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Preface.

Through the courtesy of Dr. JENs EcevIN, Institute of Marine Re-
search, Fisheries Directorate, Bergen, samples for quantitative phyto-
plankton studies were collected in 1945—46 at the permanent oceano-
graphic stations operated by the Institute of Marine Research. Dr.
Ecevin kindly placed hydrographical data from the same period at our
disposal. The samples from the stations Utsira, Sognesjgen, Skrova and
Eggum were worked up at the Institute for Marine Biology, B, Uni-
versity of Oslo. The microscopical examination of the samples was carried
out by Mrs. K. RiNGpAL GAARDER, Mr. O. Norpir and the late Mr.
M. AARFLOT.

We wish to express our sincere thanks to Dr. JENS EGGVIN for organ-
izing the collection of phytoplankton material and for supplying hydro-
graphical data. Only through his active cooperation could this survey
be undertaken. We are also greatly indebted to Fiskeribedriftenes Forsk-
ningsfond for financing the microscopical work; to the Norwegian Re-
search Council for Science and the Humanities which financed the assist-
ance of Mrs. BjorG PavuLsex for drawing the figures.







I. Introduction.

The foundation of our knowledge of the phytoplankton of Norwegian
coastal waters was laid by GRAN in his taxonomical and extensive biogeo-
graphical studies in Northern waters (Grax 1897a, b, 1900a, b, 1901,
1902, 1904, 1905, 1910} and supplemented by the floristic-taxonomical
studies of JORGENSEX (1905). Although net methods were used during
these investigations the coarse features of the seasonal changes in the
population were brought out, except for the coccolithophorids and other
minute forms which pass through the nets. The most striking event was
found to be the spring diatom “‘flowering”. In his publications GRAN
pointed out the difference between the phytoplankton of the fjords and
that of the coastal current outside the archipelago and he raised the
question as to the general causes of the seasonal fluctuations in the
phytoplankton population.

After the introduction of the centrifuge method GRAN carried out a
survey of the spring plankton of the Hardangerfjord and the waters
outside in 1922 (Grax 1927). A more intensive study of the spring
phytoplankton was carried out in 1926—29 in the Romsdalsfjord and
the coastal waters off Mgre, within a section reaching out to the Atlantic
current at Storegga. During 1929 observations were also made in the
Lofoten area where Ruup Fovn already had made a quantitative study
of the plankton of the Vestfjord and the waters outside in 1922—27
(Ruup 1926, Ruup Foyn 1929, Gran 1929, 1930). The early occurrence
of the spring diatom flowering at the stations near the coast and at the
outer border of the coastal current towards the Atlantic waters was
observed in both areas. The phytoplankton observations were combined
with physico-chemical observations which included analyses of nitrate,
nitrite, ammonia and phosphate in the More region (BRAARUD and KLEM
1931) and phosphate and nitrate analyses by O. SunD in the Lofoten
area (GrRAN 1929, 1930). These data, obtained by the methods which re-
cently had been introduced by ATkins (1923), HARVEY (1926) and WAT-
TENBERG (1927), made it possible to gain a far more reliable picture
than before of the ecological background for the spring diatom develop-
ment in the fjords as well as in the offshore coastal waters.




Fig. 1. The permanent oceanographic stations Utsira,
Sognesjoen, Ona, Skrova and Eggum.

Further insight into the seasonal changes in our western coastal
waters was obtained through the first all-year investigation, carried out
m the Tromsg fjords by RINGDAL GAARDER (1938) on material collected
by Mr. T. Soor-RYEN. A similar investigation in the land-locked fjord
Nordasvatn, near Bergen, added new features, partly conditioned by the
special hydrographical character of this locality and its ice cover in
winter (BRAARUD and Hope 1952).

Occasional observations in connection with offshore surveys illustrated
the effect of offshore hydrographical conditions upon the phytoplankton
of the coastal current (BrRaaruD 1935, BRAARUD, RINGDAL GAARDER
and GRoNTVED 1953, Harripar 1953). The problem of the autumnal
maximum in phytoplankton was discussed by BrRaarUD (1944).
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In spite of extensive information gained through these surveys it
was obvious that our knowledge of the seasonal changes in the phyto-
plankton of the coastal waters of our west coast was still most incomplete,
both for the fjords proper and for the outer area. The present material
was intended to contribute further information on the annual cycle in
the waters just outside the archipelago, both in the southern and the
northern part of the Norwegian west coast.

Before entering upon a description of the seasonal changes in the
phytoplankton population at the four stations: Utsira, Sognesjgen,
Skrova and Eggum (see map, Fig. 1), it may be useful to bring to mind
certain hydrographical features of the area.

The coastal waters of western Norway consist of: 1) the offshore
coastal current, a continuation of the Baltic current of the Skagerrak,
passing along the southern coast of Norway, 2) local coastal water at the
mouth of the fjords and between the islands outside, 3) the water of the
fjords proper. These categories of coastal water can not be considered
as well-defined water bodies, but in describing the oceanographic con-
ditions along the coast it is useful to make this distinction on a geographical
basis. It must, however, be kept in mind that the water masses encountered
are by no means stationary water bodies. On the contrary, there is a
continuous in- and outflow and interchange between the waters occupying
the various parts of the coastal region. Although this hydrographical
feature is of paramount importance for the understanding of the phyto-
plankton conditions, we are unable to present any detailed picture of the
hydrography of the surface layers, which are of special interest in our
discussion. We must confine ourselves to a few general statements.

Very complex interchanges take place within the coastal area, con-
ditioned by the varying flow of the coastal current, by the outflow of
water from the fjords, which is subject to pronounced seasonal changes,
and by wind conditions. Tidal currents add to this intricate patterm.
In addition, offshore waters are, at a varying rate, continually being
mixed with the outer parts of the coastal waters.

While these interchanges between the various water masses in an
area take place, a general northward drift carries water from the southern
localities northwards, at a speed which fluctuates and is subject to
seasonal variations (Mor~N 1887, HerLranp-Hansex and NaNseN 1909,
MarTENS 1929, EcGviN 1040). V

The complexity of the hydrographical situation at any point of the
Norwegian coast must be kept in mind when observations from fixed
positions are considered. The process of “sequence” (GRAN and BRAARUD
1935): the change in the plankton population in a certain locality due
to transport of water masses past the point of observation, confuses
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the picture of the “succession’” of phytoplankton populations which takes
place in a certain body of water. Interchange of fjord water with the
waters outside does not make easier the analysis of the ecological back-
ground for the seasonal changes observed.

On the other hand, since these hydrographical conditions are char-
acteristic of the coastal region as a whole, they form an important part
of the interplay of factors determining the productivity of a certain
area and the actual phytoplankton populations to be found there at any
time.

In each of the four localities which have been chosen the hydro-
graphical conditions have their specific features. The interchange between
the local fjord water, the offshore waters and the coastal waters entering
the area from the south is not the same. We have tried to deal with this
point below. A detailed account of the hydrographical observations
from the permanent oceanographical stations is being prepared by Dr.
J. EcgviN for a subsequent publication.

II. Seasonal changes in the phytoplankton population at Utsira,
Sognesjoen, Skrova and Eggum in 1945—46.

a) Ulsira.
Tables I, V—VTII, Figs. 2, 4, 5 and 11.

The seasonal variations in 1945—46 may be briefly summarized as
follows:

After a poor winter period the spring diatom maximum occurred in
the last week of March. The profuse diatom population continued during
the first half of April, but then fell off and a poor phytoplankton was
recorded in late April to May.

In June Coccolithus huxley:i attained abundance (1 million/L). (July
observations are missing.) The ceratia also reached their maximum at
this time, but they were always rather scarce at Utsira as compared with
the other localities (cp. Fig. 11). In late August and early September
an increase in the diatom population was recorded, but the population
during this small autumnal diatom maximum did not nearly reach that
of the spring maximum. It lasted for a short time only; in the middle
of September the plankton numbers were again small and gradually
the very poor winter population was established.

Apart from the poor winter period Gymnodiniaceae was a regular and
fairly numerous component of the plankton at all seasons (see Table I).

Below are given some details on the observations, which cover the
period 26 March 1945 to 29 March 1946.
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Tig. 2. Stability diagrams for station Utsira during the period of investigation.

26 March 1945. — Table V.

At this time the spring diatom maximum was recorded, the popu-
lation being dominated by Sceletonema costatum, in numbers up to
6.750.000/L. Chaetoceros were present in fair numbers and, likewise,
Thalassiosira, but none of them in populations surpassing 50.000/L for
any species. Coccolithophorids were extremely scarce, while dinoflagellates
were represented by many species. The society was similar to those
previously recorded at this time of the year in Norwegian coastal waters.

5 April 1945,

Sceletonema was not nearly as predominant as 10 days before, while
Thalassiosira (mainly mordenskioeldi) was more abundant, the species
mentioned reaching 232.000/L. The Chaetoceros population was varied and
fairly numerous.

12 April 1945.

The following week observations show a remarkable change in the
composition of the diatom population. Sceletonema occurred in very
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small numbers only (max.: 19.500/1. at 5m), while Chaetoceros socialis was
the diatom predominantly numerous. The Thalassiosira population was
small. The Ceratium population was composed of the same species and in
similar numbers as that of the preceding week and the whole dinoflagellate
society was of a character similar to that of the same week.

23 April 1945,

Observations are only available from 1 and 10 m. The diatom popu-
lation was extremely poor, while otherwise the composition of the
plankton was similar to that of the previous date. It is remarkable that
Sceletonema was not recorded at all this time while 5 days later it occurred
again in numbers of 145.000/L.

28 April 1945.

Apart from Sceletonema, the population was practically unchanged
from the time of the previous sampling.

22 May 1945.

A noticeable change had taken place during these three weeks.
Coccolithophorids had appeared in larger numbers, Coccolithus huxley:
and an unidentified species both surpassing 50.000/L. Peridinia were re-
markably scarcer, while the Ceratium population was varied, although
not numerous. Chilomonas marina was more abundant than before (max.:
17.500/L).

0 June 1945. — Table VI.

Coccolithus huxley: had increased to about 1 million/L. (10m); other-
wise the community was much the same as on the previous date of
sampling. Peridinium trochoidewm was recorded in a number of 14.000/L
at 25 m. A similar society was observed on 18 June, only a 1m sample
being available.

29 June 1945,

The only sample, from 10m, indicates that the Coccolithus huxlevi
population had decreased, but otherwise no great change seemed to have
taken place.

18 August 1945.

There is a gap in the observations from July through the first half
of August. Observations on 18 August from 25m and 50 m show that a
much more varied plankton society occurred then than in June. Diatoms
were represented by several Chaetoceros species and other forms, but the
numbers were small. The coccolithophorid component was not very
numerous, but both Awthosphaera robusta (21.500/1) and Coccolithus
huxleyi (35.000/L) may have been more abundant in the upper lavers.
Peridinium species were present in considerable numbers and the Ceratim
population was much the same as during the rest of the summer.
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3 September 1945. — Table VII.

The diatom population was now quite large, Nitzschia delicatissima
and Sceletonema costatum both surpassing 100.000/L. Coccolithus huxleyi
reached 325.000/L, while ceratia were scarce. Among the peridinia the
neritic P. trochoideum (500/L) was most abundant.

17 September 1945.

Diatoms were now practically absent. Coccolithus huxleyi was not
recorded at all. Among the dinoflagellates Peridinium trochoideum
occurred in a number of 5.500/L. Chilomonas marina was rather numerous
{(13.000/L).

7 October 71945,

Observations showed a society similar to that of the preceding date,
practically without diatoms, with a fair variety of dinoflagellates and
very few coccolithophorids.

The decrease in the population seemed to continue during November,
when our observations are incomplete on account of precipitate in the
bottles.

21 December 1945,

The only sample, from 1m, was extremely poor in plankton with a
few diatoms, dinoflagellates and coccolithophorids present.

31 December 1945, 14 January, 13 February and 2 March 1946.

Through January, February and early March the plankton was ex-
tremely poor. At the last date the list of species is, however, somewhat
longer than before.

17 March and 22 March 1946.

Although only single samples are available from these dates, they
clearly indicate that the population was still small. The main spring
increase in the population did not take place until the last week of March.

29 March 1946.

At this date the population had again a composition similar to that
recorded a year before. Sceletonema was the leading species (1.040.000/L),
being accompanied by a varied Chaetoceros population with laciniosus,
debilis and furcellatus as predominating species. The Thalassiosira popu-
lation was also numerous, the maximum numbers for Th. gravida and
Th. nordenskioeldi being 102.500/L and 43.500/L respectively.

It is noteworthy that the leading Chaetoceros species were not the same
in the spring both years. In 1945 Ch. affinis, compressus, subsecundus and
soctalis were most numerous, while in 1946 Ch. laciniosus, debilis and
Jurcellatus predominated.
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Fig. 3. Stability diagrams for station Sognesjsen during the period of investigation,

Tables 11, VIII—X, Figs. 3, 4, 6 and 11.

b) Sognesjoen.

The general picture of the variations in the phytoplankton of this

locality during the period of investigation may be summarized as follows:

A very poor winter plankton persisted until early March when the

spring diatom development was initiated. The peak of the diatom
population seemed to be reached at the end of March and was succeeded
by later stages in the spring development, dominated by Chaetoceros
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species and other diatoms, but with decreasing numbers of Scelelonema.
Nitzschia species formed an important part of this society. The Chaetoceros
population which was recorded during April and May changed in compo-
sition, the relative importance of the species showing great fluctuations.
This is illustrated in Fig. 6.

The summer conditions in 1945 and 1946 were notably different. In
1945 a fairly rich diatom society prevailed during the whole summer,
showing an increase at the end of August (observations are lacking for
September and October 1945). In 1946 there was no sign of such a diatom
population during late summer, the plankton consisting of a dinoflagellate
and coccolithophorid component similar to that of the previous summer,
but lacking the diatoms which then were quite numerous.

As far as our observations indicate, the phytoplankton during autumn
was gradually becoming poorer and changing into the very poor winter
plankton.

Also at this locality Gymnodiniaceae occurred in fairly large numbers
all through the year, except in winter when populations were small.

Below are given some details on the observations, which cover the
period 27 March 1945 to 30 September 1946.

27 March 1945. — Table VIII.

The phytoplankton was of the “spring maximum type” with Scele-
tonema costatum numerically predominant (3.180.000/L}, accompanied by
a fair population of Thalassiosira species, Thalasstonema nitzschioides,
Coscinosira polychorda, Nitzschia spp., Chaetoceros spp. (debilis most
numerous) and-a number of other diatoms. Among the dinoflagellates
Exuviaella baltica (6.500/L) and Gymmodinium lohmannt occurred in fair
numbers. '

12 April 1945.

Diatoms were still numerous, but the population of Scelefonema had
fallen off so the maximum number was only 262.000/L (50m). The other
prominent genera were also more scarce, apart from Chaetoceros, which
was represented by a great number of species, curvisetus and debilis being
the most numerous ones. Dinoflagellates were more abundant, but no
species occurred in large numbers. Coccolithophorids were very scarce,
ciliates more abundant than in March.

24 Aprit 1945.

The same late spring society of diatoms, dinoflagellates and cocco-
Lithophorids occurred. Only small changes had taken place: an increase
in Leplocylindrus danicus and a relative increase in Chaefoceros curvisetus,
but otherwise an impoverishment in diatoms. The Coccolithus huxleyi
population as well as the ceratia had increased, C. longipes being the most
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numerous species of the last group. The Peridinium populations showed
the characteristic seasonal increase in the number of species, the hetero-
trophic P.globulus and P.minusculum and the autotrophic P.trochoideum
being the most prominent members of this last genus. Eutreptia attained
numbers of 13.500/L, while the heterotrophic Chilomonas marina occurred
in populations similar to those during the previous sampling (18.500/L)}.

26 May 1945.

Conditions resembled those of a fortnight before. Chactoceros com-
pressus now occurred as an important species of this genus. Another
notable change was a definite decline in the populations of Exuviaella
baltica and Eutreptia lanows.

30 June 1945.

The Chaetoceros population had changed in its composition, although
Ch.curvisetus remained the leading species. Ch. brevis was a new member
of importance (it may have been overlooked before). Coccolithophorids
and dinoflagellates showed changes, but on the whole the picture of their
relative importance was the same. Among the flagellates Dinobryon
occurred in considerable numbers and Clulomonas maring attalned
33.000/L at a depth of 25 m.

12 July 1945. — Table IX.

Compared with the previous samples the diatom populations were
now more varied and numerous. A noticeable increase in Sceletonema
costatum and the occurrence of large Nitzschia populations are outstanding
features. Coccolithophorids were still only moderately represented, maxi-
mum for Coccolithus huxleyi being 43.500/L. The dinoflagellate society
was varied, Exuviaella baltica being more numerous than before and
Peridinium triquetrum now occurring in numbers up to 7.000/L. Ciliates
played an important part, as during the previous samplings.

The occurrence of the brackish water forms Ch.danicus (10.000/L)
and Ch.wighami (11.500/L) in the 1 m sample is an indication that fjord
water from the Sognefjord was present and the exceptionally low salinity
of the 1 m sample (18,45%/,, as compared with 24,35 and 28,97¢/,, at the
preceding and the following dates) is another sign of a definite admixture
of fjord water.

26 July 1945.

During the fortnight which elapsed between observations the diatoms
had decreased in numbers, both as to the number of species and as to the
populations of the more important species. Sceletonema was only recorded
in one sample (3.000/L) and the Nifzschia population was also much
smaller now. Among the coccolithophorids Anthosphaera robusta was
recorded in the number of 32.500/1 (25 m). Dinoflagellates were repre-
sented by-a great many species, apart from the Gymnodiniaceae in small
numbers. Among the ceratia C. longipes was not recorded, while C. #ripos
was the most numerous one. Chilomonas marina still had its maximum
at 25 m (48.000/L).
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9 Awugust 1945,

The diatom population, even more pronounced than at the previous
sampling, had its maximum at 25 m, while at 1 and 10 m only few were
recorded. Coccolithophorids and dinoflagellates showed no noteworthy
changes from the previous time. Chilomonas marina was scarcer now.

27 August 1945,

The Chactoceros population had increased greatly and the same was
the case with other diatoms, especially \Ceieionmna and the Nitzschia
species. Even Thalassiosira gravida was recorded together with 7h.
decipiens, but in small numbcr% only. The diatoms had their maximum
abundance in the 25 m sample (10 m lacking). At this time the coccoli-
thophorids were also more numerous than before, reaching their maximum
for the year. Ceratium lincat:m was the most prominent member of this
genus.

There is a gap in the observations for the months of September and
October and from 12 November only 25 m and 50 m samples are available.
At this time the plankton was poor in diatoms and coccolithophorids while
the dinoflagellates remained somewhat better vepresented. The decline
in the population continued, the samples of 27 November, 14 December
and 20 December all showing a very poor plankton society of diatoms,
coccolithophorids and dmoﬂagdhteb After New Year the same was
observed on 11 January (1 m and 10 m samples lacking) and on 31 January.
On 22 February an indication of change was noticeable, the list of diatoms
being longer, but no species attained large populations. Ten days later
the situation was, however, completely changed.

4 March 1946,

The spring increase was now evident, with Scelefonema costatum as
the most predominant species, accompanied by a number of Chaetoceros
species, Nitzschia species, Thalassionema nitzschioides, Thalasstosira gra-
vida and decipiens. Coccolithophorids were also present, Anthosphaera
robusta with up to 7.000/L and Coccolithus huxleyi in similar numbers.
Apart from Gymmnodiniaceae, the dinoflagellate population was scanty.

17 March 1946,
The Chaetoceros fraction, as well as the Sceletonema and T halassiosira
populations had now increased.

25 Mareh 1946,

The spring diatom society had now reached a stage similar to that
observed at the end of March in 1945, Sceletonema again approaching
3 million /L.

There is a gap in the observations from the end of March to the end
of July 1946, when sampling started again and continued until the end
of September. The late summer plankton was very poor in diatoms this
year. Coccolithophorids were represented by a few species and only in
fair numbers, less than 50.000,1., while dinoflagellates predominated in
the society. There was no sign of an autumn maximum in diatoms, condi-

2
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tions being decidedly different from those in 1945 when, at the end of
August, a fair diatom population was present with Sceletonema and
Chaetoceros as the leading genera,

The coccolithophorids were more numerous at the end of July (Cocco-
fithus huxleyr :48.500/L) than in August and September, but the variations
were not very pronounced. The same species were recorded and the com-
munity seems to have been the same.

c) A comparison between the phytoplankton of the two
southern localities, Utsiva and Sognesjven.

The outstanding common features in the seasonal cycle of the phyto-
plankton at these two localities in 194546 are: 1) The poor winter
plankton and 2) the tremendous increase in the population, mainly in
its diatom component, taking place during the last week of March in
both localities. In addition, there are also other similarities, but, in view
of our previous knowledge the most notable result of this survey is that
it demonstrates how varying the phytoplankton society of the outer
coastal waters is during the rest of the year, in its qualitative composition
as well as in regard to quantities.

The paramount importance of light and stability conditions during
late February and early March for growth of the phytoplankton which
has survived the winter would seem to offer the general explanation of
the coincidence of the spring development at the Utsira and Sognesjoen
stations as in the outer coastal waters in general (BRAARUD and KrLEM
1931, GaarDER 1938). The further development of the phytoplankton
during late spring, summer and autumn seems to be a result of an inter-
action of factors of various nature, which are not so general in their effect
as those responsible for the pronounced spring diatom maximum. This is
concluded from the fact that conspicuous differences both from one locality
to another and from year to year were clearly demonstrated at these two
localities during the period of investigation.

One of the factors to be considered in this connection is the grazing
mtensity which may vary geographically and from one year to another.
However, in addition, the complex of trophic factors determining the
quantity of the vegetation at any time of the year, and the group of other
factors especially influencing the qualitative composition of the population,
seem to be involved. In both cases the hydrographic situation is apt to
be the underlying cause of many of the differences which are recorded.

It may facilitate the discussion if we consider sepdarately the following
two parts of the problem of the variability of the phytoplankton in the
well stabilized coastal waters of the two localities in question during late
spring to autumn: 1) The changes in late spring and summer populations
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Fig. 4. Seasonal changes in the main components of the phytoplankton

at stations Utsira and Sognesjoen in 1945 —Ior each date the maximum

number recorded at the station is represented as percentage of the maxi-
mum population of the group during the year.

and 2) the capricious occurrence of the autumn diatom increase. This
division does not exclude the possibility of common causes.

1) The irregularity in the composition of the vegetation after the
spring diatom maximum.

After the maximum the diatom population falls off very quickly in
both localities, a feature which is known from previous investigations in
Norwegian coastal waters (GraN 1927, 1929, 1930). Two processes co-
operate in effecting this great reduction in the population: the exhaustion
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of the winter supply of inorganic N- and P-compounds of the euphotic
zone which takes place as stabilization becomes more pronounced (GRAN
1930, Braarup and Krea 1931, GasrDER 1938) and the increase in the
grazing intensity which accompanies the seasonal rise in the zooplankton
population of these layers. Although we have no zooplankton observations
from 1945—406, the investigations by WIBorG (1954) clearly illustrate
how during March—April there is a great increase in the plankton volumes
of the 0—>50 m layer at the stations of the southern part of the Norwegian
west coast, Sognesjgen and Ona. As an illustration the average seasonal
variations in the net plankton volumes for 1949-—51 at these stations
are shown in Ilig. 10.

During the period after the spring diatom maximum there is a marked
change in the qualitative composition of the phytoplankton, but at our
two localities these changes are in no way parallel. This may be exempli-
fied by the seasonal variation in the populations of Chactoceros and
Sceletonema (Iigs. 5 and 0, Tables I and I1).

In March 1945, during the spring maximum, the Chaeloceros popula-
tions at the two localities were similar in their composition, although the
relative importance of the various species was not the same. Predominant
common species were: compressus, debilis, lacintosus and subsecundus,
During April the changes which took place were, however, notably
different. At Utsira, furcellatus and socialis took the lead, while also
constrictus, radicans and swubsecundus were prominent members of the
society. At Sognesjgen, on the other hand, curvisetus gradually became
the outstanding species in 1945 (see Tiigs. 5 and 6).

There is also a striking difference as to the quantitative changes at
the two localities. At Utsira there was an extremely quick decline in the
Chaetoceros population, as in the diatom population as a whole, while at
Sognesjgen a fair population was maintained during April, May, June
and July. The same was the case with other components of the phyto-
plankton, for instance Sceletonema (see Table I). :

Succession alone can not explain the differences in the qualitative
composition of the Chaeloceros populations of the two localities. The
results of the survey would indicate that within the coastal waters
sufficiently well-defined bodies of water exist over such a long period of
time that specific populations, very different in their detailed composition,
may grow up within each water mass.

The North Sea survey of May 1948 (BRAARUD, RINGDAL GAARDER
and GRONTVED 1953) demonstrated how in the Northern North Sea,
at that time, vegetation areas occurred with definitely different societies.
The predominant components of these were diatom societies which had
a markedly different composition in the various areas (cp. BRAARUD et
al. 1953, Tig. 5). The local vegetations showed affinities to those of
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Tig. 5. Seasonal changes at Utsira in the populations of various Chaeto-
ceros species during 1945. The figures indicate cell numbers in ten
thousands per litre.

neighbouring areas, indicating a mutual admixture whereby initial
populations for the future development within the area were supplied.

The Norwegian coastal waters are apt to be constantly influenced by
the water masses to the south and west. Along the southern part of the
west coast the various parts of the coastal current receive contributions
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from the North Sea waters and it may be assumed that the extent of
these contributions varies according to the hydrographical situation,
which again is influenced by wind.

If we try to visnalize how such an influence from the adjacent water
masses may affect the composition of the phytoplankton of the current,
the continuous drift of the waters has to be taken into account. It is
easy to imagine that in a section along the current a mapping of its
phvtoplankton communities would give a rather complex picture, partly
due to the intermittent supplies of initial populations from neighbouring
water masses during the drift. To a certain extent our observations from
1945, taken in two localities, demonstrate such differences. The difference
between the societies observed during the spring diatom maximum at
Utsira in 1945 and 1946 may have a similar cause.

Additional complications are brought in through the exchange with
local fjord water to the east. Although we have no records from the fjords
for this period, our observations in July at Sognesjgen indicate that
fjord water, at this time of maximum fresh-water supply to the fjord, is
brought out to the mouth in such quantities as to lower its salinity so it
reaches its minimum for the year, and to introduce definitely brackish
forms (Chaetoceros danicus and wighams).,

Besides affecting the qualitative composition of the phytoplankton
at various sections of the northbound drift the hydrographical situation
may differ from one part to the other in such a manner as to influence the
trophic conditions of the waters differently. Unfortunately we are unable
to analyze in detail the effect of these hydrographical forces which may
for a certain period alter locally the conditions for phytoplankton growth
within an area of the coastal waters {cp. also p. 39).

2) The phytoplankton in autumn at Utsira and Sognesjgen.

At Utsira there was in late August to early September 1945 an increase
in the diatom population which led to an autumnal maximum, although
small. At Sognesjgen observations from this season are available from
two years. In 1945 such an increase was also observed at this locality,
while in 1946 there were no signs of an autumn maximum in the phyto-
plankton (see Table II).

Two factors seem to be of special importance and may, in different
localities, through their interaction be decisive for the occurrence and
non-occurrence of such a maximum: a) A decrease in the grazing intensity
in late summer and autumn, which would be favourable for an increase
in the standing stock, and b) the seasonal decline in the stability of the
upper strata, which may result in an improvement in the supply of
nutrients to the euphotic layer by turbulence (BraarUD 1944). A third
factor which may have to be considered also is the light supply,
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which may differ from one year to another according to the weather
conditions (cloudiness).

If we regard the stability conditions at the two localities in question,
we find that at the time of the autumnal increase at Utsira the water masses
observed on this occasion had a remarkably low stability as compared
with conditions at the preceding and the following dates (see Iig. Z).
In this case a hydrographical situation favourable for the supply of
nutrients seems to be, at least partly, responsible for the recorded increase
in the population.

At Sognesjgen, the notable difference between the late summer and
autumn vegetations in 1945 and 1946 may also to some extent be due to
differences in the stability conditions in the two years. In 1946 the stability
at the end of July was extremely high for the 25-—50 m layer, which
would seem to be of special interest in this connection. Therefore, this
year conditions may have been unfavourable for a seasonal rise in the
nutrient supply from the deeper layers with the result that the diatom
population remained small.

d) Skrova.
Tables I, XT—XITI, Figs. 7, 9 and 11.

In spite of the fact that there are long gaps in the observations, the
overlapping of the records from 1945 into 1946 makes it possible to
obtain an impression of the seasonal changes at this station.

The winter plankton was extremely poor and prevailed through
January, February and March. In the second half of March the first
signs of an increase in the diatom component were noticeable, but the
spring diatom maximum did not occur until the middle of April and the
rich vegetation continued for about two weeks after this time. This is
in accordance with previous observations from this locality by TFeovx
(1929) and Grax (1930).

From early May there was a society with few diatoms and a dino-
flagellate component which first was poor but increased during June and,
in July, reached a considerable abundance. Remarkable are the rather
large Ceratium populations in late July 1945. In late summer and autumn
other neritic autotrophic dinoflagellates were also rather numerous. An
outstanding feature of this summer plankton is the occurrence of large
populations of Euglenaceae, from early May, when the maximum was
reached in 1946, until the middle of July (1946). In 1945 the population
in May was smaller. (For the following period observations are lacking
for this year.)

In August dinoflagellates were especially abundant and the ceratia
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Fig. 7. Stability diagrams for station Skrova during the period of investigation.

relatively very numerous, while diatoms were very scarce. Coccolithus
huxleyi occurred in numbers up to 324.000/L in late July 1945 and the
population gradually fell off during August and early September.

Below are given some details from the observations, which cover the
period 31 March 1945 to 20 July 1946.

31 March 1945.

When observations started at this date, a diatom population was
recorded which consisted of rather few species. Chactoceros debilis
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(12.500/L) and Iragilaria oceanica (18.000/L) were most numerous, The
other groups, apart from Gymmnodiniaceae (8.500/1.), were poorly repre-
sented.

14 April 1945, — Table X 1.

A rich diatom vegetation occurred at this time with many species,
some of them abundant: Ch.debilis (10.000/L), Ch.socialis (103.000/L).
Fragilavia oceanica (212.000/L), Sceletonema costatum (24.000/L), Tha-
lassiosira gravida (48.500/1.) and Th. nordenskioeldi (44.000/1.). The dino-
flagellate component was very modest.

21 April 1945.

A similar society was recorded at this time, although most of the
diatoms now occurred in smaller numbers. Phaeocysiis poucheti occurred
at all levels, but was not counted.

28 April 7945.
The spring maximum had now definitely passed. Only very few
Chaetoceros were recorded and all diatoms occurred in small numbers.

The dinoflagellate component was nmuch the same as before, but Gymuno-
dintaceae reached 48.500/1..

5 May 1945,

The population resembled that of the week before, but it is noteworthy
that Euglenaceae, a group which in 1946 was attaining prominence at this
time, were recorded in numbers up to 42.500/L.

There is a gap in the observations from 5 May to 7 July, so this year
we are unable to follow the development after the spring maximum any
further. ‘

7 July 19435,

The vegetation was now dominated by dinoflagellates. Ceratia were
very scarce, while the more prominent members of the society were:
Exuviaella baltica (6.000/L), Goniaulax spinifera (2.500/L), G. ostenfeldi
(12.500/1), Peridinium triquetrum (12.500/L) and P trochoideum (22.500/L).
The heterotrophic species were also present in great variety. Diatoms
were very few.

21 July 1945. — Table XI1.

Ceratia were now more abundant. A new feature is the occurrence of
Coccolithus huxleyi in considerable numbers (324.000/L).

4 August, 20 August and 1 September 1945.

The same type of vegetation was also recorded on 4 August and
continued during the remainder of August. The coccolithophorids became
scarcer and there were changes in the relative abundance of the dino-
flagellates. Gymmnodiniaceae, which on 4 August occurred in numbers up
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to 34.500/L, were recorded in similar numbers on the following dates
of sampling, when the plankton was still dominated by dinoflagellates.

After a gap in the observations from 1 September to the end of the
vear a number of observations in January, February and early March
showed an extremely poor winter plankton. Not until 18 March came
the first signs of an increase in the diatom population, but even at this
date the plankton was still poor.

No observations are available from. 18 March to 5 May 1946. A number
of observations during May, June and early July 1946 showed that at
this time of the year the plankton was poor, apart from large populations
of Euglenaceae (see Table XIII). On 5 May numbers up to 390.000/L.
were recorded and on 10 May the maximum of 974.000/L was attained.
From this date the population fell off and in late June only amounted to
15.000/L. In early July the dinoflagellate component increased noticeably,
ceratia becoming more numerous and other forms, Peridinium triquetrum
(16.500/1) and P.trochoideum (2.500/L), occurring in fair numbers.

e) Eggum.
Tables 1V, XIV—XVI, Figs. 89 and 11.

The spring diatom development seemed to start in the later part of
March and early April. It may have reached its peak in the middle of
April {the exact date for 194546 can not be given).

A succession in the diatom population and a gradual impoverishment
took place during April—May and in June (1946) the phytoplankton was
VEry poor.

The most conspicuous feature would seem to be the extremely rich
diatom vegetation in early July, which also continued, although less
abundant, during August and rose again in early September when a
new peak, an autumn maximum, was recorded. Afterwards the vege-
tation gradually fell off until the poor winter vegetation prevailed in
late October, November, December and the first months of the year.

The vegetation seemed to have two periods of poverty: the winter
period and the period after the spring increase. At this latter time,
however, a very numerous Euglenaceae population was recorded in both
vears, The dinoflagellate population was varied and abundant in summer
—early autumn, while the coccolithophorids attained populations which
may be characterized as moderate (158.000/L) for such small forms.

Below are given some details from the observations which cover the
period from 3 April 1945 to 6 June 1946.

3 April 71945.
The phytoplankton was poor, apart from that of the 50 m sample,
where 71.000/L of Sceletonema costatum and 19.000/L. of Thalassiosiva
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Fig. 8. Stability diagrams for station Eggum during the period of investigation.

gravida in company with a number of other diatoms gave a total of
144.500/L. It is rather difficult to interpret conditions at this time, since
no observations are available from the preceding period.

27 April 1945, — Table XTIV,

Now a more Inxurious diatom vegetation predominated with Chaeto-
ceros and Thalassiosira species fairly evenly distributed within the upper
50 m, as might be expected as this layer had practically the same density.
Thalasstonema nitzschioides, Sceletonema costatum and Fragilaria oceanica
were other characteristic members of the society, which would seem to
represent the peak of the spring flowering, although the exact course of
the development cannot be traced as the 14 April samples were not
available for examination.

74 May and 25 May 1945,

On 14 May the diatom population had fallen off to small numbers.
At this time the most outstanding feature was the occurrence of a nu-
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merous popwlation of Euglenaceae (176.000/L) and this component was
also prominent on 25 May when otherwise the phytoplankton was rather
poor, especially in diatoms. At this time stratification was pronounced.

6 July 1945, — Table X'V,

From 25 May to 6 July no samples are available, but at this last date
a very large population, mainly of diatoms, was recorded. Chaetocercs
debilis in numbers up to 1 million/L, Leptocviindrus danicus (19.500/L),
Sceletonema costatum (13.000/L), Thalassiosira decipiens (106.000/L) and
Thonordenshioelds (11.000°L) were the most numerous species in the profuse
diatom society. Among the dinoflagellates Exuviaclla baltica (8.000/L)
and Gonitaulax ostenfeldi (19.500/L) were characteristic species. The
waters were well stabilized (see TFig. 8).

20 July 1945,

Although the population as a whole had fallen off, a rather rich
diatom population still occurred at this time. Chaeloceros debilis remained
the most numerous species (216.000/L). The society had a composition
similar to that of the previous July observation.

9 August 1945.

The diatom population had continued to drop and dinoflagellates and
other flagellates (Chilomonas marina and Euglenaceae) formed the most
conspicuous parts of the society.

20 dugust and 7 September 1945. — Table XV 1.

On 20 August the diatom fraction had risen again. Chaetoceros affinis,
debilis, decipiens, laciniosus and socialis occurred in fair numbers, the
Nitzschia and Rhizosolenia species also being important members. At
the same time Coccolithus huxleyi reached higher figures than before
(41.500/1). This varied and rich society of diatoms, dinoflagellates,
coccolithophorids and other flagellates, but in still higher numbers,
was recorded also on 7 September. At this time Coccolithus huxleyr
reached its highest numbers (154.000/L) and the whole society yields
the impression of excellent conditions of growth for members of all
groups.

17 September 1945.

Diatoms had now become scarcer while the Ceratium population was
even more abundant than on 7 September, a number of species occurring
in considerable numbers, the size of these organisms taken into account.

27 October 1945.

The Ceratium population was still varied and rich, while diatoms and
coccolithophorids were now very scarce.
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12 November, 27 November and 17 December 1945

On 12 November a decidedly poorer phytoplankton was recorded,
in its qualitative composition similar to that recorded a fortnight before,
and on 27 November the population had decreased still further and on
17 December was extremely poor.

70i[anz1ary, 21 January, 12 February and 10 March 1946.
The winter poverty continued during fanuary, February and March.

23 March 1946,

Now the first signs of an increase were noticeable, fair populations
of several diatoms occurring: Chaetoceros socialis, Fragilavia oceanica and
Sceletonema costatum.

1T April and 23 April 1946,

On 11 April the diatom population was still larger, but it was not
extremely numerous, and on 23 April a society of diatoms was recorded
which was fairly rich, although it may represent a somewhat late stage
in the spring development. The actual peak of the spring maximum may
have been missed.

9 May, 22 May and 6 June.

A conspicuous decline had taken place from 23 April to 9 May, when
diatoms were extremely scarce and the other groups also very poorly
represented apart from FEuglenaceae, as in 1945, This state prevailed
during May and early June.

1) A comparison between the phyloplankion populations of the two northern
localities, Skrova and Eggum.

These two localities show different trends in their annual phyto-
plankton cycles during the period of investigation. At Skrova the picture
of the seasonal changes is rather simple: After a poor winter period the
spring diatom outburst took place and the diatom vegetation disappeared
within a couple of weeks to be replaced by a qualitatively much poorer
plankton dominated by FEuglenaceae. In the course of June and July
this society was replaced by a more varied one with dinoflagellates as
its main component. There was no sign of an autumn maximum of dia-
toms and the summer vegetation gradually fell off until the poor winter
vegetation was established.

The development at Eggum was much the same during the spring,
although our observations would indicate that the spring maximum
of diatoms was less pronounced. The succeeding Euglenaceae society was
similar in the two localities, but the further development during the
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sumimer was at Eggum characterized by a very profuse diatom vegetation
in July, falling off to smaller quantities in August and rising again to
a pronounced autumn maximum in September. Parallelling the diatom
abundance in the summer, ceratia and other dinoflagellates showed a
gradual increase from early July until a maximum was reached in the
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middle of September, when a very rich vegetation was recorded. In
August and especially in early September, Coccolithus huxlevi also attained
considerable abundance. This development came later here than at
Skrova. The dinoflagellates kept up their numbers for a longer period
during autumn than at Skrova. The annual phytoplankton cycle recorded
at Eggum resembles in many ways that observed in the outer part of
Malangen fjord, a little to the north (GasrpER 1938).

On the whole it would seem as if the vegetation at Eggum must have
enjoyed far better conditions for growth than at Skrova, although a
quantitative estimate of the actual production in the two areas obviously
can not be given on the basis of our population records. This seems to
pertain mainly to the summer and autumn periods. In this connection
it may be mentioned that WisorG (1954) recorded larger net plankton
volumes at Eggum than at Skrova (see Tig. 10).

111, Hydrographical and ecological factors of importance
for the annual phytoplankton cycle of the coastal waters of
western Norway.

In the preceding chapter we have presented data on the annual
cycle of the phytoplankton at four points off the Norwegian west coast.
They illustrate how, in the coastal waters outside the islands and skerries,
the annual cyele is by no means uniform along the coast and, in addition,
how the conditions in one locality may change from one year to another.
Although a detailed analysis of the actual causes of these differences is
out of question here, it may be useful to consider which ecological factors
are mainly involved and how variations in some of these factors are tied
up with the hydrographical forces which seemingly are at play in producing
local variations.

Winter minimum — spring development.

The poverty of the late autumn and winter populations seems readily
explained by the low light supply and low stability of the upper layers
(see Figs. 2, 3, 7 and 8). The onset of the spring development is effected
by the seasonal increase in submarine light and the establishment of
a certain degree of stabilization so the phytoplankton may stay long
enough within the euphotic layer to obtain a net production which suffices
for an increase of the population (BraarRUD and KrLEM 1931, GraN and
Braarup 1935). For our discussion of the conditions in coastal waters
the assumptions necessary for estimating the critical depth (SVERDRUP
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Fig. 10. Seasonal variations in the volumes of net plankton,
0—30 m, at the stations Sognesjgen, Ona, Skrova and Eggum.
(Redrawn after WiBoRrG 1954, Fig. 24.)

1953) at various localities during the period preceding the vernal outburst
would, however, rest upon a too scanty observational basis to be of any

The time difference of about three weeks between the spring maxima
at the two southern and the two northern stations would find its general
explanation in the favourable light conditions at this time of the year
in the south as compared with the stations in the north. In addition,
the earlier thermal stabilization at the southern stations would favour
an earlier growth there, but it is not possible to distinguish this effect
from that of stabilization caused by the less saline waters of the Baltic
Current which definitely influence the southern localities (see Tig. 12).
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Another feature which should not be overlooked is the fact that the
waters arriving at the southern stations in early spring may hold initial
populations originating from the Kattegat and Skagerrak, where condi-
tions for growth even in winter are not so poor as in the localities discussed.
In this way initial populations for a spring increase may be larger at the
southern localities than at the northern ones. The waters occurring in
the north at this time of the year have been subjected to winter mixing
during their drift northwards, a mixing which is more extensive there
than at the southern localities. This may be expected to have lead to a
heavy reduction of the standing stock of the upper layers and, conse-
quently, the initial populations for the spring increase are apt to be
very small in the northern localities.

Late spring decline.

The factors which would seem to be most important in this period
are nutrient supply and grazing.

Available observations on the changes in the concentrations of nitrates
and phosphates (Brasarup and KreEm 1931, Soor-Ryen 1934, BRAARUD
and Bursa 1939, Grax 1930) indicate that the spring diatom outburst
is accompanied by a consumption of these nutrients which results in an
exhaustion of these compounds in the euphotic layer. At the low con-
centrations which are then reached, the rate of reproduction is apt to
be low as compared with that during the period of ample supplies of
these inorganic nutrients earlier in the season.

Parallel to this an increase in the grazing intensity may be assumed
to take place. WiBora (1954) has demonstrated how in the coastal
waters of western Norway there is a general increase in the volumes of
net plankton during the period March to May (see Fig. 10). The large
populations of zoo-plankton occurring at the time when the winter supply
of inorganic nutrients has been consumed quickly graze down the now
slowly propagating diatom populations. Only in localities where the
supply of inorganic N- and P-compounds allows the rate of reproduction
in diatoms to be kept up, may fairly large diatom populations be main-
tained, as at Sognesjgen in 1945.

At this time of the year the other components of the vegetation,
which may not be so demanding in their nutrient requirements, especially
as to inorganic compounds, are subordinate.

Variations in the populations of ceratia and other brown dinoflagellates.

The seasonal variations in the maximum numbers of ceratia are
illustrated in Figs. 4 and 9, expressed as percentages of the maximum
numbers for the whole year at each locality.
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Utsira stands out as the locality with the poorest populations, while
the maximum at the other three localities are much the same. The two
southern stations are characterized by having relatively higher values
for the spring period than the northern ones.

At all localities the following species were regular members of the
plankton: Ceratium furca, fusus, lineatum, longipes, macroceros and tripos,
while the relative importance of these species changes from one locality
to the other. This is demonstrated in Fig. 11, where the records for the
four localities during the period March 1945 to February 1946 are pre-
sented. Apart from one single record of C. lineatum (920/L) in late August,
the Sognesjgen station exhibits a poverty similar to that of the Utsira
station. The populations at the two northern stations are notably larger
for most of the species.

On the whole the composition of the Ceratium populations seems to
be very irregular, indicating that in the coastal waters there may be a
definite patchiness so the sequence-effect leads to quick changes in the
qualitative composition which is being recorded in a certain locality.
Examples of such sudden changes in the relative importance of the various
species are found in all the three localities where populations at times are
fairly abundant.

At the Sognesjgen station the observations also demonstrate great
variations from one year to another, exemplified by records from the
same time in August of 1945 and 1946 (the last observations are not
included in Fig. 11). The maximum numbers of C. furca and C. lineatum
were then:

27 August 1945:  60/L. C.furca and 920/L C. lineatum
26 — 1946: 1200/L — 140/L e

Previously similar differences in the composition of the Ceratium
populations from year to year have been recorded from the Oslofjord
(BraarRUD and BURrsa 1939, BrRAARUD 1945, BIRKENES and BRAARUD
1952, HasLE 1950).

The greater abundance of ceratia during summer and autumn is in
accordance with the experimental observations by Norpr1 (1957) who
found the temperature optimum of the Ceratium species of these waters
to lie between 15 and 20°C. A more difficult problem is how to explain
the occurrence of large populations of ceratia and other brown dinofla-
gellates at times when diatoms obviously are unable to maintain large
populations. This problem will not be discussed here as no observations
are available on the actual concentrations of inorganic nutrients in these

localities.
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The coccolithophorid component of the plankton.

Coccolithophorids never attained such large populations in our samples
as those previously recorded in certain years in Norwegian coastal waters
(BraarRUD 1945, BIRKENES and BRaaruD 1952, BERGE unpubl). In
Figs. 4 and 9 are shown the maximum populations recorded at the four
localities and the seasonal changes in the population. It is noteworthy
that in the two southern localities the group attained fairly large popu-
lations as early as in May— June, while in the two northern ones it occurred
mainly as a component of the late summer plankton. The predominant
species was Coccolithus huxleyi.

The June vegetation of Euglenaceae.

At the two northern localities large populations of Fuglenaceae were
recorded from May and June. This group of flagellates comprises a di-
versity of physiological types. The representatives observed at our locali-
ties were not identified to species. There is a possibility of dependence
upon organic compounds in these populations, which might give an ex-
planation of their abundance at a time when the diatom vegetation had
declined to small numbers only. Further studies are necessary before a
well-founded view on this detail of the succession at the northern
localities can be presented.

The variable populations of diatoms.

One of the outstanding features of the annual cycles observed at the
four localities is the variation in the summer time with regard to the size
of the diatom populations.

It is reasonable to assume that this feature is mainly due to local
differences in the supply of nutrients to the euphotic layer through turbu-
lence, although variations in the grazing may also account for some of
the variations between the four localities.

Unfortunately the hydrographic situation is too complex for a com-
parison as to the relative turbulent activity at the border between the
deep layers and the euphotic zone at the four localities. In Fig. 12 the
t-S-diagrams for each locality all through the observational period are
presented. It is readily seen that the two northern localities are characteri-
zed by having smaller amplitudes of salinity and temperature for the
year than the two southern ones. The greater salinity amplitude at the
southern localities finds its explanation by the fact that the waters
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Fig. 12. t-S-diagrams for the stations Utsira, Sognesjeen, Skrova
and Eggum during the period of investigation. (According to
hydrographical data supplied by Dr. JENS EGGVIN.)
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occurring here are receiving fresh-water both from the Baltic, where
drainage from the Eastern European continent is discharged in large
quantities, and from the Norwegian fjords where, during summer, the
snow and glaciers of the alpine region thaw and thus are responsible for
a pronounced seasonal increase in the fresh-water discharge into the fjords.
At the northern localities, on the other hand, the waters arriving from
the south have been subjected to winter mixing with the saltier deep
layers and have acquired a high salinity on their passage northwards.
The local supply of fresh-water is here much smaller than further south
since the rivers in this area only drain a narrow strip of land near the
coast.

The differences in temperature amplitude find their explanation in
the obvious differences in air temperature of the two areas.

On account of the basically different hydrographic situations in the
south and north the stability diagrams do not suffice for a characteri-
zation of the conditions for turbulent activity in the two areas, but some
general comments may be made. Stratification is never as extreme in
the northern area as in the south and one may, therefore, expect that
the turbulent action set up by currents — both wind currents and currents
of a more permanent nature — is more extensive at the northern localities.
This may explain the noteworthy abundance of phytoplankton at the
Eggum locality, where exposure to wind and the local current situation
would seem to offer especially favourable conditions for a turbulent
activity even in sumimer, so nutrients may be supplied to the euphotic
layer also during this season.

1V. Phytoplankton and fisheries research,

Along the Norwegian coast spawning of cod, herring, sprat and other
important commercial fishes takes place. The basis for a plentiful renewal
of the stock of these fishes is a successful survival and growth of the
fry; this again is dependent upon an adequate food supply for the orga-
nisms on which the young stages of these fishes feed. Insight into the
variations in the availibility of phytoplankton, which represents the ulti-
mate food source for the animal population, is therefore, a necessary pre-
requisite for obtaining a sound view as to the causes of variations in
year classes of the fish stock. So far, it must be admitted, our ignorance
as to the actual fluctuations, from one locality to another and from
year to year, in available plant food is a paramount obstacle to an
all-round consideration of this question.
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The inadequacy of our knowledge is brought out clearly by the studies
which have been carried out, in as much as they demonstrate how un-
representative each of them is for the whole area. This refers especially
to late spring, summer and autumn conditions. The few all-year surveys
from Norwegian coastal waters consider mainly the inner coastal areas.
RinepaL GAARDER (1938) studied the Balsfjord and Malangen in Troms,
BrAArRUD and Bursa (1939) the Oslofjord, Braarup and Hopre (1952)
the Norddsvatn, BRAARUD and FovN (1958) the semi-closed bay Hunne-
bunnen and BraArRUD, FovyN and Haste (1958) the Dramsfjord; an
all-year survey is also being undertaken in the Hardangerfjord and adja-
cent parts of the Sunnhordland fjords. Through these investigations
information has been obtained on the highly varied conditions for phyto-
plankton growth in the inner coastal waters. For the outer part, just
outside the islands and the important bank region, observations are far
more scanty, the present survey being the only one covering all seasons.

The irregularity in the phytoplankton occurrence along our coast
has been illustrated in a popular way through the mass occurrence in
certain years of the coccolithophorid Coccolithus huxleyi. In the Oslofjord
(BrRAARUD 1945, BIRKENES and BrRaARUD 1952), in the outer part of
the Sunnhordland archipelago (BERGE unpubl.) as well as in the Lofoten
area huge populations of this species produced in certain years a striking
discoloration of the water, turning it green or even milky white. The
special hydrographic situation of the years in question seems to be
responsible for the trend which the development of the phytoplankton
follows in ““‘Coccolithus huxleyi years” For the Oslofjord the conclusion
was drawn that the irregular occurrence of this special type of vegetation
was due to annual fluctuations in the hydrographic situation prevailing
in the Skagerrak and the North Sea (BIRKENES and BraaruD 1952).
The observations in the Sunnhordland area by BERGE clearly brought
out that the mass occurrence of C.huxleyi was a result of a delayed thermal
stratification in spring combined with an admixture of offshore waters
containing an initial population of C.huxleyi.

The examples given in this paper of hydrographical forces locally
inducing special features in the annual phytoplankton cycle do not in
any way suffice for giving a clear picture of the effect of hydrographical
fluctuations in our coastal areas upon the phytoplankton conditions.
For the purpose of surveying the food chain underlying the fish production
with a view of tracing causes of annual variations in the fish population
a regular supervison of the phytoplankton would be desirable. The general
information needed for planning such a supervision in a satisfactory way
is, however, still lacking. Therefore, it seems expedient to undertake
combined hydrographic-planktological surveys on a fairly large scale to
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bring out the broad features of the relationship between the regularly
occurring types of hydrographic situations and the corresponding phyto-
plankton development.

Hydrographic surveys have demonstrated that essential fluctuations
in the hydrographic situation in our coastal area take place from year
to year (see f. i. EcGvin 1941, 1944) and a very extensive observational
material has been compiled by the Research Branch of the Fisheries
Directorate of Norway on the occurrence of commercial fishes in a certain
year as related to the prevailing hydrographic situation. Observations
on the occurrence of eggs and larvae have also been made over a number
of years (for literature see WIBORG 1957). An extension of these continuous
hydrographic-biological studies of our coastal waters, which have brought
so many valuable results, to include the phytoplankton would doubtless
yield information which would give a broader basis for the discussion of
important problems in fisheries biology.

V. Summary.

1. Quantitative phytoplankton samples from four of the Permanent
Oceanographic Stations of the Institute of Marine Research of the Fisheries
Directorate, Bergen: Utsira and Sognesjgen in the southern part of the
Norwegian west coast and Skrova and Eggum in the northern part,
covering all seasons of the year, were examined by the sedimentation
method. The results were correlated with hydrographic data, supplied
by Dr. JENs EcGgvin.

2. The main features of the annual phytoplankton cycle at these
points of the outer coastal region are described. Common are the winter
poverty and the spring increase, which occurred about three weeks
earlier at the southern stations than at the northern ones. During the
remainder of the year: late spring, summer and autumn, the seasonal
changes were notably different at all four localities. Essential annual
changes at the same locality were also observed.

3. Factors of general nature: the different light supply due to geo-
graphical position and the delayed vernal stabilization at the northern
stations, conditioned by a smaller fresh-water supply, were pointed out
as main factors causing the delay in spring phytoplankton growth in the
north. Extensive winter mixing, inducing a more pronounced dilution
of the winter population in the north, may also result in smaller phyto-
plankton stocks in early spring.
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4. The difference in the changes taking place after the spring increase
were tentatively traced back to hydrographical factors. The impression
was gained that, at this time of the year, the outer coastal waters con-
stitute a mosaic of vegetation areas, conditioned by the variation in the
degree of stabilization and by the local admixture of adjoining water
masses, the fjord waters to the east and offshore waters to the west.
At the Eggum station the effect of local hydrographical conditions seemed
to be very pronounced.

5. The composition of the populations was described in some detail.
The occurrence of large populations of Fuglenaceae in May— June at the
northern stations is a noteworthy feature.

6. No detailed analysis of the ecological factors which are at play has
been feasible, but the ecological situation at the various seasons was
discussed.

7. A brief review of the present situation in phytoplankton research of
Norwegian coastal waters was presented, especially in view of its appli-
cation to fisheries problems.
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LIST OF

DIATOMS:
Centric forms:

Actinoptychus senarius (Ehrbg.) Ehrbg.

undulatus, see A.senarius

Bacteriosira fragilis Gran

Biddulphia aurita (Lyngb.) Bréb. et God.

Cerataulina bergoni Perag.

Chaetoceros affinis Laud.

var. willei (Gran) Hust.

atlanticus CL.

borealis Bail.

f.concavicornis (Mang.)
Braarud

brevis Schiitt
cinctus Gran
compressus Laud.
constrictus Gran
convolutus Castr.
curvisetus ClL
danicus Cl.

debilis Cl.

decipiens CL
diadema, see subsecundus
didymus Ehrbg.
furcellatus Bail.
laciniosus Schiitt
mitra (Bail.) CL
pseudocrinitus Ostf.
radicans Schiitt
similis CL

simplex Ostf.
socialis Laud.
subsecundus (Grun.) Hust.
teres Cl.
tortissimus Gran
wighami Brightw.
Corethron hystrix Hens.

SPECIES

Coscinodiscus asteromphalus Ehrbg.

centralis Ehrbg.

concinnus W.5m.

curvatulus Grun.

nodulifer A.S.

radiatus Ehrbg.

Coscinosira polychorda Gran

Dactyliosolen mediterraneus Perag.

Detonula confervacea (CL) Gran

Ditylum brightwelli (West) Grun.

Eucampia zoodiacus Ehrbg.

Guinardia flaccida (Castr.) Perag.

Lauderia borealis Gran

Leptocylindrus danicus CL

Melosira nummuloides (Dillw.) Ag.

sulcata {(Ehrbg.) Kiitz.

Porosira glacialis (Grun.) Jerg.

Rhizosolenia alata Brightw.

f.gracillima (CL.) Grun.

fragilissima Berg.

hebetata f.semispina (Hens.) Gran

imbricata var. shrubsolei (Cl.)
Schrod.

setigera Brightw.

stolterfothi Perag.
Sceletonema costatum (Grev.) CL.
Thalassiosira bioculata (Grun.) Ostf.
constricta Gaarder

decipiens (Grun.) Jorg.
gravida CL

hyalina (Grun.) Gran
nordenskioeldi CL

Pennate forms:
Achnanthes sp.
Asterionella japonica Cl.
Fragilaria oceanica Cl.




Grammatophora sp.

Liemophora sp.

Navicula sp.

Nitzschia closterium (Ehrbg.) W.Sm.
— delicatissima Cl.
— seriata CL

Pleurosigma, sp.

Synedra sp.

Tabellaria flocculosa (Roth) Kiitz.
Thalassionema nitzschioides Grun.
Thalassiothrix longissima Cl. et Grun.

DINOFLAGELLATES:

Amphidinium sp.
Amphidoma sp.
Blepharocysta sp.
Ceratium bucephalum (CL) ClL
—  buceros {f. molle (Kof.) Jorg.
~ furca (Ehrbg.) Clap. et Lach.
— fusus (Ehrbg.) Dujardin
—  horridum Gran
— lineatum (Ehrbg.) CL
- longipes (Bail.} Gran
f. balticum Ostf.
— macroceros (Ehrbg.) CL
— tripos (O.F.Miiller) Nitzsch
f.balticum Schiitt
f.subsalsum Ostf.
Dinophysis acuminata Clap. et Lach.
— acuta Ehrbg.
— mnorvegica Clap. et Lach.
Exuviaella apora Schill.
——  baltica Lohm.

Glenodinium danicum Pauls.
— lenticula (Bergh) Schill.
Goniaulax borealis O.Nordli
— digitale (Pouch.) Kof.
— ostenfeldi (Pauls.) Pauls.
— polychorda Stein
— spinifera (Clap. et Lach.) Diesing
— tamarensis, see G.ostenfeldi
— triacantha Jorg.
Gymnodinium elongatum Hope
— lohmanni Pauls.
~  maximum O.Nordli

Murrayella sp.
Oxytoxum sp.
Paulsenella chaetoceratis (Pauls.) Chatt.

Peridinium breve Pauls.

-—  brevipes Pauls.

— conicoides Pauls.

—- conicum (Gran) Ostf. et Schm.

— crassipes Kof.

— depressum Bail.

— divergens Ehrbg.

—  globulus Stein

—  — var.ovatum (Pouch.) Schill.
f.simulum (Pauls.)

— ~—- var.quarnerense Br.Schrod.

— grani Ostf.

~— leonis Pav.

— minusculum Pav.

— oceanicum Vanh.

— pallidum Ostf.

—  pellucidum (Bergh) Schiitt

— roseum Pauls.

— steini Jorg.

— thorianum Pauls.

— triquetrum (Ehrbg.) Lebour

— trochoideum (Stein) Lemm.
Phalacroma braarudi O.Nordli

-  mucronatum Kof. et Skogsb.

— rotundatum (Clap. et Lach.) Kof.

et Mich.

-— ruudi Braarud
Porella perforata (Gran) Schill.?)
Prorocentrum micans Ehrbg.
Protoceratium reticulatum
Lach.) Biitschli

Pyrocystis lunula Schiitt
Pyrophacus horologicum Stein

(Clap. et

COCCOLITHOPHORIDS:

Acanthoica sp.
Anthosphaera robusta (Lohm.) Kpt.
Coccolithus huxleyi (Lohm.) Kpt.

— pelagicus (Wall.) Schill.
Lohmannosphaera sp.
Michaelsarsia sp.
Ophiaster hydroideus (Lohm.) Schill.
Pontosphaera sp.

1) Lillick 1937, p. 497 has proposed a
new generic name, Mesoporos, to avoid
confusion with the liverwort genus Po-
rella (Dill.) L.




Rhabdosphaera nigra Schill.
Syracosphaera mediterranea Lohm,
nodosa Kpt.

Zygosphaera sp.

OTHER FLAGELLATES, etc.

Carteria sp.

Chilomonas marina (Braarud) Halldal

Dictyocha fibula Ehrbg.

Dinobryon sp.

Distephanus speculum (Ehrbg.) Haeckel
var.pentagonus Lemm.

var.septenarius (Ehrbg.)

Jorg.

Ebria tripartita (Schumann) Lemm.

Euglena sp.

Eutreptia lanowi Steuer

Halosphaera viridis Schmitz

Phaeocystis poucheti (Hariot) Lagerh.

Pterosperma cristatum Schill.

dictyon (Jerg.) Ostf.

moebiusi (Jerg.) Ostf.

parallelum Gaarder

vanhoeffeni (Jorg.) Ostf.

Pyramidomonas sp.

Solenicola setigera Pav.

Trochiscia sp.

CILIATES:

Acanthostomella elongata Kof. et Camp.
norvegica (Daday) Jorg.
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Codonellopsis lagenula (Clap. et Lach.}
Jorg.
— tuberculata (Daday) Jerg.
Didinium parvulum Gaarder
Favella sp.
Helicostomella subulata (Ehrbg.) Jerg.
Laboea conica Lohm,
crassula Leeg.
emergens Leeg.
strobila L.ohm.
Lohmanniella oviformis Leeg.
Mesodinium rubrum Lohm.
Parafavella denticulata (Ehrbg.) Kof. et
Camp.
edentata (Bdt.) Kof. et Camp.
Parundella sp.
Ptychocylis obtusa Bdt.
urnula (Clap. et Lach.) Bdt.
Rhabdonella sp.
Salpingacantha ampla Kof. et Camp.
Salpingella acuminata (Clap. et Lach.)
Jorg.
Stenosemella acuminata (Clap. et Lach.)
Jorg.
oliva (Meunier) Kof. et Camp.
Strombidium sp.
Tintinnopsis campanula (Ehrbg.) Daday
parvula Jorg.
ventricosoides Meunier
Tintinnus fraknéi Daday
tubulosus Ostf.
Woodania conicoides Leeg.
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Table 1. UTSIRA. Sumsmary of plankton vecords and
Populations are recorded as

Date | 26/3 | 54 | 12/4 | 234 | 28/4 | 22/s | 6/6 | 18/6 | 29/6

Tempera- 1m 5,95 5,48 5,71 5,88 6,21 10,19 10,75 9,77
ture, °C 10m 5,87 5,18 5,79 5,83 9,45 10,68 11,10

25m| 5,80 4,56 5,34 5,45 6,40 8,92

Salinity, %/, 1lm| 33,69 32,88 32,40 32,50 32,66 30,19 28,84 31,40
10m| 33,70 33,03 33,15 32,50 30,94 29,07 32,10
25m| 33,70 33,24 33,34 33,28 32,78 32,22

Diatoms, Im| 5871 000] 243000 7 010 3 000, 147 000 3 500 180 2740
all 10m| 6 800 000 831 000 7 900 — 1500 40 860

25m| 6 862 000 1 812 000} 16 550 3 000 — 3 000

Sceletonema Im| 5825000, 202000 160 —| 145 000 — —_ !

costatum 10m| 6 750 000; 700 000 1500 — — — —
25m| 6 750 000] 1 325 000 1500 3000 - e

Chaetoceros Im 25 000 33 000 1300 2 000 e e 140 740

Spp. 10m 20 000 52 000 4300 — —_ — —
25m 68 000] 160 000 5720 s s 2 000

Thalassio- 1m 13 000 5 000 — —_ —_ — — —
sira spp. 10m 19 000 51 000 — — — — —

25m| 21 000] 260 000 140 —_ —] —

Coccolitho- im 100 2 500 — 7 000 —| 36500 632 500! 575 000 ;
phorids, 10m e —_— — — 144 500| 1 082 500 55 000
all 25m _ 2 000 — 1500! 14 500 200 000

Dinoflagellates,
except Im 4 460 2 340 3240 200 700 1260 900 3 320 ;
Gymno- 10m 8 440 1480 1280 120 660 1 360 100
diniaceae 25m 7 020 740 180 60 500 15 380

Ceratium Im 40 120 80 160 140 240 400 240
sSpp. 10m 100 200 260 60 160 360 100

25m 20 20 o 20 —_ 360

Peridinium im 2 800 660 820 40 20 — —] 1500

Spp. 10m 3700 660 460 40 e — —_
25m 2 860 460 80 40 — 14 020
Gymmnodini- Im 13 940 7 020 4 220 5 500 7 500 4 500 2 000 6 500
aceae 10m 16 980 9760 8 640 ] 18 000 9 500 18 000
25m 14 500 11 500, 17 680 5 000| 288 000 11 500
Ciliates, all im 9700 2 660 140 1000 3 580 8 620 1 540 3 120
10m 7 060 10 260 5700 20 1520 2 000 15 640
25m 6 440 3760 7 240 2 040 30 1 540




49

hydrographical data for the depths of T m, 10 m and 25 m.
number of cells per litve.

18/8 | 3/9 | 17/9 | 1/10 |12/11|30/11 | 21/12 | 31/12] 14/1 | 13/2 | 2/3 | 11/3 | 22/3 | 29/3
I f
12,95 14,73} 14,26] 10,80 9,36] 7,88] 6,35 6,35 4,45 3,41 4,80
11,87 14,44 10,78 9,34 6,23 4,07 3,72 5,20 4,63
13,98 | 14,67 9,45 6,66 4,60
32,190 30,71 27,78 32,10/ 32,91] 33,45 32,85 33,50/ 32,95 33,61 33,77
33,47| 31,33 32,11 33,32 33,31 33,650 33,66/ 34,17 33,82
32,89 30,40 33,61 33,48 33,97
{ (
126 940/ 1000/  — + ——| 220] 120 160, 110, 435 2855 380
314980,  — 80— 180 15200 720, 2140 784 640
14 680 — — 8§20 271 240
40 000  —  — —] — —_ = - = 1 040 000
107 000  — S L — — 2000  —| 2000 65000
120 — — — 17 500
62200 10000 — @ — @ — 80|  — - - — 1372 400
74 280,  — S R — — — | 40] 558560
12 300 — — — 67 140
220 — - - = —  — 100, 60 51 000
40| — S — 20 8200 100, 60/ 51000
520 — — — 174 500
273500, 960 20 5000  —| 360013600/ 7340/ 7500, 500 6 500
s 333 000/ 3000 —[12 000 12 020 1020, 500[15 000, 10 000
, 62500 20 5180 ] 11 040, 10 000
|

3640, 7920/ 700 + —| 180 160 120, 140/ 1200 | 2 680
1180 80 560,  — | 80 — 1700, 720 2 520
6 220| 160 — i 100 1 600
80| 100 60 —] —| 40— 20 60 125 e
— - 200 — 40, — 20 120
120 40 —_ 60 20
380 5500{ 520 —— 200 — —  — 25 520
540 40 N — - 60| 2000 620 340
1220 80 — — 40
2660/ 4500/215000 ~—| —| 35000 — 15000 60 — 33 580
, 20 500] 22 500 5000  — — 80 3500, 4000 1040
15 000 2 000 — 6 500 7120
22580 1620] 7100, 500, — 40 100 5000 20, 25 2780
15 660 1 060 20{ 4040 60 1000 3300 660 800
260 540 3 500 — 1 040
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Table II. SOGNESJOEN. Summary of plankion records and hydrographical data for

Date | 27/3 | 12/4 | 24/4 | 12/5 | 26/5 | 30/6 | 12/7 | 26/7 | 9/8 | 27/8
Tempera- 1m| 5,26 5,93 6,60  7,63] 9,13 14,77  — 16,000 —| 13,61
ture, °C 10m| 5,10 5,61 6,34 7,55 8,19 10,20] 12,64 | 16,09] 13,61} 13,08
25m| 5,20 5,51 6,05/ 7,23 6,85 7,93 10,33 | 11,82 8§20, 11,34
Salinity, 9/, 1m| 31,63 31,51 32,04 31,25 29,54] 24,35 18,41 | 28,97 20,19 32,26
10m} 32,05 32,76;  32,29( 32,47 32,010 31,14 30,97 | 30,55 32,14] 3241
25m| 32,82 33,23, 33,07 32,78 33,36 32,43| 32,86 | 32,18 33,76] 33,04
Diatoms,  1m| 247300, 81 870, 103 480|247 250| 264 790/ 235 880| 260 260, 9 820, 4 500|154 500
all 10m| 2 513 140| 185 590, 141 740, 84 380 2700,  61720/12590| 6 060
25m!| 4119780 93 220, 13 400| 19 500, 27 920 140, 1 510 690 39 240/ 43 440| 564 490
Sceletonema 1m| 57 500 32 500] 21500 44 500/ 45500, 34000, 83500, —  —|117000
costatum 10m!| 1 822 000| 119 500] 15 500] 34 000 2500, 20000, —| 2020
25m| 3810000/ 65500, 11500 8000 23 500 ~— 1135000 3000| 4000|205 000
Chaetoceros 1m| 84600 39220| 59 500|161 820|179 500|198 860, 160 000  —|  — 22000
Spp. 10m| 391000 47 440, 103 340{ 39 500 60, 10600, —| 1000
25m| 147 000 29500{ 1420] 2000 380 —| 74 000| 800032 000|449 500
Thalassio- 1m| 61960] 2660 2620 280, 1060 — — RN — —
sira spp. 10m| 99 000] 3400, 2200/ 1260 — — —_ —
25m| 803500/ 3460 140 6500 100 — — —| 200{ 1080
Coccolitho- 1m — — 8000 —| 56500 550000  22000]32500] ~—| 98000
phorids, 10m — 320, 1500 19200 56 000, 48 500| 16 500| 33 000
all 25m — 700/ 2540, 36500/ 35000] 1000, 19500 46 000,19 500, 76 000
Dinoflagellates, :
except Im 3200 4960] 6500 10980 8860 7180, 27340/ 7530 940/ 35000
Gymno- 10m 6660] 6300 1920, 6820 460 9820 7900 1920
diniaceae 25m 1700 640 480, 6020 540 520 6670 1700 360] 3900
Ceratium  1m 20 80 140 20 260 320 2001 140 320 —
Spp. 10m 40 —_ 200 420 300 360, 280] 180
25m —_ 40 60 20 20 260 380] 360 —| 1140
Peridinium 1m 180 280, 2240 5140, 8000 220 6480{ 3480/ 500, 3500
Spp. 10m 120 600 420{ 3380 40 7 800/ 6940, 820
25m 180 440 300{ 1500 340 40 1760] 960 300] 1640
Gymnodini- Im 300 540, 8500 280| 13000| 1000 22500/ 13 500,23 000| 20 500
aceae  10m 5200 1460, 11 000] 40500 1500 8 500 32 500| 14 500 f
25m 480 1240] 8000/ 23500 5500/ 10000 7 000 28 500 7 000| 67 000
Ciliates, all 1m 140 760 1220 280 720 880 6060 1540, 420/ 13500
10m 1160, 2940] 1640 920 220 4020{ 660| 280
25m 80 800 560 500 140 80 1480 500[ 420 320




51

the depths of T m, 10 m and 25 m. Populations ave vecorded as nuwmber of cells per litre.

12/11027/11 | 14/12 | 20/12 31/1 | 22/2 | 4/3 | 11/3 25/3 | 30/7 | 13/8 | 26/8 | 11/9 | 30/9
- 9,62] 8,75 7,46 5,67 4,99 4,20 3,90 4,600 15,43
9,66 9,11 7,80 5,67 5,04 4,23 3,94 4,53 15,54
9,82 9,15 7,94 5,70/ 5,71 4,33 4,28 4,50, 14,95
130,62| 31,26/ 31,78 33,17] 33,06) 33,12 32,95 27,05
130,64| 31,54| 32,05 33,38 33,26 33,15 33,17 28,37
130,71| 31,68 32,65 33,40/ 33,50 33,17 33,31 33,38 28,72
540/ 1080 340 3540 124 760/1 378 25012194 160 1500, —| 100, 120/ 1380
; 740 5500 60} 18 760| 136 500, 290 000 50— 200 20
1300 40, 120 129 0001 5555803 296 450, — —  — 20| 100
— ] — 3000 102 500, 726 00011 688 000  —  —| @ — @ —  —
400,  — —| 3500{ 98000 76000 — e
100 S — 92 500/ 382 0002801 000, — —| — — —
T T - 40000 525500 227 800,  —f @ —| @— @—  —
— - — 4000] 16500/ 169 500 S T TR
— e —— 4000 98540 234060 —f @ @ — @ —  —
T T 1680 46500 8160 - - - -
e 20 120{ 9000 19720 —_ = -
— — e 5500 11220, 19000, — — @— @— -
960{ 3840/ 960| 4 000 12 500 — 250076 840] 4560, 5020 6 020,33 000
; 10 260] 1 000 6500| 8780 95000 7000 7400, 5 560,29 580 3 040
4500 4460] 3 580 35000 8000 3000/ 4120/ 5060, 970010400 1 540
300 80 80| 100 2600 4300, 4220, 8480 1420 2660 4300 3480
220, 260 80 60| 1500, 2840 13660, 1540] 5700 1840
400 100/ 590 1000 1040, 168011750 680{ 1220, 600 60
60|  — 40, — — — 80 760 560 800] 320{ 360
60 80 S — — 40 640/ 800 1640 840
200 60 — — — — 600, 460] 560, 140, 40
120 40 40 20 200, 15000 2280 6250 420] 1220 1140 2560
120, 180 20 200 1500, 1080 10360 180, 2860] 280
80 20 500 — 540 480 160 80, 580 60 20
4 500{ 11 000| 1 500| 2 500 25000, 22500, 30000 5100 8500|18 660/ 25 00016 060
16 500| 2 500 8500/ 7000| 14 500 30 000 6 500 61 040] 46 220! 23 000
5 500 1000 3000 9000, 11000 20000/ 650014 52019 580 4 540 3 040
15200 140f —| 140 100 —| 1760 600, 860] 340 5080 12760
120 60 20f 1000] 3000 2060 960| 4 260 1440] 1040
2060 200 — 2 500, 140 4401 7200 440/ 2160 120 20
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Table 111, SKROV A. Summary of plankion records and hydvographical data for the
(Observations for 24/2, 9/3, 815, 25/5,

Date | 31/3 | 14/4 | 21/4 | 28/4 | 5/5 | 7/7 | 21/7 | 4/8 | 20/8 | 1/9 |29/12

Tempera- Om 3,41 3,50 3,90 4,50/ 4,31] 10,80; 12,37 11,59] 14,27 11,96 3,52
ture, °C 10m 3,39 3,43 3,82 4,35) - 4,16 7,11 11,90, 10,86| 14,17 12,02 3,7C
25m 3,61 3,51 3,49 4,37, 3,90 4,69 6,12 6,52| 14,12, 7,95 4,91

Salinity, /g, Om| 33,45 33,50] 33,39 33,17, 33,27, 33,06| 32,84| 33,18 32,67; 32,30| 32,65
10m| 33,44 33,45/ 33,35 33,29, 33,33, 33,23 32,94| 33,18 32,65 32,33]32,6¢
25m| 33,57 33,45 33,42| 33,39 33,40 33,64 33,56/ 33,87 32,70/ 33,04} 32,9¢

Diatoms, Om| 51 780 379 070] 32 100 80| 1500 e e 420 e — —
all 10m| 4600 270 740} 52 100 320 — — 240 70 2 00C
25m| 15 140| 271 780 98 630| 1 320 —| 1000] 7490 2460 —| 3480 —_

Sceletonema Om —1 24000 — — —_ — i — - N
costatum 10m — 11500 420 - —_ — — — -
25m — 5 000 — — — — 280 — J— —t =

Chaetoceros Om| 20 500| 124 400] 4 500 —1 1000 — — — — —
spp. 10m| 3000/ 16040, 20 700 — —l = R -
25m| 2000{ 12500 31 660 60 — — 7120 80 —1 2580 —

Thalassio- Om| 1700] 79500 6000 —_— — — — — — —l

sira spp. 10m| 1000 106 360 19 020 — — — — _— o
25m| 1100] 67 260! 44 560 —_ — — — — —_— — —

Coccolitho- Om — —i 1000 1500/11000 500/324000{ 142 000 —-| 38 500; 50C
phorids, 10m 500 500 500 500 —|131500{ 161 000 — 100¢
all 25m —_— — 20/ 1000 500 — 500 —| 6000/ 21 500} 1 00C

Dinoflagellates,
except Om; 2580 180 620 580 720| 56 370/ 14 080] 6 880| 9 200; 4 640| 1 66(
Gymno- 10m| 5020 640 860 600 43 900,19 070] 7 380 9480 4(

diniaceae 25m 40 1160 360, 1800/ 11400 147200 1660/ 1980 7680 1660 2(

Ceratium Om — — 20 — — 60 200 560, 1040 720, 14
Spp. 10m — 20 20 — 180 600/ 1000 860 4(
25m — 40 — —_— — 4201 1120{ 1420 400 180, —

Peridinium Om 60 160 100 520 720) 40 600| 7 580 380{ 3200 3200 —
Spp. 10m 20 600 850 440 28 000] 12 500! 1 540{ 3580 —
25m 20 1120 460 940 900] 11 700 460 500 980 2600 —

Gymnodini- Om| 7500 5 500| 10 040] 29 220| 14 000] 7 160} 6 000/ 25 000 30 000| 35 120 9 00C

aceae 10m; 4500, 11060/ 13 800; 10180 5 220; 5540[ 34 54024 500 —
25m| 8500; 12 500{ 30 500; 1500023 000 2120 —! 3 000| 36 040! 11 040, 2 50C

Ciliates, all Om 120 580) 407 7020 540[ 1260 940 620/ 1280 1080 2(
10m 500 80; 1 600f 5900 1160] 1140 360 860 2¢

25m 20 120 180! 1 200] 3620 860] 180 140] 2820 140{ —
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depths of O m, 10 m and 25 m. Populations are recovded as number of cells per litre.
10)6 and 24]6 1946 are not included.)

7/t | 12/1]19/1] 2/2 20/2[ 5/3 } 18/3 | 5/5 }10/5{21/5] 4/6 } 15/6 } 29/6 | ©6/7 | 13/7 | 20/7
4,59 4,60 4,65 4,29 3,26] 2,28/ 2,45 3,77 4,24 469 6,11, 8,62 10,80 12,17] 13,00/ 14,48
4,631 4,59 4,65 4,20] 3,200 2,47 2,64 3,76 4,00 4,63 548 7,03 9,46 11,53] 10,79 11,37
4,76| 4,65 4,71, 4,46/ 3,25 3,22] 3,06 3,39 3,50 4,08 5,51 5,18 7,46/ 9,18/ 9,59 10,59
33,06] 33,17| 33,17 33,25/33,05] 33,33] 33,2033,21/33,35| 32,95/ 32,70/ 32,77, 32,99 32,62/ 30,84
33,09! 33,20/ 33,19] 33,19/ 33,26] 33,04] 33,36] 33,29)33,48 33,35 33,04/ 33,17 32,96 33,12 33,42 33,19
33,08, 33,16| 33,19 33,24/ 33,26/ 33,29, 33,44] 33,57/33,62/33,70, 33,06 33,70 33,75 33,81 33,53 33,61
—| - 7701000, 500/ 40 4 580 -—2.0003 500 — =] 1000 20, 3500 3600
—11000, — — 20 801 5000 —! — 4000 200 500, 620/ 1100
200 200 - —1500,10520] 500, 500 — 500, - 2160 156011 260
— = = = 500 —  —] o~ —3000 30000 — @ — @ — 3.500
—_ — = — ] —] 1000
—_ o -~ — 500 — ]~ - 11060
TUUE [ U O U U — ] — ] 1000 —
T i L L ] ] — —
|
— = 5000 —| 5000 — @~ @— — ] 45000 o —
—_l - 20 - — 2000, — — — - 60| 540 —
—l 5000 — e e — — — — — 1000 —t 2000
40,1 00071040 20, 500, — 500, 520 2 0003 040 —  —] 510013 320{21 06011 640
200 — — 40/ 60! 20 40000 - 500 1000 — 62021 680]22 240
100 40, —{ 20, 20 - 4150/ 500 —1 360/ 560|22 120|31 630| 30 540
200 — ] ] — — - — — — — 1200 360 560
20— o = 60; 20 —_ - — 40 100, 200
60, 200 — — — — — 60 20 40/ 440, 580
—  — 40 200 — — 500 200 — 20 —_ — 80/ 1060/ 6180 1080
—_— ] ] 5000 — — —_— 40 174012 580
— = ] ] 20 —{ 620] — —{ — —] 28019180 3760
- 2500]1500{3 500, 500, -— —| — 90002500 3000/ 2600011000 35100 65500 30 720 63 740
- 6000{30000 5000 — — — 800013 000, — 136 500i14 500 31 000| 53 500| 15 160
‘ 1500, 5000 — —i -—  —115500/5 500 360 000 4 500]40 500,45 000! 24 640| 31 540
—_— 40— - = — 20, 140 — 80, 1000 2540 300 400 240
— - - 500 — — 200 — — 560 520 20200 780, 340
— 400 40, — — — 500 — = 80| 1000 1000 20, 760, 320
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Table IV. EGGUM. Summary of plankton vecords and hydrographical data for the

Date 34 | 27/4 | 14/5 | 255 | 67 20/7 | 9/8 | 20/8 | 7/9 | 17/9
Tempera- Om 4,41 4,62 5,20 6,23 10,54 11,59} 12,56; 11,32 9,311 10,47
ture, °C 10m 4,12 4,48 5,17 5,99 9,14 10,65, 12,55 10,48 9,29} 10,38
25m 4,13 4,49 4,96 5,69 7,66 8,11 11,13 9,57 9,121 9,60
Salinity, °/,,  Om| 33,83] 33,00 33,87 33,85 33,80| 33,75 33,61 33,75 33,75 33,50
10m| 33,88 33,88| 33,86| 34,02 33,86 33,76] 33,55| 33,77 33,76] 33,51
25my 33,90 33,88] 33,88] 34,12 33,93 33,93| 33,67, 33,89 33,77, 33,66
Diatoms, Om| 13 500f 66 600; 15380 5380 147420 2 080} 22 000; 75 540} 248 050 —
all 10m| 16 360; 85690| 6330] 4000] 578360 61560 180! 99 680| 359940 2150
25m 104 200] 5540) 1500] 1225920 253 230] 6 100 68 660; 210 580 3 440
Sceletonema Om| 2040 8 000] 6 000{ 2000 4 000 e — — 1000 e
costatum 10m| 10 000; 11500 3000 — 13 000 — —_ — 3000 —
25m 17 000 —_— — 12 500 460 —— ] 1500 —
Chaetoceros Om; 3980; 14060 40 40! 115500 1 560 22 000| 55 5001 174 230 —
spp. 10m 960 14 160 120, 2000 514400, 59000 —| 64 100) 291 280 880
25m 25 080 40 —1 1 072 600} 237 820] 4 050] 26 480} 165120} 2660
Thalassio- Om| 3260, 28700/ 5000{ 2500 3780 —_— — . ] e
sira spp. 10m| 3380; 32280 — —_— 35 000 60 — — -] —
25m 17 700 —_ - 117 500 360 — — —_ —_
Coccolitho- 0m 40 1660 — 500 4000, 9500 32500 42000 11 220}97 000
phorids, 10m —_ 20 160 500 1020; 27 500 ~—1 33 000| 157 500{131000
all 25m 20 120 — 2020 —I 28 500; 43 000} 125 020 —
Dinoflagellates,
except Om 20 180; 5000 680 19 500f 10420] 10660[ 7 340 7 320; 3100
Gymno- 10m 20 780 380 20 28 720; 10 180) 10 820 17 080] 15 360] 2 560
diniaceae 25m 3120] 4140 80 9120 6620 4440, 1580 7 460 520
Ceratium Om —_ e —_— — 20 180 280 260 500; 1100
Spp- 10m — 80 20 20 120 260 600 920 720114 440
25m 40 —— 20 180 60 420 260 260 20
Peridinium 0m 20 140 — 100 1480 1140 460! 1240 7 460 20
spp. 10m —_ 620 20 — 520 860 620] 3880 1 860 80
25m 340 140 20 100 420 200 620 680 e
Gymnodini- Oml 500 2 000 10 000} 8360 2000 5500{ 25 000} 27 000; 38 000! 4 000
aceae 10m -1 20 720{ 19 500! 21 500 4 260; 36 000] 50 060| 26 560 36 000} 11 000
25m 221801 2060, 6500 1660 13 500] 42 500) 10 000} 12 500 —_—
Ciliates, all Om| 1500, 1140/ 520 1040 1240 460{ 3300| 2660 940| 1000
10m 80 120 260, 1500 1 060 200 520 2660 900 560
25m 580 1400 20 300 450 400 240 1760 20




depths of Om, 10 m and 25 m. Populations ave vecorded as number of cells per litre.

27/10 | 12/11 | 27/11 [ 17/12 ] 10/1 | 211 | 12/2 | 10/3 | 23/3 | 11/4 | 23/4 | 9/5 | 22/5 | 6/6
]
7,36| 6,71 6,60 6,16 5,89 557 4,94 4,04/ 394 405 4,52 520 6,32 6,76
7,370 6,74 6,69 6,20 589 562 496 4,04 395 419 441 496 545 6,72
7,75 6,73 6,73 6,26/ 594 576/ 4,96 4,03 4,10 4,52 446 4,97] 525 6,61

33,58 33,57| 33,59, 33,80 33,84| 33,74| 33,80 33,88 33,03| 34,06, 33,09 34,07 33,88 33,95

33,62) 33,57) 33,65 33,83 33,84/ 33,75 33,91/ 33,88 33,90 3412 34,05 3400 3398 33,96

33,63 33,50 33,66 33,84 33,80 33,84 33,91 33,80 34,00 34,24| 34,11 34,14] 34,03 33,97

840, 420, —| 1020 1000 —1 20| 26000 185200 3000 —| 500
20, 1080  — b | 5000 — 20| 51700 43160 — 2000 20
730| 520, 60| 1000 500, | 500 — 23780! 69 380| 61970 20
— = =l 3200 — —1 1 3500 — — -
N I — i 65000 3500 —_ = =
— = ] 1000] —] — — -~ 8000 15500 — —
|

60| —| —] 1000 — — —| 2000 110000 5000 ] @ —
— 3000 — — b~ 23 500] 19 240 —! 2000 20
— 4 —| ] —] = 7500 15540, 34 500 —

—_ - S — = 1500 1000 _ - —
S O — b 320! 3320 — =
— = — 440 3500] 4660 —

10000 1000] —| —1 500 —  —! 2000 2000, 4000/ 1000 1000
— - = 1500 — —{ 2500 2500 500 500 @ —
_ = — — 1000 500 — - 3500 6000 3000 500

1060 1200 40 — 500 15000 40 — 2060 200 —| 2000

1060, 160 40 —  —| 1520, 380 80 60| 1560 200 —|  —

960] 120 60 —! 5000 1000, 80 20 60| 4000] 2120 20
880 180, 40 N — 20 — — 20—
900| 120/ 40 U U R [ —_ - -
880 120 60 — = 20— 20 — — 20
so| 20 — S 20 — 1020 —  —1 2000
40— 200 80 — — 80 200 —  —
40— = 20 — 40| 500 540 —
20| 2000 1500 —| 500 =1 1500 7500 4000, —|
1000] 4260 500 —|  —] 30000 — —| 1500 — 15000 — @ —
— 1660 — —| 500 1000 - —| 3500] 4500 6000/ 1000
560  —| @ — — 40 —i 520 _— — = = 40
40 | —4 1000 — — — 160 — = 120
—  — 40 — 500 — — 20 20 — =
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Table V. Utsira. 26 March 1945.

Populations recorded as cells/L. For hydrographical data see Table 1.

Depth, m ............. ... oot 1 10 25 50
Number of ml examined .............. 2&50 1 2&50 1 2&501 2&50
Diatoms:
Achnanthes sp. ... ..ot 20
Cerataulina bergoni .................. 80
Chaetoceros affinis ................... 32 000 9500
e COMPTESSUS .ot vt 3500/ 10500, 10000
— curvisetus .......... ... 2 000 10 500
— debilis ... i 4000 5000
— decipiens ....... .0 2 000
— furcellatus .............. ... ... 7 500 3500
—  1aciniosus ... 2000
D e 21 000 9 000 13 500
Coscinodiscus spp. v 20 40
Coscinosira polychorda. . .............. 60
TLauderia borealis .................... 640 240
Nitzschia closterium .. ... ....oovee... 20
— delicatissima .................. > 40 1500
Porosira glacialis ... ... o0 720 220 20
Rhizosolenia fragilissima ............. + 2 500
Sceletonema costatum ................ 5 825 000(6 750 000|6 750 000|3 500 000
Thalassionema nitzschioides ........... 3000 2 500 2000 2 000
Thalassiosira decipiens ............... 4000 7 500
—- gravida ..o 9 000 4 040 18 500 -+
B 8 000 19 000 3000
Centric diatoms, not classified ......... 2500 6 500 2 000
Pennate diatoms, not classified ........ 2 000 500 500
Coccolithophorids:
Anthosphaera robusta ................ 100
Coccolithus huxleyi................ ... -+
Dinoflagellates:
Ceratium fusus ... innenen. 20 20 20
— lineatum ........... . ... 20 40
——  INACFOCETOS .« vt iivnveeneeeannos 40
Dinophysis acuminata ................ 60 20
— acuta ... e 20
Exuviaella baltica ..............o... 1500 3500 2000
e Bt e s 500 80 500
Glenodinium danicum ................ 500
Goniodoma ostenfeldi ................ 60 40 20
Gymnodinium elongatum ............. 500 1000
— lohmanni ..........ccvivinnnn. 440 480 500 > 100
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Table V (continued).

Depth,m ...t 1 10 25 50
Number of ml examined .............. 2&50 | 2&50 | 2&50 | 2&50
Gymnodiniaceae ........ ..ot 13500 16000; 13000 1500
Peridinium brevipes .............. ... 80

— globulus var. ovatum .......... 20 240 1 840

—_ ~-  QUATTIeTeNSe .......... 2 600 2 400

— Gran . 200

— pallidum ...... ... 0L 20

— pellucidam ........ .. .. . .. 20

—steind L. 20

— trochoideum .................. > 160 800 1000

e S P e e 40
Phalacroma rotundatum .............. 20
Porella perforata ........ovvinnnnn.. 2000
Protoceratium reticulatum ............ 20
Other flagellates:
Carteriasp. ............ ... 1500
Chilomonas marina .................. 1000 1000 1000
Euglenaceae ................ooin.nn 4000 5 500 500
Distephanus speculum ............... 250
Flagellate, not classified .............. 500
Ciliates:
Acanthostomella norvegica ........... >40 120 220
Codonellopsis lagenula ............... 20 20
Didinium parvulun .................. 20 40 1000
Laboea conica ....o.ovvvvinia.. 460

— strobila ... oo 40

D e 20 40 20
Lohmanniella oviformis .............. 9 000 6500 5 000 1500
Parafavella denticulata ............... 20 40
Salpingella acuminata ................ 20
Stenosemella oliva ................... 80 40
Tintinnopsis parvula ..........c.v....
Ciliates not classified ................. 100 240 140
Forms not identified. ................. 1000 6 500 1500
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Table VI. Utstra. 6 June 7945.
Populations recorded as cells/L. For hydrographical data see Table I.

Depth,m ..o 1 10 25 75
Number of ml examined .............. 2&50 | 2&50 1 2&50 ] 2&50
Diatoms:
Chaetoceros borealis ................. 140

8D e 2000 860
Melosira nummuloides . ............... 40 40
Centric diatoms, not classified ......... 1000
Coccolithophorids :
Coccolithus huxleyi........ ...t 632 5001 082 500| 200000
Dinoflagellates:
Ceratium bucephalum ................ 40

e fUTCA e e 20 100 100

— fUSUS L. e 20 20

— longipes........... ..o 80 100 60

= IMACTOCEIOS .+ vt evrvroncnecnnnss 60 40

— TIPOS. e 40

— — fsubsalsum ......... ..., 180 160 100
Exuviaella baltica ............ ... .. .. 500 1000 500
Glenodinium sp. ... oo 500
Gymnodiniaceae .........covvuiiniinan 2000 9500; 11500 2000
Peridinium depressum ................ 20

—- trochoideum .................. 14 000 20
Other flagellates:
Chilomonas marina .................. 5 500 11 500 17 000
Flagellates not classified .............. 500
Ciliates:
Acanthostomella norvegica ........... 20
Laboea conica ....vvvviiivni i 20 20
Lohmanniella oviformis .............. 1500 2 000 1500
‘Woodania conicoides ..........co...... 20
Forms not identified.................. 3000 40
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Table VII. Utsira. 3 September 1945.
Populations recorded as cells/L. For hydrographical data see Table I.

Depth,m .......oooiiiiiiiiin 1 10 50
Number of ml examined ......... ... 2 & 50 2 & 50 2 & 50
Diatoms:
Chaetoceros affinis ......... ... .. ... 100 100
—  COMPIESSUS « .\ vinnnvrnnnia 460
—curvisetus ..., 220
— laciniosus ......... . i 120
— cffurcellatus ........ ... ... 6 000 73 500
Leptocylindrus danicus ............... 160
Nitzschia closterium ................. 2 000 5500
— delicatissima .................. 75 000 120 000
Sceletonema costatum ....... .. .00 40 000 107 000
Thalassionema nitzschioides ........... 440 2 500 20
Thalassiosira decipiens ............... 220 40
Centric diatoms not classified ......... 3000 2000
Pennate diatoms not classified ........ 60 3 500
Coccolithophorids:
Acanthoicasp. ....... .. ool 500
Anthosphaera robusta ................ 4500 6500
Ophiaster hydroideus ................ 1000
Coccolithus huxleyi................... 267 500 325000 900
Coccolithophorid not classified ........ 1000 500
Dinoflagellates:
Ceratium furca ........ .. ..o, 60
— fusus ... 20
Dinophysis norvegica ................ 20
Exuviaella baltica ....... ... ..., 1500 500 500
e 8D e 500
Goniodoma ostenfeldi?................ 20
Goniaulax spinifera. ....... ... ... 40
Gymnodinium lohmanni .............. 160
Gymnodiniaceae .......coovvvreninen.. 2500 20 500
Peridinium globulus ................. 20
— minusculum ...... 0o >120 >20
— steini ... i i 20
~— trochoideum .................. > 220 500
8D e 20
Porella perforata .......... ... ... 20 > 60
Prorocentrum micans ................ 420 20
Dinoflagellates not classified .......... 500 60
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Table VII (continued).

Depth,m ... 1 10 50

Number of ml examined .............. 2 & 50 2 & 50 2 & 50

Other flagellates etc.:

Chilomonas maring .................. 5000 2500

Dictyocha fibula .................... 90

Distephanus speculum ............... 10 10 10

Pterosperma sp. ............ i 20

Ciliates:

Acanthostomella norvegica ........... 60 20
) T N 60

Laboea conica ........c.oviiiinnnnn .. 20 80

Lohmanniella oviformis .............. 22 500 14 500

Parafavella edentata ................. 20

‘Woodania conicoides ................. 500

Ciliates not classified ................. 500

Forms not classified ................. 1500 40
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Table VIIL. Sognesjoen. 27 March 1945.

Populations recorded as cells/L. For hydrographical data see Table II.

Depth, m ... v e, 1 10 25 50
Number of ml examined .............. 2&50 | 2&50 1 2&50 | 2&50
Diatoms:
Achnanthes sp. ..., 40
Chaetoceros affinis ............vve.. .. 4 000 8 000
—  Dborealis f.concavicornis ......... 3000 60
—  COMIPIESSUS v vvvvvrnnn e oneny. 17 000
~— constrictus ......... ... ..., 2 500
— convolutusS ........ihii .., 60
— curvisetus .......... . . L 4 500
— debilis ... 75 000 200
— o didymus ... 4000
— Jaciniosus ........ ... 11 500
— subsecundus .................. 7 000 17 500
e S e e 66 500] 391 500 15 000 140
Coscinodiscus centralis . .............. 20
B e e 140 280 260 120
Coscinosira polychorda................ 19000 20000 7500 40
Ditylum brightwelli .................. 40
Lauderia borealis .................... 80 560 1040
Licmophora lyngbyei ................ 40
Navicula sp. ..., 240 620 80
Nitzschia closterium ................. 40 1000 1 000
— delicatissima. <+ seriata ......... 123 500 42 000 8 000
Pleurosigma sp. .......coviiiiin 60
Porosira glacialis .................... 2300 3 640 4 060 40
Rhizosolenia alata.................... 660 840 880
Sceletonema costatum . ............... 57 5001 822 000| 3810 000|2 950 000
Thalassionema nitzschioides ........... 21 000 51 500 24 500 1200
Thalassiosira decipiens ............... 2960] 31000 27000 1340
— gravida ........o0 e 59 000 68 000f 49 500 1200
T P e 4000
Centric diatoms not classified ......... 500
Pennate diatoms not classified  ...... 120 300 20
Dinoflagellates:
Ceratium fusus ........coviiivnnnn, 40
— ATIPOS. e s 20
Exuviaella baltica, ................... 3000 6 500 1500
Gymnodinium lohmanni .............. 300 520 480 140
Peridinium brevipes ................. 40
— globulus ............. . ..., 140
— pellucidum ........ ... ... 20
a1 T 160 120
Dinoflagellates not classified .......... 20
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Table VIII (continued).

Depth,m ..., 1 10 25 50
Number of ml examined ............. 2&50 | 2&50 | 2&50 | 2&50
Other flagellates etc.:

Chilomonas marina .................. 3500 4000 1500
Distephanus speculum  ............... 20 10
Halosphaera viridis. .......... ... 20

Ciliates:

Acanthostomella elongata ............ 20

Mesodininm rubrum ........... ... ... 120 80 20
Strombidium sp. ... i 40

Ciliates not classified ................. 1040 60 60
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Table IX. Sognesjoen. 12 July 1945.
Populations recorded as cells/L. For hydrographical data sce Table II.

Depth,m ...t 1 10 25 50
Number of ml examined .............. 2&50 | 2&50 | 2&50 1 2&50
Diatoms:
Chaetoceros affinis ........... . .. ... 2 000 16 000

— borealis ........ ... . . . 100

— DrevIS L. 8 000

——  COMPIESSUS & vvverrrnnircianess 6 000f 40500

—  CULVISELUS +\ivviiviniennnenann 138 000 2 000 2 000

—— daniCus Lo 10 000

— debilis ... i 5000

—— wighami ......... ... .. 0. 11 500

T 12 PN 500 500 2 500 40
Guinardia flaccida. . ..... ..ol 120 3500
Leptocylindrus danicus ............... 160 5500
Licmophora lyngbyei ........... ... ... 40 2 500
Nitzschia closterium ................. 1000 3000 4000

— delicatissima - seriata ......... 1000 22 5001 284 000 3000
Rhizosolenia hebetata f.semispina ..... 190
Sceletonema costatum ... .o oL 83 500{ 20 000{1 135000 2 000
Tabellaria flocculosa ...t 60
Thalassionema, nitzschioides ........... 14 500 3000 3500
Centric diatoms not classified ......... ) 1000
Pennate diatoms not classified ........ 500
Coccolithophorids:
Coccolithus huxleyi................... 19500 43500 18000 13000
Michaelsarsia sp. v...ovviiin i, 1000
Coccolithophorids not classified ........ 2 500 4000 1500 500
Dinoflagellates:
Ceratium furca .......... ... .o . 20

— fusus ... i 160 40

—- horridum ............. ..., 100

—- longipes............ooiiiiia. . 140

—— IACTOCETOS ..t vvnmrnnnennnss 120

— TIPS, e e 200 80 80 20
Dinophysisacuta ........... ... ... 20 20

— NOTVEZICA ...ttt inininneean 20
Fxuviaella baltica ................... 19 500 1500 4000

R TS O 1000 500
Gonjaulax Sp..........coiiiii i 20
Gymnodiniaceae .......covnviiinnon.. 22 500 8500 7 000 2 000
Peridinium brevipes ................. 20 60

— dePTeSSUM . ...ovvnernennin. .. 40 80
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Table IX (continued).

Depth, m ........ oo oo i 1 10 25 50
Number of ml examined .............. 2&30 | 2&50 ] 2&50 | 2 &350
Peridinium globulus.................. 20 40 100

e GTATIL Lt e e 20 60

— minusculum ... o o 1000

—- pallidum ....... .. ... .. oL 40

— pellucidum ........ .. .00 L 100 20

— steinl ... 20

— triquetrum ... 6 000 7 000 400

— trochoideum .................. 320 660 40

e ) TS PO 40 40
Phalacroma rotundatum .............. 100 40 20
Protoceratium reticulatum ............ 40
Pyrocystis lunula ... oL 40
Dinoflagellates not classified .......... 40 20 20

Other flagellates etc.:

Chilomonas marina .................. 2 500 4000 4500
Distephanus speculum ............... 10
Euglenaceae ............ ... ... ..... 1000
Halosphaera viridis................... 40
Trochiscia sp......ooov i, 40 20
Monads not classified ................ 2 000 120 2 500
Cysts oo 240 160 60 120
Ciliates:
Acanthostomella sp. ................. 40 660 60
Codonellopsis sp. ... ciii i 80 40
Helicostomella subulata .............. 120
Laboea conica .........ovunvivueneann. 1760 320
Lohmanniella oviformis .............. 40 220

T 12 O 20 280 20
Parafavellasp................ ... ..., 80 40
Ptychocylis urnula ........... ..o 20
Salpingellasp. ........... ... ... ..., 5000 60
Strombidium sp. ... ... .. oo 760 1500

Ciliates not classified . ................ 120 220 180 60
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Table X. Sognesjoen. 30 July 1946,
Populations recorded as cells/L. For hydrographical data see Table II.

Depth,m ..........ooooiiiii it 1 10 25 50
Number of ml examined .............. 2&50 | 2&50 | 2&50 | 2&50
Diatoms:
Rhizosolenia alata f.gracillima ......... 10
Thalassionema nitzschioides ........... 1500
Pennate diatoms not classified ........ 40
Coccolithophorids :
Coccolithus huxleyi................... 48 500 3500 500
Rhabdosphaera cfnigra .............. 340 400 120 40
Coccolithophorids not classified ........ 28 000 3500 4000 1500
Dinoflagellates:
Ceratium furca ................... ... 640 500 260
—- fusus ... oo, 60 60 200
— horridum .......... ... .. ..., 20
— lineatum ..................... 20
— longipes........... .. i, 60 20
——  TNACTOCEIOS . ...'vuivvnvneunn., 20
— trIPOS. .. 40 60 60
Dinophysis acuminata . ............... 20 40 20
— acuta ..o, 20 40 40
—= MOIVEZICA ............cvcie..n. 20 20
D e 20
Erythropsissp. ........ i, 40
Exuviaella baltica ................... 1000 1000 5 000 1000
Glenodinium danicum ................ 40
0 20
Goniaulax spinifera................... 20 500
Gymnodinium elongatum ............. 80 1000
— Johmanni ..................... 20
Gymnodiniaceae ...........cc.oouvin... 5 000 5 500 6 500 > 60
Peridinium brevipes ................. 20 80 40
— dIVErgens ..............0inen.n 20
— globulus var, ovatum .......... 20 40
e — QUaTnerense .......... 120
—ograni ... 20
-— steini ... ..., 280 100
— trochoideum .................. 6 000 10 000 20
T T 80 20
Phalacroma ruudi ................... 20
Porella perforata .................... 20 1000 6 000
Prorocentrum micans ................ 40 20
Protoceratium reticulatum ............ 80 20

5
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Table X (continued).

Depth,m ... 1 10 25 50
Number of ml examined .............. 2&50 | 2&50 | 2&50 | 2&50
Pyrophacus horologicum ............. 20 40
Dinoflagellates not classified .......... 140 20
Other flagellates etc.:
Dinobryon sp. ..o -+
Euglenaceae ............... .. ... .. 20
Pterosperma cristatum................ 20 120
Cysts oo
Ciliates:
Acanthostomella norvegica ........... 60
Codonellopsis lagenula ............... 80 560 540 360
e B e e 20
Helicostomella subulata .............. 220 300 80
Taboeaconica .. ovovvvin i 120
i 1 > T 20
Parafavella spp. ...ovin oo 40
Salpingella acuminata ................ 20
Tintinnopsis campanula .............. 20
Tintinnids not classified............... 60 20
Ciliates not classified ................. 100 100 20 80
Forms not classified ........... ... ... 9500 2000 2 000
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Table X1. Skrova. 14 April 1945,

Populations recorded as cells/L. For hydrographical data see Table ITI.

Depth,m ......... ..o ity 1 10 25 50
Number of ml examined .............. 2&50 | 2&50 | 2&50 | 2&50
Diatoms:
Bacteriosira fragilis........ ... ... .. ... 2 000 6 500 1000
Biddulphia aurita ........ ... .. ... ... 1100 160 200
Chaetoceros borealis f.concavicornis . ... 260 4 500
e COMPTESSUS v vt v eivnevev e 1180 6 500
— constrictus ...... ... ., 7 000
— curvisetus ... .. 180 4500
— debilis ... oo 10 000 3500
— decipiens ... 40
—~— didymus ... e 2000 1000 1500 1000
—  JaciniosuUS « vttt e 120
— socialis ... ..o i 103 500 4000 6 500 13 500
— subsecundus ........00 ... 160 40
Coscinodiscus concinnus. . ............. 180 180 40
— radiatis ... e 20
Coscinosira polychorda........... T 9500 8 000 5000 8000
Fragilaria oceanica .................. 130 000 120 500f 143 000{ 212000
Melosira sulcata. . ....c.ocoii i, 40 480
Naviculasp. ...t 5500 5000 4 000 5 000
Nitzschia closterium ................. 1 500 1000 260
— seriata ... e, 80 7 000 3 500 3 000
Pleurosigma Sp. oo 20 80
Rhizosolenia alata............. ... ... 40
Sceletonema, costatum ................ 24 000 11 500 5000 1 000
Thalassionema nitzschioides ........... 6 000 1220 3500 6 000
Thalassiosira gravida ....... ... ..., 48 500f 46500f 12500 80
— hyalina ........... ..o i 3000 3140 2 260 11 000
— pordenskioeldi................. 28 000 44 000 44 000 16 500
Pennate diatoms not classified ........ 3000 6 000 29 500 4 000
Coccolithophorids:
Coccolithus huxleyi...........ooni s 500
Dinoflagellates:
Ceratium fusus .......cvieiivennn. 20 40
Dinophysis acuminata ................ 20
Exuviaella baltica .............c00... 1000
Gymnodinium cornutum ............. 20
— lohmanni ...........ieieennn 60 40
e P i s 5000 11 000 12 500 14 000
Peridinium brevipes .............. ... 20 20
w  dePresSuIl «.v.iiiviiieneanaaan 20 20
— globulus ........ ... i, 60 20
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Table XI (continued).

Depth, m ..o 1 10 25 50
Number of ml examined .............. 2&50 | 2&50 | 2&50 | 2 &50
Peridinium minusculum ............. 500

— pellucidum ......... ... . ... 20

— triquetrum ......... .. oL 20 40

— trochoideum .................. 140 40

e 8D e e 20
Dinoflagellates not classified .......... 20
Other flagellates etc.:
Chilomonas marina ...........covunn. 500 500
Distephanus speculum ............... 20 20
Eutreptia lanowi .................... 40 20
Phaeocystis poucheti .......... ... ... -+ -} -+ -+
Ciliates:
Laboea conica ....................... 20
Lohmanniella oviformis .............. 40 40 40 20
Mesodinium rubrum ........ ... ..., 40 80
Tintinnopsis SP. v vviven v 20
Ciliates not classified ................. 20
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Table XIL. Skrova. 27 July 7945,
Populations recorded as cells/L. For hydrographical data see Table IIL.

Depth,m ........ooooiiiiiiiiion, 1 10 25 50
Number of ml examined .............. 2&50 | 2&50 | 2&50 | 2&50
Diatoms:
Chaetoceros danicus ................. 7 000
e R R T T I 120
Nitzschia seriata ... 40
Rhizosolenia alata.......... ..o 30
~ fragilissima ......... ... .. 000 20
Sceletonema, costatum ...... ... ... ..., 280 500
Coccolithophorids:
Coccolithus huxleyi.......... ... ... ... 324 000f 131500 500
Coccolithophorids not classified ........ 1000
Dinoflagellates:
Amphidinium sp. ... .o oo 500
Ceratium fusus ..., 40
— lineatum ......... .., 60
— longipes....... oo, 180 560 1040
—e TRACTOCEYOS vt ettt vnnncnnnennn 20 20
Dinophysis acuminata ....... ... 20
e ACHEA e e 200 180
Exuviaella baltica. ................ ... 4 000 4 000
Glenodinium danicum ................ 2 000 1000
Goniaulax polyedra .................. 20
— ostenfeldi ......... ... ... ... 80 60 120
Gymnodinium lohmanni .............. 40
e D v 6 000 5500
Peridinium brevipes ................. 660 920 60 20
—— CTasSIPES . ...ieriiiiniananenin. 40 60
=) ¢ (o1 ¥ 1 s S 60
——  depressum .......ihiaiiaaaen 20 60
— globulus var. ovatum . .......... 60 20 20
o e quarnerense ....... 140 320 60
— minusculum .................. 1500 500
—- pellucidam .......... ... ..., 60 20
— triquetrum ...... ..o oo 4000 2 500
— trochoideum .................. 520 3 500 160
R — Test.SP. e 700 4 500 80
D e e 20
Phalacroma rotundatum .............. &0 140
Pyrophacus horologicam ............. 100
Other flagellates:
Chilomonas marina ........c..couvnn.. 7 000 16 000
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Table XII (continued).

Depth,m ..o oo 1 10 25 50
Number of ml examined .............. 2&50 | 2&50 | 2&50 ] 2 &50
Ciliates:
Laboeaconica .............. L. 20

—crassula ... 20 20

— strobila ..., oL 60 140
Lohmanniella oviformis .............. 260 320 120
Parafavellasp..... ... oo 80 140 60
Ptychocylis obtusa .......... ... ..., 20
Strombidium sp. .. ... oo 20
Ciliates not classified ................. 20




-
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Table XIIL. Skrova. 70 May 1946.

Populations recorded as cells/L. For hydrographical data see Table 111

Depth,m ... ivi e 1 10 25 50
Number of ml examined .............. 2&50 | 2&50 | 2&50 | 2&50
Diatoms:

Chaetoceros simplex ... ....... ... ... 500

Melosira sulcata. . ... oo 80

Thalassionema nitzschioides ........... 120
Dinoflagellates:

Dinophysis acuminata .............. . 20
Exuviaella baltica ................... 2 000

Glenodinium danicum ................ 500
Gymnodinium sp. ... 2500 3000 5 500 2 500
Peridinium grani ..............vv.n.. 20
Other flagellates etc.:

Chilomonas marina .............oen..n 4 000 3 500

FEuglenaceae .....ooviviiiniiieen . 974 500 387 000} 14 000
Phaeocystis poucheti ...........on . + -+

Pterosperma parallelum .............. 500

Ciliates:

Laboea ConiCa ..o vvvi v e 40

Mesodinium rubrum . ...........c.... 100
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Table XIV. Eggum. 27 April 1945.
Populations recorded as cells/L. For hydrographical data see Table IV.

Depth,m .........oooo il 1 10 25 50
Number of ml examined .............. 2&50 | 2&50 | 2&50 2 & 50
Diatoms:
Cerataulina bergoni .................. 60 140
Chaetoceros affinis ................... 860 300
——  COMPIESSUS «.vivivvnvnnnaennnn 1500 500 5000
— curvisetus ......... ... . 0., 4000 450 5 500 1100
~— debilis ... o o ol 4 000 6 500 11 500 7 000
— decipiens ......... ... .. ., 480 60 180
— furcellatus .................... 480 140 1000
— laciniosus . ..., 3000 1500 3000 4 500
— subsecundus .................. 460 4 500
— TS L e e 60 80 80 100
) ST 3 000 1840 4000 7 500
Coscinodiscus sp. «.oviviini i, 140 520 380 220
Coscinosira polychorda................ 460 1280 1360 2160
Ditylum brightwelli ...... ... ... ... ... 20
Fragilaria oceanica .................. 4000 180 860 3 680
Lauderia borealis .................... 140
Melosira sp. ..o viiiiiiiiin i, 60 6 000
Nitzschia closterium ................. 180 120
— delicatissima .................. 280 2 000 300
— seriata ......... . . oL 620 7 500 4 000
Pleurosigma sp. .. ..o i, 60
Rhizosolenia alata. ................... 500 30
Sceletonema costatum ................ 8 000 11 500 17 000 1000
Thalassionema nitzschioides ........... 8 500 17 000 12 000 12 500
Thalassiosira bioculata ............... 40
— decipIens ........ciciiiiiiina.. 2000 1280 200 220
— gravida ... 26 500 12 500 11 500 20 000
— mnordenskioeldi ................. 160 19 500 6 000 5000
Centric diatoms not classified.......... 240 380 16 000
Pennate diatoms not classified ........ 2 000 6 000 4 000 3500
Coccolithophorids:
Coccolithus huxleyi................... 1500
Coccolithophorids not classified ........ 160 20 60
Dinoflagellates:
Amphidinium sp. ....... . o ool 2500 20
Ceratium furca ........... . ..o, 20 20
— OSUS L e 20 20
— Jongipes........ ..o i 40 20
Dinophysis acuminata ................ 20
= NOTVEZICA .. ......iiiiia 20 40 60




73

Table XIV (continued).

Depth,m ...t 1 10 25 50
Number of ml examined .............. 2&50 | 2&530 | 2&50 ) 2&50
Exuviaella baltica .......... ... .. ... 160 180
Gymnodininm lohmanni .............. 720 1180 440

)2 T N 2000 20000] 21000{ 12500
Peridinium conicum ..............0.. 20

— depressum ... 20 40

— globulus var, ovatum .......... 120 180 100

— — quarnerense ....... 20

— minusculum ... 220 100 30

—  thorianum .............. ... ... 160

~— trochoideum .................. 80

- 1 TP 120 40 20 20
Protoceratium reticulatum, rest. sp. . ... 40 20 20
Other flagellates etc.:
Distephanus speculum ............... 20
Eutreptia lanowi .......... ... 480 60 120
Halosphaera viridis. . ... ... iien 300 80 100
Phaeocystis poucheti .............. ... + + + +
Trochiscia Sp.. .o iv i 40
Ciliates:
Laboea conica ......covvviivnnneennes 620 20
TLohmanniella oviformis ......... ..., 60 60
Ptychocyvlisurnula ... 120 60 20
Strombidium sp. ... oo oo 40
Ciliates not classified ............. ... 360
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Table XV. Eggum. 6 July 1945,
Populations recorded as cells/L. For hydrographical data see Table IV.

50

Depth,m ..o, 1 10 25
Number of ml examined .............. 2&50 | 2&50 1 2&50 | 2&50
Diatoms:
Cerataulina bergoni ........ ... .. ..., 100
Chaetoceros compressus .............. 1000 3500

e debilis ... 112 000 499 000{1 052 0001 95 000

— furcellatus, rsp. ... . oL 7 500

~— Jaciniosus .. ..o i e 2000 4 500 1000 2000

— subsecundus ........ ..o 3500 10 500

e BETES v 6 000 2 600

— wighami ..... .. .. o o 400

D e 1500 4 500 3000
Corethron hystrix ............. .. .... 20 200 1000 120
Coscinodiscus Sp. v vvevi e 20
Eucampia zoodiacus ................. 1 840 1500 680
Leptocylindrus danicus ............... 19500 10000 8 500 60
Nitzschia seriata ........ .. oo 100 2 360 3500 140
Rhizosolenia alata. ............... ..., 40

— fragilissima ........... ... ... 740 4500

— hebetata f.semispina ........... 30

— setigera ... 10
Sceletonema costatum . ............... 4 000 13 000 12 500 6 500
Thalassionema nitzschioides ........... 60
Thalassiosira bioculata ............... 920

— gravida ..... .00l 280 2 500

—  decipiens ........ i 1500{ 24 000{ 106500, 18000

—  mnordenskioeldi ............. ... 2000 8 500 11 000
Cysts of diatoms, not classified ........ 1500
Centric diatoms not classified ......... 2 500
Pennate diatoms not classified ........ 40
Coceolithophorids:
Cocceolithus huxleyi.......... .o oo 2500 1000 2 000 3000
Coccolithophorids not classified ........ 1500 20 60
Dinoflagellates:
Ceratium fusus ......... ... 20

— lineatum .......... .. e, 20

— longipes.....c.iiiiiiiii 20 80 180
Dinophysis norvegica ................ 20 20
Exuviaella baltica ................ ... 8 000 6 000 4 500 320
Glenodinium danicum ................ 3000 80 1500 1500
Goniaulax ostenfeldi ................. 6000 19500 820 120
Gymnodininm lohmanni .............. 260 160 180




™
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Table XV (continued).

Depth,m ..., 1 10 25 50
Number of ml examined .............. 2&50 ) 2&50 | 2&50 | 2&50
Gymnodinium SP. .o vin i 2000 4000 1500 3000
Peridinium globulus var.quarnerense ... 400 220 40

— trochoideum .................. 1000 220 40

B e 80 S0 20
Dinoflagellates not classified .......... 1600 2000 2000 6 500
Other flagellates etc.:
Chilomonas maring .................. 7 500 1000 500
Euglenaceae .............. ... ... ... 10 620 8 620 3000 5000
Trochiscia Sp...ov v i 20
Flagellates not classified .............. 1500
Ciliates:
Acanthostomella sp. ................. 20 40 20
Didinfum sp. ... 20
Favellasp. ........ ..., 40
Laboea conica ... ..., 40 100 80

T 40
Lohmanniella oviformis .............. 140 260 80 60
Parafavella sp............. .. ... . ... 40
Salpingella acuminata ................ 40 20 20
Strombidium sp. ... 20 120
Ciliates not classified ................. 20
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Table XVI. Eggum. 7 September 1945.

Populations recorded as cells/L.. For hydrographical data see Table IV,

Depth.m ..........oooviiiiinn 1 10 25 50
Number of ml examined .............. 2&50 | 2&50  2&50 | 2 &50
Diatoms:
Chaetoceros affinis ................... 35000 11000 940 20
— borealis ...... ... ..t 60 160
——  COTIPTESSUS .+ ivvvrvvrrnnnrnsnns 120 000y 187 000{ 87000
— comstrictus ...... ... oo 120
— curvisetus ...... .. oo 200 640 240
— debilis ...... . il 53 000/ 66500] 58000
e — restsSp. .. 140 3000 6 500 20
— decipiens .......... ... 00 520f 16000 1200 20
— laciniosus .......... . .. 0. 2 500 80 30
— socialis ..... .. i ioa, 3000 11 000 500
R 12T 12 500 7 000 20
Corethron hystrix ................... 140 80
CoscinodiSCus SP. v vvvi i 40 20 40 20
Dactyliosolen mediterraneus .......... 480 420 740 180
Eucampia zoodiacus ................. 340
Fragilaria oceanica ............. ... .. 3 500
Leptocylindrus danicus ............... 2800 350000 19000
Licmophora sp. .......... ... ... 20
Nitzschia closterium ................. 360 900 100
— delicatissima .......... . 0 4 000 8 000 4000
— seriata ... 11 000 8 500 2200 80
Rhizosolenia alata.................... 4 000 2 500 2000
— fragilissima ............ ... ... 3000 2 300 3 500
-~ hebetata f.semispina ........... 50 530
— stolterfothi ................ ... 12 500 4 840 3500 100
~— imbricata var.shrubsolei ........ 800 320
Sceletonema costatum ................ 1000 3000 1500 2 000
Thalassionema nitzschioides ........... 680 1210 6 000 40
Centric diatoms not classified ......... 6 000 2500
Pennate diatoms not classified ........ 3000 220 80
Coccolithophorids:
Coccolithus huxleyi......... ... 0.t 10 000| 154 000] 1250G00; 12000
Syracosphaera mediterranea .......... 1000 500
Coccolithophorids not classified ........ 220 3000 20
Dinoflagellates:
Amphidinium sp. ....oviviiii i, 220 2500 2 500
Ceratium bucephalum ................ 40 60 20
— fusus ... oo 180 380 40
— lineatum ......... .. ... 000l 40 100 20
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Table XVI (continued).

Depth, m ... oot 1 10 25 50
Number of ml examined .............. 2&50 | 2&50 | 2&50 | 2&50
Ceratium longipes.................... 20

e INACTOCETOS v vt ev v v onincnnnnn 160 160 180

— tpOS.. . 80 20
Exuviaella baltica, ................... 3500 8 000 3000
Dinophysis acuminata ................ 20 40
Glenodinium danicum ................ 60 80 20
Goniaulax ostenfeldi ................. 40

— spinifera ......... ..o ool 60 20
Gymnodinium sp. ... 38 000 36 000 12 500 1000
Peridinium brevipes ................. 40 20

—— CTASSIPES ... e 40 80 20

— globulus var. gnarnerense ....... 200 200

e GFAT e 60
Peridinium minusculum .............. 1000 1000 500

— triquetrum ....... .. o 60 80

— trochoideum .................. 440 540 60

— — restsp. ...l 20 20

e B e e 60
Phalacroma rotundatum .............. 40

— oraudl L. e 20 20
Porella perforata .............. ... ... 40 60
Prorocentrum micans ................ 40
Dinoflagellates not classified .......... 120

Other flagellates etc.:

Chilomonas marina .......c.cooivivnn 1000 1000 2 500
Distephanus speculum ............... 3000 1080 440
Euglenaceae ............ ... ... ... ... 6500 2000 3500
Pterosperma cristatum. ............... 500 500
Trochiscia sp.........ooiii i 20

Ciliates:

Acanthostomella norvegica ........... 20
Codonellopsis lagenula ............... 40
Didinium parvulum .........oo0 e 20 20 20

Laboea conica .......... ... ..ol 40 20 60 20
Lohmanniella oviformis .............. 180 60 40
Parafavella sp..............ooo ot 20
Ptychocylissp. ...coviviiii it 40 160 40 20
Salpingella acuminata ................ 140 160 100

Tintinnus sp. ... i 40




