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Abstract

In accordance with the data on seven bathymetric surveys
undertaken by research vessels of PINRO in the Flemish Cap
Bank area in 1977/1978, the calculations and analysis of
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geostrophic circulation and estimate on water messes distri-
bution were carried out. Quasi-stationary system of the main
elements of circulation including the anticyclonic gyre over
the bank was observed. The existence of water convergence
ineide the cycle was ascertained by means of snalysis.

The opinions concerning the cycle nature were expreseed,
the most probable factors causing its variability were pointed
out, particular ecological consequences of this variebility

not diacussed earlier were marked.

Publ. in ICNAF Sel. Papers No. 6

Introduction

In May 1977 the program of international oceanoclogical
observations on the Flemish Cap Bank was developed st the
ICNAF Envirommental Working Group Meeting where representatives
from Canada, the USA, Polend and the USSR participated, This
program was approved and recommended by the 11977 ICNAF Annual

" Meeting for exeention to the ICHAF member-countries interested

in solwving the problems advanced in progrem.
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The msin problem of the program is to reveal the regulari-
ties of influence of sbiotic and biotic factors upon the rTe-
production of commercial fish stocks in this area.

The Polar Research Institute started to carry out the
oceanoclogicael observetions according to the program in late
1977, the greatest attention being paild to investigations
on the peculiarities of horizoantal circulation of waters.

The preconditions for these investigations were arisen in
previous elaborations of the problem of sbundance dynamiecs
of the Flemish Cap Bank cod year classes, therefore it was
reascnable to refer to those elaborations beginning with

a short characteristic of the currents in the Flemish Cap

Bank ares.

Apparently, the first contribution to their studying
is the paper by D.J.Matthews ( 1914 ), where on the basis
of the data of the expedition aboard the vessel "Scotia" in
1913 it was shown that near the northern extremity of the
Grand Bank the Labrador Current was divided into three
branches and one of them, the eastern ome, moved eastwards
the northern Flemish Cap Bank ( Smith, Soule and Mosby, 1937 ).
Mainly the systematic observations undertaken by the US Coast
Guard according to the progrem of the International Ice Petrol
favoured the further development of studying the currents
surrounding the slopes of the bank. In particuler, it had
been already stated at an early stage of researches, that
the water flows registered off the southern bank slopes were
of the North Atlantic Current system origin ( Bmith, Soule and
Mosby, 1937 ).

In late fifties a rapid growth of fishery on the Flemish
Cap Bank was accompanied by greater interest to oceanolo-
gical problems, and for the first time the most complete
data on the currents field had been obtained on the basis
of anslysis of materials of the %958-1960 Soviet expeditions
( Yelizarov & Prokhorov, 1958; Buzdalin & Yelizarov, 1962 ),
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In accordance with the results of the above-mentioned works
the total circulation of waters over the Flemish Cap Bank
c&ists of the following msin links, The Labrador Current
branch transporting the waters of relatively low temperature
and selinity was observed over the northern and, partially,
eastern slopes of the bank.A.A.Yelizarov and V.S.Prokhorov

{ 1958 ) called this branch the Flemish Cap Current; this
name will now be used in the paper. At the latitude of the
southern slopes of the bank these waters interact with
warmer waters of higher salinity transported by the Noxrth
Atlentic Current. The latter caxrries along the predominant
mass of the Flemish Cap Current weters in the east and north-
east directions. The anticyclonic gyre that is in direct
contact with the Flemish Cap Current exists in the central
shallow zone.

The mentioned main elements of the currents field were
repeatedly registered while analysing the results of sub-
sequent PINRO expeditions (Kudlo & Burmakin, 1972; Kudlo &
Borovkov, 1975; EKudlo, Borovkov & Boytsov, 1976; Kudlo &
Boytsov, 1977). On this basis it was supposed that the currents
system over the bank which formed the foundation of hypo-

thesee concerning the causes of abundance fluctuations of

the Flemish Cap cod year classes was of quasi-stationary
charscter { Kudlo & Borovkov, 1977; Kudlo & Boyt=ov, 1978 ).
The empiric relstionships showing that the abundance of the
cod year classes depends mainly upon the dynamic state of
anticyclonic gyre in the period of early stages of cod onto-~
genesis and in the years with strengthened { weakened ) water
circulation, the rich ( poor } year classes appear, The me-
chanism of revealed correlation was expressed by the following
circult of supposed relstionships: the varlations in cycle
intensity caused the corresponding changes of waters convergence
in its central part, and the lattera in their turn indicated
the accumulation rate of pelagic eggs, larvae and fingerlings
and also of phyto—- and zooplankton on the bank., At last, the
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proviaion of larvae with food and alsc conservation of pelagic
fry within the bank limits varied from year to year in peletion
to accumulation of organisms and microalgae in the shallow zone,
It should be noted that the last factor is probably the most
important for the Flemish Cap cod reproduction, i.e. it is
chiefly this factor that controls directly the abundance of

fish year classes at least before the start of their exploitation
in fishery.

Degpite 8 seeming lack of contradictions in logic construc-
tions it wns necessary to control the correctness of the above-
mentioned scheme and for that purpose the reliabilitv of the
maip agsumptions was, first of all, to be verified. The trend of
our investigetions to learn the character of the water circu=~
lation changes and convergence existence over the benk is ex—

plained just by this factor.

Matarials and methods

Existing views ¢n horizontal weter circulation in the Fle=
mish Cap Bank area were formed on the basis of analveis of
the dynamic topograpby fields. Direct instrumentsl measure-~
ments of currents over the bank were not numerous; the only
paver is known, in which the results of such observations
were published (Hill et al., 1975). Unfortunately, we have
to state that for insufficient volume of data it was imposaible
either to confirm or to disprove that idea. The conducting
of continuous measurements of currents even in soms points
of space is a complex problem at present time, therefore the
‘only real way of solving the given problem is still the use
of indirect methods of currents determination. The dynamic
method, the most tested and suitable for practice was chosen
among the existing methods,

The main initiel meterials for anslysis of water circulation
were the data on temperature and salinity measurements on
atandard sections approximately of 300 hydrologicel stations
carried out in the bank area in winter 1977/1978 during cruise 16
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and also in summer 1978 in cruise 17 of the RV "Protsion® and
in cruise 20 of the FRV "Persey-TIIv,

During cruise 16 of the RV "Proteion® four bathymetric
surveys were carried out, the observations in the firat two
surveys (Decembethanuary) were of reconnoitring charsecter
and were mainly conducted on two mutually perpendiculsr sections-
latitudinal one along 47°N (Flemish Cap) and meridional one
along 45°W, crossing over the top of the bank. The next twn
stages of observations were undertaken in February on the
ground limited with meridisns of 44°00' and 46°30'W and lati-
tudes of 46°20' and 48°20'N and Trepresented & regular grid of
stations with an interval of 20' at latitude and 30' at 1ongitude;

In eruise 17 of the RV "Protsion"™ the observations on the
ground were continued and the surveys were csrried out twice -
since lata May throughout early June end in the second half of
July. In late July the bathymetric survey by the standard grid
of trawl étatinns over the bank aerea wss undertaken from board
the FRV "Persey - III" (cruise 20).

To investigate the water circulation in the area nbgerved
according to the above-mentioned data of researches a series
of the cherts of dynamic sea surface topography in relstion to
the 200 dbar level was drawn up. To choose the reading surface
we took imto account the long-term experience, that showed that
the level was reasonable to use while studying the currents in
the shallow zone. In addition to that on thh basis of the grownd
survey data the estimates of ficlds of geostrophic currents ¥
the method smggested by I.P.Belyayeva had been made (Belyayeva,
1964). In accordance with this method the zone and meridiomal
components of currents velocities which were estimated with
an assumption of absence of movement nesr the bank bottom, i.e,
relatively not horizontsl dynamic O-surface, had been deatermined
first, Dynamic heights of stations taken in pairs were brought
about the same level by Somov's method (Zubov, Mamsyev, 1956),
The components of currents velocities in points situated inside

Ccea



-6 -

the grid area were calculated by the three-point scheme; in loca-—
lities situated at the cormers of the ground - by the two~point
formula, end for the rest stations in contonr - by the complex

method, Then the resulting vectors of currents velocity at atan-
derd depthes of each ground station were found by components

and on their baais the schemes of geostrophic currents for

different depths and time periods were compiled.

Results

Proceeding to analyse the water movement over the Flemish
Cep Bank in the periods of surveys let us refer to the schemes
of flow lines distribution of surface geestrophic currents,
which are given in Figs.1 and 2.

Such well-known elements of circulation &s the Flemish Cap
Current, which surrounded the benk along its northwest, north
and northeast sloves and a part of the North Atlantic Current,
rassing nearby and directly over the snrutheast slopes, are
revealed in these schemea, As seen from comparison of the
dynamic topogrephy fields, the velocities, directions and
positions nf the main currents undergo essential space-time
variations, nevertheless, the constant availability of these
currents in the bank area does not raise doubts.

In the flgures given another feature of total circulation
such as anticyclonic gyre, that was situated usually in the
central part of the bank and was of incorrect form, is dis~
tinetly traced. While comparing the achemes it is easy to
notice the differences in areas and configurations of the
regions delimited by closed isohypses and also the differences
in number and density of these isohypses, that is the evidence
of continuous evolution of the gyre mentioned. For some period
in winter 1977/1978 (Fig.1), when time interwvals between
successive surveys were comparatively short the evolution
process of streams system can be confidently interpreted
as trensfer from the developed anticycle (December) through
the decline stage (Jsnuary) to disappearance of the cycle
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(first half of February) and after that - to the restoration
stage of the previous circulation form (the last decade of
February). It should be noted that the interchange of the
gyre winter developmental stages took Place at its almost
invariable voaition in space and the period of anticyeclonic
circulation availability considerably exceeded the period of
its absence; the latter probably constituted about fortnight,

As regards the summer of 1978, the course of anticyclone
development for this period is beyond estimation because of
irregularity of observations. It should be stressed, however,
that the anticyclone existed in all the pariods of summer
surveys slightly changing its position over the bank(Fig.E);

Proceeding from the above-atated and taking into account
the experience of enalysis of geostrophic circulstion over
the bank, atored for s number of Years, 1t may be astated
with good reason that the msin currents system in the Flemish
Cap Bank area is quasi-stationary, i,e, 1t exists almost
constantly in this area.

Now the currents vertical structure will be analysed
with the help of the data of the bottom geostrophig circu-~
letion estimate, the part of which is given in Fig.3,

It results from the comparison of the synchronous vectoriel
currents fields on the surface and at the dépth of 100 m,
given in the figure, that in every concrete dynamic situation
currents, As & rule, slowed down with the increase in depth

keeping the same divection. The noted regularity is characte~
ristic not onlv for the upper 100-m layer; it becomes appa-—

rent in the remaining water masses as the analysis of the
circuletion in lower depths showed. By the way, visible
in Fig.3 coordination of the received relatively different
reading levels of flow lines and vectors of surface currents,
l.e., invariance of directions of the surfece geostrophic
movement partially proves that,

Proceeding from the foregoing it becomes clear that: the
elements of circulation in the bank area, including anti-
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cyclonic gyre, are distributed from the surface to the bottom
and therefore experience the influence of bottom topography.
The last circumstance is rather importent for understanding
the anticyclone nature, but this problem will be discussed
later,

To verify qualitative conformity of the gecstrophic circu-
lation to the real currents system the problem of origin
end distribution of water masses in the area surveyed will
be dealt with. For this purpose Fig.4 is considered, in
which the charts of temperature and salinity distribution
in the upper quasi-homogeneous 100-m layer for every cycle
of observations on the ground in Februsry 1978 are given.
It is seen from the figure that waters of 3.0-4.5° tempersature
and 34,1-34,3°/ 40 salinity prevailed over the bank in the
period of both surveys, and waters with relatively high heat
end salts content were observed just over the southeast slope.
According to thermohaline chasracteristics waterse over the
bank are attributed to mixed which are formed in the time of
interaction of the arctic and central North Atlantic water

masgses, but peculiarities of hydrological elements distri -

bution are indicative of the fact that the ratio of initial
water masses in their mixture is unequal in different areas,
Arctic waters prevailed in the mixture over the greatest
part of the bank, this proportion being rsther homogeneous
in space; the Atlantic waters were the main component only
over the south~eartern slope of the bank.

Comparative analysis of the available data shows that
the general chsracter of water distribution and ratio tyves
of content of parent water masses in the mixture remained
invariable with different peculiarities of the location
of the border between modifications of mixed waters and with
availability of some changes of their thermohaline state.

If the given information is compared with the notions
about horizontal water movements in the bank area that are

given in the schemes of geostrophic circulation, it is
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eagily seen that on the whole they coordinate with esch
other. Therfore, it may be inferred that conclusions about
direction, localization and constancy in time of the main
currents over the Flemish Cap Bank, made while enalysing
these schemes, reflect the real state of things rather well,

On the basis of the available data we shall try to prove
the presence of water convergence in the central part of
the anticyclonic gyre. For this purpose the fact should be
paid attention to that anticyclone is always formed from
mixed waters of the easterm Labrador Current, which are
transported to the bank area by the Flemish Cap branch, and
is located inside these waters area. Taking this into considera—
tion it should be admitted that disturbance of the masses
field in the zonm of the gyre 1s not connected with the outaide
source of the alien less dense waters. As regards climatic
factors resulting in rising the temperature or water freshening,
they should not be taken into consideration &s well, because
the spatial scale of the effects Produced by them is incom-
paraeble with the acale of the disturbance under review: the
maximal horizontal dimensions of the latter meke up Just 150-
180 km,. Thus, it is believed that the formation of the negative
anomaly of water density in the zone of the gyre is conditiocned
by pure dynamic factors, namely by convergence of horizontal
streems and lowering of upper, less dense waters in the central
Part of the gyre. The distinctive flexure of ischalines,
visible in the bottom of Fig.5 (Fig.4 as well) may serve the
qQualitative confirmation of the Presence of descending
movement inside the gyre.

Thus, the results of investigations carried out testify
to the fact that earlier suppositions about existence of
the quasi~stationary anticyclonic gyre over the Flemish
Cap Benk and the zone of currents convergence inside it
quite correspond to reality. In this connection the problem
of the reasons of changeability of the gyre arises being
rather important both from the scientific and practical
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poihts of view, To settle the problem it is necessary to
determine first of all due to what the considered gyre exists,
i.e. to settle the problem of the nature of this formation.
In our opinion it is important tc vay sttention to the
quasi-stationary character, The matter is that ell synoptical
oceanic eddies known from literature ( summery in /Fizika
okeana, 1978/) analogous to the considered gyre by a mimber
of signs (rotatory movement, horizontal and vertical dimen—
sionas), differ radicslly from it by their ability for trans-
letional movement in space at a distance of hundreds of kilo-
meters. This exclusiveness of the Flemish Cep anticyclone
suggests an idea of existence of especially powerful factor
which forms and stabilizes water circulation over the banik,
As the comparison of conditions of dynamic formations availabi-
lity showed, only the rise of the bottom unique by morpholo-
gical characteristics, i.e. the Flemish Cap Bank proper,

may be such a factor. Of course, the influence of this factor
which results in existence of the above-mentioned peculiari-
ties of the fields of demsity asnd velocity, is connected

with the Flemish Cap Current passing in the bank area,

Judging by Qvailability of temporsl variatlons of dimen-
sions, form and intensity of the gyrs, the abaolute and rele=-
tive contribution of influence of bottom configuration is not
constant. It is naturasl to comneet this inconstsancy in synop-
tical scale with intensity varistions and dislocation of the
Flemish Cap Current axis, the decrease in influence of bottom
configuration and, consequently, the gyre extipction is being
supposed to occur owing to the decrease in velocity or moving
away of the mentioned current to the bank periphery. The reasults
of the theoretical investigations by A.S.Sarkisyan (Sarkisyan,
1977) from which follows that the influence of bottom topo-
grephy on the currents in the upper layer of the ocean decreases
with the growth of the distance from the surface to the bottom,

partly corroborate the reslity of such an effect.
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Beaides the above-menticned factors the decisive part in
the gyre extinction and liquidation may be played by its
interaction with one or several cyclonic systems of drift
currents (depending on the stage of gyre development), which
arises at the time when the centre of slowly moving atmosphe-—
ric cyclone or the series of cyclones alternating in short
periods of time peas over the bank, The comparison of geostro-
phic circulation schemes with the data of the daily synopti-
cal charts which showed that in winter 1997-1978 the most
frequent appearance of the cyclones over the bank (January 31,
February 5 and 9) almost coincided in time with the sharp
deformation of the currents field in the central part of
the bank, was the basis for this supposition,

In this connection and also treating atmospheric cyclones
passing over the bank as a casual event, it may he assumed
thet in the long-term mean plan the probability of anticyelo-
nic water circulation breach grows in sutumn-winter period,
i.,e. in the period of the cyclone beine more active in the
atmosphere, and decreases in summer when cyclogenesis weakens.
Besides, differences in the intensity of drift cyclonic
currents connected with the fenomenon that winter ecyclones
are usually more active than summer ones promote the stated
seasonal prevalence,

The reality of such changes of the stability of the anti-
cyclonic water gyre within the year is confirmed by strongly
pronounced anomaly of composition of the ichthyofauna constant

representatives of the Flemish Cap Bank, This anomaly is to
the effect that capelin and sand eel which together predomi-

nate in abundance among the commercial fish on the Newfoundland
banks, are almost never found on the bank. On the other hangd,
it is common knowledge that at least two species of the
dwelling on the Flemish Cap Bank demersal fish - cod and
redfish - form independent populations. The existence of the
latters testifies to the fact that relative safety of pelagic
eZgs, larvae and fingerlings of cod snd redfish is providsd
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over the bank in the period between spawning and descending

of young fish to the deep layers or to the bottom, which can
be correlated with the period from the end of the last winter
to the beginning of the next one. Aa the safety of passive mi-
grants depends mainly on their accumulation in the zone of
currents convergence, i.e. on the hydrodynamic trap functioning,
it becomes clear that in the mentioned period of a year the
anticyclonic gyre exists conatantly or disappears only for
very short periods of time. As regards capelin snd sand eel,
the safety of juveniles of these fish, which are not yet

quite able to swim actively, but make daily vertical migrations
from the bottom to the surface layers and back, depends on the
circulation conditions throughout the first year of life,
Apparently, almost complete absence of these species on the
bank is the consequence of unstability of anticyclonic gyre

in winter., This supposition completely coordinates with the
above-mentioned reasons,

In conclusions let us pay attention to the fact which has
been mentioned in the statement, nemely, the dependence of the
reproduction of the Flemish Cap Bank cod and redfish on the
same regulating factor. If it is true fluctuations of year
classes abundance of the mentioned species may seem at first
sight to be fully coordinated. But in fact the things are
somewhat different. As the analysis of age composition of
catches for a long-term period showed (Templemsn, 1976), in
the fifties-sixties of the current century the most sbundant
redfish year classes appeared in 1959 and 1963 and the strongest
cod year clasases - in 1958 and 1962; cod year classes of 1959
and 1963 were estimated as relatively abundant., What is the lack
of coincidence of peaks of relative abundance of thess fish
yoar classes caused by?

We think it possible to explain this the following way,

It 1s common knowledge that definite diastinctions exist in
location and size of areas, end terms of cod and redfish mass

reproduction within the benk erea limits. On account of these
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distinectione behthyoplankton of different species of fish is
kept over the bank unequally, becsuse, firsgtly, the anticyclone
gyre is comparatively smsll in size and that is why it camnot
control all the bank areas where the fish reproduction takes
Place; secondly, the hydrodynsmic trap effect changes in time.
In the final snslysis all this may provoke some difference in
survivel of pelagic larvae and fingerlings of different species
of demersal fish and,therefore, different relative abundsnce

of species generations.

On the whole the lnvestigations carried out testify to the
important role of water dynamics in reproduction of commercial
fish dwelling on the Flemish Cap Bank, and also to the compli-
cacy of the mechanism of this factor influence. In this
connection the necessity to carry out further investigations
of the regularities of varlationa of water clirculation, ichthyo-
plankton distribution and its survival is justified.
Undoubtedly, such investigstions will be the basis for creation,
in particulsr, of more perfect models of dynamics of year classes

abundance.

References

Belyayeva,l.P. 1964, On calculation of the Norwegian and
Greenland Sees currents, Materiuly sessii Uchyonogo Soveta
PINRO po rezultatam issledovaniy v 1962-1963 gg. Murmansk,

p. 155-159.

Buzdalin, Yu.I.,and A.A. Yelizarov. 1962. Hydrological con-
ditions in the Newfoundland banks and Labrador areas in 1960,
Sovetskiye rybokhozyaystvennyye lssledoveniya v severo-zspad-
noi chasti Atlanticheskogo cokeana, Moskva, p.155=171.

Yelizarov, A.A., and V.3. Prokhorov., 1958, Hydrological
conditions and fisheries on the Flemish Cap Bank in March and
Msy, 1958. Nauchno-tekhnicheskiy byulleten PIRRO. No.3(7),
P+57-59.

Cc1l4



- 14 -

Hill, H.¥%,, P.G.W, Jones, J.W. Remster, and A.E. Folkard.
1975. The Current system east of Newfoundland Grand Bank,
Int- comm. NOI’t}N. Atlﬂnt. FiBh., Spec. Publ. N°.10’ po‘l‘1-55.

EKudlo, B.F., and V.V. Burmakin. 1972. Water circulstion in
the South Labrador and Newfoundland areas in 1970-71, Int.
Comm. Northw, Atlant. Fish. Redbook 1972, part 3, p.27-33.

Eudlo, B.P., and V.A. Borovkov, 1975, Circulation of waters
in the ICHAF area in 1973-1974, Annu. Meet, int. Comm., Northw.
Atlant, Fish, Res. Doc. 75/79, Serial No. 3506, 12 pp. (mimeo-
graphed).

Kudlo, B.P., V.A. Borovkov, and V,D, Boytsov. 1976, Circu-
lation and salinity of waters in the Davis Strait, South Lab-
redor and Rewfoundland sreas in 41974-75., Annu. Meet. int.

Comm, Northw, Atlant. Fish. Summ, Doc. No. 76/VI/70, Serisl
Fo. 3874, 14 pp. (mimeographed).

Kudlo, B.P., and V.D. Boytsov. 1977, Circulation and sali-
nity of waters in the South Labrador and Newfoundland in 1975-
1976, Annu, Meet. int. Comm, Northw. Atlant. Fish., Res.

Doc. 77/V1/36, Serial No, 5061, 8 pp. (mimeographed).

VOA.
Kudlo, B.P., and Borovkov., 1977, Hydrological regime of

the Labrador Current snd commercial fish reproduction. I ayezd
sovetskikh okeanologov. Tezisy dokladov. Vyp.II, Moskva,
izd. "Nauks", p. 135134,

EKudlo, B.P., and V.D. Boytsov. 1978. The effect of water
dynamics on the size of the recruitment of the Flemish Cap
Bank cod stock., Apnu. Meet. int. Comm. Northw, Atlant. Fish,
Res. Doc. No. 78/VI/23, Serial No. 5184, 8 pp. (mimeographed).

Oceanology. Fhysics of the ocean. Tom I. Gidrofizika okeana,
Moskva, izd, "Nauka", ‘1978, 455pp.

Sarkisyan, A.8. 1977. Numerical anslysis and sea currents

prediction, Leningrad, Gidrometizdat, 182 pp.

Dl



w 15 —

Smith, E,H., P.M. Soule, 8.Mosby. 1937. The Marion and Gene-
ral Greene expeditions t¢ Davie Strait and Lebrador Sea under
direction of the U.S. Coast Guard 1928—1931-ﬂ933—ﬂ954—1955;
U.S5. Treasury Department, Coast Guard Bulletin No. 19, part 2.
Scientific Resaults, Washington, 204 pp.

Templeman W., 1976, Bioclogical and oceanographic background
of Flemish Cap as an area for research on the reasons for
Year-class success and failure in cod and redfish. Res. Bull,

int, Comm, Northw. Atlant. Fish,, No. 12, p. 91-117.

Zubev, A,N,, and B,I, Memayev, 1956, Dynamical method of
caleulations of elements of sea currents, Leningrad, Gldro-
metizdat, 113 p.

D2



4y

43

gg.(;é? e

&
L ] ® [ J
&AL
46 |- .
. | . } ]
47w 46 45 44 43
Fig. 1.

- 16 -

47w

46

a o

45 44

L
-5 i2-22.01.1978
57

43,

49N

! . . 49N
20-2702.1978
n 48
= 47
. ,,Hu_g,/df%§357“\
- d46
I° | I |

47w

46

45 4 43

Conventional dynamic topography of the surface relative to 200dbar.
level in the Flemish Cap Bank area in the periods of observations

performed in winter 1977-1978. Conventional dynamic heights are

given in dyn. cm.

D

3



- 17 =

4w 46 45 ° ‘
49N —— S
24.05-02.06.4978
[ )
QU N oo
ryE \ ) N i
47 .
4 .
1 | }

49N | , , 49 N
26.07-01.084978

8 - - 48
47’ {47
46 46

47w 46’ 45 44 43

Fig. 2. Conventional dynamic topography of the surface relative to 200dbar
level in the Flemish Cap Bank area in the periods of observations
performed in summer 1978. Conventional dynamic heights are gliven
in dyn. cm.



] L]

LTw 4B 45 4 47w 46 45 4 .
N 03-12.02.1978

foom
surface 1000~ 0
# I o™y
~ T
) oy
00 /\ A bt -
i / Pe " -
L, /S / ]
[ /’ ! :;"‘

y; t 7 ’f' \ 0
wi k { ;o =S “i - 48
4 . R4 7 ..

3 . - 3
- //’ |\ :
- 4 !
ot F * W\ L I
I ~J 4 ] '™
! If Fi \/"“ 3 \
! / ; VN ‘|
ey . > 2009 L S H \
ri 3 p A \
/ j 4 vl
i { \ )
| ol
Fl

L]

‘\N_: \\--\\-‘_ ’ \‘.(J:--. 1 /,1000

¢ 3007

] -

rd

‘ '-.‘5 jf‘-’
1’1 \ el
o ] } °

!
L1t L ] 46

4Ef 7 ! 49

L 1 1 |
N 20-27.02.1978 20-2702.1978 | N
w00, surface 000, 100M
:;fﬂ\\_ 56 ] / = [’ I'f’ ‘-\““
V1AV EA, g Y Y
} /, // / .!
[P vd t [l
wa -7 e A . -
// ‘\\ o ,300 A /’ L 48
L { }
.t:\ (‘ /’/ - ~ ‘\\ \15
h -~ l{ "m \‘ \“\
} 7Y \ \ )
i ’I{ s -"'\ “:‘ N
7 1 /' LY ) y
/ 4 .f' { Yo o
_ ~ 24
AN } ‘ 447
i \ “\ t rr s /
H 1 ] ‘\’,’,/ g Vi
YO N A mm"”
I) - - ’\_:-—-.._/'/'
j ~
I'4 - P Saa N
{;ﬂ\ l’ TN ad \
;o R
d
- c L —J 46
W 4w 46 45 44
0 10 20 30 cm-s™
| NN N N |

Fig. 3. Geostrophic water circulation over the Flemish Cap Bank in some
periods of February 1978. Solid lines - isolines of conventional
dynamic height (dyn. cm.) of the surface relative to 200dbar level,
broken lines ~ isobaths in metres. Vectors show direction and
velocity of currents calculated from near-bottom depth of observations.
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Horizontal distributions of mean temperatures (a, c¢) and salinity
(b, d)} in the upper 100-m layer over the Flemish Cap Bank in

February 1978. Isotherms are drawn at an interval of 0.5°C,
isohalines - 0.1)/... Thin broken lines - isobaths in m.
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Fig. 5. Vertical distributions of salinity on the section along 47°N in
February 1978. Ischalines are drawn at an interval of 0.2°%/,,-
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