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Preface

The NORWESTLANT Surveys took place during April-July 1963, The dates of the three surveys which
were carried cut were as follows:

NORWESTLANT 1: 31 March-9 May;
NORWESTLANT 2: 30 April-30 June;
NORWESTLANT 3: 30 June-3 August.
{In the repert, dates which have the year cmitted should be regarded as referring to 1963.)

The fellewing research vessels took part in the surveys:

NORWESTLANT 1: Thalassa France
G, 0. Sars Norway
Ermest Holt UK
Topseda USSR
Academician Knipovieh USSR

NORWESTLANT 2: Sgekville Canada
Baffin Canada
Dana Denmark
Anton Dohrm Federal Republiic of Germany
Aegir lceland

NORWESTLANT 3: Dana Denmark
Ermnest Holt UK
Bxplorer UK

Academician Knipovieh USSR

In addition, other vessels provided relevant data, especially the Norwegian, French, British, and
American weather ships that occupied Ocean Weather Stations Alfa and Brave, the U.S. Coast Guard
cutter Evergreen, U.S5.5. Atka, and the ships which carry out the Centinuous Fiankton Recorder Survey
for the Oceanographic Laboratory, Edinburgh, Scetland. On behalf of the group of scientists that
planned and executed the NORWESTLANT Surveys, | would like to thank the officers, scientists and crews
of all these ships for fTheir contributions to the surveys.

The report on the surveys consists of four parts as foliows:

Part | — Text;

Part Il — Atlas;

Part 11l — Physical and chemical oceancgraphic data;
Part 1¥ — Biolegical data.

All parts have been bound in such a way that the reader can rearrange them intoc a loose-ieaf
system shouid he so wish. It 2lso &llows him to compare charts by superimpssing one on the other.
The base chart was kindly provided by the Institut fir Meereskunde der Universitdt, Kie!, Federal
Republic of Germany and is in on Delisle's conical projection. The International Council for the
Exploration of the Sea is using the same projection for its atlas of the North Atlantic Polar Front
Survey carried out during the International Gecphysical Year (IGY). Thus, the results of the
NORWESTLANT Surveys can be relatively easily compared with those obtained during the IGY.

The preparation of Parts 1, |!, and IV has been carried out under my supervision and | wish to
express my thanks to the Reparters who have written the various sections of the report, to the
members of the Coordinating Groups who have contributed material relevant to those secticns, and to



my cclleagues at this laborafery and in the ICNAF Secretariat who have helped so greatly with the
editorial work, particularly John Corlett who has done most of the work in preparing Part IV for
publication.

Part 11l is in three volumes and has been compiled by the Canadian Oceancgraphic Data Centre,
Ottawa and ICNAF thanks this organizaticn and in particular its former Director, Charles Sauer, for
the very large amount of valuable work which has been done cn its behalf.

| alsc wish to acknowledge the important contributicon made to the NORWESTLANT Surveys by the
Oceanographic Laboratory, Edinburgh in marrying the data collected by the research vessels fo those
provided by its Continuous Plankton Recorder Survey. |In this way, it has been possible to compare
some of the informaticn collected during NORWESTLANT 1-3 with & long time series.

Arthur Lee,
Fisheries Laboratory, lowsstoft.



Introduction

By
C. E. Lucas!

In March 1961, | had the honour and pleasure of ccnvening, at the reques? of the Internaticnal
Commission for the Northwest Aflantlic Fisheries (ICNAF), an [CNAF Working Party in The Marine Labo-
ratcry, Aberdeen. This group had been appcinted to advise the Commission on a number of questions
concerning environmental research in the Commission's area, which had been posed by the Research and
Statistics Committee. The group officially comprised: Dr Graham, Mr Hermann, Dr Krefft, Dr Lauzier,
Mr Lee, Dr Marty, and myself, but we alsc had the help of Mr Corlett, Mr Glover, Mr Parrish, and Dr
Tait for different items of the Agenda. | am most indebted to all of them for their assistance in
that meeting, and for their continuing assistance in furthering ICNAF environmental research thereafter.

In particular, ICNAF had requested advice on:

a) the effects of the environment on the“survival of the eggs and larvae, growth, long-term
abundance and distribution, of cod in particular, but also of redfish and haddock;

b) how studies of such matters might be directed so as not only to provide evidence of asso-
ciaticns and correlations but also to lead to prediction;

¢} what fundamental studies requisite for such investigaticns and not already proceedling
should be initiated; and

d} how plans could best be lald for holding an Environmental Symposium.

The detailed repert which resulted was substantially adopted at the Woocds Hole meeting of ICNAF
in May and June 1961, and is set cut on p. 61-89 of the ICNAF Redbook for 1561. Among other things,
it can fairly be said tc have stimulated envircnmental research generally in the ICNAF area. In
particular, 1t laid the foundations for the Environmental Symposium which was held in Rome in 1964,
the report of which has now been published as Spec. Publ. int. Comm. Norithw. Atlant. Fish., No. 6,
1966, and it alsc outlined proposals for a scheme of international environmental research within the
shelf waters of the [CNAF area, with special reference to the survival of the eggs and larvas of the
principal species of commercial Tmportance.

This last propeosal was approved in principle at the 1961 meeting of ICNAF, where it was decided
to concentrate work first on Subarea 1, the West Greenland area, with special reference to the effects
of the "climatic hazard" on cod year-class strengths; redfish were also to receive attention.
Despite the agreement, there was a general feeling that the project would be a formidable one, and
member countries were simply asked fo consider the feasibility of initiating such a programme in The
spring of 1963. A meeting of those likely To be concerned was held in Copenhagen in October 1961,
through the ccurtesy and common interest of fthe International Council for the Exploration of the
Sea (ICES). The sitriking Thing was the enthusiasm with which the scientific representatives of the
member countries of both bodies set about this task. By the time of the I[CNAF meeting Tn Moscow in
May and June 1962, a detailed programme had been prepared, with the quite specific aims of estatlish-
ing the distribution and drift of cod eggs and larvae, and redfish larvae, in relation To specific
environmental factors. There were fo be three conjoint surveys from April to July 1963, over Subarea
1 and adjacent waters (extending fo [celand in the east and the Grand Banks in fThe south), By
October 1962, at another mzeting held in Copenhagern through the courfesy of [CES, firm promises of
research vessel time had been secured from Canada (Sackville and Baffin), Denmark {Dana), Federal
Republic of Germany {Anton Dohrn), france (Thalassal, lceland (degir), Norway (Johan Hiort), UK
{Ermest Holt and Explorer), USSR (Academician Knipoviech and Topseda). There were promises of

T Warime T
Marine Laboratory, Aberdeen, Scotland.

ICNAF SPEC. PUBL., NO. 7.



personnel and assistance from other countries; in particular, there was an undertaking from Canada
to process and publish the physical and chemical oceancgraphlic data at the Canadian Oceanographic
Data Centre in Ottawa. Further, arrangements were being made fo coordinate with this survey an
Intensification of work in the relevant region of the Continuous Plankton Recorder Survey organized
w the Oceanographic Laboratory in Edinburgh.

The prefiminary plans are set out in p. 19-29 of the [CNAF Redbook Part | for 1962, which records
the establishment of a group, under the leadership of Mr A. J. Lee, to coordinate the activities of
the various sclentists and research vessels. |t was this coordinating group which had the task of
setting out the project in much greater detail, in the "blue" book of NORWESTLANTZ, as the survey
came to be called. |In such relatively difficult waters, everything was to depend on the care with
which the work was planned. Ongce the survey had been completed this group alsc had the responsibility
for coordinating the working up of material collected. At meetings held at the time of the ICES
meetings in Madrid in October 1963, and in Copenhagen'’in September 1964, and at the ICNAF meetings
held in Hamburg in May 1964, and in Halifax, Nova Scotia in May and June 1965, the guide-lines for
the processing and analysis of this material, for the writing of the report which folliows, for the
compilation of the atlas and for the publication of the data were worked out. The results reviewed
in the following pages thoroughly justify the effort entailed. |f further justification is needed
it can be found in the consideration now being given by ICNAF to organizing ancther cooperative survey,
this time in the area cf Georges Bank. |In 1962, | handed responsibility for this project with the
greatest confidence, and retief, to Mr Lee and his colleagues. As aiways, some aspects of the
environment were against them, and perhaps few could be said to be wholly with them. Mr Lee and all
concerned are to be congratulated most sincerely on the results they obtained, and perhaps especially
on the demonstration that, despite the many difficulties, such a coordinated research effcrt was
indeed possibie. | know that they will wish tc jein me in hoping that its successcrs will be even
more successful.

T Internaticnal Commission for the Northwest Atlantic Fisheries: Studies of +the envirorment and
planktenic stages of cod and redfish: Guide Book to Surveys NORWESTLANT 1-3, April fo July 1963.
This book was issued to all participants in the surveys but has not been publisned, The master
copy is beld by the Executive Secretary of [CNAF.



1 BOTTOM TOPOGRAPHY

Bottom Topography of the Northwest Atlantic

By

B.D. Loncarevicl and K.5. Manchester!

INTRODUCTION

The Northwest Atlantic was explored by some of the earliest civilized voyagers and yet our
knowledge of the configuration of the ocean floor In that area is meagre. The first modern descrip-
tion of the bathymetry was contained in the report of the Marion and Green Expeditions (Smith et
al., 1937). The bathymetric map contained in this report was still referred to as late as 1954
(Hachey et al., 1954}. About this time the US Navy prepared a series of contoured bathymetric
plotting sheets at a scale of 4 inches per degree of longitude, but these ware not declassified
and generally available until the early 1960's. The latest review of the general! hydrographic
aspects of the area was prepared by Dietrich (1965) who described the bottom morphology of the
ncrthern Atlantic shown in a chart prepared by Utrich (1962).

In addition to charts issued by the various natiocnal hydrographic services, several detailed
charts of surrounding continental shelf areas have been published by Soviet scientists (Litvin and
Rvachev, 196Z; Rvachev, 1964; Avilov, 1965). These charts indicate a considerable knowledge of
the detailed bathymetry of the continental shelves and slopes in the Northwest Atlantic area.
Unfortunately the published reproductions are at a scale too small for inclusion in other bathymetric
charts.

BATHYMETRIC CHART

The bathymetric records of the NORWESTLANT survey represent important new data contributing to
the charting of the world cceans. Copies of the sounding plotting sheets resulting from this survey
have already been submitted fo the organizations responsible for the production of the General
Bathymetric Chart of the Oceans (GEBCO) and this new data has been inctuded in the recently produced
GEBCO Sheet B-1, 4th editlion, which was published in Paris on | December 1966 by the National Geo-
graphical Institute on behalf of the tnternational Hydrographic Bureau. This chart, which covers
the North Atlantic area between 46°40'N and 72°N lat and 0°W and 90°W long at a scale of 1:10,000,000
at the equator, includes The complete NORWESTLANT Survey area and is the most recent bathymetric chart
of the complete survey area that is available at the present time.

The data of this GEBCO chart, sheet B-1, has been fransferred to a 1:3,500,000 scale Delisle's
conical prejection chart (Chart 1) to conform in scale and projection to the other charts included
in this special publication. The bathymetry has been confoured at the 200, 500, 1,000, 2,000, 3,000,
4,000, and 5,000 m intervals enabling ali the major physiographic provinces of the area to be iden-
tified. Only the areas covered by the NORWESTLANT Survey will be discussed although much more bathy-
metric data of surrounding areas is included on the charts. The original sounding reccrds of the
Canadian ships CSS Baffin and CNAV Sackville, which took part in the NORWESTLANT Survey, have been
examined as well as the original sounding records of the Canadian ships CCGS Labrador B0 12-63
cruise; and the C3S Hudson cruises BIO 24-65,B10 02-66, and BIQ 02-67 that have taken place more
recently in the NORWESTLANT Survey area. Chart Nr. 256 FL., publtished in 1967 by the German Hydro-
graphic Institute in Hamburg, was also used to update the bathymetric data of the East Greenland
shelf and the correcticns are included in Chart 1. The reference to the original sounding records
of the above-mentioned Canadian ships has made it possible to discuss some of the more detailed
bathymetric features present in the survey area, although they are not clearfy shown on Chart 1.

TBedford Institute, Dartmouth, Nova Scotia, Canada.

ICNAF SPEC. PUBL. NO. 7.



12 BOTTOM TOPOGRAPHY

DESCRIPTION OF PHYSIOGRAPHIC PROVINCES.

The area covered by the NORWESTLANT Survey is bounded on the north between West Greenland and
Baffin Island at 68°N lat in northern Davis Strait and between lceland and East Greenland at about
67°N lat in Demmark Strait; in the south by 50°N lat; in the east from southern lceland southwest
along the eastern flank of the Reykjanes Ridge and in the west by Canada. This survey area Is
bounded by bathymetric highs or land masses in all directions except the south and even this direction
is partially restricted by the Grand Banks of Newfoundland and the westward bulge of the junction of
the Reykjanes Ridge and the Mid-Atlantic Ridge proper.

Davis Strait is a sill with a maximum depth of €50 m that separates Baffin Bay and southern
Davis Strait. Similarly, Denmark Strait is a sill with a maximum depth of also about 650 m dividing
the deeper Greenland Sea and the northeastern Labrador Basin, The eastern boundary of the survey
area coincides with the eastern flank region of the Reykjanes Ridge.

The north central section of the chart is covered by the land mass of Greenland. Flint (1963}
gives the following brief summary of the Greenland physicgraphy:

"Greenland has the shape of an elongated inverted dish with a central dome reaching a maximum
altitude of 3,200 to 3,300 meters and a |lower southern dome; both domes |le east of the median axis
ot the ice sheet (see Chart 1), The margin of the ice sheet is very irregular because of the
presence of mountains along the east and west coasts; the inland parts of these mountains are buried
beneath the ice sheet. Those on the east coast are higher than the mountains on the west coast with
Alpine summits reaching altitudes of 3,700 meters. Through deep valleys transecting them, Ice dis-
charges as outflet glaciers as large as 10 km in individual width; many of these reaching the sea.™

The western boundaries of the survey area are the Canadian coasts of Baffin Island, Labradoer,
and Newfoundland. The southeast coast of Baffin Island Is bordered by high mountains of crystaliine
rock that have been cut by the large iniets of Cumberland Sound and Frobisher Bay and many smaller
fjords. Hudson Strait with maximum depths of over 900 m near its eastern end separates Baffin lsland
from the Labrador coast to the south. The Labrador coast is also primarily comprised of pre-Cambrian
crystalline rocks. There are several deep inlets in This coast but generally the coast has fewer
jong fjords and inlets than the Baffin Island or West Greenland coasts.

The major physiographic divisions of the submarine topography into continental shelf, conti-
nental slope, ocean basin floor, and mid-ocean ridges (Heezen et al., 1959} are clearly visible in
the chart and will be discussed in that order.

CONTINENTAL SHELVES

The earth's continental shelves are water covered areas adjoining the continental coastlines
and are generally less than 200 m deep. The depth of the cuter edge of the West Greenland shelf
varies between 60-360 m, whereas the edge of the East Greenland shelf |ies more consistently at 3/0-
380 m. The West Greenland shelf edge in the Davis Strait sill area is usually 160-180 m, whereas
all the southern section of the West Greenland shelf is generally deeper with a shelf edge depth of
230-240 m (Rvachev, 1964).

The shelf area between Cape Dyer and Hudson Strait along the southeastern Baffin Island coast
is little known in comparison to the other Northwest Atlantic, Labrador Sea, and Davis Stralft
shelves. This is undoubtedl|y because of a lack of commercial fishing interests and the more extended
period of annual ice cover. The shelf edge depth of this region is very difficult to defermine but
appears o range between 200-500 m. This area has been undoubtedly greatly modified by Quaternary
glacial action and the easterly offshore continuation of the complex tectonic history of south-
eastern Baffin Island. The area is unique in the northwestern Atlantic as it has three large
northwest-southeast trending depressions in the Pre-Cambrian Basement. In two of these, Frobisher
Bay and Cumberiand Sound, the depressions are suspected to be grabens; in the third case, Hudson
Strait, the origin is unknown (McGill University, 1963).

The depth of the outer edge of the shelf along the Labrador and Newfoundland coasts is also
variable with depths varying from 50 to 450 m, depending on whether the edge passes along a bank or
is gouged cut by the estuary of a tfransverse trough (Litvin and Rvachev, 1962}. The depth of the
shelf along the northeasterly part of the Grand Bank varies between 200-300 m (Avilov, 1965).
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It is apparent from the above examples that the edge of the continental shelves is not consistent
in the Davis 5trait, Labrador Sea, or Northwest Atlantic areas. The boundary between the continental
shelt and slope that has been used in the previous discussion is that portion of the sea floor where
there is a marked increase in the slope of the fTopographic profile with the increased slope continuing
towards the abyssal depths.

The width of the continental shelves in The Northwest Atlantic is interesting because of its
econcmic significance. Avilov (1965) points out that o f the west coast of Greeniand the width of
the shelf decreases abruptly from north to south. Whereas off Disko |sland depths of less than 500
m extend 115-145 km from the coast, in the south the width of fthe shelf is less than half that dis-
tance. I(n contrast, the width of the shelf off Lebrador more +han doubles frem north to south, £.e.
from about 130 km along northern Labrader to more than 325 km Tn width on the Grand Banks of Newfound-
land. The East Greenland shelf is similar to the West Greenland shelf in that it alsc decreases in
width from north to south. The increase in width of the southern Greenland shelves going north
undoubtedly is retated to the presence of the siil between Baffin Island and West Greenland and zlso
of a similar sill between East Greentand and lceland.

The topography of the continental shelves in the survey area has been greatly modified in the
past by tectonic and erosional forces. Tectonic uplifts that formed the highland and mountain areas
inland from the coasts of East and West Greenland and Labrador fook place prior fo the Guatermary
glaciation. The faults and fractures of the crystalline bedrock of the continental shelves produced
by the tectenic action were later gouged cut by the erosional force of the glacial ice. During the
glacial periods the sea level was much lower and the cutlet glaciers from the continental icecaps
were much more numerous and active than at the present time. With the rise of sea level following
the glacial periods the glacially modified topographic features were completely covered by the
transgressing sea, and the process of marine ercsion and deposition continued the modification. All
these facfors have resuifed in the present day continental shelf morphclogy where generally shallow
smooth top banks are separated from each other by deeper lengitudinal and transverse troughs.

Rvachev (1964} and Avilov (1963) have described in detall the morphology of the West Greeniand
and Labrador shelves. The Labrador and West Greenland shelves have similar morphological features
but all the fopographic features of the Labrador shelf are more subdued in relief and accordingly
have gentler gradients than those of the Greeniand shelf.

One unusual bathymetric feature commcn to the shelves of East and West Greenland and Labrador
haz been previously pointed out by Dietrich (1365). On these shelves one finds a small rise close
te the outer shelf edge with deeper water occurring closer to the shoreline. Diefrich (1965) states
that the outer rises are cbviously terminai moraines of the Pleistocene glaciers of Greenland and
Labrador.

0. Holtedahl (1950), H. Heitedah!| (1958}, 0. Holtedahl and H. Holtedahl {1961) have noted in
many parfs of the world fhat have undergone Quafernary glaciation, including among these the
Labrador and West Greenland shelves, the presence on the inner shelves of deep longitudinal channels
parallel to the coastline, so separating the shal lower cuter banks from the coast. They have inter-
preted these particular features as being an indicatlon of the presence of crustal fractures, most
ITkely fault |ines associated with the Cenozoic (mainly tertlary) upiift of the high land near the
coasts. These channels were then carved cut of the faulted and fractured bedrock, principal ly when
the sea level was lower, by river and glacial action. Rvachev (1954} has pointed cut the difference
in morphology between the transverse and longitudinal troughs on the West (ireenland shelf. He states
that the transverse troughs bear marks of being worked by ice when the shelf was glaciated and the
troughs are glacial valleys. Their slopes are smooth and have a steepness of 14° to 15%, Figure 1,
Section B-C, shows a cross-section profile of one of the transverse channe!s on the West Greenland
shelf. A broken rejief is characteristic for the longitudinal canyons, the sTeepness of their
slopes being as much as 20° to 22°. Grant (1966) made a transverse profile with a small continucus
selsmic profiler across a large longitudinal trough on the east coast of Labrador at the break in
the profile E-F in Fig. 3. The profile showed exposed irregular crystalline rock on the inshore
side of the trough. As the seaward side of the trough was crossed, the topography became much
smoother with nearly flat lying sedimentary strata being present. No real procf of a fault along
the trough was apparent from fthis data and there is nothing in the magnetic or gravity profiles of
Fig. 3 fo indicate a fault. The fransverse trough in prefile B-C of Fig. 1 has possibly a gravity
and magnetic anomaly associated with it but this Ts not sufficient evidence to justify a fault
structure for their origin.

Geophysical observations over the Northwest Atlantic continental shelves are not very extensive.
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Shipborne gravimeter and magnetometer profiles collected by CSS Hudsom in 1965 are shown in Figs
2, and 3 as an [llustration of the typical geophysical anomalies observed in the region. Figure 1
shows a portion of the continental shelf near the entrance to Hudsen Strait (A) and near Southwest

1,

RESOLUTION ISLAND TO CAPE FAREWELL
sz T
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Fig. 1. Resolution Istand to Cape Fareweli. Top profile is the total field magnetic anom-
aly after removal of the regional magnetic gradlenf Scale units * 200 gamma
{1 gamma = 1073 cersted). The middle profile is the free air gravity anomaly.

Scale units are + 50 milligal (1 gal = 1 cm/secZ). The bottom prefile is depth.
Scale units 0-3,000 fathoms (1 fathom = 1.829 m). The ticks along the bottom

represent the distance along the ship's track in 100 km intervals. The location
of the profile is shown on Chart 1.

Greenland (B-C). Both of tThese sections show higher freguency magnetic anomalies closer inshore
suggesting shallower crystalline basement. |1 is interesting to note the change in character of
the magnetic anomaly on crossing the transverse frough. This change might be due to a difference
in litholoegy of the underlying basement rocks. The gravity profile shows a broad gravity iow cver

CAPE ST FRANCIS TO CAPE FAREWELL
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Fig. 2. Cape St. Francis to Cape Farewell. For explanation see caption to Fig. 1.
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the continental shelf near Hudscm Strait entrance suggesting a possible accumulation of sediments.
The gravity high immediately to *the east of this low is a typical feature asscciated with the

deeper structure of the continental margins. The gravity profile cver the Southwest Greenland shelf
shows a consideratble relief suggesting large variations in near-surface geclogy {for Bouguer anomaly
variations over the adjoining land area, see Svejgaard, 1959},

CAPE CHIDLEY TO BELLE ISLE

60,40 56,40, 56,20 52700

64 10 60°05 60°00 55°30
+2007 'V w W +200
- 200 - -200
- 50 I_/_/ ~— <[ -50

—m °
- 3000

Fig. 3. Cape Chidley tc Belle isle. For explanation see caption to Fig. 1.

Figure 3 shows the magnetic and gravity anomaly profiles and the bathymetric profile along the
Labrador continental shelf from Newfoundland to Hudscn Strait (Chart 1). [+ is apparent from Fig. 3
that the bathymetry is relatively consfant; that the free air gravity ancma!ies are broad and pre-
dominantly negative; That the magnetic anomalies vary considerably in both frequency and amplitude.
The bathymetry is relatively constant because the complete profile shown is on the coentinental shelf
where the depths vary only a few hundred meters maximum. The change in the magnetic character can
be broadly correlated with the structural provinces as given in figure 1 of Stockwell (1965).
Starting from Belle isle Strait, there is approximately 450 km of *rack across the offshore exten-
sion of the Grenville province. This section Is characterized by very high frequency magnetic
aromal ies superimposed on broader regional anomalies. The next 200 km can be correlated with the
Eastern Nain structural province and is distinguished by the absence of high freguency ancmalies.
The next province occupying approximately 350 km of track is the Western Nain province. In this
portion of the track tocal ancmalies (characterized by sharp peaks of large amplitudes) equal or
exceed the regional anomalies. The next 250 km of track crosses the East Nain province again. The
anomal ies are smallest in this section and high frequency ancmalies are almost completely absent.
The final 150 km of track just south of Hudson S5trait crosses the Western Nain, or Churchill
provinces, or both, and is characterized by the reappearance cf larger amplitude anomalies.

The long period gravity anomalies may te caused by a difference in the thickness of the sedi-
ments overlying the Canadian shield or they may be broad basement anomalies characteristic of shield
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regions. Gravity anomalies do not show as clear correlation with the structural provinces as is
seen in the magnetic profile. |In a general way there appears to be a gravity low asscciated with
the central part of the varicus provinces. The boundaries between the provinces seem to be charac-
terized by gravity highs.

CONTINENTAL SLOPES

The characterisfics of continental slopes are related fo these of the adjoining shelves. Slopes
off wide shelves are in general smooth, broed, and dip towards the ocean floor at a smaller angle
than the slopes off narrow shelves.

At the bottom of the slope off Southwest Greenland is & trench approximately 200 m deep that
extends north to 64°N lat (Manchester, 1964). This trench is evident in the original socunding
reccrds of profile A-B in Fig. 1. The free air gravity anomaly cver this french is -50 mgal and the
overall gravity anomaly is -90 mgal (near B in Fig. 1}. No cbvicus magnetic anomaly is associated
with the trench. Dietrich (196%) presents bathymetric prefiles that show a similar trench-|ike
feature along the Southwest Greenland slope. The trenches on either side of southern Greenland may
be caused by fthe isostatic adjustment of Greenland due to changes in the size of the Greenland icecap.

South of Cape Farewell at the bottom of the continental slope is a rise extending southwesteriy
as far scuth as 58°N lat {see Chart 1 and Fig. 2). Opposite the rise on the Greenland slope is a
similar large northeasterly ftrending rise on the Labrador slope. One could possibly expect a con-

necticn between these rises on the slopes in the form of a sill or buried ridge across the Labrador
Sea that would be parallel To The Reykjanes Ridge to the east of it. This ccnnection might be a
continuation of the Grenville subprovince across the Labrador Sea to Scuthwest Greenland. |sotope

dating evidence supports this continuation of the Grenville subprovince {(Eardley, 1962} and bathy-
metric studies of the Northwest Atlantic Mid-Ocean canyon profile indicate that an interccnnecting
rise may be buried in the deeper part of the Labrador Sea {Manchester, 1964},

Another interesting feature of the continental slope is a large magnetic anomaly at the bottom
of The slcpe off the Northeast Newfoundland cocast. This ancmaly was detected on airborne magnetometer
surveys conducted by the Dominion Observatory, Ottawa, in 1554 and 1960 (Manchester, 1964). This
large anomaly begins on the southern Labrador shelf, then continues southeaster!y down the slope and
approximately along the 2,000-m contour northeast of Mewfoundland. This anomaly is clearly seen on
the prefile C-I in Fig. 2. |t probably marks the northern end of the Appalachian structure and its
junction with the oceanic crust (Fenwick et al., Tr nress).

DCEAN BASINS

The deep ocean basin present in Chart 1 is referred to as the Labrador Basin and is restricted
in all directions except the south. The greatest depth in the scuth-central part of the basin is
about 4,600 m, From here the depth gradually decreases fowards Davis Strait with a bottom gradient
of 1:2,000 and towards Denmark Strait with a gradient of 1:1,000 up to the 3,000-m contour.

An interesting feature of this basin floor is the Northwest Atlantic Mid-Ocean canyon which
starts at about 61°N lat in the middle of the scuthern Davis Strait and continues southeast to the
southern limit of Chart 1 (Manchester, 1964}. This canyon is not a large encugh feature to appear
on Chart 1. However, 1t was plainly visible on the original sounding reccrds of the CCGS ILabrador,
CSS Hudson, CSS Baffin, and CNAV Sackville that we had access to.

MID-OCEAN RIDGES

The NORWESTLANT study area is bounded by the Reykjanes Ridge on the east. To the north this
ridge is terminated by a large volcanic erupticn which appears above the sea surface as Iceland.
The ridge strikes in the southwesterly directicn frem Iceland and appears to be fterminated at approx-
imately 52°N lat by a possible easv-west fracture zone. Starting from the southwest, and goling
towards the northeast, the ridge width increases and the water depth decreases. A number of profiles
and cther characteristics have been discussed by Ulrich (1960). His main conclusion is that the
topegraphy of the ridge is exfremely complicated, especially the crest region, while the flanks of
almost every section are steep but less complicated.
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More recent geophysical studies over The Reykjanes Ridge have been carried ouf by the lamont
Geclogical Observatory {(Heirtzler et al., 1866}. Using aercmagnetic profiles, they showed a remark-
able lineation of magnetic ancmalies over the ridge. From the study of these anomalies, Vine (1966)
and others have deduced a very fast rate of ocean floor spreading, amounting to 4.5 cm/year.

" CONCLUSIONS
Structural Relatjonships

The most importfant and widely debated guesticn in geophysics today ¥s that of contirental drift.
The geophysical studies of ocean floors over the last 20 years have produced evidence which coltld
be interpreted as & support for the continental drift hypothesis. One of the important areas for
verifying this hypothesis is the Northwest Atlantic.

The mid-ccean ridges have been used as key evidence in supperT of continental drift. Assuming
continental drift, Wilsen (1963} predicted that a mid-ocean ridge would be found in Labrador Sea.
The existence of that ridge is still considered very doubtful by the present authors in spite of the
interpretations of available gecphysical data supperting ifs existence (Drake et al., 1963; Godby
et al., 1966). Neither the present bathymetric chart nor any scunding rolls from Labrader Sea
available to the authors show any topographic expression on the ocean floor which could be traced
over sufficient length to merit the name "ridge". |T.has been proposed by Drake et gl. (loe. eit.)
that the ridge is buried under the sediments. However, all of the Labrader Sea is deeper than
1,500 fathoms while most of the Mid-Atlantic Ridge is less *han 1,500 fathoms. Therefore, if there
were a fully developed ridge in the Labrador Sea, it would be above the level of the ocean floor.

If The ridge is not fully developed and Ifs peaks not sufficiently high to project through the ocean
floor sediments, then the key evidence can be collected by gravity measurements. Such gravity
measurements were made in 1965 on board CSS Hudson and the result for crossing from Cape Farewell,
Greenland, to Cape Francis, Newfoundland, is shown in Fig. 2. The free air gravity anomaly profile
shows smal! variations cof the order of 10-20 mgal over the centrai section of the Labrador Sea,
while larger anomalies occur closer to continental margins. This profile shows no evidence of
unusual structure underlying the central labrador Sea. 5ince the depth of water is fairly unitorm,
tf the ridge composed of volcanic rocks was buried under lighter sediments, the density contrast
would have resulted in a positive anomaly cover The ridge.

Godby et al. (loe. eit.) have Tried fo use aeromagnetic date as evidence for the Mid-Labrador
Sea ridge. The Mid-Atlantic and Cerlsberg ridges have a well developed magnetic ancmaly associated
with the central portion of the ridge. This large central anomaly is flanked by magnetic |ineations
which form a symmetrical patftern around the central arnomaly (Helrtzler etz al., 1966). Referring
agaln to Flg. Z, the magnetic ancmaly profile traversing the alleged ridge does not show the expected
characteristic anomaly in the centre, though it is possible fo argue that the magretic pattern is
symmetrical around the proposed ridge. Therefore, beth magnetic and gravity profiles fafl to show
convincing evidence in suppert of the preposed Mid-Labrador Sea Ridge.

Because of the complexity of the gecmorpholegy and sfructural relationships, the area described
In the present report is not well understood. The majority of geophysicel observations collected
in the past have been of a reconnaissance nature and have served only to cutline fhe problems. For
a meaningful recenstruction of the centinental drift in the North Aftlantic, more systematic observa-
tions are required. {1 is important fo stress the great need for new data and the contribution that
could be made towards better geological understanding as a by-product of any future fisheries inves-
tigations.
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Meteorological Conditions During NORWESTLANT 1-3

By
G. Gruenewaldl
GENERAL CIRCULATION QVER THE NORTH ATLANTIC OQCEAN
The Atmospheric Circulation Preceding the NORWESTLANT Surveys (January-March 1963}

In order ¢ judge the meteorological conditions in the survey area during the NORWESTLANT
Surveys, we have to study the preceding atmospheric circulation. For this information we have used
the maps of Deutscher Wetterdienst (1963z). They contain the deviations of the monthly means of
atmospheric pressure from the long-term means {1899-1939). The observations of the alr and surface
temperature made at +he Ocean Weather Staticns A, B, and C are compared with the 10-year means,
1951-60, which were published by Pflugbeil and Steinborn (1963), Moreover, normal values were taken
from Redewald (1952) in order to compute the deviations of the surface temperatures.

In January 1963 (Chart 2), the mean pressure distribution shows 2 !arge anticyclone in the
British Isles, South Scandinavia, and lceland area with its centre of 1,030 millibars (mb) north of
Scotland. On the other hand, there is a depression of 1,010 mb in the Hudson Strait area. This
results in a strong positive pressure anomzly in the area of the North Atlantic and the Norwegian
Sea, including the area west of Greenland, with its maximum of +2B.5 mb near the scuth coast of
Iceland (Chart 3). This means much more wind from southeast to south in the Irminger Sea which,
in the Denmark Strait area, turns to southwest. |In the area west of Greenland the "additional wind"
Blows trom southeast-south. The additional wind is computed according to the method of Rudloff (1960).

In February 1963 (Chart 4), the blocking anticyclone has moved away from Faroes-lceland to
eastern Greenland. During this movement the pressure has declined from 1,030 mb to 1,020 mb, A
trough of 1,000 mb extends from the Davis Strait and the Labrador Sea to west of Ireland. In spite
of this deviation in the average pressure from January fo February, the whole NORWESTLANT area around
Greenland remains in the sphere of the positive pressure anomaly with its centre of +13,4 mb near
Scoresbysund (Chart 5). The highest values of the negative anomalies are found on the eastern coast
of Labrader (-7.1 mb) and on the northwestern coast of Spain near La Coruna (-11.2 mb). From this
distribution of the anomalies there results an easterly additional wind component to the long-year”
mean for the Denmark STrait arez to Cape Farewell and a southeast-south component for the Labrador
Sea and the Davis Strait.

in March 1963 (Chart 6), the circulation had completely changed. |n the distribution of mean
pressure the whole North Atlantic, including the area west of Greenland up to Baffin Bay, is covered
by an extended depression with its centre of 991 mb scuth of the Irminger Sea (55°N, 30°W). The
East Greenland anticyclone has abated and moved fowards the polar region. On the average, the
Aflantic depressicn was so deep that the deviation from the normal value (Chart 7) shows a negative
anomaly covering all the North Aflantic including the NORWESTLANT area. The centre of this anoma |l y
is surrounded by a weak positive anomaly over Labrador and Scandinavia. From +his situation there
results a northwesterly additional wind component for the northern Demmark Strait and the Labrador
Sea, and a weak northerly additional component for the Davis Strait.

The Atmospheric Circulation During the NORWESTLANT Surveys (April-duly, 1963)

In April 1963 (Chart 8), the mean distribution of pressure shows an extended depression system
covering the MNorth Atlantic with one centre of 1,002 mb near Newfoundland and a second of 1,004.5 mb
south of Iceland. On the other side, there is @ anticyclone of 1,023.3 mb over North Greenland

T Deutscher Wetterdienst Seewetteramt, Hamburg, Federal Republic of Germany.
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with a wedge of 1,020 mb extending to southeastern Greeniand. Chart 9 shows a posifive anomaly from
the Norwegian Sea to Greenland and Canada, with a primary maximum of +5.6 mb over East Greenland and
a secondary one of +3.5 mb over Baffin Land. The North Atlantic is covered by a negative anomaly,
the minimum of which is -11.3 mb, and situated southeast ¢f Cape Race. Therefore, the additicnzl
wind components are similar to thcse of the last month.

In May 1963 (Chart 10), the zonal westerly weather situation was prevailing in the Nerth Atlantic
area. This is well shown by The mean pressure distribution chart with an average depression of
1,001.7 mb over iceland, and a depression branch of 1,007.8 mb extending from South Greenland to the
Davis Strait. The central Aflantic is covered by a large anticyclone with its centre of 1,030 mb
near the Azores. The distribution of the pressure anomalies is similar €Chart 11). The centre of
the negative anomaly shows -12.3 mb over Iceland. The maximum of the positive anomaly with +10.3 mb
ts situated north of the Azores. The whole NORWESTLANT area is inflyenced by The higher westerly
wind current over the North Atlantic with an additional component from between west and northwest.

In June-Juiy 1963 (Charts 12, 13), the mean pressure is similar in the 2 months. Therefore,
the disftribution of pressure and the deviations from the norma! values for the 2 months have been
cembined. The fotal survey area on the average is covered in both months by a weak depression area.
Its minimum of 1,010 mb is found near Belle lsle. This weak depression is surrounded by an extended
anticyclone with its primary centre of 1,023 mb southwest of the Azores, and a secondary one of
1,015 mb over East Greeniand. The deviations from the average pressure are very small. An add-
itional wind of a definable direction is not to be found.

The Mean Monthly Wind Vectors at the Ocean Weather Stations A, B, and C

The Ocean Weather Stations A and B are situated within the NORWESTLANT area while Station C
is pointed aT its scuthern periphery (Chart 2). Therefore, the wind vecters of these three stations
show well the mean of the monthly circulation situations. Especially great variations of direction
of the three wind vectors exist if the stations are in the centre of a depression or near it. These
variations may be seen especially in February, April, and June. Only in May does the westerly com-
ponent prevail at all the three stations. Table 1 shows the mean monthly wind vectors which have
been calculated from the observations made every 3 hr. All wind observations for a menth are com-
bined in the mean vector according to ftheir directicn and speed.

TABLE 1. Mean monthly wind vectors {in degrees and m/sec).

- Ocean Weather 5fafion A Ocean Weather Stafion B Ocean Weather Stafion C
1963 degree  m/sec N degree  m/sec N deqree  m/sec N
January 170 2.6 246 179 3.9 246 5% 4.1 247
February 6B 4.2 221 168 1.8 215 254 2.6 223
March 43 3.9 247 332 5.0 242 321 i.3 243
April 25 9.7 238 30 4.0 232 152 1.2 236
May 293 3.6 248 247 4.3 246 247 4.9 245
June 108 1.8 239 40 1.5 2354 180 2.2 2357
July 14 1.0 233 - - - - M Z
4 N = number of observaticns

Other Information of the Wind Situations at the Ocean Weather Stations in the NORWESTLANT Area

Tables 2 and 3 also comprise the cbservations
Table 2 shows the mest frequent wind direction and

the mean wind speeds regardless of fheir direction.
the percentage frequency of strong winds and gales.

made every 3 hr at fthe Ccean Weather Sfations.

all other freguent directions are included in
In Table 3 the same cbservations are given as
In January and February the mean wind speed

is generally low in The NORWESTLANT area, while in March and April the mean is mainly lower than

that for 1951-60 (Table 2). Nevertheless, the freguency of strong winds at the fthree Ocean Weather
Stations in February Is greater than the average for the years 1951-60. |n other months it is only
above sverage, in Janvary at Station C, in March at Stations A and B, and in April at Station B
(Table 3). In January 1963 the frequency of gales is even higher than that of the strong winds.
During the NORWESTLANT Surveys {April-July} fthe mean of the wind speed was a |iftle above the average
at Stations A and B. The frequency of strong winds was nearly always higher than the 10-year average
at these stations. The freguency of gales was enly sometimes higher.
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The Sea Surface Temperatures and the Air Temperatures at the Ocean Weather Stations A, B, and C

From January through March 1963, the monthly mean values for the water temperature and for the
air temperature show a high positive anomaly in the [rminger Sea at Weather Station A. The water
temperatures in January and February are only a little below the highest mean values for the years
1951-60 (Pflugbeil and Steinborn, 1963}, while in March they exceed them by +0.3°C. Probably, the
atmospheric circulation had intensified the Irminger Current. This intensification seems to have
caused the high positive anomalies of water temperatures, also found in April, while the air temp-
eratures have decreased tc the 10-year average in this menth. The atmospheric circulation completely
changed in May and the positive anomalies of water temperature declined. The final result of this
reduction is to be seen in June (Tables 4, 5), Though in January and February there were additicnal
winds with southeasterly directicns, the monthly means of air and water temperafures differed only
slightly from the means for the years 1951-60 (Pflugbeil and Steinborn, 1963) in the Labrador Sea
(Ocean Weather Station B) during the first 4 months of 1963, |n May and June the air temperature
had a small positive anomaly. The watTer temperature newly corresponded to the average for these
months. Only in January were the air and water temperatures wel! above the normal values at Ocean
Weather Station C. |In February the mean of air temperature decreased below the mean of the 10
years; the weter temperature did the same 1 month later.

TABLE 4. Mean monthly surface temperatures (°C) at the Stations A, B, and C, as well as
their deviation from the decadal averages 1951-60 and from the normal values
(Rodewald, 1952).

Ocean Weather Station A Ocean Weather Station B Ocean Weather Station C

water deviaticn water deviation water deviation

temp. 1951-60 ncrmai temp. 1951-60 ncrmal Temp. 1951-60 normal
1963 °c °c °c °C °c °c °c °c °c
January 5.7 +0.5 +0.8 3.2 0.0 +0.5 7.4 +0.7 +0.3
February 5.6 +0.5 +0.9 2.9 +0.3 +0.9 6.6 +0.2 -0.2
March 2.9 +0.8 +1.2 2,9 0.0 +0.9 6.1 -0.9 -0.7
April 6.0 +0.6 +0.8 3.6 +0.4 +1.1 6.9 -0.2 -0.7
May 6.5 +0.1 +0.4 4.1 -0.1 +0.1 7.5 -0.5 -1.5
June 7.6 -0.6 +0.4 5.7 0.0 -0.1 9.4 -0.2 -1.1
July 9.1 -0.8 +0.4 - - - - - -

TABLE 5. Monthly means of air temperature {°C) at tThe Stations A, B, and C and their
deviations from the decadal average 1951-60,

Ocean Weather Staticn A Ocean Weather Station B Ocean Weather Station C

air temp. dev. air ftemp. dev. air tTemp. dev.
1963 °c °C °C °c °c °c
January 3.4 +1.5 -1.5 0.0 6.4 +1.0
February 3.9 +1.2 ~1.5 -0.6 4.1 -1.2
March 4.4 +1.2 0.0 -0.2 4.8 -0.7
April 3.9 +0.1 2.1 +0.4 6.8 0.0
May 4.8 -1.0 3.7 +0.2 7.8 -0.5
June 7.5 -0.2 5.2 +0.4 9.7 -G.3
July 8.6 -0.8 - - - -
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WEATHER CONDITIONS DURING THE NORWESTLANT SURVEYS

Since the NORWESTLANT Surveys covered a pericd of 4 months it seemed practical at times to
combine all days with analogous development Into single "weather sections". The data for such
"sections" were taken from Duetscher Wetterdlenst (1963b). For each of these "weather sections”
we draw a map showing the mean pressure distributicn in the NORWESTLANT area., The wind arrows and
figures in these maps correspond to the mean wind directicn and the mean speed of the wind in knots;
they were estimated according to the method of Rudleff (1360). The given speeds of wind were est-
imated from the gradient of pressure {taking into consideration the geographical latitude) and The
curvation radius of the isobars. The local luff-, iee-, and jet-effects around the coasts of Iceland
and Greenland were not taken into consideration. Some preliminary remarks, however, should be made
cn these effects which are described in detail by Rodewald (1951, 1955); Walden (1959). According
to these authors the wind increases at the southwest coast of l|celand while the wind is weak and
turning at the northeast coast if there is a depression in the area of the Irminger Sea and southeast
of Greenland, and an anticyclone in the area of the Azores, {i.e., a southeasterly air drift. The
reverse situation is found in an easterly fTo northeasterly air drift, <.e,, if there is an anti-
cyclone over Greenliand and a depression in the area of the eastern Atlantic.

In the Denmark Strait, fthe general coastline causes an intensification of a southwesterly air
drift, but a northeasterly drift is intensified far more. The coastal mountains of Greenland bring
about the intensification of the northeasterly air drift over the Anton Uohrn Bank and in the |rminger
Sea. Cape Farewell is a defined meteorclogical Iimit. |f deep depressions are mcving between the
middle of the North Atlantic and the Irminger Sea and an anticyclone is situated over Greenland,
extraordinarily heavy rortheast winds arise in the area along the scutheast coast of Greenland to
as far as Cape Farewel!. This is the result of corner-, Jet-, and so-called "press-effects". At
this time mostly typical lee-effects with partial calms are to be found on the west ccast of Green-
land. |If a depression is moving from the wesftern Atlantic northwards to the lLabrador Sea and the
Davis Strait, the speed of seoutherly to southeasterly winds is intensified at The west coast of
Greenland. Then the scutheast coast has lee-effect with low wind speeds.

'n the following discussion of the individual weather sections, we try to show all peculiarities
of the daily weather conditions. The charts for the sections are shown in Chart 14.

In the weather section of 1-5 April, low pressure was characteristic for the western North
Atlantic and the Labrador Sea to Davis Strait area. On fThe average the eastern |imit was formed
by an anticyclone of 1,020 mb in The British area with a ridge of 1,015 mb extending via eastern
lceland to eastern Greenland. This caused in general a strong southerly air drift in the south-
eastern part of the survey area. WesT of lceland and south of Greenland this drift turned to scuth-
east. This southeasteriy drift reached its highest intensification in the coastal area of southwest
Greenland. Strong northerly fo northwesterly wind was predominant in the Labrador Sea, coming from
the Davis Strait. The mean pressure distribution consisted of a storm centre which dispersed near
West Greanland and several gale force depressions which moved from Newfoundland towards Cape Fare-
well. More than once these centres caused gale speeds in the strong current fields which are marked
in tThe average map.

In the weather section of 6-8 April, the ridge which was formerly directed towards East Greenland
had intensified Itself o an anticyclone of 1,030 mb cver the Rosegarden (lceland-Faroe Ridge) and
southern Greenland, Opposite fo this there was a medium depression of 995 mb over Newfoundland.

The result of this configuraticn was a strong easterly wind in the North Atlantic, which turned to
southeast in the Labrader Sea east of Newfcoundland, and nearly To scuth in the Davis STraif. It
reached gale forces east of Newfoundland as can even be seen in the average map. Particularly on
b and 7 April, strong fc stormy winds from esst to scutheast prevalled in the North Atlantic and
the Labrador Sea at the east flank of the Newfoundland depression.

In the weather section of §-12 April, the mean high pressure had somewhat decreased over Green-
land. Low pressure was found again in the area of Newfoundland. The deep depression cver the
British Isles and the Rosegarden caused a gale from the southeast in the lceland area through all
days. Southwest of lceland the gale turned fo north. In the southwestern part of the NORWESTLANT
area arocund Newfoundland, strong fto stormy east winds cccurred on 9, 11, and 12 April. R/V Ernest
Holt reported good weather from 9 to 11 April in the area south of Cape Farewell|. The northeast
gale, which lasted 24 hr or 10 and 11 April befween Cape Farewell and Cape Mdsting, must have been
of local nature, because it is not to be found in fThe daily weather map. R/Y G. 0. Sars reported
a south to southeast gale in the area west of the Noname Bank on 12 April. This gale developed from
a secondary depression near West Greenland and a ridge directed from the anticyclone over Greeniand
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to the Irminger Sea. For a short time the area of sfrong winds extended nearly from Cape Thorvaldsen
to Gedthaab,

In the weather section of 13-21 April, there predominated a strong cyclonic motion over the
North Attantic with centres south of lceland and west of the Brifish Isles. The high pressure over
Greenland still continued. Even the average map for this section shows a strong nertheast wind drift
from the Denmark Strait and iceland to MNewfoundland/Labrador. During this Time the highest wind
speeds were encountered in the lceland/Greentand area, On the northern periphery of tne depressicns
which regenerated themselves more than once south of Iceland, the northeast to east gale continued
nearly all the time. On the other hand, in the southern Labrador Sea and near Belle lIsle, i.e., on
the northern flank of a Newfoundiand gale centre, a storm was only found from 13 to 15 April. From
12 to 20 April R/V Ernest Holt reported wind from north to east with speeds of no less fthan 20 knots,
but in general of more Than 25 knots in fthe Cape Farewel|/Cape Mpsting area. The gale caused three
interruptions of observations: +the longest was 3 1/2 days between 16-19 April. From 16 fo 18 April
R/V Thalassa had to take shelter from a northeast gale (8-11 Bft) In the Faxs Bay. AT the same time
the R/V's Academician Knipovieh and Topseda which were operating south of Cape Farewell| and Ocean
Weather Station B only reported northeast winds of 6-7 Off.

The weather section of 22-25 April was characterized by a medium depression of 995 mb southeast
of Newfoundland with a secondary ane of 1,000 mb south of lceland and by a medium anticyclone of
1,025 mb over Scandinavia with a ridge of 1,015 mb extending to Greenland and The Davis Strait.
Therefore, east to northeast winds prevailed in the NORWESTLANT area. The highest average speed
was found in the Denmark Strait and in the Labrador Sea. Through the whole pericd the gale
depressions were very intensive in the area scuth of Newfoundland, causing northeast winds of &é-7 Bft
in the areas east of Newfoundland and in the southern Labrador Sea. |In the Iceland region the fre-
quency of cyclones was only effective on 22 and 23 April with an area of strong winds from the
Denmark Strait fo the Irminger Sea. No disturbances of work caused by meteorological conditions
occurred during this period.

During the weather section of 26-30 April, the cenfre of the low pressure moved tc the area
of the Ocean Weather Station A with a weak trough directed to the Norwegian Sea and ancther fo the
West Greenland area. The anticyclone over Greenland increased, and alsc over Labrador a medium
anticyclone was to be found. The highest average wind speed (23-25 knots) was observed befween the
Ocean WeaTher Stations C and 1, directed from the Denmark Strait to the lrminger Sea. The speed
of wind, however, was essentially higher if single days are considered. From 26 to 28 April two
gale depressions were moving from the area east of Newfoundland to fhe Irminger Sea and |celand.
On 26 April they caused norfheast fo north winds of 7-8 Bft In the southern Labrador 5ea and near
Belle Isle, and south to southeast winds of & Eft near the Ocean Weather Station C. While the
north wind in the Labrador Sea abated on 27 April, the speed of wind was intensified to §-% Bft in
the Cape Farewel|/Cape Masting area as the centres of the cyclones approached the Irminger Sea.
On 28 April the increasing wind force also extended fo the Dermark Stralt and lasted until 29 April.
During this time sftrong southwest winds blew in The area from Ocean Weather Station C to lceland.
From the evening of 26 April To the morning of 28 April, R/V Ernest Holt reported a north gale at
Cape M@sting. 0On 29 April, weather conditions arcund Iceland prevented R/V Thalassa from accom-
plishing her research programme. From 28 to 3C April a strong depression, not to be found in the
average map, moved from The Hudscn Strait fo South Greenland and cavsed strong fo stormy south to
southeasteriy winds at the wesTern coast area of Greenland on 29 April.

In the weather section of 1-& May, The centre of the low pressure had moved eastward fo the
lceland and the Norwegian Sea areas. High pressure extended over the middle MNorth Aflantic. A
weak ridge over Cape Farewell united this anticyclone with the high pressure, which had moved in
the meantime to East Greenland. The.strongest average wind speed was on the periphery of the
depression near West lceland. The wind speed reached 27 knots from The northeast in The Denmark
Strait and 26 knots from the northwest in an area to the northeast of Ocean Weather Station C. The
3 and 4 May have to be specially noted because on these days the northeast gale probably reached a
wind speed of 40-60 knots in the Denmark Strait and on fthe Anton Dohrn Bank. 1In the area of the
Gcean Weather Station A, the wind Turrmed to northwest and had still a speed of 30-40 knots. On &
May the rortherly gale area had moved to lceland with a Tittle weskening. From 2 to 15 May Aegir
had only 2 days with good weather for work in the ares west of Iceland. Most of the time fthe wind
speed varied betwsen 20-40 knots and decreased rarely to 15 knots. On the 4 and 5 May Aegir had to
interrupt the programme because of weather conditicns.

In the weather sectiom of 6-13 May, the centre of fThe low pressure was situated by deepening
in tThe area of The (Qcean Weather Station | south of lceland. Weak to moderate high pressure was
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again over Greenland. Therefore, the whole observation area between lceland and Greenland lay mainly
in a northeastern current, whereas in the Labrador Sea the average wind direction was nerth tc north-
west, During this period (6-13 May) the wind direction and the wind speed were very changeable,
especially in the eastern area where somefimes the weather was terrible. The beginning of a gale
centre south of the Irminger Sea, and ifs moving in the direction of the Rosegarden and deepening

to 950 mb scuth of Mehlsack on 12 May, caused a strong increase of the wind speed in the hitherto
quiet survey area. On i1 May the wind blew from The north with 5-6 Bff in the Davis Strait, from
north-northwest with 8 Bft in the Labrader Sea and from east to northeast with 8-9 Bft in The area
between the Ocean Weather Station A and Cape Farewell. On 12 May the latter gale zone exTended cver
+he whole area between southeastern Greenland and iceland and brought winds from northeast to north
with a wind speed of 8-12 Bft, combined with rain and bad visibilify. The north and northwest wind
lulled in the sea area off western Greenland and in The Labrador Sea. ©n 13 May The northeasterly
and northeriy winds decreased in the Denmark Strait, the Irminger Sea and later also west of lcelar
From 12 to 13 May Aegir had fo inferrupt her research because of the weather.

In the mean map of the weather section of 14-18 May, the centre of fThe low pressure had moved
inte the ares of lceland-Farces-Jan Mayen with a weaker trough over South Greenland fo the Davis
Strait and the Labrader Sea. MNorth of the Azores a powerful anticyctone had pushed Into the Bay of
Biscay. Around lceland moderate average wind was observed coming Tn the Denmark Strait from the
northeast, in the Irminger Sea and west of l|celand from the northwest, and south of lceland from
the west. South of the Ocean Weather Station | even the mean of 5 days' wind speed gives the high
value of 26 knots. On the other hand, only on 16 and 18 May did strong wind with & Bft appear
local ly in the Labrador Sea. On nearly all days 6 Bft, and once & Bff, were observed south of the
Irminger Sea and in the sea areas wesT and south of lceland.

The average map of the weather section from 19 to 22 May shows only weak pressure gradients
between lceland and South Greenland as well as in The sea areas west of Greenland around a depression
south of the Ocean Weather Statien A. Opposed to it a zone of stronger wesTerly winds extended from
MNewfoundlarnd over the Ccean Weather Station C in the direction of South lreland. Only on 19 May did
the sea area east of Cape Farewell have bad weather: +the wind was ncrtheast 7-9 Bft. 0On 21 May the
coast area of Southwest Greenland had south to southeast winds of 6 Bff. West of lceland degir
announced gocd working conditions with easterly wind between O and 4 Bft. Compared o this Dana
had nearly consistently pcor weather, especially Tn The area of Cepe Farewell from 20 May to 14 June.
Therefore, many planned observation sfations had to be wiped out.

During the weather section from 23 to &7 May in the everage map, The cenfre of low pressure has
extended by moving to the sea area between South Greenland and lceland. The main wind zone ran with
a wester|y wind component between 50° and 60°N from Labrador/Newfoundland to the Ocean Weather Sta-
tions | and J. There the zone furned north directly to lceland. On 2% May strong southerly winds
biew into the coast area of West |celand. On 26-27 May these winds turned to southwest. Especlally
on these days in the sea area south of the Ocean Weather Station A, there was strong to stermy wesT-
erly wind, There wes also a westerly gale from 25 fo 27 May arcund Cape Farewell. In the sea area
off West Greeniand, there were only unimportant disturbances. |In the Labrador Sea on 25 May, there
was very inclement weather with westerly winds of 7-8 Bft.

The map of the weather section from 28 to 31 May shows an average depression of 1,005 mk Tn

the area of the Anton Dohrn Bank and near Angmagssalik. |t is surrounded by an anticyclone of

1,030 mb in the middle North Atlantic with a wedge of 1,020 mb to the sea area off West Greenland
and a ridge to the anticyclcne of 1,030 mb over Scandinavia. At fthis Time tThe strongest wind zones
were from Cape Farewell to the area north of the Ocean Weather Station C with northwesterly to
westerly winds. The zone was then directed to lceland with southwesterly winds, as well &s alang
the southeastern coast of Greenland with northeasterly winds and in The Irminger Sea with northerly
winds. From 28 to 30 May the weather situation was especially unfavourable befween Southeast Green-
land and lceland including Cape Farewell because a gale depression moved from the |rminger Sea to

lceland. The gale zone reached from Cape Farewell fo iceland. |[ts southern edge lay neariy in
57°N. On 29 and 30 May Anton Dohrm observed westerly winds of 7-8 Bft with wave heighfs of € m
between the Ocean Weather Station C and Cape Farewell. In contrast to *that, strong to stormy north-

easterly to northerly winds blew on the southeastern ccast of Greenland. From 30 May streng to
stormy southerly to southeasterly wind encroached from the west onto the Labrador Sea and the Davis
Strait and influenced the western coast areas, especially on 31 May. From 21 May to 16 June Baffin
reported very bad weather conditions from West Greenland. Also the Sackville frequentiy met terrible
weather in the Labrador Sea and especially around Cape Farewell.

In the weather section from 1 to ¢ June, there were only few contrasts in fthe average pressure
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in the research area. |n front of West Greenland a weak frough was opposite to an anticyclone of
1,025 mb over the North Atlantic. The zone with very bad weather, which had influenced the coast
area of West Greenland with strong southerly and southeasterly wind on 31 May, moved To Cape Farewel !
and the Irminger Sea on 1 and Z Jure and then dispersed itself. The northeasterly gale, which was
connected with the movement of the zone of bad weather into the |rminger Sea, brought rain and snow
with very poor visibility and much ice, forcing Anton Dohrn to interrupt her research nesr Cape
Farewell. Only on 4 June could observations begin again in the Irminger Sea.

In the weather section from & to § June, low pressure over the centre of the North AfTlanTic was
oppesite to an anticyclone of 1,023 mb in the Norwegian Sea. This brought an average east component
of the alr current. Therefere, the coast effect of South Greenland was completely effectual, so
that the wind between Cape Mésting and Cape Farewel| was furned away in a northeasterly direction
and increased to gale especially on 7 and 8 Jure. Strong easterly winds of 6 Bft also covered the
Labrador Sea on B June west of the Ocean Weather Station A. Anton Dohrm sometimes observed wind of
G Bft on 5 Jure.

In the weather secticn from § to 13 June, the weather situation became very bad in the survey
area., |n the average map high pressure near iceland is coppcsite fo a depression of 990 mb over the
Belle Isle Strait. Even In the averags a very strong easterly air current is found near Scuth
Greenland and over the lLabrador Sea. During The whole weather section a gale depressicn, which
moved slowly from Newfoundland toc the Labrador Sea, predominated. At the south and southeast peri-
phery of that depression, seccndaries were directed to Scuth Greenland. Therefore, during This
period an easterly o northeasterly gale biew around Cape Farewel !, and there was a southeasteriy
gale with short interruptions from Cape Farewell to Cape Thorvaldsen. |In the northern coast area
of West Greenland strong northerly to northeasterly wind blew from 9 to 12 June, whereas over the
Labrador Sea an easterly gale was cbserved from $ to 11 June. Arcund the 10 June Sackville reported
wind speeds of 55 knots and wave heights of 22 ft.

From 14 to 25 June the mean map of the weather section exhibits low pressure south of lceland
with a low trough cver South Greenland fo the Davis Strait., During this pericd the strongest average
winds were northeasterly in the Denmark Strait, and westerly in the area west of the Ocean Weather
Stations | and J. On 14 and 15 June a gale depression, which moved from Cape Farewell to lceland,
brought moderate 1o strong northerty tc northwesterly wind in the Davis Strait and the Labrador Sea.
East of Cape Farewell this depression had caused a northeasterly gale, which succeeded in moving
from Cape Farewell|l cver the Irminger Sea to the Denmark Strait between 14-16 June. Anton Dohrm
crossed the gale area on 14 June in The !rminger Sea with northeasteriy to northeriy wind speeds of
more than 40 knots. On 15 and 16 June east of Cape Farewel|, the research was still handicapped
by northeasterly swell of 4-5 m. Between 55° and 80°N a strong to stormy west wind was on the
southern side of the east-moving gale depression. On 18 June in the area of a depression, which
gquickly moved from Newfoundland fo the Brifish Isles, the wind increased fo more than & Bft between
50° and 55°N. ©On 13 and 20 June to the northeast of the Ocean Weather Station C, Anton Dohrm was
obliged to omit the plankton caftches with the ringtrawl because the sea was too rough. 0On 25 June
a depression, which drifted tThrough fthe Hudson Strait eastwards, caused a scuth to southeast gale
on the western coast of Greenland.

In the weather section from 26 to 30 June, the average pressure situation contains a large
trough over the wesfern Greenland Sea and the lLabrador Sea with the centre of 1,005 mb near Cape
Thorvaldsen and an anticyclione of 1,025 mb directed from the Azcres up to the area south of lceland.
The zone of the strengest air current ran northwards over the Ocean Weather Stations C and A and
t+hen turned to the Denmark Strait. During this period The worst weather was east of Cape Farewell,
in the Irminger Sea, in the sea area west of lIceland, and in the Denmerk Straift.

In the weather section from 1 tc 7 July, the whole eastern survey area was influenced by an
anticyclone, whereas low pressure lay over the east coast of labrador. The southerly air current
between these pressure systems was partly directed fo the Davis Strait and partly fo the Irminger
Sea up to the Denmark Strait. On 1 July in the area of the QOcean Weather Station A, fthere was a
strong scuthwesterly wind, and between Cape Farewell and Cape Thorvaldsen one from south to south-
gast. On 2 July near Cape Farewell, the wind turned to northeast only for some hours. From 2 to
4 July extensive fog fields lay near the eastern and especial ly southeastern coast of Greenland.
From 2 July Explorer reported good weather in the area 55° fo 60°N, 30% to 40°W, whereas it was
foggy near Greenland, Later Explorer changed her research position southward because near Cape
Farewel| the weather was unfavourable. From 5 to 6 July on the west coast of Greenland, the scuth
to southeest air current increased cnce more to 6-8 Bft.
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During the weather section from 7 to 12 July, the average centre of high pressure was situated
in the area of Ocean Weather Station C with a ridge of 1,020 mb directed to Greenland. The strongest
gradient to the low pressure lay on the northeastern side of the ridge in direction to the Norwegian
Sea. Here some depressions moved southeastwards and caused strong winds, sometimes gales, between
west and north in the area befwesn South Greenland and lceland. Because of the weather Ermest Holt
had to interrupt her research on 9 July between Faxa Bay and East Greenland. Ancther change, to
worse weather, took place In the Labrador Sea on 11 July and moved on 12 July to the area between
Ocean Weather Station C and Cape Farewell, where the wind speed Increased to gale force. At fhe
Cape fthe wind was again furned away from southeast fto northeast. At the same time the wind blew at
stoerm force from northwest fo west in the Davis Strait and the Labrador Sea.

In the weather section from 13 to 19 July, the centre of the low pressure had encroached from
the Norwegian Sea fto the North Atlantic near Ocean Weather Station C. This brought an average
northeasterly air current along the coast of East Greentand and over lceland to Ocean Weather Sta-
tion C. This extersion of the average low pressure zone to the southwest was mainly caused by a
gale depressicn, which meoved northward from 13 to 14 July fc the southern side of the research area.
At the same time this depression caused strong and stormy northeaster|y wind between lceland and
South Greenland., Ernest Holt was forced to interrupt her werk again in this area because of the bad
weather. Frplorer reported a northeasteriy gale with very poor working conditions on 13 and 14 July
from the area north of 60°N and between 30° and 40°W. From 15 July research could be carried out
under ncrmal condiTions., AT the same time at fThe coast of West Greenland, there was a short deterior-
ation.

From 20 to 23 July, the weather section brought an average increase in the air current over
the Labrador Sea from the south. This was caused by a depression cver Labrador and an anticyclone
near Cape Thorvaldsen. |In the area of Iceland, along the coast of East Greenland, and in the Irminger
Sea, The norfheasterly component of the air current continued in this pericd. No remarkable handicap
due to the weather was reported. In fthe Labrador Sea and near the west coast of Greenland, the wind
increased from the south to 6-7 Bff, but only for a short time. The same was to be found west of
lceland with winds from north fo northwest.

In the weather section from 24 to 28 July, the whole pressure system drifted eastwerd. Now
the depression off Labrador fay near Scuth Greenland, whereas the anticyclone moved to the sea area
west of lceland., Contrary to the weak pressure gradients in the average map, several days showed a
gale pressure, which moved south of Cape Farewe!l and eastward and brought on 25 and 26 July in the
sea area east of Cape Farewell strong to stermy northeast and later north wind.

From 27 to 31 July the weather section was characterized by a low pressure in the area of Ocean
Weather Statieon A, with a strong northeasterly air current from the Denmark Strait to Cape Farewel |
and a similar strong southwesterly current west of the British Isles. Several gale depressicns,
which went to the ifrminger Sea and to Iceland, caused strong to stormy wind from the south and scuth-
west in these areas, As The wind direciions remained steady, a complete wind sea and high swel |
resulted.
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Ice Conditions in Greenland Waters During January-July 1963

By
Hans H, valeur!

Generally, it can be stated that the extent of the ice in Greenland waters (around Cape
Farewel| and adj]acent areas) was about normal. Normal here is understood to be the 50% probability
of ice during 1919-42 as given by Deutsches Hydrograpisches Institut and based mainly upon the ice-
yearbooks of the Danish Meteorological Institute. This information is based almost entirely upon
ships' observations. [Cue fo the low height of the observer, the ships' observations are often
rather pessimistic in that the cbserver is liable to exaggerate the concentrations of the ice.
Also, in most cases, he will not be able to state whether he is dealing with a continuous jcebell
or just a belt or string separated from the main heit. Therefore, the information given on the
average ice conditions may be regarded as exaggerated, and some caution is recommended when comparing
actual conditions with these average values.

To supplement the text, 15 maps (Charts 15-29; are given for the period 19 March to 2 August.
These maps are primarily based upon air reconnaissances, but informaticn from ships is also included.
I wish to thank the following ships for their contributions: Academician Knipovish, USSR; Anton
Dohrn, Federal Republic of Germany; Sackville, Canada; Baffin, Canada; Dana, Denmark; FErnest
Holt, UK; @G, 0. Sars, Norway; Aegir, Iceland; Topseda, USSR; Thalassa, France. Information has
not yet been received resulting from American ice-reconnaissance flights and the picture may be
changed tc some extent when these are received.

With these reservations the Tce conditions were as fol lows.,

January. The extent of the ice off southern Greeniand was slightly above normal. On 17
January the width of the icebel® off Frins Christians Sund (approximately 60°N) was about 160 km,
i.e. wel| above rormal, but farther northwards the belt narrowed about 30 km near Angmagssalik,
which is below normat.

February. The extent of the ice oft southeastern Greenland was or slightly below normal, while
in Julianeh8b Bay the extent was above normal, though with oniy scattered concentrations.

March. The extent off southeastern Greenland wes below normal. In Julianeh8b Bay the extent
was slightly above normal, but the concentrations were negligible. On the west coast the conditions
were about normal, Disko Bay being entirely covered with fast ice.

April. The occurrences off the east ccast (south of 66°N) were below normal. At Cape Farewsl |
the ice conditions were about normai. [n the northwestern part of Julianeh8b Bay the jce sometimes
exceeded the normal, reaching its highest point from 21 to 25 April. On the west coast the condi-

tions were about normal.

May. Except off Disko, The extent of the ice was at or below normal 1n all areas. The west
ice extended nearer the coast than normal.

June. Both the polar ice (the ice along the east coast and around Cape Farewell|) and the west
ice were beliow normal.

July. From the beginning of The month the jce increased its extent. During the first half of

the month all ice occurrences were more or |less above normal. Later the occurrences decreased
again, the extent of the polar ice being at or slightly belcw normal, while the west ice was above

T Danske Metecrologlske Institut, Charlottenliund, Denmark.
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normal north of 66°N and below normal south of this latitude.

EDITOR'S NOTE

Chart 30 has been added to Mr Valeur's confribution. [t is based on the Monthly lce Charts
(M.0. 759) compiled by the Marine Division, Meteorological Office, Bracknell, England and it shows
+he ice distribution off the Canadian coast in the Labrador Sea and Davis Stralt at the ends of
each of the months April-July 1963.
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NORWESTLANT Surveys: Physical Oceanography

By
Arthur J. Leel

DATA AND METHODS

The serial oceancgraphic data on which this repcrt is based were collected mainly by the research
vessels participating in the NORWESTLANT Surveys. These research vessel data have been published in
Part 111 of the NORWESTLANT Report (Spec. Publ, int. Comm. Nopthw. Atlant. Figh., No. 7, Part ill,
Vol. I-111, 1968). These publications also contain details of the observational and laboratory pro-
cedures employed, the precision of the observations, and a description of the machine-generated data
record as prepared by the Canadian Oceancgraphic Data Centre, Ottawa (COOC). They alsc contain a
report on the intercalibration of the gear and methods used during the surveys and the bathytherme-
graph data collected by The various participating vessels.

In addition to the data coliected by the participating research vessels, oceanographic data
were also collected by ocean weather ships and other vessels which were operating in the NORWESTLANT
erea, or In adjacent regions, but which were not taking part specifically in the surveys. These data
we have designated as being peripheral, and they have been used in preparing this report. They have
been published in Part |1l of the NORWESTLANT Report and as follows:

(1) Report of the Internaticnal !'ce Patrol Service on the North Atlantic Ocean (Season of 1963).
U.S. Treasury Department, Coast Guard Bulletin No. 49, Washington, D.C., 1964,

(Z) Mariner's Weather Log, Vel. 8, No. 3, May 1964, p. 99,

{3) Cahiers Océanographigues, xv 1€ Année, MNo. 2, 157-162, février 1964, Service Hydrographique
de la Marine, Paris.

Seme additional stations were worked by the USSR fishery research vesse! Pobeda oft Labrador
during March-May. They are not considered in this report but are dealf with in the paper by A.l.
Postolaky "On the |ife-cycle pattern of Labrador cod", to be found in the section of the volume deal-
ing with "Cod eggs and larvae". Furthermore, some observetions were made by lcelandic investigators
to the north of lceland In June. These have been reported upon by J6nsdéttir (1965) and have been
considered belcw in the section of this report dealing with NORWESTLANT 2.

The oceanogrephic stations on which this report is based are shown survey by survey in Charfs
31-33. The ships working Them are shown and the stafions have been given the CODC consecutive numbers

used in Spec. Publ. int. Comm. Morthw. Atlant. Fish,, No. 7, Part Ill, Vol. I-11], 1968, The serial
numbers and letters of the various hydrographic sections referred to in this report are also given.
If a sectlon was worked on more than one survey, it has been given a serial number. |f iT was worked

once only, it has been given a lefter.

Each institution participating in the surveys constructed such vertical secticns and horizontal
charts showing the distributions of femperature, salinity, dissolved oxygen, nutrient salts, ete.
as [t could, using the data collected by its own research vessels. These secticns and charts were
drawn in accordance with guide iines laid down at variocus meeTings as described in the I(ntroduction,
and they were then sent To the Fisheries lLaboratory, Lowestoff, England where the final set of
figures was drawn under the leadership of Mr A, R. Folkard.

To obfain the distributions of geostrophic velocity at the sea surface and of the geostrophic
mass transport between that surface and 1,000-m depth, charts showing tThe geopotential fopography of

T Fisheries laboratory, lLowestoft, Suffolk, England.

ICNAF SPEC, PUBL., NO. 7.
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the sea surface and of the distribution of the potential energy anomaly at the sea surface have been
constructed, using the machine-generated data. The pressure surface at 1,000 m has been taken as
the reference surface, so that the geostrophic velocities and mass transperts are relative to that
level. In areas where the depth is less than 1,000 m, the method of Helland-Hansen (1834) has been
used to obtain the geopoctential topecgraphy of the sea surface.

GENERAL CIRCULATION

The main features of the surface circulation in the Irminger Sea have been described by Hermarn
and Thomsen (1946) and those of the Labrador Sea and Davis Strait by Smith, Soule, and Mosby (1937).
The northern majcr branch of the North Atflantic Current flows eastwards from the Grand Banks of
Mewfoundland between 49° and 52°N lat. At 23° tc 27°W long, in the region of the Mid-Atlantic Ridge,
some of this current furns towards the north and as the Irminger Current It flows along the coast of
Iceland. Part of the Irminger Current Turns eastwards along the north coast of Iceland. The remain-
der turns west and then south in the Denmark Strait and flows along the edge of the East Greenland
Shelt parallel to the cold East Greenland Current, which is of Polar origin and which occupies much
of the shelf area. Befween the north-going current over the Reykjanes (Mid-Atiantic) Ridge and the
south-going current along the East Greenjand coast is an area cccupied by two cyclonic eddies. The
East Greenland Current and the western branch of the Irminger Current, round Cape Farewel!, flow
along the west coast of Greenland as the West Greenland Current. This eventually divides, part
going over the Davis Strait Ridge into Baffin Bay and part flowing westwards, south of the Davis
Strait Ridge, and joining the Arctic weter flowing out of Baffin Bay and Budson Strait to preduce
the Labrador Current which flows south to the Grand Banks of Newfoundland, Part of the southerly
flow east of Labrador eventually furns in a generazl northeasterly direction and flows along the
northwestern borders of the North Atlantic Current.

WATER MASSES

The water masses in the Irminger Sea have been classified by Dietrich (1957) as foflows:

Northeast Atlantic Water ..... 9.5°C, 35.3%%°/uo;
Irminger Sea Water ........... 4,0°C, 34.90%/c0;
East Breenland Water ........ -1.8°C,<34.50% v5.

The Northeast Atlantic Water is suppiied by the North Atlantic Current and eventually becomes the
Atlantic Water of the Irminger Current. The East Greenfand Water originates in the North Polar

Basin and 1s supplisd by the East Greenland Current. The Irminger Sea Water Is fhe product of winter
vertical convection in the |rminger Sea. Dietrich alsc lists a fourth type, Arctic Bottom Water,
with the values -0.6°C, 34.90°/co. This water fills the bottom ot the basin of the Norwegian Sea

and overflows the lceland~Greenland Ridge into the Irminger Sea.

The water masses of the Wast Greenland Current in the Davis Strait are derived from the Morth-
east Atlantic Water and the East Greenland Water. Smith, et al. (1937) regard the water of the
branch of the West Greenland Current, which turns westwards in the Davis Strait, as having the
values 3.5°C, 34.98%/50. On the Canadian coast they find:

Canadian Arctic Water ........ -1.75°C, 33.20%40.
This water fiows out of Baffin Bay and the Hudson Strait. The curve on a T-5 diagram joining the

points 3.5°C, 34.98%/ .0 and -1.75°C, 33.20% .0 is indicative of the Labrador Current. Thay also
idantify three other water masses in the labrador Sea:

Intermediate Water ............ 3.2°C, 34.88%/c0;
DeBp Water ...vvveeucrrarnnanes 2.2°% 1o 2.9°C, 34.94-34.98%/00;
Bottom Water ....vivevieinensns . 1.3° to 2.2°C, 34.91%50.

The Intermediate Water occupies the central parts of the labrador Sea below 500 m and above the
Deep Water at about 2,000-m depth. {1 is said tc be the product of the mixing in winter of the
Deep Water with a fresher component contributed by the Labrador Current, the East Greenland Current
and fresh wafter from melting ice, land drainage, and precipitation. The Deep Water occurs below
2,000 m and above the Bottom Water and is regarded as a mixture of Bottom Water and North Atiantic
Water from the Irminger Sea which has progressively sunk as it has circulated cyclonically arcund
the Labrador Basin. The Bottom Water is thought to be formed Intermittently by winter ceooling and
consequent vertical convection of the surface, Intermediate, and Deep Waters in the norfhern part
of the Labrador Basin about midway between Greenland and Labrador.
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More recently Lee and Ellett {1965, 1967), on the basis of data collected during the Inter-
national Geophysical Year, have shown that the Intermediate Water is equivalent fo the Labrador Sea
Water of Worthington and Metcalf (1%61) and that it occurs throughout the Labrador Basin and the
Irminger Sea. In the northern part of the latter it is somewhat modified and has a higher salinlty.
There is no evidence for the existence of Dietrich's |rminger Sea Water and the modified Labrador
Sea Water takes its place. The Deep Water is really Northeast Atlantic Deep Water, which originates
as the overflow of the Scotland-lceland Ridge by the Norwegian Sea Deep Water of Mosby (1959), par-
ticularly through the Faroe Bank Channel. This deep water crosses the Reykjanes Ridge and fills the
Irminger Sea and Labrador Sea between 1,500- and 2,500-m depth. |t lies under the Labrador Sea
Water and above the Northwest Atlantic Botfom Water. The latter is equivalent tc the Bottom Water
of Smith, et al. (1937) and is the product of the overflow of the iceland-Greenland Ridge by cold
water whose precise origin is as yet unknown.
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Cross-section of the Labrador and Irminger Seas showing the approximate regions occupied
by water masses A-D menticned in the text. The section is based on Baffim Section 10
NORWESTLANT 2 and Explorer Section 5 NORWESTLANT 3.

Fig. 4.
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The arrangement of the water masses In the deeper parts of the Irminger and Labrador Seas is

shown schematically in Fig. 4. There are four main masses:

A Al{Nor‘rheas‘r Atlantic Water ,............ 9.5°C, 35.35%/40,

Ayllrminger Atiantic Water .............. 4.0° fo £.0°C, 34.995-35.10%¢0;
B Labrador Sea Water ................... 3.4°C potential temperature, 34.89%/4,;
C Northeast Atlantic Deep Water ........ 3.0°C potential temperature, 34.95%/.0;
D) Northwest Atlantic Bottom Water ...... 0.8° to 1.5°C, 34.91%q.

To these we can add for the shallower reglons:

E East Greenland Water ....cveivvanenn.. -1.8°C, <34.5%¢0;
F Canadian Arctic WaTer ....e.oviveennnn. -1.75°C, 33.2%40;
G Denmark Strait Overflow Water ........ 0.5% to -0.5°C, 34.8-34,9%/4,.

These seven water masses are shown as @ temperature-salinity diagram in Fig. 5. Type G is the water
found near the bottom and overflowing the |celand-Greenland Ridge. [t has rather variable charac-

teristics and we have tried here to show their range. The Labrador Sea Water, Type B, becomes

modified To the extent of having a salinity of 34.94°/5, in the northern |rminger Sea. In Fig. 4

we have shown it extending nearly to the surface and have not given it & definite upper limit.

This

is meant to indicate fthat the low salinity water of the surface layers found in the Labrador and
Irminger Seas in summer becomes Labrador Sea Water in winter, when the surface layers are mixed by

convectional overturn due 1o cooling.
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Temperature-salinity relationships of The main water masses In the Irminger and Labrador
teas. Ap — Northeast Atlantic water; As; — Irminger Atlantic water; B — labrador Sea
water; C — Norfheast Atlantic deep water; [ -— Northwest Atlantic bottom water; E —
East Greenland water; F — Canadian Arctic water; G — Denmark Strait overflow water.
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NORWESTLANT 1

This survey was carried out from 31 March to 9 May and the staticns occupied are shown in
Chert 31. The charts and sections showing the heorizontal and vertical distributions of temperature
and sallnity form Charts 38-67.

General Circulation

Charts 34 and 35 show the dynamic topography of fhe sea surface and the mass transport respect-
ively; both are based on the reference level being Taken as the pressure surface at 1,000-m depth,
The general circulaticen described earlier is ciearly apparent. |t can be seen that the speed ot the
North Atlantic Current does not exceed 6 cm/sec, but that those of the East and West Greenland
Currents reach 15 and 20 cm/sec respectively, while that of the Labreder Current reaches 15 cm/sec.
in the central part of the survey area the topography is flat and the current speed nearly zero.

A featfure of Charts 34 and 35 is the complicated current pattern in the Denmark Strait. Here there
seems 1o be two areas of northeast-going current, separated from each other by a southwest-going
current and flanked on the west by the East Greenland Current and on the east by a current flowing
south along the edge of the lcetandic Shelf. Another compliceted current pattern ingicating eddy
motion is found to the west of Cape Farewell.

GEK observations were made in the |rminger Sea by RY's Ernest Helt and Thalassa. These are
shown in Chart 36, but whereas in the case of Thalassa's observations the electrode signal was mea-
sured at particular points on each of two courses at right angles to each other, Ernest Holt's mea-
surements were made on single courses only as the ship proceeded along Sections 4-6. The results
of the Ermest Holt observations are therefore shown as arrows which represent the current component
norma| to the ship's track cn these sections. The Thalassa measurements are shown as arrows which
give the direction cf flow relative to geographic cecordinates at each of the observation points. To
convert The electrode signals info knots, a K factor of 2.6 has been used over the East Greenland
Shelf area. This was derived from two comparisons between electrode signal and ship's drift made
by Ernest Holt in April 1962 and during NORWESTLANT 3 respectively. In the deep sea away from the
Shelf, a K factor of 1.1 has been used, fcllowing von Arx (1962). The magnetcgrams of the Royal
Greenwich Observatory, Herstmonceux Castle, Hailsham, England for the periods of NORWESTLANT 1-3
have heen examined To ensure thal disfurbances in the earth’s magnetic field did not invalidate any
of the GEX records.

The GEK observations made by Ermest Holt are broadly in agreement with the dynamic topography,
except over The easfern half of Sectfon 5. This section was worked after at least 24 hr of strong
west-northwest winds and These may have been responsible for much of the increased southwest-going
flow found over most of this section as compared with the cther two sections, which were worked
after spells of northeast-east winds. The observations made by Thalassa also agree on the whele with
the dynamic topegraphy, alvhough some notable excepticns do occur. They do show the existence of
cyclonic eddy to the scuthwest of Iceland and suggest that there is a south-going current fo the
west of the lceland Shelf. They also indicete a flow away from the East Greenland Shelf between 64°
and 65°N lat, but a movement on fo the Shelf further scuth. The flow away from the Shelf was found
at a time when the wind was causing a rapid easterly movement of the ice edge. The GEK observations
Tndicate speeds of flow of up te 100 cm/sec on the tast Greenland Sheif and of up to 60 cm/sec in
the deep Irminger Sea. The dynamic topography gives much slower rates of flow, 6 cm/sec at the most

in the Irminger Sea.

To get scme idea of The current speeds to be expected on the East Greenland Shelt, two parachute
drogues were tracked over a period of 13 3/4 hr in the Fylkir Bank area from Ermest Holt. The fracks
of the drogues were defermined by radar fixes on the East Greenland coast. The two drogues were at
a depth of 29 m and they were released at 0930 hr GMT on 29 April in position 62°34'N, 40°36.5'W
where the bottom depth was 210 m. With the exception of the period 1500-1800 hr, the two drogues
moved steadily to the southwest. The average drift over the whole pericd was 46 cm/sec (0.9 knots)
towards 217 °{true), a speed which is in agreement with The GEK results.

A total of 584 drift bottles were released from both Ernest Folt and Thalassa, and to date
23 bottles have been recovered. The positions af which botties were |iberated and recovered are
chown in Chart 37. The tracks of the recoveries are in agreement with The dynamic topography in
+hat bottles |iberated near East Greenland (PosiTions G and H) travelled southwards, rounded Cape
Farewel | and were recovered in Disko Bay, and that bottles |iberated further to the east in the
Irminger Sea (Positions A, B, and D) travelled north-eastwards and were reccvered in lceland, Of
the bot+tles recovered in Diskc Bay, taking the one recovered after the shortest time cut, we cbtain
2 speed of drift of 5.0 nautical miles/day (10 cm/sec) from East Greenland, assuming that it followed
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the shortest possible route and that it was found as soon as It stranded. Of the botties recovered

in lcefand, proceeding in the same way, we obtain a speed of drift of 2.8 nautical miles/day (6 cm/sec)
from a position southeast of Cape Farewell. These speeds agree with those obfained from the dynamic
topography.

Some of the boftles released on this survey fravelied very long distances. The release positions
off East Greenland (G and H) giving recoveries in Disko Bay also produced a recovery in the British
Isles after 669 days. The positions to the east and southeast of Cape Farewell (A-F) producing
returns from lceland also gave recoveries in MNewfoundland after about BOD days, and from the British
Isies and Norway after abeut 600-800 days. Positions to the west and southwest of lceland (K, L,
and 0J produced two returns from Norway after about | year and others after 550-700 days. The
returns from Europe after about a year probably followed a more or less direct route. All those
that were recovered after 550-800 days probably trave|led at first in an anticlockwise direction
around the Irminger and Labrador Seas and then joined the North Atlantic Drift to proceed eastwards
To Europe. The two bottles found at Newfoundland after about 800 days may have spent some time |locked
in The Tce of Baffin Bay.

North Atlantic Current

This current occupied the eastern and southern parts of the area of the Survey, |ts femperature
was generally above &°C at the sea surface and above 5°C at 200 m, and in the area to the south of
Iceland temperatures were the highest In all the NORWESTLANT area, above 9°C at the surface and
above 7.3°C at 200 m, The warmest water of the current can be seen at the southeastern ends of
Sections 2 and 3, that is over the summit of the Reykjanes Ridge and to the east of it, where temp-
eratures above 7°C extend down to 850-m depth., HWater with temperatures above 6°C was found over a
wide area tc The west of the Ridge, down to 500 m an Section 2 and to 300 m on Section 3. The warm
water of the current can also be seen at the southeastern ends of Sections 4-6 and at the scuthern
end of Section 7. |In the latter region the surface temperature was above 7°C and water above 4°C
cccurred down to 500 m.

The maximum salinity of the North Atlantic Current was found in the region south of lceland,
with values nigher than 35.2°/c0 at the surface and above 35.15%/40 at 200 m. AT the southeastern
ends of Sections 2 and 3, salinites higher than 35.15%/45 occur down to 650 m, and to the west of
The Reykjanes Ridge, salinities higher than 35.05°/,0 are found down to 500 m over a large part of
Section 2, while on Section 3, a considerable area has salinity values above 35.00%co down to 300 m.
This area, particularly in the neighbourhood of Section 2, was the region where the purest form of
Northeast Atlantic water was entering the NORWESTLANT area. To the south of iT, salinity values
declined: in the upper 200 m they were between 34.7 and 35.0°/s0 and in the region between the
southeastern end of Section 6 and the southern end of Section 7 they were below 34.9%/,. down to
300~ to 450-m depth.

Irminger Current

Along the west coast of lceland temperatures were above 6°C close to the coast and at the edge
of the Shelf, but below 6°C on the Shelf itself, as can be seen from Section 1. The highest salinij-
ties, above 33.1°/00, were along the edge of the Shelf. In this region, part of the Irminger Current
turns westwards and then southwards fo flow along the edge of the East Greenland Shelf. The charts
of the horizontal distributions between the surface and 200 m show this furning. From the surface
to The 200-m depth the current was warmer than 5°C and more saline than 35.0% .o to as far as Cape
Farewel|. On Sections -7 it can be clearly seen just off the East Greenland Shelf, with the ftemp-
erature and salinity of its core decreasing as it progressed southwards. On Section 2 the core is
warmer than 6°C and more saline than 35.05%/4, down to 400 m but on Section 3 the 6°C Isotherm
occcurs at 275 m. By Section 4 there is no 6°C water, but water warmer than 5°C and more saline than
35.0° oo extends down to 400 m; by Section 5 the 5°C isotherm is at 300 m, and by Secticn 7 there
s no 5°C water, |n the region of Sections 4 and 5 the current widened and split inte two branches
with a cooler area betwsen them some 50 nautical miles from the Continental Slope. This division
does not appear on Section &.

On Sections 1-3 a branch of the lrminger Current can be seen over the Fast Greenland Shelf. |+
Is To some extent averlain by the East Greenland Current. The existence of this branch has already
been noted by Krauss (1958).
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East Greenland Current

The charts of the horizontal distributions show this cold current flowing southwards on the
East Greenland Shelf to *he westward of the Irminger Current. At the surface it was colder than
-1°C and less saline than 33.2%/... On Section 1 the cold water of +he current is only 50-m thick
and it overlies warmer water of Atlantic origin., The thickness of this cold layer increased as the
current proceeded southwards and by Section 3 it has doubled. The EFast Greenland Current was not
sampled on Sections 4 and 5 but on Secticn & it is still 100-m +hick and overlies warmer water on
the bottom in 200-m depth. By Section 7, however, it is much thicker and the water column at the
odge of the Shelf was now almost homogeneous to the bottom In 200-m depth.

West Greenland Current

The Irminger Atlantic comporent of this current+had a temperature higher than 4.5°C and a
salinity above 34.95%/c0 to as far north as 50°N |at at the surface. A+ 200-m depth the component
was somewhat more pronounced. In the vicinity of Cape Farewell it appeared to divide into fwo
branches, one following the Continental Slope and the other moving first west and then northwest,
eventually to flow parallel to the first branch but separated from it by colder and less saline
water. This division is clearly shown in Sections 8 and 9 and the last vestiges of it appear in
Section 10. These sections alsc show how the warmer, saltier water became confined to the subsurface
levels as it proceeded northwards in the Davis Stralt. On Section 8 water warmer than 4,5°C extends
from the surface to 500 m, but on Section 9 there is only a very [ittlie 4°C water at the surface,
yet two marked cores of 4.5°C water at 200-300 m. On Sections 10-12 the upper 4°C isotherm 1s found
at progressiveiy greater depths, from 100 m on Section 10 to 275 m on Section 12. Similariy, the
34,9%/45 ischaline is found at progressively greater depths. Furthermcre, the lower !imit of the
warmer water got deeper as if went northwards and, on Sectian 17, 4°C water is found as deep as
1,400 m.  This, presumably, was due to an increase in vertical convectional overturn as the water
moved Into the colder northern part of the Labrador Sea.

The East Greenland component of the West Greenland Current was found at the surface along the
whole of the West Greenland coast as water with a temperature below 0°C and a salinity below 33.5%44.
At 200-m depth it was found as water cocler than 29C and less salty than 34.2%.,. Sections 8-17
all show it as giving rise to some stratification of the vertical water column over and to the west
of the West Greenland Sheif area, the degree of layering being more pronounced than on Section 7 in
the region of Cape Farewel|.

Part of the West Greenland Current furned westwards in the Labrador Sea and then southward to
flow parallel to the Labrador Current. The charts of the horizontal distributicns of temperature
and salinity down to 200 m show this flow as tongues of water warmer +than 3.5°C immediately eastward
of the cold Labrador Current. This water is also clearly shown in Sections 5 and 10, its extent
dwindliing as it proceeded southwards between the two secticns.

Labrador Current

The charts of the horizontal distributions show this as water colder than -1°C cn the western

side of the Davis Strait. In the north it reached well over to the Greenland side of the Strait and
on Section 12 it appears zs water colder than -1.5°C and less saline than 33.6% 6. at the western
end. This cold, low salinity weter also appears at the western ends of Sections 10 and 11 but with

ITs temperature and salinity now somewhat higher. Further south, off Labrador, the current is stil
shown by water colder than -1°C at depths down to 200 m on the horizontal distribuiicn charts, and
IT s fo be seen at the western ends of Sections 8 and 3, fo some extent overlying warmer water
afong the Continental Slope.

Central Parts of the Irminger and Labradar Seas

Sections Z-6 show the deeper parts of The Irminger Sea to have consisted very largely of water
with a temperature of 3.5° to 4°C and a salinity Tn the region of 34.9%%°/.o. The temperature dis-
frivutions along these sections show this water to have formed a thermal dome, and this Ts also
apparent con Secticn 7 and on the horizontal distribution charts, parficularly that for temperature
at 200 m. The salinity distributions were more complicated, and only on Section 4 jo a similar dome

apparent. 0On Sections & and 7 the situation is confused by The presence of fow salinity water, below
34.75°/6o In places, from the surface down to 400 m. This water extended northeastwards to Sect|on 5,
and it Is also seen in Section 8 in the Labrador 5ea where it lies above The Labrador Sea water, which

has a salinity between 34.85 and 34,90% ., and 2 temperature between 3.0° and 3.5°C and which occupies
¥ P P
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most of the central region and the area south of Cape Farewell down to about 1,%00~m depth., The
low salinity water in fthe upper layers is not present, however, further north on Section . Its
origin would seem fto |ie in the Labrador Current and the heavy precipitation over the labrador Sea.

Section | ren along the lceland-Greenland Ridge: at the bottom of the channel which breaks
through the Ridge, overflow water with a temperature below 7°C and a salinity beiow 34.9%/co was
found below 600-m depth. The course of this overflow along the East Greenland Continental Slope as
i+ descends to form the bottom water in the irminger Sea and the Labrador Sea can be ssen on
Sections 2-4 where [+ appears as water below 3°C at depths greater than 1,600 m. |ts presence as
bottom water in the Davis Strait can be seen in Sections 9 and 10 where water colder than 2.5°C
occurs &t 3,000-m depth. Over all +he survey area the water above the bottom waTer and below The
Labrador Sea water had a component of lceland-Scotland overflow origin, Z.e., of Northeast Aflantic
Deep Water.

Stability

In Chart 48 the difference in sigma-t value befween O and S0 m is shown: +this is a measure of
the stability of The surface layers. There was iittle stability over the area as a whole, except
in the northern half of the Labrador Sea and off the cocasts of Greenland and Labrador. In the
northern Labrador Sea and Davis Strait, the stability was brought about by & surface layer of low
salinity water; off Greenland and Labrador i1 was due to cold, low salinity currents tending to
override warmer, high salinity wafer. A conslderation of the difference in sigma-1 value befween
G and 200 m, not charted here, shows That a homogensous or unstabie water column could be found in
a band just off the Continental Shelf strefching along The East Greenland coast and around Cape
Fareweli. |t could also be found in the centre of The southern part of the Labrador Sea.

NORWESTLANT 2

This survey was carried ouT from 1 May +o 18 June and the staTions occupied are shown in Chart 32Z.
the charts and sections showing the norizontai and vertical disfributlons of temperature and salinity
torm Charts 70-116. Those showing the distribution of femperature at 20-, 50-, and 100-m depth have
been extended around The north of lceland to take in the observations of Jénsdéttir (1965) made from
12 to 19 June.

General Circulation

Charts 68 and 69 show the dynamic fopography of The sea surface and the mass ftransport respect-
ively. As was fThe case for NORWICSTLANT 1, the general circulation described ear!ier can be seen, and
the complicated circulatory paftern in the Denmark Strait 1s once more apparent, particularly the
south-going flow along the lceland Shelf. Now, however, additional eddies are found along fhe East
Greenland She!f. Further, two prominent sddies are clearly to be seen in The Nerth Aflantic Current;
the most westeriy of these is consistent with The northern one in the two gyre system described by
worthingten (1962). Current speeds in parts of the North Atiantic and lrminger Currents reach
70 cm/sec, as do those of the East Greenjand and Labrador Currents. The West Greenjand Current has
speeds In excess of fhis in places.

North Atlantic Current

This current again had a temperature gererally zbove 6°C down To 200 m on this survey. The
maximal temperafures from the surface down to 200 m were above 10°C; these occurred in the extreme
souih at the southern end of Section 7. Immediately to the north of this region, lower temperatures
occurred but further north again, to the south of lceland, warmer water was entering the NORWESTLANT
area. Tnis can be seen at the eastern end of Section F where water warmer than 7°C cccurs down 1o
650 m as on NORWESTLANT 1. As one proceeds southwards from Section F to Section 6, cne can see the
axtent of the 7°C water diminishing. Conditions af the southeastern ends of Sections 4, €, and 7
shaw liTtle difference from those on The correspending sections for NORWESTLANT 1, but on Section 5
the warmer wafer seems To exfend further west during NORWESTLANT 2.

The North Atlantic Current down o 200-m depth had a calinity greater than 35.0%/00 in the
extreme south and east only. In the southeastern part of the survey area salinities below 34.9%/¢0
accurred. This water of lower salinify is found at depths down to 500 m over mosT of the scuthern
end of Section 7 and The southeasTern end of Section 6, and at depths down To 200 m at the scuth-
eastern end of Section 5. ©On Sections F and 4, however, salinity values above 35%/00 are found In
the southeas+ down to 1,000 m. The core of maximal salinify on Sectlions F and 4-b is always located
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at 400-600 m. Thus, as on NORWESTLANT 1, the purest form of Northeast Atlantic water was entering
the survey area o the south of lceiand, There are no significant differences between the salinity
distributions along the parts of Secticns 4-7 furthest from Greenland and the corresponding sections
for NORWESTLANT 1.

Irminger Current

In drawing the charts shewing the horizontal distributions of temperature and salinity along
the west coast of Iceland, a certafn amount of difficulty has been met owing to the fact that
Secticn B was worked first on 15 and 16 May and again on 30 and 31 May. Comparison of these two
sections shows a major difference in the area otf fthe lceland Shelf. Here a wave in the isotherms,
possibly caused by an eddy, was found when the section was first worked but not when it was repeated.
A sacond wave in the regicn of the Continental Siope on the second working does not appear on the
first, but this may have been caused by the different spacings of the sTations. Again, the surface
layers appeared to have warmed up between the two workings of the section. As the first working was
closer in time to that of the cther sections in this area, and as some of the salinity observations
made on the second working have been found to be in error and have had to be omitted, the observa-
tions made on the tirst working have been preferred as far as the preparation of the horizontal
charts is concerned.

Immediate!ly to the south of the Reykjanes Peninsula, in the southwest carner of lceland, water
warmer than 7.5°C was found down to 100-m depth, On Section A +he 7°C isotherm is at about 750-m
depth and the 5°C [sotherm at 225 m. Along the west coast of lceland, temperatures above 5°C
occurred over most of the Shelf area off Faxa Bay, but further north, water colder than 5°C was
tound on the Shelf; no marked stratification was apparent. Sections B and C show that there was a
tendency for temperafures fo decrease towards the edge of the Shelf and then to increase again in
the warm current off the Shelf. Here the depth to which 6°C water was found seemed %o increase at
first as one went northwards but then tc decrease rapidly; it is found down to 750 m on Section B,
900 m on Section C, 800 m on Section D, and 400 m on Section 1. The reason for the decrease in the
thickness of the warm current between Sections A and B iz not clear; it was even more marked when
Section B was worked for the second time. Furthermore, water warmer than 7°C was not found at the
surface on this section when it was first examined, btut it was found on the sections further north
and when Section B was reoccupied. The sections worked on NORWESTLANT 2 in this area are not easily
comparable with fthe observations made on the previous survey, but they do seem fo show a slight
increase in the temperature of the core of the warm current in the surface layers and also over the
Shelf generally.

To the south of the Reykjanes Ridge, the warm current had a salinity greater than 35.2%/.4
down to 650 m. Off the Shelf along the west coast of Iceland the salinity in its core was higher
than 35.1%/c0, but the coaler water found along the edge of the Shelf con Sections B and C gave rise
to a stightly reduced salinity there. Eastwards, on the Shelf itself, the salinity values increased
again, but in the area very close to the coast much lower values, below 34.95%/,,, were found.

In the Denmark Strait that part of the Irminger Current which flows southwards cff East Greenland
had a temperature above 7°C at the surface and above 6.5°C at 200-m depth. By the time it had
reached Cape Farewe!l, ifs temperature had fallen to 5°C at all levels from the surface to 200 m,
but at 20 m and 50 m this 5°C water appeared as a patch to the south of Cape Farewel| detached from
the main area of 5°C water situated further north. Likewise, the salinity of the current at 0-200 m
decreased, from over 35.1%/,, fo between 34.9%/., and 34.95°/0,, as it proceeded southwards.
Secticns 3-7 and F show this progressive decrease in salinity and temperature. On Section 3 the
6°C water reaches to 250 m and 5°C water to 500 m, but on both Sections 4 and 5, the 6°C isotherm
is at 50 m and the 5°C isotherm is at 400 and 325 m respectively. On Section F there is no £°C
water and the 5°C isotherm is at 50 m, but on this section the stations were widely spaced near the
Continental Slope, and so the 5°C water may not have been properly sampled. On Section 6 the 5°C
appears as a core at 75~ fo 200-m depth and on Section 7, it extends from the surface to 250 m.
Similarly, water with a salinity above 35.0°/ca reaches to 550-m depth on Section 3, is reduced to
a core at 125-275 m on Section 5, and is not observed on the sections further south.

Over the theff area, on Sections 3 and E, the branch of the Irminger Current observed on the
previous survey can be seen as a core of warm high saiinity water at about 150-m depth. It is
separated by cooler, less saline water from the maln part of the Irminger Current which is to the
east of the shelf.

Temperature conditions in the northern part of the Irminger Current during NORWESTLANT 2 were
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different from those found during NORWESTLANT 1. The isotherms on Section 3 are all about 200 m
deeper than those on the corresponding section for the earlier survey. Further south, however,
there had been some warming of the surface layers between the two surveys, but otherwise, there is
|i+tle difference between the sections for the two surveys, except near Cape Farewell. Here the
core of the current at all depths from the surface to 200 m was located some 50 nautical miles
further south on NORWESTLANT 2 than on NORWESTLANT 1. The displacement is shown by the vertical

and horizontal salinity distributions as well as by the femperafure distributions.
East Greenland Current

This current appears on the horizontal charts for 0 and 20 m with a minimal temperature below
—1°C and a minimal salinity below 33,0°/qc in the Denmark Strait and off Southeast Greenland. It
is also apparent on the other charfs down fo 200 m. |1 can be seen as cold, low salinity water at
+he northwestern ends of Sections 1-7 and F, its extent varying from secticn to section. This
water is least apparent on Section 4, but on Section 6 it is particularly noticeable befween the
surface and 50-m depth and it overlies the core of the Irminger Current, suggesting an offshcre
movement of part of the current in the area fo tThe south of Cape Farewell.

West Greenland Current

The Irminger Atlantic component of this current had a temperature higher than 4°C from the
surface down to 50-m depth to as far north as 61°N lat. At 100 and 200 m the 4°C isotherm was found
much further north, at 62°30'N and 64°N lat respectively. Similarly, the 4,5°C isotherm at 0-50=-m
depth did not extend far beyond Cape Farewell, but at 100 m it reached to B61°N iat and at 200 m to
67°%0'N lat. The salinity distributions had the same pattern. There was much more water with a
salinity above 34.9%°/qo at 100~ and 200-m depth aicng the west coast of Greenland than at 0-30 m.
Thus, as on the previous survey This component was iess pronounced in the surface layers. There is
no evidence on this cccasion, however, of its splitting into Two branches in the vicinity of Cape
Farewe||. This may, fo some extent, be an arfefact because fhe section running southwestwards from
Cape Farewel| was not sampled on this survey, but nevertheless, there is no sign of a split cn
Section § such as there was on tThe correspending section on the previous survey.

The !rminger Atlantic component can easily be fo) lowed along the west coast of Greenland from
section to section by considering the water warmer Than 4.5°C, This is found at 100-200 m on
Section 9, but on Section 10, it occupies a greater area and is found at 100-400 m. On Secticn K
it is at 300-550 m, and on the two workings of Section 11, it is at 400-500 m on one occasion, and
at 675 m on the Continental Slope on the other. There is nothing incompatibie between the two
versions of Section 11, 1f one bears in mind the differences in the station spacings. On Sections 12
and 13, the 4.5°C water is at 500-m depth. None occurs on Section 14, but water warmer than 2°C
can be seen against the Continental Slcpe on +his section and Section 15, A consideration cof the
distribution of water saltier than 34.95%/c0 shaws a similar trend. This water is not present on
Section 9 but It Ts observed on Sections 10-13, 1ts amount decreasing northwards. Thus, the
Irminger Afiantic component, as on NORWESTLANT 1, was confined to the subsurface layers in the
Labrador Ses. Compariscn with the corresponding sections on NORWESTLANT 1 aiso shows that [n the
region of Secticn 8, There was less water of temperature greater than 4,5°C on this occasion.
Further north, however, fo as far as the region of Section 13, fhe temperature of the component was
a little higher than on the previous survey. The salinity distributions show the same trends between
the two surveys as the temperature distributions, there being a decrease in salinify in the southern
part of the Labrador Sea and an increase further nerth.

The East Greenland component of the current was found as water with a temperature below 0°C,
from the surface +o 50 m extending along the West Greenland coast 1o as far north as Sectien 10. |t
then became gradually warmer, so thaT by The time Secticn 11 was reached, no water of less than 1°C
was observed, The salinity of the component showed the same trend. Water less saline fthan 33.5%/cs
was present fo as far north as the region of Secticn 11 but not beyond, alfhough there is some diff~
fculty in interpreting the salinity data, since those from Dama gave lower values in the East Green-
jand component than those from Bajfin. At greater depths, 100-200 m, +he influence of the component
was still apparent, the femperatures being 1° 1o 3°C and the sallnities 33.5-34.5%/¢a. The temp-
erature of the component fo as far as the vicinity of Section 10 was similar to that ¢n the previous
survey, but further north, it was now higher by about 1°C. There seems to have been |(ttile differ-
ence in salinity between The two surveys.

The harizontal distributions for 0-30 m show the general movement westwards across the Labrador
Sea of part of the West Greenland Current. Those for 100 and 200 m show & more prenounced turning
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of part of the current in the region of 62°N, Sections 9 and 10 clearly show this effect, with water
above 4°C and a salinity greater than 34.3%/.: present to the east of the Labrador Current. This
water was 0.5°C higher in temperature than that of the corresponding water encountered on the previous
survey.

Labrador Current

The charts of the horizontal distributions from the surface to 100 m show this as water with
a temperature below -1°C and less sallne than 33,5°/.. cn the western side of the Davis Strait. At
200 m it appears as weter colder than 0°C and less saline than 34.0%/ss. AT 0-50 m the current is
coldest in the north off Baffin Island where it emerges from Baffin Bay; here it is colder than
-1.5°C to as far south as Cape Chidley. From this point its temperature increases but its salinity
decreases, indicating some medification by an outflow from Hudson Strait.

The current can be seen as cold, low salinity water at the western ends of all the sections
worked in the Davis Strait, reaching well over to the Greenland side of the Strait on Sections 12-15,
On Sections 10 and 11 it extends well to the eastward too. |t can also be seen at the western ends
of Sections G-J, but as it progressed south its surface layers became warmer; on the two most
southerly sections its cold core is situated at 75- to 100-m depth. |Its low salinity made its
influence fel!t far to the eastward, particularly on Sections G and J, and the horizontal charts of
salinity distribution show that this influence extended to the region south of Cape Farewel! and
was the cause of the low saiinity values there, which were discussed above in the section on the
North Atlantic Current during NORWESTLANT 2.

Central Parts of the Irminger and Labrador Seas

As on the previous survey the deeper parts of the Irminger Sea consisted largely of water with
a tempereture of 3.5° to 4°C. The temperature distributions along Sections F, 4-7, and J show a
thermal dome, as does that along Section 9 in the Labrader Sea. This dome is apparent from the
horizontal distributions as well, and on all fthe sections, the surface layers above it show signs
of warming since the previous survey.

On Sections G and J water with a salinity below 34,5%°/5. can be seen extending down to 1,400-m
depth. This is Labrador Sea Water and it is also readily apparent on Section 7 to the south of Cape
Farewell and on Section 9 in the Labrador Sea. |Ifs influence was alsc feit on Section 10 further
north in that sea and cn Sections 5, &, and F in the |Irminger Sea.

Evidence of cold water with a temperature belcw 0.5°C overflowing the lceland-Greenland Ridge
can be seen on Section |, and its southward extension along the Continental Slope off Fast Greenland
in Secticns D, 2, and 3. This overflow did not consist entirely of Norwegian Sea Deep Water, because
on Section T a large part of it has a salinity below 34.9°/sc. This indicates that entrained into
the overflow of Norwegian Sea Deep Water on this occasion was either a water formed by the mixing
of Northeast Atlantic Water and East Greenland Water in the region of the Continental Slope or Arctic
Intermediate Water as defined by Helland, e# al. (1909}, This entrainment effect can also be seen
on Section D, but it is particularly well illustrated on Section 2, The sections further south in
the Irminger Sea were not sampled to a depth great encugh to allow the overflow water to be followed
beyend Sectlon 3, but as on the previous survey, it can be seen in the Davis Strait after it has
rounded Cape Farewell, this time on Secticns 9 and 10 at the bottom. Furthermore, in all parts of
the survey area the water above this overflow water and beiow the Labrador Sea Water again contained
a compeonent of lceland-Scetland overflow origin.

Stability

The difference in sigma-t value between the surface and 50 m is shown in Chart 80. it is
obvicus that zones of surface layer stability again existed all arcund Greenland and off Labrador
and Newfeundland, but that they were mere extensive than during NORWESTLANT 1. Stability was also

high in the northern part of the Labrador 5Sea and the Davis Strait, as during NORWESTLANT 1, but by
the time of NORWESTLANT 2, a zone of stability had develcped as well in the extreme east of the
survey area, namely in the Nerth Atlantic Current. The difference in sigma-1 value between 0O and
200 m, not charted here, shows that by the time of this survey the zones with a homcgeneous or
unstable water column lay southwest of Iceland and southeast of Cape Farewell.
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NKORWESTLANT 3

This survey was carried out from 30 Jure to 3 August and the stations occupied are shown in
Chart 33, The charts and sections showing the horizontal and vertical distributicns of temperature
and salinity form Charts 120-153,

General Circulation

The dynamic topography of the sea surface and the mass fransport are shown in Charts 117 and 118
respectively. As on the previous surveys the general circulation described earlier is fo be seen.
The complicated pattern in the Denmark Strait during NORWESTLANT 1 is to some extent absent, but the
south-going flow along the edge of the lceland Shelf is still present and there are indications of
at least one large eddy off the Greenland Shelf. |In the region of the North Atlantic Current the
circulatory pattern is similar to that found on NORWESTLANT 2, but the area surveyed is now smaller.
West of Cape Farewell an eddy similar to that observed during NORWESTLANT ! is again present. Current
speeds in the Fast and West Greenland Currents and the Labrador Current are seen to reach 20 cm/sec
once more, but the northeast-going current in the irminger Sea is no faster than 10 cm/sec.

GEK observations were made by Ermest Holt, and on *this occasion the electrode signal was measured
at particular points on each of two courses at right angles o each other, so that the results are
shown as arrows giving The directicn of flow reiative to geographic ccordinates. The K factors used
were as for NORWESTLANT 1 in the East Greenland Shelf area and over the deep Irminger Sea. Over the
banks west of lceland, a K factor of 1.9 was used, following the experience of von Arx (1962} on
Georges Bank and of Vaux (1965) in the North Sea and Barents Sea. The current directions as deter-
mined by GEK are shown in Chart 119, Over the deep sea they agree on the whole with the dynamic
topegraphy. Over the East Greeniand Shelf, where the dynamic topography cannot be determined, they
present a complicated picture, which faken as a whcle shows a narrow southwest-going East Greenland
Current with a northeast-going countercurrent on ifs western side close to the ice-edge and a number
of ~Jdies on its eastern side between It and the [rminger Current. In the area to The west of lceland
the observations must contain a tidal compenent in the regicn of the shallcwer banks; but as on
NORWESTLANT 1 westward of these banks, there does seem tc be a scuth-going flow alcng the edge ot
the lceland Shelf. On the East Greenland Shelf the GEK observations indicate speeds of 130 cm/sec
and of 200 cm/sec in one lccality near the Anton Dohrn Bank; over the irminger Sea they indicate
speeds up to 60 cm/sec. These speeds are much higher than those derived from the dynamic topography.
The high speeds observed near the Anton Dohrn Bank were the same as those derived from observations
of the ship's drift, and they occurred in an area where parachute drogue tracking by Ermest Holt in
April 1962 had yielded speeds of 150-200 cm/sec.

Drift bottles were again liberated by Ernest Holt during NORWESTLANT 3, and the recaptures are
shown in Fig. 9. Out of 457 botTles released, |1 have been recovered. One bofTle liberated off
East Greenland at position | in about B4°N lat was recovered in Disko Bay 123 days later; this gives
a speed of drift of 8 nautical miles/day (17 cm/sec), if we make the same assumptions as when dis-
cussing the drift bottles refeased during NORWESTLANT 1. As on NORWESTLANT 1, some of the bottles
+ravelled very long distances. Some released at positions off East Greenland (I, M, N, P, and Q)
reached Europe in about 620-760 days, and It Is interesting to note that it was position | which
produced the return from Disko Bay. Others from position J, in the middle of the Irminger Sea,
spread even wider, reaching Newfoundland in about 700 days and the British Isles in 550 days. The
routes followed by these long-distance bottles were probably the same as those suggested for similar
recoveries from the releases made during NORWESTLANT 1.

North Atlantic Current

Once more this current had a temperature generally above 6°C down to 200 m, but no 6°C water
was cbserved at 200 m on the section running scuthwards from Cape Farewell on this occasion, because
i+ did not extend 2s far south as on the previous survey. Warming of the surface layers down to
50- to 100-m depth had occurred since NORWESTLANT 2, so that at the surface temperatures above 9°C
were found from south of Cape Farewell to the west cocast of lceland, and maximal temperatures of over
11°C were observed in the region south of lceiand. At the 200-m depth temperatures were higher than
5°C in the south of the survey area and higher than B°C south of Iceland. The cocler area southeast
ot Cape Farewell found on NCRWESTLANT 2 was now absent. The current can be seen at the southern and
southeastern ends of Sections 2-7. The depth of the 7°C isctherm on Section 3 is somewhat shallower
than on the previous two surveys but, as before, as one proceeds southwards from Secfion 3 fo
Section 6 the extent of the 7°C water diminishes. Particularly noticeable in thls connexion is the
change in depth of the 5°C Tsotherm over the Reykjanes Ridge, from 800 tc 1,000 m on Secticn 2 to
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600 m on Section &, but on the whole the temperature distribution at depth is similar to that found
earlier.

The salinity of the current at the surface exceeded 35.0°/0o only in the eastern part of the
survey area, and maximal salinity values of more than 35.15%/¢o occurred scuth of lceland. In the
south and southeast of the survey area the surface salinity was lower than on the previcus survey,
and in the extreme south surface salinity values of iess tThan 34.5%/,, were observed. At tha 200-m
depth there was more water mere saline than 35.0%/90 than at the surface, and the maximal salinity
value observed was greater than 39.2°fce. This occurred to the south of Iceland. The lcw salinity
water ot the upper layers extends to the 400-m depth on Section 7, to 200 m on Sections 5 and 6, but
not even to 100 m further north on Section 4. On Sections 6 and 7 there is more of this water than
on the previous survey, but there seems to have been |ittle change in the amount of water with a
salinity greater than 35.0°/ae on any of the sections. The purest form of Northeast Atlantic Water
was again entering the survey area to the south of Iceland.

Irminger Current

To the west of lceland there had been seasonal warming of the 0- to 50-m layer, as is shown by
Section |, and surface temperatures above 10°C were found near the coast but they decreased westward.
The 200-m temperature distribution shows that the irminger Current was carrying water warmer than
7°C to the west of the Shelf, but that on the Shelf itself cooler water below 7°C occurred, as is
seen in Section 1. Near the coast, however, temperatures increased again. The salinity distribution
to the west of lceland was in conformity with the temperature distribution and the salinity was
generali ly higher than 35.0%aa.

Where the !rminger Current ran aleong the East Greenland Shelf, the surface temperature was
general ly above 8°C, and 7°C water reached Cape Farewe!l. At the 200-m depth water warmer than 5°C
reached beyond that point. The depths of the 6° and 5°C isotherms on Sections 2-7 show fthe progres-
sive decrease in temperature of the current as it proceeds scuthwards: on Section 2 they are at
450 and 750 m respectively, while on Section 7 they are at 7% and 250 m. All these sections show
seasonal warming in the O- to 75-m layer. The surface salinity over most of the current was low;
in the Denmark Strait it was above 35.0%°/¢c, but elsewhere it was below 35.0°/.,0 and at Cape Farewel |
it was 34.8%/00. This low salinity water was confined to the 0- tc 50-m layer in the north, as is
shown by Sections 2 and 3, but it was thicker further south and reaches tc 75-100 m on Sections 4-7.
At the 200-m depth the salinity of the current even at Cape Farewell was 35.0%/.0 and in the Denmark
Strait it exceeded 35.1%°/a0. The salinity distributions on Sections 2-7 parailel the femperature
distributions, and there is a progressive decrease in salinity as the current goes socuth. Thus, the
35.0%/ 06 ischaline is at the 850-m depth on Section 2 and at 350 m on Section 6, but no 35.0% 0
water is found on Section 7.

Compared with NORWESTLANT 2, temperature and salinity conditions on this survey do not show much
change as tar as Sections Z and 3 are concerned, However, Secticn 4 shows mere 6°C and Sections 5-7
more 5°C water. The salinity distributions show the presence of more 35.0°/.. water on Sections 4-6
and higher salinities on Section 7. The current was also much wider in the regicn of Cape Farewell
than on the previous survey, and the core of the current was now 50 nautical miles further north and
back in the position in which it was found on NORWESTLANT 1. As on NCRWESTLANT 2, there was an
indication that an offshoot of the current was proceeding over the East Greenland Shelf in the Denmark
Strait. This shows as an area of higher temperature and salinity over the Shelf on Section 3, but
Section 2 did not run sufficiently far over the Shelf to show whether or not it also existed there on
this occasion.

East Greenland Current

This current had a minimal temperature below 0°C in the surface layers all along the East
Greenland coast from the Genmark Straif to Cape Farewel!, and as deep as 200 m it had temperatures
below 2°C in the Cenmark Strait anc below 3°C at Cape Farewell. The surface iayers had a minimai
salinity below 31°/ca in the Cenmark Strait and below 33°/.. near Cape Farewell, and at 200 m the
current gave rise to salinity values of less than 34.8%/.0 all along the East Greenland coast. The
current can be seen to a greater or lesser extent at the northwestern ends of Sections 1-7. |I¥s
main influence is seen i the O- t¢c 100-m layer and it overlies the western edge of the [rminger
Current, but on Sections 1, 3, 5, ana 7 the influence ot its low salinity can be seen extending to
the 500-m depth at the edge of the Shelf.
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West Greenland Current

The Irminger Atlantic component of this current showed a marked increase in temperature since
NORWESTLANT 2. Whereas preV|ou5Iy the 5°C surface isotherm did not reach far beyond Cape Farewell,
it now stretched o nearly 63°N lat, and the 4°C isotherm was at 65°N lat, 240 nautical miies furTher
north than on NORWESTLANT Z. Similarly, at 200 m some 5°C water was now found at 61°N lat, whereas
or NORWESTLANT 2 it did not round Cape Fareweli. The surface salinity distribution did not show a
similar change, low salinity water being found in the surface layers: off southwestern Greenland
values below 34.7%/,, were observed and further north they were below 34.5%/,0.. There had, in fact,
been a decrease in salinity in these layers since the previcus survey. At 200 m, however, there had
been an Increase in salinity and the 34,95°/,, ischaline contained a much bigger area Than before,
reaching to &3°N lat.

Water with a ftemperature above 5°C can be seen on Section 8 to a depth of 300 m and on the
foliowing sections to as far as Section 10, where it appears at 150-250 m; water above 4.5°C can be
traced fo as far as Section 12, where it is found at a depth of 500 m. The influence of the warm
compenent of the West Greenland Current can, in fact, be seen on the northernmost section, Section 15,
in the water warmer than 2.5°C. Similarly, water with a salinity above 35.0°/c0 is seen on Section 8,
and salinity values above 34.95%°/.o are prominent in all the sections to as far north as Section 13.
Sections 9-13 al! show warmer and more szline conditions than on the corresponding NORWESTLANT 2 sec-
tions. For example, they all have more water warmer than 4.5°C and more saline than 34.95%/60. On
Secticn 14 in the warm core at 300~ to 400-m depth, the temperature has risen by 1°C and the salinity
has undergcne a corresponding increase.

The horizontal digtributions again show the westward movement of the warm component of the West
Greenland Current across the Labrador Sea; Its infiuence along the eastern boundary of the Labrador
Current can be seen from Sections 8 and 9, but the sfructure of the component itself as it {lowed
atong the Continental Slope off scuthwestern Greenland had a considerable streakiness, which is
apparent in the same two sections,

The East Greenland component Tn the Labrador Sea is shown in the horizontal distributions to
have had its maximal influence off southwestern Greenland. Here Temperafures beiow 0°C and salinities
below 32.0%/ oo were observed in the surface layers, and temperatures below 1°C and salinities below
34,0°/00 at 200 m. This cold companent can be seen at the eastern ends of Sections 8-10 and L, to
some extent overlying the warm componenf From Secticon 10 northwards, although low salinity waTer
with minimal values below 33.5%/eo occurred along the West Greenland coasT the temperature of the
surface layers progressively increased, water warmer than 4°C being found at 65°N lat. Further,
the femperatures at the sea-bed along The Shelf Tn this northern area were generally above 1.5°C,
Although fhere had been |i+tle change in the salfnity level in this region since NORWESTLANT 2, the
temperatures over the Shelf area north of Section 11 had risen by t° to 2°C.

Labrador Current

This current was observed in fwo locallties: where it leaves Baffin Bay and off Labrador. In
the former area it had a minimal temperature below -1°C and a minimal salinity below 32.5°/s0 in the
surface layers, end even at the 200-m depth it gave rise to temperatures below 2.5°C and salinities
below 34.5%°/as. |1 can be seen at the western ends of all sections from Sectien 8 northwards and
its cold core is usually located at 50- tc 100-m depth, there having been some warming of the surface
layers. Off Labrador the current gave rise fo a minimal temperature below 1°C and a minimal salinity
below 25°/.0 at the surface. 1in the extreme south close to the Labrador cecast there had, however,
been considerable warming of the 0- tc 20-m layer and in places the surface femperature exceeded 6°C.
Below this fthin warm layer the cold cere of the current, with temperatures below -1°C, was found at
75- to 100-m depth. AT fhe 200-m depth the temperature was still below 1°C and the salinity below
34,0%as.

Central Parts of the Irminger and Labrador Seas

As on NORWESTLANT 1 and Z the deeper parts of the Irminger Sea, Labrador Sea, and Davis Strait
censisted aof Labrador Sea Water down to the 1,500-m depth, of water of lceland-Greenland overflow
origin at the bottem, and of water with an lceland~Scotland overflow component in between. The
lceland-Greenland coverflow can be seen con the Continental Slope off East Greenland from the Denmark
Strait to Cape Farewell on This occasion; it appears on each of Sections 1-8& as water below 2°C,
getting progressively deeper as it moves south. The sections in the Labrador Sea were not sampled
tc a great enough depth for it to be observed there.
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The surface layers in the central areas showed seasonal warming everywhere down to 50- to 75-m
depth, The least amount being in the Labrader Sea in the region of Sectlon 9. There wers higher
Temperatures in the surface layers in the Irminger Sea than elsewhere. The upper layers over the
entire central area showed the presence of low salinity water, and the horizontal salinity distribu-
tion charts for 0-200 m indicate that the Labrader Current in 55°N lat was the source of much of the
low salinity water found in the regicn to the south of Cape Farewell and in the southern part of the
Irminger Sea. On Section 7 this water can be seen reaching down to as deep as 400 m south of Cape
Farewell. The East Greenland Current was alsc making some contribution to the low salinity of the
central regions, but it was a much smaller one.

Stability

The difference in sigma-t value tetween 0 and 50 m, as shown in Chart 130, demonstrates that
there was a certain amount of stability in the surface layers over most of the survey area. As
during NORWESTLANT 2, it was greatest off fhe coasts ot Greenland, in the northern part of the Davis
Strait and in the North Atlantic Current, The amount of stabllity in these regions had increased,
except off West Greenland. [n addition, a zone of higher stability occurred of f Socuthwest Iceland.
There were indications also of stratification in the surtace layers of the Irminger Sea and the
Lebrader Sea. The biggest area of low stability lay in the deep water area around Cape Farewel|.

SUMMARY OF CHANGES IN CONDITIONS OVER THE COURSE OF THE SURVEYS

The charts of the dynamic fopography of the surface and of the mass transport show that in the
frminger Sea the north-flowing offshoot of the North Atlantic Current Increased in strength between
the first and second surveys and then decreased again by the third, but not back to the level found
on NORWESTLANT 1. During the second and third surveys there was a notable contribution from the
east fo this flow; the area surveyed during NORWESTLANT 1 was not great enocugh tc show whether cor
not it existed then. On the other hand, the mass fransport of the-Irminger Current flowing south-
wards afong the East Greenland ccast and of its component oft West Greenland boeth declined between
the first and second surveys and then increased to a maximum during NORWESTLANT 3. The speeds of
the East Greenland Current and its compeonent off West Greenland increased between the first two

surveys and then remained steady until the third. Coverage of the Labrador Current was rot sufficient

over the fThree surveys to allow conclusions to be drawn about changes in its flow. Two areas of very
comp!icated flow appear on the charts for all three surveys, one in the Denmark Strait and the other
from south to west of Cape Farewell. In the former the main features of the flow pattern are more

or less the same over the whole survey period, but in the latter marked differences occur. During
NORWESTLANT 1 the dynamic topography and the mass fransport indicated a large eddy in the deep water
off the coast of Southwest Greenland. This was not apparent during NORWESTLANT 2, buf the staticn
network during that survey was not so comprehensive and the existence of the eddy then cannot be
ruied out. it does appear on the NORWESTLANT 3 charts, but on this occasion a closer station network
was the result of two ships operating in the area at slightly different times and we cannot tell
whether the eddy shown on the charts was the result of changes Tn space or of changes in fime. A
further feature is that on NORWESTLANT 2 an increase occurred in the combined width of the East
Greenland and |rminger Currents; rounding Cape Farewel| by NORWESTLANT 3 it was narrower again but
stil! wider than during NORWESTLANT 1.

Turning to the changes in the temperature distribution, between the first and second surveys
there was little change In the North Atlantic Current, but in the area to the west of lceland there
was a slight increase In temperature and the warm water reached a greater depth, |In the Irminger
Current, apart from some warming in the surface layers, there was also |ittle change to as far as
Cape Farewell. Here, however, there was a southwards displacement of the core of the current at all
depths down to 200 m; on NORWESTLANT 2 it lay 50 nautical miles further scuth than on NORWESTLANT 1.
Off Scuthwest Greenland the Irminger component was cclder on the second survey, but further north in
the Davis Strait it was warmer, as was that part of the WesT Greenland Current which furns to the

west. Over most of the survey area there had been scme warming of the surface layers by NORWESTLANT 2

excepT in the cold East Greenland and Labrador Currents, Between the second and third surveys there
was again little change in the North Atlantic Current beyond warming in the surface layers down to
100 m. Likewise, the Irminger Current showed warming down o 5C-75 m west of Iceland and along the
tast Greeniand Slope. Off Southeast Greenland, however, this current was much wider than on
NORWESTLANT 2 but with the core no lenger displaced to the south. Furthermore, the influence of the
Irminger component off West Greenland showed a great increase, and the rise in temperature at depth
off the whole of the West Greenland Slope after the second survey indicates marked advection of warm
water Into this area, 1n agreement with the increase in current velocity and mass transport noted
above. Seasonal warming was apparent everywhere in the surface layers on NORWESTLANT 3 except in the

?
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core of the East Greenland Current. Fven the surface layers of the Labrador Current showed it,
particularly down to 20 m in its southern parts.

The salinity changes from survey to survey fend to reflect the femperature changes, but this
tendency 1s to some extent masked by the fect that the salinity of The upper layers over the whole
survey area decrease preqressively from NORWESTLANT 1 to NORWESTLANT 3. This decline is not suffi-
cient to obscure an event like the increase in salinity at depth off fhe West Greenland Slope between
the sscond and third surveys, when The Tnfluence of the Irminger component was increasing. Such a
gereral decline s a common phenomenon Tn Arctic seas in summer and is due tc a combination of two
factors: the addition of low salinity water of melf-water origin by the East Greenland and Labrador
Currents, and the addition of precipitation tc The surface layers above The seasonal thermocline,

As far as stability of the surfece layers is concerned, the first survey showed zones of stabil ity
situated along the seaward edges of the Fast Greenland and Labredor Currents and in the northern part
of the Labrador Sea. As the surveys progressed, These rones extended in area, until by NORWESTLANT 3
virtually the whole survey area hag a cerfain amount of stability in the uppermost layers of the water
column. In the original zones the degree ot stability increased wifh time, but otf West Greenland
there was a tendency to a decrease in stability in cerfain parts by fhe last survey. Frede Hermann,
in the appendix to This report, shows that during this survey upwel | ing of water was taking place
along the wesTern edge of the West Greenland banks: such a process would give a zone of reduced sta-
bility.

The oceanographic cbservations made af Ocean Weather Station Alfa during the survey period
provide a good recerd of the changes in temperature and sal inity over The course of time*. They alsc
provide a preiude to fthe surveys in that they show the conditions prevailing in The months preceding
them. From 1 January to 20 July, 1983 Station 47fa was occupied by Norwegian, French, and English
weather ships. The Norwegian Qcean Weather Ships Polarfrent I and IT served at the station from
1 January to 13 April. From fThese ships 55 hydrographic stations were worked, 23 in January, 19 in
February, 9 in March, and 8 in April; from 27 February fo 23 March no stations were worked because
of damage to the hydrographic winch aboard the ship. From 14 April fTo 4 June Ocean WeaTher Ships
Franee I and IT served at Station ALfa and two hydrographic sfations were worked, wiTh samples down
to 2,000 m. The salinity values of these stations seem, however, to be foo high. The English Ccean
WeaTher Ships Weather Monitor and Weather Adviser occupied the station from 2 June fo 20 July, and
eight hydrographic stations were worked.

Ocean Weather Station Alfu has The posiTion £2°00'N, 33°00'W, and the depth fo botfom is approx-
imately 3,000 m. This positicn is situated in the boundary area betwesn Two different water bedies;
fo the east of the station Mortheast Atlantic Water flows northwards, while to the west there is a
cyclonic vertex of Labrador Sez Water. Thus, there is warm and saline water to the east and colder
and less saline water to the wesT., RelaTively small east-west movements of the water masses may
therefore involve great variations of temperature and salinity in the upper 500-600 m. However, it
has been possible to construct average profiles of femperature and <alinity to 1,000-m depth for the
fol lewing four periods: January, February, 23 March-13 April, and % June-20 July, These are shown
in Fig. 6.

The curves for February show The lowest values for both temperature and salinity at all depths
from the surface to 1,000 m. Except in the upper 200 m, the highest salinity values occur in January.
Below 550 m January exhibits also the highest temperature. From 23 March fc 13 April the absorption
of radiation from the sun was increasing and this may account for the fact that the mean surtace
temperature was more than 1°C higher than in January and February., The surface salinity was, however,
also very high in fthis pericd and it is therefore possible that some of the warm water had been
transported into the area by the North Atianfic Current. In June-July the effect of solar radiation
is more pronounced and The mean surface temperature reached 8°C, even though this period had the
lowest surface salinity.

The bathythermograph cbservations made at Ocean Weather Staticns Alfa, Bravo and Charlie during
the NORWESTLANT Surveys have been summariced as temperature isopleth diagrams in Fig. 7. In March
the profile of Station Bravo shows an increase in Temperature with increasing depth: by April this
temperature gradient has reversed and Lecome similar To fthat at Station Charlie. At both sfations
the femperature in the uppermast 100 m shows an increase throughout May and June and the decrease of
temperature with depth becomes more marked, so that by July there i evidence of thermal stratifica-
tion in 1he 0 fo 75-m layer. At Stetion Alfz there were no observations made until June. The femp-
erature gradient at that Time Is seen To be similar fc that aT the cther stations, but during the

month it steepens and in July straftificetion is apparent.
¥ | am indebted to Mr J. Elindheim for the analysis of temperature and salinity conditicons at Ocean
Westher Station Alfa.
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Certain observations were made off East Greeniand after NORWESTLANT 3 had been completed and
these allow us to follow the course of events even later into 1963, For example, Blindheim and
Bratberg (1964) give a series of temperature secticns worked by RY Johan Hjort from Cape Farewel |
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January-July 1963,

to the Dermark Strait at the end of August: Gade, Malmberg, and Stefdnsson (1965) give sections in
The secticns of Blindheim and Bratberg

the Denrmark Stratt worked at the beginning of September.
show that by the end of August the surface layers in the area to the east of the East Greeniand Shelf

had increased in temperature by 1° to 2°C and that off southeastern Greenland the femperature of the
deeper water of the Irminger Current had increased as well, the 5°C isctherm lying up to 100 m
deeper than it did during NORWESTLANT 3. In the Denmark Strait, on the other hand, the sections of
Gade, Malmberg, and Stefdnsson show the reverse situation, with the isotherms in this current 100 m
shal!ower than on NORWESTLANT 3. Charts 154 and 155 show the temperature distributions at 0 and

200 m as derived from these two papers.
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March-July 1963.

COMPARISON WITH CONDITIONS IN PREVIOUS YEARS

The NORWESTLANT Survey area has not been investigated on a very great scale in the past, and
previcus observaticns are so relatively few that It is virfually impossible to say how far the year
1963 was typical of the normal regime. All that we can do is to compare the NORWESTLANT cbservations
with those of the few surveys that have been made at a comparable time of the year in the past.

As far as the general circulation is concerned, Dietrich (1957) shows the dynamic topography

of the surface in the Irminger Sea in June 1955. |[fs pattern is the same as that shown in Chart 68
for NORWESTLANT 2, except that in the eastern part of the Irminger Sea in June 1935 the north-going
current appears to have had a uniform speed of 6-10 cm/sec across its whole width and there was a
strong east-going current to the south of lceland. During NORWESTLANT 2 there was a streak of higher
valocities, up to 15 cm/sec, at the core of the north-going current and there was 1itfle east-going
current. The complicated flow found in the Dermark Strait eon all the NORWESTLANT Surveys was also
present in June 1955 and there is great similarity between The pattern given by Dietrich and those
shown here. Dietrich shows a south-going current to the west of the lceland Shelf as found by us.
Gade, Malmberg, and Stefdnsson (1965) show the dynamic topography in the Denmark Strait in September
1963;
of 300 dbar, and in the Slope area they omit the topography. This ditferent treatment of the data
means that the south-going current found by Dietrich and by us does not appear, nor does the north-
going current off the East Greenland Slope., Gade, Malmberg, and Stefdnsson point out that the true
current pattern in this area can only be established with certfainty by direct current measurements;
these authors have already started such work. One of their few sets of measurements does show a

in the deep water they use a reference level of 1,000 dbar, In the shallow water they use one

Depth in Metres
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south-going current in the area where such & flow is indicated by our charts of dynamic topography;
the GEK observations described above in this report also show such & flow.

A large number of chservafions were made in the NORWESTLANT area during the International Geo-
physical Year {IGY}, and Dietrich (1984) shows the dynamic topegraphy of the sea surface in the
late summer of 1938, The topography derived from the observations made in spring 1958 is not yet
available. The chert for late summer 139538 conly covers the area deeper than 1,000 m. A feature of
it is @ flow Into the Irminger Sea from fhe east in the vicinity of position 55°N, 30°W. Such a
flow was deduced by Dletrich ang Stefdnsson (1963) from the temperature and salinity observations
made befween the surface to 200 m during the 1961 redfish larvae investigations carried cut by
lceland and Germany. IT is certainly shown by the NORWESTLANT 2 and 3 Surveys, and it appears in
the current chart of the Irminger Sea given by Hermann and Thomsen (1946) on the basis of drift
bottle studies and cther hydrographic investigations.

TABLE 6. Mean temperature and volume transport of the West Greenland Current near Cape
Ferewel | 1950-63 {(based on U.5. Treasury Department Coast Guard Bulletins
Nos. 36-49).

VYolume transport

Total volume Vclume transport East Greenland
Mean Temp. transport Irminger component compenent
Year °C 108m3/sec 105m3/sec 106m3/sec Dates
1950 4,26 7.76 3.58 4,18 31 July
- 5 Aug.
1451 3.77 4.350 1.12 5.38 18-23 July
1952 3.79 5.93 1.53 4.40 17-20 duiy
1953 3.86 7.23 2.08 5.15 16-20 July
1854 4,95 8.95 €.82 2.13 25 Aug.
- 4 Sept.
1955 4.74 5.66 3.79 1.87 15-18 July
1956 4,10 7.32 2,86 4,46 15-20 July
1957 4.15 9.74 4.01 5.73 26-29 Juty
1958 4.48 8.356 4,63 3,73 1- & duly
1959 4.29 7.56 3.57 3.99 5- 9 Aug.
1960 4.95 6.09 4,64 i.45 10-13 July
1961 4.69 5.98 3.88 2.10 8-11 July
1962 4.26 6.10 2.80 3.30 13-17 July
1963 4.71 2.44 1.60 0.84 17-21 July

The International lce Patrol Service has regularily worked a section from Labrador to Cape

Farewel| in the summer months over a long period of years. In 1963 it occupied this section between

17 and 21 July and the results are given in U.S. Treasury Department Coast Guard Bul letin No. 49,

The volume fransport of the West Greenland Current off Cape Farewei! is calculated as 2.44 x 105m3/sec,
as comparsd with the seasonal normal of 5.84 x 10%°m3/sec. Its cold Fast Greeniand component had a

volume transport of 0.84 x 10°m3/sec as compared with the seasonal normal of 2.89 x 10°m3/sec, and
its warm irminger component had a volume tTransport of 1.60 x 108m3/sec as compared with the seasonal
normal of 2.95 x 108m¥/sec. Thus, the circulation arcund Greenland during NORWESTLANT 3 woud appear
to have been more than 50% below normal.

Temperature and salinity conditions in the Irminger Sea in April-July 1953 can be compared with
tThose prevailing in April-May 1961 as described by Dietrich and Stefénsson (1963}, with those in
March-April 1958 as described by Dietrich {1964), and with those in June 1955 as described by
Dietrich (1957}, In April-May 1961 The temperature was higher than during NORWESTLANT 2 by 0.5° to
1°C from the surface down To 200 m over most of the Irminger Sea and the Denmark Strait. An excep-
tion occurred in the vicinity of Cape Farewell, where the Irminger Current was slightly warmer in
1963 than in 1961, Of the IGY data for March-April 1958, the 200-m temperature observations are
the only ones available in chart form at the present time. They show similar temperature levels tfo
Those observed during NORWESTLANT 1, but slightly colder conditions in the Irminger Current near
Cape Farewell. As for 19535, surface temperatures in June over The whole of the Irminger Sea were
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Fig. 8. Monthly surface temperature anomalies for April-July 1963 in varfous regions in the
NORWESTLANT area.

1° +o 2°C higher than during NORWESTLANT 2, but at 200 m they were the same. In none of the 3 years
1955, 1958, and 1961 was there a displacement of the Irminger Current to fhe south of Cape Farewel !,
similar to that found on NORWESTLANT Z.

In April-May 1561 salinities in the irminger Sea were 0.05-0.1%/5, higher than during NORWEST-
LANT 2. Further south the west-east tongue of lower salinity water in the vicinity of 53°N lat,
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Year
1850
1951
1952
18535
1954
1685
1956
1957
1958
1959
1860
1961
1362
1963
1964

July
~-0.1
1.9
0.3
1.4
~0.8
0.2
~0.5
-0.4
0.6
0.6
-0.2
-0.1

June

0.9
-0.2

0.7
-0.4
-0.8
-0.8
-0.7
~0.4

0.8

Region N
May
0.8
0.9
-0.5
0.2
g.0
-0.4
-0.4
-0,5

April
-0.3
~0.3
0.8
0.5
-0.6
-0.6

July
0.3
0.7
0.9
0.0

-0.5
0.3

-0.9

-0.2

June
0.5
0.4
0.0
0.9
0.2
c.0

-0.2

-0.4
0.3

Region M
May
0.4
-0.5
0.7
0.5
0.8
0.5
0.8
0.3
-0.4
0.6

April
-0.8
-0.8
0.0
0.8
L7
0.2
0.4
0.5

July
0.2
¢.0
0.9
0.5
0.3

-0.7
0.2

June
0.5
0.5
0.6
0.9

Region
May
0.3
0.8
0.9
0.9

April
0.3
0.4

-0.6
0.4
0.4

July
0.6
0.3
0.2
0,3
0.9

Juna
0.0
-0.3
0.8
0.2
0.2
0.9
0.3
0.2
0.6

Region F
May
0.2
0.5
0.4
C.&
0.5
0.5
0.9
0.2
.9

Apri
0.0
-0.6
-0.1
-0.4
0.7
0.6
0.3
0.7
0.5
0.4
0.2
0.7
0.8

Year
1950
1951
1852
1953
19

1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
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Fig. 9. NORWESTLANT 3. Section 11; 6&-7 July. A -— Sigma-t; B — Currents normal o the sec-
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which was found during The NORWESTLANT Surveys, was again present and it had a somewhat lower sali-
nity than in 1963, 11 was also present in June 1955 when iT had the same salinity as in 1963, as

did the rest of the 0- to 200-m layer in the Irminger Sea. The details of the salinity distributions
at the surface in June 1955 and during NORWESTLANT 2 have a remarkable similarity, such small fea-
tures as a tongue of low salinity water eastward of the Irminger Current in the vicinity of Cape
Farewel | appearing in both distributions.

Conditions off West Greenland during NORWESTLANT 1 can be compared with those found by Nerwegian
investigators in 1959-65 and reported upon annually in ICNAF Redbooks. Cther countries have also
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made investigations in this area and these are reported in the Redbooks tco, but the Norwegian
observations form the only set which allows e compariscn of conditicons in April-May tc be made from
year to year. They show that 1361 was warmer at the surface than 1959 and 1960. However, 1962
showed a return to colder ceonditions which got progressively more severe, as far as the surface

layers are concerned, in 1963 and 1964, In 1965 surface temperatures rose again., The year 1961

had a2 stronger irminger component than 1960C. |In 1962 and 1963 this warm current was weak but in

1964 and 1965 it was streong again. Hermann, Hansen, and Horsted (1965) show that during NORWESTLANT 2
the mean temperature of the 0- to 45-m layer over the Fyllas Bank was 0.4°C below normal (2.0°C). It
was higher than in 1956 and the same as In 1959, but lower than in 1953, 1954, 1957, 1960, and 1961.
IT was also lower than in 1964 according fo Hermann (1966)., The U.S5. Treasury Coast Guard Bul letin

No. 49 puts the mean temperature of the West Greenland Current during NORWESTLANT 3 at 4.71°C com-
pared with the seasonal normal of 4.36°C. The volume transperts of both its Irminger and East
Greenland compcnents were, however, much below normzl. The temperature and volume transport of the
current as cbtained by the U.S. Cecast Guard since 1950 are given in Table 6.

The ancmalies of alr and sea surface temperature at Ocean Weather Stations Alfa, Brave, and
Chariie are dealt with in the section of this report concerned with Metecrology. Further, Jens Smed
{ICES) has published in the Annales Biologiques the ancmalies of surface temperature for various
regions in the NORWESTLANT area over a number of years. The regicns are shown in Fig. 8 and the
ancmal ies for the months April-July from 1850 to 15964 are given in Table 7. |1 can be seen that in
April 1963 there was a positive ancmaly over the whole NORWESTLANT area north of 53°N lat, and that
this anomaly ranged from about 1°C off West Greenland and Cape Farewell to 0.4°C in the sast of the
area, South of 55°N lat there was a slight negative ancmaly. In May there was a marked decrease in
the positive anomaly: it was still about 0.7°C off West Greenland and Cape Farews!l, but elsewhere
it was less than 0.2°C, and in the exfreme south and east of the Survey area there was a negative
anomaly of 0.4° to C.B°C. In June the anomaiies were everywhere the same as in May, except off West
Greenland where temperatures were now normal: west of lceland fthere was & positive anomaly of about
1°C. July saw a change to negative ancmaly off West Greenland and a further decrease in the pasitive
anomaly south and southeast of Cape Farewell. |In the extreme east there was now a marked negative
anomaly of nearly 1°C, and there was a negative anomaly of 0.7°C off the west coast of lceland. In
the extreme south, however, The temperature was normal or a |litftle below, and off East Greenland it
was 0.7°C above normal .
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POSTSCRIPT

Since fhis report went to press, a paper oy Blindheim (1368} has been published describing
hydregraphic conditions in the Irminger Sea 'n the years 13%4-64. Observaticns have besn made in
varicus years by Norwegian research vessels in the branch of the Irminger Current flowing southwards
along the edge of the East Greenland Shelt during the latter part of August and early September,
They have also been made by Morwegian weather ships at Ocean Weather Station Alfa, malnly during
June-December. EBlindheim shows that in [19%4-36 only small amounts of Atlantic water were observed,
but that the Atlantic Inflow then Increased until 1959-80: since 1961 the amount has decreased
again.

AL 4. L.

BLINDHEIM, J. 1968, Hydrographic investigations in the irminger Sea in the years 1954-64, Pigk.
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Vertical Water Movements in the Polar Front Along West Greenland

By
Frede Hermann!

VERTICAL WATER MOVEMENTS IN THE POLAR FRDNT ALONG WEST GREENLAND

The polar front around East and West Greenland consists of a relatively narrow boundary area
between two water masses differing greatly 'n density. In Greenland waters the densities in the
upper layers are mainly a function of the salinity. The |ight water component cf the West Greenland
Current is The polar East Greenland component found nearest the coast and the heavy water component
is the Irminger Current found off the Slope of the Shelf. The front is generally sharper off East
Greenland Than off West Greenland. The front area is an area with great horizontal turbulence, as
is clearly seen on the surface thermograph, when one sails on +the warm water side of the front.
Patches of cold water are offen found several miles otf fhe front. It is probable that this strong
horizontal turbulence is also feund Tn the subsurface layers.

Figure 9z shows the vertical distributicn of density on Section 11 (the Fyllas Bank Section)
worked by M/S Dana in July 1963 during NORWESTLANT 3. The isosteric surfaces in the front area over
the western slope of the bank are strongly inciined fo the herizontal and the horizontal density
gradient is strong. Figure 9% shows the current perpendicular to the sacticn, calculated from dynamic
height anomalies assuming zero current at 1,000 m or along the bottom. [t is questionable how well
these currents represent The real currents, especially over the shallow part of the section. |t is,
however, supposed that fThe main features west of the bank arfe correct. As shown in the figure, a
maximum of current 1s found in the front area over the western slope of the bank. |f the horizontal

turbulence is strong, there will also be strong friction where the horizental velocity gradient is
strong. In the core of the current This friction will tend to reduce the velocity, with the result
that the Coriolis force will become smaller than the pressure gradient perpendicular to the current
direction. This will result in a westward movement of the water in the current core. This movement
will, however, not be horizontal, but will follow fThe isosteric surfaces, which are inclined upwards
towards the wesT. We can Thus expect to find in the core of the current an upweiling of mixed water,
which will tend to flow westward in the surface layers over the heavier water masses of the |rminger
component of the current. By a simiiar argumenT we find that the water masses on both sides of +he
core of the current will tend tc sink and move eastward along the isosteric surfaces.

On fthe section discussed, dissoclved oxygen and phosphaTe were measured in the 0- to 100-m layer.
The vertical distributions are shown Tn Fig. S¢ and 4. Both sections indicate upwelling of phosphate
rich, oxygen poar, deep water at the core of the current. In the western part of Tthe section there
is an indication of a movement towards the east and downwards of oxygen rich water, as expected.
The water movements dlscussed here are shown schematically in Fig. 9e. Chart 158 shows the hori-
zcental distribution of ohosphate at 20-m depth off West Greenland based on The Danish observations
made during NORWESTLANT 3. A maximum of phosphate is found in the front area and Jjust west of the
tront. This maximum is prebably caused mainly by the upwelling in the front of mixed water, which
spread out over the surface layers of the heavy |Irminger component of the West Greenland Current.

I Banmarks Fiskeri-og Havunderségelser, Charlottenlund, Denmark.

ICNAF SPEC. FUBL., NO. 7.
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The Distribution of Phosphate, Silicate and Dissolved Oxygen in the 0- to 100-m
Layer During NORWESTLANT 1-3

By
P.G.W. Jones! and A.R. Folkard!
REVIEW OF PAST LITERATURE

The first nutrient estimations in the area were made during the 1928 Godthaab expedition

(Hager:, 1936). Phosphates were measured from Cape Farewel! in the south to Smith Sound in the north.
Observations were made in the Lebrador Sea and Davis Strait belween the end of May and the beginning
of July. Surface values of approximately 0.5 ug atom PQ,~P/| were recorded off the coast of Labrador
and Baffin Island, The concentration of phosphate fell to zero towards parts of the West Greenland
coasT. The vertical sections showed fThet the concentration of phosphate increased thraough the first
{00 m. The results of the NORWESTLANT Surveys, however, show that the distance between stations on
the Godthaab expedition were foo great to show the defailed distribution of phosphate,

Hermann (1923, 1954, 1955, 1956} measured the phosphate cantent of the water at 20 m off the
West Greenland coast during July 1953-36. The basic pattern was similar on all the surveys. A band
of high phosphate values extended cffshore from Cape Farewel! to the west of the Fyllias Bank. The
range of phosphate concentration encountered showed some year to year variations. Adrov (1963) mea-
sured phosphate, silicate, and nitrite Tn fthe same area during the spring and summer of 1958-60.
His observations extended from the surface to 300 m. Fedosov and Andreev (1961) measured phosphate
on three sections in the eastern Davis Strait. Mean values only were recorded for each section.
Corwin and McGill (1963} measured fotal phosphorus, inorganic phosphate, nitrate, and silicate in
The Labrador Sea during July 1962. They were mainly concerned with The distribution of nutrients
in the deep water. However, some data for the first 100 m are avallable in their report. McGill
and Corwin (1964a and 1965) made similar observations in the Labrador Sea during the summer of 1963
and 1964, and McGT!| and Corwin (19645) measured total phospnorus, inorgantc phosphate, nitrate,
ard siifcate in Baffin Bay and Kane Basin during the summer of 1963.

Kalle (19%7) measured phosphate 'n the Irminger Sea during June 1955, At the surface, an area
of water situated to the south and east of lIceland had values below 0.5 ug atom PO,-P/1. Along the
whole East Greenland coasT the phosphate confent of the water was below 0.5 ug atom POy-P/|. Weichart
(19463} has already reported upon phosphate in The surface water of the Irminger Sea as measured by
means of an automatic continucus recording technigue during NORWESTLANT 2,

Dissolved oxygen estimations were made during the 1928 Godthaab expediticn in sea areas to The
west of Greenland {Riis-Carstensen, 193€). Recent surveys which have included similar measurement
are those of Scule, Franceschetti, and Q'Hagen (1963); Soule, et al. {1963); Franceschett!, et al.
(1964); Franceschetti (1964); and Kellmeyer, et al. (1962)}. Observations, exitending to the bottom,
were made in the Labrador Sea and adjacent areas during the summers of 1961-64, Fedosov and Andreev
(1961) measured dissolved oxygen from the surface to 1,000 m in the eastern Davis Strait and Adrov
(1963) measured it down tc 500 m off the west coasT of Greenland. Data for the Irminger Sea are
more sparse although Kalle (1957) reported dissolved oxygen values for his survey of June 1955,

NORWESTLANT 1-3 — TREATMENT OF MATERIAL

The data and methods used were the same as those described in the section on Physinal Oceanog-
raphy. The analysez of the results of the intercalibration experimenis have shown that differences
in gata between veszels ofter occurred, However, there was no definite evidence that the discrep~
ancies observed during these tests introducec large errors into the charts showing the distribution
of phosphate, silicate, and oxygen.

T Fisheries Laboratory, lLowestoft, Suffolk, England.

ICMAF SPEC. PHBEL., MNO. 7.
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Herizontal charts of the distribution of phosphate and silicate at 20 m have been prepared for
NORWESTLANT 1-3 (Charts 156-161), This depth was selected in preference to the surface since most
of the phytoplankten data refer fo 20 m. Moreover, phosphate contamination of some surface samples
has been reported. Horlzonfal charts of phosphate and silicate at 100 m are glven for NORWESTLANT |
(Charts 162 and 163). This depth is below any thermocline and Is a guide to the winter distribution
of phosphate and silicate in the surface and subsurface water. Vertical sections showing the distri-
buticn of phosphate and silicate from the surface toc 100 m are given for each of the three surveys
(Charts 164-169), Surface values suspected of contamination have been rejected. Chart 170 shows
the distribution of dissclved oxygen in terms of % saturation aT 100 m on NORWESTLANT 1. The distri-
buttons of oxygen at 20 m on MORWESTLANT 1-3 are shown in Charts 171-173, Vertical sections showing
the distritution of oxygen from the surface to 100 m are presented In Charts 174-176.

The text is based on descriptions cof the herizental charts. References to the vertical sections
are chiefly confined to cutstanding features not shown by the horizental charts. The location of
hydrographic secticns on each of the Three surveys are given in the description of the Physical
Oceanography (Charts 31-33),

PHOSPHATE AND SILICATE
NORWESTLANT 1

Phosphate — 100 m

A large area of water with a phosphate content greater than 1 ug atom PO,-FP/| was situated off-
shore in the Irminger Sea. A narrow band of this water extended arcund Cape Farewell intc The
eastern Labrador Sea. The phosphate distribution of the wafTer to the west of lceland was complex.
Te the southwest of Iceland a tongue of Northeast Atlantic Water was evident with a phosphate con-
centration below 0.75 ug atom POy-P/i. Other features of this ares were, however, more difficult to
relate toc the water masses present and the tast Greenland and Irminger Currents were not clearly
differentiated by their phosphate content.

In the eastern Labrador Sea +the phcsphate content of the water fel! towards the West Greenland
coast and a value below 0.25 ug atom POy4-P/| was recorded at the eastern end of Secticon 10 in the
West Greenland Current, The presence of ice along both the West and East Greenland coasts prevented
sampling close inshore. |t is therefore difficult to say whether this low phosphate water extended
aleong the whole cocast or whether i1 was an iscolated occurrence. Phosphate values from the western
Labrador Sea were rather sparse, However, Section 8 shows values to have been above 1 ug atem POy-P/|
across the Labradeor Current.

Phosphate — 20 m

This distribution had many features Tn common with that at 100 m., A large area of water existed
in the Irminger Sea with a phosphate ccncentraticn greater than 1 pg atom POL-P/1. At 20 m this
water extended further to the north than at 100 m, but if did not extend to the west of Cape Farewell.
To the south of Iceland, the water with a phosphate content of less than 0.75 ug atom PO,-P/| repre-
sented The incursion of Nertheast Aflantic Water infc the Irminger Sea, The extent of this water
was rather greater than at 100 m {see Section 3). There were no clearly defined structures in the
distributicn of phosphate along the East Greenland coast that differentiated the East Greenland
Current from the Irminger Current.

In the southeastern Labrador Sea a tongue of water with a phosphate content above 1 pg atom
PO,-P/| extended northwards to about 60°N lat. Further north the pheosphate content of the water
dectined. A bifurcation of the 0.5 ug atem PO4-P/| contour suggests a division of the Irminger Cur-
rent component, Values below 0.25 ug atom PO,-P/| were found along the West Greenland coast and in
the ncrtheast of the survey area. Sections 11 and 13 show that the phosphate content of the water
increased with depth in this area. The concentration of phosphate along the western part of Section 8
in the Labrador Current was similar to thet at 100 m (< 1 ug atom PO4-P/1}.

Silicate — 100 m

A broad band of water with a silicate content abeve 8 pg atom Si03-5i/1 extended northeastwards
intec the Irminger Sea from Cape Farewell. One arm of this water branched eastwards towards |celand
and ancther extended into the Denmark Strait. The inshore stations along the East Greenland ceoast
showed silicate values below 8 pg atom $103-51/1, tut there were no clearly defined structures that
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could be used to distinguish the East Greenland Current from the Irminger Current. South of lceland
there was an incursion of Northeast.Atlantic Water with a silicate content below 6 ug atom S5i03-5i/l.

The distribution of silicate in the Labrador Sea was more complex than in the Irminger Sea. The
main feature shown in the eastern lLabrador Sea was an area of water with a high silicate content in
the scuth and a general decrease in concentration northwards. |In the southern part of the Davis
Strait, however, there was an Indicaticn of a north-going fongue of water across Sections 11 and 12
with a silicate content above 8 ug atom $i03-Si/l. In the western Labrador Sea the silicate content
of the water showed a north to scuth decrease in concentration.

Silicate — 20 m

In the Irminger Sea the 8 ug atom $i03-5i/1 contour did not extend so far north as that at 100 m.
Northeast Atlantic Water (> 6 ug atom $iC3-51/1}, however, was evident to the scuth of lceland in
approximately the same position as at 100 m.

In common with the situation at 100 m the greatest ccmplexity was shown in the Labrador Sea.
An area of high silicate existed in the eastern Labrador Sea To the southwest of Cape Farewell, but
wiTh a detailed structure more complex than that at 100 m. The silicate content of the water decreased
towards the Davis Strait and towards the Greenland coast. Secticns 11 and 12 show that silicate
increased with increasing depth in this area. A tongue of water with a higher silicate content
extended northwestwards parallel fo the West Greenland coast and appeared to represent the Irminger
Current component. The distributicn of silicate in the western Labrador Sea at 20 m was similar fo
that at 100 m,

Discussion

The main features of the silicate and phosphate distribution were very similar. Apart from in
the Davis Strait there was |ittle clearly defined stratification. The dlstribution of both phosphate
and silicate showed the greatest complexity in the Labrador Sea. Differentiation of the water masses
by means of their phosphate and silicate content was often difficult. Phosphate and silicate did not
satisfactorily delineate the East and West Greenland Currents or the |rminger Current, However, the
Northeast Atlantic Water south of lceland appeared fto be distinguished by a relatively low phosphate
and silicate content. The Labrador Current was apparent by i+s high silicate content, but with a
north to south decrease in concentration,

NORWESTLANT 2

FPhosphate — 20 m

The dominant feature of this distribution was a very large area of water with a phosphate content
above 0,75 ug atom PO,-F/| extending from Section 3 in the Labrador Sea, round Cape Farewell to beyond
Section 4 in the Irminger Ses. At 20 m this water mass had a core south of Cepe Farewell at approx-
imately 57°N, 45°W, with values above 1 ug atom PC,-P/I. The vertical sections show that water with
a phosphate content of over 1 ug atom PQ,-P/| was far more extensive in fthe deeper water than at 20 m.
Sections 4, 5, 7, 9-11, G, and H all show values of over 1 ng atom POy-P/| at 100 m or less. The
highest concentration of over 1.25 ug atom POy-P/| occurred on Secticn G.

The main areas of water with a low phosphate content were close to the ice-edges, tThat is arcund
the east and west coasts of Greenland, in the northwest part of the Davis Strait and in the western
Labrador Sea. Weichart (1983}, using his continuous phosphate recording technique, has clearly illus-
trated the surface boundary between the low phosphate East Greenland Current and the high phosphate
Irminger Current.

The vertica! sections show that most low values were confined fo the upper layers. For example,
Section 5 shows that whereas surface values at Station 24 off the east coast of Greenland were
0.25 ug atom PO,-P/I, values approaching 0.75 ug atom PO,-P/| were recorded at 100 m. Similarly,
on Section 9 across the Labrador Sea, values were near or below 0.25 ug atom POy-P/| in the upper
layers, whereas at 100 m they were mosTly between 0.75-1.00 ug atom PO,-P/I.

A general examination cf all verTical sections shows a number of structures which seem fo
indicate vertical movement. Thls was especially marked to the west of Fyllas Bank where Sections 10
and 11 show an upwelling of phosphate rich water from below 100 m up to 20-30 m.
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Silicate — 20 m

A large area of water was situated in the southern Labrador 5ea with silicate values above
9 ug atom SiCG3-Si/1. A smaller core of water with values above 10 ug atom $i03~5i/1 appeared tc be
centred cver Station 4 on Section 9. Unfortunately, the rather large gap between Sections J and 9
prevents an accurate evaluation of the detailed horizontal and vertical structure of this water mass.

The cencentration of silicate showed a decrease towards the Davis Strait, through the Irminger
Sea, and towards the coastlina, The verticai sections show that the |lowest values tended to cccur
in the upper layers, although a considerable compiexity of structure Ie often apparent. Section 1%,
for example, shows that at 100 m values of over & pg atom Si03-Si/! occurred, that at 30 m the sili-
cate concentration was in the region of 3 ug atom Si03-Si/}, but that within the tep 10 m values
between 6-7 ug atom 5i03~Si/l were found. Secticns 10 and 11 also show upwelling in a number of
tongues of water rich in silicate coming from below 100 m.

Ancther Tnteresting phenomencn is the silicate content of the water in some coastal regions.
On Section 4, for example, the silicate content of the water in the upper layers fell towards the
East Greenland coast, reaching a minimum of 1 ug atocm $103-S1/1 at Station 14. A+ Station 13, how-
ever, the silicate content of the water was between 4-5 ug atom Si03~Si/l. A similar phenomenon
occurred at the landward end on Section 6 off Cape Farewell, and at the western end of Section 14 in
the Davis Sfrait. The end of the laftter section was close to the ice-edge although some distance
from the coast. The full significance of this phencmenon cannot be evaluated since the distance of
the Tnnermost staticon to the coastline was often |imited by the presence of ice. Indeed, the western
end of Secticn 14 was against the ice-edge but 100 miles east of Baffin Island. It is therefore
possible that the phenomenon may be associated with the proximity of the ice-edge rather than the
coastline.

Discussion

The distributions of phosphate and silicate were similar to one ancther in that the highest
values at 20 m occurred Tn the Labrador Sea. However, the core of this water was situated further
to the east with respect to phosphate than to silicate.

Both phosphate and silicate cften showed well-marked stratification, the lowest values generally
ocecurring in the surface layers., This presumably reflected plankton growth. The vertical distribu-
tion of silicate was offen more complex than that of phosphate. Mcreover, there was no clearly
marked increase in fthe concentration of phosphate at the ice-edge as was often the case with siiicate.

No attempt has been made to correlate either phosphate or silicate with the water masses present.
't is considered that bielogical acTivifTy had modified the dlstribution of nutrients to an extent
that make identification of water masses by their phosphate or silicate content unreliable.

The complexity in distribution of both phosphate and silicate in the Labrador Sea appears to
have been less marked on NORWESTLANT 2 than on NORWESTLANT 1. However, this may be a result of the
large gap In fhe observations between Sections J and G on the former survey. Both nutrients show
greater stratification on NORWESTLANT Z compared with NORWESTLANT 1, and this Is presumably a result
of greater bjological sctivify during the second survey.

NORWESTLANT 3
Phosphate —— 20 m

The main feature of this distribution was a large U-shaped area of water with phosphate values
mainly above 0.75 ug atom PO,-P/! extending from the Labrador Sea, around Cape Farewell intc the
Irminger Sea. Relatively small areas with values above 1 pg atom PQ,-P/| were situated 'n the Labrador
Sea and in the Irminger Sea. Sections 4, 6, and 7 show that at 100 m the area of water with values
above | pg atom POy-P/| was considerably larger than at 20 m.

The phosphate content of the water fell towards the Greenland coast and reached values below
0.25 ug atom PO,-P/| off the west coast and off the northeast coast, the lowest values occurring in
the surface waters as, for example, on Sections 3 and 10. The vertical sections as a whole show that
stratification over the survey area was generally well marked.

A tongue of water extended northwards info the Davis Strait from the region of high phosphate
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concentraticn in the Labrador Sea, The tongue was characterized by a relatively high phosphate
content with maximai values in the deep water as on Section 12,

The fwo other main feafures of the 20 m distribution were the large area of water with values
above C.75 g atom PO -P/| in the western Labrador Sea, and the area of water with values of below
0.5 g atom PO -P/I to the south of lceland end protruding into the irminger Sea.

Siliteate — 20 m

The area surveyed differed from that for phosphate in that The northern Labrador Sea, the Davis
Strait and an area near Cape Farewel| were not covered. A U-shaped area of water with a relatively
high silicate confent extended from the Irminger Sez, around Cape Farewel! o beyond the survey [imit
in the Labrador Sea. At 20 m the highesT values were above 7 pg atom Si03-5i/( fo the south of Cape
Farewell. Section 7 shows that this value rose to above 9 ug atom $i03-5i/1 at 100 m.

All the vertical sections show that stratification of silicate was wel| developed over most of
the survey area. The lowest values at 20 m occurred off the Greenland coast and over a large area
to the south of Iceland. The highest value recorded wes 15 ug atom 5i05-Si/1 in the Labrador Sea at
75 m on Section 8.

Diecussion

The horizental and vertical distributions of phosphete and siiicate were very similar. High
concentrations of both nutrients were distributed in a U-shaped area extending from the Irminger Sea
into the Labrador Sea., The lowest concentrations of phosphate and silicate occurred in coastal waters
and to the scuth of [celand, The distribution of the two nutrient salts showed some small differences.
At 20 m the highest silicate values cccurred in an area fo the south of Cape Farewel |, whereas the
maximum phosphate concentrations of about 1 ug atem POy-P/| occurred in both the Labrador Sea and in
the Irminger Sea.

As in the case of NORWESTLANT Z, it is considered that plankten growth had influenced the djs-
tribution of nutrients Tn the surface layers to such an extent that a correlation of phosphate and
silicate with the water masses present would be unreliabie.

The distribution of phosphate and silicate during NORWESTLANT 3 was mainly similer to that of
NORWESTLANT ¥. However, differences in the areas covered prevent a complete comparison. There were
two main differences in the distribution of phosphate at 20 m between the two surveys. On NORWEST-
LANT 3 the area of water in the Labrador Sea with values above 0.75 ug atom PO,-P/| was less exten-
sive than on NORWESTLANT 2. Also, the area to the easT of the Labrador coast showed values above
0.75 png atom POL,-P/| during NORWESTLANT 3, whereas fThe concentration of phosphate was below
0.25 ng atom PO,-P/| in the same locality during NORWESTLANT 2. Similarly, the area enclosed by
the 7 ug atom Si03-Si/l contour In the Lsbrador Sea was considerably less extensive on NORWESTLANT 3
compared with NORWESTLANT Z. The sparseness of silicate data from off The Labrador coast for
NORWESTLANT 3 prevenfs a reliable comparison with the previous survey. It does appear, however, that
silTcate values were higher than during NORWESTLANT Z.

NORWESTLANT 3 is comparable in time to the July surveys by Hermann off the west coast of Green-
land, The distribution of phosphate in The southern part of The area during NORWESTLANT 3 differed
somewhat from Hermann's surveys. The area of water with high phosphate values off the southwest

coast became bifurcated Towards the north. Hermann found a continuous band of high values running
parzllel to the coast. Upwelling of the type described by Hermann in the appendix to the section on
Physical Oceanography was found in the area on all the NORWESTLANT Surveys, but it wes most pronounced
on the second and third surveys. Hermann attributes the phenomenon to be a result of turbulence in
the subsurface Irminger Current lifting deep water, rich in nutrients, towards the surface. There

are no silicate data in this region for NORWESTLANT 3. On NORWESTLANT 2 (e.g., on Section 10)
upwelling was common to both phosphate and silicate. It is interesting fo note that the phenomenon
occurred as a3 number of fongues across the whole section and was not confined to the coastal reglion,

The surface distribution of phosphate in the Irminger Sea found by Kalle during June 1955 is
basically similar fo the Z0-m chart for MORWESTLANT 3. Low values were found to the south of lceland
and along the East Greenland coast with a relatively high concentration of phosphate in the central
part of The Irminger Sea. Kalle's survey is more comparable in time to NORWESTLANT 2, for which
phosphate data in the northern Irminger Sea are missing. The pattern in the southern Irminger Sea
on NORWESTLANT 2 is, however, basically similar to both NORWESTLANT 3 and Kalle's survey.
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DISSOLVED OXYGEN
NORWESTLANT 1
100 m
At 100 m the dissclved oxygen saturation was near 100% over the whale survey area.
20 m

The main feature of this chart is the high percentage saturation values off The wesT cocast of
Greenland in the ncrthern part of the Davis Strait (Sections 11 and 12). Over the remainder of fhe
area there was |itfle difference from the 100-m chart.

NORWESTLANT 2
20 m

In the Irminger Sea most dissolved oxygen values were between 95-110% saturation, except for
the inshore stations on Secticns 4 and E, where values rose sbove 120%. Reference To Section 4 shows
that these high values were confined to the upper 40 m.

The main feature of interest in the Labrador Sea is the high values off the Labrador coast with
the inshore oxygen saturaftion amounting to 140%. Reference fo Sections H, J, and 9 shows that the
area of high saturation extended down to as far as approximately 30 m, Two areas of relatively low
saturation values occurred in the southern part of the Labrader Sea near the boundary between the
North Atlantic Current and the Labrador Current. Other areas of low values were found off the north-
east coast of Labrador and off the southwest coast of Greenland. Secticn 10 shows sharp vertical
yradients in the percentage saturation of oxygen extending from the surface to at least 100 m off
the northeast coast of Labrador, However, in Section 9, off the southwest coast of Greenland, the
saturation contours are very complex and marked horizontal and vertical gradients both occur: on
Stations 8 and 9 many values have nct been conteured owing To their complexity and the reported
values have heen inserted at the appropriate depths instead, Off the west coast of Greenland the
percentage saturation of oxygen at 20 m was alsc rather complex, with a wide range of values. Al
the vertical sections in this region show the high saturaticn te have been confined to the shallower
water.

NORWESTLANT 3
20 m

On this survey the percentage saturation of oxygen at 20 m ranged between 100-119% over most of
the area. A small region of saturation above 120% occurred off the East Greenland coast on Section 2
and a value of less than 95% was recorded in the West Labrador Sea. The latter observation was made
by USCG Evergreen on a non-standard section and does not appsar in the verfical secticns.

DISCUSSION

The most interesting feature shown by the dissolved oxygen surveys is the high saturation values
recorded during NORWESTLANT 2. Fedosov and Andreev (1961) observed oxygen saturation up to 119-125%
off the wesT coast of Greenland during May-June 1958. They atfributed the phenomenon to a very high
rate of phytoplankton production. Franceschetti (1964) recorded oxygen saturation up to 136% in the
surface water of the Kane Basin during July 1963. The high values were thought teo have resuited from
air trepped in the ice passing intoc soluticn as the ice melted., The high saturation observed during
NORWESTLANT 2 could have been caused by both mechanisms. High values were offen encountered in the
vicinity of ice, as, for example, off the socuth coast of Labrador. A comparison of the general dis-
tribution of phosphate and silicate at 20 m on NORWESTLANT 1 and 2 suggests that blological activity
was greatest on the second survey. |t Is therefore reasonable to assume fThat a high rate of phyto-
plankton production then had also resulted in high oxygen saturaticon. The reglon investigated by
Fedosov and Andreev colncides with the area of saturation values above 115% in the Davis Strait
centred on 63°N, 55°W. Reference fo Chart 76 shows that this water was of relatively high salinity
and therefore away from the Influence of melting ice. It is therefore probable that here was an
example of high oxygen saturation caused by phytoplankfon activity. The general absence of high
saturation values on NORWESTLANT 3 points to a diminution in the rate of phytoplankten production
between the second and third surveys.
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The distribution of percentage saturation of oxygen on the three surveys did not give any clear
indicaticn of the water masses present. This is to be expected, since in surface waters the exchange
of oxygen between the atmosphere and water occurs readily and biciogical activity is at a maximum.
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Ammonia and Organi¢c Carbon During NORWESTLANT 2

By
M. Gillbricht!

During NORWESTLANT 2 R/V 4dnton Dohrn undertook investigations of the ammonia and of the organic
carbon at all hydrographic stations from all depths inside the region from 53° to 63°N lat and from
26° to 43°W long.

The mean vertical distribution of ammenia (Method: Gillbricht, 1961} is given in Fig. 10.
Some surface values were extremely high and were nct used because they were obviously influenced by
+the ship. Down to 200 m we have a steady gredient, below this depth there is a more or less constant
value. But we must always have in mind that this "ammonia" method, in fact, also determines organic
nitrogen compounds (Z.e. aminc acids).

The vertical sections (Chart 177) show a distinct structure only near the polar front on their
left hand sides. For The other irregularities it is difficult to decide whether or noct These values
are real. Such a complicated method s easily disturbed. Again, at the surface we must expect to
have a Thin film with much more ammonfa and sc on. Using a bucket we will catch a variable quantity
of this film and in this way get a range of values. Therefore it would be better to use a water
bottle half a meter or so below the surface instead of taking direct surface samples.

The organic carbon was determined with a simple permanganate method (Gillbricht, 1957}, The
mean vertical distributicon compared with the situaftion during the International Geophysical Year (IGY?
(R/Y Anton Dokrn, August-September 19%8) is given in Fig. 11. While the values near the surface are
practical ly the same Tn both years The gradient is a sfeeper one in 1958. This indicates a smaller
turtulence during the IGY than during NORWESTLANT 2. This can alsc be seen by means of the density
gradients and of the gradients of phosphate and oxygen.

The vertical sectlions are given in Chart 178. It is difficult to describe fthese diagrams
because the organic carben is a relafively stable substance on the one hand but on the other, it is
produced by The phyteplankton near the surface (Fig. 11). Because the hydrographic condition was a
very confused one, we must expect to find at least the same situation for the organic carbon but
comp|icated for the reasons given above with regard to ammonia.

We can say a |itfle more about organic carbon and ammonia if we investigate the correlations
and the multiple correlations between These substances and other measurements (depth, T°, $%/co,
phyTop lankton, zooplankten) using only samples from the surface to 20-m depth and from one water
body. In fThis way we get three groups of samples:

a) Stations 13 to 18 (except Station 16; surfacel,
bl Stations 18 to 21 {excepT Station 21; 10 m},
c) Stations 27 to 37 (except Station 27; surfacel.

Testing the different possitilities | found that the following solufions best describe the situation:

C = grganic carbon n = number of measurements
N = ammonia nitrogen r = correlation coefficient
phy = phytoplankton R = multiple correlation coefficlent
S = salinity
a) n = 23 C = fiphy) ro= +0.547 p < 0.05
b} n =15 C = f{N) r = +0,572 p < 0.05
c) n=23 C = fiN) ro= +0.456 p < 0.05
T Institut fUr Hydrobiologie und Fischereiwissenschatt, Hamburg 50, Olbersweg 24, Germany.
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Fig. 10. Mean values of the vertical distribution of the ammonia during NORWESTLANT 2
(R/V Anton Dohrm).

a) MNc correlation between N and any variable,
by N = f(5, C} R 0.756 p < 0.0
e} N = £0) F o= +0.456 p < 0,05
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Fig. 11. Mean values of the vertical distributicn of organic carbon (permanganate
consumpTion) during 1GY 1958 (R/V Anton Dohrm) and during NORWESTLANT 2 1963
(R/V Anton Dohym).

Figures 12 and 13 show the connections between the calculated values cbtained by means of these cor-
relations and the chserved values of organic carbon and ammonia,

For groups (b) and (c) organic carbon is seen to he a function of the ammonia content. Therefore,
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Fig. 12. Organic carbon: Ceorrelation between caiculated and observed
values (A — Stations 13-18; Q0 — Stations 18-21;
O — Stations 27 to 32).
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Fig. 13. Ammonia: Correlation between calculated and observed values (A — Stations 13-18;
0 — Stations 18-21; [O— Stations 27-32).

we can investigate what relation exists between ammonia and organic carbon (Fig. 14 A). The three
lines

a) r = +0.342 p > 0.09
b)Y r = +0.572 p < 0.05
c) r = +0.456 p < 0.05

indicate, that the quantity of ammonia which corresponds fo 1 mg of organic carbon, is also a
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Fig. 14. A: Regression lines between organic carbon and ammonia for
different water bodies.

B: Correlation between the ammonia content If there is no
crganic carbon and the change of ammenia with the organic
carbon for different water bodies (for explanation, see
Text).
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function of the ammonia content without amy carbon being present. This is easy to understand because
the oxidation of ammonia is faster if the quantity 1s a greater one. This means that the true and
highest valus can be seen only If we have the situation where no ammonia exists in the absence of

organic carbon. In cur case (Fig. 14 B) we get the maximum value
ANy 9% where &N is The increase In ammonia for an Increase in organic carbon,
aC ? AC, in Fig. 14 A.

Such a calculation has a small accuracy, of course, but we can at |east see the range. This value
would mean that about 25% of the organic substances given off consist of amino acids and sc on (a
reasonable quantity), assuming that all ammonia comes out of organic substances. Aminc acids woyld
also be determined directly by the ammonia method used.
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The Phytoplankton During NORWESTLANT 1-3

By
M. GillbricHt!

OISTRIBUTION OF THE TOTAL PHYTOPLANKTON

During the NORWESTLANT cruises of 1963, water samples for phytoplankton analysis were taken at
all staticns from 10 m and also at depths fo 600 m at selected stations. The volumes of the samples
varied from 60 To 250 cc. As 1,573 samples had tc be analyzed in a short time, the fast counting
method described by Gillbricht (i859b) was used. This meant that all the samples could be analyzed
by one person and that they were all freated and counted in exactiy the same way. Only 20-25 cells
per sample were counted and for this reason it is impossibte to describe the distribution of the
rare forms. The method was designed fo give @ picture of the seascnzl and geographical distribution
of the total phytoplankton as pg carbon per |ltre. As there can be considerabie hetercgeneity in
phytopiankton distribution (Gillbricht, 1962) this information is more reliable when obtained from
the analysis of a large number of samples using the fast counting methed rather than by analyzing a
few samples more thoroughly.

To compare the plankton data with chemical determinaticns (organic carbon, etc.), the numbers
of each species per sample were converted into plankton (plasma) volume (Lohmann, 1508} using one
average cell size for each species. However, the cell volumes of individual species may vary wlthin
a wide range (diatoms 1,000:1} and different populations of the same species often have different
mean volumes. For these reasons the measure of total carbon calculated from cell volume will not be
very precise, but it will give a better assessment of the phytoplankton biomass distribution than
that given by numbers alone. The conversion factors from plasma volume to dry organic matter
(Banse, 1956) and from dry organic matter to carbor (Cushing, e al., 1958) are not so variable and
are unlikely To cause any significant errors in the conversion to the final values of total carben
per sample,

The phytoplankton was coliected on three surveys, NORWESTLANT 1 in April, NORWESTLANT 2 in May-
June, and NORWESTLANT 3 in July. The area under investigation was divided into four regiocns:

a) NW — North of B0O°N, West of 45°W; c} NE — North of B0°N, East of 45°W;
b) SW — South of 60°N, West of 45°W; d) SE — South of 80°N, East of 45°W.

There is one point near Cape Fareweli common to all four regions. A comparison of the mean values

of the total phytoplankten (given as wg carben per litre) in the surface samples (0 to 20 m) from
these four areas is given in Fig. 15. In the waters east of Greenland the phytoplankton increased
from April tc July while in the waters west of Greenland it decreased, suggesting that the spring
maximum had already ended there. The warming of the water in spring sterted ecarlier in the waters
west of Greenland and the water column was stabilized to ailow the beginning of a phytoplankton
bloom. The spring phyfoplankfon outbreak can start as early as March even in high northern latitudes
(at least up fo the polar circle} if the water column is stable encugh. The southern regions showed
curves typical of a spring cutbresk. The figures obtained for the SW region for NORWESTLANT 2 are
probably too high as only a few samples were taken near Cape Farewell then.

Chart 179 shows the Intensity of the sampling during the NORWESTLANT cruises in ome degree
squares. Most samples were taken in the coastal waters of Greeniand and iceland where the greatest
heterogeneity was expected. The results were, in facT, very compliceted in these regions; fTo
stmplify the resuits so that contour lines couid more easily be drawn, the charts were constructed
by caiculating the mean value of carbon per litre for each one degree sguare. The necessity for
doing this suggests that single samples are not sufricient for drawing distribution charts. The

Tlnstitut fur Mydrobiclogie und Fischereiwissenschzft, Hamburg 50, Olbersweg 24, Germany.

ICNAF SPEC. PUBL., NO. 7.
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Fig. 15. Graphs showing the mean values of phytoplankton in ug carbon per litre for
each area during NORWESTLANT 1-3 (see text).
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even distribution in the cpen sea may be a function of the small number of samples taken there
rather than the true distribution. 1t is not known if the distributions would have been more com-
plicated if more samples had been taken, so That the charts give only a general picture of phyto-
plankton distributien and cannot be correct in fine detail.

NORWESTLANT 1 (Chart 180)

FPhytoplankton was abundant in the coastal waters west of Greenland from the northern boundary
of the area investigated (67°N) to Cape Fareweil, with a maximum {50 ug carbon/litre) at 64°N,

NORWESTLANT 2 (Chart 181)

There were two areas of maximum production (ca. 50 ug carbon/litre) in the waters west of Green-
land at 62°N and 67°N. The isoiines are more or less parallel to the coast. |n the waters east of
Greenland there were three cenfres with abundant phytopiankton with values up to 100 ug carbon/litre:
Greeniand coastal waters, lcelandic waters, and to a |lesser degree the cpen sea.

The vertical disftribution of phytoplankton for three sections southeast of Greenland has been
given for this suryvey (Chart 182). In the southermmost section {c) there were two areas with rich
plankton, cne near the coast and the other in the warmer Atlantic water. In the mest northern sec-
tion (a) three cenfres of high production can be seen, one near Greenland, cne in the Ilrminger Sea,
and Tn Atlanfic water. The distributicn in the middle secticn (b) appears fo be infTermediate.

NORWESTLANT 3 {Chart 183}

There were some weak populations off the west coast of Greeniand which appeared to spread out
fram the shore. Phytoplankton was scarce near the east coast but large numbers had drifted In from
the east and the north. The high mean value at this Time was caused by an inflow into this area and
not the result of growth there.

The general Tmpression of the phytoplankfon distribution was of high values in coestal areas,
cold polar waters and water of the North Atlantic Driff, but low numbers in the Irminger See.

The distribution in 1963 can be compared with ear!ier observations which are summarized in
Table B,

TABLE 8. Earlier observations taken in fThe regions of the NORWESTLANT Survey.

Reference Year Season Regicn Conclusions
Braarud 1929 June- Denmark Well| defined timits fo the distributions of different
(1935} AugusT Stralt species (e.g. Fragilaria oceanica and Achnanthes

taeniata near Greenland); phytoplankton development
started with the disappearance of the ice-cover;
seasonal maximum lasted from the end of June until
August; the palar current with Jetonula confervaceq
was extremely stable and had a short phytoplankton
season (no renewal of nutrients).

Steemann 1899 September East of Much phyteplankton.
Nielsen Greenland
(1935)
1903 June West of Phytoplankton bloom.
lceland
1932 June Gul f Phytoplankfon maximum (The maximum was later than May
Stream in 1934},
1632 August Reykjanes  Upwelling with much phytoplankton. MNormally phyto~
Ridge plankton production s maximal in May and June,

- continued
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TABLE 8. (continued)

Reference Year Season Region Conclusions

Gréntved 1928 May- West of 65°N - 70°W, Ceratium arcticum, Peridinium spp.,

and October Greenland  Chaetocerss spp., Rhiacsolenia hebetata var. semispina
Seidenfaden were abundant. Southwest of Greenland, Nitzehia spp.,
(1938} and Phaeocystis were numerous while Coseincdiscus

spp. were dominant near the Canadian coast.

Holmes 1850-51 January- 56 30N Two phytoplankton maxima, one in June and the other

(1956) December 57°00'W in September., Only a small number of species (Fra-
gilaria nana, Corethrom hystrix, Rhizosclenia hebe-
tata var, semisping, Glenodinium sp., Gymmodinium sp.,
Goniaular sp. and Bodeo maring).

Steeman 1954 July- Greenland Highest producticn at the boundaries of the currents;
Nielsen AugusT maxima east of the East Greenland Current, in the
(1958) coastal waters west of Greenland up to 67°N and in the

centre of the Davis Strait {(similar resul+*s in 1955,
1956 and 1957).

Fraser 1857 Spring Near Vernal blcoom |ater than April-May.

(1959) lceland

Gillkricht 1955 June Irminger Much phyToplankton east of Greenland (Phaesoystis,
(19 ) Sea Rhizosolenia, Chaetocercs); *he spring maximum had

finished near the Reykjanes Ridge.

Thordardéttir 1958 May- Northwest  High production.
June of lceiand

Steemann 1958 July West More phytoplankton than normal; more chlorophyll

Nielsen Greenland  than 1957 especially.

and

Hansen

(19613

Hansen 1954-58  Summer West of Low production.

{(1961) the
Reykjanes
Ridge

1954-58  Summer EasT High production always at the boundary of the East
Greenland Greenland Current and the Irminger Current.
1954 Summer Reyk janes Similar production o 1957. Two to three times pro-

Ridge duction found in 1955 and 1956.

Gillbricht 1958 March- Irminger Low values,

(19613 April Sea

1958 August- Irminger High numbers near East Greenland; medium numbers in
September Sea the central part.
Thordardsttir 1959-62  May West and Highest productivity in 1960, Low preoduction near
{unpublished) northwest  the ice border.

of lceland

1359-61  June West and Higher production in June 195% and 1961 than May
1963-64 northwest  while values were already low in 1963 and 1964,
of lceiand
- continued
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TABLE 8. (continued}

Reference Year Season Region Conciusions
1661 July West and Proeduction much lower than in preceding twe months,
northwest

of lceland

1961 September West and Similar production as found in July.
1963 northwest
of lceland

Generally, The previous investigations confirm the distributions observed during the MORWESTLANT
Surveys, except that there is no Information about the early spring outbreak of phytoplankton in the
waters wesT of Greenland. It is especially interesting to note that there can be great differences
in plankfon preduction from year fo year. |t fs important to know whether the production in 1963
was high, nermal!, or low, compared with observations made In cther years. The stability of The water
column, cne of fThe fundamental factors influencing the growth of phytoplankton, was unusually low in
1963 (Table 9}.

TABLE 9. Production in the Irminger Sea.

R/Y Anton Dohrm” NORWESTLANT (NE Region)
1855 1958 1863 1963
June August- May— July
September June
Phytoplankton (ug C/ 1} 38 15 13 16

2 GllIbricht, 1959, 1961.

Plankton values and stability were both low in 1963 compared with 1955. A compariscn with 1958
is difficult because the samples were faken later in The year fthan NORWESTLANT 3, but as the phyto-
plankton maximum is usualiy over before AugusT, it is probable that numbers were higher in 1958 than
1963,

SPECIES DISTRIBUTIONS

The hydrographic situetion in 1963 was very complicated and is reflected Tn the distributions
of individuzl species which were not well-defined. The abundance and composition of the phyte-
plankton differed from station to station making it very difficult to draw distribution charts.

NORWESTLANT 1 (Chart 184)

Diatoms (Chaetoceros spp. and Thalassiosira spp.) were abundant in the waters west of Greenland.
Phaeoeystis sp. was present in the extreme north.

NORKESTLANT 2 (Chart 185)

Diatoms and Phaeocystis spp. were still present west of Greenland and there was alsc a small
zone of Fragilaria cceantca and similar forms {dchnanthes taeniata) around Greenland. WNitzchia spp.
and other pennate diatoms were found over a large area of the Irminger Sea and there was a region
where Gymmodiniwm spp. and other flagellates were dominant. Khizosclenia spp. and Chaetoceros spp.
were also present in the ccastal waters of Greenland and Skeletomema costaium and Asterionella’
Japonica near the ccast of Iceland.
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area during NORWESTLANT 1-3 (see text).
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NORWESTLANT 3 {Chart 186)

Gyrmodinium spp. and other flagellates were found In the waters west of Greenland and also asso-
ciated with Chaetocercs spp. and Nitzchia spp. in the Irminger Sea near Greenland. The high numbers
found northwest of lceland consisted of Chaetoceres spp., Nitaehia spp., and other pennate diatoms.

SMALL ZDOPLANKTON

The distributicn of the members of the zooplankten caught with the water bottle is summarized
in Fig. 16. The counts have been transformed info ug carbon per litre. They consisted of species
or forms not usually caught in net samples (ciliates, etc.} and their distributions might be related
more To the phytoplankton rether Than the larger animals. |t may be that different size ranges of
zocp lankten have different geographical distributions. The results are given for the four mein
regions and these all showed a steady increase in microzoopiankton during the NORWESTLANT Surveys.
The develcpment was much slower than fThat of fThe phytoplankton and it seems unlikely that there is
a direct relationship between The two. Growth was faster in the northern regions and this might be
asscciated with more phytoplankton and 2 lower respirafory rate because of the lower temperature.
However, numbers of small zocplankton in the northwest region did not increase earlier than the other
regions in spite of the earlier spring outbreak of phytoplankton there. This may have been because
the water was foo cold at that time,

ORGANIC PARTICLES

Bestdes the plankfon, organic parficles were abundant in most samples. These particles were
probably derived from decomposed plankton and naked nannoplankfonic forms which are usually desfroyed
during fixation. They musT surely form & source of focd for many small animals so that some assess-
ment of their biomass should be of ecological interest. The counts have been converted into ug carbon
per litre and the results are presented for the four main areas (Fig. 17). Values were higher for
the eastern regions, especially during NORWESTLANT 2. The significance of these distributicns is
not understood.

VERTICAL DISTRIBUTIONS

The mean vertical distribution of the phytoplankton, the zoopiankton, and the organic particles
juring the three surveys showed the expected logarifthmic decrease from the surface fo 100 m (Table 103,

TABLE 10. Changes in disfribufion of phyfoplankton, zooplankton, and
organic particles with depth.

Decrease in % per metre depth

North of E0°N South of &0°N
Phytoplankton 3.4 2.1
Zoop lankton 2.1 1.5
Organic particles 2.0 1.2

The gradient was steeper in the north compared with the south and there were different vertical
gradients for the three components indicating possibly different rates of sinking and decompesition,
The distribution of the microzooplankfon was correlated more with the organic particles than fhe
phytoplankton.

The three components may also be compared by means of selected surface sections.
NORWESTLANT 1 (Fig. 18)
The phytoplankton distribution was similar to that shown in Chart (8C, £.e. abundant in the

coastal waters west of Greenland. The rzocplankton was usually less abundant that the phytoplankton
while The organic particles were particularly numerous in the south and east.
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Fig. 1B. Graphs showing the surface disfributions in npg carbon per litre (0 to 20 m mean value) of
phytoplankton , zoop lankten ———-- , and organic particles -.-.-, in selected sections
sampled during NORWESTLANT 1,
The arrows indicate the directions of the sections. The abscissa is gliven in nautical miles
and the scale of the ordinate has been shortened by using the square rcot of the phytoplankton
values, which were obtained by Taking Three-station running means.

NORWESTLANT 2 {Fig. 19)

The phytoplankton was richer in the coastal waters of Greenland with values decreasing fowards
the open sea and then increasing again in the Aflantic water. Zooplankfon and organic particles
were more numercus than during NORWESTLANT 1. Sections g, h, and i, were also given in Chart 182
respectively.

NORWESTLANT 3 (Fig. 20)

In scme of the area {(sections g, i, ana k) the biomass of phytoplankton, micrazeoplankton, and
organic particles was similar, buf west of Greerland the zooplankton was now more abundant than the
phytoplankton, probably indicating the end of the phyfoplankton bloom there.
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ton, and organic particles, in selected sections sampled during NORWESTLANT 2. For further
details see Fig. !8.

SUMMARY
The distribution of the total phytcplankton (as ug carbon per |1tre) showed that producticn
started earlier in the coastal waters west ot Greenland than elsewhere. Generally, high values
were obtained in coasfal areas, cold polar waters, and water of the North Atlantic Drift but
low values in the irminger Sea. The distribution in 1963 is compared with earlier observations.

The distributicns of the individual species were compllicated and not wel [~defined.

The distributicn of the small zooplanktcn caught by water bottles did not show any direct rela-
tionship with the phytoplankton distributicn.

Organic particles were abundanft, especially in the eastern parts cof the survey.
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Chlorophyll a Distributions

By
J.H, Steele!l

During the NORWESTLANT cruises estimates of chlorophyll a concentraticn at 10 m were made by
Canada, Dermark, Germany, and UK., The German and UK materiai was analyzed in the Marine Laboratory,
Aberdeen, and | am grateful to Dr Gillbricht, Mr Corlett, Mr Lee, and Dr Johnston for collecting the
samples. The Canadian and Danish data were collected and analyzed by Dr Pearre and Dr Vagn Hansen
respectively who have kindly provided their results for this summary.

Except for Denmark the plant pigments were extracted in 90% acetone. For the samples analyzed
in Aberdeen the chlorophyll a was estimated using the factor:

E663 = B9 I/g cm (SCOR-UNESCO, 1964},
The Canadian samples were treated ultrascnically and the factor was:
E6ES = B9 1I/g cm (Parsons and Strickland, 1963).
The Danish material was extracted in methanol with ultrasonic treatment. The conversion factor was:
E665 = B6 |/g cm {Laesspe and Hansen, 1961).

Since the data are used only tc Indicate broad regional and seasonal changes, the differences in
methods should not be significant,

On NORWESTLANT 1 samples were collected by the R/V Ermest Holt to the southeast of Greenland.
The values were all iow, within the range C.07-0.59 ug/l, indicating that nc significant phytoplankton
growth was occurring. For this reason the data have not been charted. The results for NORWESTLANT 2
and 3 are shown in Charts 187 and 188. Roughly, concentrations less than 1.0 pg/l indicate negli-
gible phytoplankton growth, 1.0-3.0 ug/! slight to moderate growth, and greater than 3.0 g/l
"bloom" conditions.

During NORWESTLANT 2, although there is some preduction over nearly al| the area surveyed, the
main region of growth is near Greenland. A comparison with the hydrographic data show that this
latter area corresponds to the East Greenland Current with its fresher surface layer, higher stabitity
and lower phosphate concentration. in particular, the westward spread of high chlorophyll « concen-
tration on the west side of Greenland corresponds to the hydrographic features in This area.

Cn NCRWESTLANT 3 the general level of chlorophyll a concentraticn has decreased. |[n particular,
although the strip off East Greenland has siightly higher values than the offshore waters, the bloom
appears to have ended. The conly rich areas are found in small patches inshore and in the extreme
northeast.

This summary supplements the more detailed survey of the phytoplankfon by Dr Gillbricht and
shows that the same general features are distinguishable in the chlorophyll a data.
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On Primary Production in the Northwest Atlantic’

By
M.V. Fedosov® and |.A. Ermachenko?

Most commercial sea organisms represent heterotrophs, €.e. organisms needing corganic nutrition
for their existence. Two organic substances serve as the scurces of organic nutrition in sea water:

1) Organic material formed by phyfoplankten In the process of photosynthesis and the assimila-
+ion of mineral bicgenic substances;

?2) Organic material provided from continents, remainders of animal and vegetable organisms on
the land.

The first source of primary organic nutrition exceeds the second in quantity. |In coastal areas,
however, qrganic substance brought from the land can somewhat increase its amount in sea water. A
fair number of organic substances can be accumulated in the photic layer of the sea water masses
adjacent to the land, and their concentration in a unit volume of sea water usually appears fo be
the highest here; it has a positive meaning in frophic relations in the sea.

Investigations carried cut in 1963 on the Soviet R/Y Academician Knipevich and Topseda reveal
the influence of hydrochemical and thermal factors on the intensity of photosynthetic process.
Examinations of the intensity of the formation of phytoplankton organic material were made in April
and July in the Labrader Sea and the adjacent areas of the northwestern part of the Atlantic Ocean.
The period from the time of field work fo the present moment being short, we use only a part of the
material collected. This, however, permits us to consider the chemical base of the productivity
investigated.

Observaticns on temperature permitted the determination of its influence upon the biochemical
processes characteristic of sea water. To examine these, observations on the content of dissolved
oxygen in sea water were made. The data con changes in the dissolved oxygen content during a day in
the photic layer, which characterize the intensity of biclogical processes in the upper layers of
the sea, proved to be especially valuable. The phosphorcus and silicon contents of the sea water
were determined, and changes in P and Si from April to July were recorded. Observations made on the
biochemical consumption of oxygen permit the assessment of the character and guantity of organic
material .

Numercus analyses of the content of biogenic elements allowed us to work cut new characteristics
of the waters investigated and supplement estimations on their primary productivity.

Over-oxygenaticn of the sea water in the process of photosynthesis permits the definifion of
regions with various degrees of phytoplankton vegetation during the investigations. The process of
over-cxygenation of water above 10c% begins in spring and coincides with the time phytoplankten
began blooming. This well-known fact allows us to judge the time and intensity of the photosynthetic
activity of phytoplankton. However, fo the result of the analyses IT is necessary fo introduce
corresponding corrections for possible over-oxygenation ot the water masses on account of rapid
warming cf the sea.

The investigations and estimations made suggested a sub-division of the investigated waters
into regions (Fig. 21) accerding tc the magnitude of the phofosynthesis of organic material, the
primary nutrition for heterotrophs. On the basis of the over-oxygenation rate of the subsurface sea
water coiumn, the thickness of the photic "productive" fayer was determined. The value of the surplus

T This paper was originally submitted to the [CNAF Symposium, "The Influence of the Envircrment on
the Principal Groeundfish Stocks in the Nerth Atlantic”, held in Rome, 27 January-1 February 1964.
It is published here rather than in Spee. Publ. int. Comm. Northw. Atlant. Figh., No. 6, as it
deals witTh primary producticn during the NORWESTLANT Surveys.

T all-Unicn Research Institute of Marine fisheries and Oceanography, VNIRO, Moscew, USSR.

ICNAF SPEC. PUBL., NO. 7.
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Fig. 21. The Labrador Sea. Four regions with different intensities of photosynthetical formation
of new organic matter in April 1963, Contours show excess of dissolved oxygen in the
photic layer as iitres/m?. Typical temperatures are given.

of oxygen in the photic layer characterizing the rate of the infensity of photesynthesis and expressed
in Iitres of oxygen under a sguare meter of water surface, was faken as the basis for the division
intc regions of the water masses investigated in April 1963 (Fig. Z1). The results of the analysis

of the data on the daily increase cf oxygen and the biochemical consumpticon of oxygen confirmed the
reliability of this method of division. Mean values of water ftemperature characteristic of the

photic layer in each region are shown in Fig. 21. Within the areas with low water femperatures off
Labrador (Regicn |1} and the southwest coast of Greenland (Region |}, effective photosynthesis was

nil or very small.

The highest photosynthetic over-oxygenaticn {more than 20 | O;/my) was observed In waters of
Region |V located to the south and southwest of Greenland (Fig. 2i), the femperature of the water
being 3.5° to 4°C. The areas over-cxygenated more than 20 | Qa/m; represent the areas with the
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Fig. 22. The Latrader Sea. Values of dafly production of vegetable organic matter in mg per day
in April! 1963. Regions mentioned in the text are shown.

oxygen content in the photic layer of the sea.

highest dally intensity of photosynthesis registered on the basis of daily changes cof disscived
The value of oxygen surplus under a square meter indicates the amount of photosynthesis during
the whole period from the beginning of growth until the time of its observation.
sis of organic matter during the period of the cbservations.
the area intoc regions.

Farewell (Region 1V, Fig. 223.

The daily fluctua-
tions in the content of oxygen In the photic layer of sea water shows directly the amount of synthe-
Four regions of the waters investigated were clearly distinguished in April 1963:

The results confirm the division of

the Labrader
region {(Region |1}, the central part cf the Labrador Sea (Region i1}, the region along the south-

western coast of Greenland (Region 1), and an area between Regions | and || tc the south of Cape
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Observations made on the intensity of biochemical consumption of oxygen as a result of oxidation
of dissclved organic matter provided additicnal characteristics of the primary production of the
water masses in different regions of the investigated part of the Northwest Atlantic Gcean. The
intensity varies from place to place depending upon the distritution of the most recently formed
organic material. The investigations on the inftensity of biochemical consumption of oxygen in the
upper layers of sea water masses made by R/V Academician Knipovich confirm the diagram of organic
matter distribution (Figs. 21, 22} in the area surveyed,

Table 11 shows the resulfs of these experiments. |In southern waters (Region |V) this process
is noted as being very intensive even in April. In areas with cold waters {Regions | and I!{) the
process of biochemical consumption of oxygen was quite small in April 1963. As in May 19538 (Fedosov
and Andreev, 1961} biochemical consumption of oxygen in the lower layers of the waters in the Labrador
Sea at the depth of 120-130 m was 0.002-0.004 ml 0p/1 for 24 hr. In July 1963 newly-formed organic
matter was subjected to consumption and disseciation @nd gave rise te a higher consumption of oxygen.
In July this process did not increase in the scuthern region (Region IV}, on the contrary i1 became
scmewhat slower. When biological spring starts off the Labrader coast and the southwestern coast of
Greenland, the increasing intensity of biochemical oxidation of organic material indicates its
increasing formation as well

TABLE 11. Average deily biochemical consumption of oxygen {m] Og/1} in April and July
1963 (+° of thermostat 5° to 6°C).

April July
Depth Average from Average from
Regions (m3 2-3 experiments Z2-3 experiments

0 0.020 0.087
South of Greenland {Reglon [} 50 .01 0.055
120 0.008 0.040
0 0.012 0.109
The Labrador area (Region 11} 50 0.014 0.089
300 0.004 0.004
(L 0.039 0.039
South of Gape Farewell (Region IV) 50 0.084 0.039
500 .010

During the growing period effective photosynthesis occurs. At that time the new formaticn of
organic matfer exceeds 1ts biochemical oxidation in The process of consumpticn and disscciation.

In connection with it @ more intensive consumpticn and assimilation of biogenic mineral sub-
stances occurs. A decrease of bicgenic mineral substances in the photic preductive [ayer compared
with their amount Tn the lower layers of the water is observed within the photic layer of the sea.
Analysis of the data cbtained by the expediticn alfowed us to obtain the following picture of the
distribution of the characteristics of this process,

The most intensive consumption and assimilation of phosphates and monositicates were cbserved
in the southeast of the area investigated (Regions ||| and V).

A very intensive consumption of biogenic mineral substances In the process of formaticn of
phytop lankton organic matter, however, occurs even in a2 less powerful photic layer off The south-
western coast of Greenland,

Changes in the amounts of phosphates and monosilicates (both in the surface photic and the
lower active layers) indicate the rate of photosynthesis in the water. The mean values of the
content of phosphates and monosilicates In corresponding layers were estimated for every menth by
regions.
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Approximately 1,000 analyses were made during NORWESTLANT 1-3. Consideration of the data shown
in Table 12 suggests the following cenclusions in addition to those stated earlier.

In April almost absolute homogeneity in the quantity of phosphates and monosilicates (to some
extent) was registered in the photic and lower layers of the water masses off the Labrador coast and
in the central part of the Labrader Sea.

The difference in quantity of phosphate cbserved between two layers (off the southwestern coast
of Greenland and south of Cape Farewell) amounted to 0.16-0.19 pg-at P/1. The difference was caused
by assimilation during the process of photosynthesis which was going on in the photic layer.

In Aprii the decrease of monosilicates in the photic tayer in comparison with the lower layer
averaged 1.8 ug-at §i/i in all regions.

During the second period {July) of the investigaticns, the decrease of phosphates in the photic
layer caused by their photosynthetical assimilation reached 0.42 ug-at P/I (0.32-0.48 pg-at P/1).
Changes in the amount of phosphates in the lower layers of water did not exceed 0.06 ug-at P/) from
April to July. Taking into consideraticen the above changes in assimilation of phosphates in the
photic layer of all the regions is assumed to have Increased by 0.32-0.36 ug-at P/l during the above
period. By July, assimilation of phosphates had reached its peak in two regions: the Labrador
coast, 0.36 ug-at P/l; the central part of the Labrador Sea, 0.42 ug-at P/l, where it was insigni-
ficant in April (0.03 ug-at P/I}.

TABLE 2. Change in quantity of phosphates and silicates in the photic layer caused by their assimi-

lation.
Plug-at /1) Sifpg-at /13
April Lower and April Lower and
Depth to photic layers to photic layers
Water layer {m) April July  July April July April July  July April July
Regicn |. The Southwest Coast of Greenland
The photic layer 0- 50 0.7 0.55 -0.22 9.2 2.1 =7.1
0.17 0.45 1.8 1.1
The lower layer 100-250 0,94 1,00 +0.06 1.0 9.2 -1.8
Region Il. The Labrador Region
The photic layer 0- 30 1.13  0.77 -0.36 9.2 5.0 -4.2
0.06 0.33 2.6 3.9
The lower layer 50-500 1.19 .10 -0.09 11.8 8.9 -2.9
Region |l1. Central Part of the Labrador Sea
The photic layer 0-100 1.10  0G.68 -0.42 10.0 4.3 -5.7
€.03 0.45 1.0¢ 5.3
The lower layer 100-500  1.13  1.13 0 11.0 9.6 1.4
Region IV. South of Cape Farewel|
The photic layer 0-100  ©.90 0.65 -0.15 9.6 4.6 =5.0

0.20 0.48 1.8 5.4
The lower layer 100-500  1.10  1.13 +0.03 1.4 1.0 -1.4
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Assimilation of monosilicates during the perlod from April to July averaged 5.3 ug-at Si/|
(from 3.9 fto 7.1 ug-at Si/l); the decrease of the quantity of monosilicates in the lower layers
averaged 1.8 ug-at Si/) (1.4 to 2.8 ug~at Si/l).

Taking into consideration the fact (Fedosov and Andreev, 1961) that 150 times as much vegetable
organic substance can be synthesized Tn the process of the photosynthetical assimilation of one
phosphate unit in oceanic conditions, one can judge the new formaticn of vegetable crganic matter
in the waters investigated (Table 13).

TABLE 13, Yield of organic matter of phytopiankton in g/m?® (estimations based cn consump-
tion of phosphates).

April July

Salinity (from winter) (from April)}
Water masses of the photic layer (°/ ool (mg/1) {mg/ 1)
Region |. The Southwest coast of Greenland < 34.8 ~ 0.5 - 1.0
Regicn I,  The Labrador ccast < 34.8 0.0 ~ 1.6
Region Ill. Central part of the Labrador Sea > 34.8 0.0 ~ 1.9
Region V. Scuth of Cape Farewel | 3 34.8 ~ 0.6 ~ 1.2

Taking into consideration the different depths of the photic layer in the above regions and
various durations of the vegetative period under investigation, the picture will be as shown in
Table 14.

TABLE 14, Yield of organic matter of phyfoplankton in g/m? (estimations based on consumption
of phosphates).

Periocd of Value of newly-

Depth of the production formed vegetabie

photic layer observed organic matter
Water masses of the photic iayers {m?} {months} {g/m?)
Region |. The Scuthwest coast of Greenland 50 4 75
Region |I. The Labrador coast 30 3 48
Region Ill. Cent*ral part of the Labrader Sea 100 3 180
Regicn V. South of Cape Farewell 100 4 180

Comparisons and estimates concerning the content of monosilicates give an analogous picture,
allowing for the fact that the guantity ef siiicen in phytoplankton is 15 times greater than the
guantity of phosphorus (Table 15).

The coincidence of estimations resulting from the change of phosphate quantity in The productive
photic layer with the results of the analogous calculations cencerning the content of monosilicates
permits us to conclude that during the first half ot the productive pericd, the southern regions of
the waters investigated appear to be more productive. WaTer masses in the Labrador region where
production of phytoplankton began much later are less productive. The gross value of primary pro-
duction off southwestern Greenland is less than in regions of open waters,

Taking into account, however, the column of water in the photic Tayer in different regions,
one can see that the concentraticn off the southwestern ccast of Greenland of newly-formed organic
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TABLE 15. Yield of organic matter of phytoplankton in g/m? (estimations
based on consumption of siliconl.

{g/m2}
Reglion |. The Southwest coast of Greenland 100
Region Il. The Labrador coast 33
Reglion I1t. Central part of the Labrador Sea 150
Region I¥.  South of Cape Farewel| 150

matter as wali as its accessibility as food for heterotrophs is the same as the one observed 1n
southern regions (Tabla 13).

The Influence of thermal conditions in coastal regions and of areas with intensive intermingling
of water masses on the course of the biochemical processes forming the primary productivity of water
masses is shown In the paper. |t should be noted that the region with the increased intensity of
newly—-formed organic matter (Region |V) coincides with the region of the increased vertical mixing
of water masses (Mamasv, 1960}.
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Continuous Plankton Records During the NORWESTLANT Surveys, 1963 -
Phytoplankton

By
G.A. Robinson!
MATERIAL AND METHODS

The principat features of ths Continucus Plankton Recorder Survey have been described by Glover
(1962). Recorders are towed by merchant ships and ocean weather ships, every month where pessible,
along a number of standard routes, sampling at a depth of 10 m and filtering the plankton on silk
of 60 meshes to the inch. From 1948 to 1955 the survey was confined to the North Sea and +he eastern
North Atlantic; +thereafter, the survey has been extended progressively westwards across the North
Aflantic. The routes in use in 1963 are shown in Fig, 23a. The survey was supported by H.M. Treasury
through a grant from the Development Fund and by contract N62558-3612 between the Office of Naval
Research, Department of the United States Navy, and the Scottish Marine Biological Association. This
report is intended to provide a background to the distributions of the common species from that part
of the North Atlantic which was sampled in the region of the NORWESTLANT Surveys.

The methods of analysis or Recorder samples have been described by Colebrook (1960). For the
routine treatment of data the counts of organisms in Individual samples are transformed using
y = logjpéx + 1), The area is divided into rectangles (2%long x 1°lat} and the logarithmic mean
number per sample is calculated for each organism in each rectangle in each month. These rectangle
means are averaged fo provide, for each month, the mean number per sample in each of the standard
areas shown in Fig. 23b. Phytoplankton colour is assessed visually according to the intensity of
the green colour of the silk. This gives a crude estimate of the abundance of the phytoplankton as
a whole.

DISTRIBUTION AND ABUNDANCE

The distributions of the colour estimates are given month-by-month from April to August 1963
in Fig. 24. The spring outbreak of phytoplankton was well advanced in April in two shaliow coastal
areas off West Greenland and Newfoundland. Production was, just beginning in {celandic ccastal water,
but there was nc evidence of any phytoplankton over the deeper water beyond the continental shelves.
I'n May, phytoplanktcn was again abundant in the coastal waters and had begun to increase in oceanlc
waters south and southwest of Iceland and east of Newfoundland. The spring outburst reached its
peak in oceanic waters in June but it was short-lived and there was a very sharp decline in July.
In August phytoplankton appeared to be confined to an area east of Labrador, but the sampl ing coverage
was most unsatisfactory in this month.

The fluctuations in abundance cof eight species (or groups of species) of diatoms and one dino-
flagellate as well as the green colouration of the silks are given in Fig. 25. The mean number per
sample in each of the standard areas is shcwn as a histogram for each month from April 1o September
1963; the principal features of the phytoplankton distribution In the Northwest Atlantic can be
described by considering this period only. In most of the areas it has been possible to calculate
long~term means for each month; these are shown @s |ine graphs. They were calculated by combinling
all the results obtained with Plankton Recorders during the 7 years 1958-64 and provide a measure of
the "normal" seascnal cycle for each organism, Because of the progressive westward extensicn of the
survey in recent years, there Is considerable variation in the avaiiable data for the different areas.
The long-term means are shown as continucus |ines for those areas which have been sampled for at
ieast 5 of the last 7 years (areas B6, B7, C7, and CB). Areas B6&, CB, and D7 were sampled for 3
or 4 years and the long-term means are shown as broken lines. Sampling in area BB started in 1962 and
it is not possible to glve a long-term mean for this area.

T Cceanographic Laboratory, Edinburgh, Scotland.

ICNAF SPEC. PUBL., NC. 7.
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Results for the remainder of 1963 and for other organisms and also frem other areas sampled
by the Continucus Plankton Recorder in the North Atlantic and its neighbouring seas will be provided
on application to the Oceanographic Laboratory, Craighall Road, Edinburgh 6, Scotland.

The green colcur of the silks, when compared with the long-term mean, showed that phytoplankton
was relatively scarce everywhere; area C6 was the only area where the colour in 1983 was close to
the long~term average. However, in May in the coastal waters west of Greenland (area B8 for which
there is no long-term average), phytoplankton was abundant; & similar growth was found in 1962 in
this area although the spring ourburst was then about a month later. Evidence from the rest of the
area suggests that the spring biocom, although much weaker than usual, was clese to its normal timing.
In the oceanic areas, it started in May in areas B&, B7, C6, D7, and DB, but not until June in C7
and C8. Phytoplankton is normally less abundant in the central Atlantic areas C6, C7, and D7 than

B7

C7 Co
D7 [

'l‘l‘||l:;ll|l AL FLELIL L L B o L O LA
5 40 3 20

a b

Fig. 23a. Chart showing the standard positions of the Continuous Plankton Recorder routes in
1963. The ships' courses varied slightly from month to month and two ships foilowed
different routes in summer (F1 and Z1) and winter (FZ and Z2}.

b. Chart showing the area sampled by the Continuous Plankton Recorder west of 19 W.
The area has been divided into standard areas (see text).

‘the surrounding areas.

The abundance of the individual species {Fig. 25) confirms the results of the colour analysis,
suggesting that phytoplankton was scarce in 1963. Thalassiosira spp. were exceptional in being more
numercus than usual in all areas (except areas C7 and CB), They were extremely abundant in the
coastal waters west of Greenland (area BB}, Nitzschia seriata was the only other wideiy distributed
species that was more numerous than usual {centrat Atlantic areas B&, B7, and C6 in May and June).
It was also abundant, together with Hyalochaetes and Phaeocerids, in the West Greenland coastal
waters in July. These last ftwo groups of species, together with Thalassiothrix longissima, were
found in numbers considerably lower than usual in areas B6 and B7, but were closer to average in
area C& and the western oceanic areas C8, D7, and D8.

R. etyliformis and R. hebetata var semigpina were never abundant, although R. stylifermis was
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Fig, 24. Charts showing the distribution of the phytopfankton (from colour analysis) on

the Continuous Plankton Recorder siiks from April to August 1963 in the Morthwest
Atlantic.
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Fig. 25. Histograms showing a month-by-month estimate of the phyfoplankton from April to August
1963, The colour estimate is based on visual! assessments of the green colour of Recorder
silks and the numbers of The Tndividual species are given as the average number per
Recorder sample. The letters and numbers (B6, B7, etc.) refer to fThe areas shown in
Fig. 23b. A break in the base-line indicates that there was no sampling in That month.
The line graphs show fthe long-period mean in all areas, except B8, based on a combina-
tion of all Records in these subareas from 1958 to 1964 (see text).

more numerous in July 1963 in the coastal waters west of Greenland than in July of 1962 or 1964,
whereas F. hebstata var. semispina was less numerous in July 1963 than in the other 2 years,

Areas B& and B7 have been sampled in almosT every month since 1958, and the data therefore
permit more detalled comparisons of seasonal and annual variations in distribution from that Time.
The standing crop as depicted by "colour analysis" was well above average in these two areas in 1958
and 1959, about average in 1960, and has been low from 1961 to 1964. The species affected by this
reduction of standing crop were chiefly the dominant spring diatoms Thalasstothrix longissima and
Chaetoeeros spp. Gillbricht (this volume, p. 73) also suggests that conditions for plankton pro-
duction in these cceanic areas were poor in 1963 compared with 1955 and 1959,

REFERENCES

COLEBROOK, J. M, 1960. Contfinuous Plankfon Records: Methods of analysis, 1950-1959. Bull. Mar,
Eaol., 5: 51-64.

GILLBRICHT, M., 1966. The phyteplankton during NORWESTLANT 1 to 3. This volume, p. 73,

GLOVER, R. S. 1962. The Centinuous Plankten Recaorder. Rapp. Cons. Explor. Mer, 153: 8-15.




59 PHYTOPLANKTON

Norwegian Particle Distribulion Studies

Editorial Note

Owing to illness, Mr Grim Berge has been unable to prepare a repor? on these studies, but he
has bsen able to produce Chart 183 showing the relative concentration of particles recorded by R/V
G, 0. Sars during NORWESTLANT 1 between 10 and 21 April, and Charts 190 and 191 showing the relative
concentrations in 1964, firstly from 2 to 22 April, and second!y, from 22 April to 14 May. The
measurements were made with a recording ftranmsparency meter described in Berge (1963). |1 was his
intention to calibrate them against pure cultures of Chlorella, but this has not been possible.

Assuming that there was no difference in instrument performance between 1963 and 1564, the
charts as fthey stand suggest that phytoplankton producticon was heavier and earlier in 1963 than in

1964,
Arthur Lee.
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The Zooplankton of the NORWESTLANT Surveys

By
¥. Bainbridge! and J. Coriett?
INTRODUCTION

The object of this report is fo give an account of aspects of the distribution of zooplankton
during NORWESTLANT 1-3 which may be relevant to fthe distribution and survival of cod and redfish
larvae, |t has been compiied from data sent to us by J. Beaudouin (France), E. Bratberg (Norway),
J. H. Fraser (Scotland), E. H, Grainger (Canada), |. Hallgrimsson (lceiand), A. Kotthaus (Germany},
E. Smidt (Penmark} and E, A. Pavshtiks (USSR), as well as from waork done in cur own laboratories.

J. B, L., Matthews and L. T. Jones of the Oceanographic Laboratory, Edinburgh, played a large par™

in the analysis of samples collected during the Danish and German cruises. We wish to thank these
pecple for their assistance in sending us data and we have greatly benefitted from their advice both
in correspondence and discussions, but we must accept responsibility for the presentation and inter-
pretation of the results. The report concerns a very wide area and is not intended as a comprehensive
review of the zcoplankton. More detailed studies of individual species and groups are possible with
the data available but only in (imited areas during NORWESTLANT 2 and 3.

MATERIALS AND METHCDS

Methods of sampling

The original plan called for The use of three sfandard nets for the collecticn of fish eggs
and larvae, and zooplankton. All ships were fo use the standard Hensen nef at each sTation on the
hydrographic sections and on the grids planned for cod eggs and larvae, and redfish larvae. At each
station on the egg and larval grids obligue hauls were also to be made with a 2-m-stramin net and
with the lcelandic High Speed Sampler. The specifications of the nets and the methods of hauling
them were described in the Guide Book fo Surveys NORWESTLANT 1-3 which was issued to all participants.
The more lmportant details are listed below:

Hensen Net. Diameter 72 cm. No. 3 sTlk. Hauled vertically at | m/3 sec from 100 m to the
surface or from a few metres off the bottom to the surface at those stations less
than 100 m in depth;

Stramin Net. Diameter 2 m. Mesh 500 threads/m. Hauled obliquely from 50 m to the surface at
1.5 knots. Duration of hauling time about 30 min;

Ieelandic High Speed Sampler. Hauled obliquely from 30 m to the surface at 5 knots. Duration
of hauling time about 30 min.

In thelr reports on the surveys to the Annual Meeting of ICNAF Tn June 1964, each country
reported on the methods actually used and on the deviations from the original plan. Only a summary
of these differences is reported below.

NORWESTLANT 1. Thalassa did not use the High Speed Sampler and Ernest Hoit was unable fo use
either of the towed nets because of bad weather. On some stations of the egg and larval grid Ernest
Holt substituted a 1=-m-silk net for The Hensen net. The Nansen net was used for vertical bhauls at a

few cf the hydrographic stations. Akademieian Knmipovich and Topseda used the stramin nef at only
half of the stations and G.0. Sars did nct use the High Speed Sampler;

T Oceancgraphic Laboratory, Edinburgh, Scotland.
Z Fisheries Laboratory, Lowestoft, England,
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NORWESTLANT 2. Aegir did not use the stramin net, and High Speed Samplers were fowed horizon-
tTally at three depth intervals, 2-5m, 15-18 m, and 25-30 m, instead of obliguely from 50 m. From
Anton Dohrmn a Helgoland larval net or & Nansen net replaced the Hensen net for the vertical hauls,
the stramin net was raised in three steps at 50 m, 25-30 m, and 5-10 m, and the High Speed Sampler
was used at only three stastions. The High Speed Sampler was used by Dana only for a series of com-
parative fows with the Z-m-stramin net;

NORWESTLANT 3. FErnest Holt used the High Speed Sampler at a few sTations only and the Nansen
net was used for extra vertical hauls on some of *he hydrographic stations. COn Explorer difficulty
was experienced with the Z-m-stramin nets and at about one third of the stations a 1-m. net made of
silk of 26 meshes per inch was substituted. Akademician Knipovieh had to omit the stramin-net hauls
at about one quarfer of the staticns, and lamna did not use the High Speed Sampler. Baffin used the
stramin net at about one third of the stations and the High Speed Sampler at about halt, and Sackville
did not use either of the towed nets.

From the above account it will be seen tThat the most complete coverage on al!l surveys was with
the vertical hauls using the Hensen net, and that the lcelandic High Speed Sempler was only used
regulariy by a few of the ships.

Analysis of samples

The methods used for sorting and counting the samples in the variocus laboratories have not been
reported in detail, but it is clear that the usual procedure followed was fo pick out and count The
{arger animals befcre removing an aliquot subsample to count the smalier and more numerous animals.

In a few cases much of the counting was core at sea and some countries (particularly lceland) used

the short-cut method described by Hallgrimssen (18%8) for all or some of the samples. In this

method the subsample consists of 100 or 200 animals and the resuits are expressed as percentage
occurrences of each species or stage, The total number of animals in each sample were later estimated
so the percentages could be converted to numbers. Usually, samples from the vertical nets and the
High Speed Sampler were analyzed in most detail, while only The larger animals were reported from

The stramin-net samples.

The animals in the samples from the veriical hauls wsre expressed as numbers under | m? of sea
surface within the top 100 m, conversion factors being dsrived from the dimensicns of the mouths of
the nets and assuming 100% fiitration. The factor used for fThe conversion of the Hensan net samples
was usually 2.6 but varied from 2.46 for the Canaaglan data fo 2.9% for 1he Norwegian date since The
effective diameters of the nets used were slightly different. Counts on the samples from the Helgaland
larva net and Mansen net were converted fo numbers under 1 m® using the factors 0.62 and 2.4 respect-
ivaly, Data from the stramin-net samples were standardized To numbers per 30-min haul. Pesults from
the High Speed Sampler catches were varicusly reported.

At a meeting of representatives of the countries concerned in Magrid in October 19635 11 was
agreed That:

"In werking-up and reporting upon the zooplankton caught by the Z-m-stramin net and [HSS
priorifTy would be given ta determining the fotal rnumbers of thuse oroanfsms that provide

the food of cod and redfish larvae, viz, Calanus species (stage VI), Spiraiella species,
Thysancessa longilcaudata and Meganyetiphanes norvegica. | countries have time and manpower
avallable second priorify would be given to indicator organisms, viz. balopsia, Periphylla,
Aglantha, Sagitta maxima, Fukrohnia, and Spiratella and any other species which appears
dominant when & country works up Tts material, Third pricrity woulsd pe given fo ihe
predators of cod eggs and larvae and redfish larvae.,"

The species given first priority were reported by all countries, but not necessarily from all
the nets, so gaps in the data will Le apparent in the sections on the separate species. Or the
other hand, some countries greatly exceesded the basic requirements and we have been unable to use
all the data provided by them. The species referred To in the report are Jisted with outhorites in
Appendix Tatle |1.

Since the displacement volumes of most samples from the vertical hauls had beer neasures it
was decided fo ask every coundry To do 50 and 1o include information on plankton wolumes in tThis
report. The method used varied from cne country to anciher, but rot sufficiently fur correction
factors to be necessary. In Canrads the “wet weight" of the Hensen net samplos were determinad and
these have been regarded zn egquivalent to displacement volumes,
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Presentation of results

In preparing this report the first task was fo draw charts of the distribution on each survey
of the species listed as priorities and then of as many other species and stages of species as were
reported by mest countries. All fThose given first and second priority in the |ist were selected for
inclusion together with as many cthers as seemed fo be useful in providing a background for the
studies on fish larvae. Most of the charts selected refer fto data from samples taken with the Hensen
and other vertically hauled nets since These gave the widest coverage for all three surveys and the
results of the analyses could be transformed with reasonable accuracy t¢ & common basis. The High
Speed Sampler data were generally neglected because very few samples were taken, except during the
second survey, and the results were notT compatible with those for the stramin net. In a series of
hauts for comparison of the two nets the Danes found a wide variation in the proportions of the
different species: for example, the proportion Z-m-stramin/High Speed Sampler was 5/1 for Pandalus
larvae, 13/1 for fish larvae, 118/1 for crab larvae, and 164/1 for fish eggs. However, the data
from all nets preoved useful In that the results obtained from one net could be used fo help inferpret
the patterns of distribution shown by another net.

Only two sefs of data have been deliberately excluded from most of the charts because they wers
so much earlier or later than the rest as fc distort the syneptic picture. These were the first part
of the Adegir cruise (Stations 1-81} which was 1-3 weeks earlier than the rest of NORWESTLANT 2, and
the last hydrographic line of Dana (Stations 12064-12075) which was 2-3 weeks [ater than the rest of
MORWESTLANT 3.

The preparation of contoured charts raised several problems since there was sometimes consider-
gble variation between the numbers of cerfain species at closely adjacent stations. Affer several
tests, the contour levels used by Fleminger (i964) in the plankten atlas produced by California
Cooperative Oceanic Fisheries Investigations were adopted since they gave the clearest presentation
for the majority of species and groups. The levels are based on the logarithmic series 50, 500,
5,000, 50,000, efc. and generally gave fairly equal areas between successive contours, However, on
the charts showing the distribution of plankton volumes, it was convenient to use contour levels at
10, 30, and i00; the same series as used for the Plankton Recorder Survey (Calebrook, et al., 1961).

L. T. Jones and J. B. L. Matthews have made a detalled study of the distribution of the Euphau-
siacea and Copepcda during NORWESTLANT 2 and have found that distinct diurnal variations cccurred
in the numbers of all euphausiids and several copepods, especially Calanus hyperboreus and Euchaeta
norvegica, taken by the stramin nets. These variations were presumably due to diurnal variations
either in the vertical distribution of the animals or in their ability to aveld the nets. Using a
technigue similar to that developed by King and Hida (1954) and Legand (1958) they have app!ied
cerrection factfors to mitigate the effects of night-to-day differences on the distribution patterns.
The mean number of each species per 30-min-stramin haul was calculated for each of six 4-hr intervals,
regardless of the region of sampling, and in all cases, the greatest numbers were caught during
darkness. From the smoothed diurnal curves a correction factor was applied by dividing The maximum
value by the value at each quarter-hour interval. Each sample for each species was then mulTtiplied
by the ratic obtained for its collection time, on the assumption that the popuiation of the species
behaved uniformly throughout the area. Contoured charts showing the distribution and atundance of
the euphausiid Thysancessa longicaudata during NORWESTLANT 7 using uncorrected and corrected data
are shown in Charts 211 and 212, There are obvicus differences in detail, but the wide cortour
levels chosen show the same broad features in the pattern of distribufion in bofh corrected and un-
corrected data. In the following account only fThe main patterns of distribufion shown by the prin-
cipal species and groups are discussed, and It should be noled that some of the irregularities shown
by the contours could be due to diurral variations in the catch,

In addition to the contoured charts, standard areas have been used to present the geographical
and seasonal distributions of the more important animals. The data were processed in & similar way
to that adepted for the Continuous Flankton Recorder Survey (Glover and Robinson, this volume, p, 12%),
The area of The MNORWESTLANT Surveys was divided into rectangles of 2° long by 1° {at and the mean
number per m? of sea surface was calculated for each rectangle. These rectangle means were then
averaged to give area means for the seven standard areas defined in Chart 19Z. The 2° x 1° rec-
tangles were the same as those used in the kecorder Survey but the standard areas were chosen so
that the comparisons could be made with the phytoplankton data descrived by Gillbricht {this volume,
p. /3. In addition 1o Gilibricht's four main divisions, the shelf waters off lceland and Cast and
West Greenland are considered separately. The standard areas are not identical to those used by
Bainuridge and McKay (fhis volume, p. 1873, but nevertheless, allow comparisons fo be made with Their
work In the feeding of cod and redfish larvae.



104

THE ZOOPLANKTON DURING THE THREE SURVEYS
NORWESTLANT 1

The pattern of staticns plotted in the chart of Chart 193 shows that there was good coverage
around the Greenland Shelf, from the Denmark Stralt to about B6°N oft West Greenland. Ice restricted
work over the East Greenland Shelf between 65° and 66°N and to a lesser extent further south to Cape
Farewel |, and alsc in the Davis Strait between 63° and 67°N. Almost all the plankfon samples were
collected during the last 3 weeks of April.

During this survey the guantity of zcoplankten in the upper 100 m was generally low over the
whole area as Is typical of the late winter and early spring season. Chart 194 shows that the volume
of plankton Tn the vertical nets was lowest in & band over the Greenland Shelf which included the
celd water of the East Greenland and West Greenland Currents. Quantities of plankton were also low
in the Labrador Sea south and west of Cape Farewell. There was a fairly well defined band of higher
volumes ¢off the edge of the shelf in the Irminger and Labrador Seas. The bulk of the plankton over
the whole area was made up of Calanus fimmarchicus in stages ¥ and VI. Spiratelle retroversa was
second in abundance numerically, although Thysancessa longicaudata was second in terms of volume
over most of the survey area oufside the continental edge and consTituted a particulariy large part
of the stramin net catches.

The distribution of Calanue firmmarchieus is illustrated by three charts. Stages V and Y| are
shown separately in Charts 196 and 197 while the total numbers of earlier copepcdites (stages I-IV)
are shown in Chart 195. The numbers of Calanus in the Thalaesa's area have been estimated from both
the stramin net and Hensen net catches and so are not strictly comparable with those in the rest of
the area. During NORWESTLANT 1 (31 March-9 May 1963} the grouping of stages |-1V included bath
overwintering stage |V copepodites and stages | end |l from the spring spawning. The patches of
larger numbers over the Irminger and Labrador Seas were of stage |V copepodites, while the patch
over the EasT Greenland Shelf between 62° and 63°N (Fylkir Bank and Cape Bille Bank) consisted of
stage | and || copepodites, Indicating early spawning there, Pavshtiks (1964} reported Calanus eggs
and naup!il in the piankton near the south coast of Greenland during This survey indicating the onset
of spring spawning, and there were a few early copepodifTes along the edges of the West Greenland
Shelf narth of 63°30'N,

The distributions of Calanus steges V and VI (Chart 196 and 197) were broadly simifar to the
distribution of plankten velumes in that the |argest numbers were found cn the edges of the shelf
arcund East and West Greenland. Adult Calanus were the dominant stage over a wide area of the
Irminger and Labrador Seas, suggesting that some spawning had stfarted or was imminent. The pattern
of distribution over the East Greenland Shelf was rather confused and was not closely related to sea
temperature, although generally there were fewer Cglanus in the colder water.

In order to provide maximum coverage of the suphausiids with the |imited data available fwo
charts are presented; Chart 198 based on samples from the vertically hauled nets and Chert 199
based on those from the towed nets. These charts showed similar patterns of distribution with
highest numbers over deep wafTer. Around the coast of Greenland numbers were low in the cold water,
but the group was more abundant where tangues of warmer Atlantic water extended over the shelf such
as in The region southeast of Angmagssalik (Fig. 8, in Physical Oceanography Section}. Thysanocessa
longicaudata was Usually the dominant species, while Meganyetiphanes norvegiea had a widespread
distribution in *he Irminger Sea and West Greenland waTers, being the commonest euphausiid at several
stations west of Faxa Bay, Iceland. The great majority of specimens caught during NORWESTLANT 1
were adulfs.

The pteropcd, Spiratella retroversa, (Chart 200} had a similar distribution to that of T.
longicaudata, with The largest numbers over The deep water of the Irminger Sea, only moderate numbers
over the outer part of the shelf, and few or no specimens at stations in the cold water of the East
and West Greenland Currents. The pattern of distribution shown by the Hensen net catches was broadly
confirmed by the stramin net, although some of the stramin net catches off Angmagssalik and in the
Labrador Sea contained very large numbers of Spiratella.

In addition fo species which at some fime during their |ife history ferm the food of young cod
and redfish, information was available on fwoc groups, the medusae and Chaetognatha, which inciude
species known To be useful as indicators of certain water masses., By far the commonest medusa in
the survey area was Aglantha digitale and its distribution is shown Tn Chart 201. Only a few speci-
mens were caught in each Hensen-net haul so the distribution in the Thalassa's area is based on the
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stramin-net data. Aglantha was widely distributed around the Greenland coast but was absent on the
Icetandic Shelf and at many stations in the lLabrader Sea. The two other species of medusae which
should have been reported were Periphylla periphylia and Halopsis oeellata. Neither species was
caught by the Ernest Holt and they were evidently not inciuded in the analysis schedule for the
Norwegian and Russian samples. The French recorded Halopsis as widespread along the East Greenland
Shelf and on the lcelandic Shelf, but no specimens of Periphylla were present in the samples from
the sector surveyed by Thalassa.

Two species of Chaetognatha, Sagitta maxima, and 5. elegans, have been plotted on Chart 202
since these were the fwo species identified by most countries. The chart shows the presence or
absence of both species in samples from all types of net. &, elegans was found chiefly over the
Greenland Shelf and was absent off Iceland. |Its distribution was not confined to the coldest water
and it probably alsc extended info mixed water with an East Greenland Current component. . maxima
was found over deep water with the fringe of its area of distribution In places overlapping the cuter
part of the shelf. |In the Dermark Strait and over the Fylkir Bank the presence of $. maxima suggests
the penetraticn of oceanic water onto the shelf. The third commecn chaetognath species, Eukrohnia
hamata, had @ similar distribution to 5. maxima off Southeast Greenland, buT was nct found in the
Denmark Strait or over the lcelandic Shelf.

Other species recorded from The samples varied from country fo country. Among the more nofe-
worthy were Fritillaria borealis which was found in large numbers at several of the Ermest Holt
stations in the cold water of the East Greenland Currént., The smal| copepods Pseudocalanus minutus
and Oithona similis were quite widespread in the Ermest Holt samples, particularly over the shelf,
and Oithona was reported in many of the samples taken from Thalassa.

NORWESTLANT 2

Sampling was more extensive during fthis survey than on the other two, gliving a particularly
qood coverage of the Irminger Sea as well as of the coastal waters around Greenland {Chart 203},
However, the survey lasted almost 2 months since the degir's cruise fook place during May while
other ships worked mostly from mid-May fo mid-June. Conditicns had changed considerably between
the early part of the degir's cruise and the latter part of the other vessels' cruises, so the
results of the first half of the Aegir's cruise in eariy May have not been included in the charts
of distributions.

Plankten velumes were generally higher than on MNORWESTLANT 1 except in the coastal waters of
West Greenland and in scme regicns off the EasT Greenland coast (Chart 204). The high volumes
observed between Angmagssalik and Cape Mosting off the coast of East Greenland were due to phyto-
plankfton; and the numbers of the various animals suggest That zoopiankton volumes were generally
low in the cold water of the East and West Greenland Currents, Highest plankton volumes were found
over the deep water in the southeastern part of the survey area, but there were a number of small
patches with high volumes off the Greenland and lcelandic Shelves,

The plankton samples of NORWESTLANT 2 have been analyzed in greater defail than those of the
other surveys and, since most of The early larvae of cod and redfish were found during this survey,
it is useful teo give a general account of The composition of the plankton as a whole before describ-
Ing the charts of the distributfon of the principal species and groups,

The average numbers per square metre of ses surface of various groups taken by the vertically
hauled nets in each of The standard areas were calculated as described previously and are given in
Table 16. Coepods were by far the commonest group and the majority of the species reported are
listed individually in Table 16,

Calanus fimmarchicus was The predominant species over the entire survey area and of the remaining
copepods only Pseudocalanus minutus. Scolecithricella minor. Fuchasta worvegica and Ofthona similis
waere both widespread and fairly numercus. Calanus glacialis, which in this ares has been shown to
coincide with Polar water {Grainger, 1961}, and Calanus hyperboreus were common in the Davis Strait
{areas GW and NW in Chart 192} and present in the East Greenland Current (area GE), but generally
rare or absent elsewhere. Fhincalanus nasutus and Euchirella rostrata were mainly confined to the
warmer waters found in the southeastern part of the survey area {(area SE}. Metridia lucens was
only recorded over the eastern halt ot the survey area. Samples taken near lceland (area ic} were
characterized by high numbers of Pseudocalanus minutus and Acartia spp. while Greenland She!f waters
contained many Oithona similis. Temora longicornis and Centropages sp. were found only in |celandic
waters during this survey, but a few specimens of C. hamatus were recorded off West Greenland during
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NORWESTLANT 3. Several copepods, including Mierocalanus pygmaeus, Scolecithricella ovata and Oncaea
borealis were occasiocnally reported but have not been tabulated since counting was not consistent.
Oncaea borealis was mainiy found in Greenland waters.

'n addition to fthe Copepoda, the Euphausiacea, with Thysanoessa longieaudata as the principal
species, were well represented throughout the entire survey area. Moest of the remaining groups
listed in Table 16, although widespread, showed definite regiconal differences in abundance. The
Amphipoda (mainly Parathemisto gaudichaudi) and the Ostracoda (mainly Conehoecia obtusata) tended
to be more frequent in the oceanic areas (NW, SW, NE, and SE) while the Chaetognatha (mainly Eukkronia
hamatal, the two ptercpods Spiratella retroversa and Clione limaeina and The polychaete Tomopteris
(mainly 7. geptentrionalis) were most numerous In the open Atlantic (SW, NE, and 5E). The Larvacea
(Qikopleura spp. and Fritillaria spp.) were clearly most abundant within tThe Davis Strait (areas NW
and GW) while the Cladocera (Evadne rordmanni and Podon leuckarti) were virtually |imited to icelandic
waters (area lc). As might be expscted the larvae of benthic invertebrates were most plentiful in
coastal waters, especially cirripede nauplli and decapcd larvae off lceland, and both cirripede and
echinoderm larvae off West Greenland, Very few specimens of the larvae of any benthic animals were
recorded off East Greeniand. The presence of cirripede and echinoderm larvae in the central part of
the Davis Strait is notewerthy and in agreement with the westerly extension of the West Greenland
Current.

Some of the differences in the plankton observed between the regicns are due to real differences
in the distribution of the species; e.g., Temorg longicornis has never been recorded from West
Greenland coastal waters (Jespersen, 1534)., Others are due to differences in timing; e.g., the
numbers of Larvacea off EasT Greenland had greatly Tncreased by NORWESTLANT 3.

The Canadian samples were analyzed in considerable detall and E. H. Grainger (unpublished) found
that a number of the species fell clearly into two groups: Those characteristic of Davis Strait and
the Southwest Greenland coast, and those ftypicai of the Labrador Sea and South Central Davis Strait
(Table 17), In his report he notes that members of the first group are known eisewhere as cold-water
species and are repcrted from near-surface waters of the high Arctic regions of the world, while
those of the second group are relatively warm-water forms characteristic of the waters of the North
Aflantic. Plotting the occurrence of members of the two groups in the Canadian samples showed remark-
ably Iittle overlap. The nerthernmest stations appeared to suppert predeminantly Arctic species and
most of the offshore waters of the Labrador Sea appeared to contain cnly members of the warm-water
group. There was mixing of fthe two groups in the Central Davis Strait and off Southwest Greenland.
The northernmest |imit of 3°C water coincided well| with the apparent farthest extension of the unmixed
warm-water forms. -

Charts 205-207 show the distribution of Calanus finmmarchicus during NORWESTLANT Z. The distri-
butions of adults and stage V copepodites were similar in that highest numbers were found over deep
water and lowest numbers Tn the vicinity of the Greenland Shelf. Very few were present north of
653°N off West Creenland, and at many staticns close to the coast in this region both stages were
absent. Chart 205 shows that Calanus copepodites |-1V¥ had rather the converse distribution to the
older stages with high numbers in the Davis Strait and near the Fy/kir Bank off East Greenland,
suggesTing that the main spring spawning had occurred some weeks previously in these regicns. Cope-
podite stages -1V were fairly common in the southern part of the Irminger Sea, but there was a
prominent band of low numbers beycond the edge of the shelf off Fast Greenland.

Grainger (unpublished) found that in the Canadian samples the ratio of Calanus firmarchicus to
C. glacialis showed @ more or less gradual trend from Atlantic to Arctic waters, Exciusive cccurrence
of C. finmarehicus was restricted largely here to water of 3°C or warmer, and the greatest? proportions
of C. glacialis were found in water of 1.5°C and cclder.

The tetal numbers of euphausiids taken with the sframin nets (and lce!landic High Speed Sampler
in the northeast part of The area} have been plotted in Chart 210. The distribution was extremely
patchy, but numbers were generally highest in the Irminger Sea and lowest in fThe Denmark Strait and
Davis Strajt, A clearer picture is shown by the calyptopis and furcilia stages taken by vertical
nets (Charts 208 and 209), Furcilias were most numerous in the Irminger Sea and the central part of
the Davis Stralt, but only occasionally found in the sheltf waters around Greenland. By contrast,
calyptopis stages were common over the Greenland Shelf as well as in parts of the Irminger Sea, and
highest numbers were present in the Davis Strait. Considering the distributicn of these deveiop-
mental stages, it would appear that the spring generation was more advanced in The [rminger Sea and
in the centra!l part of the Davis Strait than in the colder waters arcound Greenland.
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TABLE 17, The twc groups of species distinguished in the Canadian samples:
(a} cold water forms; (b) warm water forms.

(a) Davis Strait and

coff SW Greenland (b} HMorth Atlantic
COPEPODA COPEPODA
Microcalanus pygmaeus Seoleeithricella ovata
Euchaeta glacialis Euchaeta norvegica
Acartia longiremis Heterorhahdus norvegicus

Fucalanus elongatus
Rhincalanus nastutus
Euchirella rostrata
AMPH | PODA Pseudaetideus armatus

Metridia lucens

Apherusa glacialis

Gammarus wilkiizki

Parathemisto abyssorum

Parathemisto libellula AMPH | PODA

Lanceola claust

GSTRACODA
Conchoecta borealis maxima OSTRACODA
Conchoecia obtusata
Conchoecia elegans
CHAETOGNATHA

Sagitta elegans
EUPHAUS IACEA

Thysanoessa longicaudata
PTEROPODA

Spiratella helicing
CHAETOGNATHA

Sagltta maxima

Thysaneossa longieauduta was the dominant euphausiid over much of the area sampled and the
numbers of adults and furcilias in The stramin-net samples are given in Charts 211 and 212, which
have already been discussed in relation tc day and night variations. |In his report on the Canadian
samples, E. H. Grainger (unpublished) cbserved that, in the Davis Strait, 7. Ilongicaudata ranged
north to about the limit of 3°C water and showed |ittle overlap with the larvae of other Thysancessa
spp. (raschii and <nermis) which were largely |imited to the colder water. The presence or absence
of the ofher species recorded are indicated in Chart 213. Meganyctiphanes norvegica was the commonest
of these and was found most frequently cver and to fThe east of the Reykjanes Ridge and in the vicinity
of lceland. Small numbers were observed in the |rminger Sea west of the Reykjanes Ridge, and te the
southeast and southwest of Greenland. Thysancesea inermis was mainly limited to shelf waters and
was present off lceland and in the Davis Strait, but 1T was found at only a few stations off East
Greenland. Two other species were occasionally recorded: Thysanopoda aeutifrons cver deep water
mainly to the south and east of the Reykjanes Ridge, and Thysanoessa raschii over shallow water in
the Davis Strait. Thysanopoda acutifrons s a bathypelagic species and was normally found as early
furcilias in the night samples.

Chart 214 shows the distribution of the pteropod Spiratella retroversa, a common species in the
open ocean. HighesT numbers were found in the southeast of the survey ares and it was rare or absent
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in the vicinity of the Greenland cocasts. The absence of the species at Inshore stations off West
Greenland is clearly shown, and In the northern part of the Daviz Strait it was replaced by the cold
water species Spiratella helicina.

The medusa Aglantha digitale was a regular member cf the plankton, with highest numbers over
deep water, and especia!ly in the southeastern part of the survey area (Chart 215). A few specimens
of Halopsie ocellata were found off the coasts of Southeast and Southwest Greenland, while Periphylia
periphylla was recorded from several staticns in the Irminger Sea and off Southwest Greenland
(Chart 216).

Chart 217 shows the distributicn of two species of Sagitta. 5. elegans was found only over the
shelf, while 5. marima was widely distributed over deep water In the Irminger and Labrador Seas ‘and
only occasional ly extended over the shelf.

NORWESTLANT 3

Most of the sampling during NORWESTLANT 3 was carried out during the first 3 weeks of July and
the pattern of stations Is shown in Chart 218. Again there was good coverage over and in the vicinity
of the Greenland Shelf from the Denmark Strait Tn the east end arcund Cape Farewell tc 68°N on the
western seaboard. Sampling in The Irminger Sea and Labrador Sea was confined to the hydrographic
sections.

The main features of fhe distribution of the plankton volumes (Chart 219 are the high values
in a band alony the continental edge off Southeast and Southwest Greenland and off Labrador. Volumes
ware low west of Iceland between 63°30' and 65°3C'N, cver the West Greenland Shelf north of 61°N,
and over the Fast Greenland Sheif. As during the previous surveys, Calanus fimmarehicus formed the
bulk of the piankton, with furcilia stages of Thysanoessa longicaudata faking second place by volume.
Euphaustids scmetimes made up the bulk of the stramin-net samples, although Calanus sti1l accounted
for the largest number of animals.

The distribution of Calanus fimmarchicus is shown in Charts 220-222. Comparison with NORWESTLANT
2 indicates that the numbers of adult €ailanus had decreased since the previous survey, (caompare
Charts 207 and 222) and aduits had almost disappeared from the waters over much of the shelf around
Greenland. The largest numbers were still to be found in the Irminger Sea suggesting prolonged
spawning in this region. Chart 220 shows that copepodite stages were abundant over most of the
sampled area, and were particularly numerous around the edge of the shelf east, scutheast, and south-
west of Greenland. On the eastern side, stage || copepodites were usual Iy most numerous in the
colder water near the ice edge, stage |1l over the rest of the shel?, and stage IV over the deeper
water at the centinental edge. Stage V Calanus were also abundant off the edge of the shelf south
and east of Greenland and in the central part of the Irminger and Labrador Seas (Chart 221).
Pavshtiks (1964) comments that over the deeper wafer of the Labrader Sea Calanus stage V censtituted
over 80% of the population and that nauplii arnd sfages I-111 were guite scarce; while on the shel#
off the scuthwest coast of Greenland these early stages made up more than 80% of the Calanus popu-
lation,

The distribution of young stages of euphausiids from the Hensen-net samples shown Tn Chart 223
presents rather a confused pattern. Calyptopes were common though patchy over the shelf around
Greenland. This suggests that spawning was more prolonged in the colder waters than over the
warmer deeper waters of the Irminger 5ea, where there were no calyptopes during this survey. The
Hensen net caught mainly early furcilia stages and these were most numercus in a band arcund the
edge of the Greenland Shelf (Chart 224). Over most of the area the majority of the early furcilias
were of Thysanoessa longicaudata, while off West Greenland there were very few at the stations
nearsst the coast, and north of about 64°N the early furcilias were mostly T. fnermis but some 7.
raschii, Adulf and furcilia stsges were not always separated Tn the counts made on stramin-net
sampies, soc they have been combined in Charts 225 and 226, Large numbers of the oceanic species
T. longicaudata dominated the siramin-net catches in the Irminger 5ea and Labrador 5Sea. Few were
found over the shelf, except along the edge and in Flaces where the oceanic water penetrates such

as in the Denmark Strait. The difference in numbers between Charts 725 and 726 represents the
euphausiid species other than 7. lewngfeaudata and 7t can be seen that they were most important pro-
portionately off West Greenland, north of about 63°N, The distribution of these species as presence

or absence is shown in Chart 227, Thysanoessa inermis was confined to the shelf arcund Greenland
and I raschii was only found off West Greenland north of £3°N, while Meganyctiphanes norvegica was
widespread in the Irminger Sea and extended To 64°H off West Greenland.
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Spiratella retroversa was most abundant southwest and southeast of Greenland and over the
Irminger Sea (Chart 228). |t was absent from most of The vertical-net samples taken in the vicinity
of the lcelandic Shelf and the Denmark Strait and also from The West Green!and area north of 657N,

Chart 22% shows the distribution of Aglantha digitale to have been common on the ouvter part of
the shelf off lceland, Southeast Greenland, and West Greenland, and most abundant Tn the Davis Stralt
north of 65°N. |+ was surprisingly absent from many stations in the Labrador and |rminger Seas.

Chart 230 shows That Halopsis was widespread all along the shelf and also over deep water in the

Davis Strait to about 63°N where it may have been carried by the westerly branch of the West Greenland
Current. Records of Periphylla were scattered a){ around the edge of the shelf and over the Irminger
Sea.

The distributions of the two species of Sagitta are shown in Chart 231. 5. elegans was confined
to stations over the shelf, while §. marima was widespread 'n the Irminger Sea and along the edge of
the shelf, beth east and west of Greenland. The distribution of the commonest chaefognath, Eukrohnia
hamata, is not shown on the chart but 11 was rather similar fto that of 5. maxrima.

By far the commonest of the small copepods during NORWESTLANT 3 was Oithonag eimilis which wes
widely distributed and particularly abundant on the East Greenland Shelf in fthe Cape Bille area, in
the southern part of the Irminger Sea, and over the West Greenland Sheif naerth of about 65°N. Pseudo-
calanus minutus was the only other common smatl copepod present at most stations west of Greenland
and was also present at many stations in the eastern part of the survey area when included Tn the
analysis schedules.

VARIATIONS IN THE ABUNCANCE OF ZOOPLANKTON

The timing of the seasonal development of The main species and groups from April To July was
strikingly different in the different regions surveyed. In order to simplify the description of
these changes, The seven standard areas delimited in Chart 192 were selected and the average numbers
of the various groups, species, or stages were calculated by the method described previousiy. The
choice of areas was determined by many factors and, although they allow some broad comparisons with
cceanographic features, it should be emphasized that there is no exact correspondence befween these
features and the boundaries of the standard areas.

Calanus fimmarchicus

Since Calanue is both the dominant herbivore and the principal food consumed by cod and redfish
larvae in the seas arcund Greenland, the seasonal development of this species will be considered in
detail. Average numbers cof each copepcdite stage per m? of sea surface have been calculafed for
each survey in the seven standard areas using data from the Hensen-net samples. The averages obtained
are shown as a series of histograms in Fig. 26. The six copepodite stages are, of course, not caught
with equal efficiency by the nets used; e.g., stage | is not adequately sampled since IT can pass
through the No. 3 silk of a Hensen net (Cushing and Tungate, 1963). Subject to this limitation and
the complications posed by water movements, some deductions can be made from the succession of cope-
podite stages in the different areas.

In regicns such as the Clyde, Norwegian Sea, and East Greenland fjords, Calanus overwinters in
deep water, mainly as late copepodite stages. During the spring, these copepodifes ascend towards
the surface, moult to become adults and spawn, and die soon afterwards (Marshall and Orr, 1955;
Ostvedt, 1955).

During NORWESTLANT 1, completed in April, the population of Calanus in the fop 100 m was mainly
represented by adults (Fig. 26). Early copepodites were very scarce but the presence of slightly
higher numbers of stage | than stage |l, in areas such as the Davis Strait (NW) and East Greenland
waters (GE), suggests that a little spawning had taken place.

By MORWESTLANT 2, all three western areas (sampled in June} had very high numbers of early
copepodites, stage | being predominant. There was no indication that spawning had been earlier in
the south; indeed, copepodites were more abundani in the Davis Strait (NW) than in the labrador Sea
(SW). In the two eastern oceanic regions (NE and SE) adult Calanus remained the commonest stage.
During both May and June there was a marked scarcity of early copepodifes in the northern Irminger
Sea (NE} and the persisfence of adult Calanus from the overwintering generation suggests that the
main spring spawning had been delayed considerably in this area. The southern [rminger Sea (SE),
sampled mainiy in June, had a pecullar stage-composition with highest numbers of stages 111 and VI.
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More detailed examination of the date revealed that most of the stage |11 copepodites were confined
to a small part of the area and that cver most of the southern Irminger Sea there was |iTtle evidence
of the products of the spring spawning reaching early copepodite stages. FEast Greenland waters (GE)
were sampled in May and June during NORWESTLANT 2. Adults were predominant off East Greenland in

May but by June these had declined considerably and stage ||| was the most abundant copepodite,
suggesting that the spring generation was a little more advanced than in the neighbouring northern
Irminger Sea area, The average numbers of Calanus in lcelandic waters {l¢) sampled in May during
NORWESTLANT Z have been included in Fig. 26. Numbers were spread fairly evenly fthroughout the six
copepodite stages and are difficult to Interpret in ferms of the |ife history since comparable data
ware not available for NORWESTLANT 1.

The stage-compositicon cbserved during MORWESTLANT 3 (July) indicates that the rate of develcpment
of the spring generaticn must have varied censiderably throughout the survey area. [In the western
areas, stage V was numerically superior in the Labrador Sea (SW), stage |11 i n the central Davis
Strait (NW) and stage !l fn The colder West Greenland waters. Considering the general similarity
of the population structure in these three areas during NORWESTLANT Z, the rate of development would
appear to be linked in some way with sea femperature. There were also big differences In the stage-
composTticn of Calanus in the eastern half of the survey area with stage V preponderating off l(celand
(lc), stage IV in the southern Irminger Sea (5E} and stage |l! in both the northern !rminger Sea (NE)
and Fast Greenland waters (GE}. As in the western part of fthe survey area, the Calanus population
in the south was more advanced than in the north. Despite the delay In the appearance of early
copepodite stages in the northern |rminger Sea, evident from the results of the previous survey,
the population structure of Calauus in this region during NORWESTLANT 3 was similar to that in fhe
central Davis Strait (NW}. More rapid growth in the northern Irminger Sea must have allowed the
spring generation to catch up with that in the colder waters of the Davis Strait. The results for
Fast Greenland waters during NORWESTLANT 3 are difficult to interpret. Although there had bzen a
phenomeral Tncrease in the total numbers of Calanus copepodites, compared with the previous month,
very little change had occurred in the populaticn structure end stage !l remained the commonest
copepodite, Considering that the bast Greenland Current is refatively strong, these high numbers
of copepodites may have been immigrants from the northeast. Gillbricht (this volume, p. /3} found
evidence for a drift of phyfoplankton into the area.

In conclusion, the most intferesting feature of the seasonal development of Calanus revealed
by the surveys was that The main periced of spawning in the |rminger Sea during 1963 occurred about
a month later than in other parts of the survey area. This was an abnormal! event since the results
of the Continuous Plankfon Recorder Survey showed that in the northern Irminger Sea peak numbers of
Calanus copepadites |-V occurred a month later than the peak for the long-term mean (Glover and
Robinson, Fig. 29, this volume). Geographical veriations in the timing and intensity of the spring
outburst of phytoplanktcn provide a possible explanation of the differences observed. Gillbricht
(this volume, p. 73) found that in The Davis Strait the standing crop of phytoplankton was highest
during NORWESTLANT 1 and declined thereafter reaching a minimum Tn NORWESTLANT 3, Fluctuations in
the |rminger Sea were almost the mirror image with the average quantities of phytoplankfon not
approaching the MORWESTLANT 1 values for the Davis Strait until| the final survey in July. Comparing
his results with earlier chservations, Gillbricht found that during 1963 phytoplankton values in the
Irminger Sea were lower than in other years. The reproduction of Calanus is known to depend very
closely on the food available. Thls has been demonstrated experimentally by Marshall and Orr (1264),
who also found that seasonal variations of the reproductive rate in the Clyde area could be cor-
related with diatom increases.

Buphausiqeea

In Yerms of biomass, euphausiids usually formed the second mest important group of animals
present in the ret samples. Bainbridge and McKay {(This volume, p.i87) found that euphausiid nauplii
formed a substantial part of the diet of early cod larvae off lceland during NORWESTLANT 2 and that
the calyptopis and early furcilla stages were frequent Ttems in the guts of the large redfish larvae
caught during NORWESTLANT 3,

Specific identifications and counts of the aduit and furcilia stages were made on many of the
stramin samples taken during NORWESTLANT 2 and 3, Table 18 gives fthe relative abundance of the
different species in some of the standard areas.

The distribution of euphausiid species in the northern North Aflantic has been described by
Einarsson {1945) and Dunbar (1984). Thysanoessa longicaudata is widespread in the northern North
Atlantic and is a characteristic spacies of the upper layers of the ocean north of about the 10°C
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TABLE 18. Average numbers of euphausiids (adults + furcilias) per 30-min-oblique haul (50 to 0 m}
with the 2-m-stremin net durling NORWESTLANT 2 and 3. The avarage numbers refer to the
standard areas shown in Chart 192 for which data are avallable.

Species: Thysancessa Meganyetiphanee Thysanoesea Thysanoesaa
longtequdata norvegica inermis raschii
Standard area Survey: N2 N3 N2 N3 N2 N3 N2 N3
West Greenland (GW) 402 16 1 1 3 1 2 1
Davis Strait (NW) 43 29 0 0 1 1 0 0
East Greenland (GE} 236 509 4 56 3 0 0 0
Irminger Sea (south){SE} 508 1,189 385 170 0 0 0 0
surface isotherm for May. In the NORWESTLANT Surveys it was particularly numerous in the Irminger

Sea and was also common in The Labrador Sea (Charts 211 and 226). Being a surface oceanic species,
it may be carried intc shallower regions wherever oceanic water flcws over the sheif, and this would
account for its presence where the Irminger Current flows over the continental edge off East and
West Greenland,

The distributions of some other euphausiida are shown in Charts 213 and 227. Among them is
Meganyctiphanes norvegica, a species with a wide distribution in the Atlantic, but which seems to
be mainly characteristic of slope waters {Einarsson, 1945; Dunbar, 1964). The distribution of M.
norvegica during the NORWESTLANT Surveys would appear to be related to the sea floor Topography,
since it was mainly found in the vicinity of the Reykjanes Ridge and along the continental slopes
off lceland and Greenland. Off West Greenland adults and juveniles extended to 66°N, the northern
Iimit of sampling, during NORWESTLANT 1, but during NORWESTLANT 2 and 3 +the larval forms present
did not occur so far north. The two species of Thysanoessa shown in Charts 213 and 227 were mainly
Iimited to the shallow parts of the survey area. 7. inemmis was found over or close to the conti-
nental shelves of lceland and Greenland and was also present over the Holsteinberg Ridge, suggesting
that the species may extend across the Davis Strait In this ragion. Records of T. raschii were
generally restricted to the cold coastal waters over the West Greenland Shelf in the northern part
of the sampled area.

ALl the remaining euphausiids recorded were very rare with the exception of Thysanopoda acuti-
frons which occurred sporadically over deep water, mainly to the south and east of +the Reykjanes
Ridge, {but It was not included in the records of all the countries). The adults of this species
are bathypelagic but the calyptopis and early furcilia stages may be found in surface waters
(ETnarsson, 1945).

Since specific identifications of the euphausiids were generally |imited to the adult and fur-
cilia stages It is only possible fo consider the seasonal development of eupbausiids as a group.
The average numters of the varicus developmentaz| stages for six of the seven standard areas deflned
in Chart 192 were calculated using data from the vertica! net samples. Interpretation of the results,
which are shown in Fig. 27, can only be fentative since the nets used were cbviously selective, giving
a disterted picture of the frue quantitative composition of the varicus steges in the tep 100 m,

Adult and furcilia stages were not ccunted separately in many of the NORWESTLANT | samples, but
it is clear from the data avallable that there were few, if any, furcitias present. Highest numbers
of adult euphausiids were found in samples from the southern oceanic areas (SW and SE) and the pre-
sence of a few calyptopis stages in both regions suggests that some spawning had already occurred.
Spawning had also begun in East Greenland waters (GE) since a few eggs and naup!ii were fcund at
three stations con Fylkir Bank and at twc stations off Cape Farewel|,

At the main developmental stages in the life history of the euphausiids were included in +he
analysis schedules for the majority of the samples collected during NORWESTLANT 2 and Fig. 27 shows
that there were big regional differences In the average stage-composition. Eggs and nauplii pre-
dominated off West Greenland {GW) and were also common in the central part of *the Davis Strait (Nw),
where calyptopes were The most numerous stage. Intensive spawning had recently occurred in both
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areas but analyses were not sufficientiy detailed to determine which of the three species of Thysa-

noesga were mainly involved.

in the Labrador and Irminger Sea areas (SW, NE, and SE), where Thysag-

noegea Longiecaudata was dominant, the main spawning had probably faken place betore NORWESTLANT 2
as eggs and nauplii were relatively scarce compared with the numbers of caluptopes and furcilias.

available for five of the standard areas.
area (GW) during July.

of

Although early stages were not recorded as consistently during NORWESTLANT 2, some data is

B5°N.

Eggs and nauplii remained abundant in the West Greenland
Largest numbers of nauplii were north of 64°N and eggs were only found north
The early furcilias ldentified in this area were mainly T. inermis, but some T. raschii
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were also present. |t may be inferred that these two species had continued to spawn at least until
mid-July in this region. Both eggs and nauplli were rare or absent in all the other areas considered,
including the central part of the Davis 5trait, and furcilias were the predominant stage. it is

noteworthy that adult euphausiids were very scarce during NORWESTLANT 3. Favshtiks (1964) suggests
that over continental shelves adult euphausiids were |lving near the bottom in July, since she found
them in the stomachs of cod caught off Labrador and redfish caught off Cape Farewell.

To summarize, the main spawning of euphausiids occurred earlier in the relatively warm Atlantic
water of the |Irminger Sea, where Thysancessa longicaudata and Meganyotiphanes morvegicg predominate,
than in the colder shelf waters where 7. inemmis and T. raschii were most common. No relationship
was apparent between the breeding of euphausiids and the timing of the main phytoplankton growth,

Spiratella retroversa

The pteropod 5. retroversg was a common member of the zooplankton and the larvae of this species,
with shells in the range 100-150 p across, sometimes formed an appreciable part of the dlet of early
redfish larvae (Balnbridge and McKay, this volume, p.187). All three charts of 5. retroversa
(Charts 200, 214, and 228) show that the area of greatest abundance was the |lrminger Sea. It was
also common where the water of the Irminger Current flows over the shelf off Southeast and Southwest
Greenland. The species was generally scarce in the cold waters of the East and West Greenland
Currents and very rare in the vicinity of lceland.

For many of the samples from the vertically-hauled nets only the total numbers of Spiratella
were estimated. However, in the samples taken by Dana, Anton Dohrn, and Explorer during NORWESTLANT 2
and 3, "large" and "small" specimens were counted separately, The two size groups were clearly
distinct and it may be presumed that the small specimens were of the 1963 generation.

The average numbers of 5. retroversa in the seven standard areas (Chart 192) are shown in
Fig. 28 and when possible the histograms have been subdivided to show the numbers of large and small
specimens. {n the |rminger Sea (NE and 5F) total numbers increased from NORWESTLANT 1 (April) to
NORWESTLANT 3 (July) with the greatest increase in the south., Although no guantitative data are
available a similar big increase probably cccurred in the Labrador Sea (5W), since Pavshtiks (1964)
reported that many 5. retroversa were present in this region during NORWESTLANT 3 and noted that the
young were widely distributed. The twc standard areas off the Greeniand coast (GE and GW), which
include the cold East and West Greenland Currents, showed no substantial increase in numbers until
after June, i.e. between NORWESTLANT 2 and 3. |In both these areas, as in the southern Irminger Sea
(SE}, the increase of fotal numbers was entirely due to small individuals, while the numbers of large
specimens tended to deciine. O0ff |celand (lc) and In the Davis Strait (NW) there were fewer Spirg-
tella present during July than in April. The scarcity of small specimens in the Davis Strait during
July suggests that there was no significant reproduction of the species in the area. The replenish-
ment of the pepulation in this area may largely depend on the penetration of Atlantic waters.

Madusae

The data available allow The disfributions of three specles of medusae, Aglantha digitale,
Aalopeis ocellata, and Periphylla periphylla tc be considered in some detail.

Aglantha digitale, a member of the hydromedusae, frequently constituted a substantial part of
the fotal volume of samples taken by all Types of net and was cbvicusly one of the more important
carnivores of the zcoplankton community. Kramp (1959) describes the species as very common in all
arctic and subarctic seas with a wide distribution extending into the boreal regions. With reference
to the Irminger and Lebrador Seas, Kramp (1947) wrote, "at any time between May and August from which
material is available, small as well as large specimens were taken™. It is not surprising, therefore,
that there were few stations on any of the NORWESTLANT cruises where Aglantha was absent (Charts 201,
215, and 229). These few staticns were chiefly on the l|celandic Shelf west of Faxa Bay and in the
central part of the Labrador Sea. The species was most plentiful off the East and West Greenland
Shelves where the Irminger Current and East Greenland Current meet and mix, and in the Atlantic water
of the scutheastern part of the survey area. The distributicon during NORWESTLANT 2 (Chart 215) was
in marked confrast to tha' observed by Dietrich, et al. {1961) in May and June 1955 when far higher
numbers, exceeding 10,000 per m? were present in the central part of the Irminger Sea and in the
Davis Strait.

In the Guide Book to Surveys NORWESTLANT 1-3 the following note on Aglantha was based on Danish
experience: '"The usuwal 'white' form occurs almost everywhere in the Davis Strait, but in decreasing
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numbers the colder the water, and it is replaced by the 'red' form in arctic waters. This iatter
will, however, lose its red colour very sherily after being caught. I+ is consequently necessary

to determine the percentage composition of red to white Aglantha - immediately after they are caught".
The only country reporting on the red Aglantha was the USSR on NORWESTLANT 3. AT two staticns close
to Cape Farewell and one on Hamilton Inlet Bank "Aglantha digitale of orange colour were found, these
specimens constifuted about 10% of the quantity of usual white Aglantha digitale”.

The hydromedusa, Halopsis oecellata, and the large scyphomedusa, Periphylla periphylla, were
included in the analysis schedules since 1t was thought they might prove useful as biclogical indica-
tcrs of different water masses.

Kramp (1947) describes Halopsis ocellata as a "mercplanktonic, neritic medusa ..... commen in
the coastal areas of the Northeast Atfiantic ..... frequentl|y taken above deep water west of the
British Isles and south of lceland following the circulations of the Gulf Stream system'"; and he
records it as Tndigenous in The West Greenland ccastal area. In the NORWESTLANT Surveys it cccurred
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over the shelt off Iceland and both East and West Greenland. Halopafis was occasionally found beyond
the shelf over deep water 1n the Irminger and Labrador Seas and isclated specimens were recorded wel |
away from the shelf in the Irminger Sea (Charts 216 and 230). The only addition to Kramp's account
is in its frequency of occurrence over the East Greenland Shelf from the Denmark Strait to Cape
Farewoll on Surveys 1 and 3.

Periphylla periphylla is descriped by Kramp (1947) as a "bathypelagic medusa widely distributed
in the deep parts of all the great oceans except the Arctic"; he also notes It "is very abundant in
the Atlantic Ocean scuth of the submarine ridges between Scotland, the Farces, |celand, Greenland and
Baffinland. |t has its main occurrence in the deep and Intermediate strata, but it may sometimes
ascend towards the surface and be carried considerably farther northwards, but it evidently avolds
areas where cold currents prevail”. The distributions during the NORWESTLANT Surveys are in general
agreement with Kramp's observations since it was found In the upper layers, chiefly over deep water,
alopg the edges of the shelf off lceland and East and West Greenland (Charts 216 and 230). During
NORWESTLANT 2 Periphylla was also present at many stations in the Irminger* Sea (Chart 216).

No other medusae were recorded regularly, but in his unpublished notes on the Canadian samples
from NORWESTLANT 2 E. H. Grainger observes "most of the comparatively rare finds of Hyboeoden,
Rathkea, Leuckartiaria, Bougainvillia, and Halitholus were over the Greenland banks". These are
all neritic species which have previcusly been reccrded in West Greenland coastal areas.

Chaetagnatha

The Chaetognatha have attracted considerable attention as "biological indicators" and were
therefore included In the analysis schedules for the NORWESTLANT samples, Specific determinations
of the group were normally carried ocuf on the stramin samples and Table 19 shows the average numbers
during NORWESTLANT 2 and 3 for the standard areas of Chart 1592, Fukrohnia hamata was clearly the
most abundant of the chaetognaths in all areas for which information was available. Sagitta mamima
was also found in all these areas, with highest numbers in the southern Irminger Sea (SE), while
Sagitta elegans was mainly |imited to the areas adjacent to the Greenland coast (GE and GW). Only
one other species was recorded, Sagitta serratodentata, with occasional specimens in the trminger
Sea.

TABLE 19. Average numbers of chaetognaths per 30-min-oblique haul (50 to 0 m) with the
2-m-stramin net during NORWESTLANT 2 and 3. The average numbers refer to the
standard areas shown in Chart 182 for which data are available.

Species: Eukrpohnig hamata Segitita maxima Sagitta elegane

Standard area Survey: N2 N3 N2 N3 N2 N3
West Greenland (GW) 871 56 80 i 2 3
Davis Strait (NW) 471 174 55 27 0 1
East Greenland {GE) 1,138 264 39 18 46 o?
Irminger Sea (south)(SE) 482 1,104 153 13 1 0

a .
Present in Hensen-net samples

The distributions of Sagitta maxima and Sagitta elegans durlng the three surveys are shown in
Charts 202, 217, and 231. S. elegans is probably the most frequentiy cited indicator species and
Fraser (1961) has made some comments on its distribution which are relevant tc the NORWESTLANT area.
He nctes that the species appears to require both coastal (or bottom) influence as well as oceanic.
In an area dominated by coastal water it may be considered an indicator of an admixture of oceanic
water (e.g., North Sea, English Channel) but where the water is dominant|y oceanic it is an indica-
tor of ccastal influence (e.g., Farce Islands, lcefandic Shelf), The position of 5. elegans as a
coastal form off Faxa Bay, lceland, and in the seas around Greenland was manifest during all three
surveys. |In the Greenland area it was not strictly confined to the cold water of the East and West
Greenland Currents but was also found where the warmer water of the Irminger Current flows over
the shelf. Records of 5. elegans over deeper water in the central parts cf the Davis and Denmark
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Straits during NORWESTLANT 3 are in general agreement with the pattern of currents shown in the
Physical Oceancgrephy section {this volume, p. 31).

Sagitta marima has been described as a cosmopelitan species assoclated with the deep- or middle-
water layers of the ocean (Alvarino, 1965} while Fraser (1951, 1961) considers it to be a cold-deep-
water species in the Scoftish area and has also listed it as characteristic of arctic or boreal water
found in lower latifudes. On all fthree surveys substantial numbers of §. marima were present in
samp les taken within the upper 50 m in the Irminger Sea. |t was recorded around the edge of the
Greenland Shelf and occasionally over the shelf, although It was rarely found together with 5. elegans,
The two regions at which 5. maxima was found nearest to the Greenland coast were in the vicinity of
Fulkir Bank, East Greenland during al! three surveys, and south of Frederikshaab, between 61° and
62°N, off West Greenland during NORWESTLANT 3 (Charts 202, 217, and 231). The isotherms for the
surface and 50 m given in the section on Physical Oceanography suggest that the warmer Atlantic water
had penefrated close to the Greenland coast in both these regions,

SYNOPSIS AND CONCLUDING REMARKS

The NORWESTLANT Surveys have revealed some distinct regional differences in the composition of
the zooplankton of the upper 100 m although ore animal, Calanus fimmarchicus, was predominant through-
out virtually the whole of the survey area.

In samples taken over deep water in the Irminger and Labrador Seas the species-compositicn
showed considerable uniformity. C. firmarehicus was by far the dominant member of the zooplankton
followed by such species as Euchaeta norvegica, Thysancessa longicaudata, Conchoectia obtusata,
Spiratella retroversa, Aglantha digitale, and Eukrohnia hamata. The plankton community was rather
similar in the central part of the Davis Strait but, in addition to the dominant Calanus fimmarchicus,
there were substantial numbers of C. glacialis ard C. hyperbopeus. Larvaceans, mainly Oikopleura
spp. were also abundant while Spiratella retroversa was scarce compared with numbers in the open
Aftlantic.

Quantities of zooplankton were lowest in the cold water of the East and West Greenland Currents.
Off both coasts Oithona spp. (mainly 2. similis) was second in abundance to Calanus, but ctherwise
there were considerable differences between east and west. Certeinly during NORWESTLANT 2, far
higher numbers of euphausiids, larvaceans, and the larvee of bottom-)iving invertebrates were present
off the western than the eastern seaboard of Greeniand. The zooplankton of lcelandic coastal waters
showed a greater diversity of species than is indicated by the averages for the sTandard area ic of
Table 16. Many of the samples taken close to the coast were not analyzed because of the large
quantities of diatoms present, but the few samples In the vicinity of Faxa Bay, for which data are
available, contained many small copepeds, including Temora longicormis, Peseudoealanus minutus, Acartia
spp., and Centrgpages spp. in addition to Calanus.: Larvae of benthic inverfebrates also censtituted
a large part of the zooplankteon in this region.

I

An interesting feafure shown by the NORWESTLANT samples was the geographical variation in the
seasonal development of the main groups. |In particular, the main spring spawning of Calarus had
been completed by early June within the Davis Strait but was evidentiy still proceeding in the
Irminger Sea during This month. Euphausiids showed the opposite trend with the evidence painting
te later and more prolonged spawning Tn the Davis Stralt than in the Irminger and Labrader Seas,
while Spiratella retroversa was relatively scarce in the Davis Strait and |7ttle or no reproduction
of the specles occurred in this region. These regicnal differences occurred during 1963 and it
should be noted that there can be considerable annual variation in the seasonal timing and abundance
of Calanug, Spiratella and Euphausiacea (Glover and Robinson, this volume, p. 123).

The zooplankton investigations described in this report form part of a comprehensive study of
the envirenment of ced and redfish larvae in the seas arcund Greenland. It is generally accepted
that the larval phase in the life history of the fish is critical and two of the main causes of

larval morfality are thought to be starvation and predation, both of which will be directly influenced
by the abundance and compositicn of the zooplankton. Young cod and redfish are known to feed malnly
on the early stages of copepods so the availability of suitable food will largely depend on how
closely the development of the fish larvee is synchronized with the main period of reproduction of

the copepods, especially fthe dominant form Calanus. This argument wil! be considered in greater
detajl in the report on the feeding of fish larvae (Bainbridge and McKay, this volume, p. 187). Pre-
dation lcsses will depend on the abundance of predaters and the length of time the fish larvae remain

vulnerable members of the zooplanktcn ecosystem. Unfortunately, date con the distribution and abun-
dance of several Important carnivorous groups did not cover the entire survey area. However, some
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observations on the abundance of predators within the area of distribution of cod eggs and larvae
are given as an Appendix to this paper.
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APPENDIX I

NOTES ON THE ABUNDANCE OF POTENTIAL PREDATORS OF COD EGGS AND LARVAE
DURING THE NORWESTLANT SURVEYS

An assessment of the possible intensity of predation on fish eggs and larvae in different parts
of the area covered by the NORWESTLANT Surveys is difficult since !ittle is known of the relative
importance of The various carniverous species as predators of young fish., Fraser (1961} cites
coelenterates, especially Aglantha, together with ctencphores, chaetognaths, and siphonophores as
serious predaters of fish larvae. Among other forms known to be voracious feeders on a wide variety
of zooplankton are the hyperiid amphipods, adult Megemyetiphanes, Euchaeta, Tomopteris, and smal |
cephalopeds. Another common carnivorous species in the North Atlantic is Clione but this gastropod
may be a selective feeder on Spirateila (Bigelow, 1924),

Table 16 of the Zooplankton Repcrt (this volume, p.106), which gives average numbers of animals
taken by the vertical-net hauls during NORWESTLANT 2, shows that most of these predators were more
abundant in the oceanic standard areas (NE, SE, NW, and SW) than in the two areas adjacent to the
coast of Greenland (GE, and GW). This suggests that fish larvae over deep water may have been
subjected to a greater intensity of predation than those in sha!lower water around Greenland.
Detailed analyses were available for the zooplankton from the stramin-net hauls taken off West
Greenland during NORWESTLANT 2 and 3 so a comparison could be made of the average numbers of carni-
vorous zoop lankten at those stations with cod larvae over shallcew water {under 300 m) and deep water
(greater than 30C m). The averages given in Appendix Table | suggest that cod larvae carried over
deep water by branches of the West Greenland Current were moving into a more hazardous environment
with greater numbers of potential predators.

APPENDIX TABLE 1. Average numbers of predators per 30-min-oblique haul (50-0 m) with
the 2-m-stramin net off West Greenland during NORWESTLANT 2 and 3.
The avarages refer to shallow (< 300 m) and deep (> 300 m) s*tations
with cod larvae.

NCRWESTLANT 2 NORWESTLANT 5

Shaliow Deep Shal low Deep
Aglantha 49.4 187.8 1,585.1 2,379.0
Other medusae 17.2 3.5 88.2 35.2
Siphonophora 2.3 5.6 0.3 0.2
Chaetognatha 10.0 1,560.4 6.1 29.2
Tomopteria + 51.8 0 0.2
Clione 2.7 3.0 8.4 45,2
Cephalopoda 0.3 1.4 7.8 12.3
Fuchaeta 0.9 248.6 0.7 294.3
Hyperiids 18.¢6 21.7 52.1 2,609.4
Number of stations 13 1 16 15

Since data on the carnivorous members of the zooplankton were rather |limited, no satisfactory
comparisons could be made between the numbers of possible predators of cod larvae oft Greenland
and in the vicinity of lceland. During NORWESTLANT 1 information on some of the larger carnivorous
zoop lankton was obtained for the northern part of the Irminger Sea and distributions have been dis-
cussed by Beaudouin (1967). Chert 201 shows that Aglantha was common off East Greenland but absent
from stations near lceland. The scarcity of chaetognaths in the vicinity of Iceland has also been
mentioned in the report on zooplankton and is also clearly shown on the charts given by Beaudouin
(1967). Cod eggs and larvae present off |celand would therefore seem to be associated with fewer
predators than fthose from the neighbouring spawning grounds off East Greenland during NORWESTLANT 1.

Unfortunately, there are no data on the abundance of several of the main carnivorous groups
in lcelandic waters for NORWESTLANT 2 but by NORWESTLANT 3 Aglantha was relatively common in this
area (Chart 229), The average numbers of carnivores taken by the vertical-net hauls in the two
main regions with cod larvae during NORWESTLANT 3 are given in Appendix Table 2, These averages,
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APPENDIX TABLE 2. Average numbers of predators under a m2 of sea
surface during NORWESTLANT 2 calculated from
the vertical-net samples. The averages refer
to stations with cod larvae in each area.

Dernmark Strait WesT Greenland

Ag lantha 112.7 3.0
Chaetognatha 16.4 11.4
Tomopterie 31.9 0

Clione 0.4 2.0
Euchaeta 20.5 21.9
Hyperiids 0.2 5.2
Number of stations 8 31

which were obtained using only stations with cod larvee, suggest that more predators were associated
with the patch of larvae off Iceland and in the Denmark Strait than with the larvae found off West
Greenland. However, the young cod present during NORWESTLANT 3 had a length range from 7 tc 61 mm
with almesT half the population exceeding 25 mm in length (Hansen, this volume, p.127}, Most of
these young fish would appear to be too large to be captured by the size-range of predators which
are normally sampled by vertical-net hauls.
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APPENDIX II

List of species referred to in the report, together with authorities.

MEDUSAE

CHAETOGNATHA

POLYCHAETA

OSTRACODA

CLADOCERA

COPEPODA

AMPH [ FODA

EUPHAUS | ACEA

GASTROPODA

LARVACEA

Periphylla periphylila
Aglantha digitale
Halopsis ocellata

Sagitta elegang
Sagitta maxima
Sagitta serratodentata
Eukrohnia hamata

Tomopterie septentrionalis

Conchoectia obtusata
Conchoeeta elegans
Conechoeeta borealis marima

Poden leuckarti
Evadne nordmanni

Calanus fimmarchicus
Calanue glacialie
Calanus hyperboreus
EBuealanus elongatus
Rhinealanus nastutus
Pseudocalanus minutug
Mieroealanus pygmaeus
Pseudaetidius armatus
Euchirella roetrata
Euchaeta glacialis
Euchaeta norvegica
Seoleeithricella minor
Seolecithricella ovata
Centropages hamatusg
Temora longicormis
Metridia lucens
Metridia longa
Heterorhabdus norvegicus
Acartiq longiremis
Oithong eimilis

Oncaea borealis

Gammarus wilkitzki
Laneeola olausi
Apherusa glacialis
Parathemistc abysgsorum
Parathemisto libellula
Parathanisto gaudichoudi

Thysanopoda acutifrons
Meganyctiphanes norvegica
Thysanoessa longicaudata
Thyeancessa tnermig
Thysanoesea raschit

Spiratella retroversa
Spiratella helicina
Cliome limacina

Fritillaria borealis

Peron and Lesueur
(0. F. Muller}
Agassiz

Yerrill
Conant
Krohn
(MBbius)

Quatrefages

5. 0. Sars
5. 0. Sars
G. 0. Sars

G. 0. Sars
Lovén

{Gunnerus)
Jaschnov
Kréyer

Dana
Giesbrecht
(Krdyer}

G. 0. Sars
(Boeck)
(Claus)

H. 1. Hansen
Boceck
(Brady)
(Farran)
(Lilljeborg)
(0. F. MUl ler)
Boeck
{Lubbock)
(Boeck)
(Lil{Jjeborg)
Claus

G. 0. Sars

Birula
Bovaliius

{H. J. Hansen)
{Boeck)
{Mandt)
{(Guerin)

Holt and Tattersal |
(M. Sars)

(Krgyer)

(Krdyer)

(M. Sars)

(Fleming)
(Phipps}
(Phipps)

Lohmann
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Continuous Plankton Records During the NORWESTLANT Surveys, 1963 -
Zooplankton

By
R. S. Glover! and 5. A. Robinson!

MATERIAL AND METHODS

Throughout 1963, as in previous years, Continuous Plankton Recorders (Hardy, 193%; and Glover,
1962) were towec at the standard depth of 10 m in the North Atlantic, inciuding the reglon of the
NORWESTLANT Surveys. The routes used during 1963 are shown in Fig. 23a of the paper by Robinson
(this volume, p. 95}. The survey was supported by H.M. Treasury, through a grant from the Develop-
ment Fund, and by Contract N62558-3612 between the Office of Naval Research, Department of the
United States Navy, and the Scottish Marire Biological Asscciation.

The monthly fluctuations in abundance of some of the characteristic zooplankton organisms
throughout the year are presented here in order to provide a background to the NORWESTLANT collections.
The region including and adjeining the NCRWESTLANT Survey is divided into eight areas, according to
the standard methed cf presenting the results of the Plankton Recorder Survey (see Fig. 23b of the
paper by Rcbinson, this volume, p. 95).

The histograms in Fig. 29 show the average monthly abundance of the selected organisms; the
results for Aprii-August, the period of NORWESTLANT, are stippled. A break in the base |ine shows
that there was nc sampling in that month. For details of the method of calculating the average
number per sample, see Robinson (this volume). In order to compare the results for 1963 with the
"normal" seasonal cycle, the long-term averages are shown as |ine graphs. These were calculated
by combining all the available results for each month from 1955 to 1964. Because of the westward
extension of the Recorder survey in recent years, the long-term averages are based on variable
periods of sampling. Areas B6, C8, and D7 have been sampled only during the last 3 or 4 years and
the long-term means are shown as broken lines. Sampling in area B8 (west of Greenland) started in
1962 and there is insufficient data for the calculation cof a long-term mean in this area.

DISTRIBUTION AND ABUNDANCE

In 1963 the numbers of total Copepods were close to the average in most areas, particularly
during the NORWESTLANT Surveys, but they were lower than usual for most of the year in area B6
(south of Iceland) and appreciably higher in area D7 (a little to the scutheas+ of the NORWESTLANT
area). There were high peaks of abundance in April in areas C7, C8, and D7.

The results for Calanus fimmarchicus, which was the dominant copepod throughout the whole area,
are presented in two series of histograms, one for copepodite stages |-1V, the cther for stages V-¥I.
The young stages were more abundant than usual in most areas, especially in the second half of the
year.

Adult Calanue, also, were more numerous than usual in most areas during and after the NORWESTLANT
Survey, but they were rather below average In May-July in area CB in the southwestern part of the
survey. In area B8 (off the west coast of Greenland) they were less abuncant in 1963 than in 1962,
the only year for which there are comparable data in this area. In general, the numbers of adults
remained high until October and November.

Euchaeta norvegica was the only other copepod that was abundant and widespread but it was absent
from the waters west of Greenland (area B8) where it had occurred in May and June of 1962. |t was
much more numercus than usual in areas B6, B7, C7, C8, and D7. Because of the strong diurnal migra-
tions of this species, the histograms are based on night samples only.

I Cceanographic Laberatery, Edinburgh, Scotland,

ICNAF SPEC. PUBL., NC. 7.
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Fig. 29. Histograms showing the average number, per Recorder sample, of total Copepods, Calanus
fimmarchicus, Euchaeta norvegica, Spiratella retroversa, Buphausiacea, and Sebastes
larvae during 1863. The code (B6, B7, etc.) refers to the subareas shown in Fig. 23b.
The line graphs show the long-period means based on a combinaticn of all Records in
these subareas since 1955. For further details see text.

The pteropod, Spiratella retroversa, was unusuzlly scarce. The season was very short and
numbers were extremely low in areas B6 and B7 compared with the long-term means, and it was not
found at all in these areas in the second half of the year when it is usually abundanf. There were
short periods of abundance in April in area C7 and July in B7, and it was more abundant in area B8
than in 196Z. This speclies has been rare, also, in the eastern North Atlantic since 1954, although
it showed signs of a recovery there in 1963 when it was more abundant than in any year since 1956.

Euphausiids were close o or a litfle below average on the whole but their numbers fluctuated
more erratically than the other organisms. The great majority were Thysancessa longileaudata. Adults
were more numercus Than usual in spring in argas B7 and C7, 1o the east and southeast of Greenland;
the high numbers Tn July in area D7 and August in areas B6 and C8 were mostly young stages.

The young stages of redfish (Sebasteg) were much less numerous than usual, especially at the
beginning of their normal seascn, and were abundant only in July Tn area D8 (northeast of Newfoundland,
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Fig. 30. Charts showing the distribution of warm- and cold-water species in Recorder samples
from April to August, 1963 (see text). The surface isotherms for 0%, 5°, 10°, and 15°C
are fTaken from the Monthly lce Charts produced by the Marine Division of the British
Meterological Oftice (with the permission of the Controller of H.M. Stationery Qffice).



where the larvae had sub-caudal melancphores} and area (7 (southeast of Greenland, where they did
not). Their distribution is discussed in more detail by Henderson {this volume, p.157),

Figure 30 shows the distribution of the characteristic "cold" and "warm" water communities of
plankton during the NORWESTLANT Survey, as determined from Continuous Plankton Records. The results
are plotfed in rectangles of 1° lat by 2° long. The species used tc define the two plankten commu-
nities are listed below.

Cold-water forms: Calanus glacialis, Metridia lomga, Calanus hyperboreus, Ceratium arcticum.

Warm-water forms: Deliclwrn nationalis, Salpa fusiformis, Dolicletta gegenbauri, Clausccalanus
spp., Caloecalanus spp., Mecynocera spp., Calanus helgolandicus, Calanus
gractlis, Calanoides caringtue, Euchirella rostrata, Fuchaeta acuta, Undeu-
chaeta plumosa, U, major, Pleurcmarma abdominalis, P. borealis, P. gracilis,
P. piseki, Rhincalarus nasutus, Euealanus elongatus, Centropages bradyi,
Scolecithriz danae, Temora stylifera, Nanmoealanus minor, Heterorhabdus
papilliger.

The surface isotherms in Fig. 30 are taken {with the permission of the Controller of H.M.
Stationery Office} from monthly ice charts for 1963 issued by the Marine Division of the UK Metecro-
logical Office. They are based on rcufine cbservations by merchant ships and naval vessels in the
course of their normal metecrcicgical observations,

Clear patches of warm-water species appeared 1o shift reorthwards from April fo July and, perhaps
to August, although the sampling was inadequate in this month. There is an cbvious association with
the surface temperatures, the 10° isotherm corresponding roughly with the northern boundary of the
warm-water species which are presumably associated with the Gulf Stream system. Over the greater
part of The area there was a mixed or temperate plankton but the region off the Labrador and New-
foundland coasts was always characterized by cold-water planktan belonging to the waters of the
Labrador Current. The boundary between the two major current systems was always evident to the east
of Newfoundland.

CONCLUSIONS

Calanus fimmarchicus and Thysancessa longicaudata are the two dominant members of the plankton
throughout the area of the NORWESTLANT Surveys. They were both present in numbers not very diffarent
from the iong-term mean, although adult Calanus were above average, especially in the second half of
the year, and the euphausilds & [Tttle below. Euchaeta norvegica, always an important part of the
plankten in this area, was appreciably more abundant than usual but Spiratella was well below the
long-term average. The planktonic larvae of Sebastes was relatively scarce at the beginning of their
normal season but later became abundant (in Julyl.

The Recorder survey has been operated in areas B&é and B7 (between Greenland and lceland) since
1957. Therefore, it is possible to make more detailed long-term comparisons in these areas. The
results show that there is considerable variation in the seascnal tTming and abundance of the dominant
plankton organisms. Young stages of Calanus were very abundant in 1959 and 1962 in area B6. Adult
Calanus were numercus in 1960, 1962, and 1963 in arca B6 {south of lceland) but in BY they were more
abundant in 1963 and 1964 than In any other year since 1957.
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Report on Cod Eggs and Larvae

By

Paul Hansen!

Owing to the importance of the cod for the commercial fishery in Greenland wafers, speciaf
studies on its propagation have been carried out for many years. These studies included researches
on the amount and distribution of cod eggs and larvae in different years in the hope that it should
be possible to predict the occurrence of rich year-classes 'n the stock of cod 5 years before their
entering in the commercial catches. One of the Ttems on the programme of the NORWESTLANT Surveys
was an extension of this work. The results are shown in Charts 232-236,

The gears used were the 2-m-stramin net, Hensen net, Helgolang net, and lcefandic High Speed
Sampler (IHSS}. The results for stramin net are given as numbers per 30-min haul, for The Hensen
net and Helgoland net as numbers per m?, and for the IHSS as numbers per m3. The stramin net
yielded by far the best catches, In parficular of larvae. The catches from the other gears were
rather poor, and the |HSS, especially, gave very small catches. The differences between the catches
of the different gears were so irregular that it was impossible to convert them to a common unit.

As the stramin net proved fo be the best gear, catches tsken with It have been given preference
on the charts. For instance, the stramin-net catches of cod eggs during NORWESTLANT 1 are shown in
Chart 232 on the large chart, while catches with the Hensen net and IHSS are shown on the two small
charts Tnserted in the right corner. All stations are shown as dots. Hatching is used to indicate
caftches of eggs in Chart 232, where eggs predominate, while catches of larvae are shown as symbots.
In the cther three charts, where catches of larvae predominate, the larvae are shown by hatching and

symbols are used for eggs.
NORWESTLANT 1

Chart 237 aives the distribution of cod eggs and larvae. Cod eggs were caught at the majority
of stations east and west of Greenland, Cod larvae were found at one station close to the south-
eastern coast of lceland (11 specimens) ana at five stations near fthe southeas? coast of Greenland
{fotal eight specimens}.

Rather dense concentrations of cod eygs were found in many places Tn The whole area, aspecially
aver the offshore banks and over the western slopes of the banks in the UDavis Straif. Farther out
in the Davis Strait the number of eggs diminished, and in the middle of rthe Davis Stralt very few
were caught with the stramin net and none wilh fthe Hensen net.

Large concentrations of cod eggs were cbserved at the staticns between 55° and 59°N near the
Labrador coast where the Labrador cod sfock evidently has its spawning grounds., On the "Gaod+h&b"
expedition in 1928 cod eggs were also found near these places. The northern boundary for cod eggs
in the Davis Strait was 66°N which is in accordance with previous observations.

South of Cape Farewell between 56° and 57°N some cod eggs were taken with the Hensen net and
IHS5. The spawning season for cod in Greenland waters usually starts at the end of March or the

beginning of April. NORWESTLANT 1 was carried ouf practically in the middie or a |ittle after the
middle of the spawning seascn, therefore, it cen be assumed that the largest number of the recently
spawned eqgs had not been fransporfed far by the current, but were still present in the water layers

over the spawning places. Therefore, Chart 232 may be considered as showing roughly the cod spawning
places in Greenland waters.

Very {ittle is known about the occurrence of cod eggs on the spawnin rounds off bast Greenland.
¥ P 9 d

T il =, . -
Gr@nlands Fisekrlundersogelser, Charlottenlund, Denmark.

ICNAF SPEC. PUBL., NO. 7.
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Apparently, a reather heavy spawning fakes place west of Iceland over the Anton Dohrn Bank and along
the East Greenland coast, The catch of eight cod {arvae in a Hensen-net haul east of Cape Farewel|
is surprising and difficult fo explain. Perhaps the larvae had been transported by the current from
the lcelandic spawning grounds. There seems to be a rather uniform spawning on both sides of Green=-
land.

NORWESTLANT 2

The catches of cod eggs and larvae with different gears are shown in Charts 233-235. Charts
233 and 234 show the cafches with the stramin nef of coed eggs and cod larvae respectively. In
Chart 235 the catches of both eggs and larvae with the Hensen net are given: the small insert shows
the catches with the [HSS,

The stramin-net catches of cod eggs were very small. Mocre than 10 eggs per 30-min haul were
obtained only at two stations off the East Greenland ccasT (62°N and 62°30'N lat) and at two stations
off West Greenland (62°30'N and 63°30'N lat)., The western limit for the occurrence cf ccd eggs n
the Davis Strait was 56°W iong.

The streamin-net catches of cod larvee were also rather modest. More than 10 larvae per 30-min
haul were obtained only at two stations off West Greenland. At most stations only one or two larvae
were caught. The western |imit was 58°W long.

Catches with the Hensen net revealed concentrations of cod eggs and larvae on the West lceland
Shelf. Between lceland and East Greenland and off fthe East Greenland coast, eggs were taken in
rather small numbers. Larvae were cbtained at two stations off East Greenland, but one specimen
cnly at each station. Arcund Cape Farewell all stations were negative. Many of the stations in the
Davis Strait were negative tco, and at the remaining stations the numbers were belcw 10. In general,
the cccurrence of cod larvae was much smaller than was expected in view of the rather large amount
of cod eggs found in April during NORWESTLANT 1.

NORWESTLANT 3

All catches of cod eggs and larvae were taken with the stramin net. The results are shown in
Chart 236. Eggs were still obtained at the three stations off Southwest lceland, at Three stations
on The Anton Dohrn Bank and at seven stations between 63°-65°N lat and 35°-33°W long. At all other
stations no eggs were found,

Cod larvae were obtained at nearly all stations from Southwest Iceland, over the Anton Dohrn
Bank, until about 65°N, 34°W. All stations except three were negative in the area scutheast of this
position along the Southeast Greenland coast, around Cape Farewell, and in the Davis Strait until
64°N, 52°W. On each of these three stations one single larva was taken. One of fThe stations was
near Cape Farewel!|, while the cther twc were rather far out in the Davis Strait nearly half-way
between Greenland and Baffin |siand. Off West Greenland the cod larvae were concentrated between
64° and 67°30'N, but they were rather few in numbers. The northernmost catch was in 68°N where cne
larva was caught.

The general impression of the occurrence of cod eggs and larvae in 1963 is that eqggs in April
were rather evenly distributed over the of fshore banks both off West and Fast Greenland, and between
Eest Greeniand and lceland. The most dense concentrations were on the lceland and tabrador shelves.
In May and June very few cod eggs were taken, and alsc the numbers of larvae were very small. |In
July cod eggs were only found off lceland, on the Anton Dohrn Bank and off Southeast Greenland:
in the southern area around Cape Farewell cod larvae were exceedingly few and larvae were found
cnly in West Greenland waters in a somewhat more northerly position than in May and June. The
very small number of cad larveae in May-July compared with the rather rich occurrence of eggs in
April seems o show a very high mortality either in the egg stages or in the early larval stage,

An interesting phenomenon is the occurrence of cod larvae in April and of cod eggs in July off
Southeast Greenland. This early occurrence of larvae and late occurrence of eggs may possibly be
due to a long spawning pericd in the area or perhaps more probably to a driff of larvee and eggs
from the Southwest lceland spawning grounds.
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COD GBS

Size of Eggs

Measurements of sizes of cod eggs have been made anly by Canedian scientists who have measured
the diameter of all the undamaged cod eggs taken by different nets, The average length of the diam-
eter was between 1.40 and 1,44 mm,

Developmental Stages of Cod Eggs

Samples of cod eggs have been classified according tc developmental stages by Canada, France,
Norway, UK, and USSR, The systems used by the different nations have been scmewhat different.
Norway and USSR have used a system with four steges. Canada and France have used another system
including five stages, and UK has used a similar system, with stage | divided into twc, IA and IB.
To make the compositions of the develcpmental stages in the samples comparable it is necessary fo
convert all the systems into the most simple one of four stages used by USSR and Norway. These four
stages correspond with the stages in the Apstein system (Apstein, 1971} and with the UK, Canadian,
and Frerch systems as shown in the follewing table.

Norway, USSR Apstein UK Qpnada, France
I 1- 8 IA + IB
I 9 - 11 I I
L1 12 - 19 I+ 1y I+ v
v 20 - 22 v v
Figure 31 shows the stages |-IV. The numbers 1-22 on the eggs are the numbers used by Apstein.

The resuits of the analyses of cod eggs according to stages are presented in Fig. 32. The big
map insert shows the egg stages cff East Greenland and on the Anten Dohrn Bank during NORWESTLANT 3,
During NORWESTLANT 1 stage | predominated in 9@ out of 15 samples. All cod eggs taken during 10-12
April on the Labrador shelf belong to stage |, which means that spawning had teken place recently
and that the place where the eggs were obtained was a spawning place or near the spawning grounds
for the Labrader stock of cod. A different composition with a strong predominance of stage Il and
'l reaching about 30% was found several miles o the northeast of this position on 7 April., Off
the West Greenland coast the composition of the stages differed, even at places which were not far
from each other. Eight samples from a Iittle north of 63°N tc Cape Farewel| have been analyzed.
Three had a strong predominance of stage |, 60 to more than 65%, among them the northermmost sample,
Five had a rather even composition of stages, three of them with a predominance of stage Il. In the
most westerly sample on 61°N, stages |, |, and ||l were of nearly equal size. The predominance of
stages | and |l means that the eggs had been recently spawned. Off East Greenland, on Anton Dohrn
Bank, and on the lceland Sheif five analyses were made. |In the samples from East Greenland waters
and on the Anten Dohrn Bank stage | predominated. In the southernmost sample it lies between 40-50%:
in the three other, which were taken during 9-23 April, it amounts to 68, 75, and 79% respectively,
which means that the eggs had recently been spawned. The sample on the lceland Shelf from 22 April
Is quite different with stage 111, forming about 75%. This composition means that the eggs would
have been hatched within a short time.

Two samples from NORWESTLANT 3 have been analyzed: one from catches with a stramin net east
of Angmagssalik on 15-19 July, and the other from stramin-net catches south of Angmagssalik in about
64°N on 4-9 July, The first sample contained 26 eggs, the other 93 eggs. The two samples are very
different. In the first, stage | formed about 84%; in the second, stage |V formed 60%. This means
that the first consisted of newly-spawned eggs and the second of eggs just about to hatch.
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Fig. 31. Develcpmental stages of cod eggs used for analysis (Apstein, 1911).
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NORWESTLANT 3

Fig. 32. MNORWESTLANT t and 3. Percentage compositicn of cod egy development stages.

COC LARVAE
Growth

Figure 33 shows the length measurement curves for cod larvae from NORWESTLANT Z and 3., The
curve for NORWESTLANT Z is bzsed on lengths of cod larvae caught in 2-m-stramin-net hauls by Dana
and Baffin in the Davis Strait from 20 May fto 16 June; the curve for NORWESTLANT 3 on measurements
of cod larvae collected by Dana in the same regicn and by the same gear from 19 June to 31 July.
The average lengths for the twc samples were 5.6 mm for NORWESTLANT 2 and 10 mm for NORWESTLANT 3.
The growth in a month has been between 4 and 5 mm. In 1950 the average size of cod larvae caught
in the Davis Strait between 1-10 July was 12.8 mm, which is 2.8 mm more than for NORWESTLANT 3.
During NORWESTLANT 3 a total of about 280 larvae were caught between 4-19 July by Ermnest Holt with
a 2-m-stramin net at 40 stations off East Greenland in the area north of 61%20'N. The length dis-
tribution of the larvae is shown in Fig. 34, The distributicn is quite different from those found
in the samples from West Greenland for NORWESTLANT 3. The |ength curve of the West Greeniand larvae
is regular and |lies between 5 and 15 mm, with 2 distinct maximum at 9 mm. The length curve of the
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larvae off East Greenland is from 10 to 43 mm and very irregular, without a real maximum but with
many peaks. |t looks like a combination of many length curves. When we look at the occcurrence of
eggs and larvae east of Greenland during NORWESTLANT 1-3, we find eggs and larvae in all periods,
which possibly indicates that spawning takes place during several months and that the length curve
therefore includes larvae from different spawning periods and different length,

%
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10 15 20 25 30 35 40 mm

Fig. 34. NORWESTLANT 3. Length distribution of ceod larvae taken off East Greenland.

NUMBER OF LARVAE IN DIFFERENT YEARS

Figure 35 shows the average numbers of cod larvae per 30-min haul wiTh a 2-m-stramin net in

West Greenland waters in 11 years from 1950 to 1963. [t appears very clearly that the number of
larvae varies greatly in the different years. The years with the largest occurrence of larvae are
1950, 1953, 1957, and 1961, |In all these % years rich year-classes with great importance fo the

commercial fishery were produced. The year 1957, which eppears as the year with the largest amounts
of larvae, is alsc the year which gave birth to one of the richest year-classes in West Greanland
waters., The year-class 1961 1s one of the rich year-classes, and it appeared as small-sized 4-year-
old cod in 1965, and is expected to be of importance to the fishery in 1966. The 1980 year-class

is also Tmportant but unfortunately there was no sampling for cod larvae in 1960 because Dgna had
engine trouble and could not go to Greeniand.

The 1963 year-class seems to be rather poor judging from the number of larvae found during the
NORWESTLANT Surveys. |t remains to be proved in 1968 when it cbtains commercial sjze. There is
reason fto continue the research on the occurrence of cod larvae because iT is of great interest to
be able to predict the occurrence of rich year-ciasses in the stock as early as possible.

In each of the years during which the Danish fishery investigations have been carried on, the
annual report has referred fto the age-groups which are growing up and will be of importance in the
commerctal catches in fthe years to come. These estimates have proved to be correct in most cases.
The material used to make these estimates has been eei-seine and shrimp trawl catches of the |, il,
and 11} group, but mainiy the il group. Using this age-group it has been possible to predict the
occurrence of a rich year-cless 3 years before it enters fthe commercial stock {(Hansen, 1949}, |+t
The prediction could be made on the numbers of larvae in July, it could be carried out 5 years before
recrultment to the stock occurs. 11 is possible to make such predictions because the differences
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between rich and poor year-classes in Greenland waters are more strongly proncunced than in most
other areas where cod occur.

Average number

0 —

=¥

. il

1950 52 53 54 55 56 57 58 59 6l 63

Fig. 3%. Average numbers of cod larvae faken per 30-min haul with a Z-m-stramin net
off West Greenland from 1950 to 1563.

RESEARCH ON COD LARVAE AND FRY PREVIOUS TO 1963

In 1908 and 1909 the Tjalfe expedition carried out the first fisheries research work In West
Greenland waters under the leadership of Professcr Adolf Jensen. |t was in the cold pericd before
the cod became commeon in Greeniand waters. No eggs and larvae were obtained on these two crulses.
In the beginning of the warm period when the cod appeared in big shoals which gradually meved from
scuth to north along the coast of West Greenland, Ur T8ning carried out research work from a Danish
naval ship in 1924, He found cod larvae in The coastal area and in the fjords but was not sure if
they were larvae of Gadus cgae or of Cadus morhua.

Cod eygs and larvae were found in the Davis Strait for the first fime in 1925 on the cruise of
Dana IT under the leadershio of Adelf Jensen (Jensen, 1926). Cod eggs were found from 6 to 23 June
in inshore and offshore waters from 63°10' to 66°45'N, Cod farvae were found within the same limits.
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in subsequent years fisheries research was carried out mainly in inshore waters until 1950 when

Darna III made a cruise in June and another in July (lensen and Hansen, 1931). In the following years,
except for 1951, 1960, 1962, and 1965, Dana IIT carried out fisheries research work in West Greenland
waters in July (Ann. Biol., Vol. VI, IX-XVII1, XX, 21, and 23). In all these years, except one,

cod larvae only and no eggs were taken with the Z-m-stramin net. {n 1959 z few cod eqgs were
obtained.

One of the remarkable observations on these cruises has been the occurrence of cod larvae far
out in the Davis Strait indicating a transport in the west-going branch of the West Greenland Current
over fo lLabrador. These larvae are lost from the Greenland stock and may possibly be considered as
recruits to the Labrador stock.

In most years from 1350 to 1965 hauls with @ stramin net have been taken on three stations hver
Fyllas Bank in March or April (Ann. Biol., Research Reporis in Northwestern Area, Vol. |, V-X). The
numbers of eggs obtained varied in fhe different years, but generally, fThe largest number of eggs
were taken In the haul aver the western slope of the bank, with a smaller number on the middle of
the bank, and onty a few befween the bank and the mainland. These results are not surprising since
the western siope of the Fylias Bank is a spawning place for cod.

From 13 April to 6 May 1961 and from 17 April to 4 May 1962 Norway has carried out research on
the occurrence of cod eggs in the Davis Strait. Figure 36 and 37 show the distributions of cod eggs
in these 2 years. A larger number ot stations were made in 1961 and the larger number of egqs per
station was a@lso obtained in that year. Cod eggs were taken far from the offshore banks over great
depths both in the scuth and north. The northern limit for the eggs was at 66°N in 1981 and at about
66740'N in 1962,

In May 1961 the lceland research ship Aegir carriec out redfish studies in the Irminger Sea.
On this cruise the occurrence of cod larvae was also studied., A Helgoland net and the [HS5 were
used for collecting fish larvas, The greatest concenfration of cod larvae was found on the lceland
Shelf off Reykjanes. Over the Eest GCreenland Shelf and its slopes, between 60° and 63°N, cod eggs
were Taken at aimost all stations. The greatest densify was found between 61° and 63°N. On the
northern stations very few eggs were found. In the same regicn small numbers cf newly-hatched cod
larvae were found on seven stations. By studying the occurrence of the different stages of cod eggs
and taking the velocity of the East Greenland Current into consideration, it was assumed "that no
remarkable concentrations of cod larvae could be expected on the East Greenland banks, except when
there has been heavy spawning in the northernmost region or there has been a strong driff from the
spawning grounds off [celand" (Magnusson, et al., 1963},
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The Life-Cycle Pattern of Labrador Cod, Gadus morhua L., in ICNAF
Subarea 2’

By
A. |. Postolaky?

In 1963 some research works of the Polar Institute were carried out to detect the spawning
grounds of labrador cod, Gadus morhua L., in |CNAF Subarea 2. Spawning grounds were searched for,
with due regard for the hydrologicai cenditions of the Labrador Sea, and proceeded from certain
assumptions on the drift migrations of the young.

In March-May 1563 waters adjacent to Labrader were surveyed by the research fishing vessel
Pobeda. |n mid-March some concentrations of pre-spawning and spawning cod were found in Division 2G
at depths from 280 to 350 m, the temperature being 2.0° to 3.5°C. Fost-spawners were observed In
the same area in April. The catches of spawning cod were ot a commercial nature.

Table 20 shcws the data on the maturity stages of cod in the Labrader area and adjacent slope
of the Newfoundland shallows in March-May. Figure 38 shows the size composition of both the imma-
ture and mature fish.

TABLE 20. Stages of maturity of cod in the Labrador and northern Newfoundland Bank areas in
March-May 1963 (as % of the number of fish analyzed).

Maturity stages

Location Date il v 1y-v ¥ ¥l Vi-11 No.
North Labrador (2G) 18 March - 20.0 75.8 4.2 - - 49
5-19 April 1.2 0.7 22.7 23.8 65.8 5.8 37727

Central Labrador (2H} 20 April - - - 6.8 64,7 28.5 102
Southern Labrador (2J) 1-30 April 28.7 11.1 15.2 26.7 19.3 9.0 11352
}-30 May 0.5 5.4 0.5 8.6 35.0 29.9 2009

Northern Newfoundiand 29 March 86.0 1.7 0.6 0.3 0.9 0.6 351
Bank (3K) 1-30 May 34,5 13.0 0.4 3.1 25.6 23.4 1033

Analysis of the state of maturity of the cod provides a good reason for the supposition that

in Div. 26 mass spawning has continued from the middle of March until the end of April. in Div. 2J
and In the adjacent section of Div. 3K spawning was observed from the end of March until fhe beginning
of June. |t must be noted that in these parts ithe spawners were encountered in much fewer numbers

than in Div. 2G.

T This paper was originally submitted fo ICNAF Symposium, "The influence of the envircnment on the
groundfish stocks In the Morth Atlantic”, held in Rome, 27 January 1964. |t is published here
rather than in ICNAF Spec. Publ. No. & as it deals with cod eggs in The NORWESTLANT area during
the first two surveys.

T Palar Research Institute of Marine Fisheries and Oceanagraphy, Murmansk, USSR.

ICNAF SPEC. PUBL,, NO. 7.
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A considerable number of cod mature at stages V| and Vi-|| caught in Div. 2J and 3K have appa-=
rently come from Div. 2G, as indicated by a small number of post-spawners in this division in the
end of April. Southward migration of cod from North Labrador is conflrmed by the results of tagging.

A cod tagged on 10 April on the spawning ground in the North Labrador area (59°50'N, 60°56'W) was
recaptured 8 days later in the Central Labrador area {57°07'N, 50°41'W). Two cod specimens which

had also been tagged on 9 and 10 April on the spawning ground (50°28'N, 61°15'W and 59°50'N, 60°56'W)
were recaptured affter 20 days in the southern Labrador area 380-440 miles from the area of tagging.

The collected data on the eggs of cod indicate their wide distributicn in the Labrador and
northern Newfoundland Bank areas in April and May (Fig. 39). The sizes of the eggs varied within
the range of 1.1-1.8 mm, with sizes of 1.4-1.6 mm predominating. Largest catches of eggs per single
vertical haut with an egg-net (diameter of outer opening 80 cm, gauvze No. 140) were observed in the
North Labrador area (Table 21).

TABLE 21. Data on cod eggs in the Labrador and northern Newfoundland Bank areas in April and Maya.
Average number Total number of
Embryonic stages of deveiopment of eggs per haul eggs caught
Location Date | I 1 1V in the area in the area
Northern 2740 26.2 1.5 . aszst19)”
Labrador (25) - '° MPTil Tgos TRy 0.5 - 017 T00.0
Central 26 fori | 1.0 60.5 3.5 - 5.0 1502
Labrador {2H) pr 4.7 80.6 4.7 - : 100.0
(13
. 26.7 26,9 108.0 9.1 2232
1-29 April 171.7 £es
Southern 15.6 15.7 63,4 5.3 100.0
Labrador (2J) o0 m 9.3 6.5 26.5 5.5 i 1004(21)
—es ey 5.4 13,7 55.3  11.6 ‘ 100.0
Northern (16}
8 May- B.3 9.1 22.5 10.6 808
Newfoundland 1 June 16.4 18.0 44 4 21.2 30.5 100.0
Bank (3K)

a Numerator shows the average catch of eggs in a vertical haul; denominator indicates the percent-
age of the total number of eggs caught in the area.

b Number of hauls from which the average value of eggs in different stages per haul was assessed.

As can be seen from Table 21, the maximum number of eggs in stage | {stages were determined
according to Rass, 19439) were caught in the North Labrador area whereas in the other areas the number
of such eggs was considerably smeller. During April and May the distribution of eggs of different
stages of embrycnal developmsnt in the Labrador and North Newfoundland Bank areas was uneven. While
the eggs caught in the North Labrador area were mainly found to be in stage | and those in the
Central Labrador in stage ||, the eggs in the southern Labrader and northern Newfoundland Bank areas
were in stage Ill. In The latfer two areas eggs in stage IV occurred both in April and May.

Cod larvae were cbserved in May on one station In the southern Labrador area and on three
stations of the northern Newfoundland Bank, The sizes of larvae ranged from 3.0 to 6.3 mm.

Eggs in sTage Il in the Central lLabrador area and in stages |Il and IV in the southern Labrador
and northern Newfoundland Bank areas had evidently been carried There from the north by the Labrador
Current. According to Smith and Ancellin (Bogdancv, 195%) the average velocity of the Labrador
Current at its surface is 0.4-0.5 knots?. Judging by this speed, the eggs should be carried from
the northern to the scuthern Labrador area in 30-48 days, and to the northern Mewfoundland Bank area
in 48-55 days.

T According to observations made in April 1963 the average velocity on the sea surface approximated
0.5 knots.
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The temperatures of the upper water layers in March-May remained negative along the whole coast
of Labrader. Waters over the slope (500-600 m) presented a single exception, their temperature some-
times exceeding 3°C {Fig. 40). Waters with subzero femperatures occupied the §-180-m layer with
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56°—

54°— 540

24

Fig. 40, Surface water temperature in March-May 1963,
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temperatures below 1°C being observed in the 100-150-m layer. |t must be noted that the eggs of
cod in North Labrader were encounfered in grezfest numbers in the area with depths of 280-350 m and
that in southern Labrador and on the northern Newfoundland Bank they were chiefly 1n the zone with
depths of 150-200 m. The surface femperature on the stations where the eggs were observed was in
most cases below zerc, scmetimes as low as -1,80°C.

Thus, it can be supposed that the development of cod eggs in the Labrador and northern Newfound-
land Bank areas occurs in subzero temperature range. The time required for the development of cod
eggs, according to Apstein (1909), is 43 days if the temperature is 0°C, and 60 days if the tempera-
ture is -1°C., To make an egg develop into stage 11l it takes 22-3C days {f the temperature is 0°C,
and 30-43 days ff it is -1°C. Comparison cf the data on the velocity of the drift and on the time
of development of eggs under the low ftemperature conditicns suggests that the cod eggs in stages {11l
and [V found in southern Labrador and northern Newfoundland Bank in Aprii and May had been carried
there by a current from the northern Labrador area. Part of the eggs in stage || found in the
southern Labrador area had probably been deposited in North Labrador waters as well.

As shown by PINRO investigations the young cod are almost entirely absent from the central and
northern areas of Labrador, whereas in southern Labrador and on the northern slope of the Newfound!and
Bank they occur in great numbers. They probably represent the young cod that spawn in The northern
areas of lLabrador. The young ced that spawn in the southern Labrador area seem to develop much
further to the south.

Tc summarize, one may suppose that the main spawning grounds of Labrador cod are sifuated In
the northern Labrador area at a considerable depth where the temperature Is 2° tc 3.5°C., Therefore,
the eggs drift southward with the Labrader Current. The development of eggs and larvae in the
surface layer proceeds mainly at 0°C and lower temperatures.
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Report on Redfish Larvae, Sebastes marinus L.

By
Jakeb Magndssonl
INTRODUCTION

ln this paper the results of the redfish larvae sampling during NORWESTLANT -3, in 1963, are
discussed.

Redfish larvae were obtained on all Three surveys. On NORWESTLANT 1 they were reported from
the Irminger Sea only, but on NORWESTLANT 2 and 3 they were alsc reported from West Greenland, On
NORWESTLANT 1 redfish larvae were reported by France, Thalassa; UK, Evmest Holt; on NORWESTLANT 2
by Canada, Baffin and Sackville; Denmark, Dana; Federal Republic of Germany, Anton Dohrm; lceland,
Aegir; Norway, G. O, Sarg (one station); on NORWESTLANT 3 by Denmark, Dana; UK, Ernest Holi and
Explorer; USSR, Academician Knipovich.

Of all three surveys, both the greatest concentrations and widest distribution of redfish larvae
were found during NORWESTLANT 2, mainly in the )rminger Sea and scuthwards.

MATERIAL, GEAR, AND METHODS

During fthe surveys the following horizontal towing gears were used: the 2-m-stramin, lcelandic
High Speed Sampler (JHS5), and 1-m-silk net. Further, the following vertical sampling gears were
used: Hensen net, Helgoland larvae net, 1-m-silk net, Nansen net and the British Ccean weather ship
net. The fowing time for fhe Z-m stramin was appreoximately 20-30 min in an obligue haul from 50 to
Om, at a towing speed of 1.5-3 knots. The IHSS were operated in the same way by most of the par-
ticipants at a speed of 3-5 knots. But on the [celandic degir, where IHSS were exclusively used
instead of the 2-m stramin, this gear was towed for 1.5 nautical miles (at few stations 2.5 nautical
miles), af a speed of 6-8 knots in the following depths: 2-5m, 15-18 m, and 25-30 m, the | lfration
being about 20 m3 for each sample for 1.5 nautical miles towing distance. The vertical sampling gears
were generally hauled from 100 to O m, fthe Hensen net being the most used gear. Most of the redfish
larvae were caught with the 2-m-stramin net and the |HSS by lceland., Few redfish larvae were reported

from the oblique hauls with the IHSS and the vertical sampling gears. In some cases, flow meters
were used on the nets. Kelvin-Hughes depth fubes were used by many of the participants for testing
the depth of the gears. Of all three surveys, redfish larvae were recorded on 40% stations: i.e.

11.5% of all planktonic stations in NORWESTLANT 1; 56.2% in NORWESTLANT 2, and 37% in NORWESTLANT'B.

The number of redfish larvae per 30-min tow with a 2-m-stramin net ranged from i to 1,400;
with the [HSS from 0.02 to 3.13 per m? (mean for all three sampling levels); and the vertical nets
from 0.6 to 180.9 per m2. Generally, redfish larvae were sorted out of the samples immediately, and
in some cases measured. The working up was complefed in the laboratories ashore and the number
reported as numbers per unit (/30-min tow, m3, m2); see tables 77-88 in Part |¥ (Biological Data)
of this publication.

DISTRIBUTION AND ABUNDANCE
NORWESTLANT 1
During NORWESTLANT 1 redfish larvae were only found in the Irminger Sea. Unfortunately, sampling
during this survey was not carried cut In the Central Irminger Sea, but eariier investigations
{Henderson, 1961; Magndsson, 1962; Magndsson et al., 1965) have shown that the heaviest exftrusion
of redfish larvae s in The cenfral and eastern part of this area. Therefore, sampling during this

T Hafrannscknastofnunin, Reykjavik, lceland.

ICNAF SPEC. PUBL., NO. 7,
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survey was only carried out on The north and west boundary of the previously observed main extrusion
area. However, notable numbers of redfish larvae ware cbserved in these boundary areas (Chart 237},
indicating that a considerable release of redfish larvae had already taken place in April.

NORWESTLANT 2

The widest distribution of redfish larvae was observed during NORWESTLANT 2. Thus, they were
reported from almest the entire Irminger Sez and southwards fto as far as observations were made
{approximately 52°N}. Further, larvae were found in a zone along the West Greenland coast exceeding
the £5° lat {(Chart 238).

All attempts to find a conversion factor for the results of Z-m-stramin net and |HSS catches
failed. Therefore, the abundance of redfish larvae in this survey is given in two maps: Chart 238
for stramin-net results; and in Chart 239 for the IHSS resulfs in the |rminger Sea. These charts
show the abundance of redfish larvae was very uneven over the whole area and was split up info areas
with relatively high and low densities. The main abundance area of redfish larvae was found fo be
in a region extending from about 57°N northeastwards to about 65°N in the central oceanic area sur-
veyed. South of this region and west of Cape Farewell, high density zones were fcouched. Even within
one survey the time difference in sampling is considerable, which surely is of great impcrtance for
the recorded results and it is not certain to what degree the splitting of the maximum density is
due to this fact. Thus, e.g., the observations which were made by Adegir aiong the 60°N |at were
done at the beginning of May but the foliowing cbservations to the south of this area were carried
out in the latter half of May. The abundance of redfish larvae in the Irminger Sea (Chart 239} can
be compared with the results of a cruise covering the same area during the same month Im 1961, In
both years, the areas of distribution and maxima densities appeared to be in a broad zone west of
the Reykjanes Ridge. However, in 1963, the area of greatest asbundance appeared to !ie somewhat more
westerly than in 1961 and it is more split into patches, some reaching farther north than in 1961,
The redfish larvae were alsoc more abundant in 1961 in this area than in 1983. Thus, the number of
red¢?ish larvae per m3 per positive station in 1961 was 0.77, but in 1963 it was 0.39. The same
sampling technique was used in both years.

NORWESTLANT 3

During NORWESTLANT 3 approximately the same area was covered as in the NORWESTLANT 2 Survey,
although the station grid was not as dense In al! areas as in the NORWESTLANT 2 Survey (Chart Z40).
During NORWESTLANT 3 the redfish larvae were mainly found along the continental slopes from West
Iceland to approximately 62°N off West Greenland. But farther in The open ocean, redfish iarvae
were only found to be disfributed in scattered and isclated patches. The redfish larvae were by far
less abundant than in the previous survey, and nc greater concentrations were cbserved except at a
single station off East Greenland, where 448 larvae per 30-min tow with the Z-m-stramin pet were
recorded and 112 larvae with the 1-m-silk net.

Larvae of Sebastes viviparus Krgyer

Larvae of Sebasies viviparus were only reported by Iceland in NORWESTLANT 2. As usuai, they
appared in the lcelandic Shelf region and were found in small numbers, with a maximum cof 0.18 per m3
(mean for the three IH5S8). No 5. viviparus larvae were observed in the Hensen net samples and none
was reported by other parficipants. The size of 5. viviparus larvee was small, about 90% were of
the 4- to 6-mm groups, indicating a recent release,

ABUNDANCE IN RELATION TO TEMPERATURE

'n the northern part of the survey area in NORWESTLANT 1, cnly surface temperatures are reported
con the biolegical sTations since the hydrographical observations were carried cut earlier. Therefore,
a comparison of the distribution and abundance of redfish larvae and temperature is difficult since
the surface temperafures are nct religble, in this respect, along the ice border. But the surface
temperatures at the stations where redfish larvae were caught ranged from 1.3° to 6.8°C. The bulk
of the larvae were found in a tongue of water of 5° to 6°C along the cold water front.

On the very few stafions in the southern part cof the survey area, where redfish larvae were
recorded, the surface tempersfures ranged from 5% to approximateiy 6,5°C.

In the Irminger Sea, in the area surveyed by degir during NORWESTLANT 2, redflsh larvae were
most abundant in Temperatures between 6° and 7°C at Z0-m depth. In 1961 the greatest concentrations
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were found in waters of 7° to §°C (Magndsson et al., 1965). They were also found in femperatures of
8.5°C which was the highest temperature cbserved on this cruise. MNone was found in temperafures
below 5°C. In the southern part of the area covered by degir, there does nct seem to be a direct
relation between the temperature (in 20 m) and the splitting info the concentrations of redfish
larvae abundance which has been mentioned before (Chart Z39}. On the other hand, this splitting is
understandable when compared with the dynamic topography in the O-m depth. In the northern part,

a relation between temperature in 20 m and the abundance of redfish larvae was observed since the
splitting of larval concentration is following The two branches of warm water along the cold water
front. This correlation is still more underlined by the dynamic topography in 0 m. Scuth of fthis,
in the area covered by Anten Dohrn and Dana, redfish larvae were mainiy found in surface temperatures
from 5° to 9°C. None was found in surface temperatures below 4.4°C with one excepTion (0.6°C) at a
staticn close to the Tce. When considering The femperature In the 20-m depth, redfish larvae wére
abundant mainly in temperatures petween 5° and A°C wifh the densest zones between 67 and 7°C, which
is similar to that found in May 1961 in this area (Kotthaus, 1961). But the contours for fthe redfish
larvae densities did not follow fthe general direction of the isctherms. Off West Greenland redfish
larvae were found in a rather narrow Zone along the border of cold ana warm water. No larvae were
recorded in waters with fTemperatures higher than about 4°C at the 20-m depth. But there was a close
correlation between the dynamic fopography ana the distribution of redtfish larvae in this area.

During NORWESTLANT 3 the redfish larvae were recorded within a rather wide range of femperature,
from approximately 0°C {(off West Greenland) to almust 11°C (eastern part of the Irminger Sea) at a
depth of 20 m. But, as on the previous surveys, redfish larvae were found meinty in water tempera-
tures between 5% and B°C. A comparison with the dynamic topography in fthis survey shows a rather
good agreement with the distribution of the larvae.

LENGTH

Data on the lengths of the larvae taken at each station are given in Tables 77-88 In Part |V
{Biological Data) of this publication. A summary by survey and vessel is given in Table Z3.

NORWESTLANT 1

The size of redfish larvae in NORWESTLANT 1 was small, the range being from 5 to 13 mm with
the majority being -7 mm. In fhe northern part of the area, the larvae were of a smaller size
than in the soufhern part, the mean length being 7.02 mm, that is newly hatched. In the southern
part, the mean length was 8.66 mm which indicates that These larvae have been released some iime
earlier.

NORWESTLANT 2

NORWESTLANT 2 was carried out from 1 May to 24 June, Thus extending over a longer period than
the ofther curveys. But the different cruises in ihis survey were not all carried out simulfaneocusly.
Thus, the |rminger Sea ares south to 60°N was covered from | to 31 May, the area south of it from
27 May to 24 June, and the area west of Cape Farewell from Z1 May to 16 June, The fime ditferences
are reflected in the size distribution from the corresponding areas. In the first area (lrminger
Sea), the sice range was from 5 to 12 mm, about 85% being in fThe &- fo 8-mm groups. The mean length
for the area was 7.37 mm which s slightly lower than in 1961, when the mean ilength was 7.74 mm for
the same area in May {Magnidsson et al., 196%). In the second area {south of 60°N) the length range
was from 4 to 23 mm, the mean being 9.7¢ mm, 90% in the 7- fo 172-mm-size groups. In the third area
(West Greenland), the size range was from 5 to 15 mm with about 96% in the 7- to 9-mm-size groups.
The mean iength was 8.03 mm.

NORWESTLANT 3

All cruises in NORWESTLANT 3 were carried oul simultanecusly mainly during the first half of
July, some additional observations were carried out at the end of July. Thus, as to The time of
observations this survey was unigue. There were clear differences in the size composition of redtish
larvae in the surveyed areds east and west of Cape Farewell, the mesn length of the larvae in the
western area being some & mm smaller than In The easfern area. Further, size differences within
the eastern and western part are expresused by the mean fength of redfish larvae in the areas covered

of the different cruises: EKrmest Holt — 16.49 mm; Explorer — 18,57 am; Dana — 18.98 mm, i.e.,
in the sastern part arranged from north fo soutn; Dana — 10.97 mm;  Academician Knipovieh —
17.08 mm, i.e., in the western part arrangeo trem norih to south. The clear difference in the mean

length in bgth areas indicates, with reyard to the currents, fthat the redfish larvae frum the area
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west of Cape Farewell criginefe to a great extent from another spawning and not the larvae from the
area east of Cape Farewel!.

West ot Cape Farewell, the size range was from 7 to 19 mm, about 87% being in the 10- to 14-mm

groups. The mean size for this area was 11.57 mm. East of Cape Farewsl|, the size ranged from &
to 35 mm with a pesk at 20 mm and mincr peaks at 14, and 10-12 mm. Considering the size distribution
for the whole survey area, there were two distinct peaks at 11 and 20 mm and a minor one at 14 mm.

These two distinct peaks indicate at least two different redfish larvae release periods in this
survey area. Llarvae from the first period did not cccur west of Cape Farewel!, but in the second
pericd they were quite numerous.

Small Larvae

In order to getf informaticn on the extrusion ares of redfish the larvae of 7 mm and smaller were
treated separately, since these Jarvae are supposed to be newly extruded. |n NORWESTLANT | (April),
a notable extrusion had ftaken place in the northernmost area of the Irminger Sea, since about 95%
of the larvae caught were 7 mm and smaller (Chart 241)., At this time, no spawning could be observed
wesT of Cape Farewell. These conditions were considerably changed in NORWESTLANT 2, when newly-
exfruded larvae were observed in the Irminger Sea and arcund Cape Farewel!l, north to 65°N off West
Greenland as demonstrated in Chart 242. However, the density was very different. 0Fff West Greenland
18.5¢ of the larvae caught were 7 mm and smaller, In the )rminger Sea north of 60°N {covered by
degir) 64.7% of all larvae caught were within this size category; but in the area south of 60°N
{covered by Danag and Anton Dohrm) it was only 17.7%. Off West Greenland, these small larvae were
only cbserved in miner quantities and were very scatTered towards the narth but somewhat denser in
an area soufhwest of Cape Farewell. East of Cape Farewell small larvae were observed almost can-
tinuousiy distributed Tn the entire Irminger Sea scuth to 60°N. The greatest density was located
in 11e centre of the menticned area and extended northwards (Chart 242). These findings lead to
the assumption that during May smal! larvae wers also abundant in the areas south of 60°N and that
the lack of these small larvae in the latter nemed area during this survey musT have beern due To
the time of observations since all the sections except the scuthernmost one were carried out in June.
The presence of small larvae on the scuthernmost section which was worked in the lasT days of May
and the considerable quantities of bigger larvae in this area strengthens the assumption of an abun-
dance of small larvae over the whole region in May, such as has been observed earlier (Henderson,
1961;  Kotthaus, 19611, Although the heaviest extrusion of redfish larvae was taking place over
deep waters in the cpen ocean, some scattered extrusfon seems also to have taken place along and on
the shelves of East and West Greenland, as indicated in Chart 242, |In July {(NORWESTLANT 3), the
exfrusion period of redfish larvae seemed tc be over, since only very few larvae of 7 mm and smaller
(0.73%) were observed during the survey (CharT 243). One of thess larvas was found far off Cape
Farewel |, The oihers in the northernsmost part of fthe survey area alang the East Greenland siope,

GENERAL DISCUSSION

A compariscn of fthe distribution and abundance of redfish larvae in all three surveys indicates
a general trend in the drift of larvae from the central oceanic aress surveyed towards the slopes
ct the continental shelves. From Weuwt Iceland they drift towards Fast Greenland and southwards
alang the Eest Greeniand Shelf and to some extent around Cape Farewel | (T8ning, 194%; Einarsson,
1860}, AT West Greenland the larvae mix together with the larvae uriginating locally and from the
reighbouring areas and then drift northwards along the coast. This drift is generally in accordance
with The resulfts of fthe arift bottle experiments carried out during the surveys. A comparison of
the distribution charts for NORWESTLANT 2 and 3 (Charts 238 and 240 shows that the redfish larvae
were not distributed as far fuwsrds fthe north of f West Greenland during NORWESTLANT 3 as during
MNORWESTLANT 2, and they seem to have disappeered from this area during the inferval between the two
surveys. This might be explained by drifft. Tha trend in the drift of larvae as described sbove is
still more underiined when considering the abundance of smal! larvae in conrexion with The general
distribution,

The Time of obssrvations differed sometimes considerably within each survey since the proposed
timing of fhe survey coula nof be adhered to by all participants. Due to these alternations in
Fime, sempling was carried ouT somewhere within the survey ares every half month from April to the
beginning of August. Therefore, 71 was though! useful fo study the length distribution of redtish
larvae in half-menth pericds. For this purpose, the areas east and west of Cape Farewell are studied
separately. Figure 41 shows The percentages four sach millimetre-group in half-month pericds for
*he area east of Lape Farewell. From Aprii fo mid-May, the majority of larvae caught was within
tho size category of newly-sxtruded larvae (/) mm or smaller). But from the second half of May the
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APRIL |-15
no=670
APRIL 16-30
no =69
MAY |-15
ne=680
MAY 16-3I
no=2989
JUNE 1-15
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JUNE 16-30
noe=2493
JULY 1-15
| . - _ nas= 581
204 16-3I
304 AUGUST 1-15

MM 5 7 29 3l 33 35

Fig. 41. Diagram showing the size compoesition af redfish larvae in the area east of Cape Farewel |
fn half-month periods during NORWLSTLANT 1-3 (Apri I~August}.
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larvae showed a wider size range and the bigger larvae were in majority. Newly-extruded larvae were
still well represented throughout May but decreased rapidly In number during June. However, thay

are found as late as in the first half of July, Although no smail larvae (7 mm or smaller! have

been found in the Continuous Plankten Recorder catches in July frem 1955 to 1961 (Henderscon, 1961,
1962), some very scarce findings of such smell larvae in this area in July have been reported
(Einarsson, 1960). These rare findings of small Jarvae and the findings during the NORWESTLANT
Surveys Indicate that the extrusion of redfish larvee can last until July in tThis area. The late
findings of newly-extruded larvae during the NORWESTLANT Surveys are most probably due to the more
+horough sampling in This area during June and July 1963 than in previous years. A comparison of

the NORWESTLANT Survey results and those of the Continucus Plankton Recerders in the years 1955-60
(Hendersaon, 1961) shows generally a good correspondence. However, there are slight differences

which might be due to the type of sampling since the area covered by the Continucus Plankton Recorders
only represents a section of the area covered by the NORWESTLANT Surveys. Figure 4Z shows the per-
centage/mm relation in half-month pericds for the area west of Cape Farewell. No redfish larvae were
recorded unti| the latter half of May. Newly-extruded larvae make up about 20% of the fotal larvae
from mid-May fo mid-June. Then they disappear completely from the catches until mid-July when a
single specimen of 7 mm was found af about 5%°N, south of Cape Farewell. Thus, the time of extrusion
of redfish larvas off West Greenland extends over a much shorter period than east of Cape Farewell.
In Fig. 43 the mean length is given for the different half-month pericds for both areas east and

west off Cape Farewell, with the size range [ndicated. These mean lengths, of course, da not give
the real growth of the larvae, but indicate orly the progressive increase in size. Further, 1t
indicates the difference in the mean size east and west of Cape Farewel!l during these periods.
Perhaps *he biggest larvae from May fo July might give a more frue growth picture since the area in
quesTion was covered tairly well during NORWESTLANT 2 and 5 and we can therefore assume that the
biggest larvae are the oldest ones which represent the size incresse during this pericd.

A comparisen of the abundance of rédfish larvae between years could not be carried out for the
total area because of a lack of comparablie material from the previous years except for the ares sast
of Cape Farewell, between £0° and &4°N, for 1961-63 in May. As has already been pointed out
{Megndsson et gl., 1965) the redfish larvae in 1963 were considerably less abundant Than in The
other 2 years. Thus, the mean number of redfish larvae per IHSS fow in May was 15.2 in 1961, i5.9
in 1962, and 9.6 in 1963.

Ac to fthe distribution of redfish larvae in relation to depth, only the material trom The Aegir
¢ruise can be used. ODuring the first half of May, in the area between 60° and 64°N, sampler |I|
which samples 'n a depth of 25-30 m, gave the highest yields. In the second helf of May, in the
area north of 64°N, sampler ||) gave only slightly higher yieids than sampler || (which samples af
a depth of 15-18 m), During the whole cruise sempler | (i.e., 3-5 m) gave the lowesT yields. |In
the same month and erea in 1961, sampier | gave the lowesT yields, however, the greatest quantities
of redfish larvae were caught in sampler |1, Thus, in 1963 +the redfish larvae were found to be more
abundant in deeper layers than in 1961 in the first half of May. This might be due fo the nclement
weather conditions during this period in 1963, A comparison of fhis relation for the years 1961 and
1963 is given in Table 22,

TABLE ?2. Mean number of redfish larvae psr m3 per positive station in three
levels during May 1961 and 1963.

May 1961 __May 1963
Depth First Second First Second
Level () hal f half Total half hal f Total
| 3- 5 0.37 0.43 0.39 019 .16 0.17
{1 15-18 1.15 1.43 1.25 0.45 0.42 0.43
1l 25-30 0.58 0.71 0.63 0.73 0.43 0.58

During the working up of the Adeg?r material, attention was pseid o the occurrence of subcaudal
melanophores on redfish larvae., On five stations (96-99, and 1273, a fotal of eight larvae with
subcaudal melanophores were observed; they were 6-8 mm in size. Further, an abnormality in fthe
pigmentation in some caces was observed. The pigmentation of ihese tarvae diffared from the usual
chromatophoral arrangement by lack of the dorsal pigment row. These larvae were observed in an
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Fig. 42. Diagram showing the size composition of redfish larvae in the area west
of Cape Farewell in half-menth periods during NORWESTLANT 2-3 (May~duly).
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isolated area betwesn 61° ang 62°N, and 22° and 26°W (station numbers 8, and 37-42) and at three
stations (148, 178, and 19C) along East Greenland. The fotal number of these larvae was 24 (5-7 mm)
with one to five per station. None of the ofher parficipants has reported the occurrence of sub-
caudal melanophores on redfish larvae or abnormalities in the pigmentation.

Finally, the differences in the technical treatment of the material proved to be of great diff-
jculty in combining the results of the different cruises. The necessity of standardization In
sampling gear and methods, as well as In working up and reporting the material for such surveys, is
an Tndispensable demand fer a successful cooperative werk.

ACKNOWLEDGEMENTS

The author is greatly indebted to Mr A, J. Lee for his invaluable assistance and also the
following people for their contribution and cooperation in preparing this paper: DOr A. P. Alekseev,
USSH; Mrs J. Beaudouin, France; Mr E. Bratberg, Norway; Mr J. Corletf, UK; Dr A. Kotthaus,
Federal Republic of Germany; Or E. L. B, 5midt, Denmark; and Mr R. Wails, Canada.

REFERENCES
EINARSSON, H. 1960, The fry of Sebastes In lcelandic waters and adjacent seas. Rit Figkid., 2{(7).

HENOERSON, G. T. 0. 1961, Contfinucus Plankton Records: The distribution of young Sebas ‘ea marinus
(L.). Bull. Mar. Ecol., Mo. 46, vol, ¥, p, 173-193.

1967. The distribution of young redfish in 1962. Int., Comm. Northw. Atlant. Fish. Redbook
1962, Part 111, p. 47-55.

KOTTHALS, A. 1961. Redfizh larvae investigaticons in the Central North Atlantic in 1963 {(Preliminary
Repart). [CES, CM 1961, No. 4,

MAGNQSSON, Jo, J. MAGNDSSON, =nd |, HALLGRIMSSON. 1985, The Aegir redfish larvae expediticn to the
Irminger Sea in May 1961, Ri# Fiekid., 4(2): 1-86,

=] o]
TANING, A. V. 194%, 0On the breeding places and abundance of the redfish (Sebastesg) in the North
Atlantic, J. Coms., 16(1): 85-95,






157 REDFISH LARVAE

Continuous Plankton Records During the NORWESTLANT Surveys, 1063 -
Young Redfish

By
G. T. D. Henderscn?
INTRGDUCTION

Routine sampling with the Hardy Continuous Plankton Recorder in the North Sea and North Atlantic
was carried out throughout 1963, The werk was supported by a grant from H.M. Treasury through the
Develapment Fund and by Confract N62558-3612 betwsen the Office of Naval Research, Department of the
United States Navy, and the Scottish Marine Biolegical Association.

Every opportunity was taken o tow Recorders from April to July when +he NORWESTLANT Surveys
ware carried out but in April and May the sampling across the lrminger Sea towards Cape Farewel |
(Greenland} was rather less than had been expected, whereas in Jure and July this area was more
theroughly sampled. For details of the standard Recorder routes see fig. 23z, this volume p. 9B,

In 1955 and subsequent years the Plankton Recorder survey, at the standard depth of 10 m has
shown the presence of large numbers of young redfish In the open ocean. The young stages found in
this large oceanic area had been considered, in the |ight of the descriptions available, to be those
of the large redfish, Sebastes marinus L., distinguished frem the other viviparous Sebastes species
by the absence of jsolated melanophores below the rcot of the primordial caudel fin (T8ning, 1961;
Templeman and Sandeman, 1959). However, doubts as to the reliability of this identification are
growing {Henderson and Jones, 1964) and in this sccount all are called Sebastes, 2 distinction being
made between young stages withou? subcaudal melanophores (called '"non-pigmented” young) and those
with cne to fhree, but mostly with two melanophores (called “pigmented” young}. The former are
apparently characteristic of the oceanic populations, while young of the latter type have been taken
west of Cape Race from 1961 cnwards, over the Nova Scotian Banks and in the Gulf of Mzine, but only
in fairly small numbers. |In 1963, however, new routes between Newfoundland and Ocean Weather Sta-
tions Brave and Delta extenged Tthe sampling into areas not previously traversed, and additional
populations of pigmented young Sebastes were found. Although many of these young redfish were taken
outside the area of The NCRWESTLANT Surveys, it was considered that a description of the distribution,
abundance, and size composition of all the young fTaken in 1963 might be useful for comparative pur-
poses, particularly as a separation between the non-pigmented (oceanic) stock and the pigmented {non-
oceanic) stock is suggested.

DISTRIBUTION

The distribution aof young Sebastes Taken at 10 m from April to Juiy 1963 are shown in Fig. 44.
The line drawn through 56°N, 55°W and 48°N, 40°W on ai| these monthly charts separates the twa types
of young. All those faken fo The north and east of this line were the non-pigmented type, almost
entirely in wafters where the depths exceed 1,000 fathoms, whereas those taken to the south and west
were pigmented, occurring over the shelf or the slope, mainly over depths of less than 250 fathoms.

The non-pigmented (oceanic) young were fa<en in April 1963 in relatively small numbers between
55° and 61°N, mainly along the line of the Reykjanes Ridge. The numkbers were within the |imits pre-
viously observed for April. Their disfribution in May was very similar, over the Reykjanes and

Mid-Atlantic Ridges, with some fo The east of The Reykjanes Ridge in 60° to 62°N lat, but they were
very much less abundant than usual In Recorder collections in May. In June these young were widely
distributed in moderate abundance from lceland to Greenland and as far saouth as 52°N lat. In July
the numbers were greater than in June, and the main area of abundance appeared to lie in an arc from
east To south 200-300 miles off Cape Farewel!, Greenland, rather toc the west of the axes of the

Reykjanes and Mid-Atlantic Ridges, but the sampling was inadequate to determine the southeasteriy

I Oceanographic Laboratcry, Edinburgh, Scotland.
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limits of this distribution., In August only one specimen was found in these oceanic areas.

The pigmented young were first founc in May at the northeast corner of the Newfoundland Bank,
west of Flemish Cap, but this patch was not represented in the following months (Tn which the aree
was not as well sampled)., In June There was a patch on the new route north of the Newfoundland Bank,
the northern limit being at the latitude of the Strait of Belle Isie. The numbers were very smalii,
but these larvae appeared to be the precursers of a very large population which was sampled on the
same route Tn Julys, the numbers exceeding 100 per 10 m?, This population had disappeared in August,
except for two specimens near the coast of Newfoundland. On the Nova Scotian Shelf the first speci-
mens occurred in July and this population also had declined fo negligible numbers by August.

T T o \..n'louuu

{1
Y
2]

APR. 1963

ELISLINLA6 A 0 B T N AUSLELALEL I B8 B 0 L0 20 B 15 LU B0 0 0 0 B0 e e
70 &0 50 40 30 20

I
Tlp e it Divvdv gt it dnciar e o N N N

JP o
g g b s T ey g gl b i
~kr ~ g

Riananness SECENS IS T T T T T T T
i

70 63 40 30 10

Fig. 44. Charfs showing the distribution of young Sebastes in Recorder collections from April to
July 1963, The symbols indicate the mean numbers per 10 m3 for ail sampies within each
standard rectangle, 1% of lat by 2% long, which had been sampled. The heavy line sepa-
rates the "pigmented" and "non-pigmented” young.

This 'pigmented' part of the young redfish population may be separable into two components, a 'slope'
population off the Newfoundland Bank, and a 'shelf' population on the Nova Scotian Shelf and in the
Gulf of Maine; there appear fTo be some differences befween the size compcsiticons in The two regions
(Fig. 45). |t seems possible that a line drawn down the centre of the Laurentian Channel may serve
as a boundary between these populations, so far as can be determined from the data at present avail-
able, but more sampling and much larger numbers of larvae will be needsd toc investigate this possi-
bility.

Recorder samp!ing in 1964 supports the distributicn pattern shown in this area for 1363,
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PIGMENTED OCEANIC STOCKS
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Fig. 45, Histograms showing the percentage size freguency composition of young Sebastes
from April fo August 1963, Separate series of histograms are shown for (a}
the stocks on the Nova Scotian Sheif and the Gulf of Maine, (b} the stocks
around the Newfoundland Banks, and f{c) +the oceanic stock. The lengths are
shown at the top in millimeters, and the percentage scale is shown at the left
side of the May histograms.

SIZE COMPOSITION

It is clearly essential Tc consider separately The non-pigmented and the pigmented forms.
Further, in view of their geographical and temporal separation, it seems advisable fo distinguish
between the pigmented forms found north of the Newfoundland Bank and those of the Nova Scotian Shelf.
The percentage size compositions in 1963 are shown in Fig. 45, where the oceanic non-pigmented young
show a size composition very similar fo that found In this region in previous years (Henderson, 19613,
The stocks off the Newfoundland Bank appear somewhat different in that they apparently commence
spawning later, and continue longer, than the oceanic stock, but start and finish eariier than the
stock of the Nova Scotian Shelf which did not, apparently, spawn untili July, and continued into
August. Clearly, however, it is Tmpossibie To make any generalizations from a single year's samples,
particularly as 1963 seems tc have been a rather poor year for the smailer oceanic larvae fn May,
when formerly they have been very abundant.
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Fig. 46. Graphs showing the annual fluctuations in abundance of young Sebastes in
the standard areas B6, B7, and C7, and for all three areas combined. The
graphs are based on the period April-July, but the results for April and
May are also shown in broken lines on the graph for the combined areas.
The inset chart shows these standard areas.

ABUNDANCE

In previous years assessments of abundance of the oceanic stock of young Sebastes (Henderson,
1961) have been based on the sampling in April and May within a rectangular area to the scuth and
southwest of lceiand., |In this paper, and in future, the results will be based on The standard areas
used for ofther arganisms fn the Recorder survey. The rectangle used previously for Sebastes included
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the standard area B& and part of B7. The disfribution pattern of the oceanic stock, as shown by
Recorder sampling, extends over these two areas and inte C7, BB, CB, D7, and the northeastern part
of DB (see fig. 235, thls volume p. ). However, the great majority of the oceanic young stages
in The Recorder samples have been found in areas B&, B7, and C7. Figure 46 shows the annual fluc-
tuations in these areas, separately and combined, during the months April-July from 1959 to 1964.
It s not possible fto give comparable results for cther regions or for the pigmented stocks because
the survey was extended intoc these areas only during the past Z or 3 years.

The most important feature of the graphs in Fig. 46 is the relatively low level of abundance of
young Sebasteg in 1963, comparable with the low figures in 1958, (The results for 1960 In area B&
and for 1961 and 1962 in C7 are probably artificialiy low, because of poor sampling). The low level
of abundance in 1958 appeared fo be characteristic of all areas in which young Sebastes were found
(Henderson, 1961), |In 1983, however, the evidence is less clear. For instance, there were larger
numbers fn June and July than in April and May, fThe reverse of the usual trend. It is possible,
therefore, that the Recorder sampling in April and May did not pass through the main centres of
spawning activify. Indeed there is some evidence, from other NORWESTLANT participants, that larger
numbers of young were found in fThese early months tc the northwest of the Recorder routes, in the
area between iceland and Greenland. The general conclusion seems to be that, although 1963 was not
a very good year for Sebastes in the region of the NORWESTLANT Survey, it was probably better than
1958,
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Report on Capelin Larvae, Mallotus villosus (Miiller)

By
Jutta Magndssont
INTRODUCTION
This paper gives a summary of capetin larvae findings during NORWESTLANT 1-3.

Capelin larvae were reported by six nations: Denmark, France, Germany, lceland, UK, and USSR.
On NORWESTLANT t, capelin larvae were only obtained on the Thalassa cruise (France). On NORWESTLANT 2
they were obtained on three cruises: Anton Dohrm (Germany); Danaz (Denmark); and degir (lceland),
Or NORWESTLANT 3 they were obtzined on two cruises: Ermest Holt (UK), and dcademician Knipovich
(USSR}. Young stages of capelin were exclusively found on the West l|celand and East Greenland
shelves during all the three surveys with one exception on NORWESTLANT 3, when young capelin were
reported from one station southwest of Cape Farewell.

It shoufd be mentioned here that some of the young stages of capelin reported do not belong
ta the 1963 brood. However, they will also be discussed in thls report as 'young capelin", i.e.,
capelin of 43 mm and larger.

MATERIAL AND METHODS

Sampling Techniques

Capalin larvae were obtained oy 2-m-sframin net, Hensen net, and the Icelandic High Speed
Sampler (IHSS). The [HSS were used by Iceland instead of the stramin net since this gear cannot be
used on the lcelandic research vessel degir. Capelin larvae were caught both in the {HSS and Hensen
net on Aegir, but all the other nations reported these larvae for the stramin net. In NORWESTLANT 1
capelin larvae were obtalned at seven stations; in NORWESTLQNT 2 at 395 stations; and in NORWEST-
LANT 3 at 22 stations {(see fables 89-3%2 in Part IV, Biological Data, of this publication). The
number per 30-min ftow with the stramin net ranged from 1 to 75; with the IHSS from 0.1 to 41.3 per
m? (mean for all 3 sampling levels); and with the Hensen net from 2.4 to 188.0 per m2.

DISTRIBUTION WITH NOTES ON THE TEMPERATURE CONDITIONS
NORWESTLANT 1

During NORWESTLANT 1 capelin larvae were only cbtzined off lceland and then In small numbers
(Chart 244). The highest number (75 per 30-min-tow stramin) was obtained at cne station near the
lcelandic coast region. Here and at fhe other station near the coast, the only larvae were cbtained,
whereas off East Greenland young capelin were caught. The larvae were found in temperatures between
5.5% and 6.5°C in 20-m depth.

NORWESTLANT 2

Of ail the three surveys the greatest yields cof capelin larvae were obtained during NCRWESTLANT 2
(Chart 245). Most of them were caught in the |celandic Shelf area, the densest concentrations being
in Faxa Bay and off Ldtrabjarg. This is in agreement with earller observations which have shown that
capelin larvae are The most common species of the fish larvae west of Iceland in the spring and carly
summer, when they often cccur in great quantities (Schmid+, 1906; Jespersen, 1920; Magndsson, 1965).
At East Greenland a few capelin larvae were cbserved in the more northerly region but young capelin
appeared to be scattered along the coast further south (the stations shown in Chart 245 marked with

T Hafranns6knastofnunin, Rekjavik, Iceland.

ICNAF SPEC. PUBL., NO. 7.
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an "x")., At one station (61°56'N, 40°14'W) a considerable number of young capelin were caught,

68 per 30-min-tow stramin, In the Icelandic region The larvae were found in waters of 5% to 7°C
(20-m depth) whereas off East Greenland they were exclusively observed in waters with femperatures
below 5°C.

NORWESTLANT 3

On NORWESTLANT 3 the occurrence of capelin larvae was exclusively |limited fo the northernmost
part of the area surveyed in the Irminger Sea, l.e., in the region west of lceland to Angmagssal ik,
in temperatures from -1° to 9°C (Chart 246). At 2 single station off Cape Farewell three specimens
of young capelin were caught. No great quantities were reccrded and the larvae seemed to cccur in
more or less isclated patches scattered on the border of the warm and cold water front off East
Greenland. This s reflected in the wide femperature range in which the larvae were observed,

LENGTH
Data on the length of the capelin larvae caught at each station are given in Table 25A.
NORWESTLANT 1

Capelin larvae on NORWESTLANT 1 were only obtained at two stations off lceland. The size range
of the larvae was from 6 to 13 mm, the mean length being 7.91 mm which indicates that the bulk of
the larvae was relatively newly hatched. The few young capelin which were obtained off East Greenland
had a length range of 43-85 mm, the mean length being 52.07 mm.

NORWESTLANT 2

The size range of the capelin larvae on NORWESTLANT Z was 4-31 mm, with a mean length of 10.57 mm.

Larvae faken in the same localities (station number B0 and 81} 16 May, and station number 206 and

208, 31 May, with a l14-day interval) showed a clear difference in the size distribution. The mean
length in these localities increased from 10.52 fo 16.96 mm. Ancther feature in the length distri-
bution which has been observed before (Jespersen, 1920; Magndsscn, 1962; Magndsson, et al., 1965)

was an increase in size with increasing distance from the shore. This is shown in Table 24 where

the stations are arranged in offshore direction. As in 1961, the La&trabjarg section (stations 109-
106) showed a discontinuify in the size distribution.

TABLE 24. Mean length (millimeters) of capelin larvae on scme sections off lceland.
Staticon Mean Station Mean Station Mean Station Mean
number length number length number length number length
1 8.18 a1 9.74 a7 8.24 109 7.21
2 g.61 80 12.41 88 12.69 108 6.97
79 17.90 89 1414 107 7.00
78 18.00 106 12.72

As to the young cape!in previously mentioned, the length range was from 44 to 80 mm, the mean
length being 56,16 mm.

NORWESTLANT 3

On NORWESTLANT 3 the size of capelin iarvae ranged from 11 to 35 mm, the mean length being
22.19 mm. The samples were collectTed from & to 15 July. This time inferval seemed to be reflected
in the size distribution since the larvae were smaller at the beginning than towards the end of this
period. The three young capelin which were caught off Cape Farewell were 63, 65, and 75 mm.

In Fig. 47, the length composition for capelin larvae is summarized and given as percentages
for each millimeter group on & month's pericd base. No larvae were obtained during June.
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GENERAL REMARKS

A comparison of the distribution charts {Chart 244-246) and the length composition (Fig. 47)
leads to the assumption that all larvae reported in the three surveys originate from the lcelandic
spawning grounds. Thus, on NORWESTLANT 1 all capelin larvae were found in the Icelandic Shelf region
and the size indicated a new hatching. On NORWESTLANT 2 nearly all capelin tarvae were caught in the
lecelandic Shelf region. During this survey (May) not only had the area of distribution expanded
since April, but eoncentrations had become denser. Of the larvae captured 55.4% were 10 mm and smaller.

Yo
304

APRIL
20+

no=78

MM 5 20 25 30

Fig. 47. The size composition of capelin larvae in months during NORWESTLANT 1-3 (April, May,
and July).

On NORWESTLANT 3 no heavy concentrations were observed wast of lIceland, but the larvae were distri-
buted from lceland to the Angmagssalik area at East Greenland. Considering the distribution

(Chart 246}, the current directTion in this area, and the fact that all larvae caught in this survey
were larger than 10 mm, one can assume Tthat the occurrence of the capelin larvae at East Greenland

Is due to a drift from the lcelandic Shelf. This drift is also supported by the dynamic topographical
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observations made during the surveys and is in agreement with Schmidt's and Tdning's observations oh
the drift of cod larvae in these waters (Schmidt, 1931; T8ning, 1934, 1937, 1939-41, 1943).

Although spawning of capelin at West Greenland has besn observed along the whole coast up to
Disko Bay (Jensen and Hansen, 1931}, nc capelin larvae were observed during these surveys in this
regicn. Possibly the spawning takes place in the fjords and the Jarvae do not seem to be drifted to
a great extent into the Labrador Sea-Davis Strait area, as Danish investigations also indicate.
Smidt (personal communication) reported capelln larvae in the Godth8b Fjord between NORWESTLANT 2
and 3. Smidt also reported that capeiin larvae were very scarce in the Davis Strait although they
were numercus in the fjords. Most probably, condltions in this respect are similar to those at East
Greenland.

The distribution of young capelin was bound to the Greenland Shelf as can be seen on Chart 244
246. Their number was, however, smafl and did not exceed five specimens per station with one excep-
tion in NORWESTLANT 2 (Chart 245). The lengths of the young capelin are given in Table 25B and it
agrees with the size range given by different authors for 1-year-old capelin (Hansen, 1939-41;
Tempieman, 1948; Hansen and Hermann, 1953). The location of the stations where young capelin were
recorded during the different surveys is very interesting. In April, they were only found in the
northernmest area of the Irminger Sea. In May and June they were recorded mainly to the south of
the previously mentioned area. But in July, they had disappeared from the catches for the whole
area with one exception, a station south of Cape Farewel|.
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Report on Greenland Halibut and Halibut Eggs and Larvae

By
Erik Smidtl
INTRODUCTION

The distribution of eggs and larvae collected in NORWESTLANT 1-3 Is shown in Charts 247-249.
Symbols for Greenland halibut are circles; for halibut, friangles; and different symbols are used
to show the numbers per 30-min haul with a 2-m-stramin net. Catches with other gears, lcelandic
High Speed Sampler (|HSS) and Hensen net, are very few, and they are showh without indication of
number. Stramin-net stations, where eggs and larvae were absent, are shown as dots. Cther stations
where they were absent are not shown in the charts, as the chance of catching them with gears other
than a stramin net is very iittie.

GREENLAND HALIBUT, Reinhardtius hippoglossoides (WALB.)

NORWESTLANT 1

A few eggs but no larvae were taken with the stramin net in the Davis Strait by 6. 0. Sars from
t1 fo 19 April. The eggs were taken on seven staticns fram one to five per 30-min haul .

NORWESTLANT 2

Several larvae, but no eggs, were taken with the stramin net in the Davis Strait by Baffin and
Dana from 26 May to 14 June. They were taken on 39 stations in numbers from one to twenty=-four per
30-min haul. One larva was taken with IHSS. In the Fast Greenland-lceland area a few larvae were
taken off Southeast Greenland on three stramin-net stations by Dana from 25 to 31 May In numbers of
cnly one to three per 30-min haul.

NORWESTLANT 3

In the Davis Strait several larvae were taken by Dang on 48 stramin-net stations from | to 15
July in numbers from one to fifty-four per 30-min haul. South of Cape Farewel| two larvae were Taken
on a stramin-net station by Academician Knipovich, and in the East Greenland-lceland area a few larvae
were taken by Ernest Holt on seven stramin-net stations in numbers of one to two per 30-min haul.

Eggs

In the Davis Strait the spawning must take place in the deep, warm water scuth of the submarine
ridge which extends from Greenland to Canada almost along the Polar Circle, as the tiny larvae
(10-18 mm) are oniy taken south of that ridge mainly in depths of about 600-1,000 m (Jensen, 1935).

Palagic eggs are not known from the |iterature, but Jensen (loe. eit.) has found ripe eggs with
a diam of 4 tc 4.5 mm In three female specimens, and later, in August 1947, ripe eggs with an average
dlam of 4.5 mm were found in a female taken in a fjord near Holsteinsborg. The eggs had a falintly
reddish-brown membrane.

From 1954 to 1962 twenty-eight eggs, which must belong to the Greenland Hal ibut, have been taken
by Adolf Jensen (Denmark) with a 1-m-stramin net off Godth8b (64°15'N lat) in coastal water and [n
the Davis Strajt from March to May. They had a reddish-brown membrane and diam from 3.8 to 4.3 mm
(average 4.0 mm}, and embryos were distingly developed. Seventeen eggs of precisely the same type,
alsc with embryos and with diam from 3.7 to 4.2 mm (average 3.9 mm) were taken on NORWESTLANT 1.

D A Er——y . .
Grénlands Fiskeriundersggeliser, Charlottenlund, Denmark.

ICNAF SPEC. PUBL., NO, 7,
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No other pelagic eggs of this size have been taken in West Greeniand waters, and Jjudging from the
cclour of the membrane, there can be no doub? that these eggs belong to Greenland halibut. As they
are considered to be bathypelagic, it is understandable that only few have been taken in stramin nets
in the upper water layers. However, on a stramin-net staticn Adolf Jemsen got sixteen eggs In 30 min
with 2 1-m-stramin net and 600-m wire cut (about 200 m} west of Fyllas Bank on 27 March 1962.

Nothing is known about the spawning areas in the water between East Greenland and lceland.
Larvae

The larvae have been described and figured by Schmidt (1904) and Jensen (foe. eit.). The tiny
larvae were mostiy taken in deeper water, but later the larvae rise towards the surface.

The distribution of *he larvae as shown in the NMORWESTLANT 2 and 3 charts (Charts 248, 249) is
typical, as it is in good accordance with data from previous expeditions. In Chart 250 all data
from the Danish expeditions since 1908 and from NORWESTLANT are summarized; it is based on 1,281
stramin-net stations, of which larvee were taken on 467. Previously, The distribution of Graenland
halfbut larvae in the NORWESTLANT areas has been published by Jensen (1926, 1935) and T8ning (1936,
19513,

Chart 250 shows that the densest occurrence of Greenland Halibut larvae is in the Davis Strait
as indicated by the hatched area. |In this area regular Danish Tnvestigations have been made far
many years, so that the ipformation is rather secure. However, the western limit of the hatched
area is mainly a iimit for the investigations and therefore says nothing about the limit of the
distribution of the larvae. The densest occurrence is in the zone between 62°30'N and 66°15'N { ICNAF
Divisions 1C and 1D}, where an average of more than 10 larvae per 30-min-stramin haul was taken in
July (biggest number in cne stramin haul here was 163 larvae in 30 min in July 1957). In the East
Greenland area the larvae are scarce as never more than five larvae per 30-min haul have been taken
on a stramin-net station.

tt is remarkabie that no larvae (and no eggs) have been taken in the West Green!and fjords,
where many stramin-net hauls have been taken, and where dense populations of adult fish live. |t is
also remarkable that no larvae have been taken in stramin-net hauls north of 68°N lat, inspite of
very rich populations of adult fish which are fished by the Greenlanders, especially in the Disko
Bay and Umanak district. Chart 250 shows that nc larvee have been taken in the Polar Current zone
near the coast of Southeast Greenland and the southernmost coast of West Greenland. Thus, all data
show that the Greenland Halibut only reproduce in relatively warm water, although the adults have a
real arctic distribution, as they live as far norfh as Inglefield Guif (about 77°N lat) in Northwest
Greenland.

The average number of tarvae per 30-min-stramin haul in the Davis S5trait in the zone between
650°45'N and 68°50'N (ICNAF Divisions IB-1E) was three in NORWESTLANT 2 (June) and six in NORWESTLANT 3
(July). This presumably means that in the meantime there has been a recruitment of younger larvae from
deeper water to surface water.

In Fig. 48 the average number of larvae per 30=-min haul in the above-menticned area in the Davis
Strait in NORWESTLANT 3 Ts compared with catches made by Dang in the same area and in the same month
(July) in different years since 1950, [t shows the number of Greenland Halibut {arvae was conly a
|ittle under normal on NORWESTLANT 3, as the average catch per 30-min haui for all the years shown
in Fig. 48 was eight larvae.

The growth of The larvae in the Davis Strait from NORWESTLANT 2 to NORWESTLANT 3 is shown by
the length measurement curves in Fig. 49. Most likeiy the distance between the peaks of the curves
gives The best picture of the growth because there has presumably been a recruitment of younger larvae
from deeper water in the time between NORWESTLANT 2 and 3, and at the same time there must have been
some mortality of colder larvae. Thus, the larvae in 1 menth (from first half of June to first half
of July) have grown from about 20 mm to about 27 mm.

The larvae taken south of Greenland on NORWESTLANT 3 measured 32 and 3B mm corresponding with
the largest Davis Strait larvae, but the larvae from the East Greenland-lceland area were much
larger, from 38,5 fo 57.0 mm {averaging 48 mm}, which may indicate an earlier spawning in that area
than in Davis Strait.
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Fig. 48. Average numbers of Greenland Halibut farvae per 30-min-stramin-net haul in
different years in the Davis Strait (ICNAF Divisions YB-1E) in July.
NORWESTLANT 3 shown as black column, The calculations are based on follow-
ing numbers of stramin-net hauls: 1950 — 35; 1952 — 22; 1953 — 25;
1954 — 44; 1955 — 31; 1956 — 25; 1957 27; 1958 — 30; 1959 —
26; 1961 — 27; 1963 79; 1964 — 33,

HALIBUT, #ippoglossus hippoglossus {L.)
NORWESTLANT 1

Some eggs {total 11) were faken by Thalassag on six stations with stramin net in *the area
between East Greenland and Iceland on 15 and 16 April in numbers from cne to five per 30-min haul.
No iarvae were taken,

NORWESTLANT 2

In the area between East Greenland and lceland one larva was taken wiTh IHSS on 19 May and cne
with Hensen net on 23 May by degir. Also, one larva was taken at Newfoundland (52°51'N, 45°00'W,
not shown in chart) by Saekville on 12 May.

NORWESTLANT 3

In the Davis Strait single larvae were taken on three stramin-net stations by Dana from 10 to
14 July. Southwest of Greeniand a few larvae were taken on fhree stramin-net stations by Aeademician
Knipovich from 2 to 8 July in numbers of one *to three per 30-min haul. Between Fast Greenland and
Iceland cne larva was taken in stramin net by Ermest Holt on 8 July.

Eggs

Eggs taken on NORWESTLANT 1 had a diam of 3 mm, which s in accordance with the description by
Roilefsen (1934},
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Fig. 49, Length distribution (in miliimeters) of Greenland Halibut larvae from the Davis
Strait. NORWESTLANT 2 — 27 May fo 14 June, NORWESTLANT 3 — 30 June to 15 July.,

Larvae

Descriptions with figures of larvae have been given by Rollefsen (loe. eft.), Schmidt (1904),
and T8ning (1936). Both larvae from NORWESTLANT 2 were 12 mm and the larvae from NORWESTLANT 3 were
from 26 to 35 mm. The distribution of larvae Taken in the NORWESTLANT area has préviously been
described by Hansen (1959} and T8ning {1936, 1951}. The larvae only occur scattered and few in

numbers.,
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Report on American Plaice Eggs and Larvae

By
R, Wells!
NORWESTLANT 1

Virtually no American plaice larvae were taken during NORWESTLANT 1. The bulk of the eggs was
taken between about 62° and &6°N off the west coast of Greenland. Hensen-net samples were invariably
smal | but some good catches were taken by the stramin net. AT two staztions occupied by the G. 0. Sars
the catch of eggs by stramin net exceeded 1,000 per haul. Off East Greenland, no eggs or larvae were
taken by the Ermest Helt with any type of net. Of two positive stramin tows made by the Thalassa
near lceland, one contained 357 eggs, From the series of lines occupied by the Academician Knipovich
and the Topgeda, one small catch of two eggs was fTaken {Charts 251, 252, 257; Tables 93 and 54 in
Part |V (Biological Data) of this publication),

NORWESTLANT 2

During NORWESTLANT 2 the Aegir took conly small numbers of eggs and larvae near Iceland by
Hensen net and lcelandic High Speed Sampler (IH35). A small number of larvae were taken by IHSS and
Hensen net off East Greenland at about 65°N. To the south over the grid of stations covered by the
Anton Dokhrm, nc eggs or larvae were taken by any type of net. O0ff the west coast of Greenland the
Dang took no larvae and only cne egg by Hensen net, However, quantities of eggs, ranging up to &25,
were generally present in the stramin fows, Larvae catches by stramin tow were smalter and less
frequent than those of eggs. In The same area Hensen net catches by the Baffin included some smal |
catches of eggs and larvae, whiie stramin tows produces fair egg catches - up to 105 - and smai |
catches of larvae (Charts 253, 254, 258, 259, 262, 263; Tables 95, 96, and 97 in Part |¥Y (Bioclogical
Data) of this publication),

NORWESTLANT 3

In the area between Iceland and Greenland, a large number of stations were occupied by the
Explorer and Ermest Holt during NORWESTLANT 3. The stramin net fook small catfches of eggs and larvae.
Lines occupied by the Aeademician Knipovich and sampled by IWS5, Hensen, and stramin nets produced
no eggs or larvae.

On the |ine occupied by the Dana south of Cape Farewell one only larva was taken, Hensen catches
by the Dgna in the West Greenland area were very small and there were only three positive stations.
Egg catches of f West Greenland by stramin net were largest between about 62° and 64°N, The largest
catch was 458 eggs. Catches of larvae were small in the southern area but were good at stations
north of about 64°30'N. Apparentty, some northward drif+ of larvae occurred between NORWESTLANT 2
and 3 (Charts 255, 256, 260, 261; Tables 98 and 99 in Part 1V (Biological Data} of this publication).

The available information cencerning the development of the eggs and the lengths of the larvae
is not sufficient to determine with certainty the spawning times of the American plaice. Three
larvae taken during NORWESTLANT 1 by France measured less than 4 mm. Length measurements by Canada,
Iceland, and Denmark indicate that, although some larvae taken during NORWESTLANT Z ranged up to
13 mm, most were under 7 mm. Larvae taken by Denmark during NORWESTLANT 3 ranged from 4 to 15 mm,
most being greater than 11 mm. In NORWESTLANT 2, abcut 70§ of the eggs examined by Canada were in
stages 3 and 4 {Apstein's stages 12-19). Spawning occurred mainiy in a wide area cff WesT Greenland
between about 62° and 66°N, with a smaller occurrence off lceland. It was well under way in April
and eggs were taken in good numbers until the end of July. By this time, however, *the bulk of The
larvae had reached a fair length.

T Biclogical Station, 5t, John's, Newfoundland,

ICNAF SPEC, PUBL., NO. 7,
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The stramin nef appears fo be the most efficient of the nets used for capturing American plaice
eggs and larvae,
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Report on Wolffish Larvae in West Greenland Waters

By

Pzul Hansen?

SPECIES OF WOLFFISH IN GREENLAND WATERS

Three species of wolffish cccur in Greenland waters: the spotted wolffish, Anarhichas minor:
striped wolffish, Anarhichas lupus; and the blue woiffish, Anarhichas latifrons, The spotted and
striped (especially the spotted} wolffish ars of importance to the filleting industry, while the
blue woiffish has no commercial value because of its watery meat. The spotted and the blue wolffish
are by far the most common species in Greenland waters, The striped wolffish has a more southerly
distribution (northern limit 73°N) than the two ofther species (northern |imit 76°N). [t has been
a rare fish, but seems to have become more common off Greenland in recent years. |t is much smaller
than the twc other wolffishes. The lengths of 174 Anarhichas lupus were 35-75 cm with a maximum at
50 em. The lengths of 786 Anarhichas minor were 70-120 cm with a maximum at 100 cm. Arnarhichas
latifrons is about the same size as Anarhichas minor (Hansen, 1936),

Aimost nothing is known concerning the propagation in Greenland waters of the three Anarhichas
species. From other areas It is known that all three species deposit their eggs In lumps at consi-
derable depths among stones on the bottem. Wolffish eggs with foefus are sometimes found in cod
stomachs in Greenland waters,

IDENTIFICATION OF LARVAE

The larvae are hatched with a big yolk sac and when this is resorbed the larvae seek the surface.
The identification cf the larvae is difficult, Two different types occur in Greenland waters; one
with big, dark spots, and another plain grey or brown., Numerical characters cannot be uUsed for
Identification because the numbers of fin rays overlep between species (Andriyashev, 1954},

There is reason to believe that the spotted larvae belong to Amarhichas minor. In 1953 a
spotted larvae was taken by Dana Tn Greenland waters, [t was kept in the aguarium in Charlottenlund
from August to January when it died. |t grew to about 6-7 cm and at that size it became eovident
that it was Anarhichas minor.

Although it has been impossible to separate the two uniformly coloured species by meristric
characters, there are reasons fo believe that the vast majority of uniformly coloured larvae belong
to the species Anarhichas latifrons. First, this species is much more numercus in Greenland waters
Than Anarhichas lupus, and 1t occurs at all depths from shallow waters down To several hundred meters,
while Anarhichas lupus |ives at rather moderate depths. Second, a compariscn between larvae of
Anarhichas lupus from Danish waters (where dnarhichas lupus is the only species) and the unlformly
coloured larvae from Greeniand showed that the Greenland specimens were a |little different from the
Danish ones.

In what follows the uniformly coloured larvae for practical reascrns will be called Anarhichas
sp. 1., to include dnarhichas latifrons and Anarhichas lupus.

OISTRIBUTION OF WOLFFISH LARVAE
NORWESTLANT 1

Thirteen wolffish larvae were captured, eight in Div. 'F and five in the area between 63°58'N -
65°49'N, and 28°24'W - 36°31'W, all of them were dwnarhichas sp. 1.

I Grénlands Fiskeriundersdgelser, Chartottenlundg, Denmark.
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NORWESTLANT 2

Of the 44 wolffish larvae captured (at 32 stations), 728 larvae belonged to Amarkichas ep. 1.,
8 to Anarhichas minor, and B were lost. |In the East Greenland area one larva of Anarhichas sp. 1.
was capturad in each of three hauls with Z-m-stramin net east of Cape Farewell and four larvae were
taken off Tingmiarmiut, Scutheast Greenland.

NORWESTLANT 3

In 32 hauls with the Z-m-stramin net 51 wclffish larvae were captured. Thirty-five belonged to
Arnarhichas ep. 1., 16 were Anarhichas minor. |n the East Greenland area three larvae were caught
off Angmagssalik, and one east of Cape Farewel|l.

Charts 264 and 263 show the distribution of the catches of the larvae Anarhichas minor and
Anarhichas ep. 1., respectively. Since the catches during NORWESTLANT 1-3 were small or negligible,
they were combined for presentation.

Charts Z66 and 267 show the distribution of the catches of Anarhichas minor and Anarhichas sp. L.,
using the 2-m-stramin net in June and July of 1925, 1950, 1957, 1958, 19&1, and 1963.

Chart 268 shows the distribution of all Anarhichas larvae off East Greenland.

The distributions of the larvae of Anarhichas minor and Anarhichas sp. l. are very similar,
It appears that they are found in largest numbers along the slopes of the banks and over the open
sea. According to many years' experience they are very rare in inshore waters, and they are never
found in the fjords. |t is remarkable that there is a concentration of larvae, especially of Anarhi-
chas minor, off Sukkertoppen (about 65°20'N), Sukkertoppen is a town from where an important fishery
on dnarhichas minor has been carried out in the winter months during several years. Another inferest-
ing fact is fthat there is a gap in the cccurrence of wolffish larvae between 67° and 68°N. This
applies to both Ararhichas minor and Anarhichas sp. I. The area where wolffish larvae have not been
caught is Store Heliefiske Bank. |1 may be that the absence of wolffish larvae can be explained by
the rather shallow water over this bank. North of the bank, from &8° +o 69°30'N, wolffish larvas are
found again. A single larva of Anarhichas ep. I. was caught at the entrance to Disko Bay.

SIZE OF WOLFFISH LARVAE

Lengthy measurements of 13 Anarhichas sp. L. larvae taken during NORWESTLANT 1 ranged from 17
to 30 mm. Eight Anarhichas minor larvae were measured on NORWESTLANT 2, and 16 on NORWESTLANT 3,
with most of the larvee ranging from 25 to 43 mm, the three largest being 49, 43, and 41 mm. Twenty-
eight larvae of Amarhichae ep. . were captured during NORWESTLANT 2 and 35 during NORWESTLANT 3.
Six very large specimens were taken during the catches; 53 mm (1), 54 mm (2), 57 mm (1), 60 mm (13},
65 mm (1), The majority of the larvae were between 20 and 30 mm on NORWESTLANT 2 and between 24 and
36 mm on NORWESTLANT 3. Averege lengths of larvae on NORWESTLANT 2 and 3 were 28.5 and 31.3 mm
respectively,

The lengths are in agreement with those found in 1925; the year (1925) for which we have the
largest material of wolffish larvae separated in the same way as in 1963. Of the 137 Anarhichas
minor captured, 33 were taken from & to 23 June and 104 from 1 fo 14 July. The numbers of Anarhichas
sp. 1. taken during the same periods were 66 and 106. Two iarge specimens of Anarhichas minor mea-
sured 55 and 50 mm. The fcllowing table gives the |imits cf the length distributicon and the mean
lengths for the larvae of both species in two periods in 1925 .

6-23 June 1-14 July
Species: Anarhichas minor Anarhichas ap. L. Anarhichas minor Anarhichas sp. L.

Size limits 24-35 mm 21-30 mm 23-35 mm 20-34 mm
Mean lengths 27.8  mm 24.2 mm 27.7 mm 26,0 mm
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The large specimens (50 mm or more) are so different in size and in =ppearance from the majority
of the larvae That there Is reason to believe that they beleng to an older age-group, possibly the

I-greoup.
DISCUSSION AND CONCLUSIONS

As appears from This report, very littie is known about the larvae of the three wolffish species
in Greenland waters. The same applies fo the young age-groups which live on rocky bottoms where
fishing gears cannot be used. Fishing experiments for Anarhichas minor carried out in Upernavik
district in North Greenland and at different places in South Greeniand bave shown that individuals
of smali and medium sizes are common in catches in MNorth Greenland while they seldom are caught in
South Greenland.

This phenomenon can pessibly be explained as follows. The adult Anarhichas minmor |ive chiefly
in the scuthern part of the West Greenlend waters where it propagates. The larvae which seek the
surface are carrijed by the current fo northern Greenland waters where they go to the bottom and |ive
until they grow fo maturity and migrate to the southern spawning grounds (Hanmsen, 1957).
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The Feeding of Cod and Redfish Larvae

By
V. Bainbridgel and B. J. McKay!,2
INTRODUCTICN

The main object of the NORWESTLANT Surveys was to study the effect of the envircnment on the
planktenic stages of the cod, Gadus morhua L., and the redfish, Sebastes spp., In the seas around
Greenland. Since the availability of suitable food has trequently been considered a key factor
Pimiting the survival of fish larvae, information was required on the food and feeding habits of the
young fish.

Scme investigafions have been previously carried out on the diet of the larvae of hoth species.
Einarsson (1560} examined young Sebastee from two samples taken west of lceland and noted that the
staple food organisms were copepod eggs and Spiratella larvae. These observations were confirmed
by Bainbridge (1965) using more exfensive material collected during the Continuous Flankton Recorder
survey. Recently extruded redfish larvae (&-10 mm) trom the Irminger Sea were feeding principally
on Calanue eggs, the only other food item of any importance being Spiratella larvae.

The diet of cod larvae in the North Sea has been investigated by Goodchild {1925) and in the
Gulf of Maine and Georges Bank areas by Marak {(196C). In both regions copepod nauplli formed the
main food of the smallest feeding larvae, and the copepodite stages of a3 variety of copepods, includ-
ing Calanus, Paracalanus, Pseudocalanus, and Temora were identifled n the |arger iarvae. The food
of cod larvae was investigated in greater detail by Wiborg {1948) using materia! from the Lofoten
area and ofher coastal waters off northern Norway. Young cod frem 4 to 10 mm were mainly eating
copepod nauplii, particularly those of Calanus, Metridia, and 0ithona. Other organisms present in
the guts included the eggs and copepodite stages of copepeds, lamellibranch larvae, and Evadre.

The NORWESTLANT Surveys provide ideal material for a comparaTive study of the food of redfish
and cod larvae over s vast area of the Northwest Atiantic snd also allow a consideration of feeding
in refation to the main environmental variables.

MATERIAL AND METHODS

The fish larvae were obtained from samples ccllected by a variety of methods, including obiique
hauls from 50 To ¢ m with Z-m-stramin nets, horizental haults at 2 to 5 m, 1% to 18 m, and 25 to
30 m with lcelandic High Speed Samplers (1HSS) and vertical haults from 100 m o the surface with
Hensen, Nansen, and Helgoland larva nets. UDetails of the techniques used in operating the various
nets are described in the Guide Book to Surveys NORWESTLANT 1-3 and in the section on Zooplankton
In this volume. The plankton was killed by the addition of 40% neutralized formalin and samples
were subseguently preserved in 4% formalin buffered with hexamine. The cod and redfish larvae
examined had already been’sorted from the samples, counted and measured. Research vessels from eight
countries participated in the surveys and we are grateful to the following people for their readiness
to help by sending material.

J. Beaudouin (Thalasaa, NORWESTLANT 1}

E. Bratberg (G. 0. Sars, NORWESTLANT 1)

J. Corlett (Ermest Holt, NORWESTLANT 1)

J. Magnusson (Adegtir, NORWESTLANT 2}

A. Kotthaus (Anton Dohrm, NORWESTLANT 2)

E. Smidt (Dana, NORWESTLANT 2 and 3)

R. Wells (Baffin and Sackville, NORWESTLANT 2)

I Oceancgrapnic Laboratory, Edinburgh, Scotland.
2 Miss B. J. McKay now Mrs B. J. Philip.

[CNAF SPEC. PUBL., NOQ. 7,
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Additional samples of larvee coliected off West Greenland during Dana cruises of earlier years

were made available by Dr E. Smidt.

or J.

af young fish collected during NORWESTLANT 3 from Explorer and Ernest Holt.

to Dr G. A. Yarranton for advice with statistics.

H. Fraser and Mr J. Corlett kindly allowed us fo Tnclude their cbservations on the food
Qur thanks are also due

The distributions of ced and redfish larvae during the three surveys have been described in the

separate reports of Hansen and Magnlsson (this volume).

Figure 50 shows the distribution of the

P

NORWESTL ANT 2

[

Fig. 50.

The distribution of samples used for the analysis of the gut contents of fish larvae.

SQURCE OF GATA Cod Redfish
VBR&BIM o | a
| JCorlett A
JH. Fraser | =
Stations

from which samples of cod larvae were examined are shown as open symbols and those from which

samples of redfish larvae were examined as closed symbcls.
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samples used for the analysis of larval gut contents during each survey., These included the majority
of the stations at which The young fish were present. From each sample all the larvae were examined
if there were less than 10 of either species presen?, otherwise a subsample of at least 10 ccd or
redfish larvae was normally used. At some stations additional larger subsamples were examined, In
the IHSS samples, larvae from the 15- to 18-m level were used when possible. Each larva was measured,
then the whole of the gut was removed and slit open under a dissecting microscope with a pair of fine
needles. The food remains were in an excellent state of preservation and clearly showed the various
phases of digestion, from entire Calanus eggs to empiy egg membranes and from perfect nauplii to
exoskeleton "ghosts™ (Fig. 51). in larvae up to about 15 mm in length there was only a little frag-
mentaticon of the food remains, so organisms present could be counted and identified. The basic data
obtained has been fabulated In the Appendix with the young fish arranged in millimetre length-groups?.

The numerical results were converted fo biomass values and this has been done using the factohs
listed in Table 26. Biomass estimates so obtained represent the wet weight of fcod crganisms, assuming
no digestion, and not the true weight of the gut contents. Nevertheless, these biomass values al low
rough assessment of the relative importance of each type of food and a comparison imnter se of the
intensity of feeding at different times and in different regions.

COMPARISONS OF THE RESULTS OBTAINED WITH DIFFERENT NETS

Although a standard method was adopted for the fixation of plankton samples, the guestion arises
whether the various nets used, with different towing speeds, duration of hauling, and depth of sampling,
influence the quantity of food remains found in the guts of the fish larvae. Some comparisons are
therefore set out in the following discussion.

To investigate the results obteained for cod larvae from the Hensen net (hauled vertically from
100 m to Om at 1 m/3 sec) and the I|HSS (hauled horizontally, depth 15-18 m at 8 knots), 10 larvae
were examined from each of the two nefs at three stations worked by Aegir during NORWESTLANT 2. Each
tarva was measured and The fotal biomass cof the food remains estimated, the mean values being |isted
In Table 27a. An analysis of variance, using the raw data, indicated that the type of net did not
affect the total gut contents, the contribution of nets and of net-station interactions to the total
variance being quite insignificant (Table 27b).

A similar test was carried out on The gut contents of redfish larvae from The Helgoland iarva
net (hauled vertically from 100 m to 0 m at 1 m/3 sec) and the Z-m-stramin net (hauled obliquely from
50m tc O m at 1.5 knots). Biomass estimates of food remains could be obtained for only eight larvae
from each of the two nets at two stafions worked by Anton Dohrn during NORWESTLANT 2. Table Z28a
shows That the gut contents of larvae from the Helgoland net had about twice the biomass of the gut
contents of larvae from the stramin net and the analysis of variance set out in Table 28b demonstrates
that the differences between nets were significant.

The results cf these two tests were contradictory but it was later realized that whereas the
Aegir stations used were sampled during the dey (the IHSS hauls being made immediately after The
Hensen-net hauls) the only two Anton Dohrm stations with sufficient redfish iarvae for net comparisons
were worked at night. Moreover, the stramin-net hauls at these particular staticns were made 0.5-2.0
hr after the Helgcland-net haul. The rapid decline in the amount of food in the guts of redfish larvae
after sunset described in & subsequent section (Fig. 55} readily explains the discrepancy cbserved
between the stramin and Helgoland nets.

The scarcity of redfish larvae in the Heigoland-net samples precluded further tests at individual
stations but a comparison was possible by combining results for several stations. All available red-
fish larvae from the Helgoland-net samples of The Anton Dokrn cruise were measured, the gut contents
analyzed and the results converted fo biomass estimates. For each of these larvae, cne of the same
iength was taken from the stramin-net sample at the same station and the biomass of fThe gut contents
similarly estimated. In this way 34 pairs of larvae, from 7 to 13 mm, were obtained from 16 stations.
Fortuitously, 17 pairs were from night stations and 17 from day stations. The biomass values were
transformed by logarithms" to normalize distributions and the means for the two types of net were
tested against each other using the t-test. The means for the Helgoland net {2,356, SD z 0.8B81) and
for The stramin net {2.372, SD * 0.814) do not differ significantly.

Frem these tests it can be concluded that the gut contents of the preserved fish larvae were not
appreciably influenced by the different types of net used during the survey. Data obtained from
jarvae taken with all the various nefs have Therefcre been utilized in this investigation.

T Measurements from n to n + 0.9 mm were classed as n where n is a whole number.
" Jog {n + 1) where n = weight in mg x 101,
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51.

The gut contents of fish larvae. A. Food remains from a
redfish larva taken In the Irminger Sea during May consisting
almost entirely of Calanus eggs in various states of diges-
Tion. B. Two Temera nauplii frcm a cod larva taken off
lceland during May. Although the soft parts of the nauplius
are almost completely digested the exoskeleton remains intact.
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TABLE 26, Estimated bicmass values (wet or live weight) of organisms found in the
guts of cod and redfish larvae. The calculated values have been cbtained
from the average dimensions of The crganisms assuming a density of one,
with the exception of Calanus eggs for which the density given by Salzen
(1956) has been used,

Focd {tem Weight {mg) Source

Calanus finmarchicus

Eggs (c.135 yu diam) 0.0014 Calculated
Nauplii stages |-VI G.010
Copepcdites stages | and || 0.045 Averages from Bogorov
Copepodites stages Il and |V .28 {1959)
Copepodite ¥ and Adults 1.24
Pgeudpoalanus, Temora and Centropages
Nauplii stages |-Vl 0.005
Copepodites stages | and || 0.022 Averages for Pseudocalanus
Copepodites stages LIl and 1Y 0.050 from Bogorev (1959)
Copepodite V and Adults 0.075
07 thona
Naupl i1 0.001 Calculated
Copepodites and Adulfs 0.0G7 Bogorov (1959}
Oneaea berealis
Crustacean Eggs (c. 60 y diam} 0.0001
Crustacean Eggs (c. 30 p diam! 0.00001 Calculated
Evadne nordmanni G.03 Calculated
Balanus naupllti 0.01 Bogorov (1959)
Euphausiacea
Eggs (200-300 u) 0,02
Naup |11 0.03
Calyptopes 0.5
Furcillas 2-3 mm 0.5 Bogorev (1959)
Furcilias 3-4 mm 0.8
Furcilias 4-5 mm 1.2
Furcilias &-7 mm 2.0
Spiratella larvae (c. 125 yu diam) 0.001
Lamel | ibranch larvae 0.001 Calculated
Radiolaria: Phorticwn 0.001 Calculated
Tintinnoidea: Tintinnopsis 0.00004 Bogorov (1959)
Parundella 0.00007 Calculated
Piychoeylis 0.00004 Calculated
Parafavella ¢.0002 Calculated
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TABLE 27a. Comparison of the average values for the length and gut contents of
cod larvae caught at the seme stations by a Hensen net and an
{celandic High Speed Sampier (IHSS).

Aegir Station B63/81 B63/82 B63/83

Station Time {GMT) 1102-1131 162B-1658 1758-1817

Larval Leng?h {mm)

Hensen 4.12 4.57 4,55
IHSS 4.23 4.69 4,52

Gut Contents (mg)

Hensen 0.0112 0.0341 0.0350
IHSS c.0177 0.0345 0.0354

TABLE 27b. Analysis of Variance of the gut contents of cod larvae (biomass

valuesl.
Factor Sum of Squares D.f. Mean Square Variance Ratio*
Nets 0.009045448 1 0.009045448 0.032
Stations 0.549555994 2 0.274777997 0.970
Interaction 0.012683596 2 0.006341798 0.022
Residual 15,251813223 54 0.283181714
Total 15.863098261

* None of the Variance Ratios are significant,

TABLE 28a. Comparison of the average values for the length and gut contents
of redfish larvae caught at the same stations by a Z2-m-stramin net
and a Helgeland larva. net.

Anton Dohrm Station AD/544 AD/545

Station Time (GMT) 0035-0125 0405-0645

Larval Length (mm)

Stramin 8.43 8.81
Helgotand 8.46 B.56

Gut Contents (mg)

Stramin 0.0375 0.0103
Helgeland 0.0659 0.0245
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TABLE 28b. Analyslis of Variance of the gut contents of redfish larvae
(bicmass values).

Factor Sum of S5quares D.F, Mean Square Variance Ratic
Nets 0.004298963 1 0.004238963 4.913°
Stations 0.008400821 1 0.008400821 9.601°
Interaction 0.000645802 1 0.000645802 0.738
Residual 0.024500679 28 0.000875024

Total 0.037846265

3 Signiticant P <0.05.
Significant P <0.01.

PRESENTATION OF RESULTS

Inspection of the data suggested that the principal variables affecting the quantity and/or
composition of the gut contents of fish larvae were:

a) the size of the larvae;

b) the time of day when caught;

c) the pericd (monih} of sampling;
d) the regicn of sampling.

With regard to (a), an increase in the size of focd orgenisms consumed wiTh the growth of the
larvae has been established for a number of clupeoids (Blaxter, 1965); +three species of gadoids
(Marak, 1960}; cod (Wibcrg, 1948); and plaice (Shelbourne, 1962}, This predator-prey size rela-
tionship has been related both to an improvement of swimming ability and an increase in the gape of
the jews with development.

Diurnal fluctuations in the incidence of feeding (b) have been observed in a number of species.
To select three examples, Bhattacharyya (1957) in a study of herring larvae and Ryland (1964) working
with plaice and sand eel larvae, have shown that the Intensity of feeding is related to the condi-
tions of illumination with feeding virtually ceasing at night. I[n addition, experimental work by
Blaxter (1965) has demonstrated the importance of vision In the capture cf food organisms by herring
larvae.

Finally, variables (c) and (d) may be presumed 1o be mainly due to differences In the availa-
bility of foocd. Little informaticn is available on spatial and temporal variaticns in feeding other
than the work of Shelbourne (1957} who showed that the feeding intensity and condition of plaice
larvae are dependent on the abundance ot Oikopleura, known to be their most preferred food.

In this paper, the NORWESTLANT data have been arranged to illustrate the general features of
the diet of cod and redfish and to examine The effects of the main envireonmental variables on the
intensity of feeding.

THE FGOD OF REDFISH LARVAE
General Composition of the Diet

The gut contents of redfish larvae are given in the Appendix {(Tables 1-4} with the data, as
numbers per fish for each length-group, arranged according to the month and region of sampling.
NORWESTLANT 2 lasted fer almost 7 weeks and has been divided intc the parts compteted during May and
June.

The majority of redfish larvae were found over deep water and the species composition of the
diet was relatively uniform over the whole sampied area. There were, however, considerable monthly
variations in the develcpmental stages of the main food organisms. Figure 52 shows The composition
of the gut contents in each month as average bicmass values for individual length-groups. Food
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Fig. 52. The diet of redfish larvae from April fo July (NORWESTLANT 1-3). The mean
biomass of the various food organisms present in larvae of all length-groups
from & To 13 mm, has been calculated for each month using data from the

whole of the sampled area.

Food items have been arranged in four groups,

the histograms for the two main copepod species being further subdivided
inte eggs, nauplii, and copepodites.
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organisms have been separated into four categories, two of which are copepod species and these have
been further sub-divided into eggs, nauplil, and copepodites. The length range of redfish larvae
considered (6-13 mm) includes virtually all those present during April and May, but only part of the
popuiation during Jurne and July when many exceeded 13 mm,

Calanus firmarchicus was clearly the principal food organism, especially the eggs of this species
from April to May and the nauplii during June and July when early copepodite stages were also well
represented In the diet. Second in importance was ancther copepod, ({thona similis, mainly as
nauplii from April to May and as copepodite stages during June and July. Larvae of Spiratella retro-
vergg, with shells from 100 to 150 u across, were eaten in appreciable quantities during April only.
The eggs and nauplii of euphausiids and various stages of Pseudocalanus minutus cconstituted a minor
element of the diet. Occasional large specimens of Cogeinodiseus and Peridimiwm {ca 100 p diam)
were +he only members of the phyteplankton found in the guts,

The data presented in Appendix Tables 2 and 4 show that Calanus, followed by Oi{thona, remained
the maln food species of The large larvae present in June and July which were not included in Fig. 52.
Comparatively few specimens, 14-29 mm, from the Irminger Sea were examined personally, but the analyses
made by Or J. H. Fraser (Appendix Table B) confirm the overwhelming importance of Calanue, especially
copepcdite stages, in The diet of these young redfish.

The mcnotonous diet of redfish larvae may be explained by fthe uniform composition of the cceanic
zoop lankton in the Northwest Atlantic with the marked predominance of Calanus fimmarchicus. Monthly
changes in fThe various stages present in the guts obviously follow the development of the spring
generation of this species. The high proportion of Calanus eggs to nauplii in May, does however
suggest that eggs may be fthe more vulnerable stage for capfure (Bainbridge, 1965},

Predator-prey Size Relationship

Figure 52 shows that, in any 1 month, the tctal biomass of the gut contents and the developmental
stages of the copepods eaten, depended on the size of the larvae. This is most clearly evident in
Fig. 54a which gives the average biomass of the various stages of Calanus found in young redfish of
each length-group during June. Nauplil constituted the main food of the smallest larvae, copepodites
being absent in those shorfer than & mm. The representation of copepodites increased with the growth
of the larvae, so that these stages became the principal food of those from 14 to 16 mm.

TABLE 29. Average percentage composition by weight of focod remains in redfish larvae at
Anton Dohrn Station 608 (58°38'N, 35°31'W, 16 June 1963), Stramin-net sample.
The food organisms are listed in ascending order of size.

Larval length (mm)

Food | tem 9 10 11 12 13 14
Oithona nauplii 1.5 2.0 1.4 0.2 - 1.0
Calanus eggs 1.2 4.2 2.5 5.8 2.4 2.6
04 thona copepodites 4.3 2.5 4.8 0.4 4.4 6.3
Calanus nauplii 79.3 61.6 58.8 77.0 51.3 67.3
Fuphausiid nauplii - - 5.8 - - -

Calanus copepodites 15.6 29.8 23.6 16.6 41,8 22.7
Number of larvae examined 4 & 7 5 5 3

The predator-prey size relationship (Fig. 52 andg 54a) must partly be due to an improvement of
feeding versatility with the growth of the larvae, but the trend was not sufficiently marked fo be
distinguished in individua! samples which contained larvae of rather a narrow size range (Table 23).
When the diet of larvae ccllected cver a whole month is considered (Fig. 54a), a "serial effect” is

involved. Most small larvae were ceught during the early days of June and most larger iarvae fowards
the end of the month. As the larvae grew larger so did the products of The spring spawning of
Calanu~  Since the Hensen-net samples showed that Calanus copepodites tended to increase in numbers
througt lune, the grouping of all data during this month cbvicusly gives a biased impression of

the t2gi .« fo which food crganisms are selected by size. Ceincidental changes in the plankfon as



196

the larvae grow are almost certainly the explanation of the decfine in the numbers of Calanue eggs
with increasing larval length shown in Fig. 54a. A sample faken &t the beginning of August in the
Irminger Sea, contained young Sebastes of 15-20 mm with over 100 Calanus eggs per gut as well as
adult and late copepodite steges of the species. This suggests that a second spawning of Calanus
takes place in the Irminger Sea during August and that young Sebastes of 15-20 mm can adapt a filter-
feeding regime as well as capture large copepods. |In this connection it is relevant that developing
gill rakers were observed in larvae of 14-15 mm.

THE FOOD OF COD LARVAE
Gerneral Composition of the Diet

Cod larvae had a discentinuous distribution so the results for lcelandic coastal waters and for
West Greenland waters will be considered separately. The food remains found in the young cod are
l'isted in Appendix Tables 5-7 as average numbers per fish for each length-group.

In lcelandic waters cod farvae were Taken at only a singie station during April (NORWESTLANT 1).
All specimens were newly hatched, from 3 to 4 mm, and with yolk sacs present. The only food remains
consisted of a few Calanus eggs, tintinnids, and peridinians (Appendix Table 5}.

By May (NORWESTLANT 2) cod larvae were abundant at stations over the lcelandic Shelf especial ly
in Faxa Bay. The composition of the gut contents of these larvae, expressed as average biomass
values for each length-group is [llustrated in Fig. 33, the histograms referring tc copepods being
subdivided into eggs, nauplii, and copepcdites. Calanus firmarchicus was the principal food crganism,
slightly exceeding Temora lomgicornis in abundance, the nauplil and copepodite stages of both copepods
being well represented. Euphausiid nauplii and &vadne normanni also constituted important elements
of the diet. Other food crganisms included the nauplii and copepodites of Centropages spp. and
Oithona similig, cirripede nauplii, and lamel|ibranch larvae. A few tintinnids, peridinians, and
diatoms were found, mainly in yolk-sac larvee, buf the quantities present would appear to contribute
litTtle of nutritive value. Phytopiankton has been previcusly found in the guts of cod larvae at
the yolk-sac stage by Wiborg (1849),

Quantitative Information is not available on the gut contents of cod larvae from the lcelandic
region during July (NORWESTLANT 3) but cbservations made available by Mr J. Corlett and collated in
Appendix Table 9, indicate that Calanus plays an increasingly Important part in the dlet of the
larvae as they grow and tend tc disperse from the spawning grounds.

Cod larvae were not found off West Greenland during Apri| but adequate numbers were availlable
g¢uring June and July to obtain information on the organisms eaten in this region. The data presented
In Fig. 53 shows that, in marked confrest to those from lcelandic waters during NORWESTLANT 2, the
cod larvae from West Greenland waters were feeding almost entirely on the nauplii and copepodites of
Calanus finmarchicus. A few other organisms were found in the guts, such as the early stages of
Pseudocalanus minutus and Oithonag similig, but these were generally rare. There was little change
in the species-composition of the diet during July but copepodite stages of Calanus became a more
important item.

The differences observed in the diet of cod larvae from the fwo areas reflect The diversity of
the neritic zooplankton off Iceland compared with the restricted species-composition of the zoopiankton
tn West Greenland waters. Temora and Evadne, *wc of the common foed crganisms in lcelandic waters,
were absent from all plankton semples faken off West Greenland.

In addition to the NORWESTLANT samples, a large number of cod larvae collected off West Greenland
during July and August in the years 1950, 1957, 1858, and 1961 have been examined. Varicus stages
of Calanus constituted over 95% by weight of the food of the larvae in all but one of the 18 samples,
The only exception was a sample fakern close to the coast at 66°50'N, 54°42'W, during July 1957 In
which the cod larvae were found to contain almost equal proportions of the nauplii of Calanus and
Balaiue erengtus. |t is noteworthy that the spawning of cod off Greenland in 1950 yieided a parti-
cularly gocd year-class and that cod larvae were abundant in both 1950 and 1957 (Hermann, et al.,
1965), yet there is no evidence that the species-composition of the diet during these 2 years differed
appreciably from that in 19&5.
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Fig. 53. The diet of cod larvae from the Faxa Bay area, Iceland, and in the Davis Strait
off West Greenland during May and June (NORWESTLANT 2}. The mean biomass of the
various food organisms is shown for larvae of each length-group from 3 to 10 mm,
Food items have been separated intc five categories with the histograms for two
main copepod species subdivided into eggs, nauplii, and copepodites. The euphau-
siids present were nauplivs and eariy calyptopis stages.
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Fig. 54. Changes in the food eaten by redfish and cod larvae with increasing ‘size. The mean bio-
mass values ot The various developmental stages of Calanus found in the guts has been
calculated for each larval length-group using redfish data for the whole sampled area
during June and cod data for WesT Greenland during Jure and July.

Predator-prey Size Relationship

Figure 54b gives the average blomass of eggs, nauplii, and copepodites of Calanus for each
length-group of cod larvae taken off West Greenland in June and July. Considered together with
Fig. 93, it can be seen that off both lceland and West Greenland a diet which consisted predominantly
of copepod nauplii in fthe smallest size-groups graduzlly gave way, as the larvae grew, to a diet
which included increasing numbers of larger organisms such as copepodites. As in any "time-series’
this may be due partly to changes in the stage-composition of the main zooplankton species running
parallel with the growth of the larvae. However, the relationship was aiso discernable in individual
samples demonstrating fhat larger larvae tend to 'select' a higher properticn of bigger food orga-
nisms (Table 30),

Compariscn with Redfish Larvae

The diet of cod larvae off West Greeniand was similar to that of redfish larvae in that Calanus
was by far the most important food organism. Figure 54 provides a comparison of the average biomass
of the various developmental stages of Calgnus found in the guts of the two species, from which i+t
appears that cod larvae were eating a greater proporticn of the older and larger stages of Calanus
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TABLE 30, Average percentage composition by weight of food remains in cod
larvae at Aegir Station 84 (64°23'N, 23°14'W, 18 May 1963).
Icelandic High Speed Sempler. The food crganisms are listed in
ascending order of size.

Larval length (mm)

Food |tem 4 5 [ 7 B+
Oithona nauplii - 0.6 + 0.8 -

Lamel | ibranch larvae - 0.6 - 2.0 -

Calanus eggs 21.9 9.3 11.9 2.8 -

Temora nauplii 78 60,2 65.1 40.2 1.3
Calanus nauplii 29.2 22.8 8.5 2.8
Temora copepodites - - - - 20.0
Evadne - - - - 64.0
Calanus copepodites - - - 46,1 12.0
Number of larvae examined i 8 12 5 2

than redfish of equivalent length. For example, copepcdites were the principal focd of coed larvae

of @ mm but only exceeded nauplii as the main food items in redfish of 14 mm or mere. The dietary
differences between the fwo species may be partiy attributable to differences of distribution, but
the few samples available containing larvae of both species confirm that, length for length, cod
larvae Take food organisms of a larger average size than redfish larvae. Table 31 gives an exampie

in which Calanus copepodites constituted over 80% of the gut contents of the cod larvaze but were
completely absent in redfish larvae of the same size-range. These results were rather surprising
since redfish larvae were found tc have substantiaily longer jaws than ced larvae of the same body
length, the average length of the upper and lower jaws being 1.4-1,7 fimes that of cod larvae for
specimens from 7 fo 9 mm. However, it may not necessarily follow that the gape of the mouth Is wider.

TABLE 31, Comparison of the food remains in redfish and
cod larvae from a stramin-net sample (50-0 m)
at Dagna STation 10800 (62°12'N, 59°10'W, 19 July
1958}. Mean biomass values (mg) for larvae in
the length range B-10 mm.

Fish larvae

Focod |tem Redfish Cod
Oithona nauplii 0.02% 0.007
Oithong copepodites 0.034 0.041
Spiratella larvae C.001 -
Calanug eggs G.om -
Calanus nauplii 0.012 0.009
Calanus copepodites - 0.238
Number of fish larvae 20 8
Mean length of fish larvae (mm) 9.5 9.1

DIURNAL FEEDING ACTIVITY

Although nights are short during the early summer within the tatitudes covered by the survey
and include a high proportion of fwilight, there was a distinct diurnal periodicity in the feeding
activity of both cod and redfish larvae. In Figs. 55 and 56 the mean biomass of the gut contents
of larvae at the stations worked during May and June (NORWESTLANT ?) have been averaged for 2- and
4-hourly intervals fThroughout the day, regardless of the region of sampiing or the size of the
larvae.
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Figure 55 shows that the amount of food in the guts of redfish larvae gradual!y increased in
the day and rapidly declined during the short night. Minimal quantities of food were present at
about sunrise and maximal quantities Just before sunset,

PERIOD OF NIGHT SAMFLES
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Fig. 55. Diurnal feeding periodicity of redfish larvae based on data from the whole sampled area
during May and June (NORWESTLANT 2). The tfotal biomass values for the gut contents of
the larvae have been averaged for 2-hr intervals through 24 hr.

Cod larvae were not caught in sufficient numbers to obtain as detailed a picture of diurnal
variations in feeding activity. They were also found in regfons where the hours of darkness, includ-
ing twilight, were generally !imited to less than 6 hr. Figure 56 shows the smallest quantities of
focd were found in the guts of ced larvae during, or shortly after, the brief period of darkness.

In both redfish and cod iarvae the highest proportions of completely digested nauplii, disting-
uished only as exoskelefon 'ghosts', occurred about sunrise. The ratic of Calanue eggs tc empty
egg membranes in redfish larvae was also lowest during the night and eariy morning (Fig. 56). These
diurnal cycles in the conditicn of food remains confirm that, although the capture of food rever
ceases completely, the Intensity of feeding is lowest during the hours of darkness.

GEOGRAPHICAL VARIATIONS OF FEEDING INTENSITY

The average biomass of food remains found in The fish larvae can be used as an index of the
intensity of feeding. Attempts to establish regional differences in the feeding intensity of the
larvae are complicated, however, by the variation due to the different length distributions and times
of sampling. To obviate these difficulties all regional compariscns were made between larvae of
equivalent length caught during a limited period of the day. Ccmparisons were mainly |imited to
NORWESTLANT 2 (May and Jure), when The highest numbers of both redfish and cod larvae were present
and the majority of these were small specimens.
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Fig. 56. Diurna! feeding periodicity of redfish and cod larvae based on data for the whole
sampled area during May and June (NORWESTLANT 2). The mean biomass values (|ine
graphs) and the average numbers of eggs and nauplii (histograms) are given for
4-hr intervals through 24 hr.

Redfish Larvae

Examinaticon of the raw data suggested fthat [t would be useful to consider the feeding of redfish
larvae In the three broad regions shown in Fig. 57:

1Y The Irminger Sea;

2) the waters off West Greenland in the Davis Strait;

3) the waTers off East Greenland between Cape Mosting and Cape Bille, a region where the dis-
tribution of redfish larvae extended into the cold East Greeniand Current (Fig. 50).
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Fig. 57. Chart showing the area sampled for fish larvae during NORWESTLANT 2, with the
three subdivisions used for the study of regionai varisticns in the feeding of
redfish larvae. Stippiing indicates the approximate distribution of redfish
larvae and hatching the distribution of cod larvae.
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Fig. 39. Freguency distribution of day samples {0800-2400 hours, GMT) containing redfish
larvae during NORWESTLANT 2 {(May and June) in relation to the mean number cof
Calgnus eggs per gut (left hand diagrams) and the mean bicmass of the total food
remains per fish (right hand diagrams). The means were calculated using larvae
in the length-range 6 fo 10 mm. Samples have been separated intc three groups
according to the numbers of Calanus stages VI per m? of sea surface as estimated
from the vertical net samples.

Figure 58 shows the mean biomass values of the total gut contents of larvae from 6 to 11 mm for
each region during NCRWESTLANT 2. These values have been calculated using larvae caught between
0800 and 2400 hours, GMT, to exclude the period when |iftle or no feeding occurs.

Results indicate that redfish larvee from the Irminger Sea during both May and June contained,
on the average, more food than larvae of the same length from waters oft East or West Greenland
during June. These differerces cannot be considered directly in relation to the availability of tood
since the main food ifems, Calarus eggs and nauplii, were not adequately sampled by any of the gear
used during the survey. However, there does appear to be a sensible relationship with the distribu-
Tion and abundance of the various stages of Calanus in the top 100 m of the sea as illustrated by
The charts {192-231) in the section on Zooplankton by Bainbridge and Corleft. During NORWESTLANT 2
higher numbers of adult Calanus were present in the central lrminger Sea than In fthe coastal waters
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ott WesT or East Greenlandg (Chart 207). Studies of the life history of Calanus described by Marshall
and Orr (1955} and Ostvedt (1955) have shown that, in northern waters, the species overwinters at
considerable depths mazinly as copepodite stages IV or V, ascending to the surface layers during the
spring. Moulting to stage VI cccurs at this Time, foliowed by spawning and the subsequent death of

the spent females. |t is reasconable therefore to presume that, regicns with most adult Calanus near
the surface during May and June, were alsc likely to have most eggs and early nauplii. The distri=-
bution of Calanus copepodites |-1¥ in the top 100 m showed rather the converse distribution fo the

adults with high numbers in the Davis Strait and near Fylkir Bank off the east coast of Greenland
(Chart 205). Certainly in the northern part of fhe survey area off West Greenland it can be assumed
that most of the products of the spring spawning had reached the copepodife stage by June and, in
conseguence, were not available as food for the earliest stages of redfish larvae.

Direct comparisons between the biomass of the food remains in redfish larvae and the numbers
of aduit Cglanus at individual stations showed a considerable scatfer of results despite standard-
ization for the size of the larvae and the time of sampling. Figure 99 illustrates the closest
relationship that could be ascertained. The average number of Calgnus eggs in the guts and the
average biomass of the gut contents at each station were caiculated for |arvae of 6-10 mm In length
samp led between 0800 and 2400 hours, GMT, during NORWESTLANT Z. Figure 59 gives the frequency dis-
tribution of these means with the data separated into three groups according to the numbers of adult
Calgnus at each of the stations. There is a definite frend, the larvae at staticns with high numbers
of Calanus stage V| containing more Calanus eggs and altogether a greater amount of food than larvae
at stations with low numbers of Calgnua stage VI.

Cod Larvae

During NORWESTLANT 2 cod larvae were found in the Faxe Bay area, lceland, and in the Davis
Strait off West Greenland (Fig. 57). The average biomass of the total food remains in each larval
length~group from 3 to 10 mm has been calculated for the fwo reglons using larvae caught between
0800 to 2400 hours, GMT (Fig. 60). Young cocd from lcelandic waters during the latter half of May
generally confained about twice the amount of food present in those from West Greenland waters
during sarly June. The oniy excepticn was the 3-mm length-group but off Iceland this consisted
principally of yolk-sac larvae and consequently containing [itfle if any food. Even when the results
for West Greenland cod during July are censidered, Individual length-groups contained less food than
the equivalents from lcelandic waters in May. Once again it Is not possible to relate these diff-
erences to the availability of the food crganisms since the early stages of copepods and other crus-
tacea were inadequately sampled. However, it would appear from the Hensen-net samples that more
food was available for the larvae off Iceland than off Greenland. During NORWESTLANT 2 the average
displacement volumes of plankton at stations with cod larvae was 36 mg per m2 ot sea surface for
lcelandic waters compared with 18 mi per m? of sea surface off WesT Greenland. Furthermcre, copepoda
and other small crustacea were almost twice as numerous in the Faxa Bay area as off West Greenland
with the species-composition exhibiting greater diversity.
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Fig. 80. Regional differences in the quantities of food present in the gufs of cod larvae during
May and June (NORWESTLANT 2}. Histograms represent the means for each length-group of
those larvae caught between 0800-Z4G0 hours, GMT. The two regions compared are defined
in Fig. 97. An asterisk indicates that no specimens were available in that category.
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DISCUSSION
The Diet of the Larvae

Over most of the survey area the zooplankton was characterized by the overwheiming predominance
of Calanue fivmarchicus which, in these latitudes, has one major spawning period occurring in the
spring (Bainbridge, 1965; Lie, 1965). Data presented in this paper have emphasized the almost
complete dependence of cod and redfish larvae on the products of this spawning as a source of food
in the seas arcund Greenland. The fortunes of the larvae must depend on the degree of synchroniza-
+ion of the commencement of active feeding with the timing of tThe spring spawning and the overall
abundance of the early stages of Calanus. Mershall and Orr (1964) have demonstrated a clcse connec-
+ion between egg production by Calanus and the supply of food, i.e., phytoplankton. Data collated
for the report on Phytoplankton by Gillbricht (this volume, p. 73) show that there can be big annual
variations of phytoplankton preduction in the seas arcund Greenland, while the Continucus Plankton
Recorder Survey has revealed considerable differences in the seascnal timing and abundance of the
varfous stages of Calanus from year to year (Glover and Rotinson, this volume, p. 123).

If, as Hjort (1914) originally suggested, the year-class strength of such fish as the cod is
determined during the larval stage, these considerations could conceivably provide an explanation
for the sharp fluctuations of the year-class strength of Greenland cod relative to other stocks.

In spawning areas such as lcelandic coastal waters, the North Sea, Gulf of Maine, and around the
Lofoten Islands, where a greater variety of suitable food organisms are available and production is
not so restricted seasonally, the timing of the hatching period of the fish will probably not be of
such critical importanceS.

Hermann, et al. (1965) have shown a close relationship between variations in the year-class
strength of West Greenland ced and the mean temperature of weter (0-45 m) over Fyllas Bank in June,
good year-classes being associated with warmer years. The limited time series available also showed
a trend of increased numbers of cod larvae in those years with high June temperatures over Fyllas
Bank. These temperature variations are a conseguence cf fluctuaticns in the relative strengths of
the two current components which mix to form the West Greenland Current, i.e., the East Greenland
Current from the Nerth Polar Basin and the warm Irminger Current. Slight changes in temperature may
have a direct effect on the mortality of the eggs and larvae of cod near the northern limit of its
distribution as suggested by Hermann, et ql. {1865}. Alternatively, the relative strength of the
two components forming the West Greenland Current may intluence the timing and intensity of the
spring spawning of Calaius, so affecting the food supply of cod larvae.

Finally, while the Greenland cod may be unusual in depending aimost exclusively on Calanug as
food for the larvae, this is ncrmal for redfish over a vast area of the Northwest Atlantic. Larvae
of Sebastes are exceptionzlly abundant in the Irminger Sea where they constitute about 90% of the
total stock of young fish (Einarssen, 1960; Henderson, 1961). A number of adaptaticns may contri-
bute to the success of redfish larvae in the area; for example, newly extruded redfish larvae are
longer, more robust, and have distinctly larger eyes than have cod larvae when absorption of the
yolk-sac is completed, suggesting obvious advantages for active feeding and escape from predators,
The viviparous mode of reproduction may perhaps have survival value in ensuring that the larvae can
make their appearance at a suitable time to utilize The rich but ephemera! source of food provided
by the spring spawning of Calanus, as well as eliminating direct predation on the eggs.

Regicnal Varfations of Feeding Intensity

The true significance of the geographical variations in the feeding of cod and redfish larvae
during 1963 is cbscured by the lack of information on their food requirements and rates of digestion.
Shortage of food may affect the mortality rate of larvae directly or indirectly. Murphy (1961) has
argued that 1f predation is heid fo be the main source of larval mortality, its effect can vary with
the duration of the vulnerable planktonic stages as well as the density of predators. He pointed
out that the time spent as a member cf the plankton community depends on the growth rate which can
be & function of food, temperature, or beth.

Redfish larvae sampled during the survey afford an example of regional differences in the
apparent growth rate; a compound effect of rate of extrusicn, rate of mortality, and true growth.
Magndsson (this volume, p.145) has described changes in the lengfth-range and mean length of the

5 Sysoeva and Degtereva (1965) have recently shown That various stages of Calanua firmarchicus
general ly constituted the main focd of cod larvae in the southern Barents Sea. Ofher planktonic
crustacea were, however, eaten more freguently than by the cod larvae taken off West Greenland
during the NORWESTLANT Surveys. [T is alsc relevant fThat the main spawning of the Arcto-Norwegian
stock is in Westfjord, an area not inciuded in their investigation.



206

larval population (fig. 43, this volume, p.154}, and has shown that there was a more rapid increase
In size east of Cape Farewel}l (i.e., mainly the Irminger Sea) tharn west of Cape Farewel | (i.e., West
Greenland waters). This is no doubt partly due fo the temperature of the C- to 50-m layer of the
Irminger Sea being several degrees higher than that of West Greenland waters. Data presented in
this paper offer a further explanation since redfish iarvae caught in the Irminger Sea contained
substantially more food than those taken off West Greenland.

Regional compariscns of the growth rate of cod larvae were difficult due to a number of factors,
one of which was the difference of almost a month in the dates of sampling off lceland and off West
Greenland during NCRWESTLANT 2. Hansen (this volume, p.127) notes that the average size of larvae
off West Greenland increased from 5.6 mm during NORWESTLANT 2 tc 10.0 mm during NORWESTLANT 3, about
! month later. No valid estimate coutd be made of the growth of cod larvae off lceland and in the
Denmark Strait since the slze ot larvae in this area-during NORWESTLANT 3 ranged from 10 to 43 mm
with modes at about 19, 27, and 33 mm. Hansen has drawn attention to the enormous difference between
the high numbers of eggs present in Greenland waters during NORWESTLANT ! and the low numbers of
larvae caught during NORWESTLANT 2, which suggests that there was a heavy mortality of eggs or early
larvae between the two surveys. Since cod larvae taken off West Greenland were found to contaln
considerably less food than those in the Icelandic area, starvation of the early larvae could be a
contributory cause — perhaps the major one.

Although these are isolated examples and the agreement obtained may well be fortuitous, the
magnitude of the regional differences in the feeding intensity of cod and redfish larvae certainly
supports the view that shortage of food was a major factor limiting their survival in the seas arcund
Greenland during 1963. However, more information is obviously required cn the physiclogy of the fish
larvae before a satisfactory evaluation can be made of the parts played by temperature and food supply
in limiting both growth and survival.

SUMMARY

A quantitative study has been made of the food remains present in cod and redfish larvae
coflected during the environmental survey of the seas around Greenland in 1963 (NORWESTLANT 1-3).

During April and May recently extruded redfish larvae in the Irminger Sea were feeding princi-
pally cn Calanus eggs while clder larvae taken during June and July over the Irminger Sea and in the
Davis Strait were mainly eating the nauplii and copepodite stages of Calanua.

The diet of cod larvae from West Greenland waters during both June and July was also virtually
restricted fo the nauplii and copepodites of Calanue. |In contrast, the diet of cod larvae from
Icelandic waters, sampled during May, showed greater diversity and included the ear ly stages of
Calanus, Temora, Fvadne, and eupbausiids,

For both species of fish the average and maximum size of individual focd jtems as wel! as the
average quantity of the gut contents increzsed as the larvae grew. This was due to an improvement
of feeding versatility as weli as the paraliel development of the young fish and of the products cf
the spring spawning of the zocplankton, In particular Calanus. Fecod organisms selected by cod
larvae were generally larger than those found in redfish of equivalent length. Larvae of both
species exhibited simiiar diurnal patterns of feeding, with the amount of food in the guts declining
throughout the night to reach a minimum about sunrise.

There were distinct gecgraphical variations in the feeding intensity of the fwo species. Red-
fish larvae from the |rminger Sea ccontained more food thanm those taken either in the Davis Strait
off West Greenland cr in the vicinity of the East Greenland coast. These differences could be
related to the abundance and population structure of the principat! food organism, Calanus. Cod
larvae from lcelandic waters contained about twice the amount of food found in those caught off
West Greenland, a difference which also seems to be correlated with the availability of food in the
plankton.

The observations are discussed with reference to the apparent!y slower growth rate of redfish
larvae off West Greenland compared with those in the Irminger Sea and the evidence for a heavy
mortal ity of Greenland cod between the egg and early larval stage.
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APPENDIX TABLES

Tables 1-9 summarize the basic data on The food of cod and redfish larvae taken during the
NORWESTLANT 1-3. Stations at which sampies of fish larvae were examined are shown in Fig. 30 and
the regions referred to are defined In Fig. 37. The average numbers of *the various food organisms
and estimates of the average biomass of fThe fofal gut contents are tabulated. A dash indicates the
absence of a particular food Item, Data are arranged by length-groups and are gliven as averages
per fish larva. The biomass values of the food remalns were obtained by conversion factors (Table 26)
and are expressed as mg wet weight assuming no digestion. These have been calcuiated for larvae from
all stations, for larvae from '"day" stations only {i.e., those caught between 0800 and 2400 hours)
and for larvae from "night" stations only (i.e., those caught between 2400 and 0800 hours). The
groups miscel laneous nauplii(*) and miscellaneous copepcdites (*) refer to all copepods other than
those of the genera tabulated. Pseudocalanus minutus was the commonest species represented in
these groups.
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APPENDIX TABLE 9, Gut contents of cod and redfish larvae in +he northern
part of the Irminger Sea during July (NORWESTLANT 3,
Ernest Holt). Data supplied by Mr J. Corlett have been
arranged to show the percentage ot positive stations
(i.e., staTions with the species of fish larvae con-
cerned) at which the various food items were observed

in the guts.

Species Redfish Cod
Copepod eggs 2 -

Copepod nauplii 27 12
Calanug copepcdite stage |1-VI 44 55
Paracalanus copepodite stage |-V 4 5
Temora copepodites stage [-VI - 7
Oithona copepodites stage |-Vl 14 12
Balanus nauplii - 2
Euphausiid nauplii and calyptopes 6 5
Euphausiid furciiias 4 14
Amphipocds 2 17
Spiratella - 14
Oikoplewra 2 -

Number of stations where 52 42

fish larvae examined




219 ADULT FISH

Some Information on Adult Fishes Taken During NORWESTLANT 1-3, 1963

By
K. G. Konstantinov!

During NORWESTLANT 1-3, April-June 1963, ¥ult tishes were collectad aleng with eggs and larvae
samples, They were caught by research fishing gear (pelagic frawl, mid-waTer isaacs-Kidd trawl,
plankton nets, etc.) and by commercial otter trawl. A brief description of the adult fishes,
reported by some countries, follows.

ADULT FISH CAUGHT BY RESEARCH FISHING GEAR

Adult redfish were caught cn four cccasions by the pelagic trawl of the German Research Vessel
Anton Dohrm during NORWESTLANT 2. Table 32 shows data presented by A. S. Kotthaus. Scme specimens
of bathypelagic fish as well as invertebrates (Periphylla hyacinthina, Schizopoda, Cephalopoda,
Chaefognatha) were taken by the mid-water Iseacs-Kidd tfrawl (Station 5B83/63, 5 June, between 0155-
0330 hours, at 62°31'N and 37°50'W, depth 2,250 m, hauling layer 400-500 m). All the specimens of
bathypelagic fish sampled during the frip of the Anton Dohrm by the pelagic and mid-water |saacs-Kidd
(KMT) trawls will be trested and described by A, S. Kotthaus. On two occasions, adult fish were
caught by a stramin net from the Soviet Research Vessel Academioian Knipovieh during NORWESTLANT 3
(Table 33},

ADULT FISH TAKEN BY BOTTOM-OTTER TRAWL
tal from dnton Dohrm

Three hauls were made using bottom-otter trawl on board the German Anton Dohrm during NORWEST-
LANT 2 (Table 34}. The first haul took 162 cod, Gadus morhuz. The size composition is given in
Table 35, Fifty-five cod were measured and gutted, Twenty-five were males (including 14 spent)
and 30 were females (including 13 spent). In audition, five baskets (about 200 kg) of redfish,
Sebastes marinus type marinus, were caught. Ore hundred and twelve of these were measured (Table 36).
Five redfish, Sebastes viviparus, 5-10 cm in length, were taken. They were put alive into an
aguarium. Four specimens of haddock, Melanogrammus aeglefinus, were 24, 26, 39, and 47 cm in length;
one spotted catfish, Anarhichas minor, was 112 cm; cne blue catfish, Angrhichas latifrons, was
104 cm; and 37 specimens of catfish, Anarhichas lupus, were from 19 fo 69 cm. Furthermore, there
were six American plaice, Hippoglossoides platessoides, from 27 to 40 om; four specimens of halibut,
Hippoglossus hippeglossus, of 50, 53, 56, and 65 cm; one argentine, Argentina silus, of 38 cm; and
one Arctic cod, Boreogadus saida, of 25 cm,

The second haul tcok mainly redfish, Sebastes murinus type mentella. Some 1,000 specimens were
measured (Table 37). Also captured were 110 argentine, Argenting silus, from 15 to 32 cm in length;
11 redfish, Sebastes viviparus, 17-25 cm; 39 black-spined dogfish, Etmopterus spinax, 13-42 cm;
five ratfish, Chimaera monstrosa; 17 specimens of Lepidion eques, 9-44 cm; 23 trade ling, Molva
dipterygia, 56-109 cm; 12 cusk, Brosme brosme, 49-66 cm; ocne specimen of greater forkbeard, Phyeis
blennoides, of 47 cm; one specimen of megrim, Lepidorhombus whiff, of 34 cm; and some 50 kg of
the gadoid fish, Micromesistius poutassou.

The fhird naul took 13 redfish, Sebastes marinus type marinus, including nine males from 32 1o
37 cm in length and four females from 26 fo 66 cm; *two redfish, Sebastes viviparus, of 16 and 20 cm;
two cusk, Brosme brosme, of 33 and 53 ¢m; one American plaice, Hippoglossoides platessoides, of
32 cm; 3% gadoid fish, Micromesisiiue poutasscu, 24~33 cm; and 19 argentine, Argenting silus,
30-37 cm,

TPolar institute of Marine Fisheries and Gceanography (PINRO), Murmansk, USSR.

ICNAF SPEC. PUBL., NG, 7.
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(b} from Ernest Holt and Explorer

The English Research Vessel Ernest Holt, during NORWESTLANT 1, made one haul on 28 April with
the otter traw! on the Fylkir Bank (62°27.5'N and 40°42'W) at 210-247 m. The haul lasted from
2010 to 2040 hours, but it failed because the headline was damaged and the net broken.

The catch consisted of 38 cod from 55 to 99 cm long, more than one third of them were spent;
sfomachs were mainly empty but some contained euphausiidae. |[n addition, there were 10 haddock
from 34 to 81 cm; three of them of 50, 51, and 81 ¢m were mature males, all the others were immature.
All stomachs contained ophiura. Furthermore, there were 11 redfish, Sebastes marinus, seven were
males and four femates. There were also six hallbut from 5Z to 63 cm in length.

During NORWESTLANT 3 near West lceland three hauls were made at 165-201 m. Redfish predominated
in the catches. Another English Research Vessel Explorer made a trawl haul near southeastern Green-
land, but the net was damaged and the resulting catch consisted mainly of redfish and cod.

(c) from Acadenician Knipovich

The Soviet Research VYessel Academician Knipovich, during NORWESTLANT 1, made two hauls. The
first haul began at 0835 hours on 10 April, at 57°30'N, 59°20'W. The depth was 240 m, and the
bottom temperature was 2.17°C. The cafch consisted of only five cod from 38 to 58 cm in length.
Their stomachs were full of polychaetae, crabs, Jellyfish, octopus, and small groundfish.

The second haul began at 0715 hours on 13 Aprii and lasted | hr, | was made at 60°50'N,
48°43'W, at 125 m. The bottom temperature was about 0.8°C. Sixty-six cod frem 47 to 70 cm in length
were taken with some benthos In their stomachs. In addition, 199 redfish, Sebastes marinug, were
taken, 52 were males from 27 tc 43 cm and 147 were females from 29 to 50 cm. Eight spotted wolffish,
Angrhichas minor, from 65 to 115 cm; 16 Atlantic wolffish, Adnarkichae Iupue, from 33 to 71 cm; and
one blue catfish, Anarhichas latifrons, were also Taken,

DurTng NORWESTLANT 3, the Academician Knipovich made six hauls using the botfom-otter frawl.
The positions and fime of these hauls and the catches are given in Table 28,

SUMMARY

The main task of tThe NORWESTLANT pregram was the sampliing of larvae and eggs, while the fishing
of adult fish was of a casual character.

The otter-trawl hauls described above were made in the areas of regular and prolonged work by
the research vessels. The catches made do not increase cur knowledge of the habits of commercial
groundfish in the ICNAF area. Of scmewhat greater scientific inTerest is the fact that adulft
bottom fish were taken in pelagic fishing gear. For Instance, the Anton Dohrm from 17 to 22 June
1963 took four redtish, Sebastes mentella, including three spent females (Table 32). They were
taken in the open sea above depths of more Than 2,000 m. These facts indirectly confirm our assump-
tion of the existence of independent pelagic populations of redfish which spawn in the open ccean.
Redfish were also taken by handlines by varicus research vessels and weather ships. The results
of this program are described by Jones, this volume, p. 225.

The results of some studies of cod caught off Labrador are given by Postclaky, This volume,
p. 139.
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Angling for Redfish

By
D. H. Jones?

INTRODUCTION

Lire-fishing trials for adult redfish have been carrjed out by weather ships at Ocean Weather
Station Alfa {62°N, 33°W) from Aprll 1962 to March 1965 on behalf of +he Edinburgh Oceanographic
Laboratory (Henderson and Jones, 1964). This paper deals only with the period of the NORWESTLANT
Surveys (April-July 1963}, but includes brief comments on the equivalent periods in 1962 and 1964,

All ships faking part in the surveys were asked to-carry out a program of angling similar to
that at Station Alfaz and reports have bean recelved from Danish, icelandic, German, and British
research vessels. (n addition to 116 fish returned to Edinburgh by French and British weather ships,
60 fish were sent from the Danish research vessel Dana. The positions of fishing stations are given
in FIg. €1 and the fishing program is summarized in Table 39. A tatal of 355 redfish, including
those lost from the hook at the surface, were caught within the area bounded by 60° and 62°N |at
and 32° and 40°W long; Daia also flshed unsuccessfully between 25° and 32°W long.

The success of fishing was by no means constant. On some occasions fish were hauled in imme-
diately a |ine was lowered and at these times catches were made at an average of approximately six
fish per line per hour. On other occasions, under apparently similar conditions, fishing was very
variable, long periods of unsuccessful fishing being relleved by occasional small catches.

GEAR, METHOOS, AND DEPTH DISTRIBUTION

The standard equipment issued to the weather ships and Explorer consisted of a 6-ft- {2-m)
fibreglass rod, a sea-reel, and 450 m of either a flax or braijded nylon line marked at 50-m intervals.
Three unbaited, triple-hooked mackerel spinners were generally used as lures or alternatively two
of these were combined with a plastic shrimp or a 'Mepps' spoon. The weather ships used a standard
method of fishing fo 400 m, |owering and haufing in the line by 50-m stages and fishing for 5 min at
each stage during both operations, Any subsequent fishing, either with the standard gear or by
other |ines, was concentrated on the successful depth,

The use of 2 rod and reel limited the weight which could be handled conveniently and a lead
sinker of 200 g was used during calm conditions and was supplemented by a further 200 g during poor
conditions. When the ship was drifting at 1 knoct or more the maximum depth attained was assumed to
ba ro more than 250 m,

Dana and Adegir both used reels fitted with nylon |ine which were mounted on the ship's rall.
Dana used three reels at each statlon and each i(ine was furnished with five to eight triple-hooked
spoons ('jigs') and a walght of 3 kg, Balt, In the form of salt herring, was used once but without
aeffect, although the Morwegian balt 'gummimak' {smal| rubber fubing) was generally used. Jdegir
used six cod-hooks per line with an artificlal bait, three spinners and a weight of 1 kg.

On a number of occasions precise estimates of the depth of capture could not be made because
of the impossibility of retating the ship's drift and the line angle to the depth achieved by the
hooks. However, with this reservation in mind, it seems very probable that the largest catches at
Station Alfg during June and July came from depths of roughly 100-150 m. All the fish taken by
Weather Adviser at the end of June and in early July and most of those taken in June by Weather
Monitor came from this depth range. It seems probable that during May, at Station Alfa, the fish
were lying deeper as Franece II, fishing In calm conditions, caught fish easily from 200 tc 300 m,

T Oceanographlc Laboratory, EdInburgh, Scotland,

ICNAF SPEC. PUBL,, NO, 7.
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Fig. 61. Chart showing the position ot angling stations and the numbers of fish caught at each
station during NORWESTLANT 1-3,

TABLE 39. Ships taking part in the Anglling Program (April-July 1963) and details of their catches.
{The numbers of fish known fo be lost at the surface are given in parentheses.)

Dates of Total haurs Fish Fish returned
Ships fishing fishing caught to Edinburgh
Station Alfa
France T 21 April=9 May 9 0 0
France IT 15-22 May 19 60 10
Weather Monitor 5-27 June 350 63 (18} 62
Weather Adviger 29 June-16 July 39 140 44
Total 281 116
NORWESTLANT Crulises
Aegir {lceland) 30 April=31 May 7 8 (12 0
Dana {(Denmark} 20-24 May 14 62 60
Ezplorer (UK) 4 July ? 3 0
Anton Dohrn (Fed. Rep. Germany) 6 June ? 0 0

Total 74 60
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Dana, also during May, but further to the south and west (Fig. 61) fook fish from a depth range of
30-180 m (mean 126 m), except at the most westerly staticn, where the range was 90-300 m {mean 187 m).
Of the nine fish caught by Aegir In May, one was taken with 150 m and cre with 500 m of Iine out,
while 350 m of line were used to take the remaining seven fish. The three fish caught by Ezplorer

in early June were al! taken from approximately 100 m. Although only a few male fish were caught,
their depth distribution showed no obvious difference from that of the females and occasionally males
and females were caught on adjacent hooks. During the surveys the amount of night fishing was neces-
sarily limited and it is difficult to make comparisons of depth distribution or ease of capture by
day and night. However, there is nc evidence from these frials that any marked upward verfical move-
ment of redfish occurs during the night and the shallowest depth of capture (70-80 m) was recorded
during daylight.

TABLE 40. Angling program April-July 1962 and May-July 1964, with details of the catches.

Dates of Total hours Fish Fish returned
Ships fishing fishing caught to Edinburgh
Station Alfa 19627
Weather Reporter 24 April-10 May 11 o) 0
Weather Sumeyor 18 May-7 June 17 5 4
Curmulus 10-20 June 30 65 13
Cirrus 7-21 July 51 32 6
Total 109 102 23
Station Alfa 1964
France II 6-28 May 77 2N <}
Weather Monitor 26 June-11 July 39 0 0
Total 116 2721 8
1964
Dana 7-5 July 7 83 -

Table 40 summarizes the fishing during April-July 1962 and May-July 1964, One of the outstanding
catches during these periods was made by Frgnce IT when, in seven days fishing between 14 and 28 May
1964, 271 redfish were taken from depths of 150-250 m. Cf these, B89 were caught during one 10-hr
spell and on four occasions echo-sounder Traces were recorded at approximately the depth of capture.
fana, fishing to the west of Station Alfa in July 1964, cadght 83 fish In 5 1/Z hr at three stations
(Fig. 62} and tagged 48 of these with apparent success.

SHOALING, HORIZONTAL DISTRIBUTION, AND TEMPERATURE

Evidence collected during these irials indicates that in the three months following spawning
(May-July), aggregations of redfish occurred at Station Alfa and in the area sampled by Dana. The
occaslonal high rates of capture and the periodic complete failure of fishing suggest the occurrence
of either distinct or locsely |inked concentrations of fish.

It has not been pessible To make a full examination of the relaticonship between the success of
flshing and hydrography during the NORWESTLANT Surveys as sufficient data are not availabie, but the
existence in the vicinity of Station Alfqg of a boundary between Northwest Atlantic water and Labrador
Sea water means (Anon., 1964) that the relatively rapid shifts of this boundary may cause marked,
short-term changes in the physical environment of the area. These changes are likely to be reflected
by changes in the fauna and could account for The success or failure of fishing either directly, by
temperature, or indirectly by acting on the food supply. Dr Erik Smidt (personal communicafion}
reported that redfish were caught by Dana in 1963 at all five stations where the temperature at 100 m
lay between 4.5° and 6.32°C; but none were caught ai any of the four stations with warmer water
(7.27° to 8.01°C) or at tha cne station with cooler water (2.38°C).
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Station
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Fig. 62. Chart showing the numbers of fish caught at Station Alfa in May-July 1962 and in May
1964, Also shown are the fishing stations and catches of Dana in July 1964,

It is hoped that it will be possible To study success in fishing in relaticn to temperature by
using all available records from Station Alfa during 1962-64 and NORWESTLANT 1963, Meanwhile, a
preliminary inspection of available bathyThermograph records taken by British weather ships in June
and July 1963 suggests the possibility that a temperature of about 7°C may be critical, most of the
successful fishing occurring in regiens, or at times, when the water at 100 m was ccoler than this.

IDENTIFICATION, MORPHOMETRIC, AND MERISTIC CHARACTERS

An examination of morphometric, meristic, and biological data showed no obvious differences
betweern the 116 fish caught at Station 4lfa and those (60) taken by Dana at stations up to 200 miles
away. The evidence suggests, in fact, That all the fish are basically alike both in their conforma-
tion and in varicus aspects of their bioloegy. There (s at times quite a wide veriation in some ot
the measurements within any size group, (e.g. orbit diameter or "schnabel" length) and such diff-
erences may occur between two fish caught on adjacent hooks.

All the fish caught by degir and Ezplorer were identified at sea as Sebastes mentella Travin
as were all those refurned Tc Edinburgh. In addifion to the characteristically large eyes and the
well-developed "schnabel" or beak on the lower jaw, two other criteria were applied, as suggested
by Andrifashev (1954), to separate the marinus and mentella forms of Sebaetes. These are: the
relationship between horizontal corbit diemeter (HOD) and head length {HL) and between horizontal
ortit diameter and pest-orbital length (POL). In this key the mentella form is distinguished by
the orbit diameter being greater than 26% of the head length and greater than 60% of the post-orbital
length. The mean figures for each of these measurements were respectively, 34.5% and 78.3% for the
fish from Station 4lfg, and 33.9% and 79.1% for fish from Dana (Table 41a and b). Because of a
recently-corrected error in the franslation of the Andrilashev key? the post-orbital length was

T In +he translation from +he Russian (hy C. R. Robins, 1935) of the key fo the identification of
species of Sebastes (Guides to the fauna of Russia. Fishes of fthe northern seas of Russia, by A.
P. Andriiashev), the term “zaglaznichnoge' has been translated as "inter-crbital. This should
correctly be translated as "post-orbital”™. | am indebted to J. B. L. Matthews for refranslating
the Andriiashev key and to K. G. Konsfantinov for cenfirming the transiation of "zaglaznichnogo!.
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measured for only 36 fish from Station Alfa and 10 from Dana. However, the range and mean figures
for these few fish, when taken in conjunction with the other data, indicate that all the fish were

in fact "good" 8. mentella. Some specimens of the "intermediate" form of Sebastes have been recorded
by Zakharov (1964) from the area covered by these trials, but none have been reported or found during
the NORWESTLANT Surveys.

TABLE 41. Horlzontal Orbit Diameter (HOD) as a percentage of:
(a) Head length (HL}; (b) Post-orbital length (POL).

(a) (HOD/HL) = 100 Station Alfa Dana
No. Percent No. Percent
of of of of
Range fish fish fish fish
30.0-30.9 1 0.9 2 3.3
31.0-31.9 10 8.6 4 6.7
32.0-32.9 " g.5 10 16.7
33,0-33.9 26 22.4 15 25.0
34,0-34.9 23 19.8 16 26.7
35.0-35.9 22 19.0 7 11.9
36.0-36.9 1 9.5 4 6.7
37.0-37.9 8 6.9 1 1,7
38.0-38.9 i 1.7 1 1.7
39.0~39.9 i 0.9 0 -
40.0-40.9 1 0.9 0 -
Total 116 60
Mean 34.5% 33.9%
Range 30.2-40.7% 30.4-38.1%
(b) (HOD/POL) x 100 Station Alfa Dang
No. No.
of of
Range fish fish
70.0-79.9 24
80.0-89.9 12 5
Total 36 10
Mean 78.3% 79.1%
Range 70.7-86.3% 72.7-87.2%

Kelly, et al., (1961) suggested a series of measurements which they considered to be the most
reliable aids to racial distinction in redfish and a selection of these measurements has been taken
from all fish returned to the laboratory, both from Station Alfg and from Danz. All the measurements
were taken from formalin-preserved material in which a shrinkage of 1-2 cm was found fo occur in
fish with a standard length of 29.0-37.0 cm. The means of nine body measurements and weights are
given in Table 42 for each of 11 size-groups, together with the combined means and the cverall
range of the cbservations. Figure 63 shows the mears of four of these measurements, head length,
body depth, snout to ventral fin, and snout to anal fin, plotted separately against the standard
length. The calculated regression lines indicate a sufficiently close agreement in the proportional
growth of the two samples to suggest that They form part of the same stock,
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Fig. 63. Four body measurements plotfed agalnst the standard length, to demonstrate the
simllar proporticnal growth between fish caught by Dana {(broken line) and fish
caught at Statlon Alfa (sclid line), Circles (Station Alfae) and sguares (Dana)
are mean measurements for each size group,
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Two further features, the vertebral number and the number of pyloric caeca, appear to confirm
this suggestion. Vertebra!l counts (including the urostylar element) have been made on 80 fish from
Station Alfa and 50 from Dang, giving mean flgures respectively of 31.15 and 31,18, the range in
both cases being 30-32; 82.5% and 78%, respectively, had 31 vertebrae {Table 43). These results
are similar to those found in populations from the Barents Sea and the east coast of North America.
Travin (1951) gives a figure of 30.01 vertebrae (excluding the urostyle) for 5. mentella in the
Barents Sea, while Templeman and Pitt (1951} give a declining range from about 30.0 (or 31.0 including
the urostyle) in the Labrador and WesT Greenland areas fo 29,0 (30.0) In the Gulf of Maine. Yanuiov
(1962q), dealing with the latter region by ICNAF subareas, found an overal | range of 28-33 and his
highest mean figure for one subarea was 31.05 (including the urostyle). Counts of the number of
pyloric caeca from 113 fish from Statlon Alfa and 60 fish from Dana provided similar mean figures.
These were respectively 10.00 and 10.10; the overall range of numbers was 8-12 and 43.4% and 53.3%
had 10 caeca. Yanulov (Ige. eit,) gives one of the few available sefs of data for +this character;
mast of his counts were in the range 7«12, The highest mean figure for one subarea was 10.21,

TABLE 43. Numbers of vertebrae (a) and pyloric caeca (b).

{a) No. of vertebrae No. of Mean no. of
30 31 32 fish vertebrae
Station Alfa 1 49 13 63 31.15
Dana 1 39 10 50 31.18
{b) No. of pyloric caeca No. of Mean no.
8 9 i0 11 12 fish of caeca
Station Alfa 5 27 49 26 6 13 10.00
Dana 1 11 32 i3 3 60 10.10

Otcliths have been used to assess the age of only a few specimens and these figures are insuf-
ficient for an analysis of the age-composition of the samples. However, provisional figures for
the minimum and maximum ages of the fish so far examined are 14 angd appreximately 50 years. As a
preliminary study, observaticns are being made on the otoliths from a number of fish in each size
group to assess the similarity in conformation and to determine the age/length relationships.

NOTES ON SOME BIOLOGICAL CHARACTERISTICS

Gonad Condition and Sex Ratio

All the female fish were mature and practically every one showed evidence of having spawned in
the spring of 1963, either by the retenticn of some larvae within the ovary or oviduct, or by the
presence cf empty follicles. The male fish were aiso judged to be sexually mature, although In some
specimens the testes were still small. The post-spawning recovery of the females was assessed by
the Percentage Maturity Factor (gonad weight/bedy welght x 100, Sorckin 1961). When plotted against
time (Fig. 64) these showed a recovery curve similar to that found by Sorokin in the Barents and
Norwegian Seas. No spawning females were caught and microscopical examination of the ovaries failed
to provide an accurate measure of the time that had elapsed since spawning., The developing eggs
showed a relatively steady increase in size from May to July, but there was a considerable individual
variation In any 1 week (Fig. 64). This may reflect a wide range of spawning times within the stock.

The sex ratios of the samples, both from Station Alfa and from Dang, are not typical of the
stocks more commonly sampled from commercially fished areas. Sorokin (1961) states that in the Bear
Island and Spitzbargen areas male and female 5. meatella unite during the post-spawning migration
to the summer feeding grounds. Zakharov (1964), reporting the results of fwo North Atlantic cruises,
found a 1:i1 ratio fo exist in June cver a wide area, both west and east of Greenland. However,
during the NORWESTLANT Surveys the sex ratlo at Station Alfa was 18:1, while the samples from Dana
showed an overall ratio of 5:1. No males were found at the two most easterly stations and a ratio
of approximately 4:1 was found at the other three stations. Two of the three fish taken by Ezplorer
from the southwestern part of the sampled area were males,
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Larval Pigmentation

One object of the trials at Station Alfa was to examine larvae taken directly from ripe females
in order to confirm the relationship between marinus and memtella adults and non-pigmented larvae
(Henderson, 1964). This work was continued in 1963 and every ovary was examined for the presence
of non-extruded larvae. Specimens (243) in good condition were examined for the presence or absence
of the sub-caudal melanophores previously thought to be a satisfactory diagnostic feature for sep-
arating the two species. No sub-caudal melanophores were found in any larvae, confirming Henderson'’
findings from the non-extruded larvae of the 1962 fish and demonstrating further the fallibility of
this character as a diagnostic feature for the larvae of ali stocks of 5. mentella.

Fecundity

In conjunction with long-term studies cn the fecundity of redfish from Station 4Alfa, some
estimates have been made from all the fish taken during NORWESTLANT Surveys which had developing

eggs of a suitable size for counting.

The ovaries were welghed, sub-samples were removed with a cork borer and the weights of these
were recorded. Samples were generally 2-3% of the weight of the pair of ovaries. All the develop-
ing eggs in the sub-samples were counted and, from fThese, an esfimate was made of the number of
potential eggs In both ovaries. Confirmatory counts on six whole ripe cvaries, made on the egg-
counting machine at The Marine Laboratory, Aberdeen, showed a close agreement with tThe sub-sampliing
method.

The results are listed in Table 44 and, al though some size-groups are poorly represented, the
overal | mean fecundity of 67,932 is simflar to that estimated from the material taken from Statifon
Alfa from 1962 to 1964 (5%,426). The only availabie figure for fthe fecundity of other stocks of
5. mentella is given by Corlett {1964). His data provide a mean of 14,975 eggs (range 2,500-31,800)

%% MATURITY FACTOR

S
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TABLE 44. Fecundity, grouped according te¢ the standard lengths of the fish. Each count refers to
one fish and mean figures for each length group are shown below.

Length in om: 29.0 30.0 31.0 32.0 33.0 34.0 35.0 36.0 37.0
Counts: 42,866 35,629 54,706 48,500 72,540 72,226 62,125 78,771 97,190
32,483 65,820 72,777 65,805 77,124 145,637 73,5871
38,880 43,639 49,999 93,130
63,762 67,366 90,759
69,669 109,410
40,315
69,455

Mean fecundity: 38,076 52,213 63,747 58,587  72,54C 88,530 104,183 76,371 97,190

Overall mean fecundizty = 67,932

for six fish from East Greenland. There are very few figures for the fecundity of 3. marinus.

Raitt (1964) found a range of 19,049-159,184 in 27 specimens from lceland (lengths 36-49 cm) and
26,418-199,551 in 23 fish from Farce {(lengths 40-53 cm). Corlett (]1%64) gives a range of 21,000-
207,000 in 18 fish from East Greenland (lengths 44-56 cm}; +two large specimens {lengths 70 and 73 cm)
gave 308,000 and 187,000.

Food

The local distribution of the planktonic food supply of redfish may be cne factor influencing
the distribution of the fish, and, as the first stage in a study of this relationship, a detailed
analysis has been made of the food of 2 representative sample of redfish caught during the NORWESTLANT
Surveys,

The high proportion of stomachs which were everted (84%) made i+ necessary to carry out an
analysis of the intestinal contents as well as the material retained in the buccal cavity and non-
everted stomachs. At present, a quantitative analysis has been made of the food of 73 fish from
station Alfa and 15 from Dana, while a further 22 fish from Dana have been examined qualitatively,

This work will be extended to include the tull results of all Station Alfa tria!s, but for the
present paper oniy qualitative and overall quantitative resuits will be given (Table 453), together
with notes on the doeminance of particular groups. A provisicnal fist of the species identified

among the food organisms is alsc included (Table 46).

In the samples from Station Alfa |ittle difference was noted in the choice of food organisms
between May and July and the changes that occurred were mainly variations in the relative proportions
of the organisms. Also, there was no marked ditference between the focd of the fish from Dana in
May and those from Station Alfa throughout the period of the surveys.

Euchaeta norvegieca, hyperiids, euphausiids, and chaetegnaths were found in about three-guarters
of the gut contents; coelenterates and copepods, cther than Buchaeta, occurred in approximately
half. With the exception of Euchaeta, copepods were general ly present in very small| numbers and at
Station Alfa consisted mainly of Calanus fimmarchicus but at the Dana stetions Calanus hyperboreus
was more commen.

Because of the effects of digestion certain soft-bodied organisms cculd not be identified in
the intestinal contents, nor could they be counted with any certainty. Although Clione limacina
was occasionally found in the stomach or buccal cavity, it was never observed in +he intestine.
Tomoptertis was common in the plankton in June, but it was never found among the fcod remains.
Coelenterate tissue identifiable as such by the nematocysts, was common and sometimes formed a high
proportion of the gut contents but could rarely be identified. The numbers of cephalopods in the
gut contents were generally low, but their importance in the redfish diet should not be underestimated;
the size of specimens varied quite widely, but one redfish was found to have taken a Gonatus fabrieii
with a body length of about 12 cm.
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TABLE 45. The cccurrence of food organisms in the intestine, stomach, and buccal cavity
of Sebastes mentella at Station Alfa (A) and Dang (D).

Percent No. oF organisms per fish
of Mean no. per Maximum no. per
Foed organisms occurrence accurrence occurrence
A 0 A D A D
Buchaeta norvegica Stage VI - & 94.5  BE.B 44 47 279 189
Stage V & IV -% 80.8  43.9 32 6 222 29
Stage Vi -d' 8.2 5.4 2 4
Stage V & IV - d' 43.8  21.6 1 45
Total 95.9 80.2 74 47 282 96
Other Copepcda 47.9 59.5 3 1 38 78
Euphausiacea 67.1 75.1 & 5 55 16
Hyperl idea 86.3 78.4 34 7 352 30
Pteropoda Thecesomata 41.0 35.0 &7 61 409 279
Pteropoda Gymnosomata - 10.8 - 1 - 1
Cepha lcpoda 54.8 45,9 3 1 13 &
Chaetognatha 64.4 75.7 5 12 25 42
Pisces i0.9 5.4 1 1 3 1
Coelenterata £8.5 £62.2 + + + +
Ostraccda 1.4 7 1 1 1 1
Copepoda Caligoida 1.4 A 1 1 1 1
Polychaeta - 4 - + - +
No. of fish examined 73 37 13 15 73 15

No records of the food of truly pelagic redfish are available, although cther workers
(Boldowski, Barents Sea, 1944; Steele, Upper Laurentian Channel, 1957; Lambert, Gulf of 5f. Law-
rence, 1960; Kashintsev, Newfoundland area, 1962} mention hyperiids, euphausiids and, at some
seasons, fish, as the most important food arganisms in the diet of commercially caught Sebastes spp.
Both Scopelidae and young Sebastee have been found in the food of S. mentella during the NORWESTLANT
Surveys but they are relatively unimporfant either in frequency of cccurrence or in quantity. Apart
from this the main difference between the food of these oceanic redfish and those found cver the
Continental Shelf is the importance in the former of Euchaeta morvegica which was found fo be the
sole constituent of the diet in some specimens.

One of the fish taken by Aegir was reported to have retained food in the stomach. This con-
sisted of amphipods, Sagitta sp. and Thysanoessa sp. No examination of food was reported from
Ezplorer.

In general, all the intestines examined in the laboratory were quite well filled with food
remains and frequently a variety of organisms was recorded in each fish. In many instances the
more strongly chitinized forms had passed through the intestines with the exoskelefon relatively
unaffected, hyperiids occasionally being identified easily in the rectum. The very few samples in
which little or no focd was found in the intestine were from fish which had been caught at night but.
until evidence is obtained concerning the rate of passage of food through the gut, the significance
of this cannot be ascertained.
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TABLE 46, Provisional |ist of organisms identified from the food of Sebagtes mentella and graded
@s vC = very commen, ¢ = common, o = occasional, r = rare,

Organism Grade Organism Grade

Copepoda Calancida

Euchaeta norvegica Boeck = Calarnus hyperboreus Krdyer c
Calgnus fimmarehicus {Gunnerus) = Heterorhabdus sp. r
Undeuchaeta plumosa (Lubbock} r Arietellus setosue Giesbrecht r
Copepoda Caligoida
Nesippus borealis (Steenstrup & Lutken) r Sareotretes soopeli Jungersen r
Euphausiacea
Meganictyphanes norvegica (M. Sars) c Thysanoessa longieaudata (Krdyer) ve
Thysaneosea inermis {Kréyer) r
Hyperiidea
Parathemisto (Parathemisto) abyssorum (Boeck) ve Hyperia sp. o
Parathemisto (Euthemiato) gaudichaudii (Guerin) c Hypercche sp. r
Vibilia sp. r
Chaetognatha
Sagitta mazimg Conant Ve Bukrohnia hamata (MSbius) o
Pteropoda Thecosomata Pteropoda Gymnosomata
Spiratella sp. Ve Clione limacina (Phipps) o

Cephalopoda

Gonatus fabricii (Lichtenstein) c
Coelenterats

Siphonophora - Physonectae, probably Stephanomyia and/cor Agalma o
Pisces

Sebastes sp. and Scopelidae o

TABLE 47. The occurrence and degree of infestation of parasites and disease at Station
Alfa (A) and Dana (D). The number of fish examined is given in parentheses.

Degree of infestation

% occurrence Mean no. Max imum no,
Parasites and disease A D A D A D
Active Sphyrion lumpi 12,1 (116} 10.0 (60} 3.7 1.86 12 5
Encysted heads 27.6 (118) 25.0 (60 3 3.4 8 10
Total 32,7 (1186) 30.0 (60) - - - -
Larval nematodes (body cavity) 94.8 (116) 90.0 (60) &.24 7.24 46 32
Adult nematodes (intestine) 5.5 (13 5.4 {37} - - 2 1
Mature cestedes (intestine) 1.7 {118 1.7 {60) - - 1 2
Immature cestodes {intestine} 4.1 (73 o 3 - - 2 0
(Plerocercoids & Juveniles)
Tetrarhynchid tarvae 2.6 (116} G {60y - - 1 0
(Encysted in body cavity)
Digenetic trematodes 0 (73} 2.7 (371 - - 0 1

Iehthyosporidium hoferi 0 (e} 1.7 (60) - - - -
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Parasites and Disease

Because of The developing use of parasites, diseases, and natural marks as "biological tags"
to distinguish between races or stocks of fish, ail specimens were examined for such indicators.

Sphyrion lumpi (Krdyer) was the orly external parasite found on any fish and occurred on 12.1%
of the fish from Station Alfa and on 10% of the fish from Dana. In addition, the presence of Sphyrion
heads retained within the tissues was recorded and, including some cysts thought to have been caused
by these, the overall tofal occurrence of this parasite was 32.7% for the fish from Stetion Alfa and
30.0% for the fish caught by Dana (Table 47). This similarity between the two samples was echoed by
the positional distribution of the infestations (Fig. 65). The cloacal regicn was ‘the favoured site
for attachment, although early investations have occurred rather more frequently in the dorsal region.
I¥ cne accepts Perlimutter's {1957) suggestion that cloacal or ventral attack by Sphyrion indicates
a pelagic host and a dorsat site indicates a bottom-dwelling host, then perbaps an early Ilte in
shal lower water should be postulated for these redfish.

Fig. 65. The distribution of Sphyrion lwmpi (Krdyer) on redfish from NORWESTLANT t-3, May-July
1963. (a) Active parasites. (b} Heads remaining in the hcsts! tissue. Encircled
figures-give the I of the tofal Infestation in each body reglon. Circles and crosses
indicate isolated specimens cutside fthe main regions.



All the fish which were parasitized by Sphyrion were females, neither an active parasite nor an
old head having been fount In any of the 18 males taken during the NORWESTLANT Surveys. Investiga-
tions into the cccurrence of Sphyriom on Sebastes by Templeman and Squires {1961) and by Kelly and
Barker (1964) show that, in fthe Newfoundiand area and the Gulf of Maine, the level of attack may be
similar in both sexes. It is unlikeiy therefore that a physlological difference is the cause of the
different level of parasitization In the oceanic redfish and variations in either |ife history or
behaviour may be responsible.

An examination of 35 fresh and 141 preserved specimens showed no evidence of gill parasites
and, while there is The possibillty that these may have become detached during preservation, it is
unlikely that their incidence can be anything but extremely low. The hearts of the majority of fish
were examined, but also showed no evidence of parasitization.

Only cone digenetic trematode was found and this occurred in the intestine of a fish caught at
the most westerly successful Dana station. |t bas provisionally been identifieu as belonging To the
family Allocreadiidae. Similarly, the parasite fungus, Ichthycsporidium hoferi, was only noted in
one fish which had targe numbers of the encysted spores in the kidneys and spleen.

The incidence of other parasites, l(arval nematedes in the body cavity, mature nematodes and
larval and mature cestodes in the intestine, showed a striking similarity in the degree of infesta-
tion in both samples of fish (Table 47).

The full identification of some of the parasites has not yet been completed. The mature
cestodes found in the fish, both from Station Alfa and from Dana, appear to be either Bothriccephalus
Anguaticeps or B. nigropumctatus, both of which have bean identified from earlier sampies, and the
farval cestodes are Phyllobothrium sp. A specles of Raphidascaroides has been noted amongst the
nematades of the intestine.

Black Colouration

It has been suggested that the areas of melanic deposits on the skin of redfish might be used
as a blolegical tag, because records show that the incidence of such marks may vary from cne region
tc another (Anon., 1957; Yanulov, 1952b). The condition that causes the development of such markings
is not known. No pathogenic organism has been found in the tissue (Kabata, private communication)
and although damage to the skin +» be followed by The deposition of melanin, no such injury was

found fo be associated with * w.ented areas in any of the fish examined during the present
survey. Approximately 50% ¢ = fish bear some pigmented areas of 2 widely varying size and the
most commonly affected part -he body is the flank, although localized patches are not uncommon

on the fins or head.

In the hope that this feature can be used in future studies on the oceanic and other stocks of
redfish, picteorial rerchods have been made to show the regions of the body that are affected and
the areas that are involved. The latter have been graded according to an arbitrary scale and the
results are summarized in Table 48.

TABLE 48. Black colouration of fish examined at Statlon Alfa and Dana.

Station Alfa Dana
No. Total % N, Total %
Tetal ne. with marks 58/116 50.0 24/60 40,0
No. marked both sides 9/58 15.5 8/24 33.3
MNc. marked one side only 49/58 84.5 15/24 62.5
No. marked on flanks 53/58 91.4 22/24 91.7
No. marked left flank only 20/49 40.8 7/16 43.8
No. marked right flank only 29/4%9 59.7 B8/16 50.0
No. in grade &° 4/58 6.9 2/24 8.3
No. in grade 3 7/58 2.1 7/24 29,7
No. in grade 2 i7/58 29.3 5/24 20.8
No. in grade | 25/58 50.0 8/24 33.3
No. in grade P 1/58 1.7 2/24 8.3

% where both sides are marked the highest grade only is counted.

Arbitrary grades of colouration: P = a few small spots; 1 = one or two
areas 3-10 mm diam; 2 = an unbroken area up to 25 mm in diam or discrete
spoTs covering a larger area; 3 = an unbroken area up to 50 mm in diam
or discrete spots covering a larger area; 4 = unbroken and/or discrete
areas larger than the above.
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SUMMARY AND CONCLUDING REMARKS

Research ships and weather ships caught 355 redfish by angling in the area bounded by 60° to
62N lat and 32° to 40°W long between mid-May end mid-July 1963, Most of the fish were caught at
depths between 100-150 m but there was consicerable variation in fishing success. There is some
evidence that the best catches were made in regions or at times when the temperature at 100 m was
less than 7°C.

Detailed morphometric, meristic, and biologica! analyses were carried out on 176 fish which
were returned To the laboratory. Ail were identified as Sebastes mentella Travin. Nearly all were
females which had recently released their young.

There was a uniformity of conformation, gonad condition, fecundity, parasites, food, and natural
marks which suggests that all the fish came from a single stock. There is insufficie * information
to permit a conclusive test of similarity or dissimilarity between the various stocks cf 5. mentella
in the Atlantic and neighbouring seas. Hewever, there are no obvious marphelogical distinctions
between the oceanic stock and those of the shelf and slope waters. Few counts of fecundity have
been made elsewhere; estimates on the oceanic fish gave on average 60,000 eggs. In common with
oTher populations of Sebastes, The oceanic stock was infested with Sphymion Lumpi; about 30 of the
fish were affected. Information about stze, pyloric caeca, vertebrae, skin pigmentation, focd, and
Intfernal parasites will be analyzed further.

Angling from weather ships during 3 years and from research vessels during the NORWESTLANT
Surveys has served a useful purpose, therefore, in defining scme of the characteristics of the
cteanic population of Sebastes mentella. As s result of the angling from Station Alfa, Henderson
and Jones (1964} have suggested that the stock is present throughout the year at This pesition. The
samples have also shown that the young of these fish do not have sub-caudal meiancphores and are
identical with the larvae sampled by the Continucus Plankten Recorder over a very wide area of the
Horth Atlantic and which were previcusly consldered to be the young of 5. marinug (Henderson, 1981,
1964},

However, in spite of these advances, it Is clear that further investigation of this stock will
require a more rigercus program of sampling and research than is possible by angling from weather
ships. In particular, surveys are needed tfo:

1) Establish more precise morphological definitions of the redfish stocks both in the cpen
cocean and the waters of the continental shelves;

2) Discover the overall extent of the pelagic population of 5. mentella in the North Atlantic
in terms of geographical and vertical distribuTion and abundance;

3) Investigate the possible existence of aggregations of the stock;

4) InvestigaTe seascnal variations in the patterns of distribution and aggregation and the
relation of these to environmental factors, including food, and the repraductive cycle;

5} Discover the distribution of the immature stages in the first 10 or 15 years of life;

6) Describe patterns of migration, If any, and discover whether there is any interchange
between the stocks cf the shelf and oceanic regions.
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2q1 MARINE MAMMALS

Sightings of Marine Mammals

By
D. E. Sergeant!

INTRODUCTION

Sightings, mainly of Cetacea, were recorded from nine cruises of eight ships from 4 Aprii to
8 August, 1963, The number of sightings and the estimated number of individual cetaceans included
in these sightings are shown In Table 49. Some ships reporfed sightings en route to the survey
area. These sightings are not included in Table 49 if they fall outside the NORWESTLANT area.
Further they have not been included in the sightings plotted in Chart 269-271. Sightings not so
Tncluded consist mainly of smail cetaceans reported close To European coasts.

TABLE 49, Sightings of whales and dolphins in the NORWESTLANT arez from April ‘o August

1963.
Number of

Number of individuals Months when
Species sightings estimated observed
Fin or Blue Whale, Balaenoptera musculus L., 4 5-9 June-duly

B. physalus L.

Humpback, Megaptera nedeosaz {Bonnaterrs) 2 100 June-July
Minke, Balaenoptera acutorosirata Lacepede & 15 June-July
Sperm, Physeter catodon L. & 58-108 April-June
Bottlenose, Hyperoodon rostratus (Muller) 1 2z April
Killer, Orcinus orca L. 3 9-13 June-July
Pilot Whale, Globicephala melaenag Traill 15 373-436 June-July
Common Dolphin, Delphinus delphis L. 3 hundreds May-August
UnidenTified whale of large or medium size 17 30 April-July
Unidentified whale of small size 4 15 May and July
Unidentified dolphin z 200 April-May

lgentifications are those given by cobservers and some of these identifications are Tentative.
Unidentified species presumably relate mainly toc observations made at a distance or under conditions
of poor visibility. They are grouped in three categories. Firstly, "unidentified whales of large
or medium size" could include the larger species of rorqua!, Balaemoptera; humpback, Megaptera;
sperm, Physeter; and possibly even right, Bzlaena, whales. Secondly, "unidentified whales of smail
size" appear foc include a variety of Odontocetes with possibly some minke whales, Balaenoptera acuto-
rostrata. The third categery, "unidentified dolphins", is discussed below at the end of the section
on distribution of species.

T Fisheries Research Board of Canada, Arctic Biological Station, Ste. Anne de Bellevue, Quebec, Canada.
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DISTRIBUTION OF SIGHTINGS IN SPACE

An area evidently very atfractive to cetaceans in the spring of 1963 was bounded by coordinates
63° and 66°N lat, 28° and 32°W long (Chart 26%-271). Sightings in this area 'ncluded a large herd
of sperm whales, Physeter, from April To June, as well as numerous scattered large whales in July,
of which three were tentatively identified as humpbacks, Megaptera, and others as sei whales,
Balaenoptera borealis. Several herds of pilot whales, Globicephala, and dolphins were also recorded
in this area. There were no other nofable concentrations of cetaceans, but sightings were frequent
on the WesT Greeniand banks.

DISTRIBUTION OF CETACEAN SPECIES

0f the rorquals (Chart 269), three out of four records assigned to blue, Balaencptera musculus,
or fin, B. physalus, whales come from the area of The West Greenland banks in June and July, and
refer fo fwo Individuals and one small group. The fourth record is of & single animal far east of
Newfoundl!and, Of unidentified large whales, apart from the concentration west of l(celand, there
were two widely separated records from the Irminger Ses, one from south of Cape Farewell, and one
on the West Greenland banks. From these sightings it doces not seem as if the large rorguals were
very numerous on the West Greenland banks in the early part of the summer of 1963,

Minke whales, Balaencptera acutorostrata, were identified six times on the West Greenland banks.
One group of 10 animals was seen In early June and five single animals in early July. The species
enters colder waters than the targe rorquais., On the Labrader coast, it tends fo seek concentrations
of capelin, Mallotus villoaus, (Sergeant, 1963).

Cf the two records atfributed to humpback, Megaptera, three animals were seen west of lceland
in July, while a series of groups totalling about 100 animals was seen off the northeast coast of
Newfoundland in June. Humpbacks are relatively tame and frequently approach ships stopped on station,
unlike blue and fin whales which are indifferent to or svoid ships. Therefore, humpbacks are not
easily missed, and even so few records may serve tc indicate The reletive abundance of the species
in different parts of the North Atlantic., Humpbacks have been heavily hunfted in The sastern North
Atlantic (as far west as Iceland) in recent years and have here been considerably reduced in numbers.
However, as a result of longer cessation of hunting, a few hundred exist in the wesTern North
Atlantic which summer in the general area of the Grand Banks (for sightings, seze Slijper et al.,
1964, chart 4). |t was presumably this herd or part of it which was met with off Northeast Newfound-
land.

Of the larger Odontocetes (Chart 270), sperm whales, Physeter, were recorded early (Aprii-June)
at northern locations suggesting occurrence in quite coid water. Notabie were groups totalling
50-100 in May close to fthe ice west of lceland. Smaller numbers were reported off East and West
Greeniand., Two bottlencse, Hyperoodon, were seen off the scutheast coast of Greenland in April.
Three observations of killer whales, Oreinug, come from both east and west coasts of Greenland in
June and July.

The reported distributions of the remaining two identified species are interesting (Chart 271},
Pilot whaies, Globicephala, doubtless The North Atlantic race of G, melaena, were recorded in the
Irminger Sea and the Labrador Sea from late May to late July, as well as at more southerly locations
in the North Atlantic Drift. The status of 4. melagna as e species tolerant of cold-temperate
waters (Brown, 1961} is thus confirmed, and the survey gives a useful picture of the northward limits
of distribution and the dates of arrival of . melaena in northern waters of its range. |t 1s
possible that a few reported pilot whales may have been bottlenose, Hypercodon.

The common dolphin or saddl|eback porpoise, Delphinus delphis, was not identified in the areas
of the survey proper but schools of this species were recorded commonly by ships underway in The
warmer waters of the North Atlantic Drift. Some of these records are shown in Chart 271. There
were in addition four records from the Celfic Sea and two from the northernmost North Sea. In the
Newfoundland area this species rarely enters water colder than about 12°C (Sergeant, 1958),

Colder waters of the North Atlantic are inhabited by two species of Lagenorhynchus, the white-
sided dolphin, Lagenorhynchug acutus, and the white-beaked dolphin, L. albirostris. There were two
sightings of herds of unidentifiecd dolphins, west of lceland in April and May {(Chart 271). The
more southerly sighting refers to "& large school of dolphins estimated at & to 10-ft long and of a
uniform grey-black colour". Possibly these referred to L. glbirostris.
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PINNIPEDS

Seals, evidenTly all or mostly harp seals, Pagophilus groenlandicus (Erxleben), were observed
among loose pack ice along the edge of the heavy pack bordering the ccast of southern Labrador at
52° to 54°N, S4°W, approximately on 25 May. There were no other observations of seals.

DISCUSSION

As shown in Chart 269, a concentraticn of whalebone whales was observed on dnton Dohrn Bank
In the region 65% and 65°N lat, 28° and 32°W lcng during eariy July. Whether these whales were
feeding on zocplankton is not definifely known but the Ermest Holt report on 9 July stated: "Some
of the whales were cbserved In areas of heavy Calanue concentrations. The whales were rot seen to
roll sideways and when rolling or blowing not much ¢f the back was visible. From these observations
It may be that these were Sel Whales."

The Sei Whale, Balaenoptera borealig, is known to feed selecTively on Calanus off the Norwegian
coast (Hjort and Ruud, 1929}.

As to the hydrography and productivity cof the Anton Dohrn Bank, John Corlett wrote the author
ina lefter of 26 January 1965 as follows:

"This area is one of complicated hydrography with generally cold East Greenland Current
waTer on the shelf and Irminger Current water flowing along the edge of the shelf,
Incursions of the warmer water on the shelf occur at various times and places. With
this complex hydrographic pattern there is a complex pattern of plankton distributicn,
From our |imited knowledge of the area, | would say that productivity is generally low
in the cold water on the shelf, but often high in the area of mixing near the edge of
the shelf."

Summarizing incompletely analyzed NORWESTLANT plankton data, Jchn Corlett further writes:

"l NORWESTLANT 2 in May the area between 64°30" and 66°N. and 25° and 31°W. was poor in
zoop lankton in the 0-100-mefre layer, with generally less than 10 cc. displacement volume
under a sguare metre from the Hensen net. This fncludes the area of the sightings by
AEGIR on 20th May. But fthere was one jsolated station near the ice edge about fifteen
mifes to the norftheast with about 100 cc. under one sguare metre.

"In July fthe same area had poor zooplankten on the shelf, with generally less than 10 cc.,
but with 15 to 25 cc. just off the edge of the shelf. There is one isolated station
wiTh about 60 cc. in 65°CHIN., 31°30'W. which is where the ERNEST HOLT sightings of 9th
July cccurred."

Klumov {1961) reports feeding concentrations of whalebone whales around the Kurile Islands in
waters where the average zooplankton biomass attained an aversge value of 300 mg/m® through the
upper 100-m layer. This would be equivalent To 500 x 100 mg = 50 g/m2 under 100 m, or dividing by
a facter of 0.8 to convert to volume, 62.5 cc/m? under 100 m. With the very rough comparison
possible between Klumov's and The present data, it can be seen that the biomass of plankton which
attracted concentrations of whalebone whales was comparable in the dnton Dohrm Bank area with that
at the Kuriles.

Sperm whales, pilot whales, and doliphins were also attracted to the Anton Dohrm Bank area but
these species feed on organisms higher in the food chaln — fish, squids, etc. Information on the
nekton was alsc communicated by John Cerlett, who wrote that in April 1962 the Ermest Holt caught
cod that were feeding heavily on Myctophids and other smel! fish, and cne *traw!-haul with a fine-
meshed codend cover captured many Gadus poutassou.

SUMMARY

Observaticns made from ships participating Tn NORWESTLANT 1-3 throw useful light on the dis-
tribution of Cetacea in cool waters of the Nerth Atlantic, including the northward |imits of certain
warm-water species. Rather high concentrations of whalebone whales and others over Anton Dohrm Bank
can be related to high productivity in the region of mixing overlying the Bank.
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245 CONCLUSION

By
Arthur Leel

In the [ntroduction to this report Dr Lucas outlined the main aim of the NORWESTLANT Surveys.
This was to establish the distribution, drift, and survival of cod eggs and larvae, and of redfish
larvae, in relation to specific environmental factors, in the area around Greenland and south to
northern Newfoundland.

A study of the sections of the report dealing with Cod Eggs and Larvae and with Redfish Larvae
shows that the most striking feature of the NORWESTLANT Surveys was the small number of cod larvae
caught during NORWESTLANT 2 and 3. In April, during NORWESTLANT 1, large quantities of eggs were
taken around southern Greenland along both the east and west coasts, but in May and June the numbers
caught were small. Further nerth, a fair amount of spawning went on between lceland and Greenland
and off East Greenland from May until July. However, the numbers of ccd larvae taken from May to
Jul - were very low: they were mainly caught off West Greenland, and those taken in July were the
further north. Comparison of the catch per tow with Danish data for 11 of the years in the period
197 ,-63 shows that only the years 1954 and 1956 produced smaller numbers.

A second feature of the surveys, as far as the cod Is concerned, was the taking of eegs in
farge numbers cff Labrador. The Labrader stock would seem tc have its spawning here between 55°
and 59°N lat from mid-March until the end of April. The eggs drift southwards in the Labrador
Current towards northern Newfoundland where larvae were ftaken in May.

The analysis of the catches of redfish larvae shows that extrusion started In April and was
particularly notable in the northernmost part of the irminger Sea, and that during May extrusion
was at its peak over nearly all of this area. |T declined in June but surprisingly continued into
July. Off West Greenland, however, exfrusion was confined to the period from mid-May until mid-June,
In the Irminger Sea the distribution of larvae was uneven, but it was in general agreement with the
dynamic topography at 0 m, both there and off West Greenland. Thus, the larvae drifted from the
central part of the Irminger Sea towards lceland and then towards East Greenland and south to Cape
Farewefl. Off West Greenland they mixed witTh those extruded localiy. Icelandic data show that the
numbers of larvae caught per tow were lower than during surveys in 1961 and 1962, but they also
demcnsfrate that in 1963 the ilarvae were deeper than in 1861, possibly due to the prevailing stormy
weather, The Continucus FPlankton Reccrder data are somewhat at variance with the two net samples
In that they Indicate larger numbers of larvae in June and July than in April and May, a reversal
of the usual trend. This may be because the sampling routes did not pass through the main centres
of spawning activity in April and May, whereas the research vessels did. Again it may be because
the stormy weather of Apri! and May led to the larvae being deeper then. However, the general con-
clusion from the Recorder data is that 1963 was not a very good year for redfish larvae, but that it
was probably not as bad as 1958.

The programme of angling for redfish at Ocean Weather Station Alfa and from research vessels
ylelded data about the fish that extruded the larvae, In May these fish were caught mainly at
200-300 m and in June and July at 100-150 m. There were nctable periods of high rates of capture
at Alfa and this phencmenon may be linked to the shifts observed in the front between different water
masses in that area, there being scme evidence to show that the best catches were made when the
temperature at 100 m was less than 7°C. Uniformity of conformation, gonad condition, fecundity,
parasites, food, and natural marks was found, suggesting that the fish came from a single stock of
Sebastes mentalla Travin.

I+ is tempting to look to the physical environment to provide clues to account for the low
IFisheries Laboratory, Lowestoft, England.

ICNAF SPEC. PUBL., NO. 7.
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numbers of cod larvae taken and for the possibly reduced numbers of redfish larvae. A difficulty
arises in that the base periods used in different sections of *his report, in order to establish

The norms of the various biclegical and physical parameters, are all different. It is impossible

to establish a common base. The following comparison between variocus physical and bioclogical pheno-
menon must therefore be treated with caution.

The summary of the mefteorology during the pericd of the surveys shows that in April and May the
frequencies of strong winds and gales at Ocean Weather Station Alfa were must above the normal for
the period 1951-60, while at Brave the frequency of strong winds only was above normal. Further
south at Charlie both frequencies were below normal. The mean wind speed at Alfa was above normal
in April, May, and July, and normal in June: &at Bravo it was above normal in May and June and
below normal in April; and at Chariie it was below normal in April-June. Thus, all but the most
woutherly part of the survey area seems fto have had much stronger winds than usual over most of the
period of NORWESTLANT 1-3 and particutarly in the critical month of May.

lce conditicns, on the other hand, seem to have been normal or below normal along both the east
and west coasts of Greenland throughout the survey period when compared with the norms for 1919-42,
This may have been a response to the wind directions. The anomalous wind, from the mean for the
period 1899-1239, was from between northwest and west over most of the period March-May, whilst no
anomaly could be observed in June and July: winds from between northwest and west are in the right
direction to help to keep the southern Greenland coasts free of ice.

In January and February the anomalous winds over the NORWESTLANT area were from between south-
east and south, They would have the dynamic effect of bringing about the advection of mcre warm
and saline water than usual into the area by means of the Irminger Current, and at the same time
the thermal effect of reducing to below normal the heat lgss from the sea to the air. The change
in the direction ot the ancmalcus winds In March-May to between northwest and west would reverse
both these .advective and thermal effects and bring about cooling, Added to this, the strong winds
of April and May and the higher salinity of the water introduced earlier in the year, would bring
about much greater vertical mixing of the water column than is normal. |In June and Juiy the winds
were normal in directicn and a little above normal in strength, bringing about only a slow recovery
from the cooling effects of April and May. The ancmalies of air and sea surface temperature at
Ocean Weather Station Alfa from The decadal means 1951-60 show this train of events very well:
those at Brauve do not, the subnormal air ftemperatures there in January-March being difficult to
explain. The anomalies of sea surface temperature in ICES regicns, A, B, and C from the means for
1876-1915 also indicate The sequence. OQther lines of evidence tend to point the same way. The
Norwegian investigations carried out in April off West Greenland since 1959 show that 1963 was a
cold year as far as the surface layers are concerned and a year when the |rminger component was
reduced in temperature. Danish investigations over the Fyllas Bank since 1937 indicate that during
NORWESTLANT 2 the temperature of the 0-45-m layer was 0.4°C below normal, and in the Irminger Sea
surface temperatures seem to have been 0.5° to 2°C below those of the only two comparable surveys,
In 1955 and 1961 respectively. During NORWESTLANT 3 the mean temperature of the Irminger component
at Cape Farewell was about 0.4°C above the normal found by the U.S. Coast Guard during their inves-
tigations since 1950, but the volume of the circulation seems to have been more than 50% below

normal .

It must be noted that the transport of the Irminger Current system seems to have increased
between NORWESTLANT 2 and 3 and decreased between NORWESTLANT 1 and 2, judging by the information
presented in the section of this report dealing with Physical Oceanography. The decline in the
circulation during NORWESTLANT 2 seems fo have been in response to the shift between April and May
in the mean monthly wind vectors for Ocean Weather Stations Alfa and Brave. In April there was a
blg northeast vector assisting the current, but in May fThere was a fairly big west vector and this
may have retarded it and caused its displacement to the south of Cape Farewell. The slow recovery
cf the circulation during NORWESTLANT 3 corresponds to the development of a weak northeast vector
in June and July.

The physical date therefore points to the pericd April-July 1963 as being one with lower water
temperatures and a more sluggish horizontal circulation than usual, tut alsc as being more stormy
and with a more vigorcus vertical circulation. Hermann, Hansen, and Horsted {(1965) have shown a
clese retaticonship between variations in the year-class strength of West Greenland cod and the mean
0-45-m water temperature over Fyllas Bank in June, good year-classes being associated with warmer
years. This may be due to slight changes in femperature having a direct effect on the mortality of
eggs and larvae of cod near the northern limit of its distribution. The colder conditions found
during the NORWESTLANT Surveys suggests a poor year-class, and this is in line with The low numbers
of cod larvae taken during the surveys,
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In the section of this report dealing with Larval Feeding another hypothesis to account for
variation in year-class strength is postulated. It fs shown that there is an almost complete depend-
ence by the cod and redfish larvae on the products of the spring spawning of Calanus fimmarchicua
as a source of food in the seas around Greenland. The fortunes of the larvae are thought to rest
on the degree of synchronizaticn of the start of active feeding with the timing of the spring spawn-
ing and the overall abundance of the early stages of Calanus. As support for this hypothesis there
are the cbservations that the redflsh larvae taken in the Irminger Sea contained more food and were
bigger than those taken off both West and East Greenland, and that the cod larvae taken off West
Greenland contained 50% less food than those in lcelandic waters. These differences in gut content
all seem to be correlated with the abundance and popuiation structure of the principal food organism,
Calanus.

The close connectlcn between egg production by Calanus and the supply of food, i.e. phytoplankten,
is well-known. The section on Phytoplankton shows that the production cycle varied from region to
region around the south of Greenland. Phytoplankton production was at a peak In the quadrant north
and west of Cape Farewell during NORWESTLANT 1 while the cod spawning was occurring there: it then
declined, particularly between NORWESTLANT 2 and 3. By ccntrast, in the quadrant north and east of
Cape Farewel! it increased steadily from NCRWESTLANT ' to 3. In the seas south of Cape Farewel|
preduction was at a peak during NORWESTLANT 2. This picture is in agreement with the data on sta-
bility, nutrient salts, turbidity, and chiorophyll A. For example, during NORWESTLANT 1 stability
occurred off West Greenland only and it was brought about by nerth to northeast winds driving the
low salinity coastal water westward over water of |rminger Current origin. Phytoplankton production
was confined To this area, caused the high turbidity found there, and in its turn led to a reduction
of the nutrient salt content and an increase in dissolved oxygen content in the surface layers. By
contrast, off East Greenland stabilfty did not become established until NORWESTLANT 2 and even then
it was only marked in a narrow zone where the less dense water of the Fast Greenland Current overrode
the Irminger Current, perhaps under the influence of the strong westerly winds which prevailed. In
this zone phytoplankton production occurred, so that chlorophyll A was maximal, nutrient salt con-
centraticons were reduced, and the dissolved oxygen content wss increased. |In the deeper water further
offshere the strong vertical mixing prevented any stratification of the surface layers until June
and July when preduction became maximal and the nutrient salt and dissolved oxygen content of the
surface layers responded accordingly. The Continucus Plankton Recorder results al low a comparison
to be made of conditicns in 1963 with those in cother years from 1958 to 1964. Production off West
Greenland was earlier than in 1962: elsewhere it was weaker ‘than usual, but close to its normal
timing.

The section on Zooplankton Indicates that during NORWESTLANT 1 the overal! velume of zooplankton
in the upper 100 m over the survey area was low. |f was highest off the edge of the shelf along the
East and West Greenland coasts. Spawning of Calanus was about to begin In the Irminger and Labrador
Seas in general, but over the East Greenland shelf between 62% and 63°N l|at, near the south coast
of Greenland, and along the edge of the West Greenland shelf north of 63°30'N lat it had just begun.
By NORWESTLANT 2 the zooplanktcn volume was higher. ¢alanus copepedites |1-1V had a converse distri-
bution to the clder stages: high numbers occurred in the Davis Strait and off WesT Greenland, sug-
gesting That the main spring spawning had occurred there some weeks previously, but in the Irminger
Sea there were few early copepodites and a persistence of adult Calanus from the overwintering
generation, showing that spawning had been delayed. Off East Greenland the spring generation was a
little mere advanced, By NORWESTLANT 3 the young stages had developed more slowly in the Davis
Strait than in the Labrador Sea and even more stowly off West Greenland. Similarly, in the lrminger
Sea the population was more advanced in the south tThan in the north. Oespite the delay in spawning
in this area the population in the Irminger Sea was similar fo that in the Davis Strait. This more
rapid growth, like that in the Labrador Sea, could te an effect of temperature. |t cen be seen that
spawning occurred earliest in the Davis S5trait and West Creenland region where phytoplankton produc-
tion was at a peak during NORWESTLANT 1. Elsewhere it was later and cccurred when phytoplankton
production was maximal during NORWESTLANT 2 or 3,

The results of the Continuous Plankten Recorder Survey suggests that the spawning in the northern
Irminger Sea was 1 month iater than usual. This could be due to a delay in the stabilization of the
water column and hence in the onset of phytoplankton producticn. Thus, there is a clear sequence
of events starting from the stormy weather of May and the cooler water conditions and leading through
delays In stabilization, phytoplankton preduction, and Calanus spawning perhaps to redfish larvae
extrusion: there is also evidence to suggest that both phytoplankten production and redfish larvae
numbers were lower than usual in 1963,

For the cod larvae the picture is not so clear. The numerous eggs produced off West Greenland
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during NORWESTLANT 1 were in an area of peak phytoplankton production and Calanus spawning had bsegun.
Conditicns, except femperature, seemed to have been favourable. Did the lower than usual tempera-
tures cause high mertality? Or did the current system in the Davis Stralt take some of the |arvae
northwards to destruction and others westwards ‘o Labrador as recruits to the Labrador and Newfoundland
stocks? The eggs spawned off East Greenland in the Fylkir Bank area and the resulting larvae drifted
Iin the East and West Greenland Currents and by mid-July would have been off Southwest Greenfand In
about 61°30'N lat judging by the *ravel of a drift bottle that was released in the spawning area
during NORWESTLANT 1 and recovered 6 months later in Disko Bay. There is some evidence that during
the critical perlcd when these eggs and larvae were drifting arcund southern Greenland they were in
lower temperatures than usual and that phytoplankton production was low and |imited to @ narrow zone
along the edge of the shelf. The production of young stages of Calanue had begun, but it also appears
to have been more limifed in extent than off West Greenland. Also the current system was such that

It fook some of the larvae well to the south of Cape Fareweil. We have no data from other years %o
test whether all or part of the above Is normal or not. Further, the spacing between NORWESTLANT 1
and 2 was such that continuous monitoring of the eggs and larvae during the dritt in order to measure
mortality rates was not possible. Again, comparison with 1962 shows that the producticn cycle |ead-
Ing fo the development of young stages of Calande off West Greenland, where the larvae had to pass,
was 1 month earlier in 1963, but we have no norm against which to set these events in 1962 or 1963.

I+ must be noted, however, that for variocus reasons the coverage of sampling stations around
the southern tip of Greenland during NORWESTLANT 2 and 3 was nct as close as had been planned. This
was particularly the case along the stretch of coast running northwestwards from Cape Farewell.
Morecver, R/V Erxplorer had to use a !-m-stramin net instead of a Z-m net when working her stations
along the east coast northwards from Cape Farewell during NORWESTLANT 3. ([t is therefore possible
that the cod larvae, which criginated from the spawnings over Fylkir Bank and further north along
the East Greenland shelf, were not sampled properly during their drift around southern Greenland.

The catches of cod larvae were so low during NORWESTLANT 2 and 3 that it has been assumed up
til! now that the 1963 year-class would be poor. Sampling of the brood in 1966 and 1967 has indicated
that this might not be the case. In Annex 1 to thls concluding chapter Svend Aage Horsted supplies
some notes on the strength of the 1963 cod year-class in Greenland waters. These show that it is
better than previously thought and suggest that there may have been fransport of a great proportion
of it from East Greeniand to Scuthwest Greenland by the East and West Greenland Currents.

This later finding about the strength of the 1963 year-class and jts possible dmmigration into
the Scuthwest Greenland area from East Greenland increases anxiety about the adequacy of the sampling
grid around southern Greenland during NORWESTLANT 2 and 3. It should be ncted, however, that as late
as July, during NORWESTLANT 3, cod eggs and larvae were taken along the East Greenland coast north
of 63°N lat and thet larvae were found stretching across the Denmark Strait from lceland to East
Greenland. These eggs and larvae may have been the source of the 1963 year-class ncw being found
off Southwest Greenland.

The NORWESTLANT Surveys produced a great deal of information other than that relevant tc the
cod and redfish larvae. A number of papers using data collected have already been published and
these are [Isted in Annex 2, The various sections of this report contain a number of other findings.

The section on Bottom Topography contains a revised bathymetric chart based on soundings made
during the NORWESTLANT Surveys and subsequently. Attention is paid in this secticn to the structure
and morphology of the continental shelves and sicopes. In particular, a trench was found at the
bottom of The slope off Southwest Greenland. Soundings made in the Labrador Sea during the NORWESTLANT
surveys allowed the mid-ocean canyon there to be charted further. Taken together with the gravity
and magnetic anomalies found, they do not show the mid-ocean ridge predicted by some authorities.

In the Meteorology section, not conly are conditions in April~July 1963 and in the months prior
To NORWESTLANT 1 compared with the average conditicns, but the weather situations during successive
pericds of a few days are analyzed in detail over the whole period of the surveys. This material
could be used for a deeper study of the effect of the atmospheric circulation on the physical oceanog-
raphy of the NORWESTLANT area than has been possible in this report, particularly as the section on
Physical Oceanography gives a detalled commentary on the development of +he oceanographic situation
from the beginning of April until August. This section also throws further light on the water masses
of the northwestern Atlantic, which have been the subject of much study lately, and in particular,
it demonstrates the development during the summer of a low salinity, central water mass to the south
of Cape Farewell|. This water mass moves far tc the eastward on the northern side of the North
Atlantic Current. For some years high current speeds have been thought to exist in the Greenland
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area following the study of dynamic topographic charts. During the NORWESTLANT Surveys current-
measuring experiments with drift bottles, GEK and parachute drogues off East Greenland showed the
actual currents to be much faster, of the order of 50-20C cm/sec. These experiments, and The
detailed dynamic tepographic charts obtained, also demenstrate the existence of complicated eddies
along the boundary between the cold East Greenland Current and the warm Irminger Current. A mecha-
nism whereby the strong fricticnal effects of this horizontal turbulence causes upwelling along the
edge of the West Greenland shelf is described in the report.

Alongside the commentary cn the deve!opment on the physicai oceancgraphic situation, the section
on Chemical Oceanography describes the changes in the phosphate, silicate, dissclved oxygen, ammonia,
and crganic carbon content of the 0- to 100-m layer during that part of the annual cycle which extends
from the winter maximum to the summer minimum. The nutrient salt and oxygen content of the desper
layers are not examined in this repcrt, although observations were made and are given in the data
volumes. The commentaries on the physical and chemical situation provide the necessary physico-
chemical background to the Phytoplankton and Zooplarkton sections which, ftogether with the sections
on fish eggs and larvae, give a detailed account of the state of the plankton from April until July.
Thus, in this report there is given for the first time a detailed account of the development during
a particular year of the weather, the sea-ice, the physical and chemical hydrographic features, and
the plankton in the northwestern part of the Atlantic Ocean from hydrographic winter until nearly
midsummer. The bearing of this on the survival of cod and redfish larvae has already been discussed.
In addition, new informaticn about the distributicon and abundance of the eggs and larvae of ofther
fishes in the NORWESTLANT area, such as capelin, American plaice, halibut, Greenland halibut, and
wolffish, is also given.

The adult fish sampled during the surveys are described in the section on Adult Fish and in
the section on Marine Mammals an account of the distributions of the whales and seals sighted by
participating vessels is given. There is some evidence to suggest that whalebone whales, sperm
whales, pilot whales, and dolphins concentrata in an area of high zooplankton and nekton productivity
in the vicinity of Anton Dohrn Bank off East Greenland.

Finally, | would like to express & few thoughts on the conduct cof the surveys. From the cutset
+the need for intercalibration of equipment and, where possible, for standardization was eppreciated,
and much attention was paid to this prohlem during the pianning stages. Notes on the intercalibration
of the physical and chemical methods used are given in the preamble to the volume containing the
physical and chemical oceanogrephic data. |t is apparent from these that the temperature and salinity
observations made by the different participating ships contaln small systematic differences, and the
lesson to be learned is that even reversing thermometers and salinomefers need to be calibrated
before starting international cocperative investigations in fthe deep sea. Another lesson is to stick
tc well-tried chemical methods of nutrient salt determination, even though better methods may have
been developed just before the investigations are due to begin, it takes a considerable length of
t+ime indeed tor a new method fto become adopted infernaticnally and for ail laboratories to become
sufficiently well practised in it for infernational survey purposes.

The need to use standard plankton netfs during an international expedition is well-known. In
our case we faced a considerable difficulty. |In making their important, long time series of cod
larvae observations off West Greenland the Danish investigators had used a 2-m-stramin net. On the
other hand, in making their shorter, but equally vital, series of redfish larvae surveys, the lcelandic
scienTists had used their lcelandic High Speed Sampler (IHSS). As these earlier studies of cod and
redfish larvae were to be used as rules against which the relative level of larvae catches in 1963
could be assessed, we could not escape asking all participating vessels tc use both the Z-m-stramin
net and the IHSS, and so extending the amount of time which fhey would have to spend at each station.
Unfortunately, the lcelandic R/V degir could not use the Z-m-stramin net, and arrangements had to be
made for cther vessels toc calibrate this net against the I|HSS during the course of the surveys. In
the event, various circumstances prevented this from ever being properiy achieved. As a resulf,
there has been considerable difficulty in working-up the zooplankton data, including those on fish
eggs and larvae.

A further lesscn is the need for the coordinator of the surveys to test all vital new equipment
before it is i{ssued To ships for a survey. |In our case, some countries had not used Z2-m-stramin nets
before and they undertook to purchase them from the supplier to those that had used them. Unfor-
tunately, this supplier had changed his methed of manufacture slightly and when the new nets were
towed the rings tended tc buckle. The scientists experienced In The use of the Z-m-stramin net had
no need to purchase new supplies, and so were unable fto detect in advance the smali change which
caused their colleagues in other countries so much frocuble.



In planning the NORWESTLANT Surveys we decided fo carry out three distinct surveys separated
by as short a time interval as possible. This was because they were regarded as a reconnaissance
of the basic physical and biological features of the area. To examine the mortality rate of the
products of a spawning it is necessary for the ships tc survey them very nearly continuously, but
we felt that we did not know encugh about these basic features to do this. For example, we were not
certain exact{y where and when the cod spawned. |1 was our hope that this more intensive type of
survey could be carried out once our reconnaissance had been completed and reported upon.

The report, as it has Turned out, has taken a lot longer to prepare than we intendec. We
decided that we would not aim To produce polished monographs such as normally come from an expedition,
but that we would prepare a much more rough and ready report, and This we have done. The reascn for
the delay is fThat most of those responsible for the report have much other work to do. Judging from
our experience, if for a future intermaticnal cooperative investigation it is desired to producg a
report of this kind within say 2 years, then it will be necessary to find & small team of reporiers
to work con the material collected to the exclusion of all else.

Befcre any further ICNAF cooperative work.is carried out in the NORWESTLANT area, this report
will be studied by {ts Research and Statistics Committee. The question will no doubt arise as to
whetTher it is possible tc carry out surveys which are much more sophisticated than those of the
reconnoitering Type which formed NORWESTLANT 1-3. The area is cne with a bad weather record, and
cne where sea-ice forms not only a hazard but can also seal off parts of the area to be surveyed.
Although modarn research vessels are designed and equipped so as to reduce both the amount of time
losT to bad weather and the hazards of ice, work In such an area is still & risk. The NORWESTLANT
Surveys were carried out in a particularly stormy year, but one in which the sea-ice was not abnormal.
[T Ts hoped that This account of the resuits achieved will Help others to assess the feasibility of
carrying out further work in the area and, if they decide o do so, to plan it so as to obtain the
most fruitful results.
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Some Notes on the Estimated Strength of the 1963 Cod Year-Class in
Greenland Waters

By
Svend Aage Horsted!

Predictions cf the strength of the 1963 year-class have been given each year since 1963. The
occurrence of the year-class as eggs and larvae is thoroughly dealt with by Hansen in this report
and from the findings of the NORWESTLANT Surveys, everybody expected the year-class to be a rather

poor one.

In 1964 research work on small cod was carried out in inshore waters of ICNAF Divs. 1D and 1F,
Considerable numbers of the 1963 year-class (belonging now to age—group |) were found only in one
sample taken with a hand seine in Div. 1F {Hansen, 1965), 5+ill the year-cless was regarded a poor
one,

In the summer of 1965 only scarce quantities of small cod were observed along the West Greenland
coas: so that the year-classes 1962, 1963, and 1964 seemed to be relatively poor. An exception was
the Godth8b Fjord (Div. 1D) where considerable quantities of small cod were cbserved (Smidt, 1966).
Off .ore the 1963 year-class occurred in German research catches taken with a trawl with covered
codend in Divs. 1B and 1D. The highest figure was obtained on Fyllas Bank (Div, D) In December
when close to 10% by numbers of *the catch consisted of the 1963 year-ciass (Meyer, 1966). Still
nobody regarded the 1962 year-class as more than a pocr one.

In 1966 the Danish Inshore investigations showed that cod belenging to the age-groups | and 1|
were rare, while 3-year-old cod (the 1963 year-class) were found In rather large numbers especially
in Divs, 1E and iF (Hansen, 1967). Hansen (loe, eit.) predicts that in Divs. 'E and 1F small 4-year-
old cod will be commen in the 1967 catches, while Meyer (1967}, judging from offshore research
catches made in 1966 with a 60-mm-mesh size in the codend and from factory vessals! ohservations,
says that the 1962 end 15963 year-classes are, at best, moderate and probably pocr. The German
catches showed that on Fylias Bank (Div. 1D) the 1963 year-class was stronger than the 1962 year-
class, while the oppesite was the case off Cape Thorvaidsen (Div, 1F)., Norwegian offshore research
catches made in March-May with covered ccdend showed that the 1863 year-class 1o be promising and
at any rate better than the 1962 year-class (Bratberg and Blindheim, 1967}, Also, USSR catches in
1966 showed good occurrence of smal!l cod belonging To fthe 1987 and 1963 year-classes (Konstatinov
and Noskov, 1967).

Thus, in 1966 there was evidence that the 1963 year-class was better than previously thought.
This changse could probably be explained by supposing that a greet proportion of the 1963 year-class
had been transported by the current from East Greenland waters to Southwest Greenland as suggested
by Hansen (loe. eit.).

Danish samples from 1967 give further evidence that the 1963 year-class will be of greater
imprrter e to the fishery then previously thought.

In 1967 the fastest growing individuals of the 1963 cod year-class have reached the size where
they are big enough for filleting (42-43 cm fctal length in the Greenland factories). Analysis of
the age composition of the tandings, together with knowledge of the amount of discarded cod or cod
used for fish meal, should therefcre give us a preliminary idea of the strength of the 1963 year-
class. Unfortunately, the Danish research programme was rather |im{ted in 1967 due to the building
of a new research vessel, and the samples of commercial landings taken by Greenland fishermen were
not supplied with information on discards. The judgment of the strength of the 1963 year-class must
therefore be taken with some reservaticn,

IGrgnlands Fiskeriundersdgelser, Chartotteniund, Denmark.
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Figure 66 (A and B) shows the age and length distribution of some nominal catches caught in
pound nets in the inshore waters of Div. 1F. A great proportien of the catch must be discarded or
used for fish meal. This proportion Is 44% (sampte A) and 68% (sample B) by numbers. The 1963 year-
class Ts by far the most dominating (52% and 59% by numbers in A and B respectively). The mesh size
in the bag of the pound net was 24 mm (A) and 28 mm (B} bar length (less than 48 and 56 mm stretched
mesh}, so that, supposing a likely selection factor of 3.3 and & selection range of 10 cm , all cod
larger than 24 cm would be retalned and hence fully represented in the samples. But it is neces-
sary to take into account that in July sma!l cod seems to have a greater tendency than big cod to
school in shallow water where the pound nets are set, Occurrence (recruitment) and probably also
catchabil ity may therefore differ between year-classes represented in the samples of Fig. 66.
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Fig. 67, Cod. Length and age. Div. 1D, 1967. The handiine sample consists of 203 specimens (1
" day's nominal catch), The commercial landing was sampled after discards. Total landing
7,530 tons gutted weight, approximately 3 tons discarded. The sample was taken as a
stratified sample, 892 ccd measured, 142 of these aged. Length distribution of small
cod {844 specimens) tagged from pound net catches is shown by hatched line, but the
sample is not representative of the nominal catch,



254

Judging roughly from these samples one would, hcwever, say that the 1963 year-class Is better than
the 1964 year-class and also befter than the 1962 year-class, even when taking a tetal mortality of
Z up to 0.85 for the latter into account. Correcting for a total mortality of Z = 0.85 the relation
between the year-classes 1963/1962/1961 is 1.0/0.9/0.8 (sample A) and 1.0/0.4/0.07 (sample B).

Figure 67 shows the length and age composition of some samples from the Godth8b Fjord (Div. 1D},
The sample taken by handline (s a research sample where all specimens have been aged. In this sample
the 1963 year-class again is the major one, but also year-classes 1962 and 1961 are well represented,
and taking a probable total mortality of Z = 0.85 into account, we find that the 1961 year-ciass is
the strongest of the three year~classes mentioned, the relation between the three year-classes 1963/
1962/1961 then being 1.0/1.8/4.8. |t is, however, a question whether the 1963 year-class is fully
recruited cn the ground, the fishing depth being 80-100 m, and there is also likely fo be a differ~
ence in catchability, the smallest fish possibly not being caught by handline to the same extent as
the medium-sized fish.

The sample from the commercial landings of pound-net-caught cod was taken after cod had been
discarded, The tota! landings were 7,530 tons, gutted weight, with approximately 3 tons being dis-
carded. It is thus likely that the 1963 year-class has been strongly represented in the actual
neminal catch, Tagging of small cod discarded from pound nets has been done in the Godth8b Fjord.
The length distribution of the small cod (844) tagged is given by the hatched diagram in Fig. 67,
and, although the tagged cod cannot be faken as a representative sample, they nevertheless confirm
the assumption that 4-year-old cod (the 1963 year-class} have contributed very muck to the nominal
catch, The 1964 year-class must also have been well represented.

Samples have also been collected from a Faroese trawler in Div. 1E and from commercial landings
in most Greenland ports. But all these samples were taken after cod had been discarded, and, as no
precise information exists on the amount of discards, these samples cannct be used to judge the
strength of the 1963 year-class.

It must be emphasized that all figures given in This paper are relative figures. The strength
of the 1963 year-class in terms of the number of recruits (Horsted, 1967) cannot be given before the
year-class has contributed to the landings for some years. At the present stage it is, therefore,
impossible to say more about the 1963 year-class than fo call it a year-class of medium strength or
possibly of strength a Iittle above medium, A good proportion of the 1963 year-class now occurring
at West Greenland may originate from schools spawning off Southeast Greenland.
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