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PREFACE

In 1941 the Fisheries Directorate of Norway initiated investiga-

En i

tions in the Ni)re?éswzm (the Fjgsanger Fjord) near Bergen for the
purpose of studying the plankton production. Weekly observations
were earried out continuously from May o October 1941 and from
April to July 1942, with additional chservalions in December 1841 and
September 1942, During these periods hydrographic and chemical
shservations were made and samples of zoo- and phytoplankion

ollected. The material of phyvtoplankion has been handed over io

e Botanical Laboratory at the Oslo University and is in preparation..
The hydrographic-chemical observations and the zooplankton material
have been coordinated by the present author, who has also had the

o

supervision of the investigations.

I wish to express my gratitude to Mr. G. Rollefsen, Scientific
adviser of Fisheries, who made it possible for me to undertake these
investigations. To Messrs. Olav Asen and Peder Soleim, who have
ven me much valuable advice
I give my varmest thanks. I also wish to thank Messrs. K. E"iéh@%msen,

taken part in most of the cruises and

F. Kjellstrup Olsen and W. Rasmussen, who have worked out parls
of the chemical analyses and the hvdrographic material, and assisted
with drawings and tables,

The leader of the Oceanographic Section, dr. J. Eggvin, has kindly
placed his laboratory at my disposal and perused the hvdrographie

part of the manuseript.

Fisheries Directorate, Marine Research Branch, Bergen.

Kristian Fredrik Wiborg.






introduction.

Previous investigations.

The hydrography of the Nordasvain, mainly concerning the
aeration and hydroxylion concentration, has been thoroughly investi-
gated bv Gaarder (1916 and 1919). A few plankion observations
concerning medusa are recorded by Kramp and Damas (1925). Nord-
gaard (1898, 1899, 1901, 1910 and 1912) and Runnsirgm (1932) have
investigated the animal plankton in adjacent waters near Bergen.
Miinster Strgm (1936) has some observations on hydrography and
bottom deposits from the Nordasvain.

Material and methods.

The observations in the Nordasvatn were made at three main
stations, Paradisholmen (station 1), Marmorgya (st. 3) and Bgnes
{st. 5) (See chart, fig. 1). The station at Krakenes (st. 2) was visited
regularly from May 2. to June 13. 1941, Later it was replaced by the
Paradisholmen station. This is indicated by a vertical line in the’
isopleth diagrams. The station at Sjgviknes (st. 4) was visited a
few times.

Observations were carried out weekly from May 2. to Getober 10
1941. Later on ice hindered the work, but we were enabled 1o iake
the stations on October 24. and on December 1. and 12.

In 1942 the observations stretched from April 10. to July 14, with
interwals of 12 weeks. The stations were visited for the last time
on September 18.

At Marmorgya water samples were at first taken from 0, 1, 2%,
5, 10, 15, 20, 25 m and each 1¢ m from 30 to 80 m. Later on, from
October to Desember 1941, the 50—-80 m samples were cut out. After
May 22. 1942 the 20, 30, 50 and 70 m were discontinued. At the other
stations the intervals of depth were somewhat wider.

Each water sample was examined as io temperature (in situ),
salinity, oxygen, — and phytoplankion (the Marmordya station only).
At each station vertical hauls were made with a closing net «8/72».



THE NORDASVANN

P>z

£ i
1
fleels] k= ZO0G m,

ic and plankton stations

Fig. 1. The Norda 3
194142 marked with e

7
‘o
e}
o
=
<
Q.
=
o
ro
]
o3
ke}
=N
o

(Nansen’s nel, diameter 72 cm, silk no. 8 in the conical part). The
hauls were taken in 2---4 steps according to the temperature in the
different water layers. For the reading of temperature reversing
thermometers were used in combination with water bottles of Nansen’s
construction. The salinity was delermined in the ordinary way, on
the basis of chlorinity determinations against standard water, and the
oxygen content after Winkler's method. The phytoplankton samples
were fixed in neutralized formalin. The zooplankton samples were
also immediately fixed in formalin.

In the further work on the zooplankton the animals first were
determined and counted. Because of the great number of organisms
the samples were divided by means of Lea’s Plankton Divider (See
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Wiborg 1840). Of the samples 1/10 to 1/1060 was counted according
to the size of the material. Finally the entire sample had a cursory
inspection.

Measurements were undertaken with a Leitz binoc
microscope with a buili-in micrometer. After the size of the thec-

tive, 1 division corresponds to 0.1, 0.035 and 6.0084 mm.

3
35
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For identification of species were used «Nordisches Plankion»
and «Tierwelt der Nord- und Osisee» (See relerences), for the cope-
pods chiefly G. O. Sars: «An Account of the Crustacea of Norways,
IV, ¥V and VL

T in the tables indicates thal the species in queslion is sparsely
present.

Topography and hydrography of the Nordasvatn.

Topography.

The Nordasvatn {(the Fjgsanger Fjord) is situaled about
5 km south of Bergen. The length is b km, the greatest breadth 2 km.
The only connection with the outer fjords is a narrow channel, 10 m
wide, 30-—40 m long and 3 m deep, in the western part al Strgmme.
The chart (fig. 1} is worked out on the basis of soundings made by
the Norwegian Geographical Survey in 19356, The isobaths are drawn
for each 10 m. The bottom formation is somewhat complicated and
consists of a series of basins divided by ridges. A threshold at Bgnes
rising to 12 m depth divides the Nordasvain into an ounfer and an
inner fiord.

The two basins in the outer part have a maximum depth of 45
and 53 m respectively, the connection between them being 30—35 m
deep. Inside Bgnes we find the basins at Marmorgya (84 m}, at Sjg-
vikgy (69 m), and at Skjold (66 m). The connections between them
are 30—35 m deep. Neorth of the Marmordya basin the botlom is
comparatively even, shoaling up lowards Fjigsanger.

Hydrography,

Gaarder (1916 and 1919) made a2 thorough investigation of the
aeration and hydroxyldon conceniralion in the fiords arcund Bergen,
among them also the Nordasvatn. His observations siretched from
August 1912 to May 1914, but the Nordasvain stations were visiled
only 8§ times during this period. According to his invesligations the
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Nordasvatn has mueh the character of a landlocked water or «polis.
It may be divided into an outer and an inner f{jord, separated by the
threshold at Bénes. The upper water layer, measuring 12—15 m, is
well aeraled, mainly on account of the tide currents. In the upper
1 m there is a layer of real brackish waler, bul below 1 i the salinily
is always higher than 23 pro mille. The transition between the surface
layer and the bottom water is very distinet. In the imner fjord the
bottom water may be stagnant for vears, and, as a rule, contains HsS.
This also happens in the outer fjord, but there the bottom water is
renewed regularly, at least once a year. This renewal generally takes
place in winter and early spring. In the inner fjord the bottom waler
is being renewed in years with little precipitation and during other-
wise favourable conditions. Exceptionally, a renewal may take place
in summer (loc. cit. 1916, pag 77-—78).

The hydrographic conditions in 1941—42,

As the observalions were earried out with weekly infervals, we
are enabled to give a more detailed description of the changes in the
hydrographic situation. The main features, however, are the same
as those found by Gaarder.

In order to show the characteristics of the hydrographic situation
in the Nordasvatn in 1941, I have in fig. 2 set up the distribution of
temperature and salinity on July 18th 1941.
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Fig. 2. Distribution of femperature and salinity July 18th 1841,
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Both in respeet o temperature and to salinily the stratification is
very pronounced. In the inner fjord there is a rapid fall in tempera-
ture from 18.09C o 53.58C from € fo 20 m, in the outer {jord from
2010 C to 4.60C from 0 lo 25 m. The deeper water lavers are mostly
uniform, measuring 5.50-5.29 C in the inner f{jord, 4.6%—4.4% C in the
outer part. The salinity af the surface is very low, 8.9—14.9 pro mille,
but not more than 1 m down it surpasses 27 9/y. Towards deeper
water the salinity gradually increases to reach about 319/y at 15 m.
The bottom water has a salinity of 31.3689/4 in the inner fjord,
about 31.509/4 in the outer part. The transition from the surface
layer to the botfom water is very distinet, the transition layer stref-
ching from 12 to 20 m in the inner fjord, 15 to 25 m in the ouler pazt.

The isotherms and ischalines do not run so close together in the
outer fjord as in the inner part. The surface layer there will be com-
paratively well mixed on account of the tidal currents.

In the inner fjord, the ischalines and isotherms in the surface
layer have a wavelike course, with the trough of the wave at Marmor-
gva. These wave-like isopleths are often found in the Nordésvain,
and may possibly be referred to internal waves. In a closed water
system, like that of the Nordasvatn, with a relatively distinet border
between botfom water of high density and surface layer of low
density, internal waves will easily arise in the transition layer (Ekman
1931). These originate in various ways. Constant north-easterly or
south-westerly winds will stow the surface water into the outer
or inner part of the inner fjord. The fransition layer will then be
displaced from the horizontal position into an oblique one. When
the wind ceases, the bottom water will tend to altain its former level
In the Nordasvatn we have mainly south-westerly winds. Tide currents
probably arve the main influencing factor. If the water in the tide
current, coming in through the outer basin and passifg the threshold
at Bgnes, has a higher density than that of the surface water of the
inner fjord, but a lower than that of the bottom water, it will press
down the upper border of the bottom layer.

In fig. 3 the isopycnes are drawn for the stations in the Nordas-
vain on June 13. 1941. For each station is indicated the direction of
the tide carrent and the approximate time since last high or low
water, calculated after the observations of H. Vindenes (1944). It
will be seen that the isopycenes have a characteristic wave-like course.

These waves are of a certain imporiance when we discuss the

vertical distribution and vertical movements of the zooplankion.

G. Rollefsen has kindly given me information of the occurrence of
internal waves in the Vestfjord, Lofoten. The period of oscillation
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Fig. 3. Distribution of density June 13th 1841, Thick line,
border of HyS layer.

lasted about 12 hours, and in relation o this the quantity of plankton
(eggs of cod) in the different water lavers varied considerably.

These waves are mentioned also by Miinster Strgm (19367,

I cannot here discuss the problem of internal waves any further,
but only indicate their existence in the Nordésvaln, and the factors
possibly influencing their origin. Most probably there will also be
found standing waves there.

The variationsinsalintty during 1941--42 are shown
in fig. 4 for the outer fjord, and in fig. 5 for the inner fjord.

In the surface layer, the salinily is influenced by drainage and
rainfall. Two small brooks and several rills run into the Nordéasvain.
The upper 1 m generally consists of brackish water, with a salinity
varying between 2 and 299/y during the course of the vear. This is
most marked in the inner {jord. In cold winters the Nordasvailn is
covered with ice, thus, during the winter 1941--42, the ice-cover lasted
from the end of December 1941 to April 17. 1942

In the laver from 1 to 20 m there were in 1941 varialions in
salinity from 24.9 to 31.3 /4, mostly from 28 to 31 0/4. In 1942 the
variations were from 25.0 to 31.89/4.

In the transition layer between the surface waler and the botiom
water the isohalines run somewhat closer together in the inner than

in the outer fjord.
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In the inner fjord the water below 20 m depth is fairly homo-
geneous with salinities of 31.2--331.40/y in 1941, 31.6—31.7%/y in
i%?. The difference beiween the two years is caused by a total
renewal of the bottom water during the winter 1941—42, which
will be discussed later on. The salinity is very low, compared with
the water lavers in corresponding depths in the fjords outside the
Nordéasvatn.

The Geophysical Institule, }*iﬁem has kindly placed at my
disposal some hydrographic material from the Marmorgya station for
the vears 1913, 1816, 1917, 1919, 1920, E@‘ZL 1923 and 1927. Below
24 m the salinity geperally varied hetween 30.4 and 30.99/4 in these
vears. An exceplion was Mareh 26. 1913 with 29.59—30.05 /4. In 1923
and 1927 the variations were 31.00(28.5)-—-31.2 ¢ /4. Minster Strgm has
some chservations from the same stalion on June 15. 1932 (pag. 24,
1936). The s aimzhe& range {rom 30.6 to 31.09/4 from 20 to 70 m.

Isopleths for temperature in 1941—42 are shown in

fig. 6 for the inner fjord, in fig. 7 for the outer part.

In the inner fjord the yearly variations below 15—16 m are
insignificant. On some occasions, eg. in June and July 1941, the
isotherms drop towards 1920 m, probably due fo an influx of water
from the basin in the cuter fjord, or, perhaps, to internal waves. In
summer stratification is very pronounced, especially in the upper
2.5 m, e.g. at Marmordgva July 25, 1941: In 6 m 21.40C and in 25 m
15.50 C, at Paradisholmen August 8 1941, in 0 m 13.80(C, in 0.1 m
15.00C, in 0.25 m 159 C and in T m 16.38C. Also in the transition
layer the temperature gradient is great, e.g. at Paradisholmen August
29, 1941, in 10 m 15.10C, and in 15 m 6.90 C.

In the outer fjord (fig. 7) the vearly variation is particularly
remarkable in the upper 20 m. The isotherms do not run so close
together as in the inner fjord. There are small ‘yearly variations in
the layers below 20 m in the inner fjord, and below 25 m in the outer
fiord, apart from those caused by the renewals of the bottom water.

The temperature variations in the deeper water layers were as
follows:

Marmorgya
1541 1542
20 m level 3680C—6.080C 4480C—-5400C
860m » 50406 C—5386 C 4216 C—4330C
Banes
1841 1942

4320C—6366C 3899C438C
50m » 4490 C—4896C 4040 C—43250C
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Gbhservations fron: the siation al Marmorgyva for the years 1913
1927 (see page 16) have shown that the botlom temperature varies
considerably from vear fo year. March 26. 1913 it was 6.280 C at 75 m,
and August 30. of the same vear 9.200 C. This difference was caused
by a renewal of the bottom water during the summer (dealt with by
Gaarder 1916). Generally temperatures between 5.5 C and 6.00 C were
found at the 75 m level.

Minster Strgm (1936) has a record of 6.28%C at the 75 m level
on June 15. 1932

The distribution of density in 1941—42 is shown in
fig. 8. The isopleths for s, have the same course both in the inner
and outer fjord, but in the inner fjord they run more wavy and
at a somewhat higher level. The isopyene of 24.70 runs at 20 m
tevel most part of the vear, except in September, when it drops down
to 40 m. The deep waler layers have very small changes in density.
. Also in the ouler fjord there is a relatively pronounced instability
in the water below 20 m, the density increasing from 24.50 to 25.00
towards the botiom.

In 1942 the density of the nmew water masses that have been
carried in, is greater than that of tHe water present in 1941. The
isopyene 25.00 is now found at the 15 m level in both parts of the
Nordasvatn. The laver below 20 m is very homogenous both in the
outer fjord (25.40--25.60) and in the inner part (25.10—25.20).

The aeration of the Nordasvatn in 1941—42,

Isopleths for oxygen content in ml/l and percentage of saturation
in the basin at Bgnes in 1941—42 are shown in fig. 9.

In 1941, the upper 15 m laver is well aerated. The oxygen con-
tent are, as a rule, more than 5 ml/l, the percentage of saturalion
more than 80 %, in the upper 10 m above 100 %, except from October
to December. Maximum percentages in the upper 5 m occurred in
May, July and September, and were probably due to the phyto-
plankton.

From 15 m the oxygen content decrease rather rapidly to 25 m.
In this layer the vearly variation is not great. Generally there is
equilibrium between the supply and consumption of oxygen. From
25 m the oxvgen content decrease slowly towards the hottom. In
May 1941 the bottom water was comparatively well aerated, and had
probably been renewed during the winter and the early spring of 1941.
On May 2. the following percentages of saturation were observed:
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Depth, m 0 234 106 15 25 40
Oxygen, % sat. 1262 1181 87.8 535 647 456

The minimum percentage at 15 m indicates that the renewal had
taken place recently. This minimum layer probably at first belonged to
the bottom water of the inner fjord, which had been lifted up and
carried into the outer fijord (see page 24).

In the course of the year the oxygen below 20 m is being gradually
consumed and the fall in percentage of sat. from 50 to 1 % proceeds
with almost constant speed. A comparatively long time, however, has
passed before the last traces of oxygen have disappeared. The con-
sumption is mainly caused by bacterial action (decaying processes)
and oxydation of organic matter, ete. In December 1941 there were
still traces of oxygen near the bottom.

In the winter and the early spring of 1942 a very exlensive
renewal took place in the deeper water layers. The distribution of
oxygen in the different depths in April was similar to that in May
1941, although much more pronounced. The distribution of oxygen
on April 21. was as follows: ’

1 2% 5 10 15 20 30 40 50
Oxygen, % sat. 98.0 96.7 90.0 506.0 39.0 49.7 535 526 461

We have a minimum at 15 m. Near the bottom the percentage of
oxygen is not much below that in 30 m. The renewal probably has
taken place recently or has not yet been finished.

The transition layer is situated between 10 and 15 m, or above
the level aftained in 1941. Normal conditions are gradually reesta-
blished during June and July. In the layer below 20 m the oxygen is
again consumed gradually but more rapidly than in 1941, the isopleths
for oxygen running more steeply. The last traces of oxygen are
hovever consumed slowly. On July 8. there were percentages of 27.2
and 11.5 in 25 and 50 m respectively. On September 18. the respeclive
values were 6.7 and 0.7 %. The variations in the upper 10 m were
similar to those of 1941 with percentages over 100 in May and June.

Theinner fjord.

The variations in oxygen content at Paradisholmen are shown
in fig. 10 and the variation in oxygen content and percentage of salu-
ration during 194142 at Marmorgya in fig. 11.

In the upper 15 m the isopleths for oxygen run nearly corre-
spondent to the isotherms in 1841, The upper 10 m are well aerated.
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The oxygen percentage surpasses 100, with marked maxima in May,
June, July, and August. The highest oxygen content, more than
9 ml/l, occurred at Paradisholmen on July 25. at 1 m level, with a
saturation of 159.0 %. The isopleth for 120 % goes down to 10 m level
from the end of June to the beginning of August. From 10 m the
oxygen content rapidly decrease towards 15-—20 m. The isopleths
run close fogether, espeeially in August.

From May to the middle of June 1941 an intermediate layer of
HyS was observed between 20 and 50 m level at Marmorgya. The
following table shows the distribution of oxygen, % of sat. and HS
from the 10 m Jlevel and downwards:

Date 29/4 25 | &5 | 165 | 235 | 3066 | 6/6
| i i
10m 72.8 803 | 998 24| 1147 1122 107.8
15m — 372 265 | 22 | 344 | 446 56.5
20m — e 3.0
25 m H,S 056 | H,S (04) | H,S HS | HS | HS (@06
50 m 25 29 L 25 1 056 0.14 08 1.0
80 m 7.3 - 58 21 17 |17 18

On June 13. there was H.S from 20 to 50 m and at 80 m. At
60 m and 70 m there were small amounts of oxygen, the saturation
percentages being 0.40 and 0.14 respectively.

This particular disiribution of oxygen is due to a partial renewal
of the bottom water, which took place in the early spring of 1941.
As mentioned above (pag. 21), the bottom water in the outer fjord
had then been renewed, and some of the intruding aerated water
also passed the threshold at Bgnes and poured into the deep basin
of Marmorgya. The old bottom water was then lifted up. But the
inflowing current was week, and on its way through the outer basins
the water had given off so much of its oxygen, thal it was not able
to oxidize all the H,S in the water below 20 m near Marmorgya.
There remained an intermediate layer, which was lifted up, and by
degrees carried away by the tide currents. On ifs way out this layer
was then partly oxidized, and we find it again in the outer fjord in
15 m depth. Such conditions are also mentioned by Gaarder (1916).
Further in, at Kriakenes (st. 2), no renewal of the bottom water took
place in the spring of 1941.

From June to December 1941 H,S was found in all paris of the
inner fjord in the water layer below 20 m. On several occasions
oxygen and H:S were observed simultaneously at the upper border
of the botlom water layer. The water samples had a distinet smell
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of HoS but, when titrated in the ordinary way, showed small amounts
of oxygen. Similar conditions are recorded by Gaarder (1916).

The renewal of the botlom water in the early spring of 1942 was
so complete, that all the HsS was oxidized. On April 10. observations
were taken through the ice at Paradisholmen. The saturation
percentages of oxygen at the different levels were as follows:

Depth, m. 1 2% 5 10 15 20 25 30 40
Oxygen, % sat. 86.4 81.6 609 303 371 394 387 419 427

The fact that there was a minimum percentage in 10 m and
inereasing values from 106 to the bottom indicated that an influx
of new water, rich in oxygen, probably still was taking place. This
minimum layer could be traced until the middie of May, when it
iad been limited to a small layer in 15-—20 m depth, due to the
vertical circulation in the surface layer.

The oxygen content in the water below 20 m decrease rapidly,
and in the middle of July the sample from 40 m level contained HaS.
At 25 m small amounts of oxygen (0.08 ml/l) were still found on
September 18.

At Marmordya the layer below 20 m contained more than
3 ml oxygen per liter at the end of April, with a percentage of satu-
ration of about 40. On April 21. the distribution of oxygen was as
follows:

Depth, m. 1 2% 5 10 15 20 25 30 40 50 70 80
Oxygen, % sat. 97.7 89.2 84.8 38.0 36.7 40.0 433 433 461 445 416 414

There was a minimum percentage at 15 m, the values increasing
somewhat to 40 m. From 40 m to the bottom the percentage again
decreased, indicating that the renewal had taken place some time ago.
The intermediate minimum could be traced until June 23. After that
date it disappeared, and the oxygen percentage decreased from 10 m
to the bottom. On July 8. the following values were found:

Depth, m. 12 15 25 50 80
Oxygen, % sat. 91.0 288 174 153 1.5

On September 18. still no HsS was found. The distribution of oxygen
was as follows:

Depth, m. 5 12 18 25 50 80
Oxygen, % sat. 90.0 365 6.1 6.0 6.0 14

In the spring of 1942 the upper 10 m was rich in oxygen. On
April 29. 10.79 ml/1 were found at 1 m level, with a saturation of
152.4 %. The respective values at 2% m were 10.64 ml/l and 146.2 %.



The Plankton Fauna of the Nordasvatn 1941-42.

Of the different groups of plankton organisms the copepods
nearly always play the greatest part, and I have therefore dealt with
them most thoroughly. But the other groups have also been included
in the counts in order to obtain an impression of the composition of
the zooplankion population.

Fluctuations in number,

In fig. 12 the variation in the total number of organisms in the
Nordasvain in 1941—42 is shown. In theinner fjord they num-
ber 200010080 per total haul from bottom to surface in May 1941

H f
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Fig. 12. Number of organisms in 1841—42 in 1000's.
Paradisholmen, x- - - -x Marmorgya, o— ... —0 Bdnes.

and do not vary esseniially until the middle of July., We then have
a rapid rise to a maximum at the beginning of August, a decrease
throughout August to a minimum in September, a second maximum
in the middle of October and somewhat lower numbers in December.

In the outer fjord the variation is similar to that of the
inner fjord {from May to the end of July. Later on the number con-
tinues to increase, reaching maximum at the end of August This
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maximum number is Iwice as great as the August maximum in the
inner fjord. From the middie of Seplember the number is steadily
decreasing until December, but all the time being much grealer than
those of the inner {fjord.

At the beginning of April 1942 the numbers are low all over the-
fjord and they decrease further fowards the end of the month.
Throughout May they are increasing fo a maximum at the beginning
of June. (At Paradisholmen in the latter half of Mayj. At Marmorgva
there is a second maximum in July, in the outer fjord a minimum
in June. In September the numbers are lower in the inner {jord,
higher in the outer part.

The composition of the plankton fauna.

In order to show the variations in the composition of the zoo-
plankton in the Nordasvain, I have set forth the relative percentages
of the various groups of plankton organisms in 1941—42 in table 1.
The group «Benthonic evertebrate larvee» comprises larve of mussels,
gasteropods, ascidians, echinoderms, polycheetes, cirripedians, deca-
pods and bryozoa. «Other organisms» include medusze, fish eggs and
larvee, and unidentified forms.

The mean percentage values for 194142 are almost equal for
the two stations in the inner fjord. The copepods are of greatest
importance, amounting to 68—70 % of the total number. But the
neritic character of the plankton is shown, apart from the neritic
copepods, also by the high percenfage (11-—13 %) of meropelagic
forms, cladocera and benthonic evertebrate larvee. The copelata
range 3rd with 3—7 %. In the outer fjord the copepoda form a
greater part, with 82 %. The other groups follow in the same succes-
sion as in the inner part, but are less predominant.

In the course of the year the zooplankton varies considerably in
its composition.

The copepods are nearly always predominant, except in the
inner fjord in June and July 1941, when they are ouinumbered by
the cladocera. In October the copepod percentage is also compara-
tively low. In 1942 the copepods on the whole form a greater part
of the zooplankton than in 1941,

The cladocera have their greatest importance in the inner

10 i
percentage in July 1941 and June 1942, the latter year with the
greatest percentage in the outer fjord. In December the cladocer:

fjord. They are numerous from Juone fo Oclober, with maximum

disappear almost totaliv.



Table 1.

The composition of the zooplankton population in the Nordasvatn May 1941
Relative percentages of the various groups.

-September 1942

Year 1941 1042
77777777777 Month May June 1 July ‘ Aug. Sep. Oct. ‘ Dec. | Apr. May June > July Sep. Mean
Paradisholmen
Copepoda ........... 64.2 28.6 40.3 72.2 70.0 50.0 90.0 78.8 80.5 79.0 96.0 87.3 69.8
Cladocera ........... 0.2 34.8 45.4 16.2 0.1 33.3 T 0.3 53 15.4 1.4 0.9 12.8
Copelata ............ 6.0 1.7 6.7 1.3 1.5 8.8 3.5 0.3 7.0 T — 1.2 4.0
Cheetognatha ........ — e — T T T 0.3 0.4 0.3 0.2 0.1 0.05 0.1
Benth. ev. larvee .. .. 292 34.2 7.5 0.2 19.7 7.8 4.9 10.7 6.5 5.1 2.3 10.5 124
Other organisms ..... 0.3 0.7 0.1 0.1 8.7 0.1 0.5 0.6 0.4 02 0.2 0.05 i1
Marmorgyva
Copepoda ........... 52.3 33.8 35.6 70.1 70.1 53.0 82.8 814 77.1 80.0 88.5 95.2 68.3
Cladocera ........... 0.6 17.1 50.8 14.4 1.0 24.1 0.2 0.6 4.0 14.7 8.8 0.4 114
Copelata ............ 10.8 21.0 7.8 2.4 3.1 111 7.5 5.1 1.2 0.3 0.2 1.6 6.8
Cheetognatha ........ - - T T T T 0.2 0.6 1.4 0.4 0.3 0.4 0.3
Benth. ev, larvae ... 36.0 10.1 5.7 12.5 23.6 11.4 9.3 109 5.1 4.0 L8 2.2 1.1
Other organisms..... 0.3 17.9 0.1 0.0 2.2 0.4 0.1 1.5 1.1 0.6 0.4 0.1 2.1
Bones
Copepoda ........... 71.2 70.5 705 04.7 03.7 82.0 94.1 82.5 67.2 72.2 85.5 95.3 81.8
Cladocera............ z.0 3.6 235 1.2 0.7 7.6 T 0.2 8.8 20.8 6.8 0.2 6.3
Copelata............. 1.9 4.0 2.2 1.0 0.7 4.8 2.2 2.2 13.8 0.6 0.3 0.2 2.8
Cheetognatha ........ T 02 0.2 0.7 0.9 0.9 0.3 i.1 3.0 1.9 1.6 0.3 0.9
Benth. ev, larvee ... 230 19.2 3.4 2.2 1.7 4.5 3.3 124 57 3.9 52 30 7.4
Other organisms..... 1.8 2.5 0.2 0.1 0.3 0.2 0.1 1.5 1.5 0.6 0.6 0.1 0.8
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The copelata have also their greatest importance in the inner
fijord during 1941, but the fluctuations are smaller than for the clado-
cera. The greafest percentages (6-—9 %) occurred in May—July and
October. In 1942 maximum percenfages were found in May, with
greatest value, 13.8 %, in the outer fjord.

The ch®tognatha on the whole are of little significance
during 1941, and are mostly confined to the outer fjord.

In 1942, however, the percentages are greater, and the chatog-
natha also occur numerously in the inner fjord.

Benthonic evertebrate larve form an important
part of the zooplankton, especially in the inner fjord, and are present
all the year. They obtain their greatest percentages in May-—June
and October 1941 and April 1942

The group «Other organisms» is of little importance,
except at Marmorgya in June and Paradisholmen in September 1941,
the high percentages at both places being caused by a greater number
of eggs and larvee of Pleurobrachia pileus.

The distribution of organisms in the Nordasvatn 1n
relation to the hydrographic conditions.

As mentioned above (page 10) the Nordasvain is a land-locked
water. The deeper water layers are regularly free of oxygen and con-
tain H,S. The border between the surface layer and the bottom layer
is very distinet in the inner fjord, situated between 12 and 15 m. In
the outer fjord the deeper water layers offen contain more or less
oxygen right to the botfom.

Such conditions affect the plankton population to a high degree.
Organisms that belong to the deeper water layers, are excluded from
the inner fjord, but may to a minor extent thrive and survive in the
outer basins. Only those organisms that belong to the surface layer,
can live for a longer period in the inner fjord. The copepod fauna of
the Nordésvatn is very poor in species compared with that of the
fiords outside. (Cfr. Runnstrgm 1932). Most of the species which
usually oceur in deeper waters, are lacking, or, when preseni, are
found in very small quantities, The relative percentages of the various
species are also different from those of open fjords, (Ruud 1928,



Wiborg 1940). In the Novdasvain, Calanus finnmarchicus is of little
importance, whereas the small eyelopoid copepod Githona helgolandica
on an average is the most numerous plankion animal.

In 1941, the zooplankton population in the inner fjord both
quantitalively and qualitatively differed from that of the outer fjord.
Pseudocalanus minutus e.g. was both in number and in relation to the
other copepods of much more importance in the outer than in the
inner {jord. Oncaza borealis and Microcalanus pygmeeus were confined
to the outer part of the Nordasvatn, and this was also the case with
Sagitia elegans. X

In 1942, with the total renewal of the deeper water lavers, an
entirely new stock of copepods and other plankion organisms was
introduced from the fjords outside the Nordasvatn. In the deeper
water layers we now find Calanus hyperboreus, Metridia longa, a
greater number of copepodites and adults of Calanus finmarchicus,
together with other organisms belonging to these water layers.

As Jong as the bottom water contains sufficient quantities of
oxygen, these organisms can also thrive in the inner fjord. But, by
degrees the oxygen is consumed, and then the animals die out and
disappear, as they cannot adapt themselves to the hydrographic con-
ditions in the surface layver. This was clearly seen during 1942. In
1941 Microcalanus pygmeeus e.g. oceurred in small numbers in the
deeper water layers of the outer fjord. In April 1942 it was found at
all stations, but it disappeared from the inmost station May 22, from
the Marmorgya station June 2. Calanus hyperboreus was not present
in the Nordasvain in 1941, but was introduced in small numbers in
1942. At Paradishelmen this species disappeared May 27, while at
Marmorgya and Bgnes single individuals still oeccurred July 8. On
September 18. no specimens were found. Sagitta elegans was also
common in the inner fjord in 1942.

Currents in the surface layer are chiefly caused by the tides, but
also by winds, and the prevailing winds in the Nordasvain being
south-westerly, the surface currents will mainly run in an inward
direction. Single plankton animals belonging to the outer fjord are
occasionally found in the inner part, e.g. Sagitta elegans, mainly the
younger individuals, which keep to the surface layer.

The common increase in the zooplankion population from August
11. to 18. may to a certain part be ascribed to the surface current,
which carried with it a greater quantity of plankion. The increase
was first remarked in the outer fjord.

Some sewage is carried info the Nordasvatn from a densely
peopled area t¢ the north of the fjord, and this may affect the zoo-
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plankton population lo a certain degree. As mentioned in a previous
paper (Wiborg 1940) no copepods have been found which are exclu-
sively saprophile. But there is a certain quantitative difference in the
zooplanklion populations at the inmost station and at the Marmorgya
station {(see table 3, page 33). In 1941, the copepods Oithona helgo-
landica, Onceea sublilis and Paracalanus parvus attained their greatest
average percentages at the Paradisholmen station, while the other
copepods had increasing percentages from this station to Marmorgya.
Whether this is caused by a contamination of the water in the northern
part of the Nordasvain, or there are cother causes for the distribution
of the copepods, cannot be stated with certainty.

The Copepod Fauna of the Nordasvatn 1941-42.

The copepods are nearly always the most important group of
zooplankton organisms, and this is alsc the case in the Nordasvatn.,

The variation in total number of the copepods in 194142 is
shown in fig. 13. It will be seen that the curve is quite similar to
that of the total number of organisms.
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g. 13. Number of copepods in 184142 in 1000's.
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in 1941 there was a small stock of copepods (20003000} in the
inper fjord from May till July 11, when numbers began fo rise.
Maximum occurred in the first half of August, minimum in Septem-
ber, a second maximum in October, and still high numbers in De-
cember. The curve for the outer fjord follows that of the inner fjord
till August 1, but later it continues to rise till August 29. The bulk
of the copepod stock then consists of Oithona helgolandica and Pseu-
docalanus minutus in about equal amounts. Together these two
copepods form 90 % of the total number of organisms. High figures
prevail till September 18. Later, the number is decreasing, but it is
all the time much higher than that of the inner fjord.

In 1942, conditions were quite different from those of 1941. In
the middle of April the stocks are comparatively high in all parts of
the Nordésvatn, they decrease to a minimuwm at the end of the month,
and again increase to a maximum at the end of May. In the middle
of June there is a second minimum, later an a general increase to
the middle of July. A bigh number was found in the outer fjord on
September 18.

The composition of the copepod stock.

In 1941—42 there occurred in the Nordasvatn 16 species of
calanoids, 5—6 of cyclopoids and at least 14 species of harpacticoids.
But only few species, viz. 6 of calanoids and 2 of cyclopoids, were
found regularly and in larger numbers.

In table 2 the relative percentages of the most important copepods
occurring in the Nordasvain during 1941 and 1942 are set forth.

In considering the average percentages we find a distinet diffe-
rence in the composition of the copepods during the two years. In
1941 the Oithona spp. rank first in percentage. Next come Pseudo-
calanus and Acartia. In 1942, the Oithona again have the greatest
percentage, but now the Temora ranks second and Calanus fin-
marchicus third in percentage. This difference is to a greal extent
caused by the total renewal of the deeper water layvers in the early
spring of 1942. The incoming water brought with it a new siock
of copepods.

The individual species of copepods vary in percentage during
the year.

Calanus finmarchicus was of little significance in 1941, butl in
April and May 1942 it constituted 29.2 % and 10.2 % of the copepod
stock, respectively. Later on it gradually diminished in importance.



Table 2. The percenlage composition of the copepod stock in the Nordasvain 194142,

1941 1942

May Junc | July = Aug. Sep. | Oct ; Dec. | Mean] Apr. | May | June  July | Sep. Mean
Calanus finmarchicus ......... ... .. 03 01 0.4 05 05 0.7 02 L 04} 20210 102 1.7 D61 02 B4
Pseudocalanus minutus ... ... .. 1.3 180 113 15.6 183 157 261 133 5.5 1.3 7.3 53| &5 7.6
Centropages hamatus . ... ..., 0.3 0.3 1.3 0.7 T 0.3 ). 0.4 0.3 0.4 1.1 0.6 0.1 0.5
Temora longicornis. ... 3.5 500 107 6.3 0.8 .o 0.3 451 139 | 165 280 118 0.8 142
ACArlia SPP.e o e 205 7.0 0 105 3.6 0.5 30 Lt 6.7 2.1 7.7 5, 0.7 0.5 4.5
Paracalanus parves ... ... o0 0.5 03 44 04 36 0 305 332 113 52 I8 03 0.1 200 18
Qithona spp. ') .. i 61.8 | 578 577 042 7301 456 o007 60.1 | 3071 468 B35 715 781 502
Onceea spp. %) oo 1.0 3.0 1.7 L5 2.1 16 1.7 181 114 4.2 2.3 3.2 05 O.1
Other copepods ... o 0.5 4.9 20 1.2 11 1.0 T 1.5 1.7 1.1 0.3 0.2 0.2 07

B Mainly 0. helgolandica, %) Mainly 0. subtilis.

Table 3. The average percenlage composition of the copepod slock at

3 localities in the Norddsvaln 194142,

1941 1942

Paradisholmen Marmorsya Bones Paradisholmen |  Marmorsya Benes
Calanus finmarchicus . ... oo i i 0.4 0.4 0.3 6.1 14.6 4 4
Pseudocalanus minmius ... ... ... i 1.5 5.3 330 4,4 8.8 oX¢
Centropages hamatus ... ... i 0.3 : 0.4 0.5 0.3 0.5 0.7
Temora Longieornis. .. ...t i 1.8 47 0.9 10.0 123 20.3
ACHria SPP. oo e e 2.6 i 6.7 10& 2.2 38 7.5
Paracal@nus parvus .. ... oo e 16.8 13.2 39 L8 1.4 24
OUROIA SPP. v 71.8 :‘ 65.4 431 72.3 53.3 42.3
Onceca EF 2 £ 2.3 | 2.2 0.9 2.8 4.6 110
Other copepods. ..o ovr it i 24 1.6 0.6 0.1 0.7 1.3




Pseudocalanus minuins varied between 11 and 18 %, except in

i
December 1941, when the perceniage was only 2.6, The values for 1942
were lower than those for 1941,

{lentropages hamatus was bolh vears of little importance, with
perceniages from 0.1 to 1.3, :

Temora longicornis varied greatly in its appearance. I was an
important factor in the plankton from April to Aungust 1641, with a
maximum percentage of 1.7 in July and 28.0 in June 1942

Of the Acartia species, A. longiremis was of most importance.
It had ifs best time from May to June both vears, in May 1941 consti-
futing more than 20 per cent of the stock of copepods. In the autumn
and winter it was scarce and to some degree substituted by, 4. clausi,
which, however, never became 80 numerous.

Paracalanus parvus is a typical antamn form, which in October
and December 1941 made 30--33 % of the copepod population. On
other occasions it was comparatively secarce.

Numerically, Oithona helgolandica is always the most important
eopepod, as a rule econstituting over 50 %, up to 78 % of the stock of
copepods. Oithona nana was never numerous, (). spinirosiris very
searce.

Oneza sublilis has not previcusly been recorded from Norway.
The percentage varied between 1 and 3 during 1941, In 1942, the
values were greater, in April 11.4 %, decreasing somewhat till June,
but again increasing in September. Oncaa borealis was always scarce,
m 1941 confined to the outer fjord.

The average percentages of the most important copepods at 3
focalities in the Nordasvain during 1941 and 1942 are shown in
table 3.

In 1941, Paracalanus, Qithona helgolandica and Onceea subtilis
were of greatest importance in the inner fjord, while Pseudocalanus,
Temora and Acartia were most common in the outer part. The per-
centages of all these species are gradually changing from Paradis-
holmen through Marmorgya to the Bénes station.

In 1942, Calanus finmarchicus hat its greatest percentage at
Marmorgya, caused by a greater number of individuals in the deeper

water layers. The other copepods had the same regional distribution
as that of 1941, with the exception of Oncwa sublilis, which was now
most numerous in the outer fjord.
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The different species of « copepods.

Calanus finmarchicus {Gunnerus).

Previous investigations on this copepod are very exiensive, and
will not be quoted here. For litterature I refer to a previous work
{Wiborg 1944).

In 1941, Calanus finmarchicus was of little importance in the
Nordasvain, but in the first half of 1942 it was quile numerous. The
numerical varialions in these years are shown in fig. 14,

In May-—June 1941 the numbers were negligible in the inner

fjord. In July there was an increase, in August a maximum, a mini-
mum in September, a xéﬂmd maximum in Oclober and a minimum
in December. In the ouler fjord we have a sleadv increase from July
to a maximum in October, then a decrease to December., The numbers
on the whole were greafer in the outer than in the inner fjord.

At the beginning of April 1942 a fairly large stock of Cal. finm.

by

1942
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Fig. 14. Number of Calanus finmarchicus in 1941—42 in 1000's.
Paradisholmen, x---- - x Marmorgyva, o...—...0 Bgnes.
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was found, carried in from the fjord outside the Nordésvaln simul-
taneously with the remewal of the deeper water layers. With the
exception of a small increase in the inner fjord from May 7. tilt 15,
there was a steady decrease in numbers from April to Seplember.
During 1942, the largest stock was always found at Marmorgya, owing

to a great number of elder copepodites in the deeper waler layers.

Distribution of stages.

The relative percentages of all stages of Cal. finm. have been
worked out for each half-month from July 18. 1941 to September 18
1942 (table 7. at the end of this paper). Representatives of the stage

distribution are shown in fig. 15.

1941, The nauplii are dominating nearly all the time and form a
maximum in September. In the inner fiord the other stages have an
irregular distribution and are of negligible importance except in December,
when stage V has a maximum percentage. In the outer fiord the percen-
tage of nauplil is on an average smaller than in the inner part from July
to September, and there is a secondary maximum of females with cope-
podite stages V—III following closely. In October a maximum is formed
by stage V, in December by the females and nauplii.

1942 An entirely new stock has been introduced. A maximum of
nauplii in the first half of April is followed successively by maxima of the
different copepodite stages, last of stage V in the latter half of May. In the
inner fjord this maximum is maintained till the middle of July and is again
found in September. This is also the case with a secondary maximum of
nauplii, whereas the nauplii form the primary maximum at Bdnes, followed
by a secondary maximum of females in September.

In 1941, it is difficult to trace the different spawning periods.
Apparently there is continuous spawning from July to October, most
intensive in August—September. In winter Col. finm. seems lo die
out almost entirely.

In the winter and early spring of 1942 a new stock is introduced
from the fjord outside the Nordasvatn, mainly as nauplil.

In the spring of 1942 the development from the last nauplius
stage to the third copepodite stage lasted about a forinight, and
the same period was occupied for the development from stage HI to
IV and from IV to V.

In the outer fjord a new spawning probably took place in Sep-
tember 1942
The hydrographic conditions in the Nordasvatn commonly are
not well suited for Calanus finmarchicus, and g greater stock is only

found when the deeper waters have been renewed.
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Fig. 15. Percentage distribution of each stage of

Calanus finmarchicus In 1941-—42.

The individuals were always small, with exception of single spe-
cimens of copepodite stage V in the deepest hauls at Marmorgya.

Vertical distribution. ;
The plankfon hauls were made in daytime only. In 1941 the
bottom water of the inner fjord contained HsS from 2025 m level

and downwards.
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The vertical distribution of the different stages of Calanus fin-
marchicus in July-—December 1941 is shown in tables 4 and 5. In
theinner f jord (table 4) the greater part of all stages in July—
August frequented the 150 m layer. At Paradisholmen, however,
a greal percentage of females and copepodites of stage VIV was
taken below 15 m. After August 15. the vertical hauls were divided
according to the different water layers. A greater part of all stages
was then caught in the 20—12 m haul. We may therefore assume
that in summer the bulk of all stages of Calanus finm. frequents the
transition layer between 12 and 15 m.

Table 4. The perceniage distribution of each slage of Calanus
finmarchicus in the various hauls in the inner fjord in 1941

Paradisholmen  Marmorgya | Paradisholmen  Marmoreva
July 18th—Aug. 8th Aug. 15th—Dec. 12th

15 0 i5 0 12 0 12 0

Stage A A A A A A A A

20 1 20 13 20 12 20 12

e 13 37 25 75 S0 16 63 37
Qe 57 43 33 67 86 14 77 23
........ 43 57 g 9 87 13 67 33
............ 32 68 2 98 84 16 61 3
............ 26 74 — 100 86 i4 67 X
............ 11 89 — 100 75 25 76 24

| 7 93 — 100 65 35 70 30
N 21 79 — 100 4 5 53 47

In the outer fjord (iable 5) we find a greafer percentage of
all stages in the upper 15 m in the periods July 25. to August 15,
and September 26. to December 12. The adults and in part cop.
stage V have a somehwat greater concentration in the 30—15 m laver.
The percentage of copepodites in this layer is decreasing from stage
V to 1. Below the 30 m level we find some adults and copepodites of
stage V, also a small percentage of stage IV--1IL

In the period August 28. to September 18. most part of all stages
is concentrated in the 30—15 m layer, and a great part of copepodite
stage V keeps below 30 m.

In 1942, the vertical hauls at Marmorgya were divided into 4
steps (fig. 16). Three periods are distinguished, namely, April 21. io

May 7. (1.}, May 15.—22. (2.) and June 6. to July 8 (3.).
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Table 5. The percentage distribution of each stage of Calanus
finmarchicus in the various hauls af Bgnes 1941,

July 25th— Aug. 28th— Sep. 26th—

Aug. 15th Sep. 18th Des. 1Zth
- 30 i5 0 30 13 0 30 15 0
>tage A A A A A A A A
56 30 15 50 30 15 50 30 15
e (P i3 44 43 i7 83 - 7 40 53
Qe i 64 28 27 7 I 26 42 35
Vo 14 42 44 42 ! 18 53 27
Voo oo — 30 70 8 — 7 36 57
H | — 10 90 3 — 1 i3 86
Hooooo oo oo, — 5 95 e - —_ 6 G4
| —_ = 100 — 3 — I GO
N e I 6 93 — 3 — 5 93

g

The aduits at first are only found below 40 m, but from June 6.
there is a rising movement, and after June 12. we find almost the
entire stock above 40 m, with greatest concentration in the upper
15 m. This change in the vertical distribution has probably some
connection with the decreasing quantity of oxygen in the water layers
below 40 m.

Copepodites of stage IV and V have their greatest percentages
below 40 m all the time. These stages are less sensitive to low oxygen
concentration than the adults (efr. Wiborg 1940, pag. 34). Of stage IV
a minor part is concenirated in the vpper 5 and 15 m in the first and
third period, respectively. Copepodites of stage III in the 1. period
have a minimum occurrence in the 15—40 m layer, bul a greater
percentage in the upper 5 m and below 40 m. In the 2. period there
is a greater coneceniration in the 1540 m layer, and in the 3. period
we find nearly all the stock in the upper 15 m.

The stages 1 and I are sparsely found below 40 m. In the 2. period
the major part frequenis the 15-—40 m layer, but in the other periods
these stages keep to the upper 15 m, most concentrated in the upper
5 m. - The nauplii have nearly the same vertical distribution, only
with a somewhat greater percentage in the deeper water lavers.
The vertical distribution in the outer {jord 1942 is shown in
fig. 17. The periods here are: 1) April 21.--20. 2) May 7.--22.
3} Jupe Z. to July §. ‘

The adults at first are evenly distributed in all waler layers, but
in the 2. period there is increasing conceniration in the deeper layers.
In the third period, we find most part of the adults in the upper 25 m.
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Fig. 16, Vertical distribution of Calanus finmarchicus at Marmorgya in 1942,
Percentage distribution in the various hauls.

The copepodites of stage V in the 1. period have their greatest
percentage in the upper 10 m, decreasing downwards. Later they are
evenly distributed in all water layers, and in the 3. period most con-
centrated below 25 m. A
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Vertical distribution of Calanus finmarchicus at Bgnes in 1842,
Percentage distribution in the varicus hauls.

The copepodites of stages IV—1 and the nauphii all show a uni-
form behaviour. In the first and last period most part of the stocks
frequents the upper 10 m. In the second there is a greater percen-
tage in the 2025 m laver. The copepodites of stage III have their
main distribution in the 10— m, whereas the stage IV and I have
also a certain percentage below 25 m.

Paracalanus parvus Claus

According to Runnstrgm (1932) this species has a maximum
seeurrence in August—October near Bergen. In the Oslo Fjord the
main season is from July to October (Wiborg 1940).

In the Nordasvain, Paracalanus was scarce in the spring and
early summer of 1841, From July 11. to December 12. the numerieal
variation is shown in fig. 18

In the inner fjord there are two maxima, one smaller in the first
half of August, one greater in the middle of October. In the outer
fiord the two maxima occur somewhat later, at the end of August
and probably at the beginning of November (observations lacking),
the stoek in December being larger than that of October. In April
1942 the stock of Paracalanus makes about 700 speeimens at Marmor-
¢gya and 1400 at Bgnes, decreasing io almost nothing from April to
July. In September the stocks have again increased. (Paradisholmen
1335, Marmorgya 470, Bgnes 1186 individuals).

The rapid increase in numbers in August 1841 wmust be ascribed
to the special nature of this copepod, with an autumn maximum. Both
in August and Oclober the highest numbers occurred at the inmost

station.
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Fig. 18, Number of Paracalanus parvus in 1941—42 in 1000
Paradisholmen, x----- x Marmorgya, o...—...0 Bgnes.

In the counts 1 have separated males, females and copepodites.
Only the older copepodite stages are caught, most part of the younger
stages and all the nauplii going through the meshes of the net (Wi-
borg 1940).

As a rule, the copepodites made more than half the stock caught,
and in October and December 1941 they made the bulk of it. The
females were always more numerous than the males.

We may assume that the percenlages of adults vary according
to the spawning periods. In order fo trace these, I have given the
percentages of the males of Paracalanus at Paradisholmen and Bgnes
in the period July—December 1941 in fig. 19.

20

Fig. 19. Percentage distribution of the males of Paracalanus parvus
July—December 1841 - Paradisholmen, o...—...0 Bgnes.

At Paradisholmen the curve shows 3 peaks, July 25, Septem-
ber 1Z. and October 3. At Benes we find only 2 maxima, August 1.
and October 24.

The July mazximum of males at Paradisholmen seems to be in
accordance with the maximum number of Paracalanus in July—
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Augast. A second brood, following the maximum of males in Seplem-

st

ser, has either not taken place, or must have been unsuccesful, since
there was no increase in number afterwards, but the third maximum
is followed by a maximum nuwmber in October.

In the outer fjord, both the maxima of males are followed by
maxima in number of individuals.

The period between two maxima is a Httle more than two months,
which agrees well with previous investigations. Propagation probably
takes place most part of the vear.

Vertical distribution. In 1941, nearly all the Paraca-
lanus were taken in the 12--0 m layer, except in the period August 15.
to September 5, when the greater part was caught below 12 m. At
Bgnes, 2/3 of the stock kept in the 30—15 m layer on December 12.

In 1942, conditions were different. At Paradisholmen the major
part of the stock was at first taken in the 40—15 m haul, after May 22.
however, in the upper 15 m. At Marmorgya the vertical distribution
was more even, with maximum occurrence in the 40—15 m layer
from April to May. After May 22. the stock below 40 m disappeared,
end the maximurm number was now taken in the upper 5 m. On
September 18. most part of the stock frequented the layer between
12 and 15 m. )

At Bognes the greatest number was always found below 25 m,
except in September, when 2/3 of the stock were caught in the 15-—0 m
hauls, 1/3 in the 25—15 m hauls.

Pseudocalanus minutus Krgyer.

According lo previcus investigations in the waters off Bergen
(Runnstrgm 1932) this copepod is moderately numerous all the year,
with maximum stock in June—September. Propagation is going on
all the year.

The numerical a;ariaﬁmz of Pseudocalanus minutus in the
Nordéasvatn in 1941—42 is shown in fig. 20. The curve for the Bgnes
station in 1941 has to be magnified 10 times.

in 1941, Pseudocalanus is scarce in the inner fjord. There are
maxima in August and October. In the outer {fjord, numbers are
great, with maximum in Sepfember.

19492, Pseudocalanus on the whele is more numerous than the

previous vear. In the inner fjord there are maximum numbers in
May, probably in August, in the ounter fiord in June and probably in
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Fig. 20. Number of Pseudocalanus minutus in 1941—42 in 1000's.
Paradisholmen, x----- x Marmorgya, ¢...—...0 Bgnes.
The curve for the Bgnes st. in 1941 has to be magnified 10 times.

Propagation.

Adults, each copepodite siage and nauplii have been counled sepa-
rately. Pseudocalanus is very prolific, and, as a rule, the distribution
of stages is very irregular. This is partly caused by the currenis in
the surface water layers, wich carry the copepodites and nauplii from

one place to another.
In order to trace the periods of spawning and the succession of
broods, percentage curves have been worked out for all stages at the

Marmorgva and Bgnes stations during 1941-—42. (Fig. 21).

1941, At Marmorgya, the stock before July 18. 1941 is too small
to be taken into account. — Males and females are scarce all the vear with
small maxima of males July 15. and October 24, of females August 15, Sep-
tember 12. and October 24. The copepodites of stages IV and V have maxima
in July, August, September and December. — Stage III is comparatively

numercus in relation to the other stages. It has irregular variation, with



o
S

=
[

ol
)

b
S

A
AN ¢

¥ AN A 1
Y P Ny i . " Q_;_/X‘\L.-ﬁ/‘f"'\\
A - T T S ~

Fig. 21. Percentage i Pseudocalanus

in 1941—42. x----- x Marmorgya, o



ma at the end of August u”ﬁd the beginning of Getober. — Stage II
relativelv numerous after Aug with maximum perceniage at the

end of September. Stage I has {z‘a in July, August and October,

the nauplii have maximsa in July he beginning of msguss September
and October.

At Bgnes there is a high percentage of adulis, speciall
Mayv—dJune, with maximum at the end of June. The copepodites of stages V
and IV wvary irregularly, with greater percentages in December. — Stage IIT
has a maximum occurrence in the first ha Ef of May, later it is scarce until
July 25. After that date, the percentage is rising, and from August to Decem-
ber extremely high, this copepodite stage ﬁﬁﬁ:‘“’} comprising 40 to 80 % of the
total stock of Pseudocalanus, — Stage II is very irregular in zts variation,
r higher percentages ; ittl
significance, with a maximum July
distinet maxima May 1’» anda July

In 1942, the distribution of st 1
Adults and nauplii on I - whole now form a greater part of the stock.

At Marmorgya, the females show distinet maxima al the end of April
and the end of June. The nauplii have 3 maxima, April 28, May 2. and Juli &
or later. The first maximum can be followed up to copepodite stage IV
on May 22. and is followed by the maximum of femsales on June 23. The
second maximum of nauplil is succeeded by the maximum of stage IV on
June 12. The third maximum has probably been followed by the maximum
of stage IIl in September.

At Bgnes the variation in the distribution of stages is similar to that
at Marmorgya, only about a week later in development. The third maximum
of nauplii has probably occurred late in July, since there is a maximum of
stage II on September 18.

iy females, In

Spawning periods. We must assame that Pseudocalanus
in the Nordasvatn is propagating most part of the year. More intense
spawning seems to take place in the inner fjord in April, June—July
and September—October. Similar periods are indicaled in the outer
fjord, only somewhat retarded. The main propagation takes place in
the autumn. The interval of about two months between each spaw-
ning period agrees very well with previous investigations. The
secondary maxima of copepodites and nauplii must partly be aseribed
to horizontal displacements of the surface waler layers, which carry
the vounger stages from one locality to another. There is also the
possibility that the females produce more than one brood, which is
previously indicated for other copepods, e.g. Calanus finmarchicus
{Nicholls 1833).

Vertical distribution.

In 1941 the living plankion in the inner fjord was limited
to the upper 20 m. In the period May 2. to August 8. only single



Pseudocalanus were found below 15 m, except on May 23, when the
major part of the females and copepodifes of stages V, IV, II and |
were taken in the 15-—20 m haul. From August 15, to September 8.
nearly the entire stock was taken in the 2012 m haul. We must
therefore assume that in suwmmer the Psendocalanus remain in the
narrow water layer from 12 to 15 m. From September 26. to Octo-
ber 24. there is an increasing percentage of all stages in the upper
12 m. In December they have again moved below 12 m.

Inthe outer fjord, the major part of the stock from June 8.
to 20 keeps to the water laver below 20 m, from July 11. to 18, in the

upper 1026 m.
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Fig. 22, Vertical distribution of Pseudocalanus minutus at Bgnes.
Percentage distribution in the various hauls,
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The vertical distribution in the periods July 25. to August §,

August 15, to OGetober 24, and for the year 1942 is shown in
fig, 22.

In the first period copepodites of stages IV and III are almost
evenly distributed in all waler layers.” The remaining stages E\:eep to
the upper 30 m, with maximum occurrence of females and copepodite
stage V in the upper 15 m. In the second period most part of all sta e
except stage I and nauplii, keeps below 15 m. Males and mpeymiﬁe
stage Il have their greatest concentration in the 30—15 m layer, fe-
males and stage II in the 30—50 m. In 1942 a greater percentage
of the Pseudocalanus keeps to the upper 20 m, exceptl from May 15

o |

to June 2, when all stages, with exception of the nauplii, are taken in
the 50---20 m haul.

MMarmoreya
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Fig. 23. Vertical distribution of Pseudocalanus minutus at Marmorgya.
Percentage disiribution in the various hauls.

o

4(}~»-—10 m layer from April 29, to June 2. 1942, the females being
evenly distributed in all water layers down to 80 m. Afte;‘ 3{;;;%} 12.

Marmorgya (fig. 23) a greater part of all stages iz‘eauemis the

= find most part of the stock in the upper 15 (25) m.
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Centropages hamatus Lilljeborg.

According to Runnstrgm (1932) this copepod is common near
Bergen (Herdla- and Hjeltefjord) from May to October, with maxi-
mum in August.
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Fig. 24. Number of Ceniropages hamatus in 1941—42 in 1000s.
Paradisholmen, %- - - -x Marmorgya, o— ... —o0 Bgnes.

In the Nordasvain, C. hamatus is rather scarce.

The numerical variation in 194142 is shown in fig. 24.

In 1941 numbers were less than 50 until the beginning of July,
reached maximum in the outer fjord in the middle of the month, in
the inner fjord at the beginning of August. Later the numbers de-
creased rather suddenly. In 1942, there was a maximum number at
all stations in the first half of June.

Distribution of stages. The smaller nauplius stages
pass through the meshes of the net. The variation in percentages of
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Fig. 25. Stock composition of Ceniropages hamaius in 1941—42.
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the adults, copepodites, and nauplii in July-—August and October
1941 and May—July 1942 is shown in fig. 25. — At other times the
numbers were too small to give reliable figures.

The adults had maximum percentage July 25. 1941, May 7. and
June 23. 1942, Minima occurred May 22, and July 28. 1942, The
copepodites had maximum occurrvence July 11, August 8. and Octo-
ber 10. 1941, May 15. and June 2. 1942, the nauplii had maxima
July 27. and October 10. 1941, May 2. and July 8. 1942,

To judge from the maxima of the nauplii the main spawning
would take place in the latter half of May, July and September.

in the spring and early summer of 1941 conditions in the Nordés-
vatn were very unfavourable, and very little spawning took place.

Centropages hamatus was mainly caught in the upper 10—15 m.
In 1942, a greater part of the stock at Marmorgya was faken in the
5-—0 m haul.

Temora longicornis Miller.

In the Herdla- and Hjeltefjord T. longicornis is absent in Decem-
ber and January, scarce in February—April and October-—November,
common from May to September. (Runnstrgm 1932.)

The numerical variation of T. longicornis in the Nordasvatn in
1941—42 is shown in fig. 26.

In 1941, Temora was scarce from XMay to the beginning of July,
common from the middle of July to the beginning of September, and
again scarce after the middle of September. Maximum number oceur-
red in the beginning of August. In June 1942 there was a mass occur-
rence with far greater numbers than in 1941. Whereas in 1941 the
largest stock was found in the outer fjord, with decreasing numbers
inwards, this was not so marked in 1942,

Propagation. The relative average percentages of males,
females, copepodites and nauplii during 194142 are shown in fig. 27.
Only the later nauplius stages are caught. The earlier stages easily
pass through the meshes of the net.

Major part of the steck of Temora consists of copepodites in
various siages. The pereentage curve for the nauplii shows maxima
in May, July—August and September-—October 1941, and May 1942,
indicating at least 3 periods of more intense propagation a year. In
1941 the July brood seems. fo have been most suecessful, to judge
after the increase in number at the beginning of August. In 1942 the
May brood was more successful than in 1941, apparently on account
on the more favourable hvdrographic conditions.
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Fig. 26. Number of Temora longicornis in 1841—42 in 1000’s.
Paradisholmen, x- - - -x Marmorgya, o—...—0 Bgnes.
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Fig. 27. Stock composition of Temora longicornis in 194142,

Vertical distribution. In the inner fjord Temora was
mainly taken in the upper 15 m. In 1841 it probably frequented the
layer between 12 and 15 m. In 1942 the bulk of the stock kept between
15 and 5 m, but minor quantities oceurred in all depihs.
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In the outer fjord, the grealest number of Temora was also taken
in the upper 15 m, except from August 1b. to September 18, 1941,
when a larger part was found in the 36-—15 m haul. In 1942, the bulk
of the stock frequented the 2010 m layer. In the period June 2.
to 23. there was an increasing quantity in the upper 10 m, in with
maximum occurrence June 23.

Acartia clausi Giesbrecht.

Runnsirgm (1932) states that 4. clausi near Bergen has a maxi-
mum cccurrence in May—-June and August—November. This agrees
closely with the conditions in the Nordasvatn.

The numerical variation of this species in the Nordasvatn during
1941 is shown in fig. 28.

~

Fig. 28. Number of Acartia clausi in 1941 in 1000's.
Paradisholmen, x- - - -x Marmorgya, o—...—0 Bgnes.

A. clausi does not occur before the middle of June. There are

maximum numbers in the first half of August and of October. The
greatest numbers are found in the outer fjord, decreasing inwards.
From April to July 1942 only single individuals were found. In Sep-
tember 216 specimens were caught at Bgnes.
‘ Propagation. The copepodites of stages I-—III are easily
confounded with those of Acartic longiremis. The nauplii of the two
species cannot be separated at all. In table 6 are set forth the percen-
tages of males, females and copepodites at Bgnes during 1941,

Table 6. The percentage variation of males, females and copepodites
of Acartia clausi at Bgnes 1941.

Date | 25/7 1/8  8/8 15/8129/8| 5/9 | 12/9 | 18/9 26/9 | 3/10 10/10 24/10 1/12

ol 69.5 455 25.0; 455 218/ 31.8! 1781 1331 139 216 M_()§ 41.8) 340
Q 8.9 337 409 455 191! 230 516 236 177 170 374 66.0
3

C 216 27.8 344 81 591 453 305 625 609 684 208, —

[@ ;TN
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There is a certain periodicity in the percentage varialion, corre-
sponding to that of the total number. From July 25. to December 12,
there seems to have been al least 3 succession of broods, July 25,
September 5. fo 12. and after October 24.

A. clausi in its vertical distribution is restricted to the upper
15 m or less. Only in the period August 2. to September 18. the major

part of the stock at Bgnes is taken in the 30—15 m haul

Acartia longiremis Lilljeborg

In the Herdla- and Hjeltefjord A. longiremis is numerous from
May to August, but decreasing in number as early as September
(Runnstrgm 1932).

The numerical variation of A. longiremis in the Nordisvailn in
1941-—42 is shown in fig. 29. This species is far more numerous than
A. clausi and was present during all the time of investigation.
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Fig. 29. Number of Acartia longiremis in 1941—42 in 1000's.
e Pgrvadisholmen, x- - - -x Marmordyva, ¢— ... —0 Bgnes.

In 1941 there are maximum numbers in May and July, but other-
wise great fluctuations. The numbers are always decreasing from the
outer o the inner fjord. In 1942 the stocks are larger than in the
previous year, but more evenly distributed. Numbers are steadily
increasing from April to July, except in the ocuter fjord, where the
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stock reaches maximum number in the middle of May, has a minimum
at the end of June, and is again increasing in July.

Propagation., The nauplii and younger copepodile stages
of A. longiremis cannot be discerned from those of A. clausi, buf,
when no adults and older copepodites of the latler species are pre-
sent, the nauplii and younger copepodite stages with certainty can
be referred to A. longiremis.

The average stock composition of A. longiremis in two periods of
1941 and one of 1942 is shown in fig. 30.
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Fig. 30. Stock compesition of Acartie longiremis in 194142,

In 1941 the main spawning probably took place at the end of
April. In the outer fjord, the percentage of adults is steadily increa-
sing throughout the summer, but at Marmorgya there are few adults
until July 11. After that date, the stock composition is quite similar
all over the Nordasvatn. As the numbers are increasing greatly at
all stations after July 11, but nevertheless mainly consists of adulfs,
we must assume that the greater part of these have been introduced
from the fjord outside the Norddsvatn with a surface current.

In 1942 there has probably been a period of propagation before
April 21, On April 10. the sfoek at Paradisholmen consisted mainly
of nauplii (44 %) and copepodites of stages I-—IIT (34 %). The main
spawning iakes place in May. The nauplii have maximum percentage
in the middle of the month, the yvounger copepodites at the beginning
of June., The adults have maximum oceurrence at the end of June
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end the beginning of July, and we may therefore assume, that the

nexf spawning would take place in the middle of J

Probably there

is an interval of 6 to 8 weeks between two genervations of 4. longiremis,

Males and females are alternatively more numerous.
In 1941, A. longiremis kept mainly between 10 and 15 m in the
inner fjord, in the upper 15 m in the ouler part. In 1942, there was

a maximum occurrence at Marmorgya in the upper 5 m.

Other calanoids.

The following calanoids for a greater part do not belong to the
copepod fauna of the Nordasvain, but occur more or less occasionally
and in small numbers.

Calanus hyperboreus Krgyer was introduced in the early spring
of 1942, Inmost, at Paradisholmen, 5 copepodites of stage 1V were
caught in the 20—0 m haul on April 10. and 2 specimens on May 27.
At Marmorgya and Bgnes €. hyperboreus was present from April 21
to July 8. in moderate numbers (4-—67 specimens). Nearly all the
specimens were taken in the deepest hauls. Copepodites of stage V
were dominating all the time, except in the outer fjord on April 21,
when copepodites of stage IV were in majority. Single specimens of
stage 1II occurred April 21, 1 female on May 7.

Microcalanus pygmeus G. O. Sars was in 1941 found in the outer
fjord in small numbers, maximum 60 specimens. In 1942 a few
individuals also occurred in the inner fjord, but they soon disappeared,
from Paradisholmen station after May 22, from Marmorgya after
June 2. The latter locality in April-—May had a stock varying from
106 to 250 specimens, on June 2. only 15 specimens. At Bgnes the
number was steadily decreasing from 325 sp. on April 21. to 40 sp.
on July 8.

Microcalanus usually frequented the deeper water layers, but in
1941 single individuals were caught in the upper 15 m.

Pseudophaenna typica G. O. Sars. 1 female at Paradisholmen
October 3. 1941 in the 12—0 m haul.

Scolecithricella minor Brady. 1 female at Marmorgya May 15.
1942 and one at Bgnes April 21. 1942, both in the deepest hauls.

Stephos scotti . Q. Sars, 5 females and copepodites at Paradis-
holmen August 1. 1941 and 5 specimens at Bgnes May 2. 1941,

Centropages iypicus Krgyer. Single males at Paradisholmen
Oetober 3. 1941, Bdnes August 22, 1941 and June 2. 1942,

b

Isias clavipes Boeck. In 1941 some individuals were caught in
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the upper hauls in the ouler fjord: September 12: 1 @, October 3:
25 7o, 21 ', 121 copepodites. October 10: 14 -, 85 2§, 83 cop.
25 nauplii(?). October 24: 21 S, 21 cop.

Meiridia longa Lubbock. In 1941 single copepodites occurred al
Bgnes, one also at Marmorgya October 24. In 1942 this copepod was
found at all stations, maximum number 142 specimens at Bgnes on
May 15. All stages were found, nauplii included. After May 22. num-

bers decreased greatly.

Nearly all the individuals were caught in the deepest hauls (in
the outer fjord below 25 m). From May 22. to June 23. 1942 major
part of the stock was faken in the 25-—10 m hanl.

Metridia lucens Boeck. In 1941 single specimens were caught in
the outer fjord from August 29. to December 12. In 1942 it was also
found at Marmorgya from April 29. to June 23, all the time in the
deepest water layers.

Acartia discaudata Giesbrecht. Single individuals were taken al
Paradisholmen August 1, October 24. 1941 and July 14. 1942, at
Marmorgya July 25. and September 9. 1941, and at Bgnes July 8. 1942,
Both adults and copepodites occurred. Nordgaard (1899) records this
species from the Puddefjord (Bergen harbour) G. O. Sars (1903) from
Brattholmen near Bergen, Runnstrgm (1932) from a poole called
Rosselandsvag.

Qithona helgolandica Claus.

Off the west coast of Norway Ruud (1929) found maximum
numbers in March—May. and in July or later. Runnstrgm (1932)
mentions a maximum in the autumn.

The numerical variation of O. helgolandica in the Nordasvatn in
1941—42 is shown in fig. 31.

0. helgolandica is always numerous and forms an important part
of the animal plankton in the Nordasvatn. In 1941 it is comparatively
scarce till July 11. From that date there is an increase in number all
over the fjord. In the inner part there was a maximum on August 1,
but at Bgnes the number did not culminate until the first half of
September. In October there was a minimum, but in December num-
bers were again a little higher. In 1942 the stock of the inner fjord
showed a rapid increase from April to May with maximum number
in the latter half of May. A second maximum occurred in the middie
of July or later. At Bgnes there was a small maximum in June fol-
lowed by a minimum. Later the number again increased and was
very high in September.
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Fig. 31. Number of Oithona helgolandica in 1941—42 in 1000s.
Paradisholmen, x- - - -x Marmorgya, o—...—o0 Bgnes.

The horizontal distribution was nearly identical both years, with
greatest numbers in the inner fjord from April to August. Later in
the year the largest stock occurred in the outer fjord. In the inner
fiord the main period of propagation seems to be in August, in the
outer part in September, with other spawning periods in March, May,
and possibly November.

The number of copepodites always exceeded that of the adults,
except from May 2. to July 25. 1941 and April 10. to May 15. 1942.

Some of the specimens of Oithona helgolandica differed a little
in shape from the others. The cephalothorax was shorter and stouter
than that of the other individuals. They ressembled a little of Paroi-
thona parvula, but had a rostrum. The lenght of females was 0.63 mm.
It may be a dwarf form of O. helgolandica, or a different species. I
have nol investigated the question any further.
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Vertical distribution In 1941 most part of the s stock
in the inner fjord probably frequented the waler layer from 10 to
15 m, from Oectober to December the upper 10 m. In the outer fjord
the largest quantities were found in the 5630 m haul, with decrea-
sing quantities upwards. On October 24. and December 12. maximum
numbers were caught in the 30—15 m haul.

In 1942 there was a more even distribution in all waler layers,
with maximum occurrence in the 15—5 and 5—0 m layer allernately.
On September the greatest number was taken in the 2512 m haul.

Qithona spinirostris Claus

In the Nordasvain, O. spinirosiris is alwavs searce. In 1941 single
individuals were found in the outer fjord, maximum 25 specimens
on August 8. In April 1942 this copepod occurred at all stations in
small numbers, but disappeared from the inmost stalion as early
as May 7.

The individuals were mainly females, and most often caught in
the deepest hauls.

QOithona nana Giesbrecht.

Previously (1940) I have recorded this species from the Oslo
Fjord. The numerical variation in the Nordasvatn in 1941—42 is
shown in fig. 32.

In 1941, O. nana is scarce from May to the middle of July. Later
on the numbers increase, with maximum at Paradisholmen at the

-

Fig. 32. Number of @Oithone nane in 1941—42 in 1000°s,
e Paradishelmen, x- - - -x Marmorgya, o— ... —o0 Bgnes,



L BG

end of July, at the other localities in the first half of August. In Sep-
tember there is a common minimum. In the inner fjord there is a

he outer part some-

second maximuimn in the middle of October, in t
what later.

In 1942, conditions from April to July were much alike those of
1941, but the numbers were a little higher, with a maximum of 560
specimens at Bgnes at the end of May.

As a rule, O. nana is most numerous in the upper 10—15 m. In
1942, the greatest number was taken in the 5—{0 m hauls at

Marmorgya.

Oncea borealis G. O, Sars.

In 1941, Onecza borexiis was found in the outer fjord in small
numbers, maxima July 25. and September 5, 122 and 225 individuals
respectively. In 1942 this species occurred in the whole fjord. In-
most the number varied between 0 and 20, at Marmorgya 556, at
Bgnes 15-—180. Mainly females were caught, males and copepodites
being comparatively scarce. At Bgnes there was a greafer percentage
of copepodites and males July 25. 1941 and September 18, 1942, of
copepodites also September 5. 1941,

O. borealis commonly kept in the water layers below 30 m.

Onczsea subtilis Giesbrecht.

This copepod has not previously been recorded from Norwegian
waters. Cleve (1900, 2) found it at Plymouth, v. Breemen (1906) and
Rose (1929) give the distribution to the Mediterranean, the Atlantic
Ocean and the Skagerak. It has been impossible to ascertain who
has recorded this copepod from the Skagerak. Farran (1908) has
found it on the Irish Atlantic Slope, both near the surface and at
greater depths.

V. Breemen (1906) gives the length of the female to .48
0.50 mm. Cleve (1900, 1) has a description of the male with length
0.4 mm.

Oncza sublilis is very common in the Nordasvatn. All stages
were found, nauplii excluded. The length of the female is 0.54 mm,
that of the male 0.37 mm (0.43 mm, selwe included).

The numerical variation in the Nordasvain in 1941—42 is shown
in fig. 33.

In 1941 numbers are small all over the fjord until the middle
of July, when there is a common increase. At Paradisholmen there
are maximum numbers in August and October, minimum numbers
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Fig. 33. Number of Oncea subtilis in 1941—42 in 1000’s.
Paradisholmen, x- - - -x Marmorgya, o—...—0 Bgnes.

in September and December. At Marmorgya and Bgnes the slocks
are much smaller and vary irregularly in size. There are two maxima
in September. In the outer fjord the number is very high in December.

In 1942 the numbers are on an average much greater than the
previous year. In the inner fjord the stocks are comparafively small
from April to the beginning of June. Then the numbers begin to
increase. Inmost there is a maximum in the middle of July or later,
and a smaller maximum in September. At Marmorgya maximum
oceurs in the middle of June, followed by a minimum at the end of
the month. Later the number is steadily increasing and is very high
on September 18. In the outer fjord there is a maximum stock of
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5400 sp. in April, then a decrease to a minimum in June. From
the end of June the number is increasing, amouniing to 9600 sp.
in September,

Propagation.

A greater proportion of the smaller copepodites go through the
meshes of the net. Probably some of the males also escape, as they
are very slender. As a contrast to what was the case with Oncaa
borealis, I seldom found O. subtilis in copulation,

In the inner fjord females with egg sacks were found
from June 20. to December 12, 1941 and on June 2.—12, July 8§, and
September 18. 1942. In the outer fjord they were more scarce, but
were observed from August 22. to 29. 1941, on July 8. and Seplem-
ber 18. 1942. The males were a small proportion of the sfocks,
as a rule, less than 10 per cent.

The variations in percentage of the copepodites of 0. sub-
tilis in the inner fjord in July-—December 1941 and at all stations in
1942 are shown in fig. 34.
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Fig. 34, Variation in the percentage of copepodites of Oncea subnilis
in 194142,
Paradisholmen, x- - - -x Marmorgya, ¢—...-—0 Bgnes.

In 1941 the curve has 4 peaks between July and October. In
April 1942 we have already passed the maximum. A second maximum
follows at the beginning of June, and there probably is a third in
Augusl or September.

In the outer fjord the percentage of copepodites is much lower
all the time, but maxima are indicated in May and July—September.

In comparing the percentage variation with the variation in num-




hers, it is evident that the propagation is going on a grealer part of
the yvear. Maximum of copepodites will oceur some time after spaw-
ning. In 1941 there were periods of more intense propagation each
month from July to Oclober. The September spawning has probably
been unsuecessful, In 1942 maximum of spawning takes place in
March and July in the inner fjord, at the beginning of April and in
July-—August in the outer part.

Vertical distribution.

In 1941, the greater part of the stock of O. sublilis probably kept
in the water layer from 10 to 15 m, sinee the bulk of the stock was
eaught in the 15-—0 m hauls before August 22, and later, when the
hauls were divided more according to the different water layers, in
the 20—12 m hauls. In the outer fjord O. subtilis frequented the
apper 15 m till August 15. After that date it went deeper. In the
period August 22. to September 5. the greatest number was taken in
the 30—15 m hauls, later in the 5030 m hauls, with the exception
of October 24, when most part of the stoek was caught in the
upper 15 m.

In 1942 the stock in the inner fjord was at first evenly distributed
in the water layers below 15 m. From May 7. to 15. there was a some-
what greater concentration in the 15—5 m layer, and later nearly
all the individuals were taken in the 5—0 m hauls. On September 18.
the greatest number occeurred in the 25—12 m layer. — In the outer
fjord O. subfilis was at first caught in the 50—20 m hauls. After
May 15. the greatest concentration was found in the upper 10 m. In
September O. subfilis was evenly distributed in the water layers
befow 10 m.

The vertical distribution seems to have some connection with
the season of the year. In smmwmer we {ind O. subtilis in the upper
5—10 m. In August begins a migmtién towards deeper water, and
from October to April O. sublilis keeps in the deepest parts of the
Nordésvain, assumed that there is sufficient quantities of oxygen.

Other cyeclopoids have been found singly, mostly cope-
podites, but they have not been defermined.

Harpacticoids were regularly present, but scarce in number.
Owing to the difficuities in determining them, they were only partly
identified. The following species oceurred: Longipedia coronala
Claus, L. scolti G. O. Sars, Ectinosoma sp., Microsetella norvegica

Boeck, Harpacticus uniremis Krgver, Idya furcata Baird, Dactylopusia
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vualgaris G. O. Sars, Amphiascus nasuius Boeck, A. longirosiris Claus,
A. giesbrechti G. O. Sars, Mesachra sp., Ameira tau (Glesbrecht, Ameira
sp., Laophonie sp.

Of these species only Microsetella norvegica is rveally planctonie.

Nicholls (1935) has given a full deseription of the nauplii and
copepodites of Longipedia coronata, L. scotii and L. minor. The nauplii
of L. coronala, and nauplii and copepodites of L. scotfi were found in
the Nordasvatn in moderate numbers in 1841—42.

The number of L. coronata nauplii was usually 20—30, with maxima
July 25. 1941 (150 sp.) and October 10. 1941 (1562 sp.).

The L. scotfi nauplii varied much more in number. In 1941 there
were 5 maxima from June to October, with intervals of 3—4 weeks.
The June maximum was found only at Benes, where the September
maximuom, in turn, was lacking. The maximum numbers varied
between 60 and 400 specimens.

Copepodites of L. scotti were found regularly from June to De-
cember 1941, The numbers had irregular variations, with greater
maxima at the end of June (60), August (550 and Oectober (125).

Al the harpacticoids were mostly found in the upper 10—15 m.

Other organisms.

Cladocera.

Evadne normanni Lovén is common in the Herdia- and Hjelte-
fiord from April to November, numercus from May to September
(Runnstrgm 1932).

In the Nordéasvatn, (see fig. 35) Epadne occurred during all
the time of investigation, but was very scarce in May-—June 1941
and from the end of August to the beginning of October. In July
August and October there were distinet maxima. In April 1942
Evadne was searce. Numbers increased in May, and maximum occeur-
red in the first half of June. On September 18. numbers were low.

In 1941 there were nearly always deecreasing numbers {rom Para-

disholmen towards the outer fjord. Individuals with resting eggs were
found from July 11. to August 8. and from September 18. to October
10, in 1942 from June 12, to July 8 Males oceurred June 613,
OGetober 3. 1941 and April 29. to May 7. 1942, On October 24. and
December 12. 1941 the Ewvadne were very small, brownish, without
embryos or vesting eggs.
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Fig. 35, Number of Evadne nordmanni in 1941—42 in 1000's.
Paradisholmen, x- - - -x Marmorgya, c— ... —o0 Bgnes.

Podon polyphemoides (Leuckart), P. leuckarti G. O. Sars, and
P. intermedius Lilljeborg all occurred in the Nordasvatn in 1941. The
numerical variations of the three species are shown in fig. 36.

Podon polyphemoides was present from May to October, but
numerous only from June to August. During these months there were
two maxima al Paradisholmen, June 27. and July 25. At Marmordyva
and Bgnes maxima occurred in the first half of July. The greatest
numbers were always found at Paradisholmen. In May, last half of
September, and in October only single individuals were caught. In
1942 P. polyphemoides occurred in small numbers at Paradisholmen
on June 12. and July 14, and at Marmorgya and Bgnes on Sep-
tember 18.

Podon intermedius was in 1941 taken in two periods, in July—
August and in October. It was always scarce, never exceeding 100
specimens. In 1942 it was lacking.

Podon leuckarti had in 1941 a medium-sized stock. It was present
from June to August and in October. Inmost in the Nordasvatn maxi-
mum numbers occurred on August 1, at the other stations in the first
half of July. In 1942 P. leuckarli was more numerous and present
during all the time of investigation. At Paradisholmen maximum
numbers occurred May 15. and June 12, at Marmorgya and Bgnes

June 2.
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Fig. 37. Number of Podon leuckars in 1942 in 1000s.
o Paradisholmen, x- - - -x Marmorgyva, o— ... —0 Bgnes,

All the cladocera belong to the upper 15 m, and in 1942 the
greatest concentration occurred in the upper 5 m.

The following species occurred singly: Daphnia longispina cristaia
O. F. M. was found at Paradisholmen June 13. to August 15. 1941
and September 18. 1942, at Marmorgya July 25. 1941, at Bgnes July
18.-—25. and August 15, 1941

Diaphanosoma brachyurum Lievin occurred at Paradisholmen
July 18. 1941 and at Bgnes Mav 15. 1941,

Bosmina obtusiresiris . O. S. {coregoni maritima ?) was taken
at Paradisholmen August 8.--15. 1941 and April 10. 1942, at Mar-
morgya August 22. to September 12, 1941 and June 12. 1942, at Bgnes
July 18. and August 8. 1941,

Decapoda.

Adult decapods were not caught in the plankton hauls, but various
larvee occurred. Larvee of different prawns were found sparsely from
April to October both years, maximum numbers in July 1941 and
May 1942, Pandaling brevirosiris (Rathke} was the most common
species caught, but Crangon crangon (L.) Hippolgte sp. (Leander sp.?)
and probably Pandalus montagui Leach also occur. Athanas nitescens
(Montagu) was taken twice, at Bgnes August 8. 1941, and at Mar-
morgya May 22. 1942,

Larve of pagurids, mainly of Fupagurus bernhardus (L.) occur-
red regularly at Bgnes from June 6. to September 5. 1941, most
numerous from July 4. to August 8, maximum 43 ind. on July 18,
Single individuals were taken at Marmorgya July 18. te September 12.
and October 24. 1941, In 1942 pagurid larve were caught at Paradis-



holmen on May 15. (2. ind.), at Marmorpya from May 5. to July 8§,
and at Bgnes from April 21. to September 18

Larvee of Galathea sp. (rugesa) were present in the outer fjord
from July 18. to August 28, 1941, maximum 22 specimens. Single
specimens appeared from April Z1. to May 7. 1942, 2 individuals
were caught at Paradisholmen September 26. 1941, single ind. at
Marmorgya May 7.—15. 1942,

Munida sp. 1 larva at Marmordya, and 1 at Bgnes May 15. 1942

Brachyura larve were regularly present. Carcinus moenas (L.)
larvee occurred from June 13, to Sepiember 26. 1941, and from June
12. to September 18. 1942, Maximum numbers: Paradisholmen July
18. 1941, 125 specimens. Marmorgya June 12. to July 8. 1942, 32 ind.
Bgnes July 18. 1941, 65 ind. July 8. 1942, 21 ind.

Portunus sp. (puber). Marmorgya August 8. 1941, 2 larve, Sep-
tember 18. 1942, 1 larva. Bgnes QOctober 24. 1941, 1 larva.

Hyas araneus (L.} larvae were taken in moderate numbers from
April 21. to July 8. 1942. Maximum numbers: Paradisholmen May
7.—15. 10 ind. Marmorgya May 7.—15. 14 ind. Bgnes May 15. 36 ind.,
June 12. 29 ind.

Porcellana platycheles (Pennant). In 1941 single larve occurred
at Paradisholmen September 12.-—26. and October 24, at Marmordya
September 18, and at Bgnes August 15. and September 18.

According to Balss (1926) adults of this species occur at the Shet-
land Islands, but on the eastern side of the North Sea do not pass
the b4th degree.

Euphauciacea,

Adults of Thysaonessa inermis Krgyer were found singly at Bones
from July 18. to September 12. 1941, and at Marmorgya June 12. 1942.

Larve of euphauciids occurred in small numbers nearly all the
year. In 1941 they were mainly taken in the outer fjord, in April 1942
at all stations. Nauplii were present June 6. 1941 and April 10.—
21. 1942, metanauplii April 21. 1942, calyptopis larve June
6.—13. 1941 and April 21. to June 12. 1942, furcilia June 6. to
August 1. 1941 and April 29. to June 12. 1942, cyrtopia May 2.
to August 8. 1941 and May 21. to July 8. 1942

One calyptopis larva of Meganycliphanes norvegica (M. Sars) was
taken at Bgnes May 7. 1942,

Amphi- and [sopoda (not Themisto or Hyperia) oceurred

singly, but were not determined.
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Cheetognatha,

Sagitia setosa Miiller and §. elegans Verril are both present in
the Nordasvain in 1941—42, but, as far as I can see, 8. sefosa is scarce
and can be left out of consideration.

In 1941, S. elegans occurred regularly in the outer fjord only.
Average numbers, eggs included, for the months May-—October were
1, 18, 62, 615, 1044, 746, for December 156 specimens. In reality
there were maxima on September 5, 1116 specimens, and October 24,
1140 sp. with a minimum in the intervening period. From August 1.
to October 24. the stock mainly consisted of eggs and newly-hatched
specimens. Percentage curves of these two groups in the outer fjord
in 1941—42 are shown in fig. 38. In 1941 the curve of the eggs has
maxima in the middle of August and the beginning of October, that
of the newly-hatched larvee at the beginning of September and the
end of October.
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Fig. 38. Percentage distribution of eggs and newly-hatched larvee
of Sagitta elegans at Bgnes in 1941—42.

In 1942 S. elegans was present at all stations. The monthly
average values were as follows:

April May June July Sept.
Paradisholmen ....... 40 171 188 76 21
Marmorgya .......... 97 546 264 213 170
Beanes ... .......... 224 810 927 641 238
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The numbers are always decreasing from the outer to the inner
fiord. At Paradisholmen there are maxima May 7. and June 2, 221
and 191 specimens respeclively, at Marmorgya May 22. (697 sp.),
at Benes May 22. (1256 sp.). The curve for the percentage of eggs
(fig. 38) has peaks in the middle of May, middle of June and after
July 14. In September the percentage of eggs is also fairly high. The
percentage curve for the newly hatched larve have to maxima, a
smaller one at the end of April, and a higher one in the middle
of June.

Russell (1832-—33) has made thorough investigations concerning
spawning and length variations of Sagitla elegans and S. sefosa.
According to this investigations, the eggs of S. elegans have a diameter
of 0.334—0.394 mm, those of S. sefosa 0.13—0.19 mm (in situ).

In the Nordasvain, the Sagitta-eggs measured 0.297-—0.307 mm,
and thus undoubtedly belonged to 8. elegans. The length of the newly-
hatched larve was 1.3—1.6 mm. September 18. 1941 the adults of
S. elegans measured 16 mim, from April 21. to May 7. 1942 15—22 mm,
Runnstrgm (1932) for the adults in the Herdla- and Hjeltefjord
indicates a length of 20—24 mm in May—November.

Adult individuals, probably belonging to S. sefosa, measured
August 8—15. 1941 9.3—10.0 mm, April 10. 1942 13 mm.

Vertical distribution. In 1941, nearly the entire stock
of S. elegans was taken below 15 m. The adults frequented the
30—50 m layer, whereas the eggs and smaller individuals were caught
in the 15—50 m layer. In 1942, most part of the stock kept below
15 m at Paradisholmen. At Marmorgya adults and eggs from April 21.
to June 23. were taken in the 80—40 m haul, some also in the 40—15 m
haul. The newly-hatched larve and smaller individuals kept higher
up, mostly in the 15—5 m layer. On July 8. and September 18. the
bulk of the stock was taken in the 25—12 m haul. At Bgnes adults
and eggs were chiefly found below 25 m, newly-hatched larvae and
smaller individuals above 15 m.

Copelata.

Runnstrgm (1932) records 9 species of copelata from the Herdla-
and Hjeltefjord. In the Nordasvatn, I have found only 2 species,
namely, Oikopleura dioica Fol, and Fritillaria borealis Lohmann.

Oikopleura dioica was comparatively numerous in the Nordés-
vatn in 1941 (fig. 39). With the exception of 5 individuals caught
June 6. at Bgnes, it did not appear till July 11. In the inner fjord
there were maximum numbers July 25. and October 3.—10, in the



outer fjord July 11, August 8. and October 10. In September num-
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Fig. 39. Number of Oikepleura dioica in 1941 in 1000's.

Paradisholmen, x~ -~ - -x Marmorgya, o— ... —0 Bgnes.

bers were small at all stations.

In 1942, O. dioica was scarce, with a maximuam in the inner fjord

at the beginning of May.
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Fritiflicria borealis was nol as numerous as (}i?{@pf@{??(z. he nu-
merical variation during 194142 is shown in fig. 40. In 1941 there
probably was a maximum in the inner fjord before May 2. During
Mav and June the number varied irregularly. In the latter half of
July there was another maximum. In August Fritillaria was parily
lacking, in September il was secarce. At the beginning of October there
occurred a second higher maximum. In the ocuter fjord there was
a less pronounced maximum in June, while the main maximum of the
year occurred in October.

In 1942 a maximum was indicated on April 10. or earlier. In
May numbers were high at all stations, but declined quickly in June
In September numbers were low.

Both species of copelata frequent the upper 12—15 m, at Mar-
morgya the upper 5 m from April 29. to June 2. 1942. In the period
June 12.—23. 1942 Fritillaria sought greater depths, at Marmorgya
the 40—15 m layer, in the outer fjord the 25-—10 m. Small numbers
of copelata are always found in the deeper water layers. Oikopleura
is sometimes more evenly distributed in the different water layers
than Fritillaria.

Polychzta,

Tomopteris sp. (larvee). Single specimens at Marmorgya Sepiem-
ber 12. 1941, Bgnes September 26. and October 3. 1941, July 8. 1942
Autolytus sp. with eggs was taken singly at Marmorgya July 25.
1941, Begnes June 20, July 25, October 16. 1941 and June 23. 1942.

Larve of bottom evertebrata.

Larvae of bottom polycheta were scarce from May to
the middle of July 1941. In the inner fjord numbers increased later
with maximum numbers August 1.—15. at Paradisholmen and
August 29. at Marmorgya. (5000 ind.) Smaller maxima occurred in
October. In the outer fjord, numbers were always low, maximum
1000 ind. in October. In 1942 there were on the whole higher num-
bers, 12001800 from April to May 15. In June there was a minimuam,
but after June 12. the numbers increased steadily and were very high
in September.

Nauplii and eypris-larvae, probably of Verruca strgmi O. F. Miiller
and Balanus improvisus Darwin, were taken May 16. o 30. and July 4.
to August 15. 1941 at Paradisholmen, May 2. to July 18. and October 3.
1941 at Marmorgya, May 2. to December 12. at Bdnes. Numbers
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(maximum 40—60) were always decreasing from the outer fjord and
inwards. Not uncommon was a nauplius similar to that of Peliogaster
purpureus (Fr. Miller), the scutellum being of a more oval shape.

In the spring of 1942 nauplii and cypris-larve of Balanus bala-
noides (L.) occurred in fairly high numbers (Paradishohmen April 10,
561 sp. Marmorgya April 21. 694 sp. Bgnes April 21. 542 sp.) decrea-
sing to May 15—22. From June 2. to 12. there was a second maximum
probably of Verruca larvae (290 to 551 sp.).

The Cyphonautes, larvae of Membranipora sp., occurred sparsely
from May to September both vears, but were numerous in October.
(Paradisholmen October 24. 760 sp. Marmorgya October 10. 1050 sp.
Bgnes October 24. 458 sp.j.

Larvee of mussels. In the Nordasvatn there is a large stock
of the sea mussel, Mytilus edulis L. The majority of the mussel larve
belongs to this species.

In 1941 the mussel larvee were numerous from May lo the end
of June, with a.maximum in the former half of June (Paradisholmen
7018 sp. Marmorgya 1800 sp. Bgnes 1600 sp.). In July—September
numbers were scarce. In the middle of October there was a second
maximum. In December the numbers were also fairly high. Similar
conditions prevailed during 1942.

Larve of gasteropods. Egg capsule and larve of Liftorina
littorea L. occurred regularly with maxima in July—August (Numbers
1600-—3000) and October. Larve of Trivia arctica L. and possibly
Patella vulgata 1. were also found, mainly at Bgnes from August 8.
to December 12, 1941, '
Larvee of echinoderms. Auricularia and bipinniaria larvee
were taken in small numbers from May 2. to July 18. 1941, From
July 25. to October 24. echino- and ophioplutei were present, with

maxima in Seplember. In 1942 young bipinnaria larvae were very
numerous all the time, at Paradisholmen maximum number 4657 on
June 12, Marmorgya: 2121, May 7. to July 8§, Bgnes: 500, June 2.
Echino- and ophioplutei also occurred.

Eggs and larvee of ascidians were most numerous in the
inner fjord from July 18. to August 8. 1941 (170—180 specimens
per haul). At Bgnes eggs and larve occurred in greater numbers and
in two periods: July 18. to August 8. (Maximum 157 sp.) and October
3.—24. (Maximum 530 sp.). In 1942 eggs and larvie of ascidians were
scarce or lacking in the inner fjord. At Bgnes there was a maximum
number on May 22, especially of eggs. Larvee of the type Ascidia
callosa (Sip.) occurred most commonly. (See Huus, 1933).
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Coelenterata.

Sarsia tubulosa (M. Sars) did not appear in 1941, In 1942 it was
quite common at Marmorgya and Bgnes from April 21. to July §,
most nwmerous in the outer fjord (Maximum 78 specimens).

Bougainvillia superciliaris L. Agazzis. In 1942 single specimens
oceurred from May 2. to June 23, mostly in the outer fjord.

Bougainvillia ramosa probably is also present. Kramp and Damas
(1925) describe (loc. cit. pag. 54) a new variety, var. minima, {rom
the Nordasvatn. )

Rathkea octopunctatia (M. Sars) was found in moderate numbers
October 24. and December 12, 1941. In 1942 it was very common
from April to the end of June. Numbers increased steadily till June 2,
when 375 specimens were caught at Marmorgya, about 100 at Bgnes.
Later on the numbers decreased, and in July they were low.

Rathkea octopunclata was most common in the 15—5 m layer
in the inner fjord, in the outer fjord between 25 and 10 m.

Neoturris pileata (Forskal) (Leuckartiara oclona?) 1 specimen
with 22 tentacles at Paradisholmen September 12. 1941

Melicertum cctocostatum (M. Sars). This species occurred regu-
larly at all stations from June 13. to October 24. 1841, greatest num-
bers (51—85) in the outer fjord in August—September. In 1942 very
small individuals were found from May 15. to September 18. From
July 8. larger individuals began to appear. Kramp and Damas (1925)
have found this medusa in the Nordasvain and state that it prefers
brackish water.

Tiaropsis mullicirrata (M. Sars) was found singly in May—June
1942. 1 specimen measured 16 mm in diameter. Another specimen
had 232 tentacles and a diameter of 12 mm.

Obelia nigra Browne was taken on April 21. and June 23. 1942,
mostly in the outer fjord.

Phialidium hemispharicum (L.} occurred from August 18. to
October 24. and on December 12. at Marmorgya and Bégnes.

Eutonina indicans (Romane) 1 specimen at Bgnes July 8. 1942,
diameter 40 mm.

Aequorea forskdlea Peron et Lesuear. 1 unripe specimen with
55 radical canals at Bgnes August 8. 1941.

Aglantha digitale (O. F. Miiller) was taken at Bgnes July 18. and
August 8. 1941, In 1942 it occurred in the outer fjord from April 21,
at Marmorgya from April 29, and from May 7. to June 12. at all
stations. Aglantha was most common in the deeper hauls, but was

on a few occasions taken in the upper 5 m.



Aurelio aurita. Some few specimens were present from May & to
September 12. 1941 and in April 1942, Ephyra larve were found in
the outer fjord December 12. 1941 and April 29, 1942,

Cyanea capiflata L. One small specimen at Marmorgya June 2.
1941, ephyra larvee at Paradisholmen April 10, 1942,

Dimophyes arctica (Chun.y One colony at Bgnes July 25. 1941.

Pleurcbrachia pileus O. Miiller. Young individuals and fullgrown
specimens occurred in moderate numbers from May 2. to August 8.
1941. On June 20., August 22. and September 18.—26. there were
mass occurrences of eggs and small individuals., In 1942, Pleurobrachia
was scarce. A few specimens were found on June 12,

Beroe cucumis Fabricius. In 1941 a few individuals were taken
in the outer fjord from July 25. to December 12, mostly below 30 m.
In 1942 some Beroe were also found at Marmorgya, mainly below 40 m.

Arachnactis bournei Fowl, the larva of Cerianthus loydi Gosse
was caught once in 1941, 5 specimens at Bgnes June 6. In 1942, 1—10
specimens occurred regularly from April 21. to June 2. The indi-
viduals caught in April were small. On June 2. were found specimens
with 9 tentacles, lenght of body 1.3 mm, body - tentacles 2.2 mm.

Turbellaria.

Alaurina composita Metschnikow, or an allied species. A few
specimens were found at Paradisholmen December 1. 1941, May 22.
and June 2. 1942, at Marmorgva December 12. 1941 and June 2. 1942,
at Benes July 8. 1942,

Larve of leptoplanids, Notoplana almata or allied species, oceur-
red at Benes from May 15. to June 13. 1941 and April 21. to July 8.
1942, maximum 12 specimens. At Marmorgya they were present from
April 21. to June 2. 1942, at Paradisholmen from May 15. to 2. 1942,

Other larval turbellaria were caught singly.

Fish eggs and larvee.

In 1941 fish eggs, chiefly of sprat (Clupea sprattus) were taken
inn moderate numbers (3—40) from May 2. to August 1. Eggs of
Pleuronectes flesus and P. limanda also occurred.

Sprat larve were found from June 20. to August 15. In the same
period there also occurred larvae of Gadus merlangus, Pleuronectes
flesus, and Gobius niger.

In 1942 eggs and larvae of the same species, with addition of
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some cod eggs, were found during all the time of investigation, but
the numbers were greater than the previous year. At Paradisholmen
maximum May 7. 115 eggs, May 15. 28 larvae. At Marmorgya more
than 100 eggs (maximum 212) in the period April 21. to June 23.
A larva of Raniceps raninus, length 2.6 mm was caught at Paradis-
holmen September 12, 1941, and a specimen, probably of the same
species, at the same loealily on August 1. 1941,



Summary.

In the Nordasvain, a land-locked water near Bergen, weekly
observations were carried out from May to November 1941 and
from April to July 1942 for the main purpose of studying the
production of zooplankton. Investigations were made at 3 main
stations, 2 in the inner part, 1 in the outer parf of the Nordasvain,
comprising hydrographic-chemical observations, water samples
for phytoplankion and samples of zooplankton, collected in ver-
tical hauls with a closing net. In 1941 the hauls in the inner
fjord were mostly made in 2 steps from the border of the HS
layer to the surface, in the outer fjord in 3 steps from bottom
to surface. In 1942 the hauls were made in 3—4 steps from bot-
tom to surface in all parts of the fjord.

The plankton material was immediately fixed in formalin.
Definite fractions of the samples were taken out by Lea’s Plank-

ton Divider and counted.

A. The topography of the Nordasvain and its hydropgraphic
conditions 1941—42 are dealt with. Investigations by Gaarder
(1916) have shown that the Nordhsvain is a landlocked water
and can be divided into an outer and anp inner fjord, separated
by a threshold in 12 m depth at Bgnes. In the inner fjord the
water layer below 15 m may be stagnant for years, and, as a rule,
contains HoS. The renewal of the bottom water takes place
irregularly, chiefly in winter and early spring, in years with
little precipitation. In the outer fjord the water layer below 20 m
may also contain H,S, but here the botiom water is renewed
regularly once a year.

B. The surface layer is well aerated, with great changes in
temperature and salinity during the vear. The upper 1 m gene-
rally contains brackish water. Below 1 m the salinity commonly
is higher than 27 ¢/g4.

C. The hydrographic-chemical investigations in 1941-—1942
include observations on temperature, salinity, and of oxygen
content.
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D. The picture given by Gaarder (1816) of the hydrographie
conditions, has not been essentially altered. A renewal of the
bottom watler of the outer fjord took place in the early spring
of 1941 and could to a minor degree be perceived in the inner
fjord. In the early spring of 1942 a very extensive renewal of
the bottom water took place in all parts of the Nordasvain.

E. The oxygen in the deeper waler layers of the outer fjord
was consumed more rapidly in the summer of 1942 than that
of 1941.

The population of zooplankton is at first treated as a whole. The
number of organisms was low in May—June 1941, in-
creased in July, and had maxima in July—August and in October
in the inner fjord, at the end of August in the outer fjord, num-
bers there being twice as high as in the inner part. In 1942 pum-
bers were low in April, increased in May, and had maxima in
May, June, July, in the outer fjord probably in September.

The distribution of plankton organisms in relation to the hydro-
graphic conditions is discussed.

The copepods form the greater part of the zooplankion, with
the exception of June—August and October 1941, when the clado-
cera and benthonic evertebrate larve were very numerous in the
inner fjord. In 1941 the percentage of copepods was higher in
the outer fjord than in the inner part. In 1942 the case was the
other way.

16 species of Calanoida, 5 of Cyclopoida, and 14 of
Harpacticoida have been found. The bulk of the copepod
stock is composed of 5 calapnoids and 2 cyclopoids, namely,
Calanus finmarchicus (mean percentage 1941: 0.4, 1942: 8.4 %),
Pseudocalanus minutus (13.3—7.6 %), Paracalanus parvus (May
—September 1941 3.1 %, May—December 1941: 11.3 %, May—
September 1942: 1.8 %), Temora longicornis (4.5—14.2 %), Acar-
Ha spp. (6.7—4.5 %), Oithona spp. (60.1—56.2 %), Oncaa spp.
(1.8—6.1 %).

The copepod fauna of the Nordasvain is very poor as compared
with that of the fjords outside.

Calanus finmarchicus was scarce in 1941, with maxima in August
and October. In April 1942 it was numerous, numbers decreasing
steadily to September. In 1941 some spawning occurred between
July and October, mainly in August—September. A new stock
introduced from the fjord outside the Nordasvatn in April 1042
mainly consisted of nauplii and early copepodite stages. A new

spawning took place in the outer fjord in September.
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In 1941 the bulk of the Calanus in the inner fjord frequented
the water layer between 12 and 15 m, in the outer fjord the upper
30 m, copepodites of stage V kept below 30 m. In 1942 the vertical
distribution varied a little, but stage V, as a rule, frequented the
deeper water layers.

Paracalanus parvus had always its greatest stock at Paradishol-
men. In 1941 there were maximum numbers in August and
October. In 1942 numbers were comparatively high in April,
decreased fto July and were again higher in Seplember. Propa-
gation takes place most part of the year. Maximum occurrence
in the surface and intermediate water layers, some also in deeper
waters.

Pseudocalanus minutus. Maximum numbers in the inner f{jord:
August and October 1941, May and August 1942, In the ouler
fijord: September 1941, June and September 1942,

Propagation takes place most part of the year, maximum spaw-
ning in April, June—July and September—October.

Vertical distribution as that of Paracalanus, on an average
however, a higher percentage in the deeper water layers.
Centropages hamatus was always scarce. In 1941 maximum stock
in July-——August, in 1942 in June. Maximum spawning in May,
July and September.

Temora longicornis was moderately numerous in July—September
1941, maximum number in August. In 1942 it was more abun-
dant, with maximum in June. Maximum of spawning in May,
July—August and September-—October 1941, and May 1942, With
some exceptions, most frequent between 15 and 5 m in the inner
fjord, 20 and 10 m in the outer part.
Acartia clausi. Maximum numbers in August and October 1941,
very scarce April-—July 1942, Vertical distribution as for Temora.
Acartia longiremis. More common than the previous species.
Maximum numbers in May and July both years, the May maxi-
mum Jacking in the inner fjord in 1942. More restricted to the
surface layers than Temora. In 1942 maximum occurrence in
the upper 5 m in the inner fjord.

Oithona helgolandica is the most common copepod of the Nordas-
vatn. The inner fjord had maximum numbers in July—August
1941 and May and July 1942, the outer fjord maxima in Septem-
ber 1941, June and probably September 1942, Maximum of propa-
galion in August. Vertical distribution in 1941 mainly in the
intermediate and deeper water layers, in 1942 in all depths, but
maximum occurrence in the upper 15 m. )

(
i
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Oithona spinirosiris. Scarce, in the deeper waler layers, in 1841
confined to the outer fjord.
Oithona nana. Moderately numerous, maximum numbers in
July—August and October both years. Keeps in the upper 10—
15 m, in the inner fjord in the upper 5 m.
Onceea borealis. Searce, in 1941 only cauig‘m in the outer fjord,
below 30 m.
Onceea subtilis. New to the Norwegian fauna. In 1941 maximum
numbers in the inner fjord in August and October, in the outer
fjord a small stock and irregular variation in numbers. In 1942
the stocks were larger in all parts of the Nordasvain, with maxima
in April, June —July, and September or later. Propagation the
greater part of the year, in 1941 most intensively from July to
October, in 1942 maximum of propagation in March and July in
the inner fjord, in April and July—August in the outer part.
Vertical distribution: In summer in the upper 5—10 m, in
August—September a more even distribution in all waler layers,
from October to April in deeper water.

Common to all copepods: Spawning and maximum of numbers
as a rule occur earlier in the inner fjord than in the outer part.
Evadne nordmanni. Scarce November—April, numerous May—
October. In 1941 maxima in July—August and October, in 1942
in June. Numbers were always highest in the inner fjord.
Podon spp. a) Podon polyphemoides. In 1941 present May—
October, numerous June—August. In 1942 scarce June—Septem-
ber. b) P. intermedius. Scarce July-—October 1841, lacking in
1942, ¢) P. leuckarti. In moderate numbers June—October 1941
and April—September 1942. Maxima in May and June both years.
Larvae of different decapods occurred in summer. Of great in-
terest is the capture of larve of Porcellana platycheles Pennant
from August 15. to October 10. 1941.

Euphausiids. Adulis of Thysanoessa inermis were caught
singly in the outer fjord from July 18. to September 12. 1941,
larvae were caught during all the time of investigation, in 1942
also in the inner fjord. Nauplii occurred June 6. 1841 and April
10—21. 1942, One single calyptopis larva of Meganyctiphanes
norvegica was taken in the outer fjord May 7. 1942.

Sagitta elegans in 1941 was confined to the outer fjord. In 1942
it was taken at all stations. Maximum of spawning occurred in
August and October 1941, in May, June and possibly August 1942
Adults and eggs were mostly caught in the deeper water layers,
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newly-hatched larvae and younger individuals abhove 10 m. —
Of Sagitta setosn a few specimens were caught.
Ofkopleura dicoica was numerous June—December 1941, with
maxima in July, August, and October. In 1842 it was scarce,
most common in May.
Fritillaria borealis occurred abundantly. In 1941 with maxima
in April, July, and Getober, in 1942 maxima (Mareh), April,
and May.
Larvae of different bottom evertebrates, mussels, polychates,
cirripedians and others, were fairly numerous, especially in the
autumn.
20 species of coelenterata were idenfied with more or less
certainty. In 1941 Melicertum oclocostatum was the most com-
mon medusa, in 1942 Sarsia tubulosa.

Ot the ctenophora, Pleurobrachia pilens was fairly abundant,
with mass occurrences of eggs and larvee in June, August, and
September 1041.

Larve of Cerianthus lloydi were found in 1942,

Of the turbellaria, Alaurine composita and larve of Notoplana
almata, or nearly allied species, were caught.

Fish eggs and larveae, chiefly of Clupea spratius, some also of
Pleuronectes flesus, P. limanda, Gadus callarias and G. mer-
langus, were faken in May—August 1941 and April—July 1942
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Table 7. The percentage distribution of each stage of Calanus finmarchicus in the Norddspain 194142,

Inner Fiord

Quter Fiord

[

Date S - Voo 1 N R LA A i} § It 1 N
18—25/7 ..., 14 14 61 66| 136 99 305 305| 60 207 189 143 55| 125 — | 201
1—15/8 .o 14 69 1171 112|127 94 101 366| 891 174 168 | 156 126 | 38| 14 235
222008 L L l4 44 75, 50| 89 102 152 474 21 117 161 182 187 91| 91 150
5--12/9 ... . L1} L1 34 67 56 112 90 619| 63| 254 210 56| 37| 21| 14| 36
18—26/9 ............ 04 08| 71 87 99| 83 103 545] 24 108 70, 26| 36| 26 26| 684 |
3—10/10 ... 20 33| 92 132 123 | 114 77, 408 63, 25| 7.0 115 136 | 142 | 153 356 o

24/10 ..o 26 49 98! 96 01| 157 152 331| 68 136 204 130 96 -— 7910 196 7
1212 . — 17| 828 165 124 66 41 50| — 45 249 107 45 15! 154 | 385 ;

104 ... — | 04 01| 04| 10| 77 191 713
20-20/4 ..o 10| 10 59 221 323 219 121 37| 12 05| 83| 159 237 224 140 119
7—158/5 oo 291 48| 285 493, 88| L0 08 39| 45 30/ 188 351 183 128 | 30| 45

2205 oo 341 51308 318 07| 21, 15| 156 61 46| 303 137 61| 36 25 331
21206 ..o 09| 22| 554 148 57 58 31| 120, 11| 30| 170 26 112 186 34| 431

236 ... 05| 10 7291 178 53| 06| — | 37| 19| 47 88| 66| — | — | — -
8—14/7 oot —~ | 12| 856 158 09 42| 05 20| L0| 67 552 38 133 200, — & —
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