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The Skagerrak.

he hvdrographical character or the Skagerrak is determined by its Review from

forming the connection between the Cattegat and the North Sea, or €3¢

investigations
between the Baltic and the Atlantc. The central, and Northern part of ’
the Skagerrak, forms a continvaton of the Norwegian depression which
there “attains its greatest depth. Along the coast of Jutland and Bobus-
ieen, the bottom slopes gradually downwards, as will be seen from the
following account. From the Swedish coast of the Skagerrak, the depth of
50 fathoms is not reached for 8 geographical miles off land; and the
same depth off the jutland coast is not to be found, as a rule, for over

20 miles. The curve of soundings, for a depth of 100 fathoms, cannot

be met with under 14-—16 miles off Bohuslen, and 24—732 miles to the
north of Jutland,

All along the Norwegian side, however, this curve is found at about
4 miles’s distance from the shore, between Lindesnes and Jomfruland, At
Langesund there is a deep depression extending still closer towards land,
while, further North, however, the sea is shallower, and, outside the
Christiania Fiord, only isolated depressions are to be found attaining a
greater depth than roo fathoms.

The different currents on the surface of the Skagerrak, are, mainly,
dependent on causes which originate beyond the Skagerrak itself, From
the Baltic, for instance, there flows a constant stream of brackish water,
which keeps, chiefly, to the coast of Sweden, and which, at Koster, turns
towards the Norwegian side. During the greater part of the vear, at all

events, it runs further along the coast from Svenpr to Lindesnes.
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On the charts of the Geographical Survey, this current, is plainly
marked, and is, moreover, well known to all seafaring people. Professor
Mohn has estimated its velocity at 10 geographical miles in 24 hours,
0.22 metres a second ([87]* page 168).

Again, on the coast of Jutland, there is a still stronger current, the
so-called «Jutland Currents, flowing into the Skagerrak, which, like the
tormer, has been known to seamen for generations. According to an-
nual observations, made on board Danish Lightships, and Mohn's theo-
retical calculations, the average speed is 18 geographical miles in 24
hours, 0.38 metres a second (Mohn 1. c. p. 168). Even this is a coastal current,
forming a continuation of those North Sea coastal currents which, of late,
have been subjected to meost accurate investigations by Fulton [97].

Investigations of the deep lving currents, long proved very difficult
by the old methods, viz., the direct registration of the current. However,
thanks to the services of Swedish hydrographers, a new method has been
introduced, and generally adopted, by which one may, at any time,
ascertain the hydrographical situation on the surface, as well as in deep
water. The method consists in the determination of a layer’s origin by
investigating its salinity and temperature, it being known that layers
of different salinities are of so different a specific gravity, that they
move, the one below the other, for great distances and length of time,
without intermixing. Pettersson and Ekman found, that all water in
the Skagérrak of a lower salinity than 30%g, comes from the Baltic with
the Baltic Current; furthermore, that water, exceeding 32 % salinity,
originates from the North Sea and the Atlantic Ocean.

The Jutland Current, according to their investigations, brings a pre-
ponderate quantity of water, with a salinity of 32—34 % (Bank water),
into the Skagerrak.

In the deep-water regions of the Skagerrak vast bodies of water
are found in which the salinity exceeds 35 ©/go. This water, being con
nected with the Gulf Stream, enters the Skagerrak as an under current
through the Norwegian depression. Also those layers whose saline
contents range from 34 to 35 /o (the so called North Sea Water) pro-

ceed from oceanic sources.

“y '} This form of brackets, with figures inside, indicates the date of literary publica-
tions. vide the Bibliography.
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Pettersson and Ekman have given these results in their fundamental
work: «Grunddragen af Skageracks och Kattegats Hydrografi» {91] the
exactitude of which has been proved by all succeeding researches.

By means of these statements, one may arrive at a far more com-
prehensive understanding of the hydrographical character, than was, previ-
ously, possible. According to carlier experiments, one had to be con-
rent with a survey of the average distribution and strength of the oceanic
currents, and of the mean temperature of many years, during each month
of those years, &c. &c.

In applying the method of Pettersson & Ekman, it is possible to
ascertain the hydrographical situation at any time. Thus one may follow
the changes throughout the year, as the different currents increase or
diminish in strength and thickness.

Pettersson & Ekman shew [91], that the distribution of the water-
layers in the Skagerrak do change, according to the time of year.
The Baltic current is found to be very extensively diftused during
Summer, covering the entire surface of the Skagerrak with a warm
layer of low salinity, extending to a depth of some 20 metres. Si-
multancously, the Atlantic under current, of 35 %o salinity, rises to a depth
of 50 métres from the surface, even close to the shore.

The Bank Water, however, at that time of year is but slightly
represented, being met with in thin layers along the coasts, and, in the
central parts of Skagerrak, may be entirely wanting, so that the Baltic
layers rest, directly, on the 34 %0 water.

During the course of the autumn, the Baltic current decreases, and
is surplanted by considerable quantities of Bank water in the Skagerrak. As
the final result of these interchanges, it may be seen that, in November,
the entire surface becomes covered with a layer of bank-water to a
depth of 20--30 metres, while the remainder of the Baltc water is
forced up into the Northern, and Eastern part of the Skagerrak. Coin-
cident with this, the 35%0 water’s level sinks over the whole of the
Skagerrak, particularly along the coastinot even surmounting the banks
off the Swedish coast.  This condition is generally maintained during
the winter, and, not until May, does the Baltic current overcome the
Bank-water, which partly flows away, and, partly, remains as under cur:
rents below the Baltic layers.

The surface water of the Skagerrak thus changes twice a year, in
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May and November. These changes in the waters, which, according to
Pettersson’s and Ekman's recent experiments may, possibly, appear still
more complicated than represented by us, seems to be closely connected
with the gradual approach of the herring to the shores of the Skagerrak.

G. Ekman could, even in 1878, perceive that the approach of
the herring, off the Bohuslen (26—28 December), occured directly after
the expansion of the Bank-water. Pettersson and Ekman also publish
several observations which indicate, that the herring come in with the
Bank-water layers, but, that a great accumulation of Baltic water pre-
vents the herring from approaching the shore.

[t was most requisite, and of great interest, to see if such hydro-
graphical variations really took place from one year to another, in
order that the great irregularities of the herring fisheries might be,
thereby, explained.

All researches made in the Skagerrak during the interval (1893
97), by the Swedes and Norwegians, have, therefore, been mainly di-
rected towards solving the question, whether the gradual approach of
the herring rowards Bohuslen, and the south east coast of Norway, can
be connected with the influx of the Bank-water.

In order to obtain a more comprehensible view of these hvdrogra-
phical conditions, at different periods of the vear, it would be necessary, so
far as is possible, to make simultancons observations throughout a large
area of water.

The Swedish and Norwegian Hydrographers have, therefore, worked
in cooperation.  Surface observations have been procured through the
kindness of private Steamship Companies, and deep water observations,
have, in some instances, been made, at one and the same time, in both
countries.

When, in the present work, we, are about to give an account of
the Norwegian - investigations and their results, we must, also, menter
into the details of the work performed by the Swedish scientists.

Hjort in his treatise «Hydrographic-biological studies of the Nor-
wegian Fisheries» {95], has given an account of his labours during 1893—94.

The Swedish Hydrographers have published several papers on this
subject, but the principal results are given in Pettersson and Ekman's
treatise  [97]:  «De hydrografiska forindringarne inom Nordsjons och

Ostersjons omride under tiden 1893—1897».
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Pettersson and Ekman, in their first endeavours [91] towards sol-
ving the origin of the water layers, laid special weight on determining
their temperature and salinity.
Since then another method has been largely adopted, viz., deter-
mining the origin of the water from the organisms it contained. The
algee have been determined by Cleve, who has issued several publications

concerning them [94, 96, 97], and the animals by Aurivillins [96, 98].

This method may, undoubtedly, in many cases, be adopted with favour-
able results, although a profound knowledge of the organisms, their life
and distribution, be required.

When, in the autumn, southern organisms are found in the Ska-
gerrak, which are absolutely extraneous (as for instance Pilema oclopus,
Loligo Forbesi), one has unequivocal proof of currents entering from the
southern oceanic regions. Thus, in a like manner, it must be assumed
that northern organisms, such as Clione limacina, Calanus hyperboreus must
be brought in by cold currents from the North.

One needs, however, to be very cautious in drawing these conclusions,
as we have endeavoured to indicate in an account of the Northern
Ocean [99]. The Swedish scientists not only determine the Baltic and
Atlantic, southern and northern currents, by their organisms, but they
also separate, in like manner, Western Atlantic, Central Atlantic and
Eastern Atlantic waters, which enter the Skagerrak at different periods ot
the vear, the one from the other.

As the distribution of the Plankton organisms in the Northern
Adlantic throughout the vear is, still, but littdle known, Awriwillius, 1. ¢. p.
130 [98], had to arrange them in groups, chiefly in accordance with
the period during which they remain in the Skagerrak. Species existing
in the Skagerrak, from September to February (for instance Plagiacantha
arachnoides, Parathemisto oblivia), are supposed to be brought by the so
called Northern Bank-water from the Northern Ocean’s eastern area of
admixture off the Norwegian coast. Others, which are not found in the
Skagerrak until November—December, and which remain in the surface
layers until April—June, are supposed to originate from the West Atlantic
area of admixture near the shores of Iceland and Jan Mayen (for instance
Tintinnus wrnula, Fritillaria borealis). Again, others may be observed in the
surface layers of the Skagerrak from September to the months of May

—June, which, otherwise, exist as well in the Eastern, as in the Western
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area of admixture, and probably also in the Arctic itself (Tintinnus denti-
culatus, Pseudocalanus elongatus, Temora longicornis and others).

This geographical classification, by Aurivillius, is based on the occur-
rence of Plankton Organisms in the Skagerrak, while their distribution
in the Northern Ocean, and surrounding coasts, is but little known®. We
therefore consider it rather premature to form Aypotheses, concerning the origin
of the water-layers in the Skagerrak, founded on these biological results.

In our opinion, it is of little advantage to set up, and carry
out in detail a hypothesis on the different movements of the oceanic
layers, while but littdle is known of the hydrographical and biological
conditions of the Northern Atlantic at various periods of the vyear.
We will therefore confine ourselves to acknowledging that, all the year
round, a body of water from the North Sea makes its way into the Ska-
gerrak, mainly through the Jutland surface current, and, as undercurrents,
through the Norwegian depression,

Moreover, these volumes of water must, partly, originate from the
English Channel, and partly from the northern entrance to the North
Sea, between Scotland and the west coast of Norway.

When the inflowing water layers change their character with the sea-
sons of the year, such may be explained by alterations in the Hydrogra-
phical and Biological conditions in the North Sea, and its two openings,
during course of a vear; but these alterations may be influenced by
factors of a local character, without it being necessary that periodical
changes take place in the entire system of the North Atlantic currents.

As already indicated, Pettersson and Ekman have shewn that, during
the autumn, large quantities of Bank-water flow into the Skagerrak, and
that these Bank-water layers, generally in November, force the Baltic water
from the surface.

In the course of the autumn, the Bank water, being the warmest layer
in the Skagerrak, retains, until the latter part of November, a temperature
of 11° and contains considerable quantities of souathern organisms (Pilema
octopus, Loligo Forbesi, Rhizosolenia styliformis, Riv.robusta, Guinardia flaccida,
Biddulphia mobiliensis).

The very valuable treatises on the Plankton of the Nerthern Ocean in 1898, of
Cleve («Plankton collected by the Swedish Expedition to Spitsbergen in 1898s,
and «On the seasonal distribution of some Atlantic Plankton-Organisms»), and

Ostenfeld (lagttagelser over Overfladevandets Temperatur etc.) were not published
~when this was written.

.
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It flows, to a great extent, along the coast of Jutland, then, sub-
sequently, across to the Bohuslen, where it partly runs as an undercurrent
southward through the Cattegat, the remainder forming a. coastal layer
towards the entrance of the Christiania Fiord. From here, it, probably,
moves down the south east coast of Norway, This Bank-water has a
great influence on the Bohuslen climate, like the Gulf Stream on the
west coast of Norway; thas, for instance, one mayv find there, in Bohus-
leen, some of the West European coastal vegatation, which, likewise, exists
on the west coast of Norwav from Lindesnes to Stadt, but which is en-
drely absent between, for instance, Lindesnes and leerder, where it can-
not survive the severe winter-climate.

In 1893, the annual fluctuations took place, as described by Petters-
son and Ekman, during good fishing vears.

In November, Swedish investigations were made in the Skagerrak,
while Hjort [95] examined the Norwegian Channel oft Ekersund, the
Hardanger Fiord, and the Sogne Fjord. By means of international
cooperation, observations of the surface were simultaneously taken along
the numerous steamship routes, in order that a complete surface map of
the Skagerrak and the North Sea might be produced (sce Pettersson and
Ekman 97! pl. VI-—VII, Hjort [95] pl. B.). The central and outer por-
tions of the Skagerrak werce covered with a Bank-water layer, of a thick-
ness of about 30 metres, which drove back the Baltic water, to such an
extent, that that formed but a narrow stripe along the coast of Sweden,
and covered the Northern corner of the Skagerrak outside the Chri-
stiana Fiord.

We subjoin a profile (Fig 1), made by the Swedish Hydrographers
on the 16th November 1893 (P. & K. [97] PL IX, Sect. 11), from Christian-
sand to Skagen (lhe Scaw).

The Bankwater, and the subjacent 34%00 water (The North Sea
water), attained the highest temperatures, mostly 9—10% while the surface
water had commenced cooling; the deep Adantic water, however, was,
again, colder, its boundary, upwards, about coinciding with that of a
wmperature of 89,

Fig 2, gives a section of the Gullmare Fjord in Bohuslen (13—
16 November), which, likewise, was made by Pettersson and Ekman.

The Bank-water covered the bar of the Fiord, which prevented the layers

of a higher salinity from entering. Thus, while the 34% water outside

1897,
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the bar, was of a temperature of 10—11° the layers inside, or the same
salinity, were only about 4.5°
The Plankton along the coast of Bohuslen contained, according to
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Cleve's investigations [94), great quantities of Diatoms; Neritic forms,

of a southern origin, agreeing with Cleve’s Didymus Plankton (Chetoceras

didymaum, Ch. curvisetum, Ch. Schiittiiy predominating.

) <l geographical mile» in this and the following figures = 4 nautical miles.
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A similar Plankton was, at the same time, found oft Oster-Risgr, at
the Swedish Hyvdrographical Station S IX, and S X (Cleve L ¢. p. 8—9),
and at Valle (Hjort [95] p. 41).

Wherever this Diatom Plankton was found in quantities, the sur-
face stll consisted of Baltic water from the preceding summer. On the
other hand, where the Bank water reached the surface, for instance at
the Swedish Stations S VII, and A XV, only small quantities of Diatoms
were found, but, practically, the same species as those obtained at the
other stations. (Cleve 1. c. 8—9). ‘

Off Ekersund, Hjort found a rich Plankton [95] p. 41, containing
the same species of Diatoms (Didymus Plankton), but only as subordinate

constituents, together with Crustacees, Chatognathes and Peridiniaces.
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Fig. 2. Copy of Pettersson and Ekman's chart,

All this indicated, that the Neritic Diatoms had been developed during
the summer, and autumn, on the surface of the inner Skagerrak.

In 1893, the herring fisheries proved exceptionally remunerative.
The herring then advanced even in between the islands outside the
Christiania Fiord, Oft the coasts of the Skagerrak there was a take of more
than 2 800 coo hektolitres. There must, consequently, have been particularly
favourable conditions for the approach of the herring during that vear.

In the autumn of 1894, international cooperative observations of
the surface were undertaken; the results of which have been the pro-
duction of a surface map for November, which also is published in Hjort's
treatise [95] Pl C. This map shews, that the spread of the Baltic layers

was much greater than that of the previous year.

While the Baltic current, in November 1893, was confined to the

Skagerrak and the Cattegat, it tan, in November 1894, all along our west

1894.



New Investi-
gations in the
Skagerak,
Decr. 1896,

coast, at several spots attaining a width of 16—20 geographical miles,
the Bank-water being less represented than in 1893.

Qutside the entrance of the Christiania Fjord, Hjort thus found,
that (I c. p. 26) the Baltic water layers obtained a depth of 50 metres,
while, in 1893, they only reached to a depth of about §—10 metres.

The herring did not then approach land, but remained out in the Ska-
gerak. The Plankton, during that year, consisted, mainly, or Peridiniaces,
while the Diatoms were only first found further out in the Skagerrak.

Still more divergent were the conditions in 1896. As the herring
fisheries during that year proved a dead failure, the Swedish and Norwe-
gian hydrographers made a joint exploration of the Skagerrak and the
North Sea in the middle of December. In addition to the usual surface
observations taken on the private Steamship Companies’ routes, rich ma-
terials from the deep-sea investigations were, likewise, obtained, the Swe-
dish scientists examining the S. Eastern part of the Skagerrak, while Hjort,
from H., M. S. »Heimdal«, took observations on the lines, Christiania
Fiord—Skagen (the Scaw), and Carttegat—Arendal.

All these investigations resulted in the publication of a popular
reatise [97] by Cleve, Ekman, Hjort, and Pettersson. Since then the Swe-
dish Hydrographers have published their researches in a more detailed
report by Pettersson and Ekman [97].

Here we shall chiefly account for all that was accomplished by
the Norwegians; this we cannot do, however, without, at the same time,
mentioning the Swedish investigations.

The Norwegian material subjected to-our observations is given in our
Hydrographical Table I, and in the Plankton Table, No. 1.

The results prove that the Hydrographical conditions in 1896, really
varied considerably from those of good herring vears, such as 1893,

First of all it will be seen that the Baltic water covered almost the
entire surface of the Skagerrak, extending to a depth of abour 20 metres.
It was only in the S. W. corner, and in a wedge along the shores of
Skagen (the Scaw) that layers of high salinity could be found on the surface.

The Bank-water in 1896, was represented in comparatively less quanti-
ties, than usual, as thin layers under the Baltic waters, especially along
the coasts where it was of much less extent than usual. Moreover it
may be noticed, that the salt Atlantic water rose to an exceptionally

high level, mainly on the coast of Sweden.



This is best seen from Fig. 3, which gives a profile of the Gullmare
Fiord, reproduced from Pettersson and Ekman’s. It shews that the At
lantic water has even crossed the bar of the Gullmare Fiord; otherwise it
does not usually reach the coastal banks, and the bar of the fiord, during
this period, is, generally, covered by Bank-water (see Fig. 2). Fig. 3 also
shews the thinness of the Bank-water layer on the coast of Sweden.

The results of the Norweglan investigations of the Skagerrak are
presented in Figs. 4 and 5. The former shews a section from Ferder to
Skagen (the Scaw), from whith it is clear that the Baltic water (with a
salinity up to 320/50), covered the whole of the surface with a thin
layer, whose temperature ranged from 2.05—3.05 on the surface. Only
close to Skagen, (the Scaw) Station VI, did the warmer Bank-water

reach the surfac (7.03).
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Fig. 3.

The highest temperatures, 8.05—9.05, lay at a depth of some 40
metres, about on a level with the isohaline for 349/60, consequently on
the boundary of the Bank-water and the North Sea water.

At Station VI, close to Skagen (the Scaw), no higher temperatures
than 7.95 were met with, which shews, that the body of water flowing
in with the Jutland current during that period, is colder than the war-
mest layers in the Skagerrak.

The maximum temperature in the Skagerrak, 9.07, was found oft
Hvalgerne (Station XV) at a depth of 20 metres; farther up the Chri-
stiania Fiord, at Vallg (Station XVI) even 10.03 was met with at the
same depth. Some days later, Pettersson and Ekman found a tem-
perature of 9.06 at § metres depth in the Gullmare Fiord, between
Borng and Holma. (I ¢. p. 103), otherwise a temperature exceeding 9e
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was but rarely found in the Eastern part of the Skagerrak. The Atlantic
water boundaries, on this

. section, will generally be

o H Qiound at a depth of 100
N metres, except at Farqer,
(St. 1)where it rises to 70
) gﬁ metres below the surface
3 . .
© ﬁ\ If this section be com-
3 pared  with that of the
~ I
“ Q Gullmare Fiord, (Fig. 3),
3- . R .
- 2 and with the profile of
§' Christiansand—Skagen (the
“ N .
& Scaw), from November,
= 3 1893, (Fig. 2), it will be
~~ B
- \l‘ seen, that the Atlantic
o water in the central part
" \g“ of the Skagerrak, stands at
T .
& e N a  comparatively normal
. A L
- : level; it is, thus, only
3 b K }
3 ~
~ along the eastern coast
L x S| that an  exceptional rise
2 R
3 3 can be observed.
3
3 § As is  remarked by
¢ S Pettersson and Ekman, this
N phenomenon may probably

be explained as a reactio-

nary or compensatory cur-

rent, produced by the
unusually strong, and last-

ing Baltic surface current.
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The other section (Fig.

5) was taken from Aren-

(Faoue 4o o9 GE) 4op7py 2wy (2]

stdal to the Cattegat, and

o

& runs to the north of
Skagen. It is, further-
more, seen, that the Baltic water covered the whole surface; only at

Staton X, was it surplanted by the Bank-water.
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At that time of the year, the Skagerrak Plankion yielded very im-
portant information. Table 1 denotes a survey of the vegetable Plankton
at all the hydrographical stations.

From this table one gets a strong impression of the exceptional
similarity of the Plankton in all the surface layers of the Skagerrak;
the same species being found, in greater or less numbers, in all the
samples.  On the other hand, there are certain stations which furnished
a much poorer Plankton than all the others; the most remarkable being
St. VI (Skagen), and Sts, XIX—XX. (in the inner portion of the Christiania
Fiord); St. X had also an excessively poor Plankton. These are just the
stations which had no Baltic water on the surface; at Skagen it had
been displaced by salt water which had flowed in with the Judand cur-
rent; in the Christiania Fiord it was forced out by the prevailing
northerly winds. This will, subsequently, be dealt with more closely by us,

Moreover at Station X, in the centre of the Skagerrak, the Baltic
water-was, - likewise, supplanted- by the Bank-water.

The same may be observed from the samples of Plankton, gathered
by the Swedish hydrographers during the same period, and which have
been examined by Cleve; the results being published in Cleve's great
work [97] Table VII. He states, that more Plankton was found on the
surface than ac a depth of 15-—30 metres; the surface consisted, mainly,
of Baltic water, of a temperature not exceeding 4.°8; only at two
Stations, Ramsp and «H. of Viderp> did the Bank-water reach the surface
with a salinity of 33.3, and respective temperatures of §.96 and 6.%. The
Plankton samples from these stations were poorer, especially as regards
diatoms, than any of the remaining surface samples. Irom this, one
may safely conclude, that the rich vegetable Plankton belongs to surface
layers of less salinity. '

As the species are so evenly distributed all over the surface, it may
be further concluded, that those water layers had remained on the sur-
face of the Skagerrak for some length of time, so that the alge had
time to develop itself evenly, and become plentiful.

It is, however, another question, whether the germs of this abundant
Plankton vegetaton had been brought in with the oceanic currents, or if
it had grown on the shores of the Skagerrak itself. To prove this, it will
be necessary to examine, more closely, the species which appear most

characteristic for the samples.



The samples contained both peridiniaceze, and diatoms, in great
quantities; of the former, the Ceratium tripos is the most prevalent, while
the diatoms are represented, chiefly, by the oceanic species Chetoceras
horeale®, Thalassiothrix Frauenfeldii, and longissima, as well as by a number
of neritic species, especially Skeletonema cosiatum. Amongsr these the Ce-
ratiwm tripos is so common, both in the Skagerrak, and the circumjacent
waters at all times of the year, that no definite conclusions can be formed
from its occurrence.

The Neritic Diatoms, probably, belong to the coasts of the Skagerrak
jtself. At that time of the year no large quantities of them are to be found,
as the rich neritic autumnal plankton (Didymus-plankion) is then on the
decrease, while species, which, in the cold season, form the other annual
maximum, the Sira plankion, are not yet numerously represented, We find,
however, species representing both these biological groups, but the main
portion consists of species, which attain their maximum at periods
differing from those of the two main maxima, viz., Skeletonema, Thalassiosira
gelatinosa, and Rhizosolenia setigera.

Cheetoceras boreale, and the Thalassiothrix, are oceanic species which
may have entered with the inflowing currents from the North Sea.
Cleve's Plankton Map of the North Atlantic [97] PL III, shews, that Tha-
lassiothrix longissima, in the summer, has its greatest distribution in the
N. Western part of the Atlantic, near the coast of Greenland, and
Fceland («Tricho plankion»), while Chetoceras boreale is supposed to origi-
nate from a wedge in the central part of the Atlantic, which runs in the
direction S.W.——N.E., past the Farde Islands.

There is, however, no ground for assuming that these species have
been brought into the Skagerrak from the above mentioned places. It has
vecently been proved by us (Hjort & Gran [99]), that the oceanic dia-
toms are almost always sufficiently numerous in the North Adantic, to
develop into a rich plankton, under favourable circumstances, Ostenfeld
has shewn (Wandel & Ostenfeld [98]), that the area between Scotland
and Iceland, in May, contains a rich Diatom Plankton, but that wvery
small quantities are to be found during the remainder of the vear.

*} (leve has mentioned this form, which appears in these samples, under the name
of Cheetoceros boreale var. Brightwellil; the characteristics which are sald to di-
stinguish it from the main species, are, however, of no systematic value, and
in my opinion, it does not require any specific name. H. H. G.
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The above named oceanic species, also exist in the Skagerrak i
small quantities, nearly all through the year; it is therefore no easv
task to decide, whether the main portion has, originally, come from
outside, or if it has been developed in the Skagerrak itself. We have,
however, already shewn, that, during December 1896, these species were
found in the greatest numbers in the Baltic water layers which covered
the surface of the Skagerak; while the North Sea, at the same time,
had quite a different plankton (Rhizosolenia styliformis, Coscinodiscus con-
cinnus, Biddulphia mobiliensis).

A similar Plankton seems to have prevailed on the surface of
the Skagerrak, till later on in the winter; Cleve examined the Skagerrak,
and North Sea Plankton in January 1897, the results of which are given
in Table IX Jg97], and on the map, PL IV#).

He found great quantities of Thalassiothrix longissima in the Ska-
gerrak, somewhat less of Cheloceras boreale, whilst the neritic species
were but poorly represented, and mainly belonged to winter groups (Tha-
lassiosira Nordenskipldii).  On his map, Cleve denotes the Skagerrak Plank-
ton as a mixtare of Lricho-Plankion and Sira-Plankion (Thalassiosira).

On the other hand, the North Sea continued to contain quite a
different plankton, which more resembled the December plankton of the
North Sea, than that of the Skagerrak (Coscinodiscus concinnus, Biddulphia
mobiliensis, Halospheera, Peridiniacex).

The change in the character of the plankton that took place from
December to January, can thus hardly be due to any influx from the
North Sea. ‘

On the other hand, it might very well have arisen from a local
development, as the species in December are nearly identical with those
in January, the quantative character, only being somewhat altered.

Thalassiothriz, and the neritic winter forms, appeared to have in-
creased in numbers, while Chaloceras boreale decreased, and the neritic
antumn forms had almost disappeared. Furthermore, we think it possible
that the changes, which took place in the plankton on the surface of the
Skagerrak, from the summer till the beginning of December, may be
owing to a gradual local development, though, we do not consider it

improbable that oceanic forms were brought in from outside. The Plankton

*Y Vide Cleve 1 c. Table VIII. 'The first § Stations are situated in the Skagerrak, the
others in the North Sea.




Investigations thus lead to the same results as those obtained from the
hydrographical studies, viz,, that the surface lavers of the Skagerrak
remained stationary since the autumn: no changes of the water had oc-
curred in November, as is generally the case during successful herring
fishing vears. In November 1893, the Bank water forced its way in.
and covered the whole of the surface, forcing the Baltic water into the
Norh FEastern corner, while, in the autumn of 1896, the Bank-water was
exceedingly scarce in the Skagerrak.

In the above mentioned work 97|, on the conditions of the Skagerrak
during the then existing herring period, Cleve, Ekman, Hjort and Pet-
tersson  have endeavoured to prove, that those conditions caused the
non-success of the herring fisheries during the autumn of 1896, Thev
also state that the exceptional hydrographical conditions, during that vear,
were, probably, connected with the Metcorological, as the atmospheric
pressure in the North of Europe, during the autumn, proved to be very
high everywhere, with a succession of E. N. E. and 5. K. winds in the
Skagerrak and the North Sea.

That this was the case mayv be seen by comparing the annual report
of the Norwegian Meteorological Institute in 1896 (Mohn (971, with
Mohn's Climatic Tables for Norway (»Klimambeller for Norge»).

From these we find the average pressurc in November, viz.,

Average
for 1866~-93 1893 1896
Ferder 757.2 mn. 755.2 mm,. 762.5 mn.
Mandal 756.9 — 7561 —- 763.1  —
Skudenes 757.4 — 757.6  — 763.5 —
Bergen 7557 — 756.0 — 7612 —
December
Average 1893 1896
Feerder 756.6 mn. 756.0 mni. 759.9 mm.
Mandal 7565 — 755.9 — T59.1
Skudenes 756.6 — 7550 — 758.3 —
Bergen 754.8  — 753.0 - 756.3 -—

It will be seen that the atmospherical pressure at these Stations,
that is, all along the Norwegian Skagerrak and North Sea coast, in No-

vember and December 1893, was practically normal, or just below the average.
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During the same months in 1896, however, the pressure exceeded

the normal by several millimetres, especially in November (5.3-~6.2 mm),

though rather less in December {1.§-—3.3 mum),

The atmospheric pressure at the same stations in January 1897,
likewise appears to be 3.3-—4.3 mm., above the normal, while in January
1894, it was 2.5—-3.6 mm., below the average of the period 1866—95.

In addition to this, Fulton has found that the system of currents of the
North Sea m December 96-——January 97, went in an opposite direction
to the general flow, on account of the incessant easterly, and south
easterly winds. Thus, along the southern shores of the North Sea, the
current ran in a westward direction, instead of the ordinary course to-
wards thé east, and north east.

It is evident that these circumstances must have affected the influx
of the Bank water to the Skagerrak, as the in-going current along the
coast of Jutland, is but a continuation of the coastal currents usually
existing in the North Sea.

The perpetual north ecasterly winds must, further, have assisted in
spreading the Baltic water over the entire surface of the Skagerrak;
for short periods they even succeeded in forcing the Baldc sur
face water away from the northern part of the Bohuslen coast, as is
shewn on the surface map for December (Pettersson and Ekman [97]
PL XTI

The north easterly winds indirectly caused the Atlantic deep water

layers to be drawn so high up, along the east coast of the Skagerrak, in

order to compensate for the out flowing surface currents.

The results arrived at by the four authors of the treatise »Skageraks
tilstand» are, therefore, that, in the last instance, it was the meteorological
conditions which caused the failure of the herring fisheries during
the winter 1896—97.

The hydrographical investigations in the autmn of 1897, were restric-
ted to the north eastern corner of the Skagerrak, about the entrance to
the Christiania Fiord.

It appears, from earlier researches, that the hydrographical conditions

in the central part of the Skagerak are, comparatively, settled, while all

changes are more marked in the neighbourhood of land. Along the

shore there is a continual flow, while in the centre of the Skagerrak the

water may remain stationary.



Langesund was chosen as the starting point of the Norwegian hydro-

graphical investigations, partly because a branch of the deep channel in

‘Z/ ‘L ‘LJ
3 7 43
B2/
{00, !
150,
2om
L5 #q
S
a. Zajxyié‘&uzd’ 2829 Oktober 97 r S 6 Novemlos
&
Jom |
S,
£504)
2o0m |
230m, L
doox | < 10~ [} Novermber ~ o EKosomben
[5~5~7J ,Ba"/f- Waler (324“ 3‘/"/ij Af[a/nféc h’a.fer. (35-7«: or rnara}
9 / 4 344:0‘94 omdles
Fig. o a—t.  Sections off Langesund — autumn 1897.%

the Skagerrak advances there close to the shore, and, partly, on economi-
cal grounds, as the Association for Saving Life at Sea permitted investiga-

tions to be made from its vessel «Langesund», on her daily cruises.

Yy «1 geographical miley on the figures - 4 nautical miles.
/ hed o o



Ju— 22 [—

In this manner hydrographical profiles were obtained weekly, np to
1o geographical miles from the shore, from the 28th of October untl

the qth of December.

The results of these investigations are given in the Hydrographical
Tables II, A.—TF, and on the Plankton Table 2. These shew, in a striking
manner, that the hvdrographical conditions along the coast, vary, to a
great extent, with the meteorological conditions.

The first profile, taken on the 28-—29 of October (Fig. 6 a.), shews
that the Baltic water is 10— 15 metres in thickness, below which, are the
Bank-water layers of 2030 metres in thickness; these seem to be
thickest at Station Ls, 4 geographical miles from the shore. Below the
Bank-water there is a thick layer, with a salivity of 34 %0, but no At
lantic water was observed.

The temperatures were, universally, very high, 11——12% though
slightly colder on the surface. These thick, and warm layers cannot
have been warmed at the spot; they must be of a southern origin, and
must have been wedged in along the coast by the currents.

The Plankton mainly consisted of southern neritic forms (Chato-
ceras  contartum, didymum, Schiiitii), partly, also, of species capable of
standing a2 low salinity, and which, therefore, may originate from the
Cattegat and the Baltic (Cheetoceras danicum, radians). Most remarkable
is the appearance of Rhizosolenia robusia, an oceanic form belonging to
warmer regions.

It is commonly found in the Mediterranean, and was, previously,
never found further north than Plymouth. This Alga was undoubtedly,
brought up with the southern currents. Its occurrence strengthens, still
more, the hypothesis that, the warm water layvers — the Bank water and
the North Sea water, — are of cxtraneous origin.  They, probably, have
come with the Jutland current, which, every antumn, carries great quan-
tities of southern organisms into the Skagerrak.

There was an essential change on the 5th and 6th of November (Fig.
6 by The surface, it is true, was, as before, covered with Baltic water
to a depth of about 20 metres, but the thickness of the Bank water, had
decreased, considerably, while the warm 34%0 water had also dimi-
nished. At the outside stations, Atlantic water was found even at the
depth of 8o metres.

The Bank water still retained a warmth of 12° or more, but the At-
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lantic water, which then filled the entire basin below S8o-—100 metres, was
much colder. The isohaline for 35%00, almost coincides with the curve
of 89 and, in the deep, the temperature fell even to less then 69,

The Plankton on' the surface shewed no particnlar change from the
previous week's observations. At Station Ls a Hensen tow net was used,
with a Petersen shutter, by means of which it was possible to ascertain
the different kinds of plankton in the various layers.

Rhizosolenia robusta was still found in considerable quantities in the
warmest lavers (temperature above 119, while the surface contained, mostly,
neritic diatoms. At a depth of 5—15 metes Rhizosolenia alato was found
in great quantities.

On the 10—11th of November (Fig 6 ¢, the Adantic water had
risen still higher, to but 60 metres below the surface, the Baltic-water
being still of about the same thickness as before, but the warm, inter-
vening lavers had diminished, while the Bank-water and the North Sea
water had become reduced, so that they together, at St. Ls, were only
some 30 metres in thickness. Of the Plankton Diatoms, the Cattegat
forms were somewhat more predominant than before (Chetoceras damicum),
During the whole of that period, the atmospheric pressure on the Skan-
dinavian peninsula proved exceptionally high, with fine weather, and
northerly, or gentle N. E. winds. On the r1th November, however, the
weather changed, together with a fall of atmospheric presssure, and, during
the following days, strong south, to south westerly winds prevailed in the
Skagerrak, the result of which was soon perceptible in the rise of both
salinitv and temperature on the surface; thus, on the 13th, Bie obtained
at Station Lz, a surface temperature of 119 and a salinity of 30.02 %00,
The gales had, thus, driven back the Baltic water layers and the water
on the surface, therefore, was the same as was found, 3 days previously,
at a depth of 15 metres.

As soon as weather permitted on the 13th of November, deep
water examinations were made at Station Le2. (Iig. 6 d).

The Baltic water again covered the surface to a depth of 13
metres, but the Atlantic water had sunk to 120 metres below the surface.
The 33%00, and chietly the 34%o0 water, had increased in thickness, their
total increase forming a layer of 60 metres. The temperature of the
mixed layers was then somewhat lower than before, viz., about 10

On the 18th, another outbreak of south westerly gales occured after but
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two davs of calm weather. This time they lasted until the 23rd. On
the 25th, renewed deep water investigations were made.

Fig 6 e, denotes a further increase in the thickness of the Bank-
water, and 34%0 water; the 330/00 water Jat Station Le, was about 50
metres thick, while the 34%0 water appeared toreach right to the bot
tom; the temperature of these layers had then dropped to 9.

Atlantic water was not observed at the outside stations, except at
Station Li, where it still remained, having probably, been prevented from
receding by the belt of islands, and the.prominent parts of the main land.
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Simultanously with the hydrographical changes succeeding the south
westerly gales, was the first approach of the herring towards «Hvalgerne»,
on the 25th of November, and to the coast of Bohuslen, about the same time.

A good number were caught in the nets during the following days
at the outermost fishing stations near «Hvalgerne». -On the 30th, hydro-
graphical investigations were carried on there, to which we shall soon
refer, but shortly afterwards the situation became again changed, and the
herring fishing ceased.

After a few days of northerly wind in the Skagerrak, the southwest
winds returned on the 26th, and lasted till the 28th.
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Our assistant, Bie, took observations at Langesund on the 3o0th,
but only at one station, Ls; the result denoting that the Bank-water
had further inereased in thickness, its temperature being then about 8.%.

The observations at Langesund were ,however, discontinued on account
of the persisting northerly winds, lasting from the 29th of November
until the 4th of December. A profile was then made by Assistant Bie,
(6 1), showing that the hydrographical conditions, characteristic of the-
first half of November, then, again, prevailed.

The Atlantic water was found at a less depth than 8o metres, the
total thickness of the Bank-water and the North-Sea water being about 50
metres. At the same timé the herring fishery at Hvaler terminated.

All these observations indicate that the hydrographical conditions
along the coast vary extremely, and that the variations are closely con-
nected with the nature and direction of the winds.

The Tables, given on the following page, will tend to create a
still stronger impression of this fact.

On these we have given the daily observations (according to Mohn's
Meteorological Journal [Jahrb. 97]) of the atmospheric pressure, direction
and force of wind at 8 o'clock a. m., at Ferder and Mandal, and for
the same period that our observations at Langesund (28th October—yth
December) were carried out.

We have italicized the different figures representing an atmospheric
pressure below the normal pressure for the respective months throughout

a long period (1866—95), as recorded by Mokn in his Climatic Tables [96].

Thus in October, November, December,
At Faerder 767.0 757.2 756.6
»  Mandal 756.6 756.9 756.5

We have, moreover, italicized the winds which might be regarded
as sea winds; thus at Ferder all south westerly and southern winds
from WSW. to S., and, at Mandal, all western or southerly winds from
WNW, to S.

Finally, in the third column there will be found simultaneous ob-
servations from Skagens Rev, of the direction of the current, its velocity
and surface salinity. These observations we have obtained from the
Danish Meteorological Institute's «Nautisk Meteorologiske Observationer
for 1897.
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Feorder. Mandal. Skagens Rev (Reef).
Station. @ |Atmosphe | Divection| Force fAtmosphe| Direction| Force Dritt | Force | Salt

= rie of of rie of of of of | per
(™ | pressure | wind wind pressure | wind wind current | current | mille
Qetr, |28 726 | NNW. 0—1 71 . 1 S. 1.5 25.1
29 70.2 NNE. 1 70.2 B. 1 SSW. 0.7 28.6
30 69.3 N. 1 70.2 NE. : 1 WSWw. L5 30.5
31 60.0 1 WNW, 1 69.6 ‘ 0 SSW. 1.0 29.8
Novr. 1 72.8 ‘ NW. 0—1 73.4 0 SSW. 1.7 25.9
2! 780 N 1 73.2 NNE. 3 SSW. 1.3 26.7
3| 743  NNE 1 5.3 0 SSW. 1.0 24.6
4 75.8 | N. 1 75.3 NNE. 2 S. 2.0 22.2
5 w7 WSW. 1 70.2 0 S. 2.0 22.7
6| 724  NNE 2 71.6 NNE. 1 8. 3.0 23.8
7 79.0 NE. 1 78.2 ENE. 2 SSW 2.5 23,5
8 76.1 NNE. 1 6.0 ‘ 0 S, 1.0 28.7
9 77.1 NNE. 1 76.6 : 0 S. 1.0 24.1
10 79.2 0 78.8 SE. 1 8. 1.7 21.b
11 732 S. 2 71.7 E. 1 1 SSW 2.3 24.9
2] 628 88T 2 62.1 NBE. 1 2 SW. 05 30.4
13 46.8 SSW. 3 47.0 SW. 3 w. 2.0 32.9
14 51.0 Sw. 2 51.5 SW. 2 w. 1.3 33.7
15 43.3 N. 3 44.8 w. 1 w. 0.3 33.9
16 683.5 WNW. 2 66.5 NE. 1 S, 03 33.1
17 65.8 E. 1 62.7 SE. 1 0.0 32.8
18 50.4 SSW. 2 53.4 WS W. 2 WNW. 1.3 32.3
19 52.5 SW. 3 56.8 W. 3 w. 1.0 33.2
207 56.1 WSW. 3—4 63.1 WNW. 2 WNW. 3.0 354
21 684 W I35 7.5 W. 1 WNW. 0.3 32.2
22 65.1 WSW. 5 69.8 WSW. 2 w.o 51.2
23 56.8 NW. 3 60.9 NW. 1 Ww. 2.0 30.9
24 62.7 NW. 2—3 66.4 0 S. 0.5 31.3
25 68.7 NNW. 2 70.1 0 S. 1.3 31.2
26 65.9 WS 2 66.7 0 S. 1.5 80.7
27 49.4 WS 3 536 W. 1 NW. | 2.8 31.1
28 387 SW. =3 40.9 w. 2 WNW. ’ 2.0 32.1
29 35.5 NNE. 3—4 31.7 NE. 4—b SW. 0.3 31.5
30 41.8 WNW. 1 44.3 0 NNE. 0.7 31.6
Deer. 1 : 45.8 NNE. 3 44.5 NE. 4 SSW. ) 0.3 38.3
2 606 NNW. 8 68.0 0 8. 05 81.9
3. 617 NNE 2 68.4 0 s. | 15 31.5
4 67.8 NE. 1 67.9 NNE. 2 SE. 0.5 51.5

The lightsship is so situated, that all currents from the south

(SSE. to SSW.), come from the Cattegat while westerly currents {from

WSW.—NW.} bring the surface water from the southern parts of the

Skagerrak. We have italicized all currents that flow in from outside,
that 1s, all currents from WSW. and NW.



Surface water, with a salinity exceeding 32%00, has been iralicized, as
such high salinity, according, to Pettersson and Ekman, is characteristic
of the layers flowing into the Skagerrak from outside.

In this instance it is the Bawk-water which is conveved with the
Iutland current past the Skagen lightship, while the Baltic surface water
is carried in a northward direction by the currents from the south. It
will be seen that the italicized parts of the table agree in all the columns.

Corresponding with the low atmospheric pressure, are the southern
and south westerly winds; and. at Skagen, the inflowing currents get the
upper hand, and force the Bank-water to the surface.

A high atmospheric pressure, on the contrary, results in calm
weather, or off shore winds, and outflowing currents, containing Baltic
water, may be found on the surface at Skagen. Thus during the abnorm-
ally high pressure, which prevailed from the 28th of October to the 12th
of November, the currents ar Skagen constantly flowed in an outward
direction — the joth, however, forming an exception — and Baltic water
was found on the surface.

From these above mentioned facts, we may conclude that a smaller
quantity of Bank water had entered the Skagerak than is usual at that
time of the vear. We observed, too, that the Bank water layers at Lange-
sund, at that time, constantly became thinner, and that the Atlantic water
trom the depths of the Skagerrak was drawn, upwards, to compensate for
the outflowing volumes of water.

The two gales from the 12th to the 15th, and from the 18th to
the 23rd November, greatly added, however, to the increase of the Bank
water at Skagen — the saline contents of the surface rising to 33.9 —
while, at the same time, the thickness of the Bank water at Langesund
increased, while the Atlantic water decreased,

The storm lasting from the 27th to 29th of November, caused a
stll further increase of the phenomenon, but, after that, the atmos-
pheric pressure commenced to rise again, the current at Skagen flowed
in an outward direction, and the Bank water decreased on the Norwegian
coast.  The first appearance of the herring on the coast of Norway, after
the great south westerly gales, was observed at Hvaler on the zsth of
November, where thev arrived from the south coast of Sweden.

Hydrographical researches were made at Hvaler on the joth (fig 7),
Table II, G. The net fisheries were still continued, especiallv at Tisler
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and Heia. Station Hi, is situated close to the best fishing grounds, in
the channel between Tisler and Lauer. It will be seen that the Bank water
there attained a great hight, about § metres below the surface, and was.
about 30 metres thick, the temperature being 9% and upwards.

Further to the westward, at Torbjgrnskjer (St Hs.), and oft the
Christiania Fiord (St Ha), the Bank water was first met with at a depth
of about 15 metres, and the temperature of the uppermost layers was
lower throughout.  Off Langesund, the temperature was even still lower
during that period; (Table II F.); the Bank-water was found there at a

depth of 10 metres.
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As soon as the change in the hydrographical conditions tool
place, so soon did the herring fishery at Hvalgerne cease.

With reference to the Plankton (see Table 2), the vegetable plank-
ton remained, chiefly, in the upper layers, and showed no important change
in its composition, although the hydrographical conditions of the deep
may have been altered. The Plankton appeared to have undergone a
gradual development during the autumn, the diatoms giving way te

the peridiniacee, which then predominated.



The results thus arrived at from the investigations in 1897, respect-
ing the herring fisheries, shew that the little approachments of the herring
occurred, simultaneously, with a brief change in the hydrographical con-
ditions. And as the results correspond with the experience gained from ear-
lier vears, it strengthens the hypothesis, that a connection exists between
the approach of the herring, and the appearance of the Bank water along
the coasts of the Skagerrak.

But the material at presént to hand, is too inconsiderable to allow of
a definite conclusion being formed. Still less easy is it to decide the question,
as to how the herring-fisheries are dependent on the inflowing Bank water.

Hitherto the Swedes and Norwegians, in common, have succeeded
in ascertaining that, the approach of the herring, during the last few years,
has had a certain connection with the influx of Bank-water, and that,
to a given extent, the number of herring has corresponded to the
thickness of the Bank-water along the coast.

Furthermore, we have been able to shew that, the appearance of
Bank-water along the coast is connected with the meteorological con-
ditions.  Little is yet known, however, as to the origin of the herring,
or why it moves into the Skagerrak. So long as this remains a my-
stery, it is impossible, with any certainly, to foretell the future prospects
from the basis of hydrographical investigations.

The hydrographical conditions along the coast of the Skagerrak are
very variable, and the least factors will, in no time, suflice to cause great
changes. It is, thercfore, probable, that the great periodical fuctuations
in the fisheries are founded on deeper grounds, and that the hydrographi-
cal changes viz., the struggle between the Bank water and the Baltic cur-
rent, are but of secondary consideration.

The Swedish scientists (Pettersson, Ekman, Aurivillius) have set
up the lhypothesis that, the herring may be regarded as a plankton ani-
mal, drifting with a body of water like the crustacea etc., on which
it lives.

The herring which makes its appearance in the Skagerrak during
the summer and autumn, is, according to their presumption, brought in
with the «Southern Bank-waters from the southern part of the North-Sea,
while the Winter Herring, belongs to the «Northern Bank-waters, which
is supposed to proceed from the west coast of Norway,

Aurivillius states that the Summer Herring subsists on the southern
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plankton animals, while northern forms are found in the stomach of
the Winter Herring.

A great deal might be said in favour of the supposition that the herring..
during its migration in the Skagerrak, goes with the ocean currents.

All experience shows, that it first approaches the shore on the
coast of Sweden, and then moves in a northward direction towards the
the entrance of the Christiania Fjord. Only later on in the winter may it
advance further westward, towards Arendal and Christiansand.  This 1s
the same course as that of the principal current of the upper layers, and
if the herring follows this current, it will be constantly moving in the
warmest layers of the Skagerrak, which. even at the end of November,
are of a temperature of 9% or more.

The distinction between the Autumn and Winter-Herring, 1s i our
opinion, rather artificial, as would be the distinction between southern
and northern Bank-water.

During the successful years, the fishing is pursued without inter-
ruption throughout the entire autumn, and no racial distinction between
the shoals ot herring has been proved as vet. That the Bank water is
colder in December than in October, may, easily, be explained. even
though it be assumed that the inflowing water layers always run in the
same direction, and from the same pale of Sea.

The cooling effect of winter appears in the southern part of the
North Sea, as well as on the coast of Norway, and the Bank warter
that enters in December, must be colder than the warm water of October
and November, whether it originates from the northern or southern part
of the North Sea.

As not a single fact indicates that the surface water along the
S. E. coast of Norway can flow in, towards the Skagerrak, for any length
of time, it will, most naturally, be assumed, that, the autumnal current
system of the Skagerak pursues the same direction as it does during
the remainder of the vear.

Whence the herring comes, and where the various layers of water
originate can only be discovered, when, on a sea going steamship, the
conditions at sea can be investigated at all tmes of the wvear. Untl
then we deem it of no avail to put forward hypotheses. the correctness

of which cannot be proved.
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The Christiania Fiord.

The hydrographical conditions of the Christiania Fiord are closely
connected with those of the Skagerrak; the upper layers are constantly
flowing out and in, partly on account of the tde, and, partly, from
the winds.

The Fiord, however, retains a hydrographical character of its own,
inasmnch as the inner part attaing a great depth (up to over 200 metres),
while, at the entrance, it is about 80 metres. The huge body of water
below the depth of 8o metres is, therefore, quite shut off from direct
communication with the deep water layers of the Skagerrak. As the
salinity of the surface layers is much less than that of the deep, no great
admixture takes place, and the changes of temperature are but slowly
conducted to the deep downwards.

The water at the bottom of the Christiania Fiord may, thus, through a
considerable space of time, retain an unaltered hydrographical character,
by which the Fiord presents the greatest contrast to the sea just out-
side it, where the deep lying waters may be forced upwards, and car-
ried away in a very short time, as we have previously shown.

The conditions in the depths of the Fiord show a much greater
similarity, for instance, to those of the central part of the Skagerrak,
where, all through the year, Atlantic water may be found at a depth of

50, to 100 metres, or more, with a temperature of 6—8°.




“Summer,

As yet, the Christiania Fjord has not been subjected to any close
hydrographical examination. We regret to say that the observations
which will be given in the following pages are not so complete as we
should wish, for they could only be carried out, when occasion offered,
at the same time as other investigations, and with certain biological
ends in view. But they are, however, suflicient to throw a light upon
a number of characteristic features of the hydrographical physiognomy
of the Tiord.

We will commence with its condition during Sumumer, (Table ITI d).

The salinity of the surface is then very low; in the inner parts of
the Fiord, that may be less than 209/o0; the temperature is high, up to
200 or more, It is, however, only in the surface layers, that the tem-
perature may exceed 15% The salinity greatly increases downwards to-
wards the bottom; thus at Drebak at a depth of 6o—100 metres, a sa-
linity of 34%b0 mav be met with, simultanously with a rapid decline of
the temperature Thus on the 17th of july 1897, off Hvitsteen, the

temperamre was .

at the depth of 1o metres 11.%
— —»— 20 > 10.02
— —»— 30 7.925
— —r— 40  » 5.978
— e SO 3 5.960
— —— 60 3 4,991

The heat in the Summer finds no means of penetrating
towards the bottom, as the uppermost, heated, layers do not mix with
the bottom ones.

At the entrance of the Fiord, the higher temperatures, generally
extend to a greater depth, 40—s50 metres. In the one case this is, pro-
bably, due to the coastal currents of the Skagerrak, and in the other
to the winds which can disturb the water more easily there and cause
the upper layers to become mixed. The open, exterior basin of the
Christiania Fiord, between Farder and Horten, forms, as regards the
hydrography, a link between the coastal waters of the Skagerrak and
those of the inner Fiord.

The heating of the upper layers thus extends to a greater depth

than at Drebak.
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Hjort thus obtained on the 20th of August, 1894, the following
temperatures from the centre of the Fiord (see [95] p. 75)

20 metres 16.06

30 — 16.%
40—  14.0
6o  — 12.%
8o  — 7,08
and Gran found, on the 6th—7th of August 1897, \
at Ferder at Valle at Drebak (Hallangspollen) the 12th
0 metres 20.13 19.70 of August
10 — 16.74 18.9
20 — 14.32 I4.10 12.2
40— 12-63 10.70 8.8
6o — 9.54 7.84 6.3

The uppermost layers of the innermost part of the Fiord are
replenished by the influx of water from the Skagerrak, and the water
flows, daily, out and in. This may easily be observed, especially in
the narrow sound at Dregbak, where the body of water is pressed
together during its motion, and the velocity increased. ‘

The currents appear to be principally regulated by the winds, and
it may be clearly observed, how the warm surface layers, of little salinity,
are wedged up in the innermost part of the Fiord after a southerly wind,
while the northern winds drive them in an outward direction, thus
allowing the Bank water to rise nearer to the surface in the inner por-
tion of the ford. ,

Little is known, however, to what the depths these daily currents
may go. In one instance at Drebak we have seen that the surface
current 'was but § metres in depth; and, if this forms the rule, it may
well be understood how, with reference to the hydrography, the inner
basin of the Fiord can deviate so greatly from the outer portion.

The bottom layers, as will be noticed from the tables, are wonder-
fully cold, a minimum existing, during the Summer, at a depth of about 60
metres, and, below this, the temperature, throughout, is 5—69, with a salinity
of 34.5%0 or more. Further up the Fiord, the salinity of the bottom
does not amount to 34%060; the temperature, however, being still lower,

During Summer, a fairly rich Plankion is frequently met with in the
3




uppermost, heated, layers. Deeper down only a few crustaceans are
found, chiefly, northern forms which keep to the cold water. Table 7,
denotes the result of some quantitative plankton investigations, carried
out with Petersen’s self closing vertical net.

To assign the quantitative contents of the samples, we have adopted
the weighing method, the samples preserved in spirits being fltered
through a picce of silk-gauze, the surplus spirit being removed by means of
filtering paper. A certain amount of spirit, however, does always remain
which is retained by capillary attraction between the small organisms,
and the greatest defect of the method is, therefore, that the various
organisms do not retain each a proportionate amount. We consider
the results, however, as being more reliable than other not too time-
wasting methods, for instance, volumetric measurement.

The figures, given in the Table, indicate the weight of the quantity
of Plankton obtained. Our net was of the same size and construction
as that used by Petersen, and our results, may thus be directly compared
with those derived from Petersen’s researches in the Lim-Fiord [98].

The Table shows that the water, from the surface down to the depth
of 20 mewres, in August-—September, contains many times greater an
amount of Plankton than the deep lying layers.

At Aasgaardstrand, on the 30th of August, but 0.43 gr. was obtained
from 20—350 metres, while 1.97 gr. was obtained, with the same nct,
from 40 metres to the surface, and in the deep water layers sull less.

At Drebak the difference is even more prominent, thus, according

to the Table, 0O— 20 mctres 1.78 grammes
40— 60 » 0.18
30-—100  » 0.03 »
120—140 > 0.05  »

The latter weights are so minute that they come under the defects
of the method; such a quantity might be obtained in letting down the
net, even if every attention was paid to lower the net with the opening up.

Thus the plankton vegetation is, practically, non-existent ir the deep
water lavers of the inner part of the Fiord, except along the bottom.
As to the distribution of the species, it will be observed from the Table,
that the diatoms were found, exclusively, in the upper layers, while
some of the peridiniacez also frequent a greater depth, though the ma-

jority of these, be mainly found near the surface.




Petersen’s investigations prove, however (98], Tab. III, that diatoms
may also be found in the deep; he having obtained considerable quanti-
ties of Guinardia flaccida, off Skagen, at depths of 40—90 fathoms.

It is possible in this case, that the currents off Skagen have
drawn, towards the deep, layers which originally existed on the sur-
face. QOur Table also shews, that the diatoms may be found at greater
depths. Further down the fiord, at Raug, several species were found on
the 16th of October, chiefly Chwtoceras contortum, below the depth of
80 metres. Even in this case such may be ascribable to the currents,
as the outer part of the fiord is closely connected with the coastal
waters of the Skagerak.

Towards the end of the autumn, the quantity of plankton increased in
the fiord; thus at Vrengen, on the 19th of September, 4.21 gr. was taken
from the depth of 20 metres up to the surface, and at Drgbak on the 231d,
3.92 gr. from 10—0 metres. This, for the coast of Norway, may be
considered a very fair quantity, though, compared with the Lim Fiord and
the Cattegat, quite insignificant. Thus, according to Petersen’s investiga-
tions of the Lim Fiord, 27 gr. was obtained from depths of 5 fathoms tw
the surface; but as the sample was weighed in a fresh state, when
saturated with salt water, (vide Petersen 1 c. p. 8) this figure will need
to be reduced to stand comparison.

The hydrographical features became somewhat changed during the
autumn; the surface becoming cooler, while the warmth worked its way
downwards. At thar time, somewhat thick layers of warm water were
found in the outer portion of the fiord, while, in the inner part, the
warmth did not attain a great depth.

This will be observed, infer alia, from the hydrographical section,
Vallo—Bygde, during the latter half of September 1897, Tab. III, b,

from which we give the temperature, and salinity, at the depth of 30

metres.
‘Temperature Salinity
0 metres 30 metres 0 metres 30 metres

Vallg 13.5 15.7 18,65 32.48
Horten 13.8 3. 20.94 31.67
Drabak 13.5 T1.1 20.34 32.43
Spro | iusite 13.78 6.4 19.37 32.26
Dyna | Drowsk 13.4 6.3 17.01 31.78

Autamn.



Thus, at Vallg, the temperature, at 30 metres depth, is higher than
that of the surface; at Drobak 29 less, and, inside, 79 less. This indi-
cates, that the warm layers in the outer part of the fiord are not
formed on the spot by mixing with the surface water, but come from
without.

They, probably, are connected 'with the Bank water currents,
which, according to the researches of Pettersson and Ekman, flow into
the Skagerrak in September, and are of great depth.

In October (Tab. III ¢) the warm water layers are even thicker

than in September; the hydrographical section, Fig. 8, denotes that, the
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water at Ferder is of a temperature ot 12—13° to the very bottom.
These hydrographical conditions are identical with those of the coastal
waters of the Skagerrak during the Auntumn.

In the outer basin of the fiord, at Raug and Bastg, the warm water
does not go so deep, though it descends to nearly 8o metres below the
surface. In the deep lies the cold bottom water, with a salinity of
34.5—35.0%00, which has remained stationary in the Fiord throughout
the entire Summer.

In the upper layers, however, at a depth of 10—30 metres, a higher
temperature may be found than at any other part beyond, or within
the fiord (14.3—14.4%. If these warm layers originated from outside, they

have, consequently, remained longer in the fiord than outside the entrance.
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At Drpbak the upper layers are not even so warm as at Ferder,
their temperature does not rise o 129

The boundary between the warm and cold water, the 109 curve,
lies at about the same depth as in the outer part of the Fiord. In the
deep, the water is remarkably salt, being735%b00 at the depth ot 200 metres;
this being a salinity rarely experienced in the fiord. An influx of At
lantic water must, therefore, have made its way along the bottom from
the outside, and then remained stationary in the deepest depressions of

the fiord.
Fig. 9, gives a section ot the fiord in December 1896 (Tab. I d.).
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Fig. 9.

The conditions of the Skagerrak, as already mentioned, were, that year,
most extraordinary, owing to the unusual deficiency of Bank-water, while
the Atlantic water rose up high towards the surface, especially on the
eastern side of the Skagerrak. This was also noticeable at Farder (St. I),
where Atlantic water was found at a depth of 80 metres. Atlantic
water was, certainly, not to be met with in the upper part of the fiord,
but the North Sea water (34—35%00) rose to 30 metres from the surface,
right up to Drgbak. Only at the innermost Station, «Steilenes (XX), was
the salinity, down to the very bottom, lower than 34%p0. The tem-
perature was much lower than in the autumn; the maximum (10.93)

being then found at Vallg, at a depth of 20 metres.

Winter.
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It was remarkable that, at the two innermost Stations, Dregbak and
Steilene, the temperature and salinity of the surface were higher than
those of the outer Stations, higher even than the whole of the northern
portion of the Skagerrak. This can only be explained by the surface
water having been forced in an outward direction by the prevailing
northerly winds, and replaced by warmer, and salter water from the deep.

The Plankton Table (1), shews the same; the two innermost Stations
wanting the characteristic plankton which, otherwise, is spread over the

entire surface of the Skagerak, and the Christiania Fiord. In the course
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of the winter, the upper layers gradually became cooler, both in the
Skagerrak, and inside the fiord.

Fig. 10, shows a section ot the fiord during the period, in which
the sea is at its coldest, March, 1897,

Out in the Skagerrak, and at Ferder, the temperature was low,
throughout. FEven the Atlantic water, which, in the Skagerrak, rose to
8o metres below the surface, was of a warmth of but 4.%, and, at Faerder,
the North Sea water of a like temperatnre (4.%5), was found along the
bottom.

In the outer basin of the fiord, at Valle, the surface layers down
to a depth of 40 metres, were somewhat colder than at the entrance; but,

in the deep, water layers were found of a temperature above 6° and
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these lavers rose to, not quite 80 metres below the surface.  They could
not have been connected with the water layers of the same salinity
(34.8—35.0) outside the entrance of the fiord, as the temperature was
20 higher. They had, thus, remained in the flord since the autumn.

The cold surface layers, at Drgbak, lay 1o metres deeper than
those at Vallg, but the bottom lavers, were, still, a trifle warmer (6.%
—6.9). At the depth of 200 metres, a small body of water was found .
with a salinity exceeding 35%o00, and, as the salinity is so great, it shews
that this must have come in from outside. On the other hand it could
not be related to the cold Atlantic water, which was found, at that
time, out in the Skagerrak; it must, therefore, have entered at an earlier
period, during the course of the autumn or winter,

In the innermost basin of the fiord, at Steilene, the salinity and
temperature along the bottom, were lower than those of eqvivalent depths
at Drgbak; but nevertheless, the salinity was exceptionally high compared
with other observations in that part. During the summer and autumn,
the salinity at Spro, and Steilene, never exceeded 33.0-—33.5 %o at the
depth of 70—80 meters; only at the bottom of the Bunde-Fiord was salter
water met with. By that time, however, it had risen to 34.04 %00, and
54.18 %o, at depths of 70 and 85 metres.

If the salinities of the upper layers in the outer fiord be compared
with those of the inner, one may perceive a condition which, probably,
corresponds with the above.

‘Table 1II a, shews the following distribution of the salinity in

March 1897.

Vallp Drpbuk Steilene
0 metres 29.66 32.03
10 s 29.93 30.30 32.33
20 » 31.69 32.69
25 » 31.42
30 » 32.28 33.20
40 32.69 33.62
50 > 33.97 32.65 33.70

The- farther the advancement up the fiord at that time of the year,
the higher, therefore, will be the salinity of the upper layers down to

a- depth of 40—50 metres. In the summer and autumn, the salinity was.
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invariably lowest in the inner part of the fiord, both on the surface and
in the deep.

The temperature of the upper layers, also indicated a tendency to
rise inside the fiord in the winter time, as will be seen frem the Tables

for March, 1897,

Valle Drobak Steilene
0 0.8 1.95
10 metres 0.32 0.3 1.85
20 » I.1 3.
25 » 0.35
30 » 1.8 5.6
40 > 2.02 5.7

This could only be explained in one way viz., through the bottom
layers of the upper fiord, having moved in an inward and upward direc-
tion, while the surface layers flowed outward.

The northerly winds having, probably, prevailed for a time, forced
the surface water outwards, and the inflowing under currents ascended
as a necessary compensation.

It is, also, commonly known, that the surface water of the Christiania
Fiord is saltest during northerly winds, while southeily winds dam up
the fresh water, as it were, in the inner portion of the fiord. It may
therefore happen, that the fiord, during winter, is free from ice as long
as the weather keeps cold, with northerly winds; but when milder weather
sets in with southerly winds, it freezes, as the cold fresh water on
the surface remains stationary, and the inflowing warm under currents
are stopped.

The compensating currents which appear in the deep when the
surface water flows in an outward direction, are of the greatest signi-
ficance to the hydrographical conditions of the entire fiord, as new
layers of water are brought in with these currents along the bottom of
the fiord, where, otherwise, the water is zlpi to remain stationary.

The entrance to the hord, as already said, is obstructed, on the
bottom, by a ledge or bar rather more than 8o metres from the
surface; the basins existing inside the fiord below this depth, can,
therefore, only obtain fresh supplies, when bodies of water, of higher
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specific gravities than that of the bottom layers of the fiord, surmount
the ledge.

We have, moreover, as mentioned previously, seen that, bodies of
water — with the exception of the uppermost layers — have a great
tendency towards remaining stationary in the fiord, even at depths,
where there are no obstructions. The compensating currents are,
probably, the only effective means of renewing the water at the bottom
of the ford.

In the Christiania Fiord the outward flowing currents of the sur-
face seem to culminate in the winter, As yet, however, our materials
are not sufficient to allow of any decisive conclusion being arrived at
on this point, but there is another circumstance which points in that
direction,

The course of the surface currents is, as a rule, dependent on those
of the winds, thus, in the Christiania Fiord, the northerly winds pro-
duce an outward flow of the surface layers. Mohn's investigations, during
the course of many vears, ([98] pp. 15—16) indicate, that the northerly
and north easterly winds prevail in the Christiania Fiord during the
winter months (October—April), while south, and south westerly winds
predominate in the summer (May-—September).

During the winter, therefore, the surface currents chiefty run in an
outward direction, and the compensating currents are drawn in along the
bottom, In the summer, however, this will not so easily occur, as the
surface layers more frequently flow in an inward than ourward direction.
We observed, too, that the saline contents of the surface, in summer
always became less the further one advances up the fiord; while the
series of observations which, hitherto, have been obtained during the
winter season, shew a higher salinity in the inner than in the outer part
of the flord. ‘

The Drammen Fiord, which was subjected to Hjort's researches in
November 1898, has a deep basin, the water of which is still more iso-
lated than the remainder of the water along the bottom of the Christania
Fiord. This fiord is separated from the Christiania Fiord at Svelvik,
by a bar, which lies 6 metres below the surface.

The Tables of salinity and temperature (Il ¢) shew, that the layers
inside the Drammen Fiord are of quite a different character to those on

the outside, at Filtvedt.

Dranumen Fiord.
Frier Fiord.
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We give the following parallel:

Salinity. Lemperature.

Drammen Fiord.  Filtvedt. Drammen Fiord.  Filtvede.

10419 98. Mo 98, /10 98. Wi 98,
20 metres 25.03 32.40 | 9.65 13.2

30 > 28.41 4.8
40w 29.58 32.87 4.6 11.0
60 » 30.05 33.58 4.6 6.8
8o » 30.31 4.6 6.55

120 » 30.43 34.53 4.6 6.2

In the Drammen liord, the salinity, in November, was thus below
31%0 right to the bottom, and the temperature remained at 4.%6 from a
depth of 40 metres downwards; while, outside, comparatively high tem-
peratures were to be found to a great depth.

It was, however, still more remarkable that the water obtained
with the water bottle from the deep layers, had a most incontestible odour
of sulphuretted hydrogen, or «rotten egg gas» (HsS), the bottom being
in a decaying state from 20 m below the surface, and no organisms were
procured there in a living condition.

Hjort found a similar condition obtaining in the Frier Fiord, inside
Brevik, on the 30th of September. The salinity at the bottom was there
much higher, slightly exceeding 34%00, while the temperature was 6.%;
but even there the bottom water smelt of sulphuretted hydrogen.

This fiord is obstructed by a bar, rising to 18 metres below the
surface, and, in addition to this, it has even another feature similar
to that of the Drammens Fiord, viz., that the salinity of the surface is
very low, as an important river has its outlet in the fiord.

In December, the Frier Fiord was subjected to a close examination
by our assistant, Mr. Schmidt Nielsen, who analysed the volumes of gas
from the samples obtained at various depths both in the Frier Fiord,

itself, and outside it at Brevik.
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The results, being of great interest, are inserted in the following table,

though these conditions will subsequently be reserved for more acurate study.

Date. o m. 30 m. 60 m. 90 m. 100 M,
e e . 3079 5.68  33.65 3.89  34.0
Salinity Frier Fiord % B 33 .05 33 .08 7
alinity S rie 33 .0 14 .03 34 03
| Brevik Fior /10 18 .33 3395 35 .55
. { Brevik Fiord { d1s 3% 5
UV LR S 70 4 60, 4 68, 4
Tempera- S Frier Ford )6/1" I9°A 2 6% o 60, 3
ture oY 1206 120, 1 &0,
1 ( Brevik Fiord { 6{,12 80,05 go. ?
Nitrogen | Frier Fiord 912 13 .0 19 .71
cc m. pr. L} Brevik Fiord 6/12 13 .28 12 .96
Oxygen, { Frier Fiord /12 3.7 2.57
cc m. pr. L} Brevik Flord /12 6 .23 5 .67
Oxygen | Frier Fiord = 512 22 .16 11 .54
Gqs \rol of | Brevik Fiord 612 31.92 30 .43
{ Frier Fiord 6/12 48 .75 60 .23
Pf L | Brevik Fiord fj12 * ’ 47 .87 : 49 .74
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The water at the bottom of the Frier Fiord was thus very deficient
In oxygen, but carbonic acid excessively plentiful. The quantity of
sulphuretted hydrogen was not ascertained.

In April 1899, Hjort and Schmidt-Nielsen studied the hydrographical
conditions at the bottom of the Christiania and Drammen Tiords, from
Farder to the head of the fiords. The results will be found in the
following Tables (page 435). The volume of Oxygen was normal at Fer-
der; in the deep pool at Rauer it was somewhat below the normal,
and still less at Redtangen.  In the Bunde Fiord less than 1 ccm. of
oxygen per litre of sea water was met with, and, at the bottom of the
Drammen Fjord, so little oxygen was found, both absolutely and rela-
tively, that it need not be taken into account. The volume of Car-
bonic Acid was, on the other hand, very great at the bottom of the
Bunde Fiord,

Conditions like those of the Drammen and the Frier Fiords, are,
hitherto, only known to exist in one place, viz, in the Black Sea,
where an abundance of sulphuretted hydrogen is to be found, in the
deep, below 300 metres. The Black Sea was investigated by Russian
expeditions in 1891-—92 (Spindler, Wrangell, Andrussof, Lebedintsef), and
the resalts have been published in Petermanns Mitteilungen by Wojeikow
91}, and refered to in Annalen d. Hydrographie, by Képpen [92], and
Lebedintsef |93}, and in Geographisches [ahrbuch, by Kriimmel [93].

It appears from, these investigations, that the salinity of the Black
Sea is exceedingly low on the surface (17—-18%o0), while in the deep
regions it is greater; thus a salinity of 26%o00 was observed at a depth of
1185 fathoms, and, probably it was still greater along the bottom. The
temperature scale for the summer, denoted a minimum (7.%2) at 53 metres
depth, but, farther down, the temperature gradually rose, and slightly
exceeded 90 If the salinity be the same during the winter, the vertical
circulation, which occurs through the cooling of the surface layers, would,
according to Wojeikows calculations, reach down to a depth of §5 metres.
These top layers may thus, possibly, absorb fresh air once a year from
the atmosphere.

The wvast bodies of water which lie below that depth,  can,
however, only be replenished by under currents flowing from the
Bosporus.

Makarow has shewn, that such currents are to be found throughout
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Depth from

Tempera- |

Date . Cl. N 0 . C 0O,
Locality April, which the | ture af per Salt cem cem LOQQ ccn{ Remarks
1899 | Sample was that d_ep B itre *foo per litre per litre N+0 per litre
| !taken. Metres; Celsius ‘
Ferder. . . . . . . .. 15 About 200 4.8 | 19.83 34 96 18.71 6.92 33.54 Near the bottom
Rawer . . . . .. ... 15 50 472 19.52 84.43 18.62 6.60 32.65
” 350 5.6 19.79 34.89 18 38 6.05 81.13 48.24 ——
Redtangen . . . . . . . 15 120 6.1 1976 34.84 18.25 5.89 80.77 46.82 e
Langaaren . . . . . . . 21 160 5.7 19.05 33.63 18.84 5.84 29.67 R
Steilene . . . . . . 21 20 49 17.91 31.57 18.95 584 29.51 38.94
Bunde Fjord . . . . . . 21 50 6.1 18.87 -33.82 14.58 4.58 23.90
160 58 19.05 33.63 13.63 0.79 5.49 51.86 ——
Drammen Fjord. . . . . 15 25 4.55 16.18 28.69 1471 3.80 20.48 45.08 |
» 120 4.55 17.16 30.88 14.60 0.13 0.85 | —
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the entire year; but as the Bosporus is very narrow, and extends to no
great depth, but comparatively small quantities can find their way in.

Wojeikow, has caleulated, from Makarow’s observations, that 3180
vears would be required in order to replenish the water of the Black Sea.

In order to explain the conditions of the Black Sea, Andrussof set
up the following hypothesis: In the pliocene period, the Black Sea formed
a landlocked basin, containing, chiefly, brackish water, and a brackish water
fauna on the bottom. When, however, the straights of the Bosporus sub-
sequently opened, the sea water from the bottom of the Mediterranean
forced its way in, and exterminated the brackish water organisms, which,
on putretying, produced a poisonous substance (HeS) which prevented
any new fauna entering from the Mediterranean. Meanwhile the decay
continued, as a perpetual supply of organic sediments from the rivers, and
the littoral fauna, poured in.

Several cobservations seem to comfirm the correctness of this inter-
esting hypothesis; but the formation of sulphuretted hydrogen in the
stagnant water layers, at the bottom of the Black Sea, may, probably,
be explained, solely from those factors which are at work at the present time.

The conditions of the Norwegian fiords appear to be of a parallel
kind. In them, too, may be found saltwater basins, whose only connec-
rion with the sea consists of shallow inlets, while much fresher water
may be obtained on the surface than at the bottom, so that the vertical
circulation in the winter is but of little consequence. The bottom layers,
inside the fiord, are, therefore, more or less stationary, and the investi-
gations made in the Drammen Fiord, during November 1898, denote, that
the water, from the bottom, upwards, to 30 metres from the surface,
had remained in the fiord, in any case from the preceding winter.

The layers must, necessarily, have crossed the bar, which lies but
6 metres below the surface, and outside, it is only during the winter
that water of a corresponding temperature can be found so near the surface.

Pettersson and Ekman’s investigation of the Swedish hords shew that,
the volume of oxygen declines in those bodies of water which, for some
time, remain stationary in a fiord, while the carbonic acid increases.
This change is owing to the change of substance in the organisms,
and as animals were, exclusively, found at great depths, and no plants,
the changes will always tend to the same result. If then the bodies of

water remain stagnant for a very long period, they must become so
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deficient in oxygen that they are no longer capable of sustaining animal
life. This has occurred in the Frier Fiord.

The high salinity (34.03%00) along the bottom of the Frier Fiord
shows that, the salt water supply must, nevertheless, occur more fre-
QHendy than that, for instance, of the Drammen Fiord, the salinity of
which never exceeded 30.50/00.

The low amount of oxygen at the bottom, is bound to affect, not
only the higher organisms, but also the bacteries and their change of
substance. Putrefaction invariably occurs at the bottom of the sea, even
if a great quantity of organic matter is consumed by higher animals. It
depends, however, on the conditions of the surrounding medium, which
bacteria shall attain the supremacy, and what products will arise from
the decomposition. When oxygen is sufliciently represented, putrefaction
takes place in a different way to that where oxygen is wanting.

In many instances it frequently happens that oxygen, freely supplied,
causes a complete change of the organic substances, to carbonic acid and
amimnonia.

On the other hand, when oxygen is wanting, medium produacts are
more easily formed, as leucin, tyrosin, while malodorous substances such
as sulphuretted bydrogen are formed at the same time.

The fermentation arising from a small supply of oxygen constitutes
a reductional process; besides the formation of HeS, hydrogen is also
formed, and this may, in staiu nascenti, have a reductional effect on the
sulphates of the sea water, so that sulphuretted hydrogen may, therefore,
be a secondary product of the reduction.

Thus, possibly the formation of HsS, along the bottom of cur fiords,
can be attributed solely to the stagnation of the bottom layers, by which
any access of oxygen is precluded.

As is stated by Pettersson and Ekman, in respect to the Swedish fords,
this stagnation is caused by a bar, at the mouth of a fiord, which pre-
vents a connection between the deep layers outside, and those within,
while the low salinity of the surface only allows the vertical circulation
during the winter to descend to a limited depth.

Of all the fiords which, hitherto, have been subjected to close obser-
vations, only the Drammen Fiord, and the Frier Fiord appear to have a «dead
bottom» with any appreciable quantity of sulphuretted hydrogen; the re-

mainder vielding a, more or less, plentiful fauna of oceanic deep water forms.
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In those the fresh supply of water along the bottom is sufficient
to support the respiration of the animals, and prevent anacrobiotic fer-
mentation.

The results hitherto arrived at, will not suflice in determining the
minimum quantity of oxygen required to prevent the formation of sul-
phuretted hydrogen on the bottom. In the Frier Fiord, at 60 metres
depth, it amounted to 2.57.cm. pr. litre, but, at the bottom, the water
was, probably, still more devoid of oxygen.

A very rapid change in the conditions of a fiord are not precluded;
it being known, that deep water shrimps, (Pandalus borealis) were, at one
time, caught in the Drammen Fiord at spots where now no living orga-
nisms exist below the depth of 20 wmetres. The conditions of the Black
Sea may, in our opinion, be explained in a like manner, the character
of its depths being in no way dependent on whether, in olden geological
epochs, there was brackish or salt water at the bottom. The Christiania
Fiord differs from the Drammen Fiord, and the Frier Fiord, in the fact
that, the bar, being situated at a greater depth, allows of a more frequent
renewal of the bottom layers. Moreover the access of fresh water to the
surface is not so great as that of the other two flords. Both these con-
ditions probably contribute in causing the bottom water of the Christiania
Fiord to maintain a comparatively less stationary position than those of
the Drammen Fiord, and the Frier Fiord. We are, however, already ac-
quainted with the fact that, even in the Christiania Fiord, large volumes
of water remain throughout a great part of the year without renewal or
blending. This is a2 most characteristic feature in the hydrography of
the Christiania Fiord.

On the other hand, however, it is quite as characteristic that the
surface water is invariably connected with the upper layers of the Ska-
gerak. This may be observed not only from the hydrographical con-
ditions, but also from the plankton of the surface layers.

Table 4 gives a general view of the vegetable plankton at Drebak
throughout the wvarious seasons.

Firstly, it will be seen that, the various organisms have their
maxima at certain times of the year; this is especially clear as regards
the neritic diatoms.  Biddulphia aurita, Thalassiosira Nordenskipldii and
Th. gravida vegetate, for instance, most exuberantly during the coldest

season, in the month of March; Chetoceras constrictum and Leptocylindrus
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danicus rather later, in May; Cheloceras curviseum in the summer; Che-
loceras  didymum, Ch. Schiitih in September; Ch. contorium in October;
Skeletonema  costatum in November.

The oceanic species vegetate more regularly all through the year
(for instance Thalassiothrix  Frauenfeldii), even though these have their
decided maxima at fixed seasons. (Coscinodiscus oculus iridis, Cheetoceras
decipiens, Thalassiothrix longissima  during the winter, Rhizosolenia alata
during the summer), A comparison with Cleve’s investigations of the Bo-
huslen coast [97], shows that the same species are represented there,
and have their maxima, and minima, practically at the same period.

The Christiania Fiorda has thus no neritic plankton different from
that on the coasts outside, or like that found in the Lim Fiord by Petersen
98]. Again*it may be seen from the Table that the Plankton, may for
a short period become very scarce. Such a gap in the Table, may,
for instance, be found in the Table for December, 1896, On the first
of December the plankton still retained considerable quantities of, for in-
stance, Thalassiothrix Frauenfeldii ~ Throughout the middle of the month
it was absolutely wanting, and appears again on the 28th, in about the
same quantity as before. Table 1, shews that the entire Skagerak, and the
outer part of the fiord, just at that time, contained a rich plankron; it
was only in the innermost part of the fiord that the plankton had, rem-
porarily, disappeared. This coincides with the fact, that the surface water
at"that time was carried out of the flord by the out flowing currents;
the distribution of the temperature and salinity in the upper layers, more-
over, also”shew that this has been the case (see Fig. 9, Pag. 37). A si-
milar gap will be observed in the Table during the first half of February
1897. In March, too, the hydrographical investigations (Fig. ro) shewed
that there_had been an outward flow of the surface currents. However
thev had not extended sufficiently deep to convey, with them, all the -
Plankton alge (see Tab. 3). In March the Pelagic Diatoms had deve-
loped into enormous quantities, both outside and in the fiord.

The Plankton Investications effected during the vear 1898, also
shewed, that the plankton in the Christiania Fiord is closely connected
with that of the Skagerrak. Table 5, shews the vegetable plankton
outside the fiord, at Hvaler, and Table 6 gives the results of some
quantitative determinations, which were carried out, at the same ume

ar Drebak.
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At Hvaler the plankton was poor in January and the first half of
February; still it contained considerable quantities, chiefly of peridiniacez,
and some oceanic diatoms. On the 19th February a rich diatomic
plankton became developed, which during the following weeks, increased
very considerably.

At Drobak the Fiord was practically free of plankton throughout
the - entire month of February.  The figures, denoting the weight of
the Plankton, are so low, that they, for the most part, lie within the
defective boundaries of the method.

But-from the 23rd of February, until the 2nd. of March, the quantity
of ' plankton in the upper layers, to a depth of 25 metres, had increased
from 0.08 gr. to 3.49 gr., and it consisted of the same species as those
which, from the middle of February, bad grown luxuriantly outside the
fiord. Even if these diatoms possess great powers of development, it
is hardly possible that such great quantities could have sprung up on
the spot.

Qutside the fiord a gradual development took. place, and it is
more likely that outward currents kept the inner part of the fiord free
of plankton throughout the entire month of February®), but that in the
later days of the month a rich plankton was brought in by an inflowing
current. All- these conditions seem to shew, that the plankton of the
Christiania Fiord originates, chiefly, from the Skagerak. This was also
to be expected when the hydrographical conditions were taken into con-
sideration. The conditions of life of the neritic forms, greatly depend
apon whether the water, wherein they exist, comes in contact with the
bottom but in the Christiania Fiord the greatest part of the botrom 'is
covered with more or less stationary layers, which during the summer,
contain very little plankton (see Tab. 7).

This fiord is not, therefore, as is the Lim Fiord, a suitable centre
for the development of neritic organisms. The oceanic plankton orga-
nisms are not adapted for life under changeable conditions, they cannot,
therefore, remain in the upper layers of the fiord, but are frequently brought
in from the Skagerrak.

In the deep layers, however, the oceanic organisms may subsist
for a considerable period; thus several northern forms may be found in

*) Compare with this the results given in the preceding treatise, shewing that the
pelagic fishes' eggs are driven out of the fiord.
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the depths of the fiord, viz., Calanus finmarchicus, and Metridia longa,
which probably exist there throughout the entire year,

But, quantitatively, they are of no great significance compared with
the great number which invariably flow in from the Skagerrak with the
surface currents, and which also, for a time, can coutinue their deve-
lopment inside the fiord.

We have already stated in the first part of this work, and in a
former treatise, all we had to say of the Skagerrak Plankton up to the
present. We believe that this plankton may be regarded as consisting,
first of the neritic species, which annually are developed in the shallow
water near the edge of the shore, and, secondly, of extraneous (»alloge-
netic«) organisms, which arrive, mainly, by the Jutland and Baltic currents.

The oceanic species, which keep throughout the year, in greater
or less quantities, to the deep and central portions of the Skagerrak, are,
probably, also of importance as food for the bottom fauna, and they may
also, during some seasons of the year (i e. winter and spring) give im-
portant contributions to the plankton of the surface layers, so that we,
at such periods, find, in all the water layers, a uniform oceanic plankton,

which, however, seldom lasts for any length of time.







Remarks on the Hydrographidal Tables.

The Sea-water samples have been obtained with O. Pettersson’s
isolating water bottle, and the temperature of the water procured has
been registered.

[n some cases, the ascertainment of the temperature has been con-
rolled bv the reversible thermometer of Negretti & Zambra.

The chloric quantity of the sea-water has been determined by titra-
tion, which was effected by Dr. O. A. Heidenreich {Tabs I, II, IIT a, b,
¢, d, f, V) and Mr. Schmide-Nielsen (Tab. III e, IV).

Remarks on the Plankton tables.

The occurrence of the wvarious species is denoted in the following

manner
cC == very common
¢ == common
4 == rather common
r == rare

The samples mentioned in Tabs. 6 & 7 were captured with a quan-
titative net, Hensen's model, of gauze No 20, the upper opening being
of an area of 0.09 square metres. The opening could be closed by
means of C. G. Petersen’s shutter.

The weighing process was carried out with preserved materials, the
organisms being preserved in 70 per cent. of alcohol, and the alcohol

removed, so far as possible, by means of filtering paper.
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1. Secfions of Skagerak and the Christiania Fjord,
December 1896 (Hjort)






I. Sections of Skagerak and the Christiania Fjord.
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| 59015 | ; ;
16 11 108/, am. 10087/ 0 | 8 816678018 2953  Valle.

10 9. 6 1882]34.04]88.20

20 |10. 3 r19.06) 84.46| 38.65

40 | 8. 4 {19.4785.19 34.82

60 | 7.8 1972 3b.65 84,71

80 | 7.5 | 19.75 85.66! 84.75

100 | 7.4 19,76/ 85,72 34,81

150 | 6. 9 119.86) 85.89) 84.97

800 | b, 2 119.82/85.85 34 92

59023.5

170 14 3 a.m. 10037.5/ 0 | 8. b 1670, 30.28 20.57

10 | 5.1 |17.20 81,12/ 8043

20 | 8.8 118,64)83.71] 3290

30 | 9.0 |19.41/35.08/ 834.21

40 | 7.9 {1952 85.29 84.40
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15 | 7,5 118,19 82.90] 82.11
! 20 | 8, 4 | 18,46/ 83,87 82.58
30 | 9.6 |19.3434.96 84,10
: 40 | 8. 6 |19.4785.19 84.82
50 | 8. 0 |19.567| 35.38) 84.50
! 70 | 7.8 [19.71 8562|8471
100 | 6. 0 [19.74] 85.69 84.78
150 | B, 8 1971 85.62|384.71
[ s s Y A
190 14 © 1093857 0 | 5.5 |17.6281.87 31.14 Drebak.
b 10 | 6.4 117,80 82.19 81.44
20 | 8.9 |18.66 38,76 82.98
80 | 9.2 119.3685.00) 34.18
40 | 7. 6 |19.40 35.08) 84.20
50 | 6. 7 |19 b4| 85.82| 34.42
70 | 6.2 11952 35.29) 34.40
100 | 6. 0 | 19.61|35.45| 34.6b
i 150 | 5.75 | 19.67, 85.56| 34,66
| 590475
20 14 10088 0 | 4 5 |1748/31.64] 30,90
L 10 | 6. 2 117,48/ 81.64, 80.90
20 | 9. 2 |18.46/88.37 32.58
80 | 8.8 | 1851|8847 32,67
40 | 8.1 |18.65]33.68] 32,86
50 | 7.1 |18.61)83.66)32.81
! 75 | 7.6 |18.72]83885 33.01
100 | 7. 6 |18.76/83,93| 38.11




II. Sections off Langesund and Rvaler Rutumn
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. Sections off Langesund and Hvaler (Gran and Bie).
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‘ : 20 12, 7 | 18.41] 88.81; 82.62)
10 12, 6 | 19.3534.98] 34.12
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80 112. 0 | 1959 8542 34.53
120 112, 0 | 19.55! 35.52! 34,45
58055/ 5N.: : : 14 miles 880
Lel 29 | 9, a m. 949 H. 0: 79 ‘of Langesund.
10 11.85 |16.55]29.97 29.38
20 112, 0 | 18.18)32.80) 32.03
40 112, 1 |
60 | 12. 4 |19.32 84.92 84.06!
80 11285 ‘
120 1245
‘ 200 127
: 58063 N.,
Lyi 29 |8 pom B R 0 | 8 8 112.6222.92! 22,55
10 11,8 17.35} 31.40) 80.70,
20 112, 4 1841|8231 32.52
40 112, 0 | 19.07) 84.48) 33.64]
| 60 11195 | 19.85 34,98 84,12
1 80 11. 5 '
P120 11.35
: 200 114 ‘
\ : 250 11, 9 11942085100 34.20
B. Section off Langesund 3—6th November 1897.
Novbr. H8vs9Y N, i :
Ly 6 9046/ 5K.1155 0 6.96 | 9.72]17.59 16.37
10 9.9  14.87]26.96] 26.44
20 112, 2 117,81 32.24] 31.60
40 | 12,12 119,14 34.60] 83.76
60 | 11. 5 | 19.68] 85.61: 84.61
80 | 10.10 | 19.83 35 85, 34.93
100 8 8 :
120 7.5 .
58055 .5N.
Ly 5 9049 I, 0 7.4 1297 23.55 23.16
20 |11, 7 117.49]81.66| 80.95
80 8. 5 1 19.91] 85,99; 85.07
100 7.2
H8US5Y N. ;
Ly b 2 p.om 9051 R, 0 8,26 113.18| 23.92| 23.62
10 110, 6 | 15.22]27.60 27.05
20 |{10.48 ;17.35| 81.40| 80.70
40 111.92 | 19.07| 54.48]| 82.64




N}Ow

. eI
- | November 1897 | g = DISEE|ES 2 Saline contents 2
S = = E=gg s g
g | B R R o v PP T !
w5 g = = S 185 o 8% per | per | per &=
= m Az Al sz 2| litre | litre [mille o
Novbr. ey N, M O
Tig 5 12 pm 9517, B. 60 |11.14 |19.6385.51| 84.61
80 | 8.5 119.88 8593 35.01
100 7. 4 119.98) 86.10] 85.19
120 7.2
150 7.08 | 20.11) 86.84 35.43
200 | 6.82 120.11] 86.54!35.48
© 250 ¢ 5.9 120,111 36.84 85,43
C. Section off Langesund ro—irth November 1897.
Novbr. '589%55°BN.l | Meter
Ip 0 10 ip om 949 E . 0 | 5 611187 2157 21.24
10 9. 0 114542637 25.87
20 {12. 0 !18.10] 82.74| 81.98
40 112, 0 19.92] 84,75 83.88
60 9.5 119.96]36.07) 35.156
80 © 7.9 12000 86,14 85.21
120 1 72 12000 86.14; 85.21
. 150 | 7. 0 20.10] 86,82 385.87
‘ 200 | 6. 2 1 20.08] 86.19| 85.26
58950¢ N..
Ly 11 1p m 9054" R 0 0 7.7 11849 2448 24,06
10 (11 5 | 18.07) 82,69 51.92
20 ‘ 11. 4 118.48] 83.43] 32.64
40 11, 2 |19.66| 85.54 384.64
60 9.0 19.87 8591 35.00
80 | 7.6 |19.93/36.08 35.10
L 120 1 7.2 119.93]36.03) 85.10
L2000 70
§ 280 6.8
D. Observations at Langesund 13—24th November 18¢7.
‘Novbr. ' ; 4 miles S of
P18 0 11, 1 16.95]30.68/ 30.02] Langesund.
15 0 . 9.0 |14.54] 26,837 25.87\1 mile S of L.
17 : 0 ! 7.9 114.81]25.96 25.48|8miles S of L.
‘ . B0B5 N |
Tn 18 2 p.om. 9049 [. 0 | 7.85 |18.76]24.96) 24,52
: : 10 1 8.8 14,17 25.71 25 24
20 110. 7 117.76 82.15| 81.41
40 |10, 8 {19.02 384.89| 83 b5
60 |10. 6 | 19.70! 35.61| 84.69
80 110, 1 119.80 85.79)34.88
120 1 9. 2 119.87 35.91 35,00
| 200 | 7.6 20.00!86.14 3621
L. 20 ; 0 | 9.4 115.70] 24.86) 24.42/Langesund E
589%0" N.| ; of the light-
Lyl 22 |12 noon. 9054 E.| 0 | 8. 9 16.34) 29.64) 28.96] house.
: 10 | 8. 6 116.85/380.51}29.85
20 3. 4 | 1841} 83.81] 52,62
40 | 9.8 19.66|3b.64 81,64




e I] =

s8=|e8E :
o | November 1897 & = gn S5 2|EE &/ Saline contents a
= = = ZIT3EEE= _ 5
S g ” 8 g S 252|228l O | Salt] Salt =
w = = = R === D
= g = — 5 |25 o|EZ %) per | per | per oz
= = 2% 5= By litre | litre [ mille )
sesor N | ™ 0O
22 112 noon. 9%4" 1. 60 | 9.4 | 19.73] 35.60| 34.75
8y | 9.85 | 19.80,35.79,34.88
120 | 9. 3 119.83 85.85] 34.93
200 | 9.8 19.80, 3579 3488
250 | 9. 4 | 19.83) 35.85]34.95
24 : 0 | 8 2 ]17.96|32.49 81.74/8 miles.|S.of
0 | 7.7 116.88380.5629.90{1 mile | L.
E. Section off Langesund 25th Novembar 1897.
Novbr. 58059 N. | ‘
25 3 am 9046' BR.[1835 0 | 7.0 |15.80|28.63 28.05
10 7.7 |17.76] 82.15| 31.41
20 | 8.1 |18.10 32.74|31.96
40 | 9. b5 | 19.12 84.67|83.71
80 9. b |19.66) 35.54) 84.64
120 7. 8 120.00) 86.14] 85.21
58055'.bN,
25 |10'/y a. m. 9049 K. 0 | 6.6 17.29]81.29 30.59
10 745 | 17.97,32.51}8L.75
20 | 9.2 |18.88/84.15 8529
40 9.35 | 19.12 34,57 88.71
60 9. 8 19211 84.74) 83.87
80 9. 8 | 19.89] 85,04 34.18
200 | 9.2 11946 35.16] 34.30
58053 N.
25 1%/, p. m. 9051° E. 0 | 6.7 ]17.56]81.79 81.07
10 7.6 | 17.97,82.5131.75
20 | 7.8 |18.14]32.81 32,05
40 | 9.1 119,29 34,87 840!
60 | 9. 4 |19.46) 35.16, 84.80
80 | 9, 4 |19.46) 85.16 84.50
120 | 9. 2 119.40] 35.06] 84.20

200 | 9.95 | 19.50] 35.25] 84.36
i 250 | 9. 1 |19.60] 85.25| 54.36

F. Observations at Langesund 3oth November—4th
December 1897.

Novbr. 58058’ N.
30 |3 p.m 9051 E. 0 1 6,7 17993254 3L.78
10 | 7.2 |18.13132.80) 82.03
90 | 8.1 |18.h9) 83.65|32.82
40 | 8. 5 118,93 84.24/ 8340
60 | 8. 6 |19.82| 84.92| 84.06

Dechr. 58059 N.
4 110 a m. 90467 BE, 0 | 4. 8 |16.40f 29.701 29.07
10 | 6. 5 | 18.06) 82,67 31.91
20 | 6.6 |1809 32.72|81.96
30 | 7.6 |18.43!33.34 8266
40 | 9. 4 119.29/84.87 8401
60 | 8. 7 119.85 85.88|34.96
80 | 8.6 |19.89 85.96{ 85 04
120 | 8. 0 [20.05) 86.28| 85.29




(0. Observations at Hvaler

= | Autumn 1897 5
3 =
5 g : g
IR
Decbr.|
Ly 4 | 2;p.m.
Lig 4 12 noon.l
‘Novbr.
H, 30
i
y
H, 80 |
H, 80 !

110047

AL ;
E ;p é 5% :é‘ ;3_;5‘ Saline contents é
%2552 98 @ | sait | Sait z
e-_,d«pr—‘oD-Pg;_‘l ) toodlt |oalt 3
< Z e ];‘4+>-§ . nop | o =
= 2182 0| F5%! per | per | per =
R =alo By litre | litre  mille
sewpey, M 0 C |
9049 |, 0 6. 0 18.06 82.67:31.91
10 6.5 11806 3'2.(57%‘ 31.91
20 6. 3 118,18 32,80 32.08
30 7.45 1836} 83.22 82.48
40 8. 8 118,96/ 3429 83.44
60 1 8.9 119.62 8547 3456
: 80 | 8. 7 12002 36.18 35.25:
58058 N.i ‘ ! .
90514 T 0 | 6.1 |18.06 8267 31.91;
10 | 6. 3 | 18,06 32.67 81,91
20 | 6.5 |18.09 3272 31.96
30 7. 0 1 18.16] 32.86| 32.08
40 8. 8 19,12 345713371

58959 8N,
10059 E.
9
19
28
38
56

94
113
599 08N,
10055 B, 118
188
580 07.7N.
E
9 |
19

28
38
56
5

113
141
188 |

5R05T’ .4
10034

9
19 !
28

86 |
GIN
94

113

188

3oth November 97.

5. a
9.0
9. 2
9.2
9, 2
9, 2
9.1
8.8
8.5
8. 6
8.0
7.0
7.0
8.8
9.0
8.9
9.3
9.0
9.0
8. 8
8. 6
8. b
6.9
7.2
8.0
8. 9
9,0
9.3
9.1
9.3
9. 0
8 6

15.70
1906
19.14
19.16]
i 19,29
1989
19.59
19.79
19.8t

19.79
19.92

178

1738
18.72
19.16
19.29
19.46
19.99
19.82
19.92
19.92
19.95

17.66

18.22
18 99
19.16
19.27
19.51
19.79
19.92
20.09

28.45
34.46
34.60
34.65

34.87

35.04
85.42
35 78
35.80

85.78
56.01

81.35
31.36
38.65
34 65
34.87
35.16
36.78

35.85.
36.01.
3601,

86.05
31.97

32 96
54.84
34.65
34.83
85.28
35,78
86.01
56.30

27.88
33.63)
33.76
33.79!
34,01
34.18
3455
34.86
84.89"

84.86
35.09

30 64
30,66
3.0
38,79
34,01
34.30
34.86
54,92
35.09
35.09
35.13'

81.241

3219
33.48
33.79|
83.97
34.38
34.86/
85.09.
35.36




v | ,—(Er——d v ]
i = | w | ERTIE 2E

{ November 1898 & | 2 B0 S w28 9 Saline contents Z
2 £ ZEggEce
7L I8 8 EletE|Zewl ol [Sat| san g
| ] ‘“> | S 3 *ag ERE=T- ] . =
I L B N 5 g% per | per | per &

| = | | | P IR EEIE S =] litre | litre | mille

~1

H. Observations

{5805 78N |
1099/ K |

\
\
|
i
i
\

at Hvaler, November 180¢8.

m. | 0C | !
0 6.7 906
5 9. 0 114.05] 25.49! 95,08
10 9.1 115232761 27.07
20 9,85 | 16.80) 80.42) 29.77
30 |10. 0 |17.47 81.62 30.91
40 110. 2 | — — —
50 110. 2 | 18.41]383.81 32,52
60 11028 | —
80 110. 2 | 18.65/83.74 8292
100 9. 0 119.48; 35,21| 34.33







III.  Observafions in the Christiania Fjord.

a) Skagerak—Christiania, March 1897.

b) Vallp—Bygds, September 1897.

¢) Ferder ~Drgbak, October 1897.

d) Observations in the inner Christianifjord, Summer 1897.
e} Sections of the Christianiafjord, Autumn 1898,

f) Observations at Drebak, February—April 1898.







7..._.

III. Observations in the Chrisfiania Fiord.

Station

21

22

el

24

or |

4]

26

w =) g S 8 é §
1897 B £ ¢ = = 2% & Saline contents 5
= =2 S3EISET g
£ e 2 g £5¢ ;:igg Cl | Balt | Salt §
= = = 5= o 2% per | per | per
- = ~ S E2IE S « | litre | litre | mille,
a) Section Skagerak—Christiania March 18g7. (Hjort).
March ! " m. | 0C.
20 Skagerak 0 | 0.5 |14.07/25.53|25 06
10 | 1.12 |16.6530 1529.49
20 180 |17.6131.8781 12
40 | 2.85 |18.83134.05/88.20
60 | 420 19.75:85,7134.80
80 | 4. 4 1199085.98,36.05
100 ¢ 4. 5 119.90/85,98,35.05
20 Feerder | 0 | 0.8 14072553 25.06
40 | 2. 4 |1857[336082.73
50 | 4 8 [19.89:85.04/5418
80 | 4.82 |19.75/85.71134.80
120 | 4, 5 |19.8255.8534.92
20 Valle 10 | 0.32 16 91/80.61/29.93
25 0.35 |17.76|32.15|51.42
40 | 2,02 |18.5832.50/32.69
50 | 455 |19.2784.83/38,97
80 | 6.25 [19,7835.7534.83
120 | 635 [197535.7134.80
200 | 6.25 {19.86]35.8934.97
20 Drebak ! 0 | 0.8 167530 38229.66
; 10 | 0. 8 117,18/80.9880.80
20 1, 1 117.94)82.44.81.69
30 1. 8 |18.28/33.0732.28
50 | 2. 2 |18.50(33.45/32.65
i 60 | 4.78 |19138|35.0834.16
: 80 | 6. 2 {19635 58,34.68
120 | 6.53 [19.86/35 89(34.97
200 | 6. 6 |19.90:35.98 35 04
21 Steilene 0 | 1.95 [18.16/32.80/32.03
! 10 | 1.85 18.31/33.12/32.33
! ! 20 | 8, 0 i18.53|33.50/82.69
‘ 30 | B, 6 188334.05(88.20
‘ 40 | 5. 7 19.05/34.44/33.62
J 50 | B. 7 119,11/84,65/38.70
| 70 | 5,4 119.31.84.91,34.04
‘ i | 8b | 5.5 119.89\35.04/34.18
b) Section of the Christianiafjord September 18¢7. (Hjort).
Septbr.! 59014'8.N, | Valle-
21 | 10087 K. 0 |18. 5 10.40(1890/18.65 | Rayer
| 80 115, 7 |18.89(38.27/32.48
| 50 |18. 2 |18.77|38 94/33,12
75 | 8.1 (19.17/34.67138.81
100 | 5. 8 {19.65|35.82/34.45
150 | 5. 2 119.72/85.65/34.76
200 | 5. 1 119.75|35.71|34 80
250 | B. 0 {19.7585.71|34.80




18 —

Bl yE
- 1897 = & S & §|E & 5 Saline contents | 3
Sl = = “Z8gET &
R 5 g = £=2228 O [Sat[Salt] B
7 R z 0 3 2 52 o|E=% per |per per |
= = BE 7leg | litre | litre [mille
i i
Septbr. 59914 8N. f
27| 22 10087 . | 0 [18. 8 |11.70/21.26/20.94] Horten
15 | 16. 0 |16.59/80.04 29.40
50 |18, 0 |17.92132.42 81 67
75 | 7.5 |19.07/34.4833.64
59937, N.
28| 23 10938"5E. 0 | 13. 5 [11.36/20 6412084 Drebak
5 |14, 7 115502809127 53
10 |18. 0 |16.1829.30 28,69
20 |11. 0 |17.54/31.75 81.04
|80 |11, 1 118.3633.22/82.43
|40 | 9.9 [18.4683.4082.0
50 | 8 7 |18.70/33.8233.00
60 | 8.2 |18.84{34.0638.24
[ 80 | b7 19.31/34.91 84.04
100 | 565 19.58/35.4034.51
150 | 5.75 119.82135.85/34 92
200 | b. 8 19.82/35.85/84.92
29| 23 Spro 0 |18.78 10.81]19.6419.87
’; 10 |18, 9 115.18/27.43/26 90
20 |10. 0 117.27|31.26/30 56
! 30 | 6. 4 |18.26/33.0832.26
| 40 | 5.5 [18.73/33.8735.05
5 60 | 5.3 18.90|34.1583.35
1 80 | 5.2 18.9531.27]3..43
30| 23 Dyna 0 |18, 4 | 9.52/17.24117.01
; 5 |14, 2 10.81]19.64 19 37
| 20 | 9. 4 |17.07]30.99]30.22
| 80 | 6.3 |17.99/32.54/31.78
c) Section of the Christianiafjord, October 1897. (Hjort).
Octhbr. | 590 14 N.
31| 16 109375, 10 112, 0 |15 7828.50/28.02| Feerder
, 20 |18. 0 [17.49/51.66/30.95
; 30 |12. 3 |18.02/32.60/31.84
5 40 |12. 2 |1834/33.18/82.40
65 |18, 8 {19.42/85.10134.93
i 85 | 18. O |19.56/35.35/34.47
| 100 |12, 4 [19.67/35.56/34.66
1 59018 5N
32| 16 10%40¢ E. 0 | 9.2 88414891424 Raue
! 10 [12. 4 |15.57/28.21]°7.65
20 |14.42 [17.67/31.99/81.26
80 | 14.30 |18.34(33.18/32.40
40 |18. 6 [18.58/33.6132.81
60 [12. 9
75 | 12.25 (19.28/34.85/83 99
80 | 8.4b |19.35/34.98/84.12
00 | 7.0 |19.6335.51/34.61
i 150 | 6. 2 [19.81/35.80/34.89
; 200 | 5.45 |19.8535.88|34.96




i | 9 R

. | |gBzlegd

- 1897 = L § % 2|52 5 Saline contents| 7
gl 2 Z Sg3EEC B
2| g - s E £22|8g%| O Salt]Salt; &
S - = 3 > 5= o | E¥ ¥ per | per | per e

= = ” S8E 2 &% = | litre |litre | mille

1 i

{Oetbr. jBéxsmA ;om. Y | !

550 16 0 | 9. 6| 9.8717.84/17.61

20 |14. 8 [17.56]31.7981.07

40 [18. 7 |18.41(88.31|32.62

60 | 12. 6 |19.04/34.42 88,58

80 | 8. 5 [19.28]34 85 583.99

100 6. 0 119.6085.42,54.58

150 | 5. 4 |19.70135.61{34.69

34 16 brova,. 0 | 9.8 (1148207712045

: 20 111. 9 117.1831.09,30.42

40 |11, 9 [18.87183.23132.45

60 | 11. 7 119.11|34.55[35.70

80 | 7.4 19,11|84.55/38.70

100 | 5, 7 119.63/35.5134.61

150 | 5.9 |19.97]36.0885.16

d) Observations in the inner Christianiafjord, Summer 1897.

July !
17 Hvitsten 0 180 |12.17)22.11]21.76
|10 |11, 9 [17.03/30.8230.15,
{20 |10. 2 |17.88132.86/31.61
30 | 7.25 {18.0232 60{31.84
40 | 5.78 |18.53/34.52/82.72
£E0 | 5.60 |18.6333.70/32.89
60 | 4.91 |19.26]34.81/33.95
100 | 5.70 |19.72/85.65/34.76
200 | 5.15 [19.72/35.65/84.76
Aug ‘ ‘
11 {sandspoltien, 7 119.25 112.9923.5828.18
10 | 11.70 16.48|29.84/29.91
12 0 |19, 8 [19.2122.18/21.83
5 119, 9 12.24/92.28/21.88
T 119, 7 112.41122.54/22.18
10 |19, 4 112.62]92.92/22 52
ln‘uer parh
12 ; oo e 10 |18, 0 |18.46/24.48/24.01
12 , Dienes L 10 |18, 9 |15.02028.64/23.24
15 |17. 8 |18.50,24.50/24.08
20 | 12. 2 |16.0129.01/28.41
24 | 9. 0 |17.5131.69/20.98
30 8. 8 |17.58/81.82/31.11
40 | 8.8 |17.6531.95/31.23
50 | 6.65 |18.5383.52/32.72
i 60 | 6.8 118.67/83.77/32.96
13 - i 0120.0
Setrapolient | 38 | 545 18.70/33.82/33.00
|
18 [Kaholmen. | 41 | B, 7 [1877,33.9433.12




Station

gEg|e5E
Aug. 1897 = £S5 2|25 5/ Saline contents| 3
= ZEHSI ST =
T @ = -o".q: - & R TR PV rcS
e = g = gﬁg 29 s Cl | Salt | Salt g
= B 3 S182 o gpi‘s per | per | per | &
P - B Qg aie 2| litre | litre | mille| )
m. 0 C.
14 1 119.95 | 8.23/14.89:14.72|Borsen
i 7 120. 8 |124422,59 22,23
; 10 |16, 7 |1326 24.07"23.86
! 15 7. 5 [17.07 0.99,3022
| 24 | 6.2 1853 35.52E32.72
14 6 |21. 0 ]11.90/21.62/21.29 Neseen.
14 7 119, 4 |12.4822,66/22.80 8andviken.
16 |17, 1 [18.02.23.64,28.24
15 0 119,75 (11.97121.75]21 42Sandviken.
7 119, 2 |12.65,22.9722.60
10 118, 8 [18.4624.4812L01
20 | 7. 4 [17.27/31.26 3056
30 5. 6 |18.02/32.60]51.84
40 5. 7 [1870/38,82/33.00
50 6. 1 11890:34.18/33.85
60 6. 0 11890 384,18/83.85
26 10 aom 120 0 |18. 1 111.68]|21.78,20.81 steilens.
: 10 [18. 0 1217221112178
20 8.85 |17 00:80.77|30 10
40 5, 8 |18.77;53.94!183.12
60 5. 4 |18.77/33.94(85.12
80 545 [18.77/88.94/33.12
26 11.50a. m. ‘ 80 0 118, 2 {11.7621.87/21.05/8pro.
10 |18.15 [12.04/21.87)21.64
20 8. 8 |17.2031.13180.45
80 5, 7 118.29]38.0982.81
40 53, 5 118.7018:2.82138.00
60 6. 1 118.78133.96/53.14
26 1 p.om. 65 0 118, 2 |11.66/21.01]20.69|Nw=sodden.
10 118 2 [12.84|42.41122.06
20 8. 4 117.34/31.88/30.68
30 5. 2 118.48183 84132 b5
40 5. 4 118.87/34.18]38.27
65 5. 8 |18.90(54.18/38.85
2 230p.m. 142 0 |19, 1 [11.7621.8721.05 { iy
10 118, 2 |12 88/22.48/22.18
20 8. 2 117.0080,77/50.10
40 4, 9 118.86(358.22/32.43
60 4, 1 |17.78|32.18/51.45
80 4.95 118.29/33.09/82.31
100 5.35 118.7088.82:33.00
142 b, b |18.77]88.94/38.12
Septhr.
6 0 | 1658 | 8.9116.14/15.94 probak,
5 115, 5 118,26]24.07/23.66
10 | 15. 0 115.50/28.09|27.53




Station

10

14

)

Liocality

i

!a S|l ng
& 5% 2|25 £ Saline contents] 2
= EoE IS ET E
E 258 208 O Salt]Salt, £
2 §§§ €S| per | per| per| &£
| OEFE 5 lifre] litre [mille]
20 |14. 0 |16.39(29.68(29.05 Dravak,
80 |12. 2 |17.2731.26/30.56
40 |11. 2 |17.7832.18/31.45)
60 | 9.5 |18.96/33.08/32.26]
80 | 8.8 |18.70/33.82/33.00
100 | 7.2 (19.38/35.03/34.16
120 | 6. 3 |19.65/35.53/34.68
150 | 6.0 |19.72,35.65/34.76
180 | 6. 0 |19.82/35.82/34.92
- vl = Bunde-
0 15,2 | 9.62 11.41!17.18{ -
10 | 15. 5 |14.2125.78/25.51
; 20 | 9. 0 [17.00[30.77/30.10
; 40 | 5.5 |18.84|34.06/38.24
‘ 60 | 6.0 [19.11/34.5583.70
80 | 6.0 |19.24/34.77/33.91
100 19.88/35.08/34.16,
| 150 | 6.0 [19.31/84.91/34.04,
i , - - ,g ( Nazsod-
| 0 |16, 2 [10.74/19.51 19202{ anzon.
i 10 | 18. 8 [15.37/27.8727.50
| 20 | 9.0 |17.48/31.64/30.93
| 40 | 6. 2 |18.80[83.99/83.17
| 60 | 6. 0 [19.04/34.423358
| 80 | 6.0 19.1184.55,38.70
\i 0 116, 1 |10.88]19.77119.49/Langaaren
| 10 |14. 3 |14.89/27.0026.48
20 |11. 5 |17.41)81.51/30.81
| | 40 | 6.2 |18.84/34.06/33.24
; I 60 | 5 8 18.90/34.1833.35
ﬁ 80 | 5.5 |18.97/34.31|38.46
| 100 | 5. 5 |19.04/34.42/33.58
x 140 | 5. 3 [19.0734.48/33.64
0 |14, 5 |14.69126.63/26.18 Vrengen,
18 |15. 0 |15.98/28.95/28.36
E of
; . 88 {14, 4 {18.56/83.58/32.77 { Vreng.
I W. of
10 |15, 0 [15.08]27.25 26_72{ Vrmng,
|
|| 20 152 [17.68/82.0081.98]
- o 0ff Ule-
0 |14. 5 |14.4826.26 25.77% N o
9 |15. 0 |15.78/28.59/28.02
; 18 |15, 5 |17.20/31.13/30.45
i | 27 |15. 8 [17.88/32.18/31.45
k




Station

Date

September 1898

Hour |

|

Liocality

Soundings

Depth from
which the sam
ple obtained
Temperature
of the water

at that depth

per
litre l

Saline contents)
T C1 | Salt

litre

i
i

Salt |
per | per |
l mille|

Remarks

e} Section of the Christianiafjord, Autumn 1898.

12

19

o

3

&, M.

590 05N
1095 E.

59012 N.
10936".7 8.

58%3' N.
10011 R

590 11 N.
10° 3°.7E.

Schmidt-Nielsen).

5

im.

0

5
10
20
25
30
40
60

0
10
20
40
60

100
200

10
20
46
60

120
200

10
20
40
60
75

10
20
40
60
80
120
160

10

oq, |

16.55 111.91121.64/21.31
15. 8 11593124 01/28 60
15. 1 |13.66/24.79/24.35
9 |15.65(28.18)27.61
8.25 117.37,3144.30.73
9 118 19/32.90/32.13
5 118.6283.68/32.87
3 118.83(34.05(35 20

12

6.
6.
6.

14. 6

16. 0| 870,
14.45 [17.41)3151/30 81
14.05 (1822132 96/32.19
13 7 |18.69|33 80/32.99
13. 1 |1890|34.18/33.85
1015 [19.15/34.62/33.78

7. 8 197835 66/34.75

7. 1 |19.87/35.91/85.00

14.85 114.41126.14/25.66
14.65 |16.16]26.26]28 65
18. 9 116 94,30.67 30.00
13.85 |18.38/35 16/32.38
12.95 118.76/33.92:583.10

8.35 |19.08,34 51/38.65

18. 7 |17.66/81 9731.24
18. 6 [17.66]31.97/31.24
12 7 117.80,82.22 31.48
12,77 119.99,34.87 84.01
10.18 19 76/35.72 34.80
9.15 |19.84/35.86 34 95
8.25 1198735 91
7. 4 19.95/36.05.85.13

14. 4 [12.81/93.96
14. 4 {18.05/29.08/28.47

H

8 118.06123 71123 31
6 118 54/24.21123.80
5 1174131513081
. 2 ]18.1932.90/82.18
6 118.76 33.92133 10
5 1195885 40(34 51
5 119.80/35.79/34.88

35.00

|
|
|

|

122.88

(Hjort and

Lysaker.

Filtvedt,

Larviks.
{ fjord.




P— 2’% PR
o 1898 o 20 ‘o w =B o Saline contents) 4
= = = HEE|ISE~ &
g1 N 3 = 225 L o%| O [alt|Salt|
EE - 3 = 2 22 5 E=E per| per| per, =
- = - e mlEg 2 litre| litre | mille!
Septhr. . Com 0C, | P ‘
i Larviks-
19 20 1142 [16.6680.1720.58|] o’
i
40 |13, 9 184183813252
60 | 13.05 |18.8334.05/33.20
80 | 12. 4 11901134 8833.54
120 | 8.8 |19.76/35.72/34.80
Oethr . BOY L N ‘ |
] 10839 K 0 123 !
10 13. 0 18.09,82.72/31.96
20 [13. 0 1841 33.31/32.52
40 13, 0 |18.5583.56/32.76
60 12, 1 19.2984 873401
80 . 855 |19.7785.72 34.81
120 | 8. 2 |19.77 35.72/34.81
150 7.5 19.8935 9635.04
300 | 6.9 |19.80]35.96/35.04
1 0 111 14562640 25.90|Filtvedt.
10 18, 4 17.9732.51 31.75/
20 |18 2 [18.3438 18]32.40,
40 |11, 0 |18.62/33.68/32.87
60 | 6.8 |19.043442/33.58
80 | 65D ! {
120 | 6. 2 [19.59/35.42)34 53
. 200 | 6.0 |1977/35.7234.81
10 : 0 10.3 078 1.40 { o
101185 1047 17.87]
20 | 9.65 14.0525.4925.08
80 | 4.8 16.01]29.01/28.41
40 | 4. 6 |16.69/30.22/29 58
60 | 4 6 116.9730.72/30.05
80 | 4. 6 17.1230.99|30 31
120 | 4 6 [17.19131 1113043
b) Observations at Drebak, Winter time (Bie).
Feb. o ! : k :
|7 9 a.mDrebak. | © 0] 1.0 [15.80128.63/28.05
i\ 8 9 am 01D 15‘74%‘28.5‘2 97.95!
L9 9 am 0 | 10 156428312777
| i
l 109 am 0105 [16.00‘28.99 28.39
|10 10 o] 0| 0.5 [1570/2845/27.88
! , 10 | 4 0 /176031868114
| 20 | 7.0 1879/83.97/33.15
| | 40 | 7.5 |19.26/34.81/33.95




: o~ He 8 =t
= . February 1898 = gjp ; g §§ g%é‘ Saline contents =
z = = e N T -
R 5 g E | =255\SoE( 0l [Sat[sa| g
n.g E = 2 ; 52 o gwﬁ per | per | per o
a = | AT A= w R litre| litre mille
T I T JoC | i , ‘
10 Drebak. 60 | 7.8 |1942/35.1034.93
: 80 | 7.6 1565 35.55/34.63
120 7. 0 19.69.85.60:34.70
9 am 0 | 1.5 [16.33]29.57128.94
12 9 am 0 | 2.2 ]16.70/30.24/120.60
13 9 a.m 0 | 3.5 17.2081.13/30.45
4 9 am 0 | 3.0 [17.0680.77|30.10
159 am 0 | 2. 5 116.67/30.1920.54
16 9 am 0 | 8. 5 |17.4631.60/30.89
10 | 3.8 |17.56/81.7931.07
20 | 4 0 |17.6681.9731.24
40 | 5. 0 |18.1982.90,32.13
60 | 6.8 |1892[34.23133.38
80 | 7.2 |1932/34.92/34.06
1 120 | 7. 4 |19.5935.42(34.53
1y am 0 | 1.5 |16.1720.2828.67
18y oam 0 | 1.5 |16.1029.17/28.55
19 1 am 0 | 1.2 1617 29.28[28.67
20 O am 0 1. 4 16‘43]29.75}29.12
21 9 am 0 1. 0 116.30/29.5228.89
29 9 am 0 0.8 16.33,29‘57'28.94
23 9 a.om 0 1. 8 |16.58 29.9329.30
10 | 5. 0 |18.09]32.72 81.96
20 | 6. 8 [19.0034.5133.66
40 | 7.0 |19 59]35.42'34.53
60 | 6. 8 119.6935.0 34.70
80 | 7. 0 |1972.35.65 84.76
120 | 7.0 19.72 35.65;34.76
24 0] 0.7 1687 29.64;29.01
25 0 | 0.8 116.3329.57 28.94
26 0 | 2.2 17.7032.04 3131
[T 0, 1816 70‘8024:{‘29.60
|98 0 | 2. 5 |17.3331.36/30.66
|March
1 0 | 2. 5 17.06 80.88i30.21
\
! 0 2 4 |16.50129.8829.95

i




|

{
b
“

Station

|
|
|
]
1
i
-
1
i

1
i

{

« | gEg[g8L |
Mareh 1898 B ERE g§ 5 Saline contents| &
= = | B =l ES § S
; . = [ == s ) e <
o 5 g E | gxB|ZeE| o1 satfsas| g
= = = 2 1 B\Z o E¥ W per per| per! o=
o = | A2 RIS g litre| litre imille
N ‘ ; o m oG !
2 | Drebak | 10 | 2. 8 [16.67/30.19/29.54
20 ' 8. 8 |16.80/80.49/26.77
40 | 4. 0 |17.80/32.9231.48
60 5. 5 |19.59(35.42/34.53
3 0 2.0 16.57/30.0129.87
4 ‘ 0 1.5 |16.80/30.42/29.77
5 ‘ 0 1.0 |16:80/30.42/29.77)
6 0 | 1.4 |16.8030.4229.77
7 0 ! 0.8 [16.9180.61/29.95
8 0 | 0.7 [17.06130.88/30.21
9 0 | 0.9 |17.0630.88(30.21
10 0 | 2.0 |17.27/31.2630.56
10 4. 8 |18.79/33.97/38.15
20 | 6. 0 19.5235.29/34.40
40 | 6. 0 |19.59(35.42/34.53
60 | 6.2 19.70/35.61134.69
80 | 6.5 |19.70/35.61 34.69
: |
11 0 1 2.2 17.6481.9381.91
12 0 | 2. 0 |17.58/31.79 8107
13 0 | 2. 017.67/81.99.31.26
14 0 1 2 5 17.20181.1380.45
1% 0 | 2.2 [17.3431.3830.68
16 0 | 2. 0 16.83)30.4829.82
17 0 | 2 0 [16.80/29.52/28.89
10 | 2.2 [16.34129.57.28.94
90 | 2.5 [16.4129.7229.09
40 | 5.0 [17.4931.66:30.95
60 | 6.0 [19.5985.25 3436
80 | 6.0 |19.70'85.61 3169
120 | 6. 0 |19.78/35.68134.75
18 0| 1.8 |18.12123.82123.41
19 0 | 1.7 [14.17/25.71/25.24
20 0 | 1.7 |14.60/26.47 25.97
21 0 | 1.8 |14.6026.47,25.97
23 0 | 2.7 [16.45/29.79'29.16




— 3 —

o | Mareh 1898 B &0 ¢ 8 |25 B Saline contents|. 3
S| = £ fegElsE< =
- = g E S£55|22% O [Salt[Salt] &
w = = - 3 55 o E¥ % per| per| per. m
Q e A E ale g 2| litre| litre | mill
. Lol |
28 Drebak 10 | 4.1 |1841/38.31/32.52
20 | 5. 5 19.62]35.47/34 56
| 40 | 6.1 119.83135.85'34 48
80 | 6.1 (1983 35.85}84 93
80 | 6.0 |19.83/3585'84 93
120 | 6. 0 119.83/35.85 84.93
o4 9  a m. G 2. 2 116.85129.61|28.97
95 - 0 | 1.8 116.63/30.1120.47
9% _ L0 | 2.0 17.9031.18/30.45
27 — 0 | 2 4 17.31/31.33/30.63
|
28 — 0 | 2. 2:18.73/33.87/33.05
30 — 6 | 2 5 177782173143
3] — 6 | 8 0 17.87/32.84,81.59
April
1 0 | 8.3 |17.68/31.9181.19
June
13 0 |15 3 1045
10 |15 2 [11.12/20.21]19.92
20 | 7.1 |17.983253/3177
30 | 6.3 |1869/33.80/32.99
40 18.91134.19/33.86
50 | 6.1 18.98'34.32'83 48
68 | 6 2 |1905/34.4483.62
80 | 6.2 [1909\34.5133.66
95 | 6. 8 |19.16|34.65/33.79




[U. Observafions from the Southern coast and

fjords, Summer and aufumn 1898.
(Hjort and Schmidt-Nielsen),






—— 29 Jo—

IU. Observations from the Southern coast and fiords.

H = 2 b4 %‘3 ﬁ
— [ b 5 e & 5 O“'U 28 21 Sali 1 2 :IJ
5 July 1898 l % £ g g gg é cBe 2 Saline contents —fjg
=2 LT - g, g S 188 228 O | Salt] Sals =
wlE = 13 S 21523 EEE per | per | per &
T == | LRE ﬁ‘g*ghitre litre |mille B
5e055 N Ml M. 0 Q. i
26 9 a. m. 9051 K 0 |14. 6 |17.30/81.81/ 8061,
10 11895 | 17.80| 31 81} 80 61
20 11352 | 17.87! 81.44| 30.73
40 |11.60 | 18.51| 33.49| 32.69
60 9. 6 119.01/84 58|83 54
80 8. 5 ]19.65| 85.53| 84 63
120 7.7 11997 36.08; 85 16
200 7.15 | 20.05) 86.23| 385.80
580 1 N.
26 9 p.om. 7050 B.[170 0 {18. 7 | 1705/ 80.86/30.19
10 18, 7 117.26/81.24) 830.54
20 111.65 | 18,51 883.49 82.69
80 |10. 2 | 19.15] 84.62 833 78
40 9.75 119,26} 34.81| 85.95
60 9. 2 119.48|85.21] 84.83
80 8. 8 | 19 58| 85.40| 34.51
120 8. 2 119.80] 85.79} 84 88
170 7. 7 119.87 35.91 85.00
27 G a. m. | . 0 [12. 5 | 1805b| 82,65/ 81.89, Lindesnes.
| 15845 N.
7op.om. B2 B 0 8, 8 119.64! 85.62| 34.62|Jsmderens rev
] 158%5 . HN.
80 9 a - m |1 BMO E. 0 112. 4 |18.19 32.90! 82.18| Hafrs Fiord.
5 112, 4 |18.22] 82 96] 82,19
10 |10. 9 | 1862] 33.08) 82,87
15 8. 7 | 18.86] 84.10| 83.26
20 8. 3 | 18.86] 34.10] 33 26!
25 7.85 | 18.86] 84.10} 33,26
30 7.15 118.90| 84.18} 33,35,
35 5.49 |18.90| 84.18| 83.85
40 5, 8 | 1890 84.18] 33.85
45 5, 1 |1890] 84.18| 33.85
‘ ; B0 5. 1 118,90 84 18/ 33.35
Aug 1580497 4N, 3
ol [ L2 S O 0 [10. 9 |19.01]84.38) 33 b4
! 20 9. 2 | 19.55| 35.82| 84.45
40 8. 8 | 19.65| 35.82| 34.45
58054 N.
3 4 p.om. 5021 E| 0 |12.85 | 1841|383.31 32,52
: 10 11265 | 18.4138.51 82.52
20 110, 0 |19.12 84.57| 83,71
40 8. 4 |19 60| 85.42| 34.58
60 7. 7 {19.84| 85.86] 34.95
100 7. 0 119.90] 35.98| 85.0b
58955 N.
11 5046 R 0 |12.28 {17,121 30.99] 80.81! Gaus Riord.
1 11. 8 ] 1744 31.56| 80 66
20 |10.4b |18.76| 88.92| 33.10
40 9. 1 ]19.15| 84.62] 83 78
60 7.25 | 19.58) 85.40; 84 51
100 6. 8 119.87; 85.91| 85.00
; 180 6.61 | 19.87! 85,91} 85.00




P g2 leBE| ‘
- 1898 R o, & | ¢ =38 5 Saline contents | i
2 2 £ m5Eeggisre g
= - 8 £ Slg=E 228 C |salt Salt g
w.ooR = B 2 5 523 |Z%S| per | per | per o
o = ; i |z et 53] . > ¥ PR
- T TR Eg gl litre | litre [mille
i ; i T T i T
| Aug. o pgorer N 0 : | ! Skudesnes.
.16 530 p.om| 50200 K. 10 |18, 5 {17.62/81.90 81.17
‘ I 20 |18.18 | 1794 82,46, 8190
40 112.88 1 18.12/ 8278/ 8201
60 | 10.58 | 18.90 84.18] 85.35
80 9.60 | 19.26) 84.81] 85.95
i 120 715 1 19.568| 85.40] 84 51
; | ; 200 | 6.70 | 19.90; 85.98; 35.05
| P : 300 6.65 | 19 97| 86.08] 85.16
f BT056°  N. Lister.
18 noon 70150 B 0 | 15. 5 |16.34] 29.59] 28.96
10 |14, 9 1164829842921
20 118. b | 17.5581.77) 8L05
40 112, 1 | 18.48| 83.48 32.64
‘ 60 9. 5 1 19.26] 3481 33 95
i 80 | 8.95 | 19.87]35.911 35.00
! 120 7. 811987 85.91]35.00
; 250 : 6.9 |19.97] 86.08| 85.16
: }:’)80 8 N. ) | Lyngdals Fiord
P18 B8O p.om| | 6935 E 0 |17, 7 118.84]25.10 24.66 Swvig.
| 5 15, 4 | 15.41]27.9327.87
10 112.06 | 18.16]52.86] 82.08
20%| 7.7 119.88 34,94 84.07
30 7.2 | 19.88]134.94 8407
40 6, 6 | 19.40 85,06 84.20
90 ¢ 5.9 11944 35,14 34.26,
200 B, 7 11944 35,14] 34.26)
538% 6 N. | Lyngdals Fiord.
18 “p m $049° .15 0 |17, 1 [18.9825.86, 24.91;  kntrance.
5 16, 0 | 16.16/29.26| 28656
10 | 14. 1 | 16.80 80.42 29.77
: 15 [13. 9 | 16.98 80.74| 50.07
: 580 35N, Oxe — Gren-
28 3 p. m 80 6+ E. 90 0 |16. 7 [12.8823.38/ 28.00, ningen.
20 |14, 1 116.76|80.85129.70
40 110, 6 | 19.,12) 84,57 33.71
80 | 8.4 19.76] 85.72, 34 80
150 7.8 | 19.90) 85.98| 85.05
Septhbr 590 6/ BN Frier Fiord.
50 8 a m. 9088 T, 0 (113! 817 5.68
5 118, 7 116.,64| 30,18/ 2949
10 118, 8 117.00/ 80,77, 80.10
20 |11 5 117958248 81.72
30 6. 9 11908 34513865
40 | 6.05 |19.28 84.76| 83.89
60 | 5.9 |19.28 84.70,33.89
80 | 6. 0 [19.30)84.89 84.03
j 90 b, 9 |19.88 84.94] 8407
Octobr; 58052 N. | ;
1 ' 8am 9050° . 0 112. 4 1625 29.89) 28.77 Langesund.
‘ 10 {12, 4 |16 27| 29.46) 28.83
20 112. 9 | 1695 80.68] 80.02
40 |18. 7 118,25/ 3301 3224
60 |12. 1 |19.55 3b.52| 84.45
80 | 9.0 |19.7¢ 85.72] 34.81




D ot
N : w B2 E2% .
= 1898 3 B & S == s B Saline contents z
S £ T |BE|FgE|gF= 5
g o : 3 g El2o8(2 o5 O | Salt] Salt g
S 5 =3 3 218338 S€E| per | per | per =
A o R (Sl litre | litre |mille
Octoby 58959 N. m.m 0.
1 Sam 080 . 120 | 8. 0 |19.97 56.08| 85.16
200 7. 2 11997 36.08) 8516
350 6. 7 12001} 86.16| 85.23
58056 N.
1 9048 E. 0 [12. 5 | 16,34 29.59] 28.96| Langesund.
10 112, 4 11645 20.791 29 1b
20 112, 9 | 17,19;81.11] 8043
40 | 18. 7 |18.62] 83.68] 82.87
60 111.76 |19 65} 35.53| 54.68
80 9.1 119.77) 85.72| 84.81
- 120 7. 8 119843586 84.95
- 200 7. 8 119,97 36.08] 85.16
590 1 N.| ! Langesunds
1 noon. 90467 BE, 0 12,1 999 . Fiord.
10 112, 9 |16 80 29.52; 28,89
20 |18. 9 117.70, 82.04| 81.81
40 |12, 8 | 1848 88.43; 82.64
60 | 11. 5 [19.26|84.81 35.95
80 8. B | 1961|385.45 84.55
120 6. 5 | 19.61] 85,45 34,65
1 Brevik. | 0 [12. 1 ]10.45] 1899 18,74
i h |12, 6 |16.02 29.02] 28,42
10 |18 4 |16,34;29.59]28.96
20 118.85 |17.47|31.62 30,91
40 112, 3 | 18.48/38.48| 32.64
60 |11. 6 119.26 8481 33.95
80 8. 2 119.87/85.01| 34.14
100 6.4 119.61 35 45| 8455
7 Lange- 0 |12. 8 |16.45|29.79/29.16
sund. 10 118. 5
20 113. 4 1 18.47,83.42] 52.62
40 |18, 2 | 18.86, 84.10 33.26|
60 112,65 119.29] 34.87 84.01
80 {10.20 | 19.77| 86,72 34,81
120 7. 6 11997 86.08 3b.16
200 7. 8 | 19.97] 86.08| 35.16
Dechr. 5906/ 5N,
6 9038 E.| 8D i} 8,65 | 15,71 28.47| 27.89; Frier Fiord.
20 9.25 | 1806 82.67) 81.91
30 8, 7 | 1878 38.87! 83.05
40 5, 8 119,26 34.81) 88.95
60 5. 5 | 19.30! 84.89! 84.03
85 5. 8 119.80 84,89 84.08
6 Brevik. 0 | 49 | 7.8
5 8. 2 116.00) 28,99, 28.39
20 8. 2 [ 17.88/82.36; 31.61
30 | 8.5 1831 8812 32.84
60 8.45 | 19.62| 35 47, 34.56
100 7. 6 19.69| 85 60!84.70
6 Stathelle, 20 8, 1 118.06/32.67! 81,91






V. Supplemenis fo the Surface Charis of the
Skagerak and the North Sea 1896-—1898.






U. Supplemenis fo the Surface Charis of the Skagerak and
the North Sea 1896-—1898.

= | December 1896 | g b B 2@ 28 5 Saline contents @
3 1= = 2 HgElsz= - E
B ] 2 E T 2€2180 « ayTaer 2
2 ® = '8 Q 2 Easiaes Ol SaltiSalt =]
w B = L= < 2 e lgeg o L2

& Z L= 3 S &= o |EF ¥ per per . per >

a = i [47] ARSI 2L : Lmillal

== | =g Al g litre | litre mille;

a) Christianssand —Antwerp December 1896, 55 Odin,
Capt. FEitzen.

. v Q. ?
19 5 aom Oxp lighthouse. 0 . 5.25 117.75]82.51(31.76]
57937 N. |
s — 7943 E. 0 4.75 |17.67]31.95131.24
57018¢ :
10 - CoT028e ' 0 6 19.30]84.85/33.99
56958
12 noon. 70 9 0 7.50 119.59|35.42|34.58
56037 :
2 pom. 6055 i 0 7.50 119.42/35.10,34.23
521’ :
4 —_— 6041 8] 7.50 119.56(35 35/34.47
560 4 :
6 — L2y’ : g R 19.5735.88/84.50
55046 :
8 — 6913* 0 8 19.50(35.25 34.36
55931
10 — 60 (F ' 0 8 19.62 35.47 34.56
55013¢ i !
12 night. 5u4h’ 0 8 119.54.35.82 84.42]
- b4%’ : :
2 2 Ao 5036 : 0 RDO 19.59[35.4234.55
549407 ,
1 — 50954 : C 0 | 850 (19.5585.38 84.454‘
54092/ !
6 — 5015 0|7 19.55135.33:84 45
540 5
= — 5o 5 0 7.50 |19.64/35.52(34.62
H3046°
i) — 4056° 0 8 19.78185.75/34.83.
Terschelling |
12 noon. Lightship. | 0 .50 |18.4333.83132.64
, 530127 i
2 pom 4033 0!G 18.0232.60(31.87
.Haak :
1 — Lightship. P06 18.29133.08(32.80
520471 :
6 — 40 5 0 i 19.88135.98(35.01
i 52023¢ .
i S — 3052/ : 0 7 19.88(85.93/85.01
: 520 6 :
10 — 30407 : 0 7 19.37]84.76]35.89
Schouwen ;
12 night. Lightship. 0 | 550 117.87|32.832:181.57
Schouwen :
26 -4 p.om Lightship. 0186 18.18182.90132.11




|
l

» |EEE|2BE
= | December 1896 | & = & |58 Z|Z2%5 & Saline contents| 2
s o = ‘5 2 = Bade| g = Cl | Salt| Salt
2N = 2 = 32 g 2o g8 E| per| per| per| &
A i = A= g litre | litre |mille
0
3 520 o' N. G
26 16 p.om. 3043" E. 0 650 119.35 3498|3412
52026
°8 — 3055 0 7 19.35,34.98/34 12
: 545"
10 — 40 g O 7 19.52,35 29134.40
780 2
12 night. 4021/ 0 7 19.17/34.82{33.96
: 53015
27 2  a. m. 4036/ 0 7 18.93 34 24/33.40
53039"
4 — 4053¢ ¢ 7.50 {19.64 85.52/84.62
53951
L6 — 50 0 0 | 750 |19.44/85.14{34 27
‘ 54010°
°8 — 50 8¢ 0 7.50 119.73)35.66/84.75
‘ 54027
10 —- 50207 ¢ | 7.50 [19.8485.863495
| 54045 |
12 noon. 5242‘ 0 | 7.50 [19.73(35.66/3L.75
550 4
2 p.om. 5050¢ 0 7.50 [19.88,35.85/34.93
55920/
4 — 60 0 0 7.50 |19.78!85.75/34 83
hH041°
6 - 6010° 0 | 750 [19.74 35.6934.78
55058¢
8 — 6923 0 7.50 119.7435.69|34 78
: 56015
10 - 6936’ 0 7.50 |19.60{35.42(34.53
56933’
12 night. 690" 0 .50

b) Christianssand—Antwerp November 1897.

1897
Novbr.
6

Capt. Eitzen.

10%/y a. m.; | Oxs lighthouse, 0 9
| 571N, lat. ;

12 noon.| 7953'E.longd| 01 925
i 57035¢ :

2 p.m. 7040/ .0 | 950
‘ 57021 !

4 — 7930° ; 0 110
Y UNT

6 — o 0 1025

; B56050° -

R e 700 0 11050
56935

10— 6950 0 11050

56021°
12 night. | 6040° ; 0 11

15.64
17.81
18.44
19.71
19.71
1974
19.80
19.85

S|s Anvers,

28.34
32.24
33.36
35.62
35.62
35.68
35.79

35.88

27.77
31.50
82.57
34.71
34.71
34.77
34.88

34.96




November 1897 | & ) gg%g@ésr tent a
g ovembor E 2 5 SoEl8 §,§ aline contents g
= = — KRR -

8 5 |5 g g |££8|2oE| Ol [SaltSalt] g
wE 5 = A 3 |82 o|EF=| per| per| per| &
~ = CF Al g 8l litre | litre | mille
i | °oC

Novbr. 569 7' N. I
7 2 a m 6%26' E. | 0 ]11.25 |19.94/36.04|35.12
555! *
4 — 613’ f 0 111.50 {19.9135.99/35.07
55939°
6 — 60 8’ 0 | 11.50 {15.8035.79/34.88
5H0257
8 — 5050¢ 0 j11.50 |19.94{36.04/35.12
5o 7!
10 — 5038 0 [11.50 |19 91|35.99(35.07
5447/
12 nonn. 5020’ 0 {11.75 120.01)36.16|35.23
549381
2 p.m HUBY 0 |11.75 {19.9836.10;35.19
54919/
4 -— 50 5’ 0 |12 19.91135.99/35 07
540 &*
6 —_ 4955/ 0 |12 19.88|35.93|35.01
5351
8 — 4048° 0 112.256 119.77|35.72/34.81
53037
10 — 4040/ 0 (11.50 |19 63|35.5134.61
53028/
12 night. 4028’ 0 {11 19.63/35.51/34.61
53010 .
8 2  a m 415! 0 [10.50 119.38|85.03/34.16
530 O
4 — 40 ¢/ 0 {11 19.56,85.8534.47
52046
6 — 8052 f 0 111.50 |20.10{36.32/35.37
52032
8 - 3044¢ 0 112 20.12/36.36,35.456
52018’
10 — 3035* 0 {12 20 12/86.36/35.46
52010y
12 noon. 3027/ 0 |11.50 |20.10/36.32/35.37
Schowen
7 p.m lighthouse. 0 ]111.25 [18.69/33.80/32.99
Antwerp—Christianssand, November 1897. S5|s Anvers,
Capt. Eitzen.
Novbr. Schouwen
18 | 8Yyp.m. li’gthnuse. 0 |10.75 [18.69{33.80/32.99
15RU2H’
8 — | 8053 0 110.75 119.41:35.08|34.21
Haaks
111, — i ligthouse. 0 11075 |19 7435.68{34.77
i Terschelling
14 ' 4 am %5 loigthouse. ¢ 110 19.19/84.69|33.84
154% o
8 — . 5010/ 0 |11 19.58185.80[34.40,




! I, |e8zlggs
= | November 1897 s @ (S g,g 2% g Saline contents! 2
2 = P £ |[H2g|sEe=! LR
= - +2 o = P~ e o [— e L <
8 4 = g 2 £ S=8 22= Ol |salt Salt, g
ZI - = = 2 S |BFo|E=% per| per per 2
/A = AE Al g2 litre | litre | millel
: 0 !
54930° N. ¢
14 12 noon. 5927 K. 0 11.75 119.77/35.72(34.81
. BBy 2
4 p.om 5o45¢ 0 [ 11.50 119.96136.07185.15
| bb35’
-8 — 1y 0 111.25 19.83/35.85/34.93
‘ T A
12 night. 6Y28’ 0 | 11.25 19.83/35.85/34.93
56936
15 4 aom 69507 0 110.50 |19.80|85.79|34.88
‘ 56955,
8 — | 6048 0 1025 119.87/35.91135.00
: 1570 5
12 noon. L0 g 0 | 9.50 119.80/835.79134.88
BTO18’
8 p.onm. 7920 09 18.17/32.88!32.10
B7049
12 night. 7038 0 950 117.7932.30/81 46
16 4 am Oxe ligthouse! 0 9.25 116.18129.30/28.69:

¢) Christianssand—Hamburg, November 1897, 55 Kong Ragnar,

O. Jensen.
Novbr. &Y 1, N.
708, am 84 R 019 15.48127.96,27.40
57049
91, — 7053 0 | 9.50 |16.98/29.89.98.77
57040/ , )
10, — 7045/ L0 |10 118.51/33.4932.69
| 57027+ ‘
12 noon. ‘ 7‘133’ 0 9.75 119.53|85 80134.40
Y U
2 p.om. 70192 0 | 9.50 |19.1134.55!33.70
; 56951
4 70 ¢ 0 |10 118.98/34.24/33.40
i 56040 ,
) e 6954 : 0 110 18.90/34.18/33.85
1H6930°
6 — i 60467 0 | 10.50 [19.00|34.36/38.51
i : 156019/
7 — i - 6940/ 0 11050 119.18/34.69(33.83
: i 56¢ 9 :
8 - 6935’ 0 11 19.25134.81(383 94
: 560 ('
9 e 60392 0 |11 18.93134,24/33.40
; 55051 §
110 -— 6098’ | 0 111 18 86134.10(33.26!
! 55038" ;
!1].1 s — 6925° i 0 {11 18 90/34.18(33.35
| 55025" }
§ 11 am 6935 | 01 18.72/88.85/33.04
% 550 9’ |
' oty — 6046 0 110.50 18.37|33.23|32.45




iNovbr.
.95

12
1

6

-1

12

1

9

noon.

p. m.

night.
a. M.

56026°
00527
56028°

- 0040°

56931°
0021
56734
00 8
56°36°
o7
56938°
0%21
56941’
0°36°
56044
0052
56947/
107
5650
1023
56953
1039
56°55
1955
5697
20 9
570 ¢
2028
570 9

2038’

!

EZgzgRE 2L

0

(L

0

9.75
9.7
9.50
9.50
9.50
9.50
9.25
9

9

9

19.88
1991
15.99
15.99
19.98
20 06
20 06
20.06
20.06
2006
20.09
20.06
20 09
20.06

20.06

35.93
35.99
36.15
36.15
36.07
36.25
36.25
36.25
36.25
36.25
36.28
36.25
36.28
36.25

| @ = g @ B
o | November 1897 | § = © IS8 2|8% & Saline contents @
S & =] g |928|g5° C
e | & |3 g 5 |g55|22E| ol [Salt|Salt 3
2= ;’é = = S |85 o 8%+ per| per| per =
R = B E Al % 45| litre | litre jmille '
5455 N. 0 C
8 4 am 6"57° E. 0 110 18.02/32.60,31.84
: 548497 :
5Y, — 7010° O 9.50 {17.82/31.85/80.64
f 54030
|8, — 7025 0 9 17.11180.97,30.29
; 54920° !
Ty, — 736" 0 9 |17.60/31.8631 14
: 54010¢
C8l — 74T 09 17.64/31.83131.21
i l 54910° ;
: Y — 7958/ 09 17.58|81.78,81.02
| 549 6" , ‘
10 — 8012 0 9 17.46/31.60,30.89
540 9 !
;103/4 - 8020/ 0 ¢ 8.50 118.58/33.61/32.81
: H30H8’ |
“111/2 — 8935° 0! 8 15.29(27.72127.17
53053 :
12 noon. 8048 0 7 12.97|23 55(23.15

3501
35.07
85.20
35.20
35.15
35 33
35.83
35.33
85.33
35.33
35.36
35.33
35.36
3538

36.25,

35.38

d) Grangemouth—Christianssand, November 1897: S5 ,,Norway*.



40 —

Station

I

F BNEEEIEEE: o
| November 1897 : g = @ 2 %_5 gtgg Saline contentsf 4
, o= = 2 Te8EfTl 1§
B = 3 g £ £58)228| O |Salt|Sait) &
= ER— B . 3 B2o|E®E per|per per| £
| = I { A =g g | litre] litre imille|
570 5 N. o
26 3 a.oml | 2%2 B 0 1 850
570 8 !
4 - 37 01 8 1200636 25/25.38
57010¢ !
(5 — 3029 0 -8 119.926/84.81183.95
| 57019 i
(- 3036 018 [19.26/34.81/33.95
57014 :
T = 3050 0 ¢ 8  119.11/34.5533.70
f 57017
L8 - 40 8 0 18  i19.11/34.55[33.70
; 57920/ ;
N R 4996/ 0 8 118.94/34.95|33.41
57923/ : ‘
00 — 4044 0 [ 8 |18.94/34.25/35.41
57026/
L - 50 0 | 8 |18.94/34.95/33.41
57929/ :
260 127 noon. 5020 0 | 825 18.94184.2538.41
57032"
CLopom 538’ | 0 | 850 18.6533.74/32.92
’ 57035 : I
E— 555" 0 | 8.50 |18.58/33.61132.81
57088 !
R — 6012 0 8.50 |18.58/33.61/32.81
57041
I R — 6930¢ | 0! 850
= 57044’ ﬁ |
5 — 6748’ [0 .9 |18.6538.7432.92
57047 j
P 70 6" 0 ;9  ]18.79/33.97138.15
5700/ | |
T — 7023 0 | 9 18.58/33.61132.81

e) Christiania—Fredrikshavn. S|s Baldur, Capt. Olsen.

INovhr.
L4

9

4. 1.,
p. M.,
p. M

Spro.

Baste.
Veierland.
‘Humbjerget. |
58054° N.
10010° E.
58°39° N.
10°17" E.
58023 N.
10026 E.
580 8 N.
10984° E.
57%2° N, |
10%42' - E.
57034 N,
10042 E,

0 .6
0 |10,
0 6
0 7
0 B
08
08
0 9
09
09

11.32/20.567/20.27
15.82/27.78)27.22
10.03/18.13]17.88
12.48/22.66/22.30

(31

12.81(23.26/22.88
5 116.95/30.6830.02
5 [15.53(28.14/27.58
 12.75/28.15127.77
12.07(21.93/21.59

18.19128.94/28.53




4X

Station

S U IR

: o o 12821825 G e contents] -
November 1297 g z -%n & g% £ gg Saline contents 5
R = o= oS | R ——— &
:— = |5 g T 1252|295 0l [Salt|salh| £
= 2 = 3 5 &3 £ per i per | per &
o = - w I R=8 e ; ; g
= = I8 % B g 5 | litre | Titre |mille
[ | 0 G |
8 4 p.m| Skagen 0|9 12.9823.56/23.17
‘ 587 4 N. |
16 10°86' H. 0 8. 5 112.6823.02/22 65
I 58"21¢ N.
8 — 10927 H. 0 8. 5 18.24/32.9932.22
; | 58088 N. |
10 — 10018 E. 0] 7 15.5928.25/27.68
1898 i
Febr. | ! !
109 am! Spro 010 15.57,28 21127.65
10, — | Kjevangen. | Loy 2 16.97/30 7230 05
12 moon.!  Revlingen | 0| 4 18.19/82.90\32.13
P2 p.omi Valle | 0 2 17.18,81.09/80.42
S4Y, — I Svene. 0 | 2 |17.188109/80.42
, . b8%2' N :
i11 — 10°10° B 0 ¢ 3.5 (18.09/32.72/31.96)
‘ | 58933 N i
1 am] 1078 B! 0 6 19.75/85.71|34.80
P87 N. |
3 o 11025 E. 0 | 5. 5 [19.62/85.47/34.56
: 580 ' N
. — 10988 H. | 016 20.02/36.18(35.25
Skagen light- ! .
7 - ship 0| 4 19.36/85.00(34 18
Hisholmen |
9 — lighthouse. 0 | 4. 5 (18.46/33.4032.60
March
10 0 9Y5am Degerud. 0 | 1. 0 |16.9930 7530 08
1 p.m Reevlingen. 0 | 8.5 174931 66/30.95
3 — Vrsengen. 0 | 1.0 |159428.88/28.29
5 - Larviksfiord. 0 1. 5 110 49/19.06/18.81
1 — Svener. 0 1. 5 |14 89/27.00/26.48
11 1 a m 58038 N. 0 | 1. 5 ]15.48|27.96/27.40
‘ 10020" E.
3 — 58019 N. 0 | 1.0 113.3024.1423 73
10929 B.
05 58% 0 N. 0| 1.0 |12.79/28.22/22.84
[ 10%40° E.
T — | Skagensbugt. 0| 1.5 |14.80/27.00/26.48







L

Skagerak and Christiania-Fjord December 1896.

Date 11 December 1896 12 December 1896 13 December 1896 11 Decomber 14 December 1896
Stations 1 2 8 4 & 6 7 8 9 10 11 12 18 14 1B 16 17 18 14 20
—— ——— - | _— -
Depth in meter a 0--30| ¢ |0—50) O (0—B0 O 0—50 © ‘0——50 0 0—50f 0 |0—50) O 0 j0—-50y O 0—30 0 |0-50) O |0—BO} © |0—50 0 0—50] 0 0—50f ¢ |0—50% 0 [0--80f O |0—B0) O [O-—BO
Temperatare 2.6 3.0 3.4 3.4 8.4 7.8 3.8 6.7 4.9 52 | 456—89 2.3 7 8.3 2.6 38 8.6 2.0 5.5 4.5
Salinity (*/g) 27.98 27.9 26.32 23.92 25.92 32.81 22,51 26.67 || 29.14 39.91180.7—38.5| 27.56 28,07 27,96 21,74 29,53 29.57 29.58 3114 30.90
Cilioflageliata.
Ceratium tripos™) . T + 4 Y [ [ -+ [ + [ r r e [ - T BN r c + ¢ 4 ¢ o e + + -+ + -+ T + ®
— V. IDaCroceros . + v r r T P r T v r T T T -+ =+ + + P ¢ IS -+ + —+ 4 -+ -+ - T -+ -+ T -+ -+ 4+
— v. longipes . T v T T r r I3 r T + + -+ r T r T T T r r -+ ¥ T T r
—  fusus r r —+ T r —+ + En 4 4 + v + P + y . v P r N T . r
—  furea r » T v v + -+ T r r v T T -+ e r T -+ ¥ v v T T r T + r v
Peridinium divergens. T T T T T T T T r T T
Dinophysis acuta v
Silicoflageilata.
Distophanus speculum r v v
Bacillariace®
a) Oceanic forms.
Coscinodiscus coneinnus r T -+ v T r T T v + r r r r T r T T r ¥ v T T r
— radiatus ¥
Giuinardia flaceida . -+ + -+ r -+ + e - r T r T r T r v + + + B ! r ¥ + r T ) r r r
Rhizosolenia alata . [ + e ¢ ¢ + -+ 4+ -+ + r r -+ r —+ + + + ¢ + ¢ + + e + c -+ - r + + r r
—  semispina + + + + ¢ ¢ -+ + 4 4+ r r 4 + r r -+ + + + r + v r + c r r 3
— calear avis T v T r r v r T r r T r r r r r r
—  Shrubsolel r r r
Chmtoceras atlanticum r r T
—  horeale [ + ¢ ¢ ¢ o o ¢ [ © -+ -} ¢ ¢ ¢ + ¢ + e o ¢ ¢ o e e c + o 4 o e ¢ e 7 r
-— criophilum r r r r r T v
—  danicam T r r r
—  decipiens P T r r T r T ~+ r r r T T T T r T T r v
Thalassiothrix Frauenfeldii [ e [ ¢ ce ce [ ¢ ¢ e r + ¢ ¢ ¢ + ¢ + ¢ e o I ¢ o ¢ + + o + o - + o P T
—  longissima 4 + e -+ e e 4 + + + r r e + ce + -+ 4 ce - + c I ce -+ + . I + + + c e 4+
Nibzschia seriata v A —+ T [ + + r -+ T r + r r + -+ r T + 4 ER 4 N r ¥ e T
— delicatissima +
b Neritic forms.
Stephanopyxis turris . r T ¥ T r T » r r ¥ T r T I T T T r
Skeletonema costatwm -+ ¢ o ¢ o ¢ e ¢ + -+ T 4 o e + + 4 4 o o e o + + o + o 4 + BN + e
Thalassiosiva Nordenskioldii v T + v T » r ¥ T T 4 P T T r T v N > N N r r
— gravida T T p
— gelatinosa . + + 4 + + =+ ¢ + -+ —+ r ¢ + T T - v Y [ [ + + - -+ T r b3 v r T v T
Coseinodiseus polyehordus . - - o -+ ¢ r -+ + -+ - + r r v r T + T + r T 4 r N r r T 7
Corethron Hystrix r
Lauderia annulata . T T r v v y r r v N v N N v I
Leptocylindras danicus . + + v + b 4+ T y p T » » T E. 4+ T + T r T r
Rhizosolenia setigeva T + + 9 + I T T v T r r r i + r + + r T T
Cheetoceras teres r v » r T ¥ T
~— contortum r T T T r + ¥ r r r T T
-~ didymum v T p v T K
— laciniosum r r + v 4- 4 v r T v v v . r T r T r + T T T
— hreve . T r
-~ constrietum + v v r r r v v v v v r T r r T v r T T
- shinile N v v T T v N : . v v |
— cwrvisebum . - ¥ BN T -+ + + T b T r v 4 4 . ' N ' + » o N T . p N
— debile . ' N " . .
— diadema . r v T ¥ r » r T T v r v M » ' N N + + N .
— secolopendra . T v p r T N r N T . N N » N
Eucampia Zoodiacus r T P r r r r T N N » R . v N v ' N ’
Ditylum Brightwellii. T r + T 7 T ¥ 7 r r r r r r . I N N T
Biddulphiv aurita r v r r r r T ¥ r » r v r e |
Cerataulina Bergonii . T r v

*} incl. var. bucephala.




2. Sections ouf ofi Langesund and Hvaler, Aufumn 1897.

Date 2810 /10 511 /11 10711 1y 1811 20/ 2 2511 301 41z a 119
T T . [ | | T
Stations L T2 13 L In L2 Lt Le Lt L I 12 [ L3 Ls in Is La Ha Hi Hi
1}
T | | | T T ;
Depth in Metres 0 [0—100} © 0—100f O [0—100] 0—bH |5—1bH] 40—60 0 050} © 0—50 0 0—B50} 0 [0—BO} O 0 0 0—-50] O 0—b0| O |0—B0f 0 |0—50] O | 0-501 0 |0—50] 0 |0—s0) 0O L0=-501 0 0
Temperature 8.8 7.9 8.8 8—10¢ 105 [11.5—11.9] 6.96 5.6 70 7.85 9.4 89 70 6.6 6.7 6.7 48 6.0 6.1 7.0 i 69 6.7
- i J———
Salinity 22.55 928.5 — 25 1 25-—28/33.6—34.6] 16.37 21.24 \; 24.06 24.52 24,421 28,961 28.05 30.59 31.07 31.78 29.07 ‘ 31.91 3191 ‘f 30.64 31.24
- | ! i [ i 1 ‘
Gilioflagellata.
Ceratium tripos ¢ ¢ c e ¢ -+ ¢ + + ce ¢ -+ + ¢ + ce ¢ ¢ C ee ¢ ce ¢ ce ce ce ¢ ec ce o c c e ce ce ce ce
— — V. macroceros . . . -+ + + + ¢ + + ¢ r T -+ ¢ ¢ — ¥ T - r r T T 4+ + + + -+ -+ B
— — v. longipes . . . . v + + + + r i + + r + v r r v r
— — v. bucephala . . . + + + | T T -+ - T -+ P r T r T r r
— fasus o . .o ... -+ c + ¢ ¢ c c c + ¢ + + |+ + -+ -+ e T + + ¢ ¢ I ¢ ce c ¢ e e + ¢ e | + ¢ ¢ o
—  furca . . ¢ - ¢ e c c + [0 ¢ + 4+ r + + I + I + ¢ ¢ ¢ ¢ ¢ ¢ ¢ ce ce ce | o ¢ ¢ ¢ C ce ¢
~ = v, baltica . T =+ I I by
Peridinium divergens t e + ¢ ¢ + -+ - B + e : + + e |+ ¢ [T T e 4- 4 -+ ¢ ¢ 4+ 4+ + ¢
Dinophysis acuta . . . . . . f r c ! T + -+ + T T r - r r r r -+ |
Diplopsalis lenticula . ' T &
{ |
Siticoflagellata |
Dictyocha fibula . . . . . . T r r . r N
Distephanus speculum T T - r ¥ r ; + r -+ T "
Bacillariacea | |
a) Geeanic forms
Coscinodiscus concinnus T T T T r T T T T T
-— oculus iridis X r T { r
— radiatos . r r T T r r i
— stellatus . T 1 T r T r T I \ T
Guinardia flaceida T r r T r r T T r r } r + T r r r T r T r
Rhizosolenia alata . ‘ ‘ -+ J;" ce T + ; ¢ ¢ + + -+ ce ¢ —+ ¢ T J -+ r e r + + r v r -+ r
— semispina e r r o + T T r ¢ T r r o + r - [ T r r T ¥ -+
— styliformis . . . . . . Lo ! - ! ! r roor r r r v r
—  calear avis . r P + i r r
—  Shrubsolei + + + T r T T r r ’ T r
—  cylindrus . | r |
—  Stolterfothii . . . . . ; ! v -+ T ;
— robusta | r - [ v |
Chretoceras boreale ‘] r =+ + + + r + -+ + r + + P+ £ -+ T + T T - r r T r T 4
— danicum . |+ ce ¢ ¢ ¢ r + + ce ce e | ¢ r r r | r ! ¥
— decipiens . . . . ‘ r ’ | r ‘ I r r T t r r r r r
Thalassiothrix Frauenfeldii |+ Ea T il ™ + -+ + + i 1 r -+ 1 r T + r r ! r r -t +
— longissima ! r 1 T | -+ ¢ -+ r r r -+ T —+ r r Iy T r by Y +
Nitzschia seriata 1 j r :
by Neritic forms ‘ ! } i 5
Stephanopyxis turris . ;‘ ; | x‘ % T “ r T ‘ 1 r T
Skeletonema costatum | ‘ L ! r r T 1 Y v + r T T T r + r -+ 4
Thalassiosira Nordenskisldii \‘ o
— gelatinosa r | 1 r r + T
Lauderia annulata . . . . . j T | r T 1 T
Leptocylindrus danieus . . . . ‘ 3 r + | r | r r } r T r ! r
Rhizosolenia setigera . . . . | | + v 4 r r T + r ; -+ r r o - r -+ r T + “ r B oo i X
Cheetoceras contortum . . . . - e | o ¢ ¢ ce ¢ | r -+ ce ce co ce ¢ ro| or + r -+ ’ 1 -+ T -+ r r 7 ; ; v r T
—  didymun + vl el or | e 8 ol el e e |+ 0+ v e | 4 NI s i’
— laciniosum . . . . . . T T | T T r T T ¥ T r T T
— breve. . . . . . . . T
— constrictum . . . . . P T r T T T T T T T T T T T
— cwrvisetum . S + + -+ - r ce e -+ -+ ce ¢ ¢ -+ [ -+ + + r + 4 r + 1+ T r T r r r -+ + r
— debile . . . . . . . -+ T + r r T r T
— coromatam . . ., . . . r r r
— seiracanthum . . . . . T T T r r i r
—  Sehittii . . . . . .. T -+ T r v + + r + » ’ .
— scolopendra. . . . . . | r r T r T r r r ! r
— radians . . . . . . . ¢ r -+ + T | 1
Eucampia Zoodiacus . . . . . T T -+ LT ) ‘,
Ditylum Brightwellii . . . . . r -+ + T r T + r -+ -+ T -+ r -+ + -+ -+ r -+ r r P+ r T -+ r -+ -+
Biddulphia aurita . . . | T
— mobiliensis . . . . . . | | r T T -+ r I ‘ I§ r T oo
Cerataulina Bergomii . . . . . T [
. 1 |
Chlorophyces | | | | 1 ,
Halospheera viridis . . . . . ro | T T f r T T i 1 -




3. Christiania-Fjord. March 1397.

Date:  March. 20 21

Htation.

32.08 (83.62)
1

Cilioflageliata. T

Ceratium fripos v.longipes.] » | -+ [ r ~- I + -+ Lo

Peridinium divergens . . . Lo i
i: i | ;
v | I i i
Bacillariaces. | | | : 1
a) Oceanic forms. i i
CUpseinodiseus concinnus <+ = + . o
| it ;
— oculus ividis. .. i e oee e e e e oo ce ee co
i IH i :
e e . . § : ; 1 . . .
Ruizolenia alata ... .. .1 ¢ [ 4 | + o A+ 4+ -+ v |+
Cheetoceras horeale ¥+ ¢ ” S e - - ¢ | T
! 1

— eriophilom . . ro.r T r

— decipiens. . . . ... | o F
Thalassiothrix Frauenfeldii, oy = = -+ -+ r

— longissima . . . ... ; ! | [ ? |

Nitzschia seviata . . . .. . o ] for o e -+ +
by Neritic forms. : : i

7

Phalassiosira

Nordenskieldll . . ... .0 4+ | ¢ ce || ce

e ce ee ee co oo

gravida . .

— gelatinosa . ... L ! i T

Closeinodiscus polychordus.

Leptocylindrus danicus . . r

E B

Rhizosolenia setigera
Cheetoceras feres . . . . .. o
i {
— hreve . . ... .. .. ro or | v r -
il i
!

- eonstrictum

—  curvisetnm. . .. .. | T

— debile .. ... ... ? r T ¥ T T r

— diadema . ... ... T -+ T T

— sociale . ... ... 7 .

~—  seolopendra

Biddulphia aunvita. . . . .. i oo o o 4+ - =+ s ¢ e




Drgbak, Samplés from fhe surface water [896—97.

Year 1896 1697
o ] I ] N 3 ‘ | - 1. | o !
Date v | ey 95 o Wio | 80 | 41 Wl o % Ype W b Sy | B | Was | o 1h | 1 1 g | 2 2, s g | s 8/ B | 2y | 28 Ls 35 1 s |t B |8 3s 10,7 8 Wo | MWy /1y
|
Temperature 9.0 6.5 6.0 5.0 5.5 6.0 6.5 4.5 3.5 15 15 1.0 10 i=-05] 20 2.0 20 0 45 6.0 7.3 7.0 3 | 45 “ 18.0
i | | t i
Cilioflagellata. ’
Cleratium tripos®) ¢ e r ¢ v + r r -+ -+ r = ro T r r T —+ | - T , + [ -+ -+ -
—= - V. Ilacroceros r -+ —+ v | ‘[ ! ‘ r
— — V. lougipes r roi o+ r r r r T r + T r + T r T r ooy r
-~ fusus r r ¢ -+ + -+ T r v r r . . T v r T -+ r - r e e + -+
—  furea r + T [ o r T r r T r T ‘ ‘ } r T T -+ ¢ ~+ r -+
Peridinium divergens + r ¢ r r | ’ r r v T + + + +
Dinophysis acuta ‘ ‘ T -
Diplopsalis lenticula r ; :
Prorocentrun: micans + r r } | ! ' r r ‘>
; | i i
Silicoflagellata. | | : i %
Distephanus speculum -+ i i
»} ] i '
Chiorophycesz. 1 i ; ; | i
Halnspheaora viridis i -+ -+ I ] J
| ;
Bacillariacew 1 1 [ !
@ Oceanie forms. ; .
Coscinodiseus coucinnus ¢ | + | |
- oculus iridis ¢ | r ! ! r r r T r e oc o ¢ e &9 [ {4 [ T v |
Guinardia Haceida . r v : i r | | i
Rhizosolenia alata . r g r v e r +- -+ I r T r -+ + r -+ -+ -+ - -+ + v + -+ Loe r ‘ — bor
~—  semispina T o : }
— calear avis T i i ‘ | {
— eylindrus ‘ ] ] | Loy
Chestoceras atlanticum r ! T v -+
— Doveale -+ —+ -+ —+ t -+ -+ v v r —+ r ¢ c ¢ ¢ e o | eo ce ce [ e ¢ ¢ ¢
— criophilum r r i r j
— dapicum ‘ I or + 1+
— decipiens e -+ ! T r Y T T T r ¢ ¢ ¢ e -+ + —+ + | + EE
e T SO RS N R N I T T ro| o+ R O T S R B I S S r | T
¢ + | r ro + c + + + r T r r T r | r 1
Nitzschia seriata —+ ; r y ! T T r e ¢ - -+ + . | i
b) Nevitie forms. | g 12 |
Skeletonema costatum r b + + -+ r | ‘ _ |
Thalassiosira Nordenskioldii - e e ‘ ‘ r -+ ¢ ¢ ce + 9 o 3 | ‘
— gravida -+ c j | r e + + r + r r r i } !
—  gelatinosa . . . -+ -+ : -+ -+ T T r r r { :
Coseinodiseus polychordus . -+ 4+ ; r T Lo T ‘ !
Leptocylindrus danieus ce T T T -+ -+ =+ -+ © Y ¢ i ;
Rhizosolenia setigera v r T r T r r r T id r r v : ! i
Chestoceras teres - r ‘ r r [
—  Woeisstlogii r : i r T
-— contorfum -- r - k i [ ! + I ‘ ce
—  didymum r r ] i T ! ‘ “ -+- T
— laciniosnm r + ’ I i r
—  hreve . | r r r + r :
— constrietum . ¢ [0 T r - ¢ o ce [ I —+ ¢ e c ¢ I
~— eurvisetum T ¢ ¢ r v r r ‘ r T [ T ee ce @
— debile . v + | r T T e o + 4 + - r + +
- diadema e | T 4 r + -+ - r !
—  Schiittii -+ ¢ i ‘ ¢ e | oo 4
— coronatum r | : r
—  seiracanthum + ! -+ -+ T
-=  crinitum . r | I
—  seolopendra -+ v r + A4 r r !
—  simile r N
—  sociale + o | i 4+ !
— radians -+ ' }' + c
— anastomosans r ‘ ro| T
Ditylwm Brightwellii r v : : ; I ‘
Cerataulina Bergonii . r -+ ! v 3 ! : : +
Biddulphia aurita L [ : ro r roloe o e -+ r ‘
— mobiliensis ! | i ! . i I r

#) inel. var. bucephala




5. Hualer, Winfer and spring 1898. (Capt. Schrader).

H | i H i ! | i
1898 M/ Iy : 92 i Wiy 2y, 8/ 91y 163 - fa [ s ‘ by 13/ Wiy | Ay E 1
, 1 L L I
i 7 | . o i ) ] o i ‘ | i B : ‘l |
Temperature. 1.2 ‘ 3.0 2.0 20 85 2.5 1.5 L6 0 20 6.0 5.0 +.0 6.0 | 50 !
Salinity 0/00) | 25.74 ) 2046 20.60 31.83 2740 20.01 23.10| 25.10 33.65 9380 23.92, 25.90 25.22
! i [ ! ! ! ! : T i
Cilioflagellata. o
Ceratium tripos . . . . . . ~ e e - —+ i 4 ' P v r + + . ' o
— — V. macroceros . . . ror roor 4 ‘ .
— — v, longipes . . . . v r r -+ r r o.or r r - 1 e
~— - V. bueephala . . . r \) r ;
R L T S L . 4 S r + r - +
— furea . . . . . . . . e e & e ¢ e e T r o r 7 4+ -+ -+
Peridinium divergens . . . . ~+- 4 - T - T roor r 4 -+ 4 | 4-
Dinophysis acuta . . . . - . ' !
Bacillariacez
a) Oceanic forms. ; | ; ;
Coscinodisens conecinnus. . . . v I r T l T
— peculus ividis . . . . . r r I ro oo | r r r T
— radiatus . . . . . . . S r r J T
- stellatus . . . . . . . r oo k -+ P -+ 4- Coor : I
Guinardia flaceida . . . . . r T ‘ r T [
Rhizosolenia alata . . . . . + j r ‘ Loy e 4+
— gemispina . . . . . . ; | ’ ‘ r P
— styliformis . . . . . . . r
(‘heetoceras atlanticum . . . . : : ! : | ! -
— bporeale . . . . - . .| ro r v -+ ne B ¢ e 4
— griophilum . . . . . r : r
— denmicmn .. . . . L ‘ : v [
— decipiens . . . . - . j v ¢ ¢ ¢ - ¢ + — + r +
Thalassiothrix Frauenfeldii . . r + ¢ e ce ce U T RV ce e ¢ ¢ ¢ ¢
~ longissima . . . . . . -+ r ¢ -+- - | r
Nitzschia seriata . . . . . . ‘ -+ - r - + - 4 -4 -
b) Neritic forms.
Thalassiosira Nordenskieldit | ¢ ce ¢ ; {- -+ - - r r r 1
—  gravida 1 + 3 r ¥
- golatinosa . . . . . . v . i L TR r
Coscinodiseus polychordus . . . r r r -+ +- r - -+ ro A4 v
Actinoeyclus Ralfsii . . . . . | 4 1
Actinoptychus undulatus . . . . G v T T
Rhizosolenia setigera . . . . T r r o
Leptocylindrus danicus . . . . r v - ce . oo ce
Ditylum Brightwelli . . . .| v r r v ro oy
Cheetoceras teres . . . . . . oo -t o - | r
— eonfortuan . . . . . . ‘ - —+ ‘ 4 v - v e e
— didymom o L L -+ -} -+ - . ; T . -
— lacipiosum . . . . . . ‘ r r
breve . . . . . . . . ’ ‘ . - + ‘ i
— comstrictum . . . . . . ‘ ‘ 4+ e ¢ e Rt ¢ e c - ¢ e | +
—- eurvisetum . . . . . . i _ r - v 4 + rooe ‘
— debile. . . . . . . . + 4 - e P + + | L + i
diadema . . . . . . . ; ‘ i -+
— seolopendra . . . . . . ! o -k
~- eripitum . . . . . . . i ‘ T
-~ soclale . . . . . . . ‘ -+ .+ ¢
Bucampia Zoodiacus . . . . . | ‘ r , | r
Biddulphia aurita . . . . . . ro + - T r
— mobiliensis . . . . . . | ‘ r ro ro r
Cerataulina Bergonii . . . . . r ! r T
Chlorophyces. ‘
Halospheera viridis . . . . . r | |




b.

Drgbak, Winter 1898, quanfifative nef.

i I i
1898 0/ !{ /o E 28/y I!J s
f J - :
Depth in meter 0—25  80—60 J’ 035 , 3060 ‘ 025 I 306 "“ 0—95 J 30—60
- SN U SN SN N S— | _
Temperature. 0.5—7.0 . 7.8-7.8 j: 3.5—4.2 o ‘ L8 J 6.9 JH 24 ‘ 89
B - 88 1 6.9 oo 88 | &
Salinity 0o 27.9 385 | 809 317 ‘:I 29.3 84.0 ‘ 29.25 30.6
” | il L O L L
Weigth in gram. 0.26 0.09 [ 0.10 0.16 “ 0.08 003 | 349 108
| | I |
—_— B ; §,’ —
Gilioflagellata. | “ 1 ]

Ceratium tripos r | r r ; ‘ T i —+~ 4
— — . longipes r r [ r . : r : 4 +
—  fusus ’ : |

Peridinium divergens T t‘ ’ |

Dinophysis acuta ‘1 T

i i i

Flageliata. 5 |
Pheeocystis Poucheti . j ‘ + ‘
Bacillariaces “ ,‘

a) Oceanic forms. :

Coscinodiscus concinnus r T r r ! —+
~— oculus iridis r

Guinardia flaccida . | T

Rhizosolenia alata . } ‘ T ; —+
—  semispina & : [ -+

Cheetoceras horeale “ i
— criophilun L r ‘

— decipiens . ‘ i ‘ -
Thalassiothrix Frauenfeldii : r | , ec ce
Nitzshia seriata : w -+ e

b) Neritic forms. i ‘

Thalassiosira Nordenskieldii } ’ ¢ : ¢
— gravida ‘ T !

— gelatinosa ‘ j N
Coseinodiscus polychordus . ‘ : T
Liauderia annulata . | l r
Leptocylindrus danicus ! ; +
Cheetoceras teres ‘ - ‘ -

— contortum ! ¢ ¢

— didymuwm i + 1+

— constrictum . ; e 1

-— curvisetum . ) ! - =

~ debile . | A T

-~ scolopendra . I -+ -+

—  sociale ; ¢ e
Ditylum Brightwellii [

Biddulphia aurita 31 r r I -

Chlorophycez. *1 :
i T r 5 -+

Halospheera viridis




7. Quaniifative investigations on the Planklon, Christianiafjord, Summer and HRufumn 1897.

Loecality. Aasgaardstrand. Drebak. Vet Drehak. Raue.
gen.
Date. 30 Aungust 1897, 8 September 97. W5 §7. 23 Beptember 97. 16 Oktober 97.
Depth from which the sample | e i P . R . . . . - \ p i
obtainod. 0-4020—50 50100 = 85—120 | 100—150 | 0—20 4060 80—100 | 120~140}0—200 - 10 30—50 80—100 |0—10 30—70 §0—120
m . . 6.6 112 8.8 6.8 _ 18.0 111 57 9.2 1 143 8.5
Temperature of the water. 14.56 ) | )
40 95 7.2 6.0 47 87 BO5 | 124 122 70
e ) Y 160 315 33.0 34.6 o 2083 324 34.0 142 324 34.1
Salinity of the water 9/ ) ) 26.13 ) !
) 200 0 823 342 34.8 28,7 83.0 345 279 0 340 84.9
Weight in gram. 1.97 043 0.34 021 0.84 1.98  0.18 0.03 0.05 4211 392 018 0.19 075 0.95 0.30
Gitioflagetlata. |
Ceratinm tripos ¢ e - T ¢ -+ T P - -+ - ¢ T _
- V. INACIOCeros v ¢ 4
— — v longipes r r -+ r +
— v, bueephala I - r 4+
—  fusgus e ¢ ~+- e — e ¢ - - e ce ¢ ¢ ¢ - -
- furea r T T r ¢ -+ r r = -+ -+ 4 T - -
Peridinium divergens ¢ ¢ ¢ T e A - -+ T E. v -+
Dinophysis acuta r T r N 4+ -+
Prorocentrum micans . +
Bacillariaces.
a) Oceanic forms.
Coseinodisens oculus iridis r
— radiatus r r r
Rhizosolenia alata . T T + r I
Chsetoceras boreale S T
— danicum . | I
— deecipiens r T
Thalassiothrix Fravenfeldi e 4
by Nevitice forms.
Skeletonema costatuin -
Thalassiosira gelatinosa . IS
Leptocylindrus danicus r v
Cheetoceras Weisstlogii - T
—  contortum B ¢ ¢ e e ¢
- didymum - o -+ T P
— laciniosum P
— curvisetum e -+ co ¢ o 4 4 . 4+
—  Sehiittil ¢ r e e -} v r -+ 4~ I
— coronatin .
—  seiracanthum r - - -+ -+ .
— anastomosans T It P 4
—  radians + ¢ P +
Hncampia Zoodiacus | -
Biddulphia mobiliensis P
Ditylum Brightwellii . 4 + 1
Asterionella glacialis . T T
Silicoflageilata.
Dietyocha fibula r
! r

Distephanus specuinm




