in 1982-1%84 and from 1987 on. The gecond period of the
temperature decrease has not yet finished and the 1990 temperatures
for the deptha mentioned prove this being the lowest cnes since
1987. Thus, the Scotian Shelf temperature in autumn 19§0 showed
the procesa of decreaae to occur not only in the surface layer but
in the deeper a3 well.

Summarizing results of the temperature anslysis in the Scotian
Shelf region we can conclude that in 1990 the temperature decrease
cccurred in the surface layer during the largest period of the
year, in the eastern intermediate cold layér from May to July and

over the Shelf region within the water column in autumn.
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DISCUSSION

The decrease of temperature in the Scotian Shelf from sﬁring
. to summer, inclusive, possibly, influenced the seasons of matura-
tion mass spawning for silver hake in 1991. From May to July 139%
the R/V EVRIKA made regular ohservaiions for silver hake distribu-
tion and biological state. According to data collected the mass
spawning (the first batch of egg3 release) occurred in early July,
i.e. one month later than in 1989. Mass concentrations of spavm-
ing silver hake were found only on July 9 in the Sable Island shoal
though separate apecimens of the spgwning females had been enco-
untered in the catches since May 22 (cruise report by R/V EVRIKA,
1990). ' |

The results of the auiumn survey conducted by the R/V MALTSEVQ
demonstrated that water temperature continued to decrease during
October-November as well (Fig., 4). Analysis of the temperature
coﬁ@ifions given in this review should not be congidered as an ex-
haustive one. The results obtained can be used as additional ones .
to the asimilar overview made for 1990 and the previous years.
For example, sea surface temperatures reported by Drinkwater and
Trites (1990) for some sites along the eastern coast and in the
Scotian Shelf agree with S5ST values pregented in this review. It
can be concluded on the base of these two reviews that sea surface
temperature was decreasing in 1988 and increasing in 198%. The ano-
malies described, qpparently, reflect the natural tendency in tem-
perature variationg for the Northwesi Atlantic through some mean
values are needed to be re-~calculated. Annual means of surface
temperature for {977—1982 used here will be re-calculated for the

15-year period as soon as data for 1991 are obtained.

The‘monthly means of temperature and salinity for the Scotian
Shelf region presented by Drinkwater and Trites (Technical Report
No. 1539) can be used only in the cases when the monthiy means are
baged on sufficient numbers of obaervations made per month. In this
report no sufficient ocbservations are available for the winter
months beleow 100 m. Thus, the temperature anomalies reported for

150-200 m ghould be coansidered only as approximate ones,
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Table Temperature anomalies in the Scotian Shelf, May-July 1990

:Brouns:Banquereau: Lahave * lahave ° Emerald
Layer tBank : Banlk : Baain : Basin

vt Fvi Pvir v ivrfviz ¢ vr e
0-30 m 1.2 =0.6 =0.1 1,9 0.1 =1.6 -0.4 -1.4
50-100 m -0.2 0.1 1.0 3.2 1.5 2.1 2.1 0.6

150-2001’!1 iy - - 1-7 b - 2.0 045

Table {continued)

Saddle - : Bmerald Bank  : Western Bank : Sable
Layer Island

V ¢ VI + VII: V :VI : VII :V : VI :¥IT : V .:VI

"0-30m 1.3 -1.0 -0.5 0.0 -1.4 0.0 0.1 =1.7 =3.2 0.3 =2.5
50-100 m 4.2 1.4 0.8 2.9 0.3 2.7 2.7 0.3 -2.2 -0.5 =2.6
150~200m = 1.4 0.8 - 0.7 1.0 - - 0.8 - 2.8

Table (continued)

Layer . Banquereau

: v : VIl
0-20 m -0.6 -3.2
50-100 m -1.7 -1.5

150-200 m  -1.8 -4.4
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Fig. 1. Distribution of points where surface temperatures

were easuresd and analysed.
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Fig. 4. Temperature anomalies in the Scotian Shelf region in

avtum 1977-1990.

Dotted lines mean smoothed temperature values,
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