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PREFACE

In the autumn of 1948 the Directorate of Fisheries, Institute of
Marine Research, Bergen, at the initiative of the present author started
investigations on zooplankton in Norwegian coast waters in order to
study variations in the composition and quantity of the plankton through-
out the year, and from one year to another. The plankton was collected
by the personnel at the permanent hydrographical stations at Ona and
Sognesjgen between 61°--63° N on the west coast of Norway, and at
Skrova and Eggum in the Lofoten area in Northern Norway. The
sampling has been carried on from the autumn of 1948 up to the present
date.

Selected samples from plankton material collected by the staff of the
Institute in Norwegian coastal and offshore waters and in the Norwegian
Sea and adjacent areas during the years 1927—39 and 1947—51 have
also been used, mainly for a study of variations in the quantity of plank-
ton and of length variations of copepods. In addition, I have analysed
a material of zooplankton taken by the meteorologists on board the
Norwegian weather ships «Polarfront Iy and «Polarfront I1I» in the centre
of the Norwegian Sea during 1950, 1951, and 1952.

All the plankton samples above have been collected in vertical hauls
with a Nansen net.

T have also investigated samples collected in oblique hauls with the
Clarke-Bumpus plankton sampler in the Lofoten area during April—
June in the years 1949, 1950, and 1951.

On this occasion I would like to express my sincere gratitude to the
director of the Institute, Mr. G. ROLLEFSEN, who made it possible for
me to undertake this investigation, to the leader of the hydrographical
section of the Institute, Dr. J. EcGviN, who gave me the opportunity
of having plankton sampled at the permanent hydrographical stations
and supplied me with the necessary hydrographical data for the period
of the investigations. I would also like to thank the members of the
staff at the Institute for their cooperation and assistance, especially
Mr. Kaare GUNDERSEN and Mr. Puinip TALLANTIRE, and also Miss
HrrDIS AADLAND, who has prepared most of the drawings.




Finally, I want to thank Dr. J. Ecevin, Professor Jorax T. Ruub,
and Professor H. Mospy, who took the initiative in the sampling of
plankton from the Norwegian weatherships, and have entrusted me with
the material collected since the spring of 1950, and have also supplied
me with the necessary hydrographical data. To the chief meteorologists
M. E. MaDsEN, J. SKAAR, and J. TonNESSEN, who have been in charge
of the plankton sampling, their assistants and to the officers and crew
on board 1 convey my warmest thanks for the very valuable material
which they have collected at all times of the year, sometimes in spite
of very rough weather.

The investigations have been partly financed by a grant from Fiskeri-
bedriftens Forskningsfond.

Bergen, June 1953. _
Kristian Fredrik 1Wiborg.




GENERAL PART

Introduction.

Previous Investigations.

During the last 50 years a considerable amount of work has been
devoted to investigations on zooplankton in the coastal waters of Norway
and in the open ocean outside. NorpGaarDp (1898, 1899, 1900,
1901, ’05, '10, '12) investigated the plankton at different parts of the
coast during all the year, but his work was only partly quantitative.
GRAN (1900) gives a great deal of information both on the quantitative
variation of the plankton as a whole (the weights of combined phyto-
and zooplankton from hauls with fine nets) and on the numerical vari-
ations of some copepods off the coast of Nordland (Northwestern coast
of Norway). In the very comprehensive survey of the phyto- and zoo-
plankton of the Norwegian Sea (Gray 1902) there are also some observ-
ations from the coast of Norway. Dawmas (1905 and 1909) and Damas
& KOEFOED (1907) also studied the copepods of the Norwegian Sea.

The papers mentioned deal mainly with the seasonal and local vari-
ations in the quantitative distribution, partly with the biology of the
organisms. But we must also mention the important taxonomic works
of SARrs (1903—18).

The first more comprehensive investigation on zooplankton in
coastal and offshore waters during a longer period was made by Ruup
(1929) on the west coast of Norway. Later RunnsTROM (1932) and the
present author (1944), studied the zooplankton in some fjords near
Bergen all the year round. In the Lofoten area SoMME (1934) made a
thorough study of the copepods Calanus finmarchicus and C. hyper-
boreus during winter and spring.

Material and Methods.

The present paper is based on plankton material collected in Nor-
wegian coastal and offshore waters for many years, since 1927 up to the
present date. TFor special purposes plankton samples from the weather-
ship «M» have also been utilized. The main part of the material (A)
derives from 4 permanent hydrographical stations along the Norwegian
coast, namely:




1. Sognesjuen, located at the mouth of the Sognefjord, lat. 61°04.1° N,
long. 04°50.5" E, depth 300 m.

2. Omna, at Mgre, 62°54.0° N, 06°30.5" 12, dep.th 200 m.

3. Shrova, in the Vestfjord, North Norway, 68°07.5’ N, 14°39.4’ E,
depth 300 m.

4, Eggum, on the ocean side of the Lofoten Islands, 68°22.8 N,
13°38.7 E, depth 200 m.

The stations are indicated on fig. 1.

The sampling of zooplankton started in the autumn of 1948 and has
continued ever since. The intervals between observations have been
from a few days to a month or more, when the weather was bad. The
average interval was usually a fortnight. The present study is mainly
based on the plankton material collected during the years 1949, 1950
and 1951. For some of the species I have also included the material
taken in the autumn of 1948, All the samples have been taken in vertical
hauls with the Nansen net, diameter 70 cm, silk No. 0 (mesh width
0,4—0,6 mm) in the cylindrical part, and silk No. 8, (mesh width 0.2 mm)
in the conical part. During 1949 the hauls were divided, one haul being
taken from the bottom to 50 m and closed, one from 50 m to the surface.
As, according to BARNES (1949) part of the plankton sampled may be
lost during the closing of the net, the closing was abandoned from the
beginning of 1950, and later all the hauls were taken from the bottom
or from 50 m to the surface. '

The plankton collected during 1948—-50 has been used for a detailed
study of the quantitative and qualitative composition of the zooplankton,
whereas the samples from 1951 have only been measured as to volume.

(B) From the large amount of plankton material collected during
fisheries research cruises in Norwegian coastal and offshore waters
during the years 1927—39 a number of samples taken in vertical hauls
with the Nansen net at or near the position of the permanent stations
has been used for a comparative study of variations in the volumes of
the plankton. Plankton sampled in the Vestfjord during the spring of
the years 1930, 1939, 1946 and 1947 has also been used for a study of
the propagation of Calanus fimmarchicus and C. hyperboreus.

(C) In the years 1949—51 a number of oblique hauls were made with
Clarke-Bumpus plankton samplers during April—June in the Vestfjord
and on the coastal banks outside (see fig.s 14-—19) mainly for a study
of the occurrence of fish eggs and larvae (WiBorg 1950 and 1952).
Three samplers, equipped with nets made of silk No. 2 (size of mesh
aperture 0.366 mm) were towed simultaneously at different depths and
raised in steps of 5 m. The depth intervals fished were usually 75--55 m,
50—30 m and 25—5 m, the towing lasting for 20 minutes in all. At
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Fig, 1. Zooplankton stations in 1948 —51.
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the end of the 3 mm wire was attached a weight of 28 kg and the wire
was kept at an angle of 40 degrees to the vertical, the vessel running
at a speed of 1%—~2 knots. The volume of water filtered by each sampler
usually varied between 6 and 12 m®. Most of the stations worked were
visited twice, at the end of April/beginning of May, and at the end of
May/beginning of June. In the Vestfjord the hauls during the last cruise
were as a rule taken between 50 m and the surface, as most of the plank-
ton, fish eggs and larvae included, was found to keep mainly in this layer.

(D) For studies on the variations in the quantitative distribution
of the plankton and on the length variations of the copepods I have also
used plankton samples collected in vertical hauls with the Nansen net
during the fisheries research cruises in the Norwegian Sea and adjacent
areas in 1948—1951 and from the Norwegian weather-ships «Polarfront
I» and «Polarfront II» at station «M», 66° N, 2° E, during 1950—1951.
Plankion material collected by the weather ships during 1949 has been
worked up by @STVEDT (in press) at the Biological laboratory in Oslo.

All plankton samples have been preserved in 5-—10 9, formalin.

The volumes of the samples were measured by displacement or
draining. The sample was poured into a measuring cylinder and water
added, until the total volume amounted to 10 ml, 50 ml, or 100 mli,
according to the size of the sample. Afterwards the liquid was drained
off through a sieve of plankton silk, the plankton being squeezed gently
with a spattleto get out most of the liquid. Then the liquid was measured
separately, the difference giving the volume of «dry» plankton. Larger
organisms, e.g. krill, chaetognaths and larger medusae, were removed
before the volume measurement and their volumes in some cases measured
separately.

An experiment was carried out in which the volume of some plankton
samples was first measured by settling in measuring cylinders, and after-
wards by displacement. The former values where from 1.6 to 6.6 times,
on the average 4 times larger than the latter.

The improved Lea’s plankton divider (WiBorG 1951) has been used
for the fractioning of the samples when this was necessary for computing
the total number of organisms present. According to the size and nature
of the sample a subsample of 1/10 or 1/100 was taken out and the orga-
nisms present counted. Another fraction was always kept as a control
and analysed if necessary. Finally, the entire sample was given a cursory
inspection (for further details see WiBora 1940).

Several workers have investigated the validity of single plankton
hauls. It has been shown that in a series of vertical hauls taken from
a restricted area at short intervals of time, the size of the catch may
vary considerably, as much as 90—120 9%, from the mean (GARDINER
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1931, Winsor and WALFORD 1930 and others). GARDINER found that devia-
tions from the mean of 33%, must be considered as fairly good, and thesame
(35 %) was also shown by BARNES (1949) to be the coefficient of vari-
ation of a single observation for a haul of moderate length. BARNES
showed further, that there might be a loss of material when the net
in a divided haul was closed on the Nansen principle. As mentioned
above, the closing of the net was for this reason abandoned at the
permanent stations from the autumn of 1949.

In a long series of observations extending over more than one year,
it is to be expected that the errors involved in the single observations
will to some extent be equalized, but it is necessary to have the errors
mentioned in mind when we draw our conclusions from the material.

The errors envolved in the subsampling have been discussed in a
previous paper (WIBorG 1951).

The papers and handbooks used for the determination of species
were partly the same as used before (WiBorG 1940, 1944). In addition,
the Plankton Sheets issued by the International Council (No.s 7, 13, 37,
38, 42) have also been used.

Length Measurements. The cephalothorax lengths of the copepods
were measured in a Spencer binocular microscope with a built-in micro-
meter. Calanus finmarchicus, C. hyperboreus and Pareuchaeta norvegica
were measured with oculars No. 9 and objectives No. 1, the divisions
of the micrometer equalling 0.097 mm. For Pseudocalanus elongatus
and P. minutus, Metridia longa and M. lucens were used oc. No. 9 and
obj. No. 2, divisions equalling 0.0513 mm, and for Microcalans pusillus
and M. pygmaeus oc. No. 9 and obj. No. 8, — 0.0125 mm. Pseudoca-
lanus was also measured in a Leitz binocular microscope, oculars No.
12.5, objectives No. 2, the micrometer divisions equalling 0.0509 mm.

All figures exceeding one value were raised to the next higher. In
order to compare the cephalothorax lengths with the total lengths given
by other workers, I have calculated the relation cephalothorax length:
total length for a number of species from the drawings of Sars (1903)
and got the following values:

Calanus fimmarchicus @ ........0.79
C. hyperboreus @ ..............082
Ps. elongatus @ ... ......066
Metridia longa Q el 062
M. lucens © ... ... 064
Pareuchacta norvegica @ .......... 067
Microcalanus pusillus § ........0.75
M. pygmaeus @ ................075

The total length may thus be converted into cephalothorax length
and vice versa in multiplying or dividing by these factors.
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Hydrography.

Previous Investigations.

According to HerrLAND-HANSEN and NansEN (1909) the water
along the western and north-western coast of Norway is characterized
by a slinity less than 35 %/y,. The coast water is on the whole moving
along 1he coast as a continuation of the Baltic current, from the Skagerak
to the Barents Sea. The North-Atlantic cuirent passes along the North
Sea platcaun (Tampen) and then across the Norwegian Channel. Later
it maiul. Iollows the edge of the continental shelf northwards, but off
Sunnmgre (63°—64° N) a little north of Ona, and off Lofoten (67°—68"
N) vortices probably occur, according to the bathymetrical features of
the sea basin. Along the shelf all parts lying deeper than 200 m are
covered by water with salinities above 359/, and also in the depths
of the Norwegian fjords we usually find Atlantic water, unless there is
a too shallow sill at the entrance. In the coast water the salinity is
increasing along the route northwards, while in the Atlantic current
the salinity is decreasing, indicating that some intermixing takes place
in the boundary layers between the two currents.

Movements and Currents. There is a lateral movement in the coast
water. In summer it is wide in extension but shallow in depth, while
in winter it is narrow, but deep. According to the course of the 359/
isohaline the extension of the coast water off the Sognefjord in 1906
was found to be 93 km in February, 104 km in May, 187 km in August
and 70 km in November (Herranp-HanseEn and Nansen 1909). (At
Ona the distance from the coastline to the edge is appr. 126 km).

It has been observed by Damas (1905) that a number of southern
plankton organisms (e.g. salps) arrive at the west coast of Norway in
the autumn, probably every year. It may indicate an influx of Atlantic
water towards the coast in that season.

HerLLAND-HansEN and NANSEN state that the velocity of the coastal
current varies greatly. Off Breisund (near Ona) the investigations
revealed currents which in the upper 20 m ran seawards, but below 20 m
towards the coast. Near the edge the currents at all depths were moving
northeastwards along the continental slope. On some occasions the
current was found to be moving very slowly (northwards) and vortex
movements were supposed to occur. MARTENS (1929) on one occasion
measured the current at Storeggen, the bank outside Ona, and calculated
the water transport to 5 nautical miles per 24 hours. EcGVIN (1940)
in February-March 1937 found current velocities in the upper water
layers between Sognesjgen and Ona of 15.1 cm/sec., or approximately 7
nautical miles a day. For the Vestfjord Ecovix (1931) has some details on
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the currents in the surface layers. One of his figures is quoted on page 40,
where the direction of the current is also discussed.

Braarup and Kreum (1931) emphasize the importance of the wind,
as westerly winds, especially in winter, add strongly to the homogenity
of the water layers.

Temperature Variations in the Coast Water. We may generally
distinguish between a surface layer with great variations in temperature,
partly also in salinity, and a deeper layer with rather small variations
in temperature and salinity throughout the year. According to EGGVIN
(1944) the mean temperatures in March and August and yearly amplitude
at 4 m level in the years 1935—1940 were as follows:

March August Yearly amplitude

Sognesjgen . ........ 4,3°C 15.7° C 114°C
Ona............... 4.2°C 14.8°C 10.6° C
Vestfjord ........ .. 3.0°C 13.0°C 10.0° C

In the bottom water the following values were given for the same
period:
Sognesjgen . ........ e July 6.77° C January 8.18°C
Skrova ... oo Sept. 6.73° C March 6.95° C
Eggum ........ ... April 6.16° C November 7.69°C

The Hydrographical Conditions during 1949—57.

By the courtesy of Dr. J. EcovIn T have got the isopleth diagrammes
for temperature and salinity at the investigated localities for the years
19491951, as shown in fig.s 2—9. The figures speak for themselves,
and it is not necessary to give detailed comments. We are mainly
interested in the variations which indicate changes in the hydrographical
conditions caused by influx of water from other areas, and in table 1
I have compiled the most obvious fluctuations during 1949-—-51. In
the following paragraphs I will mention briefly the general hydrographical
features of the localities, and the major variations found during 1949
—1951.

At Segnesjoen the upper 50 m have generally a salinity of 32—34 %/4,.
In the autumn the salinity may sink below 329/, probably due to
increased flow ot the Baltic current, perhaps also to local rainfall or
river flow. In the deeper layers an influx of more saline water, probably
of Atlantic origin, was noticed in May— July and October of 1949, and
November—December of 1951. The temperature of the deeper water
layers was a little lower in May—August 1951 than in the same period
of 1949 and 1950.
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Fig. 2. Salinity isopleths at Sognesjoen in 1949 51,

At Ona the course of the isohalines indicates very variable conditions
in the upper 50 m during the first six months of each of the three years.
In the autumn, and especially in 1951, there was a clearly indicated
decrease in the salinity of the upper layers. In the deeper layers, influx
of Atlantic water is more felt than at Sognesjgen, in 1949 occurring in
June—July and December, in 1950 in May and October—November,
in 1951 between April and June, and in the middle of November.
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The temperature conditions also indicate that the different water layers
may be very well mixed, and both summer warming and winter cooling
reach to the bottom in all years.

At Eggum the salinity of the upper 50 m is usually a little higher
than on the west coast, but we find a corresponding decrease in salinity
during the autumn and early winter months, most pronounced in 1950.
The influx of water of 35 9/y, or more in the deeper water layers is less
pronounced than at Ona, only being noticeable below 150 m in August
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N

—September 1949, and near the bottom in September—December
1950. Both temperature and salinity variations indicate that the water
is well mixed from the surface to the bottom both in spring, and in the
autumn and early winter.

The Skrova station, situated in the inner part of the Vestfjord,
exhibits more typical fjord conditions than the other localities. The
salinity of the upper layers is somewhat lower than at Eggum, especially
in the autumn, which may be due both to the coastal current and to local
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Fig. 9. Temperature isopleths at Skrova in 1949 —51.

influx of river water and rainfall. In the deeper layers we usually find water
of a salinity near 35 9/, and new Atlantic water seems to have been intro-
duced in January and July—October 1950, and in June 1951, — The tem-
perature conditionsin the upper waterlayershavealso afjord character,with
lower temperatures duringwinterand higher during summer thanat Eggum.

The different changes in the hydrographical conditions at the locali-
ties investigated will also be discussed later on in connection with the
variations in composition and quantity of the zooplankton.




Table 1. Major Changes in Temperature and Salinity at Sognesjoen, Ona, Eggum and Skrova during 1949—7957.

Salinity Temperature
Year Surface layers Surface layers Deeper layers
Deeper lay- 1 ————— e ot —
et .. . winter summer
decrease increase ers mcerease | Minimum | Maximum . .
cooling varming

Sognesjoen 1949 | Sept.-Oct. June-Aug. | May-July | 6° March | 13.9,° Aug. | No data 9° to 150m
below 32 °/ and Oct., in December

above 35 %/,

Ona » July-Dec., May-Aug. | June-Oct., | 4.8°March | 13,77 Sept. | to 150 m to the bot-
Oct.-Nov. and Dec. in March |tominNov.-
below Dec.

32 O/OO

Eggum » May, 34,5°/_ | April-May | Smallincr. | 3.7°, Apr. | 10.4°,Sept. | 5.0° to 100 | to the bot-
below 150 m in Aug-Sep. m in Mar. | tom in Oct.
June-Dec., 350/OO be-
below 50 m low 150m

Skrova » Jan., below No incr. No changes{ 2.2° Mar. 12.5% July | to 100 m 9° to
33 O/oo in the in April 125m
upper 100 m

Segnesjoen 1950 | May, July- No data No changes| 4.4°,Mar. | 16°-Aug. | 6.5%to 9° Dbelow
Nov. below | 75 m in 100 m in
32° . March October
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July-Nov.,
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The Zooplankton

Variations in Volume.
The West Coast of Norway between 67° and 63° N.

Sognesjoen. The variations in plankton volume at Sognesjgen during
the years 1949351 are shown in fig. 10.

From a minimum value of 1 ml in January the mean volume per
total haul from bottom to surface (bottom row) has a steady increase
to a maximum of 5 ml in April, a small decrease in May, and a second
and larger maximum of 6 ml in June. From July the plankton volume
decreases steadily to the end of the year, with the exception of a small
peak in September.

In the upper 50 m we have mainly the same variations, and from
March to June most of the plankton is concentrated in this layer.

The volume variations in the different years follow largely the same
course as the mean volumes. As the observations during some periods
are rather few, we may have missed the more accurate times of the
different maxima. At Ona (see below) and in some fjords south of
Bergen (GunDERSEN 1953) the summer maximum usually occurs in
July. The rather large volumes found at the end of March 1950 and in
April 1951 were partly due to the presence of phytoplankton, but the
samples nevertheless consisted mainly of copepods. The largest quantity
of plankton obtained in a single haul, 8.7 ml, was taken on 1. June 1949.

Ona. The variations in plankton volume at Ona during the years
1949--1951 are shown in fig. 11.

The mean volumes for the whole period (bottom row) were of about
the same size as at Sognesjgen, but the maxima occurred in April and
July, and the second maximum with a value of more than 15 ml was
. far above the June maximum at Sognesjgen.

The vertical distribution of the plankton resembled that of the last
mentioned station, but a somewhat smaller proportion of the total
volume was taken in the upper 50 m during April and May, and in June
nearly all the plankton was found below 50 m.

The first maximum of the year occurred later in 1949 and 1950 than in
1951, the second maximum in all years in the middle of July. No third
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Fig. 10. Variations ot plankton volume in vertical Nansen net hauls
from bottom to surface at Sognesjgen in 1949—51.

maximum is clearly indicated. The rather large volumes in October are
mainly due to remnants of medusae, which could not be removed from
the samples.

The mean volumes for the years 1949—1951 were 2.9 ml, 4.3 ml,
and 4.7 ml respectively. If we exclude the observations from July for
all the years, the yearly mean volumes will be 2.0 ml, 2.2 mland 4.2
ml, or approximately the same as at Sognesjgen.




8t . Pn 4
1949 Totall column: 200-0Om

OF E 50-Om -

44 .

1951

14 Total column:
s Average 1949-5

- Black column:
IO Average 50-Om 1950-51 ]

Mo A M J J A S @) \ D
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Table 2. The Mean Plankion Volumes in Vertical Nansen Net Hauls from
Bottom lo Surface at Ona in the Years 1927—1939 and 1949—1957, in ml.

Period Jan. | Feb. | Mars | April | May | June| July | Aug. | Sep. | Oct.| Nov. ! Dec.
1927—39 ..| Mean Vol. | — | 1.0/ 1.8 5.4 7.7 —[13.1 — | — | 2.2] 0.8 3.9
No.ofObs| —| 3| 1| 4| 7| —| 2| —| —1 1| 2! 2

1949—51 ..] Mean Vol. | 0.9 0.8] 2.0} 5.1} 4.8] 6.4[15.6| 3.5 1.8; 1.7, 14 0,9
No.ofObs.y 3| 3] 4, 6] 4, 6| 6, 6| 5 5 4] 4

During the years 1927—1939 a number of vertical hauls were taken
with Nansen net near the Ona station. The observations are very
scattered, and usually only a few were taken from each year. The total
volumes from bottom to surface have been averaged per month for each
vear, and then the monthly means have been averaged for the whole
period, as shown in table 2. Plankton hauls are lacking for January,
June, August, and September. For the other months there is quite good
agreement between the observations from 1927—1939 and the present
material. The high December value is explained by the fact that these
hauls were taken at a locality with a depth of more than 400 m.

Table 3. The Mean Plankton Volumes at Ona in 1920—27 recalculated
from Ruud's st. "B” (1929), and in 1949--51 (the present Paper), in mi.

1926—27 (Ruud) 1949—51 (author)

maximum maximum,

Mean in a single Mean in a single
haul haul

|

March ........ oot 3.8 12.9 2.0 3.5
April ..o oo i 8.1 10.8 5.0 8.0
May ..., 10.0 13.4 4.9 5.5
June ...l 7.6 10.0 6.4 13.
July oo 6.3 8.3 15.7 29.5

Ruvp (1929) took a number of vertical Nansen net hauls off Mgre
in the years 1925-—1927. His station «B» is situated approximately at
the permanent station at Ona. The volumes of the plankton samples
were measured by the settlement method. As mentioned above (page
10) volumes obtained by settlement must, on an average, be divided by
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4 to be comparable to displacement volumes. In table 3 Ruup’s
figures for st. «B» for the years 192627 have been recalculated and
compared with the plankton volumes at Ona during 1949—1951. The
largest volumes obtained in single hauls are given as well.

Although the figures calculated from Ruup’s table must be regarded
with some reservation, there seems to be some agreement between the
two series, except for May and July. In the first of these months Ruup’s
figures are considerably above those of the author, in the second month
considerably below. As Ruubp’s plankton hauls were taken at the end
of July, he may have missed the maximum, which according to the
present investigation seems to occur in the middle of the month.

The Coast and Bank Waters in the Lofoten and Vesterdlen Aveas.

Eggum. The variations in plankton volumes at Eggum during the
yvears 1949—1951 are shown in fig. 12

From January to March the monthly mean volume (bottom to the
right) is low, 1—2 ml. The increase starts in April, and in May the
volume reaches a maximum of nearly 40 ml. A minor decrease in June
is followed by a second maximum of 50 mlin July. In August the plank-
ton volume has fallen off to 12ml and decreases steadily during the autumn
and winter until December.

In the upper 50 m the volume has a minimum in January and rises
to a maximum in May. In this period more than half, in May even more
than 3/4 of the total volume of plankton is taken in the upper haul,
but in the other months the bulk of the plankton keeps below 30 m.

In 1949 there seem to have been maximum volumes at the beginning
and the end of May, in the first few days of August and at the beginning
of September. In 1950 the maxima occurred in the last half of May
with the very large quantity of 118 ml, most of which was taken in the
50—0 m layer, and in the middle of September. In 1951 the peaks
appeared at the beginning of June, in the last half of July and at the
end of August. The rather large volumes in October mainly consisted
of medusae remains. Minimum values in all years occurred in the period
November—March. The yearly mean volumes were as follows:

1949: 5.5 ml, 1950: 15.7 ml, and 1951: 17.6 ml.

A few vertical Nansen net hauls have been made in localities near
the Eggum station during the years 1927—1939. Observations are
lacking for the months January, February and June. The volumes of
the samples have been measured and treated in the same way as men-
tioned for Ona. In table 4 are given the monthly averages for the
years 19271939 and 1949—1951
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Table 4. The Mean Plankton Voluwmes in Vertical Nansen Net Hauls
from Bottom to Surface ai Egguom in the Years 1927—71939 and 1949—1957,

— i .
) i T T
Years Jan. | Feb, Mars April| May Junei July | Aug. ‘ Sep, : Oct. JNOV. Dec.
; i | | !
J
1927—39 ..| Mean Vol. | — | — | 1.2 3.1177.0 —l 94 14 1.7 2.8/ 3.7 1.8
No.of Obs. | — — | 4 4 1y —1] 61 2 1 3 1 1
|
1949—51 ..l Mean Vol. 1.3 1.21 1.1] 5.0/38.4 33.5150.213.1 7.6] 6.1 2.6/ 3.4
No. of obs. 4 3 5 6 7 61 41 6 5 3 4 3
|

The agreement between the two series is not very good, the values
from 19271939 being far below those of 1949-—1951. In the first
period most of the plankton hauls were made at some distance from the
LEggum station, and as will be shown later on, local differences may be
of considerable importance. But one cannot exclude the possibility that
the plankton in the earlier years investigated might have been poor,
or the years 19491951 very rich.

Skrova. The variation in volumes of plankton at Skrova in the years
1949—1951 is shown in fig. 13.

The monthly mean volume (bottom row) is about 7 ml in January
and decreases to 53 m!i in March. From April we have a steady rise to a
maximum of 12.5 ml in June, some decrease in July and a second maxi-
mum of 23 m! in August. From September to December the volumes
are of about the same size as at the beginning of the year.

The volume in the 50—0 m layer varies in the same way as the total
volume. From April to June more than half of the total quantity of
plankton is taken in this layer, but from July onwards the plankton
volume diminishes very rapidly, already in August being only little
above 1 ml. Quantities below 1 ml occur in January, February, and
from September to December.

There are considerable differences between the years 1949—1951
both regarding quantities of plankton and the time of the different
maxima. In 1949 peaks occurred at the end of April, in the middle of
June, latter half of July, and at the beginning of September and Decem-
ber. In 1950 the most obvious peaks were observed on 11 April, 20
May, 22 July and 5 August. In 1951 there were maximum volumes on
26 May, 16 June and on 4 and 13 August. No observations were taken
during the rest of the year. Some of these maxima may however be
due to random variation. The yearly mean volumes vary considerably,
in 1949: 5.5 ml, in 1950 8.3 ml, and in 1951 16.3 ml. In order to get
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Fig. 13. Variations of plankton volume in vertical Nansen net hauls

from bottom to surface at Skrova in 1949 —51.
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comparable values for all the years we may take the months April—
August, the mean volumes for this period being 5.7 ml, 11.3 ml, and
21.3 ml respectively. We note that there is the same increase in mean
volume from 1949 to 1951 both at Eggum and Skrova, and with the
exception of 1950, the mean figures are of nearly the same size. For
the period April—August we get the following values:

Skrova Eggum
1949 ..o 5,7 ml 8.8 ml
1950 ... 11.3 - 33.2 -
19510 ... 213 - 351 -

At Eggum the summer plankton is far more abundant than at
Skrova, but the winter stock is very poor. The latter fact can be ex-
plained by the hydrographical conditions. At Eggum the influx of the
coastal current is felt strongly in all depths. The deeper water layers
will be steadily renewed, and during the autumn and winter they are
replaced by water masses poor in plankton content. The conditions
during the summer will be discussed later on.

At Skrova the plankton volume in winter is as a rule, 4 ml or more.

In all years the vertical distribution of the plankton follows the
average variation, with the exception of the summer of 1950, when
most of the plankton was concentrated below 50 m until the end of May,
but later in the upper 50 m, at least until the middle of July.

During the years 1927—1939 a considerable number of vertical
hauls were made in the Vestfjord near Skrova, especially in the first
months of the year. The volumes of the samples have been averaged in
the same way as for the Ona station in table 5. The mean figures for
the period 1949—51 are given in the bottom line.

Table 5. The Mean Plankion Volumes in Vertical Nansen Net Hauls
Jrom Bottom to Surface at Skrova in the Years 1927—71939 and 1949—
1957, 1n ml.

Period } Jan. Feb.;lMarsgApril May}june July | Aug. Sep.J Oct. | Nov. : Dec.

1 : i i

| | ] T
1927—39 ..| Mean Vol. | — 1.8/ 25| 7.7| 8.2(12.8] 6.7 — | 3.8 5.0/ —| 6.6
Jl\*o.ofObs.—« 2 10 10 3, 1 41— 2!2 11

i
1949—51 .. Mean Vol. | 7.3/ 5.5 5.2 7.311.1172.3 10.123.1 7.8 6.3] 6.3] 8.2
\No.ofObs. 2 8 9| 9410|1011 7] 2 4 4| 4

BN 0 I I B I
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There is on the whole a very good agreement between the two series
of observations, the old material giving somewhat lower values. Before
1949 however, all Nansen net hauls were taken in steps and closed at
different depths, and as mentioned above (page 11) this may lead
to loss of plankton material.

In the period investigated the plankton volumes at the stations in
Northern Norway are on the whole much larger than further south.
The yearly mean volumes at Ona and Sognesjgen vary from 2.2 ml
to 4.7 ml, in the Lofoten area from 5.6 ml to 17.6 ml. The difference
is still more pronounced if we only take the period April—June.

One feature is common to all stations. There is a gradual increase in
the quantity of plankton from 1949 to 1951. This agrees very well with
the statement by RaE (1951) that Calanus finmarchicus, the dominating
species in the plankton, in 1950 was much more abundant along the
Plankton Recorder routes in the North Sea and from Bergen to station «M».
than ever before in the Recorder surveys.

The Lofoten and Vesterdlen Avea during Spring and Early Summer
of 1949—57. During the spring and early summer of the years 1949—51
a considerable number of hauls were made with the Clarke-Bumpus
plankton sampler in the Vestfjord and on the banks off the Lofoten and
Vesteralen islands. The technique has already been mentioned (page 8).
The plankton silk (No. 2) which was used in the nets will not catch all
plankton organisms quantitatively. According to measurements (WI-
BORG 1948 b) Calanus finmarchicus eggs and the nauplius stages I—IV,
Metridia spp. nauplii, all stages of Oithona similis and some copepodite
stages of Microcalanus pusillus and other organisms of these sizes may
be able to pass through the meshes. However, at the time of the year
when the plankton sampler hauls have been made, the stock of Calanus
finmarchicus, the dominating species in the plankton, is mostly made
up of the copepodite stages I—I1I, which are all retained by silk No. 2,
Further, as will be shown later on, the main part of the plankton is also
found in the upper 75 m or less, so we may assume that the samplers
take the main part of the plankton present. The volumes have been
calculated as ml of plankton below 1 square metre of sea surface. Usually
two cruises were made during each season, at the beginning of May,
and at the end of May or beginning of June. The quantitative distri-
bution of zooplankton in the investigated areas during the spring of
1949—1951 is shown in fig.s 14—19. Areas with plankton volumes below
30 ml/m?, 30—50 ml/m2, 50—100 mi/m2, and more than 100 ml/m?
have been distinguished by different hatching.

At the beginning of May 1949 the innermost part of the Vestfjord
was poor in plankton, mostly less than 30 ml/m? (fig. 14). With the
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Fig. 14, Plankton volumes in ml/m? of the upper 75m in the Lofoten
and Vesterdlen areas, 27 May 1949, C.B. samplers.

exception of one station the poor area extends southeastwards along
the southern side of the fjord. In the central and outer parts of the
fjord there were generally from 30-—50 ml/m?, In the mouth of the
fjord, and in a section from Rgst to the edge of the continental shelf
the water is again poor in plankton content. The same feature is repeated
in the outer part of the bank a little further north. Only along the shore
is there some concentration of plankton. Moderate quantities of plankton
also occur in the Andfjord.

One month later the conditions have changed (fig. 15). The inner
part of the Vestfjord is still poor in plankton, and so is the northwestern
part. A small bay in the inner fjord, the Austnesfjord, contains more
than 60 ml/m2, and there is also a rich area in the center of the Vest-
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Fig. 15. Plankton volumes in ml/m? of the upper 75 (50) m in the Lofoten
and Vesterdlen areas, 31 May-3 June 1949. C.B. samplers.

fijord. In the mouth of the fjord the quantities of plankton are again
small. Along the outer shores of the Lofoten Islands plankton is abun-
dant, in some places 90—100 ml/m? or even more. The Andfjord has
also a rich plankton, with volumes of 60—115 ml/m?2.

In 1950 hauls with the Clarke-Bumpus samplers were taken from
3 to 7 May and from 31 May to 3 June. An additional series of stations
was worked from 8 to 9 June.

At the beginning of May (fig. 16) plankton is scarce in the central
area of the fjord and in the innermost part. Moderate quantities, 30—
50 ml/m?, occur along the northwestern and southeastern shores, Patches
0of 50—100 ml/m? are seen in the center of the fjord and near Rgst.
On the banks outside the Lofoten Islands plankton volumes are moderate
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Fig. 16. Plankton volumes in ml/m? of the upper 75 m in the Lofoten
and Vesterdlen areas, 3—7 May 1950. C.B. samplers.

or small, but a patch of 50—100 ml/m? is found off Vesterdlen. The

Andfjord is

again on the whole rich in plankton.

At the beginning of June (fig. 17) the plankton has generally increased

in quantity,

but in the Vestfjord there are considerable local differences.

Scanty areas are found on the Lofoten banks and at the entrance to
the fjord, whereas patches of 50—100 ml/m? or more occur in the centre
of the fjord and in the Austnesfjord. Along the outer side of the Lofoten
Islands we have mostly from 30 to 50 ml/m?, with patches of abundant
plankton off Vesterdlen. In the Andfjord there is a rich plankton with
160 ml/m? at the central station.

In 1951 the first cruise was made from 30 April to 10 May. Most of
the Vestfjord stations were visited from 2 to 4 May, the outer banks and
the Andfjord from 5 to 10 May. The second cruise lasted from 22 to 30 Mayv.
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Fig. 17. Plankton volumes in ml/m? of the upper 75m in the Lofoten
and Vesterdlen areas, 31 May—3 June 1950. C.B. samplers.

At the beginning of May (fig. 18) moderate quantities of plankton
are found in the northeastern area and in the mouth of the fjord, sepa-
rated by a more scanty area extending from the inner part and across
the fjord to the outermost islands. On the outer banks and in the And-
fjord the plankton is abundant, mostly 50—100 ml/m?, but in some
other localities it is scarce.

At the end of May (fig. 19) plankton has increased in volume in all
areas, except in the innermost part of the Vestfjord. In the outer fjord
there is a comparatively wide area with quantities above 100 ml/m?.
Patches of more than 100 ml/m? are found at 3 localities, one of these
patches containing 192 ml/m?, the greatest quantity found in plankton
sampler hauls during these observations.
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Tig. 18. Plankton volumes in ml/m? of the upper 75m in the Lofoten
and Vesterdlen areas, 30 April -10 May 1951. C.B. samplers.

Some features seems to be repeated from one year to another. In
the Austnesfjord and in the Andfjord the plankton is very abundant
during May and June, whereas minimum quantities occur in the inner-
most part of the Vestfjord. Patches rich in plankton are found along
the outer shores of the Lofoten Islands.

Causes of Uneven Distribution of Plankton.

a. Diuwrnal Vertical Migration. The possibility has been considered
that diurtnal vertical migration of the plankton might cause richer
catches during the night, even if the decrease in light intensity at night
is not so pronounced in these latitudes during May and June. Experi-
mentally, plankton hauls made between 6.00 p.m. and 6.00 a.m. have
been considered as night hauls.

In table 6 are given the number of stations yielding more, less than
50 ml/m? in the different cruises during 1949--50—>51 in the Vestfjord
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Fig. 19. Plankton volumes in ml/m? of the upper 75 (50) m in the Lofoten and
Vesteralen areas, 22—30 May 1951. C.B. samplers.

and on the outer banks, including the Andfjord. Day and night hauls
have been distinguished in the way mentioned.

In the Vestfjord there were on the whole more stations with quan-
tities above 50 ml during the day than during the night, but for the
Vestfjord and banks combined the conditions were the reverse. The
difference however, is not very pronounced. In fig.s 14—19 the stations
taken by day are distinguished as open rings, those at night as black
dots. There is apparently no connection between the horizontal distri-
bution of the plankton and the day and night hauls.

If vertical migration had taken place within the upper 75 m, surface
currents would undoubtedly influence the horizontal distribution of
the plankton. In order of study the possible vertical migration within
the 75—0 m layer, the percentage of the total catch taken in the different
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Table 6. Number of Stations yielding more, vesp. less than 50 mljm? in
Day and Night Hauls with Clarke-Bumpus Plankion Samplers during the
Spring Months of 1949—57.

Vestfjord and outer

Vestfjord only banks combined

Night Day Night Day
1949 more than 50 ml 1 3 4 9
less than 50 ml . 27 ! 15 33 32
1950- more than 50 ml 2 7 12 i 12
i less than 50 ml © 13 25 17 35
1951 more than 50 ml 9 10 27 23
less than 50 ml 13 23 25 50

more than 50 ml 12 (18.3%) | 20 (24%,) 43 (36.59%) | 44 (29.29)

Total | less than 50 ml 53 (81.5%) | 63 (76%) 75 (63.5%,) 107 {70.8%,)

hauls has been calculated, as ,‘Shown in table 7. Only the two upper hauls
are included in the table.

As there are usually great variations in the vertical distribution of
the plankton from one station to another, the results from this table
must be regarded with some caution. At the beginning of May 1950
and 1951 there is a clearly indicated increase in percentage in the upper
25—-5 m hauls from day to night both in the Vestfjord and on the outer
banks, and a corresponding decrease in the 50—30 m hauls.

In May 1949 the movements in the Vestfjord seem to be exactly the
reverse, with decreasing quantities of plankton in the upper layers at
night, while on the outer banks the percentage of the total catch increases
in the two upper hauls during the night. In the Vestfjord there is on
the whole a greater concentration of the plankton in the upper 50 m
than on the outer banks.

At the end of May and beginning of June 1951 we find the same
increase in percentage of the total catch in the uppermost haul during
the night, whereas in 1949 there were no differences in the vertical
distribution in the Vestfjord from day to night, and but slight differences
on the outer banks. At the beginning of June 1950 there were greater
percentages in the uppermost haul at night, but the percentages of the
two upper hauls combined were almost constant.

Bocorov (1938), MANTEUFEL (1941) and others also report that no
vertical diurnal migration takes place in the southwestern part of the
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Table 7. Percent Distribution of Catch in 3 Oblique Hauls with Clarke-
Bumpus Samplers between 75 m and the Surface in Day and Night Hauls
in the Vestfjord (V) and on the Outer Banks (B) during 1949—51. The
Deepest Haul Omitted. A~ or = indicate an Increase or Decvease in

Percentage from Day lo Night. ‘

Day 1949 1950 1951
Date Haul Night -
| v. B. | V. B. | V. B
i

o | Day | 655 523 | 546 537 | 47.4 38.7
Early 25—5 m Night | 33.6 57.8 | 66.6 583 | 63.5 45.7
.\L?Ly -t _+_ _l_ + !
) . Day 202 251 | 384 26.1 | 346 448
50—30m Night | 311 27.1 | 241 281 | 25.0 27.9
N -
End of ) . Day 567 544 | 735 612 | 370 317
May 25—5m Night | 56.6 535 | 61.2 481 | 720 51.2
to beginning IR - - - -+

of June )
) .| Day 348 26.0 | 22.0 345 | 562 33.4
50—30 m Night | 358 32.0 | 34.0 37.3 | 204 30.9
IR

I Vestfjord 1949 15—5 m, 1951 20—5m 2 Vestfjord 1949 30—20 m, 1951 40—25 m

Barents Sea during the summer, the plankton then being concentrated
in the uppermost layers, but in August a very pronounced diurnal vertical
migration starts, lasting to the beginning of November. After that time
most of the plankton is found in the deeper water layers during both
day and night.

b. Hydrographical Conditions. Temperature, salinity and current
conditions undoubtedly influence the horizontal quantitative distri-
bution of the plankton in the Vestfjord. Very little has been published
on current measurements. From EGevin (1931) I submit a chart (fig.
20) of the surface currents in the Vestfjord in April 1924. It is assumed,
that the main features are characteristic of the surface currents in the
Vestfjord, at least during the spring and summer months.

The coastal current flows in along the southeastern shore of the
fjord, makes a sharp bend, passes across and again flows out and north-
wards between and past the outermost islands. In the northwestern
part of the Vestfjord the surface currents usually flow southwestwards
on the bank, some of the water passing out at Veergy. According to my own
observations in this area the tides may sometimes reverse the currents
in the southwestern part of the fjord.
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Fig. 20. Currents in the upper 50 m of the Vestfjord
in April 1924, From Eggvin 1931.

The temperaturein the surface layers of the coastal current is usually one
degree C° or more above that of the central and inner part of the Vestfjord.

The isopleths of the plankton volumes on some occasions seem to
have the same direction as the current lines, especially on the Lofoten
bank and in the mouth of the fjord, although the picture is far from clear.
The rich patches found along the outer shores of the Lofoten islands
may correspond to eddies formed by the coastal current. Similar con-
centrations of plankton in eddies are also mentioned by Fisu and Joux-
son (1937).

Temperature observations have been taken simultaneously with
the plankton hauls, but they do net give very much explanation of the
distribution of plankton, and T therefore find it ofno use to give them here.,

Comparison between Hauls wilh the Nansen Net and with the Clarke-
Bumpus Plankton Sampler.

In vertical hauls with the Nansen net we do not know the exact
amount of water filtered. If the net is hauled slowly enough, we may
assume that all the water passing the mouth of the net is filtered. As
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the opening of the net is 0.4 m? the volumes and figures have to be
multiplied by 2.5 in order to get figures per m? of sea surface.

When we compare data from Nansen net hauls with the results from
oblique hauls with the Clarke-Bumpus plankton sampler, we have also
to take into consideration the different mesh size, the Nansen net being
made of silk No. 8 in the lower part and No. 0 in the upper cylindrical
part, the sampler nets of silk No. 2 (A comparison between the catches
by these two gear has been made earlier (WIBorG 1948)). In addition,
the Clarke-Bumpus samplers have only fished between 75 m and the
surface, while the Nansen nets have filtered the entire water column from
bottom to surface. However, in May and June, when the plankton
samplers have been used, we have reason to believe that most of the
plankton organisms are concentrated in the upper 50 m or less, and are
of such a size that they are sampled quantitatively by both kinds of gear.

Vertical hauls from 100 m to the surface have been made with the
Nansen net immediately before the Clarke-Bumpussamplerhaulsat anum-
ber of stations, and we are thus able to make a direct comparison between
the volumes of plankton sampled by both gear. Below are given the
results from 32 stations in the Lofoten area during May and June 1949
and 1950. The volumes of plankton taken with the Clarke-Bumpus
samplers were calculated per m? of sea surface, and the quotients calcu-
lated between these volumes and the volumes per vertical haul with the
Nansen net on the same stations.

C.—B. sampler (75—0 m)
— 0.7—1.0 1.1—-20 21-3.0 31-4.0 41—-5.051-6.0 <6.0

4 4 10 7 2 1 4

Nansen net 100—0 m
No. of stations

The range of variation is quite wide, from 0.7 to more than 6, the
extreme value being 14. This wide range may partly be ascribed to dif-
ferences in plankton volume of the sea water within short distances,
as shown earlier (pp. 31—36). Half the number of the stations have a
quotient of 2.1—4.0, and the mean for all stations is also 2.5, which
is the theoretical value. Some of the C.B. hauls were taken at the per-
manent stations at Skrova and Eggum at nearly the same date as the
Nansen net hauls, and a comparison has been made between the plankton
quantities taken by the two gear (table 8).

At Skrova there is in most cases quite good agreement between the
volumes per m? of sea surface calculated from the two gear. At Eggum
there are greater divergences, but as the currents probably are of greater
importance on the outer banks than in the inner part of the Vestfjord, they
may be responsible for rapid changes in the plankton content of the
sea water.
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Table 8. A Comparison between Plankton Volumes per m? of Sea Surface
Calculated from Vertical Hauls with Nansen Net and from Obligue Hauls
with Clarke-Bumpus Plankton Samnplers at Skrvova and Eggum in 194957

SKROVA EGGUM

|
~ i
Nansen net @ C.-B. sampler | Nansen net | C.-B. sampler

2

Date ml/m? Date ml/m? | Date ml/m? @ Date ml/m?

1949 Apr. 30. 187 May 3. 20.5 | May 2. 22.5 | May 5. 65.0!
May 28. 15.0 June3. 15.5 | May 31. 28.0 | Junel. 58.02
May 2. 19.0 ; May 3. 41.5 | May 8 62.5 | May 6. 42.8
1950 May 20. 60.0 !

June 10. 13.2 ° June 2. 58.5

w

May 9. 80.1 | May4. 101.5

1951 May 5. 340 Apr.  38.
70.8 | May 23. 96.0 | May 24. 69.5

May 26. 81.3 | May 29.

§
|

1 Next station 21.8 ml.. 2 Next station 35.0 ml.

Volume Variations in the Norwegian Sea during 71950-—57.

1. In the upper 100 m at station «M» and in Adjacent Aveas. A very
extensive material of zooplankton has been collected from the Norwegian
weather ships at station «M», on 66° N, 2° E, in the years 1949—1951.
Vertical hauls have been made with Nansen net from 100 m to the surface
at least once a week. In addition hauls have also been taken once a
month from 2000—1 000 m, 1000—600m, and 600—100 m. The
plankton material from 1949 has been worked up in detail by @sTVEDT
(in press).

In fig. 21 are shown the variations of plankton volume in the 100—0m
layer at station «M» during 1950 and 1951. The mean volume for
the two years is below 1 ml in January and February, increases to 5 ml
in April, further to 16.5 ml in May and reaches the maximum of the year
with 17.0 ml in June. In August the mean volume has decreased to
3 ml, and there is a steady decrease from now on to December, when the
figure is below 1 ml. The detail variations for the years 1950 and
1951 follow largely that of the average volume, the more exact date
for the maxima being in the middle of June 1950 and from the end of
June to the beginning of August 1951. On some occasions great vari-
ations in volume occur within intervals of a few days. In addition to
random variations, which may in part account for the differences, hydro-
graphical conditions may also be of importance, as the plankton samples




Fig. 21, Variations in plankton volume of the upper 100m
at station «M» in 1950—51. Nansen net.

in question showed on cursory inspection great differences in composition
of the species of organisms. At station «M» the North-Atlantic current
forms a large eddy (see HELLAND-HANSEN and NANSEN 1909). We may
within short distances meet water of purely Atlantic origin, or more or
less mixed with water perhaps originating off the Norwegian west coast
or in other areas. In the deeper layers there is cold water originating
in the East Greenland current. As the ship has not always been in
exact position, and the course of the currents may also change, we may
within short intervals or distances have met water masses of different
origin, which may explain the difference in composition and quantity
of the plankton samples.

There are considerable variations in the quantities of plankton in
the two years. In 1950 a haul of 27 ml was made in June, the average
of the month being 16.1 ml, for the months April to August 8.3 ml,
whereas in 1951 the maximum volume was only 14 ml and occurred
at the beginning of July. Average for the period April—August was
6.8 ml. The high records for 1950 agree very well with the observations
of Rae (1951). In 1951 there was a second maximum in volume in
August. (The same was also found in 1952).
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Fig. 22. Plankton volumes of the upper 100 m in the waters between
the Faeroes, station «M» and Iceland 16 -17 July 1950.
Nansen net, ml.

Temperature observations were made regularly at station «M». Below
are given the temperature variations at 0 m and 100 m during April
and for the period April—August of both years.

April April—August
0 m ] 100 m 0m 100 m
1950 ........ 4°-8.3°C { 6.0°—7.4°C 6.4°—13.4°C | 6.0°-8.3°C
1951 4.5°—6.5°C 4 5°—6.4°C 4.5°—11.0°C | 4.5°7.5°C
|

The temperatures were lower in 1951 than in 1950, especially in
April. There may be some relation between the difference in the quan-
tities of plankton, delay of time of the maximum, and the variation
in the temperature of the upper 100 m.

A number of vertical hauls with Nansen net have been taken during
cruises by the «G.O. Sars» in the Norwegian Sea. In 1950 hauls from
100—0 m were made between the Faeroes, station «M» and Iceland on
16—17 July, (fig. 22). Between the Faeroes and «M», the plankton vo-
lumes varied between 5.0 ml and 11.5 ml, mean 6.5 ml, from «M» to
Iceland 5.8—15.5 ml, mean 9.3 ml. At station «M» the plankton volumes
on 14 and 21 July were 8.0 ml and 5.0 ml respectively.
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Ifig. 23. Plankton volumes of the upper 200 m in the waters between
the Faeroes, station «M» and Iceland 28 June~2 July,
and 2730 August 1951 (underlined figures).
Nansen net, ml.

In 1951 a number of hauls were made from 200-—0 m between the
Taerces, «M» and Iceland on 28 June — 2 July, and on 27—30 August
(fig. 23). In the first period volumes in this area varied from 6.0—25.4 ml,
mean 15.0 ml. At station «M» plankton volumes on 29 June and 6 July
were 14.0 ml and 14.4 ml respectively.

In the last period plankton volumes on 4 stations near Iceland varied
from 13.2 ml to 32.0 ml with a mean volume of 20.0 ml. At the next
10 stations the volumes varied from 1.8 ml to 10.0 ml, mean 5.4 ml.
At «M» the plankton haul on 24 August yielded 2.0 ml.

We may therefore assume that the 100—0 m hauls at station «M»
are representative of the upper layers of a comparatively wide area of
the central Norwegian Sea.

2. In the total Water Column ai Station «M». In table 9 are given the
mean volumes in the different water layers at station «M» during 1950
and 1951. The hauls from 2 000—1 000 m and 1 000—600 m have been
pooled. For the deeper hauls the volumes of copepods are given separa-
tely. Figures have also been calculated per 100 m of hauls. In the
100—0 m hauls no separation has been made, as the plankton here
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Table 9. Plankton Volumes in ml ai Station M7 195057, Nansen
Net Hauls.

Depths: 2 000—600 m 600—100m | 100—0m 2000 —0m

_ : ‘ 4 o

Total pr. 100m Total pr. 100m Fotal Total
haul haul haul
\

Jan. | Copepod Vol. 15.6 11 54 7 1.1 3 21.3
Total Volume |  31.0 2.2 11.4 2.3 0,: 42.7
Feb. | Copepod Vol. | >10.9 — 2.1 0.4 .1 >135
Total Volume | >26.1 — 4,0 0.8 05 1 >306
Mar. | Copepod Vol. 11.2 0.8 6.6 | 13 _ 19.3
Total Volume | 18.8 1.3 9.5 1.9 L3 29.8
Apr. | Copepod Vol. 3.9 | 0.6 8.9 1.8 - 22.9
Total Volume 16.4 1.2 15.8 3.2 2 37.3
May | Copepod Vol. 10.7 .8 119 2.4 31.7
Total Volume | 243 | 1.7 24.6 4.9 9.1 58.0
June | Copepod Vol. 168 | 1.2 11.3 23 ) 41.6
Total Volume | 330 | 24 | 218 44 | 1391 63
July | Copepod Vol. | 21.8 1.5 4.5 0.9 33.1
Total Volume |  25.6 1.8 10.6 2.1 6.8 | 439
Aug. | Copepod Vol. 18.6 1.3 5.3 1.1 . 27.3
Total Volume |  28.6 2.0 11.3 2.3 3.4 43.3
Sep. | Copepod Vol. 234 1.7 6.3 1.3 5! 31.9
Total Volume | 381 | 27 | 118 2.4 22 5o
Oct. | Copepod Vol. 21.5 1.5 4.6 0.9 0 28.1
Total Volume |  3+.7 2.5 9.0 1.8 2. 45.7
Nov. | Copepod Vol. 26.7 1.9 4.8 1.0 32.4
Total Volume | 49.5 3.5 9.5 1.9 0.9 59.0
Dec. | Copepod Vol. 23.6 1.7 5,0 1.0 289
Total Volume |  42.0 3.1 10.7 2.1 0.3 53.0

almost entirely consisted of copepods, with the exception of a few hauls
rich in salps, which were sorted out and excluded from the volumes.

The total volumes are always largest in the deepest hauls, the cope-
pods usually yielding half the quantity of plankton. When we consider
the quantities per 100 m of haul, the highest values occur in the upper
100 m, with 13.5 ml as the mean volume for June. But in this water
layer the yearly variations are great, and minimum values of 0.3 ml
are found in January and December. In the 600-—100 m layer the maxi-
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mum per 100 m of haul is 4.9 ml in May, but in the other months the
values are mostly more than 2 ml/100 m, with a minimum of 0.8 ml
in February. Below the 600 m level the maximum concentration is
found in November with 3.5 ml/100 m. The range of variation is insigni-
ficant, with a minimum in April of 1.2 ml/100 m. If we exclude the
larger organisms from the calculations, all the figures below 100 m will
be reduced by approximately one half.

In the 2000—600 m layer the ratio largest to smallest volume is
only 3 to 1, in the 600—100 m layer somewhat greater, 6 to 1, but in
the upper 100 m, 40 to 1. For the whole water column the ratio will
Ee 2.3 to 1.

When we compare the conditions found at station «M» with those of
Norwegian coastal waters, we will find that during the period April—
August, when the most intensive production of zooplankton takes place,
the average content of plankton is considerably higher in the upper 50 m
off North Norway than in the 100—0 m layer at station «M». In 1950
the mean volume at Eggum for the said period was 17.0 ml, in 1951
11.9 ml, compared with respectively 8.3 ml and 6.8 ml at station «Mb».

In coastal waters the localities which maintain a larger population
of plankton animals during winter are restricted to fjords and bays,
where the deeper water layers move comparatively little, such as in
the inner part of the Vestfjord, where the station at Skrova is located.
As shown previously (page 30) there is at Skrova a more or less constant
stock of plankton animals below 50 m. If we consider the variation in
the 300—50 m layer, the ratio of largest to smallest volume during the
years 1949—51 is on an average 11 to 1, for the upper 50 m 30 to 1, and
for the whole water column from bottom to surface, 4 to 1. At Eggum,
where the plankton is almost entirely swept away during winter, the
ratio for the whole water column is 45 to 1, for the upper 50—0 m as
for Skrova, 30 to 1. Thus there is nearly the same relative change in the
plankton population of the upper water layers as at station «M», and
the 300—50 m layer at Skrova may to some degree be compared with
the 600—100 m layer at station «Mbp.

In fig. 24 are given the mean monthly plankton volumes in the total
column from bottom to surface at the coast stations during 1949—51
and for the 600—0 m column at station «M» during 1950—351. The volumes
of @on-copepods» in the 600—100 m hauls are indicated by a different
shading. The figure illustrates quite clearly the variations in plankton
volume in the different water layers throughout the year and from one
lIocality to another. There is a pronounced increase in the amount of
plankton from the Norwegian west coast between 61°—63° N to the
Lofoten area further north. At station «M» there is below 100 m a
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Fig. 24. Mean monthly volumes of plankton in the coastal areas of
Norway 194951 and at station «M» 1950—51. Nansen net.
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Table 10. Plankion Volumes in ml of Displacement below T m? of Sea
Surface in some American and North European Waters.

!USA, EastCoastl North Coast of ] Norwegian Sea, South-
Georges Bank | Norway 66°N, 2°E western
Lo | Barents Sea
(Riley and Bum- (author) ‘l (author) (Jaschnow
pus 1946) i Eggum  Skrova | 100—0m 600—0m 1939)
i
Jan. 11 | 33 183 0.8 | 299 —
Febr. — L 30 138 + 13 11.3 e
March 582 | 238 13.0 3.6 27.5 —
April 813 | 125 18.3 128 | 522 46.0
May 152.6 96.0 27.8 236 | 84.0 —
June 60.1 89.0 30.8 33.8 88.2 124.0
Tuly — 725.0 25.3 17.0 435 —
August — 32.0 57.8 8.5 36.8 7188.0
September 38.1 19.0 19.5 55 35.0 —
October — 13.5 15.8 50 275 —
November — 43 15.8 23 | 260 —
December ‘ — 8.5 20.5 ) 0.8 27.5 96.0

permanent stock of plankton organisms which is maintained throughout
the year, but the maximum quantity of plankton found in the upper
600 m is considerably below the figures observed at Eggum, even if
we include the volumes of all the plankton organisms.

Comparison with Other Areas.

The gear used in the present investigation, the Nansen net and the
Clarke-Bumpus plankton sampler, will not catch quantitatively all the
organisms present in the plankton, but we may assume that they will
give a nearly correct picture of the relative abundance of plankton in
the areas investigated, when we exclude the swifter moving animals
e.g. adult euphausiids and larger fish larvae.

A number of observations on the quantity of zooplankton in the
sea has been made both in European and American waters, but the gear
and methods used have varied considerably. Figures have been given
as cc (ml) of plankton measured either by settlement or by displacement,
per haul, or per 100 m of haul with different kinds of gear. Sometimes
volumes are calculated per m? of sea surface or m?® of sea water. In
table 10, a comparison is made between some areas in European and
American waters which are supposed to be very rich in plankton. The
figures are given as ml of plankton below 1 m? of sea surface for the
different months of the year. Settlement volumes have been recalcu-
lated into displacement volumes by dividing by 4, the figures given by
SAVAGE (1931) by 3 from his own statement.

'




50

Table 11. Monthly Mean Volumes of Zooplankion in mijm® in the Upper
Layers of the Sea in some European Waters.

j Southwest. [ Murman

North Sea Iceland, coast Ona St. My § Eggum Barents Sea coast
Month f(Savage 1931)| (Jespersen 1940) (author) (author) ‘ {author) (Manteufel 1941) | (Pchelkina

\1 Av. depth. 25—0 m 50—0 m 100—0 m ‘ 50—0 m 25—0m | 1939)

? 65 m } 5 25—0m

| J |
Jjan. | e — 001 0.01 | 0.5 — —
Feb. | — — | 003 | o001 | o004 — —
Mar. — 0.04 0.04 0.04 | 0.04 —_ 0.05
Apr. — — 0.12 0.13 0.14 0.4—0.8 0.17
May — 0.49 ‘\ 0.15 0.23 | 1.48 2.0—20.0 _
June 0.38 | 0.09—045 | 0.26 0.34 0.62 — —
July — 0.25-—0.74 0.09 0.17 0.45 0.01—0.08 3.06
Aug. 0.33 0.15 0.10 0.09 0.11 0.4 0.58
Sept. ' 0.33 | — 0.08 0.06 |t 0.09 — —
Oct. 0.33 — 0.06 0.05 0.14 — —
Nov. 0.32 — 0.08 0.02 0.07 — —
Dec. | — — 0.03 0.01 0.12 e | —
Max. | j o
found 2.30 1.45 0.39 | 0.68 5.40 ’ 36.00 “ —

RiLEy and Bumpus (1946) suppose that the dry weight of zooplankton
corresponds approximately to one quart of the wet weight of the sample
measured by displacement. BiceErow and SEars (1939) found that
1 ml of plankton measured by displacement weighed 1 gr. Accordingly
figures for dry weight given in milligrammes (JASCHNOW, MANTEUFEL)
have been converted into ml of plankton by multiplying by 0.004.

The maximum quantities are of approximately the same size at
Eggum, on Georges Bank and in the Barents Sea, increasing in the
order mentioned, but occur in different months of the year, on Georges
Bank in May, in the Norwegian Sea in June, in North Norwegian coastal
waters in July and August, and in the Barents Sea in August. If the
development of the plankton at Georges Bank is, as it seems, two months
earlier than at Eggum, we may compare the months March—June
there with May—August at Eggum. The mean volumes for these periods
are 88 ml and 86 ml respectively. The September value at Georges
Bank is higher than at Eggum, but the January volume is comparable
to that of Skrova. In the Barents Sea the plankton quantities are very
high in June and August, and also comsiderable in December,

On occasion the amount of plankton may be far above the average
values. At Eggum a vertical haul in May 1950 yielded 295 ml/m?, a
series of hauls with the Clarke—Bumpus plankton sampler outside the
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Lofoten Islands at the end of May 1951, 192 ml/m? (see also pp. 31—36).
At Skrova a vertical haul in August 1951 gave 117 ml/m?2.

In some American and European waters observations have also been
made on the quantity of zooplankton per m? of sea water, and in tables
11—12 some data have been compiled from different authors. In table
11 I have only considered the plankton in the uppermost water layers.
The data from the southwestern North Sea (from Savace 1931) have
been included, as the average depth in that area is only 65 m.

During all months of the year the figures calculated for the upper
50 m at Ona are of almost the same size as those for the upper 100 m
in the Norwegian Sea. Recent observations (unpublished) have, how-
ever, shown that in the Norwegian Sea the plankton during the summer
and autumn is mainly concentrated in the upper 50 m and this would
mean that the figures from station «M» probably have to be doubled
to be comparable to those from Ona. In the southwestern North Sea
the conditions also seem to be comparable to Ona in June, but from
August to November the concentration of plankton is maintained, while
at Ona the surface layers were poor in plankton from and including
July. The Icelandic coast waters are possibly richer than those of Western
Norway, but not so rich as the Lofoten area.

At Eggum the density of plankton in the 50—0 m layer was con-
siderably above that of Ona from May to July, with an average volume of
1.48 ml/m?® in May. If we on the other hand extend our comparison to the
Barents Sea, the plankton concentrations there are still greater, with 2—20
ml/m? in May and also high values for the months April, July and August.

The maximum concentrations of plankton found in the surface layer
were as follows: For the southwestern North Sea 2.3 ml/m?, at Ona
0.39 ml/m?, at Eggum in vertical hauls 5.4 ml/m?, plankton sampler
hauls in the upper 25 m 6.4 ml/m® Bicerow and SeARrs (1939) found
a maximum concentration of 6.9 mlym?® off the east coast of USA.
From the Barents Sea concentrations of 20—50 ml/m?® are not unfre-
quently reported (Jascunow, 1939, MaNTEUFEL 1941). Tf schools of
euphausiids or great accumulations of medusae or salps are taken into
account, the concentrations of plankton may Dbe considerably higher.

Finally we may consider table 12 on the concentrations of zooplankton
in the total water column from bottom to surface on the east coast of
USA, northwestern coast of Norway and in the Barents Sea. For the
months May to November conditions seem to be quite similar in the
Cape Cod area of USA and in the Barents Sea, quantities ranging from
0.32—0.92 ml/m? At Eggum the concentration of plankton is approxi-
mately the same from May to July, but small during the other months
of the year.
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Table 12. Volumes of Zooplankton in mijm® in the Tolal Water Column
of the Sea in some European and American Waters. Monthly Averages.

Cape Cod . -
East Coast of USA Barents Sea | Eggum, NW
Month (Bigelow & Sears (Jaschnow - Coast of Norway

| 1939) 1939) {author)
January e — 0.02
February 0.40 0.121 0.02
March e e — 0.01
April ... oo 0.50 0.19 0.06
May 0.80 —— 0.48
June 0.70 0.82 0.45
July 0.80 — 0.63
August e 0.92 0.16
September — — 0.05
October 0.40 — 0.07
November — 0.32 0.02
December ....... | — — 0.04

(

1 Manteufel 1941.

From what has been said above the plankton quantities off the west
coast of Norway and in the upper 100 m of the central Norwegian Sea
area are of approximately the same size during the period April—
August, and also comparable to the conditions in the North Sea. In the
coast and bank waters in the Lofoten area the plankton is richer during
the period of production than further south. In summer still greater
quantities of plankton are met with off North Cape (4—12 ml/m?,
MANTEUFEL 1941), and especially in the Barents Sea, which area has the
greatest concentrations of plankton in northern waters yet described,
but it is possible that in summer similar concentrations may exist in
the coastal waters surrounding the southwestern Norwegian Sea, along
the Faeroes, Iceland and Jan Mayen.

Variations in Number of Organisms.

In fig. 25 are shown the variations in total number of organisms in
the vertical hauls from bottom to surface during 1949 and 1950 at the
localities investigated.

In 1949 there are on the whole two main periods of abundance. At
Ona the first period extends from March to the middle of July and the
second from August to September. The April figure at Sognesjgen is
based on one observation only. At the northern stations Eggum and
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Tig. 25. Variations in total number of organisms 1948—50.

Skrova the numbers are on the whole higher than on the west coast.
The rich periods extend from April to May and from August to October.

In 1950 there were 3 peaks in numbers at Sognesjgen, in April, June
and the middle of September, at Ona only one period of abundance,
from the end of June to the middle of September. At the northern
stations the main maxima occurred a little later than in 1949, but at
Skrova a peak also appeared in March. Observations are lacking here
between 13 August and 23 October. Numbers were on the whole higher
in 1950 than in 1949 and Eggum was the leading station both years.

The Composition of the Plankton.

In coastal plankton we usually find several species of organisms.
Larvae of bottom invertebrates are numerous during spring and summer,
and fish eggs and larvae may also at times be well represented. Aggre-
gations of medusae and salps occur occasionally, mainly in summer
and autumn, but on the whole pelagic crustaceans, above all the copepods,
will account for the bulk of the plankton, both numerically and by
volume.

J'F




Fig. 26. The relative importance of non-copepods» in the plankton at Sognesjoen
in 1949—50. 1. Cladocera. 2. Euphausiid eggs and larvae. 3. Copelata.
4. Bottom invertebrate larvae. 5. Other organisms.

At the coastal stations the copepods during the years 1949—50
generally constituted 80—90 per cent of the total number of organisms,
with a few exceptions. As the most important groups besides the cope-
pods are considered the Cladocera, eggs and larvae of Euphausiids,
Copelata, and Larvae of bottom invertebrates. At Skrova the Chaetog-
natha and Ostracoda were fairly abundant and have been separated
as individual groups. Organisms which occur more rarely or sporadically
such as Fish eggs and larvae, adult Euphausiids, Amphi- and Isopods,
Medusae and others, have been lumped as «Other organismsy.

In fig.s 26—29 are shown the variations in relative percentage of
the various groups besides the copepods at the localities investigated
during 1949—50. Only the monthly mean values have been considered.
Details will be found in the tables 37—40 at the end of this paper.

At Sognesjgen and Ona the composition of the plankton is very much
the same. Benthonic invertebrate larvae usually range between 4 and
7 %, except at Ona in June 1950, when a swarm of cirripede larvae
increased the percentage to 43. This group is of greatest relative import-
ance in March—April, June, and October. Eggs and larvae of euphausiids
may yield 0.5—4 9, and have their peak in March. The cladocera are
most abundant at Sognesjgen in June, at Ona in September. In the
group «Other organisms» fish eggs and larvae were most prominent at
Ona in February—March 1950, and Limacina retroversa at Sognesjgen
Ona in August—November 1950.




Fig. 27. The relative importance of «non-copepodss in the plankton at Ona in 1949--30.
1. Cladocera. 2. Euphausiid eggs and larvae. 3. Copelata. 4. Bottom
invertebrate larvae. 5. Other organisms.
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Fig. 28. The relative importance of @on-copepodsy in the plankton at Skrova in
1949—50. 1. Ostracoda. 2. Euphausiid eggs and larvae. 3. Copelata.
4, Chaetognatha. 5. Bottom invertebrate larvae.
6. Other organisms.
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Irig. 29. The relative importance of «non-copepodss in the plankton at Eggum in
1949—50. 1. Cladocera. 2. Euphausiid eggs and larvae. 3. Copelata.
4. Bottom invertebrate larvae. 5. Other organisms.

At Skrova and Eggum the cladocera are sparsely represented, while
the other groups have approximately the same relative importance as
at Ona and Sognesjgen. Eggs and larvae of euphausiids are strictly
seasonal, occurring in April-—May. The percentages are higher at
Eggum (11—20 9,) than at Skrova (2.6 %), and, as will be shown in the
special part of this paper (page 186) this also applies to the total number.
The copelata are present all the year with an average percentage of
2—4, on some occasions rising to-16 (Skrova May 1949). The chaetognaths
are most abundant in the deeper water layers at Skrova. The percentage
is low, about 0.5 9, but rather constant throughout the year. — The
benthonic invertebrate larvae seldom exceed 10 9, the yearly mean
being 2—4 %,. ‘

Variations in the Composition of the Stock of Copepods.

As already mentioned, copepods are the dominating element in the
coast plankton both by number and by volume. A total of 38 species
has been identified, but only 8—9 of these occur regularly or in consider-
able numbers. Some of the rarer species may be important as indicators
of currents or of water masses of different origin. ’

It is well known that copepods may vary considerably in size. e.g.
from the large Pareuchacta norvegica with a total length of 11 mm, to
the small Oithona nana which scarcely exceeds 0.6 mm. Within the
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Table 13. The Relative Volume of Different Species and Stages of Cope-
pods, (Calanus finmarchicus stage N = 100). Measuvements: Ona 24/5

and 27]9—1949.

Calanus [inmarchicus:
adults

stage Vi
y IV
» 111
» IT
» 1

nauplii and eggs ... ...

Calanus hyperborveus:

stage V

Pseudocalanus elongatus:

adults.. ..o oo
stage V

y IV

» I

» ]

» I and nauplii

Faracalanus parvus:
adults
copepodites

Alicrocalanus pusilius:

adults and copepodites ......

Pareuchacta norvegica.

stage 'V

Temora longicornis! ..........

adults

copepodites and nauplii

160.0
700.0
49.0
17.0
6.0
2.0
0.5

970.0

9.0
7.0
6.0
3.0
2.0
1.0

3.0

740.0

6.0
1.5

Metridia longa:

females

Metridia lucens:
adults
stage V-IV

y o 1II-I
Metridia nauplii

Acartia clausi:

adults

Centropages hamatus:

adults
copepodites

Cenlropages typicus:
adults
copepodites

Scolecithricella minor:

adults

Oithona similis:

adults and copepodites

Oithona spinivostris:

adults and copepodites

Oncaea borealis:
adults

Harpacticoida:
adults

100.0

10.0
4.0

20.0
9.6

9.0

4.0

same species therc may be great variations in size from the first larval
stages to the adults, and in addition, considerable differences in size
may also occur within the same stages of development. Thus the number
of copepods is not always an adequate expression of the relative import-
ance of the species in the production of organic matter, or as food for
plankton feeders. On the other hand, the presence of a large number
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Table 14. The Relative Volume of Different Species and Stages of Cope-

pods, (Calanus finmarchicus stage V. — 7100). Measurements: Skrova
23/10—48, 2/5 and 27/8—49, 25/4 and 25/10—50.
Calanus finmarchicus: Metridia longa:
adults 160.0 females 100.0
stage V ... ..ol 1000 stage V-1V 20.0
» IV oo 400 » I11-1 5.0
y IIT ool 140
» I ... 5.0 .
, I 20 etvidia lucens | -
nauplii 0.5 females P
stage V-IV 7.0
Calanus /ny?erboreus: » IIL-T ool 1‘j
females 580.0 Metridia nauplii ; 0.5
stage V. ... ... o.00300.0 ‘
» IV e 1200 Acartia longivemis & clausi:
» IIL ..o ool 600 adults and copepodites ...... 4.4
» I ..o oo 00 200
» I 7.0 Centropages hamatus:
nauplii 1.0 adults 4.0
{-’seudocalamzs elongatus: Centropages typicus:
females . 6.0 adults 15.0
stage V ... 4.0
’ IV o 2.4 Scolecithricella minor:
» III 1.3 .
N oo 0.7 adults ... .o o 13.0
» I and nauplii 5
1P 0.5 Candacia norvegica:
Paracalanus parvus: adults 15.9
adults L0
copepodites 1.0 Oithona similis: ‘
. . adults and copepodites 0.8
Microcalanus pusillus: :
adults and copepodites ....... 1.1 Oithona spinirostris:
Pareuchaeta norvegica: adults and copepodites ...... 1.2
males ......... ... ... ... .. 45300 0 b lis:
females .[1150.0 noaca Doveasts.
stage V o..................| 3500 adults 0.8
» IV oo oo 1800
S 8 S 50.0 Harpacticoida:
» II, T and nauplii 7.0 adults 0.8

of small plankton organisms may be of importance e.g. as food for small
fish larvae, as pointed out by Marszarr (1949) and others.

LouMaNN (1908) calculated the volumes of most of the common
copepods (not Calanus), but only as mean volumes of copepodites and
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adults. BoGOrROv and PREOBRAJENSKAVYA (1934) give the dry weights
ot Pseudocalanus, Centropages and Acartia. BicELow and SEARs (1939)
made a volumetric study of the zooplankton of the northeastern coast of
USA and calculated the relative volumes of the different species from
direct measurements,

I have calculated the relative volumes of the copepods indirectly.
The animals were considered as cylinders, the length and the diameter
of the cephalothorax being measured in a microscope with a built-in
micrometer, and the volume calculated of this cylinder. When available,
at least 10 specimens of each stage were measured. Thereafter the
volumes of the different species and stages were converted into units
equalling the volume of copepodite stage V of Calanus finmarchicus
(tables 13—14).

It is stressed that this method of comparison must be very rough,
the main reason being that the unit will not be of a constant size, but
the picture we thus get of the relative importance of the different species
of copepods will nevertheless be more correct than the numbers alone.
In the tables 13—14 are given the relative importance of the most usual
copepods occurring, measured against Calanus finmarchicus stage V. Mea- .
surements have been made separately for the stations at Ona and Skrova.

At Ona one specimen of Calanus finmarchicus stage V is equivalent
to nearly 50 copepodites of stage I or approximately 200 nauplii, or
11 adults of Pseudocalanus elongatus, or 70 adults and late copepodites
of Osthona simalis, whereas 7—9 stage V of Calanus finmarchicus are
equivalent to one specimen of Calanus hyperboreus copepodite stage V,
or Payeuchaeta norvegica stage V. It may be mentioned that in figures
for Calanus finmarchicus obtained by weighing (BoGorov 1933) one
specimen of stage V equals 1.4 of stage IV, 6.4 of stage III and 17 of
stage II and I.

In fig.s 30—33 is shown the percentage distribution by number and
by volume of the most important species of copepods in 1949—50.
For details see the tables 41—48 at the end of this paper.

At Sognesjgen (fig. 30) 9 species of copepods, Calanus finmarchicus,
Metridia lucens, Pseudocalanus elongatus, Microcalanus pusillus, Oithona
similis, Acartia clausi, Paracalanus parvus, Temora longicornis and
Scolecithricella minor together form more than 90 9, of the total number
of copepods. In 1949 Calanus fimmarchicus was numerous in the first
half of the year with a maximum of about 60 9% in April, but scarce
from July to December. Oithona simulis is next in percentage, varying
from about 20 to 40 9, all the year. Pseudocalanus and Microcalanus
are also relatively abundant, while Zemora and Metridia are best repre-
sented in the second half of the year.
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When we consider the relative importance of the different species
by volume, we get another picture. Calanus finmarchicus is responsible
for 40—80 9, of the copepod volume, with the greatest percentage in
the period of general abundance occurring in the spring and summer.
Next in importance come Pseudocalanus, Melyidia, Microcalanus and
Acartia, while Oithona because of its small size is very insignificant in
volume, never exceeding 10 9.

In 1950 the numerical percentage variation is similar to that of the
preceeding year, but Microcalanus play a greater part from January to
July, Pseudocalanus from July to December. The volumetric composition
again shows that C. finmarchicus is by far the most important species,
sometimes exceeding 60 ¢, of the volume, with Pseudocalanus second.
In the group «Other copepodsy Centropages typicus dominates entirely
in September.

At Ona (fig. 31) the composition in species of copepods is very similar
to that at Sognesjgen. In 1949 C. finmarchicus has two peaks of relative
numerical abundance. Pseudocalanus has a high percentage during the
first half of the year, while Ozthona is more dominant in the autumn,
Metridia, Acartia and Paracalanus are of some importance in the autumn,
while Microcalanus is constant in percentage.

In volume C. fimmarchicus dominates entirely nearly all the year
except between November and February. In September the other
groups are a little more prominent.

The 1950 picture is in general similar to that of 1949. C. finmarchicus
is still more significant in number from March to July, and entirely
dominates the volume of copepods from March to September. Pseudo-
calanus is most important in the autumn.

At Eggum (fig. 32) C. finmarchicus, Micvocalanus and Oithona are
dominant in 1949, Pseudocalanus and Metridia are of some importance
in the first and last parts of the year respectively. C. finmarchicus
makes up the greater part of the volume almost all the year round.

In 1950 Mierocalanus is relatively numerous at the beginning of
the year, Oithona, Pseudocalanus and Paracalanus in autumn and early
winter, but in volume C. fimmarchicus is of overwhelming importance.

At Skrova (fig. 33) the numerical composition of the copepods in
1949 is dominated by C. finmarchicus and Oithona spp. the former from
~ April to August and in November—December, the latter in July—Octo-
ber and in January. Calanwus hyperboreus may also be numerous in
spring while Microcalanus is more constant in percentage.

In volume C. fimmarchicus is the leading species, but C. hyperboreus
and Pareuchaeta, though generally scarce in number, are also of consider-
able importance. Together these three species dominate the volume
entirely. The rather large number of C. hyperboreus in early spring is
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made up of nauplii and eggs and has no noticeable influence on the
volume.

In 1950 C. fimmarchicus is strongly represented numerically, In
addition C. hyperboreus is abundant at the beginning of the year and
Pseudocalanus in the autumn, while Odthona is relatively more scarce
than in 1949,

In volume C. finmarchicus seems to preponderate entirely from March
to December, but observations are lacking for the period 13 August—
23, October. A comparison between variations in number and in volume
of Calanus finmarchicus, calculated in the way mentioned, is given in
the Special Part.

The Different Types of Components in the Plankton.

The origin of the plankton organisms found in a certain area have
been the subject of intensive studies by a number of workers. CLEVE
(1897) and Grax (1900, 1902) established different plankton types or
plankton communities in order to characterize various ocean regions at
certain seasons. Fisu and Jounsox (1937) also characterized the dif-
ferent organisms in the plankton according to their probable origin.

Here I shall abstain from commenting upon the conclusions of the
workers mentioned, and merely restrict myself to a discussion of the
present material.

As the first main group (A) we may consider those species which can
be regarded as awufochtomous, i.e. belonging to the area all the year.
This group may be split into the following subgroups: 1) Organisms
which live in the deeper water layers and therefore are only subject to
transport with the surface currents during the spawning time (usually
in winter or early spring), when the animals may migrate to the surface
layers and stay there for shorter periods during the 24 hours. If the
organisms have diurnal vertical migrations, they may be transported
by surface currents at other times of the year also.

2) Animals inhabiting the surface layers both as young and adults
for a longer period of the year, and which therefore may be transported
by the currents for longer distances.

3) Forms which are restricted mainly to the southern part of the
coast, but may be carried northwards with the currents, especially in
autumn, and winter.

As the second main group (B) we will regard animals which are partly
autochtonous, partly allochtonous, brought in from other areas, chiefly
the Skagerak, the North Sea or the North Atlantic. Here we may again
distinguish:

3.
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1) Forms which are able to establish a stock of their own in Norwegian
waters for a shorter or longer period, but also get a considerable supply
from other areas.

2) Forms which, brought in only singly or a few at a time, are unable
to reproduce in the coast water, and when introduced, disappear fairly
soon.

It is immediately clear that a number of organisms cannot be cha-
racterized as only belonging to one or another group, as transitions from
one group to another take place. Furthermore, a grouping which may
be found valid in one year, may fail in another, but it will nevertheless
be useful to discuss the problems from this angle.

A. 1. Auwtochtonous Deep Waler Species.

As the most characteristic forms within this subgroup may be con-
sidered the copepods Pareuchaeta norvegica, Calanus hyperboreus, Micro-
calanus pusillus and M. pygmaeus, Oithona spinirosiris and a number
of less numercus deep water copepods, further Sagitta elegans, Eukrohnia
hamata and different ostracods. We may also include the euphausiids
Thysanoessa inermis and Meganyctiphanes norvegica as belonging to this
group. It is emphasized, however, that the grouping mentioned is only
valid for the Norwegian coast waters inclusive of the fjords.

A. 2) Autochtonous Surface Species.

In this subgroup we may place the most important animal of the
Norwegian coast plankton, Calanus finmarchicus, and also the copepods
Pseudocalanus elongatus, Temora longicornis, Acartia clausi and Oithona
similis. Of «non-copepodsy we mention Fritillaria borealis and Limacina
retroversa.

The statement that these animals sometimes constitute the main
part of the zooplankton in the Norwegian coast water, does not exclude
the possibility that they can be brought in from other areas and therefore
may also be referred to group B, 1). Both at Ona and at Eggum popu-
lations of C. finmarchicus which are clearly of more southern origin,
are introduced in late summer and autumn.

Among the animals which are usually restricted to the surface layers
Pseudocalanus elongatus showed little difference in the length distri-
butions from one locality to another during most of the year. In common
with most of the species included in group B, 1) P. elongatus, A. clausi
and O. similis have a late autumn maximum.
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A. 3). Southern Auwtochionous Species.

To this group I have only referred the copelate Oikopleura dioica,
but on a thorough investigation more species, especially of medusae,
could undoubtedly be added. O. dioica had both years maximum occur-
rence at Sognesjgen in June. At Ona it did not appear until August—
September, off Eggum singly at the end of August, not being numerous
until September. Most of the stock of O. dioica is without doubt carried
northwards with the coastal current from the southern and southwestern
parts of the coast. The possibility that local stocks may exist in more
closed fjords and bays cannot, however, be excluded.

B. Allochtonous Species.

To the second main group we refer a number of organisms with
maximum occurrence in the late summer and autumn. As already
mentioned, a number of species which have been classified in group A.
2), can also partly be included here. As the most important forms have
been considered Metridia lucens, Paracalanus parvus, Centropages typicus,
Corycaeus anglicus, Anomalocera paltersoni and Sagitia setosa, with
numerical importance in the order mentioned:

All these species, except Sagitia setosa, seem to be of a very complex
origin, partly from the Skagerak and the North Sea, partly from the
North Atlantic. The proportion of the stocks derived from the different
regions may vary considerably during the year, and from one year to
another.

Metridia lucens has irequently been reported as an indicator of
water of Atlantic origin, at all events in the North Sea (RAE and REES
1947), but an isolated stock seems to be established in the Skagerak
(FARRAN 1911). As the adults and most of the copepodites usually resort
to intermediate or deeper water layers, at least during the day, M.
lucens is not so dependent on the surface currents, and this may perhaps
be of importance for the establishment of local stocks. It will be shown
later on (page 158) that the length distribution of the females of M. Jucens
at Sognesjgen differs somewhat from that of the northern stations.
M. lucens was always most numerous in the autumn, but minor peaks
of abundance were also found in May, especially in 1950, It may be worth
mentioning that RAE (1951), using the Plankton Recorder, found M.
lucens to be unusually abundant in the North Atlantic off the west
coast of Ireland from March to June 1950, and in moderate numbers
between Scotland and Shetland in May, while there was no sign of these
concentrations between Bergen and station «M» and the species did not
appear there until late in the autumn.
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Paracalanus parvus in all localities mainly occurred between August
and March, the single individuals taken during the first months of the
year undoubtedly being remnants of the late autumn stock. The maxi-
mum numbers were usually found in August on the west coast between
61°—63° N and in the middle of September’in the Lofoten area. It may
seem as if this species is partly neritic and more related to Oikoplewra
dioica in its nature, but in other areas it has a very wide, almost cosmo-
politan distribution, although restricted to temperate and tropical
areas (Farran 1910), and we must therefore assume that the local
populations also get a supply from other areas. A small number of
Paracalanus may perhaps survive in the fjords of Northern Norway,
propagating when the conditions are favourable.

Centropages typicus has probably a centre of abundance in the Skage-
rak (WisorG 1940), but Rag and ReEes (1947) find that in the North
Sea it is mainly introduced from the north, under favourable circumstan-
ces being able to establish a stock of its own. In 1949 C. typicus
appeared at Sognesjgen as early asin June, at Ona in July, but at Eggum
not until September. In 1950 its appearance was similar to Paracalanus,
and we may assume that both species have a double origin, partly being
introduced from the Skagerak, partly from the North Atlantic.

Corycaeus anglicus has a centre in the southeastern North Sea (RAE
and ReEs 1947) but is also known to occur in the North Atlantic (SARs
1918). It was not observed in 1949, but in 1950 it was found at all stations
in the autumn. As it was accompanied by a number of Atlantic species,
we may assume a double origin for this species also.

Anomalocera patersoni occurred singly at Sognesjgen in June 1949
and January 1950 and is probably of coastal or more local origin.

Sagitta setosa is a typical representative of the North Sea plankton,
according to FrASER (1937) and Russerr (1939). RuxnsTrRoM (1932)
found it common in fjords near Bergen from February to November,
numerous between April and August. The individuals recorded from
Sognesjgen and Ona in August—October 1950 may therefore have a
local source, although it is possible that they have been introduced from
the North Sea together with e.g. Corycaeus anglicus. MARSHALL (1938)
mentions finds of S. sefosa with the plankton recorder off the Norwegian
coast between March and October 1939, possibly being associated with
the Baltic outflow.

The forms which are referred to subgroup B 2), have all presumably
been brought in by the North Atlantic current. They occur mainly in
autumn and winter, and usually only single specimens are found. The
inflow of Atlantic water must have been unusually strong in the autumn
of 1950, as the indicator species were very well represented, and the
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Table 15. The Occurrence of Plankton Organisms of Atlantic Ovigin in 1948—50.
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same was probably the case in 1951. For this year only the salps have been
investigated. (See also table 15).

The origin of Clausocalanus arcuicornis is somewhat disputable, as the
only records of its occurrence in European waters are from west of Ireland,
where the species is strictly oceanic (FARRAN 1920). It was, however,
taken as frequently at Skrova as in the other localities, and we may -
assume that Clausocalanus, when introduced in coastal waters, may
reproduce, and the offspring be carried into the Vestfjord by the coastal
current.

The salps are supposed to be very good indicators of Atlantic water.
According to ApsTEIN (1911) Salpa fusiformss usually appears at the
Irish coast in May, off the Shetland Islands in July, and off Bergen, ..
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Norway, in September—October. In November 1905 salps were carried
right into the Skagerak. Frasrr (1951, 1952) reports that salps
entered the North Sea via the Orkney passage in June 1950, but were
not observed north and east of Shetland until November. Oa his chart No.
13 (1952) there is however a single record in August in the Faroe-Shetland
Channel. On the plankton recorder route between Bergen and station
«M» salps appeared in late August 1950. Salps were observed at Ona
on 30 August 1950, at Eggum they probably arrived between 12 Sep-
tember and 13 October, and at station «M» on 29 September (see page 196).

Finally I would like to draw attention to the information given by
MANTEUFEL (1941) that in the Barents Sea the conditions changed
considerably after the year 1931, in that organisms which had earlier
been recorded as extremely scarce, now began to appear more frequently,
e.g. Anomalocera patersoni, Pleuromamma robusta, Candacia avmata,
Physophora hydrostatica and others, In the same connection MANTEUFEL
mentions the second generation of Calanus finmarchicus, which was not
found there in earlier years (cfr. Special Part, page 89).

It is beyond the scope of this paper to discuss climatic changes of
the sea, but similar changes to those in the Barents Sea are likely to
have occurred along the Norwegian coast also. The appearance of
Clausocalanus arcuicornis may perhaps be attributed to such a change,
as Farrax (1917) reported that Clausocalanus did not extend beyond
the north coast of Ireland.

On the Use of Length Frequencies of Copepods
in Biological Investigations.

It has been found that the same species of copepods may be subject
to great variations in length, both from one locality to another, and in
succeeding generations in the same area during the different seasons of
the year (GrRaN 1902, ADLER & JESPERSEN 1920, MarsHALL 1933,
SeomME 1934 and others). It is generally accepted that the length varies
inversely with the temperature of the surrounding water during develop-
ment, although the amount of food present may perhaps also be of im-
portance (UssiNG 1938). UssIiNG also stresses that the length attained
by a certain stage is the result of a number of increments during the
previous moults, which may have taken place under varying conditions.
Another cause of size variation which must be mentioned, is the existence
of races or varieties of the same species. ReEEs (1949) states that in the
Southern North Sea, in addition to the usual C. finmarchicus also exists
another variety, C. helgolandicus, which is generally larger than the
former. This variety was described as a separate species by Sars (1903),
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but later workers have generally not separated it from C. finmarchicus.
According to ReEs (1949) this variety does not seem to occur in any
numbers outside the North Sea.

Length frequency distributions have also been used to distinguish
copepod populations of different origin (Ruup 1929, StorMER 1929,
SeMME 1929, JESPERSEN 1939, REES 1949, CUSHING 1952).

The Origin and Drift of Copepod Stccks.

Calanus finmarchicus winters in the deeper water layers mainly in
stage V. In early spring the copepodites migrate towards the surface
and moult into adults during, or immediately after this migration (SoMME
1934). The length of the adults probably bears a nearly constant relation
to that of stage V. According to MarsHALL and ORrr (1952) the females
sometimes survive for two months or more. They may therefore be
carried for long distances by currents. A study of the size frequencies
of stage V and of the femalesin a certain area will give a lot of information
both regarding the number of generations and the origin of the stock,
and supply knowledge of the water movements. In order to illustrate
the idea more clearly, a number of females of C. fimmarchicus taken in
different localities along the western and northern coast of Norway and
in the open ocean in the period 11-—23 April 1950 were measured and
the size frequencies are shown in fig. 34.

At Ona the curve is bimodal, with peaks at 2.4 mm and 3.1 mm, the
latter probably referring to females of the spring brood. At station «M»
in the Norwegian Sea the maximum lies at 2.5—2.6 mm. Farther north
there is a peak at 2.7 mm near Skrova. At Eggum two maxima occur,
at 24 mm and 2.7 mm respectively. The same distribution is repeated
at st. 110 further north. In the open ocean between North Norway and
Bear Island st.s 114 and 117 both show maxima at 2.7 mm, but the curves
are more flattened than further south. At all the stations hitherto men-
tioned, the temperatures at the 10 m level vary between 4.1° C and 7.0°C.
At st. 119 the main peak is still at 2.8 mm, but the curve extends towards
increasing lengths, the largest females measuring more than 4.0 mm. The
temperature is 0.4° C, St. 120 has pronounced maxima at 3.1 mm and
3.6 mm, very few females smaller than 2.9 mm, and a temperature of
- 1.0° C. At St. 123 we have again a very wide range in size, similar
to st. 119, with peaks at 2.7 mm and 3.2—3.5 mm respectively, the
temperature being 0.4°C. Finally, at st. 124 there is a length distri-
bution very like that of st. 117, and also nearly the same temperature.

As already shown, there is almost the same length distribution of the
C. finmarchicus females at station «M», and at the st.s 114, 117 and 124,
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Fig. 34. Size frequencies of Calanus finmarchicus females in the upper layers at
different localities in April 1950. Left: sea temperatures at 10 m level.

From what is known of the surface currents in the area the Calanus
may originate partly from the central or southern Norwegian Sea, at
the northern stations also in part from Norwegian coastal areas. The
length distribution at Skrova is very similar, but here the population is
evidently of local origin. Off Eggum and at st. 110 the populations may
be derived from different sources, in coastal waters further south (compare
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Ona) or from local areas. At st. 119 and st. 123 we have very clearly a
mixture of two or more populations, one grown in warmer water (the
peak at 2.7—2.9 mm) and another in water of low temperature (the
peak at 3.2—3.6 mm). The latter population is represented more parti-
cularly at st. 120, probably brought in by the south-going cold current
on the eastern side of Bear Island. Earlier workers (MrRazEx 1902,
Damas and Kogrorp 1907, Witk 1915, FARrRAN 1936) found a great
variation in length of C. finmarchicus in the waters around Spitzbergen.
Bocorow and PREOBRAJENSKAVA (1934) also show variations in the
tength of C. finmarchicus in relation to the areas of warm and cold water
in the. Barents Sea.

The length distributions of females (and also of stage V) of C. fin-
marchicus during the early spring may thus give information as to the
origin of the population, and also supplement our knowledge of the surface
currents and degree of mixing of water of different origin.

In September—November 1950 the copepodites of stage V of C.
finmarchicus occurring in the upper 100 m at station «M» were very small,
the mean length being only 2.04—2.20 mm. Simultaneously a number
of salps were found, indicating that the plankton had partly been intro-
duced from the North Atlantic. At Eggum the copepodites found in
October—November of the same year were likewise small, and were also
accompanied by a number of salps. In this case both the small individuals
of C. finmarchicus and the salps seem to indicate an influx of water of
Atlantic origin in two different localities.

Metridia lucens is repeatedly reported to be an indicator of Atlantic
water. According to Bocorov and PREOBRAJENSKAYA (1934) it is also
found in the warm area of the Barents Sea, presumably in late autumn
or early winter. Its southern origin can be confirmed still further by the
length distribution. The same authors found a mean total length in
December of 2.29 mm, corresponding to a cephalothorax length of 1.46
mm. From my own observations the minimum mean length in Norwegian
coastal water in 1949—50 was 1.55 mm. The difference is negligible,
and may easily be explained by the measuring method, or more probably,
that the observations are from two different years.

SeMME (1929, 1934) studied the length variations of Calanus hyper-
boreus in different areas. The individuals taken in Norwegian coastal
waters were small, those in Arctic waters large. In the eastern part of
the Norwegian Sea the population was supposed to consist of immigrants
from Arctic waters. ,

Measurements have been made of a number of females and stage V
copepodites of C. hyperboreus from deep water at station «M» in 1952.
In June the mean length of stage V varied from 4.66—4.90 mm. A
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number of plankton samples were taken in the upper 200 m on a cruise
in June with the «G. O. Sars» in the sea northeast and southeast of Jan
Mayen. Stage V of C. hyperboreus measured 4.66-—4.98 mm on the average.
As pointed out by OSTVEDT (in press) the stock of C. hyperboreus at
station My is probably partly introduced by the cold current flowing
southeastwards between Jan Mayen and Iceland, and gradually attaining
deeper levels. — In Norwegian coastal waters stage V of C. hyperboreus
has a mean length of only 3.98—4.17 mm.

The length distributions of the closely allied species Microcalanus
pustllus and M. pygmaeus at station «M» also show some very interesting
features. M. pusillus is found mainly in the 600—100 m layer. It has a
length variation throughout the year nearly identical with that found
in Norwegian coastal waters. M. pygmaeus lives mainly below 1 000 m.
The length of the females is practically the same as that given by SaARs
(1900) for Arctic waters (0.89—0.91 mm total length). There is the pos-
sibility that the stock of M. pygmaens may have grown up in the deep
water layers at station «My», where the temperature is usually below zero,
but it nevertheless seems probable, that part of the stock is introduced
by the Arctic current in the same way as C. hyperboreus. Certain peculiar
changes in the length distributions in the deepest water layers also point
in this direction (see the Special Part, page142). M. pygmaeus is also found
sparsely in the deeper water layers in some Norwegian fjords, but the
individuals are much smaller than those at station «M»s (total length
0.72 mm).

ReEs (1949) showed that the two forms (or perhaps species) Calanus
finmarchicus and C. helgolandicus usually differed in size, when they were
found together. In the same way I have found that the closely related
species Pseudocalanus elongatus and P. minutus, and Microcalanus pusillus
and M. pygmaeus, usually have quite different size distributions. This
applies both to the populations found in Norwegian coastal waters and
in the open ocean.

All the examples given show very clearly how studies of the size
frequencies of copepods may be useful for determining the origin and drift
of copepod populations, and may increase the value of the species as
indicators of certain water masses and currents. In the Special Part of this
paper more details can be found both on the size frequencies of the differ-
ent species, and how the closely allied species were distinguished by means
of the size frequencies.

Some Aspects in the Production of Zooplankton.

In the chapter on hydrography it was stated that the waters along the
west coast of Norway are constantly moving northwards. Near the coast
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we have the Baltic current which can be followed from the Skagerak to the
North Cape, and outside, the North Atlantic current, striking the Nor-
wegian coast approximately at Mgre and on the way northwards gradually
mixing with the coastal current. Under such circumstances it is very
difficult to discuss the production of zooplankton in relation to tempera-
ture and salinity at a geographically fixed point. Nor are the localities
investigated thus situated that we may follow the same population
drifting with the currents for a longer period, as ReprIELD (1941) did
on Georges Bank off the east coast of USA. We must restrict ourselves
to a study of the variation in composition and quantity of the plankton
at different times of the year. We may, however be allowed to regard the
conditions found in one locality as more or less characteristic of a some-
what wider area of the coast. — It was found that the plankton was
generally more abundant in the Lofoten and Vesteralen area than at
Sognesjoen and Ona on the west coast, and the spring increase started
at successively later times as we proceeded northwards.

Phytoplankton observations in connection with the zooplankton
hauls had been very desirable. In 1947—48 phytoplankton was collected
at some of the permanent stations. The material has recently been wor-
ked up, and a report by T. Braarup, Oslo, will soon be published. —
In earlier years the phytoplankton was studied during the spring
and summer at Mgre (GRax 1929) and in the Lofoten area in the spring
(Foyn 1929) and the quantitative results discussed by Grax (1930).
He states that the phytoplankton is generally more abundant in the Lo-
foten and Vesterdlen area than at More. The spring outburst of diatoms
started earlier off Bergen than at Mgre, and still later in Lofoten, as was
also found for the zooplankton. At Mgre the spring maximum in number
of copepods occurred at the end of April, one month after the phyto-
plankton maximum (Ruup 1929). In the Lofoten area the spring in-
crease in the phytoplankton usually started in the last third of March
and lasted from a fortnight to a month. When we study the work of
SoMME (1934) it appears that the spawning of Calanus finmarchicus
may start before the flowering of the spring diatoms. MaRrRsHALL (1949)
in a Scottish fjord found that the spring brood of most of the copepods
was correlated with the spring outburst of diatoms, but later in the year
there could be both positive and negative correlation between the
respective maxima. She points to the possible importance of nanno-
plankton as part of the food of copepods. Mossexntsova (1939) states
that the Ciliata, which in the Barents Sea develop in May—]June, when
the spring phytoplankton is decaying, form an important food for the
first copepodite stages of C. finmarchicus.

Finally T would like to draw attention to some points which need
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further investigation: It has been known for a very long time, that the
zooplankton is specially rich along the coastal banks of Norway, near
to the continental shelf. Sirs (1886) mentions that in summer large
masses of Calanus exist at the edge of the coastal banks, along the
eastern border of the North-Atlantic current. Ruup (1929) also states
that in summer there was a maximum of C. finwmarchicus along the
edges of the coastal banks off Mgre,andaminimum in the central part of the
North-Atlantic current towards the Norwegian Sea. Similar phenomena
have been observed in other waters (BiGELow 1926, FARrRAN 1927,
Emvarsson 1951), while CLARKE (1940) found more plankton in coast
water than on the slope off the eastern part of U.S.A. — It has been
shown above that the banks off Eggum are very barren in early spring,
but the plankton increases in quantity very rapidly, and during spring
and summer may be extremely abundant.

When we take a section across the banks and over the edge of the
continental shelf in early spring, the quantity of plankton will usually
increase considerably in the edge area. This can be demonstrated very
clearly. Below I give the volumes of plankton in ml taken off Eggum
in vertical Nansen net hauls, on the bank. from bottom to surface, in
the edge area in the upper 75 m.

Plankton Volumes, ml.

, 7 ;‘ Stations on The Immediately
Year | Month Date the Bank Edge | outside the Edge
1928 ......| March 26 0,8 0,8 0,6 7,6
1932 ......] April 12 2,4 1,3 0,8 2,6 2,2 32 42
1936 ...... » 16 1425 3,4 3,2 5,0 2,0
1928 ...... » 17 4,0 6,7 14,0
1931 ..., » 23 14,0 6,3
1929 ...... » 24 3.4 2,0 7,0 2,8

The plankton samples mainly consisted of stage V and adults of C.
finmarchicus.

To which extent this population of C. fimmarchicus 1} originates
from the depths of the ocean immediately outside, or 2) has been brought
northwards by the North-Atlantic current from the Norwegian Sea, where
a rich population is known to exist, or 3) comes from coastal areas further
south;, may be a point of interest for future investigations. All three
sources are probably of importance.. We refer to the size frequencies
shown on page 72. These large prespawning accumulations along the
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edge in spring are undoubtedly of importance for the development of
the huge masses of C. femmarchicus existing in summer from the coastal
banks of Northern Norway far into the Barents Sea and northwards
to Bear Island and Spitzbergen. GRrRAN (1900} was of the opinion that
C. fimmarchicus stayed in deep water off the coast of Nordland all the
year. round, but that part of the large quantities filling the fjords in
June and July were derived from an influx in May. According to Foyx
(1929) and Grax (1929) a rich phytoplankton also exists along the edge in
spring, both at Mgre and off Lofoten. Grax (1930) concludes that the
highest productivity is found in areas where the coastal current mixes
with Atlantic water, but that the great production of phytoplankton
in spring is on the other hand limited to the waters of the coastal current.
BraaruD and Kriwm (1931) found that in spring the Atlantic water in
this area is richer in nutrient salts than the coastal water before
the production of phytoplankton starts. They infer that the bicentric
development of the phytoplankton, on the edge and in the fjord, is due
to the hydrographical conditions. The late development in the inter-
vening arca of the bank is in part caused by the vigorous churning of
the water masses. On the edge of the continental shelf the deeper
parts of the Atlantic current, rich in nutrients, mix with the adjacent
coastal water. In this way the nutrient salts are added to the surface
layers and utilized by rapid growing phytoplankton forms found there.
They state further (l.c. page 73): «The profusion of plankton which is
always found in the border-areas between Atlantic water and coastal
water in the Norwegian Sea....would thus be due to an addition
of nutrient substances from the Atlantic water and organisms from the
coastal water where the remains of the enormous production at the
time of the spring maximum, furnish the initial material for a subsequent
output».

Similar conditions are most probably found all along the edge of the
continental shelf from Mgre and Northwards. Suxp (1929) reports that
in the Lofoten area the Atlantic water is also richer in nutrient salts
than the coastal water.

We have thus an ample basement for a rich production of zooplankton
along the edge of the continental shelt in spring and early summer. As
mentioned earlier MarsHALL and OrR (1950) carried out some very
important experiments on the egg-laying of C. finmarchicus. The rate
of egg-laying was dependent on the amount of food present, slowing down
or ceasing entirely when food was scarce or lacking, but on the other
hand being resumed when food was again available. In the laboratory,
individual females survived for more than two months, producing as
much as 500 eggs. — With these facts in mind it is better understood
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how such enormous quantities of Calanus may be produced along the
edge of the continental shelf in spring and early summer. The conditions
are favourable, there is both a large prespawning stock of C. finmar-
chicus and an abundance of food for the development and growth of the
larvae. MANTEUFEL (1941) reports that this «tream» of rich Calanus-
plankton reaches the northernmost part of Norway in April, the Murman
coast in May. The term ¢stream» may to some extent be understood
literally, as the individual females may be carried by the current for
two months or more, and during this period produce eggs more or less
continuously, but local stocks will join underway.

How the winter population of C. finmarchicus is re-established in
the deep water outside the Norwegian coast will be a problem for future
investigations. For the central part of the Norwegian Sea the question
has been treated by USTVEDT (in press).

It is very likely that the amount and kind of plant food available
in spring, probably also at other times of the year, has a similar influence
on the spawning of other plant-eating copepods, perhaps also on euphau-
siids, as on C. fimmarchicus.

For studies of the production of zooplankton in different areas it
will therefore be very important to carry out simultaneous investigations
of the phytoplankton.




SPECIAL PART
The Biology of the Different Species

Copepoda Calanoida.

Calanus finmarchicus (Gunn.).

Numerous and extensive papers have been published on the biology
of this copepod. They will not be quoted here, but only referred to when
necessary.

The variations in number at the localities investigated during 1949—
50 are shown in fig.s 35—38. The black parts of the columns signify
the numbers in the upper 50 m. Drawn lines indicate the variation of
the stock in Calanus-units, i.e., the different stages have all been con-
verted into stage V in the way mentioned on page 59.

At Sognesjgen (fig. 35) there were at least 3 maxima in stock during
the year, a spring maximum at the end of March, most obvious in 1949,
but both years consisting of about 70—80 9%, of nauplii, a second peak
in June, made up mainly of copepodites I-—IV and some nauplii, a
third maximum in July, not observed in 1950 because of insufficient
observations, and a possible 4th peak in September. The curve of the
Calanus-units follows the variation-in total number, but the June peak
is higher than that of April.

At Ona (fig. 36) the spring increase seems both years to start in the
middle of March or beginning of April. After a slight decrease in May
there is a second rise in June, culminating in the second and greater
maximum in July, which was considerably greater in 1950 than in 1949.
By September the stock has usually decreased to an insignificant size.

The curve for the Calanus-units largely follows the numerical vari-
ations except in May—June, when the decrease is very slight. In July,
the maximum is much higher than the peak in spring, indicating that
C. finmarchicus is now in the later stages of development.

At Eggum (fig. 37) the spring increase in 1949 started in the first
half of April, and reached first maximum at the beginning of May. A
second maximum occurred at the end of May, a third and fourth
maximum in August. From September numbers were very low. In
1950 the increase also began in early April and in the first part of May
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Fig. 35. Numerical variation of Calanus finmarchicus at Sognesjoen
in 1949 and 1950, in 1000’ s.

the stock was a little larger than at the same time in 1949. The increase
continued throughout May and in the last half of the month the stock
reached the very high number of 238 600, corresponding very well with
a large volume of plankton, 118 ml (see page 26). The stock decreased
largely throughout June—August, but again rose to 12 000 in the middle
of September. From October to December the stock was nearly at zero.

In 1950 some of the 50—0 m hauls yielded more than the 300—0 m
hauls. This may in part be ascribed to random variations, the two hauls
sampling the total population of Calanus, but the possibility cannot be
excluded that the nets had been clogged during the hauling from 300 m
to 50 m, or had been washed insufficiently between the 300—0 m and
the 50-—0m hauls.

The spring maximum of the Calanus-units in 1949 was second ‘to
the summer maximum, and the figures were also very high in August
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Fig 36. Numerical variation of Calanus finmarchicus at Ona in 1949
and 1950, in 1000’s. Curves and figures in italics:
1000’s of Calanus-units.

and September. In 1950 the May maximum is by far the greatest,
both in number and in units, and all the summer, till the middle of
September, the figures are far above those of the preceding year.

The stock variation of C. finmarchicus at Skrova during 1949--50
is shown in fig. 38.

In 1949 the stock was very small till April, but increased considerably
during the last half of the month. In May there was a minimum, then
some increase to June, a decline at the end of June and a third maximum
in July. Later there was again decrease and irregular variations in num-
ber. In 1950 the stock numbered about 4000 in January—February,
falling off to a minimum in March. The spring increase again took place

6.
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Fig. 37. Numerical variation of Calanus finmarchicus at Eggum in 1949
and 1950, in 1000’s. Curves and figures in italics:
1000’s of Calanus-units.

in April and culminated in the middle of May. Numbers were higher
than at the same time in 1949, A maTtked decrease occurred in June and
the first part of July, but some increase was found during the last half
of the month (with the exception of the last few days) and a further rise
took place in the beginning of August.

Observations were unfortunately lacking for nearly two months,
from August to October, but it is assumed that the variations in stock
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Fig. 38. Numerical variation of Calanus finmarchicus at Skrova

in 1949 and 1950, in 1000’ s. Curves:
1000’s of Calanus-units.

were irregularin the same manner as in the preceding year. From October
there was a further decline to December.

At Ona and Sognesjgen the highest number of C. finmarchicus was
always found during the last half of the year, at Skrova in April—May,
but the August stock at Skrova was nevertheless larger than the autumn
stock at the southern stations. The great decline in the stock after the
spring maximum may in main be ascribed to mortality, but a consider-
able number of Calanus may also be carried away by the surface currents.
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The maximum in number usually coincided with the peak of Calanus-
units. In June and July of 1949, however, all the unit-figures were higher
than those in April. In summer the Calanus are in the later stages of
development, and in spite of their lower number the volume of the stock
is greater than in spring. In September 1949 and from November 1949
to February 1950, high numbers of units are also met with, in the
last month even exceeding the June maximum of 1949. In April
1950 the unit-figures were much lower, In May there was again a
maximum of 9900 units (16 600 in the 50—0 m haul). In June the
figures were of about the same size. and the two maxima in July
and August yielded 10 900 and 13 400 units respectively. From Octo-
ber to December the unit-values usually varied between 3 500 and
5000.

In the discussion of the quantitative variation of C. finmarchicus in
the Lofoten area it might be of interest to compare the data with the
volume variations of the plankton in this area in May and June 1949
and 1950, when this species was responsible for the main part of the
plankton.

In the first days of May 1949 the plankton volumes were small near
Skrova, less than 30 ml/m2 The number of Calanus-units was 1500
in a vertical haul on a station near Skrova. At Eggum the volumes were
larger, 50—100 ml/m?, the number of Calanus-units on 2 May being
6 900. Between 31 May and 3 June plankton was still scarce near Skrova.
2 800 units on 28 May. Further out the plankton was more abundant, in
the center of the fjord 50—100 ml/m2, and 16 200 units in a vertical haul
100—0 m. At Eggum there was also 50—100 ml/m?, the number of
Calanus-units, on 28 may being 9 400.

In 1950 plankton volumes on 3——7 May were between 30 and 50 ml/m?
in the inner Vestfjord and near Eggum. Calanus-units at Skrova on
2 May numbered 1400 and at Eggum on 28 April 2400. Between 31
May and 3 June plankton volumes had increased to 50—100 ml/m?
near Skrova and the Calanus-units to 9 900 (16 600) on 20 May. On
10 June 5 800 units were found. Near Eggum the quantity of plankton
was 30—50 ml/m? between 31 May and 3 June, but increased towards
the northeast, indicating that some days earlier the amount of plankton
may have been larger at Eggum, when we take into consideration the
direction of the coastal current. We have only observations at the per-
manent station on 22 May, when the number of Calanus-units was
106 500, which corresponded to a plankton volume of 295 ml/m?, and
on 14 June with 43 000 units and 130 ml/m?2. Thus a minimum in plank-
ton volume and Calanus at the beginning of June 1950 has possibly been
missed in the observations from the permanent station.




jes]
[

- -

Z
N

-~
\d ™ =~

D J T F M L J J ¥ A [_&S T O N ¥
Tig. 39. Variations in percentage of each stage of Calanus finmarchicus
at Sognesjgen in 1949 (drawn) and in 1950 (broken).

Z

'
/\

- - - -

S SN SO (.

y

W)

Propagation.

In fig.s 39—42 are shown the variations in the stage distribution of
C. fimmarchicus at the investigated localities during 1949—50.

Sognesjoen (fig. 39). In 1949 there were maximum percentages of adults
in the first days of February, of males at the beginning of March also, but a
small proportion of adults were found during the whole year. The nauplii
had a main maximum in March and secondary maxima in May, July and
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August—>September. The copepodite stages I—II were scarce, while
stage III showed a main maximum in October, IV in May—June, and
V in January and December.

In 1950 the females had 3 pronounced maxima by percentage, in
February, May and October, the males two maxima, in February and
May. The nauplii had again peaks in late March and late May, and there
was also a high percentage in October. The copepodite stages I—III
occurred more sparsely, while stage IV had a main maximum in July,
stage V peaks in January and April, and increasing percentages from
October and onwards. Observations are lacking between 10 July and
21 September.

In 1949 maximum spawning seems to have occurred in March and
periods of minor spawning in May, July and September. In 1950 the
main spawning again occurred in March, the second spawning in May.
Nothing can be said about the conditions in July and August, but there
was apparently a maximum in spawning at the beginning of October.

We must bear in mind that the population of Calanus finmarchicus
is not stationary, but new stocks are brought in by currents, presumably
from coastal areas further south (see page 72). This applies especially
to the spring and summer, when most of the Calanus is found in the upper
water layers.

RunxsTROM (1932) found in the fjords near Bergen nauplii of C.
finmarchicus numerous in March, in moderate numbers from April to
June, scarce in July—August and again numerous in September—Octo-
ber. South of Bergen GUNDERSEN (1953) observed spawning in March,
May and August—September.

Ona (fig. 40). In 1949 the females had peaksin early March, in May, Au-
gust and the end of October, the nauplii in the middle of March, August,
October and November. The maxima of nauplii in March and August can be
traced through the different copepodite stages to the adults. We may
probably have lost a maximum of nauplii in June, owing to too great
a span of time between observations.

In 1950 the adults showed a peak at the end of January. A second
maximum occurred in May and of the females also at the beginning of
June. The nauplii had three distinct maxima, in late February, in
August and in October, which all could be followed up to the copepodite
stage V. Also this year we have probably lost a June maximum of
nauplii, which is likely to have occurred because of the preceding peak
of females in May.

In both years there seems to have been four separate spawning peri-
ods, 1) late February-beginning of March, 2) early June, 3) August, 4)
October. The two first spawnings seem to be most important and connec-
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at Ona in 1949 (drawn) and in 1950 (broken).

ted with an increase of the stock. The spawning periods correspond
quite well with the conditions found at Sognesjgen.

Ruup (1929) stated that C. finmarchicus at Mere had two spawning
periods, in February—March and in May—June. His observations how-
ever, did not extend beyond the end of July.




If we analyse the stock of Calanis at the first maximum, we find
that in April 1949 it consisted of copepodites stage I—1IV, in May 1930
of 60 9% of nauplii and the remainder of stage I and females. In July
of both years however, the maxima in stock were entirely made out of
copepodite stages IV—V. Ruup (1929) draws attention to the possibility
that large numbers of nauplii and copepodites spawned further south
on the coast may be introduced in the waters off Mgre in March—April.
Large numbers of C. fuwnarchicus were also found at the edge of the
continental shelf (Storeggen) in April and May and may well have
spread and mixed with the stock from the coastal water. RuUD is of
the opinion that the stock found at the coastal shelf must either have
been carried in by the North-Atlantic current from west of the Shetland
Islands, or have migrated up from the depths of the Norwegian Sea
early in spring and then propagated near the shelf. Both these explana-
tions may account for the large numbers of Calanus occurring at Ona
in July. The spawnings which apparently took place in August and
October may refer to populations which have been introduced with the
North-Atlantic current. This hypothesis is supported by the length
distributions (see page 94) and by the fact that a number of warm-
water organisms, e.g. salps, also occurred at Ona in September—October
1950.

Eggum (fig. 41). In 1949 the females had a peak in the middle of March,
and were also present from May to September. Males were scarce, a few
occurring in March and May. Nauplii were found in a high proportion from
the first half of April to the end of May, with maximum in April. A second
lower peak occurred in June, and a third at the beginning of September.
The first one can be followed through to stage IV at the end of May-
beginning of June. There was a second maximum of stage I'V in August
which cannot clearly be traced back through the lower stages, and a
third peak in October, which is preceded by maxima of copepodite
stages I—III in the middle of September.

In 1950 the maximum of females again occurred in March. A few
females are also found during the whole year. The males were relatively
more numerous than in 1949, present from January to March, some also
in August and October. The nauplii showed a large percentage through-
out April, followed by successive peaks of the copepodite stages I—III
to a maximum of stage IV at the end of May. A second small maximum
of nauplii in July cannot be traced further, but the third maximum in
August was followed by peaks of stages I—III in August—September
and of IV at the beginning of November.

The main spawning thus occurred in April both years with subsidiary
broods in June and in Auwugusi—September.
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MANTEUFEL (1941) reports that a second generation of C. fonsmnar-
chicus (stages I—III), which had probably been produced along the
northwestern coast of Norway, was in some years found between North

Cape and the Barents Sea from July to September.

This agrees very well with the two subsidiary spawnings mentioned

above.
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In 1949 the first maximum in stock of C. fimmarchicus at Eggum
was mainly made out of nauplii, next of stages I—IV, the July and Sep-
tember peaks mainly of stage IV—V. It seems therefore reasonable that
the stock gets a supply from other areas in summer and autumn.

Skrova. (fig. 42). In 1949 the females had a very marked maximum in
March, constituting more than 80 9, of the stock. They were also present
in a small proportion during the summer until September. Males were found,
though sparsely, from February to April, and in August. Nauplii had
a main maximum in April—May and secondary peaks in June, the
middle of July and end of August. The first maximum can be followed
through successive peaks of the copepodite stages up to stage V in June,
and the second maximum of nauplii in June can be traced with some
certainly to stage IV in July. The August brood does not seem to have
developed beyond the nauplii. In 1950 the stage variation was very
similar to that of 1949, but the period of abundance of the nauplii was
somewhat extended and a little delayed. In return the second maximum
did not appear until July—August.

At Skrova there is, accordingly, one main spawning period, in 4 pril—
May, and subsidiary spawnings in June and July—August, of which the
June spawning may be of some importance.

MarsHALL and ORR (1952) state that individual females of C. fin-
marchicus can spawn in the laboratory for a period of more than two
months, producing more than 500 eggs. When we at Skrova get two
peaks of nauplii at intervals of 4—8 weeks, these nauplii may very well
have been produced by the same females. This assumption may, of
course, also be valid for the other localities.

Observations on the Spawning of C. finmarchicus in the Vestfjord in
Earlier Years.

According to SemMmr (1934) eggs of C. finmarchicus were observed
for the first time in 1922 on 18 March, and spawning was still
continuing on 27 April. In 1929 the spawning lasted at least from 4 to
29 April. During the fisheries research cruises a number of vertical
hauls have been taken with the Nansen net in the Vestfjord from the
year 1922 up to the present, and from this material selected samples
have been analysed. Owing to the mesh size of the Nansen net the eggs
of C. finmarchicus are not sampled quantitatively (WIBORG 1948), but
when they are present in numbers, we may get an impression of the
relative numerical strength.

In 1930 no eggs were found on 18 March, but a large number on 22
March. Eggs were still present in numbers on 12 April, but had disappea-
red on 24 April. In 1939 no eggs were seen on 20 March, but occurred
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Fig. 43. Plankton stations in the Vestfjord in April—May 1947,

abundantly on 1 April. In 1947 eggs were observed singly on 17 March,
in numbers throughout April, and a few were still found on 3 May.
At Skrova the eggs of C. finmarchicus were not included in the countings
from 1949. In 1950 no eggs occurred on 20 March, 3 000 eggs were found
on 11 April, 1 850 eggs on 15 April, and again no eggs on 25 April.

All these data show that the spawning of C. finmarchicus in the Vest-
fjord usually starts about the 1st of April and lasts for 3—4 weeks. In
some years the spawning may be extended and last from about 20 March
to the beginning of May.

SoMME (1934) states that in the Ofotenfjord, a continuation of the
Vestfjord, the spawning of C. fimmarchicus starts 1—2 weeks later than
in the outer Vestfjord.

In 1947 a number of vertical hauls were taken in a longitudinal
section of the Ofotenfjord and the Vestfjord during the last days of
April, and another series of hauls on 7—8 May (fig. 43). The percentage
stage distribution of C. fimmarchicus in these sections is shown in table
16. The eggs have been included in the stage distribution.

In April there were maxima of copepodite stage I and of nauplii.
Some eggs were also present. Passing inwards in the Vestfjord, the
maximum is gradually shifted towards nauplii. In the Ofotenfjord there
was still a maximum of nauplii, but some females were also present.
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Table 16. The Percentage Stage Distribution of C. finmarchicus in the
Vestfjord and the Ofotenfjord on 24—26 April and 7—8 May 1947.

Date . Station A ‘ B C D E ¥ H
1 f 3 ; :
g — ] — 1 — | — 04| 03, 08
? 05| 08| 18] 05 714 439|181
v 241 02 01, — 02| 03] 14
v 58, 1.0 02] 0670 — | 03] 59
24.—26. April.. .. 11 44| 81| 34| 39 08| 23| 24

11 9.2 | 1431 82| 705 37| 68| 147
1 16.3 | 31.6 | 12.8 | 9.0 | 713.8 | 125 | 7.0
N 57.2 | 43.9 | 703 | 72.2 | 69.9 | 33.8 | 39.9

Eggs 42 — | 32 33 — | — | —

[

g 43 | — | — = — | -
¢ 50| 03| 12| 48 55.1

v 3041 07 16 1.5 2.7

v 3971 641 93, 89 | 8.7

7.— 8. May .... 111 57 | 287209 | 8.5 7.5

1T 42 (362 244 | 157 | 2.7
I 25| 115 | 115 | 12,0 | 5.4

N 79 1621 37,1 | 48.0 17.8

Eggs [ — | = 1.5 { — i

The total stock of C. fimmarchicus was very small compared with that of the
Vestfjord. Atthe twoinnermost stationsin the Ofotenfjord the percentage
of femaleswas still greater, nauplii were scarce, and no eggs were observed.

At the beginning of May the stage distribution was irregular in the
innermost part of the fjord, with maximum of females but also many
nauplii. In the middle of the fjord there was a maximum of stage II—III,
outermost of stage IV—V. We thus find a delay in the development when
we pass from the outer fjord and inwards, confirming SoMME’s observations.

Vertical Distribution.

The vertical distribution of C. fimwmarchicus will appear from the
figures 35—38 where the 50—0 m hauls are shown as black columns.
At Ona and Sognesjgen the bulk of the stock was found in the upper
m. 50 At Eggum and Skrova the Calanus seems to be concentrated
in the uppermost layers in May and June, but later in the year the
quantity taken in the 50—0 m hauls decreases very rapidly, and after
the beginning or middle of August the entire stock was found below
30 m. The copepodite stages I—III and the nauplii have almost
exclusively been taken in the upper 50 m, but a few were also found
below 30 m, especially at Skrova and Eggum in April.
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Fig. 44. Variations in mean length of Calanus finmarchicus stage V
and females at Sognesjgen and Ona in 1949 —50.

A number of vertical hauls taken in steps from bottom to surface,
and a series of hauls with the Clarke-Bumpus plankton sampler in the
years 1947—>52 have shown that from early May to the middle of June
all the Calanus in the Vestfjord stayed in the upper 25 m both during
day and night. At night the stock was sometimes concentrated in the
upper 15 m or less.

Vartations in Size of C. finmarchicus.

A. At the Norwegian Coast. The variations in mean size of C. fin-
marchicus females and stage V copepodites at Ona and Sognesjgen
during (1948)— 1949—50 are shown in fig. 44. At Sognesjgen stage V
copepodites measured on an average 2.22 mm in December 1948 and
2.10 mm in February 1949. The stock was very small in March, and no
mean values were worked out. At the end of May the length of stage
V had increased to 2.34 mm, and it rose further to 2.41 mm in July.
A small increase followed in August, but in October the length was the
same as in July. The females measured 2.4 mm in February, 2.6 mm
at the beginning of June, 2.7 mm in July, and decreased a little in
length in August. In 1950 stage V again showed minimum length in
the first days of March, increasing to 2.5 mm at the end of the month.
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With small variations this length was maintained throughout June,
but dropped to 2.2 mm in the last days of the month. Later there were
small variations. The females varied in size in nearly the same way as
stage V, with a minimum length in March, some increase in April, and
maximum in May. In July a decrease followed, and the mean length then
remained nearly constant throughout September and October.

At Ona females and copepodites of stage V were too scarce to give
reliable mean lengths till the middle of March 1949. Stage V then
measured approximately 2.3 mm and the mean size increased to 2.4 mm
in April, dropped a little in May and increased somewhat in June—July.
In August and later there was again a decline in mean length. The
females showed minimum length in March, maximum in April, the latter
length being maintained with small variations till the end of July. In
September the mean length had again decrecased.

In 1950 copepodites of stage V were scarce until the middle of April,
when the mean length was approximately 2.6 mm, remaining nearly
constant till the beginning of June, and decreasing throughout July
and August. In September we again note some increase in the mean
length, but the number measured was small, and the length distribution
irregular (see fig. 45). In December the lengths were as in August. The
females had approximately the same variation in mean length as in the
preceding year,

The individual length distributions of stage V during 1949 and 1950
are shown in fig. 45 (see also table 49, pp. 225—228).

In 1949 stage V had a bimodal size distribution from 18 July to 11
October. In 1950 the curves were very irregular in shape from the middle
of July to October. From the occurrence of foreign plankton elements,
(e.g. salps) and from the hydrographical conditions we learn that in this
period there took place a considerable influx of water from other areas,
which brought in other populations of C. finmarchicus. But we must
also expect continuous breeding throughout the summer.

The length distribution of the females was bimodal in the middle of
April 1949 with maxima at 2.5 mm and 2.9 mm, indicating the presence
of individuals both of the winter and spring generation. The same feature
was repeated in the middle of April and at the beginning of May 1950.

At Sognesjgen the mean length of females and stage V of the brood
generated in March—April was greater in 1950 than in 1949, The surface
layers were colder in March 1950, (the temperature in the upper 50 m
varying between 4.5°-—5.5° C), than in 1949 (6.3°—6.5° C), thus con-
firming the generally accepted theory that length varies inversely with
the temperature during growth. At Ona we also find some difference
in mean lengths in the period April—]June of the two years, with lower
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Fig. 43. Size frequencies of Calanus finmarchicus stage V
at Ona in 1949 and 1950.

values in 1949, but there was no clearly indicated rise in temperature,
on the contrary, the temperature was a little lower during March of
1949 than in March of 1950. It is therefore probable that the stock of
C. finmarchicus present at Ona in May-—]June, has in both years been
introduced from other areas.

The variations in the mean length of females and stage V at Skrova
and Eggum during (1948—) 194950 are shown in fig. 46.

At Skrova the mean length of stage V was near 2.5 mm in October
1948 and remained constant to the beginning of February 1949.

From the middle of the month there was a sudden drop in size to
2.24 mm, simultaneously with the appearance of the females. In the
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Fig. 46, Variations in mean length of Calanus finmarchicus stage V
and females at Eggum and Skrova in 1949—350.

last half of April the spring generation had advanced to stage V with
a mean length of 2.7 mm. From April to December there was generally
a slight decrease in mean length, In 1950 there was a sharp decrease
from May to June, but again a rise to July, and later small
variations.

The females occurred in representative numbers only from February
to August. The mean length varied from about 2.7 mm in the period
February—March to 2.9 mm in July, and decreased to 2.7 mm in
August. In 1950 the variations were very small, 2.7—2.8 mm between
February and July, and within the limits of the mean error.

The drop in mean length of stage V from January to March each year
is very striking. Measurements have also been taken of stage V from
the spring of 1951, and the same phenomenon was again observed. A
possible explanation is that part of the stock goes through two generations
during the course of the year (see page 91). In spring the large individuals
of stage V, which grew to this stage during the previous spring, moult
into adults, and the small individuals of stage V, which reached this
stage last summer and autumn, remain and moult later, if at all. Smaller
individuals of stage may also have been introduced by the currents
from other areas, presumably further south (cfr. Eggum).

7.
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The size distributions (fig. 47) are bimodal at the beginning and end
of February, although not very pronounced.

The maximum size of stage V was nearly the same in the two years,
and the temperature of the upper 50 m did not differ essentially from

one year to another,
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Tig. 48. Size frequencies of Calanus finmarchicus stage V
at Eggum in 1941 and 1950.

At Eggum the mean length of stage V was only 2.0 mm in January—
March 1949, but increased to 2.7 mm in April, the same size as at Skrova.
During the following months the mean size decreased considerably,
and except for a little rise in October, dropped to a minimum in Novem-
ber and rose but slightly to the end of March 1950. A maximum of 2.8
mm then occurred at the beginning of May, but a fortnight later the
mean size declined to 2.4 mm and remained thereafter nearly constant




100

till the beginning of August, Another decrease followed in October,
but in December the mean size had again increased.

The females measured approximately 2.4 mm in January—April
1949. In May the size increased to 2.8 mm, remaining nearly constant
until July, when the females disappeared from the plankton. In 1950
there was an increase in mean length from 2.4 mm in January to 2.6 mm
in April and further to 2.8 mm in May, some decrease in July, and then
the females disappeared.

The size frequencies are shown in fig. 48. In January 1949 the cope-
podites showed a bimodal distribution, with peaks at 1.9 mm and 2.2
mm. Irom August to November the maxima were little pronounced,
but in October there were peaks at 2.0 mm, 2.3 mm and 2.6 mm, the
two former also occurring in November. In 1950 the curves were unimodal
until August, but more irregular from September to December (see also
table 49, page 225).

There are some common features in the length variations of C. fin-
marchicus at Skrova and Eggum, and the same maximum size in April—
May, but in 1949 the decrease in mean length after April was much
more pronounced at Eggum.

It is obvious that the mean length of stage Vat Sognesjgen in February
1949 was very near to that of Eggum in January—March. From July
to October the mean length at Onais only a little below those at Eggum.
In 1950 however, there were no such similatities.

The difference in the length variations at Eggum and at Skrova
may be explained briefly as follows:

At Skrova the stock of C. finmarchicus is more stationary and only
supplemented from areas near by, while Eggum gets a continuous supply
from other areas, in April—May probably from the Vestfjord, during
summer and autumn mainly from the south.

B. At Station «M». A series of length measurements of copepodites of
stage V and females of C. finmarchicus has been carried out on material
from station «M» in the Norwegian Sea during 1950. The measurements
have been taken from all the different waterlayers, usually in the 100—0m,
600—100 m, 1 000—600 m and 2 000 (1 500, 1 800)—1 000 m hauls.

In fig. 49 are shown the variations in mean length of stage V in the
different hauls during 1950.

In the upper 100 m the mean length was approximately 2.2 mm in
the middle of March, remained nearly constant to the beginning of April,
but rose to above 2.5 mm in the middle of the month. Apart from a minor
decrease in May this length remained constant throughout June and July.
From August there was a continuous decline to 2.1 mm in October,
some increase in November, and a final drop at the end of November.
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Fig. 49. Variations in mean length of Calanus finmarchicus stage V
at station «M» in 1950.

In the 600—100 m layer the mean length remained almost constant,
2.4 mm, from February to April, increased to 2.7 mm in the first part
of May, then fell off gradually to 2.5 mm in July and varied but little
the rest of the year.

In the 1 000—600 m layer the variation was nearly identical with
that of the 600—100 m layer.

Below 1000 m the mean length also varied in a similar way as in
the 600-—100 m and 1000—600 m hauls, but the individuals were
slightly larger. It must be noted, however, that the plankton hauls were
taken more frequently in the 100—0 m and 600-—100 m than in the
deeper layers.

The females were measured from 1 March to the end of July. The
mean length varied very little in this period, on most occasions being
2.7—8 mm, except from the middle of March to the middle of April,
when it was 2.5—6 mm (see also table 49, page 234).

The length frequencies of stage V at station «M» during 1950 are shown
in fig. 50. In the upper 100 m the curves were always unimodal, except
on 11 November, when there were peaks at 2.1 mm and 2.4 mm. From
1 March to 31 July the usual mean length was 2.5—2.7 mm. Exceptions
were the length distributions on 2 May and 18 May. On 28 April and 9
May the copepodites were larger than usual, and the same also happened
to the females. It seems as if other populations of C. finmarchicus had
been introduced. ;

Below 1000 m bimodal size distributions are observed on several
occasions. There are apparently 3—4 different size groups with maxima
at 2.1—2.3 mm, 2.5 mm, and 2.7 mm. In September—November cope-
podites of stage V occur in the upper 100 m with peaks at 2.0-—2.1 mm.
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OSTVEDT (in press) in 1949
observed two spawnings of C. fin-
marchicus at station «M», the main
one in April and a second one of
minor importance in August. If the
stage V copepodites from both
spawnings are wintering in the
deeper water layers, we should
expect to find bimodal size distri-
butions. As stated above, this is
also the case, as we have bimodal
size frequencies below 100 m from
August to December, and also in
March—April. It is, however,
difficult to explain the bimodal
size distributions in the inter-
mediate water layers in June and
July, and the changes in size
from one water layer to another.
Itissuggested that the copepodites
from the two spawnings migrate
to the surface at varying speed
or at different times of the year.

That the conditions at station
«M» must be very variable is
easily seen by the size distributions
of the copepodites on 9—12 May
and 16—17 June. The large
individuals present apparently
belong to a different population.
It seems as they migrate into
the deeper water layers, but in
July they have entirely dis-
appeared. These copepodites may
have been brought in by surface
currents from the waters southeast
of Iceland, where investigations
at the end of June 1950 revealed
a unimodal size distribution with

Fig. 50. Size frequencies of Calanus
finmarchicus stage V at station
«M» in 1950,
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the peak at 2.6 mm (mean length 2.5 mm) or possibly from the coast of
Norway, where the mean length at the beginning of May was 2.6 mm
at Ona and 2.8 mm at Eggum.

Bimodal size distributions of stage V have also been observed at a
number of stations in the central part of the Norwegian Sea at the be-
ginning of July. These observations will be dealt with more thoroughly
in a subsequent paper.

The small copepodites of stage V found in the uppermost water layers
at station «M» from September to November must have grown to this
stage at a comparatively high temperature. They may have been brought
in by the North-Atlantic current from the Faroe-Shetland area, or
perhaps from the North-Atlantic. A number of warm-water organisms,
especially salps were taken together with the Calanus in September.

If we compare the variation in mean length of stage V at station «M»
with the size variations at Eggum (fig. 46) we find that from July and
onwards the curves have a similar course, but at Eggum the minimum
lengths occur one or two months later. A great number of salps were
also found at Eggum during the autumn, the first ones observed on 13
October (The previous haul was taken on 12 September), and we may
suppose that the Calanus occurring at «M» and at Eggum during the
autumn arc of the same origin,

i

Calanus hyperboreus Kroyer.

This arctic species has been found in numbers in some Norwegian

fjords, where it mainly keeps to the deeper water layers. At Mgre (near

Ona) it is scarce on the coastal banks, but rather common in the fjords.
(Ruup 1929).

Numerical Variation.

At Sognesjgen single copepodites of stage IV—V were taken in
June 1949 and May, June and October 1950. Some 250 nauplii which
probably belonged to this species were caught on 28 March 1950.

At Ona single copepodites also occurred between March and August
both years, maximum number 18 on 28 March and 15 on 29 June 1949.

At Eggum there is apparently no endemic stock of C. hyperboreus,
the deeper water layers being in constant motion and not well suited
for the wintering of this species. No individuals were found between
February and April either year. On 8 April 1949 some 250 nauplii
and copepodites of stage I—IIT were found, later varying numbers (50—
200) of stages IV—V and females, but only single specimens between
September and December, In 1950 the conditions were much the same.
A few nauplii occurred on 28 April, thereafter 20—100 of the older
stages, and after 10 September the species was entirely absent.
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Fig. 51, Numerical variation of Calanus hyperboreus
at Skrova in 194950, in 1000’s.

It is reasonable to suppose that the specimens taken at Eggum had
been introduced from other areas, presumably from the Vestfjord.

SomME (1934) found a rather large stock of C. hyperboreus in the
deeper parts of the inner Vestfjord. The species may sometimes keep
very close to the bottom. Therefore we cannot always rely entirely on
the samples taken in vertical hauls, as part of the stock may still be
below the net, and will not be caught.

The variation in number of C. hyperboreus at Skrova during 1949—
50 is shown in fig. 51.

In 1949 the stock was very small during the first months of the year,
but increased in March to about 3000 individuals, mainly nauplii.
Shortly afterwards there was a sharp decrease, and the stock later remained
low most of the year, with minor peaks in May, June, July and August.
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Table 17. Numbers of the Different Stages of Calanus hyperboreus in the
Total Hawls at Skrova in Januwary—>May 1949 and 1950.

i ! | 5 | ! | ! ! ! :
1949 112 ‘ 5/2 132 262 15/3E 19/3! f | 25/4 30/ 2/5 165 24/5
‘ : ‘ | ‘ i | : I
I o TR i
H Oﬂ 2 1 — | | [ — —_— — —_ —— — —
Q 9 13, — | — | 700| 709 | 40| — | -— | 33, 30 42| 5 5
15 P = = ;‘ 10 ; 75 601 —  — 166 200 | 158 350 | 325
Y 1 — e — ] 10 50 83 — | — | 100 700 [7700 | 250 | 102
i1 — = =~ = = =] =] =] 16] 50 —| —| —
LD [ O [ ) I oy ey e oy s
i J— — JE— — JE— J— —— — — — —_— — — po—
N —  — | —  — 250 7850 1350 — | — | —  —| — | — | —
Eggs Jfew ) — ) — 0 —  few | — —_— e e = — =
,,,,,, | _ | | |
i i | ; - :
1950 | 31/1] 4)2 | 13/2. 212 25/2 13/3 25/3% 11/4) 15/4) 25/4 ‘ 2/5 | 16/5 20/5
] ! i ! | | o | !
| | BN
d 83| 2 1) 33 —| — | 1l —| —| —| —| —] —| —
Q 100 | 31 50 83| 42| 650 1 183 500 133 | 421 — | 150 16 36
v 150 6 9| 42| — 25 { 75| 300 8 58| — | 150 300 | 420
v 160 | — 16 9| — — | 16 — I 83| — | 600 200 160
il —_ = = = = =] =] = —] 42| =20 —| —
I —_ — — ] — \ — — | — 1300, — | 150] — | — | — | —
1 — = = = = — | =0 — |10 —| —| — —
N — |~ | 400 {2450 {3850 | 795003900 | 900 150 | 100! — | — | 100, —
Eggs .. — | 250 {1350 50001400 | — —_ = = = = =
- | | |
At the beginning of February 1950 C. hyperboreus was again scarce,
but the number increased very rapidly throughout February to a maxi-
mum of about 20 000, nearly all nauplii, in the middle of March. Eggs
were found in February, and their number is indicated by the shaded
parts of the columns. As in the previous year, the number soon de-
creased considerably and remained low during the summer and autumn,
with the exception of a small rise in August.
Propagation.
It has been shown by SemME (1934) that C. hyperboreus in the Vest-
fjord only propagates once a year, in February—March.

In table 17 are given the numbers of the different stages during the
first five months of the years 1949 and 1950.

At the beginning of February 1949 there was a maximum of females
and copepodite stages IV—V. Single males and a few eggs also occurred.
In the last days of February some nauplii appeared, reaching a maximum
of 1850 in the middle of March. No hauls were made between 19 March
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and 25 April. During April and May the stock consisted mainly of
stage IV—V and a few females, A few stage III were taken in April.

At the end of January 1950 the stock of C. hyperborens was made
up of adults and stage IV—V in almost equal proportions. Four days later
a number of eggs occurred while the older stages were scarce. Throughout
February the number of eggs increased, reaching a maximum in the last
half of the month. No eggs were found in March. Nauplii appeared in
the middle of February, culminating in number in the middle of March, and
decreasing rapidly to 25 April. After that time the nauplii disappappeared.

The females were rather well represented from the middle of March
to the beginning of May, together with a varying number of stage V.
The first copepodites of the new generation occurred on 11 April, and
on 25 April all stages were represented, with a maximum of stage II.
Stage IV had a maximumon 2 May and 16 May and later stage V took the
lead. Throughout the years1949 and 1950 copepoditesof stage IVand Vwere
present all the time, similar to that foundin otherareas. (JSTVEDT, inpress).

From the stage distribution it is evident that C. hyperboreus spawns
in February, but there seems to have been great variations in the inten-
sity of spawning from one year to another. It is very difficult to follow
the development through maxima of successive copepodite stages. This
may partly be due to irregularity in spawning and a great mortality of the
younger stages, partly due to their being carried away by surface currents.

The copepodite stages I-—III are very scarce and only present in
April and the first days of May.

The spawning of C. hyperboreus seems to take place partly in deeper
water, but the nauplii gradually seek the upper layers. This was clearly
seen in 1950. No eggs were found in the 50—0 m hauls before 25 February.
At this date and later the numbers of eggs and nauplii were twice as large
in the 300—0 m hauls as in the upper hauls.

The bulk of the stock of C. hyperboreus was as arule taken below 50 m.

Table 18. Number of the Different Stages of Calanus hyperboreus in the
Total Hauls at Hola in the Vestfjord 22 March — 10 April 1946.

Stages 22/3 28/3 3/4 6/4 10/4
g e — — — — —
Q e 21 — 2 13 2
v e — — 7 9 7
v e — — — 3 —
111 e — — — — 22
I e — — 7 30 249
I e — — 550 5 197
N cee ] 3280 0 1140 275 50 800




Fig. 52. Number of Calanus hyperboveus nauplii at different stations
in the Vestfjord, 2 February—4 March 1939.

The Propagation, Vertical and Hovizontal Distribution of Calanus hyper-
boreus in the Vestfjord in the Years 1930, 1939, 1946 and 1947.

In order to supplement the material from 1949-—50 I have examined a
number of plankton samples taken in earlier years in the Vestfjord. In 1930
vertical hauls were made at Hgla, near the Skrova station. On 22 and
29 March 6 800 and 3 000 nauplii respectively were found in the total
hauls. On 5 April there were 1 300 nauplii, 1 900 copepodites of stage
I and 150 of stage II. In 1946 the same station was visited repeatedly
during March and April, and the numbers of the different stages are
given in table 18.

The figures were very similar to those observed in 1930. Of the younger
stages only nauplii occurred until the end of March, but at the beginning
of April the copepodites appeared, with maximum of stage IT on 10 April.

In the spring of 1939 a number of vertical hauls were taken all over
the Vestfjord. In fig. 52 is shown the number of nauplii of C. hyper-
boreus in the total hauls from bottom to surface at the different localities
in the period 28 February — 4 March 1939. The largest numbers of
nauplii occurred in the Ofotenfjord and the inner Vestfjord, decreasing
outwards, with the smallest numbers in the outer central part of the
Vestfjord. In the middle of March the number of nauplii was approxi-
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Fig. 53. Plankton stations in the Vestfjord 4—5 April 1939 (table 20).

mately 4 000 at the localities near Skrova. On one station were also
found 1 000 copepodites of stage III.

The number of the different stages of C. hyperboreus in the Vest-
fjord 4—5 April 1939 are given below. (Table 19 and fig. 53).

In the outer part of the fjord there was a fairly large number of nauplii
and copepodites of stage I—II. Females and stages IV-——V were also
present, but scarce. In the inner fjord there was a higher number of

Table 19. Number of the Different Stages of Calanus hypes boreus in the
Vestfjord on 4—5 April 1939 (fig. 53).

| ! H

Station | 230 | 233 | 235 1 238 | 240% 242 244 | 246 | 247 | 248 | 249

| i

1
Q@ ... 24 37| 26| 64 32| 65| 37| 473 | 280 | 650 | 236
Voo 10 30 230 37 13| 72 29 558 | 214 775 | 229
o] — 2 1 21 5 7 7 81 — | — 7
o] — T o= = =] = = =] = =] —
IT ... 150 150 | 175 75  — | 50| 150 | 200 | 43 | 25| -
I ....] 505| 750 250 200 50| 50| 3501250 | 174 | 200 | 29
N ....0 700 | 300 | 200 100 | 80| 200| 350 1600 | 25| — 1700
Total of i ! ‘\ E ‘
new brood | 1400 11200 | 625 | 375 | 130 | 300 | 850 | 3050 | 182 | 225 71729
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Fig. 54. Plankton stations in the Vestfjord in the spring
of 1947 (table 21—22).

females and stage V, and in addition a good number of nauplii. At no
stations were the hauls taken deeper than 150 m, but the bottom depths
are considerable greater in the inner fjord.

Below is shown the number of the different stages of C. hyperboreus
at two stations near Skrova on 17 April 1939.

Station 277 ¢ 278
|
? ... 79 1 30
Voo 101 38
v oo 50 7
O ... 2000 400
IL ... 2450 100
I ... 150, 10
N ... oo —

We have now a pronounced maximumi of copepodites of stage IT—III.
It seems as if the development from eggs to copepodite stage 111
has taken 114—2 months.
In 1947 vertical hauls were taken near Skrova (st. 108, fig. 54) on
27 February, and 380 eggs of C. hyperboreus were found in the 250—75 m
haul, but none in the 75—0 m haul. Nauplii were lacking. Vertical hauls




Table 21. Vertical Distribution of the Different Stages of Calanus hyperboveus in the Ofolenfjord and in the

Vestfjord in April (upper series) and May 71947. (for location, see fig 54).

Stations 117—149 ‘ 116—148 112—144
|

Intervals, m. | 400—90 | 90—50 | 50—0 500—300 }300—400 100—50| 50—0 |240—50 | 50—25 | 25—0
Q 85 1 240 13 16 33 21 —_ —
v 135 5 300 22 20 50 67 24 — —
v 15 2 100 — — 25 325 33 3 2
111 15 2 100 — 5 15 350 42 17 17
11 — 20 30 —_— — — 50 33 50 100
I — — — — — — — 158 100 1500
N — — — — — 20 20 200 100 1500
Intervals, m. | 400—75 | 75—25 | 25—0 |500—100 100—50 | 50—0 | 240—75| 75—25 | 25—0
Q 340 _ 145 356 — 57 90 — —
v 260 1 230 665 1 167 5 1 —
v 150 1 25 350 3 133 15 — —
111 — — — 7 1 8 — — —
11 —_ — — — — — — — —
I — —_ _— — — — — — —_—
N — — _— — — — — —

TTE
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successive change in the proportion between younger and older stages
from the upper layers towards deeper water in the central part of the
Vestfjord (st. 112), and in May the survivors of the stock were found
below 75 m.

Length Variations of Calanus hyperboreus.

From Norwegian waters there are comparatively few measurements
of the cephalothorax length of adults and older copepodites of C. hyper-
boreus. According to Ruup (1929) the length of stage V in the fjords
at Mgre was 4.05—4.50 mm and of the females 5.18-5.63 mm. In
open water the corresponding lengths were 4.53—4.89 mm and 6.07 mm.
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For the Vestfiord SomuE (1934) gives length measurements of the
carapace of the different stages. The corresponding cephalothorax lengths
would approximately be 4.1—3.1 mm for stage V and 5.2—5.9 mm for
the females.

Length measurements have been carried out of a large number of
females and copepodites of stage V during the two years (fig. 535).
The complete series of measurements are given in table 50 at the end of
this paper.

It is immediately obvious that the variation in size distribution is
insignificant. The females usually range from about 4.37 mm to 5,64 mm,
and the mean lengths from 4.68—35.10 mm. For stage V the corresponding
values are 3.5-—4.75 mm, and 3.98—4.17 mm. In stage V thereisa slight
increase in the mean lengths from February—DMarch to April both years,
and the females also show some increase in length from the spring to the
autumn. The differences, however, cannot be regarded as significant.

SoMME (1934) also reports that C. hyperboreus exhibits no special
scasonal changes in length. He found that 27 9 of the stock did not
attain maturity during the spring, but remained in stages IV—V for
perhaps 10 months (Lc. page 117—38). This would indicate a two year
cycle for this part of the stock, and if the copepodites of stage IV moulted
into stage V the following spring, they might then increase the mean
length of stage V somewhat from February—March to April.

Length measurements have also been carried out on plankton material
from stations 116, 117, 147, 148, and 149 in 1947, in order to study the
length variations of C. hyperboreus in the surface layer and deeper layers
during April and May. The sample from the deep haul at st. 148 had
unfortunately been lost, and individuals from the deepest haul at st. 147
were measured instead.

The size distributions are shown in fig. 50 . There is a small increase
in the mean length of stage V when we pass from the surface layers to
the bottom water at the innermost station, both in April and May
(st.s 117, 149). TFurther out, at st. 116, no such difference occurs, but
the number of copepodites measured is small. For the stock taken as
a whole the mean length is a little above that found in the deeper layers
at st. 117. In May, the mean length is less in the deepest haul at st. 179
than in the surface layers at st. 148. The differences are, howevel all
within the limits of three times the standard error.

The females do not show any difference in mean length between the
stock in the upper and deeper hauls, either in April or in May. The
mean length is nearly the same at st. 116 and st. 117. From April to
May there is a slight increase in mean length, too small to be considered
really significant.

i
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Fig. 56. Size frequencies of Calanus hyperboreus stage V and females in
the upper 50 m and below 75—100 m in the Vestfjord in
April—May 1947. For localisation, see fig. 54.

JESPERSEN (1939) in East Greenland waters observed a slight increase
in the mean length of C. hyperboreus with increasing depth.

Paracalanus parvus. Claus.

According to earlier investigations on the west coast of Norway
(RunnstroM 1932, WiIBORG 1944) Paracalanus parvus is numerous
mainly from July to December, scarce or absent during spring and
summer,

Numerical Variation.

In fig. 57 is shown the numerical variation of Paracalanus during
the periods of abundance from October 1948 to February 1951. It
will be seen that the occurrence is mainly limited to the months
August—January, although some individuals may also be found in
February—March and in July.

In October 1948 Paracalanus was scarce at Sognesjgen, but numerous
at Ona, in the beginning of November also abundant at Eggum, where
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Fig. 57. Numerical variation of Paracalanus parvus in 1000°s
in the periods of abundance in 1948—51.

a stock of about 500 specimens still existed in January 1949. In March
Paracalanus had disappeared. At Skrova Paracalanus was absent in
this period.

From August 1949 to March 1950 Paracalanus occurred much more
sparsely than in the preceding season. The Sognesjgen station was visited
in August and October only, and the date for the maximum number
therefore cannot be stated exactly. At Ona the peak occurred in Sep-
tember, at Eggum in October—November. As in the year before, Para-
calanus disappeared in March. At Skrova a few specimens were also
found from November to February.

From August 1950 to February 1951 Paracalanus was very abundant
in all localities. At Sognesjgen maximum numbers occurred in the
middle of September or before, at Ona at the end of August, with the
addition of a second peak in November. The station at Eggum ranged
highest in number, with 12 000 specimens in the middle of September and
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another peak in the middle of November. At Skrova observations were
lacking between 13 July and 23 October. A large stock of Paracalanis was
found there on 23 October, but the number decreased greatly to November.

In all areas, Paracalanus thus varied in the same way, being compara-
tively numerous in the autumn of 1948, scarce or absent in 1949, and
very abundant in 1950.

Propagation.

Males, females and copepodites were counted separately. Most
of the nauplii, and some of the younger stages of the copepodites
will probably pass through the meshes of the Nansen net (WI1BorG 1940).
It has been very difficult to find any clear periodicity in the occurrence
of the adults and the copepodites, and accordingly, I consider it would
serve no purpose to give any figures. The males were usually scarce,
less than 10 9%, of the stock caught, and in many cases totally absent.
The females usually amounted to 30 9 of the stock. At Ona maximum
of spawning probably occurs in April and October. According to previous
investigations it must be assumed that propagation goes on more or less
continuously when Paracalanus is present in numbers. Near Bergen
Paracalanus had 2, possibly 3 broods between July and October (WiBoRrG
1944),

Vertical Distribution.

When the plankton hauls were divided, most of the Paracalanus
were taken in the upper 50 m, but on some occasions a few individuals
were found below 50 m. Being an inhabitant of the surface layers
Paracalanus is entirely dependent on the currents, and therefore we
probably have a connection between the stocks at Ona and at
Eggum. The occurrence of a large stock of Paracalanus at Skrova
in the late autumn of 1950 would also indicate a strong influx of the
coastal current. The salinity was low in the surface layers in October—
December 1950 (see page 21). ,

Paracalanus is also reported from areas farther north. In 1938 a
fairly large number was taken in the Lyngsfjord, near Tromsg, and it
may -also be carried into the Barents Sea.

Pseudocalanus elongatus Boeck.

- SaRs (1900 and 1903) distinguished between 3 species of Pseudo-
calanus, P. elongatus Boeck, P. major G. O. Sars, and P. gracilis G. O.
Sars. Many subsequent workers, e.g. Damas (1905), and Daaas &
KorroED (1907) had difficulties in separating the different species, and
Wrtn (1915) considered them all as varieties of the same species. P.
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Fig. 538. Numerical variation of Pseudocalanus elongatus in 1000’s
at Sognesjoen in 1949 and 1950.

minutus (Krgyer) and claimed to have found transition forms between
them. He states however, that the three varieties have different habi-
tats, P. elongatus mainly occurring in coast waters, near the surface,
P. gracilis being a northern and oceanic form, and P. major mainly
existing in arctic waters. JESPERSEN (1923) states that P. gracilis was
dominant in West Greenland waters, and FARRAN (1951) also considers
this form as arctic.

WrtH’s view of one species, P. minutus (Krgyer) has been accepted
by most of the subsequent workers. For reasons mentioned below (page
131). Tam now of the opinion, that SARs (1900, 1903) was right in establi-
shing 3 species of Pseudocalanus. WitH (1915) had the opportunity
of re-examining the specimens used by KrRoYER (1842—47) in his des-
cription of Calanus minutus, and writes (Lc. page 57) that they «were
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in the shape of the head most like Ps. gracidis, and were of middle size».
If the three forms are accepted as separate species, the name P. gracilis
G. O. Sars should accordingly be altered to P. minutus (Krgyer), while
P. elongatus Boeck is retained. Regarding P. major, nothing can be
stated with certainty as yet, it may be an independent species or a
large-sized P. elongatus.

P. elongatus is very common in Norwegian coastal waters. Off Mgre
it propagates all the year round with main spawning in March and July
(Ruup 1929), and is at least as numerous as Calanus finmarchicus. The
largest numbers usually occur in late summer or in the autumn.

Numerical Variation.
In fig. 58 is shown the numerical variation of P. elongatus at Sogne-
sjgen during 1949—50.
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Fig. 60. Numerical variation of Pscudocalanus elongatus
in 1000’s at Eggum in 1949 and 1950.

The stock was very small from January to May 1949. At the be-
ginning of June there was a maximum of more than 10 000 specimens,
but the number decreased to about 3 000 in the last half of the month
and was of the same size in July. In August and October the stock
numbered about 1 000. No hauls were taken in September.

In 1950 there was an increase in number from February to April,
some decrease in May, a sudden increase in June, and a further rise to
July. No observations were made from the middle of July to the last
half of September, when we have the maximum of the year, about
13 000 individuals. Later the stock decreased rapidly to a minimum in
November.

At Ona (fig. 59) the numerical variation in 1949 was almost identical
with that of Sognesjgen, but owing to more frequent observations we
can follow the increase in detail from the middle of March to a maximum
at the end of May. The stock fell off greatly at the end of June, and with
minor variations the decrease continued to the end of the year. In 1950
the stock was small from January to the first part of June, increasing
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Table 22. The Monthly Méan Numbérs of Pseudocalanus clongatus in
the Total Hauls at Skrova in 1949—50.

: Jan.  Teb. Mar. | Apr. May June  July Aug.‘ Sep. | Oct. " Nov. Dec.

| ‘ | i

1949 | — ‘ 249 79 | 215 | 270 | 265 | 6941 203 | 800 1303 | 53

1950 } 70 | 64 40 | 4302 335 | — | 166 ‘ 165 ’s — 165583 | 55
f ? l |

1 4/7: 1800. % 25/4: 835. 3 23/10: 10800.

throughout July to a maximum in the middle of August of more than
23 000 specimens, decreasing somewhat at the end of the month. In
September the stock was very insignificant, but was again somewhat
larger in November and December. ’

Off Eggum (fig. 60) peaks occurred in the last half of May and be-
ginning of August, the main maximum of the year in the middle of
September. The stock was still large in October but decreased to a low
level in November. In 1950 the variations were similar to those in
1949. There were peaks at the end of May, middle of October and the
main maximum occurred in the first few days of November. After-
wards the numbers decreased till the end of the year, but were much
higher than at the same time in 1949.

At Skrova P. elongatus was as a rule of minor importance, but was
occasionally quite numerous. In the autumn of 1948 the stock on 10
October amounted to 300, on 23 October 15 700 and on 12 November
5 900—individuals. In table 22 are given the monthly mean numbers
of P. elongatus during 1949—50.

Throughout 1949 Pseudocalanus numbered scarcely more than 200
—300 specimens, except on 4 July (1 800 nauplii, which possibly belonged
to Paracalanus) and from 25 September to 22 November (500—1 300)
with maximum 9-—29 October. In 1950 Pseudocalanus was also very
scarce from January to August, with the exception of a small increase
in April—May. On 23 October the stock numbered nearly 11000,
decreasing to 2 300 at the end of the month, and in November—Decem-
ber varying from 500 to 1 000.

Propagation.

The percentage stage distribution of P. elongatus at Sognesjgen
during 1949 and 1950 is shown in fig. 61.

As females and nauplii are nearly always present, spawning un-
doubtedly goes on most of the year. Judging by the peaks in percentage
most intensive spawning in 1949 probably took place in March, May—
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¥ig. 61. Variations in percentage of each stage of Pseudocalanus elongatus
at Sognesjgen in 1949 (drawn) and 1950 (broken).

June, August and October. The second spawning may be responsible
for the maximum stock occurring at the beginning of June, consisting
mainly of stages III-—V and of females.

In 1950 maxima in spawning seem to have taken place in March,
May, July—August and October, with favourable results in May and
in July-—August.

As the maxima in the size of the stock never coincided with maxima
of nauplii or the lowest copepodite stages, we may assume that the
observations have never been made at, or immediately after, the actual
maxima in spawning, and that the stocks present when we have a
maximum in number, have been introduced from other areas, presumably
further south. The same lack of correspondence has also been reported
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Fig. 62. Variations in percentage of each stage of Pseudocalanus
elongatus at Ona in 1949 (drawn) and 1950 (broken).

from more sheltered waters (Loch Striven in Scotland, MarRsSHALL 1949).
We must bear in mind, however, that the lower nauplius stages are not
caught quantitatively.

At Ona the variation in composition of the stock of P. elongatus
in 1949—50 is shown in fig. 62.
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Ilig. 63. Variations in percentage of Pseudocalanus elongatus females
(drawn) and nauplii (broken) at Skrova in 1949—350.

From the occurrence of females and nauplii we may conclude that
the main spawning periods in 1949 fell in March—April, May-—June,
August—September and perhaps in October—November, in 1950 in
February—March, May, and September—October. The last period may

possibly be split into two separate spawnings, August—September and
October—November.

When we compare the percentage variation of the different stages
and the variation in the size of the stock, it is obvious that horizontal
movements of the water may obscure the picture of the spawning periods.
In August 1950 especially, the stock consisted mainly of older copepodite
stages and adults, which apparently have been introduced from other
areas, probably from further south. It will be remembered that there
was a considerable stock of P. elongatus at Sognesjgen in June and July,
which may very well on its drift northwards have produced the stock
found at Ona in August. The same features may have been repeated in
October—November.

The water transport from Sognesjgen to Ona may take from 4—6
weeks. (See page 12).

From the variations in the size and composition of the stock of P.
elongatus RuUD (1929) concluded that there were 3 main spawnings at
Mgre, one in March, (probably still earlier further south), a second in
May, and a third beginning at the end of July. This is well in accordance
with the present observations, especially from 1949.
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Fig. 64. Variations in percentage of each stage of Pseudocalanus elongatus
at Eggum in 1949 {drawn) and 1950 (broken).

At Skrova the stock of Pseudocalanus in October—November 1948
mainly consisted of copepodites of stage II—IV, females and a few
nauplii. The variation in percentage of females and nauplii at Skrova
during some periods of 1949—50 is shown in fig. 63. In 1949 there were
larger peaks in percentage of the females in the middle of March and
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end of May, of the nauplii in June—july and the end of September.
We may assume that some succesful spawning took place in March,
May, June and September. In 1950 spawning may have been more
intensive at the beginning of April, and in July—August, but the ob-
servations were scattered and based on too low numbers to be quite
reliable.

At Eggum percentage curves of the different stages of P. elongatus are
shown in fig. 64.

In 1949 there have probably been maxima of spawning in March—
April, June, and September. It is, however, difficult to correlate the peaks
of females with the spawning periods, with the exception of the first
one in March. We must ascribe the discrepancies to the effect of the
coastal current, carrying the populations of P. elongatus northwards.
In 1950 the spawning periods may be set to March, May, August and
November,

In the localities investigated we can seldom correlate the peaks in
percentage of the lower copepodite stages with a real increase of the

Maxima n Stock

7949
i I
Sognesjgen .. lEnd March (N) ! Beg. June (N—Q)  |End July (N, V)
Ona ........ |Beg.March(N—29), End May (IILIV,?) ‘Middle]July (N—IIT, Q)
Eggum ...... Beg. April (N) | Middle May (V,2) Beg. Aug. (I1I-V, Q)
| Middle Sept. (N)
7950.

] s J ‘
Sognesjgen .. |End Apr. (N—9) LA ugust—Sept. jBeg. Nov. (II—V, )
Ona ........ |Beg.May(N,V,Q) |Mid. dug. (II—1IV, Q) Mid. Sept. (N, IV—V)
Eggum ...... |EndMay (V,Q) Mid. July (V, ¢) | Beg. Nov. IV—V)

i
\

Main Spawning Periods

7949.
Sognesjpsenn .. | Beg. March May—June {August) October
Ona ........ | March May-—June Aug.—Sept. | Oct—Nov.
Eggum ...... | March—Apr. | May—]June September :
Skrova ...... March May— June September

1950,
Sognesjoen .. | March May July—Aug. © October
Ona ........ Febr—March | May : Sept.—Oct.
Eggum ......  March May August October
Skrova ...... DBeg. April May July—Aug.
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stock. This may partly be caused by too long intervals between observ-
ations. In the table (p.125) I have given the times of the maxima in
number and in spawning at the different localities. Data in cursive
mean the greatest maximum of the year.

At Ona and Sognesjgen the main maxima in stock in 1949
occurred in May—June, in 1950 in August—September, at Eggum both
years correspondingly later, in the middle of September and in November.
One reason why we do not get a maximum in stock of nauplii and lower
copepodite stages may be, that there is a more or less continuous spaw-
ning, but a retarded development of the older copepodites, and thus
an accumulation of the stages III-—V, similar to that found in a fjord
near Bergen (WI1BorG 1944),

The spawning periods seem to be nearly the same in all the localities
investigated, at Eggum sometimes a little delayed.

Vertical Distribution.

The vertical distribution of P. elongatus varies greatly. At Sognesjgen
the main part of the total stock in 1949 was taken in the upper 50 m,
except at the end of June and in the middle of August. In 1950 more
than half of the stock was apparently concentrated below 50 m in
June—]July and September—October. ;

At Ona the vertical distribution can only be seen from the 1950
material. At the beginning of June, and from August to the beginning
of October the entire stock evidently kept to the upper 50 m. At other
times we find the main quantity below 50 m. In July there was a greater
proportion of stage V and of adults in the deeper hauls, while the nauplii
were relatively more abundant in the shallow hauls.

Length Variations tn Pseudocalanus elongatus.

ADLER and JESPERSEN (1920) have shown that P. elongatus in Danish
waters has a yearly variation in length, the size of the females increasing
from a minimum in March to a maximum in the middle of April, and
later decreasing gradually throughout the summer and autumn. Similar
variations are reported from British waters (MArsHALL 1949, D16BY 1950).

In fig. 65 is shown the variation in mean length of the females of
P. elongatus at the investigated localities during 1949—50. At Sogne-
sjgen sufficient material for calculating reliable mean lengths was not
obtained until June.

The variations are nearly the same in all localities. From January
to March 1949 the mean length was small, but increased sharply from
the end of March to the middle of April. At Ona the mean length
decreased as early as the end of April, at Eggum not until the last half
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Fig. 65. Variations in mean length of Pseudocalanus elongatus
females in 1949—30.

of May. At the latter locality the maximum mean length was above
that of Ona (1.27 mm against 1.55 mm) but this fact may be caused
by the presence of some small females of the old generation at Ona,
as will be shown later on. From June to November all localities exhibit
almost the same variation.

The maximum size of P. elongatus females given by MARSHALL
(1949) for Scottish waters was 1.203 mm, occurring at the end of April.
In the Barents Sea BoGOROV and PREOBRAJENSKAYA (1934) in June
1930 found a mean total length of 1.39 mm, corresponding to a cephalo-
thorax length of 0.99 mm. The largest specimens measured 1.85 mm
(ceph. = 1.22 mm).

In 1950 the mean length was again greater at Eggum in April than
at the other stations, and the variations otherwise nearly the same
as in the year before. At Ona and SognesjOen there was an increase in
the mean length from August to November, at Eggum from November
to December. A similar increase is reported from the Kattegat (ADLER
and JESPERSEN 1920), possibly related to an early autumn brood, with
the offspring growing up in water of decreasing temperature.

Some of the individual size distributions of the Pseudocalanus fe-
males are shown in fig. 66. Further details can be found in table 51
at the end of the paper.

At Ona the curve for February 1949 is unimodal and compact. In
March some larger females occur, but the peak of the curve does not
move until the end of the month. From now on to the end of April
the size distributions are bi- or trimodal with a large range of size. It
is likely that apart from females of the local spring brood, individuals
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Fig. 66. Selected size frequencies of Pseudocalanus elongatus
females at Ona and Eggum in 1949,

of both the old and new generation may have been brought in from
other areas. At the end of May the size distribution is again unimodal,
and the large females have disappeared. The size distributions remain
largely unchanged from July till the beginning of September. This
might indicate that females deriving from the possible brood in May
(see page 123) do not spawn until August. On 22 September there is
again a change towards smaller lengths, and the same curve we also
find in February 1950. We might therefore assume, as will also be seen
from the stage distribution, that part of the stock of P. elongatus spends




129

the winter as females. During 1950 we find broadly the same cycle in
the length distributions as in the previous year.

At Eggum the size distribution remained unchanged from November
1948 to the middle of March 1949. Large females appeared in small
numbers at the beginning of April and had entirely replaced the small
ones on 23 April. Throughout May and June there was a rapid change
towards smaller lengths. The size distributions changed little from
June to the middle of September, but in the middle of October there
was again a decrease in size. In 1930 the length variations were broadly
as in 1949.

The rapid changes in the size distributions which usually occur at
Eggum during May and June may be considered a rather certain indi-
cation that the stock of Pseudocalanus has been brought in by currents.
We also note that except from the end of March to the beginning of May
the length distributions of the females are as a rule unimodal and com-
pact with very pronounced maxima, perhaps indicating that the penods
of propagatlon are comparatively well defined.

Pseudocalanus minutus (Krgyer) (= P.gracilis G. 0. Sars).

Dawmas (1905) stated that Pseudocalanus elongatus had an area of
abundance in the central part of the Norwegian Sea. He did not however,
distinguish between P. elongatus and P. minutus. — At station »Mq in
the middle of DaMas’ area @sTVEDT (in press) found a population of
Pseudocalanus of the gracilis type, occurring in the upper 100 m only
during the months May—July, at other times of the year below 100 m,
from August to March the total stock being even taken below 600 m.
There was only one spawning period a year, in April—May.

Pseudocalanus elongatus is a neritic species with a pronounced epipe-
lagic habitat, being found in the surface layers for-a greater part of the
vear, and having 3—35 annual spawning periods. — The temperatures
of the upper layers at station «M» are not essentially different from those
in Norwegian west coast waters, in 1950 varying between 5.6°—13.6° C
at the surface and 5°-—9°C at the 100 m level. There must therefore
be other factors, perhaps the bahnlty, of decicive importance for the
distribution of P. minutus.

I have had the opportunity of exammmg the plankton material
from station «M» from the years 1950—352, and can verify JSTVEDT’s
observations. The Pseudocalanus were all typical P. minutus (gracilis).
In 1952 the females were found between March and June. A large
number were measured. The size frequencies were unimodal and
compact, the range of variation 0.97—1.44 mm, the mean lengths
1.12—1.14 mm. A few females of P. elongatus were seen in March and

o
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in November. They were considerably smaller than the P. minufus
females, measuring 0.72—0.97 mm.

GRAN (1902) reports a mass occurrence of P. elongatus in the inner-
most part of the Porsangerfjord in North Norway, in the bottom layers,
where the temperature was below 0°C. It seems very probable that
these were P. minutus. SARS (1903) took a few P. menutus (gracilis) in
the Lyngenfjord in North Norway and in the sea between Norway and
Bear Island. Myself, I have found P. minutus in the Balsfjord, Ulsfjord
and Porsangerfjord in North Norway, but always together with P. elon-
gatus, and inferior to this species in number. I have also found single
P. minutus in the Hardangerfjord south of Bergen.

Bocorov (1932) mentions a very peculiar vertical distribution of P.
elongatus in the Barents Sea, with two maxima of abundance in the
same water column under entirely different conditions, in the upper
25—10m with a salinity of 29,2—34.4 °/ _ and a temperature of0.6°—
6.0°C, and in the 160—100 m layer, salinity 34.87—34.98 °/, and a
temperature of - 1.2°— -~ 1.9°C. BoGorov regards these populations
as two ecological races, but it seems more likely that we have to do
with two separate species, P. elomgatus in the surface layer and P.
minmutus in the bottom layer.

A few specimens of P. minutus were taken at Sognesjgen in February
and July of 1949 and in March 1950, at Ona in May, July and November
1950, at Eggum in May—July 1950, and at Skrova from November
1948 to April 1949 and in March—August 1950. Nearly all individuals
were found below 50 m.

Some stage V copepodites and adult females of P. minutus were
measured from 5 samples at Skrova in the period 1 February—=25 April
1949. For comparison some individuals of P. elongatus were measured
from the same samples. The results are shown in table 23,

P. minutus was exclusively taken below 50 m, with the exception
of one female and 3 copepodites. The individuals of P. elongatus mea-

Table 23. Cephalothorax Lepgths of Pseudocalanus minutus and P.
elongatus Stage V and Females at Skrova 1. Febr. — 25. Apr. 1949. One
Div. Line = 0.509 mm.

Mean

14115116|1.7]1.8/1.9 2.02.1 222324 252627
| mim
P.elongatusV. 9 71 20 Ot | e e e e | e | | — | — 1 0.795
PwminutusVi | | | | 3 71101 6 21 3| — | — | — | —] 1.030
P.elongatus? 3 320 4710 6 2| —| — | | e~ —1 —]—1 03882
PoaminutusQ | — | — | ——| — 1 2 1 21 4 2 2 1 — 1: 1 1.131
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sured in the table, were also taken in the deeper hauls, but the cope-
podites and females found in the upper hauls had all the same size
distribution. In November 1948 13 stage V copepodites of P. minutus
were taken in a 300—50 m haul at Skrova. They measured from 0.96
mm-—1.27 mm, while copepodites of P. elongatus from the same sample
measured 0.71—0.92 mm.

At Ona 8 females of P. minutus taken on 24 May 1950 measured
from 1.07—1.37 mm, 12 females of P. elongatus in the same sample
0.97—1.22 mm.

It is evident that there is usually a pronounced difference in size
between the two species. Observations from plankton hauls taken in
sections from the Norwegian coast into the Norwegian Sea the end of.
May 1952 showed, however, that at this time of the year, the females of
both species had approximately the same length. It seems likely, that
P. munutus in Norwegian coast waters has only one spawning period
a year, in March-—April. Another proof would be, that the stage V
copepodites taken in November 1948 at Skrova were of the same size
as those found in February—April of 1949,

It is very difficult to find any characteristics, in addition to the
shape of the body and the different length of the second antennae,
which clearly distinguish P. elongatus from P. minutus. Nevertheless,
I have had no difficulty in distinguishing the later stages and the adults
of the two species, and am quite convinced that they are two clearly
defined species, with strictly different habitats. In Norwegian waters
P. minulus has probably a distribution similar to Calanus hyperboreus,
present in the depths of a number of fjords. It may be supposed that
the stock in some places may get a new supply from the Norwegian
Sea with the influx of the Atlantic current in spring or early summier.

It is stressed that the mean length of the females both at Ona and
Skrova was very near to that observed at station «Mby.

P. clongatus and P. minutus will without doubt prove useful as indi-
cators of different water masses, the former of coast water, the latter
of oceanic water. An investigation has been started on this question
in the Norwegian Sea, and the subject will be treated in a subsequent

paper.

Microcalanus pusillus G.O. Sars.

The genus Microcalanus was established by Sars (1903) with the
two species M. pusillus and M. pygmaeus, the latter previously described
as Pseudocalanus pygmaeus (Sars 1900). WitH (1915) considered both
species as varieties of M. pygmaeus, and the sarné view has been adobted
by a number of workers (Ruup 1929, STorRMER 1929, JESPERSEN 1934,
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Fig. 67. Numerical variation of Microcalanus pusillus at Sognesjgen (curve)
and Ona (columns) in 1949 and 1950, in 1000’s.

1939, Ussine 1938, WiBorG 1940, 1944, MarsHArLL 1949 and others).
FArrAN (1951) lists them as two subspecies, M. p. pygmaeus and M. p.
pusitlus, the former occurring mainly in arctic waters, the latter in
temperate and boreal areas., WiLson (1942) reports that M. pygmaeus
was taken very frequently in the Pacific, both in tropical and other
areas, even close to the surface. It seems very unlikely that an otherwise
arctic form should thrive at the high temperatures prevailing in the
tropics, and T am inclined to believe that WiLsox’s determination must
be incorrect.

For reasons mentioned below (page 141) I am now of the opinion
that M. pusillus and M. pygmaeus have to be considered as two separate
species, as originally stated by Sars (1903).

M. pusillus occurs regularly in all the localities investigated, some-
times fairly abundantly, as already mentioned in the composition of
the copepod stock (pp. 59—65).

Numerical Variation.

In fig. 67 is shown the numerical variation of M. pusillus at
Sognesjgen (curves) and Ona (columns). At Sognesjgen observations
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Fig. 68. Numerical variation of Micvocalanus pusillus at Eggum
in 1949 and 1950, in 1000’s.

were scarce during the first months of 1949. There was a small stock
of M. pusillus in Janvary and February. From 1 June the number
increased to a maximum at the end of the montb and then decreased
gradually to the end of August. In 1950 a slight increase took
place from January to February, a sharp rise throughout April to a
maximum at the beginning of May, a minimum at the end of the
month, and a second small peak in June. Figures were low in September
and later.

At Ona the variations in number were often irregular. Major maxima
occurred in the stock in March and May 1949 and in May and July
1950. The stock was very small during the last half of both years,
and from January to May 1950.
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Fig. 69. Numerical variation of Microcalanus pusillus at Skrova
in 1949 and 1950, in 1000’s.

At Eggum (fig. 68) Microcalanus was sometimes very abundant. Num-
bers were low at the beginning of 1949, but rose toa peak in April. The main
maximum occurred at the end of June, other peaksat the beginning of Au-
gust and in October. In 1950 more marked maximaareindicated in March,
June, July and September, and there was also a slight increase in December.

At Skrova (fig. 69) the numerical variation was very irregular in
1949, Maxima occurred at the end of January, end of June and end
of August, but there were also peaks in nearly every month. In 1950
the highest numbers were observed at the beginning of the year, but
from the middle of June till the middle of July the samples were not
very well preserved, and some of the small Microcalanus may have been
destroyed. Moreover, observations are lacking from the middle of August
to the middle of October, in which period maximum numbers occurred
in 1949.

. Propagation.

Males, females and copepodites have been counted separately. As
stated earlier (WiBorG 1948) all nauplii and some of the smaller
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Fig. 70. Variations in percentage of Microcalanus pusillus females
and males at Sognesjgen in 1949-—>50.

copepodites will pass through the meshes of the Nansen net. In
order to locate the spawning periods I have calculated the relative
percentages of males, females and copepodites, the variations in percen-
tage of the adults being shown for Ona and Sognesjgen in fig.s 70—71
for the years 1949—1950.

At Sognesjgen there were maxima in percentage of the males in June
1949 and in March and October 1950, of the females in August 1949
and in March and May 1950.

At Ona, where the observations were made more frequently, the
males showed maxima in March, June and September of 1949, and in
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Fig. 71. Variations in percentage of Micvocalanus pusillus
females and males at Ona in 1949—>50.
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Iig. 72. Variations in percentage of Microcalanus pusillus females
and males at Eggum in 1949 -50.

January, May and July of 1950, the females in April, June, August
and November 1949, and in January, April—May, and from August
to November 1950. When we take into account the variations in the
size of the stock, the rise in number from February to March 1949 may
be due to a brood in February, any spawnings which took place in
September and November having evidently been unsuccessful. In 1950
the increase of the stock in February may have been caused by a spaw-
ning in February, and the rise at the end of May by a brood in April—May.
Furthermore, the considerable increase at the beginning of July would
indicate propagation in June. In August and later any spawnings
which may have taken place have been unsuccessful.

In 1949 the spawning periods at Ona may be determined to January,
March—April, June—July, September and November, in 1950: January
—February, April (May), June, and August or later. These obser-
vations are in accordance with Ruup (1929) who judged the spawnings
to be in or before March and between the middle of May and the end
of June. In Loch Striven in Scotland MArsuarL (1949} found broods
of Microcalanus in January, March—April, May— June, and August-—
September.

The percentage variations of males and females of M. pusillus at
Eggum and Skrova during 1949—50 are shown in fig.s 72—73.

At Eggum the females had maxima in April, May and August of
1949 and January, March—April, July—August and November. When
we combine the percentage variations with the stock variations, the
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Fig. 73. Variations in percentage of Microcalanus pusilius females
and males at Skrova in 1949-—50.

spawnings may be said to take place in January (February), April,
May+—June, August, and perhdps November of both years, nearly iden-
tical with those at Ona, but the late autumn spawnings seem to have
heen more successful.

At Skrova the percentage variations are much more irregular then
at Eggum, but we can distinguish some major fluctuations. The females
in 1949 had peaks in February, April, July, October and November,
in 1950 in February, March, May, July—August (probably), and in
November—December. Males were more scarce and irregular in appe-
arance, but some maxima are indicated. If we assume that propagation
takes place some time after the maximum percentage of the females,
and also take into account the fluctuations in the size of the stock, the
main spawning periods for both years would be: IFebruary—March,
May, July—August, October, and November—December.

The spawnings all seem to be delayed a fortnight or a month in
relation to those at Eggum.

Vertical Distribution.

The bulk of the Microcalanus was usually taken below 50 m, but on
some occasions a certain percentage occurred in the upper 50 m, at
Eggum especially in May and June, at Skrova from December to February
(Note the black columns in fig.s 61—68).

Length Variations of Micvocalanus pusillus.

A number of females of M. pusillus have been measured throughout
the year, at Eggum and Skrova in 1949, at Ona in 1949 and 1950. (See
table 52, pp. 240-—241). The variations in mean length are shown in fig. 74.
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Tig. 74. Variations in mean length of Microcalanus pusillus females
at Eggum and Skrova in 1949, Ona in 1949 and 1950,
and station «(M» (600—100 m haul) in 1952.

At Ona the mean length was minimum in February, rose slightly
to March and then increased to a maximum at the end of May. Some
decrease followed to July, but the mean length rose again in August
and reached a second maximum in October. Then followed another
decrease to December. Figures were higher in 1950, and the increase
from August to October less pronounced.

At Eggum the variations were similar to those at Ona, but with
minimum in March, maximum in June, a second minimum in August,
and some increase in mean length till January 1950.

At Skrova the variations were less obvious than at Eggum. Minimum
length was found in February—March, maximum in April—May, and
then some decrease till June. Later the length remained constant.

A number of M. pusilius females were also measured from station
«M» in the Norwegian Sea during 1952. The females were mainly taken
in the 600—100 m hauls, sometimes also in the upper 100 m, but the
length distributions proved to be quite identical in the two hauls. The
mean lengths are inserted on fig. 74. The variation is similar to those
on the coast of Norway, with minima in November—March and in
September, maxima in May—June and in October. The extreme figures,
0.46 mm and 0.52 mm respectively, are both below the corresponding
figures from Norwegian waters, but as the measurements were made
on material from different years, too much stress cannot be laid on this
difference.
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Selected size frequencies of M. pusiilus females {rom the permanent
stations in 1949 are shown in fig.s 75—76.

At Ona the curves have a tendency towards bimodality in spring
and summer. The increase in size from July to October may perhaps
indicate that another population of Microcalanus has been brought in.

Q45 050 Q55 QpQmm.

Tig. 75. Size frequencies of Microcalanus
pusillus at Ona in 1949,

As shown earlier (page 20) there was an influx of water of high salinity
in the deeper layers in May—August 1949. The range of variation,
0,41—0.60 mm is a little wider than that given by Ruup (1929). At
Eggum (fig. 76) the curve is trimodal at the beginning of April, and
individuals are undoubtedly present both from the winter and spring
generation. In May and June there are also some small females. From
the beginning to the end of June females of the summer generation make
their entry. The length distribution found in August is maintained
throughout the rest of the year.
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Fig. 76. Size frequencies of Microcalanus pusillus
at Eggum and Skrova in 1949.

At Skrova (fig. 76) the length distributions in February and March
are bimodal, with a major peak at 0.48 mm and a small one at 0.60
mm. As will be shown later (page 141) the large individuals proved to
be M. pygmaeus. Before this fact was realized, the figures had all been
included in the calculation of mean length. As M. pygmaeus was usually
very scarce, the error involved is not essential. — In April the curve
was quite irregular, and in May bimodal, the females present, probably
deriving from the winter generation as well as from the spring brood.
In the last few days of June the early summer brood has advanced to
females, and afterwards the size distributions remain largely unchanged
for the rest of the year.

Length Variations in Relation to Temperature. In Norwegian waters
M. pusillus was as a rule taken below 50 m during the day. Nothing
can be said about vertical migrations. At Ona the temperature at the
50 m level in 1949 varied between 5.5°C and 12°C, in 1950 from 6°—15°C.
At Eggum the range of temperature in 1949 was 5.5°—11°C and at
Skrova 3.5°—12°C at the 50 m level.

In the Scottish fjord Loch Striven MARSHALL (1949) found nearly the
same length variations as in Norwegian waters, the mean varying from
0.51—0.58 mum, the total range being 0.45—0.66 mm. The temperature
at sea surface varied between 4.5°—16.5°C, at 30 m 6.5°—13°C during
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the year (data from MarszALL, Nicuorrs and ORR 1934) or nearly the
same as at Ona.

At station «M» in the Norwegian Sea the temperature at 600 m level
in 1950 varied between 0°C and 3°C, at 100 m 5.5°~9°C. I have not
got the data for 1952, but it may be assumed that the variations were
not essentially different from 1950. As mentioned above the females
of M. pusillus were of the same size or even smaller than on the coast
of Norway, and it may therefore be assumed that during development,
Microcalanus pusillus in the Norwegian Sea do not live below 100 m.
This would again lead to the assumption that the species may be distri-
buted by the surface currents.

Farran (1936) reports the finding of M. pusilius in moderate numbers
80 nautical miles north of Spitzbergen. The females measured 0.63—
0.67 mm total length which would correspond to cephalothorax lengths
of 0.51—0.54 mm. These females had undoubtedly been carried north-
wards by the North Atlantic current.

In East Greenland fjords UssiNg (1938) measured a number of
Microcalanus females throughout the year. The total range was 0.436
—0.668 mm, with peaks at 0.49 mm and 0.565 mm. It is probable
that both peaks refer to M. pusillus, but some of the larger individuals
might be M. pygmaeus.

The temperature of the upper 25 m varied in the course of the year
between -~ 1.5°—10°C, and because of the length distribution it is
again assumed that development takes place in comparatively warm
water. There is also the possibility, though this is not mentioned by
UssING, that the females of Microcalanus (pusilius) had been introduced
from another area.

Microcalanus pygmaeus G.O. Sars.

As already mentioned, some large Microcalanus females were found
at Skrova in February 1949. In addition to the size, they also differed
from the ordinary females of Microcalanus present by the shape of
the body, having a slightly thicker abdomen and a somewhat darker
colour. On a closer examination they proved to be typical M. pygmaeus
as described by G. O. Sars (1900) from the Polar Sea, but the total
length was only 0.72 mm, (cephalothorax 0,54 mm) while SARS’ spe-
cimens measured 0.86 mm. WiITH (1915) claimed to have found inter-
mediate forms between M. pygmaeus and M. pusillus, especially in the
characteristics given by SARs, the spinulation of pes IV and the relative
length of the second antennae. WiTH's conclusions seem however to
be based on rather scanty material, and he also admits «that a careful
re-examination of a good material from the different localities is neces-
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sary before settling the qustion of the identification of the species.»
(1. c. page 68).

Females and copepodites of M. pygmaeus were found at Skrova in
nearly all months of the year. They were all of approximately the same
size, indicating that there is either only one spawning period a year,
or that M. pygmaeus keeps close to the bottom in uniform temperature
surroundings all year round. In both cases the biology would be different
from that of M. pusillus.

The presence of the otherwise arctic or deep water species M. pyg-
maeus in the Vestfjord may be a feature similar to the occurrence of
Calanus hyperboreus in deep Norwegian fjords. I have examined some
plankton samples from the deep of the Bgmmelfjord south of Bergen
(station F, GUNDERSEN 1953) from the beginning of May 1952, and
found some specimens of M. pygmaens. The females measured 0.72mm, as
at Skrova.

It may be assumed that the species also occurs in the Skagerak and
in the outer Oslofjord.

At station «M» in the Norwegian Sea JSTVEDT (in press) found that
M. pygmaeus mainly kept below 1000 m, clearly separated from the
population of M. pusillus, which was mainly taken in the 600-—100 m
hauls.

A number of measurements has been carried out of females of M.
pygmaeus at st. «M» during 1952 and some of these are given in table 24.

The length distributions are usually unimodal with a range of varia-
tion of 0.65—0.79 mm, and mean lengths 0.71—0.74 mm. The corres-
ponding total lengths would be 0.79—0.96 mm and 0.89—0.91 mm
respectively. In June a bimodal size distribution appeared in the 2 000
—1 000 m hauls with the main peak at 0.65 mm and only an indication
of the usual peak at 0.73 mim. These smaller individuals were not found
in the 1 000600 m hauls. In July no hauls were taken below 1 000 m
but in August the same phenomenon was repeated. The smaller indi-
viduals were then very scarce. At present no explanation can be given
of this unusual length distribution. One might assume that a new
population of M. pygmaeus had been introduced in the bottom water.
If a spawning had taken place and the new brood developed at a higher
temperature, it is strange that these individuals do not appear in the
1 000—600 m haul. The question will be investigated further and dealt
with more thoroughly in a subsequent paper.

Pareuchaeta norvegica (Boeck).

- A few individuals of this species were taken regularly at Sognesjgen,
Ona and Eggum. This does not necessarily mean that Pareuchacta is




Table 24. Length Measurements of Cephalothorax of Females of Micro-
calanus pygmaeus at St. "M in 1952. One Div. Line = 0.0125 mm.

| { : J | f ‘/ i 4 ] | ‘ i Mean
Date Haul 1 48|49 | 50| 51| 52| 53| 54| 55| 5657|5859 60 61|62|63| 64| =n ‘ length,

J J ‘ j | \ ! ’ | | mm

18/4 .. .. 1800—1000 m l) % e “ —_ ] — 3 411 9 “ 22 ‘ 26 | 16 8 | 1] — 1 —] 101 0.716
1000—600 - [ — { — ‘ — 2 { 2 7 | 10| 18| 30 J 15 9 G| | 1| —| —| 100 0.710

20/6 .. 2000—1000 - 1 3113 | 141 16| 147 13 4 3 3 50 4 5| — 10— — 99 0.666
1000—600 - ! ‘ el ‘ — -—! 31 3 3122 “ 26| 19| 17 [ 1| —| —| 100 0.728

15/8 .. 1900100 - } 1 l —_ 3 7 4 ( 4 4 ‘ 11110 16 } 25 9 2 2 2] —| —| 100 0.701
1000600 - l — | — ‘ —_ {— |3 10 6| 20 ; 21 24| 14 4 1 — 1] 100 0.725

13/10 .., 1000—0 \ Loz —| 1] 4 2 2] 4 711119013} 6 1| 1 —| T 0.724
411 .. 18000 } ; _— — !‘ — | — f 1 5. 8 6| 14 ’ 231 241 11 6 21 ~—1 —| 100 0.735
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Fig. 77. Numerical variation of Pareuchacta norvegica
at Skrova in 194950, in 100’s;

scarce in these localities. In the inner Oslofjord, where Pareuchaeta has
previously been reported as very scarce (WIBORG 1940) recent investi-
gations have shown that this species may occur in rather large numbers
very close to the bottom (F. BEYER, verbal information), and this may
also be the case in the localities investigated. In the deep Norwegian
fjords Pareuchaeta is common (SArs 1903). ‘

At Skrova Pareuchaeta was found regularly, sometimes in numbers,
and as mentioned before (page 62) it may then account for a rather
large propotion of the plankton volumes, especially in the deeper hauls.
In fig. 77 is shown the numerical variation during 1949—50. The highest
number usually occurred from February to May (maximum in March),
and in September—October. As Pareuchaeta may not be caught quan-
titatively because of its living habits, the figures must be considered
with caution.
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Fig. 78. Variations in the percentage stage composition of Pareuchaeta
novvegica at Skrova February 1949—February 1951.

The entire stock was as a rule taken below 50 m. Single specimens,
mostly females or older copepodites, were sometimes taken in the upper
50 m, and on one occasion the 50-—0 m haul yielded most of the stock,
mainly stage V copepodites.

Propagation.

The nauplii and all the different copepodite stages have been
counted separately. As the number per haul was as a rule rather low,
the figures have been added together for all the hauls in each month
and the percentage stage distribution calculated per month.

In fig. 78 is shown the variation in percentage composition of the
stock during 194950 and January—February 1951. For the sake of
simplicity I have lumped the nauplii and copepodite stage I, and in
the same way stage II and III, and IV and V.

There is a marked periodicity in the occurrence of all stages. In
the course of the year the adults showed maxima in December— January
and in June, the nauplii and stage I copepodites in January—February
and in August—September, stages II-—III in March (April) and August
(not in 1950) with additional peaks in May and October, stages IV—V
in June and November.

Females carrying egg-sacks were found in nearly every month of
the year, and reproduction probably takes place all the year round, as
stated by earlier investigators (Ruup 1929, WisorG 1940 and others),
but maxima in reproduction seem to occur in two periods, the first from

14,
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December to January, decreasing to May, and the second, somewhat
more extended, in June—August. The latter period was perhaps unsuc-
cessful in 1950, since the percentage of stages IV—V was very high
both in August and in October.

RuxnsTroM (1932) reports that propagation takes place from January
to April and from June to September in the fjords near Bergen. In the
Oslofjord maxima of reproduction occurred in February—April and
in October (WIBORG 1940). :

The females were about twice as numerous as the males, the per-
centages of males for the whole year being 26.0 and 27.0 for 1949 and
1950 respectively. @sTvEDT (in press) found only 17 % of males in the
Norwegian Sea. According to Nicuorts (1934) and others the iales
of Pareuchaeta have rudimentary mouth appendages and are not able
to feed. — In the copepodites of stage V the two sexes were represented
in about equal numbers. -

Length Variations of Pareuchaeta norvegica.

The cephalothorax lengths of all specimens of the copepodite stages
Vo' and V¢, and of all the adults of Pareuchaeta norvegica found at
Skrova during 1949, have been measured, altogether 411 specimens of
stage Vd', 420 of V 2, 75 males and 158 females. As no notable changes
occurred in the size distributions during the course of the year, the
material has been compiled for two periods, February—]July, and
August—December. The results of the measurements are given as
percentage curves in fig. 79.

Copepodites of stage V ¢ were somewhat larger than stage Vd', average
lengths 4.45 mm and 4.16 mm respectively in the period February— July.
Both groups showed a slight decrease in length in the latter half of
the year.

The males were only a little larger than stage V&', average 4.42—
4.44 mm, and the curves are very compact, but in the first period there
is an indication of a second maximum at 4.57 mm.

The females have a wider length distribution, ranging from less than
5.2 mm to 6.4 mm, with an average length of 5.78—5.80 mm. There
are no changes throughout the year. These lengths are nearly the same
as those found by Gaurp (1951) in Scottish waters.

Pareuchaela lives in water where the temperature change very little
in the course of the year, mostly varying between 6.5°—7.0°C. It may
be of interest that in West-Greenland waters, south of Davis Strait
JEsPERSEN (1939) found P. norvegica females to vary in length between
5.0 mm and 6.5 mm, with a mean length of 5.68 mm. The temperature
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Fig. 79. Mean percentage size frequencies of Pareuchacta novvegica stage
Vg, V@, and adults at Skrova in the first and second
half of 1949. Vertical lines: mean lengths.

of the deeper water layers was 3.9°—4.7°C. If the length has a constant
inverse relation to temperature one might suppose that at other times
of the year the temperature of the deeper layers in East-Greenland
waters must be considerably higher, or that the Pareuchaeta females
occurring there have been introduced with Atlantic water. P. norvegica
is also considered by RusseLL (1935) to be an indicator species of oceanic
Atlantic water.

In the warm area of the Barents Sea BoGorOV and PREOBRAJENSKAYA
(1934) found females of P. norvegica of a total length of 8.4 mm (cep-
halothorax length = 5.62 mm), in the cold area of a total length of 9.0
mm (ceph. = 6.03 mm).

Centropages hamatus Lilljeborg and Centropages typicus Kroyer.

Centropages hamatus is considered to be a neritic species (ScotT 1911).
It occurred rather sparsely in the samples.

At Sognesjgen a few individuals were taken from June to October
1949 and from March to July 1950, at Ona single specimens in June
and October 1949, and June, July and September 1950. At Eggum
C. hamatus occurred in April and September 1949 and August-—Sep-
tember 1950, at Skrova from August to October 1949 and in ]uly—-
August 1950, single individuals only.
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Centropages typicus is, according to Scort (1911), more Atlantic than
C. hamatus. Near Bergen it occurs from June to November with maximum
in reproduction in August— September (Run~ystroM 1932), and is also
very abundant in October—November (NorDGAARD 1912). C. typicus
is also numerous in the western part of the English Channel, in the
Faeroe-Shetland area and in the Skagerak (OsTENFELD 1931).

At Sognesjgen the species was found from June 1949 to January
1950 and in September—October 1950. In the latter period it was rather
abundant, and the following numbers were found:

21/9 11/10
g 650 58
Q 850 33
C.. 3650 500
N.. 500 50
T...... 5650 641

We must however bear in mind that there is a gap in the observa-
tions between 10 July and 21 September.

At Ona C. typicus was more frequently found than at Sognesjgen,
being present in October 1948, from September 1949 to January 1950
and from July to December 1950, very abundant from 16 August to
6 November as shown below:

16/8 30/8 13/9 5/10 | 25/10 6/11 | 16/12 | 30/12

J 16 830 35 42 7 25 1

? 33 500 20 66 6 9 5 1
C 750 330 70 60 42 50 2

T 799 1660 125 158 55 34 8 1-

At Eggum this species was also fairly common, present in November
1948 and September—October 1949, but as at Ona numerous in the
autumn of 1950, as shown below:

12/4 13/10 111 14/11 1612 29/12
g 25 75 42 25 1
Q 75 58 33 100 2
C 258 150 250 100 1 1
T 358 283 325 225 4 1
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At Skrova C. fypicus was very scarce. Single individuals occurred
in July and September 1949, and 15 specimens on 29 October 1949.
In 1950 160 specimens were taken on 23 October, 28 October: 16, 25
November: 7, and 28 December: 17 specimens.

The sudden appearance of C. typicus in the different localities clearly
indicates that there are no local stocks in these waters. The species is
brought in by the North-Atlantic current or the coastal current and
then persists for some time. Other species have a similar occurrence,
as will be mentioned later on. '

At Eggum C. typicus seems to arrive one month later than at Ona.
Some individuals are also carried into the Vestfjord. As no hauls were
made at Skrova in September 1950 the exact date of arrival cannot

be given.
C. typicus is an inhabitant of the surface layers, but some specimens
are also found below 50 m.

Temora longicornis Muller.

Temora longicornis is known to be a neritic species with a tendency
to occur in swarms (FARrRAN 1911). In the localities investigated the
occurrence was as a rule very patchy.

Numerical Variation.

The monthly mean numbers of Temora at the localities investigated
are given in table 25.

Table 25. The Monthly Mean Numbers of Temora longicornis in 1949

and 71950.
E

1949. f Apr. | May | June | July | Aug.| Sept.| Oct. | Nov. | Dec.
Sognesjoen ...... | — | 2|75 2052] 235 —| s05| —| —
Ona . 215 | 16| 167 | 40| 397 395| 57| o0 0
Eggum . 0| 31| 0| o| o| 179|76000 4| 0
Skrova .......... | 96‘ 40 0 0| 0 546 800*? 30, 0

1950
Sognesigen ...... | 816[ 510 310 807 — | 300 o —| —
Ona ............ | ol ol 18| 25| 248 1 1] 0
Eggum ........ | 0 0 0 0| 426| 7033 25 49 0
Skrova ] 25 50 - 1 10 —| 93 0

10n 1. June: 2321. 2 On 22. August: 750. 2 On 25. September: 1050.
4 on 10. October: 1550.




150

At Sognesjgen Temora was scarce or absent till May 1949, but com-
paratively numerous from June to October, with maxima at the be-
ginning of June, last half of July, and in September or October. In
1950 it was present for a longer period with maxima at the end of
April, in July, and perhaps September.

At Ona Temora was more scarce, but regularly present from April
to October 1949 with maxima at the end of the months April, June,
August and October. In 1950 only one maximum was observed, in the
middle of August. Ruup (1929) also found the largest stock on the bank
in the autumn.

At Eggum Temora occurred very scattered and sparsely both years,
but quite large numbers were found in October 1949 and in September
1950. The maxima occurred later than at Ona.

At Skrova Temora was quite common in October and November
1948, mean numbers 400 and 700 individuals respectively. In 1949 it
was sparsely present in April and May, but abundant in the autumn
from September to November with maximum at the beginning of October.
In 1950 Temora was found regularly from April to the end of November,
but in small numbers only, with a maximum in October. From the
table it will be seen that the maxima in numbers occur successively
later as we proceed northwards.

Propagation.

Males, females, copepodites and nauplii have been counted separately.
The latter are not caught quantitatively. In table 26 is given the
percentage composition of the stock of Temora at Sognesjgen from June
to October 1949 and from April to September 1950.

If we take the presence of nauplii as a sign of propagation, it is
evident that spawning must go on more or less continuously, when Temora
is present in numbers. Judging from the maximum percentages of the
different categories, it seems probable that spawning was more intense

Table 26. The Percentage Composition of the Stock of Temora longicornis at
Sognesjoen in 1949—50.

1949 1950

_ , ‘ —— | |

j 16 | 23/6 ‘ 21/7 | 12/8 | 25/8 { 11/10] 28/4 | 12/5 | 25/5 | 14/6 | 10/7 | 21/9

; ‘ ]
g | 69 o1 24 68| —l207| 20 20833 81 ! B -
¢ 690285 98| 07| 1.9 10| 61 J 13 500161 02 29
C l 64.7 | 42.9 | 683 | 86.7 | 78.8 J 69.3 | 42.8 | 47.0 | 16.7 | 24.2 | 62.4 | 16.2
N 215 72195 587195 —| 491 479 — | 5101374 809

: i | | i i
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in May, July, and August—September of 1949, and April, June and
September 1950. This assumption is in accordance with observations in
the fjord Nordasvatn near Bergen (WiBorG 1944).

At Ona the numbers of Temora were usually quite low and the per-
centage composition has not been computed. Nauplii occurred sparsely
from the end of June to October 1949, but were not observed in 1950.

At Eggum nauplii were abundant in September and October 1949
and in September 1950, at Skrova also at the end of September 1949,
but were scarce in 1950, as observations were then lacking in September.

Temora is an inhabitant of the surface layer in all localities, being
mainly found above 50 m, and this fact characterizes its distribution.
The high numbers sometimes found at Eggum and Skrova may
be due to transport by currents from southern areas, but a small
stock seems to exist in the Vestfjord during most of the year, and will
perhaps produce a large number when the circumstances are favourable,
as in September—October 1949,

Metridia lucens Boecek.

Two species of Metridia occur more or less regularly in all the locali-
ties investigated, M. lucens Boeck and M. longa Lubbock. The adults
and copepodite stages IV—V of the two species are distinguished quite
easily, but the lower stages and the nauplii can only be separated by
measurements. In all the localities, except at Skrova, M. longa was
very scarce in relation to M. lucens, and can be left out of consideration.

M. lucens is regarded as an Atlantic species, being brought in with
the North-Atlantic current, but there is also an isolated stock in the
Skagerak, (FARRAN 1910) which may be introduced with the Baltic current
in the coastal areas of Western Norway. NorpcasrDp (1905, 1912)
reports that off Bergen M. lucens is sometimes very abundant and im-
portant as food for e. g. coalfish.

Numeyical Variation.

The numerical variation of M. lucens at the investigated localities
during 1948—50 is shown in fig. 80.

It is immediately clear that M. lucens is a summer and autumn
form. At Sognesjgen there was a small stock in Desember 1948, de-
creasing to January 1949 and remaining low until June. From July
there was a rapid increase to a maximum at the beginning of August.
From September the stock decreased steadily in size until February
next year. Between April and December 1950 the stock had 3 peaks
of abundance, in April, June and October, but the numbers were much
lower than in the summer of 1949.
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Fig 80. Numerical variation of Metridia lucens, October 1948 —
December 1950, in 100 s.

At Ona the stock of M. lucens was very considerable in October
1948. In March 1949 the number was very low, but peaks occurred
in June and in September. From October 1949 till June 1950 the stock
was negligible, but two peaks were again observed at the beginning of
July and in December.

At Eggum M. lucens was also numerous in the autumn of 1948,
the stock decreasing to a minimum in February. Two minor peaks
occurred in April and May of 1949, and then two main maxima in June—
July and October. In 1950 minor peaks were observed in May and July,
and a main maximum in September,

At Skrova M. lucens was very abundant in the autumn of 1948 and
decreased in number to a minimum in February. A small increase
followed in February, but some of the nauplii found possibly belonged
to M. longa.

Throughout the summer and autumn the stock was inconsiderable,
but in September there was a small increase, in October a maximum, and
afterwards decrease to January 1950. In February there was again a rise
to a maximum of about 1 000 individuals in March, mainly nauplii, but
the identification was uncertain, and they may partly have belonged
to M. longa. No copepodites were found. M. lucens was scarce or absent




Table 27. Monthly Mean Percentages of the

Different Stages of Metridia lucens at Sognesjoen in 1949—50.

Year Stage Jan. Feb. Mar. | Apr. May | June July Aug. Sep. Oct. | Nov. Dec.

3 38.6 20.0 — — — 79.4 1.8 2.2 — 2.4 e 7.2

? ... 19.3 53.3 — — — 67.4 3.9 34 —_— 2.5 — 18.6

1949 V-IV .. 228 133 —_ — e 8.7 3.8 35.0 — 21.3 — 22.8
III-I 1.8 3.3 — — —_ 2.5 17.0 25.2 — 44.3 — 7.2

N 17.5 10.1 — — — 8.0 73.5 34.2 — 29.5 — 44.2

3 19.4 2.6 0 6.7 11.8 0.6 2.7 — 0 73.2 3.6 8.7

Q .. 17.1 0.9 47.8 6.7 14,7 0.6 0.5 — 25.9 12.2 34 9.6

1950 V-IV .. 9.7 0.9 4.4 26.6 2.3 0.1 2.7 — 29,5 8.2 15.0 24.0
III-1 .. 9.7 4.4 0 0 4.2 98.7 343 — 22.3 8.0 52.0 4.8

N 44.1 91.3 | 47.8 60.0 67.0 0 59.8 — 22.3 58.4 26.0 52.9

S5
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Fig. 81. Variations in the percentage stage composition
of Metridia lucens at Ona in 1949.

throughout the summer and autumu of 1950, but reappeared in October
and increased in number till December.

When we compare the different localities it is apparent, that the
spring maximum in 1949 occurred first at Ona, second at Eggum and
last at Sognesjgen. The same may also have been the case with the
second maximum, but observations were lacking at Sognesjgen between
10 July and 21 September. In 1950 the conditions were more variable,
as we do not have the same number of peaks in all the localities.

Propagation.

Males, females, stages V—IV, III—I, and the nauplii have been
counted separately. In table 27 is shown the mean monthly percentage
composition of the stock of M. lucens at Sognesjgen during 1949—50.
Samples with less than a hundred specimens have been omitted.

The adults are present nearly all the year, with highest percentages
in Jan.—Feb., May—June and Sept.—Oct. Females were also well
represented in March 1950. Nauplii are also found the year round,
with peaks in December-—Tebruary, May, July and October, when we
combine the observations of the two years. There are probably four
main spawnings, in February, May, July and October, and indication
of a fifth one in December— January.
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Tig. 82. Variations in the percentage stage composition
of Metridia lucens at Eggum in 1949-—50.

At Ona (fig. 81) the variation in stage composition is more irregular
than at Sognesjgen, possibly caused by a double origin of the stock, as
mentioned above (page 67).

Only the observations from 1949 are shown in the figure. The spaw-
ning periods seem to be nearly the same as at Sognesjgen, February,
April, August, October and December. In the autumn however, there
secems to be continuous spawning from September to January.

At Eggum (fig. 82) the adults are usually present in much greater
percentages than further south, with pronounced maxima in February,
April, June—July and November 1949 and in June— July, October and
December 1950. Peak percentages of the nauplii in 1949 occurred in
March, April, May, and from July to December, with maxima in August
and October. In 1950 the peaks were more separated, occurring in
May, August and November—December. There are probably four main
spawnings, corresponding to the peaks of nauplii in February—March,
April—May, August and October—November. As at Ona, the most
intensive spawning at Eggum takes place from August to November,
but all the peaks occur a fortnight or a month later.

At Skrova it is more difficult to give exact data on the percentage
composition of the stock of M. Jucens with the nauplii included, as the
nauplii of M. longa have not been distinguished. With the percentage
variations of the adults and the older and younger copepodites of
M. lucens, and the number of Metiidia nauplii per month, (tables 28—29)
we may nevertheless be able to trace the spawning periods fairly accu-
rately.

From the maximum percentages of stage I—III we may conclude
that spawning took place in September and December 1948, in January
and October—December 1949, and in September 1950. The occurrernce of
Metridia nauplii indicates that spawning may go on more or less con-
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Table 28. Monthly Mean Perceniage of Adulls and Copepodites of Metridia
lucens at Skrova 71948—350.

1948 Jan. | Feb. Mar. ; Apr. ! May | Sept. | Oct. | Nov. | Dec.
H i H
: i |
S i ] =] o] 38| —
L No observations 5.2 | 42.3 —
VeIV .o — | = =] = _‘ — | 216 | 46.3 | —
TMI—I ... ... — = = = ~j73.3 7.6 | —
i : i | i
1949
3 — | 95 200 333 0104 | — | 432, 5.0
Qe — | 337  69.3 ‘ 66.7 616 149, — 301 | 49.3
V—IV ... — | 240 107 0 384 747 — 135|241
III—T ..o — 133 0, T 0, 0 — | 42216
! ! ! ! !
1950
3 e 0 134 — — — | — 50|196] 95
@ e | 42303730 — 0 — 1 — — 1299|305 95
VIV ... 1415004920 — 0 — 1 — | — 1 31.8 305 | 69.0
M1 .......... (1321 0 — — — | —1]333|19.5]120

tinuously from October to May, when females of M. lucens are present.
It is assumed that M. lucens is usually brought into the Vestfjord in
September—October, and then survives for some months. In the autumn
of 1948 a greater stock of M. lucens had probably been introduced.
With the work of MarsHALL and ORrR (1952) in mind, we have reason
to assume that the number of generations of M. lucens per year may
be considerable less than the number of spawnings, If M. lucens takes
the same time for the development from egg to the mature adult as
Calanus finmmarchicus, (minimum 1 month) and afterwards may survive
for two months or more, this would give maximum 4 generations a year.
As the temperature of the upper water layers where the spawnings may
take place, is comparatively low during winter and early spring, the

Table 29. Monthly Mean Numbers of Metridia Nauplii at Skrova 1948—50.

Jan.| Feb. Mar.| Apr. May !June July [Aug.|Sept | Oct. | Nov.! Dec.

1948 ...... No observations 7233, 1000, 200
1949 ... 0 2200 375 50 251 0 5 50 75, 300 75| 100
1950 ......| 130, 440 625 400; 343 5 10 0 — 25] 100, 450
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development may be delayed. It is therefore likely, that in Norwegian
waters the bulk of the M. lucens only go through 3 generations a year.
The length variations (page 158 ) also support this view, and furthermore
RAE (1951) reports the evidence of three distinct generations of
M. lucens in the North Sea and Northeast Atlantic during 1950.

Vertical Distribution.

M. lucens is known to make pronounced vertical migrations, but may
also be taken in the upper layers in daytime (Ruup 1929). Off the coast
of Ireland (FARRAN 1947) females of M. lucens in 1931 accumulated in
the upper 25 m after dark, while in 1932 they stayed below 50 m also
at night. The younger stages were taken mostly below 50 m both
during day and night.

As the present material has all been sampled during the daytime,
we have to restrict ourselves to the general distribution during the day.
Divided hauls were taken in 1949 only, and the percentage of the different
stages above and below 50 m has been calculated for the stations Sogne-
sjgen and Eggum as shown below:

N AR ¢ | 3
f | T | o
above |below jabove 1below |above below above ibelow above |below
50 m. {50 m. | 50 m. i 50 m. 1 50m. 30m. 50m. 50m. ’ 50.m | 50 m.

i : { !
T

Sognesjoen 90 i 10 : 60| 40 25, 75 9 97 | 3 97
Eggum .... | 64 1 36| 39 ] 671 26| 74 6] 94 71 93

As the development proceeds from the nauplii to the older stages,
the larvae apparently seek deeper water, and the majority of the cope-
podites of stage IV—V and the adults are found below 50 m. At Eggum
there is a higher percentage of nauplii and stage I-—III copepodites
below 50 m than at Sognesjgen, but in November a greater proportion
of the copepodites was found in the upper 50 m, 38 9, and 83 9, of
stage V—IV and III—I respectively.

Variations in Length of Metridia lucens.

A number of females of M. lucens have been measured from Sogne-
sjgen, Ona and Eggum in 1949, and from Ona in 1950. The variations in
mean length are shown in fig. 83.
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Fig. 83. Variations in mean length of Metridia lucens females at the
investigated localities in 1949 and at Ona in 1950.

At Sognesjgen the mean length is at a minimum of 1.55 mm in
January and rises but little to February. In May the figure has increased
to 1.85 mm and increases still a little to July. Later the mean length
falls evenly throughout the autumn and winter. At Ona the variation
is the same as at Sognesjgen, but the figures are lower. Minimum occurs
in March. In 1950 the maximum mean length was a little greater. At
Eggum the variation in mean length corresponded closely with that
found at Ona. Slight drops in mean length are indicated from the end
of April to the beginning of May and from the end of May to the be-
ginning of June.

The variation in mean length of M. lucens bears some resemblance
to that of Calanus finmarchicus, but the increase in spring is more even.
The mean lengths range from 1.535 mm to 1.90 mm.

In fig. 84 are shown selected size frequencies of M. lucens females
at Ona and Eggum during 1949, The curves are mostly unimodal. The
sizes vary from 1.33 mm to 1.90 mm.

From the Barents Sea BoGorov and PREOBRAJENSKAYA (1934) give
the total length of M. lucens females as 2.29 mm (cephalothorax length
= 1.46 mm) in December. This is below the minimum mean length
found at the permanent stations, but as we have already seen, the
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Fig. 84. Selected size frequencies of Metridia lucens females
at Ona and Eggum in 1949.

lengths may vary from one year to another. In the Barents Sea M.
lucens is only found in the warm area, and the stock is supplied by the
North-Atlantic current from more southerly areas.

Metridia longa Lubbock.

M. longa is considered to be an arctic species, but is also found in
the deep Norwegian fjords (Sars 1903). On the coastal banks it is
scarce (Ruup 1929). Near Bergen maximum occurrence is met with in
March and in September (RunNNsTRoM 1932), which is in accordance
with the conditions found in the Oslofjord (WiBorG 1940), where propa-
gation took place in February and in August—September,

Numerical Variation.
M. longa occurred very sparsely at Sognesjoen, Ona and Eggum.
In the first locality 15—100 individuals, mostly stage V copepodites,
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were taken in April—May 1949 and June 1950, otherwise single specimens
only. At Ona a few copepodites were found in November 1949 and
stragglers in January, March, June and December 1950.

At Eggum the same distribution was observed, the largest number
being 61 specimens in October 1949, on other occasions mainly single
specimens.

Skrova is the only locality where M. Jonga had a regular occurrence,
which confirms its nature as a fjord species. The average figures for
the years 1949—50 are given below. As mentioned earlier, the nauplii
are difficult to distinguish from those of M. lucens, and in the table
only adults and copepodites of M. longa have been included.

- |
Jan. |Feb. Mar. |Apr. May |June July |Aug. |Sept.! Oct. Nov. Dec.
|

1949 ......| 182| 20| 45185, 63| 200 139 550 | 266 | 100 | 70| 42
1950 ......| 49, 39,117 30, 92 9 23| 33| — 38| 45 o7

The stock is of a moderate size. Maxima occur in January, April,
June and August of 1949 and in March and May 1950.

Propagation.

A number of Metridia nauplii were found in February—March 1949,
and it is assumed that they in part belonged to M. longa. At the end
of April the lengths were measured of a number of Mefridia copepodites,
and it was seen that 80 9, of stage I belonged to M. lucens, while
85 9, of stage III belonged to M. longa. This would indicate that the
spawning of M. longa had taken place in February—March. A few
stage I copepodites of M. longa were also found in October.

Only single copepodites of M. longa were taken above 50 m. The
entire stock kept to the deeper water layers.

Variations in Length,

A number of females of M. longa were measured at Skrova at different
times of the year 1949. For a comparison I also measured individuals
from the innermost part of the Oslofjord taken on 14 June 1933 and
23 February 1934 (see WiBorG 1940), and from station «M» in the
Norwegian Sea in January—]July 1952. The percentage length distri-
butions from all localities are given in fig. 85.

At Skrova the variations in mean length were very Small, from
2.50—2.60 mm during the vear. The total range of variation was 2.31
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Fig. 85. Percentage size frequencies of Melridia longa

females in the Oslofjord, at Skrova,
and at station «Mby.

—2.82 mm. In the Oslofjord M. longa spawns twice a year, (WIBORG
1940) and the females taken in February accordingly represent the
summer generation, those from June the spring generation, with mean
lengths of 2.31 mm and 2.40 mm respectively. On station «M» the
variations in mean length between January and July 1952 were but
slight, the mean length in this period being 2.70 mm.

The Length Variations of M. longa in Relation to Temperature and
Salinity. At Skrova M. longa is usually found in water with a salinity
of 34—35 %/, and a temperature of 6.5°—7°C most of the year. At
530 m level the temperature may sink to 4° C.

In the Oslofjord the deeper water layers have also a temperature
of 6.5°—7°C, but the salinity is lower, 32—33 9/,y (BRAARUD and Ruup
1937). As the nauplii and copepodites of stage I—III were found to
swim at higher levels than the adults (WiBorc 1940), they may be subject
to higher temperatures, which may explain that M. longa females are
smaller in the Oslofjord than at Skrova.

At station «M» the females of M. lomga were taken mainly in the
600-—100 m layer. At the 100 m level the temperature in January—May
1950 varied between 5° C and 7°C, at 600 m between 0°C and 3°C, and
it is reasonable to assume that the temperature variations were not
essentially different from those of 1952. By vertical migration within
the 600—100 m layer M. longa may thus be subject to temperatures
which may account for the larger size of the females.

i1,
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In the White Sea Bocorov (1932) gives the mean total length of
M. longa females as 4.03 mm. The corresponding cephalothorax length
would be 2.49 mm, or very near to that found at Skrova. In the White
Sea the temperatures of the deeper water layers were from - 0.1°%—
-~ 1.5°C, the salinity 28.48—27.94 9/,,. One might have expected larger
individuals at such low temperatures. However, as BoGorov and
PREOBRAJENSKAYA (1934) found in the warm water area of the Barents
Sea (temperature 4.7°C) females of M. longa measuring, on the average,
3.66 mm total length (ceph. length = 2.26 mm), and in the cold water
area near Frantz Josephs’s Land (temperature -~ 0.5°C) specimens
measuring 4.00 mm total length (ceph. = 2.47 mm), the figures can
apparently not be compared with the data from the present investi-
gation. In East Greenland waters UssinG (1938) found an average length
of 2.65 mm, a range of variation of 2.34—2.80 mm. He also stated
that there is no annual variation in size. JESPERSEN (1939) on the basis
of a very extensive material gives the mean length of M. longa females as
2.78 mmand 2.70 mm respectively for East Greenland and West Greenland
waters, the difference being attributed to differences in sea temperature.

Although it seems that the temperature is the most important factor
in determining the length of the adults of M. longa, the possibility
cannot be excluded that a low salinity may also be of importance as
a limiting factor.

Acartia clausi Giesbrecht.

Of the two species, Acartia claust Giesbrecht, and A. longiremis
(Lilljeborg), the latter has been found in small numbers only, mainly as
adults. It is impossible to distinguish the nauplii and first copepodite
stage of the two species, but when adults and older copepodites of only
one species have been found regularly, the lower stages may with a
high degree of certainty be regarded as belonging to the same species.

In fig. 86 is shown the numerical variation of the total stock of
A. clausi at the different localities, in the periods when the numbers
exceeded 60. Acartia was also found at other times of the year, but
mostly in very few examples, mainly females.

At Sognesjoen Acartia was present from 21 July to 11 October
1949 and from 28 March to 25 October 1950. In 1949 maxima were
observed in August and in October. No observations were made during
September, when the main maximum probably has occurred. In 1950
Acartia was more abundant than in the preceding year, and was present
for a longer period, with maxima in April, June and September. Obser-
vations were again lacking for most of September. After 11 October
the stock diminished very rapidly.
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Tig. 86. Numerical variation of Acartia clausi in the periods of
abundance in 1949 and 1950, in 1000’s.

At Ona Acartia was very numerous in October 1948, with a stock
of 3800 specimens, nearly all (85.5 %) females. In April the stock
numbered 1 000, of which 66,6 9, were copepodites. From 27 April to
8 August the species was completely absent, and otherwise scarce in
the periods not included in the drawing. Maxima occurred late in August,
late in September and in the middle of November. In 1950 Acariia
was more scarce, but present all the time, with peaks in March, late
in August and in the beginning of November.

At Eggum Acartia was lacking in April and from 31 May to 16 August
1949, and was scarce in the other periods not included in the figure.
Maximum numbers were observed in October 1949 and in September
and November 1950. There were also some 200 individuals in the 50—0
m haul on 22 May 1950.

At Skrova A. clausi was very abundant in the autumn of 1943.
The stock variation was as follows:

9/10 | 18/10 | 23/10 1 3/11 1 12/11 L 9/12

( (
800 4 300 } 4100 | 1200 ; 600 100

In the period 15 March—30 April 1949 no stock was found, and
later only a few individuals until August. As will appear from fig. 86
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maximum in stock occurred in September—October and the number de-
creased rapidly till the end of November. In 1950 there was a break
in the observations from August to October.

Propagation.
Males, females, copepodites and nauplii have been counted separately.
Most of the nauplii pass through the meshes of the net.
~ The variation in percentage composition of the stock of A. clausi
at Sognesjgen in the periods of abundance in 1949—50 is shown in
table 30.

Table 30. The Percentage Composition of the Stock of Acartia clausi at
Sognesjoen in 1949—50.

1950

T
121/9 11/10

1949

12/5 |25/5  14/6 | 10/7
| |

21/7 912/8 25/8 !11/10‘! 28/3 ‘,‘28/4
| |

3 == =18 — 308 92 51 07 167 147 154
2 ... 104353 74 81 76 77| 61 — 0.7( 167 8.8 7.7
C oveeennn, 66 486 432 727 76 308 337 317 86,9, 333 323/ 308
N | 820 162 493 5.4 848 30| 5L0] 633 11.7I 333 442 40.2

From the occurrence of the nauplii we may conclude that there
were maxima in spawning in July and September 1949 and March,
May, (August—)September and October 1950.

At Ona (table 31) the nauplii were usually more scarce than at Sogne-
sjgen. In the autumn of 1950 the observations have apparently not
coincided with the actual spawning periods.

Table 31. The Percentage Composition of the Stock of Acartia clausi at
Ona in 1949—50.

¥

Date | 17/4 zz/st 5/9 | 22/9 |11/10 14/11] 14/3 : 17/7 ' 16/3 | 30/8 | 13/9 | 5/10 125/10 6/11

g 9.0 — [17.3 11158 128 | — | 5.4 |204 |26 !36.4 16.7 %40.0 247

0 0.0 333 117.3 |111 631 383 | 4.9 | 5.4 294 |31.7 30.3 |50.0 |20.0 |55.1

C 66.0'1 66.7 |48.1 1762 |13.2 |42.6 |81.5 |89.3 135.0 [41.8 |30.3 [33.3 |40.0 [18.6

N 160 | — 1173 | 16| 79| 64 136 | — 62| — 30| — | —| 11
| i | ! i !

From the variation in the stage composition it seems likely that
more intensive spawning takes place in March—April, and possibly in
July, August and October. The large and sudden fluctuations which
occur in the size of -the stock, confuse the spawning periods. Ruup
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(1929) also mentions such fluctuations, which are probably caused by
the movements of the surface layers, carrying with them a varying
quantity of Acartia.

At Eggum (table 32) nauplii were only found in October 1949,
but the high percentage of copepodites in the middle of September
points to a spawning in late August. In 1950 the maximum of spawning
also occurred in August.

Table 32. The Percentage Composition of the Stock of Acartia clausi al
Egoum in 1949—50.

1949 ' 1950

B i ! ! |
Date | 1/9 |17/10 12/11124/11 9/8 |24/8 12/9 13/10 1/11 14/11‘16/12

| ] | I
5 . 216 56| 154 107 218 | 90 125 150 | 30. | 317 ‘ —
o .| 284|389 | 769 | 824 | 284 | 250 | 83| 30.0 | 306 | 439 | 667
C /3001385 | 77| 69| 500 | 660 | 752 550 | 389 | 2L9 | 167
N o o— 167 — 40| — - 24 167
I f

i
i
i
(
i

At Skrova some nauplii were found in October 1948, and there was
a high percentage of copepodites from the beginning of October till
December. In the autumn of 1949 nauplii were more common, being
present throughout October. During the winter females were the only
representatives, usually occurring singly. In 1950 observations were
lacking in September and for most of October. Later the percentage
of adults increased steadily. It seems as if the spawning of A. clause
at Skrova took place mainly in October of all the years investigated.

Both at Eggum and Skrova A. claust is probably brought in by
the coastal current from the south, mainly in the autumn, and this
fact may explain the irregular variations in spawning and in the size
of the stocks.

Vertical Distribuiion.

In all localities the bulk of A. clausi was taken in the upper 50 m
with a few exceptions: At Sognesjgen a greater proportion of the stock
occurred below 50 m most of the year 1950, except in May. At Ona the
major part of A. clausi was found below 50 m from the end of October
to the middle of December. At Skrova sometimes one third to one half
of the stock kept below 50 m.

At Sognesjgen and Ona the males seemed to live in deeper water
than the females, as shown in the table below for Sognesjgen on 4 different
dates in 1950,
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Date Haul, m. | 3% ‘ Q9%
2804 .. .. 50—0 | 21.4 35.9
200—0 | 30,8 7.7
|
255 .. .. 50—0 0 2.9
200—0 5.1 T
21/9 .. .. 50—0 | 9.7 2.6
200—0 14.7 8.8
!
! H
11/10 .. 50—0 | 242 48.8
200—0 | 154 7.7

In the deeper haul the percentage of males nearly always exceeds that
of the females. On 21 September there was apparently no difference in
the proportions between males and females in the two hauls.

At Eggum and Skrova no such difference could be clearly seen, on
the contrary, males were sometimes proportionately more abundant in
the shallow hauls than in the deep ones.

Acartia longiremis Lilljeborg.

As mentioned above, this species appeared sparsely in all the localities
investigated. It is known to be neritic (FARRAN 1910), and this may
account for the scattered occurrence in the present material. LysHoLM
(1912) found A. lomgiremis in numbers in the Trondhjemsfjord but
scarce or lacking in the offshore waters.

A. longivemis was present at Sognesjgen in October and December
1948, June—July and October 1949 and from April to July 1950. The
highest number of specimens found was 250 in October 1949 and 200
in May 1950. At other times the number was always below 50. At
Ona a few specimens were encountered in August 1949 and in January
1950. According to Ruup (1929) A. longiremis was taken irregularly
on the bank off Mgre. A single specimen was observed at Eggum in
June 1950. At Skrova A. longiremis was found a little more regularly,
in March 1949 and from January to August 1950, but only in numbers
up-to 25.

All specimens of A. longiremis were taken in the upper 50 m.

: Other Calanoids.
The following calanoid copepods have been found more or less

regularly, but in small numbers:
Rhincalanus nasutus Giesbrecht, Clausocalanus arciicornis (Dana),
Spinocalanus longicornis Giesbrecht, Aetideus armatus Boeck, Chiridius
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armatus (Boeck), Diaixrs hibernica (A. Scott), Scolecithricella minor Brady,
Amallophora magna (Scaphocalanus magnusy (T. Scott), Pleuromamma
robusta (Dahl), Pleuromamma abdominalis (Dahl), Heterorhabdus norve-
gicus (Boeck), Candacia morvegica (Boeck), Candacia armata (Boeck),
Anomalocera patersoni (Templeton).

Rhincalanus nasutus was taken singly at Sognesjgen on 11 November
and 29 December 1950. At Eggum single nauplii and copepodites pro-
bably belonging to this species were found in September and October
1949 and one female was found on 28 April 1950.

Clausocalanus arcuicornis has hitherto not been recorded from Nor-
wegian waters. Owing to its small size it is easily overlooked or mistaken
for Paracalanus or Pseudocalanus. According to VERWOORT (FARRAN
1951) the three species of Clausocalanus, C. arcuicornis (Dana), C. pergens
Farran and C. pawlulus Farran all resemble each other very closely and
can only be distinguished by size, the females measuring 1.0—1.6 mm,
0.9-—1.05 mm and 0.75—0.82 mm respectively. FARRAN is of the opinion
that they are three races of the same species, C. arcuicornis. The indivi-
duals found in the present material were all females, measured about
1.0 mm total length, and have been determined as C. arcuscornis, formae
pergens and paululus.

At Sognesjgen single Clausocalanus females were taken in October
1949 and in December 1950. At Ona they were noticed a little more
frequently, in November 1948, from October to December 1949 and in
December 1950, at Eggum in November 1948, and in January and
October—December 1949 and 1950. At Skrova Clausocalanus was taken
from October to November 1948, in September—December 1949 and
in December 1950. The species has also been found in plankton material
from earlier years, in November-—December 1938 being present from
More to the Lyngenfjord north of Tromsg. 1 also took some specimens
at station «M» in the Norwegian Sea in December 1952. The females
were of two size-groups, measuring respectively 0.90 mm and 1.06 mm.

As already mentioned, Clausocalanus may be easily overlooked and
a closer examination would undoubtedly have shown it to be present
more frequently in the samples. The individuals were all found in the
deeper hauls.

The species of Clausocalanus are all reported from the Northeast
Atlantic (FARRAN 1920, 1951), and may thus be carried into Norwegian
coastal waters by the current.  Clawsocalanus was always taken together
with a number of other copepods of Atlantic origin.

Spinocalanus abyssalis is known from the deep Norwegian fjords
(Sars 1903). A single copepodite of stage V was taken in the 200—50 m
haul at Sognesjgen on 29 December 1949, and 2 females on 16 January 1950.
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Aetideus armatus is also a deep water form, occurring sometimes at
the surface during the night (VErRvOOrRT 1952). Single individuals,
mostly females, were found at Sognesjgen and Ona at different times
of the year. At Ona both males, females and copepodites occurred
on 16 December 1950. At Eggum Aelideus was still more scarce, being
found only in April and September 1949 and in December 1950. At
Skrova this species was not noticed.

Chiridius armatus is likewise a deep water species. At Sognesjgen
it was only taken during the winter months, from December 1948 to
February 1949, October 1949—February 1950 and September—December
1950, mostly in single specimens, maximum 31 individuals on 17 Decem-
ber 1948, all stages being present, but the first stage copepodites most
numerous. At Ona and Eggum Chividius was only caught once, in
March and February respectively, but at Skrova it occurred more
regularly all the year round, numbers never exceeding 20. From other
observations it is known that Chiridius generally keeps close to the
bottom and thus avoids the ordinary nets.

Scolecithricella minor occurred regularly in all the localities investi-
gated, but in rather small numbers, the stock seldom exceeding a hundred
specimens. The monthly mean numbers at Sognesjgen in 1949—>50 are
shown below.

, ‘ | !
i Jan. \Feb. |Mar. JApr. May‘!]une July |Ang. "Sept. Oct. |[Nov.| Dec.
I . !
‘ :1 I % ‘ |
1949 ...... 45| 93 I 50400 50| 63| — | 150 N ST
1950 ......: 49 ‘ 80 ; 71 ! 100 79270 25| — | 450 33 100 55

l

Maximum numbers occurred on 17 December 1948, 1 June and
11 October 1949, 12 May, 16 June and 21 September 1950 with respec-
tively 190, 500, 150, 150, 270 and 450 specimens. At Ona this species
was more scarce, in 1949 found all the year found, but seldom more
than 1—10 specimens each time. In 1950 only a few stragglers occurred
in May, November and December. At Eggum we find about the same
occurrence as at Ona, but at Skrova Scolecithricella was a little more
numerous. The monthly mean numbers were as follows:

! f | | 5 |
Jan. 5Feb. Mar. Apr. !May June Ji]uly iAug. ‘\Sept. Oct. Nov. \Dec‘
'\ i
1 H
|

{

|

1949 .. ... — ‘ 631 33

1950 ...... 13] — 4
| |

] i T
18[ 20| 100 133 ] 42
8 9| 11
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Maximum numbers, 300 specimens, occurred on 4 July 1949.
Scolecithricella was nearly always found below 50 m, a few specimens
sometimes being taken in the upper 50 m.

Diaixis hibernica was taken once, at Ona on 14 November 1949,

One female of Scaphocalanus magnus was found at Sognesjgen on
16 January 1950.

Pleuromamma robusta occurred three times, at Sognesjgen on 25 May
1950 and at Eggum on 1 February and 16 December 1950, all females.
It was also recorded in plankton hauls at Mgre in September 1937.

One male of Pleuromarvma abdominalis was found at Eggum on 5
January 1949.

Heterorhabdus novvegicus lives in the deeper layers of the Norwegian
fjords. Stragglers were encountered at Sognesjgen in February and
December 1949, March, May and June 1950, and at Ona in December
1949. No Heterorhabdus were observed at Eggum, but at Skrova single
specimens, mainly females, were again met with all the year round.

Candacia novvegica is considered to be a deep water species (FARRAN
1948). Single specimens have been found at Skrova in October and
November 1948 and in December 1950.

Candacia armata is epiplanctonic and regarded as an indicator of
Atlantic water (Scort 1911, Russerr 1939, Rar 1951). It was
recorded singly at Sognesjgen in October 1949 and October—November
1950, and at Ona in December 1950. At Eggum a few copepodites of
C. armata were found on 3 November 1948. In 1949 the species was
lacking, but in the autumn of 1950 it occurred from 13 October to 29
December, the numbers varying from 2 to 59. All stages were found,
included nauplii, on 13 October and 1 November. C. armata was also
recorded in plankton material from the Vestfjord in November 1938.

Anomalocera patersoni belongs to the Skagerak and North Sea (Scort
1911, Rar and ReErs 1947). Single individuals were taken at Sognesjgen
in June 1949 and January 1950.

Copepoda Cyclopoida.
Oithona similis Claus.

Oithona similis is one of the most common copepods in Northern
waters, and is also very abundant, especially in the autumn. Only adults
and copepodites have been included in the counts, as most of the nauplii
pass through the meshes of the net. As shown earlier (page 59—65) O.
stmalis, (nauplii excluded), is usually second to Calanus finmarchicus
in number, constituting 20—30 9, of the total number of copepods, but
owing to its small size only forming 0.2—5 9, of the copepod volume.
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Fig. 87. Numerical variation of Oithona similis at Sognesjoen
in 1949 and 1950, in 1000’s.

Numerical Variation.

The numerical variation of O. simelis during 1949—50 is shown in
fig.s 87--90.

At Sognesjgen the species was usually scarce till the middle of May.
Minor peaks are indicated in March and April (1950 only). The spring
maximum seems to have occurred in May both years. At the end of
May 1950 the 50—0 m haul yielded much more than the 200—0 m
haul, probably because of random variation. Observations were lacking
in September 1949, and in August and part of September 1950, in which
period the main maximum of the year is likely to have occurred.

At Ona O. stmilis was more abundant. The main maximum of the
year appeared in September 1949 and in August 1950. Secondary peaks
were found in February, April, and June 1949, and in February, May,
July and December 1950. O. similis was very scarce from October 1949
till June 1950, but was much more numerous in August 1950 than in
the same month of 1949.
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Tig. 88. Numerical variation of Oithona similis at Ona
in 1949 and 1950, in 1000’s.

At Eggum O. similis was still more strongly represented than at
Ona, and the autumn period of abundance more extended. Both years
the main maximum occurred in September, with additional peaks in
March and June 1949, and in April, May, July and November 1950.
0. similis was on the whole much more numerous at Eggum in 1949
than in 1950,

At Skrova the species was very abundant in the autumn of 1943,
the total figures for October—November being: Oct. 9: 14 400, Oct. 23:
9 500, Nov. 12: 7 800. In 1949—50 O. simulis was again less abundant,
but with the main occurrence in the autumn. In 1949 the main maximum
occurred in August and in September, other peaks at the beginning of
February and in July. Minor peaks are also found in all the other months
except April. Oithona seems also to be of some importance from October
to March. In 1950 observations were lacking from the middle of August
to the last days of October. At other times of the year Oithona seems
to have been less abundant than in the corresponding periods of 1949.
There are peaks in January, February, May, November and December.
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A S O N

Fig. 89. Numerical variation of Oithona similis at Eggum
in 1949 and 1950, in 1000’s.

The maximum abundance of O. similis in late summer and autumn
is in conformity with the observations of other plankton workers.

Propagation.

Males, females and adults have been counted separately, the nauplii
are only caught to a small extent by the Nansen net and can be left
out of consideration.

0. similis is known to be very prolific and to propagate most of
the year. In an attempt to trace the possible periodicity in breeding,
the relative percentages of the females have been calculated, and are
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Fig. 90. Numerical variation of Oithona similis at Skrova
in 1949 and 1950, in 1000’s.
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Fig. 91. Variation in percentage of the females of Oithona stmilis
at Sognesjsen and Ona in 1949 - 50.
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Fig. 92. Variation in percentage of the females of Oithona similis
at Eggum and Skrova in 1949 30.

shown for Sognesjgen and Ona in fig. 91, for Eggum and Skrova in
fig. 92.

At Sognesjgen there were peaks in percentage in January, May and
July of 1949 and in February—March, May (small) and October 1940.

At Ona more conspicuous peaks were noticed in February, May,
August, September and November of 1949, and in February, May-—June
and August—September of 1950. The next peak appeared in January
or February 1951.

At Eggum the most prominent peaks appeared in March and Sep-
tember 1949 and in January, March, April and July of 1950.

At Skrova the percentage variations were very irregular, but major
peaks are indicated in February, May and August 1949, and in January,
April—May and June—July of 1950.

We must be careful in drawing too detailed conclusions from the
percentage variations. It seems as if there are from three to five periods
of more intense reproduction during the year, but the percentage of
females is usually 25 or more most of the year, indicating that propa-
gation may go on more or less continuously, as has also been shown
for other areas (MarsHALL 1949 and others).

Vertical Distribution.

The black columns on the figures indicate the numbers in the upper
50 m.

In 1949 the entire stock at Sognesjgen was nearly always taken in
the upper 50 m, while in 1950 a greater proportion, usually more than
50 9, swam below 50 m, except in May. At Ona nothing can be said
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of the conditions in 1949. In 1950 the maximum number was nearly
always found in the upper layers. One some occasions, however, the
major part of the stock of O. similis frequented the layers below 50 m.

At Eggum most of the Oithona was taken in the upper 50 m, a certain
proportion always in the deeper layers, on some occasions more than
50 9, as in September, November and December of 1950.

At Skrova the major part of the 1949 hauls gave more Oithona in
the upper 50 m, except from October to December. In 1950 Oithona
was more abundant in the upper 50 m from the middle of April to the
beginning of August.

QOithona spinirosiris Claus.

This is considered to be an Atlantic form (FaArran 1911). In the
present work I have attempted to distinguish the copepodites of the
two Qithona species, but some of the smallest copepodites may have
been confused. The numerical variation of O. spinsrostris during 1949—
50 at the localities investigated is shown in table 33. Where more
than one haul has been made in a month, the average figure is given.
The number seldom exceeds a few hundred specimens.

Table 33. The Monthly Mean Nuwmbers of Oithona spinirostris at the
Investigated Localities in 1949—50.

1949 gjan. Feb. iMar. {Apr. May i June []uly Aug. |Sept.| Oct. Nov.g: Dec.
! : | I !
SN ........| 45 26 0| — | — 200|750 365| — | 507 — | 100
O .o — 25 117 — 7000 | 206 @ 350 | 300 | 450 | 50| 15 0
E — 1 25 0 5| 17150 — 800 | 830, 530 116| —
S oo — 9l 8| 10 17, 33| 1768|700 80 0117770
1950 |

SN ........1 100} 20| 33| 400 55| 360 150 — | 150, 90 42| o0
O 2 0 9 0! 16 16| 350 85| — 9] — | 06
E ... 0] 25 41760 93 81 85 485|160 | 150 | 145 58
S ... 881 92 1 0 8 30| 251 63| —| 3| 16] 59

At Sognesjgen maximum in occurrence was found in July—August
1949 and in April and June 1950. No hauls were made in August 1950.
At Ona O. sprnirostris was also comparatively scarce, sometimes entirely
absent, with peaks in May, July and September 1949, and July 1950.
At Eggum a maximum seems to have occurred at the end of August
both years, and a small peak is also indicated in April 1950. At Skrova
the figures, with small variations, were generally lower than at Eggum.
The numbers were highest in February, (August—) September and
December both years.
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Some specimens of O. spinirostris were taken in the upper 50 m,
but the main part of the stock came from the deeper hauls. Mainly
females were caught, copepodites were less frequent, and the males
very scarce.

Oncaea borealis G. Q. Sars.

This species seems to be rather common in Norwegian fjords on the
east and west coast (Rux~sTrRoM 1932, WiBORG 1940) in the intermediate
and deep water layers, but less abundant on the banks (Ruup 1929).
P. JEsPERSEN (1939) says it has its main distribution in colder, partly
arctic areas. In the present material it was always scarce, except at
Sognesjgen, where a moderate sized stock was present between March
and August both years. In 1949 the number in this period varied between
150 and 750, with maximum on 23 June. In 1950 the figures were
higher, 100-—2 000, the main maximum occurring in the middle of June,
another peak of 800 specimens on 28 April. Outside the period mentioned
the numbers were always below a hundred.

At Ona Oncaea was scarce, but undoubtedly present most of the
year, even if it was not always noticed because of its small size. In
July 1950 300 specimens were taken, on other occasions the number
never exceeded 50.

At Eggum Oncaea was likewise scarce, only being noticed from May
to September 1949 and April—August 1950. A single specimen was also
taken in December 1950. Maximum numbers were observed in June
and August 1949 and in July 1950, 150, 250 and 360 specimens respec-
tively.

At Skrova the species was found regularly all the year round, but
numbers exceeded a hundred only on two occasions, in November 1948
(300) and in May 1950 (150).

0. borealis was usually equally distributed above and below 50 m
at Sognesjgen in 1949, (58 9, and 42 9, respectively), but on many
occasions the major part of the stock was taken below 50 m. At Eggum
and Skrova the bulk of the Oncaea was nearly always taken in the deeper
hauls.

Some 300 specimens of Oncaea similis G. O. Sars were taken at
Sognesjgen on 28 March 1950, a few also on 21 September of the same
year. This species has previously been recorded from some fjords near
Bergen (Sars 1918, RunnsTtroM 1932).

Oncaeca minuta Giesbrecht. Single females were noticed in 1950 at
Sognesjgen on 28 April and 16 December, at Ona on 6 November and
16 December. Sars found this species near Bergen.
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Corycaeus anglicus Lubbock.

Coryeaeus anglicus is shown by RAE and ReES (1947) to be an autumn
and winter form in the South-Eastern North Sea, being most abundant
in European coastal waters from Denmark to Holland. It has also been
found off Bergen from June to February (NorpGaARD 1912) and in the
fjords near Bergen in the first months of the year (RunxsTROM 1932).

Coryeaeus was not observed in 1949. In 1950 some 250 females were
taken at Sognesjgen on 21 September, and later single specimens occurred
until the end of December. At Ona single females were taken from 30
August to the end of December. At Eggum the species was present
from 13 October 1950 to 9 January 1951. In November males, females
and copepodites were all found, but the total number never exceeded
50. Other organisms of southern origin were taken at the same time,
e. g. Candacia armata and salps. Single Corycaeus were also observed
at Skrova from 13 October to 25 November 1950.

Most of the Corycaens taken in Norwegian coastal waters probably
originate in the Skagerak or the North Sea, and are carried northwards
by the coastal current, but it can be assumed that some individuals
have been introduced by the North-Atlantic current, as the species is
also recorded from the North-Atlantic Ocean (Sars 1918).

Conaea rapax Giesbrecht. One male of this peculiar small copepod
was found at Sognesjen on 16 January 1950. It has not previously
been recorded from Norwegian waters, only from the Atlantic Ocean (v.
BreEMEN 1908).

Copepoda Harpacticoida.

Copepods belonging to this order were always scarce, mainly because
so few species are really pelagic, and also because they are so small
that they easily escape through the meshes of the Nansen net.

Microsetella norvegica Boeck was recorded in 1950 at Sognesjgen
in March and May, at Ona in December, and at Eggum in February
and March. At Skrova it was found more regularly from June to De-
cember 1949, highest number 300 specimens on 25 September, and in
1950 it occurred singly from January to May and in December, the
apparent absence during summer probably caused by bad preser-
vation of the samples.

Single Halithalestris croni (Krgyer) occurred at Sognesjgen in July
1950, at Ona in August and at Skrova in March of the same years.

Copepodites and nauplii of Longipedia spp. were taken in small
numbers at Sognesjgen and Ona in August and September 1949 and
at Eggum in July 1950.

Other harpacticoid copepods were found singly, but not determined.
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Copepoda Monstrilloida.
Monstrilla longicornis J. C. Thompson. Single females at Ona on
16 December 1950, and at Eggum on 11 June and 12 November 1949.

Cymbasoma rvigidum Thompson. One male at Eggum on 9 January
1951.

Other Organisms.
Cladocera.
Evadne nordmanns Lovén was numerous at Sognesjgen during the
summer. The mean numbers per month in the total hauls during 1949
—50 are shown below.

J Mar.}g April] May | June | July | Aug. fSept‘ Oct.

‘ : |
1949 .o e = L= 142501 300 | few % — 1 few
z‘

1950 oo 9| 550 | 100 2000 150 | — | 830 16

1 8200 specimens on 1 June.

The maximum in both years fell in the first half of June.

At Ona Evadne was more scarce, present from April to November,
with maximum numbers in August—September. The monthly mean
numbers were as follows:

} Apr. ; May | June ]uly% Aug. 1l Sept. | Oct. }Nov.
5 | ‘

H

140 ................ |few | — | 200 — | 300 450 161 1
1950 \ 5 0] 33| 160 50— 9

At Eggum the period in which Evadne occurred was still more re-
stricted. In 1949 it was only present on 17 September, and in 1950
from 28 July till 14 November, the mean monthly numbers being:
July: 1, August: 565, September: 2000, October: 100, and November: 1.

Skrova had a small stock of Evadne, never exceeding 200 specimens
in the months July—October of both years.

The Podon spp. had about the same occurrence as Evadne. Three
species occur, P. leuckarte G. O. Sars, P. polyphemoides (Leuckart) and
P. intermedius Lilljeborg.

At Sognesjgen the figures were as follows:




Mar. | Apr. | May | June | July | Aug.|Sept.| Oct.

| |
1949 i 0 0 0 2000 | 400 | 250 | — 250
1950 ... . 1 33 2 50 | 300 | — 200 | —

P. leuckarti was present from March to June, inclusive of the June
maximum, and replaced by P.polyphemoides in July. A few specimens
of P. intermedius were observed in October 1949,

At Ona the Podon spp. had their main abundance from July to
September, but a few individuals were also encountered in January,
April, October and November of 1950. The August maximum both

years was entirely made out of P. polyphemoides.

' July August Sept. : October Nov.
‘k i
1949 . 0 1400 1108 9 30
1950 ‘ 16 420 0 0 0
|

At Eggum the Podon spp. were present mainly from August fo
November, some specimens also being taken on 2 May 1949. The mean
monthly figures were as follows:

l August September |  October November
1949 ; i 16 750 300 —
1950 .. 500 3000 —_ 9
!

P. polyphemoides was entirely dominating, but single P. leuckartr
were observed in August 1950.
The Podon spp. were scarce at Skrova, present in 1949 in April and

in July—September, in 1950 in May and July—August, perhaps also
in September. During summer and autumn P. polyphemoides was more
commonly found. The stock variation in the two years was the following:

|
; April May July August | September
1949 100 0 150 125 110
1950 90 1 100 e

The cladocera were all nﬂainly taken in the upper 50 m.
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Decapoda.

Adult decapods were only taken on a few occasions. Single indivi-
duals of Pasiphaea sivado Risso were found at Sognesjgen in June and
July 1949. Pasiphaca tarda Krgyer occurred at Skrova in January,
June and December 1949 and in December 1950, always singly.

Larvae of different species of decapods were found quite regularly. The
occurrence at the different localities during 1949—50 is shown in table 34.

Most of the decapod larvae are found in the months March—August,
in sparse numbers. The Munida and Pagurus larvae were most numerous,
especially from April to July.

FEuphausiacea.

The euphausiids or krill are very important in the economy of the
sea. A very good survey of the significance of this group as food for
different sea animals, birds and fish is given by Einarssox (1945 pp.
159—163). The present author has shown that euphausiids constitute
the main food of cod of the O—1I group in some Norwegian fjords (WirorG
1949). Adult euphausiids are only occasionally taken in the Nansen net.

At Sognesjgen the following species were taken singly: (1) Thysanopoda
acutifrons Holt & Tattersall, in June 1949, (2) Meganyctiphanes norvegica
M. Sars, in January 1950, (3) Nyctiphanes couchis (Bell), in October
1950 and (4) Thysanoessa inermis (Krgyer), in June 1950.

At Ona Thysanocessa was caught in October 1948 and August 1950,
Meganyctiphanes in January and September 1949 and Nyctiphanes in
November and December 1949. Ruup (1928) found larvae of the latter
species off Mgre, but says that no adults had hitherto been recorded
from Norwegian waters.

At Eggum Meganyctiphanes was taken in January, September 1949,
and in May 1950, while at Skrova Thysanocessa and Meganycliphanes
occurred quite regularly, the former in October 1948, May, October and
November 1949, and February, March, October and December 1950,
the latter in October and November 1948, June, July, September and
October 1949 and in October 1950. The numbers varied from 1 to 25.
The euphausiids were mainly taken during the darker time of the year,
and chiefly in the deeper hauls.

According to EImNArssox (1945) Thysanopoda acutifrons has its
northern border of distribution restricted by the submarine ridge stretch-
ing from The Faeroes to Iceland and Iceland-Greenland. The adults
occur mainly in the intermediate and deep water layers, the larvae in
the upper 100 m, which may account for the presence of this species
at Sognesjpen and Skrova, being brought in as larvae by the North-
Atlantic current. ‘




Table 34. The Monthly Mean Number of Decapod Larvae in
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the Total

Hauls at Sognesjsen, Ona, Eggum and Skrova in 1949, and 1950 (in
brackets).
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Eggs, nauplii, metanauplii and furcilia larvae of the euphausiids have
been counted separately. In the figures all the different species of
euphausiids have been taken together. The eggs and early nauplii of
Meganyctiphanes can hardly be distinguished from those of Thysanoessa
inermis, but the larvae of the latter species were usually dominating.

The numerical occurrence of eggs and larvae of euphausiids at
Sognesjgen in 1949-—50 is shown in fig. 93.

At the end of March 1949 eggs were abundant, and some nauplii
also occurred. At the beginning of June mostly calyptopis and a few
furcilia larvae were taken, about 2/3 belonging to BMeganyctiphanes.
In June and July a few eggs were again found. RunxsTrRom (1932)
states that near Bergen both Meganyctiphanes and Thysancessa inermis
spawn from March to July—August.

In 1950 a few euphausiid eggs were taken in February and the first days
of March, but the bulk was again met with at the end of March. At
the end of April the development had advanced to metanauplii and a
few calyptopis. Again 2/3 of the larvae belonged to Meganyctiphanes
and the rest to Thysanoessa. A new batch of eggs, probably of Meganyc-
tiphanes, occurred at the end of May and in the middle of June. The
larvae present were mainly Meganyctiphanes, but single Thysanoessa
longicaudata furcilia were taken in May. A few larvae of Meganyctiphanes
and Thysanoessa inermis were also found in September and October.

At Ona (fig. 94) in 1949 krill eggs were mainly present from the
beginning of March to the middle of April. The nauplii were most
numerous in the last half of March. Some eggs were found in the last
days of May, and single eggs and larvae were also taken in the remaining
months of the year. The larvae were nearly all Thysanoessa inermis.

In 1950 very few eggs and larvae were present in the middle of
March, but eggs were abundant in April. In the 50—0 m haul 1850
eggs were taken. A second maximum of eggs appeared at the beginning
of June, and this time the number was also the double in the 50—0 m
haul. The older larvae present in April were mainly of Meganyctiphanes.

Off Ona at the end of April 1926 Ruup (1928) found exclusively
larvae of T'. snermis, but at the end of July of the same year, Meganyc-
tiphanes and Thysanoessa were represented in about equal numbers.
In May 1927, however, Meganyctiphanes larvae were much more abun-
dant than Thysanoessa larvae. RUUD concludes that the conditions may
change from one year to another both regarding the relative abundance
of the different species of euphausiids and the time of spawning, and
this theory seems to be supported by the present material. HjorT and
Ruup (1929) state that off Mgre Meganyctiphanes adults are most
abundant in the summer at the edge of the continental shelf, while
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Fig. 93. Numerical variation of eggs and larvae of euphausiids

at Sognesjgen in 1949 and 1950, in 100’s.
Dots: negative hauls.
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IFig. 94. Numerical variation of eggs and larvae of euphausiids
at Ona in 1949 and 1930, in 100’s. Dots
indicate negative hauls.

Thysanoessa inermis has its maximum in the wintef, on the coastal
banks. Maxima of krill eggs and of nauplii, mainly of 7. inermis, often
occurred simultaneously in March—April.  Meganyctiphanes spawns
chiefly in summer.

In Icelandic coast waters Meganyctiphanes spawns in March—May
(EINnARSSON 1945).

The occurrence of euphausiid eggs and larvae at Eggum in 1949--50
is shown in fig. 95. Both years the eggs and larvae are most abundant
in April and May, with maximum number at the end of April or be-
ginning of May. The figures are more than ten times as large as at
Ona. It will be seen that euphausiid eggs were much more scarce in
1949 than in 1950, while the number of larvae was much higher in 1949,
As the euphausiids usually swarm during the spawning time (Hjorr
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Tig. 95. Numerical variation of eggs and larvae of euphausiids
at Eggum in 1949 and 1950, in 1000’s. Dots
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and Ruup 1929) the occurrence of the eggs may be restricted both in
time and area, and we may have missed the actual spawning in 1949.
Off Eggum surface currents are very active, and have probably brought
in the larvae found there in April—May 1949, and in 1950 carried away
the larvae from the spawning area.

The larvae both years belonged mainly to 7. inermis, but in May
and June 1950 single larvae of 7. longicaudata appeared. HJjORT and
Ruup (1929) state that T. smermis is the most important species of
krill in the Lofoten and Finmarken area, while Meganycliphanes is
more scarce. 1. longicaudata may be numerous in bank water in summer,
but in spring it is only found far at sea in Atlantic water. The latter
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Fig. 96. Numerical variation of eggs and larvae of euphausiids
at Skrova in 1949 and 1950, in 100’s. Dots
indicate negative hauls.

statement does not agree with the present author’s experience, as adults
of T. longicaudata were quite common just outside the continental
shelf off Eggum in April and May.

At Skrova (fig. 96) the main occurrence of euphausiid eggs and
larvae is restricted to the months March—May, with maximum at the
end of April (1949) or beginning of May (1950). The figures are only
1/10 or less of those at Eggum. The bulk of the larvae belonged to
T. inermis, but some Meganyctiphanes larvae were taken in May of
both years.

SoMME (shown in Hjort and Ruup 1929, fig. 43) found that T.
tnermis and its eggs were very scarce in the northern part of the Vestfjord
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as compared with the southern (outer) part. This can also be shown
very clearly in two series of vertical hauls from a longitudinal section
of the Vestfjord at the end of April 1947 (table 35). For localisation
see fig. 54, page 109.

Table 35. Number of Eggs and Larvae of Kyrill vn the Total Hauls in a
Longitudinal Section of the Vestfjord on 24—25 April (upper series) and
7-—8 May 7947,

Stations 110 | 11| 112 113 | 114 | 115 | 116 117
No. of eggs and larvae. 4150 | 1469 3947 = 453 | 246 | 128 | 325 L9
Stations 142 | 143 144 145 146 | 147 | 148 |
No. of eggs and larvae. 65 | 458 2687 335 346 | 835 | 20 i

At the end of April the number of euphausiid eggs and larvae was
decidedly greater in the outer part of the Vestfjord than in the inner
fjord. A fortnight later the highest number is also found in the outer
fjord, but not at the outermost stations. The larvae have now developed
to furcilia stages, which are more mobile and able to avoid the net.
A similar distribution of krill eggs and larvae in the Vestfjord was also
observed in two cruises at the beginning of April and beginning of May
1949.

SeoMME (1934) is of the opinion that the higher numbers of krill
eggs in the outer part of the Vestfjord is due to the higher temperature
and salinity prevailing there during the spawning time.

The larvae and eggs of the krill have always been found most abun-
dantly in the upper 50 m, but a few eggs and larvae also occurred in
the deeper water layers.

Amphipoda.

Themisto abyssorum Boeck (Parathemisto oblivia Krgyer) was taken
singly at Sognesjgen in July, August and December 1949 and in Sep-
tember and November 1950. At Ona this amphipod was a little more
numerous, but usually below 10 individuals per haul, being present
from 29 June to 22 September 1949 and from 6 June to 30 December
1950. Both years the maximum numbers were found at the beginning
of July, 32 and 13 specimens respectively.

At Eggum Themisto was present from 21 May to 17 September 1949
and from 1 February to 16 December 1950, the maxima occurring in
the middle of August and in the middle of October 1950, respectively
18 and 24 individuals.
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At Skrova Themisto was found all the year round, the numbers
varying between 1 and 26 specimens. On 15 July 1950 some 250 small
specimens were taken, probably from the breeding sacks of a few females
in the sample. Russerr (1939) regards the species, when found in the
Northern North Sea, as an indicator of water of mixed oceanic and
coastal origin. Local stocks seem, however, to exist in Norwegian
fjords and coastal areas.

T. abyssorwm was mainly taken below 50 m.

Other amphipods occurred singly, e. g. Seina borealis G. O. Sars,
at Skrova on 5 February 1949.

Isopods were occasionally found, mostly larvae and males of para-
sitic species.

Ostracoda.

The species within this group are mainly inhabitants of the bottom
or deep water layers, but are occasionally found in the upper strata.
In the present material exclusively representatives of the genus Con-
choecia have been found.

At Segnesjgen the ostracods occurred sparsely in the months January
—March and June—December of both years, the number varying from
1-—-100, highest during the winter months.

At Ona no ostracods were taken, and at Eggum they were also very
scarce, 2—50 individuals at different times of the year.

Skrova was the only locality where the ostracods occurred regularly
and in numbers, and the relative abundance of this group has been
mentioned earlier (page 34). ,

The monthly mean number of ostracods at Skrova in 1949—50 is
shown below: k

fjan. iFeb. Mar. Apr. .\’Iay?}uneE]uly Aug. [Sept. Oct. Nov.| Dec.

1949 ......| — | 6270 933 600|333 100 288 250 175 257|297 465
1950 ......[1200% 688 600 7003 483 O

0
=
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<

1 1100 on 1 February. % 1700 on 31 January. ® 1200 on 25 April

The stock increases from October—November to a maximum in
January—February, and it seems possible that the main propagation
takes place in these months, but small individuals were abundant all
the time from November to May. As the ostracods seem to swim mainly
in the water layer close to the bottom, the figures have to be considered
with caution. Very few specimens were taken in the upper 50 m.
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The larger individuals were determined as Conchoecia borealis Sars,
C. elegans Sars, and C. oblusala Sars. The small individuals could only
be determined to genus.

Chaetognatha.

Sagitla elegans Verrill was taken regularly at Sognesjgen, Ona and
Eggum, but the numbers were usually bhelow 10, except at Sognesjgen
in June—July 1949 (17—27 specimens) and at Ona on 13 July 1949
(102 specimens). The individuals then taken were very small.

At Skrova S. elegans was somewhat more numerous and the monthly
mean numbers varied as follows:

\ ; ‘ ‘ ; 1
Jan. lFeb. Mar. Apr. May June july Aug. ;Sept‘; Oct. Nov. Dec.
| i i ! i | > i

301 8 26 17

1949 ...... — | 17, 9| 41, 8
42 0 0, 0, — | 1

1950 ...... 2 40

—
ok
~J
[8%)

Peaks occurred in April and September 1949 and in April—May 1950,

S. elegans was as a rule found below 50 m, and it may be assumed
that at times it keeps close to the bottom and avoids the net. On the
other hand, single specimens are often found in the upper 50 m.

Sagitta setosa J. E. Miiller is, according to FrASER (1937), a typical
North Sea species. RuxnNsTrRoM (1932) found it near Bergen from
February to November, common in April—August. — Six specimens
were taken at Sognesjgen on 21 September, and one on 11 October
1950. At Ona a few immature specimens were taken in August 1949,
and August 1950 (see also page 68).

Eukrohnia hamaia (M&bius) is considered by Fraser (1937) to be
an indicator of oceanic mesoplankton, when present in open waters.
Exman (1935) calls it a cold water cosmopolitan. It is very common
in the depths of some Norwegian fjords (Rux~sTroM 1932).

At Sognesjgen 16 specimens were taken on 24 December 1948, and
a few individuals in January, March, October and December 1949 and
in January, March, May and September—November 1950. At Ona
single Eukrohnia were found on 3 occasions only, on 12 October 1948,
13 July 1949 and 5 October 1950. At Eggum single individuals occurred all
the year round, while a stationary stockisfound at Skrova, asshown below:

Jan. rFeb. Mar. L’—\pr. ;rMay %june []uly ;Aug. ir Sep. | Oct. [Nov. |Dec.

‘ : 3 ! | i
1948 ... .. No samples : . 102 54| —
1949 .00 — | 7 | 18 i 491 5334 26| 56, 30 ; 38 7 9| 16
1950 ......0 33| 15 J 291 50 ] 872 0 J 90% 79 — | 10, 16| 19

124 May: 141. 2 6 May: 190. ® 15 July: 200.
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The highest numbers occur from April to August, with peaks in May
and July. It may be assumed that the main propagation takes place
in April-—May, when many small newly hatched individuals are found.
Small specimens have also been taken in February and March. The
small Eukrohnia are easily distinguished from the young of Sagifia, in
that they lack the eye pigment.

The Eukrohnia swim also mainly below 50 m, sometimes probably
close to the bottom. Single small and immature specimens occur in
the upper 50 m.

Copelata.

Oikopleura dioica Fol, O. labradoriensis Lohmann, O. parva Lohmann,
Fritillaria borealis acuta Lohmann, Fritillaria borealis truncata Lohmann,
and Appendicularia sicula Fol have been identified with certainty. A
number of Otkopleura spp. have been determined to O. vanheffens Loh-
mann, but the identification of the individuals in question was somewhat
problematic, as will be mentioned later on,

According to RunxsTtrROM (1932) and BUCKMANN (1945) O. dioica,
0. parva and O. labradoriensis all occur along the western coast of Norway.
0. vanhgffeni is found in the Norwegian Sea southeast of Shetland
{BUcrMANN 1926) and also near the Faeroes (FRASER 1937, FRASER and
SAvILLE 1949) which renders it possible that the species occurs along
the western and northwestern coastline of Norway.

The numerical variation of the Ozkopleura spp. at Sognesjgen in
1949—50 is shown in fig. 97.

The Oikoplewra spp. were scarce or absent at the beginning of 1949,
numerous at the beginning of June and end of July with an interlying
minimum, and scarce in August and October. The first maximum was
mainly made out of 0. divica (4050 individuals), next of O. labradoriensis. In
July the latter species was more numerous (1300 labr. and 900 dioica)
Later 0. dioica again took the lead. In 1950 a few 0. parva were found
in January and March. In May both O. dioica and O. labradoriensis
occurred, and a few uncertain O. vanhgffeni, which may turn out to
be O. labradoriensis. The June maximum was mainly built up of O.
dioica, which species also dominated the autumn samples. A few 0.
parva again appeared in November and December.

At Ona the Oikopleura spp. were usually scarce or absent. On 12
October 1948, 900 of O. dioica were taken together with single O. la-
radoriensis. The latter species also occurred sparsely in March, May and
June 1949, while some O. dioica were again found in September and
October. In 1950 only a few O.ddoica were present in August, October
and November.
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Fig. 97. Numerical variation of Oikopleura spp. at Sognesjgen in 1949
and 1950, in 100’s. Dots indicate negative hauls.

At Eggum (fig. 98) the Odkopleura spp. occurred regularly from
April to November 1949. In 1950 only stray individuals were met with
until August, but later they were present in numbers the rest of the
year. The dominating species during 1949 was O. labradoriensis, but
from April to August a certain percentage were determined as. 0. van-
hoffeni. Single individuals of O. parva were taken in April, and of O.
dioica in September and October. In 1950 single O. vanhoffeni occurred
in April and May. From June to September O.labradoriensis was most
common with maximum on 12 September (1300 specimens). Thereafter
only single individuals were seen. O. dioica appeared singly at the end of
August, was numerous in September (730 specimens), and entirely
dominating the rest of the year.

At Skrova (fig. 99) 50—550 O. labradoriensis were taken from October
to December 1948 together with single O. parva and O. dioica. In 1949
the occurrence of the Oikoplewra spp. was mainly restricted to the
period May—July, and few individuals were found at other times. The
dominant species was again O. labradoriensis, but single O. vanhoffens
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Fig. 98. Numerical variation of Otkopleura spp. at Eggum in 1949
and 1950, in 100’s.” Dots indicate negative hauls.

appeared in May and June. In 1950 no Otkopleura were found until
the end of November, when 50—100 O. labradoriensis occurred together
with single 0. dioica and O. parva.

The appearance of O. dioica and perhaps also O. parva at Eggum
and Skrova is undoubtedly dependent on supply from the coastal waters
further south, and the high numbers taken at Eggum in the autumn
of 1950 of this species, were accompanied by several other southern forms,
as already shown above.

O. vanhoffeni is probably more common in the bank waters off
North Norway than hitherto assumed. In cruises for fish larvae in the
spring of 1948 and subsequent years single specimens were taken a
little north of Eggum in the first half of April. At the beginning of
May O. vanhoffeni was taken in numbers in the coast water from Torsvag
(70° 20’ N, 18° 30" E) to Nordkyn (about 71° N, 28° E). The establishment
of a stock of O.vanhoffeni in these waters may either be due to a local
stock surviving in the nearby fjords, where suitable conditions may
prevail, or to the presence of individuals carried by the currents from
the Norwegian Sea. RUSSELL (1936) mentions that off the east coast
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Fig. 99. Numerical variation of Oikopleura spp. at Skrova in 1949,
in 100’s. Dots indicate negative hauls.

of USA 0. vanhsoffeni is an indicator of arctic water. FRASER (1949)
observed O. vanhoffeni near the Faeroes in May 1948, and lists it together
with some other organisms as an indicator of arctic water (1952).
Further investigations are needed to confirm the identity of the species
in-Norwegian waters. ,

As will appear from the figures the bulk of the Oskopleura spp. was
taken in the upper 50 m, but on some occasions a considerable proportion
was also found in the deeper hauls, especially at Eggum.

Appendicularia sicula was taken singly at Sognesjgen on 10 October
1949. As this species is rather small, it may have been present on more
occasions but overlooked. It is regarded as a warm-water form (L.OH-
MANN 1911), but of Atlantic species the plankton sample only contained
single Clausocalanus pergens and Candacia avimata. RUNNsTRoM (1932)
found this appendicularian near Bergen in January and March.

Fritillaria borealis acuta.

The numerical variation of this species at Sognesjgen is shown in
fig. 100. In 1949 Fritellavia was taken in January, March, June and
July—August. Peaks are indicated in March, June and July—August.
In 1950 the species occurred more regularly, with a maximum of 2500
specimens (3900 in the 50—0 m haul) at the end of March, and was
also numerous in April. Other peaks appeared in July and in September.
13.
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Fig. 100. Numerical variation of Fritillaria borealis at Sognesjgen in 1949
and 1950, in 100’s. Dots indicate negative hauls.

The numerical variation is somewhat similar to that in the Nordasvatn
fjord near Bergen (WiBorG 1944).

At Ona Fritillaria was scarce in 1949, being present from the beginning
of March to the middle of April, and from the end of August to the
beginning of September. The numbers in both periods varied between
59 and 400. In 1950 it was more scarce, being taken from the end of
February to the beginning of March and from the end of October to
the middle of December, in numbers varying from 9 to 50.

At Eggum (fig. 101) the species was again more abundant but patchy
in appearance, in 1949 present in April—May and August—October,
with peaks at the beginning of May and middle of September. In 1950
Fritillaria occurred more sparsely in April, but in return was present
from the middle of July to end the of December, abundant from the
end of July to the middle of September ,with peaks in July, September,
November and December.

At Skrova Fritillaria was taken in moderate numbers in October
1948. The numerical variation in 1949—350 is shown in fig. 102. In
1949 Fritillaria was present from February to May and from July to
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Fig. 101. Numerical variation of Fritillavia borealis at Eggum in 1949
and 1950, in 100’s. Dots indicate negative hauls.

December, with peaks in February, April and August. In 1950 we have
mainly the same distribution and peaks. The vertical distribution was,
as for the Oikopleura spp., mostly limited to the upper 50 m. In July
and August 1950 the deeper hauls at Sognesjgen and Eggum were some-
times considerably richer in Fritillaria than the 50—0 m hauls.

F. borealis truncata is according to Lonmann (1911) a warm water
species. Single specimens were taken at Ona in December 1950 and
at Eggum in November of the same year.

Thaliacea-

Of this group only the Salpidae have been identified in the present
material, only the species Salpa fusiformis Cuv. hawing been found.
~S. fusiformis is of Atlantic origin, and its presence therefore indicates
an influx of Atlantic water.
In 1949 no salps were observed on the coast of Norway, and only
one specimen at st. «M» on 14 October (@sTVEDT, verbal information).
In 1950 a single specimen was taken at Sognesjgen on 21 September.
At Ona salps were abundant from 30 August to 6 December, the numbers
decreasing from 199 to 2 in this period. Most of the individuals were
small. The few larger specimens had chains of embryos inside, and it
may well have happened that some of these had been broken and the
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Fig. 102. Numerical variation of Fritillaria borealis at Skrova in 1949
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embryos distributed within the sample. At Eggum salps were taken
from 13 October to 14 November, the numbers decreasing from 75 to
1 in this period. Salps were lacking on 12 September and 14 December.
On station «M» salps were abundant on 29 September and 15 October,
scarce on 17 October, and absent on 26 September and before, on 6
October and after 17 October.

In 1951 salps were numerous at Sognesjgen on 18 October and a
few were present on 6 November, none on 22 November or later. At
Ona they were abundant from 24 September to 29 October, but no
salps were observed this year either on station «M» or at Eggum. However,
a great number of salps was taken on a single station in a section off
Mgre on 29 August. It seems therefore probable that the salps may
occur in patches. B

Salps have also been found in plankton material from earlier years,
thus 2 specimens near Ona on 17 September 1937. NORDGAARD (1912)
found salps off Bergen in October, November. (For further comments,
see pp. 69—70).
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Gasteropoda. ,

Limacina retroversa (Flem.) is regarded as a temperate-water
species, and may be abundant in more closed waters (LEBOUR 1932)
as well as in the open ocean. It has been found on several occasions
at the localities investigated. As the larvae and small individuals may
have been confused with the larvae of neritic gasteropods, they will
be treated here in common, and the number of Limacina which have
been identified with certainty, will be given separately in the tables.

At Sognesjgen the monthly mean numbers of Limacina (L) and
gasteropod larvae (G) during 1949—50 are shown in the table below:

Jan. Feb. |Mar. Apr. | May | June July |Aug. Sept.| Oct. Nov. Dec.

1949 1 } 0 1| — | — 1] 250 5, — 0/ 0 2

: G.. 2, 0, 50| — | — | 600 10| 2802 — | 400, 0| 5
|

osg L Op 10 0p 1) 00 0 —| 0 0 0 0

S0 .., o) 0o 0,100 33| 9| 0, —|200] 50| 50| 0

11000 on 1 June. % 450 on 1 August.

Single Limacina have been found from January to May and in
December. The gasteropod larvae present in June—August and October
1949, and September—November 1950 are probably small Limacina.

For Ona the figures for Limacina and gasteropod larvae in 1949
—50 were as follows:

- Jan. Feb. Mar. Apr. | May | June|July |Aug. |Sept.| Oct. |Nov. [Dec.

:
1949 ‘ — 0 0 1 0 91 30 3 1 8 1 1
? G .. — 9| 36| 45 90| 50| 188|250 88| 50 5 3
\
! ;
1950 L 1 0 1 0 0 0 0 2 15665t 0 0 0 0
G.. 0 9 0 0 0 0 0120452 20 58 9 9

1 11000 on 16 August. ? 4000 on 16 August.

Both Limacina and the gasteropod larvae had their maximum of
abundance in July—August 1949 and August 1950. RunNsTrRoM (1932)
found Lémacina near Bergen in June—August and in November.

The numerical variation of the said species at Eggum in 1949-—50
is listed below:
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Jan. |Feb. Mar. |Apr. | May | June July |Aug. Sept.| Oct. Nov. Dec.

{
19499 L ... 1 0 0 1 0 27 — 0 1 0 97 —
G ... 0 0 0 0, 761 33| — 1200 {1600 720 51 —
1950 L .. .. 0 2 0 0 3 2 3] 13 9 0 5 0
G ... 0 0 0 0| 330 55| 481075%6000 1450 | 623, 55

1 2500 on 17 September. 2 2000 on 24 August.

The high number of gasteropod larvae in August—October undoub-
tedly consists of small Limacina, and maximum both years is reached in
September. Single Limacina are found during the late winter and spring.

At Skrova the Limacina and gasteropod larvae were usually much
more sparsely represented than at Eggum. <In 1948 from 200 to 1 000
small specimens were taken per haul in October and November. In
1949 from 10—15 specimens were found per haul in February—April and
June, 600 specimens in July and 20 in August. In 1950 single individuals
were taken in February, May and October, and 100 specimens in July.

Larvae of Bottom Invertebrates exclusive of Decapod
and Gasteropod Larvae.

In table 37 are given the monthly mean numbers of the different
groups of bottom invertebrate larvae not already treated at the loca-
lities investigated for the years 1949—50. If observations have been
lacking in the month of one year, figures from the other year have
been used.

The table is only shown in order to give an impression of the relative
abundance of the different groups. Not too much stress is to be laid
on the figures.

Cirripede larvae are most abundant at Ona and Sognesjgen in March
and June, at Eggum and Skrova in April and July. _

Polychaete larvae were most numerous at Sognesjgen, Ona and
Skrova in April, at Eggum generally more scarce all the year.

Bivalvae larvae had peaks at Sognesjgen in April, June and October,
at Ona in April, June and August, at Eggum in May and September
and at Skrova in September.

Echinoderm larvae showed maxima at Sognesjgen in March—April
and July, at Ona, Eggum and Skrova in April—May and August.

Cyphonautes larvae were abundant at Sognesjgen in March, June
and September, occurred in moderate numbers at Ona from April to
September, showed peaks at Eggum in April and August—September,
and at Skrova in August—September.
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Table 37. The Monthly Mean Number of Bottom [nvevtebrate Larvae at
Sognesjoen, Ona. Eggum and Skrova 1949—50.

‘]an. Feb. Mar. |Apr. | May |June !July ZAug. ;Sept.! Oct. | Nov.] Dec.
s x
| |

SN 0 10, 20] 650, 29 15 25 8 9 2/ 0 O

Polychaeta o) 0 1 90| 770 0 0 5 0o 12 5 1 1
E| o o 1 6 31 3 9o s s 21 15 9

S 0, 30 5 793 28/ 25 56 66 0 5 10 3

SN 1 0] 0] 700 65 7000, 175 275 200 450, 150, 5

Bivalvae 0 0, 0 9 5000 36/ 100, 63 1000, 30 35 10| 50
E 0, 0, 8 0 723 100 90| 7725 2020, 550, 170/ 50

S 0, 25/ 0 25 1 8 129 1887775 900/ 105 75

SN 0, 0 300 80 7| 85 330 100 0o 5 0 1

Echino- 0 0, 0 30| 750, 275 0 0/ 2040, O 30 0 O
dermata E 0, 1 26 214 540 0 90} 120, 62 1] 0 2
S 9 38 213| 654 375 500 7158 190/ 10 oj 0 1

| z

SN 0 5] 377) 2000 200 7077| 180, 100, 50, 25 9 5

Girripedia 0 1 8 -323 270 342/ 3000] 28/ 45 140) 9, 1 0
E 0 0 2 990 104 100, 43 | 128 165 58 0 0

S 5/ 3 0 545 278 138 480, 90| 110/ 75 50, 0

I

SN | 28 3 375 0| 80, 263 125 54| 650 218! 0 13

Cypho- ¢] 0 0 0 48 28 75 30 75 50 7 7 5
nautes E o 0 0 75 20 5 01 85\ 254 22 1 9
S| 0 5 o0 0 75 0 37 250 100, 80 10, 85

| | o |
Coelenterata.

This group has been given a more cursory treatment, as the specimens
were often damaged by the nets and therefore difficult to identify. The
pelagic coelenterates undoubtedly at certain times play a very important
part in the plankton, and the brief survey given here will necessarily
be very incomplete.

Ctenophora.

Beroé cucumis Fabr. was found in 1950 at Ona in March, at Eggum
in June, and at Skrova in November—December. Bolina infundibulum
IFFabr. was not identified with certainty in the samples, but was observed
in numbers during the cruises in the Vestfjord in May and June of
the years 1949-—-52.
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Siphonophora.

Diphyes arctica Chun was found quite regularly at all stations, but
sparsely at Ona, mainly in the period June—October, in numbers from
1 to 22. Eudoxiae were observed in May, July and October.

Larvae and eggs of Agalmopsis elegans M. Sars occurred very often,
at Sognesjgen in February 1949, and from June to August of the same
year, at Ona in March and from September to December, at Eggum
in January—March, and October—December, in the last period some-
times in numbers up to 200. At Skrova single larvae were found during
the autumn and winter. Large specimens of Agalmopsis were taken at
Ona in October 1948 and at Eggum in June 1949. According to Vax- -
HOFFEN (1903-—06) M. SARs took this siphonophore at Florg (near Sogne-
sjeen) from September to March, which agrees very well with the present
observations.

Physophora hydrostatica Forskal was taken once, at Eggum on 3
January 1950.

Hydromedusae.

Sarsia sp., probably princeps, has not been recorded from the samples,
but was frequently observed in the Vestfjord during cruises in May.
A number of other small hydromedusae have been taken on different
occasions, but not determined. At Sognesjgen, Eggum and Skrova
the number usually varied between 10 and 150 in the months March
to June. At Ona they were scarce,.

Trachymedusae.

Aglantha digitale (Miller) is the only species found, at Sognesjgen
it was abundant from April to June, maximum 920 specimens on 1 June
1949. The form A. digitale f. rosea (BrocH 1929) was most common.
At the other stations Aglantha was scarce, usually occurring singly.

Fish Eggs and Larvae.

The vertical Nansen net hauls are not very suitable for catching
fish eggs and larvae, firstly because the amount of water filtered is
usually too small, unless spawning has been very intense, and secondly
because larger fish larvae easily avoid the net. Some of the data from Eggum
and Skrova have been treated in another publication (WiBorG 1952).

Fish eggs were scarce at Sognesjgen, seldom more than 10 eggs per
total haul in the months April—June. Single eggs of Myctophum glaciale
Reinh. occurred regularly in the deeper hauls from May—]June to October
in all localities investigated. At Ona fish eggs were a little more abun-
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dant, from 11—75 eggs per total haul in the period February——June.
The majority were probably cod eggs. At Eggum the number of eggs,
mainly of cod, fluctuated between 6 and 50 in February—May. At
Skrova we are near the centre of the spawning area of the wkreiy or
Arcto-Norwegian tribe of cod, and in April 1949 the eggs numbered
more than 600, but in 1950 not more than 70-—80.

Fish larvae most often occurred singly, or a few specimens at a time.
Mackerel larvae were taken at Sognesjgen in June. Redfish larvae
occurred at Sognesjgen in June, at Eggum in May, and at Skrova in
May and June. A catfish larva was found at Eggum in April 1949,
Pleuroneéctid larvae were present at Sognesjgen in June, at Ona in
November, Eggum in August and Skrova in May. Of the gadoids, cod
larvae were specially numerous at Eggum and Skrova in April—May
1949, maximum numbers 22 and 150 specimens respectively. In 1950
cod larvae were also present in the same period, but very sparsely.
Other gadoid larvae occurred singly at all the stations in April— June.
Ammodytes larvae were taken at Ona and Eggum in April. Single
larvae of Myctophum glaciale occurred at Ona and Eggum in June and
August. Two larvae of Centriscus scolopax 1. were found at Ona on
22 August 1949, They measured only 2.9 mm and had probably been
hatched not long before. The determination was made from the des-
criptions of SparTA (1936). According to HoLGERSEN (1950) three spe-
cimens of this fish (one 135 mm in length) were taken along the southern
and south-western coast of Norway in February 1950. Herring larvae
were quite numerous at Sognesjgen and Ona in March of 1949 and 50
(10—38 specimens per haul). Single larvae were also taken at Sognesjgen
in June 1949 and at Eggum in July 1950.




SUMMARY

1. Zooplankton samples, taken in vertical Nansen net hauls at
permanent stations on the west coast of Norway between 61°—63° N
and in the Lofoten area from October 1948 to the end of December
1951 have been used for a complete analysis of the variation in volume,
plankton composition and biology of the species. A study has also
been made of the variations in plankton volume of selected samples
collected in the same area during 1927—39 and 1946—48 with the same
gear, and during 1949—51 with Clarke- Bumpus plankton samplers.
Plankton material from station «M» in the Norwegian Sea, taken in
vertical Nansen net hauls in steps from 2000 m to the surface during
1950—52 has been used for studies of variations in plankton volume
and of variations in length of the copepods.

2. Volume measurements were made by draining or displacement,
subdivisions of the samples by the improved Lea’s plankton divider.
All plankton has been preserved in formalin.

3. The hydrographical conditions of the investigated areas are
discussed on the basis of previous investigations, and of observations
taken simultaneously with the sampling of plankton. At the coastal
localities more or less continuous changes take place in the body of
water due to the influence of the Baltic current and the North-Atlantic
current. At Skrova in the Vestfjord the conditions seem to be more
stable. A survey of the more important changes during 1949-—31 is
given in table 1, pp. 20—21. :

4. a. On the west coast of Norway between 61°—63° N the maxima
in the volume of plankton usually occur in April and June—July, in
the Lofoten area in May—June and July—August. The main quantity
of plankton is found in the upper 50 m from April to July, with maximum
in June. Generally, the plankton was most abundant in the Lofoten
area, and in all localities there was also an increase in the yearly mean
volumes from 1949 to 1951. :

b. Plankton samples taken in earlier years show volume variations
similar to those recorded in the present investigation.
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c. The quantitative distribution of plankion in the Lofoten and
Vesteralen area in April—]June of the years 1949-—51 based on samples
taken with Clarke-Bumpus plankton samplers is shown. Surface cur-
rents seem to be of great importance for the distribution, while diurnal
vertical migrations of the plankton organisms have no influence, the
plankton in spring being concentrated in the upper 75 m. There is,
on the average, quite good agreement between the quantities of plankton
calculated per m? of sea surface from the hauls with the C. B. sampler
and with the Nansen net.

d. At station «M» in the Norwegian Sea there was a maximum of
plankton volume in the upper 100 m in June, minimum in the period
September—March. The plankton was more abundant in 1950 than
in 1951, the temperature of the surface layers being on an average
somewhat lower in 1951. — The volumes were generally larger than
in the upper 50 m on the west coast of Norway between 61°—63° N,
but smaller than in the same layer in the Lofoten area.

e. A comparison is made between the quantities of plankton in
various European and American waters. During spring and summer the
bank water off Eggum is comparable in richness to the waters of Georges
Bank off the east coast of U.S.A., and to those in the Barents Sea.
The greatest concentrations of plankton hitherto recorded in Northern
waters, are found in summer and autumn in the Barents Sea.

5. There are two periods of abundance in the total number of or-
ganisms, at Sognesjgen and Ona in March— July and August—>September,
in the Lofoten area in April-—May and August—October. Numbers are
generally higher in the Lofoten area, and were on the whole greater
in 1950 than in 1949. The copepods always dominate, but cladocera,
eggs and larvae of euphausiids, bottom invertebrate larvae, copelata,
and some other groups may at times be of some importance.

6. The variations in the relative composition of the copepod stock
are shown both as to number and volume. More than 38 species have
been identified, of which only 4 are of any importance in number all
the year, viz. Calanus fiwmarchicus, Pseudocalanus elongatus, Micro-
calanus pusiilus and Oithona simdlis. Sometimes, especially in the au-
tumn, Metridia lucens, Paracalanus parvus, Temora longicornis and
Acartia clausi may also play a certain part. — In volume C. fenmarchicus
is always dominant but at Skrova C. hyperboreus and Pareuchaeta nor-
vegica may also be of some importance.

7. The plankton organisms have been divided into different groups
according to their origin and appearance in the plankton, and the renewal
of the stocks is discussed. Organisms indicating influx of Atlantic water
are listed.
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8. Length distributions of copepods are shown to be useful for the
determination of the origin of the populations and also for the deter-
mination of the origin and degree of mixing of different water masses.

9. The production of zooplankton in Norwegian coast waters is
discussed in relation to the production of phytoplankton, likewise the
greater abundance of zooplankton in spring near the edge of the con-
tinental shelf and the possible origin of the plankton populations there.
The importance of the statement by Marsgarr and Orr (1952), that
individual females of Calanus finmarchicus may survive and produce
eggs for more than two months, is stressed.

10. The biology of the different species.

a. Calanus finmarchicus. At Sognesjoen and Ona maxima in stock
occur in March, June—July and September, at Eggum and Skrova
in April—May and August. Spawning periods at Sognesjgen and Ona
in February—March, May—June, July—August, and September—
October, in the Lofoten area in April-—May, June, and July—September.
Copepodite stage V had a minimum length in February—>March, maxi-
mum length in April—]July, and was again smaller during the autumn.
The females showed a similar variation. At Skrova there was a very
striking decrease in mean length of stage V from January to March
each year. — At station «M» the length variations of stage V in the upper
100 m during the late summer and autumn of 1940 was very similar
to that found at Eggum, and the possible relationship is discussed.

b. Calanus hyperboreus was scarce at all stations except Skrova,
where a moderate stock occurs in the deeper layers all the year. Spaw-
ning takes place in February, Stage V and the females vary very little
in length distribution during the year. '

c. Pseudocalanus elongatus had maxima in stock in May—June and
August—September, at Eggum also in October—November. Maxima
in spawning at Sognesjgen and Ona occurred in March, May—June,
August and October, at Eggum in March—April, May—June and Sep-
tember. The females showed a minimum mean length in January—
March, maximum length in April, and decreased again in length from
the end of April.

d. Pseudocalanus minutus (P. gracilis G. O. Sars) was shown to be
distinct from P. elongatus. Scarce at all stations, being confined mainly
to the deeper layers. Spawning probably occurs in March—April. Stage
V and the females were larger than P. elongatus from the same samples.
The dominance of P. munutus at station «M» is confirmed and discussed.

e. Microcalanus pusilus occurred in moderate numbers with 3 or
more maxima in stock and 4—35 spawning periods a year. The females
had maximum size at Ona in May and October, minimum size in February
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—March and August. At Eggum and Skrova there was maximum
length in May only. The length variations at station «M» were similar
to those at Ona. The relation length-temperature is discussed.

f. Microcalanus pygmaeus is shown to differ from M. pusilius both
in size and in appearance. Itis scarce at Skrova, but present all the
vear, with one spawning.period a year, in February. The individuals
found in deep water at station «M» are larger than those at Skrova.

g. Pareuchaeta wnorvegica. Found in. moderate numbers in deep
water at Skrova. Spawning takes place all the year, with maximum
in December—January and June—August. Females are more than
twice as numerous as the males, but in the copepodite stage IV—V the
proportion was 1:1. The mean length of stage V decreased slightly from
the spring to the autumn.

h. Metridia lucens is an important component of the summer plank-
ton, with maxima in stock in June—October. Four to five spawning
periods occur. Nauplii are most common in the upper 50 m, but as
development proceeds, the copepodites seek deeper water, and of the
adults only 5—9 9, are found in the upper 50 m. The mean length
of the females showed minimum in January-—February, maximum in
May, and decreased again gradually during the autumn.

i. Clausocalanus arcuicornis is new to the Norwegian fauna, occurring
sparsely from October to January.

k. Oithona similis was sometimes very abundant, with main maxima
in August—September.

The other copepod species are of less importance numerically.

11. Other organisms.

a. Cladocera were present from March to October, most abundant
in June—September.

b. Adult euphausiids were seldom taken. Eggs and larvae of eu-
phausiids were numerous from March to June with maxima at Sognesjgen
and Ona at the end of March (both Meganyctiphanes norvegica and
Thysanoessa inermis), in Lofoten in April and May (mainly T'. inermas).

c. Chaetognaths were most common on the deeper stations, espe-
cially at Skrova. Sagitta elegans and Eukrohwia hamata were the most
commonly found species, but single S. sefosa occurred at Sognesjgen
and Ona.

d. Copelata. Oikopleura dioica was most abundant at Sognesjgen
and Ona, O. labradoriensis in the Lofoten area. O. vanhoffens occurred
in moderate numbers at Eggum, singly at Ona and Skrova. Fritillaria
borealis acuta was moderately numerous, but scarce at Ona.

e. Thaliacea. Salpa fusiformis was recorded in the autumn of 1950
at Ona, Eggum and station «M», in 1951 at Sognesjgen and Ona.
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f. Ldmacina vetroversa was numerous at all stations except Skrova
from June—July to October.

g. Herring larvae were numerous at Sognesjgen and Ona in March,
cod eggs and larvae plentiful in the Lofoten area in April—May, especi-
ally in 1949,

The other groups of organisms, amphipods and isopods, ostracods,
gasteropod larvae, larvae of bottom invertebrates, coelenterates and
others, were usually of minor importance numerically.




1920,

1911,
1949,
1926,

1939,

1932,
1933,

1938,

1934,

1931,

1937,

1908,
1929,
1926,
1945,

1940,

REFERENCES

ADLER, G. and P. JESPERSEN. Variations saisoniéres chez quelques copé-
podes planktoniques marins. Medd. fra Komm. for Havunders. Sevie
Plankton, 11.

ApstrIN, C. Tunicata. Bull. Tvim. Cons. Pevm. Int. V'Expl. Mer.
Barwnes, H. A statistical study of the variation in vertical plankton hauls,
with special reference to the loss of the catch with divided hauls. Journ.
Mar. Biol. Ass. XXVIIL

Bicrrow, H. B. Plankton of the offshore waters of the gulf of Maine. Bull.
U.S. Bur. of Fish. Vol. XL, 1924 (1926) part 2.

Bigerow, H. B. and Sears, M. Studies of the waters of the continental
shelf, Cape Cod to Cheasapeake Bay. III. A volumetric study of the
zooplankton. Memoires of the Mus. of Comp. Zool. Harv. Coll. 1939, Vol.
LIV, No. 4.

Bocorov, B. G. Materiales on the biology of the copepodes of the Barents
and the White Seas. Bull. State Oceanogr. Inst. 4. Russian, English summary.
Bocorov, B. G. Modifications in the biomass of Calanus finmarchicus in
accordance with its age. State Oceanogr. Inst., 8. Russian, English Summary.
Bocorov, B. G. Diurnal vertical distribution of plankton under polar
conditions (south-eastern part of the Barents sea.) Trans. Knip. Pol. Inst.
of Seafish. and Oceanogr. Murmansk, USSR. Vol. I1. No. 3. Russian, English
summary.

Bocorov, B. G. and E. PREOBRAYENSKAYA. On the weight characteristics
of the plankton organisms of the Barents sea. II. Copepods. Al-Union.
Sci. Res. Inst. Mar. Fish. and Oceanogr. Bull. No. 2. Russian, English
summary.

Brasrup, T. and A. Kiem. Hydrographical and chemical investigations
in the coastal waters off More and in the Romsdalsfjord. Huvalrddels skrifter
nr. 1.

Braarup, T. and J. T. Ruup. The hydrographic conditions and aeration
of the Oslo-Fjord. 1933-—1934. [Ibidem nr. 15.

BreemeN, P. J. Van, Copepoden. Nordisches Plankton. Bd. 1V, 8.
Brocu, H. Trachylinen. Nordisches Plankton. Bd. VI, p. 12, 2.
Bickmann, A. Copelata. Die Tierwelt der Novd- und Ostsee. T. XII a.
Buckmany, A, Appendicularien I—III. Zooplankton Sheet 7. Cons. Pern.
Int. VExpl. Mer.

CLARKE, G. L. Comparative richness of zooplankton in coastal and offshore
areas of the Atlantic. Biol. Bull. Vol. LXXVIII, No. 2. Contr. 241. Woods
Hole Oc. Inst.




208

1897, CLeve, P. T. 1897. A treatise of the phytoplankton of the Northern AtJantic
and its tributaries. Upsala.

1952, CusHiNG, D. H. Studies on plankton populations. Lecture given at the
meeting of the International Council, Copenhagen 1952.

1905, Damas, D. Notes biologiques sur les copépodes de la mer Norvégienne.
Pub. de Civconstance No. 22.

1909, Damas, D. Plankton. Rep. on Norw. Fish. and Mar. Inv. Vol. 1I, 1.

1907, Damas, D. et Koroep, E. Le plankton de la mer du Grenland. Croisiére

Oceanogr. Belgica 71905.

Dicsy, P. S. B. The biology of the small planktonic copepods off Plymouth.

Journ. Mar. Biol. Ass. Vol. XXIX.

1931, Egcvin, J. Litt om Vestfjordens vannmasser i skreitiden. Avrsberetning

vedk. Novges fiskerier 1931, 2.

1940, Ecevin, J. The movements of a cold water front. Rep. on Norw. Fish.
and Mar. Inv. Vol. VI, No. 5.

1944, Eceviy, J. Den oseanografiske situasjon i det norske kysthavet 1941 og
fem-ars middeltemperaturer i overflatelaget og ved bunnen. Rep. on Novi.

~ Fish. and Mar. Inv. Vol. VII, Nr. 6. ,

1945, EiNarsson, H. Fuphausiacea. 1. Northern Atlantic species. Dana-Refort
No. 27.

1951, Einarsson, H. Atan og sildin. Nattwrufredingurinn 4, 1951.

1935, Exman, S. Tiergeographie des Meeres.

1910, Farran, G. P. Copepoda. Bull. Tvim. Cons. Perm. I'Expl. Mer. L.

1911, - Farran, G. P. Copepoda. Ibidem II.

1920, FarrAN, G. P. On the local and seasonal distribution of the pelagic copepoda
of the south-west of Ireland. Publ. de Circonstance No. 73. Cons. Perm.
Int. VExpl. Mer.

1927, FarraN, G. P. The reproduction of Calanus Finmarchicus off the south
coast of Ireland. Jowrn. du Cons. Vol. 1L

1936, FarraN, G. P. The arctic plankton collected by the Nautilus Expedition
1931, Part II. Report on the Copepoda. Linncan Society’s Journal, Zoology,
Vol XXXIX.

1947, FarraN, G. P. Vertical distribution of plankton (Sagitta, Calanus and
Metridia) off the south coast of Ireland. Proc. Royal. Ir. Acad. Vol. 51,
sect. B. No. 6.

1948, FArrAN, G. P. Copepoda. Suborder: Calanoida. Family Candaciidae.
Zooplankton Sheet 13. Cons. Int. UExpl. Mer.

1951, Farraw, G. P. (Revised by W. Vervoort) Copepoda. Suborder: Calanoida.
Family : Pseudocalanidae. Zooplankton Sheets 37—38. Cons. Int. UExpl. Mer.

1937, Fisu, C. J. and M. W. Jouxson. The biology of the zooplankton population
in the Bay of Fundy and Gulf of Maine with special reference to production
and distribution. J. Biol. Bd. Canada 3 (3). Contr. No. 135. Woods Hole
Oc. Inst.

1937, Fraser, J. H. The distribution of chaetognatha in Scottish waters in 1937.
Journ. du Conseil. XIV. ‘

1951, Fraser, J. H. Plankton investigations from Scottish research vessels.
Amnn. Biol. Cons. Perm. U'Expl. Mey. Vol. VII, 1950.

1952, Fraser, J. H. The chaetognatha and other zooplankton of the Scottish
area and their value as biological indicators of hydrographical conditions.
Scottish Home Dept.ment. May. Res. 1952,

1951

;

1902, GRAN, H.H. Das Plankton des norwegischen Nordmeeres von biologischen
und hydrographischen Gesichtspunkten behandelt. Rep. on Norw Fish. and

Mar. Inv. Vol. II, No. 5.




209

1949, Fraser, J. H. and A. SavitLe. List of rare exotic species found in the
plankton by the Scottish vessel «Explorery in 1948. Ann. Biol. Cons. Perm.
Int. UExpl. Mer. V, 1938.

1929, Fovn, B. Investigations of the phytoplankton at Lofoten March-—April
1922—27. Vid.. Akad. Skv. Mat. nat. kil. nr. 10.

1951, Gavrp, D. T. The respiration of some planktonic copepods. Journ. Mar.
Biol. Ass. Vol. XXIX. :

1900, Gran, H. H. Hydrographic-biological studies of the Northern Ocean and
the coast of Nordland. Rep. on Norw. Fish. and Mar. Inv. Vol. 1,
No. 5.

1929, Gran, H. H. Investigation of the production of plankton outside the Roms-
dalsfjord 1926-—1927. Rapp. Proc. Verb. Vol. LVI.

1930, GraN, H. H. The spring growth of the plankton at Mere in 1928—29 and
at Lofoten in 1929 in relation to its limiting factors. Vid. Akad. Skv. Mat.
nat. kl. nr. 5.

1953, GunpersEeN, K. Zooplankton investigations in some fjords in Western Norway
during 1950—>51. Rep. on Novw. Fish and Mar. Inv. Vol. X, No. 6.

1931, GarpiNgER, A. C. The validity of single vertical hauls of the international
net in the study of the distribution of plankton. Journ. Mayr. Biol. Ass.
Vol. XVII.

1909, HeErranp-HanseN, B. and F. NaxseExn. The Norwegian Sea. Rep. on Norw.
Fish. and Mar. Inv. Vol. 11, 2.

1950, HorgeErseN, H. Fra Stavanger museum III. Fauna, hefte 2.

1929, Hyort, J. and J. T. Ruup. Whaling and fishing in the North-Atlantic.
Rapp. et Proc. Verb. Vol. LVL

1939, Jascawov, W. Plankton productivity of the south-western part of the
Barents sea. Trawns. of the Inst. of May. Fish. and Oceanogr. of the USSR,
Vol. IV, No. 10, 50 cruises of the Research ship «Persey». Russian,
English summary.

1923, JesPERSEN, P. Dr. Thorild Wulff's plankton collections in the waters
west of Greenland. Den II. Thule ekspedition til Gvonlands novdkyst 1916
—78. Nr. 4.

1934, JEsPERSEN, P. The Godthaab Expedition 1928. Copepoda. Medd. om
Gronland. Bd. 79, Nr. 10.

1939, JespERSEN, P. Investigations on the copepod fauna in East Greenland
waters. Medd. om Gronland. Bd. 119, Nr. 9.

1940, JesperseN, P. Investigations on the quantity and distribution of zoo-
plankton in Icelandic waters. Medd. fra Komm. for Danmarks fiskevi- og
og havundersogelsey. Sevie Plankton, B. I1I, Nr. 5.

1842~45, Krover, H. Crustacés. In P. Gaimard, Voyages de la Comunission
scientifique dw nord en Scandinavie efc. (Atlas, f. 41—43).

1932, LeBOUR, M. Limacina vetroversa in Plymouth waters. Jowrn. Mar. Biol.
Ass. Vol. XVIII, No. 1. ’

1908, Loumann, H. Untersuchungen zur Feststellung des vollstindigen Gehaltes
des Meeres an Plankton. Komm. Wiss. Unters. deutscher Meere. Kiel u.
Biol. Anst. Helgeland, Abt. Kiel. Bd. X.

1901—11, Lommann, H. Appendicularien pp. 11—21. Nachtrag pp. 23—29.
Novdisches Plankton, Bd. II, p. 3.

1912, Lysuorm, B. Trondhjemsfjordens plankton-copepoder. Det Kgl. Norske
Vid. selsk. Skrifter 1912, Nr. 7.

14,




210

1941, ManTEUFEL, B. P. The plankton and the herring in the Barents sea. Tvans.
Knip. Polar. Sci. Inst. of Seafish. and Oceanogr. Murmansk, USSR. Vol
VII. Russian, English summary.

1948, Marsuarr, N. B. Continuous plankton records: Zooplankton (other than
copepoda and young fish) in the North Sea, 1938-—39. Hull Bull. Mar.
Ecol. 11, No. 13,

1933, MarsHALL, S. M. On the biology of Calanus finmarchicus II. Seasonal
variations in the size of Calanus finmarchicus in the Clyde Sea-area. Journ.
Mar. Biol. Ass. Vol. X1IX, No. 1.

1949, MarssALL, S. M. On the biology of the small copepods in Loch Striven.
Ibidem Vol. XXVIIL

1934, Marsuarr, S. M., Nicuorrs, A. G, and A. P. OrRr. On the biology of Calanus
finmarchicus V. Seasonal distribution, size, weight and chemical composition
in Loch Striven in 1933, and their relation to the phytoplankton. Ibidem,
Vol. XIX, No. 2.

1952, MarsumarL, S. M. and A. P. Orr. On the biology of Calanus finmarchicus
VII. Factors affecting egg production. Ibidem, Vol. XXX.

1929, MarteENs, E. Hydrographical investigations in the Norwegian Sea off
Mere 1925—28. Rapp. et Proc. Verb. LVI.

1939, MossenTsova, T. N. Seasonal variations in the microplankton in the Barents
sea. Tvans. Kwip. Pol. Sci. Inst. of Seafish. and Oc. Murmansk. Vol. I,
No. 4. Russian, English summary.

1902, Mrazex, A. Arctische Copepoden. Fauna Avctica, Bd. 1I.

1934, Nicuorrs, A. G. The developmental stages of Euchaeta novvegica. Boeck.
Proc. Royal Soc. of Edinburgh, Session 1933—34. Vol. LVI. P. 1. (No. 4).

1898, Norpcaarp, O. Nogle oplysninger om Puddefjorden. Bergens Mus. Aarb.
1897.

1899 a, NorpGaarD, O. Contribution to the study of hydrography and biology
on the coast of Norway. Rep. on Norw. Fish. and Mar. 1895—97. Bergen
Museum.

1899 b, NorpGAARD, O. Undersogelser i fjordene ved Bergen 1897—98. Bergen
Mus. Aarb. 1898.

1900, NorpGaarRD, O. Some hydrographical results from an expedition to the
north of Norway during the winter 1899. Ibidem 1899.

1901, NorpGaarD, O. Undersegelser i fjordene ved Bergen 1899. Ibidem 1900.

1905, NorpGaarDp, O. Hydrographical and biological investigations in Norwegian
fjords. Bergen Museum.

1910, NorpcaarD, O. Studier over naturforholdene i vestlandske fjorder II.
Bergen Mus. Aarb. 1909, No. 2.

1912, Norpeaarp, O. Faunistiske og biologiske iagttagelser. Vidensk. selsk.
skrifter 1911, nr. 6.

1931, Ostenrerp, C. H. Concluding remarks on the plankton collected on the
quarterly cruises in the years 1902 to 1908, Bulil. Trim. Cons. Int. I'Expl.
Mey.

1939, Pcurrkina, N. V. The relation between the herring and zooplankton in

Barents sea. Trans. Knip. Pol. Sci. Inst. of Seafish and Oceanogr. Mur-

mansk, USSR. Vol. IV, No. V. Russian, English summary.

Rag, K. M. The continuous plankton recorder survey, the plankton round

the north of the British Isles in 1950. Ann. Biol. Cons. Peym. ' Expl. Mer. Vol.

VII, 1950.




211

1947, Rag, K. M. and Rees, C. B. Continuous plankton records: The copepoda
in the North Sea, 1938—39. Hull Bull. May. Ecol., II, No. 13.

1941, ReprieLp, A. C. The effect of the circulation of water on the distribution
of the calanoid community in the gulf of Maine. Biol. Bull. Vol. LXXX.
No. 1. Contr. No. 281, Woods Hole Oc. Inst.

1949, Rees, C. B. The distribution of Calanus finmarchicus (Gunn.) and its two
forms in the North Sea 1938—39. Hull Bull. Mar. Ecol. V. 2.

1946, RiLEY, G. A. and Bunmpus, D. F. Phytoplankton-zooplankton relationships
on Georges Bank. Sears Found. Jowrn. Mayr. Res., Vol. 6. No. 1. Contr.
No. 352. Woods Hole Oc. Inst.

1932, RunnstrRoM, S. Eine Ubersicht iber das Zooplankton des Herdla- und
Hjeltefjordes. Bevgen Mus. Aarb. 1931, Naturvit. rekke.

1935, Russerr, F. S. A review of some aspects of zooplankton research. Rapp.
Pyoc. Verb. Cons. Int. VExpl. Mer. XCV.

1939, Russgir, F. S. Hydrographical and biological conditions in the North Sea
as indicated by plankton organisms. Journ. du Comns. XIV, No. 2.

1928, Ruup, J. T. Fluctuations in the larval stages of Euphausiidae off Mare
1926—27. Journ. du Conseil, Vol. III, 1.

1929, Ruup, J. T. On the biology of copepods off Mere 1925—27. Rapp. Proc.
Verb. Cons. Peym. I'Expl. Mer. Vol. LVI,

1886, Sars, G. O. Den norske Nordhavsexpedition XV, Zoologi, Crustacea II,
1876—78.

1900, Sars, G. O. Crustacea. The Novw. Novth Polay Exp. 1893-—96. I, 5. Chris-
tiania.

1903—18, Sars, G. O. An account of the crustacea of Norway. Vol. IV. Copepoda
Calanoida 1903, Vol. V. Copepoda Harpacticoida 1911, Vol. VI, Copepoda
Cyclopoida 1918. Bergen.

1931, Savace, R. E. The relation between the feeding of the herring off the
east coast of England and the plankton of the surrounding waters. Fish.
Inv., Min. Agr. Fish. (Great Britain) Ser. II, Vol. XII, No. 3.

1911, Scort, T. Copepoda. Bull. Tyim. Cons. Peym. Int. Expl. Mer. Résumé
Planktonique II.

1936, SparTa, A. Contributo alla conoscenza di uova, stadi embrionali in Mac-
rorhamphosus scolopax L. R. Comitato Talassografico Italiano Mem. CCXXV,

1929, SterMER, L. Copepoda from the Michael Sars Expedition 1924. Rapp.
Proc. Verb. Vol. LNVI. Cons. Int. VExpl. Mer.

1929, Suxp, O. The determination of nitrates in sea water. Rapp. Proc. Verb.
Vol. LIII.

1929, Semme, ]J. Lengdevariasjoner hos Calanus hyperboreus. Rep. of the 18.
Scandinav. Naturalist Congress in Copenhagen 1929.

1934, SommEe, J. Animal plankton of the Norwegian coast waters and the open
sea. I. Production of Calanus finmarchicus (Gunner) and Calanus hyper-
boreus (Kroyer) in the Lofoten area. Rep. on Novw. Fish. and Mar. Inv.
Vol. IV. No. 9.

1938, Ussing, H. H. The biology of some important plankton animals in the
fjords of East Greenland. Medd. om Gronland. Bd. 100,

1903-—1906, VanuorFrFEN, E. Ctenophoren, Siphonophoren, Acraspedae. Noy-
disches Plankton. Bd. VI. p. 11.

1952, VErRvVOORT, W. Copepoda: Suborder Calanoida. Zooplankton Sheet 42.
Cons. Perm. Int. U'LExpl. Mer.




212

1940, Wisorg, K. F. The production of zooplankton in the Oslo-Fjord 1933
—34. Huvalrddets skvifter nr. 21.

1944, WisorG, K. F. The production of zooplankton in a landlocked fjord. Rep.
on Norw. Fish. and May. Inv. Vol. Vol. VII. No. 7.

1948, Wisorg, K. F. Experiments with the Clarke-Bumpus plankton sampler
and with a plankton pump in the Lofoten area in Northern Norway. Rep.
on Novw. Fish. and Mar. Inv. Vol. IX, No. 2.

1949, Wisore, K. F. The food of cod (Gadus callarias L.) of the 0—II group
from deep water in some fjords of Northern Norway. With one appendix.
Rep. on Novw. Fish. and Mar. Inv. Vol. IX. No. 8.

1950, Wisora, K. F. Utbredelse og forekomst av fiskeegg og fiskeyngel pa kyst-
bankene i Nordnorge varen 1948 og 1949. Fiskeridivektoratets smdskyifter
nr. 1, 1950.

1951, WisorG, K. F. The whirling vessel, an apparatus for the fractioning of
plankton samples. Rep. on Norw. Fish. and May. Inv. Vol. IX. No. 13.

1952, Wisorg, K. F. Forekomst av egg og yngel i nordnorske kyst- og bank-
farvann varen 1950 og 1951. Fiskevidivektoratets smdskyifter ny. 1, 1952.

1915, With, C. Copepoda. I, Calanoida Amphascandria. The Danish Ingolf
Exp. Vol. 111,

(In press). @stvept, O. J. Zooplankton investigations at station «My. Hualrddets
skrifter.

1942, Wirson, C. B. The copepods of the plankton gathered during the last
cruise of the Carnegie. Sci. Res. of cruise VII of the Carnegie during 1928
—7929.

1936, WINSOR, C. P. and WaLFoRrD, L. A. Sampling variation in the use of plankton
nets. Journ. Cons. XI.




Table 37. The Composition of the Zooplanklon Population at Sognesjoen December 1948 December 1950,
Relative Percentages of the Various Groups.

Year ; 1948 ‘ 1949
Month Dec. ‘ Jan. [‘ Feb. \ Mar.\ Apr. \ May | June | July \ Aug. Sept.\ Oct. | Nov. L Dec. “ Mean
i | | 1 l | |
Total number of organisms .. |2 109 {1397 |1719 |6955 [ 42172621 968|10 531 i 8 845 2501 12 005
Copepoda ......coovvveinn, 95,31 98,8 {1 96,5 | 80,6 No Hauls| 78,9 | 81,3 | 84,7 | No 78,5 | No 94,7 86,8
Cladocera ........c.ccuu... T 0 0 0,1 ‘ 8,5 3,2 3,3 ‘ Hauls| 3,1 Hauls| 24 2,6
Eggs and larvae of Euphausiids 0 0 0 7.4 0,2 0,2 0,2 0 0 1,0
Copelata .. e 1.4 0,9 3,2 5,8 ] 3,9 1 13,0 4,0 J 11 1,2 4,1
Benth. inv. larvae .......... 1,0 0,6 0 5,5 \ 7,6 1,8 7,9 ‘ 17,0 1.5 5,2
Other organisms ............ | 211 05] 04 ] 0,7 ) 09 07 ] 0,1 ] 0,2 | 0,6 | 0,5
1950

Total number of organisms. . .. I 2.409| 258310 043|123 537] 9 693|47 06524 966/ 39 768| 7659| 2899 4108 15884
Copepoda .................. 97,0 |1 92,3 | 82,2 | 76,1 | 89,5 | 88,3 | 92,2 | No 93,3 | 94,2 | 85,6 | 97,6 89,8
Cladocera, ..........ccuv.... 0 0 0 2,8 0,8 4,3 1,8 |Hauls| 2,6 0,1 0 0 1,1
Eggs and larvae of Euphausiids 0 0,1 2,8 0,6 1,6 0,4 0 0,1 0,1 0 0 0,5
Copelata  .................. 0,7 6,6 8,2 4.9 2,6 3,2 1,0 1,4 0,4 3,8 0,8 3,1
Benth. inv. larvae .......... 2.1 1.0 6,9 | 139 5,3 3,8 5,1 1,2 2,3 6,9 0,4 4,5
Other organisms ............ 0,3 0,21 04 1,6 0,7 0,2 0 1,7 3.0 3,8 1,5 1,2




Table 38. The Composition of the Zooplankton Population at Ona October 1948 — December 1950
Relative Percentage of the Various Groups.

Year 1948 1949
] ]
Month Oct. Feb. | Mar. ! Apr. ’ May ]unei July | Aug. |Sept. ‘ Oct. ‘ Nov. | Dec. Tear
\ | ‘
Total number of organisms .. 20555 2679| 7 529|122 647, 23 141[78 507|16 942|13 051|14 654-’ 2583 1726] 687 | 11285
Copepoda 86,0 98,6 | 76,0 86 9 i 98,0 | 84,3 1 97,7 | 88,1 192,01 97,8199,11 91,2
Cladocera 0 0 0 [ 0 | 1,1 0 5,0 ‘ 1,0 0,9 0 1,7
Eggs and larvae of Euphausnds 0,5 0 13,9 2,2 l 0,8 0,1 0,1 0 l 0 0 0 1,6
Copelata R 4.4 0 2,5 0 1 08} 0 1,2 16 0 0 0,7
Benth. inv. larvae .......... 6,3 1,0 7,1 1,31 13,6 1,8 5,8 ‘ 4,9 0,7 0,5 | 4,3
Other organisms ............ 2,9 0,4 | 0,5 3,3 | 0,1 } 0,1 0,5 0,1 {07 0,7 0,4 | 0,7
1950

’I:otal number of organisms .. 1691 2687 3 007 6 633 8811155 784}50 136/ 1 535/ 3003| 8298 8304| 12 528
Copepoda. 92,0 | 80,6 | 75,0 | 84,2 | 35,7 | 99,6 | 87,1 94,2 | 98,2 | 97,0 85,9
Cladocera . 0 0 0 ‘ 0 0 0 0,4 \ 0 01| o 0,1
Eggs and larvae of Euphausnds 0 1,9 245 1,2 21,0 0 ! 0 |01 60 0 4.0
Copelata e 30 19| 0 [ o o [ o | o 05 1,0 03 0,6
Benth. inv. larvae .......... 0,7 1 13,1, 0,6 ) 13,8 ) 43,31} 02 3,7 2,5 0,2 2,4 6,8
Other organisms ............ 450 26| 0 | 1,0| 0 0,1 88 27 05| 03 2,6

1 Cirripede nauplii.

e



Table 39. The Composition of the Zooplankion Population at Eggum, November 1948 — February 1951.
Relative Percentages of the Various Groups.

Year 1948 ‘ 1949
Month Nov. ‘ Jan. | Feb. ] Mar. z Apr. | May | June l July | Au } Nov. | Dec. J Jan. ’ Feb. | Mean
\ | w
. ,. | | | ] o
Total number of ‘ !
organisms ...... |16 383 4 897| 2612 4 72519 768|37 590|34 527 24 862|66 669,30 372| 6 191 { J‘ 23 221
Copepoda  ...... 89,3] 99,8f 99,7 99,0/ 71,0 81,0/ 969 No 86,8] 86,9 88,3] 97,7 } 90,7
Cladocera ......| O | 0| o0 | 02 0| 03 0 |Hauls| 0 23 1,0 0 Hauh | | 04
Fggs and larvae | ] ‘ 1 |
of Euphausiids 0 0 0 J 0,2 11,1 11,1 0,1 0 0 0 (1] f [ | 2,3
Copelata ........ 31 0 0o 0 41 41 22 49 3,5 406, 19 \ ‘; } 2,5
Benth. inv. } \ 1 ‘ '
larvae .......... 7,6 0 0 ‘ 0,41 13,5 4-,0( 0,5 §,1 6,8 0,1 (),l‘ ‘ | \ 4,0
Other organisms 0,1 0,2 0,3 0,4 0,4 (),6, 0,5 0,2 0,4 0,1 (),2\ } L ] 0,3
1950 \ 1951 \
Total number of } L | ‘ }
organisms .. 2 444| 3196| 4 00049 418 757208 |63 41840 063|125 62487 47217 719/71 161 8 711] 5529 3 —192/ 40 252
Copepoda ...... | No 96,0/ 99,5/ 97, 6‘ 75,8 96,9 99,6/ 96,0, 87,1] 80,00 83, 7‘ 93,7] 89,4 90,3] 92 7] 91,3
Cladocera ...... Hawls| 0 | 0 | 0| 0| ol o] o 17 57 0 0 0| o 07
Eggs and larvae [ [ }
of Euphausiids | o 0 0,2 209 25 0 0 ol ol o 0 0 0 0 | 2,0
Copelata ....... l 2,00 03 0,2 , 0 0 2,1 2,8 4-,0{ 5,3 1,8 7,1 6,7 54 2,2
Benth. inv. Iarvae 2,0 0 1,9 2,7 0,5 0,1 2.4 8.4 9,8 9,2 4,1 1,2 1,8 0,8 3,5
Other organisms 1 0 0,2 0,1 0,1 0 0,2 0 0,2 0,1 1,5 4,1 1,4 1,9{ 0,6

cT



912

Table 40. The Composition of the Zooplankion Population at Skrova October 1948 — December 1950.
Relative Percentage of the Various Groups.
Year 1948 ’ 1949
Month , Oct. ] Nov.x‘ Jan. \ Feb. } Mar. | Apr. ‘ May \ Juner July ‘] Aug. | Sep. } Oct. r Nov. J Dec. Mean
| T
Total number of | | 1

organisms 32 993,25 187 8 815 7406332608 8731 96901223620 3122284511119, 6 763| 6 920| 13 409
Copepoda 97,3 95,5 91,1 81,9 79,0 752 853 s1,1] ss,0 91,00 959 953 91,4 86,8
Cstracoda . 0,5 0,2 No ‘ 6,4 123 26 34 100 20 31 06 25 38 71 41
Eggs and larvae of ‘ 5 |

Euphausiids o 0 “ 0 |Hauls ‘ 0 0,8 2,6 0,2 0,2 0 0 | 0,1/ 0,1 0 0 0,4
Copelata .......... \ (),312 3,5 \ O,(i.; 0,1 8,7, 16,0 9,0 6,0 0,4 0,2\ 0,21 0,1 0,5 0,5
Chaetognatha ........ ] 0,2! 0,2 ‘ 0,3! 0,4 0,3 1,5 0,3 0,4 0,3! 0,8 0,2 0,4 0,5! 0,5
Benth. inv. larvae .. \ 0,9 0 CoLoo o8l LU 800 320 65 61 72 06/ 02 01 27
Other organisms ] 0,9 1,2 0,5 3,5} 6,1 0,7| 0,71 4.0 2,1] 0,5 0,6 0,1 0,6 1,7

1950
Total number of | ‘ ‘ J ‘ ! | | ‘:

organisms §928|13 24117 374(17 223|26 467 7 953\’ 9 602!77 090 15 839/10 564} 9435 13974
Copepoda 85,3 92,5/ 92,31 86,1| 86,9 100,0| 96,4 91,0/ No 88,00 91,8 91,8 91.1
Ostracoda \ 13,1 6,2 4,38 3,0 4,00 0O 0 0,1| Hauls 0,3 4,7 4,8 3,7
Eggs and larvae of ! ‘ ‘

Euphausiids ...... \ 0 0 i 2,5 2,1 0 0 0 0 0 0 0,5
Copelata ............ | 0,5 0,6 0 1,6 1,4 0 0,9 4,2 0,6 0,9 0,3 1,0
Chaetognatha ........ 0,4 0,3 0,1 0,3 0,50 0 0,6 0,6 0,1 0,1 0,2 Q9,3
Benth. inv. larvae. 0,1 0,4 1,8; 5,2 5,20 0 } 1,6 3,2 9,7; 2,8 2,2 2,9
Other Organisms | (),2‘ O,2f 0,1" 0,5 0,1 0 0,5 (),7% | 1,0 0,2 0,9 0,




Table 41, The Pw’cmmgo Composition by Number of the (,oj)eybod Stock al Sognesjoen.
December 1948 — December 1950

Year J\ 1948 1949
Month ‘ Dec. | Jan. | Teb. i Mar. | Apr. | May | june | July i ug. | Sep. | Oct. | Nov. | Dec. Mean
Total number . 4043 | 1370] 1657 5 594%, 59 345|17 820117 881 6 945 2363 14 122
Calanus finmarchicus ........ 11.3 69 | 12,4 | 65,6 ‘ 23,5 | 164 | 141 4.4 2,8 18,3
Metvidia lucens .. 14,6 4,2 9,1 0,9 | No Hauls| 1,4 | 14,3 | 21,1 | No 9,8 | No 14,9 9,4
Pseudocalanus elongatus .. .. .. 13,8 8,0 1 10,0 | 17,6 ¢ 24,0 | 19,7 | 13,0 |Hauls| 13,7 |{Hauls| 7,2 14,2
Microcalanus pusillus ........ 22,3 | 354 | 38,0 0 13,8 1 13,5 5,2 16,6 -27,5 18,3
“Oithona SPp. -« oo v et 249 | 35,8 | 22,7 | 12,6 | 27,8 1205 | 31,6 23,8 31,6 25,8
Aeartia spp. ... ... 2,2 0,3 0,7 0 j 0,1 1,6 0,7 16,9 1,5 3,5
Paracalanus parvus 2,0 5,3 0,2 0 | 0 0 0,5 4,3 6,8 2,1
Temora longicornis 0 0 0 0,3 5,1 ] 11,5 6,0 7,3 0,2 3,8
Scolecithricella minoy 5,7 3,3 1,8 b E 1,5 0,3 0,7 2,2 4,5 1,8
Other Copepods 3,3 0,8 51 3,0 } 2,9 2,2 1,1 | 1,2 3,2 24
1950
|
Total number . ‘ 2 335| 2 381|114 801|17 921117 368/41 507|22 931 ’ )]3 14512} 2479 3995 16175
Calanus finmarchicus . ! 2,8 2,3 1 33,4 | 33,3 | 21,4 | 44,7 9,6 ) 6,4 7,9 3,7 15,6
Metridia lucens . ‘\ 14,6 4,8 2,9 4.7 5,8 2,4 2,6 | No 0,6 14,4 | 15,5 | 13,0 7.4
Pseudocalanus elongatus | 16,0 5,11 16,2 8,7 | 11,3 | 20,6 | 53,8 |Hauls| 36,9 | 32,2 | 30,2 | 314 23,9
Microcalanus pusillus .. ... .. 23,6 | 55,6 | 21,0 | 22,0 | 19,3 4,8 4,6 2.8 4.8 4,0 6,9 15,4
Oithona SPP. v evvn v v nn s 342 | 274 | 21,3 1 17,9 | 20,9 | 15,6 | 22,6 16,1 | 19,3 | 15,8 | 33,3 23,0
Acartia spp. ... 1,1 0,4 0,5 3,7 3,4 5,6 2,7 4.6 4,9 2,1 1,5 2.8
Paracalanus payvus .......... 3,6 0 0 0 0 0 0 ’ 14,3 | 129 | 18,1 7,6 5,1
Temora longicornis 0 0 0,2 4,6 3.7 0,7 3,5 ‘ 0,8 0 0 V] 1,2
Scolecithvicella wminoy 2,1 3.4 1,0 0,6 1,1 0,7 0,1 ‘ 1,2 0,8 4,0 1.4 1,5
Other Copepods 2,1 1,3 3,7 | 4,7 4,3 4,8 0,5 \ 16,3 | 4,3 ‘ 2,3 1,2 4.1

L1C




Table 42. The Percentage Composition by Volume of the Copepod Stock at Sognesjoen.
December 1948 — December 7950.

Year 1948 1949

Month Dec. | Jan. | Feb. | Mar. | Apr. | May | June | July | Aug. | Sep. : Oct. i Nov. | Dec. | Mean
Calanus finmarchicus ........ 54,43, 59,70| 66,75, 79,10 ( } 65,47 41,10, 63,65 33,42 32,90 57,6
Pseudocalanus elongatus .. .. .. 5,27| 5,34/ 3,43} 11,00/ No Hauls | 14,31| 18,50| 3,67 14,10 6,39 9,9
Micvocalanus pusillus .. ...... 3,23 9,74y 5,09 0 ’ 465 7,27 1,53] No 9,10| No 10,04 5,7
Pavacalanus parvus .......... 0,35 1,62 0,03] 0 0 0 0,29 Hauls| 6,48/Hauls| 2,42 1,2
Temora longicornis 0 0,07 0 0,41 1,49] 4,24 0,94 3,85 0,05 1,2
Metridia lucens e 29,28 14,81} 16,95/ 0,29 6,19| 13,98| 17,13 7,22 34,80 12,6
Acartia Spp. .. .ol 0,60/ 0,200 016/ 0 0,08 1,42| 4,48 14,96 0,93 2,6
Qithona SPP. «v v v vnnne ... 2,31 5,67 1,69 6,15 4,52] 7,43 6,57 6,84 7,06 5,3
Other Copepods RPN 4,57\ 2,81, 5,98 3,07 3,311 6,04 1,77 4—,00‘ 5,41 4,0
Total ....... ... . ... ‘100,04 99,96(100,08 100’021 100,02| 99,99(100,03 99,97} 100,00 100,1

Year 1950

i | - !

Calanus finmarchicus ........ ‘ 31.32| 51.75| 67.75| 89.90| 77.75| 77.85| 51.80] 50.80| 50.95| 56.05| 37,75 58,5
Pseudocalanus elongatus .. .. .. i 10,55 4,33] 7,76) 1,74 1,48 10,25 34,70] No 13,80 10,35| 14,73| 21,23 11,9
Microcalanus pusillus 7,511 28,08] 7,64] 2,51 2,46 1,47 1,77\Hauls 1,10 1,29] 1,03} 2,47 5,2
Pavacalanus parvus .......... 1,64 0 0 0 0 0 0,01 5,43 4,31] 4,80{ 2,83 1,7
Temova longtcornis 1] V] 0,037 0,32; 0,69/ 0,20, 0,68 0,170 0,201 0 0 0,2
Metridia lucens 31.60, 2,62] 899 1,96 6,41 0,91 1,56 1,65) 17,36 10,76| 23.36 10,2
Aeartia spp. .. ..., 0,59 0,35 0,50, 0,70] 1,26| 2,86 1,75 2,96 2,65 0.89, 0,89 1.4
OUthona SPP. v v cv e iinn s 6,61 7,30, 3,89 1,28] 2,94/ 2,60/ 4,58 3,24 3,03 2,36] 7,66 4.1
Other Copepods e 5,64, 5,53| 3,74| 1,63] 7,04 3,88 3,13 20,86, 10,06| 9,38 3,81 6,3
Total ..... ... .. ... ... ... 99,96] 99,96/100,00{100.04{100,03|100,02| 99,98 1.0(),()13‘100,02 100,00[100,00 100,0

81C



Table 43. The Percentage Composition by Number of the Copepod Stock at Ona.
October 1948 —— December 1950,

Year 1948 1949
Month Oct. | Jan. | Feb. | Mar. | Apr. | May | June | July | Aug \ Sept. ‘% Oct. | Nov. | Dec. | Mean
1
Total number L. 17 657 2 641|117 125|137 602/22 651{15 604|33 138122 245(24 699| 2 370" 3425 1361 16624
Calanus finmarchicus .. ...... 8,4 1,5 18,9 | 51,3 | 20,5 | 31,8 | 60,4 | 354 5,2 “ 14,0 7,0 51 22,8
Metyidia lucens. e 11,6 | No 16,4 1,9 1,9 4,7 4,2 2,1 3,5 | 11,1 i 17,3 | 20,5 | 25,6 9,9
Pseudocalanus elongatus . ... .. 20,4 |Hauls| 27,5 | 27,9 | 21,5 | 46,0 | 23,1 8,7 + 10,1 1 10,6 7,8 | 12,1 9,0 18,6
Microcalanus pusillus .. ... .. 6,8 14,5 | 27,9 85 | 17,7 | 10,9 6,8 4,8 4,9 } 16,9 8,7 | 20,2 12,9
Oithona SPP. -« v v vnnnnnnn 8,5 33,2 1219 12,8 | 11,0 | 28,6 | 21,2 | 38,0 | 46,2 | 6,7 | 22,0 | 23,5 24,1
Acartia spp. ... .o 21,5 1,3 0,1 2,8 0 0 0 4.8 | 14,9 | 134 | 11,9 2,7 4.7
Parvacalanus pavvus .......... 21,6 5,7 0,1 0,1 0 0 0 0 3,8 i 12,7 15,3 | 12,6 4.6
Other Copepods 1,3 0 0,2 0,6 0,21 16 0,3 3,3 3,3 11,4 2,6 1,5 2,3
1950

Total number 716 |1 555 |2 164 (2253 |11 276| 3 150:1111201|84 767| 1 354 5 820 8 139 8 044 20037
Calanus finmarchicus 16,5 9,11 39,0 | 94,0 | 55,9 | 55,06 | 75,7 5,7 | 13,9 | 13,6 4,5 3.4 32,2
Metridia lucens e 22,9 4,0 8,2 0,7 0,7 1,9 1,4 0 1,3 2,6 7,9 | 11,7 5,3
Pseudocalanus elongatus .. .. .. 134 224 | 21,6 4.4 8,2 8,4 8,1 142,81 29,6 | 20,7 | 44,3 | 40,8 22,1
Microcalanus pusillus .. .. .. .. 20,3 | 25,7 | 16,2 0,7 | 244 | 22,2 6,7 0,4 3,7 0,5 2.5 9,3 11,1
Oithona SPP. «. oo vevnannnnn 9,6 | 354 | 12,0 041103 | 11,1 7,5 | 34,2 1 18,5 | 25,1 | 14,2 | 22,8 16,8
Acarvtia Spp. <. ..o 3,0 2,7 2,7 0 0,3 0,8 0,3 3,8 | 12,2 | 13,7 | 10,0 3,7 4,4
Paracalanus parvus .......... 14,4 0 0 0 0 0 0 9,0 1114 19,8 | 154 7,5 6,5
Other Copepods 0,1 0,1 0 0 0,2 0,7 0,3 3,7 9,5 4,1 1,5 0,9 1,8

61¢




Table 44. The Percentage Composition by Volume of the Copepod Stock al Ona.
October 7948 — December 1950.

Year ‘ 1948 1949
Month Oct. ‘ Jan. ) Feb. i Mar. | Apr. ‘ May ]une‘ July | Aug. | Sep. | Oct. | Nov. | Dec. Mean
\ f

Calanus finmarchicus ........ 30.80 14,68| 55,80| 92,20| 80,15 89,80| 96,80 84,95 46,30| 58,60| 45,40 35,75 63,68
Pseudocalanus elongatus .. .. .. 17,90 19,32|119,76] 4,08| 11,26| 3,38, 0,87; 3,20/ 9,39/ 3,191 7,84] 5,95 5,02
Microcalanus pusillus .. .. .. .. 2,211 No 3,75 10,66; 1,12] 2,00 I,OZI 0,42 1,100 2,17, 3,29 3,04 4,60 3,02
Paracalanus parvus .......... 6,63 Hauls 1,79 0,05; 0,017 0 0 | o 0 1,77 3,02y 744 2,89 1,54
Metridia lucens 25,46 55401 6,38] 0,49] 5,27 3,38;‘ 0,39] 3,069| 15,46] 16,30| 12,46 46,25 15,04
Acartia spp. ..o, 11,68 0,55 0,07 0,81 0 6 | 0 2,03| 10,83| 4,37 7,321 1,42 2,49
Oithona SPP. v v e v envuuns 1,59 4,48 4,75) 0,89 1,04 1,44“ 0,80! 4,391 12,83] 0,99 5,29/ 2,81 3,61
Other Copepods AR 3,75 0 2,48/ 0,38 0,29 0,96] 0,75, 0,70/ 1,28/ 9,80, 11,29, 0,32 2,58
Total ...................... 110001 99,97| 99,95 99,98{100,01 99,98;100,()3"100,06 100,03,100,00/100,08| 99,9(){ 99,98

Year 1950
Calanus finmarchicus ........ 68,83] 40,80| 74,407 98,35| 94,98| 96,00 97,80 43,10| 71,50 47,65| 36,90| 32,15 66,91
Pseudocalanus elongatus .. .. .. 3,79 24,94 6,08, 0,49] 0,97| 0.84| . 0,81 34,94 11,04/ 13,40| 27,46| 29,50 12,86
Microcalanus pusillus ...... .. 2,35| 15,04| 3,131 0,04/ 1,26{ 1,01| 0,40, 0,20 0,71} 0,26/ 0,85 3,18 2,45
Paracalanus parvus .......... 1,37] 0 4] 0 0 0 0 4411 2,411 10,94 496! 2,75 2,22
Metridia lucens 22,36| 6,14 14,20/ 0,66} 0,31, 0,66] 0,59] 0,25] 1,90/ 5,13| 12,80 21,50 7,21
Acartia spp. .. e 0,63 2,63, 0,89, 0 0,02) 0,04 0,03 2,75| 3,95 11,85, 5,74/ 2,16 2,56
Outhona SPp. oo vv v e .. 0,60, 10,40; 1,241 0,01} 0,27 0,26| 0,26/ 7,87 1,81] 5,99; 2,46| 3,99 2,93
Other Copepods e 0,07, 0 0 0 2,26| 1,247 0,13] 6,49 6,90 4,73] 8,82 4,77[ 2,95
Total ... ... .. 100,00| 99,95 99,94/100,05/100,07/100,00/100,02/100,011100,05| 99,95| 99,99100,00, 100,09

o




Table 45. The Percentage Composition by Number of the Copepods Stock at Eggum.
November 1948 — February 1957,

Year 1948 1949
Month Nov. | Jan. | Feb. | Mar. } Apr. | May ]unel July | Aug. | Sep. | Oct. | Nov. | Dec. | Jan. | Feb. } Mean

Total number .. |14 616] 4 889| 2 603| 4 67428 242|87 644|57 337 43 829(118549|26 783|12 032 | 38 658
Calanus finmar-

chicus .. ...... 1,1 2,00 19,2 5,5/ 68,7] 59,0 26,2} No 42,4, 26,5 5,9 12,6/ No 26,8
Metvidia lucens .. 25,1 37,8] 174 104 4,0 2,3t 10,1|Hauls 4.1 6,0 14,4 14,0|Hauls 12,1
Pseudocalanus

elongatus .. .. .. 45,11 204 9,6 4,5 6,2 11,0 6,3 8,4 7,3 21,6] 13,2 10,9
Micvocalanus |

pustllus ... .. 1,7\ 17,4 32,7, 47,1{ 12,8 18,6] 38,5 16,0 3,7 8,6/ 18,0 21,3
Oithona spp. .... 4,7 9,7 18,3 32,1 6,7 8,5 17,5 28,4] 55,0/ 31,7 30,4 23,8
Paracalanus

parvus ... .. .. 20,6/ 11,3 0,7 0 0 0 0 0,11 0,1 2,0 4,7 \ 1,0
Other Copepods .. 1,9 1,4 23] 0,5 1,60 006/ 1,1 09 1.5 160 74 ' 3.3
. Mean

1950 1951 1950

Total number .. | 2 344 3 181} 7 801|33 534 309432?26434 77 40443 924170 263(14 375145 227(15 6541 9 980] 3 2201 58 6906
Calanus finmar- ‘ ‘

chicus ........ 17,1 9,31 15,0 78,3] 89,31 834 73,0/ 41,0 16,4 5,4 3,6 4,7 4,0 9,21 36,4
Metyidia lucens .. 10,70 12,6 1,3 0,1 1,8 1,1 3.4 5,9 7,97 12,9 8,4 10,4 9,81 10,4 6,4
Pseudocalanus

elongatus ...... 8,9 4,2 2,8 0,1 1,0 1,1 1,4 9,11 13,0) 31,0] 34,8] 29,9 13,7] 134 11,4
Micvocalanus pusil. 17,11 66,1, 76,1} 11,5 1,8] 11,06f 13,5 19,4 9,3 6,6 1,8} 15,2 25,9, 34,1 20,8
Oithona spp. .... 36,4 7,1 4,0 10,1 6,0 3,2 8,00 20,7 28,7, 21,6/ 28,7 33,0/ 37,6/ 28,0 17,1
Paracalanus ,

parvus .. ... .. 6,4 0 0 0 0 0 0 t 0 17,1, 13,11 137 4,0 44 2.0 4,5
Other Copepods .. 3,6 0,9 0,8 0 0,1 0,2 0,8 3,9 7,7 95 9,1 273 4,6 2,51 3,2




Table 46. The Percentage Composition by Volwme of the Copepod Slock al Lgyum,
November 7948 — February 1957.

Year 1948 ’ 1949
Month ‘ Nov. 1 Jan. | Feb. \ Mar. | Apr. | May { june\ July \ Aug. | Sep. | Oct. | Nov. | Dec. | Jan. | Feb. | Mean
Calanus finmay-
chicus ... | 15,95 20,63| 87,50| 83,20| 89,08 90,73| 83,90, No 93,30 81,70| 60,10| 75,08 76,5
Calanus hyper- Hauls
boreus 0 0 0,01 0 3,600 5,19 5,09 2,29 1,600 0,20, 0,94 1,9
Pseudocalanus
elongatus min... | 26,99 11,15 1,48 1,63} 1,03 1,86 1,15 0,95 1,76 6,10{ 3,20| No 3,0
Mzicvocalanus
pustllus 0,37 2,58 1,26 4,33} 0,91} 0,80 1,75 0,50/ 0,32} 1,48 1,43|Hauls 1,5
Metvidia lucens 44,40 59,58 8,82} 8,53] 4,56| 1,03 7,01 1,58] 4,35 14,25 10,25 12,0
Acarvtia clausi .. .. 0,71, 0,80, 0,30, 0,20] 0 0 0 0 0 464 0 0,6
Qithona spp. 0,33 1.08 0,53 2,13| 6,38, 0,30 0,75 0,76 9,177 3,98 1,68 2,1
Other Copepods 10,75, 3,87 0,08 0 0,42 0,09, 0,35 0,63 1,12| 9,28/ 7,35 2,3
Total . ’;10(),005 99,96‘ 99,98 100,02i 99,98{100,00/100,00 100,00(100,02/100,03| 99,93 E 99,9
Year 1950 1951 Mean
Calanus finmar-
chicus ce. 65,55 75,50| 81,55 96,55| 98,10| 98,40| 96,90| 85,68 81,50| 49,60 49,43} 62,25 61,68 83,20 78,4
Calanus hyper-
boreus 0,79, 0 0,021 0,201 1,22 1,01| 1,04 0,33 0,60, © 0 0 1,870 0 0,4
Pseudocalanus
elongatus .. .. .. 2,02) 1,33 1,30/ 0,08 0,12 0,09, 0,12| 2,63| 3,81] 15,57 20,15| 13,64 7,95 3,92 5,1
Microcalanus
pustllus 1,15 5,76] 14,45 1,55, 0,20; 0,20, 0,31 2,75 1,09 0,98 0,39/ 2,33 4,29, 2,85 2,6
Metridia lucens .. 8,32) 10,75 1,92; 0,32} 0,36; 0,25 1,38 3,71, 3,89 1§90, 9,15/ 15,50; 11,58 5,66 6,2
Acartia spp. . 0 0 0 0 0 0 0 0 0 4,121 5,61 0 0 0 0,8
Otthona spp. 1,68 1,78 0,47 046, 1,19 0,06/ 0,04 2,28 246 2,38 4,23 3,75| 4,75 1,72 1,7
Other Copepods 20,40, 6,20 0,38 0,07| 0,01 0,03 0,08 2061 6,67 847/ 11,01, 2,57 7,90/ 2,65 4,9

cce
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Year | 1045 1949

Month Oct. | Nov. | Jan. | Feb. | Mar. | Apr. | May | June | July | Aug.| Sep. | Oct. | Nov. | Dec. Mean
Total number 64 049|24 571 23 942|12 679|52 680|19 865]25 738|41 880(37 937|140 956|21 339|19 21412 701 28 085
Calanus finmarchicus 4.9 10,7 20,5 13,1 85,1} 44,2 49,0 46,6 12,9 21,5/ 26,1 48,3] 53,5 38,2
Calanus hyperboveus 0 0,2 No 3,4 35,4 2,4 6,9 7,8 5,8 2,8 4.1 0,7 2,3 2,3 6,7
Metridia spp. 11,6{ 14,7|Hauls 8,5 9,3 2,1 2,3 1,0 1,8 3,7 2,2 4,9 4,1 4,0 4,0
Pavaeuchacta novvegica 0,6 0,4 5,4 9,3 1,2 4,9 1,8 2,3 1,2 1,2 2,0 1,4 0,8 2,8
Pseudocalanus elong. 19,4, 24,0 2,7 0,3 0,9 3,4 1,5 5,2 31 1,9 12,6 7,8 1,6 3,7
Micvocalanus pusillus 9.4 8,6 17,5 22,0 3,9 19,2} 22,6 8,2 22,8 9,5 7,3 9,1 13,5 14,1
Oithona spp. ........ 45,31 33,0 40,7 9,0 3,7 17,70 15,1 28,4 534 51,2| 33,6] 26,0/ 22,3 27,4
Other Copepods* 8,8 8,6 1,4 1,0 0,9 0,7, 1,5 2,3 0,4 8,6/ 13,4 2,5 2,1 3,2
Oncaea bovealis .. .. .. 0,4 ] l
Acartia spp. 6,7 4,9 0,4 2,1
Scolecitricella minor 0,4 0,7
Temora longicornis 5,3 59
Paracalanus parvus 2,2

1950

Total number 15 237|139 466|32 565|44 03895 899|123 847|146 02831 010 28 590 9 63117 296| 34 873
Calanus finmarchicus 44,20 33,4 5,4, 80,8 75,8 93,71 78,4 69,5 19,9 55,7 46,6 54,9
Calanus hyperboveus 2,8/ 31,20 69,7 7,8 8,1 3,1 2,4 5,21 No 0 0,3 2,6 121
Metridia spp. 2,2 4,9 6,4 3,2 2,2 0,1 0,3 0,2|Hauls 0,9 2,3 6,8 2,7
Paraeuchaeta norvegica 1,3 1,3 4,5 1,5 3,0 1,2 0,4 0,5 1,1 0,2 1,0 1,5
Pseudocalanus elong. 0,9 0,6 0,3 1,7 2,5 0 0,7 0,4 41,7 5,7 9,0 5,8
Microcalanus pusillus 20,8, 13,9 5,0 2,7 2,0 0,7 5,2 5,5 5,3 12,5 7,9 7,4
Oithona spp. .. ...... 27,4 144 8,8 2,2 4,6 1,4 12,6/ 17,3 17,7| 19,5, 21,7 13,4
Other Copepods? 0,5 0,9 0,1 0.4 2,0 0,1 0,3 1,5 14,3 3,8 4,7 2,6
Oncaea bovealis ...... | 3,3
Acartia spp. . 2,0 1,2 2,9
Pavacalanus pavvus .. 1 10,4 2,7 2,6

! Including the species below the line.

o
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Table 48. The Percentage Composition by Volume of the Copepod Stock ai Skrova. October 71948 — December 7950.

Year 1948 1949

Month Oct. | Nov. | Jan. | Feb. | Mar. | Apr. | May | June | July | Aug. | Sep. | Oct. lNov. Dec. i Mean
Calanus finmarchicus.. | 44,65/ 21,30 69,50 56,49| 43,00| 47,23 57,90, 56,34| 41,59, 56,17| 74,05| 80,20 §2,10 60,42
Calanus hyperboveus .. 0 9,06 13,57| 32,95; 33,45| 33,80, 32,28| 32,83, 32,28} 28,63, 6,10: 11,40/ 10,43 24,34
Pseudocalanus elong. 16,66} 12,50| No 0,321 0,13] 0,24 0,25 0,06| 0,12 0,34, 0,22 1,05k 0,60/ 0,09 0,31
Microcalanus pusillus 2,26 1,70/Hauls| 0,64 0,69 0,29/ 0,33 0,40/ 0,26| 0,76 0,37 0,225 0,16, 0,24 0,40
Pareuchaeta norvegica 9,27| 18,60 7,12| 5,63 19,63 17,12 8,67| 7,53| 13,41 9,46 13,01I 5,56; 5,30 10,22
Temora longicornis 0,46 0 0 0 0,08, 0,01} 0 0 0 0,67 0,64, 0 0 0,13
Metridia spp. 10,89 27,99 7,81 3,71] 2,89 0,95 0,44 1,97 8,99, 1,98 2,71 1,52} 1,51 3,13
Acartia spp. 8,55| 3,89 0,07| 0,01] 0,01 0,02 © 0,08 0,06/ 0,54 1,20] 0,19 0,04 0,20
Oithona spp. 7,25 4,86 0,76! 0,22 0,200 0,24/ 0,21 0,68 2,38 1,85/ 1,01, 0,31] 0,31 0,83
Other Copepods 0,07 0)121 0,21 0,20 0.08 0,07y 0,07, 0,18 0,28 0,17/ 0,03; 0,01| 0,02 0,12
Total .. 100,06@00,02[ 100,00(100,03| 99,93/100,02/1.00,07| 99,99(100,09|100,06/100,02| 99,95 100,04| 100,10

Year 1950

Calanus finmarvchicus 74,60| 84,80 27,40 58,78| 49,70| §9.72| 86,86, 75,93 | 78,83| 94,80 74,43] 72,35
Calanus hyperboveus .. 16,99 8,16] 58,20 31,23} 38,03] 6,21| 9,64 21,54, No 0,46 1,96, 14,70 18,83
Pseudocalanus elong. 0,06/ 0,06; 0,05 0,09 0,671 0 0,01} 0,01|Hauls|{ 5,76 0,42/ 1,34 0,72
Microcalanus pusillus 0,38, 0,33, 0,17, 0,11}, 0,06 0,01] 0,09 0,04 0,24 0,25 0,16 0,17
Pareuchaeta norvegica 6,68; 5,16] 11,88] 7,63 11,19] 3,96| 2,95 2,09 11,34| 1,04 7,43 6,49
Paracalanus parvus .. 0 0 0 0 0 0 4] 0 0,71, 0,05, 0,03 0,08
Tewmora longicornis 0 0 0 0,01 0 0 0 0 0,05 © i 0
Metridia spp. 0,86 1,14, 2,16, 1,99, 0,76; 0,11} 0,28 0,19 1,20 1,08! 1,41 1,02
Acartia spp. 0,02 0,02; 0O 0,01] 0,10, © 0,02 0,0Sj 0,51 0,06| 0,13 0,09
Oithona spp. e 0,38/ 0,28 0,21} 0,06/ 0,08 0,01, 0,15 0,18 0,61 0,28) 0,32 0,23
Other Copepods ... 0,04/ 0,02, 0,02} 0,07, 0,03 0,01 © 0 0,33 0,05 0,07 0,006
Total e 100,01} 99,97(100,09| 99,98/100,02{100,03:100,00/100,06 100,04 99,99‘ 100,0| 100,04




Table 49. Size of Calanus finmarchicus

71948—50. Scale: 0.097 mm.

|

Mean

Station Date Depth, m. |Stage | 18 19; 20| 21} 22| 23| 24| 25| 26| 27! 28| 29| 30} 31| 32/ 33 n length,
min

f

Sognesjgen .. .... 24/12—48 200—350 Vv —t 40 11 220 20) 25} 11 23} 7| 3| —| —| —| — —| —| 126 2.22
2/2 —49 » 1) 4 812 22| 10 5| 2| - — —| —| —| —| — —| 64 2.10
1/6 —49 » » — |~ 2] 12} 26] 27) 20| 16/ 5 1] 1| —| — — —{ 110 2.34
1/6 —49 50—0 » | —| —| 1] 9| 25} 24| 31| 20| —| —| —| | —| ~—| —| 110 2.34
21/7 —49 20050 » — — 1 2{ 2| 3] 8 6/11 5 1 1| —|— — —| 50 2,41
12/8 —49 » » —| 3] 9| 30 15| 23| 23] 5| 2| —| —| — —| — —| 110 2.26
25/8 —49 » » —| 2y 6] 11} 15| 15} 12| 11} —| ~—| — —| =] — ~| —| 72 2.17
11/10—49 » » | — — 31 3] 9| 9 13| 7| 1| —| — —| — — —| 45 2.34
16/1 —50 200—0 » 1| 1} 5 415 9] 14} 12} 1| 1} —~| —| — —| ~—] —| 73 2.23
8/3 —50 » » 1l 2 5 6] — — — 1| — — —] —) — — — 15 2.06
28/3 —50 » » el el e el 1 51 13 5| 1] —| —| — —| —] 25 2.52
28/4 —50 » » — = —| — —| 5| 16} 27| 31| 26| 4| —| —| ~ —| —| 109 2.50
12/5 —50 » » — — | 1] —| 3| 11| 29| 27| 27| 12| —| —} —| —] — 110 2.51
14/6 —50 » » —| =] — —| 1] 2| 10{ 8] 20| 7| 2| —| —| =] —| —| 50 2.47
10/7 —50 » » — —| 3| 15| 36] 25| 15| 12| 3| 1| —| —| =] —| —| —| 110 2.21
21/9 —50 » » — —| 3} 16{ 19| 13} 23| 25| 4| 6| —| —! —| — —| —| 109 2.27
11/10—50 » » — 1{ 1| 6] 10| 14| 20( 19| 7| 1| —| —| = —| —] — 79 2.31
20/11—50 » » 1) — 6} 11| 21} 16| 15} 17| 3| 3| 2| —| — —| —| —| 95 2.24
29/12—50 » » — 2| 5| 13]16{ 10| 10, 7] 8 6| 3| 1| —| — —| —| 81 2.26




TABLE 49. (cont.)

9ze

{
[
Station Date Depth, m |Stage | 18| 19| 20| 21} 22| 23| 24| 25| 26| 27 28) 29| 30| 31 32| 33| n
Sognesjoen ...... | 2/2 —49 | 200—50 | ¢ | — — — 11 1} 7| 5| 21 4 3| 1| — — — —| | 24
1/6 —49 » »oof— | — — 3| 4 81513 4| 6 1 — — — 54
1/6 —49 | 50—0 » ] | ] | ] | 11| 25| 34| 22] 18| —| —| —| — — 110
21/7 —49 | 200—50 yoo = | — — —| —| —| 3] 1] 4 4 § 1] —— — 21
25/8 —49 » »oo | —| —| — 5| 4] 3 5] 1 1| — —| — — — 19
8/3 —30 | 200—0 » | — —| — 1] 15] 25| 33{ 20, 15| 6| 1 —| —| —| — — 116
28/3 —50 » y | —| — — — —] 10| 16] 12| 4| 5| 21 1| — — — — 50
28/4 —50 » o= — — — — — — — 5] 3] 5 5 — 1] — 19
12/5 —50 » | | | — ] 5 23] 35| 31 12] 4] —| 110
14/6 —50 » ) _“______“}5 8 9 1311 3| 1| — 50
10/7 —350 » ool = 2 4 7)12) 4] 5 3 2 1) 3| — —| 43
21/9 —50 » » | —| —| —| 1] —{ 1] 19| 20 35| 23| 11| — —| —| — —| 110
11/10—50 » »o | — — — — — 1| 3|19 25/ 18] 6] — —| —| —| —| 72
2/2 —49 | 200—50 ' g ———————~—266=‘3421~——~—~—~——~ 23
28/4 —49 | 200—0 yo | — — — | —| — — — 3| 812 21| 6 — — — 50




TABLE 49. (cont.)

; Mean
Station Date Depth, m |Stage | 19| 20| 21| 22| 23| 24| 25| 26| 27| 28| 29! 30| 31/ 32/ 33 34 n length,
A mnl

|
Ona . 28/3 —49 200—0 A% — 1| 2| 12| 15| 42| 34| 4| — —| —| — —| —| —| — 110 2.32
1714 —49 » » —| —| —| 4| 9] 15 36, 36| 9 1| — — ~—~| — — — 110 243
2714 —49 » » —| 2| 7|15 20 24| 24| 9 7| 1] — 1| — — — — 110 2.33
24/5 —49 » » — 4 6|25 23] 14| 9| 4] —| —| — — —| —| — —| 85 2.27
29/6 —49 » » el | — 70 11| 18] 24| 29| 18 3| —| —| — —| —| —| 110 2.43
18/7 —49 » » —| 1| 2] 19| 29| 20| 15| 21| 3| —| — —| —| — —| —| 110 2.41
26/7 —49 » » — —| 2| 12| 28| 24| 28| 12| 3| 1| — —| — —| — —| 110 2.34
22/8 —49 » » — 2| 5|13/ 18 17} 33| 18] 3| 1| —| —| — —| — — 110 2.34
11/10—49 » » 3] 7, 12| 14} 35| 21} 27, 12| 5| 2| 2| —| — — —| —| 140 2.29
17/4 —50 » » e el | el 11| 9] 35/ 41| 16| 7| 1| — —| —| —{ 110 2.56
2/5 —50 » » —| —| — 1] 1| 8} 12| 28] 21| 31| 3| 5] — —f — — 110 2.59
6/6 —50 » » | —| —| 41 10| 19| 28| 31} 15| 3| —| ~—| —| — —| 110 2.54
4/7 —50 » » — 5| 10| 14| 19} 23] 13| 13| 7| 3} 3| — —| —| —| — 110 2.32
17/7 —50 » » — 2| 7)25| 24 9 18/ 10{ 9 5 1| —| — — — —| 110 2.32
16/8 —50 » » 1, 4 9/ 18|11 17| 15| 8| 15| 9| 3| —| —| —| — — 110 2.36
30/8 —50 » » 3 12} 27| 18] 21 10| 10| 4| 5| — — — —| —| —| —| 110 2.18
13/9 —350 » » —| 8| 11| 1113 14| 5| 7/ 10/ 3| 1| —| — —] —| —| 83 2.28
5/10—350 » » 5 8| 18] 13| 13| 16| 12| 19| 13| 3| —| —| —| —| —| —| 110 2.29
16/12—50 » » 3 16| 25 21| 18] 12| 8| 5| 1| —| —| — —| — —| —| 109 2.16

o]
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TABLE 49. (cont.)

Mean

Station Date Depth, m |Stage | 19| 20| 21| 22| 23| 24| 25| 26| 27| 28, 29| 30| 31| 32| 33| 34| n length,
mim

Ona ............ 17/3 —49 2000 Q | —| —] 5/ 13| 20| 25| 9|10 2| 1| —| —| — — —| 87 2.36
28/3 —49 » » ~— —| —i 3| 15| 33| 27| 18] 7| 5| 2| —| — —| —| —| 110 2.38

17/4 —49 » » —! — — 1| 20 10| 121 15| 10! 5] 10| 20| 12| 10{ 4] — 110 2.73

27/4 —49 » » —] — 2| 2} 6 10| 17| 20| 14| 21} 10| 6] 2, — 110 2.76

24(5 —49 » » | o] —] — —| 1 4} 18| 35| 35| 15, 1| —| 1| —| —| 110 2.66

29/6 —49 » » —| — —| —| —| 1} 6, 15| 23] 29| 21} 9| 3| 3| —| —| 110 2.70

18/7 —49 » » —) | — — —| 4| 5| 16| 28 26; 190 7} 4 1 —| — 110 2.68

26/7 —49 » » —f = — — —| — 3| 3] 9] 5] 3| 1| — —| —| — 24 2.66

14/3 —50 » » | 1) 3| 13} 16| 10; 6] 1 —| —| —| —| —| —| — 50 2.34

17/4 —50 » » — — —| —I 7, 11| 25 20} 15| 6| 7| 7| 10| 15| 4| 1} 128 2.67

2[5 —50 » » —| — — 1) 1] 10| 3| 12| 17| 21| 22| 19| 24| 27| 106 3| 170 2.84

6/6 —50 » » — = — —| —| —| 3| 1| 7|18 28| 30 15| 5| 3| —| 110 2.86

4/7 —50 » » —t — — — 1] 3| 1] 4| 15| 22! 30| 21| 10| 3] —| —| 110 2.78

17/7 —50 » » —_— — — — 1] 1| 2| 8 13| 17! 30| 25| 9| 3} — —| 109 2.78

30/8 —50 » » —] — — 6] 825 8 8 2| 2| — —| | — —] —| 59 2.36

5/10—50 » » — — — 1| 1} 5 3 6| 3 1 1| — —| — — — 21 2.46

16/12—50 » » ]| e e 3] 4 T 1] L | ] o —] —| —| 16 2.48

37¢




LA LA D (LU ).

‘\ : “ b l Mean
Station Date Depth, m |Stage | 18| 19; 20| 21} 22| 23] 24| 25| 26| 27| 28| 29| 30} 31} 32 33| n length,

| mm

:

Eggum ........ 5/1 —49 185—0 v 3] 13| 15] 13) 2} 8| 5 — — — —| = —| —| —| 60 2.02
26/2 —49 1900 » 3] 7] 10| 14, 12} o6 —l‘ L 13— - —— — — 56 2.06
16/3 —49 50-—0 » 11 1 5 71 3 = T T 18 2.08
23/4 —49 » » | —| | —| 1 — 3} 3| 6] 3| — —| —|— 16 2.60
2/5 —49 » » || — —| —| —| —| 1] 7| 8|19 38 24| 2| 1| — —| 100 2.69
21/5 —49 » » —— = — 1] 1 3] 13| 20| 32| 27| 13| 5| — —| — 115 2.63
16/6 —49 » » | | =] —| — 5 43 22| 27| 34| 16 1 —J | — 110 2.55
28/6 —49 » » — | =] 1| —| — 6]1 7,111 17| 8} —| — -—1 — — 50 2.54
6/8 —49 » » — — —| 2] 18| 18| 17) 19 13, 4| — —| —| — —| — 91 2.37
1/9 —49 » » | —| —| 3| 10] 13 21| 20| 12| 16| 4| 1| — — — — 100 2.40
17/9 —49 » » —t — —| 3] 9]16| 16} 17| 20| 14| 5| — — —| —| —| 100 2.41
17/10—49 20050 » — 610,15 7| 7 16“ 12012} 13) 2] —| —| — —| — 100 2.28
24/11—49 » » -~ 8| 14| 19| 13| 8 231\ 18} 15| 20| 2| —| —| — —| —| 140 2.23
3/1 —50 1950 » —{ 2| 3113} 21} 28 23i 201 12| 13, 5| 1} —| —f —| —| 141 2.31
1/2 —50 » » — 1| 41 6|18/ 18| 22 16| 8| 6/ 2| — —| —| — —| 101 2.30
28/4 —50 200—0 » el el | —l 1} — 6] 14| 39| 17| 20| 11} 2| —| — 110 2.64
8/5 —50 » » —| e = —| —| —| ~— 1] 1| 9| 27| 39| 19| 4| —| —| 110 2.79
22/5 —50 » » — | — 1110} 12| 22y 28 23} 10/ 4 —| — — —| 110 2.43
14/6 —50 » » —| —| — 2| 10| 29| 31| 14| 17| 2{ 5| —| —] —-J e | 110 2.38
26/6 50 » » — | — —| 3| 14| 24, 28/ 22,12 4 1 2 ——~} — — 110 242
12/7 —50 » » — — —| - — 4 8§14/ 10, § 2| 3| 1} — —| — 50 2.49
9/8 —50 » » | | —| —{ 2| 14 20| 29| 20| 13} 8 4| —] — —| — 110 2.45
24/8 —50 » » —| —| 3| 6|13 17| 18| 20| 17| 14| 2 — —| — —| — 110 2.37
12/9 —50 » » -~ 5| 18] 17| 30| 22| 26| 11| 2| 2| —| —| —| —| —| 133 2.27
13/10—50 » » 5| 12| 13| 16) 16| 13} 6 13} 9| 3| 1| 3| — — — — 110 215
1/11—50 » » 14| 30| 15| 51 21| 16] 7] 8 2y 1| 1} — —| —| —| —| 120 2.03
14/11-—50 » » —| 2| 10| 13} 17| 12} 17, 10{ 15| 7| 4| 2| — — — — 119 2.29
16/12—50 » » —| 2| 4| 13|21, 17|13} 11| 4 10{ 7| 2| 1| — —| — 105 2.31
29/12—50 » » — —| 6] 5| 13| 15| 24 24| 14| 15| 11| 2| ~| -~ —| —| 131 2.38

6Ce




TABLE 49 (cont.).

Mean
Station Date Depth, m |Stage | 20| 21| 22| 23| 24| 25| 26, 27| 28| 29| 30| 31j 32| 33| 34| 35| n length,
mm
. | |
Eggum 5/1 —49 185—0 Q — — 1 1} 2/ 8 3 3‘ _ | — -] — — — — 18 E 242
262 —49 190-—0 » — 4 912014 2511315 4 — 1 — — — — —| 94 241
16/3 —49 » » — 1| 2] 13] 25| 33 13 15| 12} 6| —| —| —| —| —| —| 120 2.46
8/4 —49 200—50 » — 2| 511} 18| 32| 16| 13, 15| 2| 5| 1} — — — —| 120 2.47
23/4 —49 50—0 » — e — 2| 3| 5 1| 1} 2| — —| — —] — — —| 14 2.43
21/5 —49 » » —_—l — —] —| —| 8] 2| 6| 6|16] 11| 13| 3| — — —| 65 2.80
16/6 —49 » » | —| —| —| 4| 6] 9, 32| 20| 20| 8§ — —| —— 99 2797
286 —49 » » —) e — — 1| —| 5] 11} 13} 10| 9 1| —| — —| —| 350 2.72
31/3 —50 » » —| — 1} 518 12/ 16| 7] 6 4| 1| —f —| —| — —| 70 2.47
11/4 —50 2000 » —| — —| 2| 9| 24| 18| 26, 33| 16| 6| 4| 1| 1] — — 140 2.63
28/4 —50 » » —| — —| 5| 6] 17/ 19,26/ 17| 6| 6| 1| 1] — —| —| 104 2.64
8/5 —50 » » | e | — — 13|13, 13| 19| 4] 8 9/ & 5| 1] 101 2.82
22/5 —50 » » — = — —| —| 1] 5 1| 1] 1| —| — — —] — 9 2.08
14/6 —50 » » —| | — —| 3| 2| 6, 6 4 1| — —| — —— 22 2.68
12/7 —50 » » —| — — —] 10 20| 38} 22| § 1. 2| 1| — —| —| — 102 2.53
287 —50 ) » | — — — — 5 41511 4 3 3] 1 1] — —| | 45 2.53

0ce




d1Abidy 45 (cont.).

{ } Mean
Station Date Depth, m |Stage | 18| 19| 20| 21| 22| 23| 24| 25| 26| 27| 28| 29| 30, 31| 32 33| n length,
[ i { mm
Skrova .......... | 9/10—48 | 300—50 | V | —| —| — 4|12 15| 20| 28| 20| 22| 18| 6 5| —| —| —| 150 2.46
12/11—48 » » | —| — — 7| 7] 9| 14| 14] 21| 28 10| 6 2| 1| — — 119 2.48
1/2 —49 » » | — — 1 2| 5|20 20| 19] 24| 24} 18] o 2| 5 — —| 149 2.49
5/2 —49 » » | —| 3| 4 4 5|13 21| 21| 26| 24| 16/ 8 4| — — —| 149 246
26/2 —49 | 300—0 v | — 2 2| 7|15} 12| 24| 23] 22| 25/ 13| 4 —| 1| — —| 150 2.41
15/3 —49 » v | — 4| 213] 26| 14| 17| 9 6| 3| 2| 2] — — — —] o8 2.24
30/4 —49 50—0 yo | e P14y 23] 36 17] 2] 2] — — o4 2.70
18/6 —49 » » ——‘-«ﬁ—~31 70130 17 2| 3| 3] 1] — — 50 2.58
4/7 —49 | 300—0 v e — —| — — 4] 4l 20| 16] 22) 21| 6 5 1| 1] — 100 2.59
4/7 —49 50—0 b | ] e | |t 8| 17| 18] 21| 23] § 5| — —| — 100 2.60
17/7 —49 | 300—0 y | — = — ~[ — —| 6 14| 17| 23/ 27/ 22| 8 2 1] —| 120 2.66
23/7 —49 | 30050 » | —| — — — —| 3l 9| 13] 26| 26, 27| 10| 4] 2| — —| 120 2.59
27/8 —49 | 300—0 y | —] —| — 1( | 3| 13] 20| 22| 24| 20/ 9 6 2| — —| 120 2.57
29/10—49 | 300—50 » L — 1 — 5| 20 6 9 23 20! 27 14! 8 5 — I 120 2.53
{ 24/12—49 » p | e — 2| —| 4 11\‘ 211 24 23] 26] § 1 _«[ — 1 120 2.55
| 26/1 —50 | 300—0 »o | — — | 2| 4] 4 10 18] 27 24/ 21] 6| 4 -] — 1 120 2.54
4/2 —50 » w1 — 1l 2 1 2) 5 12{ 23| 22| 20/ 17! 5] 1) — —| —| 120 2.52
13/2 —50 » yoo e — 1l 1 2} 4/ 10| 36| 29| 24/ 10| 2l — | | | 110 2.40
25/2 —50 » » 11 — 3 3| 6| 19] 22 28] 19/ 11| 6 2{ ] 120 2.38
13/3 —50 » y | — —| 10| 16| 16| 21| 22| 26| 8| 7| — — _k — — — 120 2.26
]13/3~50 50—0 » »«31691142121~—!wa~ 40 2.20
6/5 —50 | 300—0 » | — — — —| — — — —| 4| 15| 32| 36| 27| 6] — —| 120 2.78
| 20/5 —50 » p | | | — —| —| — —| 4] 19] 30| 25| 20 1( 1) —| — 100 2.67
L 2/6 —50 255 v | — = — — 1| 7| 11| 26| 28] 20| 16| 9| 2| — — — 120 2.53
24/6 —50 50—0 b | | —| — 3] 11| 15 9 11 2_~w’—~—m 51 2.37
17 50 » po || — —| 4l 9] 13] 8| 4| 9 2 1,—‘”_—” 50 2.40
15/7 —50 | 300—0 S N S U ' B I P e I 2.51
22/7 —350 » b | — — 1] 4| 14| 23] 19| 32| 16/ 2 —’ | —] 121 2.55
25/10—50 » » | —f —| — — 3/ 14| 17) 20/ 18] 25| 7| 10} 4 1} 1| — 120 2.51
| 23/12—50 » v | —|— —| 3] 110 1525 15 20/17 9 4| 1 —| 120 2.52




Table 49 (cont.).

Mean
Station Date Depth, m |Stage | 20| 21| 22| 23| 24| 25| 26| 27| 28 29| 30| 31| 32 333 34/ 35 n length,
1 \ \ i mm
: | t
Skrova 262 —49 300—0 Q —| 1P 21 5] 4 10f12{ 20| 26{ 20 Sl 6 6} —| —| — 120 2.67
15/3 —49 50—0 » —| — —| —| 6| 11| 26| 21| 23} 14| 13 6‘ | | | 120 2.66
19/3 —49 » » — — —| 2{ 5| 16! 15| 30| 21| 16| 13| 2| —| —| —| —| 120 2.65
30/4 —49 » » — o — 1 20120 70120 15) 9] 7} 5 1] —| — — 71 2.68
17/7 —49 300—0 » —| —| ) =] 2| — — 3| 6] 16| 11| 15| 9| 2| — —| 064 2.90
27/8 —49 » » — — — 1] 2] 3] 2} 2, 3] 2 2| 4] 3| — —| —| 24 2.72
13/2 —50 » » — o — 4l 2y 2y 8] 17| 244 250120 7] 3 4 3] — 111 2.83
25/2 —50 » » el | — — 1] 3] 9] 28| 29| 26/ 11| 1} 1} 1| —| — 110 2.76
13/3 —50 » » | | - —| 20 71 13| 30| 27 27] 9| 3| 2| —| — —| 120 2.70
20/3 —50 » » — 1} — 3} 3} 6] 726312119 2| — 1] — — 120 2.70
11/4 —50 » » el — | —| 3{ 4| 6| 18| 32} 27| 22| 6 2 — — 120 2.76
25/4 —50 » » —| = —| 2| —{ 9| 14| 17| 26| 22:.16| 13| 1| —| —| —| 120 2.73
2217 —50 » » e I I — 1] 3 10 18| 26| 12 12‘ 5| | —| —| 87 2.81
13/2 —50 300—0 a8 —| | = —| ~| — 3] 27 44; 34 9 2 1] — -——i —| 120 2.73

£e




TABLE 49 (cont.).

Mean

Station Date Depth, m. |Stage | 18] 19] 20| 21| 22| 23| 24| 25| 26| 27| 28| 29| 30| 31| 32 n length,
mm

WD e 28/2 —50 | 1000—600 | V| — —| —I — 6| 13] 16| 20| 24| 22| 9| — —| —| —| 110 246
1/3 —50 600—0 » — — —| 1] 4] 13| 12| 24| 22| 24| 7| 3| —| — — 110 2.48
15/3 —50 50-—0 » — — 2{ 7/19/ 33 27/ 11, 9 1 1| — —| | 110 2.27
15/3 —50 100—50 » —| 1] 1, 7| 10| 15| 14} 12} 5| —| —| ~—| —| —| —| 65 2.26
15/3 —50 600—100 » — — —| 2| 7| 14] 23} 25| 21} 14| 3| 1} — —| — 110 2.40
15/3 —50 | 1000—600 » — — — —| 8| 38 19| 16] 21| 4| 2| 2| —| —| — 110 2.36
31/3 —50 | 1000585 » | | — 3] 16| 25| 30| 22| O 5| —| —| — —| —| 110 2.32
28/3 —50 | 2000—0 » —| — —| 1|14 28/ 29|21} 9| 7| 1 —| — —| — 110 2.33
5/4 —50 50—0 » — —| 1} 5| 35| 30| 28] 11| —| —| = ~—| —| —| —| 110 2.23
5/4 —50 600—100 » | | — 1| 6| 19| 34] 24| 17| 6| 2| — —| — — 110 2.38
10/4 —50 | 1900—100 » — | ] | —| 1] 1] e 7| 1] 2] | — — —] 12 2.52
11/4 —50 | 1000—600 | » | -— — — —| 5/ 14/ 8 3| 2 2| 3] — — — | 37 2.32
12/4 —50 50—0 » — —| | 31122732y 22| 6 7} 1 —| —| —|—] 110 2,32
12/4 —50 10050 » e —| —| —| 18] 37| 33| 14| 5| 2| 1| | —| —| —| 110 2.29
12/4 —50 600—100 » — e — —| 10] 18| 27| 24| 23} 6| 2| — —| —| —| 110 2.38
18/4 —50 | 1000—600 » —f — —| —] 3] 5| 3] 8§ 7] 3 2 1 —| — 34 2.43
19/4 —50 50—0 » —| —| ~| —| 2| 10| 19| 25| 35| 19| —| —| —| —| —| 110 2.45
19/4 —50 600—100 » — — — 1| 6] 14|32/ 29|21 6 —| — — —| —| 109 2.37
21/4 —50 | 2000—1000| » —| | —] —| =] ] ] — — 2| 3] 1] —] —| — 6 2.70

£ee




TABLE 49 (cont.).

€T

Mean
Station Date Depth, m Stage | 18| 19| 20| 21| 22| 23] 24| 25| 26| 27| 28| 29| 30| 31| 32| =n length,
mm
|

My oo | 254 —50 | 1000—600 Vo — — —] 1] 2] 2] 2| 1] 3] 1] — — —|— 12 2.42
28/4 —50 50—0 » —| — = —| —| 2| 7| 16|29, 32| 20| 4 — — — 110 2.56
2/5 —30 50—0 » — — — 2] 12| 20| 30| 24 15{ 5 1 1} — — — 110 2.36
9/5 —50 100—0 » — —| —| — 2| 2| 5 7|17 34| 33| 9] —| — — 109 2.61
12/5 —50 600—100 » —| — —| — —| —| — 10} 26| 45| 43| 6| —| —| — 110 2.71
12/5 —50 | 1000—600 » | | —| | | — — 1] 2| 3|14y 14 1} —| — 35 2.72
16/5 —50 | 2000—1000| » ol el — | —| ] | 1] 1} ] ] | —] — 2 2.57
18/5 —50 100—0 » — — —|— 5 5/ 18|13 7 5 2| — — — — 55 2.47
16/6 —50 600—100 » — — — — 1} 8| 27| 15| 22| 22| 11| 3| 1} — —| 110 2.48
16/6 —50 | 1000—600 » —| | —| — —| 9| 9| 12| 29| 31| 18| 2| — — 110 2.63
16/6 —50 | 2000—1000| » —| —| —| — —| 2| 5| 9| 13| 25/ 40| 14| 2| —| —| 120 2.64
17/6 —50 100—0 » —| | —| — 3| 6|22 26| 30| 21| 2| — —| —| —| 110 2.45
18/7 —50 600—100 » —| — — —| 1| 14} 32| 27| 17| 14| 5| — — —| — 110 2.43
19/7 —350 | 1000—600 » — —| — —| 1| 9| 30| 14} 21} 18} 14| 3| — —| —| 110 2.47
31/7 —50 100—0 » — —| —| —| —| 4| 15| 16} 28 33| 14| —| —| —| —| 110 2.52
14/8 —50 | 1000—600 » | | | — 4 15| 17| 22| 15| 26| 5| 6; —| —| —| 110 246
14/8 —50 | 1800—1000| » | e | — 1) 9} 14 20) 17} 25| 17| 6] —| —| — 109 2.52
16/8 —50 600—100 » | el — 1| 5| 30| 25| 28| 23] 10| 2| — —| — 124 2.48
1/9 —50 160—0 » — 1 1] 6 2| 1 —] 1} —] —| ] =] —f —| — 12 2.08
14/9 —50 100-—0 » —| 1] 6] 22) 32 21} 10| 4| 2| —| —| —| ~—| —| — 98 2.16




TABLE 49 (cont.)

Station Date Depth, m. |Stage | 18] 19| 20| 21| 22 23| 24| 25| 26| 27| 28] 29| 30| 31| 32 n

My o 21/9 —50 100—0 Vo oi—| 2| 514 13| 3| 3| 2| —] — —| —| —| —| —| 42
21/9 —50 600—100 » -t —t 1] 4 15| 14} 16| 20| 26| 10} 1} — —| — —| 110
21/9 —50 200—1030, » —| —l —{ 20 1} 21 22| 15| 23| 12| 10| 2. 2| —| —| 110 |
26/9 —50 0 » i —| — —| 3| 18] 24| 34| 17| 14} 2| — —| —| —| 112
6/10—50 100—0 » — — 1} 14y 20/ 17| 9 6] 2{ —| —| —| —| — —| 069
16/10—50 | 2000—1000] » — —| — —| 3] 16| 29| 18| 24| 12| 7| 1| —| — —| 110
17/10—50 600—100 » —| — 2| 7} 24|28 19| 20| 7| 2| 1} —| —| — —| 110 .
17/10—50 | 1000—600 » —| | — 1| 6| 12| 16| 19] 22| 1§} 13} 3| — —| —| 110 2.
21/10—50 100—0 » —i 1| 6] 28| 33| 16| 45| 7| 4| —| —| ~—| — —| —| 140 2.17
10/11—50 » » — —| 4} 16] 36| 15| 16| 8 2| — — — —| — —] 110 2.23
17/11—50 » » — 16| 27) 32/ 21} 8| 4 2| —| —| —| —| —| —| —| 110 2.04
17/11—50 600—100 » | e —| | 4| 15| 23] 27| 24| 15| —| 1| — —| — 109 2.42
17/11—50 | 1000—600 » | | 1| 5| 14| 14| 21} 27, 15} 12; 1| —| —| —| 110 2.29
17/11—50 | 1950—1000; » — —| — —| 2/ 17] 21; 20| 20| 15] 14{ 2| — —| — 111 2.33
13/12—50 600—100 » — —| 3| 612 14| 17| 22| 26| 8| 2| —| —| —| —| 110 2.37
13/12—50 | 1000—600 » —| | —| | 7| 14{ 13| 21} 27] 19} 6| 1| 2| —| — 110 2.46
15/12—50 | 1400—1000 » — —| —| —| 3] 14| 21} 19| 20, 21} 11} 1| — —| — 110 2.46

€T

C



TABLE 49 (cont.)

Mean
Station Date Depth, m |Stage | 18| 19] 20| 21| 22| 23| 24| 25| 26| 27| 28| 29| 30| 31} 32| n length,
mm
WMy oo 15/3 —50 50—0 ? —| = — 1| — 8 9 33,29 19 9| — 21| — — 129 2.49
15/3 —50 10050 » — ] —| — 2] 411} 7] 4 1 1; 1| —f — 31 2.48
28/3 —50 | 2000—0 » el | | | = [ 1) 20— 7] 4] 3 4 —|— 21 2.69
5/4 —350 50—0 » —| —| —| —| —| 35| 15| 38 41| 25, 4| 2| —| —| — 130 2.49
5/4 —50 600--100 » — —| —| — —| —| 3| 15 30| 28 21| 10| 1| 1} 1} 110 2.61
18/4 —50 50—0 » | | | | 2| 6| 17] 36| 32/ 19| 4| 4| — — 120 2.58
19/4 —50 » » | | —| — —| 1| 1| 10} 22| 37| 21} 13| 2| 1} —| 108 2.63
28/4 —50 » » e el — el — — 1} 2 5] 19) 31) 41] 12} 6} 2} 119 2.80
2/5 —50 100—0 » — = —| | —| —| 2| 7\ 6| 21| 13| 12} 4| 4! 1l 70 2.68
5/5 —50 » » — — —| —| —| — 2| 12} 21| 33| 31| 15| 5| —| 1| 120 2.65
9/5 —50 » » - — | —| —| —| 1| 6| 14| 25| 34| 16| 13| 1| —| 110 2.69
18/5 —50 » » | | — —| —| 20 3| 4| 9] 19| 35| 31} 13| 3 11| 120 | 2.71
26/5 —30 » » — — —| —| — —| —| 3| 717 25/ 13| 11| 3| — 79 2.73
9/6 —50 » » — — | —| = —| —| 1| 7| 19| 27| 23| 15| 4| 4 100 2.76
31/7 —50 » » — — —| — —| —| —| 1] 7| 16| 40| 26| 13| 4| 3| 110 2.75
1/3 —50 600—0 3 | e} | — —| —| —| 3| 5| 13| 31 34| 8 4 2| 100 2.75
15/3 —50 50—0 » —| = — — —| 1} 12} 29} 40 21} 7| 1} 1] —| 111 2.51
15/3 —50 100—50 » — — —| — —| —| 1] 2| 5|10 14| 5| —| — 37 2.65

o
el




Table 50. Size of Calanus hyperboreus in the Vestfjord 1947—50. Scale: 0.097 mm.

. | | |

E Date | Depth,m|St.| 36| 37| 38| 39| 40| 41| 42| 43| 44| 45| 46| 47| 48| 49| 50| 51| 52| 53| 54| 55 56{ 57| 58| 59| 60| n “if:}“
& L] | |

| J i ]

116 | 25/4-47 | 50-0 |V |— — 1| —| 2| 6 4|13/ 1415 12| 4| 1| 1| — — — — — — — —| —| 1| — 73| 4.28
116 » 100-50 | » | —| —| —| 2] 2| 1| 4] 6| 9 7| 1| 3| 1] — — — —| —| —| —| —| —| —| — —| 36| 4.17
116 » 300-100 | » | —| —| 1 2| 4| 9|17 26! 33| 32| 23| 14| 4| 1| —| —| — — —| —| —| — —| —| —| 166| 4.30
116 » 500-300 | » | —| —| —| —| —| 1| 2| 2| 5 4 4 4 1| — —| —| —| — —| —| — —| —| —| —| 23| 4.25
1170 » 50-0 | » | —| 2| 3| 10| 20| 25| 42| 44| 34| 25| 19| 6 —| —| —| | —| —| —| — — — —| —| 1 230| 4.15
147 | 8/5-47 | 325-75 | » | —| —| 4| 6| 25|37|49]36| 32| 6 4 1| —|— —| — —| —| —| — —| —| —| —| —| 200| 4.09
148 » 50-0 | » | — —| —| 6|11 19| 45| 58| 40| 19| 8 2| 2| —| — — — —f — — | | | — _{210] 4.16
1491 » 25-0 | » | 1] —| 2| 4| 8|26|44 44/ 42/ 1517, 3] 2| 1| 1| — —| —| — —| —| —| —| —| — 210| 4.18
149 420~75 | » | — —| 3| 4|12] 13| 24| 26| 36| 31| 23| 11| 15| 1| 1| —| — —| —| —| | —| —| —| —| 200 4.26
116 | 25/447 | 50~0 | Q| —| —| —| — —| — | — —| —| — —| —| 4| 3] 3] 8 6 2| 3| 2| — — — — 32| 5.06
116 » 100-50 | » | —| —| —| —| —| —| —| —| —| —| | —| —| 1 — 2| 2| 7 1| 2 ] — ] 15| 5.10
1161 » 300-100 » | | —| —| —| | —| | | | ]~ | —| 1] 2] 4] 4] 1| 1] 1 — — — 14 5.20
116] » 500-300] » | — —| —| — —| —| —| — —| — —| —| —~| —| 1] 2| 1| 2| 2| 4| —| — — —| —| 12| 5.16
1171 » 50~0 | » | — —| —| —| —| —| —| —| 1| —| 1| 3| 11| 15| 32| 34| 30| 23| 12| 8| — 3| —| —| —| 173| 4.98
17 » 400~90 | » | | —| —f | — — —| —| —| 1| 1| 2 4| 13| 10| 14{17| 8 6|10 3| 1| —| — —| 90| 5.00
148 8/5 47 | 50~0 | » | —| — —| — —| —| —| —| — 1| —{—| 2| 1| 9 7| 9 10/ 8 8| 4 1 —| —| — 60| 5.0
149| » 250 | » | — —| —| —| —| —| —| —| —| —| —| 2/ 1] 13| 18] 28| 47| 22| 16| 12| 3| 2| 2| —| — 166| 5.02
149, » 420-75 | v | — — —| — —| —| — —| — 1] 1 2| 9|17] 28 31|31 30| 34 22 14| 3| 5| 1| 1]230| 5.06




TABLE 50 (cont.).

] i
. ‘ ‘ \ | | ‘ Mean
Station Date Depth,m |St.| 36| 37| 38| 30| 40| 41| 42| 43| 44 45 46| 47 48| 49 50| 51 52| 53| 54| 55/ 56| 57| 58 59| 60| =n -
| |

Skrova.. |15/3-49 | 300-50 |V | —| 1| 2| 8 7|10/ 7| 7| 9 — 3| — —| — J ] | ] | | | ] —| —| 54 | 4.04
19/3-49 » » | 20 1| 5| 14| 25| 22| 19| 18| 14| 1 3——-—-—!m~—__—~—~—~—_-124 3.98
30/4-49 » » —| 1} 2| 51632 27]15 9 1] 1| 1| —| — —| —| e | —| — — — —| — 110 | 4.14
24/5-49 » v | —| 1] 2| 6/ 11|21 14| 8 5 1| — — —| — — —| — —| —| —| — —| —| — —| 69 | 4.00
18/6—49 » » | —| —| 2| —120 23|31 20| 17] 4 1] — — — —| —| — —| —| — —| —| —| — —| 110 | 4.09
23/7-49 » v — —| 2| 3113] 31| 34| 14} 10, 3| — 1| — — — —| — —| — — —| —| —| — —| 111 | 4.06
27/8-49 | 300-0 |» | —| —| —| 1| 8/ 10|29 24|22 7| 5 3 1‘ el e | | ] e | | | 112 | 410
3/9-49 | 300-50 |» | —| 1| 11 5] 911126/ 31 11] 9] 4 1| 1] —| — —| | —| —| —| —| —| —| —| —| 110 | 4.13
241249 » » | —| —| — 6] 7! 26]16| 25| 16| 8| 4 2 e ) | ] | | ] | 110 4.25
21/2-50 | 300-0 | » | —] 11 3] 1] 71 21 4 2| — 2| 1] — —| —| —] —| — — —| —| | — —| —| —| 23| 3.98
13/3-50 » » | — 1| 4| 7115/ 100 8 § 2| 2| 2| — — — — — — — —| —| — —| —| —| —| 59 | 3.99
11/4-50 » » | — 2| 2| 7] 9|19 23] 18] 16| 10| 2| 3| — —| — —| —| — —| —| — —| —| —| —| 111 | 4.10
20/5-50 » » | — 1| 3| 81817 28/ 14 9 5| 4| 1| 2| —| — — —| — —| —| —| ~—| — —| —] 110 | 4.06
22/7-50 » y | —| —| 3| 7] 15|18 18 24| 9 7| 7| 2| — — — — | — — —| — —] — — —] 110 | 4.10
5/8-50 » » | —| —| — 2| 11|15 32/ 13| 19| 11; 6| 1| — — — — — — —| —| — —| — — —] 110 | 4.13
15/3—49 | 300-50 |Q | —| — —| —| — — 1l 4| 3| 11] 24| 21, 25/ 29] 13, 8| 7| 5 1] —| — — —| — 152 | 4.78
19/3-49 » b | —| —| —| —| —| —| —| 3| 2| 4] 9] 9 8 9 2 1 1| 1| — —| — — —| —| 49 | 468
30/4-49 » po| | = | —| —| — —| — —| — —| —| 1] 2| 2| 3| 3] 3| 5| —| — — — —| — 21 ]5.02
27/8-49 | 300-0 | » | —| —f —| —| —| — — —| —| — 3| 1{12]12]19/ 13, 17| 8 6| 5] — —f —| — — 96 | 4.91
3/9-49 | 300=50 | » | —| — —| —| —| —| —| — —| — 1] 1| 6| 511 3| 5| 4 1| 3] — —| — — —| 40 | 4.90
24/12-49 » | | e ) =] | — | — —| — —| —| 1] 2| 2| 4| 5] 3 2| 1| — — — — —| 20| 5.01
21/2-50 | 200-0 | » | —| —| —| —| —| —| —| —| —| —| 3| 9|21 18/ 16/ 8| 10|11 2| — 1| —| —| — —| 99 | 4.83
13/3-50 » v | — — —| —| — —| —| — — —| 2| 7|14/ 19 31|17, 12| 5| 3| 1] — — —| —] —| 110 | 4.95
11/4-50 » po| —— — — — —! —| — — 1| 4| 5 9|15 17|18/ 16/ 13| 7| 2| 2| —| — —| —| 109 | 4.92
20/5-50 » B | ] e | o e 20 50 7] 6013 8] 7] 2| 3| — 1| — —| 54 | 505
22/7-50 » | | —| — —| ~| —| —| = | =~~~ —| 5| 8 3] 9| 7| 9 1l 1| 1| —| — —| 44505
5/8-50 » » | —| —| — — —| —| —| — —| —| —| 1| 3] 3 12|20} 20| 23; 13/ 10| 5| 2| 3] — — 1151 5.10
21/2-50 | 300—0 |& | — — — 4 1} 1| 2| 1] 2| 1| 2| — —| — —| — —| — — — —| —| —| = —] 14 ] 408




Table 51. Size of Pseudocalanus

elongatus females 1949--50. Scale: 0.0513 mm.

1 | Mean
Station Date Depth, m. | 14| 15 16 17| 18| 19, 20| 21| 22| 23| 24| 25| 26| 27| 28| n length,
‘ mm.

A |
Sognesjoen 1/6 —49 50—0 —_— — — — —| 2 27/ 42 22/ 51 1 1) —] — — 100 1.08
23/6 —49 » — 1} 1| 81'13;15 3, 5| 2! 1| — — ﬁ{—_ — 40 0.97
21/7 —49 » — 1l 1) el 912l 4 2] — — —] —l — — 35 1.00
12/8 —49 200—50 __ 2| 20| 15} 28| 27\ 7| 1| —| —| —| —| —| —| 100 0.97
25/8 —49 50-—0 - 21 3 2| - 3| —| — —| —| — —| — — —|] 10 0.87
11/10—49 » — 19/ 23] 5 2| 1 —| —| —| —| — —| — —| —| 50 0.81
16/1 —350 200—0 1 611 70 4 1| —| —| —| | —| —| —| —| — 30 0.84
8/3 —50 » — 141 22} 36| 16| 8 3| 1| —| —| —| — — —| —| 100 0.87
28/3 —50 50—0 — 1) 5] 8] 5| 3] 2 2| 2| — —|— 2| — —| 30 0.95
28/4 —50 200—0 — — —| —| 1] 2, 6] 14] 24|31 9 4, 6| 3| — 110 1.16
12/5 —50 50—0 el —| —| — 1] 2| 11} 25| 24| 16| 9| 4| 1} —| —| 93 1.13
25/5 —50 » —| | —| —I —] 3412} 8 8§ —| —| —| —| — —| 31 1.03
14/6 —50 200—0 — | — — 2| 18| 39; 28/ 10| 2| 1| —| —| —| —| 100 1.09
10/7 —50 » —I — 1] 320 40 9 11| 7y — | —| | = —| 100 0.93
21/9 —50 » 1] 19 37| 28| 10| 5| —| —| —| —| —| =] —| —| —| 100 0.84
11/10—50 » 21111 19| 27| 23, 16| 2] —| —| — —| —| —| —| —| 100 0.88
20/11—50 ». —| 2| 6|20} 27|12 3| —| —| —| —| —| | —| —| 70 0.91




TABLE 51. (cont.)

Mean
Station Date Depth, m | 14| 15] 16| 17| 18} 19| 20| 21} 22| 23] 24| 25| 26| 27| 28] n length,
mm

|
Ona  viviiiirninnnae e 12 —49 50—0 — 1| 8| 28] 35 4———-———~————~‘— 76 0.90
17/3 —49 200—0 —| 1712|211 27 23 9 2 2| 1| 2| — — — —| 100 0.94
28/3 —49 » 1| 415 9] 13| 1;10/18] 11| 8] —| —| —] —| —| 80 1.01
12/4 —49 » —| — 4 6 4|10 3 4| 14]13] 9|20/ 12 1] — 100 1.15
27/4 —49 » —| 3 —| 2| 8|17/ 18 11} 6|22 7| 2| 1} 1| 1| 100 1.08
24/5 —49 » | — —| —| 8| 30| 37| 14| 3| 4| 1] 1| 2| — —I 100 1.03
29/6 —49 » —| — —| 3] 24| 30| 16| 12} 10| 4| —] —| 1| ~—| —| 100 1.01
13/7 —50 » | el 50 211 39| 20 7} 4] 3| —| 1| | ~—| —| —| 100 0.94
8/8 —49 » — — —] 10] 9| 5| 2| | | | | —| | —| —] 20 0.89
22/8 —49 » — — 2| 14} 22| 9| 3| — —| —| —| =] = —| —| 50 0.89
5/9 —49 » —| 1| 3| 14} 20| 8 4 — — —| —| — —| —| —| 50 0.92
22/9 —49 S o» —| —| 10| 22! 13| 5| ~ —| —| —| =—=| =] = —| —| 50 0.89
14/11—49 » — 1l 7 8 4| —| 1 | —] —| =] —] —] | —| 21 0.87
20/2 —590 » 1| 12] 5] 24|19 7| 2] —| —| —| —| —| —|] —| —| 70 1.13
17/4 —50 » — — — — 1} 1 2, 4 2| 2| 1] 2| ~—] 1 — 16 1.13
2/5 —50 » —| —| —| —| —| 1| 5|19 30| 21|13 8 3| -—] —| 100 1.16
24/5 —50 » — —| —| —| —| —] 6] 3| 3] 5 1| — — 1} —| 19 1.12
4/7 —50 » —| —| 2| 8/10/12| 6| 4| 8| —| —| — | —] —| 50 0.98
16/8 —50 » 1| 9|25 14 ].;——~—~—-~———‘—~——‘~—— 50 0.83
5/10—50 » —| 9| 38 34| 15] 3| 1| —| —| | | | =i —| —| 100 0.86
6/11—50 » 1} —| 8 30| 46} 11| 4| —| —| —| — —| —| —| — 100 0.86
16/12—50 » — 4| 24| 33| 32| 8 —| —| —| —| — —| —| —| —| 101 | 0.88




TABLE 51 (cont.).

| T ] T 1
‘; ‘ | ‘ 5 | 1 : | | Mean
Station Date Depth, m | 14| 15| 16| 17| 18| 19 ZOt 21| 22 23) 24| 25| 26| 27/ 28 n | length,
I | | ‘ {‘ - J‘ mm
| | 1, J I i | \ i
EQEUM «vveeaeneiinnn o] 31 —49 | 195—0 | —| 2] 7| 21| 13| 4] 3| — — — —} — — — — 50 0.88
16/3 —49 | 200—50 | —| 1| 1117 5| 2| 1| —| —| — — — — — —| 27 0.89
(8/4—49‘ » | — 2(3817 78] 5] 3)—| 2/ —— — — 50 0.97
| 23/4 —49 | 190—50 | —| — —| — —| 2 — — 1] 1} 2 3] 3 4] 2| 18 1.28
2/5 —49 | 195--50 | — —| —| 1| 1] 2| 1| 3| 5|11 8 7| 5 5 2| 50 1.27
21/5 —49 » {-— —) ) — 3 9{ 20 18| 10| 14| 6, 3 4 4| — 100 1.12
28/6 —49 | 190—50 | — — —| 2|15 19 8| 6| —| —| — —| —| — 50 0.98
6/8 —49 » | —| — — 4|15/ 18] 12] 1| — — — — — —| —| 50 0.97
17/9 —49 | 200—50 | — 8 10 11] 31} 34| 6 1] —| —| —| —| —| — — 101 0.92
17/10—49 | » ‘—~ 2] 201 45, 22| 9| 2} — —| — — — —| — —| 110 0.87
284 —30 | 195—0 | — —| —| —| — 1| — —| 1} — 6| 4 — — 13 0.97
8/5 —50 | 2000 | =] i —| — 1 — — 1| 1~ — 3]~ — —| 6|
22/5 —50 » || — ] 4 4] 4 2 s 4 1] 1_,(W 26| 1.08
14/6 —50 » | — — — 3| 822/10 5 —| — 2 — — — — 30| 099
12/7 —50 » J——~———-4556w-m~—~--~——- 20 | 0.96
12/9 —50 > L1 13] 26| 29 1111 6] 3| —| — —| —| —| — — 100 0.88
131050 » —| 7,170 18] 8] — — —| — — —| — —| — — 50 0.85
14/11—50 | b1 7019018 9 1] | — — — — —] — —| — 50 085
16/12—50 | » —| 4| 17| 25| 30 21] 3) | —| | — | —| — —{ 100 0.90
SKIOVE  wvvveeeeennnn ... 25/9 —49 | 300—0 | — 1| 3| 6 9 53 SR o o B e I e s - 0.92
20/3 —50 » e e e I e e e e e e e I
23/10—50 | » — 127\ 6| —| — —| | — | | 50 | 081
18/12—50 | » | —| 3111 3] 4 1 — — || — | | | 22| os+

+e




b
=
N

Table 52. Size of Microcalanus pusillus females 1949—50. Scale: 0,07125 mm.

| Mean

Station Date Depth, m | 33| 34| 35| 36| 37| 38 39| 40| 41| 42| 43| 44| 45| 46| 47| 48| 49/ 50| =n length,
| .
Ona ............| 7/2—49 | 200—0 — —| 3 7|17/ 20] 16| 21| 9 5| 2| —| —| — —i — —| —| 100 0.48
4/3 —49 » — —| —I 8| 10/ 16] 12| 20| 10/ 10| 6 5 1l 1| — —| — —| 100 0.50
24/5 —49 » — —| —| ~| —| —| —| 1| 82515 23 18] 7| 2| 1|—| —| 100 0.54
14/7 —49 > — | — 1| — 12/ 15| 24 11| 3| 2| 1| —— 1| — — — 70 0.50
22/8 —49 » — — — 1] 2] 3| 7|20 21|24 17] 5| —| —| — — — —| 100 0.51

11/10—49 » | —| 1 —| 3| 1 7| 14] 232516/ 9| 1| — —| —| 100 0.53
14/11—49 > — — —| = — 2| 1] 3|10 10} 2| 1]~ — — —|—|— 29 0.52
14/12—49 » — — 1} 30 2 2| 6 5| 11 2| 2] — — — — — —| —| 24 049
20/2 —350 » —| — 5 4] 5110012 13] 5 7| 1] —|] — — e~ — 63 0.49
14/3 —50 » —— 1] 1] 5 2/ 1] 3] 3| 6 3| 1] —| 1] 1 — —] — 27 0.51
2/5 —50 > et | | | 1] 1) — 1l 2| 8] 12| 14| 13| 10| —| —| —| 62 0.56
24/5 —50 » | ] | | 1 — 31 4120 10{10] 8] 1| 1} — 30 0,57
6/6 —350 » | | =~ — 1] 1f—| 3| 6/12/15] 8 4 1} 1] — 50 0.56
47 —50 » ) | = 1) — —| 10] 15| 25 20| 19] 8/ — 1| 1, —| — 100 0.53
L 6/11—30 » ] el e 1 1 50 5] 3] 6 1] 2) ] — —] 24 0.53

| 16/12—50 » | — 4| 8 14| 14| 16| 15/ 12| 10| 4| 3| — —| — — — —| 100 | 049




TABLE 52. (cont.)

: Mean

Station Date Depth, m 34| 35| 36| 37 38| 39| 40| 41| 42| 43| 44| 45| 46 47| 48| 49| 50, n length,
I mim

Egeum ..........| 5/1 —49 | 1850 —| —| 2] 11] 21 21| 16| 15} 10| 4] — — —| — — — — 100 0.49
16/3 —49 | 195-—0 1) 10| 15 24} 25{ 17) 6| 1| — —f — —| — —| — — —| 100 0.47

8/4 —49 |- 200—30 3| 4| 4/ 13)12] 7/ 14 4 7 9 120 5| 4 1| — — — 100 0.50

21/5 —49 | 195—50 — —| 1] —| 1| 2 — — 6| 15 17| 14| 21| 17| 6] —| —| 100 0.56

16/6 —49 » —t —| —| =] 3] 9 8 12|22 23/ 16| 6 3 3| — — —| 105 0.53

286 ~—49 | 190—50 — —| — 1| 2| 10{ 30/ 11} 17 10| 8| 9 2| — — —| — 100 0.52

6/8 —49 | 195—50 —| — 2 6|14/ 18] 8 1| 1| —| — — — — — —| — 50 0.48

17/9 —49 | 200—50 —|— 1] 2| 8 13/ 15 4| 5| 1| 1] — — — — — — 50 0.50

24/11-—49 » —| —| — —| 6] 5] 15 3|13 7| 1] — — —| — —] —| 50 0.51

Skrova .......... 1/2 —49 | 300—350 — 1} 9|24 30(11 7 1 1} 1| — — 11 3] 8 2| 1] 100 0.49
15/3 —49 » —| 20 10|11} 27|22, 12| 4 2| — —| 2 — 4/ 3| 1] — 100 0.49

25/4 —49 » — 20 1] 4] 4 14 8/ 13/ 12/ 10| 9 8| 8 4] 3 — — 100 0.53

16/5 —49 » ——| 1l 5] 8 6|12 7| 715/ 19|11 6] 2/ — — —| 99 0.53

24/5 —49 » — | — — 4] 2| 7] 3] 4/12]11) 10| 6 2| 1 3 — 65 0.54

25/6 —49 » | —I 2/ 9] 14| 22/ 17} 15| 8] 5| 1 1| 6] — — —| 100 0.51

30/7 —49 » —] —| — 2| 8 9| 11| 11| 3| — — — — — — — —| 50 0.50

3/9 —49 » —f —| — 2| 511/ 16| 8| 5| 3| —| — — — — —| —| 50 0.50

29/10—49 » —| —| —] 1] 4| 10|15 11| 9 — — — — — — —| —| 50 0.50

26/11—49 » e e 1) 1) 8] 12] 5| 4| | — 1 1} 1] — —| 34 0.50

24/12—49 » —| — — — 6 3 8 3 2| ——] — — 1 — — — 23 0.50




TABLE 52. (cont.)

e

! : Mean
Station Date Depth, m. | 32| 33| 34| 35| 36| 37| 38| 39| 40| 41| 42| 43} 44| 45 46/ 47| 48| n length,
mim.

WMy oo | 171 =52 100—0 —l— 11 2| 4! 9] 9 12, 8 7, 1 2| -— — )~ — 55 0.48
19/2 —52 600—100 | — 2| 3| 16| 22| 22} 20/ 8 5| — —| —| — —| —| —| 2| 100 0.46

14/3 —52 100—0 1} —| 5| 15| 25| 26) 12| 9 6] 1 — — —| —| —| — —| 100 0,46

18/4 —52 600—100 | — —| —| 2| 8| 1418|2218 9 5 35| 1}|—| —|—| — 102 0.49

9/5 —>52 600—100 | — — 2| 1} 3| 1] 6] 8§ 13|13} 22/ 19|10, 5| 1| — — 104 0.51

20/6 —52 » el el ] el | —| 2| 4110 1415} 9 1} 2| —| 1} — 59 0.52

16/7 —>52 600—90 | — —| —| —| —| — 6| 13| 28| 23| 18| 7| 4| 1| —| — — 100 0.51

15/8 —52 600—100 | — —| —| — 2} 5| 10| 20| 33| 17} 10} 2| —| 1| — —| —| 100 0.50

21/9 —52 600—90 | —| —| —| —| —| 4 14|20/ 35 9| 6; 1} —| 1| — — —| 100 0.49

13/10—352 100—0 el | ] e 20 7110 11 11y 1 —| — — —| —| 42 0.51

13/10—52 | 1000—0 —| —| —] — — — 31 19| 25| 26| 18] 5 2| 1} —| —| —| 100 0.51

14/11—52 100—0 — 1y ] 71 12] 28} 26| 19| 6| —| —| 1| —| — —| —| —| 100 0.47

14/11—52 600—100 | —| —| —| 8] 21} 25|19 13} 8 5 1| — —| —| —| — —| 100 0,47

o 14/11—52 | 1800—0 —) = — 3 2/ 5 5 3 1 1 3 — — — —| — — 21 0.48

| 16/12—52 | 1000—0 | —| 3| 8120/ 19] 20| 12{12] 3| 2 —| 1 —|— —| — —| 100 0.46




Table 53. Size of Metrida lucens females 1949—50. Scale: 0.0513 mm.

} | b (o [ } Mean
Station Date Depth, m. | 26| 27| 28| 29| 30| 31 32 33 342 %5 360 37| 381 39| 40| 41, n length,
% i \‘ i B mim.
‘ l \ | ? ol |
Sognesjgen ............ | T/ —49 | 200—50 | —| — 2| 1] 2| 1] 1 = 1 — e o — — —| 8 1.55
2/2 —49 > — 1] 1 5 3]13113 7] 6 2 — — — — — — 51 1.63
16 —49 | > e — 1 — 1) 3|13 8 8 6] 4 —|— 44 1.85
21/7 —49 » | |l — — 1 4| 12] 182822 10| 4| 1 100 1.90
| 12/8 —49 | » | | = = 12 4 81315 62— —| 51 1.86
29/12—49 > —— 5 6/ 11] 15 7| 5 4 1 — — — — — — 54 1.59
ONA «ovveeeaeee | 2/2 —49 | 20050 | —| —| 8| 7] 15|22/ 18/ 19| 7| 4 —| —| —| — —| — 100 1.61
24/5 —49 | 200—0 | — — — — 3| 8252517 13] 3] 3| 2| —| 1| —| 100 171
13/7 —49 > | 1] 1 —| 4]13)20{17] 22| 6 6] 2| —| — 92 1.69
22/8 —49 » o | 1 4 1 2] 1] ] ] ] = — — 10 1.65
11/10—49 > | 4] 3 3 8] 7 4 3] —| 1] 1| — — — 34 1.66
14/11—49 » 1) ) 1] 4 4 7 2 1 | ] — ] 21 1.70
14/12—49 » — 1 2] 1] 5| 4 4] 4 2| —| — | — —| — — 23 1.59
9/1 —50 » — 1) 1] 8/ 10 910 2| 1| 1| —| —f | —| — — 52 1.61
14/3 —50 > 1 1) 1 6 8 6 4] 1 1 —f —f — — —| — — 29 1.54
2/5 —50 > o | | 2 2| 3] 2 2] 1] 2| — 1|~ — — 15 1.70
47 —-50 > | —| — — 1| —| 5| 5| 8| 14|21 28 6|10 1|— 99 1.85
17/7 —50 » b — 20 1) 2| 3] 5 3] 8 912 7 1 — 1] 54 1.81
5/10—50 > SN S | | O | U [ GO | | - 1.74
16/12—50 » — —| 1] 4| 8/ 1931 15 14| 5 2| — 1| — — — 00| 165




