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ABSTRACT

This paper gives a qualitative evalustion of year-to-year

variability of water temperature in the area of the Northwestern
Atlantic Shelf in the period between 1962 and-4966. The results

of investigations are obtained as charts of distribution of mean
Seasconal water temperature in different layers, charts of anomali-
ea, a8 well as plots of curves of water temperature variability
for different parts of the shelf. The analysis suggests a conclu-
sion of a cooling trend in shelf waters since 1964 to 1966 inclu-
sive. The investigation is made to determine the conformity betwe-
en the variability of water thermic conditions and a number of
biological phenomena observed in the above-mentioned area for se-

ven years in question.

INTRODUCTION

The paper deals with a subsequent study of the regime of the
Northwestern Atlantic Waters, namely with the investigation of
thermic background and its year-togywar variability on the basis
of cbservational data cellscted Dy AtlantNIRO expeditions from
1962 to 1966. The generaliszetien of collected data on thermic con-
ditions of waters in the ares under survey, except specific value,
is very important in explanation of some bioclogical phenomena re-
lated with the abundance snd compositiea of plankton and variabi-
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lity of its fields, as well as with the spawning conditions of
individual commerciel fishes. It can help to discover the rela-
tionship between variadbility end trend of thermic background of

waters and variability of commercial stocks during the above inter—
val of time.

Material ami Iethods_

The observstions on water tenberature in the Gulf of Maine, on
USA shelf, Nova-Scotiam Shelf and on Georges Bank for. the period
between 1962 and 1966 were used in these studies. This material
consists of the observsetions on standard sections and of the data
obtained when scouting. This, the investigations covered an exten-
sive area of shelf waters including the Nova-Scotian Shelf, Geor-
ges Bank and the southern part of the Gulf and USA Shelf along
76°W. A1l the observ#tions were classified by conventional squar-
es of 20' latitude and 30' longitude (fig.1). Average water tempe-
rature for a season was estimated according to the observations
covering a square, and this averege ;Illl was referred to the cent-

Te of the square.fhese sverage values wers considered to be true
when not less than 2 obeervations being conducted in a square,

According to these data, the charts of distribution of mean wa-
ter temperatures by season were drawn for the layers of O, 30,
50 m and bottom- 200 =. The choice of these layers is coannected
with the fact that 3 above-mentioned leyers are characterisged
by the concentrations of piinkten and ichthyeplankton, the layer
bottom ~ 200 m being an optimum one for commercial concentrate
ions of fishes. Beasons were classified in the following way:
winter - January, February; epring - April, May; summer - July,
August, September; autumn ~ October, November. Such a classifi-
cation is conditioned by extremely irregulsr observations during
- the whole year round.

Annual varisbility of thermic backgreund was traced using
the deviations of observed values of water temperature from the

average seascnal tempersture caleulated by the formula:
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At =T =2

where At ~ deviation oftemperature
T -~ observed temperature

T - average seasonal temperature

The charts of the distribution of water temperature anomalies
for each season and year were made for the mentioned layers accor
ding to the deviations being found. As a result, 15 charts of
the distribution of the average seasonal temperatures appeared.
Due to the lack of observational data, only one chart of winter
temperature snmomalies was drawn for Om layer. In addition, we
have drawn up 71 charts for the distribution of water tempera-

ture anomalies. The charts are 80 numerous that unfortunately,

we have no chance to refer to all of them in the paper.

The analysis of annual variability was made according to
the formula:

Q = 0.1cHtw,

where Q - hisat smount of water layer in kg-cal.
¢ = specific heat capacity of water
H - thickness of water layer in m
t%w - temperature of water layer in °C

dssuming the thickness of water layer to be 1 and water tem-
perature anomalies to characterize the variation of heat amount
of water layer (thermic background), that is AQ% c At%,
where AQ - the variation of heat amount of 1 m wafer layer.
A t% - water temperature anomaly.
The charts of anomalies were summarized according to 4 geog-

raphical zones designated in the following way:

Nova~Scotian Shelf (I
The Gulf of Maine (I1)
Georges Bank (1I11)
UBA Bhelf up to 70%W (xv)
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As each season is net equally provided by the data by sea-
sons, it is impossible to make. a strict quantitative analysis

of these data. We offer the following gradation to reveal the

character of annuail variability of thermic background of waters
according to the charts of temperature anomslies.

Anomalies 1 Sign
> + 2% + +
from 0.5 to 2%
from=~0.5 to+0.5% 0
from-0.5 to- 2°C -
> - 2°C -

As a result, teble 1 & was drawn up to demonstrate the degmse
ree of variability of water thermic conditiom by each area,
season and layer for every year'between 1962 and 1966. On the
basis of the data of table 1a we have made table 1b which ref-
lects the variability of thermic bachground for the whole area
and table 1¢ which shows this Variibility by all the layers
in sum. A sign in parentheses in tables 1b and 1¢ is indicati-
Ve of the transition tendency from positive value to negative
one. The final stage of investigations was plotting curves
according to the data dfteble1 (fig. 2-3) and analysing of the-

Be curves.
Results of the anelysis

The results of the investigations show that the most noti-
ceable variability was recorded in surface layer in the Gulf

of Maine and on the Nova-Scotian Shelf. The curves of annual
Variability for theae two areass well agree by phese and mag-
nitude. Thus, in the emnd of 1962 and 1963 and at the begimning

of 1964 the anomalies were positive in these aresas and reached

o
47C in some locations. In summer of 1963 and 1965 the anomalies
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were negative with the peak of - 1.500. Curves are rather
smooth for Georges Bank and USA Shelf, and fluctuations are no-
ted within 1’2°G- This difference between two areas can be ex-
Plained by their geographical position. The surface waters in
the Gulf of Maine and in the area of the Nove-Scotian Shelf
which are adjacent to the north part of the continent experien-
ce stronger influence of the intrusion of ﬁir-maaa from the
continent, which are quite different by nature, than those on
Georges Bank and USA Shelf situated somewhst to the south and
constantly influenced by the waters of Gulf Stream,

The maximum values of water temperature anomalies on Georges
Bank were quite opposite as compared with the maximum anomalies
on USA Shelf during the whole period investigated (fig. 2).

At the depth of 30 m curve trend for water temperature ané-
malies is rather cheotic, but in 1962, 1963 and early in 1964
positive anomalies are recorded almost over the whole area.
Since the secand half of 1964 the anomalies were negative, and
only in winter of 1965 the anomalies were positive up.to 1.3
on Georges Bank and in the Gulf of Maine (fig.2§).

These changes , of thermic background are in a good agreement
with the results of the following works: i; Chase (1967),
Jobn B. Celton (1966), Lauzier L.M. (1965a), I.X. Bigaev (1969).

In the layer of 50 m fluctuations of water temperature ano-
melies on the average were not beyond * 2% during all five
Jears. Curve trend for USA Shelf, the Gulf of Maine and the
Kova-8cotian Shelf is analogoun'to that for the layer of 30 m,
i.e. this confirms the cooling being occurred after 1963. Simul-
taneously, the cuxrve trerd for Georges Bank is almost of sinu-
soidal character which can be probably explained by frequent
alteration of imnflow of waters of Gulf Stream and Labrador
origin (fig. 2¢).
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The charscter of the curves of water temperature anomalies
for the layer bottom -~ 200 m is very close to the distribution
of anomalies in 30 m and 50 m layers (cooling after 1963). In
the area of Georges Bank and the Gulf of Maine, however, posi-
tive anomalies up to 400 were recorded in the off-bottom layer
in winter and spring of 1965. It is probably the result of int-
Tusion of water masses from Gulf Stream and of their distribut-
lon in the pre-bottom layer in the Gulf (fig.ad).

The whole area is characterized by cooling occurred after
1964 (fig. 3a). The curve for Om layer is almost sinusoidal, and
it is well explained by the atmospheric processes influencing
this layer. The curve trend for 30 m and 50 m layers shows a
pProcess of cooling being evident after 1964. In contrast to this
fact, Lauzier (1965) pointed to a process of warming in the
lgyer of 30 m in gummer 1964 (posgtive anomalies up to 1.506).
In addition, in winter of 1966 in the layer bottom - 200 m posi-
tive anomaly up to 3°C is recorded all over the area. Maybe it
is caused by scanty observations on Georges Bank and in the
Gulf of Maine in winter period (fig. 24, 3d).

Since 1964 a cooling trend has been observed all over the
area as it 1s supported by a resulting curve for all the above-
mentioned layers (fig. 3b) which was smoothed afterwards (fig.3c).

Thus, in spite of episodic and scanty observations, the
analysis of the available material sllows to conclude that the
data obtained are guite adequate ta reveal thermic variability
of shelf waters of the area,sad to show a relative cooling

which is recerded after 1964 and is observed even in 1966.

DIBCUSSION

Thie paper is one of the works devoted to investigation of
annual variability of the thermic background of shelf waters
in pne of the basic fishing grounds in the Atlantic Oceen. The
majority of works of foreign suthors is based on multi-year
water temperature observations en lamd and coastal stations and

D7



-7 -

lightships (3. Ohase, 1967; LMLaurier, 1965a; R. Walter Welch,
1967). The results of these investigetions are indicative of a
process of cooling since 1950's and up to the date. Recent stu-
dies include water temperature data collected during sporadic
Burveys in several locations on the North-Western Atlantic Shelf.
These data give a good picture of the character of thermic varia-
bility in the areas in particular seasons (John B.Colton, 1968)
and in the period of several years (Sigaev I., 1969). An attempt
is made in this study to combine all the aiailable informatjon
concerning water temperature on a wide extension of the shelf to
make the qualitative analysis and to trace the charecter of an-
nual variability of seasonal thermio fields over the shelf area
on the basis of the analysis. As it is evident from the results,
our methods are quite adequate for the analysis of multi-year
variability of the thermic background, and the results well
agree with the conclusions of the above-mentioned papers. Some
discrepancies can be attributed to various methods of the ana-
lysis, to scanty obaefvations or to the lack of observations in

individual aress and geasons.

The observed cooling of shelf waters might have a direct
influence (for instance, on survival of fish eggs and larvae)

or indirect one (on food availability) upon variations of sbun—
dance of some commercial species.

Thus, for instance, the decrease of silver hake asbundance
in the area of the Nova-Scotian Shelf has been recofded since
1964 (EKonstantinov, Noskov 1965) ,but in the area of Georges Bank
and the Gulf it is noted in the whole period since 1962 up to
the date (Konstantinov, Noskov 1966); S8imultaneously, the inc-

Trease of abundance of such a specles as yellowtail flounder hasg

been observed (Robert L. Bdwards, 1968).

In addition, the reduction of silver hake sbundance
during the period of survey is supported by the preliminary
data obtained when compsring the area of habit of this
Bpecies before cooling (according to unpublished data of
Noskov A.B.) with its present area.
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Fig. 3. a — Plots of variability of water heat amount by
levels 2ll over the area.
b - Resulting plot of variability of heat amount
for all the areas in sum.
¢ ~ Trend.
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