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I. INTRODUCTION

In 1961, from late April to the beginning of June, a joint German-Ice-
landic redfish larvae research programme was carried out in the Central North
Atlantic, The area investigated extended from 50°N to 67° N, including the
Irminger Sea, the western boundary being 42° W. The eastern boundary was
from southeast Iceland to position 60°N, 16° W, then to 50°N, 30°W.

The southern and eastern part of this region was investigated by the
German research vessel “Anton Dohrn”. The German redfish larvae investi-
gations have been discussed by Korrmaus (1961). The German and Icelan-
dic hydrographical observations of this cruise have been discussed by Diet-
ricH and STErANsson (1963). _

The northern part of the area investigated, from 60°N and 24°'W, was
covered by the Icelandic research vessel “Zgir”. Because the hydrographic
data from this cruise have already been published by SterAnsson (1963) and
discussed by Dierricr and Sterinsson (1963, see above), this paper will
deal with the cruise report and the zooplankton material which will be dis-
cussed in four chapters:

Redfish larvae, by Jaxor Maentisson,

Other fish larvae, by Jurra Macnisson,

Fish eggs, by Jurra MaGNUsson,

Other zooplankton, by Inevar HALLGRIMSSON.

A preliminary review of the redfish larvae from this cruise has already
been presented by MaenUsson (1962) and of other fish larvae by Mus.
Macntssonw (1962). Further, the relationship between the distribution of
Sebastes larvae, zooplankton and temperature has been discussed by Maen-
Usson and Harrerimssonw (1964). '

The authors are greatly indebted to the Icelandic Government for finan-
cial support for this cruise and to the Icelandic Coast Guard for placing
a vessel at the Fishery Research Institute’s disposal. Further, the authors wish
to express their thanks to Miss SierON STURLAUGSDOTTIR, Mr. SIGTRYGGUR
GusmunbssoN and Mr. Guomunpur Sv. Jénsson for their help in working
up the material. Last, but not least, the authors are indebted to Dr. G. T. D.
Henperson, Oceanographic Laboratory, Edinburgh, for valuable suggestions,
criticism and correction of the English text.
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II. CRUISE REPORT

The Icelandic cruise was divided into two parts: Part I, from April 30th
to May 17th, and part II, from May 22nd to June 1st.

Part I consisted of four main sections following different latitudes be-
tween 60°N and 64°N, with some additional stations in the Reykjanes Ridge
area and on the East Greenland shelf. It started off Reykjanes in a westerly
direction. For further route, see Fig. 1,

The stations in the open ocean were normally 30 miles apart, but over
the Shelf and Slope areas this distance reduced to 15 miles or less.

106 stations were taken (102 according to plan, and four additional ones:
97A, 41A, 85A, 86A).

On part II, north of 64°N, 71 stations (Nos. 103—173) and one additional
station (No. 157A) were taken, The first stations (only hydrographical ones)
were taken in the Faxa Bay, the next ones on the sections off Sneefellsnes,
Latrabjarg and Kogur (see also Fig. 1).

The positions of the stations taken on the East Greenland shelf depended
to a great extent on the local ice conditions. Finally, a part of the Reykjanes
section was worked up again. The distance between the stations was on the
whole the same as during part L

The weather conditions during part I of the survey were favourable on
the whole. However, on some stations the heavy wind excluded the use of
some of the gears. The ice conditions did not influence the programme on
this part of the cruise. Off Prince Christian’s Sund, a Faroe fishing vessel
with machine damage needed help and was towed to Iceland. Therefore,
the hydrographic work had to be limited to some extent on the southern-
most section on the way back to Iceland.

During part II, the weather conditions were not as favourable as on
part T and caused some delay. Therefore, on a number of stations the use
of the gears was limited. As expected at this time of the year, the ice condi-
tions influenced the programme considerably. The ice limit followed roughly
the edge of the East Greenland continental slope.

During the whole survey, investigations were carried out on: Hydrography,
phytoplankton, zooplankton and ichthyoplankton. Echo sounders were used
for the detection of fish shoals and for recording the scattering layers. Fur-
ther, an asdic was used for detection of fish shoals, especially herring. Also,
some sets with the Isaacs-Kidd midwater trawl were made.

T16. 1. The route of the Icelandic redfish larvae cruise in the Irminger Sea in May 1961. En-
circled stations on the Reykjanes section were worked lwice, i.e. in the beginning of the cruise
(sts. 1 to 10) and ai the end of the cruise (sts. 160 to 169).




III. GEAR AND METHODS

Hydrography: West of Iceland, in the Reykjanes Ridge area and at East
Greenland, hydrographical serial observations were made. On the other sta-
tions, only the B.T. was used. The hydrographical serial observations were
made in the following standard depths: 0 -~ 10 — 20 — 30 — 50 — 75 —
100 — 150 — 200 -— 300 — 400 — 500 and, on some sections additionally,
600 — 800 and 1000 meters (see also STEFANsson 1963). Phyioplankton:
During the whole survey, transparency measurements were made by means
of a Secchi-disc. 'West of Iceland, primary productivity studies were made
with the C14 technique. Samples were taken at standard depths: 0 — 10 —
20 — 30 m. A temperature regulated incubator with artificial light was used.
Samples of phytoplankton for taxonomic and quantitative studies were col-
lected at the same depths. Zooplankton: Both vertical and horizontal zoo-
plankton samples were taken at the stations whenever possible. The Helgo-
land larvae net was hauled from 50— meters, and for horizontal sampling
Icelandic High Speed Samplers (IHSS) were towed on the same wire at the
following depths: 3, 15 to 18 and 25 to 30 meters. The towing speed was 8
knots and the distance towed 1.5 n.m., which gives a filtration of about 20 m3
for each sampler. The zooplankton was measured by the wet displacement
method and fixed in 49 formaldehyde. The redfish larvae were as far as
possible sorted out of the samples and directly counted, and the zooplankton
samples were also worked up at sea by a short-cut method described by
Harrerimsson (1958). Other fish larvae were sorted out of the samples,
counted and measured in the laboratory.

The echo sounder for the detection of scattering layers and fish shoals
was of the usual Simrap type (model 510/3). The 200 m depth-range scale
was used. The asdic — a Kelvin Hughes 2000 yards range — was fixed at
an angle of 45° to one side of the ship and kept in this position during most
of the time, On part I of the cruise 4 sets were made with the Isaacs-Kidd
midwater trawl in different depths, each haul was of 30 to 60 minutes dura-
tion at a speed of 4 to 4.5 knots.

IV. RESULTS

1. Redfish Larvae.

The number of redfish larvae collected and measured on this cruise
is given in the following table: *#)

As a whole, the redfish larvae caught were in good condition. However,
the larvae caught with the Helgoland larvae net were generally in better

*) The term “redfish larvae” means Sebastes larvae, except . viviparus.
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Number of redfish larvae

st (Given by Gear and Cruise Parts)
N Cruise B61, May 1961
@ Part I Part 11 Total
- Gear No. of No. of No. of
5 i larvae % larvae % larvee %
’ i
v * Helgoland Larvae Net ........... 2337 41.7 328 14.0 2665 335
1S LHSS. I ovmse o s onivain i 587 105 332 14.2 919 11.6
e THESS: I coevvmmnam ooy asmmawn 1766 315 1127 48.1 2893 36.4
_ ‘ IHSS. III ....oiiiiiinaninnns 914 16.3 556 23.7 1470 185
L L Total ..... s i SRS 5604 1000 9343 100.0 7947 100.0

- condition than those caught with the IHSS, which seemed sometimes to cause

- damage, especially to larvae of small size.

3

2 ‘ A. Distribution and Abundance.

3 Redfish larvae were found in most of the oceanic region of the area sur-
A veyed. There was a great difference in the abundance between the oceanic
t and shelf area as well as within the oceanic area itself. For this study, the
; area surveyed has been divided into different regions (see Fig. 6). The main
! | divisions are these described by Emvarssox (1960) but his regions A and B

have been subdivided into smaller areas for the purpose of separating the
' East Greenland shelf from the oceanic region. Thus, the investigated area
is arranged as follows:
‘ Shelf areas: A B C D (Greenland)
’ N WS (Iceland)
' Oceanic areas: E F G H I

The abundance of redfish larvae according to this division is given in
Table II.

As expected, the number of positive stations and larvae caught in the
coastal area was considerably lower than in the oceanic area. All stations in
the oceanic area were positive with exception of area E where 6 of 30 sta-
tions were negative, i.e., 20% of the total number of stations in this area.

The number of stations taken in the coastal region varied greatly, e.g.,
in area C only 2 stations both positive were taken. On the other hand, area
W was fairly well covered by stations (32), but only 10 stations were posi-
tive. The difference between the shelf and oceanic regions was even more
pronounced in the number of larvae caught. The average number of larvae
per positive station in the shelf areas ranged from 1.0 (area N) up to 17.0
(area D), with an average of 8.1 for all shelf areas. In the oceanic areas
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Abundance of redfish larvae according to areas
Cruise B61, May 1961
Stations Redfish Larvae
Area No. of No. of No. of Av. No. per Av. No. per
Stat.  Pos. Siat, Larvae Station Pos. Station
Coastal:
A) Iceland S 12 7 41 3.4 59
w 26 12 55 2.1 4.6
N 6 1 1 - -+
A) Total 44 20 97 2.2 5.1
B) Greenland A 12 4 5 0.4 1.3
B 8 5 16 2.0 39
C 2 2 7 35 35
D 9 8 136 151 17.0
B) Total 31 19 164 53 8.6
Total 75 39 261 3.5 6.8
Oceanic: :
E 28 23 1072 38.3 46.6
F 11 11 249 22.6 22.6
G 19 19 2535 133.4 133.4
H 23 23 2796 121.6 121.6
I 16 16 1035 64.7 64.7
Total 97 92 7687 793 83.6
Coastal and
Oceanic Total 172 131 7948 46.2 61.1

the average number of larvae per positive station ranged from 22.6 in area F
up to 132.1 in area G, with an average of 81.6 for the whole oceanic area.

As mentioned before, there was also a difference in the abundance of red-
fish larvae within the oceanic area. The number of larvae caught was much
greater in the eastern part of the oceanic region (i.e., area I, G, H) than in
the western part (E,F). This is shown more clearly in Fig.2 which illu-
strates the distribution and relative abundance of redfish larvae.

This figure is based on the relative number of larvae per 10 m8 (all gear
included), the density shown by graduated shading. The figure shows that
the larvae were most abundant in the eastern part of the area surveyed, and
in this part negative stations were only found to be on the Icelandic shelf.
The main concentrations were found west of the Reykjanes Ridge as pre-

F16. 2. Distribution and relative abundance of redfish larvae. B61, May 1961,
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viously indicated by Henprrson (1962) and also found in 1962 by Rarrr
(Rarrr 1964) and by our own observations in that year. DieTrICH, AURICH
and Korrraus (1961) obtained in May—June 1955 the highest frequency of
redfish larvae in the area of the Reykjanes Ridge. These concentrations ap-
peared in two distinct zones, one running along the western slope of the
ridge between the 1000 and 2000 m contours, the other mainly outside the
9000 m contour. It is worth noticing that these concentrations seemed to
have penetrated further north during May, since they were also observed
in part II of the cruise (Fig. 2). Further, on both sides of the main con-
centrations tongues of high larval density penetrated northwards and west-
wards into the area observed. This is also in accordance with simultaneous
German observations carried out farther south and east (Korrmaus 1961).
Since HenpersoN has been working on redfish larvae from the continuous
plankton recorders for several years and has expressed the results as the mean
numbers per 10 m3 in statistical rectangles, it was thought to be useful to
present our material in the same way for the purpose of comparison. In our
calculations only the material of the THSS was used as this gear is also a hori-
zontally operating sampler. As the continuous plankton recorder is towed in
10 m depth but the THSS are towed in three levels (ca. 3, 15 to 18, 25 ta
30 m) simultaneously, our calculations are based on the mean number of
the catches of the 3 THSS together. In Fig. 3, the ITHSS material from this
cruise is presented by this method: A) for the 3 samplers together, B) for
one sampler only in the depth of 15 to 18 m. A comparison of these figures
and the result of HeENDERsON’s material from the same month and year in
this area (HenpERson 1962) shows a good agreement. Therefore, the results
based upon material from continuous plankton recorders and the IHSS are
well comparable. Thus, our observations strongly support HENDERsON's con-
clusion that in 1961 “the numbers caught in the Irminger Sea area in May
were generally higher than had been noted previously” (Henperson 1962).
This can also be confirmed for the region north of the area covered by the
continuous plankton recorders as our results seem to give a higher abundance
of redfish larvae in this region than had been observed before (according
to text Fig. 6, p. 183, Henperson 1961).

B. Relation to Temperature.

Since the hydrographic data have already been published, we will only
present the temperature distribution at 20 m (Fig. 4) for discussion of the
temperature and redfish larvae relationship.

Fic. 3. Redfish larvae distribution, arranged in statistical rectangles as by HeNDERsON.
Bé1, May 1961.
A) Number/10 m3 in IHSS I to 111
B) Number/10 m?3 in IHSS 11
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As to the tongue of warm water running along the Icelandic shelf, the
8°C isotherm runs approximately along the western side of the Reykjanes
Ridge up to 63°N during part I, but during part II, this same isotherm
extends as far north as 64°30’N. The 7.5°C isotherm had likewise moved
from 64°N to 65°30'N during the interval between parts I and IL At
65°30’N, this warm water tongue splits into two branches, one running
north-eastwards, the other westwards. During part II, warm water of more
than 6°C was thus found from 23° to 36°W. North of the 6°C isotherm
the temperature decreases very rapidly.

The comparison between the larval abundance (Fig.2) and the tempera-
ture at 20 m (Fig.4) shows that the main concentrations of larvae were
generally found in water of 7° to 8°C. However, larvae were also abundant
in waters of higher and lower temperatures, but no great quantities were
found below 6°C. Only very few larvae were collected when the tempera-
ture was less than 5.5°C. But they were abundant at 9°C which was the
highest temperature recorded in 20 m depth during the cruise (east of Reykja-
nes Ridge). This corresponds fairly well with HenpERsoN's comparison of
abundance of redfish larvae and the surface temperature (HenprrsoN 1964).

Closer comparison of the two figures indicates clearly the connection be-
tween larval abundance and certain isotherms. Thus, the highest density was
found between 7.5 and 8°C west of the Reykjanes Ridge in part I of the
cruise. This high density was observed farther north a couple of weeks later
(in part II of the cruise) within the same temperature limits. Further, the
above mentioned division of the warm water west of Iceland effects the lar-
val density zone since this also splits at approximately 65°N. The penetra-
tion of warm and cold water tongues highly effects the density of larvae.
Thus, in the cold water tongue at 64°N, 34°W and the cold water core at
61°N, 35° W, larval minima were found. Contrarily, a larval maximum was
observed in the inflowing warm water at 60°N, 36°W.

C. Relation to Depth and Day Time.

The use of 3 high speed samplers at different depths simultaneously
made it possible to study the vertical abundance to some extent. Fig. 5 shows
the abundance of redfish larvae for each gear separately. A comparison of
the 3 THSS shows that redfish larvae were most abundant in the hauls of
sampler II, that means a depth of 15 to 18 meters. It is somewhat less
abundant in the level of sampler IIT (25 to 30 m), but most scarce in sam-
pler I (about 3 m). Kerry and BARKER (1961) found the greatest abun-
dance of young redfish in the Gulf of Maine in July—August in 20m (1957)
and 10 to 30 m (1958) depths, which corresponds to our findings in the
Irminger Sea in May 1961.

Fic. 4. Temperature distribution at 20 m depth. B61, May 1961,
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F16.5. Abundance of redfish larvae for each gear separately. B 61, May 1961,
A. Helgoland Net, number per m?2.

During the cruise, it often was observed by means of the samplers and
echograms that redfish larvae can occur in great densities within a thin layer,
e.g., on station 88 where we got following number of specimens: THSS I: 0,
THSS II: 131, IHSS III: 14.

When studying the night-day variations it should be mentioned that in
this region the difference in light intensity between day and night is not
very pronounced at this time of the year, The samples were divided into:



Fic.5. B. IHSS I, number per 10 m3.

Day catches from 0600 h to 2200 h, and night catches from 2201 h to 0559 h.
According to this division, the number of night stations is only about one
third of the total number of stations.

In Table III the night and day catches of redfish larvae are given for the
three sampling levels. '
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Redfish larvae. Night-day catches for the 3 sampling levels.
B 61, May 1961
Mean Number per 10 m3
Level Day Night Night/Day Ratio
T T 59 11.0 1.86
IL o 15.6 15.9 1,02
T G0 v e e mmmisimmisin s s ovisas 8.0 5.4 0.68
MEBAE i i ihmmmes s semesmissasmsinta’s 6.9 8.6 1.25
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Fic.5D. IHSS 111, number per 10 m3.

: On the whole, the night catches were somewhat higher than the day
? catches which is in accordance with the findings of Hansen and ANDERSEN
| (1961) and Kerry & Barger (1961) for young redfish in the Gulf of Maine.
= Further, level II gave the highest yields both during day and night with
approximately the same values. The second highest yields for night were
obtained in level I, but for day in level IIL. It should be noted that during
day time level I was relatively seldom positive for redfish larvae. Thus, the
night-day ratio was greatest for level I. For discussion of these results in
— - relation with zooplankton volume, see chapter V.
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Fi1c. 6. Length distribution and mean length of redfish larvae for different geographical areas.
B61, May 1961,

D. Length Distribution.

As expected at this time of the year, most of the redfish larvae were of
a small size, the range being from 5 to 10 mm in part I with a mean length
of 6.89mm. In part II of the cruise the range was somewhat greater, ie.,
from 5 to 15 mm. Only one larva was of 18 mm size. The mean length on
part IT was 9.88 mm (see also Table IV).
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Length distribution of redfish larvae.
Number and percentages
B 61, May 1961

e s 6 7 8 9 10 11 12 13 14 15 18 Total Mean

(mm)

"\ part No. 199 1243 1804 707 119 98 4120 689
I % 3.3 30.17 45.97 17.16 2.80 068 100.0

Part No. 4 19 71 166 368 467 352 148 38 7 4 1 1645  9.88
I % 024 1.16 432 10.09 22.37 28.39 21.40 8.99 2.31 0.43 0.24 0.06 100.0

Total No. 133 1262 1965 873 487 495 352 148 38 7 4 1 5765 7.74
% 231 21.89 34.08 1514 845 859 6.10 2.57 0.66 0.12 0.07 0.02 100.0

The length distribution for each geographical area and the mean length
is shown in Table V and Fig.6.*) Further, the mean length for the shelf
and oceanic areas has been calculated. In the Icelandic shelf area (S and ‘W),
the mean length was 8.07 mm, in the Greenland shelf area (A to D) 8.72 mm,
but for the oceanic areas (E to I) the mean length was 7.72 mm. From
Table V and Fig. 6 we see that the majority of the larvae caught in the south-
ernmost section of the area surveyed are newly extruded. But in the areas
north of 63°N, the difference of time is clearly reflected in the size distri-
bution. Therefore it was thought desirable to study the distribution and abun-
dance of small redfish larvae separately for the purpose of localizing the ex-
trusion regions for redfish. All larvae of 7 mm size and smaller are supposed
to be just extruded. This size limit is based upon measurements of intra-
ovarial larvae from several specimens where the size range was found to be
from 5.2 to 7mm. The development of the intraovarial larvae was of the
same stage within each specimen, but differed from one specimen to another.
The most developed larvae, which seemed to be just before extrusion, were
of 6 to 7 mm size.

In part I of the cruise, almost 809 of the larvae were within this size
range, but in part II of the cruise the size composition was reversed since
only 5.3% of the larvae caught were of 7 mm and smaller (see also Table V).

In Fig. 7, which shows the distribution and abundance of small larvae,
we see .that newly extruded larvae were found in almost the whole oceanic
area surveyed. As to the survey area of part I, there is a good correspon-
dance between the general abundance of redfish larvae on the whole and that
of the small larvae. This could also be expected since they were 809 of
the total number of larvae caught in part I. This correlation could not be
established for part II. However, the quantity of small larvae at certain

*) a single larva caught in area N omitted.
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Frc. 7. Distribution and abundance of small redfish larvae. B61, May 1961.

stations in the eastern part of this northerly region indicated that an ex-
trusion of redfish larvae was still going on at this time.

According to Taning (1949), the breeding places of redfish extend over
the entire oceanic area of the Irminger Sea. Our observations show also
that extrusion was taking place in almost the entire oceanic region of it and
was not limited to definite areas. However, there were distinct areas of out-
standing intensive extrusion. These areas were found to be south of 64°N
and east of 34°W (see also Fig. 7). In the area west of 34°W (at 36°W,
60°N) we found a patch of newly hatched larvae coinciding with a branch
of warm water of above 6°C (see also Fig.7). A comparison of tempera-
ture in 20m (Fig. 4) and the abundance of small larvae (Fig. 7) shows that

i
|
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N TasLe V

Length of redfish larvae in geographical areas

el § B 61, May 1961

A) Shelf Areas

Greenland Iceland Grand
B C D Total iy w Total Total
T No. % No. % No. % No. % No. % No. % No. % No. %

20.0 2 1.6 3 19 1 25 1 24 2 24 5 21
20.0 2 125 6 4.6 9 58 14 350 8§ 190 22 268 31 129
40.0 10 625 18 139 30 19.0 9 225 2 48 11 134 41 171
20.0 3 188 25 192 29 183 12 30.0 6 143 18 224 47 19.6
1 143 35 269 36 22.8 4 100 6 143 10 122 46 19.2

4 571 28 215 32 202 7 16.6 7 85 39 163

2 286 12 92 14 89 6 143 6 73 20 83

3 23 3 19 5 119 5 61 8 33

1 24 1 12 1 04

i 08 1 06 1 04

1 62 1 06 1 04

5 100.0 16 100.0 7 1000 130 100.0 158 100.0 40 100.0 42 100.0 82 1000 240 100.0

ML ..... 6.60 7.75 10.14 8.84 8.72 7.10 9.00 8.07 8.50

B) Oceanic Areas

i Areas I G E H F Total
— & 0y mm No. % No, % No. % No. % No. % No. %
1 B v, 92 101 23 14 11 13 2 01 198 2.3
i 385 429 483 301 166 189 181 906 16 6.6 1231 923
7 . 307 336 760 474 300 455 432 929 96 107 1924 348
ex- 8 it 105 115 988 180 233 266 175 03 925 102 826 149
O s s 16 18 39 24 59 67 268 142 59 242 441 80
- 10 .oeeen.. 8 08 11 07 9 10 379 21 49 201 456 83
1 ... 985 151 46 188 331 6.0 :
16 19 .0, 196 67 14 57 140 25
md 13 ...... i 31 16 6 25 37 07
nt- 4, s, 3 02 3 12 6 01
oN 15 e, 4 02 4 01
W, Total ....... ‘913 1000 1604 100.0 877 100.0 1886 100.0 244 100.0 5524 100.0
;C; i 71 CA— 6.55 6.92 7.92 8.97 9.40 7.72

hat
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the main area of extrusion was found in temperatures between 6.5° and 9°C.
Considering the depth contours in the Figures 2 and 7, we see that the main
extrusion areas lie outside the 1000 m contour (see also Emvarsson 1960),
except over the Reykjanes Ridge itself. Further, the above mentioned density
zones (see also Fig.2) between 1000 and 2000 m contours and outside the
2000 m contour were also found for the small larvae. These zones represent
the areas with heaviest extrusion in the Irminger Sea in this year.

Later observations have shown that these zones of heaviest extrusion are
not strictly bound to the same localities but seem to move somewhat from
one year to another, most probably due to hydrographical conditions.

E. Caudal Pigment.

During working up the material, attention was paid to the presence of
subcaudal melanophores as described by TempLEMAN and Sanpeman 1959.
No redfish larvae were found to be with subcaudal melanophores except those
of Sebastes viviparus Kroyer which have been found in small numbers in
the Icelandic shelf area.

I. Effectivity of Sampling Gears.

Preliminary calculations have been made to estimate the relative sam-
pling efficiency between the Helgoland net and the IHSS. These calculations
are based upon the mean number of larvae per m3 for a number of stations.
During part I of the cruise, when the larvae were still of a small size, the

efficiency of the gears expressed in number per m3 was practically the
THSS

Helgol. larv. net
= 1.07 (mean). In part II where the larvae were of a bigger size, this ratio
had changed considerably and the ITHSS showed much greater sampling effi-
ciency, the ratio being 8.75 (mean). Thus it appears that the larger and pre-
sumably more active redfish larvae taken during part II were more success-
ful in avoiding capture by the Helgoland net than by the IHSS.

same or slightly higher for the IHSS since we got the relation

G. Scattering Layers.

During the cruise, a Simrad echo-sounder was run for the purpose of
recording the scattering layers (see above).

In Fig. 8, the estimated intensity of the scattering layer is given by gra-
dual shading along the route. The depth was mainly 5 to 30 m. The figure
shows that there are two main areas with dense scattering layers, i.e. one
mainly within the 200 m depth contour on the Icelandic shelf and the other
one in the eastern part of the Irminger Sea mainly outside the 1000 m depth
contour and above the Reykjanes Ridge. As to the latter zone, it coincides well
with the area of high density of redfish larvae.

At station 157 (see Figs. 1, 2 and 8), very dense echo-traces were ob-

|
|
!
|
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Fic. 8. Echo-traces in 5 to 30 m depth. B61, May 1961.

served and an Isaacs-Kidd midwater trawl was shot additionally to the plank-
ton samplers in order to obtain a sample from this layer. A great number
of redfish larvae was caught in the plankton samplers, but enormous quanti-
ties of redfish larvae were found in the net. Most of these larvae stuck to
the meshes. It was also observed that the water at the ship’s side seemed
to be coloured greyish by the immense crowd of redfish larvae escaping.

2. Other Fish Larvae.

A. Introduction.

In discussing the fish larvae of the cruise other than redfish larvae, it
must be kept in mind that the main purpose of the cruise was a redfish
larval survey. However, larvae of many species other than redfish were ob-
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tained, mainly in the Icelandic shelf area, some of them in considerable
quantities. Therefore it was thought desirable to discuss this material se-
parately.

The larvae were separated from the plankton samples in the laboratory,
identified, counted and measured. The composition of species of fish larvae
except redfish is shown in Table VI. As to be seen from this table, the

Tasre VI
The composition of species of fish larvae, redfish excepted,
in the Irminger Sea in May 1961 (all gear)
B 61, May 1961

Part I Part 11 Total
Species Number of Number of Number of o
pos.st. larvae  pos.st. larvae  pos.st. larvae

Gadus morhua ................. 10 3607 24 2266 34 5873 12.10
Melanogrammus eglefinus . .. ... 3 207 18 928 21 1135 2.34
Pollachius virens ............... 3 118 19 92 292 210 0.43
Gadus merlangus .............. 2 21 9 105 11 126 0.26
Trisopterus esmarkii ............ 4 1605 14 1319 18 2924 6.02
Micromesistius poutassou . ....... 16 89 3 4 19 93 0.19
Hippoglossoides limandoides . . ... 3 72 21 669 24 741 153
Platessa platessa ...............
Limanda imanda . ............. 2 i 18 1089 T4 1206 248
Glyptocephalus cynoglossus .. ... 1 9 8 29 9 38 0.08
Mallotus villosus ............... 8 19471 26 15982 34 35453 73.03
Ammodytes sp. ................ 1 29 29 154 23 176 0.36
Clupea harengus ............... 3 58 7 23 10 81 0.17
Onos cimbrius ..........ocov... 5 6 7 80 12 86 0.18
Onos mustela .................. 1 9 11 238 12 240 0.50
Brosmius brosme ............... 2 3 2 3 0.01
Molva byrkelange ............. 8 10 1 1 9 1 0.02
Gadieulus thori ................ 2 2 1 1 3 3 0.01
Myctophum glaciale ........... 12 41 1 2 13 43 0.09
Seopehdae 5p: v iy iveRRaER s 7 29 7 29 0.06
Argenting sp. .. .oivivein e o 3 4 8 3 6 7 0.01
Cotlus sp. «.vvvvniinnnnnns 2 2 5 13 7 15 0.03
Triglops pingeli ............... 1 1 7 10 8 11 0.02
Agonus cataphractus ........... 1 1 1 1 -+
Lumpenus lampretiformis ...... 1 2 3 8 4 10 0.02
Chirolophis galerita ............ 1 1 1 1 +
Centronotus gunnellus .......... 1 1 2 5 0.01
Lebetus oret ......coovvevnn... 1 1 3 8 4 9 0.02
Liparis montagui .............. 4 6 4 6 0.01
Lepidorhombus whiff ........... 1 1 1 1 +
Indeterminate ................. 7 9 7 9 0.02

Total ....covviiiiiiiinininn, 108 25500 234 23046 342 48546  100.00

e — e ———
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Fic. 9. Distribution and abundance of siz species of Gadoid larvae. B61, May 1961.
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number of species was rather great, but the total number of each species
caught varied considerably. Beside the capelin (Mallotus villosus O.F.Miill.),
which dominated in number with 739 of the total number of larvae caught,
the gadoid group was best represented. Within this group the cod (Gadus
morhua L.) larvae were dominant, making about 129 of the total catch. A
fairly good number of Pleuronectidae larvae were also caught.

In spite of the largeness of the area surveyed and the number of species
caught, the distribution of the larvae (except redfish larvae) was almost ex-
clusively limited to the Icelandic shelf. Few larvae were caught outside the
shelf region (e.g., cod (Gadus morhua L.) off the East Greenland shelf and
blue whiting (Micromesistius poutassou Risso) in the oceanic region SW
of Iceland). The main larval concentrations were found within limited areas
of the shelf region. Thus, only small numbers of larvae were found outside
the 200 m depth contour. But, in general, the gadoid larvae show now a wider
offshore distribution than observed by Scmmipr in 1903 (Scamior 1904).
The greatest density of larvae and number of species was found off Reykja-
nes and in Faxa Bay, and for some species those concentrations continued
as far north as Létrabjarg. As expected at this time of the year, most of the
larvae were of a small size, i.e., newly hatched.

In this paper the main emphasis will be laid on gadoid larvae, but some
other species will also be discussed.

B. Gadoidae. .

The following gadoids are discussed: Cod (Gadus (morhua) callarias L.),
haddock (Gadus (Melanogrammus) eglefinus L.), saithe (Gadus (Pollach-
tws) virens L.), whiting (Gadus merlangus 1..), Norway pout (Gadus (Tri-
sopterus esmarkii) esmarki Nilss.), and blue whiting (Gadus (Micromesist-
tus) poutassou Risso).

Cod (Gadus (morhua) callarias 1..): The distribution of cod larvae was
strictly limited to the shelf region, extending from 63°15’N to 66°40'N off
Kégur. Most of the larvae were found within the 200 m depth contour and
no larvae outside the 500 m depth contour in Icelandic waters,

The main concentration was found to be in a zone extending from Reykja-
nes and Faxa Bay to Létrabjarg, close to the coast in the south but with-
drawing from it somewhat towards the north, see Fig.9 A. The greatest
quantitiy of cod larvae was found near the coast of Reykjanes and in Faxa
Bay. Here, larvae were obtained up to 231 per m2 and 475 per 10 m3 (see
Table VII),
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o Tasre VII
1),[: Number of cod (Gadus morhua L.) larvae per station and gear
‘us Cruise B 61, May 1961
A : — No Sample
ies Helgoland High-Speed Samplers All
VX~ Station Larvae Net 1 11 11T I-111 Gear
he No. No.of No. No.of No.per No.of No.per No.of No.per No.of No.per No.of
d Larvae perm? Larvae 10m® Larvae 10m® Larvae 10 m3 Larvae 10 m? Larvae
n
W T oo s 370 9313 450 9984 1400 7107 1000 507.6 2850 475.0 3220
sas 2. 218 136.3 55 279 - - 95 482 150 375 368
A 3. 0 0 8 41 = = o 0 8 20 8
lor 26 . 1 06 0o 0 0 0 0o 0 o 0 1
27A 3 19 0 0 0 0 0o 0 ¢ 0 3
1. T4 ... 2 13 0 0 0 0 0 0 0 0 2
ja- 75 e 0 0 0 0 0 0 1 05 1 02 1
ted T sovie 0 0 0 0 0 0 1 05 1 02 1
e 78 ..., 0o 0 2 1.0 0 0 0 0 2 03 )
102 ...... 0 0 1 05 0 0 0 0 1 02 1
109 .. v - B 10 5.1 70 355 2 1.0 82 13.7 82
me 110 ...... S 22 112 60 305 104 528 186 31.0 186
1 11 ... - 49 213 16 81 17 86 75 125 75
112 ...... - - 32 162 6 3.0 14 74 52 87 59
k 13 ..., w o= s 2 1.0 2 1.0 4 1.0 4
i 197 ..., 0 0 o 0 105 0 0 1 02 1
+)s J 199 1 s 45 9281 s = 180 914 143 726 323 808 368
ch- 130 ...... 0 0 - 48 244 397 2015 445 1113 446
"ri- ‘ 131 ...... 10 63 - - o= SO S 10
Ist- I - 26 163 0 0 3 15 10 5.1 13 22 39
! 133 . 2 13 0o o0 0 0 0 0 0 0 2
i ! 134 . 7 44 0o 0 0 0 3 15 3 05 10
; 135 ...... 2 13 0o 0 0 0 0 0 0 0 2
off = 139 ...... 106 0 0 0 0 0 0 0 0 1
ind 151 ... 1 06 0 0 0 0 0 0 0 0 1
i 163 ...... 1 06 3 15 0o 0 0 0 3 . 05 4
a- ; 165 5 seens 0 0 0 0 1 05 0 0 1 02 1
ithe ‘ 167 ...... 0 0 0 0 2 10 2 1.0 4 07 4
] 168 ...... 100 625 24 129 57 289 9 46 90 15.0 190
test i 169, ..... 15 94 0o 0 14 71 4 20 18 3.0 33
axa | 170 . vosen 17 106 1 05 1 56 7 36 19 32 36
‘see i 171 ...... 172 1075 5 25 94 47.7 30 152 120 2156 301
| 172 & o o 100 625 48 244 140 711 45 9228 933 3858 333
173 ...... 45 981 21 107 10 54 10 5.1 41 6.8 86
‘ Total .... 1138 724 2115 1896 4735 5873
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in small numbers (see Fig. 1: Stat. nos. 26, 27A, 74, 75, 76, 78, 151). But in
this area, considerable numbers of eggs were obtained in different places
(see below).

Length measurements showed that over three quarters of the cod larvae
appeared to be of very recent hatching, as the length composition of the
first three stations of part I shows:

|
In East Greenland waters, cod larvae were obtained at 7 stations and only [
|
|
i

mm Number of larvae %o
T cwimsvemnsiag 2 0.6
6 oo 3 0.8
LR T 40 11.1
4 202 56.1
3 i v wens 5 R 113 31.4

Total ............ 360 100.0

On these stations about 879, of the cod larvae were newly hatched (i.e.,
3 to 4mm size).

In Fig. 10A the size frequency is given for Faxa Bay, Snafellsnes Section
and Vestfirdir area, separately. We see from this figure that the small larvae
are most abundant in Faxa Bay although these larvae were obtained at the
end of the cruise. The number of bigger larvae increases towards north and
the size range is much wider as can be seen for the Vestfirdir area. How-
ever, the diagram shows us that there was a considerable hatching in all 3
areas, but the influx of drifted larvae affected the size distribution increas-
ingly towards the north. Another characteristic in the size distribution was
that the average size of cod larvae increased with increasing distance from f
the shore (e.g., Sneefellsnes section, average size for stations 109 to 113:
482 — 541 — 527 — 6.78 — 7.50 mm). This indicates also a drift of the
larvae from the coastal region out over the shelf. The few larvae caught in
the Greenland waters were all of 3 to 4 mm size except one specimen at 5 mm.

Haddock (Gadus (Melanogrammus) eglefinus 1..): Haddock larvae were
only found in the area between Reykjanes and Latrabjarg and thus limited
to a smaller region than the cod larvae (see Fig. 9C). The main concentra-
tion was found in Faxa Bay as for cod, with a maximum density of 120
, per m2 (st. 171, see also Table VIII). Most of the larvae were of 3 to 4mm
‘J size, i.e., newly hatched (Fig.10B). At the beginning of May (stat.nos.

1 to 3) the 3 to 4 mm size group amounted to 96.19 of all those caught.
None were above 5 mm in size. In late May (part II of the cruise), the size
ranged from 3 to 12 mm, but the most were still below 56 mm. The length |
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TasLe VIII

Number of haddock (Melanogrammus wglefinus L.) larvae per station
and gear

Cruise B 61, May 1961

— No Sample
Helgoland High-Speed Samplers All !
Station Larvae Net 1 1I 111 I-1IT Gear !
No. No.of No. No.of No.per No.of No.per No.of No.per No.of No.per No.of ;
| ‘ Larvae perm? Larvae 10m3 Larvae 10m3 Larvae 10 m® Larvae 10m® Larvae ‘
; ... 16 100 0 0 80 40.6 76 386 156 26.0 172 r
: 2...... 2 150 2 1.0 - 8 4l 10 25 34 !
| 3 ... 0 0 1 05 - - 0 o0 1 03 1
| 109 ...... = s 0 0 27  13.7 8 41 35 58 35 !
H 10 ...... S 5 25 22 112 74 376 101 168 101 ;
| 5 i (. o 2 1.0 3 15 2 1.0 712 7
I 12 ..., - - 2 10 3 15 1 05 6 1.0 6 :
l 3 ... - - - 2 10 8 41 10 25 10 :
f 114 ...... = o= = = 0 0 1 05 1 03 1 i
| 19 iy 7 44 = = 40 200 40 200 80 20.0 87 !
| 130 ...... 7 44 - 0 0 3 15 3 08 10 (
134 1 06 0 o 0 0 0 o 0 o 1
165 1 06 0 o0 0 0 0 0 0 0 1
166 ...... 1 06 0 0 0 0 0 o 0 0 1 ,
167 ...... 2 13 0 0 0 0 2 1.0 2 03 4 ?
168 oo 47 204 0 0 85 431 6 3.0 91 152 138 i
169 ...... & 38 0 0 1 05 1 05 g 03 8 |
| 170 ...... 8 50 1 05 3 15 3 15 712 15 5
| 17 R 192 120.0 1 05 74 376 12 6.1 87 145 279
172 ...... 46 288 8  4d 86 437 16 81 110 183 156 i
173 ...... 61 381 1 05 2 10 4 20 712 68 i
Total 419 23 428 265 716 1135 |

distribution was more or less uniform from one area to another, However,
the relative number of the 5 to 6 mm group was a little higher in the north-
- ernmost part of the Icelandic waters.

Saithe (Gadus (Pollachius) virens 1..): The distribution of saithe larvae
corresponded on the whole with that of cod larvae (Fig. 9D). But the num-
ber of larvae caught was considerably smaller, with a maximum of 70
specimens at stat. no.2 (see also Table IX). The saithe larvae showed a
greater range in the size distribution than cod and haddock. The size fre- H
quencies differed, however, from part I to part II, as shown in Table X.
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TaBrLE IX

Number of saithe (Pollachius virens L.) larvae per station and gear

Cruise B 61, May 1961
— No Sample

Helgoland . High-Speed Samplers All

Larvae Net I II 1T I-111 Gear
No.of No. No.of No.per No.of No.per No.of No.per No.of No.per No.of
Larvae perm? Larvae 10 m8 Larvae 10 m3 Larvae 10m3 Larvae 10m3 Larvae

7 44 0 0 24 122 16 81 40 67 47

90 125 92 112 et o 28 142 50 125 70

0o 0 1 05 s @ 0 0 1 03 1

- - 0 0 2 10 5 25 7 12 7

~ - 0 o 0 0 2 10 2 03 2

= = 0 0 0 0 4 20 4 07 4

______ A 5 & 0o 0 1 05 1 03 1
e - - ~ = 1 05 1 05 2 05 2
0o 0 0 0 1 05 0 0 1 02 1

..... 1 06 - - 0 0 4 20 4 10 5
2 13 = 0 0 6 3.0 6 15 8

...... 7 44 - = - - - - - = 7
0 0 0 0 0 0 1 05 1 02 1

0o 0 0 0 0 0 2 10 2 03 2

...... 0 0 0 0 0 0 1 05 1 02 1
...... 0 0 0 0 1 05 1 05 2 03 2
...... 13 81 0 0 3 15 0 0 3 05 16
...... 1 06 0 0 0 0 1 05 1 02 )
..... 2 13 1 05 1 05 0 0 2 03 4
...... 4 25 0 o0 4 20 1 05 5 08 9
...... 4 25 4 20 2 1.0 5 25 11 18 15
..... 0 0 2 10 1 05 0 0 3 05 3
61 30 40 79 149 210

~ Whiting (Gadus merlangus L.): The distribution of whiting larvae show-
- ed that they were more bound to the Icelandic coastal waters than the other
gadoid- larvae (see Fig. 9E). Thus, whiting larvae were only found within
90 miles off the shore and in Faxa Bay from Reykjanes to Létrabjarg. The
number of whiting larvae was rather small and, as for cod and haddock,
the greatest number was taken off Reykjanes and in the southern part of
Faxa Bay, where 699% of the total number of larvae canght were obtained
at four stations (Nos. 168 to 171, Table XI). No larvae were bigger than
- 8mm. About 55%, of the larvae were of 3 to 4mm in size,
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TasLE X

Size composition of saithe (Pollachius virens L.) larvae
Cruise B 61, May 1961

Size Part I ) Pare 11
mm No. larvae No, larvae
2095 .o iveneii i ben 3
1619 .ivvinnion o 3
11—15 e, 14
B—10 siaa96 5% i ymme . 20 40
BB e psmEey 66 29
Toball ccmains o RIS e 86 89
TasLE XI

i Number of whiting (Gadus merlangus L.) larvae per station and gear
.‘.\ Cruise B 61, May 1961
J| — No Sample

]
; I Helgoland High-Speed Samplers All
I ‘I Station  Larvae Net I Il 11 1111 Gear
I No, No.of No. No.of No.per No.of No.per No.of No.per No.of No.per No.of
.\| Larvae perm?® Larvae 10m3 Larvae 10m?® Larvae 10m?® Larvae 10m3 Larvae
| s [ 2 1.3 0 0 0 0 8 41 8 1.3 10
- 2 ... 10 6.3 1 0.5 - - 0 o0 1 0.3 11
| 109 ...... - - 0 0 1 05 0 0 1 0.2 1
:i 110 .o - - 0 0 0 3 15 3 0.5
i 130 ...... 1 06 T 0 0 0 0 0 0 1
fi 168 ...... 14 88 3 15 7 36 105 1 18 25
( 169 on 18 113 0 0 2 1.0 2 1.0 4 0.7 22
) — 9 5.6 0 0 12 6.1 4 2.0 16 2.7 25
171 ...... 4 2.5 0 0 10 5.1 0 0 10 1.7 14
2w s 0 0 3 15 6 3.0 0 0 9 1.5 9
173 woiss & 1 0.6 1 0.5 3 15 0 0 4 0.7 5
41 18 67 126

[ Total .... 59 8

Norway pout (Gadus (Trisopterus esmarkii) esmarki Nilss.): The gene-
ral distribution of Norway pout larvae corresponded on the whole to that
of cod and haddock, but was somewhat more limited in offshore direction
and did not extend north of the Latrabjarg section. But the main concentra-
tion of these larvae in Faxa Bay and off Reykjanes was still more pro-
nounced than that of cod and haddock (see Fig. 9B and Table XII). Here
we obtained a maximum of 244 per m2 surface water (st. no. 2).
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Tasre XII

Number of Norway pout (Trisoplerus esmarkii Nilss.) larvae per station
and gear

Cruise B 61, May 1961
— No Sample

Helgoland High-Speed Samplers All

Larvae Net I II 111 I-I11 Gear
No.of No. No.of No.per No.of No.per No.of No.per No.of No.per No.of
Larvae perm? Larvae 10m3 Larvae 10m3 Larvae 10 m3 Larvae 10m3 Larvae

80 50.0 15 7.6 600 304.6 360 1827 975 1625 1055

...... 391 2444 50 254 - - 103 523 153 383 544
..... 4 0 0 1 05 - - 0 0 1 0.3 1
4 2.5 1 0.5 0 0 0 0 1 0.2 5
,,,,,, - - 0 0 12 6.1 24 122 36 6.0 36
..... - - 0 0 2 1.0 61 31.0 63 105 63
,,,,,, - = 0 0 2 1.0 7 3.6 9 15 9
..... - - 9 4.6 0 0 4 2.0 13 29 13
...... = = = = 2 1.0 5 2.5 7 1.8 7
...... 13 8.1 - - 5 25 24 122 29 7.3 42
...... 1 0.6 - - 0 0 0 0 0 0 1
...... 2 1.3 0 0 0 0 4 2.0 4 0.7
..... 40 25.0 0 0 26 132 14 7, 40 6.7 80
...... 26 163 0 0 15 7.6 7 3.6 22 3.7 48
...... rf 4.4 0 0 6 3.0 19 9.6 25 4.2 32
360 225.0 3 15 47 239 34 173 84 140 444
...... 240 150.0 7 3.6 90 45.7 62 315 159 265 399
...... 103 644 7 3.6 22 112 7 3.6 36 6.0 139
1267 93 829 735 1656 2924

3 to 4mm in length of recent hatchmg, and all were within a size range
3 to 7 mm. In part II, however, not only had the size range increased
but the relative numbers Of bigger larvae had also increased, especially at
the stations on the Latr abjarg section, where the smallest larvae taken, at
4mm, now represented only 59 of the total. It seems probably, therefore,
r.ﬂ:lat hatchmg of the eggs has been largely completed in the southern part
0 of the area before there has been sufficient time for large numbers of eggs

~ to drift north and hatch the1e

gadoid larvae discussed before. As shown in Fig. 9F, most of the larvae were
" - found above the Reykjanes Ridge and east of it, but some were also found

3
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Tasre XIIT
Number of blue whiting (Micromesistius poutassou Risso) larvae per station
and gear
Cruise B 61, May 1961
— No Sample

Helgoland High-Speed Samplers All -
Station Larvae Net I II 111 I-1II Gear
No. No.of No. No.of No.per No.of No.per No.of No.per No.of No.per No.of
Larvae perm? Larvae 10m?® Larvae 10m3 Larvae 10m3 Larvae 10 m? Larvae
52 ...... 5 3.1 1 0.5 0 0 0 0 1 02 6
B3 savm 1 0.6 0 0 0 0 0 0 0 0 1
B oo o 0 0 0 0 2 1.0 0 0 2 03 2
55 ... 0 0 0 0 1 05 0 0 1 02 1
58 ...... 6 3.8 0 0 2 1.0 3 1.5 5 0.8 1
B9 oawans 4 25 i} 0 0 0 3 1.5 3 05 7
64 ...... 0o 0 0 0 1 05 0 0 1 02 1
N, e - - 0 0 1 0.5 0 0 1 0.2 1
93 . 9 5.6 0 0 1 0.5 0 0 1 02 10
96 ...... 1 0.6 0 0 0 0 0 0 0 0 1
97 ... 0 0 0 0 3 15 0 0 3 05 3
98 ...... 3 1.9 0 0 0 0 0 0 0 0 8
99 ...... 2 1.3 0 0 2 1.0 0 0 2 0.3 4
100 ...... 21 131 1 0.5 10 5.1 0 0 11 1.8 32
101 sz s 0 0 0 0 3 1.5 1 0.5 4 0.7 4
: 1,2 P 2 1.3 0 0 0 0 0 0 0 0 2
109 . - - 0 0 1 0.5 0 0 1 0.2 1
169 suaas 1 0.6 0 0 0 0 0 0 0 0 1
17, Sp—— 0 0 0 0 2 1.0 0 0 9 0.3 2
Total .... 55 2 29 7 38 93

west of the Reykjanes Ridge and in the coastal region, i.e., Faxa Bay and
off Sneefellsnes. Thus, the distribution of blue whiting larvae on this cruise
extended from 60°N to the Snefellsnes section in the north and the larvae
were therefore spread over a relatively wide area. But the total number of
larvae caught was not very high (93), the greatest density (32 specimens)
being at one station (No. 100), see also Table XIIL,

The length range of all larvae was from 3 to 7 mm, the 3 mm group be-
ing best represented with about 459, of the total.

South of Iceland, considerable numbers of blue whiting larvae have been
observed (Scrmipr 1904). Thus our findings of small blue whiting larvae
in the Reykjanes Ridge area (Fig. 9) indicate that the Reykjanes Ridge
most probably forms the western limit of the blue whiting spawning area
south of Iceland,

il e
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C. Abundance in Relation to Depth.

Since on both parts of the cruise three high-speed samplers were used
at different depths, an attempt was made to study the abundance of larvae
in relation to depth. The samplers were towed at the following depths:
3 to 5m (IHSS I), 15 to 18 m (IHSS II), and 25 to 30 m (THSS III),
It should be mentioned here that this kind of gear samples both during set-

TasLe XIV

Number of larvae per 10 m? and percentages per station and depth levels
for cod, haddock and Norway pout separately

Cruise B 61, May 1961

A) Cod (Gadus morhua L.)

Day:
Stat. No. 1 111 132 168 169
No.per % No.per % No.per % No.per % No.per %
Level 10m3 10m3 10m3 10 m3 10m3
I...... 2284 158 213 56.0 0 0 122 267 0 0
| 7107 494 8.1 213 15 231 289 633 7.1 778
L 1| (R 507.6 351 86 227 51 769 46 100 2.0 2292
Mean .... 475.0 125 2.2 15.0 3.0
Day, cont.:
Stat. No, 170 171 172 173 Mean Day
No.per % No.per % No.per % No.per % No.per %
Level 10m3 10m3 10m3 10m3 10 m3
| T 0.5 53 25 3.9 244 206 10,7 512 328 17.0
| 3 56 579 47.7 729 711 601 51 244 969 503
I ... 36 368 152 232 228 193 51 9244 629 327
Mean .... 3.2 215 38.8 6.8 64.2
Night:
Stat. No. 109 110 112 Mean Night
‘ No.per % No.per % No.per % No.per %
Level 10m3 10m3 10 m3 10ms3
| 51 122 112 118 162 615 10.7  20.0
I ...... 355 854 305 323 3.0 116 227 425
1 1.0 2.4 52.8 559 7.1 269 200 375

Mean .... 13.7 31.0 8.7 17.8
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B) Haddock (Melanogrammus eglefinus L..)

Day:
Stat. No. 1 168 171 172 Mean Day
No.per % No.per % No.per % No.per % No.per %
Level 10m3 10m3 10m3 10m3 10m3
I ...... 0 0 0 0 05 11 4.1 7.3 1.1 2.0
1 406 513 43.1 934 376 851 437 782 406 731
| 1 I 38,6 48.7 3.0 6.6 6.1 138 8.1 145 13.8 249
Mean .... 26.0 15.2 145 18.3 185
Night:
Stat. No. 109 110 Mean Night
No.per % No.per % No.per %
Level 10m3 10m3 10m3
A 0 0 25 4.9 1.3 3.8
I ...... 137 771 112 218 123  36.1
2 41 229 376 733 205 60.1
Mean 5.8 16.8 11.7
C) Norway Pout (Trisopterus esmarkii N ilss.)
Day:
Stat. No. 1 168 169 170 171
No.per % No.per % No.per % No.per % No.per %
Level 10 m3 10 m3 10m3 10m3 10m3
T itiinms 7.6 1.5 0 0 0 0 0 0 15 -3.6
| 3046 61.6 132 65.0 76 682 3.0 24.0 239 559
IIr ...... 182.7 36.9 71 35.0 3.6 318 96 76.0 173 405
Mean ..... 162.5 6.7 3.7 4.2 14.0
Day, cont.:
Stat. No. ) 172 173 Mean Day
No.per % No.per % No.per %
Lepel 10ms 10m3 10m3
T comnin 3.6 4.4 36 194 23 2.4
) | 457 566 11.2 614 57.6 60.1
III ...... 315 390 36 195 359 375
Mean 26.5 6.0 31.9
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Table XIV G, cont.

Night:
Stat. No. 109 110 112 Mean Night
No.per % No.per % No.per % No.per %

Level 10m3 10m3 10m3 10m3
1. . .oan 0 0 0 0 46 692 15 8.1
j § e 6.1 333 1.0 32 0 0 23 124
EIL. wam oom o ‘ 12.2 667 31.0 968 2.0 308 14.8 795

Mean .... 6.0 10.5 2.2 6.2

ting out and hauling in because these gears are not equipped with a closing
mechanism. This is of course of greatest influence on sampler I1I, much less
in samplers II and I. But, since the filtration during setting out and haul-
ing in is small compared with that during the towing time, a study on the
depth relation based upon material from these 3 samplers can, however, be
carried out. Even though it is most reliable for samplers I and II, sampler
TII also gives important information in this respect.

For this study, the larvae taken in the vertical net are excluded. Only
the material of cod, haddock and Norway pout larvae was used. Further,
only stations where all three samplers were operated and where the total
number of each species was higher than ten were used (Table XIV). Sam-
pler II gave the highest total number of larve caught for all three species
and sampler I the lowest, though the number of larvae caught at each depth
varied considerably from one station to another. Sampler II gave also the
highest mean percentage for cod (48.3%) and haddock (67.8%), but sam-
pler III for the Norway pout larvae (47.3%).

D. Day and Night Relationship.

A study of variations in day and night catches showed some notable dif-
ferences. As to day and night time, the same division is used as for redfish
larvae. As regards cod larvae, we can see from the means in day and night
catches (Table XIV) that the yield during day time was considerably higher
than during the night. However, it should be taken into consideration that
there are three times more day stations than night stations and that the mean
for the day stations is highly affected by one station (st.1). Further, it can -
be said that the yields for level II (15 to 18 m) are highest both for day
and night and the yields for level 1 (3 to 5m) are the lowest ones. Thus,
the differences between the levels are much more pronounced during the
day than during the night. o

Haddock larvae show on the whole a tendency similar to the cod larvae
during day time. The mean for the night time is highest for level III, but
since it is based upon two stations only with quite different numbers of
larvae per depth, this mean should be taken with reservation, especially
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Fie. 11. Variation in day and night catches at different levels for cod,
haddock and Norway pout larvae, based on average percentages.
B 61, May 1961.

since the average percentage for level II is slightly higher than for level IIT
for these two stations.

Considering the means for day and night catches for the Norway pout
larvae, we see that the mean features are very similar to those for haddock,
but as for cod, the yields of Norway pout larvae during the day time were
considerably higher than at night.

Considering Table XIV as a whole, we notice considerable differences
from one station to another, both in the depth relation and the total yields.
Mirrer, Corron and Marak (1963) have pointed out in a special study
that there are great local variations in the diurnal migration of larval had-
dock on Georges Bank, where probably other factors than light are the deter-
mining ones. Although our material is not suitable for such studies since
there are no continuous repetitions of sampling at the very same locality,
some of our observations seem to indicate similar facts, since in some cases
we got very different depth distributions of larvae within a couple of hours,
but at different localities (e.g., st. 109 and 110, Table XIV). However, if
we look upon the material as a whole, we see from the table that the depth




TasLE XV

Number of long rough dab (Hippoglossoides limandoides Fabr.) larvae per station
and gear

Cruise B 61, May 1961

— No Sample

Helgoland High-Speed Samplers All

Station Larvae Net 1 1I 111 I-111 Gear
No. No.of No. No.of No.per No.of No.per No.of No.per No.of No.per No.of
Larvae perm? Larvae 10m3 Larvae 10m3 Larvae 10m3® Larvae 10m8 Larvae

; (R 4 25 0 0 32 16.0 16 8.1 48 8.0 52
O aTe 0 17  10.6 2 1.0 - - 0 0 2 05 19
B pamiges 0 0 1 0.5 - - 0 0 1 0.3 1
10, I - - 3 15 3 15 0 0 6 1.0 6
110 ...... - - 2 1.0 4 2.0 12 6.1 18 3.0 18
il e - - 3 1.5 1 05 3 15 7 12 7
£ S - - 6 3.0 3 15 6 3.0 15 2.5 15
113 ...... - - - - 3 15 4 2.0 7 1.8 7
191 s s 0 0 0 0 0 0 1 0.5 1 0.2 1
1289 .viens 18 113 - - 83 421 91 462 174 435 192
130 ...... 37 234 - - 0 0 38 193 38 95 75
132 coieas 3 1.9 0 0 0 0 5 25 5 0.8 8
135 s 1 0.6 0 0 0 0 0 0 0 0 i
139 wiooms 3 1.9 0 0 0 0 0 0 0 0 3
148 ...... 0 0 1 0.5 0 0 0 0 1 0.2 1
T8 s 0 0 1 05 0 ] 0 0 1 0.2 1
£ 7' JR—— 0 0 0 0 1 0.5 0 0 1 0.2 1
167 . 5 3.1 0 0 2 1.0 0 0 2 0.3 7
168 ...... 56  35.0 s | 05 28 142 0 0 29 4.8 85
169 ...... 15 9.4 0 0 5 2.5 0 0 5 0.8 20
170 ...... 6 3.8 0 0 0 0 0 0 0 0 6
I eees 64 400 0 0 16 8.1 5 25 21 35 85
172, i 60 375 2 1.0 20 147 0 0 31 52 91
173 ...... 32 . 20.0 0 0 6 3.0 1 0.5 7 1.2 39
Total .... 321 22 216 182 420 741

relation seems to be much more stabilized for each of the three species at
day time than at night.

In spite of the incompleteness of the material for day-night and depth
relation studies, an attempt was made to demonstrate the conditions gra-
phically, based upon average percentages (see Fig. 11). According to this
diagram, there are no distinct differences between day and night catches
for cod. On the other hand, for haddock and Norway pout, there are marked
differences in the levels II and IIL. But all three species showed the highest
average percentage catch in level II during day time.
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E. Pleuronectidae.

Long rough dab (Drepanopsetia platessoides — Hippoglossoides limando-
ides Fabr.): The long rough dab was distributed over the continental shelf
of Iceland, from Reykjanes to the Kégur section (stat. no. 135), and thus had
the widest distribution of the Pleuronectidae. Further, they were found at
two stations at Fast Greenland (stat. no. 121, 148). The greatest density of
larvae, 192 sp., was found off Latrabjarg at a single station (mo. 129, see
also Table XV), though the larvae were most abundant in the Faxa Bay
area (see Fig. 12A).

26° 24° 22° 26" | o4 22°
T U A0
Loﬁg rnugh/Dab ok 5 P?ice and/l;ah |

- ﬁ ’/ O\ Py y ,// j%
P

# ;/ 8 ’jf/ o i 66°
[5

A I 89 8 B

XYY =
\ .
Y

) z
U N\ g
Fic. 12. Distribution and abundance of A) Long rough dab (Hippoglossoides

limandoides Fabr.), B) Plaice (Platessz platessa L.) and dab (Limanda
limanda L.) larvae. B 61, May 1961.

The length ranged from 3 to 13 mm, with the majority being of 4 to
7mm size. Although the small larvae of 3 to 4mm were found at most of
the stations, the mean length increased somewhat from south to north: Off
Reykjanes and in Faxa Bay 5.23 mm, off Snewfellsnes 6.31 mm, off Latra-
bjarg 6.47 mm and off Vestfirdir (stat. no.132, 8 specimens) 7.50 mm.

Plaice and dab (Pleuronectes (Platessa) platessa 1.. and Pleuronectes (Li-
manda) limanda L.): Due to injuries by the gears, the plaice and dab larvae
could not be distinguished with certainty from each other and, therefore, both
species are discussed together. However, it is supposed that the larvae are
mainly of the Limanda species since 85% of the larvae caught were smaller
than the size known for newly hatched Platessa larvae.

The distribution of plaice and dab larvae was more limited to the coastal
regions than that of the long rough dab, but was also found from Reykja-
nes to the Kogur section (stat. no. 134). They were most abundant in Faxa
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TaBLE XVI

Number of plaice (Platessa platessa L.) and dab (Limandae limende L.) larvae

per station and gear

Cruise B 61, May 1961

— No Sample

Helgoland High-Speed Samplers All

Station Larvae Net I II IIT I-I11 Gear
No. No.of No. No.of No.per No.of No.per No.of No.per No.of No.per No.of
Larvae perm?® Larvae 10m3 Larvae 10m3 Larvae 10m?® Larvae 10m3 Larvae

1 i 50 313 20 102 8 4.1 4 2.0 32 5.3 82
2 FY— 18 113 7 3.6 - - 0 0 7 1.8 25
109 ...... - - 16 8.1 12 6.1 3 1.5 31 52 31
y i e - - 0 0 0 0 7 3.6 7 1.2 7
; 70 S 3 1.9 EE 1 05 6 3.1 7 1.8 10
132 ...... 1 0.6 0 0 0 0 0 0 0 0 1
134 ...... 3 1.9 0 0 0 0 1 0.5 1 0.2 4
167 ove o 1 0.6 0 0 0 0 0 0 0 0 1
168 ...... 130 813 4 2.0 106 538 24 122 134 223 264
169 ...... 75 469 0 0 60 305 4 2.0 64 107 139
BI0 i vs 190 1188 0 0 47 239 12 6.1 59 9.8 249
;[7 5 D 64 400 8 4.1 80 406 10 5.1 98 16.3 162
172 ...... 44 275 12 6.1 80 406 23 L7 115 192 159
173 ...... 34 213 14 7.1 20 10.2 4 2.0 38 6.3 72
Total .... 613 81 414 93 593 1206

Bay and off Reykjanes (see Table XVI and Fig. 12B). Length measurements
gave a range of 2 to 11 mm, with the peak at 4mm for the whole material.

Witch (Pleuronectes (Glyptocephalus) cynoglossus L.): Very few speci-
mens were obtained and most of them in Faxa Bay. Single specimens were
also caught off Vestfirdir and at East Greenland. The length was 4 to 8 mm,
two specimens from East Greenland were 15 and 18 mm, respectively.

F. Capelin and Notes on Some Other Species.

Capelin (Mallotus villosus O.F.Miill.): Capelin larvae were by far the
most numerous in the larval material (see also Table V), amounting to more
than 709, of all the larvae, redfish excluded. It was found to be spread over
the whole shelf area between 63°15’N and 66°40'N (Kégur section). Though
they were very abundant on all sections, the maximal density was found in
Faxa Bay and the Faxa Bay area (16110 specimens at one station, see also
Fig. 13 and Table XVII).
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Fic. 13, Distribution and abundance of capelin (Mallotus villosus O.F.Miill,) larvae. !

| The length range was rather great, 4 to 28 mm, with the majority be-
I tween 6 and 12mm. In the length distribution some characteristic features
were noticed. The smallest larvae up to 8 mm were almost exclusively ob-
tained in the Faxa Bay and off Reykjanes. The size increased considerably
with increasing distance from the coast, This is demonstrated in Fig. 14

which is based on the mean length of larvae at each station on the follow-
ing sections:

. I Reykjanes ...... stat. nos. 1—3

| II Snefellsnes .... — — 109—114
| IIT  Latrabjarg ..... — — 130—128
IV Reykjanes ... ... — — 169—163

V FaxaBay ...... — — 170—173
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TasLeE XVII

Number of capelin (Mallotus villosus 0.F.Miill.) larvae per station
and gear

Cruise B 61, May 1961

— No Sample

Helgoland High-Speed Samplers All

Station Larvae Net I II 111 I-I11 Gear
No., No.of No. No.of No.per No.of No.per No.of No.per No.of No.per No.of
Larvae perm? Larvae 10m3 Larvae 10 m3 Larvae 10m? Larvae 10m8 Larvae
1...... 1670 1043.8 6400 3248.7 6000 3045.7 2040 10355 14440 2406.7 16110
% e 916 5725 2030 1030.5 - - 320 162.4 2350 587.5 3266
c; 11 6.9 75 381 - - 0 0 75 188 86
4o, 2 1.3 0 0 2 1.0 0 0 2 0.3 4

( F oo 0 0 1 05 0 0 0 0 1 02 1
| b 5 (PP 1 0.6 0 0 0 0 0 0 0 0 1
T4 ..., 1 0.6 0 0 0 0 0 0 0 0 1
102 ...... 0 0 1 0.5 1 0.5 0 0 2 03 2
109 ...... - - 27 137 220 111.7 69 350 316 527 316
! 110 cuvunn - - 13 6.6 2t 107 216 109.6 250 417 250
' 11 ...... - - 202 1025 102 51.8 70 355 374 623 374
118 caines - - 159  80.7 38 193 44 223 241 402 241

| | - - S 41 208 4 20 45 113 45
: 14 ...... - - w e 8 4d 0 0 8 20 8
; 128 : v 1} 0 i 05 0 0 3 15 4 07 4
i 129 ssivina 16 10.0 - - 314 1594 109 553 423 105.8 439
130 ..., 5 341 - - 2 1.0 24 122 26 6.5 31
18 waiasi 3 1.9 - - - - - - - - 3
132 vumsas 0 0 0 0 3 1.5 59 209 62 103 62

133 iovinn 70 43.8 1} 0 1 05 24 122 25 4.2 95
134 ...... 3 1.9 0 0 0 0 7 3.6 7 1.2 10

135 s 32 200 0 0 0 0 9 4.6 9 15 44

140 ...... 0 0 0 0 4 20 5 2.5 9 15 9
163 ...... 0 0 1 0.5 1 05 1 0.5 3 05 3
| 164 i 0.is 0 0 0 0 98 142 16 81 44 7.3 44
i&: s L - 0 0 0 0 13 6.6 100 508 113 188 113
| 166 ...... 0 0 0 0 19 100 49 249 68 113 68
| 167 ...... 4 2.5 1 0.5 5 2.5 73 374 79 132 83
168 wourss. 1020 6375 150 76.1 310 1574 210 106.6 670 111.7 1690
169 440 275.0 5 25 875 4442 270 1371 1150 191.7 1590

170 ...... 250 156.3 36 183 500 253.8 485 2462 1021 1702 1271
[ 41 P 1560 975.0 44 223 520 264.0 500 253.8 1064 177.3 2624
7 730 456.3 360 182.7 1260 639.6 920 467.0 2540 4233 3270
\ 173 ...... 651 4069 2367 12015 110 55.8 170 863 2647 4412 3298
Total 7385 11873 10398 5797 28068 354563
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Fic. 14. Average length of capelin larvae per station (arabic numerals) on five
sections (roman numerals ) west of Iceland. Stations arranged in offshore direction.
7 B 61, May 1961,

We can also see from this figure that the size increased towards north
(sections I-IIT). As to section IV, there is a great jump in the size between
the stations 168 and 167, from 8.19 up to 17.02 mm mean length. The Faxa
Bay section, however, showed a striking difference in the length distribution
compared with the other four sections, As mentioned before, the smallest larvae
up to 8 mm were almost exclusively found in Faxa Bay and off Reykjanes.
Fig. 14 shows too that on all sections, except II, the smallest larvae with
a mean length of about 8 mm were caught on the stations closest to the coast,
and the Faxa Bay section entirely coincides with thig category. The increas-
ing size from the coast out over the shelf region could be explained with
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Fic. 15, Size frequency for capelin larvae west of Iceland.

B 61, May 1961,

a spawning taking place successively from east to west along the south coast

and mnorthwards along the west coast, further, that there is a break in the
continuity of spawning and hatching along the west coast at Latrabjarg since
we find again newly hatched larvae at stations 133—135. The jump in the
mean length in section IV also indicates a break in the mentioned con-

tinuity of spawning and hatching.

The above mentioned difference in size between Faxa Bay and the north-
erly area and, further, the lack of newly hatched larvae in the northerly
region, are demonstrated in Fig. 15 which is based upon all larval material
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Fic. 16. Distribution of Ammodytes spp. larvae. Positive stations,

B 61, May 1961,
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from Faxa Bay and the Reykjanes section (sections I, IV and V) and from
the Létrabjarg and Sneefellsnes sections (sections II and III),

Ammodytes spp.: The sand-eel larvae occurred in the catches from

Reykjanes to Kégur section and also at some feyw stations in the northerly

obtained at a considerable number of stations, the total number of the larvae
was small (see Table XVIID). 57 specimens, i.e., 32% of the total number
were obtained at one station (no, 132),

TasLE XVIII

Number of Ammodytes spp. larvae per station and gear

Cruise B 61, May 1961

— No Sample

Helgoland High-Speed Samplers All

Station Larvae Net I 1I IIT I-II1 Gear
No No.of No No.of No.per No of No.per No. of No.per No of No.per No.of
Larvee perm? Lorpge 10m3 Larvae 10 m3 Larvae 10m? Larpae 10m3 Larpge

1. 4 2.5 10 5.1 8 4.1 0 0 18 3.0 22
110 ....., - - 2 1.0 2 1.0 3 1.5 7 1.2 7
111 | - - 5 25 1 05 1 0.5 ri 1.2 7
12 ... ... - - 1 0.5 22 111 0 0 23 3.8 23
120 . 0 0 1 0.5 0 0 0 0 1 0.2 1
j 121 0 0 1 0.5 0 0 0 0 1 0.2 1
129 ,..... 1 0.6 - - 8 4.1 2 1.0 10 25 11
130 ...... 3 1.9 - = 2 1.0 3 15 5 1.3 8
1B%uwsi.. 5 31 0 0 12 6.1 40 203 52 8.7 57
133 - o i 0 0 0 0 0 0 1 0.5 1 0.2 1
134, ., ... 1 0.6 0 0 0 0 3 1.5 3 0.5 4
135 ....., 2 1.3 0 0 0 0 3 1.5 3 0.5 5
144 ., 0 0 0 0 3 1.5 0 1} 3 0.5 3
145 ... ... 0 0 0 0 0 0 1 05 1 0.2 1
150 . ..... 0 0 0 0 0 0 1 0.5 1 0.2 1
162 . o s 1 0.6 1 0.5 0 0 0 0 1 0.2 2
163 ...... 2 1.3 1 05 0 0 0 0 1 0.2 3
165 . 0 0 0 0 1 0.5 0 0 1 02 1
166 ...... 0 0 0 0 1 05 0 0 1 0.2 1
109 o 0 0 0 0 1 05 1 0.5 2 0.3 2
170 ...... 0 0 4 2.0 1 0.5 ] 0 5 0.8 5
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1 The length ranged from 4 to 33 mm, the bulk being in the group of 10
to 20 mm. The smallest larvae were obtained off Reykjanes and in Faxa Bay,

the biggest ones on the offshore stations off Reykjanes.

Herring (Clupea harengus L.): The
distribution of herring larvae was re-
stricted to the area off Reykjanes and
Faxa Bay (see Fig. 17). The total num-
ber of larvae caught was 81, and about
729, were obtained on stations nos. 1,
2 and 102. The length range was 8 to
22 mm, 75% being in the 8 to 14 mm
groups. The majority of the small
larvae was obtained during part I, the
biggest larvae towards the end of
part IL.

Onos spp.: Onos larvae were ob-
tained in considerable numbers in
Faxa Bay, some few were also found
on the Snefellsnes section above the
continental shelf and at the oceanic
stations south of Reykjanes Ridge (see
Fig. 18). The length ranged from 2 to
8 mm, with only very few specimens
of 4mm and bigger.

All larvae discussed above were
mainly bound to the Icelandic shelf
region (except Gadus poutassou to a
great extent). However, some species
were obtained which were almost ex-
clusively found in the oceanic regions,
viz.:

1) Myctophum glaciale Reinh., 43
specimens, found in the Reykja-
-nes Ridge area.

2) Scopelidac sp., 29 specimens,
found in the Reykjanes Ridge
area, too.

3) Argentina sp., 6 specimens,

found at few stations both in the
northern and southern oceanic
part of the area investigated.

Herring Lorvae
EGIR" B6I- May 1961
Positive  Slations

o [ H

Fic. 17, Distribution of herring (Clupea
harengus L.) larvae. Positive stations.
Bé1, May 1961.

i

Onos sp. el

EGIR" B6I-May 1961 | ©
Positive Stalions

L. P

13 o [ s i

Fic, 18. Distribution of Onos spp. larvee.
Positive stations.

B 61, May 1961.
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4) Molva byrkelange Coll., 11 specimens, also found in the Reykjanes
Ridge area. s

3. Fish Eggs.

Fish eggs were obtained in great quantities during the cruise. As to the
distribution of eggs, the area surveyed can geographically be divided into
three main regions, ie., East Greenland shelf, the Tcelandic shelf and the
Reykjanes Ridge area. These areas differed also in the composition of the
fish egg material: On the Fast Greenland shelf avea we found almost ex-
clusively cod eggs. Tt should, however, be mentioned here that spawning
haddock has been observed at East Greenland (Jénsson 1958). But in the
trawl catches from East Greenland, haddock occurs only occasionally as single
specimens. Therefore, we can consider the presence of haddock eggs in this
material as negligible as we have neither got haddock eggs of stages IV to V
nor haddock larvae at East Greenland in our material. On the Icelandic
shelf area, the egg material was very heterogeneous. Here we obtained also
the greatest quantities. In the Reykjanes Ridge area, the eggs from Brosmius
brosme Asc. and Scopelidae sp. dominated.

In working up the material, the main emphasis was laid on the East
Greenland shelf material and the material from the Reykjanes Ridge, as these
areas are of a general interest, especially East Greenland, because of lack
of serial observations from this area. As to the Icelandic shelf region, the
working up of the material has not yet been completed and will not be dis.
cussed here further.

A. East Greenland Region.

a. Distribution of Cod Eggs.

Cod eggs were found off East Greenland on almost all stations on the
East Greenland shelf, The occurrence of cod eggs was strictly limited to the
shelf and the slopes, with few exceptions in the southernmost part (see Fig. 19
and Table XIX), The greatest density was found to be between 61°N and
63°N latitudes where cod eggs were obtained in considerable numbers at
several stations. The number of eggs decreased considerably towards north
with only few eggs per station. Spawning cod has been observed more or less
continuously along the East Greenland shelf (Jéwsson 1958). Further, in
April 1959 and later years concentrations of spawning cod have been ob-
served on the Fylkir Bank (MaenUsson, personal communication). Both
these facts are in good correspondance with the distribution and abundance
of cod eggs at East Greenland.
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The difference in the number of eggs between stations which were taken
across to the current direction was striking, even between stations close to
each other on the shelf. In Table XX, those differences are illustrated.

A Ly o W 3 i L u X
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Cod Eggs
"EGIR" B6I May 196l
Distribution and Abundance 7]
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F1c. 19. Distribution and abundance of cod eggs off East Greenland.
B 61, May 1961.

b. Relation to Ternperature.

A comparison of this table and the temperature conditions at these sta-
tions (see Fig. 20) shows clearly how the temperature influences the density
and distribution of cod eggs in this area. The greatest quantities of eggs were
obtained in temperatures of 1 to 4°C, which is in good agreement with ob-
servations on temperature on the banks, where spawning cod has been ob-
served (Jonsson 1958). Thus we see that the majority of the cod eggs at
East Greenland was found to be within the area of the East Greenland current.

As mentioned before, the number of cod eggs in the northerly region
was much less than in the above mentioned area. Further, the differences
in the number of eggs per station which were taken on sections in west-

4
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TasLE XIX

Number of cod eggs per station (East Greenland) and gear
Cruise B 61, May 1961

Helgoland High-Speed Samplers All |
Station Larvae Net I 1I 111 I-I11 Gear }
No. No.of No. No.of No.per No.of Ne.per No.of No.per No.of No.per No.of
Egg perm2? Egg 10m® Egg 10m3 Egg 10m3 Egg 10m® Egg
20 vivine AT 108 3 15 7 35 3 15 13 2.2 30 i
21 ...... 4 25 1 05 0 0 0 0 1 02 5 I
2% i 35 219 5 25 14 7.0 4 2.0 23 38 58
08 v 0 0 0 o 2 1.0 0 o 2 03 2 i
L 39 244 12 6.0 17 85 3 15 32 53 71
25 i 210 1313 73 365 55 275 34 17.0 162  27.0 372
o — 118 738 32 16.0 21 105 14 7.0 67 112 185
OF e v 4 2.5 0 0 0 0 1 0.5 1 02 5
27A .... 366 2288 14 7.0 16 8.0 0 0 30 5.0 396
B8 coennn 0 0 0 0 3 15 1 05 4 0.7 4
29 ...... 0 0 0 0 0 0 4 20 4 07 4 }
31 ...... 0 0 0 0 0 0 1 0.5 1 0.2 1 {
i T 209 130.6 91 455 71 355 7 35 169 282 378
/ {s P 5 3.1 1 0.5 2 1.0 22 11.0 25 4.2 30
76 ...... 312 195.0 80 400 89 445 8 4.0 177 295 489 ‘
i 0 0 23 115 10 5.0 10 5.0 43 72 43
78 - ciis 77 481 56 28.0 40 200 25 125 121 202 198
79 ..., 4 25 3 1.5 2 1.0 4 2.0 9 15 13
121 ...... 4 25 0 0 1 05 0 0 1 0.2 5 |
142 2 1.3 0 0 0 0 0 0 0 0 2 [‘
143 e s 3 1.9 0 0 0 0 0 0 0 0 3 |
145 ...... 1 0.6 0 0 0 0 0 0 0 0 1 i
148 ...... 1 0.6 0 0 1 0.5 0 0 1 02 2
GG L 1 0.6 0 0 1 05 0 0 1 02 2
150 ...... 4 25 0 0 0 0 3 1.5 3 0.5 7 |
f
Total .... 1416 394 352 144 890 2306 !
.‘ TasLe XX
No. of eggs at stations across the East Greenland current
.I : Stat. no. No. of eggs Stat. no. No. of eggs |
( 25 ... .. 372 AL iiee 5 e 1 i
| BB ;s sisves s 185 29 ........ 4
| 27A ...... 396 B8 s ¢ s 4 ?
| {1 489 75 ol 30
H 2 ... 71 25 s v 92 I
|
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Fie. 20. Temperature sections on the East Greenland slope, south of 64°N.
B 61, May 1961,

easterly directions were not so pronounced. Temperature measurements
showed that we had not reached the FEast Greenland current. These condi-
tions are illustrated as follows (see also Fig. 21):

Stat. no.  No. egg Stat. no.  No.egg Stat.no.  No. egg
22 .... 58 : 21 .... 5 20 .... 30
150 ... 7 149 .... 2 148 .... 2
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i Fie. 21. Temperature sections on the East Greenland. slope, between 64°N and 65°N.
i ‘ B 61, May 1961.
!

[ - ¢ Relation of Developmenial Stages to Drift.

.: The very few cod larvae found at Fast Greenland indicate an early deve- i
| lopment stage of the eggs. Table XXI gives the stages of cod eggs for each /
station off East Greenland arranged from north to south. As can be seen from 5
this table, the bulk of the eggs (949%) is on the developmental stages I to III.

Thus, we can see that spawning has newly taken place in May on the whole

area surveyed off East Greenland. Further, that the spawning was much
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more intensive in the southern part than in the northern part of East Green-
land. ) '

TasLe XXI

Developmental stages of cod eggs (East Greenland)
Cruise B 61, May 1961

Station Stages
Number I-1T III v v Total
142 ...... 2 2
143 . i 3 3
121 .. 5 5
145 ...... 1 1
148 ...... 2 2
149 ..., 1 1 9
150 ...... 6 1 7
20 . 23 7 30
O o 2 3 5
Lo [R— 36 14 7 1 58
23 ..., 1 1 2
24 ... 53 16 2 71
< 5 A— 1 1
25 ...... 303 62 6 1 372
29 iiaiun 4 4
2. 160 24 1 185
28 ...... 2 1 1 4
27A . ... 212 142 41 1 396
Q7 vivs i 2 3 5
4 oo 172 167 28 11 378
15 iaiia 25 3 1 1 30
76 ...... 262 208 12 7 489
T o s 35 7 1 43
79 ... ... 10 ) 1 13
T8 v e 81 102 13 2 198
Total .... 1395 772 115 24 2306
% ...... 6049 33.48 4.99 1.04 100.00

SereBRYAKOV (1964) and Postoraxy (1964) have recently shown that
cod eggs in the Labrador current are carried over long distances during the
incubation time which is estimated to be 40 to 50 days in this region. In
the East Greenland area, we have some comparable features, since the bulk
of the eggs was found within the boundary of the East Greenland current.
But the temperature off East Greenland was higher (1 to 4°C) than in the
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Labrador current (—1.0 to 0.0° C, SErEBRYAKOV 1964). Thus, we can assume
that the incubation time will be about 20 to 30 days at East Greenland,
(see ApsTEmv 11909).

According to DierricH’s current chart (Dierric 1957), the velocity of
the East Greenland current in the area in question is from 1.1 to 20 cm/sec,
or 4.7 to 9.3 n.m. per day. Thus, eggs drifting in the East Greenland current,
can be transported up to 280 n.m. during the incubation time. As can ‘be seen
from Table XX, eggs which had reached the developmental stages IV and V
were mainly found south of 63°N latitude. They must thus originate from
spawning places much farther north, most probably from the areas off Ang-
magsalik, and hatching might have taken place for the bulk of these eggs
before they reached Cape Farewell. But the majority of the eggs south of
63°N latitude (stages I to IIT) must have been drifted round Cape Farewell
before hatching could have taken place.

These considerations lead to the assumption that no remarkable concen-
trations of cod larvae can be expected on the Fast Greenland banks, except
when there has been heavy spawning in the northernmost region or there
has been a strong drift from the spawning grounds off Iceland.

The size of the cod eggs at East Greenland varied within the range of
1.19 to 1.56 mm in diameter, the majority being within the range 1.31 to
1.44mm (91%). Posroraxy (1964) gives the corresponding size range of
cod eggs for the Labrador area: 1.1 to 1.8 mm and 1.4 to 1.6 mm. Preliminary
measurements of cod eggs in Faxa Bay from this cruise show a size range of
1.12 to 1.44 mm, 93% being within 1.25 to 1.38 mm. Thus, the bulk of the
cod eggs at East Greenland seems to be slightly bigger than cod eggs in Faxa
Bay and distinctly smaller than cod eggs off Labrador.

B. Reykjanes Ridge Region.

The Reykjanes Ridge area was distinguished from the other oceanic areas
by occurrence of fish eggs. They were found on a relatively great number
of stations though the total number of eggs in this area was rather small.
The eggs proved to be only from Brosmius brosme Asc, (total no. 39) and
Scopelidae spp. (tot. no. 23). In this connection it is interesting to mention
stat. no. 102 which belongs to the Icelandic shelf area, but lies close to the
area here in mind. On this single station we got eggs from 6 species, with
Brosmius, Molva molva L. and Onos spp. eggs dominating, and larvae from
10 species.

F1c.22. Total zooplankton volume in ml in Helgoland net, 50 to 0 m.
B 61, May 1961,




55

W3

T

T

T

ERERRENUES

WS

o9

2]

T

S

imann
T
ERRERT

T
T

T

59

WS97]

99

ume
and,

b

B R E

Fre89)

1961 AVW ‘19/8 3SIN¥D 193, . i

‘WO0-08 L3N ANVI09713H

NOLYNV1d00Z

P L S MR & T ra s

y of
’sec,
ent,
seen
dVv
rom
\ng-
2ggs
1 of
well
en-
ept
lere
v of

to
v of

ary
r of
the
axa
eas
ber
all.
md
ion
the
ith
om

&
>

el b




56 7

During this cruise and later cruises we got above the Reykjanes Ridge
and southeast of it beside the common species as Sebastes marinus and Gadus
poutassou, fish larvae of several less common species. Therefore, the above
mentioned area is thought to be of rather great interest as to the occurrence J
of larvae of less common fish species.

| 4. Other Zooplankton.

| A. Quantitative Distribution. 1
Ii It has previously been indicated (Harrerimsson 1957, 1960) that the

‘ 44° 42° 40° 38° 36° 34° 322 30° 28° 26° 24° 220
| 68° = T T L I e T ¥ T T T R K T T ¥ T b

‘ VOLUME IN ML PER 1,5 NAUTICAL MILE
| IHSS, 5M DEPTH
| 67l B/61, 1961 |

il F1e. 23. Total zeoplarnkion volume in ml in IHSS 1.
i_‘ B 61, May 1961,
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VOLUME It ML PER 1,5 NAUTICAL MILE
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B/6l, 1961

10,
5 >lo

20

Fic. 24. Total zooplankion volume in ml in IHSS II
B é1, May 1961.

horizontal distribution of zooplankton in the Irminger Sea in spring is cha-
racterized by tongues of high zooplankton density extending into this area
from south and east. The horizontal distribution is thus very uneven, and this
is clearly indicated in Figs. 22 to 25. Fig. 22 shows the distribution based on
the Helgoland net yield, Figs. 23, 24 and 25 show the distribution in different
levels according to the IHHS’s yields.

The mean total zooplankton volume per THSS tow in both parts of this
cruise was 10.4 ml, but the mean for part I was 6.5 ml.

As to the zooplankton density in the Irminger Sea proper in spring, in-
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. . . o 4 o 3 30° 28° 26° 24 220
42 40 . 30 3 3 . S

VOLUME IN ML PER 15 NAUTICAL ALE
IHSS, 30M DEPTH
8/61 961 [

F1c.25. Total zooplankton volume in ml in IHSS III.
B 61, May 1961,

sufficient material is available from previous years, whereas samples from
May 1962 and 1963 are at hand.

In chapter V these collections are compared and discussed.

Although the zooplankton density in Icelandic waters was generally be-
low the mean in the spring of 1961, the density of the shelf area itself off the
west coast was above the average as indicated in Fig. 22,

It can be seen from Figs. 22 to 25 that the eastern part of the area sur-
veyed during part I was on the whole poorer in zooplankton, with the excep-
tion of a few zones of high density penetrating into the area from the east,
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and a marked density tongue running along the western side of the Reykja-
nes Ridge, between the 1000 and 2000 m contours. The western part of the
area, south of 63°N, was also characterized by marked density zones pene-
trating from the south.

In part II of the cruise the Icelandic shelf area was characterized by ton-
gues of high zooplankton density, whereas the area west of 28°W was rela-
tively poor.

It is interesting to compare the horizontal distribution based on the Helgo-
land net yields (Fig. 22) and on the THSSs’ samplings (Figs. 23, 24 and 25).
Although the Helgoland net illustrates more density variations than the THSSs,
all these devices show similar general features of the horizontal distribution.

B. Relation to Temperature.

Although the zooplankton density does not indicate as good a correlation
with temperature as the larvae, some characteristic features can be pointed
out.

Comparison with temperature distribution at 20 metres (Fig. 4) shows a
high zooplankton density east of the Reykjanes Ridge where temperatures ex-
ceed 8.5°C. Ahove the ridge itself, the density is lower, but west of the ridge
a maximum was observed in waters between 7.5° and 8°C.

In the southern part of the area, approximately along and west of the 7°
isotherm, a new maximum extends northward. In the warm water tongue at
approximately 60°N, 36°W a maximum was found, and also along the 5°
isotherm extending northward along the 40°'W meridian.

Figs. 22 to 25 illustrate also that the zooplankton density in the East
Greenland current was relatively low.

Although we are not able to show a detailed correspondance between zoo-
plankton abundance and the isotherms at 20 meters, it is evident that the
isolines for the zooplankton volume mainly follow the same general direc-
tion as the isotherms.

However, it is presumed that the marked tongues of high zooplankton
density which extend into the area from south and east must be explained
by the complexity of the current system in the Irminger Sea as illustrated
by Dierrica (1957) and HerMaNN and TuomseN (1946).

Fig. 22 indicates clearly a splitting in the zooplankton density at about
65°N (part II of the cruise) resembling that for the temperature and red-
fish larvae density.

This splitting in the density is not so marked on Figs. 23 and 24, but can,
however, clearly be observed in the 30 m level (Fig. 25). This plankton
distribution corresponds with the division of the Irminger Current into two
branches in this region as indicated by Hervann and THoMSEN (1946).
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C. Day and Night Catches.
The relation between night and day yield was studied, the samples di-
vided into day and night catches as for the larvae. Table XXII shows the

mean volume in ml per ms3 day and night and the relation between night
and day catches.

TasLe XXII

Mean volume in ml per m3

B 61, May 1961,

Total Day Night Night/Day

Sampling Sampling Sampling Ratio
Helgoland net
80—0m ooy, 0.50 0.50 0.52 1.04
THSS I
3mlevel ....... ... .. 0.56 0.54 0.62 1.15
IHSS 1I
15—18m level .... ... 0.63 0.59 0.71 1.20
THSS 111
25—30m level ,...... 0.38 0.34 0.46 1.35

It can be seen from the table that the highest mean zooplankton density
is found in the 15 to 18 m level. Op the other hand, the greatest night/day
variations are observed in the 25 to 30 m level, whereas the vertical 50 to
Om hauls show practically no night/day variations, which indicates a ‘diur-
nal migration within this layer.

As mentioned above, the horizontal distribution of zooplankton and red-
fish larvae is characterized by zones or tongues of high density, which more
or less marked minima between. This relationship is discussed in Chapter V.

D. Composition of the Zooplankton.

Calanus finmarchicus was the most dominant species in the whole oceanic
area, its percentage frequency in the samples varying from 72 to 99, This
frequency is illustrated in Fig. 26. The figure illustrates that tongues of re-
latively low C. finmarchicus density penetrate into the area from south to
southeast, with corresponding maxima between. In these zones of C. finmarch-
icus maxima, females of stage VI were generally dominating as shown in
Fig. 27,

According to Einarsson (1960), the redfish larvae in the Irminger Sea
in May 1955 fed mainly on juvenile gastropods (Spiratella sp.) and copepod
eggs. No copepod eggs were caught in our nets due to wide mesh openings
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Fic. 26. Percentage frequency of C. finmarchicus, Helgoland net 50 to 0 mf'
B 61, May 1961.

(0.3 mm). Therefore, special attention was paid to the distribution and per-
centage frequency of Spiratella retroversa which is illustrated in Fig. 28. Com-
parison between this figure and Fig. 26, illustrating the C.finmarchicus per-
centage frequency, shows that the minima in the percentage frequency of
C. finmarchicus west of the 31° meridian generally coincide with the maxima
in S. retroversa. In the S. retroversa zone, as illustrated in Fig. 28, the per-
centage frequency of C. finmarchicus and S. retroversa varies from 84 to 100,
the mean being 96. Thus it is obvious that the low percentage values of C. fin-
marchicus in this zone are due to the occurrence of S. retroversa, since the
presence of other species is negligible. Outside the Spiratella zone in Fig. 28,
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B 61, May 1961,
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Fie. 29. Distribution of C. hyperboreus, Helgoland net 50 to 0 m and IHSS II.
B 61, May 1961.

pods, i.e. Qithona spinirostris, Pareucheta norvegica, and in some instances,
Euphausiids,
{ As to the Euphausiids, two species dominated, i.e. Meganyctiphanes nor-
vegica and Thysanoessa longicaudata. They were mostly found in two areas,
ie. in the SE-part of the survey area, east of the Reykjanes Ridge, and west
of Faxa Bay (between 63° and 65°N) between the 1000 and 2000 m contours.
Their percentage frequency in the samples was low. M. norvegica never
exceeded 159 and was seldom observed west of the 32° meridian. 7A. longi-
caudata was more evenly distributed, and its highest percentage frequency
was 16.
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° NO OBSERVATION

Fic. 30. Transparency in meters according to Secchi disc readings.
B 61, May 1961.

This low frequency of the Euphausiids is noteworthy, as they have been
considered a dominating part of the macroplankton in the Irminger Sea
(ExvarssoN 1960).

BaineriDGE has given a survey of the composition of the plankton as well
as the food of young redfish from the Irminger Sea during May 1961, based
on the Continuous Plankton Recorder Survey (BAINBRIDGE 1964).

Generally, the zooplankton composition according to the Plankton Recor-
ders is in good agreement with our material. In the Plankton Recorder mate-
vial C. finmarchicus was predominant. Bameripce found the mean number

5
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F16. 31. Phytoplankton observations in the Helgoland net 50 to 0 m,
| B 61, May 1961,

of C. finmarchicus per 3ms3, at a depth of 10 m, to be 127 ( 84.1%), the mean

- number of other copepods 4 (2.6%), the mean number of Spiratella spp.

8 (6.2%), the mean number of Euphausiids 5 (3.4%), and of larvacea 7
(4.6%).

As to the food of young redfish, Bamvermcr found it to be restricted to

7 Calanus eggs and Spiratella larvae. Of the 65 stomachs examined, he found

| 48% containing Calanus eggs only, 6% containing Spiratella larvae only

" and 149, containing both these eggs and larvae (BarnsripgE 1964). Thus,
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a clear relationship between Calanus eggs and young redfish was found for
this period.

In the northern part of the area surveyed (part II) there was a relative
minimum in the percentage frequency of C. finmarchicus west of the 29°
meridian.

Other species most frequent in this part were Oithona spinirostris, Th.
longicaudata together with Ostracods, Amphipods and Calanus hyperboreus.

Regarding the last-named species, it was just as often recorded in the
warm water of the southern and eastern parts of the area, as indicated in
Fig. 29. Tt was, for example, found at 13 of 27 stations in the area south
of 63°N and east of 32°W, i.e. in typical Atlantic water. Thus, the distri-
bution of C.hyperboreus was mneither confined to the cold East Greenland
current nor directly related to temperature as previously observed by Em-
arsson (1960).

E. Secchi Disc Readings and Phytoplankton Observations.

As mentioned before, Secchi Disc readings were carried out in daytime
and phytoplankton was observed in the Helgoland net. Figs. 30 and 31 illus-
trate this, respectively. The phytoplankton was estimated according to Ein-
ARssoN (1956). It is obvious that the phytoplankton caught in the Helgo-
land net does not illustrate any true picture of the phytoplankton, because
of the big meshes used in the net (0.3 mm). Nevertheless, these two pictures
correspond fairly well.

As to the transparency (Fig.30), it was very high in May in part I of
the cruise, indicating no phytoplankton blooming. In part II (north of 64°IN)
the transparency was much lower. In this connection it is interesting to note
the western part of the section along the 64° latitude. As shown in Fig. 31,
this part of the section was worked in the first days of May and the trans-
parency was very high and no phytoplankton observed in the net. On the
other hand, the stations immediately north of this section were worked in
the last days of May. Then the transparency has become low and much
phytoplankton was observed in the net.

V. GENERAL DISCUSSION

As known, there is a clear difference in the distribution of redfish larvae
and most of the other larvae here discussed. Thus, the bulk of the redfish
larvae was found in the oceanic region of the survey area, where their dis-
tribution was characterized by zones or tongues of high density with more
or less marked minima between, whereas the majority of the other fish larvae
was found on the Icelandic shelf within the 200 m depth contour, the great-
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est density being in the Faxa Bay. A comparison of Figs. 2 and 9 illustrates
clearly how the distribution of redfish and other larvae is separated, since
they show very litile overlapping, except for blue whiting which occurred
together with redfish larvae in the samples taken south east of the Reykjanes
Ridge. Beside blue whiting, only few species, e.g. sand-eel and Onos larvae,
were found to be distributed in the Atlantic part of the Irminger Sea.

In correspondance with the redfish larvae abundance, the zones and ton-
gues of high density were also typical for the zooplankton in general (see
also Figs.2 and 92).*) Thus, the density zones of redfish larvae and zoo-
plankton east of the Reykjanes Ridge, west of the Ridge between the 1000 m
and 2000 m contours, west of the 2000 m contour and along the 36° meri-
dian correspond fairly well. Between these density zones corresponding min-
ima also appear. However, off the East Greenland shelf (part I), a high
density zone of zooplankton does not correspond with any great concentra-
tion of redfish larvae, and the southern part of the redfish larval density
zone west of the Reykjanes Ridge does not coincide with high zooplankton
density. In the northern part of the area, west of the 27° meridian, the zoo-
plankton and redfish larval densities correspond fairly well, both splitting in
two branches at about 65°N due to currents. But, east of the 27°W meri-
dian, ie. on the Icelandic shelf in a zone of high zooplankton density, the
redfish larvae were scarce, but within this area the greatest concentrations
of other fish larvae were observed.

Since there have also been carried out Icelandic investigations in the
Irminger Sea in May 1962 and 1963, it was thought desirable to compare
the zooplankton volume and the main number of redfish larvae from these
years. However, the 1962 expedition only covered a part of the area in-
vestigated in the years 1961 and 1963, ie. between 62°N to 64°N and
22°W to 37°W. Therefore, the sampling within this area during May 1961
to 1963 has been used for comparison (area A in Table XXIIT).

TasLe XXIIT

Mean total zooplankton volume in ml and mean number of redfish larvae

per THSS’s tow in May 1961 to 1963.

Area 1961 1962 1963 Mean

A Total zooplankton ...... 592 9.7 4.0 6.3
Redfish larvae ......... 11.7 11.3 8.0 10.2

B Total zooplankton ....., 6.6 11.2 3.9 6.5
Redfish larvae ......... 15.2 15.9 9.6 132

*) As before, the term zooplankton is here used as meaning zooplankton minus ichthyo-
plankton. .
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As can be seen from this table, the zooplankton volume in area A was
by far highest in 1962 and lowest in 1963. In 1961, the mean zooplankton
volume for this area was approximately half of the mean volume for the
total area surveyed (see page 57), but only slightly below the average for
these three years.

The difference in the mean number of redfish larvae in this area for
the three years is not so pronounced. It proved to be nearly the same in 1961
and 1962, But in 1963 the mean number for the larvae was also lowest as
for zooplankton, the only one below average in this period. The mean tem-
perature at 20 m depth was 7.2°C in 1961, 6.8°C in 1962 and 6.7°C in 1963.

Area B in Table XXIII means the oceanic part of the surveyed region
south of 64°N and outside the 500 m depth contour. For this area, the re-
lationship zooplankton volume and number of redfish larvae in the THSS
for all three years is demonstrated (Table XXIII). Though the 1962 expedi-
tion took place in the latter half of May and covered only a part of the areas
surveyed in 1961 and 1963, which were both carried out in approximately
the same region in the first half of May, the results for 1962 are also included.

In general, the yearly variation in the total zooplankton volume, as illus-
trated in area A, is also reflected in area B, but more pronounced. This ten-
dency is supported by analogous zooplankton density variations in these years
in Tcelandic waters and the southern part of the Norwegian Sea. (Amow.
1962).

It can be seen from the table that there was a good correlation between
the standing stock of zooplankton and the number of redfish larvae, the
mean volume of zooplankton and the mean number of redfish larvae being
highest in 1962 but lowest in 1963. In spite of the above mentioned time
difference — a fact that may have affected the zooplankton volume in 1962
— the observations present a fairly good picture of the oceanic area in
question.

A correlation is found between the number of redfish larvae observed in
1961 and 1962 and Henperson’s results (FIEnpErsox 1963) which show
that the redfish larvae were somewhat more numerous in 1962 than in 1961
(see also page 11). Further, his investigations show that the redfish larvae in
these two years were very abundant, being above the average number ob-
served for the last 8 years period.

Thus, it can be seen that in 1961 and 1962 the great abundance of red-
fish larvae corresponded with a high standing stock of zooplankton. In 1963,
on the other hand, there were relatively low numbers of larvae and the stock
of zooplankton was low. From these results and assuming the year-class
strength is determined during the larval phase, it is expected that the 1963
year-class of redfish from this area will be a relatively poor one.

Generally, the larval distribution is reflected in the echo-traces both in
the coastal and oceanic area. In the coastal area dense echo-traces coincided
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with the abundance of fish larvae, whereas in the oceanic region these dense
echo-traces most probably indicated the presence of redfish larvae. This as-
sumption was strongly supported by the yield of the Isaacs-Kidd midwater
trawl at station 157, see also page 22. This is in accordance with previous
and later observations in this area (E1Narsson 1960, Macntisson 1964). Ac-
cording to Wisore (1960), such echo-traces are most probably caused by
' fish fry and Euphausids. As mentioned before, the percentage frequency of

s e AT

they do not seem to be reflected. This is in good agreement with our material,
as we got zones of high zooplankton density (without larvae), but almost no
echo-traces, e.g. off Southeast Greenland along the 39°VWW meridian (see Figs.
8 and 22). Thus, from our material we can assume that the echo-traces are
mostly due to fish larvae. A possible influence of fish eggs on the echo-
recordings should not be excluded, since other observations indicate that some
recordings might derive from fish egg concentrations.

As already pointed out above, there is a fairly good agreement between
! the abundance of redfish larvae and zooplankton densities. Since these densi-
ties consisted mainly of €, finmarchicus, there is consequently a good general
‘ agreement between the larval abundance and C. finmarchicus densities. The
two separated larval density zones west of the Reykjanes Ridge illustrate this
agreement (Fig.2). In the southern zone (60°N, 30°W) a high percentage
b frequency of C. finmarchicus was found although the zooplankton density
i was relatively low, and in the northern zone (62°N 28°W) the percentage
frequency of (. finmarchicus is relatively low, but the zooplankton density
was high, so that the number of C. finmarchicus is high because of the high
density. On the other hand, a comparison between the redfish larvae abun- |
dance (Fig. 2) and the percentage frequency of 8. retroversa (Fig. 28) shows
that the main 8. retroversa zone is lying west of the main larval zone. Only
at one station in part IT of the cruise high percentage frequency of 8. retro-
versa coincides with high abundance of redfish larvae.

This redfish larvae — Calanus Spiratella relationship corresponds well
with BAINBRIDGE'S analysis of stomachs of redfish larvae (Bamverince 1964),
as has been pointed out previously.

zooplankton, but in level TII for the fish larvae. This is in good correlation
with the echo-recordings which were densest in 15 to 25m depth.
Comparison of the diurnal migration of zooplankton and fish larvae has
| been carried out separately for redfish and other fish larvae according to
their distinct distribution.
As to the zooplankton and redfish larvae (see Tables ITI and XXII), the
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night yields were higher than the day yields. Further, as has been established

e
" above in general for the depth distribution, the highest catches were obtained
i in level IT both for day and night. For zooplankton the second highest yields
5 were got in level I and the lowest ones in level III both for day and night.

This applies also to the redfish larvae during night, but during day level I
’ gave the lowest number (see also page 17). These conditions are clearly re-
£ flected in the night-day ratios which indicate more pronounced diurnal mi-
grations in the upper layers for redfish larvae than for zooplankton.

In Table XXIV the relation zooplankton volume — other fish larvae is
given. This table is based upon the same day and night stations as used for
three fish larvae species before (see Table XIV), with exception of station 1
(see page 37).

TasLE XXIV

Day and night catches for zooplankton and fish larvae

B 61, May 1961.

Day Samples Night Samples Night/Day Ratio
Level Zooplankton  Larvae Zooplankton Larvae Zooplankton  Larvae
Vol/m3 No/m3 Vol/m3 No/m3
f. ) R 0.95 1.04 152 1.30 1.60 1.95
IL ownsa s 1.14 4.98 1.20 3.32 1.05 0.67
I ...... 0.65 1.93 0.90 4.85 1.38 251

Both for zooplankton and fish larvae the mean volume per m3 and the
mean number per m3 were higher at night than at day time, which is in
good accordance with other investigations (see Bringer 1957), The day sampl-
ing showed the highest yields in sampler II for zooplankton and larvae as
well, whereas during night the highest zooplankton yields were obtained in
level I, but in level III for larvae. Level I and III showed also the highest
night-day ratio for zooplankton and larvae, respectively. It must be empha-
sized that differences in light intensity between the daylight and the dark
hours are very small at this time of year, and that studies of differences in
J distributions due to changes in light intensity were not a primary objective
of the cruise. But, if these differences in the yields between various levels
are due to diurnal migrations, the ratios seem to indicate that the migra-
tions -‘originate from two layers, the deeper one lying most probably below
the deepest sampling level.




SUMMARY

This paper deals with the Icelandic results from a joint German-Icelandic
redfish larvae research program in the Central North Atlantic in May 1961.
A cruise report is given and sampling methods are described.

Redfish larvae were found mostly in the oceanic region of the area sur-
veyed. The average number of larvae per positive station on the shelfs was 8.1,
but in the oceanic area 81.6. In the oceanic area the greatest density of larvae
was found to be in two main zones west of the Reykjanes Ridge outside the
1000 m and 2000 m depth contours. The number of redfish Jarvae seemed
to be rather high in general in May this year which is in accordance with
HeNDERSON's findings,

A clear connection between redfish larval abundance and certain iso-
therms was found.

Redfish larvae were found to be most abundant in the 15 to 18 m level
(ie. level IT of the three sampling levels). The length range was 5 to 15 mm.
In part I of the cruise 80% of the larvae were of 7 mm size and smaller,
but in part II only 5.3% of the larvae were within this size range. The areas
of extrusion of redfish were defined by localization of the abundance of small
larvae. Estimation of the scattering layers was carried out and plotted.

Fish larvae of species other than redfish are discussed, especially Gadoidae.
The distribution of the larvae was on the whole limited to the Icelandic shelf
area with some exceptions, e.g. blue whiting. The main concentration of the
larvae was found to be in the Faxa Bay area. The majority of the larvae was
newly hatched. Bigger larvae were obtained mainly at the end of the cruise.
The number of bigger larvae increased towards morth and with increasing
distance of the shore (e.g. cod, Norway pout, capelin). An attempt was made
to study the abundance of larvae of three species in relation to depth. In

level II (15 to 18 m) the highest total number of larvae was obtained, A
diurnal variation in the depth distribution is discussed.

The distribution and abundance of fish eggs is discussed. At East Green-
land a clear relation between temperature and density of cod eggs was noted.
The majority of cod eggs was found to be within the East Greenland current.
A comparison of the velocity of the East Greenland current and the develop-
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mental stages of the eggs indicated a drift of the eggs along East Greenland
and round Cape Farewell from various spawning places. The size of the eggs
at East Greenland was from 1.19 to 1.56 mm in diameter and seemed there-
fore to range between cod eggs off Labrador and in Faxa Bay. _

Generally, the horizontal distribution of other zooplankton was charac-
terized by marked tongues of high density penetrating into the area from
south and south east. A comparison of this distribution based on different
gears was made, as well as a comparison between gears. The zooplankton
density in relation with temperature was studied, and a comparison made
between day and night catches. Generally, the zooplankton was very homo-
geneous. A review of the distribution of the most common species is given,
and it was established that C. finmarchicus was dominating, its percentage
frequency ranging from 72 to 99. Comparison between the distribution of
C. finmarchicus and S. retroversa showed reversed relationship.

Transparency measurements were carried out and compared with phyto-
plankton observations.

Finally, comparable features in the zooplankton-larval material are dis-
cussed.




Islenzkt agrip.

- Pessi ritgerd fjallar um rannséknir 4 fiskseiSum og &tu tr Greenlands-
hafi, Gégnunum var safnag 4 var8skipinu »Agi“ 1 mai 1961 { samvinnu
vid byzkan leiSangur, sem farinn var & sama tima.

Ritgerin hefst 4 leidangurslysingu, og leidin, sem sigld var, er synd 4
mynd 1. Sémuleidis er gefid yfirlit yfir gagnaséfnun og adferdir vid vu-
vinnslu gagna. -

“Karfaseidi fundust { nzer sy uthafinu, en voru { mestu magni i tveim
beltum vestan Reykjanes-hryggjar og utan 1000 og 2000 m dyptarlinu (sj4
mynd 2)." T samanburdi viy fyrri islenzkar og erlendar rannséknir var mikid
magn af karfaseium { Greenlandshafi 4 bessum tima.

Greinilegt samband fannst 4 milli sjévarhita 0g magns karfaseida, Par
sem sjavarhiti var 4 milli 7 og 8°C 1 20 m dypi, var mest magn karfaseida.
Hins vegar fundust mjog fa vid laegri hita en 5.5°C.

Gagnaséfnun { mismunand; dypi syndi, ad mest var af karfaseium {
15—18 m dypi, og kom bad skyrt fram & dyptarmeelum.

Lengd karfaseidanna var 5—15 mm, og i syOri hluta athugunarsveedis-

eins og synt er 4 mynd 7.

Seidi annarra fiska, einkum borskfiska, ern einnig tekin til medferdar
ritgerdinni. Utbreidisla seidanna var ad mestu takmorkud vi§ islenzka land-
grunnid, med nokkrum undantekningum pé, eins og t. d. kolmunnaseidi. Adal-
magn seidanna fannst i Faxafléa og neerliggjandi svasdum. Utbreidsla seis.
anna er synd & myndum 9, 12, 13, 16, 17 og 18. Meginporri seidanna var
nyklakinn,

Eldri seidin fundust einkum 4 norSanverdu athugunarsveedinu og fjeerst
landi. Eins og hj4 karfaseidum var mest um onnur fiskseidi { 15—18 m dypi.

I ritgerSinni er reett um ttbreidslu fiskeggja SV af Islandi og vid Austur-
Granland. A sidarnefnda svaeding voru nzr eingéngu porskegg, og fengust
bau einkum innan takmarka Austur-Greenlandsstraumsing (sja mynd 19).
Bent er 4, a¥ mikill hlut borskeggija fra hrygningarstédvum vi5 A-Green-
land berist me¥ straumnum fyrir Hvarf 4 medan bau eru ad klekjast. Porsk-

egg vid A-Greenland voru sterr en vid Island, en hins vegar minni en
vid Labrador,
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Dreifing atunnar einkenndist af rikum &tubeltum og tungum, er komu
skyrt fram i 6llum sofnunartekjum (sjd myndir 22—25). Samanburdur var
einnig gerdur 4 sdfnunarhafni hinna ymsu teekja og somuleidis gerfur sam-
anburbur & 4tumagni dags og neetur. St athugun syndi, ad vegna hinna hatt-
bundnu, 168réttu hreyfinga 4tunnar fannst ad jafnadi heerra atumagn ad
degi til.

Gerd er grein fyrir hinum ymsu 4tutegundum og ttbreidslu peirra. Lang-
mest fannst af rauditu (Calanus finmarchicus), sem nam fra 72—999% allra
dyra i atunni.

Loks var gerd athugun 4 gagnsai sjivar og bad borid saman vid magn
pérungagrédurs.
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A) Redfish larvae. Number per station, and gear
Cruise B 61, May 1961
— No Sample
Helgoland leelandic High-Speed Samplers All
Station Larvae Net 1 II 111 I-III Gear
No. No.of No. No.of No.per No.of No.per No.of No.per No.of No.per No.of
Larvae perm? Larvae 10m3 Larvae 10m?® Larvae 10 m3 Larvae 10m3 Larvae
5, 0 0 2 1.0 - - 0 0 2 05 2
7. 1 0.6 0 0 8 4.0 0 0 8 1.3 9
2 EP— 0 0 0 0 0 0 3 1.5 3 05 3
9. 0 0 0 0 0 0 1 0.5 1 02 1
{1 . 1 0.6 0 0 5 25 0 0 5 0.8 6
; ) (P, 35 219 13 6.5 32 16.0 16 8.0 61 102 96
12 ...... 11 6.9 34 170 - - 36 18.0 70 117 81
18 s 139 86.9 40 200 40 20.0 22 11.0 102 17.0 241
14 iiviss 60 375 2 1.0 31 15.5 60  30.0 93 155 153
15 ...... 6 3.8 1 05 3 1.5 4 2.0 8 1.3 14
16" wiwnis 11 6.9 0 0 1 0.5 1 0.5 2 0.3 13
LT i i 3 1.9 9 4.5 1 0.5 3 15 13 2.2 16
18 ...... 0 0 0 0 1 05 0 0 1 02 1
19 i s 2 13 0 0 0 0 0 0 0 0 2
5.4 [JE 10 6.3 0 0 0 0 1 05 1 0.2 11
21 ..., 2 1.3 0 0 0 0 0 0 0 0 2
22 . 0 0 0 0 1 0.5 0 0 1 02 1
D& o v 1 0.6 0 0 0 0 0 0 0 0 1
26 ...... 0 0 0 0 1 0.5 0 0 1 0.2 1
34 ...... 0 0 0 0 1 0.5 2 1.0 3 0.5 3
S P 14 8.8 0 0 0 0 0 0 0 0 14
1 . 4 2.5 0 0 0 1] 95 125 25 4.9 29
37 i 1 0.6 0 0 2 1.0 10 5.0 12 2.0 13
B8 s e 29 18.1 30 150 15 7.5 2 1.0 47 7.8 76
30 coasn 252 1575 46 23.0 28 14.0 95 125 99 165 351
40 . 55 344 8 4.0 26 13.0 12 6.0 46 7.7 101
) 45 28.1 1 05 0 0 - - 1 0.3 46
41A . 54 338 0 0 0 0 - - 0 0 54
49 ... 18 113 0 0 0 0 9 4.5 9 15 27
43 i 23 144 0 0 27 135 2 1.0 29 4.8 52
A o 50 31.3 58 29.0 - - 0 0 58 145 108
45 ..., 240 150.0 = = 52  26.0 10 5.0 62 155 302
46 ...... 80 556 - - 78 39.0 31 155 109 273 198
4T copuasa 4 2.5 - - 6 3.0 4 2.0 10 2.5 14
A8 v 4 2.5 - - 6 3.0 0 0 6 15 10
49 . ..... 0 0 - - 0 0 1 1.0 2 05 2
50 ...... 17 106 8 4.0 17 85 1 0.5 26 4.3 43
51 ,..... 55 344 13 6.5 36 18.0 6 3.0 55 9.2 110
52 ...... 19 119 4 2.0 3 1.5 4 2.0 11 1.8 30
L 14 8.8 0 0 - 4 2.0 4 2.0 8 13 22
B v i 18 113 0 0 8 4.0 6 3.0 14 2.3 32
55 ... 12 7.5 0 0 13 6.5 1 05 14 2.3 26
6
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Helgoland Icelandic High-Speed Samplers All
Station Larvae Net I II IIT I-1I1 Gear
No, No.of No. No.of No.per No.of No.per No.of No.per No.of No.per No.of

Larvae perm?® Larvae 10 m® Larvae 10m3 Larvae 10m?® Larvae 10 m3 Larvae

86 < soia 47 294 20 100 43 9215 7 35 70 117 117

57 ... 21 131 0 0 57 285 8 40 65 108 86

58 ...... 6 38 0 o 3 15 7 35 10 17 16

59 ...... 91 569 1 05 14 7.0 15 75 30 50 121

60 ...... 5 3.1 6 30 18 90 20 100 4 73 49

61 ...... - - 18 90 108 540 127 635 953 499 953

B8 ¢ ians s = g 20 145 8 40 15 75 52 8.7 52

63 ...... o 4 20 60 300 70 350 134 993 134

64 ...... 35 219 0 0 2 10 50 9250 52 87 87

85 v 183 1144 e 3 15 7 35 10 25 193

66 ...... - 5 925 9 45 22 11.0 36 60 36

i 67 ...... - - 21 105 17 85 1 05 39 65 39
5 6855 2y e 6 38 105 0 0 1 05 2 03 8
| 69 ...... 5 3t 0 o 7 35 9 45 16 27 21
. 70 ...... 4 25 0 o0 0 0 7 35 7 12 11
/| .. 11 69 0 0 6 3.0 5 25 118 92
[ 8 ;e o 319 0 0 0 0 1 05 1 02 4
fi T4 ..., 1 06 0 0 0 o0 1 05 1 02 2
il 75 ...... 0 o 1 05 0 o0 0 o 1 02 1
i - . 0 o0 0 0 0 0 1 05 1 02 1
il 80 ...... 1 06 0 0 0 0 1 05 1 02 2
i 81 ...... 7 44 0 0 0 0 0 o0 0 o 7
il 82 .. 0 o 0 0 i 05 2 10 3 05 3
il 83 ...... 15 94 8 40 71 355 10 50 80  14.8 104
| 84 . 66 413 4 9220 80 400 16 80 140 933 206
| 85 o 4 25 0 0 28 14.0 5 25 33 55 37
PH B5A .... 29 181 - - oz - - 29
i ‘J 86 ...... 319 0 o 16 8.0 19 95 35 58 38
! 86A 5 - 0 0 92 46.0 1 05 93 155 93
1 87 ...... 26 163 0 0 73 365 0 0 73 122 99
1 88 ...... 33 206 0 0 131 655 14 70 145 249 178
i | 89 ...... 75 469 32 16.0 31 155 10 50 73 122 148
1 ', S s iz 103 515 216 1080 95 125 344 573 344
{ | i 0 ... - = 4 20 34 17.0 11 55 49 82 49
9 ...... 10 63 0 0 5 25 2  13.0 31 52 44

1| 9% v 24 15,0 0 0 15 75 16 80 31 59 55
H 9 ...... 2 125 20 11 55 11 55 96 43 46
| 95 ...... 14 88 05 4 20 0 o0 5 08 19
1 96 v 19 119 3 15 7 35 12 60 22 37 4
H 97 ...... 32 138 11 55 20 145 5 25 s 75 77
, 1 9% ...... 40 2.0 2 10 12 60 10 50 24 40 64
1 9 ...... 30 18.8 0 0 46 93.0 13 65 59 93 89
1 ( 100 ...... 30 188 0 o0 23 115 16 80 39 65 69

, 101 ..., 142 888 0 o0 39 195 14 70 53 88 195

i 102 ...... 0 0 0 0 1 05 0 0 1 02 1

: 1o ... ... = 0 0 0 0 9 45 9 15 9
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Helgoland Ieelandic High-Speed Samplers All

Station Larvae Net I 1I 111 I-I1I Gear
No, No.of No. No.of No.per No.of No.per No.of No.per No.of No.per No. of

Larvae perm? Larvae 10m® Larvae 10m® Larvae 10 m3 Larvae 10m3 Larvae
3§ - SN - - - - 0 0 2 1.0 2 0.5 2
114 ...... - - - - 6 3.0 8 4.0 14 35 14
115 e s - - 19 9.5 81 405 29 145 129 215 129
116 v s 7 44 23 115 174 87.0 0 0 197 328 204
17 ...... 27 169 80 40.0 4 2.0 4 2.0 88 147 115
148 e 39 244 - - 41 205 3 15 44 110 83
HY e+ 2 13 44 22.0 37 185 3 15 84 14.0 86
120 ...... - 26 163 60 30.0 97 485 90 45.0 247 412 273
121 e 2 13 2 1.0 4 2.0 5 2.5 11 1.8 13
y L1 TR—— 12 75 0 0 1 05 0 0 1 02 13
123 ...... 0 0 0 0 5 2.5 0 0 5 0.8 5
194 vwius 3 1.9 10 2.0 0 0 8 15 18 1.2 21
198 cinnsion 6 3.8 0 0 22 11,0 7 35 29 4.8 35
126 ...... 4 2.5 5 25 29 145 9 4.5 43 72 47
L 3 19 1 05 1 05 2 1.0 4 0.7 7
129 icowrvi 1 0.6 - - 0 0 0 0 0 0 1
133 ...... 1 0.6 0 0 0 0 0 0 0 0 1
140 ...... 0 0 0 0 1 0.5 1 05 2 03 2
141 ...... 2 i3 2 1.0 0 0 0 0 2 0.3 4
142 ... e I 0.6 0 0 0 0 0 0 0 0 1
143 ...... 1 0.6 0 0 0 0 0 0 0 0 1
145 vownus 3 1.9 1 0.5 0 0 1 05 2 0.3 5
146 ...... 0 0 0 0 0 0 2 1.0 2 0.3 2
147 . 3 1.9 22 1.0 28 140 4 2.0 34 5.7 37
148 ...... 5 3.1 0 0 0 0 6 3.0 6 1.0 11
149 ...... 0 0 1 05 0 0 0 0 1 02 1
182 ...... 1 0.6 0 0 26 13.0 0 0 26 4.3 27
183 ... 0 0 0 0 53 265 0 0 53 88 53
154 ..., 4 25 19 9.5 9 4.5 0 0 28 4.7 32
1685 .. ... 2 1.3 23 115 15 7.5 3 15 41 6.8 43
166 ...... 9 5.6 32 16.0 6 3.0 11 55 49 8.2 58
j £sy g 121 75.6 1 05 151 1755 122 61.0 274 45.7 395
157A 5 3.1 - - 99 445 106 53.0 205 513 210
158 ...... 4 2.5 1] 0 111 555 66 33.0 177 295 181
159 ...... 9 5.6 0 0 37 185 19 95 56 9.3 65
160 . Lwes 1 0.6 0 0 57 285 17 8.5 74 123 75
161 ...... 16 10.0 0 .0 27 135 10 5.0 37 6.2 53
162 & ..uxn 7 4.4 7 3.5 4 2.0 3 15 14 2.3 21
163 . wo vo 0 0 0 0 1 05 2 1.0 3 0.5 3
164 ...... 0 0 0 0 0 0 1 0.5 1 0.2 1
165 ¢ a0 v s 0 0 0 0 0 0 2 1.0 2 0.3 2
166 < oo s 1 0.6 0 0 0 0 1 0.5 1 02 2

Total .... 2665 1028 919 2.78 2893 846 1470 4.29 5282 518 7947




84

B) Redfish larvae. Length per station

B 61, May 1961.

Cruise Part I.

mm/St. 5 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 24 26
B i 1
B s 1 2 I 1 40 6 63 11 4 1 1 1
7 ... 1 1 2 3 37 61115 74 3 8 10 2 8 2
8 i 5 1 t 7 20 15 3 4 2 1 1
9 . 1
Total 2 9 3 1 5 84 81136 141 14 12 {14 1 2 11 2 1 1t 1
mm/St. 34 35 36 37 38 39 40 41 41A 42 43 44 45 46 47 48 49 50 51
5 1 1 1 1
B oo 6 9 3 1t 74 51 13 26 8 13 35 37 44 4 6 19 55
T s 1 56 14 9 47 66 41 925 23 14 96 18 44 54 4 1 19 47
8 ... 2 3 2 8 2 1 5 1 211 4 11 9 3 3 4 4
L2 . 1 1 1 3 1
Total 3 14 25 13 76 142 94 44 50 24 51 98 Qo 100 14 10 1 42 108
mm/St. 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70
5 ..... 100 4 13 3 13 4 1 1 2 3 7 1
6 oo 7 8 9 12 48 24 4 19 24 11 4 11 30 47 5 7 1 2 6
7 — 8 8 8 11 45 46 9 44 19 73 93 66 35 67 22 24 4 10 4
8 ..... 1 2 2 10 6 26 2 34 13 29 7 28 7 7 3 9
& e 1 1 2 1 1 2 2 10 1
W e 1 1
Total ... 26 22 32 26 116 81 15 92 47 119 44108 75 160 35 38 8 21 {1
mm /81, 7172 74 75 76 80 81 82 83 84 85 85A 86 864 87 88 89 90 91
5 5w 1 1 1 2 6 3
i J—— 5 1 1 5 14 17 14 4 7 17 11 20 38 16 4
7 i 3 1 1 11 1 33 66 14 6 16 28 54 95 77 53 9of
8 i 4 2 29 59 4 13 12 4 26 29 13 38 90
9 1 7 23 4 1 2 3 16 1 12 2
10 o 6 2 1 9

97 132 128
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mm/St. 92 93 94 95 96 97 98 99 100 101 102 - mm Total

R 1 5 3 5 18 4 7 5 5 129

6 & 15 26 21 6 9 26 21 50 24 44 1 6 1243

T o 13 18 13 4 11 16 12 23 22 42 7 1894

. S 7 8 4 7 14 19 7 6 9 8 8 707

9 ,.aau 3 1 1 1 6 3 2 1 9 119

10 ;o 1 1 4 1 1 10 28

{ Total ... 38 55 43 19 38 76 59 86 64 101 1 4120

Cruise Part II.

mm/St. 114 115 116 117 118 119 120 121 122 123 {24 125 126 127;133

Q- 1 1
6 ...... 2 2 6
7 A 3 4 2 2 4 3 8 1 17 1
., JER—. 2 18 8§ 10 11 4 15 1 4 1 7 4 8
9 ... 3 33 33 28 15 20 47 4 5 3 6 9 8 1
10 ...... 6 30 23 29 25 33 68 3 3 5 10 6 1
: & [— 11 8 17 21 20 30 1 1 1 7 2 3 1
12 ...... 2 7 5 7 3 1
13 s 1 1
3 G J e 1
15 ......
‘ 18 .
| Total .... 14 98 77 104 83 85 176 10 13 4 20 34 47 7 1

mm/S8t. 140 141 142 143 145 146 147 148 149 152 153 154 155 156 157

- 1

6 g 1

T wowei 3 2 1
8 . 3 1 5 9 3 7 4
! S 1 1 i 2 13 26 1 8§ 13 21
| 1 1 2 2 2 4 8 13 4 § 17 4
; 5 ISR 1 2 0 2 14 15 13 46

’ 12 ...... 1 2 7 3 5 29

13 swwews 1 5 g
7. ——— 1 2

15 .o

18 o 1
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mm/St 157a 158 159 160 161 162 163 164 165 166 mm Total
5 ..., 1 5 4
B asmes 1 7 6 19
U o v 1 1 6 3 8 1 7 71
8 ...... 4 8 7 7 9 5 8 166
9 eiaig 14 717 10 6 3 9 368
[ J—— 35 29 11 16 6 3 10 467
1 ...... 43 39 9 19 9 i 1 3 5 352
12 . 1 24 8 12 11 1 12 148
13 conann 2 8 5 3 2 13 38
4 ... 1 2 14 7
15 i 3 1 15 4
18 18 1
Total 110 120 64 72 52 91 2 1645



