VI—REPORTS MADE TO THE DEPARTMENT OF THE INTERIOR
OF INVESTIGATIONS OF THE SALT-WATER FISHERIES OF
NORWAY DURING THE YEARS 1874-1877."

By Prof. G. O. SARs,

L
REPORT FOR 1874,

As there is an item in the appropriation bill for next year for the prac-
tical and scientific investigations of the fisheries, I shall give a brief
Teport of the observations made by e this year, and I shall also give
0y opinion as to how they should be continued.

As I mentioned in a former report to the department, it was my origi-
Dal jntention this year to investigate the fisheries in Finmarken. It
¥as wmy opinion that these juvestigations should be made chietly in the
’"‘OIlths of March, April, and May ; but as Professor Rasch had sent in

18 resignation in the beginuing of the year I had to abandon this plan,
Sinee my office as assistant professor of zodlogy obliged me as long as
}l’e Professorship was vacant to attend to its duties, lectures, and ex.
4Minations, which could not be taken by any one else. I bad tlus no
M6 at my command before the beginning of the midsummer vacation,
e, the end of June. But as already the year before reports had been
Dade to the department by the governor of Finmarken by fishermen aud
8evera) gentlemen interested in the fisheries, all expressing the fear that

® whale fisheries, which during the last yecars bad been carried on in

@ Varanger fiord by 8. Foyn, might exercise a hurtful influence on the

er fisheries, and since the department had at the same time been re-
Quested to have this matter investigated as soon as possible by a com-
ﬁ\et"ﬂt scientist, I thought that I wust adbere to my Ofiginal plan and
ge“ke my investigations this year in Finmarken. It_ls true that the
(ultl'eral fisheries had closed everywhero by th(? time I could leave my
'entles at the university, but on the other haf]d 1t:‘ was the most conven-
cap 8eason for investigating Foyn’s whale fisheries, as they are chiefly

tied on during the months of July aud August. As I moreover ex.
E:‘ecit@d to make some prelimivary observations on tho general fisheries,
(:ou,Ch I considered necessary before tbe' direct mvestlgz'tt.lous could be

_ Wenced, 1 concluded to proceed to Finmarken, even if [ should get

e at a time when no important fisheries were carried on.

*
umlud_heremm,m,r til Departmentet for det Indre fra Professor Dr. G. O, Sars om de
r‘i"“.‘ Aarene 1374-1877 austillede Understgelser vodkommende Sultvandsfiskerierna.
Stianin, 1878, Translated by Herman Jacobsan.
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As soon as I had finished my examination work and had gotten the
necessary apparatus I started for the North and arrived at Vardo onl
the 15th of July. After a stay of eight days, which I chiefly spent in
gathering intormation regarding the fisheries which bad just come to
an end, and in investigating the physical conditions of those localities
where the fisheries are principally carried on, I went to Vadsd, where I
staid three weeks. Ilere I had every opportunity to study IFoyn’s
whale fisheries, which just then were in very successful operation.
Nearly every day I could examine whales which had been caught DY
him, and several times I had a chance of witnessing the way in whiclt
these fisheries are carried on.

The result at which I arrived regarding the influenco which the whale
fisheries may have on the other fisheries coincides exactly with my opin-
ion which I had formerly expressed to the department. It is my firm
couviction, now as then, that no danger whatsoever need be appre-
hended from the whale fisheries. I have in a former report to the de-
partment given my reasons for this view, and now, after having per-
sonally examined the matter, I can add a fact which proves still mor®
fully that the complaints made against Foyn’s fisheries are entirely nn-
founded. The kind of whale which Foyn catches almost exclusivelys
the so-called blue whale (Balwnoptera Sibbaldii), has in all probability
nothing whatever to do with the other fish. Repeated investigations of
the contents of its stomach have convinced me that its food consists
almost exclusively of a small transparent shrimp ( Thysanopoda inermish
which by the inhabitants of this coast is called “kril” Although
there was no lack of herrings of different sizes during the time I staid
in the Varanger fiord, I never found the slightest trace of berrings it
the stomach of the biue whales, and Foyn himself has assured me that
he never had found any herring in the whale. The whale which 8
mostly found here is of a much smaller kind (probably Bualwnopter®
laticeps), a whale which Foy?l does not care for at all, because it is neithef
as large nor as fat as the blue whale. DBesides this whale two other
kinds of whale come here during the herring fisheries (so I haye at least
been informedl), viz, the Bal@noptera musculus and the Megaptera boops, DY
Dboth of them in smaller numbers, Al these three kinds of whales seet®
to leave tho coast when the herring fisheries have come to an end aP
follow the “herring to the ocean; while the blue whale only begins to
approach the coast iu any considerable number after the herring fisheries
in order to feed on the enormous masses of “kril,” which at this tim®
are by the current driven toward the coast, espeeially in the Varange?
fiord. Even those who still hold to the old opinion, that the whaleS
chase the berrings toward the coast, will thus have no reasonable csuS
for anxiety, as Foyn does not catch the so-called herring-whale, bu
chiefly a different kind which cownes uear the coast at a later seasott 0
the year. . ;

Besides these investigations (concerning Foyu’s whale fisheries)
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made during my stay at Vadss a number of zodlogieal and physieal ob-
Servations in the Varanger fiord, which will prove very useful when, as
I bope, I shall have an opportunity to stay here during the herring fish-
eries, which, however, it would lead us too far to give here in detail.
From Vadsé I returned to Vards, in order to make some observations
Which want of the necessary apparatus had prevented me from making
during my first stay. After having thus studied to some extent the
condition of things in the eastern portion of the herrivg district, I de-
Sired for comparison’s sake to examine one or more points in the west-
ern portion of this district, and, after a sojourn at Vardd, I went west
to Hamwerfest, where I inteuded to begin my observations. I founq,
hOWever, that this place was less convenient for such observations, and
I therefore took the first steamer and went to the next stopping place,
Hasvig, at the sou thwest point of the island of S0rj, an old and well-
kuown fishing station, which forms the western boundary of the herring
district. '

"My observations at this point, which I found very convenient in every
Tespeet, yielded several interesting results; the observations of the
temperature of the sea-water at different depths, which 1 made here,
Were of special interest to me in comparing them with the observations
Which I had made in the eastern district.. Here, my attention was also
fiest Qirected to some physical conditions which I consider very import-
ant,

I had now, Ly the observations which I had made at the four points
Mentioned, obtained a tolerably correct idea of the condition of things
1t the whole herring district ; and besides tbis, I had endeavored to get
&11. the possible information regarding the herring and the cod fisheries
df"[)endenl; thereon, which I considered necessary as a basis of future

Irect investigations of these fisheries. Thus far, I had therefore ac-
“omplished the object of this journey.

_Besides the cod-fisheries, however, another important fishery is car-
Med on in onr northern coasts, which, especially of late years, had made
& most remarkable progress, and to which my attention was naturally

,ir%ted, all the more as the conditions under which this fishery is car-
Ted oy are to a great extent still enveloped in darkness. I here refer

O the great herring or sea-herring fisheries. I was therefore anxious

0 gather during this journey all possible information regarding this

Shery, especially as it seems that during the last few years remarkable
thOVements are going on among the herring masses, which. seem to take

€m farther north than has formerly been the case. Itis well known
atab formerly the great herring fisheries as a general ruje commenced
the Angenaes in Vesteraalen, and have then gradually goue south along
e Coast 'of Helgeland. Last year (aud probably this year too) the
c%af: herrmgs made their appearance very early and much farther nortb,

Siderable numbers coming even as far as Bast TFinmarken, while the
€ries did not extend much farther south than Bodé. This sces to
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indicate a change in the line of travel of the great herring masses, and
it will be of great interest to find the cause of this. I was very anxious
to examine various points in the great-herring district, but as my vaca-
tion bad almost come to an end, 1 could only devote about a week to it.

Several reasons determined me to select Bodé as my place of obser-
vation. Last winter the great herrings had come here in unusually large
numbers, and as this was about the southernmost point where any
considerable fisheries are carried on, I hoped to obtain here more
light regarding the dark problem of the spawning of the great herring,
and in case spawning had been going on, to make a thorough investiga-
tion of this whole locality. But here, as everywhere else, I was told
that the great herring does not spawn at all when near the coast. Only
in one solitary case had spawning—a phenomenon which even the most
inexperienced fisherman can understaud—been observed in a bay near
Landegade where a schiool of herrings had remained an unusually long
time, till tbe end of January. Here the herrings are said to have ac-
tually spawned. But at that time the great-herring schools bad long
since left the coast. The remarkably stormy weather which prevailed
during my stay at Bodd unfortunately provented me from examining
that point, and the same cause prevented-me from making other obser-
vations, as had Leen my original intention.

The information regarding the great berring which I gathered during
my journey in connection with observations of the physical conditions of
our northern coast, has to a certain extent modified my views regarding
the-migrations of the herring, and has suggested to me the idea of 8
more intimate connection between the great-herring fisheries and the
spring-hetring - fisheries on our western coast, than I had forwerly con-
sidered possible. I shall, however, defer giving my views until, as I
hope, I shall have an opportunity to witness the great-berring tisheries
in person, and ou the spot make those observations which 1 cousider
necessary for giving weight to my views. I believe I have found, at
least, a partial cause of the remarkable change in the migrations of the
great herring which have taken place during the last few years in the
peculiar physical conditions of the outer sea. I shall here ouly drasw
attention to some points which I consider important. I was there tol
by members of the Austrian Polar Expedition whom I had the goo
fortane to meet, that during this and partly during the preceding year
the eondition of the Northeru Polar Sea had been exceedingly favorables
as the sea had been more open than had ever been the case before.

During my stay at Hasvig I learned to know another circumstance
which probably is intimately connected therewith. During this year an
unusual quantity of driftwood began to show itself on the west coast 0
the island of Siro, chiefly composed of a species of spruce which i8 no
found in our country. Such a thing has not oceurred for many yearsi
but some of the oldest inhabitants say that sach driftwood had come'f'o
this coast a long time ago. 'This seems to point distinctly to peculi?®
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changes in the current of the sea which certainly must have some influ-
ence on the distribution of the herrings (compare my last report and the
uew theory there advanced by weo coucerning the places of sojourn and
the migrations of the herring). So far, however, the data which I have
gathered are not sufficient to base on them any positive opinion regard-
ing the great herring. I consider these data, however, as significant
Lints, and bave no doubt that continued investigations will bring to light
more facts of a similar character which will finally solve the dark prob-
lem of the migrations of the herring and some of our other fish.

1I.
REPORT TOI 1875.

It was my intention during this journey—
a, to investigate the mackerel-fiskeries, in order to ascertain the con-
ditions under which these fish come near our coasts ;
D, to investigate the lobster-fisherics, chielly with a view of obtaining
a firm scientific basis for settling the vexed question as to the best way
of protecting the lobster ; finally,
¢, to ascertain in bhow far the government would e justified in taking
Steps with regard to the memorial from the governor of Sarlsberg and
Laurvig, advocating certain limitations in the use of the drag-net for that
bortion of the coast extending from Nevlunghavu to the Tonsbergfiord.
I started on the 19th of June, and was absent from home till the 19th
of August, therefore altogether two months. During this time I visited
the following places: Lurhavn, Tananger, Hvitingsd, Skudesnaes, Akre-
hi“'ll, Flekkers, Langesund, Neviunghavn, Fredriksvaern, Kjacrringvig, -
dndefiord, Bogen. I made observations at all the places, in the six
first-mentioned'chieﬂy regarding the wackerel and lobater fisheries, and
12 the six last-mentioned ones likewise regarding the cod-fisheries.
) I have the honor herewith to submit the results of these investiga-
10058 to the department.
1 shall divide my report into three chapters:
¢. On the mackerel-fisheries.
b. On the lobster-fisheries.

§ ¢ Ou draguet-fishing on the coast from Nevlunghavn to Ténsberg-
ord, '

1‘\MACKEREL FISHERIES ON OUR SOUTHERN AND WESTERN COAST.
These fisheries have only become important of late Years, since people
Ve commenced to pack mackerel in ice and export them to England.
Int bresent these fisheries are, next to the herring and cod fisheries, the
8% important of our salt-water fisheries, They are carried on not
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merely along our whole southern coast, but likewise on the western
coast, at least as far as the beights of Bergen, and during the summer
give employment to a large number of fishermen, who during a favorable
season make a right good living. These fisheries are at present chiefly
carried on by means of floating nets from May till the middle of July,
and generally at a considerable distance from the coast, sometimes 6-3
(Norwegian) miles.

As has been the case with several of our well-known fish, many errone-
ous notions have likewise prevailed with regard to the nature and the
migrations of the mackerel. Some of these notions are even entertained
at the present day, and are brought forward in ichthyological works.
Although it is of course impossible for me, after having studied the
nature of the mackerel only for a comparatively short time, to pronounce
a definite opinion on every point in its natural history, I nevertheless
feel competent to correct some of the erroneous notions which have been
entertained hitherto, and through direct observations to supplemeut our
knowledge of this fish. '

The first question which presents itself is this: ¢ Where is the proper
home of the mackerel ?” It is well krown that the grown mackerel like
the spring lerring and the codfish only visits our coasts during a certain
season of the year, and then disappears without leaving the slightest
clew as to its whereabouts. Where does it go, and where does it stay
during the remaining portion of the year? The opinion which at present
is most prevalent among zodlogists is, that the mackerel stay in the
great depths immediately outside the coast, an opinion which has also
been advanced with regard to the spring bherring, but which—in my
report for 1873—I have endeavored to prove is erroneous.

Ag far as the mackerel is concerned another erronieous opinion is very
widely spread, viz, that while living in the deep it is blind and lies at
the bottowm in a sort of torgor. Although this is highly improbable, we
still find it mentioned in many ichthyological works; and so far, at least,
this opinion has not been seriously refuted anywhere. The fishermen,
who of course were the first to advance this opinion, are thoroughly
convinced of its correctness. They say that experience has taught thed
to believe it. They maintain that in the beginning of the fisheries the
mackerel enters the nets much easier than later in the season ; and tbis
tbey say, can only be explained Ly the circumstance that the mackerel
cannot see very well, while later when it has got its full sight, it is more
cautious. They say that any one can see the opaque skin which covers
the eyes of the mackerel, and that its disappearance and growth may
be observed during the summer. With the first mackerel which a1¢
caught early in spring, this skin covers the greater portion of the ey®
with the exception of the middle portion. Later in summer the skI?
becomes more transparent and recedes from the middle of the eyei
while toward fall when the mackerel is about to return to the deep, if
begins to grow aud become more opaque.
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All this is certainly correct, but it is a very rash conclusion to suppose
that this skin ever covers the whole eye, so that in the end the fish be-
comes entirely blind. With a view of ascertaining the truth in this mat-
ter I have examined mackerel both in the beginning of the fisheries
and later in the season, and it is my firm conviction that the mackerel
can see as well early in the year as later, although the above-mentioned
skin decreases in size toward summer. This skin is nothing else but
two folds of skin, which are also found in other fish (e. g. the herring),
and which from both sides extend over the eyeball. These folds never
reach over the pupil of the eve, which, as is well known, is the only
channel through which rays of light can enter the eye. The faculty of
seeing would, therefore, not be affected in the least, whether these folds
are {ransparent or opaqne, whether they cover a larger or a smaller por-
tion of the opaque parts of the eye. The greater development and
smaller degree of opaqueness of these folds earlier and later in the year
are simply occasioned by the mackerel’s being fatter at that time. In
the middle of summer immediately after spawning the mackerel is thin-
hest, and that fat which formerly was found in the above-mentioned
folds has therefore been absorbed, which of course has an influence on
their extent and transparency. A completely blind mackerel Las never
been seen yet, and will never e scen; and still it is by no means rare
to cateh stragglers late in autumn and winter, or at that time when,
according to popular opinion, the mackerel ought to have lost its sight
long since.

As long as it was supposed that the mackerel was blind in winter and
lay in a sort of torpor, it followed necessarily that it must keep on the
bottom. But as this, as I believe, is not only improbable, but an abso-
I“tely foolish notion, we must again discuss the question regarding the
Supposed place of sojourn of the mackerel when it is not near the coast.
The oldest supposition, given up long since (Andersson’s), is, that the
Mackerel came from the sea near the North Pole, and that from here
at certain seasons of the year a large school travels south, like a swarm
of bees leaving its hive. This school was then supposed to pass through
the Polar Sea and the Atlantic Sea like a dense phalanx, and having
Teached the heights of Burope to divide into smaller schools, each of
Which sought a special part of the coast, to return by the same route
aud spend the rest of the year in undisturbed repose under the ice of
the Polar Sea. Andersson's migration theory, which was applied not
Ouly to the mackerel but also to the herring, has recently given way
to ay entirely opposite theory, viz, that the mackerel is a stationary,

Sh having its winter quarters in the deep places immediately outside
¢ “F portion of the coast where later in the season it comes to spawn.
othhls theory is‘in my opiniou just as .erroneous db the other.. I havg in

oI places given my theory regarding the herring, aceordiu g to which

8uppose that this fisk leads a pelagian or roving life all the year round,

::; is found in smwaller or l'fxrger schools in different places in the outer
Wherever it finds most food.
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As far as the mackerel is concerned I do not doubt for a moment that
it-is a genuine pelagian fish, Its whole build and its looks indicate this,
its slender form, its compressed, wedge-shaped head, its small fins, its
powerful muscles, its shining sides, glittering like silver and gold, and
the beautiful sea-blue and sca-green shading of the back. All genuine
bottom-fish have a plump and compressed body, a flat head, large fins,
aud generally gray, white, or black colors, or a mixture of the three, but
very rarely any brilliant colors., Any one who is acquainted with the
sea ou our southern and western coasts knows the playful nature of the
mackerel when near the land, how they gambol about on the surface ot
the water, so it resembles a seething caldron; how, in a stiff breeze,
it races with tbe swiftest sail-boat. All this is Ly no means in keeping
with the character of a bottom-fish, It seems improbablein the highest
degree that during the rest of the year the mackerel should suddenly
change its nature and lead a melancholy life down at the bottom of the
ocean. T'he mackerel has got its elegant and well-proportioned body, in
order to move quickly about in the water, and there are very fow fish
which excel it in this. 1t is therefore also well adapted for lon'g jour-
neys, and, although I do not approve of Andersson’s migration theory, I
incline to the opinion that the mackerel which every summer come to
our southern and western coasts in largoe scliools, come from a great dis-
tance. If we examine the geographical distribution of the mackerel on
the coasts of Europe, we find that it is very differcut from that of the
berring. 'While the herring is only found on the northern coasts from
the Ghannel to the northernmost boundarics of our continent, the mack-
crel is found much farther south. It is not found in any very large
numbers on the heights of S6ndmére, while farther south it is found
more frequently. Besides our southern and western coasts, it is found
on all the other coasts of the North Sea, viz, in Denmark, Germany,
Holland, and England, alsg on the Atlantic coast of Scotland and Eng-
land, near Ireland, in the Channel, on the coasts of France, Spain, and
Portugal, and in the Mediterranean as far as the Black Sea; and it i8
even said to have been found as far south as the Canary Islands. It1is
also found on the eastern coast of North America,

Wae see from this that it is a inuch more southern fish than the Lerring
1ts proper home is, in my opinion, the Atlantic Ocean along the whole
western coast of Europe from the Orkney Islands and the north coast
of Scotland to the Mediterranean, while the home of the herring is chiefly
the Atlantic Ocean north of Scotland, and the Polar Sea. 1ts mode of
life while out in the open sea is unfortunately but little known. I have
been told, however, that grown mackerel are at different seasons of the
year occasionally caught by sailors off the coast of France and Portugal:
In all probability they live more scattered here than when they are near
the coast, perhaps, also, at different depths under the surface, but never
on the bottom. It is not improbable that some of those mackerel whicl
come to our coasts do not leave the North Sea. I incline, however, to
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the opinion that {hese can only be a very small portion of the enormous
Masses which come to the coasts of the North Sea. I have good reason
to suppose that the greater portion come from a greater distance, viz,
from the Atlantic Ocean, chiefly by way of the Channel, and some along
the northern coast of Scotland. The largest mackerel fisheries are car-
ried on in the Channel, and several things seem to indieate that the
mackerel which are caught on the coast of Holland belong to thie same
Schools which have entered the Channel from the Atlantic. At the end
of July and the Leginning of August, the very time when our mackerel
fisheries have closed, mackerel are, according to Lowe {(Fauna Orcaden-
sis), seen in large schools near the Orkney Islands. These are, prob-
ably, schools returning from the coast.

'The next question to be answered is: “ What are the conditions of
the regular visits which the mackerel pays.to our coasts?” It is a fact
Which should have been known long since, that the same phenomenon
Which, at other seasous of thie year, causes the cowing of the spring-
herring and the codfish, viz, the spawning process, brings the mackerel
to our coast. Zooblogists have hitherto bad no idea regarding the pecu- .
liar circumstances under which this spawning process is going on, no
idea where the mackerel drops its roe, whether in shallow or deep places,
Dor have they known anything concerning the-development and further
growth of the mackerel. All thesoe important points in the natural his-
tory of the mackerel have remained in the dark up to the present day,
and this in spite of the mackerel’s being one of the most common fish in
EllI‘Ope. Thoe cuuse of it is this, that ichthyologis's have formerly
Fﬂl(en too little pains to study the mode of life of the different fish while
n the water, and have confined their investigations to the specimens
Preserved in museums, or, at best, to dead fish which they had obtained
from some fisherman. In this way exact descriptions of fish may be
Written, and diagnostic data given serving to separate one species from
the other, but all that important part of the natural history of fish, com-
Prisin g their mode of life, their migrations, spawning, and development,
“ill remain in the dark. On these important points nearly all informa-

101 has been obtained frowm fishermen and other persons utterly ignorant
0 Zoslogy, and numberless erroncous ideas have consequontly been ad- .
Vanceq,

The first preliminary investigations of the spawning of the mackerel

€re made by me during one of my zodlogical tours, in the sammer of

63, During the journey I made this summer I had an opportunity to
s“DDlement and corroborate my former observations. "The mackerel
s_pa“'ﬂs on the surface of the water, sometimes near and at other times

ar from the coast, without regard to the depth and the nature of the
r:ttorn. The roe does not sink to the botiom as is the case with the
ane of the berring, but floats near the sx.lrface and there goes through
the stages of its development. In this respect the maclkerel resem-

es closely the codfish and some other salt-water fish whose spawning
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process I observed several years ago. -Inthe beginning of July the roe of
the mackerel begins to loosen, and about the middle of July most of
them have done spawning. The spawning period may, therefore, as a
general rule, be placed about the first half of July. By gently pressing
the sides of mackerel caught during this time, mature roe may be pro-
cured for investigations. It comes out of the genital opening of the
mackerel in the shape of small beads, clear as crystal, which when
placed in a vessel containing sea-water keep floating near the surface
as long as the roc is fresh. The grains of roe or the eggs are of about
the same size as those of the codfish (or a little larger), but are distio-
guished from these, as a closer examination will show, by a large and
very distinct and clear oil-bladder near the upper pole (that side of the
egg which is uppermost). By this peculiar oil-bladder, which is invari-
ably found in every egg, the roe of the mackerel can easily be distin-
guished from that of most other fish. Impregnated and developed roe
may be obtained in a very simple mapner by dragging a fine net along
the surface of the water, especially during westerly or southerly wind
when the current goes toward the coast. 1lhavein this manner obtained
as much as I desired, and have been enabled to follow its whole develop-
meut, which, in all essential poiunts, agrees entirely with what on former
occasions I have stated concerning the development of the roe of the
cod. I also succeeded in hatching young fish from roe obtained in the
above-described manner, but was not able to keep them alive for any
length of time. When coming out of the egg they are comparatively
lesg developed than the young codfish, entirely transparent and clear 88
water with the exception of a little sulphur-colored spot on each side of
the neck. Mackerel which have been recently hatched may easily be
recognized, not only Ly these spots, but also by the same bright oil-blad
der which characterized the individual grains of roe. This oil-bladder)
which formerly occupied the top part of the egg, is now inclosed in the
‘back part of the Lelly in tQe residue of yolky matter.

I was unfortunately prevented from following up the further develo}”
:ment of the young mackerel. This summer was very unfgvorable t0
:such observations, as the mackerel spawned at an unusually great dis
tance from the coast, and as a constant land-wind drove the roe ar
'the young fish far out into the sea. Both this year, however, and on fof’
1mer occasions, I have abont the same time or somewhat later observe
small wackerel, measuring about a finger’s length, on the surface of the
water and invariably at a considerable distance from the coast. Thes°
young mackerel, which had already assumed the definite shape and Colf’t
peculiar to the mackerel, are doubtless one-year-old fish. In the Chbris”
tiania fish-market one may see lurge quantities of these one-year-0
mackerel, every year somewhat later in the season ; and besides thes®
a somewhat larger kind, the so-called “ spir?” or small mackerel, abous
the size of a common herring, which must therefore be about two )""M-
old. When a mackerel is three years old I consider it capable of spawh
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ing. Like all pelagian fish, iv then goes out to sea, while during the
first two years of its life it roams about in the neighborhood of the
Coast.

Immediately prior to and during the spawning process the mackerel.
are generally very restless and roam‘about in dense schools (males and
females together) in different directions near the coast and so near the
Surface that they can be seen from quite a distance by the curly appear-
ance of the water. The schools always go against the stream and are live-
liest when a fresh breeze is blowing. The natural cause why the mackerel
enters the nets easier at this season than- later is this, that it is com-
Pletely talken up by thé spawning process, and by no means defective
Sight. When the spawning process is finished, the schools begin to
Scatter and gradually go out to sea again. The fish will then not enter
the net so readily, although they will bite a baited hook, because they

ave searcely taken any food during spawning, and are, conscquently,
very hungry.

Concerning the general mode of life of the mackerel many incredible
t‘hillgs bave been said. One of these fabulous reports is this, that mack-
frel, like sharks, attack mwen swimming or bathing in the water, and

hat if their number is very large they will overcome even the strougest
Dan, The improbability of this report, which is very generally believed,
18 gelf.evident. A close examination of the mackerel will convince any
06 that it cannot possibly hurt a man. Its jaws are too weak and its
Sth too fine. To smaller fish and marine animals, however, it may cer-
nly prove a dangerous enemy. I have several times observed the
8%eedy manner in which mackerel scarcely a finger long have chased
i’()llng herring and decimated their schools. It will be seen from-this
hat the grown mackerel must be a very dangerous enemy to the young

Crring ; and personal observations have convinced me that this is

Teally the case. On this circumstance the so-called autumn-mackerel
Sheries are based, which are carried onin the deep fiords long after the
'Me when the great mass of mackerel have left the coast. The so-
Calleq autumn-mackerel are schools which have separated from the chief
:c 00l, which instead of going out to sea have commenced to chase tl}e
nmall herring and followed them into the deep flords where they remain
' isB Ong a3 they find sufficient food. The fatness of the autul.nn-mackerel
* Cauged by its rich food, generally consisting of small herring, but also-
Other small pelagian animals. As soon as this food begins to get
%aree the mackerel gradually disappear and go out to sea again, and
‘:,ward winter it is merely accidental if mackerel are canght on hooks
't other fish, That the autumn-mackerel later in autumn generally
E::es deeper than the summer-mackerel, is easily explained by the cir-
Wstance that there is so much fresh water near the surface in our fiords,.
like\vise by the change in the temperature of the surface-water.

the mackerel will never be tound constantly near the bottom like

90!1(1255 and other bottom-fish, but always some distance from it.
F
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From all that has been said concerning the propagating of the mack-
erel, it will bo selt-evident that there is no danger whatever of destroy-
ing their spawning-places by too estensive fishing, as has often been
maintained with regard to the herring-fisheries. Nor do I believe that
the floating-net fisheries carried on in the open sea near our southern
and western coasts can have any marked influence on the number or
nigrations of ‘the mackerel. If, therefore, a decided decrease has been
noticed in the mackerel-fisheries on our southern and western coasts, the

cause of this must not e sought in the manner in which nor in the ex-
tent to which the fisheries have been carried on, but rather in the pecu-
liar physical conditions of the open sea, w hlch have induced the great
mass of mackerel of late years to spawn at a greater distance from the
coast than usual. It is well kuown that a similar phenomenon has for
quite a number of years been observed in the spring-herring fisheries:
This similarity between the tio fisheries is certainly not purely accidental:
In my opinion the herring and the mackerel agree in their pelagiaft
mode of life, and the migrations of both these fish must therefore be de-
pendent on analogous conditions of the open sea; althongh the distribw
tion of the herring and the mackerel throughout the sea is essentially
different, I consider it as certain that the changed physical condition8
whicl must be supposed to have exercised their influence on the kind 0
fish found in one basin of the sea, cannot have remained entirely with’
out influence on the portion of the sea close to it where the other kind
of fish were living,

~

2,—TUE LOBSTER AND THE LOBSTER-FISHERIES ON OUR SOUTHEBN
AND WESTERN COASTS.

Like the mackerel-tisheries, the lobster-fisheries on our coasts have, of
late years, become verj®important, which may be seen from the larg?
nuwmber of lobsters which are annually exported to England, not coud”
ing those which are consumed at home and exported to oth(,r countrles’
especially to Denmark. At present, the lobster-fisheries are carried ! o?
with varying success along our whole southern coast and along a grea
portion of our western coast. The northernmost point where I 1ave.
observed lobsters is the Loffoden, where some years ago I had occaSw
to examine a recently-caught young lobster which was brought t0 m
as an animal entirely unknown in these regions, and regarded W!
much curiosity by the inhabitants.

Lobsters aroe almost exclusively caught in traps made of wicker- -wor
(“lobster-baskets”), which are set at a depth of 1 to 5 fathoms 3‘;
baited with small fish. As these fishing-implements are, comparativé
speaking, cheap and easily worked, so that even infirm and aged peop

can attend to them from a small boat, these fisheries are of great !
portance to the poorer portion of our coast population. And 28
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exportation of lobsters to foreign countries (especially to England)
brings considerable sums of money into the country every year, the
8overnment has long since taken steps to preveut the destruction of
this important source of income by wmaking regulations for the better
Protection of the lobster. The views regarding the time and extent of
thege regulations have been very different, and of late years memorials
have been presented to the government from various places asking for
% change in the oxisting lobster-laws. But, unfortunately, very little
has been done so far. In order to judge in this matter it is absolutely
Liecessary to have as cowmplete a knowledge as possible of the natural
hiStory of the lobster. But in this respect very little progress has
bean made. Although the lobster belongs to the commonest marine
animals on the coast of Europe, and has been made the subject of
8pecial investigations by many naturalists, its mode of lifo is still en-
Veloped in darkness. Even some of the most important points in its
Ratura] history have till quite recently been entirely unknown. I have
a‘ll‘eady on former occasions endeavored to throw light on one of these
Points which, in my opinion, deserves special attention, viz, the propa-
8ation and development of the lobster (see “Vid. Selskabets Forhand.
?i"ger” for 1874—Trausactions of the Academy of Sciences). It wasmy
Mtention on the present journey to observe other points in the natural
}{istory of the lobster, and gather all the information which might throw
'8ht on them ; I consequently staid for some time at several places on
. Our songhern and western coast where lobster-fisheries are carried on,
3m0ng the rest, Tananger. Although I must confess that the resaits of
0s8 investigations did not come up to my cxpectations, I, neverthe-
©83, will brietly report my experience, chiefly with a view of gaining a
asis for my opinion regarding tbe protection of the lobster and the
8t time for it. .
- 48 to its organization and its analogy with similar crustaceans, the
l°hSter must doubtless be on the whole considered as a stationary ani-
1 3l It never undertakes long migrations like some of our fish. The
Obster certaiuly moves about with great swiftness and easo aided by
8trong tail and the swimming apparatus attached to it; but this
- Modg of moving about is evidently not the rule. The hard-shell and
p‘)‘lflerous lobster must always make an extra exertion in moving
out, angd its movements can therefore not Le of long duration. Ico.
N Certainly talk of the so-called ¢ traveling lobsters” (4 Peerd-hummer™)
o ich ar said to come from the open sea in large §choqls; and some
0 say that thoy have seen such schools many miles from the coast
00°Vi_ng about rapidly near the surface of the sea. If this isreally so, I
Bsider it ag absolutely cortain that these schools come from no very
8roag distance, possibly from some of the clevated bottoms oft the coast.
moe grown lobster is, as every lobster-fisher will know, in its whole
do of life, a genuine bottom-animal, and prefers a stony or uneven
t(_’ln overgrown with alg® where it finds good hiding-places for lying
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in wait for its prey. During summer and part of autumn the lobster
goes on higher bottoms in the bays and inlets, and is then frequently
caught quite near the coast among the alg® at a depth of less than 2
fathom. Toward winter it again retires into the deep; and still later i0
the season it has almost entirely disappeared from those places where it
was quite common during summer. Occasionally, however, it is, even
in the middle of winter, found in deep water, and I have reason to be-
lieve that the lobster never leaves our coasts entirely, but considers
it as its proper home.

As may be judged from its powerful claws, the lobster is a greedy
animal of prey, which is not satisfied with small marine animals, but
occasionally attacks all kinds of small fish which are unfortunate enough
to come within its reach. The bait used for catching lobsters cousists
exclasively of fish, principally small codfish and herrings. These wust
however, be tolerably fresh ; as soon as they begin to get old the lobster
leaves them to his cousins, the crabs, which are less fastidious in theif
taste, and they euter the baskets in great quautities. .

The lobster is cautious and cunning. It never pursues its prey openly
but either endeavors. to surprise it, in which it is greatly aided by it8
very highly-developed sense of smelling, or waits patiently among the
algae till some warine animal comes within reach of its claws, I have
observed several times with what cautiousness and evident distrust th®
lobster, attracted by the bait, has gone round the traps and examined
them several times on all sides before it has gone in. Only when it i
very hungry, as is especially the case later in summer after the spaw?
ing and changing of shell is over, it is less cautious and will enter tho
traps more readily. ,

The lobster is best and fattest in spring and early summer, while latef
in summer and antumn it gets thin, from which cause the Englishme?
will not take ib then. o

The propagating of the lobster does not scem to be strictly confined
a certain season of the year, as lobsters with roe may be found near
all the year round. DBut the rule seems to be that tho development ©
the young goes on during the summer months from the beginniug_o
July till the early part of September, The more developed roe can easil
be distinguished Ly its lighter color and partly also by the larger size 0
the grains. A closer examination shows distinetly in every grain of 10
two dark spots which are the eyes of the embryo. The more distin®
these spots are the more developed is the embryo. When its develol”
ment is complete, the egg-shell bursts, and the young lobsters comé o>
These are in the beginning very helpless and sink to the bottom, whef
within a very short time they undergo their first change of skin ; 800
afterward the swimming apparatus, which has so far been surroud (?u
by skin, begins to work, and the young lobsters soon gambol about!
tho water, and come up to the surface, where they remain during
whole time of their further development.
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I have in the above-mentioned work ( Vid. Selskabets Forhandlinger for
1874—Transactions of the Academy of Sciences) described the young
lobster during thisand the threesucceeding stagesof its developwment, and
dccompanied the description with plates. .Iach of these stages is char-
acterized by a preceding change of skin ; and each oue of these chaunges
lmakes the yoang lobster which in the beginuing looks very unlike its
Parents, resemble them more closely. At the fiith change the metamor-
Phosis is complete, and therewith ends its pelagian life. The young
lobster has then entirely lost its swimming apparatus attached to the
fore part of its body, and in its place the well-known fringes have grown
at the lower side of the back part of the body. These fringes are the
Only swimming apparatus which the grown lobster possesses; in the
female]obster, they likewise serve to keep the roe in position. The lobster
Dow leaves the surface and goes to the bottew, there to lead the same
1fe ag its parents. I am not positively cortain how loug a time is taken
Up by the whole metamorphosis, but I am inelined to think that it takes
at least, a couple of months.
Even after the lobster has reached its final development, it continues
to thange its skin regularly at any rate once a year, and continues to
0 80 as long as it grows. Ouly when it has stopped growing, this
change of skin does not occur so often. We shall therefore always find
bag very large lobsters are more or less thickly covered with scales
®hich is not so frequent in swaller specimens. The process of chang-
g skin is very tedious and dangerous for the lobster, which may be
lWagined when it is known that not only the outer shell is changed,
Ut even some of the inner parts, ¢. g. the stomach-bag. The process oceu-
Dieg o considerable time, and while it is going on the lobster is sick and
ht‘jel'ly unable to fly from its enewies or to defend itself against them.
* 13 therefore but natural that under such circumstances it very casily
'es in the traps.” Even after the change of skin is over the lobster
Temaing weak for some time. It therefore hides among the stones at
® bottom of the sea and remains there until the new shell has become
uﬁiciently hard and its strength has returned.
. be earliest changing of shell which I observed during my journey
8 1n the first days of July near Tananger. 1 here bad an opportunity
0(1" 9bserve a Jobster engaged inthis process. It bad just been taken out
@ lobster-box and could be handled without offering the slightest
“Sistance, The shell on its back was burst in the middle, and the tail
o the feet were ne:%rly all out of tl.m old shell, \Yhile the largest claw
Sheﬁ S8tuck out half its length. This latter portion of the.chauge‘of
a 15 evidently very dangerous, and although I observed it for quite
Whlle, I could see little or no progress. It is certainly a painful and
i lgeroug process, and probably many a lobster loses its life through
nig Immediately after the changing of the shell the lobster is lean and
€rable and only reaches its former size after a considerable time has
Apsed, According to my observations, the change of shell takes place
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chiefly during the month of July. Tt certainly happens that some
change later, but by far the larger number scem to change during that
month. .

I did not succeed in obtaining lobsters measuring from one inch to a
finger’s length, and as far as I know pone are found in any museum.
I consider it as certain, however, that the lobster keeps near the coast
also during this stage of its development. The reason why they can-
not be caught with the bottom-scraper is partly their quick movements
and partly the circumstance that they bide among the algs on the bot-
tom of the sea. The fact that they cannot be caught in the common
lobster-baskets is easily explained by these having such wide openings.

It is a remarkable fact that the lobsters on our southern coast never
get as large as those farther north., I have never seen an unusually
large specimen among the many lobsters which I examined at the dif-
ferent fishing-stations. The lobsters which are occasionally caught
farther north are generally much larger, and to judge from their appear-
ance much older. At Flor I once saw a lobster which was not much
smaller than the imwense specimen in the Bergen Musenin. This speci-
wen, a8 far as I remember, comes from a still more northerly point of
our western coast.

As to its geographical distribution, the lobster is more of a southern
animal than its cousin, the crab, which is found all along our coast as
far as Vadss. Its northern boundary is the polar circle. It is found
very generally along the coasts of the North Sea and on all the At
lantic coasts of Kurope, and even goes into the Mediterranean, whero
however, it is not found in great numbers. The lobster found on theé
eastern coast of North America belongs to a different species, of whicl
I convinced myself by examining its young ones, a picture of which
have given in the above -mentioned work,

From these scientific remarks I roturn to the practical side of the
question. The prineiple which has been followed in framing laws fof
the better production of the lobster is the same which forms the basi®
of all similar protective laws, viz, a desire to let the propagating of th®
lobster go on as undisturbedly as possible, If one considers what 89
epormous quantity of roe a grown female lobster can carry under ber
tail, and also that this roe becomes impregnated, and that, consequent!s?
every little grain of roe develops into a lobster, it is very patural 0.
suppose that if only a suflicient number of female lobsters could hat¢
their young ones undisturbedly, ample compeunsation would be made for
the number of grown lobsters caught every year. It was also V‘_—’r-
natural to suppose that the decrease in the quantity of lobsters, which
had been observed in various places, was caused by catching grO‘Vﬂ
female lobsters during the hatching-season. With other fisheries the
use of certain fishing-implements has proved hurtful to the fish; bub
the imploments employed in lobster-fishing are of such a kind as to pre
clude this possibility.
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) On general principles, the above-mentioned view seems to be eutirely
Justified and logical. There is no doubt that if the lobster is let alone
duaring the hatching-seasoh a number of young ones will be produced
large enough to compensate, under favorable circumstances, for all the
lobsters which are caught. It is, therefore, only right that the lobster
Should be, as much as possible, protected during the hatching-seasou.
It is likewise possible that reckless fishing during the hatching-season ,
Wwill hinder the increase of the lobsters. It must be remembered, how-
ever, that there are many other disturbing causes. I have already on
another occasion shown that the young lobster during the first period
of its life is exposed to many dangers, and that probably a large num-
ber perish on account of unfavorable influences during their develop-
Went, If, therefore, in spite of protective measures a decrease in the
Quantity of lobsters bas been observed in various places, it must not be
Bupposed that the only cause of it is lack of protection or too short a
8€ason of protection. The seasou of protection is, in my opinion, correct
ou the whole, and if I now consider it best to set it a little earlier, viz,
to begin the 1st July, I do this from another reason, viz, out of regard
% the change of shell of the lobster, which Legins during the first
days of this month. The lobster is at that time entirely unfit for trans-
POI‘tation, and many die even in the boxes. I believe that if the lobster
18 thoroughly protected during the montbs of July and August, there
Will be some guarantee at least that a sufficient number of young ones
are produced to make up for all losses occasioned Ly the lobster-fisheries
Uring the other months of the year.
But no laws and no protective measure can change the unfavorable
'Dh_ysica,l conditions which have cansed a decrease of the lobsters on cer-
4In portions of our coast. The only means to be employed under such
Clrecumgtances is the artificial raising of lobsters. I shall have occasion
Yo Teturn to this point, and merely to avoid misconception, 1 will say
€re that I eounsider a reasonably arranged protection of the lobster
Do only desirable, but also necessary; but the protective measures
Yhoulq pe somewhat uniform in the different districts. At any rate, on
bag portion of the coast which I visited, I found but very little differ-
fuce both with regard to the time of hatching and the time wheu the
Obsters change shell; so there\is no reason for having a different sea-
 Son of protection in these districts. But as memorials have been sent
the department of the interior from several places asking for an
Xtension of the protective season, it will probably be best, in order
s(; avoiq dissatisfaction, to leave it to each community to extend the
o %0n of protection wherever there is a very general dem.and for exten-
W?llll. But I must say that if protect.ion'xs to auswer. 158 purpose, it
. 1?e necessary for the different dlstrlcts to 9rganlze a system of’
r(I:el‘lnt;emdence, so the laws may be strictly carried out. As matters:
sh_Ilovv, there is—and I speak from personal observation—as wmueh
g going on on our southern coast during the season of protectiow
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as at other seasons. Where the season of protection only lasts a month,
those lobsters which have been caught when fishing is prohibited are
generally kept in large boxes until the season of protection is over,
when they are brought into the market. But many of these closely-
packed lobsters die in the boxes, and those which are left are so lean
and miserable that they are of little or no value, and are necessarily
thrown away.

There is another point which I must briefly mention, viz, the arti-
ficial raising of lobsters. I bhave in another place expressed my opinion
that this is a subject which possibly in the future may prove a very
important aid to our lobster-fisheries. The exceedingly simple man-
ner in which the artificial raising of lobsters can be carried on seems
to encourage people in different places to muake experiments in this
direction. Mr. Hansen, a merchant of Akrevig, assisted by Mr. Olsen,
superintendent of schools at Kobbervig, has already made several. 6x-
periments, which, on the whole, have proved successful. Duting my
journey of last summer I visited the place and examined the hatching
apparatus, which bad already produced 2 large number of young lob-
sters. Mr. Hansen bhas determined to make a kind of lobster-park,
where the young lobsters, after their metamorphosis is completed, may
live and develop. I consider these experiments of great importance,
and would like to see Mr. Hansen receive sufficient aid from the gov-
ernment to enable hiin to carry them on on a larger scale and in a prac:
tical manner.

3.—ON DRAG-NET FISHING ON THOE COAST FROM NEVLUNGHAVN TO
TONSBERGFIORD. .

With & view to examine in how far there was any cause for the gov*
ernmeut to take active steps regarding the memorial from the governof
of the districts of Jarlsberg. and Laurvig asking for authority to limi
the use of drag-nets (beam trawls) on the above-mentioned coast, I mad®e
a journey (mostly by boat) along that coast, and staid a few days iB
each of the following places: Nevluughavn, Fredriksvern, Kjerringvigs
Sandefiord, and Bogen. .

The result of mny investigations is briefly as follows: Most of thi®
coast is open toward the sea, with ouly short bays and inlets. Ouly -
three places fiords run farther up the country, viz, the Laurvigﬁofd’
with its branches, the Vigsfiord, the Sandefiord, and the Mefiord. An
investigation of these fiords, in connection with information gatheré
from fishermen, has couvinced me that there are no stationary school8
of codfish in any of them, and that, in this respect, they are like tho
inner portion of the Christiunia fiord and part of the Langesunds fior¢:
The codfish caught in these ‘fiords come doubtless from outside, a2
most of them again return to the sea. It is quite probable that you!
codfish are found on this coast, and I certainly consider the reckles®
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fishing of these yomng fish with drag-nets as hurtful; -but the same
may be said of every other coast; but as the law proposed in the above-
mentioned memorials only refers to fishing in the larger fiords where
the codfish must be supposed to be rather stationary, it would not
apply so well to this coast which is so opeit and unbroken. From what
I have learned, drag-nets are rarely or never used here. Frequent con-
versations with fishermen have convinced me that there is no general
dissatisfaction with this kind of fishing-implement, which is scarcely
known here, but that there are complaints of an excessive use of hooks
and lines. With the exception of the Christiania fiord, drag-net fishing
has ouly been carried on to any extent in and near the Langesunds
fiord, chiefly owing to local causes (the many quiet shallow inlets with
¢ven, saudy bottoms), which have made the use of this net more conven-
ient Lere than on the other portions of the coast, which, both on account
of the nature of the bottom and the open or unbroken character of the
coast itself, is scarcely suitable for any extensive drag-net fishing,
Under these circmnstances, I see for the present no necessity for the
government to take any steps in the matter, and from another reason 1
would most decidedly advise unot to make any law at least for the
Present. During my stay on the Langesunds fiord I learned that the
regulations made in former times regarding the limitation in the use of
the drag-net in the Langesunds fiord and its neighborhood, which are
fully justified by local circumstances, do by no means produce the
intended result, for I was told that drag-net fishing is carried on now
o the same exteut as before the law was passed. This is easily ex-
blained by the fact vhat there is no supervision whatever, although such
Supervigion is absolutely required, since drag-net fishing is chiefly going
on during the night or very early in the morning (before the break of
day). Before there can be any talk of more rigid regulations of the
drag-uet fishing ou coasts where the carrying out of such regulations
would be doubtful, there must be some guarautee that these rogulations
are really observed, at auy rate in those places where there is urgent
Necessity for such regulations. If this is not done, such rigid laws, far
from doing any good, will do positive harm, as the moral influence on
the sense of justice of the common people will be very bLad, if there are
aws which only exist on paper and can be transgressed with impunity

at any time.

IIL

EXTRACTS FROM PROF. G. O. SARS'S REPORT ON THE
NORWEGIAN ATLANTIC EXPEDITION OF 1876.

1.—ZOOLOGIOAL OBSERVATIONS,

Among the various scientific problems to be solved by this expedition
he mogt important was the examination of the biological condition of
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those portions of the sea through which its route lay. The expegition
was well supplied with all the necessary apparatus (bottom-scrapers,’
or dredges, trawl-nets, sieves, &c.), all according to the most recent Eng-
lish models ; also a considerable quantity of cordage of different thick-
ness, a8 well as heavy iron weights for keeping the apparatus on the
bottom. A large number of glass jars of every size and quality, from
small tubes to cylinders measuring one foot in diameter, were also on
board, as well as a considerable quantity of spirits of wine for preserv-
ing the specimens which would be collected. )

In order to take the best possible care of the zoslogical material ob-
tained by the above-mentioned apparatus, and in order to make those
preliminary observations which are of great importance for all future
observations, it was thought best to have as many zoslogists as possi-
ble on the expedition, as well as an experienced draughtsman. The
zoblogists were: Dr. Danielsen, Mr. Fricle, and Professor Sars, and the
draughtsman’s place was filled by the well-known landscape-painter,
Mr. Schiertz, whose skilled pencil and unusually sharp faculty of obser-
vation proved of great use to the expedition. He has produced a series
of masterly colored sketches, which will form a great ornament to those
zodlegical treatises which are going to be published as one of the results
of the expedition.

The zodlogical work had been distributed in the following manner:
Dr. Danielsen, assisted by Dr. Koren, was to observe and describe the
echinoderms, gephyreans, and the coral animals; Mr. Friele, the mol-
lusks 3 Dr. Hansen, the annelids ; and Professor Sars, the other classes—
crustaceans, pyenogonidm, the polyzoans, hydroids, sponges, and those
lowest orgauisms forming the connecting link between the animal and
vegotable kingdoms (foraminifers, radiolariar, and diatoms). Professor
Sars was also to wake those observations which referred to the salt:
water fisheries.

Every one of these gentlemen is now, and has been for some tim¢,
employed in working up his part of the material. But as this is exceed-
ingly rich, it has not been possible so far to finish the observations and
give a detailed report. As all the special results will, moreover, go into
the general report which will be published at the close of the expedition,
it will suffice in this place to give a brief account of the manner in which
the biological part of the work has been done, and give some of the
more importaut general results. It must be remembered that these ob-
servations, made far out in the open sea from a comparatively small ves:
sel, and at a depth of nearly 2,000 fathows, are, even under the most
favorable circumstances, counected with very great difliculties, an
take up cousiderable time. If, in spite of the long-continued unfavor-
able weather, a very large‘quantity of zodlogical material has been cok
lected, this is chiefly owing to the zealous and skilful supervision of thf’
work by the second officer, Lieutenant Pecttersen, into whose charge it
had been given by Captain Wille.



SALT-WATER FISHERIES OF NORWAY. 683

During the expedition the dredge was used sixteen times; the trawl-
net, twelve times; the two combined, twice; and the swab, once. Al-
together, not less than thirty-one separate ‘hauls were made, and of
these only very few were entire failures, while most of them yielded
very satisfactory resnlts. Besides this apparatus, the surface-net has
been used very frequently for the purpose of examining the pelagian
animals living near the surface. The dredge has also been used from
boats in the Sognefiord, near Husd, near Thorshavn, on the Faroe
Islands, and in the bay of Reykjavik. Without specifying the numer-
ous animals brought up from the depth of the sea in this manner, it
must be said that of nearly all classes new and interesting specimens
have been obtained, extensive descriptions of which, accompanied by
plates, will be published.

The greatest depth reached during the expedition was 2,000 fathows,
about half-way between Norway and Iceland, and several hauls were
made at a depth of upward of 1,000 fathoms. The zodlogical observa-
tions were begun in the Sognefiord, where the considerable depth of
630 fathoms was reached, the greatest depth which had ever been
examined near our coasts. Here the usual deep-water fauna was found,
well known from former investigations, especially those of the Hard-
angerfiord, although several very rare specimens. were also obtaiued ;
among the rest, a well-preserved specimen of the species Brisinga, given
})y Asbjoérnsen (Brisinga coronata, G. O. Sars), several specimens of the
Interesting Gephyre Priapuloides bicaudata, Danielsen, hitherto only ob-
Served near Vadso, and large numbers of a beautiful red crustacean
With brilliant eyes shining like gold, formerly ouly found in very small
Rumbers, Munida tenuimana, G. O. Sars,

The observations became more interesting when the expedition reached
the barrier stretchin g at some distance from our western coast, whose out-
ermost houndary is the so-called *sea-bridge”—(Havbro). Here begins,
below a depth of 300 fathoms, the cold area or Polar Sea deep, which
llitherto has been but little explored, It has a bottom-temperature of
00 to—1.60 C., and the fauna in accordance with this temperature has
2 Yery peculiar character, entirely different from that of our southern
aud western coast. Seventeen of our hauls were made in this cold area,
And from these a tolerably correct idea may be formed of the peculiar
Physical and biological condition -of this region. All over the large

®Pression which occupied the greater portion of the bottom of the seg

etween Norway ou one side and the Faroe Islands and Iceland on the
othel‘, the bottom at a depth of more than one thousand fathoms seems
0 Consist of a peculiarly loose, sticky, light, almost grayish-white clay,
Which contains a great deal of lime, and, after being washed or sifted,
Proves to consist almost exclusively of shellg of a very low organisin,
2 foraminifer, the Biloculina. The expedition therefore called this deep-
Wa‘FeI‘ clay “biloculina clay,” to distinguish it from that kind of clay
Which is found in the warm area at a great depth in the Atlantic, and
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which from a totally different foraminifer is called “@lobigerina.” The
biloculiva clay contains a great deal more lime than the globigerina
clay of tho Atlantic. When acids are mixed with it, gas develops very
freely, and when pressed and dried, it soous turns into a very hard and
compact limestone. We see lere a complete lime or chalk formation
during its period of growth, and its fauna also shows distinct traces of
its ancient origin and its near relation to the remnants of organisms
preserved in the fossil-bearing layer from the end of the Secondary
Period.

We must here mention a beautiful stone lily (Crinoid) which meas-
ures a span in length, and is probably quite new, of which many live
specimens were obtained, and which shows an unwmistakable similarity
to some of the oldest fossil forms of this group of animals, which is
now almost extinet; also a very peculiar and interesting animal of the
holothurian kind, enormous chalk-sponges, large nummbers of a new and
very peculiar pycnogonide, and a remarkable blood-red crustacean with
integuments as thin as paper (Hymenscaris), besides several other new
crustaceans. The mollusk which is most frequent in these parts is
the Siphonodentalium vitreum, M. Sars, so characteristic of the older
glacial clay, which. on our coasts is ouly found alive in the northern-
most part of Finmarken. Although the fauna of this great deep is of
special interest from a zodlogical and geological point of view, it is on
the whole rather monotonous. But where the bottom begins to rise
toward the banks, a great difference may be noticed. At a depth of
400 to 900 fathoms, but still within the cold area, we find an exceedingly
rich and varied animal life. Contrary to what might be expected from
the low temperature prevailing here, we find, in comparison with our
coast-fauna, no deterioration of animal life, but a remarkably luxuriant
fauna showing itself in the numerous and varying animal forms, and in
the comparatively cologsal size which some of them reach, one of the
polyps (Umbcllularia) taken here measuring fully four yards in length.

From the specimens taken by the dredge, the trawl-net, and the swab,
an approximate idea may be formed of the peculiar character of the bot-
tom in these parts; forests of peculiar treelike sponges (Cladorhiza)
cover large portions of the bottom. Between their branches are seed
magnificent medusa-beads (Euwryali) and gandy-colored animals of the
Antedon kind, also different crustaceans; amongst the rest the fantasti-
_cally shaped Arcturus Baffini, well known in the Polar Sea, and 1azy
pyenogonids, some of them of enormous size (measuring a span between
 the poiuts of the feet), crawl about between the branches sucking their
organic juices with their enormous beaks; also a large number of fin®
plant.like animals (polyzoans and hydroids) which live among the dead
trunks and Lranches which have been deprived of their organic bark:
substance. On the open plaius amoung these swamp-forests, beauntiful pur”
ple-colored sea-stars (Astrophyton) and long-armed snake-stars (Ophiura)
may be seen, as well as numberless Annelides of different kinds; crustd



SALT-WATER FISHERIES OF NORWAY. - 685

ceans are swarming everywhere, long-tailed decapods (Crangon), finoly
built musid® (Erythrops, Parerythrops, Pscudomma), large numbers of
amphipods (Anonyz) and isopods (Mumiopsida). Like tall pine-trees ris-
ing above the lower forest trees, the gigantic umbellularia tower above
all the rest with their straight trunks and beautiful tops garnished with
fringed polyps. The light of day does not penetrate into these depths,
but the animals themselves illnmine these submarine forests, as nearly
all of thewm are phosphorescent to a high degree, having the facuity of
fmittiug from their bodies a very strong bluish, greenish, or reddish
ight,

Wheuever the dredge or the trawl-net reached this region, which from
its most characteristic animal form may wel-be called the region of the
umbellulatia, rich zodlogical results were obtained, and in most cases a
day was too short a time to examine and-preserve all these treasures
bI‘Ought up from the deep. Higher up, ata depth of 200-100 fathoms,
and at a distance of 10-20 (Norwegian) wiles from the coast, the long-
Stretched barrier commences, which, so to speak, forms the foundation
ou which our country rests and which separates it from the so-called
Polar deep. Thisbarrier generally commences with a hard stony bottom,
and our dredgings were thercfore connected with considerable diffi-
Culties. Namerous bounlders, whose smooth round shape shows distinctly
that once upon a time they have been exposed to the powerful influence
of great masses of ice, are scattered about on the very uneven bottom,
Consisting of firm rock, and hinder the operation of the dredge or stop.
Up its opening, so that in most cases only very imperfect specimens of

the fauna of this region could be obtained. This fauna hasa very differ-
€t character from the preceding one, and resembles more the usual
Coasg fauna; but it seems to be a rule that at this very point, the edge
Of the bamer, it is richer than nearer the coast, which seems to agree
Vith the great wealth of fishes known to exist in these regious from
Olden times,

Ifin conclusion we combine all the physical and biological conditions—
f which only a very superficial idea has been given here—in the por-
tons of the ocean traversed by our oxpedition, the deeps surrounding
Oup country may from a physiographic and zodgraphic point of view be
divided jnto two very different regions, viz, the warm and the cold area.

he former embraces the whole Skagerak aud the North Sea and far-

€r north tlhe sea uear our coasts. till within a distance of 10-20 (Nor-
Wegmn> miles, including all the fiords, and extends north to the north-
Crnmost point of Finmarken, The cold area begins where the Lottom
Slants from the banks towards the great outer deep, extends in a south-
erly dire ‘ection as far as the heights of Stadt, and continues in a south-
Westerls direction in the shape of a narrow wedge between the Faroe
Slands anq the Shetland Islands to the 60th degree of northern latitude.
OWards the north tbe cold area extends to the North Pole, which is its
Centra) point. This area has been examined by the expedition at one
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of its southernmost points, where it was found throughout to be very
sharply defined from the warm area. The farther north one goes, the
less marked does this houndary appear, as the cold area gradually rises
from the deep, until in the Polar Sea it is even with the surface and
then also occupies the littoral region, thus entirely excluding the warm
area. The inner connection with the above-mentioned peculiar physical
conditions of the seas surrounding our coast has been made a great deal
clearer by the experience gathered during our journey, and an import-
ant contribution has been made to the meteorology of the sea in general.
A further explanation of these purely physical conditions is also of the
greatest importance to zoblogists for the better understanding of the
different; biological conditions of the sea; but as such an explanation
belongs to the physico-meteorological observations, we shall confine
ourselves to the purely zoological side of the question.

The character of the fauna in the cold area is purely arctic or glacial
without any southern specimens whatever, and some of our varieties
bave already been identified with those gathered in the Polar Seas by
the Swedish, German, British, and Awmerican Polar expeditions. In @
higher latitude these animals, which in the sea traversed by us live only
below a depth of 400 fathoms, and are therefore essentially deep-water
varieties, live in comparatively shallow water, even up to the surface of
the sea. This interesting fact seems to confirm the opinion expressed
by several naturalists, that the distribution of animal life in the sea i8
chiefly dependent on the temperature, whilst the depth has but little
influence on it. The purely arctic fauna found on our coast during the
glacial period, and which has left its traces in the older glacial shell”
banks, was gradually forced to retreat towards the deep, and this was
chiefly oceasioned by a change of temperature, which of course Would
be less perceptible in deep water. The place of this arctic fanna wa8
then taken by animals immigrating from the south. In the deepest
waters of some of our long and narrow fiords a remnant of this orngmal
arctic fauna may yet be found., But it evidently ekes ount a miserable
existence, which is sufficiently proved by the small size and crxppli"d
appearance of the animals. Their ultimate extinction is probably only
a question of time. After the temperature of the sea has been studi¢
more thoroughly, this can be fully explained from purely phy gicd
causes ; for the influence of milder climatic conditions bhas finally also
reached these deep waters of our fiords, so that ¢ven at a depth of 65
fathoms the average temperature is + 6° C., a temperature which mus
certainly have a hurtful influence on the lxte of these arctic animal®
The temperature outside of our sea-banks, even at a much lower depths
has, however, remained the same as it was in the glacial period here a8
well as.close to our coasts. And we consequently find here, althoug
remarkably far south, no sickly or crippled arctic or glacial fauna, bu
one fully as quurlant; as that of the Polar Sea.

The light which met;eorology will be able to throw on some d8f¥
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phenomena in the development and distribution of animal life, and
likewise the great aid which purely biological facts may furnish to
‘meteorological investigations, make it desirable that these two sciences
seemingly so different in their character should no longer remain
strangers to each other, but should form an intimate union for the pur-
Posu of each contributing its share towards the scientific solution of
several hitherto unexplained physical and biological problems which
have greatly perplexed the man of science.

2—INVESTIGATION OF THE SALT-WATER FISHERIES.

s Besides making strictly scientific investigations, it was likewise in-
tended to observe, whenever an opportunity offered, everything which
wight have a bearing and throw some light on our important salt-water
fisheries. As Professor Sars bad studied our fisheries for a number of
years, he was commissioned to make these investigations. A number
of Qifferent fishing implements were therefore furnished to the expedi.
tion ; e. g. hooks and lines and floating nets with different sized meshes.
These implements could of course only be used in favorable weather,
When the sea was tolerably smooth, which it was hoped would be the
case at least part of the three months of the best season of the year oc-
cupied by this voyage. But the weather was unfortunately exceedingly
unfavorable all the time, so that these fishing implements conld scarcely
be used at all. From the same reason another important apparatus
for measuring the current, chiefly intended for physico-meteorological
.0‘b8ervatious, could not be used. During the few days that the expedi-
tion enjoyed fair weather, it was too near the coast to make these inves-
tigations specially interesting.

Although the weather placed insurmountable hinderances in the way
of the alove-mentioned observations, several facts were nevertheless
gaiued, which, in Professor Sars’s opinion, are of importance and will
8erve as guides in fauture practical and scientific investigations of our

Sheries,

The soundings show that there are several fishing-banks near our
°°_ast which lhitherto have been entirely unknown, and where rich fish-
Sries might be carried on during the summer months. )

The so-called * Storegg?” off the coast of tho Romsdal District has
from time immemorial been famous for its immense wealth of fish, and
t!lere are mysterious traditions that this is not the only point where
Similiar extensive fisheries could be carried on, but that there were
Other ricl fishing-banks far out in the ocean, “if people only were fortu-
Rate enough to find them.”
ex,g;i mysti(? idea of thg “ quer ”, sea-bltidge, ha§ })een to a great

explained by the investigations of this expedition, The ¢ Stor-



688 REPORT OF COMMISSIONER OF FISH AND FISHERIES.

egg” is nothing else but a portion of the edge of that long barrier which
forms our western boundary towards the cold polar deep. The natural
reason why that portion of the barrier has been known for so long a
time, without, however, leading to any correct knowledge of its exact
nature, is this, that here the polar deep approaches nearer to the coast
than at any other point, forming a very distinet bay. Even during the
soundings made from the steamer IIansteen a new portion of the northern
continuation of this edge was found, and its existence at several other
points has now been proved, as well as the fact that both farther south
and farther north it recedes from the coast to a distance of 20-30
(Norwegian) miles. Although this is not the case everywhere, the gen-
eral rule seems to be that the bottom near the outer boundary of the
barrier before sloping toward the great outer deep, rises a little and
assumes & hard stony character, exactly like that of ¢ Storegg.”

The first line of soundings running from HusS in a northwesterly
direction struck this edge at a distance of 20 miles from the coast (sta-
tions 16 and 17.)* The bottom, which had so far been soft, suddenly be-
came hard and stony at a depth of 221 fathoms, and continued 80 even
after it had fallen off 70 fathoimns toward the outer deep. That the bot-
tom here sloped off very abruptly was proved by the circumstance that
at the next station the cold area was reached at a depth of 412 fathoms,
ard a bottom temperature of —1.30 C. Farther north, on the heights of
Trovdbjem, at a depth of 190 fathoms, and likewise on the boundary-
line between the cold and the warm area, a similar edge of rocky bottom
was discovered, falling off abruptly toward the west (station 89t). Siwi-
lar discoveries were also made in the other portions of the sea traversed
by the expedition.

Northeast of the Iaroe Islands, and at a considerable distance from
the same, the expedition was, in spite of the very unfavorable weather,
fortunate enough to strike the outermost edge or the most northeasterly
point of the long-stretched Faroe bank (station 38),7 from which its ex
tent and configuration could be somewhat determined, and the nature
of this point seems to be very similar to that of the ¢ Storegg” By tbe
line of very careful soundings made from the Namsemfiord in a westerly
direction, the existence of a hitherto unknown and very sharply marked
cross-bank of considerable extent was proved; this bank extended at 2
comparatively short distance from the coast, at a depth of only 62‘9?
fathoms, and had a hard bottom (stations 63, 64, 65§). Outside of th1S
bank the bottom sloped off very imperceptibly towards the great deeps

* Tho exact Jocation of these points is given from the journal of soundings. Stutiol‘t
16: latitude, 62°23.9; longitude, 2°17' cast of Greenwich. Station 17: latitude, 62° 33
longitade, 2° 4’ east of Greenwich. ’

1 Station 89: latitude, 64° 1'; longitude, 6° 7.5’ east of Greenwich.

1 Station 38: latitnde, 62° 57.4°; longitude, 3° 47 west of Greenwich. .

§ Station 03: latitude, 64°41.3"; longitude, 9° 0’ east of Greenwich. Station 64: lats
tude, 64° 42; longitude, 8° 50’ cast of Greenwich, Station 65: latitude, 64° 42.5'; long!
tude, 8° 39’ cust of Greenwich, ' '
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but nothing liko the ¢ Storegg” could here be discovered. It must like-
wise be meutioned that in the outer portion of the Sognefiord an exten-
sive platead was discovered with hard stouy bottom and sloping both
towards the coast and towards the deep (depth from 260 to 211 fathoms).

There can be no doubt that all the above-mentioned places are excel-
lent fishing-stations. Wherever at some distance from the coast similar
banks are found with hard or stony bottom, there have always been large
Quantities of fish, and although all attempts made during the expedition
to attach o short line and baited book to the plummet proved fruitless,
honegative conclusion must be drawn from this very unpractical method
?)f investigation, which under the circumstances was the ouly one possi-

le. '

The kinds of fish found on the banks are cbiefly ling, cusk, halibut,
and large codfish, the so-called bank codfish. Professor Sars has in
bis former reports to the department expressed his opinion that the so-
called banlk.codfish is not a different fish from the well-known winter |,
codfish which comes to our coasts in winter and the beginning of spring
for the purpose of spawning. The views formerly entertained of the
Wigrations of the codfish from distant seas have Leen entirely abandoned
by the professor, after he had thioroughly studied the nature of this fish,
and the experience gained during this expedition has only served to cor-
Yoborate his opinion. According to Professor Sars’s opinion, all the cod-
fish which visit our coast during the winter and which form the object of
. Our most jimportant fisheries are during the rest of the yoar found ozly in.

bat portion of the sea whose bottom forns the barrier towards the outer
B(’]m‘ deep as especially the outer side of this bartier (the so-called

Haviro ”) with its richly-developed animal life and the favorable char-
Acter of its hottom forms a convenient place of sojourn for enormous
Dumbers of codfish.

It is entirely different with another very important fish, the Lerring:

ere the investigations mado by Professor Sars bave led him to the-
OPposite view. While the cod is a genuine bottom-fish, and as such de-
bengept on the nature of the bottom and the different depth of water,
. eherring is in its whole charactera genuine pelagian fish, and thergfore
dependent of depth of water and the nature of the bottom, but influ-
Sliceq by the physical and biological conditious of the water near the
sl.lrface- As these change a good deal, this kind of fish had to be fur-
E‘Shed with the means of quickly reaching the most .fuvorub]e portions
ol the sea. The berring is therefore distingunished from the cod by its

€8aut compressed or wedge-shaped form, which enables it to shoot

Yough {he water as swift as an arrow and travel loug distances in a

*Wparatively short titfe. .
Snri?e prof'essor, althoueh not Fakmg the old-fashioned Tﬂew that t}le
Cline‘g be_rrmgs come from the 1ce-c(_)vered sea near the North .Pole, in-
joup 3 to .the opinion that the herring updertakes long and irregular
“@ﬁ in the open sea, not only when it comes to the coast for the
4p .
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purpose of spawning, but all the year round. The distribution of the
herring in the sea is dependent on the distribution of the small marine
animals which form its food. These are all pe]a.gian'animals, chiefly
small crustaceans which keep more or less near the surface and are well
known to our fishermen by the name of “aat”” Ouly when the herring
comes to the eoast in winter for the purpose of spawning, its migrations
are, to begin with at least, independent of the occurrence of * aat.” Tho
rest of the year the schools roam about in the outer sea, chiefly seeking
that portion where at different times they find the best supply of food.
The great schools of herrings may therefore at the approach of winter
or when the development of their generative organs drives thewn toward
the coast in order to spawn there, be quite naturally either at a shorter or
Ionger distanee from their spawning places, jast according to the quan-
tity of food found in different portions of the sea. The professor thinks
that this circumstance chiefly canses the fluctuations in our spring her-
ring fisheries. As the migrations of the young herrings commence long
before roe and milt are matured, the great mass of herrings, if near the
coast at this time, would reach it so early that they would be obliged to
stay here a longer time, and thus naturally get nearer the coast, enter”
ing tho fiords and inlets. In the opposite case, if the mass of herrings
should at that time be at a considerable distance from their spawning
places, such a long period of titme would elapse before they reached theses
that the spawning process could be performed immediately on theif
arrival. The herrings would in that case stay only a short time near
the coast, and the spawning would chiefly go on on the outer and less
accessible banks ; in other words, the spring herring fisheries would b®
.of very short duration or prove an entire failure.

This in brief is the theory which Professor Sars advanced sevel’ﬂl
years ago, after having carefully cxamined our coasts, as the only po¥
sible scientific explanation of the remarkable irregularities which is
course of time have been observed in the spring-herring fisheries. Ther®
wero however at that time but few facts to support this theory. Sailof®
and {ishermen had occasionally spoken of large masses of herrings which
showed themselves far out in the open sea immediately before the spriné
herring fisheries commenced ; whilst others had at ditferent seasons
the year observed large masses of small crustaceaus in various parts 0
the sea. Regarding this last-mentioned phenowmenon we likewise hi}"e
:the testimony of reliable naturalists (Kroyer), and from the very 1)01“"0,rl
.of the sea which is chiefly concerned here. But all this information !
.too scattered to prove in an incontrovertible manner that the open ?e
s really a fit place of sojou’m for the enormous masses of herrings Whi
-come near the coast at different seasons of the year. 1

“Professor Sars considered it as one of his most important objects .oh
this expedition to examine the distributiou of the ¢ herring-food.” ¥ l_tll
.this view he examined the sea almost every day, frequently sevglls
times a day, with the surface.net. The results of these investigatio”
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entirely confirmed his previous supposition regarding this matter.
Daring the whole voyage from Norway to the FFaroe Islands the sea
was everywhere filled with enorinous 1uasses of the so-called ¢ red her-
ring food” (almost exclusively Calanus finmarchicus), which are well
known as the favorite food of the herring; and it deserves to be men-
tioned that the quantity of these animals secmed to increase the farther
we got away from the coast and reached its height at a distance of about
twenty miles, Besides these animals we likewise observed oceasionally
farther out at sea another kind of a beautiful blue ¢ herring food? (Pon-
tella Pattersonii), which seemed to belong more to the Atlantic,and which
in contradistinction to the former might be called ¢ mackerel [00d,” as
it probably forms the principal food of the mackerel at those seasons of
the year when they are not near the coast. This ¢ food” is also occa-
sionally found among the ¢ red herring food ? near the coast, especially
during rich summer-herring f{isheries. When the expedition took a
northerly course from the I'aroe Islands towards Jeeland, it was very
Striking that the food seemed to have disappeared from the sca alinost
entirely. The water bad at the same time assumed a very different
color. While from Norway to the Faroe Islands it had a decp blue
color, it now had a light grayish-green color. This peculiar circum-
stance, whose definite explanation has not yet been found, but with
which the different currents of the sea have certaiuly something to do,
seems to Le closely conuected with the ocenrreuce of the ¢ food,” and
will form a subject of investigation for the next expedition, Professor
Sars says that he had a very excellent ehance to obscrve this phenom-
enou from liis state-room, whose window was on a level with the water.
Whenever the waves covered the window his whole state-room was
f""merly filled with a dark blue light, whilst now it was a biight
greenish light. This color remained as long as the vessel was in lce-
land waters, and Lere the sea did not coutaiu any food whatever. Only
%hen on our return voyage wo approached the coast of Norway the sea
again showed its blue color and was full of ¢ fo0d.”

It.must, however, be supposed that the conditions observed during
Our voyage are not always the samne, as some reports say that the sea
Bear Iecland is peculiarly rich in ¢ food.”” It seems as if the steady
“:F'Stﬁl‘ly gales which prevailed daring the expedition, in conncction
2;}11 the strong eastward current, had brogght the great masses of

00d” pearer to the coast of Norway. If this ghould really have been
the case, which, however, can scarcely be proved conclusively, it won'd,
It connegtion with Professor Sars’s theory regarding the migrations of
the herrings, be an indication that the spring-herring fisheries would
;lugtaéi]u b(f Sfl?cesst‘lll in the neaz fufx{re.“ hl)trl‘l.];li' fl.JO (;?,nlsi)d(j}'ed as .abso.
Ol\uz certain that wherever t ‘ch is )1'(. Tl ‘c,' ood ” herrings will I{e
by a . A'lthoug';h t!lCI‘O was unfortunately no (,h‘.u]ce to corroPox'f1t<a .tlns
,wGrelrlt)ect mvesngat:ons‘made by means of ﬁoutlpg nets, the indications

¥ no means wanting that there were herrings where the ¢ food”?
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was most plentiful. Not a few whales were noticed in these localities,
also a large number of sea-birds, and at a considerable distance from the
coast, near stations 75 and 76,* large brown spots could be observed in
the sea resembling extensive alge-bottoms, which, however, on close
examination proved to be enormous masses of closely packed * food,” ou
which the Procellaria glacialis, the constant companion of our voyage,
was feeding to its heart’s content. It is evident that these enormous
masses of ¢ {00d” bad not come here accidentally, nor could it be sup-
posed that far out in the open sea the current alone could have doue it.
It is much more probable that the schools of herring bad chased it here,
and that under these brown spots there were dense masses of herrings.

1t was very unfortunate that unfavorable circumstances did not allow
the use of floating nets, by which the oceurrence of the herring in the
open sea could easily have been proved. Itis to be hoped, however,
that the next exhibition will be more successful as regards the weather,
and that the herring question will be made more of an objective point,
all the more as tho expedition will go farther north, . e., nearer those
waters which Professor Sars considers the home of the spring-herring
and the great-herring,

1V,

PRELIMINARY REPORT ON THE ZOOLOGICAL OBSERVA-
TIONS MADE DURING THE SECOND NORWEGIAN POLAR
EXPEDITION OI 1877.

The expedition left Bergen on the 11th of June and returned to that
place on the 23d of August, and therefore lasted about three months.
Its outfit was about the same as during the preceding year. The 20
dlogical personnel was also the same, with the sole exception that Dr. G-
A. Hansen accompanied the expedition as passenger, and during tbe¢
first month also as zodlogist instead of Mr. IL Friele, who was detained
by Lis business and only joined at Tromso. ’

Different from last year, the weather was nearly all the time unusually
calm, with northerly wind and a comparatively smooth sea, so that evel
the finest microscopie observations could be made on board. In conse”
quence of tho favorable weather the number of working-days was #
great deal larger than last year, and the number of stations, which nad
been ninety-five last year, was almost twice as large.

This expedition investigated a considerable portion of the Norther?
Sea, viz, from the height of the Vigten Islands (65° northern Jatitude)s
which were reached last year, as far north as 713° northern latitudes
and as far west as 113° western longitude. Lleven different cross-lines
were followed in different heights, and some of them a very considerabl®

*Station 75: Latitude 64° 47.2' ; longitudo 7° 13 cast of Greenwich: Station 76¢
Latitude 64° 47.4’; longitudoe 7¢ 3.6/ vast of Greenwich.



SALT-WATER FISHERIES OF NORWAY. 693

distance from the coast. Two of these lines go across the Northern
Sea, or across 20-24 degrees of longitude. Observations have also been
made at other points wherover there was anything of interest, thus in
Some of our deep fiords, the Saltenfiord, the Westfiord, and the Ulfs-
fiord north of Tromsd. Our stay on the isolated voleanic island of
Jan Mayen, which lies far out in the Northern Sea, was of the greatest
interest both from a physical and biological point of view. We spent
a week on this island, examining its fauna, flora, and geology, as well
as the surrounding sea. The results obtained by these observations
Will throw light in inany directions and extend our knowledge of the
Nortlhern Sea, with its peculiarly grand scenery.

The dredge was altogether usad twenty-nine times, and the trawl-net
eight times (occasionally both combined), and in most cases with a very
Satisfactory result. Of all the hauls, twenty-four were made helow 200
fathoms, fourteen below 500 fathoms, and six below 1,000 fathoms.  The
8reatest depth reached was about midway between Norway and Jau

I"*.Yen, about 2,000 fathoms. 1Iaals were made {rom on board the ship,
Voth here and at Jan Mayen, and at differcut points of our northern
Coast; but quite frequently haulswere alsomade from a boat ; and impor-
tant gdditions were made to our knowledge of the arotic coast fauna.

herever there was a chance, the surface-net has been used, and a num-
er of important observations have been made in this manner.

) I bave already in wy last report directed attention to the interesting
fact that the bottom of the Northern Sea as far as the 60th degree of
titude cinbraces two faunas totally different in their character, the one
of Purely arctic or glacial origin, the other chiefly containing southeru
Aimgls, It bas also been mentioned that each of these faunas has its
disﬁllctly-deﬁned area at the bottom of the sea, without regard to the

bgreo of latitﬁde, and often side by side, corresponding with the two
I’hSSieally clearly-defined arcas, the warm and the eold. Wherever the
0ttom of the sea outside the outer banks slopes oft 300400 fathoms,
lfcdeol)-x\'ater fauna of our coast-waters suddenly ehanges to the entirely

Werent ang peculiar glacial fauna represented by gigantic and laxari-
Qutly developed animal forms, some of which have been already' ob-
Serveq, but, only very far north in the ice-filled waters of the polar regions.

bis characteristic glacial fanna was of special interest to us, and i
‘Flelded the most important scientific results. These results have
Mereqgeq by our continued investigations of the cold area, and many
Dew ang interesting animals have been discovered. Our knowledgo of

18 gonaral character of the deep-water fanna, of its relation to the

Aunas of other seas, and of the physical conditions on which the distribu-

o0 of animal life at the bottom of the sca depends, has likewise been
8reatly increased.
0 the extensive area of the Northern Sea, which was iuvestigated by
Juring this expedition, we found below a depth of 800 fathoms the
1ght Plastie bilocalina clay with its limited but to a high degree pecu-

g
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liar and interesting fauna. The richest development of submarine
animal life was always found in those places where the bottom began
to rise from the great deep toward the banks, especially where
it rose abruptly and wbere the clay was more or less mixed with sand.
Here is the home of the colossal Umbellularvize, and associated with
them we generally found a large number of different gaudy-colored ma-
rine animals, which give this whole region its peculiar churacter. This
year we likewise obtained some very fine specimens of Umbellularia, bat
neither as many nor as large ones as last year, which seews to indicate
that it is coufined to certain localities.

An examination of this region yielded several new and interesting
specimens, especially Iichinoderms, Actinia, and Mollusks. It was of
special interest to us to discover here such highly-organized animals as
fishes. In one of our hauls (station 124) two different kinds of &
peculiar arctic fish, Lycodes, were caught at a depth of about 400 futhoms
and a bottom-temperature of 0.90 C.; one of these fish had hitherto only
been found in the Polar Sea, and the other was entirely new. Ouar dredg:
ings did not always yield such good results. Not unfrequently we
found even in the Umbellularia region unusually poor and barren places,
a kind of submarine swamps, where the dredge like an anchor sank
deep into the mud, and was quickly filled with a peculiar sott, toughy
bluish clay containing scarcely any sand. Wherever the bottom was
of this character we were prepared for poor hauls, The difficult and
wearisome examination of this tough c¢iay produced only very few and
low animal forms, often nothing but a few Lumbrincreis and a peculia®
Sipunculide already observed last year, which seemed to flourish here, a8
we found them in larger numbers and of greater size than anywher®
else. There is no doubt that the nature of the bottom plays a much
more important part in the distribution of marine-animal life than ha$
hitherto been supp8sed. The experience gained during oar two esp®’
ditions furnishes convineing proof that even the slightest change in the
composition of the bottom produces a very nhoticeable change in tho
character of the fauna. The different* depths which forlnerly were
thought to have a great deal to do with the character of the funna, seems
to have much less influence on it, as our observations have proved tha
one and the same animal may be found at very different depths, if onlf
the nature of the bottom and the temperature remain unchanged. .

As I remarked in my last report, the boundary of the cold are? i8
found in the southern portion of the waters examinéd by us at a dept?
of ubout 300 fathoms. It might e expected that this boundary, the
farther north we get, will gradually rise higher, as in the farthest nort
the cold area embraces the whole sea from the bottom to the surfac®
We were therefore at first surprised not to find the cold area near Ves;
teraalen, until we reached a depth of 400 fathoms, therefore even deel?‘fr
than where we had found it six degrees farther south. This peculi?

. . s . o 4
circumstance, and the corresponding unequal distribation of animal i
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at this point, was satisfactorily explained by the unusually abrupt slop-
ing of the bunks toward the outer deep and the exposure of this locality
to the warm northeasterly Atlantic current. Last year already we
observed near ¢ Storegg” a similar very noticeable depression of the
cold area oceasioned by the warmer current flowing back from the
abruptly rising * havbro.”

Similar irregularities in the temperature of the sea, most of which
could be explained by the peculiar formation of the bottom, were ob-
Served farther south near the Vestfiord and the coast of Nordland. But
ag all this belongs more to the physical part of our observatious, I will
Yot dwell on it any more, but will briefly relate bow we found matters
on the opposite (the western) side of the Northern Sea near Jan Mayen.
Just as strange as this island appeared to us with its plains covered with
Ulack volcanic sand, its shallow lagoons, its chief mountain, the Beren-
berg, rearing its crater-shaped summit among the clouds, and its mighty
glucicers sloping toward the ocean, just as strange was the nature of the
Surrounding sea. A few-fathoms below the surface we found ice-cold
Water, and even the temperature of the surfuce-water rarely exceeded a
fow degrees. Thero was consequently scarcely any warm area, and the
cold area predominated. But it must be remembered that we were
Lere under the direct influence of the Polar current. The warm Atlan-
tic current does not extend its beneficial influence to this barren and
Wongtonous island, which the greater portion of the year is covered
With snow and ice and enveloped in tho dense fogs of the Polar Sea.

be Atlantic current passes a few degrees farther south, bounded by
Ue ¢old water of the Polar Sea, toward the more favored eastern portion
Of the Northern Ocean, where its influence is felt as far north as Spitz-
bergeu, which in spite of its more northern latitude, at any rate on its
Westery coast, hag o much milder climate than Jan Mayen.

Correspouding with the peculiar physical condition of Jau Mayen, we
oungd that the fauna at every depth, cven up to the littoral zoue, had a
c-oml)letely arctic or glacial character without any soutbern elements
“hatever. The dredgings made near Jan Mayen were of an exceed-
lugly interesting natare, and gave us a very correct idea of* the rich
Anima] Jife which is found here in spite of the unfavorable temperature
Of the sea. We found a very large number of Echinoderms, some of
them of enormous size and beautiful colors ; likewise different peculiarly-
Shapeq moliusks, among the rest giganticlive speciens of Area glacialis,
80 characteristic of our older glacial period.

It was also of interest to us to find Lere at a depth of 60-80 fathoms
80me of our old acquaintances from the enormously deep cold area far-
ther sopgp, Nearly all animal types were represeuted, not even exclud-
198 fish, The dredge tlus brought up from a depth of 200 fathoms no

©Ss (han three different kinds belonging to those fish found near Green-
Ad. But not only the bottom of the sea but also its surface was full
of anjmq) life, which might be seen from the enormous flocks of birds
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which partly covered the water and partly were busy flying to and fro,
having to feed besides themselves their greedy young ones sitting in
their nests ou the barren rocks of Jan Mayen. By means of the surface-
net we gained considerable knowledge of this pelagian fauna. In cer-
tain places the sea was swarming with the well-known “herring-food”
(Calanus finmarchicus), but most of them three to four times larger than
those on our coast. In other places, we found enormous numbers of a
winged snail peculiar to the Polar Sea (Limacina helicina) moving about
in the water with great rapidity, by means of its wing-like organs of
motion, also specimens of the peculiar transparent ¢ whale-food” (Clione
limacina), the principal food of the Greenland whale. 1t was exceed-
ingly interesting to observe that the surface-water for miles and miles,
especially where the lower temperature indicated the close proximity of
ice, was literally filled with a shapeless organic matter which gave a
grayish-green color to the water. If a fine tulle surface-net was dragged
after the vessel, it could be noticed, after the lapse of a few seconds, by
its resistance, that it had become useless. When taken out of the water
it was found to be thickly covered and its inside filled with a ycllow-
brownish gelatinous slime, ewitting a peculiar organic odor. All the
fine meshes were so completely stopped up that water only tlowed
through with difficulty. Seen under the microscope (magvified 800-
1,000 times in diameter), this gelatinous matter was found to consist of
live protoplasm of the simplest composition imaginable, and aggregated
in irregular large and small lumps. '
Among this protoplasm we found, but only sporadically, diatomic
shells and other microscopic bodies, among them not & few of the pecu-
liar calecareous concretions, coccolites and cocco-spheres, known to us
from the Atlantic deep. Already at our first station to the northwest
of the Vigten Islands we had observed a similar sea-slilne, but not in
such large quantity¢ and the microscopic examination proved that it
consisted exclusively of formed organisms, especially a peculiar diatom
(Chatoceros), each of which has a regular shell terminating in four long
horns, all of them being united in long thread-like chains, Many years:
ago I observed a similar organic slime in the Christiania fiord early in
spring or immediately after the ice had broken ; the fishermen called
it # Gro,” and on closer examination it was found to consist almost ex-
clusively of the above-mentioned diatom. I havelearned later that this
same phenomenon has been several times observed by other naturalistss
especially in the Arctic Seas near Spitzbergen and Greenland, where
this slime gives a peculiar color to large portions of the occan. So f'af"
however, no thorough microscopic investigation has been made of this
organic matter found iu the Arctic Sea. I can,at auny rate, not find any
record of any one having discovered free protoplasm in this slime su({h
as I certainly found in the slime near Jan Mayen. Wherever I find thi3-
sea-slime spoken of, it is said to consist chiefly of diatoms. But whab
gives such great scientific interest to this phenowmenon is the remarkable
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fully-proved fact that at any rate in some cases it may consist entirely
of a shapcless organic mass which certainly in its composition corre-
Spouds with the matter contained in the individual didtoms, but differs
from it in this respect that it has pot yet become individnalized, but
forms an unlimited and shapeless aggregation of protoplasn).

I bave devoted more time to this phenomenon because it is of vast
Significance not only from a scientific but also from a practieal point of
View. This became immediately clear to me, and laying everything
aside I devoted two whole days to a continued and searching micro-
Scopic examination of the above-mentioned protoplasm, in which I way
favored by unusually ealm weather and a smooth sea, our steamer
lying still or floating with the current, as its boiler was being cleaned
at the time. When I made these investigations I certainly did not
know that such a slime had been observed by other naturalists, but
@ven now, after I have studied all that bas been written on the subject,

am convinced that the time spent by me lias not been thrown away, as
the sea-slime near Jan Mayen was of a very peculiar character, and as
this phenomenon will lead to several highly itnportant conclusious which
Will not ouly throw light on the biological condition of the Arctic Sea,
but will also toneh some other guestions of the greatest importauce. I

ope at some future time to give a full account of this phenomenon, and
Of the couclusions which may be drawn from if. I will here ounly direct
attention to the important scientific fact that in this protoplasm we
~ave the simplest imaginable organism, veither animal nor plaut, stand-
Mg far holow both, without shape, without limitation, not even yet
'sel-)arated into individuals, much less having any organs, a shapeless,
l“‘“ﬁ'erent, organic matter, which nevertheless contaius lifo, but life of

€ 8implest and most priwitive kind.

It is well known that in the first preliminary reports of the British
exDeditions a very remarkable ‘and problematic being has been fre-
qu‘?““h‘ spoken of, which was called Bathybius. This Dathybius was de-
Stribeq g a shapeless organic slime which, below a certain depth, was
Supposed to penetrate the loose material of the bottow of the Atlantic,
:};ld Produce its viscidity. But the existence of this‘ uny.sﬁerious being,

Ich for a time created such a sensation in the scientili¢ world, bas
;f)(;ently been doubted by scv.eral. natumlists; and \v}'th vt?ry good rea-
on 1,;bfor the microscopic exafnmamon ot‘.thls bpttom-ﬁluue “.as n.o‘c made
Spe 1€ spot on board the ship, but orf the ret.uru ot.the expedition, on

Clmens preserved in spirits of wine. It is obvious that even the

08t careful and conseientions examination, if made under these eircum.
t“n“es» would easily lead to mistakes; and it has actually been discov-
eec((l)l:lxat; whex.l spirits 01: winel'is_ n)ixz((l)d;:;]i(t‘lllltsie;_,f ':1ter cont‘uiniug
Semmfos,ea animal matter, a ge dt‘;}otl,‘s ~ tI-JI" S O.J‘ned, which re-
Seemg 8 very closely the picture of the La .r{/)ws. Grave zfud, as lt.
» Well-founded doubts bave thus been raised as to the existence of
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any such protoplasm at the bottom of the sea, and the ounce famous
Bathybius is gradually being swept away by the stream of oblivion.

1t is therefore a fact of the greatest interest that just as simple, just
as shapeless, and just as unlimited an organism has been proved to exist
not at the bottom of the sea, but near the surface of the Polar Sea
whose waters are filled with melting ice. The careful microscopic ob-
servations made ou board, and the drawings made of the fresh and liv-
ing protoplasm, will in future exclude every doubt as to its existence.
The Bathybius has thus in a manner been resurrected, although the
nature of the protoplasm spoken of here will make it necessary to give
it another name. The scieutific interest taken in this protoplasm will
be the same as that once taken 1 the now defunct Bathybius.

I said before that this sea-slime would bo of great interest even trom
a practical point of view. I shall return to this subject in the report
which I intend to publish on the practical aud scientific investigations
of the fisheries made during this expedition. It will be sufficient in
this place to direct attention to the circumstance that the very occur-
renco of this organic matter in the aretic waters is the principal cause of
its great wealth of fish, and especially of the large number of individ-
uals of certain species which form the chief objects of our most impor-
tant fisheries, principally pelagian fish, herring and mackerel, but also,
thongh more indirectly, codfish and pollack, in as far as both these fish
of prey feed to a great extent on the two first-mentioned fish.

This is scarcely the place to give a detailed aceount of the many new
and interesting discoveries in the different branches of zodlogy which
were made on this expedition. I will only say in conclusion that if we
review all that bas been done by the expedition iu different directions
we ought to be well satisfied with this year’s results. The practice and
experience gained during the preceding year, together with the favor
able weather and the lively interest taken in the expedition by all it8
participants, have all contributed their share toward its success, and
we are fully justified in expecting that the next expedition, which ijs t0
go out in 1878, will increase still more our knowledge of the physical and
biological character of the Northern Sea.

V.

REPORT ON THE PRACTICAL AXD SCIENTIFIC INVESTIGA"
TION OF THE SALT-WATER FISIERIES, MADE l)URIL‘i
THE SECOND NORWEGIAN POLAR EXPEDITION OF 1877

Although the Storthing (Norwegian Parliament) has for every finad”
cial year appropriated a considerable sum for continning the practic®
and scientific investigations which I have carried on for a number 9
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Years, I thought that the favorable opportunity for making these inves-
ligations offered by onr polar expeditions should certainly be used, in-
Stead of making special journeys which would have to be paid out of
the appropriation. This arrangement has proved very advantageous
both from a pecuniary and a scientific standpoint, as during the last two
¥ears only a very small portion of the appropriation has been used, and
this although important investigations have been made,

It will be remembered that last year already I published the results
of the investigations made by me during the first oxpedition.  During
the second expedition I likewise considered it as one of my most impor-
tant, objects, not only to make strictly scientific zoglogical observations,
Put also to observe everything which might throw more light on our
Muportant fisheries. Among the questions touching the practical fish-
eries (Lere was the exact placing on the maps of the outer bunks (the
8o-called ¢ [Iavbro”), and the searchivg for localities \vhich, like the
famous Romsdal banks (**Storegg”) might prove successful fishing-places,
4s the outer banks generally form the boundary between the cold and
Warm area, and as it was of great importance from a purely scentific
Standpoint to determine the exact boundary, the pligsical and biological
]u\'@stigations had in o measure to take the samo direction as the prac-
tical ana scientitic observations; and we consequently concentrated our
ttention on tho solution of this problem. Ou the cross-lines ruuning
Derpendiceularly toward the coast all these points were carefully exam-
Ineq ; and the stations whicl are closer together bere will also show on

16 maps the conscientious methods of our juvestigations!

It thus beeame possiblo to obtain a tolerably correct idea of the con-

8uration of this whole long-stretehed barrier which on our western and
901‘t11er11 coasts shelters us from the cold area and forms the outermost

Wit of our coast-waters.

If one connects the different stations examined by us on our two ex-
peditiuns, Dy a curved line, at a depth.of abous 300 fathoms, which depth
Wdicates the boundary-line between the cold and the warm area, it will

¢ found that this curve at a different height bas two distinet indenta-
‘Olls.in a northwesterly direction from the coast, and bere the bound.
Y line botween the cold and the warm arca is consequently uearer the
%028t than at any other point.
16 of these indentations in the submarine barrier is oft the coast of
EOInSdal about ten miles from the land, and is bounded by the well-
Showy fishing-station of ¢ Storegg.” The other is four degrees farther
Borth on the outer coast of the Loffoden, and near Vesteraalen, still nearer
the coast, and is bonnded by a similardistinetly-marked barrier (« Iig”),

18« Lofot-egg? or “Vesteraals-egg.” Midway between these two in-

Ctations, northwest of the Vigten Islands, the curve runs again more
hay {orty miles from the coast, and north of Trowsd it makes a very
z;'srl)'s:l‘n‘l?. I't' similar curves are dmwn :“ a depth of «%00, 500, lGOO‘fat-h-
» &c., it. will Do found that at the two above-mentioned places, the
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¢ Storegg” and the ¢ Lofot-egg,” these lines are close together, while
north and south of these places they diverge again. Kven in a curve
of 1,600 fathoms depth the two indentations are distinctly marked.

It follows from this that near Romsdal and the Loffoden Islands, the
submarine barrier slopes very suddenly toward the great outer deep,
while in other places the slope is more gradual. Aund in connection
with this the bottom is of an cssentially different character. Wherever,
the slope is gradual there is a good deal of loose material, elay or mud,
but where it is abrupt there was no chance for any loose material to
gather, and we find generally only firm rock, bowlders, pebbles, or coarse
gravel. It is the very kind of bottom which the fishermen designate as
a good fishing-bottom ; and wherever this bottom is found far out at
sea, there are large numbers of codfish, ling, cusk, and halibut, while
the soft clay bottowm is by no means so productive, and is chiefly inhab-
ited by skates, dog-fish, and similar fish.

The new barrier which we discovered near the Loffoden Islands and
Vesteraalen possesses all the essential conditions for serving as a place
of sojourn for large masses of the above-mentioned important species of
fish ; and vot ouly the barrier itself, but all the inuer coast-waters near
it possess similar advantages. The place where the ¢ Lofot-egg” i8
nearest thé coast is near the northern point of the island of Langé, about
four miles from the lund. We thought it best in this place to stop our
sounding operations for a while and make a few observations of a more
practical nature. Although the current was very strong, driving the
ghip forward,' we nevertheless succeeded very soon, by means of ouf
lines and books, in furnishing direct proof of the wealth of fish in this
easily-accessible place. Among the considerable number of fish which
soon lay sprawling on deck there were largoe codfish, ling, cusk, and hali-
bat, therefore all th(% characteristic species of bank-fish.  All this portion
of the coast-waters from the heights of Rost till north of Tromso will
doubtless furnish suitable places for rich bank-fishing during summer
and rieh hauls will be made on the barrier itself, whose exact locatiod
has now been determined and has been marked on the map. As this
barrier is nearly along its whole length nearer to the coast than the
¢« Stor-egg,” the practical value of these waters for fishing will be all th®
greater. :

It has already been mentioned that the physical conditions of tho
“ Lofot-egg” very closely resemble those of the “ Storegg.” We also find
another very significant resemblance: Along the coasts inside of thqse
barriers very extensive spring cod-fisheries are carried on during win-
ter. The cod-fisheries near Aalesund bave long béen famous, but they
can bear no comparison with the immense Loffoden fisheries, which aré
sure every year. It might,in this connection, not be out of place to 351}‘
the old and much-disputed question, ¢ Where do the codfish come {from?
It is well koown that not only fishermen but also naturalists Lave
generally inclived to the opinion that the codfish come a long distance
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across the great ocean; and some even thought they could discover &
direct connection between the Newfoundland, Iceland, und Loffoden
cod fisheries, according to which theory the same schools of codfish
would every year deseribe the circle of the ocean. The careful observa-
tions of the mode of life aud development of the codfish which I made
during several journeys to the Loffoden Islands have led me, however,
Lo an entirely different result; and I bave alveady in my first reports to
the department advanced the same opinion, which I bold still after hav-
ing gained much more experience, viz, that the codfish is not a migra.
tory figh, like the pelagian fish, the herring and the mackerel, but
belougs to the coast-waters, especially their outer portion, the so-called
Sea-banks, .

In my later reports 1 have endeavored to prove that the so-called
“baulk fish” differs from the codfish proper only in name, but is really
the same fish. This opinion, which, as I was told, for a time met with
8reat opposition among fishermen and other persons interested in the
fisheries, has been fully corroborated by the observations made during
our expedition. We have now proved conclusively that the nature of
the bottom near each of the two most important codfish distriets pos-
Sesses physical conditions which make it peculiarly suited as a place of
Sojourn for large numbers of codfish and similar fish. Near the
dalesund district we find the “Storegy,” known from time immemorial
88 a good bank-fishing place ; and near the Loffoden district we find a

Arrier of exactly the same nature. But in the same proportion as the
offoden fisheries are more important than the Aglesind fisheries,
be newly-discovered “ Lofot-egg?” is of much greater extent than the
‘Stol‘egg.” On this long-stretched barrier, extending along the outer
€0ast of the whole Loffoden group, and as far north as the heights of
tomsis, and in the inner coast-waters, there is sufficient room even for
Such epyrmouns masses of fish as come near the Loffoden Islands in
Wintey, '

The quesiion might finally Le asked here, why the codfish and siweilar

fish of prey prefer such places as those mentioned above, and why they
O Mot stay in other parts of our extensive coast-waters? The answer
3 in thesge places the bottom is of a peculiar nature will not suffice
€re.  We must also try to explain why this nature of the bottom has
Such g remarkable influence on the distribution of the codfish. It is
floubtless not a mere whim which makes the codfish select these places,
dl.ld it is scarcely probable that it should show a preference for a certain
.““d of bottom and an aversion to another merely on account of its char-
:gter- There must, therefore, be another gqllse which m'us.t have some
w Duection wigh peculiarly favorable condlt}ons for‘ obtaining food. It
e‘:’a‘l‘ld be of the greatest interest t(.> ha've this question solvpd; and the
ail L(j]t Physical aud biological investigations madeat these points assumed
o '¢ more significance, as they were made not merely in the interest
Stience, hut with a practical purpose. The zodlogical investigation
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of the bottom in these places has shown tbat there is a rich animal life;
but the difference in this respect between these and other points of the
wide-stretched submarine barrier was not so striking as to furnish a sat-
-isfactory solution of the problem. There is another circumnstance, how-
ever, which has much greater weight, and which is fully proved by our
investigations, viz, that near such abruptly.-rising submarine banks as
the « Storegg” and the ¢ Lofot-egg ” there exist peculiar physical con-
ditions which make it highly probable that the codfish and other fish of
prey have a better ¢hance here than in other places to intercept the large
herring schools. Itis not purely accidental thut the tswo above-mentioned
indentations in the submarine barrier, with their abrupt banks, ave in
close proximity to the two most important herring districts. That there
-8 really some close connection between the two I shall endeavor to prove
in the following,

The occurrenco and distribution of the herrings in the occan is, gener-
ally speaking—as I kave tried to prove on former occasions—undoubt-
edly depeundent on the occurrence of the ¢ herring-food,” and this i$

-again dependent on the currents of the sea. Wherever different cat-
rents strike each other the ¢ herring-food” is always piled up in enot-
mous masses, and these are the favorite * feeding-places” of the herrings

It is well known to fishermen and sailors that wherever the banks
slope abruptly toward the sea, e. g., near the “ Storegg,” there is a pal
ticularly strong current, so that the location of the bank may be deter
mined by this. The different, often entirely contrary, currents whicl
meetbero produce a very striking sort ot whirlpools on the surlace of
.the water, which in stormny weather become dangerous for vessels. \Wheds
some years ago, attracted by the mystery enveloping the ¢ Storegg,”
made an adventurous expedition to one of these distant fishing-placed
-in-an old boat manned by four sailors, I had ample opportunity to oV
-serve this phenomeson, whose natural explanation is no longer difficul®
after tho observations made by our expedition. There is in these north
ern secas a cousstant forward movement, not only of the upper but als?
of the lower portions of the water, in a northeasterly direction, therefor¢
toward the coast of Norway; and this motion is evidently connecte
with the warm Atlantic current. Wherever the slope toward the deel
is gradual, no disturbance will be noticed in this motion ; but when tho
advancing mass of water strikes an abrupt slope the equilibrium will bP
considerably distarbed, and this will have both an upward and a dow?%
ward influence. On the surface of the water different currents will 'be
produced, and farther down the reflux of the warmer water will exel“’_lse
a noticeable depression of the deepest cold strata—a phenomenon ‘Vwcve
has been witnessed both near the “ Storegg” and the * Lofot-egg,” whe!
the cold.area does not begin till a depth of 400 fathoms is reached. 5

But what chiefly interests ns bere are the disturbances near the S“:
face, the different currents. During our first expedition these cm‘rC‘”.:Z
-were observed at the same place where I had formerly noticed them, ¥
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near the “Storegg”; and during our last expedition the same peculiar
currents were, to some extent at least, also observed near the ¢ Lofotegg.”
It is evident that the “herring-fogd” and with it the herring-schools
will ofteiier gather here than in most other parts of the sea, and as neither
the oue nor the other is strictly bound to the surface, but from various
causes often go deeper, the fish of prey living near the barrier have ample
opportunity to mingle in this gawme. :

Although the bottom codfish or alge codfish living nearest the coast,
which are in reality nothing but younger codfish, are not very fastidious
in the selection of their food, there is every reason to suppose that the
full-grown bank codfish, or codfish proper, found near our coasts make
the herring, if not their exclusive, at any rate their chigt food. If the
Northern Ocean did not harbor these large masses of herrings, there
would not be sufficient food for the enormous number of codfish which
in winter come to the coast to spawn, and which during that scason form
the most important object of our fisheries. Here as everywhere in natare
there is a close connection between causo and effect, which from & practi-
cal point of view we must explain and follow up to its lasg consequences
in order to get a clear idea of all those conditions which have an influence
On our fisheries. '

There is, as 1 said, every reason to suppose that our wealth of codfish
and similar fish of prey is chiefly dependent on the herrings in the outer
Waters, And the herring again is dependent on the * herring-tfood ?
founq in the open sea. Without its great wealth of “herring food” the

orthern Ocean could not support the large masses of berrings, and
these again support the codfish found inoar coast-waters. The “hetring-
fooq» is, like the codfish and the berring, an organism which cannut
Possibly live on nothing, but which in order to make its appearance in
Such enormous masses must find a sufficient quantity of food in the sca.

ut what constitutes its food? We have here reached the last link in

he chain of evidence, a link which is of the greatest importance, as all

the others depend on it. During our last expedition we had an oppor-
tunity to make observations with regard to this important point.

I have already mentioned in the partial report cn the zoblogical re-
S}llts of our last expedition, that in the sea neat Jan-Mayen, and espe.
Clally whero the low temperature of the wates showed that it was mixed
With ice.water, we found enormous masses of a peculiar organic matter,
% kting of yellowish-brown slime, which colored the sea-water for miles,

CCurate microscopic observations proved it to be a shapeless, indiffer-
nt, but living protoplasm. Farther south, on the beight of the Vigten

slands, we found a similar sea-slime, differing, however, from the former
.yits consisting of formed mieroscopic organisms, chiefly a peculiar
nd of diatom. In my zoblogical report I have directed attention to

8 great scientific interest attaching to the slime observed near Jan-
.‘ayen, From a more practical standpoint both kinds will be of equal
lnterest, We have here possibly two different links in our chain of
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evidence, instead of one. The first link would be the shapeless Jan-
Mayen protoplasm, on which the formation of the diatom-slime occur-
ring farther south depends. It is evident that this sea-slime, which both
according to our and to former observations is found all over the Arctic
Ocean, plays a very important part in the large household of nature,
furnishing an unlimited quantity of organic food, which makes the ex-
istence of wyriads of small animals—in our seas chiefly the ¢ herring-
food”—possible. 1f we consider that these enormous masses of ¢ her-
ring-fooid 7 are, as we have proved conclusively, an essential condition
of the great wealth of herrings, and these again of the wealth of cod-
fish and other fish on which the welfare of our coast-population depends,
it will becomne ¢vident to every one that the question is a very impor-
tant one.

In a recent interesting work on the fisheries of British North America,
Ly Professor Hind, of Halifax, in which credit is given to the practical
and scientific investigations made on our coasts, the great importance
of the sea-slime of the Polar Sea for the Labrador and Newfoundland
fisheries is clearly pointed out. It is certain that this sea-slime is of
the same great importance for our Northern Sea, and we even go
farther, and maintain that its far-reaching influence extends to every
sea. The last great British expedition on board the Challenger ob-
served similar sea-slime in the southernmost portion of the Atlautic,
increasing in quantity the nearer they came to the Southern Polar Sea.
This sea-slime scems everywhere to have its origin in the icy waters
near the poles, whenee it is distributed by the currents of the-sea to
greater or less distance into. the more temperate sea. We therefore
arrive at the very unexpected resuit, that the inhospitable icy sea of the
polar regious furnishes the fundamental condition of the inexhaustible
wealth of the more temperate seas.

The origin of this primitive food is an unsolved problem. It is certain,
however, that it is found in largest quantities in places where the ice
melts under the infincnce of the summer warmth, and whalers are said
to have observed that the lower side of the melting and floating ice is
covered by a thick layer of a similar slime. Near the coast of North
America this sea-slime is brought direct by the polar current from the
Greenland Sea to Labrador and Newfoundland. On our coasts, which
are not under the direct influence of the polar current, but under that
of the warm, uortheasterly Atlantic current, this addition of polar
water to our seas is less regular, but evidently takes place, as the ses
slime from the Polar Sea was by our expedition observed in several
places, oven as far south as the Vigten Islands.

Regarding the distribution of the ¢ herring-food” in those parts of,
the sea which wo traversed, T must say that the great mass of this slime
perbaps in consequence of steady northerly winds, seems to have beed
driven unusually far south, as in the open sea betwen Jan-Mayen and
Norway there were for long distances only very small indicatious of its
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existence, while the sea nearer the coast, especially in the most south-
erly portion examined by us, was swarming with ¢ herring-food” In
this we could only see a favorable sign of a possible return of the spring-
herring fisheries ; and later reports from the spring-herring district seom
to confirm our expectations. Near Jan-Mayen we also observed, every
Dow and then, below the above-mentioned sea-slime, great quantities of
Unusually large “herring-food,” besides otber animals peculiar to the
Polar Sea.

The sea immediately surrounding Jan-Mayen seems both from a
DPhysical and biological point of view to resemble the Western Green-
lanq Sea, and like this it is a genuine glacial sea, which all the year
round is subjeet to the direct influence of the polar current, and even
Dear the surface its tem[;erature is very low, falling to 0° at the depth
of a few fathoms. In such water no herring or codfish can live. The
“herring-food” here chiefly serves as food for numberless sea-birds, and
farther north, also, for the giant of the sea, the Greenland whale. The
Northern Ocean, properly so-called, is, on the other hand, a partly tem-
Derate sea, through the warm Atlantic current, even as far as Spitz.
bergen. The waters of the Polar Sea only mingle with it occasionally,
bringing with it some of the above-mentioned sea-slime, which here in
Warmer water begins to play the significant part to which we referred
8bove, viz, forming the primary cause of success of one of the most im-
Portant industries of our country, the salt-water fisheries.

45 F
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