Report on Norwegian Fishery and Marine Investigations Vol. I 1900 No. 1.

FISHING EXPERIMENTS

IN NORWEGIAN FIORDS

BY

JOHAN HJORT AND KNUT DAHL

With 3 Plates.

KRISTIANIA
OSCAR ANDERSENS BOGTRYKKERI

1900






Preface.

The Investigations, referred to in this Work, were carried out in
the south of Norway, from August, 1897, until now, by Dr. Johan Hjorr,
the expenses being defrayed by the Home Office, the Municipal Council
of Christiania, and the Biological Station at Drebak.  Student A. Wollebxk
assisted in the work during 1899. From the 1st January, 1898, until
the present time, investigations were carried out in the Trondhjem Fiord
by Mr. Knut Dahl, the expenses being defrayed by Det kungelig norske
Videnskabs Selskab at Trondhjem, with assistance from the Home Office
and local institutions.

Most of the results obtained have been published, in Norwegian, in
a more popular form, in a book called «Fiskeforseg i norske Fjorde»,

wiich was issued in March 1899,
Christiania.  March 1900.

Johan Hjort. Knut Dahl.
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Introduction.

n this country the fisheries are generally divided into two groups, the

one including the periodical fisheries, which, during a short period,
carry on the fishing of migratory fish, the other embracing the so-called
edaily fishing» which 1s carried on throughout the entire year along the
«coast in small open boats, as a rule in the vicinity of the fisherman’s
home, and whose take chiefly consists of those species of fish which, it
is assumed, are stationary all the year round.

In Norway the periodical fisheries are of the greatest importance.
‘Our Official Statistics, do even not contain any column devoted to the
daily fishing, concerning which information is only given in respect to
some districts, for instance, the Christiania Fiord.

In most other countries bordering the North Sea, the conditions are
-quite diflerent. The periodical fisheries, doubtless, yield often great returns,
such as the Herring fisheries of Scotland and Denmark, but the daily
fishing in such countries plays, by far, the greatest part.

A hundred years ago, the daily fishing in those countries, as is the
case now with us, was exclusively confined to the coasts. At that time,
for instance in England, there were a number of small fishing villages
whose inhabitants in small sailing vessels, some being open, others decked
boats, fished the adjacent waters, and sold their fish in the surrounding
neighbourhood.

The rise of the present daily North Sea Fishery from such a
primitive base, has been due to numerous factors, such as the development
of railways in England and on the Continent, the advance of steamship
construction, and the rapid increase of population. But few branches of

industry have witmessed so rapid a growth as this North Sea Fishery.
I
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The catch of vast quantities of fish as in latter years has, however, as
is well known, given rise to the fear that too much fishing now takes
place, that the stock of fish in the ocean may decrease to such an extent
as to render the fisheries no longer remunerative. [t 1s evident that this
dread has been most felt in England, where the fishery has been carried
on with the greatest energy, and the most perfect apparatus. In view of
the importance attached to this subject, a committee was appointed by the
House of Commons, which, in 1893, published the results of its investigations
and the conclusions it had arrived at. The main result of its deliberations
has been given in the following words: «No decrease of herring and
round fish (Mackerel, Cod, Haddock and the like) has taken place in the
North Sea, On the other hand, it must be assumed that there has been
an appreciable decrease of flat fish, especially of Plaice and Soles, on the
fishing banks of the North Sea proper».

In proof of this conclusion, the Committee states that, the fishing
cutters, which have been employed for a long period, made a larger
annual catch in former days than at the present time; that, on the great
banks they cannot get so many in each haul as they did formerly, and
that the flat fish do not attain the same size as in earlier days. They
are not, in fact, allowed time to become big before they are caught.

A similar state of affairs has also been reported from other places.
We have thus been informed that, 4t the commencement of the fishery
in the Cattegat, it not infrequenty happened that Plaice, as large
as our Nordland «Golden Plaices, were taken, a thing that never
occurs now.

It is, consequently, generally believed in countries such as Germany
and Denmark, that flat fish are decreasing both in numbers, and size, at
those spots where the fishing is carried on with engines of such capabilities
as trawls, the Danish Plaice Seine and the like.

At the same time that experienced views and evidence were being
gathered from practical sources, a great number of scientific investigations
were carried on in Great Britain and Denmark, with the object of studying.
the habits and life of edible fishes from the moment thev are spawned
as ova, until they, in their turn, are capable of procreation; of finding
out where they live at various stages of their existence; of discovering
the dangers that threaten them at various times, and the age at which

they are mostly sought for by man. Concerning these questions there is
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a mass of information to hand from expert foreign scientists who have
added to the first investigations, emploving the method inaugurated, which,
as is known, was in the sixties by Professor G. O. Sars.

The great experience that has been gained concerning overfishing,
and the taking of undersized fish, has produced many reflections respecting
the manner in which such as tate of affairs can be regulated by legal measu-
res; and rules respecting the size of the mesh in fishing appliances, pro-
hibition of the sale of undersized fish, the hatching of ova of sea fishes,
ete. ete. has been discussed.

Even in this country complaints are, and have been for long, made,
that the fisheries are on the decline. The Commission appointed by an
Order in Council of 28th May, 1852, states in its report (p. 38), «But
notwithstanding the large quantities of fish, which, owing to the develop-
ment of the industry, vear by vear, have been taken of late, the
Commission, nevertheless, concludes that the most important species ot
fish, which are the objects of daily fishing, have been decreasing, percep-
tibly, for some length of time. In respect to this, the Commission may
confine itself to referring to the almost unanimous statements concerning
the question — supported by the daily experience of very many vears —
made at most of the meetings, at which fishermen were present.  This
decrease in the quantity of fish, which, it is said, was already noticed
about 30 years ago «(about the year 1820)», but which has, become more
and more perceptible during the past 10 years, appears to have first
shewn ifse]f, principally, in the inner part of the Christiania Fiord, etc. etc.».
The Commission was in doubt as to the origin of the decrease. It
studied, minutely, the various reasons advanced by the witnesses who
were examined — whose evidence was based on daily experience through-
out a course of years — reasons, as for instance steamship traffic on
the fiord, which, however, is of too great importance to be stopped. an
ever increasing number of «Haabrand» (Isurus cornubicus), and the intro-
duction of long-lines, which then appear to have been a comparatively
new invention; but the attention of the Commission was specially drawn
to the seines which, «over great areas, are hauled along the bottom of
the sea», and that «it follows, as a matter of course, that they not only
destroy the ova which lie there, but also disturb the vegetation which
is, in part, necessary for the breeding of fishes and the development oz

their fry».
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«The seines do an equal amount of damage in capturing a great
quantity of those worms, mollusks, and crustaceans on which the fish
are accustomed to feed, while they also take all kinds of fish, both
servicable and non-servicable, as even the smallest fry can, only with
difficulty, escape through the small meshess.

«According to the fishermens’ own reports, one haul of the seine,
alone, will often bring up barrels of inch-Jlong fry; and the immense
destruction that takes place can well be imagined when, night after night,
many hauls are made with each of the, about 50 seines, which, accor-
ding to what has been stated above, are in constant use in the Christiania
and Langesund Fiordss.

These, and similar accounts, led to the adoption of the Law of 5th
June, 1869, which, subsequently, was replaced by the Law of r8th April,
1888.  The following is the most important point in that Law: «The
King may, after a resolution on the subject has been passed by the
Municipial Authorities in the District, or the adjoining Districts — Town
or Parish — until further notice, or for a fixed period, prohibit the
employment of certain engines for taking fish, or methods of fishing in
the sea, in order to prevent the destruction of, or decrease in the stock
of fishs.

In consequence of this Law, which it will be seen lays the chiet
decision in the hands of the administrators, a great number of applications
have been sent in to them, requesting that measures may be taken to
ensure an inprovement of the fsheries.  Endeavours have, too, been
made to prohibit the use of many kinds of applianees, nets of various
sorts, and, especially, seines, and several Orders in Council have been
promulgated, the most important regulations being those which prohibit
the use of small seines, especially in the eastern part of the country.
Energetic demands have been made for the prohibition of seining in the
Christiania Fiord and the waters about Arendal. Men living in those parts
have also published pamphlets #) in which they point out <how, during the
course of the last few years, the one well stocked fiord after the other
has become unproductive» so «that we, sooner or later, will find our
coasts comparatively devoid of fish, and mourn the loss of one of the
greatest blessings conferred on us by Natures.

") G. M. Dannevig: Vore Kvstfiskerier 1883.
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In the latter mentioned pamphlet one can read of how «during a
ovely summer night, 10 or 12 hauls of the Eel Seine were made, or as
many as could be made throughout the night. After the work was ended,
we examined our take, and found it to consist of one or more stones weight
of eels, and about half a barrel of fry, the specimens from 1 to 3 inches
in length, consisting of cod, whiting, wrasse, flounders, and a number of
bull-heads and sand crabs». It is, moreover, stated that «fishing with
fish-traps for cod, which, of late, has increased to an alarming extent, has
also had a great share in causing a decrease in the stock of fish, for, as
it is known, such appliances are placed in shallow bays, and prove to be
one of the deadliest traps for cod, when they, during early spring, proceed
to the shallows for the purpose of spawning. It is certain that thousands
upon thousands of spawning cod are thus prevented from increasing the
stock by natural production, and when the stock of fish is, already,
considerably reduced, this cannot occur except at an irreparable loss.»

Under the pressure of these, and similar statements, great measures
have been taken in our land (measures which far surpass those undertaken
in any other country), to prevent the decrease of fish. Throughout a
great part of the kingdom hauling seines in shallow water, has, as before
mentioned, been prohibited, by which, certainly, one sort of fishing industry
has been put down in some districts. In other parts it still flourishes
llegally.

At the instigation of those men, who, with so much energy, pointed
out the decrease in the stock of fish, hatching of cod has been carried
on since 1884. In the Report of October, 1897, issued by the Fish
Hatchery at Fledevigen, it is stated, in respect to the hatching, that, during
the year, 227.000.000 of cod fry were let out, which is 100.000.000 less
than the previous year, but 128.000.000 more than the average since the
work was commenced in 1884 This fry was placed in the sea between
Christianssand in the West, and Christiania and Fredrikshald in the East

Opinions have been differring as to the results of these protective
measures, and hatching labours. From one quarter some evidence has
been bronght forward shewing that the quantity of fish, especially that
of cod is now on the increase to the east of Lindesnes. In support of
this statement declarations, signed by many fishermen, have been produced,
while the Statistical Tables, giving the numbers of fish caught in the

Christiania Fiord, north of Drebak, where fry were let loose, are alsc
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referred to.  On the other hand, however, many maintain that the fisheries
are stll on the decline.

Everyone who endeavours to obtain an independent judgment of all
these «experienced» declarations and statements concerning the decline, or
otherwise, of the fisheries, will soon regret that, amongst the mass of
papers, and documents, to hand, there is hardly any information which
can be grasped and depended on. Opinions, not facts have been gathered
together.

The Report of the Commission of 1852, which contains much of
mterest and sound judgment, does not record even one haul of the
nets before the eyes of the Commissioners. The Commission confined
its labours to holding meetings with the fishermen at different places on
the Christiania and Langesund Fiords, to whom eight questions, were
addressed, amongst others such as «Do you assume that the quantity of
fish in the fiord has decreased of late years, and if so, does it apply to
certain species, or to the entire stock». Neither in the Minutes of
the Commission, nor in the other documents or writings, can we find
anything but such general questions or opinions. There is not one
single figure given as to the numbers there were formerly, or in respect
to the guantity existing at present, or as to how manyv fry of one or
another kind of fish have been destroyed by destructive fishing engines.
It is stated that there were «many» fish tormerly, there are «almost none»
now (in 1852);

stones welght, and barrels of «all kinds of frv and small
fish» are destroved.

An acquaintance with these statements, induced one of us, Hjort,
to think that if one was to study, more |deeply, this important problem of
the fisheries, such must be done, not by travelling about, note-book in
hand, but by personal observations, and personal fishing. As all good appli-
ances for collecting fry were prohibited here, and it was known that such
were employed both by fishermen and scientists abroad, Hjort, in 1896,
travelled about in Northern Lurope in order to become acquainted with
various practical and scientific fishing apparatus, and through the unfail-
g kindness of the prominent Danish Zoologist, Dr. C. G. ]. Petersen,
he succeeded in finding a number of appliances which have proved to
be exceedingly suitable for use in the study of the question treated of
here. Several thousand fishing trials have been undertaken with these

appliances during the vears 1897, 1898 and 1899, all with the object of
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finding out what numbers of fish, and fry, of various species, were to
be found in the waters investigated at various seasons, and the extent of
the damage that may be inflicted on the stock of fish by the most effec-
tive fishing appliances.

In the following pages we shall, first, give anaccount of the investi-
gations that have been carried out, and thereafter report the results and

the conclusions we have drawn from them.






Chapter I

The Waters Investigated.

I. The Skagerrak.

(See Map. 1)

he area of water between the North of Jutland, Bohuslen and the:

South Eastern Coast of Norway, called the Skagerrak, is, as is known,
a vast deep water basin, which attains its greatest depth, above 300 fathoms,
about mid-way between Arendal and Skagen (The Scaw). It will be seen
from the Chart of Depths, No. I, that this depression approaches very
close to the coast of Norway. There the slope towards the deep is very
steep and short, the incline on the Bohuslen coast being somewhat less
precipitious, where it forms, as it were, a sort of bank in front of the
shore, and off Jutland there is a long smooth acclivity.

While on the Norwegian coast and even in the fiords the 100
fathom line may be reached at a distance of not more than one geo-
graphical mile from the shore, one has, at many spots oft the north
coast of Jutland to proceed 20 miles to sea in order to find 20 fathoms,
and 40 miles before reaching depths of 100 fathoms.

To the west, the Skagerrak depression shelves upwards to the North
Sea banks, which, as is known, extend, at an average depth of 30 to 40
fathoms, to the English coast.

The Skagerak depression then continues only in a north westerly direc-

tion along the Norwegian coasr, as the lso-called «Norwegian Channel»,
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which is bounded by the North Sea banks to the west and south, and
by the Norwegian coast to the eastward and northward.

From this brief description it will be seen that the Norwegian
coast is vastly different to the shores of other countries bordering on
the North Sea. From them, the shores slope gently outward, in England,
for instance, in some places so evenly as 1 fathom per English mile.
The bottom of these even declivities consists of white, fine sand, which
houses innumerable species of the lower organisms. Nearly everywhere
the Norwegian coast plunges abruptly down towards the great deep.

The sea-bottom of these deep declivities generally consists of walls
of rock which, down to the 20 fathom line are, as a rule, covered with
lusurious vegetation, uppermost being the well known wrack, and, deeper
down, the large, lengthy tangle, of which great quantities drift ashore
and are burnt for the sake of the ashes. The sandy bays, and beaches
to be met with in all the other countries adjoining the North Sea, are
but rarely found along our coast.

Out towards the open sea, off Lister and Jederen, there are a few
somewhat extensive (miles in length), sandy beaches, but even they are
of narrow width, rarely extending more than 1, or 2 miles. LEven beyond
the level sands of Lister, it is only 2 miles to the r1oo fathom line;
while, in Jederen, it appears from the investigations, that the great forests
of tangle, reposing on a partly hard bottom, commence very close to
land. Sheltered by the belt of islands, which are so characteristic of the
Norwegian coast, there are in sounds, bays, and creeks, small flat stret-
ches which are generally covered with zostera, the green, flat, wrack
grass, but the area occupied by this bottom is small compared with that
of the hard bottom, while in countries like Denmark, the sea-bottom, for
many square miles is clothed with undulating fields of zostera.

The great deep outside the belt of islands, from §0-—400 fathoms
is covered with soft, light-blue coloured clay (mud-bottom), formed of the
finest particles derived from the drainage of land, by the rivers.

This is so soft as to cause the otter boards to sink far into it,
and if the fine-meshed trawl enters it but for a moment, it becomes filled
with tons of mud, which, as it partly emerges, surrounds the net like
a white cloud when it is brought to the surface.

The Skagerrak is the battle field of many oceanic currents in their

strife with each other.
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The accompanying Fig. 1%, presents a hydrographical section of the-
Skagerrak’s waters in the autumn. Irom this section i1 will be seen,
firstly, from the character of the bottom, that this is much steeper along
the Norwegian coast, where, after first forming the belt of islands, it
plunges down to a depth of about 6oo metres; while on the Danish
side, towards Skagen, it forms a huge rampart in front of the coast.

The bulk of the layer of water that fills the deep hollow of the
Skagerrak is, as one sees, composed of the so-called Atlantic water (repre-
sented by dots) which forms a mighty layer from the very bottem to
some 100 metres from the surface. It is of the same high salinity as
the Adantic water, 35 per mille (°/o0). Over and above this layer, there
are, as will be seen, several other layers, one of a salinity between
35 and 34 %o, then an intervening layer between 34 and 32 %o, and
finally, nearest the Norwegian coast, a layer whose salinity is less
than 32 %oo.

If one investigates the Skagerrak at various seasons, and if one
draws a similar graphic account of the results obtained, it will be seen:
that the thickness of the layers vary very considerably with the seasons.

The deepest/ layer, the «Atlantic Water» flows in the deep to
the eastward towards the coast of the Bohuslen and up its fiords, and in
the Christianiafiord so far up as to Drebak. In a contrary direction,
and with very great speed, there flows in the Skagerrak the here well
known «West running currents, a surface current which rises mainly in
the Baltic, and is nourished by all the great quantity of fresh water which
flows from the rivers of northern Euroge..

The current flows through the Cattegar, along the Bohuslen and
on in a great curve, westward, along the south coast of Norway, past

Lindesnwes, and on to the westward and northward along the west coast

of Norway. The strength is especially great from the spring — March
and April — till the close of September, during which period it covers

the whole surface of the Skagerrak with its fresher water [less than
Ay 0
30 %o0].

In the Autumn [October—December| it becomes weaker, and the
Skagerrak surface then becomes wholly or partly covered with salter

layers formed either on the Danish or Norwegian coasts.

#} Taken from Pettersson and Ekman’s investigations.



II. The Christiania Fiord.
(See Map. No IL)

From the Northern part of the Skagerrak a succession of parallel
fiords run in a Northerly direction into the land.

These are the Langesund Fiord, the Larvik Fiord, the Sande Fiord
and the largest of them all, the Christiania Fiord. The outer portion of
the latter is a funnel shaped sound, running 6o miles up the country.
‘One can discern 4 natural sections of this fiord:

1) The outer part to Slagenstangen and Larkollen in the North, which,
to the eastward and westward, is bounded by belts of islands and inlets,
and which is so broad that it might be said to be a continuation o1
the Northern Skagerrak. The Depth is, also, exceedingly great, up to
between 150—200 fathoms, while the sea bottom, in every respect, resembles
that of the deep depression of the Skagerrak, there being only oft Hvaler a
shallow ridge or barrier which crosses the fiord at a depth of 30—j50 fathoms.

2) The basin from Slagenstangen to Filtvedt. Also in this basin great
depths may be found, mainly on the eastern side, between Basto and
Moss.  Both there, and in the outer part, the shores are much less
precipitious than in the Skagerrak., A tendency is shown towards the
formation of shallow stretches (as at Aasgaardstrand, see Map.) and creeks,
as, for instance, the Kure Fiord near Moss. There smaller, and quite
shallow areas of water are to be met with of less than 10, and even under
3 fathoms in depth, in which zostera abounds, and which resemble small
Danish fiords.

3} From Filtvedt to the northern point of Haagen, the fiord forms
quite a narrow channel, about one mile across, with a depth of 100
tathoms, with very steep sides which descend abruptly to the clay
covered bottom.

To the north of Drebak another barrier of 30 fathoms crosses the
fiord, and the water of the inner basin is therefore only connected with
that of the outer part of the fiord down to the depth of barrier.

Near Drobak there are a number of small bays and inlets of no
‘great depth, and partly filled with zostera, such as Sandspellen, Hallangs-

pollen etc. etc.
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4) The inner portion of the ford forms a fairly wide basin, whose
only connection with the sea is through the narrow Drgbak Sound.

The bottom, between Asker and Naesodland, is a level plain, lying
at a depth of 50 fathoms below the surface, which, to the north, is bounded
by numerous islands and holms in the neighbourhood of Christiania, as
well as by a 30 fathom transverse ledge, which extends from the islands
towards Nezesodland, and thereby isolates the 80 to go fathom deep sound
called the Bunde Fiord.

In between the islands near Christiania, there are many small sounds
and bays, filled with zostera, and very shallow [2-—5 fathoms].

The salt, bottom-current of the Skagerrak, flows along the deep
depression into the Christiania Fiord, and right up to Drebak the bottom
is covered with a layer of water of 34— 35 %o salinity. Inside Drebak
the water is move mixed with fresh water, the salinity along the bottom
there being 32 to 33 %, On the surface, there runs, as a rule, a very
strong, but frequently fluctuating current out of the fiord. This consists
of water of low salinity (in the summer about 20 0/o0), which varies,
greatly, from day to day. It is strongest during the period March or

April to September; towards Christmas it becomes gradually weaker, and,

consequently, in December—January, a much higher salinity is met with
on the surface than at any other time of the year; the fresh surface
water flows away, and the salt water rises up in its place.

This wvariatdon of the current partly depends on the fresh-water
supply from the rivers, and, partly, on the winds.

With a strong southerly: wind, the entire body of water is forced
into the fiord, and a rise of the water takes place in consequence, while,
on the other hand, with 2 swong northerly wind, the surface water is

driven out, and, in by Christiania, the salt water then rises from the deep™).

[II. The Trondhjem Fiord.
(See Map. Il

Like the Christiania Fiord, the Trondhjems Fiord is a long, and
very deep cleft, running 60 miles into the country. lIts form exhibits

many channels, which alternate with more open and larger basins.

#} See the following paper in this Report.



Thus we have:

1) The outer channel, which, with many sharp turns, runs from
the sea up to Redbjerg. The coast on this stretch, as is shewn in the
Chart of depths No. 3, is very steep. Even the roo fathom curve (200
metres) runs almost close to land, and those who have used the dredge
in that part of the fiord will know how this can actually drop down the
rocky walls on either side of the fiord. The area of the bottom below 5
fathoms is, therefore, as small as is possible, and only in some small
bays can little patches of sand be met with., The channel itself, is about
250 fathoms (500 merres) in depth in the centre.

Like in all the deep water regions of the fiord, the sea-bottom there
is covered with fine mud, while, on the solid rocky bottom on the sides
of the fiord, whole forests of all sorts of corals and lower organisms are
to be found, owing to which those localities are noted for their abun-
dance of rare organisms.

2} The Basin between Rodbjerg and Frosten forms, with its ramification
the Kors Fiord, a continuation and extension of the deep channel. Almost
the entire fareway exceeds roo fathoms, and the greater portion of it is
about 250 fathoms in depth.

Only at the mouths of the large rivers Orlda and Gula in the Kors
Fiord, and the Stordals river on the eastern side of the basin, are flats
below 30 fathoms (60 metres) to be met with. Thus one shoal is found round
the isle of Tautra, where, perfectly level sandy beaches are to bemet with.

3) A deep water channel, from Tautra to Levanger, forms a continu-
ation of the deep depression in the fiord.

4) A basin between Levanger to the south, and indergen to the
north. - This is also a continuation of the great deep depression of the
fiord; which, as will be seen, also continues as a very narrow channel
along the west coast of Yttergen and through

5) the narrow sound, Skarmsund, terminating in the innermost basin
of the fiord.

6) The Beistad fiord.

From the course of the 6o metre curve it will be seen, that in the
Levanger basin and the Beistad Fiord, especially towards the east, where the
rivers of Verdalen and Stenkjer debouch, small flats are met with, under
the 30 fathom line, which have smaller bays partly owning sandy beaches,.

and, partly, owning a bottom covered with zostera.
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Tt will be seen, from the above, that the Trondhjem Fiord is, distinctly,
‘a deep-water fiord, being, in parts, of a very great depth (250 fathoms).
Along the shore there is a short ledge, or border of shallow water, which
only in some places expands into wide bays or flats.

Finally, we shall very briefly refer to the smaller basins or creeks
existing in various parts of the fiord, and which are only connected with
the main fiord by very narrow and shallow inlets.

These basins, like the Borgen Fiord in the Indergen, and Eids-
botten, near Levanger, are shallow, in as much as their depth does not
exceed 30 fathoms. They are mostly surrounded by a belt of fairly
short zostera, while the bottom which, in many places is very stony,
slopes abruptly towards the deep, which, generally, is covered with a
layer of mud.

The water in the deep regions of the fiord, consists of salt Atlantic and
North Sea water, which flows in like a wedge below a fresher, mixed
layer of 33—32 /o salinity, on the top of which there lies a still fresher
layer, whose thickness and salinity vary with the seasons. The accom-
panying section of the fiord during summer (Fig. 2) shows how the
Atlantic 35 % water forces itselt in as far as the Tauntra bar, and right
up to a depth of 200 metres.

Above this comes the North Sea 34 %00 water, which, at the entrance
to the fiord, rises to 30 metres, and then, as it continues on up the fiord,
sinks, until, in the Beistad Fiord, it reappears at a depth of 150 metres,
while the fresher layers of 33 %, to 32 %, salinity which lie above
it, are thickest at the head of the fiord, and steadily decrease in thickness
towards the entrance.

Above these lavers, there lies a thin layer of still fresher water (less than
32 Y/ng), 10 to 20 metres in thickness, which is due to the water proceeding
from the manv rivers.

During winter, when the addition of fresh water is very slight, this
fresh surface layer is considerably reduced, and salter, layers, of about
33 %/p0 salinity, mount to the surface.

The conditions there, are, in the main, the same as those of the

hristiania Fiord and .the Skagerrak.

The {resh-water layers of the surface flow outwards, in the spring
and summer, with considerable force, a force which cannot solely arise

from the difference in level between the ford and the sea, caused by
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the river water, but must be also due to the easterly winds which, as a
rule, prevail during that period. As the thickness of the fresh layvers
decreases, so, during winter, does the strength of the out flowing current
diminish. Attempts have been made to ascertain the force of this current
at different periods of the year by means of floats (bottles containing
post cards) which have been set adrift, and these endeavours fully
confirm the above statement.

Thus, while bottles thrown out in the upper part of the fiord (near
Tautra) during spring and summer were found out side the fjord after
the lapse of a couple of days, bottles set adrift in the autumn (November)

were picked up almost at the spot where they were thrown out.
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Chapter |I.

Fishing Gear eﬁ)ployed in the Investigafions.

Before entering upor a description of our fishing experiments, we:

will give an account of the appliances we have used.

The Eel=-Drift Net or the Otter Trawl.

(Dr. Petersen’s Trawl).

This engine which was, originally, used in North® Germany, was
introduced into Denmark towards the end ot the seventies, and was
used, and is still employed exclusively for catching eels in the sea. It
is only used in shallow waters.

The appliance itself is a small seine, with a large bag, or sack,
in its central part. Within this sack there is fastened a so-called pocket,
- which prevents the escape of the fish when once they have entered the
bag. The accompanying sketch, Fig. 3 (after Drechsel), gives a very
good idea of the original appliance and its employment,

The different parts of the apparatus are:

A. The bag or sack.

B. The pocket (attached to the inside of the bag).

C. The arms, which are prolongations of the sides of the bag, [these,
as well as the upper and lower rims of the bag, are furnished with

a rope to which they are laced].

D. Drag-lines.
E. Stilts or supports.

o







F. Front weights.
H. Sinkers (stones).
The meshes in the different parts of the net are of various sizes.
The usual dimensions are (according to Drechsel):
Length of bag 15 to 20 feet
» » arms 24 to 18 »
Height [the distance between the upper and lower rope at the
mouth of the bag] § to 9 feet.
Depth of arms at the mouth of the bag, 8 feet.

» s » the fore end 6 feet.

Number of knots in the forepart of the bag = 20 to 21 per foot.
» » » >y zlffel‘pzu't » oo » o= 22 10 25 » >
» » » » » o arms » » » === 9 » »
Cost of net = abt. &£ 4:710:0.

Materials, Cotton twist,

When the appliance is in the water, the bag is kept expanded
or circular by several rows of cork attached to the upper side (the corks
counterbalancing the weight of the bag in the water). The arms arc
kept vertical by buoys or floats of cork.

The drag-lines by which the appliance is hauled along, are fastened
by towing bridles to the head, as well as the ground rope and, in
order that the upper and lower portions shall not close upon each other
when the strain of towing is brought to bear on them, stilts or supports
are placed between them.

The appliance is shot from a large or small vessel, in such a man-
ner that, first the bag, then the arms, and, finally, the drag ropes, of equal
length, are lowered into the sea on the weather side of the vessel.

The drag-lines are fastened fore and aft to booms projecting, fore
and aft from the ends of the vessel, the sails are backed, and, thus, while
the vessel drifts with the wind, the net is spread and opened out as it
drags along the bottom.

It will be seen that the first condition necessary, when fishing with
such an appliance, is to see that it goes down correctly in a vertical
position viz., that the one arm does not sk quicker, or juts out ahead
of the other.

In order to do this the draglines must be of an equal length, and

the vessel, while drifting, must retain its original position to the net.
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In order that the trawl may prove effective, the arms must also
spread out, and this is occasioned by keeping the ends of the drag ropes
as wide apart as possible (see the previous page, how they are rigged
out on booms fore and aft).

It is evident that this arrangement is only suited for very
shallow water, for if the drag-lines be lengthened the position of the
appliance cannot be easily controlled. Again the appliance can only be

employed under certain conditions of wind, in as much as the vessel,

as already mentioned, may only drift, and not sail with it.

Danish  fishermen therefore commenced handling this instrument
in rather a different manner, shortening the drag-lines to only a couple
of fathoms, and fastening them to the ends of a beam, the length of
which corresponded to the spread they desired to give to the appliance.

From this beam there [ran a bridle, to which was attached a single
tow-rope which was made fast to the boat or vessel. The beam thus
prevents the arms from approaching each other whilst the short tow-ropes
by which ir is attached to the arms, allow of its floating on the surface.

Thus it does not go in front of the appliance and frighten the fish. By
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using the beam, one can, therefore, keep the appliance extended and tow
it by means of a rope. And, consequently, far greater benefit can be
derived from the wind, as one can then sail with the net

But even when used in this manner the apparatus is only adapted
for shallow water.

Out in the deep, one can not have the beam floating on the surface,
and it it were fastened just in front of the net, it would frighten a
number of fish. In order that it night be advantageously used in deep-
water, the apparatus would need to be still further improved. Another

method of keeping the net open would have to be invented.

Fig. 5. FEeldriftnet with otterboards. From Dr. Petersen.

It was Dr. Petersen, the Director of the Danish Biological station,
who first conceived the idea of modifying and employing the eel drift
net for deep-sea investigations.

After having made several atteinpts, he decided upon adopting the
principle of expansion, on which the construction of the English Otter-
trawls, was based. viz., by making use of otter boards.

The principle of the Otter-trawl is also in this country so well
known, that we regard it as superfluous to give any detailed description.
To each arm of the apparatus, an Otterboard, is fastened, and from each
of these there runs a tow rope, both of which are fastened close together

on the vessel. Thus when the net is hauled throngh the water, the




Otterboards move outwards, each to its own side, and thus keep the net
sufficiently extended, and thereby, make it admirably suited for fishing purposes.

Dr. Petersen soon found, however, that a single line would answer
the purpose, provided that the portion of it nearest the appliance were
forked, or in other words by using a bridle. This bridle is fastened by
a swivel to the single tow rope, and the net is equally good for fishing
purposes, provided the branches of the bridle are of sufficient length to
allow the boards to diverge sufficiently (see Fig. 5). We here print Dr,
Petersens own description of the apparatus, as given in »Beretning fra
Dansk biol. station 1898«:

»The trawl net which I have employed, consists, so far as the net

is concerned, of 2 arms, each from 300 to 340 meshes in length, and
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Fig. 6. Dr. Petersens trawl.

100 meshes deep throughout, which are attached to the bag (at the
mouth of the net).

The bag consists of a front and back part, as well as a pocket,
which is attached to the hindermost margin of the front portion. The
front portion of the bag is 36 meshes in length, and in circumference
400 meshes (100 on the top and 100 on the bottom), 100 meshes being
carried to two feet of the head and ground ropes respectively, and, as
indicated on the drawing, with 6 loops (12, 16, 22, 22, 16, 12 = 100
meshes). Thus the bag is much creased above and below, but is straight
in the arms,

The pocket which, in front, is 400 meshes in circumference, is
attached to the hinder margin of the front portion of the bag (also 400
meshes); it is funnel shaped, 75 meshes long and 100 meshes in circum-

ference at the free opening.



The hindermost portion of the bag is about 225 meshes in length,
and 400 meshes in circumference throughout; one may, however, when
desired, attach a closer meshed terminal part (see Fig. 6).

The bag is only open ar one corner, and can be closed by a cord
lashing.

he pocket may be composed of two machine made pieces, but s,
usually made by hand of light, strong, fine cotton twine, as it must move
with great ease in the water.

If it be hand made, it must be »drawn in«, but, otherwise, there is
nothing to be drawn in or narrowed in the whole net; and it may thus
very easily be made from rectangular machine made prieces of net.

The meshes of the arms and foremost part of the bag, when stretched,
measure about 20 mm, in length (40 mm. in circumference); the meshes
of the pocket and hindermost portion of the bag measure about 16 mm.
in length (32 mm. in circumference); the twine throughout (except in
the pocker) being of a 9 strand cotton twine, No, 12.

A still closer meshed portion may, as already mentioned, be attached
to the bag, for instance one of meshes of 11 mm. in length (22 mm. in
circumference), but this will depend upon the use to which the trawl is
to be put.

The meshes of the arms are thus attached to the upper and lower
ropes of the net, so that 6 meshes hang on ecach loop of a length of
4 meshes, that is to say 80 mm., and, on the outer half, 6 meshes on each
loop of 86 mm. in length. The length of the bag is about 16 to 18 feet.

Both ropes are equally long, about 24 to 28 feet; but the lower,
or ground rope must be much thicker than the upper one for instance
3——3%/2 inches in circumference, and, both ought to be of loosely twined
and somewhat used rope that wont kink.

When in the water, the entire apparatus, especially the arms near
the mouth, must be perfectly smooth, without any creases from the top
to the bottom. On the other hand, there will be a number of longitudinal
creases near the mouth of the bag.

Accuracy in joining it to the ropes is highly necessary, and if the
ropes stretch from use, the net must be removed, and replaced, especially
if the ropes do not stretch equally,

In order that the net may obtain the proper position in the

water, weights are fastened to the ground rope, and floats to the upper.
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The greater the weight the more does the rope scrape on or dig into
the bottom ; the greater the number of weights, the more evenly distribu-
ted will the weight be. [ have found some 39 small sinkers, strung in
loops of 2—4 inches length, suitable; the sinkers at the mouth must be
rather less apart than elsewhere.

Floats were first made of pieces of wood, about 4o small pieces
being used. [Floats must lie close to the mouth, so that this can be lifted
well up in the water; subsequently I have only used glass balls (the
Norwegian floats) and it is undoubtedly right to use glass floats only, as
these can stand the pressure of water right down to 3000 fathoms (see
Tanner loc. cit. pg. 355) and cannot change their weight as do wood
and cork, which even at the depth of a few fathoms become saturated
with water, and thus lose their power of raising the net.

Each glass ball will support about /2 lb. of lead in the water, and
I have found it suitable to attach just as many glass balls as may be
required to float the attached weights in the water. The net sinks then
by its own weight, and that of the Otterboards only.

It is a matter of great importance that the net is properly balanced,
and balanced so as to be able to fish on the bottom on which one desires
to use it

It is easy to make it so heavy, that it will scrape the bottom and
become filled with mud. With glass balls tied up in netting, the balan-
cing may be easily effected in shallow water, and the whole appliance
be properly adjusted. Its weight in deep waters will then not alter to any
apprecciable extent, as is the case with wood and cork.

About 30 glass balls to 14—16 lbs. of weights in the water, | have
found suitable

The Otter boards are made from %/s ins. fir planks, through which
run two long iron bolts. They measure about 29 ins. in height and 32
ins. in length, or more. At first, small Otter boards were used, but
the present ones are, unquestionably, better. They are shod with iron
underneath, so that they sink as quickly as is desired.

On account of the distribution of weight (the iron keel) they will,
on reaching the bottom, as well as in sinking through the water, always
remain in an upright position, just as the arms of the net.

When suspended by the bight of their 4 branched bridles the fore

part should drop slightly. The ropes of the arms are fastened to the hind
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margins of the boards through two holes, so that the arms lie on the out-
side of the boards. From a little in tront of the centre of the Otter boards
proceed the branches of the bridle (see Figs 5—6). The bridle is
of wire, and each branch is about 8 fathoms long. At first, short
bridles were used, but it is a great question whether they ought not
lo be stll longer (this will be referred to later on). At the end of
the loop of the bridle is the swivel, and to one of its eyes the tow rope
is fastened. To prevent the branches of the bridle from becoming
twisted together which they are apt to be, a weight (about 5 lbs.) is
fastened to the lower revolving eye of the swivel, in such a way that
it hangs from it by a short loop which prevents the twisting.

As soon as the bag and arms are in the water, and the boards let
down, while the vessel moves on quite slowly, the whole apparatus
immediately assumes its right position, with the boards some 12 to 16 feet apart,
so that one can see on the surface that the whole gear is clear and in order.

On lowering, which must be done in such a way that the tow
rope is not let out too freely, the apparatus will always reach the bottom
aright, but, if otherwise the bag may, when the arms are lowered over it.
twist itself round them, or the one board may fall atop of the other.
This only occurred in the beginning.

As already mentioned, I presume that the Otters, when proceeding at
ordinary, suitable speed (about 1 knotj are from 12 to 16 feet apart.

The apparatus thus opens as much as the ordinary trawl adopted
for scientific purposes even on the largest vessels.

The height of the mouth is about 3 to 4 feet in the water, thus
considerably higher than in the trawl referred to (about 2 feet). The
length from the Otters to the end of the bag is about 40 feet, as
compared with a total length of 17 to 20 feet in the trawl, vet, never-
theless, this apparatus is easily managed from the smallest steam boat
capable of towing it, or from a small five ton sailing boat.»

We have used this apparatus chiefly from a steamer; on a few
occasions from a sailing-boat (Pilot-boat), and it appears that, in some
instances, it may fish exceedingly well down to a depth of 400 to 500
metres.

Practically all local organisms, and all the bottom animals, as wel
as the sluggish kinds of fish are obtained, occasionally, in great quantities;

and the chief advantage of this apparatus lies, in our opinion, in the



fact that it gives a quantitative idea of the sea-bottom fauna, better than
any other apparatus hitherto employed in this country.

While the apparatus formerly employed (as for instance the Bottom-
dredge and the Beam-trawl) only enabled us to ascertain the species
existing in one or the other spot, so the Otter-trawl tells us, in many
instances, the quantity in which they occar.

One is inclined to think, that our fiords with their precipitious rocky-
shores, would create insurmountable obstacles to the employment of such
an apparatus.

This is proved, however, not to be the case, and apart from a few
technical difficulties which gradually had to be overcome, the apparatus

may be said to have worked thoroughly well.

Fig. 7. Ground rope of tawl, with Hoats and sinkers used for trawling on a rocky or
very soft bottom where the trawl must not touch the botrom.

The greatest impediment at the beginning was caused by the net
being much inclined to cut into the soft bottom, and become so filled
with mud, owing to its ground rope being weighted with lead, that in
hauling up the net, the bag would burst, or clse one might have to lie
at a spot for hours, and back the vessel in order to rid the net of its
manyv tons of mud.

By gradually diminishing the lead on the ground rope, and increasing
the number of glass balls on the upper rope so that the net was just
kept at the bottom by the weight of the Otters, and, moreover, was just
balanced by the weight of the net counteracting the floating power of
glass floats on the head rope, we succeeded in getting the trawl to
move easily over a soft and even bottom. On the other hand, if the

bottom were hilly, or undualating, it frequently happened that the apparatus
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would suddenly dig into the bottom and become filled with an equal
amount of mud as formerly.

In order to prevent this, however, we fastened light sinkers to cords
about 6 inches in length, and attached them to the ground rope. To
counterbalance the weight of the sinkers, glassballs were tied beside each
lead whose floating powers were equivalent to the weight of the sinkers.

Thus when the apparatus was subjected to sudden changes of the
bottom, the lead would receive the first blow, and, when thus forced up,
the glass float would instantaneously raise the ground rope. (See Fig. 7.)

In this way, mud was never obtained, and we have good reasons
to think, that, even on stony bottoms, it worked better than otherwise

Owing to the size of the meshes of this net (see Page 27, Fig. 4)
it was only capable of catching fish down to a certain size (4—5 cn),
while small fry, and, on the whole, very small organisms could not be
taken in this apparatus.

We therefore constructed a smaller appliance of the same type for
use in shallow water on beaches, made of bobbinet, silk gauze or embroidery
net, and these were capable of catching the most minute organisms.
They were not sufficiently strong however_to be used except by hand in
shallow water, but were also occasionally used from a steamer for catching
organisms in the surface layers.

For use in deep water, however, they

bl fih\%"“ LUl ‘fl must be larger and stronger; but the close-
L T INlgp : L ness of the material would place ditficulties
5 ; vh iopef f sle LT in the way, and prevent their employ-
g f i JL “‘i) fLE L+ ment. When th