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INTRODUCTION

Fluctuations in the yield a characteristic feature of all great fisheries.

From the earliest times, a characteristic feature in all branches of the fishing indu-
stry has been the fluctuation of the respective yields from year to year. At the present
time, we find the United States complaining of the failure of the mackerel fishery, while
in France, a “sardine crisis”’ has arisen, the yield of the sardine fishery, which in 1898
amounted to over 50 million kilos, having sunk in 1899 to below 30, and in: 1902 to less
than 9 million kilos. The Norwegian fisheries, which more especially form the subject
of the present work, have for hundreds of years experienced alternating periods of rich
and poor yield. These periodical fluctuations have as a rule been of some consider-
able duration, a series of years of profitable fishery succeeding and succeeded by several
years of dearth. Thus the term: a good (or bad) fishery period has become an expression
of common occurrence. 'We may, as a preliminary, here pause to consider some examples,
selected in particular from the two most important branches of the fishing industry;
the cod and herring fisheries.

Norwegian Cod fisheries.

StroM states, that in 1714 and 1715, the yield of the fishery in Sgndmer, the di-
strict north of the promontory of Stat on the west coast af Norway, was so poor that
the fishermen were obliged to sell their boats. In 1718, on the other hand, the yield
was richer in the same degree, and remained so until 1733, when a decrease again made
itself apparent. In 1736 and 1737 a rich yield was once more noted, lasting until 1740,
when “all the bays along the coast were swarming with cod” which penetrated far up
into the fiords. By 1760, the yield had again fallen to a very low level. :

Leororp v. BucH relates that from 1799—1801, fish were abundant in Lyngen,
Karlsg and Skjerve, (Tromse district) whereas from 1801—1807 scarcely any fish were
taken.

In later years also, since the introduction of the Fishery Statistics (1866) the yield
of the cod fishery has exhibited similar fluctuations. The yield of the “skrei’*) fishery
varies between some thirty odd millions (in 1883,) and over 60 millions of fish (in 1912). Du-
ring the later eighties and early nineties we find a long period of profitable yield. Along

*) There being, as_far as author and translator are aware, no exact English equivalent for
the Norwegian word, the term “skrei” will be used tbroughout the work to denote such cod as
have attained maturity, and are thus able to join the shoals of spawning fish, which can be taken
with hook and line, : .
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the northernmost range of coast, that of Finmarken, where the fish taken are for the
most part small (i. e. belonging to the younger year classes), the fluctuations of the fishery
are particularly abrupt. Thus the statistics report a yield of 23.6 millions in 1880, while
only three years later, we find the very poor total of 3.5 millions. During the last few
years, from 1911—1913, the yield of the cod fishery has been unusually good.

Norwegian herring fishery.

The herring fishery exhibits perhaps cven greater variation, both as regards the
mature, spawning fish, the “spring herring”, and the younger, immature “fat herring”.
The spring herring fishery, which is carried on from the Skagerak in the south to Cape
Stat in the north, has, since the introduction of the statistics, exhibited enormous fluctu-
ations. In 1866, the yield amounted to over a million hectolitres, sinking, however,
so rapidly during the succeeding years, that the total catch in 1874 was 24,000 hi.,
in 1875 only 208 hl. In 1883, the yield was still as low as 100,000 hl., rising however,
in 1884 to 262,000. The years from 1891—93 show an annual yield of over 700,000 hl.,
from 1894—96 less than 400,000. In 1909 a rapid increase set in, and by 1913 the sta-
tistics note a yield of no less than 115 million hl., the highest figure ever recorded for this
branch of the fishery. ,

The yield of the fat herring fishery (the younger, immature fish,) exhibits similar
fluctuations, amounting in some years (1892, 1896, 1909) to over a million hectolitres,
in others (1904 and 1905) to less than 100,000 hl. By 1907, however, it had risen again
to over half a million hectolitres, and in 1909 exceeded a million. 4

Popular attempts to explain the fluctuations.

These great fluctuations, irregular as they must at first sight appear, have naturally
for many years past occupied the minds of the population along the coast, and innumer-
able hypotheses and suggestions have been put forward by way of explanation. Most
of these theories are, however, valueless save as indications of the state of general know-
ledge concerning marine biology at the periods in which they arise.

The earliest rational attempts at an explanation of the causes which give rise to
these fluctuations in the fisheries naturally took as their starting point the fact that
the fish were not at all times to be found in the coastal waters. On the Norwegian coast,
the shoals of spawning cod and herring make their appearance with remarkable regu-
larity in the first month of the year, often at a certain date, and remain there for only
two months, or three at the outside. All attempts to capture grown herring or cod on
the same grounds at other times have given entirely negative results. In the western
part of the North Sea, (east of the Shetlands) the herring shoals make their appearance '
in June; from this time to the end of the year the locality of the fishing grounds
gradually shifts southward across to the shallower waters.

The theory of migration as a cause of the fluctuations.

These facts naturally gave rise to the theory of migrations, which were supposed
to be of great extent, nothing being known as to where the fish were to be found during

ol o M0 2T/ 1O NN B, F VAL WM\\P@«M&?




— -

a considerable part of the year, and a plausible explanation of occasional dearth was
furnished by the suggestion that the fish in such poor years neglected, wholly or in part,
to visit the usual grounds.

In the course of the extensive herring fishery which for hundreds of years has been
carried on by Dutch and Scottish fishermen in the North Sea, it was noticed that the
herring came from a northerly direction. In Norway also, it was observed that the great
shoals of herring which arrived during the winter in order to spawn, came from the north-
west. As AXEL Borck*) has pointed out, this fact gave rise to the idea that the herring
annually migrated to the Arctic, where they remained during that part of the year in
which they were not to be found in the waters nearer at hand. The well known theories
advanced in England by Dort (1728) and in Germany by Joman ANDERsON, Burger-
meister of Hamburg in 1723, to the effect that the herring annually migrated from the
Arctic to the coasts of Europe and America, were generally accepted by the majority
of writers in the 18th and some even in the 19th century, the same hypotheses being
mentioned by OxeN, Bromensacm and Cuvier, (as for instance in Cavier’s “Régne
Animal”, second edition, 1830).

Borck mentions also another suggestion, put forward by the American writer Gir-
pING, (American Philosoph. Soc. Transact., Philadelphia 1786) according to which the
migrations of the herring were considered to be influenced by the declination of the sun,
the fish being supposed to regulate their movements in order to avoid extremes of heat
and cold. According to this writer, the field of migration of the fish embraced no less
than 47 degrees of latitude, extending longitudinally from the coasts of Europe to those
of America.

Probable extent of migration essentially reduced by scientific investigation.

Such theories as the foregoing with regard to the extent of these migrations have
been rendered untenable by the methods applied by modern science to the study of
marine biology. In the course of numerous research expeditions it has been ascertained
that the area of distribution of North-European fish, including the herring and cod,
is bounded on the south by a line drawn close to the south-west coast of Ireland, and
that as regards the northern limit these species do not occur in the Arctic. The coastal
banks in the Atlantic waters of western Europe south of the Channel have an entirely
different fauna to the waters lying north of the limit above mentioned. The Atlantic
Ocean has its own peculiar pelagic fauna, differing entirely from the pelagic species
encountered in the waters of northern Europe. Roughly speaking, the limit of occur-
rence of boreal species on both sides of the Atlantic, at any rate as regards the coastal
banks, may be said to coincide with the isotherm for 10° C. (Fig. 1). Of all the species
which form the object of fishery in northern Europe, one only, viz. the eel, has been
shown to extend its migrations across the deep waters of the open Atlantic. Future
research may possibly demonstrate the existence of a similar extended sphere of move-
ment in the case of the mackerel; for the present, however, the facts, as far as known,
do not appear to favour the theory of such ocean migration.

*) Axen Borck. Om Silden og Sildefiskeriérne; Christiania 1871,
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Investigations as to the distribution of the fish in the Norwegian Sea.

With regard to the Norwegian Sea, the great expanse of water between Greenland,
Iceland, the North Sea, Norway and Spitzbergen, the numerous hydrographical investi-
gations have proved the existence of strata of cold Aretic water west of Jan Mayen,
thus restricting the probable area of movement of boreal species to the waters east
of there. In Fig. 2, page 7, the shaded stratum, indicating temperature over 2°,

Distribution of tempera
(Drawn by Herrnanp-HANSEN).

Fig. 1.

marks the area to which the horizontal and vertical movement of northern food fishes
is probably restricted.

In the course of the Norwegian fishery investigations carried out under my super-
vision, I have endeavoured in various ways to discover whether any fish move out beyond
the coastal banks in the temperate upper strata of the Norwegian Sea. Numerous ex-
periments have been made with drift nets and floating lines, for the most part, however,
with negative result. Such positive data as were obtained have been published in a
previous work*) and will be found in Fig. 3, indicating the localities at which the

*) Joman Hiort, Norsk Havfiske I1. Del, pp. 184 ff. Bergen 1905.
Murray and Hyorr, The Depths of the Ocean, p. 648. London 1912.
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various species were encountered. At most of these places, specimens -of Sebastes were
taken, this species being found in some considerable numbers at from 100—200 metres
depth above the great depression of the Norwegian Sea. These fish are presumably
to be found regularly throughout this water; the quite young larvae have also been taken
there. Herring have been encountered at various places north of the North Sea Bank
and the Faroe-lceland ridge, where they were taken in drift nets at or near the surface
above the deepest parts. A great number of hauls were made throughout the range
from Lofoten to Jan Mayen; only in a single instance, however, were some few speci-
mens taken. The same applies to cod, haddock, coalfish, and catfish (Anarrhicas). Ex-
periments of this nature are however, by no means easy to carry out, and negative or

ot
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Fig. 2. Section across the Norwegian Sea from Greenland to Norway.
(Drawn by HrLrLAnNp-HANSEN).

mainly negative results are scarcely sufficient to warrant the conclusion that the species
in question do not occur in any quantity in the waters investigated; there is always the
possibility that the fish might occur in shoals, which it would be a matter of merest chance
to encounter i so great an expanse of sea. One thing at least is certain; we have no
other grounds for supposing the existence, in any considerable numbers, of coastal fish
in the deeper parts of the Norwegian Sea, beyond the occurrence of Sebastes (through-
out the greater part of the region) and herring from the North Sea slope towards the
so-called “Boftlenose Ground” (north of the Faroes).

Principal species only found on the coastal banks in spawning time.

The most favourable season for investigations of this nature is the spawning time,
when it it is possible to study the occurrence, not only of the fish themselves, but also
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of the newly spawned eggs, which are found floating over the spawning grounds. In
this manner, the {International Investigations have studied the spawning grounds of
the cod, the plaice, and other fish, and have succeeded in showing that the area of occur-

2 Jan Mayen O
[
Al O
AN Y
N 9]
Il
N X 0
®
‘\
.
N
N
RN
\
‘;"\\ \\ \‘
[ .
EMa N !
[P T ,
I Rl i
t
teo 3 7y H
) - U 1
- [} + [)
¢ f H i
J
[l =
S ! i
[~ .~ { E
IA' AN [}
N v '
: W o X
{ : é K
\ N
\ e X
| -
‘ XK@ -
~ P T 3 - o
K e TN Lo L
\ gy Ly R X !
' 1 \\ . T “':"X)(’ N
/ ! e/ /s A o D
J AR SR LN
O N S S
s s
L eoAs  ShetlandT U
Al 4
4 / 4
. el 00
- . ‘47
<L,

Fig. 3. Animals caught over great depths in the Norwegian Sea.

The isobaths represent depths of 100, 200, and 500 fathoms.

© Cyclopterus

O Sebastes
® Cephalopoda X Herrings
© Lamna -+ Cod

& Acanthias A Gadus virens

{0 Haddock

) Anarrhicas

( Greenland shark
<> Mackerel

rence of all the most important species is confined, in spawning time, (the principal fishing
season) to the coastal banks, in many cases to certain comparatively small parts of these.

The young stages also, — fish in their first years of life, — are easily caught. We have there-
fore a great deal of reliable material available as to the area of distribution of the fish
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at this period of their life, which further confirms the belief that the limits of their sphere
of movement are now more or less accurately known and defined.

A considerable portion of the stock annually taken by the fishery.

The numerous marking experiments which have been carried out during the last
few years have also gone far to create the impression that the stock of fish in northern
waters was by no means the vague, indefinite and unlimited quantity formerly supposed.
The percentage of marked fish recaptured was extremely high, and in the course of the
last twenty years, scientists interested in the subject have more and more inclined to
the opinion that the hauls made by the fishermen really represent a very considerable
portion of the actual stock in the sea. This being granted, it is then possible, by means
of experimental hauls, and by the study of comparatively few, but methodically collected
samples, to obtain a reliable view of the stock, as for instance with regard to the relative
numbers of fish of different sizes therein contained. In this manner, the first foundation
for scientific study of the stock and its fluctuations was obtained.

Preliminary investigations as to the cod fishery in northern Norwegian
waters, 1900—1903.

When the Norwegian research vessel “Michael Sars” was built, in 1900, the fisheries
of Norway were in.a highly critical position. The years immediately preceding had,
from the point of view of the fishing industry, been distinctly bad, especially in the north-
ern districts, where the population, whose existence depends almost exclusively upon
the proceeds of the fishery, were in many places reduced to the direst straits. Innumer-
able theories and suggestions were put forward to account for the continued failure
of the industry. The general opinion centred round the belief that the decrease in the
yield was occasioned by the presence of the whaling vessels which at that time worked
the waters to the north of the Finmark coast as far as Bear Island. It was at this period
that 1 received instructions from the Norwegian Government to investigate, as far as
possible, the causes of the diminution in the yield. I therefore commenced, i 1900,
a series of cruises on board the “Michael Sars”, with a view to studying the habits and
occurrence of the cod in northern Norwegian waters. In the course of this work, which
extended until 1903, 1 devoted particular attention to the study of the spawning, and
the locality and movements of the fish at different stages of developement, collecting
also a quantity of material to serve as basis for investigation of the composition of the
stock in regard to size*). 1 did not,-however, then succeed in arriving at any definite
conclusion as to the causes of the great fluctuations in the fishery or the laws which govern
the same; this was hardly to be expected in so short a time. The principal result attained
in the course of the investigations was a first survey of the natural history of the cod,
(vide Chapter 1II) and a recognition of the fact that future efforts towards the attain-
ment of the end in view would need to be concentrated upon the study of the actual
stock.

A serious hindrance to the progress of the work in these preliminary investigations
was occasioned by my committing the error of employing the methods generally accepted

*) Jouman Hiyorr, Fiskeri og Hvalfangst i det nordlige Norge. Aarsberetning vedk. Norges
Fiskerier, 1ste Hefte, 1903, .
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at the time, and drawing conclusions, from measurements of the length of the fish, as
to the age of the cod, and the composition of the stock in this respect. These measure-
ments led me to suppose that the Finmark cod were fish of rapid growth, the stock
consisting of only a few year classes.

Methods of age determination adopted in the investigations.

In 1904, the German scientist, F. HeinckEr, laid before the International Coun-
cil, at their meeting in Amsterdam, the results of his investigations directed towards
the determination of age in the case of cod and plaice, based on a study of the bones
of the fish*). In view of my own endeavours in a like direction, I naturally followed
this new developement with the keenest interest. I took the earliest opportunity of
becoming acquainted with Prof. HEINokE’s methods, and visited Heligoland for the
purpose. Immediately on my return I endeavoured, with the valuable assistance of
my then Assistants Dr. H. Brocu, Dr. K. Danr, and Dr. D. Dauas, to work out some
practical method for age determinations on an extensive scale, embracing all the most
important ‘species of fish. The investigations carried out by Dr. Damas*¥) with regard
to the cod, and those of Dr. BrocH***) and Dr. DAHL}) concerning the herring, led to
the result that the scales of the fish were selected as offering the most advantageous
means of ascertaining the composition of the stock in point of age.

With this end in view, a mass of material was collected during the following years,
consisting of scales of cod and herring, numerous measurements also being made of fish
taken at different places along the Norwegian coast. An international commission was
also formed to investigate the natural history of the cod species in the North Sea. The
work of dealing with the scale material was entrusted to the gentlemen above mentioned,
Dr. HeErranD-HANsEN{{) assisting in the work of the statistical treatment of the
measurements.

The principal results of these investigations, the outcome of interested co-operation
between those engaged upon the work, amounted, in brief, to a recognition of the fol-
lowing facts:

1) That the stock of cod and herring included a far greater number of year classes
than had previously been supposed, and

2) That the relative numerical values of these year classes exhibited great fluctua-
tions from year to year.

Representative biological or vital statistics.

These conclusions furnished a definite basis for future investigations as to the fluc-
tuations of the fishery. In a lecture delivered at the meeting of the International Council

*} Vide HEeincke’s reports in ,,Die Beteiligung Deutschlands an der Internationalen Meeres-
forschung*. Berlin, 1904, 1906 and 1908.

**) Contribution ala Biologie des Gadides. Rapports et Procés-verbaux Vol. X, Copenhagen 1909.

*¥%) Norwegische Heringsuntersuchungen wihrend der Jahre 1904—1906. Bergens Museums
Aarbog 1908, Nr. 1.

1) The Scales of the Herring. Rep. Norw. Fishery and Marine Investigations, Vol. II, 1907,
No. 6. '

11) Statistical Research into the Biology ofi the Haddock and Cod in the North Sea. Rap-
ports et Procés-Verbaux Vol. X, Copenhagen 1909,

T ——

e S e ssmmst




—_11 —

for the Study of the Sea, in 1907*), T endeavoured to formulate this programme of work
in the following words: '

“To make my ideas clearer, I will proceed to draw a comparison between this Fi-
shery Research and a science which is much more generally understood. 1 mean the
science of Vital Statistics. :

In all exposition of the science of vital statistics, there are three prominent. features
which attract our chief consideration: —

1. Birth-rate. 2. Age-distribution. 3. Migration. It is customary to study these
questions by the help of what are called representative statistics. A certain number
of individuals are selected, who are supposed to stand for the mass of the people, and
attention is directed to them. We ascertain from this source their average length of life,
their wanderings, their increase or decrease, and whether sickness, war, disaster, or
emigration plays any appreciable part in reducing the population.

It seems at first sight a bold suggestion to propose studying the fish-supply on lines
like these. A population can be counted; but who knows how many fishes are in the
sea? And yet it appears to me a project big with possibility, to regard the discoveries
of fishery research from a similar standpoint to what has been adopted in the science
of vital statistics”.

I also took occasion to mention, in the course of the same lecture, the most impor-
tant results of the investigations then already carried out, as follows:

»Of the utmost importance is the really significant fact, that our material from
several banks in the North Sea clearly points towards the same numerical relations bet-
ween the different year classes (as in the Skagerak). Thus on all the banks, individual
fish born in the years 1902 and 1903 were in much scantier numbers than those born
in 1904. This will appear from a series of curves showing the number of individuals
of the various sizes from the different banks that were from time to time subjected to
investigation, such as the Dogger Bank, the Great Fisher Bank, the Coast Banks and
the banks in the northern portion of the North Sea.

From the copious English fishery statistics, it appears. that in 1904 and 1905 fewer
small haddocks were landed than in 1906, whereas the quantity of large haddocks was
. about the same for all three years. Our previous statements explain this, for so-called
“small” haddocks are, roughly speaking, two years old, and consequently, owing to the
scarcity of fish born in 1902 and 1903, extremely few small haddocks were caught in
1904—1905, while on the other hand, in 1906, numbers of haddock born in 1904
were brought to market. Thus we are now enabled to foretell some years in advance
the connection between cause and effect”.

This preliminary statement, made in the summer of 1907, was followed by the full
report of the Commission above referred to, published in 1909, where the points at issue
were exhaustively dealt with in a comparative survey by the Commission, and in detail
by Dr. HeLtanp-HANSEN as regards the question of size, and by Dr. Damas with regard
to composition in point of age (Vide report in Vol. X. Rapports et Proc. Verb.). The

*) Nogle Resultater av den Internationale Havforskning. Aarsberetning vedk. Norges Fiske-
rier, 2. Hefte. 1907.

“Some Results of the International Ocean Researches”, published by the Scottish Oceanogra-
phical Laboratory, Edinburgh, 1908,
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numerous investigations as to the age of the Gadoid species, carried out with the greatest
energy and skill by Dr. Damas, are in particular to be regarded as of the greatest import-
ance. ‘

The investigations carried out by the International Commission terminated abruptly
with the publication of the report. This unexpected conclusion of the work I then re-
garded, and must still consider, as highly to be regretted. The results attained had opened
up what promised to be a most fertile field for continued methodical study of one at
least of the principal points in connection with the fluctuations of the fishery, viz. the
varying composition of the actual stock. It was moreover evident that such studies
could only be carried out by means of samples collected throughout a series of years,
and treated with a view to determining the composition of the stock in point of age.
I found it impossible, however, to obtain the necessary support in my endeavours fo
bring about the promotion of an international organisation for the study of the various
races of cod and herring. I nevertheless continued to prosecute my own researches
on the subject as far as opportunity permitted, partly by the collection, on a smaller
scale, of material for the study of fluctuations in.the stock of cod in Norwegian coastal
waters, partly by organising the extensive collection of herring samples, embracing the
principal varieties known in northern European waters. 'The former of these two projects
has been greatly furthered by the Norwegian fishery investigations alone; as to the
latter, the International Counecil has here furnished considerable means and valuable
assistance.

As regards the investigations concerning the cod, during which T have had assistance
from Mr. Einar Korrorp and Mr. Oscar Sunp, nothing has been published since
the report of the International Commission; I therefore purpose to give, in the following
chapters, a survey of such results as have hitherto been attained.

With regard to the herring investigations, on the other hand, various publications
have appeared, some of these being by my Assistant, Mr. EINar LEs, while some again
are largely due to the valuable aid which he and others have rendered me during the
past years. ,

Some doubt or misunderstanding having arisen in various quarters as to the methods
adopted in the herring investigations*) Mr. Lea has subjected the methods in question
to further careful examination in several exhaustive treatises**). The result of these
has been to greatly strengthen the conviction that a study of the scales of the herring
enables us not only to determine the age of the fish, but also to calculate its size at each
of the different periods of growth, in accordance with the idea which from the first formed
the basis of the method, viz. that the structure of the scale is in itself a record of the
growth history of the fish.

In addition to this, my Assistants, Dr. K. Danr, Pavs Bijerkan and others, and

*) ScuNEipER, Guipo, Ueber die Altersbestimmungén bei Heringen nach den Zuwachszonen
der Schuppen. Svenska Hydrograf-biologiska komm. Skrifter, 1910.

Lee, Rosa M., An Investigation into the methods of growth determination in fishes. . Publ.
de Circ. No. 63, 1912.

**) On the methods used in the Herring Investigations. Publ. de Circ. No, 53, 1910. .

A Study of the Growth of Herrings. Publ. de Girc. No. 61, 1911,

Further Studies concerning the Methods of Calculating the Growth of Herrings. Publ. de Cir-
constance, Nr. 66, 1913.
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especially Mr. Einar LEa have, during the years 1907—1913, carried out a great number
(some score thousands) of age determinations and growth measurements of herring, partly
from the coast of Norway, as also from the Atlantic, Iceland, the Faroes, the North
Sea, the Skagerak and the Kattegat. Some of the results thus attained have already
been published*). Among other points, it has been found that the herring exhibited
similar great fluctuations in the numerical value of the different year classes to that
observed in the case of the haddock in the North Sea and Skagerak (vide supra). More-
over, the very same year class, that of 1904, was found to be distinguished, both
among the herring of the Norwegian coastal waters, and the haddock in the North Sea
and Skagerak, by the very high percentage which it has furnished during the past years.
The results hitherto published referred to the years 1907—1911. After a further period
of two years’ work, during which time definite conclusions have also been arrived at
in the case of the cod investigations, I have thought it desirable to give a new survey
of the results up to date. I purpose, however, in the following, to confine myself to such
matter as may serve to further elucidate the problem which forms the subject of this
report, viz. the fluctuations in the fisheries.

The great mass of material which has been collected, and on which the present work
is based, will later be utilised for further publications, and for the discussion of other
problems than that which is here principally dealt with, and to which I have devoted
the greater part of my personal interest during the past years.

*) Joman Hisomrt, Report on the Herring Investigations until January 1910; Publ. de Circ.

No. 53. 1910.
Jouan Hsonr and Einarn LEea, Some Results of the International Herring Investigations

1907——1911. Publ. de Circ., No. 61, 1911,




CHAPTER 1

The Herring Stock in Norwegian coastal waters.

Norwegian Herring Fisheries.

Herring Fishery is carried on along the whole of the Norwegian coast, in the fiords,
among the islands, and in the open sea off the shore.. The fishermen use nets and seines,
stake-nets which are anchored along the bottom or to floats, and drift nets, which are
fastened together in a chain, and drift with the boat or vessel at night. The seines cut
off the shoals, either along the shore (shore seines) or at some little distance from land
(purse-seines). The nets used take only certain sizes of fish, according to the width of
mesh, and nets with many different sizes of mesh are therefore employed, having regard
to what kind of fish is expected to be caught. The seines are of fine mesh, and can fre-
quently take all herrings down to 7 or 8 em. in length; it is very rarely, however, that
all sizes of herring are found in one and the same seine haul. This is due to the fact that
the different sizes of fish move in separate shoals, apart from one another. There are
thus many different kinds of herring fishery carried on in the Norwegian coastal waters,
and many different “sorts” of herring are recognised, according to the size most com-
mon in the different shoals. These sorts have been known, both among the fishermen
and in the trade, from time immemorial, and a great amount of care and study has been
devoted to the question of dividing them according to some rational method of assort-
ment.

The fishery statistics distinguish between four great principal groups; small herring,
fat herring, large herring, and spring herring*). It is also possible to distinguish, practi-
cally speaking, between. four different kinds of herring fishery, corresponding to these
four classes, and differing, not only as regards the method of capture employed, but
also in point of place and time of same, being carried on, for the most part, in different
regions of the coastal waters, and at different periods of the year, In the year 1908,
the catches of the different classes were as follows: (given in hectolitres).

Spring Large Fat Small

Herring Herring Herring Herring
West Coast.... 613.356 e 605 47.880
Romsdal ... ... 11.500 101.320 4,990 18.151
Trondelagen . .. e 9.628 73.852 39.320
Nordland ..... e ‘ 800 408.654 77.100
Tromse district  .... 9 127.500 48.100
Finmarken . ... 92.580

*) As will be seen in the following, a fifth main group may also be noticed, which could be
called “Norwegian North Sea herrings”. These most nearly resemble the so-called “large herrings”,
but are taken in the eastern waters of the North Sea.
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The small herring are taken, as will be seen from the above, all along the coast, but
in increasing numbers farther to the north.- The fat herring are taken, for by far the
greater part, within the range from Trondhjemsfjord to the Tromse district, the large
herring off the coasts of the Romsdal and southern Trondhjem district, while by far
the greater part of the spring herring are taken in the West Coast waters. (Fig. 4).

The proportional distribution of the yield among the different sorts as shown in the
figures for 1908 may probably be taken as generally representative; fluctuations can,
however, occur. The majority of fat herring may for instance be found to fall to the
south, in the Trendelagen district, or north,
toward Tromsgs. More than a generation
ago, the large herring were taken in
greatest numbers in the Nordland district,

and the locality of greatest capture of FINMARKEN

spring herrings may shift southwards to ‘r&q’ WQ% .
the Skagerak, or northwards along the ,\qu-gfo? ‘
coast. £

Popular classification of the different
varieties.

The method of distinguishing between
the four sorts of fish, which has been in
use for a great number of years, is based
principally upon the size, degree of fatness,
and development of the genital organs
(ovaries and milt).

The small herring do not exceed 19cm.
in length, the ovary or milt is, at the ut-
most, only visible as a thin thread below
the spine; in point of fatness they are far
inferior to the fat herring.

The fat herring vary as a rule in size
from 19 to 26 cm., the genital organs of _
the lesser fish are very small, incipient Fig. 4
developement being noticeable in the case
of the larger The adipose deposit however, in the flesh and round the mtestmes
(“ister”) is much more developed than in any other class of herring.

The large herring are superior in size, running as a rule from 27—32 cm., their ge-
nital organs are, from the autumn, in advancing developement towards maturity. This
class of fish thus corresponds to that known in the North Sea fishery as “fulls”. 1In the
course of this developement the adipose deposit gradually decreases in quantity, and
the fish finally pass, by imperceptible degrees, into the class of spring herring, which
are the spawning fish. Among these latter, the ovaries are in January firm, in February
and March slack, and in April entirely spent, the fish at this time being also thin and
in poor condition.

Small herring and fat herring are thus immature fish, the large and spring herring
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being mature; it would therefore be natural to consider all four classes as representing
different stages of size, developement and age in one and the same race of fish. G. O.
SaRrs expressed this opinion forty years ago; so deep-rooted, however, is the general idea
of difference between the classes, that they arve even now widely considered as being
distinct species or races of fish.
The careful investigations of late years as to the size, growth, and composition with :
regard to age of the different classes of herring have done much to elucidate this question. N

Size of the herring, and determination of age by means of measurement.

The first experiments with a view to determining the age and growth of the herring |
were based upon the only method at that time known, viz. the system of measurement X
invented by Dr. C. G. Jou. Perersen. In a sample of some hundreds of fish, the length
of each individual was measured in centimetres. All the measurements taken were
then arranged in order of size, whereby certain groups were obtained, and these were i
supposed to correspond to certain year classes. In a seine haul of small herring taken ‘ P
at Lofoten in March 1913, the percentage in a sample of 300 individuals for each centi- oo
metre of size was found to be as follows: ?

em...... 7 8 9 10 11 12 138 14 15 16
% r.. 2.6 98.9 23.8 122 35 23 113 109 42 03 ‘

Drawn as a graph, (Fig. ) these figures give, as will be seen, a curve with double
sammit, representing two groups, b
the one between 7 and 11 cm., :
the other from 12 to 16 cm.

The sample being taken in March, ‘
i. e., in spawning time, the group i
of smaller fish would be then just
one year old, the other consisting
of two year old fish. Determina-
tion of age by means of the annual :
rings on the scales has shown this i
to be correct; the scales of the fish :
of the smaller group exhibited one ‘

winter ring, those of the larger

s having two. The two methods of

6 7 8 9o 10 11 12- 13 4 1§ 16em age determination, that by mea-

Fig. 5. Percentage of different cm. sizes in the yield of small surement of length, and that by

herring. - Lofoten, March 1913. scale measurement, lead thus in

this case to identical results.

In dealing with larger fish, however, greater difficulties are encountered. Fig. 6 shows
a curve based on the measurements of a seine haul, taken in Nordland during oy
the autumn of 1909, and consisting of small herring and fat herring together. As will
be seen, this curve exhibits four summits or groups. The herring being taken in the
autumn, and their spawning time being in the spring, one would expect to find four
groups of the following ages; 2/,, 1%/;, 2%/, and 3%/, years. Examination of the scales,

Ed
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however, showed that this supposition only held good for the three first groups. Fig. 7
shows the composition with regard to age according to the results of the scale measure-
ments. It will be seen that the three first groups consisted, roughly speaking, of fish
of 2/,, 12/, and 22/, years, whereas the fourth group exhibited no fewer than three differ-
ent year classes, viz; 3%/;, 4%, and 5%/, year fish.

From the table of sizes of the small herring taken at Lofoten, and from Figs. 6 and
7, it will be seen that the growth of the herring varies greatly for different individuals
of the same year class. The method of age determination by measurement fails, there-
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Flg 6. Sample of small herring and fat herring from North Coast of Norway,
autumn, 1909. Arranged in cm. groups. (LEa).
Fig. 7. Same sample as in Fig. 6; individuals of different year classes arranged in cm. groups
according to age determination.
1?5 denotes the curve for fish of 1%/s years old (LEea).

fore, when dealing with older fish, the variation in growth in the older year classes being
$0 great as to exhibit a difference in age of one, two, or three years between fish of the
same size*).

With so great a variation in size between the different individuals it is evident that
the task of determining the average growth or rate of growth of the herring demands
a great deal of work, and presents very considerable difficulties. These last are still
farther increased if it is desired to ascertain, not merely the average growth for a single

*) Previous investigations, based solely upon measurement, have thus exhibited considerable

errors in determining the age of the fish. This applies also, unfortunately, to my own first preli-
minary investigations in fhis respect.
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year, but for all years, and not only for a cerlain part of the coast, but for its whole ex-
tent. Investigation has shown that the rate of growth varies in different years and in
different waters, there being a difference, for instance, between West Coast and Nord-
land fish in this respect. A further difficulty, moreover, is in particular presented by
the fact that the herring exhibit a tendency to move in shoals consisting of approx-
imately the same sizes. It thus frequently happens that the small individuals of a year
class keep to younger year classes, (e. g. in the fat herring shoals), while the larger
specimens of the same year class associate themselves with older fish, (e. g. large herring
and spring herrmg) An examination of all the individuals of one year class in a certain
shoal will thus give a more or less correct average for that year class as represented in
the shoal in question, but not for the year class as a whole.

For purposes of closer study of the growth of the herring, another method is there-
fore employed.

The Scales of the herring as a means of determining the age and growth
of the fish.

As already mentioned, it is possible, from the scales of the herring not only to cal-
culate the age of the fish, but also, by examination of the graphical view exhibited by the

Fig. 10. Growth zones of herrihg scales compared with size of fish.

growth rings, to determine how much the fish has grown in the different periods of growth.
If therefore, we draw a picture of a scale, enlarged to such a degree as to make the di-
stance between the centre of the so-called basal line to the edge of the scale equal to the
length of the fish (see Fig. 10) then the distances to the different winter rings will imme-
diately show the size of the fish during each winter of its life.

In order to avoid the arduous work of drawing the scales thus enlarged, a labour-
saving method is employed, as follows: With the aid of a prism, the microscopic picture
is thrown on to a piece of paper on the table beside the microscope. On this picture,
a slip of paper is laid, upon which are marked off the different distances from the centre
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of the basal line to the annual rings, (see Fig. 11, V, ¢y, and ¢,). By means of an appa-
ratus, it is then easy to calculate the length of the fish during the different winters*).
If we now examine, in this manner, a large
number of herrings of a year class of old, grown
fish from the spawning shoals (spring herring) these
being so old that we may suppose all the individuals
of the year class to have joined the shoal, there is
every probability of obtaining at any rate an ap-
proximate picture of the average growth. Ex- =
perience would also appear to indicate that the
spawning shoals contain herrings which have passed
their growth at various parts of the coast, which <
would render the resulting average as representative

/

/

as possible. ?
Average size of the herring at different ages. , l T J '
In a sample of spring herring, examined in \\_\ e f/
1909, a group of ten year old fish was found, i. e. AN JJJ
of individuals spawned in 1899. According to the e
measurements, the average growth of these fish had ' ,
been as follows: Fig. 11.
At the age of

1 year 8.8cm. 6 years 28.6 cm.

2 years 12.7 » 7 o 301 »

3 » 181 » 8 » 3L1 »

4 » 223 » 9 » 318 »

5 » 263 » 10 » 324 »

These figures thus express the average size of the spring herrings spawned in 1899
for each winter of their life. We will here consider them as giving the averages for the
size of the different age classes in winter. The mean values for summer and autumn
will of course be between the figures for the previous winter and those for that following.

Growth at different seasons of the year.

Lea**) has carried out some interesting investigations regarding the growth of herrings
at different seasons of the year. His method consisted in measuring, during 16 con-
secutive months, a large number of individuals of a year class which at the time of com-
mencing investigations was about two years old. He thus obtained figures expressing
the average increment of growth for each month in the third year of life. The results
of his measurements are given in Fig. 12. From this it will be seen that growth took
place only in the months from April to September. From October to the end of March
there was no increase at all, which fact also explains the narrowness of the winter rings,
and their sharply defined contrast to the remainder of the scale. The growth was most

*} Vide Publ. de Circ. No. b3, p. 37. :
*%) Brvar Lina: A Study on the Growth of Herrings. Publ de Cire. No. 6L Copenhagen 1911,
: gt :
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rapid during the period from May to July, the curves of growth being correspondingly
steeper here*). The two year old herring have thus approximately the same length
in the autumn as the three year old fish in April.

We will now consider the composition with regard to size and age as exhibited by
the investigation of some samples of the different classes of herring. It must, however,
continually be borne in mind that the sizes and average sizes in a certain shoal may
be widely divergent from the above-mentioned mean figures for the whole year classes.

The small herring and fishery for same.

| Small herring are found from year to year in great numbers along the coast; in 1911
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Fig. 12. Diagram illustrating the average increment (z;) of the herrings
between Dec. 1909 and May 1911. The broken curve denotes increment in the 4th growth period
of the herrings (¢,) (Lipa)

the total yield was no less than 700,000 hl. These small herrings are used for bait,
for canning, and for the manufacture of oil.

As the herring spawn in the spring, (March, April) it will be readily understood
that the fry during their first summer are too small to be taken with the implements
employed by the fishermen. Not until late autumn and winter, when they are %/, to 3
year old, do those which have had most rapid growth reach a size of 7 to 8 cm. in length,
when they can no longer pass through the mesh of the herring seines. There is then
a very distinct difference in size between these fish and those of the year class imme-
diately preceding, (see Fig. 5). The fishermen therefore distinguish between these two
groups, and give them different names; the herring of 2/;, 3/ or one year of age, meas-
uring 7—10 or 11 em. in length, are known on the West Coast as “musse’”, and on the
North Coast as “kril”. The fish of the preceding year class, or rather, those of 114, 1%/,

*) This may be otherwise in other waters. LEra’s investigations apply to the Wesl Coast.
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13/ or 2 years of age arc generally known as “bladsild”, and have, as long as Lhcy bear
this name, a length of 12—15 or 16 em. The largest of the “bladsild”, or those in the
transition stage between these and the fat herrings, fish of 16-—19 cm. in length, are
often used as “skjeeresild” and form, as it were, a separate group, consisting partly of
the larger 13/ or two year fish, and partly of the smaller 23/ or three year olds.

We have seen, in Fig. 5, the sizes for the two groups of “kril”, and “bladsild” as
taken in the seine hauls at Lofoten in March 1913. The former consisted for the most
part of fish 8 or 9 em. long; the latter being principally 13—14 em. in length.

As noticed above, the growth of a new year does not commence until the end of
April or beginning of May, and the whole growth for the year is completed in the course
of some few months. During May or June, therefore, a great number of the then 1%}
year old fish become “bladsild”, whereas others, of more retarded growth, are still to
be reckoned as “kril”. In the course of the autumn, however, by far the greater part
of the “kril” from the spring pass into the “bladsild” stage, while of the 22/, year fish,
a great number have gone over to the “fat herring” class, the lower size limit of which
may be taken as about 19 em.

Thus the small herring consist of fish between 8 and 19 em. in length' a size cor-
responding, for the most part, to the first two years of life.

These two year classes, “kril” and “bladsild”, often move in separate shoals each
class keeping to itself, and often in shoals consisting only of these two classes together;
now and again, however, either or both may be found together with the fat herring.
Only exceptionally do they occur in shoals of full grown fish. As to the reason why
these youngest year classes should thus move sometimes separately and at other times
together, nothing is known. An elucidation of this problem in the natural history of
the herring would be of value, also from a practical point of view.

The yield of the small herring fishery varies greatly. It amounted in 1904 to 107,000,
in 1911 to 701,000 hectolitres. It is also generally observed that the size of the small
herring varies from year to year, the yield one year consisting chiefly of “kril”, and the
next mainly of “bladsild”. We shall return to this point Jater on.

The fat herring and fishery for same.

When the herring reach a size of 19 or 20 em., large deposits of fat begin to form
in the muscles and round the intestines. This is especially noticeable in summer and
autumn, and the fish remain in this condition until the genital organs begin to develope,
and the fish are nearing maturity. This adipose deposit is mostly observed in fish of
19 to 26 or 27 em., and fish of these sizes are therefore known as “fat herring”.

These fish vary greatly in size from year to year. This is very distinctly evident
in three samples from Nordland, all taken with the seine in August, one in 1907,
another in 1908, and the third in 1909. The following table shows the percentage in each
sample of the different sizes, at centimetre intervals,

19 20 21 22 23 24 26 26 2v 28 29 30

1907.. 1.0 20.6 28.9 257 144 52 21 21 .. .. ..
1908.. .. 8 8 19 25 24 8 6 2 1 1 .
1909,. .. .. ., 13 87 230 30.0 200 105 42 16 0D
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These figures have been used for the graphical representation (percentage curve)
in Fig. 13, the fully drawn lines. In the 1907 sample, the sizes fall between 19 and 26
cm., by far the greatest percentage being for the sizes 20, 21, and 22 ¢cm. The average
size for the whole sample is 21.6 cm. The sample from 1908 shows greatest percentages
at 22—24 em., the average for the whole being 23.2 cm., while in that from 1909, the
mass of individuals will be found between 24—26 em. with an average for the whole
of 25.2 cm.

A comparison of these three samples shows a distinet increase in size during the
period from 1907—1909. Theoretically, this may be explained in either of the two fol-
lowing ways: the fish may have grown differently in the three years, or the three
samples may have consisted of fish of different ages. We will therefore consider the
composition of the samples with regard to age, as seen in the following table.

2 years 3 years 4 years 5 years 6 years 7 years

1907.. 384 61.5 e 0.2 T
1908.. 341 8.3 57.6 e ce e
1909 .. 4.3 34.8 12.5 46.2 2.1 0.2

From this table, and from the graph based on the figures (Fig. 14) it will be seen,
that the 1907 sample consisted of two and three year old fish, the 1908 sample of two
and four year olds, and the 1909 sample of three and five year old fish. The composi-
tion with regard to age exhibits thus a so extraordinary variation as to warrant our con-
sidering it as the only reason for the difference in average size exhibited by the samples.
This is even more evident if we consider the composition of the samples, not from the
point of view of the ages represented, but from that of the percentages in which the dif-
ferent years (year classes) appear. Presented in tabular form, this is as follows:

Year class 1907 1906 1905 1904 1903 1902 1901

1907 .. ... ... ... 384 6LBE ... 0.2
1908 .. ... ... 341 83 576 ... ...
1909 .. ... 43 348 125 462 21 0.2

Year class 1904 among fat herring.

The table above exhibits the peculiarity, that the year class 1904 has in all three
samples furnished an exceedingly large number of individuals. [t is thus evident, that
this rich year class, which in the autumn of 1907 was 2%/, years old, in autumn 1908
325, and in autumn 1909 42/, is the principal cause of the great difference in the com-
position of the three samples. This is also clearly indicated by the dotted curves (Fig.
13), showing the distribution, in point of size, of the individuals belonging to the year
class 1904 in the samples for the three years. It is natural that these (dotted) curves
should agree so well with the curves of percentage of all individuals in the samples (the
full line curves) since the year class 1904 furnished so great a percentage of the samples
in all three years.

Examination of these samples thus leads us to two conclusions:

1) The difference in the composition of the samples in point of size is due to the
fact that they were of different composition with regard to age.
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2) The difference in the composition of the samples with regard to age is due to
the fact that the numbers of the year classes varied, and especially to the circumstance
that one year class, that dating from 1904, was far more numerously represented than
the others. ,

The very important question now arises, whether these results should be considered
as due to fortuitous conditions in the three samples, or to natural variation in the stock
of the fat herring as a whole. Can we, from these observations, deduce a general law?
It is evident, that only experience, obtained by the examination of many samples and
covering several years, can enable us to answer this question, and, since the point is
of fundamental importance for comprehension of the composition with regard to age
and size, and of the fluctuations in the herring fishery, I will endeavour to show what
conclusions may be drawn from the material at present available.

The samples of fat herring examined in the years 1907—1909 were as follows*):

- No. of No. of specimens

samples therein contained
1907. ... 12 2383
1908. . .. 8 2398
1909. ... 3 1958
Total. .. 23 6739

In 16 of these 23 samples, the year class 1904 was found to be represented by a
percentage of over 40. In spite of this, however, the average percentage for the year
class in all the samples is only as follows:

m 1907, 51.3 9%, in 1908, 37.8, in 1909, 16.9.

A comparison of all the different samples clearly shows to what this is due. Several
samples are found to contain a large admixture of small herring, the 12/, and 2%/, year
fish, which are entirely lacking in other samples. Of the 1%/; year fish, a single sample
contained 91.9 %. In 1908 there were in one sample 93.9, in another only 3.6 %,
of the 2%/, year fish. Far more certain results could have been obtained by taking out
all the younger fish, but as the question of the movement of the younger year classes
in shoals is as yet only imperfectly investigated and understood, I prefer not to make
any attempt in this direction. We will instead proceed to consider the composition
in point of age and size of the older classes of fish, the large herring and the spring
herring. )

Year class 1904 among large herring and spring herring.

As regards the large herring, figures are available for the years 1909—1913; in the
case of the spring herring, from 1907—1913. The average percentages of the 1904 class
for all samples from these years are given in the table below, in which, for the sake of
convenience, I have also included the mean figures for fat herring in the years 1907—
1910. :

. *) The results of the age determinations in each individual sample will be found in the tables
on pp. 81—-34 in Publ. de Circ. No. 61, Copenhagen 1911,
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o/ 1904 in 1907 1908 1909 1910 1911 1912 1913
Among fat herring .... 513 378 169 4.5 0 0 0
» large » .... 7.7 51.6 48.8 59.6 46.0 52.5 58.6
»  spring » .... 16 348 437 173 70.0 643  64.7

The year clags 1904 was, as here shown, extremely numerous in most of the samples
of fat herring, (over 40 %) up to 1909 inclusive. In 1910, the year class is only poorly
represented, and then disappears entirely from the shoals of the fat herring. At the
same time, we find that from 1907—1910, the year class 1904 is continually increasing
among the large and spring herring. In 1910 and 1911 it reaches, among the latter,
the very high percentage of 77.3 and 70.0, and even in 1912 and 1913 it is over 64 %,

It may now be of interest to consider, first of all, the composition in point of size
of the spring herring in the years when the year class 1904 had disappeared from among
the fat herring, and had become so numerous in the spring shoals. For this purpose
four samples from the northern spring herring district, taken in 1910—1913, have been
selected.

Average size

: Percentage for sizes in cm. Af‘(r)ir%?}?oslzze ‘ g(_)r' 311 )

y S —— l ‘ : sample 1fn lewr ulans

‘1 % | o ! 28 ‘ 2 1 30 | s | 32 | 33 “ 3t ' 3% | a7 in om. || O YO0 PSS

= 1‘ ! I S e S PSS : I ‘ = —

1910, .. ... | 34 1142 261 \ 325 (149 27| 27| 14 b Y 28.6 28.4
1911 . } 13| 6.8 282 ;35.2 147 79 37, 08 } 08 0.3 300 297
1912, .. 10| 22335 835|218 114 | 52| 12| 03 03 305 30.3
1913. .. ... L [ Ba ) 95 (002 1264 87 12| .. 311 313

i ‘ ‘ . i i

Fig. 15 gives a graphical representation of the figures here shown. The full line
curves show the percentages in point of size for the whole samples, the dotted curves
those of the year class 1904, It will be immediately seen that a distinct increase in the
size of the spring herring took place in 1910—1913, while at the same time an increase
in the size of the individuals belonging to year class 1904 is also apparent. In the four
samples, the year class 1904 furnished the following percentages of each:

1910 ... .. 78.0
1911 . ... .. 71.2
1912 ... ... 61.6
1915 .. ... 70.2.

With these high percentages in view, it would seem very natural to consider the
excellent agreement of the increase in size of the whole sample of spring herring with
the increase in size of the year class 1904 as due to the fact that this year class has been
a determining factor in the size of the whole sample.

A full and complete view of the position of the vear class in the samples can, however,
only be obtained by considering together the average percentages for all year classes
in the samples examined. This will be found in the following table, which shows the

4
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composition in point of- age of the spring
herring for each of the years from 1907—1913.
It will be seen that spring herring are found
from 3 to 18 years of age; those between 4
and 10 years old are, however, the only
ones present in any considerable numbers

(over 17 9%,).

Age of Norwegian Spring Herring
in the years 1907—1913.
The representation of each year class is given
in percentages.

Year :
classes 3|4 |56 |7 |8 19|10 11

1907. ... 16[222 185148 126 [19.4| 34| 23] 1.7
1908. .. .. . 1848112.2111.6/11.1] 85(144| 1.9] 1.1
1909. . ... | 04l487(11.9| 41| 48| 67/17.6] 3.3
1910. ... . 112] 991778 67| 10| 04| 1.1] 20
1911, ... .| o6l 41i17.3]700| 55| 1.5] 06| 05
1912. . ... | 16] 31| 390145(648) 64| 1.6 12
1913.. .. 01| 07| 22|34 48/133(64.7| 5.1 1.2
Year 1) 1o | 13|14 {15 |16 17 |18 |19 | 2
classes];

1907. ... 92| 0905 .. .. |..

1908. .. .. 1.5 1.5/ 06/ 03/ 01|01 ..

1909. . ... 26| 16| 23] 04| 02| 04 02

1910. . ... B .

1911.. ... o1l .. | ... .

1912. . ... 121506, 01] .. | 01

1913. ... 12] 05| 02| 02

i & The figures in the table will be found
graphically represented in Fig. 16, which shows
very clearly how this rich year class (here
indicated by the strongly marked summit of
the curve) gradually increases in age from
1908, when it was four years old, to 1913,
when it was nine. All the other year classes
must have been, at least comparatively, far
poorer in these years. There is, however,
one exception. It will be seen from the table,
that in 1907 the number of eight year old
fish (year class 1899) was 19.4 9,: this year
class is represented in 1908 and 1909 by
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Fig. 16. Composition in point of age of spring herring, 1908—1913.
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14.4 % and 17.6 %, and may earlier have been very numerous. The figure shows two
distinet summits for this year class, in 1908 and 1909; it is of especial interest as being
the only rich year ¢lass of the disappearance of which the material gives us any inform-
ation. In the last year in which this year class was present in considerable numbers,
(1909) it was 10 years old.

The investigations as to the average composition in point of age of the large and
spring herring thus strongly support the conclusions arrived at from the study of the
fat herring, viz; that a single year class has played a very great part in the stock of herring
during the. past years, and it would seem difficult to believe that so many facts, all tend-
ing in the same direction, should be due to mere accidental circumstances in the samples
examined, rather than to general conditions applying to the whole of the stock.

Comparison of different samples as a means of checking results.

In dealing with a question of so great importance, however, the available material
should naturally be utilised to the greatest possible extent for the elucidation of the
problem. We will therefore, as regards the large and spring herring, proceed to consider

1906 05 04 03 02 0F /900 99
Fig. 17. Spring herring district. Iig. 18. Spring herring samples 1910, Composition
in point of age.

the different samples separately, and not merely from the point of view of average re-
sults. Such consideration of the samples affords a clearer view, not only of the accuracy
of the avemge results, but also as to how many and how large samples are required
in order to give an idea of the composition in point of age and size of the stock.
This latter point is .of the greatest importance, not least from a plactlcal point
of view. I have therefore shown, in the following table, the results of age deter-
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mination investigations for the year class 1904 in all the samples of spring herring exa-
mined during the years 1907—1913. The table shows, as above, the percentage of the
year class in the whole sample, in addition to which, the place and time of capture are
also noted. The table includes 19 samples in all, embracing a total of 7,092 fish, The
chart Fig. 17 will serve to better locate the place of capture.

Percentage of individuals belonging to year class 1904 in the
samples of spring herring for the years 1907—1913,

. l Year of ‘ No. of l s of
No. of ear ol | Month Place of capture | specimens | year class
sample | capture 1 | examined ] 1904

! — i
— { ‘
1 1907 March Bemmels | 375 | 2.1

-2 — — Gjeitung I 275 f 1.1

3 — — Bspever i 274 i 15
4 1908 February Fgina 1 881 15.9
5 — April Korsfjord ‘ 549 65.2
6 1909 February Kalvaag ; 200 ! 46.5
7 o March Kalvaag | 368 : 42.2
8 1910 March Kinn 296 78.0
9 — — Kinn 199 ; 76.4
10 1911 January Korstjord 38 . 702
11 . February Haugesund 380 - 687
12 — April Nordre distrikt 361 71.2
13 1912 March Boku 376 64.6
14 — - Flekkefjord 259 i 55.6
15 — — Haakelsund 310 ’ 61.6
16 — April Askevold 297 | 75.4
17 1913 - March Flekkefjord | 329 ‘ 60.5
18 — April Kowsfjord | 226 102
19 1 - — Yitre Sulen 336 i 63.4

Total, in 19 samples, 7,092 individuals.

In studying this table, the samples for each year of capture must naturally be com-
pared one with another. It will then be seen, that for each year, with the exception
of 1908, a most remarkable agreement is apparent. A graphical representation of the
figures for the four years 1910—1913 shows the percentage for composition in point
of age of each single sample; the four figures 18—21 give the samples for each year of
capture separately, for purposes of comparison. It will be seen at a glance that the
composition in point of age for all of these years reveals the most accurate agreement
between the different samples. In 1913, for instance, a sample was taken at Flekke-
fjord, one at Korsfjord, and one at Yttre Sulen, each consisting of 200 to 300 fish. The
distance between Flekkefjord and Yttre Sulen is over 200 miles, and shoals of spawning
spring, herring were found throughout the whole of this range. The fact that such small
samples, taken at such a distance apart, should exhibit so great similarity as regards
composition in point of age, can only be regarded as marvellous. The only possible
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explanation seems to be, that the shoals were in reality perfectly homogeneous in this
respect; that the samples examined were thus representative of the stock as a whole,

and that the method of investigation here employed really affords a means of obtaining
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Fig. 19. Spring herring samples 1911. Composition in point of age.

accurate information as to the composition in point of age of the whole stock.

)

757
701
651

a0t

355
50
45
40
35
30
25

20t

15

101

5

————— Hindoeon o Ashowotd %

———— Jllpird Y

1712

Bofn 73
Saakelsunc 2%

1908

o7

06

05

0%

03

23

o/ 900 99 9% 97

Fig. 20. Spring herring samples 1912, Composition in point of age.

!’




From the tables already published*), it will be seen that a corresponding agreement
is noticeable between the different samples for the other age classes, and for the compo-
sition, in point of age, of the large herring. Only a single example need be mentioned
here, viz, the samples of large herring examined in 1907. These were, in part, extre-
mely small, down to only 23 in one sample. In spite of this however, the rich year
class 1899 already mentioned was found to present the following percentages: 30.8,
39.2, 27.9, 44, 35.3, 43.0, 36.0, 40.0, 48.0, 42.8, 23.7, 33.7, 35.5, Two of these samples
contained over 100 individuals, these showed percentages of 36.0 and 35.5.

From the foregoing, it would appear legitimate to draw the following conclusions:

While the agreement between the single samples of fat herring from-the same year
was, on the whole, generally good, great variations occurred here and there, owing to

%
70

65
60|
550
50|
45|
40
351
301
251
20|
/51
0]

5

Lo m e 2

190 09 08 07 06 05 04 03 02 01 1990 9
Fig. 21, Spring herring samples 1913. Composition in point of age.

the fact that the admixture of small herring in the samples was inconstant, the indi-
vidual year classes apparently moving sometimes in separate shoals, at others in mixed
sheals. In spite of this, however, it proved possible, by observation of the fat herring
samples above, to deduce the probability of that regularity which the study of the sam-
ples of large and spring herring so strongly confirms. In other words, the great variation
in composition from year to year appears to be due to the presence of certain rich year
classes; in the case of the samples examined, the year class 1904. As regards the
large and spring herring, the greatest agreement is noticeable between the different
samples examined in the same year. The mature, full grown fish thus appear to be
so fairly mixed, that examination of even few and small samples suffices to give a
correct view of the composition of the stock with regard to age in a certain year.

*) Vide Publ. de Circ. No. 61 pp 32-34, Copenhagen 1911,
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Recruiting of the spawning shoals from those of the fat herring.

The table on p. 29, showing the composition, in point of age, of the different sam-
ples of spring herring, reveals one great discrepancy, viz. between the two samples from

Vaaroild.  Alderssammenseting 1907-1909

Foina, [eb. 1908.

Bakkesund, Korsfj. april 1908.

.

halvaag, mars 1909,

s

I} L s n n 2 i 1 . 1 i
10058 1904 1903 1902 1901 1900 1899 1898 1897 1896 1895 1894 1893 1892 1891
Fig. 22, Composition in point of age of spring herring for the years 1907—1909.

1908. The February sample contained 15.9, that of April 65.2 9, of the 1904 year
class. This fact will however, be explained if we compare the samples from 1907 on
the one hand, and those from 1909 on the other. The composition in point of age of
these samples will be found in Fig. 22. In 1907, the spring herring contained only 1—
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99, of the year class 1904, in 1909, over 40 %. A greal immigration lo the spring
herring shoals from those of-the fat herring must therefore have taken place in the mean-
time. This occurred during the spring fishery of 1908, which explains the paucity of
these fish in the early (February) catch, and the great contrast presented by the later
(April) hauls. The immigration is not however, restricted to this period; it continues,
and not until 1910 do we find ‘the highest percentage (77.3) among the spring herring,
(vide Table p. 26). This agrees with the fact that the fat herring samples, at any rate
up to the summer of 1909 inclusive, contained large percentages of the 1904 year class,
whereas in 1910 this year class had almost entirely disappeared from the fat shoals.
A far closer comprehension of this emigration from the fat herring shoals and cor-
responding immigration to the shoals of large and spring fish is furnished by an inter-
esting observation made by LEa, which he describes as follows: “A very large part of
the rich 1904 year class have lived, during their first years, in northern Norwegian wa-

(404 ~

\
Fig. 23. Scales of two five year old herring from the North Coast of Norway;
a, normal growth, b, “marked” fish (Lra).

ters, and it appears that most of them, in 1906 (their third year of life) exhibited an
unusually poor increment of growth. The scales, which furnish, as it were, a graphical
illustration of the growth, reveal this most distinctly. - If we observe the scale marked
b in Fig. 23 we find that the distance between the second and third winter rings is re-
markably small. For purposes of comparison, another scale, marked a, is shown,
illustrating the manner in which the winter rings are generally found to lie.

“Most of the herrings from the northern Norwegian waters exhibited scales as that
marked b. The only reasonable explanation of this would seem to be that these fish
in 1906 (their third year of life) must have lived under conditions unfavourable to their
growth. The theory of a racial phenomenon is here untenable, since the fact is only
apparvent in those of the Norwegian herrings which occurred in northern Norwegian
waters in 1906.

“The peculiar appearance ol these scales enables us to distinguish’ them from others,
and the presence in a sample of a large number of herrings having such scales indicates
more or less certainly that onc has to deal with fish which have lived in northern Nor-

a
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wegian waters. The scales thus serve as a kind of certificate of origin, legible even when
the fish are encountered in waters far distant from those of the northern coasts of Nor-
way. In other words, it is possible to study the migrations of these fish in the same
manner as when dealing with specimens marked and set free for purposes of investiga-
tion. Whereas the scientist, however, may mark his thousands of fish, and possibly
recapture some few hundred, nature has here marked millions, and millions may be
caught. During the ten years 1907—1911, the occurrence of these “marked” fish has
been closely studied, and their mi-
grations may be traced, more or less
acurrately, as in Fig. 24.

“Moving from the northern Nor-
weglan waters, they have passed
southward in great numbers, to find
a spawning place off the west coast,
encountering here fish which had
grown up in more southerly waters,
and spreading, together with these,
westward to the Faroes, and eastward
to the Skagerak. Some few individuals
have gone even farther, penetrating
into the Kattegat, and the southern
part of the North Sea, where they
have been encountered in small num-
bers among the herring having their
habitat there. None of these fish are
now to be found in the northern
Norwegian waters, but farther south
they still occur in numbers, and their
appearance and migrations may be
further studied”. :

It will be seen from the chart
(Fig. 24) that in 1908, the emigrant
'Fig. 24. Migrations of the »marked« herring, {(Lmea). Nordland herring began to make their

appearance among the large herring
off the coast of the Romsdal district, while in 1910, they were present in the spring
herring shoals. This exactly corresponds to a great emigration of Nordland fat herring
m 1909 and immigration among the spring herring in 1910, which, as we have seen in
the foregoing, is strongly suggested by the composition in point of age of the two classes.

“Closer study of this phenomenon enables us moreover, to calculate the percentage
furnished later on by the original Nordland fat herring contingent, when mature,
among the shoals of large and spring fish*).

In a sample of large herring, 47 %, of the year class 1904 were found to be marked
fish. As the earlier fat herring: samples from Nordland revealed the fact that only
2iocof the year class were marked, it is necessary to increase the percentage of 47 %,

*) Vide Hsort and Lea. Publ. de Cire. No. 61.
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by one-half, i.e. 24, making 71 % of the large fish originate from Nordland fat
herring. In a similar manner, the percentage for the spring herring was found to be
48. This indicates that the spring herring shoals had recruited from fish of more south-
erly origin to a greater degree than the large herring. Investigations as to the growth
of the spring herring also show that a part of these must have grown faster than the Nord-
land fish, maturing at an carlier age. Although the 1904 year class furnished so great
a percentage of the spring herring both in 1908 and 1909, none of them were found to
be marked. Not until 1910 did the marked Nordland herring make their appearanec
among the spring shoals. . '

In the south-western part of the Norwegian coastal waters, the herring mature
at an age of 3 (though very rarely), 4, or 5 years, whereas in the northern waters maturity
is only reached by any considerable number at an age of 5 or 6. It is thus extremely
natural that the percentage of the 1904 year class in the spring shoals should have in-
creased up to 1910 (when the fish were 6 years old). As will be seen from Fig. 24,
a sample from the Faroes, examined in 1910, containing 51 9, of the 1904 year class,
was found to include marked fish, whereas samples from the same waters taken in 1908
and 1909 revealed only a minimal quantity (less than 1 9%,) of the 1904 class.. These
fish spawned in Faroe waters in 1910. As to how far any of them may later have joined
the Norwegian spring shoals, nothing is known.

Recapitulation. Sketch of the natural history of the herring.

It may now perhaps not be out of place to give a rough outline of the life history
of the herring in Norwegian coastal waters. :

The spawning shoals of spring herring, which are taken in West Coast waters, form
a stock of very variable age and size. The youngest fish reaching maturity are three
years old; these are, however very few in number. - Of those fish which grow up in the
southern waters, many join the spring shoals at an age of four years, the majority, ho-
wever, probably a year later, whereas those of northern origin do not enter the spring
class in any considerable numbers until they are six years old. The average size and
age of the shoals vary according to the numbers of the years classes represented. We
may therefore find small (young) spring fish with an average length of 27 or 28 cm.,
and larger (older) ones with an average length of 31, 32, and even 33 cm. Previous ex-
perience (year class 1899) seems to indicate that the spring herring do not, in any great
numbers, reach a higher age than 10 years; the present material, however, clearly shows
that the number of years here taken into consideration is too small to permit of our for-
mulating any definite opinion as to this. ~Further investigations will here be necessary,
and it will be not least interesting to observe how soon the 1904 year class will die out,
i. e. what percentage it will form of the stock of spring fish during the next few years.

The young fry are carried northward along the coast by the current. (The
chart in Fig. 25 may here be used for comparison). They spread as if sown all along
the extensive range of coast, and everywhere some small fish develope, beyond doubt
mostly in the northern waters. In the autumn, when these small fry are 8—10 cm.
long, and 2/, year old, or in the winter, at the age of about one year, when they are called
“musse’” or “kril”’, they begin to make their appearance in the seines. Next spring they
begin to grow again, in May, and soon become “bladsild” (12-—15 cm. long). Most of

o
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them remain during the following winter at this length, some, however, grow faster.
During their third year, some at least of the year classes begin'to associate themselves

Fig. 25. The Currents of the Norwegian Sea. From Hrrianp-Hansen and NANSEN.

with the fat herring, and for thefnext two or three years, according to locality, they belong
to the fat shoals.

At an age of 4, 5, or 6 years they separate from these, in the autumn, when the genital
organs are beginning to develope; they are then “large” and in the following spring be-
come “spring herring”. At this time they undertake migrations of greater or lesser
extent, moving southwards along the coast, in a direction contrary to that in in which
they as young fish were passively carried by the current,
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A study of the natural history of the herring in Norwegian coastal waters thus leads
us to the conclusion that the life-cycle of the herring is limited to a more or less restricted
area of sea, and that these waters have a common race or stock of herring. True, indi-
viduals may, as we have seen, exhibit peculiarities of growth according to locality, as
for instance in southern or more northerly waters; these variations in growth must,
however, at any rate for the present, be considered as due to the influence of extraneous
natural conditions having no permanent hereditary effects. It would seem highly pro-
bable that the young of fish which have grown up off the west coast of Norway can
be carried by the current up to the North Coast waters, and there grow up under the
same natural conditions, and at the same rate, as the indigenous Nordland fish. How
far this also applies to the more distinctly localised shoals which are found in some of
the fiords, Trondhjemsfjord, Lysefjord, ete., is yet an open question, the solution of which,
while presenting features of biological interest, is hardly likely to influence the great
general law, that the race of herring in the Norwegian coastal waters forms, on the whole,
a single independent stock. ]

As will be seen in the following chapter, the full-grown herring make periodical mi-
grations between the spawning times, moving out into the North Sea and the Norwegian
Sea; it has already been noticed, in the foregoing, that they may penetrate as far as
to the Faroes, and they may possibly even find their way to the sea north of these is-
lands, the southern Bottlenose Grounds. During the course of these migrations, they fre-
quently mix with herring of other races, (the Shetland herring); as far as is known, how-
ever, it would seem fairly certain that the very great majority return to the Norwegian
coastal waters on the approach of the next spawning season.

The fluctuations of the herring'ﬁshery.

It now remains to be seen how far these scientific results serve to elucidate the pro-
blem of fluctuations in the great herring fisheries, and the question naturally arises
whether any relation can be shown to exist between the varying composition with regard
to age of the samples examined, and the variations in the hauls made by the fishermen.

It is obvious, that no such relation need, as a matter of fact, exist. We may well
imagine that the yield of a certain fishery could be poor, even though one year class
might be far more numerous than other still poorer year classes, while a highly profitable
fishery may be based upon the capture of fish belonging to several year classes, each
of which is represented in about the same proportion. Only by experience of the natural
conditions which govern these phenomena can we obtain information of any value in
this regard; we will therefore proceed to examine the facts which have been ascertained
as to the hauls made by the fishermen, as given in the fishery reports and statistics.

In the Norwegian fishing industry, great interest has for a long time been evinced
as to the collection of information dealing with the size of the herring and cod. The
necessity of this is obvious, when taking into consideration the great variation in the
sizes due to the fluctuations in the composition with regard to age. These practical
observations have not, however, been based on measurement of the length of the herring,
as in the foregoing, but on collection of statements as to their weight, and on the basis
of long experience of the fluctuations in the weight of the fish, a system of assortment
has arisen, embracing certain size groups (weight groups), which have gradually become
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so generally known, that certain designations have been applied to the classes thus di-
stinguished, as “Merchant’s fish” or “Mark 17, “Medium fish” or “Mark 2" ete. During
the fat herring fishery, the telegrams reporting on the “quality” of the fish indicate
this in terms such as “mainly Mark 2 fish” and similar expressions. It is thus
very natural that a great deal of experience has in course of time been obtamed as to
the fluctuations in the occurrence of these different “marks”, and it is a well known fact
in the Norwegian fishing industry, that the fat herring fishery may in one year be di-
stinguished by Mark 2 fish, in another by Mark b, etc. These facts agree so thoroughly

Small herring and fat herring, North Coast.

o 1
i‘é?i‘;e Length | Weight | No. pr. | No. pr. | No. pr. Classes
seine hauls in ¢cm. | in gr. kg 4 kg, | 100 kg.
: 8 3.6 9280 1120 | 28000
First 9 5.7 270 1080 | 27000 ]K |
year of life 10 44 293 672 22300 l n
11 60 | 166 564 | 16600
o 75 | 133 534 | 13300
13 10.0 100 400 | 10000 - Small
, 14 © 1256 80 320 8000 |, Bladsild herring
Second 15 18 55 920 5500
year of life 16, %% 40 160 4000
17 29 34 136 3400
1205 18 35 29 116 |- 2900 }Slqaeresﬂd
19 41 21 % 2400
22/s 20 51 20~ 80 2000 | C. Mk. 7
21 58 17 68 1700 | MC. Mk. 6
22 71 14 56 1400 | M. Mk. 5
3tls 23 81 12 48 1200 }MK Mk 4
24 100 10 40 1000 Fat horring
25 110 9 36 900 | K. Mk. 3
4205 26 125 8 32 800 | KK. Mk. 2
52ls 27 162 6 24 600 | KKK.Mk.1
6215 28 192 5 20 500 | KKKK.
29 206 4 16 400 | KKKKK.

with our data previously noted as to the fluctuations in composition of the stock with
regard to age and size, that it may well be worth while to more ‘closely consider the rela-
tion between the age of the herring, their length, weight, and position in the scale of the
old sorting method. The table above gives a comparison on these lines as regards the small
herring and fat herring, and we may here find a good deal of useful positive information.
1t will be noticed that the “kril”; one year old fish, of 8—11 cm. in length, weigh from
3.6 to 6 gr. and run thus from about 150 to 300 per kg. according to size, or 15,000 to
30,000 per barrel (100 kg.).

The “bladsild” increase very rapidly in weight; the larger specimens already weigh
25 gr. or only 40 per kg., the “skjemresild” average only 25-—30 to the kg.




— 39 —

Assortment of fat herring.

The fat herring are divided for trade purposes into no less than nine different marks,
embracing together fish of from 2—7 years of age, 19—29 cm. in length, and from 50 -
to about 200 gr. weight. The smallest average therefore as many as 20 to the kg., the
largest, which are, however, very rare, 4—b. The sizes most frequently occurring are
those between the so-called Mark b and Mark 1 or 2. Mark 5 fish are about 22 em. long,
and weigh about 70 gr., averaging 14 to the kg. Marks 1 and 2 include fish of 26-—27 cm.
in length, weighing 110—125 gr. or 6—8 per kg.

It is a well known fact that the yield in one year may consist almost exclusively
of Mark 4 and b, in another of Mark 2 and 38, which is sufficient proof that the practical
industry recognises great fluctuations in point of size, although it has not been
known to be due to variations in the year classes. It would also be difficult for
men engaged in the practical industry to discover this, since the different individuals
of the year classes vary so greatly in size that no one year class corresponds to any di-
stinct mark, but each embraces several mark groups. We therefore find, in most cases,
that the statements in the fishery reports indicate several groups, e. g. “Mark 2—4”,
without indicating the percentage of each. It is thus only possible to obtain approxi-
mate information with regard to size from the fishery telegrams for the years 1906—
1909, nor can the statements given be expressed in figures, as for instance in a calcula-
tion of the average sort for each year. Thus roughly, however, it was not difficult to
see, on perusing the telegrams, that the yield of 1906 contained many Mark 6 fish, that
of 1907 Mark 5, and that of 1908 Mark 3—4, while in 1909, many Mark 1, 2 and 3 fish
were noted. A cargo of herring from Ejdsfjorden in September 1908 thus showed:

Mark 2 Mark 3  Mark 4
50 _ 200 12560  barrels.

Two cargoes from Nordland, in 1909 showed:

Mark 1 Mark 2 Mark 3 Mark 4 Mark

400 500 500 200 ce

5
‘barre]s
190 607 636 40 88 [T

Fluctuations in the fat herring fishery.

It is thus beyond doubt that a marked increase in the weight of fat herring took
place in the years 1907—1909, as was also the case with the samples scientifically inve-
stigated. Moreover, the character of the increase was such as to agree very well with
the supposition that it was principally due to those fish which in 1907 were three years
old, and in 1909 five.

According to the Fishery Statistics, the following quantities (given in hectolitres)
of fat herring were taken in the Nordland district in the years 1903—1910:

1903.... 261,274 1907.... 157,515
1904. ... 61,853 © U 1908.. .. 408,654
1905. . .. 8,359 1909.... 883,772
1906.... 27,359 1910.... 418,595
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In the years 1904—1906 the yield of the fishery was, as will be seen, unusually low.
In 1907 an increase began, continuing through 1908 and 1909, and culminating in the
last named year. These figures agree very well with the supposition that there has been
a rich year class in the North Coast waters which was especially noticeable in the years
1908 and 1909. It also agrees with the fact that the two previous year classes, 1902
and 1903, were very poor; these would otherwise have been most prominent in the yield
of the years 1905 and 1906.

Fluctuations in the weight of spring herring.

The large and spring herring are not classified under the same marks as the fat her-
ring. During the fishery, the telegrams state how many herring go to a “barrel mea-

Large herring Spring herring
Length R | -
in cm. |AVOREOly, L No. pr. | No. pr. Y8 No, pr. | No. pr.| No. pr.
‘;’ﬁ‘::lt kng 4 k§. 100 1I:g. ‘;’s‘zi_‘f | l(gI? 4 kg. 100 ig.
27 .. . .. .. 130 9 308 770
28 163 6.1 | 244 | 610 | 147 7 28 700
29 169 6 24 600 | 163 6 24 600
30 187 52 | 208 | 520 | 183 5.5 22 550
31 199 | 5 | 20 500 | 190 53 21 530
32 213 | 49 | 188 ] 470 | 211 4.7 19 470
33 260 | 4 16 1 400 | 229 | 44 | 18 | 440
34 Lol 288 4 16 | 400
; i |

sure” (150 litres) and in the salt fish trade it is generally stated how many herring go
to make up a weight of four kg. The table above shows a comparison of the relative length
and weight of large and spring herrings. The large herring are, as will be seen, heavier
at the same length than the spring fish, being fatter than these last; the difference is,

om? j

224 7 Vel

220 220 220 .

216 . 210 ’ 20, -

212 ‘ 200 200

208 190 790

204 180 / 180 /

200 170 g 170 .

196} 160\ / 160 /

192 : 150, 1| .

188 / 40 "oy

184 ’ 130] 1301

1907 os 09 0 11 12 13 1910 11 12 13 1910 1" 1 13

1. 2. 3.

Fig. 26, Average volume and weight of spring herring in different years.
1. Average volume (in cm.*) of spring herring, according to statements of the fishery authorities.
2. —  weight (gr.) of samples scientifically investigated.
3. — — -~ of fish of 1904 year class in these samples.




however, not very great. The smallest of these full-g -grown herrings weigh about 100 gr.
or somewhat over 6 per kg., the largest about 250 gr. or 4 per kg.

It is very interesting to compare these
statements as to the average size of the spring 1
herring during late years with the mean va- % o
lues found for the samples scientifically ex-
amined, both as regards the samples as a
whole and especially for the individuals of

the 1904 year class. A comparison on 32 ' sl
these lines is given in Fig. 26. 3 Pl B e
On the extreme left is shown a curve (1) 40 / 20 /
. . 29 29
for the average volume of the herring (in 28 28
cubic em.) for the years 1907—1913%). 1t ,
194 1 R 13 1940 1 2 1

will be seen that the volume of the fish sank Fie 97 Averase lonath £ all individual
in the years 1907—1910, rising again to its 'sam‘;;?zaﬁ«infnfmo(i?é)m? (i) and of fish
highest figure in 1913. Farther to theright - ¢ tpe 1904 year class in the same (2).
will be found the average weights for the
samples (2) and the year class 1904 (3) in the years 1910—1913. These exhibit a rise
which is perfectly parallel with the curve to the left.

Fig. 27 shows the average length for all individuals in the samples (1) and in the
1904 year class during the years 1910—1913 (see also Fig. 15).

In the case of the spring herring also, the statements as to the fishermen’s hauls
agree entirely with the figures for the samples examined.

Fluctuations in the yield of the spring herring fishery.

The fishery statistics give the following figures expressing the yield of the spring
herring fishery for the years 1904—1913 in hectolitres:

1904. ... 528,000 1909..., 772,000
1905. ... 633,000 1910, .:. 982,000
1906.... 775,000 1911. ... 1.054,000
1907.... 979,000 1912.... 937,000
1908.... 625,000 1913. ... 1.600,000

These columns reveal a distinet increase for the years 1909—1913, and it would
also here appear to be evident that the yield of the fishery has been exceptionally rich
from the time when the year class 1904 began to play a prominent part. We thus find,
bothinthe fat herring fishery and that of the spring fish, similar evidences of an increase

dating from the time when the year class 1904 began to make their presence felt among.

the stock. This is very distinctly noticeable in a graphical representation of the state-
ments of the fishery statistics, both for the fat herring and the spring herring yields,
Iig. 28.

We cannot, however, in this case attach the fullest value to these statistics, as they
indicate the amount of the yield in hectolitres, and not in number of fish, and, owing

*) These figures have been obtained by caleulating the average of the statements as to how
many fish were reckoned per barrel measure in the different years.

6
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to the great variation in the size of the individuals, a hectolitre will in one year represent
a far greater number of fish than in another. We know however, the size of the herring
for the last few years, and it has therefore been possible to calculate the number of her-

13.
14 |
13]
12

—
—

—~pov b N 0D

7 8 © 1901 2 5 4 5 6 7 8 9 10 11 1213
Fig. 28. Yield of the fat herring and spring herring fisheries for the years 1896—1918.
-— Fat herring. - - - Spring herring. 156=1,500,000 hectolitres.

rings taken in the years 1907;*1913, both as for spring herring on the whole and also
as for the 1904 year class among the spring shoals. The result of this calculation will
be found in the following table, and in the graph shown in Fig. 29

No. of millions of herring taken in the years 1907—1913.

Fish of all ages Year class 1904
1907.... 440 7
1908.... 321 112
1909.... 403 177
1910.... D18 400
1911.... 519 363
1912.... 440 283
1918.... 671 434

1907—1913.... 3312 " 1776
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From this we see that altogether more than half of all the spring herring taken du-
ring these seven years belonged to the 1904 year class. The figures and the graph show
the increase in the number of individuals in the years 1907—1910, at the time when
the immigration from the fat herring shoals took place. After that, the yield varies
considerably. We may certainly say that the _y .
fishery since 1910 has been rich and extensive, @
and that the year class has in all years exhibited ¥
such a degree of wealth as even to warrant the L
anticipation, in one year, of a good vield in the
next. There is however, no full and complete
agreement with what one might expect to find,
from the percentages for the year class in the
samples examined. According to these, the g
greatest number of individuals should have *7
been taken in 1910, when the percentage was
77.0, and later somewhat less. This discrepancy
can evidently only be explained by the supposi-
tion that the catches in these years have not
made up the same percentage (percentage of fish

=

400

caught) of the whole stock. In order to under- -
stand the fluctuations of the fishery, it is there- w00l
fore evidently highly necessary to be acquainted ™ |

with the variations of the year classes; it must,
however, continually be borne in mind that
other conditions may also play an important
part. :

Many factors may of course be found to
account for the fact that the proportion of the
stock taken in the course of the fishery varies |
from year to year. We have first of all the g
factors upon which the whole industry depends, ¢
viz. weather conditions and ruling prices. In  *J

s : : 20¢
addition to this, the moverments of the fish will P N N B R B W
7907 08 09 70 77 72 7973

also be of great importance. In some years, , , . )
the fish movge at so gl*)reat a depth as to linder Fig. 2?5;&?;5; P frllnil}:ﬁig‘nzg j?rﬁt:;le years
it difficult for the fishermen to reach them. In  7TheFlack columns represent1904;'yea1: class.
others, it must be supposed that the stock, for =~ -
instance, of spring herring, seek other waters than those where the fishermen have
assembled to await their arrival.

As already mentioned, spawning herring were taken in 1910 on the Faroe banks;
these fish undoubtedly belonged to the Norwegian spring stock.

In 1903, K. Danr*) carried out some fishing experiments for cod (“skrei”) on the
so-called Haltenbank (between 64'/,° and 65° N. Lat.). He encountered here an exten-

*) Undersgkelser over skreibanker paa strakningen Tranen--Kristianssund. Aarsberetn. vedk.
Norges fiskerier. Bergen 1904,

6*
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sive spawning of spring herring, and found spawning herring in the sLoma(,h ol the coal-
fish, while the sea was full of newly spawned herring larvae.

In the years 1866 to 1874, the large herring fishery was carried on to a very great
extent on the North Coast, and there is no doubt that in these years spawning took place
farther to the north than usual.

As will be seen in the following chapter, shoals of spent spring herring are found
as early as May on the North Sea Banks: it is therefore natural to enquire whether part
of the spring stock possibly spawn, in certain years, on the banks of the North Sea. This
is a question of long standing, discussed already by Axer Borck. It has happened, in
the history of the herring fishery, that the fat herring yield has been good for a long
period of years, while that of the spring herring has been extremely poor. It is a dif-
ficult and unsatisfactory task to study the facts of periods so far removed, when the
observations made were few and far from accurate; we may yet learn from this that
for a full and entire comprehension of the fluctuations in the herring fishery, extensive
and manifold investigations are required. As regards the period investigated of late
years, it may at least be said that the investigations with regard to age alone have largely
contributed towards the elucidation of the fluctuations in the Norwegian herring fishery,
and although there may yet be many other phases to explain, — to which we shall return
later on — it must be presumed that these age investigations will in the future be
of increasing importance, the increase being in proportion to the degree in which a more
highly developed fishing industry is applied to the whole of that region of sea in which
the herring mocve.

CHAPTER II
The Stock of Herring in the North Sea and Skagerak.

The Herring fishery in the North Sea. Yield.

According to the international “Bulletin Statistique”, the quantities of herring
landed in the different North Sea countries in the years 1903 and 1909 were, (in kilo-
grammes) as follows:

1903 1909
Norway....... 49.136.154 90.207.820
Denmark. .. ... 101.737 149.776
Germany......  19.989.447 39.250.257
Holland . ... ... 100.675.413 88.466.920
Belgium. ... ... e 1.255.600
England....... 148.014.487 217.970.456
Scotland . ... .. 181.193.288 192.228.114

Total... 499.110.526 629.528.943
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The value of the yield amounted in 1909 to 86 million shillings, or dbouL 45.4 9,
of the total value of all the North Sea fishery.

The participation of the various countries in the herring fishery of the North Sea
exhibits differences, not only in the amount of the yield, but also in the methods employed.
From Norway, very little open sea fishing is carried on; only in the autumn does some
drift net fishery take place on the Viking bank, due west of Bergen. The great mass
of the yield cited in the above table as for Norway applies to the Norwegian spring her-
ring fishery, which is exclusively coast fishing. In all other North Sea countries, the
coast fishery plays a comparatively insignificant part. Herring are taken along the
coast everywhere; in the Scottish firths, in English and German bays, the mouths of rivers,
and in the Zuyder Zee, but in small quantities. The true North Sea herring fishery
of all these countries is carried on in open sea, on the North Sea banks, with drift net
or trawl. The fishermen have in many ways adapted their methods in the most econo-
mical manner according to the conditions which prevail in their respective countries.
Along the coasts of England and Scotland, where the great shoals of herring move close
to the shore, it pays to fish from small vessels, and to bring the catch fresh to market
each day. The German, Dutch, and Belgian fishermen, who have farther to go to the
{ishing grounds, are obliged to make long voyages of five to six weeks’ duration, and
salt their catches on board. Tt is nowise within my sphere, however, to describe these
different methods of fishing; it must only be borne in mind, in consideration of the fol-
lowing, that all catches made in this great North Sea fishery are made either with the
drift net or with the trawl. Until a few years ago, the drift nets were the only imple-
ments of importance, and even in 1912, the herring taken with the trawl amounted to
only 4.4 °/; of the total yield. By far the greatest numbers are thus taken with the
drift net; the equipment, as regards these implements, is also enormous. In the Scottish
fishery statistics for 1910 we find that the total area of the nets in use in that year amoun-
ted to no less than 119,626,340 square yards.

Drift nets and trawl.

These drift nets have, in the course of long experience, been adapted to the capture
of such sizes of herring as are generally found in greatest numbers on certain fishing
grounds. The size of the mesh is therefore not everywhere the same.

The English fishery investigations have carried out extensive observations as to
the relation, in point of size and maturity, between the drift net hauls and trawl catches
of herring. Fig. 30 shows the results of these investigations, which are based upon a
very large amount of material, between 15 and 16,000 herrings having been measured.
The full line curve shows the size of the trawl-caught fish, the dotted curve that of those
taken with the drift net. (The curves show, for both groups, what percentages lie below
each of the centimetre sizes marked on the abscissa). It will be noticed that the differ-
ence between the two catches is very slight. Comparison of the degree of maturity in
the two groups also revealed considerable similarity, with the exception of the spent
fish, which did not appear in the trawl catches at all. (On the bottom?)

Drift net fishing has been carried on in the North Sea for several hundred years,
and an extensive literature exists dealing with the interesting history of this fishery
and all the important observations which have been made in course of time by the hun-
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dreds of thousands of fishermen engaged in the industry. One of the earliest points noted
— an experience which must have cost innumerable fruitless experiments, with enormous
effort and expense, — is the fact that the drift nets working the different parts of the
North Sea only take herring at certain definite times of the year. The herring fishery
is everywhere restricted to a short season, which varies for the different banks of the
North Sea; it is, however, sufficiently regular to permit of a rough determination as
to where the fish are to be found in the different months of the year.
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Fig. 30. Herring from East Coast of England 1912; percentage of fish below each cm. size.

Seasonal variation of the fishery.

H. M. Kyre*) has performed the extremely valuable task of carefully collecting in-
formation as to the fishing grounds and quantity of fish caught for each month in the
year, expressing his results in a series of monthly charts for the year 1903. These give
the best description of the course of the herring fishery in the North Sea. According
to Kyre’s information, the fishing is, during the first three months of the year, carried

*) Bulletin Statistique des Péches Maritimes, Vol. I, Copenhagen, 1906.




on exclusively along the coast, in bays or fiords. The only great fishery at this time of
year is the Norwegian spring herring fishery, which is carried on especially in March—
April, and the Bohuslan fishery in January.

The months from May to August form the season for the great Scottish and northern
English fishery; May for the west and north-west coast of Scotland, June—July for
the Shetland Isles and the east coast of Scotland and August also for the coast of nor-
thern England.

For the last four months of the year, the herring fishery is for the most part restricted
to the southern waters of the North Sea: in September from the Tyne to the Dogger
Bank, in October from the Dogger to Lowestoft and Yarmouth, and in November and
December between the coasts of England and Holland.

Following the successive appearance of the fish from the Shetlands southward, the
fishermen shift from one fishing ground to another. It would be very natural, from this
oceurrence of the herring, to deduce a great migration from the ocean north of the
North Sea southward to the shallower waters of the banks in its southern parb a
theory, which, as we have seen, is of very ancient origin.

Difference of opinion as to the migrations and race of the herring.

In course of time, however, as more extensive experience was obtained, many doubts
and differences of opinion arose concerning this migration theory. The fishermen noticed
that the herring were not everywhere of the same “sort”; that different sizes and “quali-
-ties” appeared at different times and in different parts of the North Sea. This led many
to conclude that there were in the North Sea a great number of different local races of
herring, each with a very restricted area of movement, and that the peculiar seasonal
occurrence was only due to the fact that the fish, during the period of developement
of the genital organs, congregate in denser shoals, rendering fishery profitable. Between
these two extreme opinions, that of a great general migration and that of a number of
local races, various other theories have arisen, and there exists a great number of works
dealing with the different hypotheses.

Scientific works on the subject have also, ever since the time of LINNE, distinguished
between different races or varieties of herring; there has, however, as LiLLIEBORG 0b-
serves, always been a difficulty in classifying them according to definite and constant
characteristics. Linng, in his “Fauna Suecica”, distinguishes between two varieties, «
and #; the first he designates harengus, or herring in the true meaning of the term, the
second membras or “Strgmaning’’; the herring of the Baltic. It is very natural that Swe-
dish investigators should be well acquainted with the difference between the herring
of different waters, since the coast line from the Gulf of Bothnia in the north round to

Bohuslian presents opportunities of studying herring living under extremely different.

conditions. Sweden has therefore also furnished most valuable contributions to the
natural history of this fish. Thus Nirsson, in his “Scandinavisk Fauna” of 1855,
divides the races of herring as follows:

1) The ocean form, including a) Norwegian spring herring and b) Geteborg or Bo-
hus herring.

2) North Sea coastal water forms, a) Kulla herring, and b) Norwegian summer or
autumn fish.

3) Baltic forms, including the “Stremning”.
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Numerous writers, in Sweden and in all other North Sea countries, have taken part
in the discussion concerning these races. It will be of no interest here to consider the
earlier literature on the subject, as the characteristics laid down by the various writers
differ in reality only slightly from those which the fishermen have been able to observe
with their own methods of investigation. An important point in the discussion, both
among fishermen and scientists, has been the question as to whether the herring were
winter spawning or summer spawning. After long controversy as to whether the indi-
vidual herring only spawned once a year, and in such case, only in winter or only in sum-
mer, or whether each fish was able, for instance, to spawn once every eighteen months,
the majority of opinions gradually centred about the following theory: All round
the North Sea there exist a number of local varieties or races, which live close to the
coast, in bays or fiords. These are winter spawning fish. The great shoals which form
the object of the true North Sea herring fishery belong to a particular race of herring,
spawning in summer and autumn: these are the ocean herring of the North Sea. Of
other oceanic varieties, the Iceland and Norwegian herring are the most important;
these are, however, spring spawning, and differ widely from the true North Sea fish.

In the earlier scientific literature on the subject we find several attempts at a sharper
distinction between the races by means of measurements and figures. Thus NiLsson
has already attempted to calculate different physical dimensions in proportion to the
total length for several races of herring, and to compare these proportions as between
the different races. IHe calculates, in the case of the ocean herring (forma oceanica)
that the longitudinal diameter of the eye amounts to /y,,—1/y of the total length (to
base of tail fin) whereas the corresponding figures for the coast herring (Skjergaardssild;
forma taeniensis) are only 1/,,—1/4.

This method of distinguishing between different races by measurement of the dimen-
sions of the body has, as is generally known, played an especially important part in the
study of the races of mankind (anthropometry) and the attempts which have been made
to find some arithmetical expression of such minor racial peculiarities as lie at or beyond
the limit of immediate visual perception, or are subject to so great a degree of variation
that extensive observations are necessary in order to discover the average and charac-
teristic for each separate race.

It is to HEeinckE*) that the credit is due for first applying to the study of the her-
ring all those principles and methods which have gradually been discovered for the study
of mankind. :

The term “race” (family or tribe) is taken by HriNckE as meaning a number of indi-
viduals living under the same external conditions, together propagating their kind, and
standing therefore in more or less close relation to each other. The idea of a race is based
upon that of an ideal #ype. All the separate individuals diverge from this type both
as regards each single quality and also as to the combination, in each case, of all quali-
ties appertaining to the type. The very idea of a type presupposes a certain degree of
variation in the individuals and their qualities, the type being the average, or mean of
all the different individual, varying qualities.

*).See for instance Hrinckz: Naturgeschichte des Herings. Geschichte der Heringsforschung.
Abhandlungen des deutschen Seefischerei Vereins. Band II. Berlin 1898,




Heincks’s method is therefore to examine the individuals with regard to all, or a
large number of their qualities, and to find an arithmetical expression for a combination
of these. In this way, the individuals of one and the same race will naturally group
themselves about the same type (the mean of the race), and individuals of different races
be separated, owing to the grouping of their qualities about different means. (Metode
der kombinierten Merkmale).

Working on this basis, HEINCKE has examined the variation of a great number
of qualities in thousands of herring from different localities. Of the qualities in question,
some are constant, i. e, independent of the age and growth of the fish; to these belong
the number of vertebrae, of keel scales, and of fin rays. All these factors are invariable
from that point in the life of the herring when the organs in question have arrived at
developement; or from the transition of the larva to the young fish stage. By far the
greater number of the qualities which Heincxe has examined have, however, been found
to vary with age and growth. At the time when HEINCKE carried out his investigations,
no method of determining the age of the herring was known; he was therefore unable
to make comparisons between individuals of equal age with full certainty of accuracy.
As Hemvcks himself points out, only a part of the investigations made can therefore
be regarded as sufficiently stringent. He was also unable to obtain so great an amount
of material as he could have wished. His task was therefore principally to draw up a
method of race investigation, in which he has certainly succeeded, and to employ the
same, al any rate as regards the larger groups of the herring races.

HEINCKE’s investigations led him to the firm conviction that several different races
of herring can with certainty be distinguished, differing in many respects one from another.
As a general rule, those races which live far apart, or rather, under widely differing ex-
ternal conditions, are found to exhibit greater variation than those which live together.

Heincke’s classification of the races of herring.
On the basis of all his investigations, HeiNokE has drawn up a system, of which
we may notice the following features.

1) Northern ocean herring; spawn near the coasts in winter or spring, but move during
summer in the open sea.

Large fish, over 30 cm. when full grown. Large number of vertebrae, over 57 on
an average. Short head and tail. May be divided into two groups:

a) Iceland herring, having remarkably large eyes, short skull and fairly long tail,
in contrast to
b} Norwegian herring, which have small eyes and short tail.

2) Coast-herring. These are always winter spawning; they live in the immediate
neighbourhood of the coast, spawning in brackish or estuary water. Their physical
peculiarities exhibit greater variety for different localities than is the case with the ocean
herring.

The head is blunt, longer, and with a more strongly developed snout than in the
ocean form, The width of skull is small, these being long skulled fish. The body is short
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and compressed, head and tail however, being long (long tailed fish). They may be
divided into several minor groups: ’

a) Coast herring of the northern waters of the North Sea and the Skagerak. Ex-
hibit considerable resemblance to the Norwegian spring herring.

b) Coast herring of the southern waters of the North Sea, the Kattegat, and the
Western Baltic. These are smaller, (Iess than 25 em.) with fewer vertebrae.

¢) Spring herring from Riigen.

3) Ocean herring of the North Sea Banks, inhabiting the open sea from the coasts
of England and Scotland across the whole of the North Sea, through the Skagerak and
Kattegat, and in to the Western Baltic. I[n summer and autumn they move to seek
spawning grounds on the sandy and stony banks which rise from the depths of the sea
at some distance from land.

These have all a medium number of vertebrae, (56.5—b5.5) a large number of keel
scales behind the ventral fins (15—14 average) these scales being highly developed. They
are broad skulled fish, with long body but short tail (short tailed fish).

a) The northern bank herring belong to the northern waters of the North Sea, Skage-
rak, and Kattegat. To these must be reckoned first of all the great race of
herring which forms the object of the Shetland, Scottish, and North of Eng-
land fishery; in addition, also those herring which spawn on the Jutland
Bank and are taken in great numbers in winter off the coast of Bohuslin.
No. of vertebrae 56.5, body long, head, and especially tail, short.

b) The southern bank herring. Closely related to the foregoing, differing essentially
by a larger number of keel scales between the ventral fin and anal aperture,
and greater breadth of head. The group includes the herring south of the
Dogger Bank.

This system represents in many ways a very high degree of progress, based as it
is upon investigations carried out according to a clear and critical method, from which
definite arithmetical values may be obtained for distinction between the different forms.

Mixture of Races in the North Sea.

We have seen in the foregoing, that Heincke had arrived at a clear understanding
of these races or types, by investigation of a large number of individuals, the average
characteristics of which presented a distinct view of the racial peculiarities. It is however,
obvious, that such a method of investigation must presuppose the samples as “pure”,
i. e. consisting of individuals of the same race. If samples containing a mixture of speci-
mens belonging to two or more races are treated statistically as one, then the results
obtained will naturally be valueless or misleading. Now the different races in the North
Sea frequently occur in unmixed shoals; they are, however, also often found mingled
together. Samples of such shoals will then also be mixed, and only by sorting the samples
will it be possible to separate the different races one from another for individual examina-
tion. Such sorting can also be carried out according to HeINck®’s method; one can,
as HrziNckE points out, instead of examining a large number of individuals, examine a
large number of features in some few specimens, or even in a single one. Such investi-
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gation is, however, an extremely lengthy and difficult task; it is therefore of the greatest
importance to ascertain whether it may not be possible, when once a comprehension
of the races has been obtained, to discover some more easily discernible distinctive
marks by which to determine to which race the single individuals belong, and
- properly sort the mixed samples. Such a system can, in many cases at least, be
found in the study of the degree of maturity exhibited by the genital organs, and
where this in itself is not sufficient, a combined observation of the size of the fish,
its degree of maturity, type of growth, and age, will go far to attain the desired
object. These investigations are essentially easier, and therefore permit of extensive
examination of specimens and samples, which is naturally a necessity if one desires
not only to solve the zoological problem of distinction between the different forms, but
also to follow the natural geographical distribution of the same, with the natural history
of the different races in certain areas of sea. Such investigations will, of course, in their
results, arrive at the same object as the more anatomical racial study, showing, for in-
stance, as we have seen in the previous chapter in the case of the Norwegian coast her-
ring, the natural area of migration of a race. On the basis of such investigations, also,
one arrives at the question of variation in the migrations and size of the stock, which
is of especial importance in dealing with the problem of fluctuations in the fishery.
The investigations which we shall here especially consider have been particularly
directed towards this end. As will be seen from the following, greater difficulties
have been encountered in the North Sea than in the Norwegian waters; the investiga-
tions have not been carried on for so long a period of time, and can therefore not present
so definite results. They serve however, at least to point the way for future investiga-
tions of the same nature. I will now briefly state the most important results which have
been obtained.

Mixture of races in the northernmost part of the North Sea.

At the conclusion of the last and commencement of the present century, some few
Norwegian fishermen began to take part in the herring fishery on the North Sea Banks;
they worked, however, grounds which are only rarely and to a slight extent fished by
other nations, viz. along the so-called “Revkant”, or 100 fathom curve, which forms
the boundary between the North Sea Banks and the Norwegian Channel. There is
in particular one small bank near the Revkant, called the Viking Bank, due west of Ber-
gen, and this bank formed the true fishing ground of the Norwegian fishermen.

The catch which these fishermen brought to land exhibited great variation in “qua-
lity”, being now fat, early “fulls”, now far advanced fulls, sometimes spent fish, and
at other times a mixture of all sorts. Investigations in the Fishery Laboratory very soon
convinced me that these hauls must consist partly of Shetland herring, partly of fish
belonging to the Norwegian race, and I endeavoured to test this by means of fishing ex-
periments carried out in the northern part of the North Sea, and by subjecting the fish
to close study, both according to the method laid down by HEinckE and also other and
simpler methods, especially size and degree of maturity™*). .

These experiments will be referred to again in a later chapter, as they contribute

*) Bee Norske Havfiske, II Del, p. 310 ff. and Laurits Devold og Johan Hjort: Norsk Silde-
fiske i Nordsjgen. Norsk Fiskeritidende. 1906.
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largely to the elucidation of the migrations of the herring. 1t will here suffice to men-
tion that it proved possible to determine, that the herring along the hundred fathom
curve consist for the most part of Norwegian fish, with occasional admixture of Shet-
land herring, which as a rule keep to the west of the bank. Fig. 31 shows the fishing

grounds where one of the larger series of experiments was made, in 1905. The herring

here were found, when taken in on the bank, Stations 3-—16, in the autumn (August-
November) {or the most part in spent condition, whereas the herring on the Revkant,
Stations 17—356, exhibited genitals in a far less developed state of maturity. Even late
in the autumn, for instance at the end of October, the ovaries were found to be at stage
I1T*). The first group belong to the summer spawning Shetland herring, the last to
the Norwegian spring spawning fish.
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Flg. 31. Grounds worked by the cutter “Fridtjof”, 1905,

The study of herring from the Dogger Bank and Skagerak also furnished consider-
able information as to the composition of the samples; it appeared, however, very desir-
able to check these results by comparison with Heincke’s methods of investigation.

*) As regards maturity, the following 7 stages have been fixed, chiefly on the basis of a
suggestion made by Heincke.

Stage I. Immature fish which have never spawned, with very small genitals immediately
below the spinal column. The female exhibits claret coloured, torpedo-shaped ovaries aboui
2—3 cm. long and 2—3 mm. thick. No. eggs visible to the naked eye. The male has whitish or
greyish brown knife-shaped testicles, 2—3 cm. long and 2—3 mm. broad.

Stage II includes both immature fish with genitals beginning to develope, and spent fish with
genitals beginning to prepare for a new spawning. Ovaries somewhat more than half the length
of the abdominal cavity, about 1 em. in diameter. Eggs small, but visible to the naked eye.
Testicles of the male are whitish, with some blood-red spots, and of the same size as the ovaries.

Stage IIT. Genitals thicker, or swollen, occupying about the half of the whole abdominal cavity.

Stage IV. Genitals occupy 2/; of the abdominal cavity. Eggs not yet fransparent; milt
white and swollen.
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Such examination was therefore commenced at the Laboratory by Brocm, who has
examined numerous samples from the Norwegian coastal waters and from the different
parts of the North Sea.

Broch’s investigations as to mixture of races.

Brocou’s*) investigations in regard to race confirmed on the whole the results arrived
at by Hrincke. Brocm found, as did Hrinoks, a distinet racial difference between
the ocean herring of the North Sea Banks (Shetland, Dogger, and Bohus herring) and
the ocean herring off the Norwegian coast, (spring, large, and fat herring).

As regards the North Sea herring, Brocu’s investigations furnish, as he himself
points out, but little new information; in the case of the Norwegian coast herring, howe-
ver, he is able to make far more definite statements, having had an essentially greater
quantity of material at his disposal than Hrincke. BrocH points out first of all with
certainty, that the greater part of the herring in Norwegian coastal waters belong to
one and the same race, corresponding in all essentials to the marks of racial distinction

described by Hrinckr. He also points out that there exist in different fiords, as for.

instance Trondhjemsfjord, local races, small spring spawning ﬁsh which may perhaps
be compared with HEINCKE’s coast forms (see above).

BrocH then examined the mixed samples from the north-eastern part of the North
Sea, sorting the samples according to the degree of developement of the genital organs.
The samples from the Viking Bank, already mentioned**) as taken at the end of October
and beginning of November 1905, were thus found to consist of two groups, one having
genitals at Stages II and III, or approaching the stage of the “full” herring, the other
group exhibiting genitals in a state of exhaustion (spent fish). Investigations as to the
racial characteristics, (number of vertebrae, number of the first closed haemal arches,
number of keel scales between the base of the ventral fin and the anal aperture, length
of head and cranium etec.) distinctly indicated that these spent fish agreed in every re-
spect with the summer or autumn spawning Shetland herring, while the other group
resembled in all essentials the racial character of the Norwegian spring herring. Thus
further proof was furnished of the fact that the two great races of ocean herring in
the northern part of the North Sea meet and mix together, and that it is possible, at

Stage V. Genitals occupy the whole of the abdominal cavity. Ovaries contain some large
transparent eggs; milt white, buf not yet loose.

Stage VI. Milt and roe loose.

Stage VII. Spent. Ovaries slack with some few eggs still remaining. Testicles blood-red.

It is evident that the above, like any other description of stages in a developement, cannot
exactly fit every possible case which may occur. This difficulty however, may be met by noting
the two stages between which the case in question is found to lie, as I—II, TII—1V, etc.

As regards degree of fatness, four stages are recognised.

0 practically no fat.
1 some fat.

-+ moderately fat.
m very fat.

*) Norwegische Heringsuntersuchungen wahrend der Jahre 1904—1906. Bergens Museums
Aarbog, 1908, No, 1.

**) Vide Brocu, L. ¢. Tables II, 111 and IV,
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least at certain times, to distinguish one from another in a sample merely by observa-
tion of the degree of maturity exhibited by the genital organs,

As mentioned in the introduction, BrocH found in the scales of the herring an ex-
cellent means of determining the age of the fish, and his very first investigations showed
that the different races exhibit different growth and that individuals of equal size be-
longing to different races may differ greatly in point of age.

International studies as to age and growth.

These principles have been subjected to far closer investigation and consideration
in the course of the more extensive and systematic international herring investigations,
and these have confirmed, in increasing degree, the fact that the rate and manner of
growth exhibit peculiar characteristic features in the different races. Some score thous-
and fish from different waters have heen measured according to the methods desecribed
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Fig. 32. Bight herring of equal age (4 years) from

1. White Sea. 5. Western part of North Sea.’

2. Lysefjorden {West Norway). 6. Atlantic Ocean.

3. Zuyder Zee. 7. Iceland.

4. East Coast of Sweden. 8. West Coast of Norway (Spring herring).

in the previous chapter, and calculations made as to the size of the individuals at the
different periods of growth through which they have passed, thus furnishing a very large
number (nearly a million) of figures for calculation of the average growth of the herring
in different regions*).

Some examples will show what can be attained by such investigations.

#) K. Dant has in his paper “The Scales of the Herring” (Report on Norwegian Fishery and
Marine Investigations, Vol. II, 1907) suggested that the first winter ring may, in the case of
autumn spawning herring, be formed, not in their first winter but in the second, when the fish
are 1!/, 1'/; or perhaps even 1!/, years old. He bases this theory partly on the fact of having
found the first growth zone to be far larger in the case of autumn spawning than in that of
spring spawning fish, and partly on having encountered, on the Jutland Bank in winter, small
herring of 4 cm. in length without any scale covering at all. This question has hardly been
finally solved as yet, and a study of the smallest herring (especially in winter) in the North Sea
countries adjacent to the spawning grounds of the autumn spawning fish will probably be
necessary. It should therefore be continually borne in mind, in consideration of the following,
that the age of autumn spawning fish may have been fixed some months too low.




Fig. 32 shows eight fish, all of equal age, viz. 4 years, but from different localities.
All are drawn to the same scale and in the size representing the average for their respective
localities. The drawings for this and the fo]lowmg figure are taken from two plates
prepared by Lea for the Copenhagen Exhibition in 1912.

1) White Sea, 2) Liysefjord (western Norway), 3) Zuyder Zee, 4) East coast of Swe-
den, b) Western North Sea, 6) Atlantic, 7) Tceland, 8) Norwegian spring herring.

The four races on the left (1—4) have their origin in closed waters, whereas the
four on the right (5—8) were taken in open sea (North Sea, Arctic Ocean, Atlantic Ocean).
It will at once be seen that the herring from the closed waters are smaller than fish of
the same age from more open waters.

Precisely the same impression is obtained on examination of the scales, as shown
in Fig. 33.

slalalala
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Fig. 33. Normal scales of 5 year old herrmg from

1. Lysetjorden. 2. Zuyder Zee. 3. Kattegat.
4. Faeroes. 5, Iceland. 6. Norway (Spring herring).
7. Western part of North Sea. 8. Atlantic Ocean. 9. Shetlands.

1) Lysefjord, 2) Zuyder Zee, 3) Kattegat, 4) Faroes, 5) Iceland, 6) Spring herring,
7) Western North Sea, 8) Atlantic, 9) Shetlands.

These scales 111ustrate the average growth of five year old herring from the localities
in question. The scales are drawn in proportlon to the size of the fish, while the distances
between the different winfer rings show how they have grown from year to year.

A glance at the figure will show that the study of the scales furnishes information
not only as to the different size of the grown fish in different waters, but also as to en-
tirely different manners of growth in the periods embraced. Some have grown poorly
until the formation of the first winter ring (1 and 2), others better (3). Some have grown
well in their first years, but poorly later on (7 and 8) while others exhibit very satisfactory
growth even in their fifth year (5, 6 and 9). The growth can thus exhibit so considerable
variations, that it is frequently possible, in the case of a loose scale, to determine to
what fish it belongs, even though other sorts may have been taken in the same haul.




— B6 —

In an earlier sketch of the international herring investigations, Lra and the present
writer®) showed how the figures on which the construction of such average or standard
scales (Fig. 33) is based, can also be utilised for drawing curves of variation for the growth
of the herring during different periods, (length of the fish at the age of one year [,, incre-
ment in second year i,, third t;, ete.). Moreover, it is also possible to ascertain from
such curves how far a sample consists of fish which are homogeneous in point of growth,
or contains several different growth-types.

Heinoke has previously pointed out that a single feature may in many cases suffice
to distinguish one race from another; this necessitates, however, examination of a large
number of individuals. In all probalibity, the study of the growth will be found to furnish
the most practical means of distinguishing between the various races of herring which
are found to mix in the North Sea. The greatest efforts are therefore being devoted
to the treatment of the large number of growth measurements obtained from the North
Sea samples examined. This important task has been undertaken by L®a, and it is to
be hoped that the result may form an excellent basis for future closer acquaintance with
the races and rates of growth of the herring in different parts of the North Sea. By this
means, valuable light will in course of time be thrown upon the biologically interesting
question as to the influence of the different natural conditions in this complicated region
upon the individual growth of the fish and their hereditary characteristics.

Geographical distribution of the different age groups.

It is however, also of great importance for the study of the natural history of the
herrmg, and thus for the question of race, to investigate the geographical occurrence of
the different age groups, or the composition with regard to age of the herring in different parts
of the North Sea. In order to understand the area of distribution of a race it is naturally
not sufficient to be able to fix the limits of migration for certain stages, as for instance,
the spawning shoals. Not until we have ascertained where all the different stages are
to be found is it possible to determine the extent of the area of distribution of the race,
and define the geographical limits which separate one race from another. If, for instance,
a certain water is found to contain only older fish, this fact alone is sufficient to indicate
that the race there represented must have a far more extended area of migration. Thus
we have in the foregoing seen that in Norwegian waters, the grown herring are found
principally in the southern part, the immature fish chiefly in the northern regions. No
investigations on this point have as yet been carried out with regard to the North Sea.

If we examine the drift net hauls made by the fishermen in the North Sea, it will
soon be observed that these consist pre-eminently of grown, mature fish. I have alrea-
dy**) made numerous investigations on this point. It appeared for instance, that five
steam drifters fishing in the North Sea from the end of May to the begmnmo of December,
with a total catch of 14,962 barrels, obtained

715 barrels or about 4.8°/, fat herring
14389 — » » 91.4 » fulls, and
b73 — » » 3.8 » spent fish.

*) Some results of the International Herring Investigations. 1907—1911, Publ. de Circ. No, 61.
*#*) Norsk Havfiske, II. Del, p. 310 {f.
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The fishing was carried on off the west coast of Scotland, at the Shetlands, in the
waters north of "and on the Dogger Bank, and southward towards the coast of Hol-
land. Only off the west coast of Scotland and the Shetlands were any fat herring (matjes)
caught, the catches otherwise consisting entirely of grown fish with large roes and milt,
or spawning and spent fish.

A study of the samples collected from the fishermen’s drift net hauls gives an ex-
actly similar result. These samples show the length of each individual fish in em., the
sex, and degree of maturity of the genital organs*). In addition to this, the age of each
individual, and size at all different periods of growth, (;, t,, t;, etc.)**) have been deter-
mined on the basis of the scales collected.

Only in the waters west of Scotland and round the Shetland Isles are immature
fish found early in the season, and in the autumn, some few samples from the southern
half of the North Sea may be found to contain a greater or lesser admixture of imma-
ture fish. ,

As regards age, by far the most part of the fish are over three years old; in the great
open sea fishery carried on in the northern half of the North Sea, the rule seems also
to be that the three year old fish are slightly represented in the samples. (See Table
p. 63). .

Distribution of the youngest year classes.

The drift nets of the North Sea fleet are thus evidently adapted to the capture of
grown herring, and other implements must be used if it is desired to obtain information
as to the distribution of the younger, immature age classes.

Such investigations have not previously been made in the open waters of the North
Sea. Information is to hand from the different countries bordering on the North Sea
as to the occurrence of small herring along the coasts, and these fish have also in many
places been measured and described, as for instance in Scotland, (Firth of Forth, Moray
Firth), England (Plymouth) Holland, Germany, and Denmark. No closer investiga-
tion of their subsequent growth and habitat has, however, beenr made. It is also a matter
of great difficulty to study these conditions on the open coasts of the North Sea, the
services of a steamer and the employment of many kinds of implements being required.

The question appeared to me however, to be of the utmost importance for the study
of the natural history of the herring in the North Sea. I therefore made, in 1912, several
cruises in the North Sea with the “Michael Sars” exclusively for the purpose of studying
the distribution of the younger stages of herring, my Assistants, E. Kororp and E. LEa,
accompanying me. The cruises were carried out in June —July, and October—November,
in order to compare the conditions prevailing in summer with those of autumn. The
implements used were a fine-meshed trawl of the same construction as those employed
by the Swedish fishermen, and a fleet of drift net composed of a series of nets of greatly
varying width of mesh,

The drift nets used were as follows:

a) Sprat net. Width of mesh (from knot to knot)........ 1 em.
b) — — 1.2 »
*) See note p. 52—53.
#*) Examples will be found in Publ, de Circ, No. 53, pp, 139—159.
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¢) “Loddegarn” (as used for Mallotus) (from knot to knot).... 1.8 em.
d) Nordland fat herring net — N
e} - — — e 22
£) — = cee. 28
g) Large herring net — R N A

These implements were found to be well suited to the purpose of the investigations.
The trawl took all sizes of herring and sprat down to about 10 cm. in length, smaller
sizes only occasionally and in quite small numbers. The drift nets took all sizes down
to 7—8cm. It is evident, however, that the hauls made with these nets cannot, at any
rate in the case of the drift net, claim to be representative of the stock on the grounds.
Although I believe the sizes of net selected to be suitable for the capture of the different
size groups present in the North Sea in summer, there will no doubt have been individ-
uals on the grounds which could not be taken in the nets. Still less can the hauls be
considered as representative of the stock in regard to its composition in point of size,
or for the quanttmtwe occurrence of the different sizes. The obtaining of such represen-
tative hauls is a far more difficult task than that which I had set before me at the
commencement of the investigations, viz, to obtain a first survey of the localities in which
the different sizes of herring occur in the North Sea as a whole.

In the chart shown in Fig. 34 an attempt has been made indicate the results ob-
tained by these investigations. The chart is only intended to illustrate the catches of
younger fish, the three smallest groups. By 0 group I understand, as stated in the ex-
planation of the figure, herrings whose scales have as yet no winter ring. Groups I and
IT are those with one and two winter rings respectively. (The investigations were, as
already mentioned, carried out in summer and autumn)*).

The chart shows depth lines indicating 400, 200, 80 and 40 metres depth. Each
of the stations where the fine-meshed trawl was used is marked with a dot, those where
the drift net was employed being indicated by a cross.

At the negative stations, i. e. those where no fish of the three youngest groups,
(0—II) were taken, a circle has been drawn about the dot or cross, and the experiments
made during autumn, (October—November) are shown by a partial thickening of the
circle.

At all the positive stations a square has been drawn, one side being thickened
for autumn investigations, in addition to which, a figure indicates the size group there
found, 0—II naturally to mean that all three groups were present. The chart contains
no statements as to the size of the hauls, or the quantitative occurrence of the size groups.

The first conclusion at which we arrive on consideration of this chart is that all
stations north of the 80 metre line are entirely negative. In the northernmost part of
the North Sea, or at depths of over 80 metres, no herring of the smallest sizes were thus
taken. The only exception is perhaps the Skagerak or the Jutland Bank, where fish
of both I and II groups were at least taken close by, on or immediately beyond the 80
metre line.

In the waters between the 80 metre line and the coast, several positive stations
will be observed. These form, moreover, a distinet series, in such a manner that the the

*) See note p. 4.

X




— B9 —

smallest 0 or I groups are found nearest to land, and in summer only quite close to the shore,
or between the 40 metre line and the coast.
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Iig. 34. Distribution of the youngest year classes in the North Sea.

The 0 group, for the capture of which the implements were not prepared, and which
I regard as a more or less accidental component of the hauls, evidently occurs nearest
the coast. Group I was found in summer at about 20 metres depth at almost every
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spot where hauls were made, from the coast of Holland up to the Skaw. On the Eng-
lish and Scottish coasts, the 40 metre line runs for the most part so close in to land that
I was unable to make any hauls there, except in the Firth of Forth, (permission being
courteously granted me by the Scottish Fishery Board). In autumn, group I is encoun-
tered farther out from land, and at greater depths; it then includes also considerably
larger fish. :

Group II was hardly ever taken nearer to land than the 40 metre line; its area thus
appears to be between the 40 and 80 metre limits, or on the edge of the 80—100 metre
depth. ‘ :

It would hardly be justifiable to attach any superlative importance to these attempts
at determining the occurrence of the groups, at any rate, as a general and permanent
solution of the problem of the distribution of young herring in the North Sea. It should
however, be permissible to conclude from these investigations that the younger stages
of the herring, like the corresponding stages of many other important fish, are chiefly
to be found at lesser depths; i. e. in the shallower waters of the Banks, and more or less
close to. land. This was also the point which I regarded as of primary importance.

Comparison of the distribution of the youngest year classes with the cur-
rents in the North Sea.

In considering the herring of the Norwegian coastal waters, we have seen that the
young fish are carried by the current far away from the spawning grounds, and spread
in the direction of the-current northwards along the coast. It would seem reasonable
to suppose that somewhat similar conditions prevail in the North Sea. Judging from
the available information as to the currents of this water, it would seem that a strong
current sets southward from the north coast of Scotland and the Shetland Isles, towards
the Dogger Bank and the German Bight, and thence again through the Skagerak towards
the coasts of Sweden and Norway. The well known and excellent experiments with
drift bottles carried out by Dr. Fulton give a very good illustration of this, (see Fig. 35)
and would appear to agree directly with the results given above as to the occurrence
of the younger stages of herring. In consideration of the question, it should, however,
always be borne in mind that quantities of young herring occur along the whole range
of the east coasts of England and Scotland, and that the waters to the north and north-
wesl of Scotland are also particularly rich in -young herring of different sizes. Fishery
is even carried on here in the spring, for the young fat herring (matjes).

Taking all this into consideration, it would appear desirable that also the younger
stages be made the subject of investigation as regards their race and growth, in the
same manner as the spawning shoals. For a comprehension of the geographical areas
of distribution of the different races it is naturally of particular importance to ascertain
whether the young herring encountered along the coast include the young of both coast
and ocean forms, whether the young stages of Shetland herring also grow up in the southern
waters of the North Sea, or only near the coasts of Scotland and the Shetland Isles. In-
numerable interesting results will doubtless be arrived at on these points in course of
time; for the present, we must in all probability suppose that roughly speaking, the
southern part of the North Sea is one of the largest and most important growth centres

-
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for the young of the great spawning shoals of ocean herring in the North Sea. The
enormous numerical superiority of the ocean form as compared with the coast varieties

Fig. 35. Results of Dr. Furron’s Drift bottle Experiments in the North Sea.

should in itself suffice to warrant the supposition that the young of the former race make
up a considerable portion of the total of young stages found in the North Sea and
Skagevak.
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Composition in point of age of herring shoals of older age classes. Difficulty
of investigation.

It will be sufficiently evident from the foregoing that an elucidation of the important
question as to the composition in point of age of the herring stock in the North Sea is a task
which presents grave difficulties. There are in the North Sea several races, the areas
of developement of which are as yet but little known. We still lack certain information
as to the rate of growth of the different races, there is for instance some doubt as to whe-
ther the first winter ring is formed in the first or second winter in"the case of ;the autumn
spawning fish. There is also the purely practical difficulty that the hauls made by the
fishermen are carried out with drift nets, which do not furnish samples entirely repre-
sentative of the actual stock, the younger stages partly escaping. To this must doubt-
less be added the fact which plays so great a part in the Norwegian waters, viz, that
the occurrence of the younger year classes exhibits considerable variation, these making
their dppearance sometimes separately, and sometimes mixed, thus causing great fluctu-
ation in samples from the same locality. '

We are thus still far from being able to finally solve the problem of composition
with regard to age in the North Sea; further preparatory work is required. It is however
a question whether it may not already be worth while, for the sake of a preliminary survey,
to consider some of the many sides of this great question. Tt would then be natural
to select for consideration the samples dealt with from the shoals of older spawning or
mature fish, and endeavour to ascertain how far it may be possible here, as in the case
of the Norwegian herring, to find some regularity in the composition with regard to
age of the samples.

We have seen in the foregoing, that observation of the size of the fish, and the degree
of development of their genital organs, formed a means by which it was possible, not
only to distinguish between two samples, one consisting of autumn spawning Shetland
herring, and the other of spring spawning Norwegian fish, but also to sort out, from
a mixed sample, the individuals belonging to each of these two races. It is probable,
that this will be possible to an even greater degree if we take into consideration, not
only the size and degree of maturity of the fish, but also the age of each individual, and
the average size of the different year classes in the samples. A knowledge of the general
results of HreiNCcKE’s race investigations will also here furnish valuable assistance.

In the table on page 63 will be found some specimens of the many sample sexamined
in 1911. The samples have been dealt with from the point of view of composition
with regard to age, (percentage of year classes) average length for each year class in
the sample, and maturity. I have here to thank Mr. Pavur Bserkan for his kind assistance
in dealing with these samples.

Different types ot composition in point of age.

Samples 1 and 2 are taken from the north-eastern part of the North Sea (Viking
Bank). The maturity of the genital organs indicated that most of the fish were spring
spawning. The May sample (No. 1) revealed genitals recently spent and regenerating,
the September sample being a mixture, with genitals in varying degrees of development
towards the large herring stage. These must thus be fish belonging to the Norwegian
race. The September sample contained, however, some few specimens of spent autumn
spawning fish.
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Fig. 36. Composition in point of size (°/e. of cm.-groups) of 3 samples from the North Sea.

of all individuals in the samples.

- of individuals of 1904 year class in these samples.
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If we consider the average sizes of the year
classes, we find very high figures, the great
majority being over 30 cm. They are thus large
herring, which also agrees with the supposition
that they belong to the Norwegian race.

The composition with regard to age here
shows that a single year class (1904) is very
strongly represented, amounting to over 40 9%,
Here also we find great similarity with the
large herring and spring herring in 1911

Samples 3—6 consisted chiefly of summer
or autumn spawning fish, 3 and 6 contained
a proportion of spring spawning individuals,
while 5 included some young fat herring.

Examination of the average size of the
year classes shows (with the exception of the
mixed sample No. 8) much lower figures than
in Nos. 1 and 2; the composition is here
entirely different. The 1904 year class is much
less strongly represented; the year classes 1906
and 1905, on the other hand, play a far more
important part, 1906 in particular amounting
in Nos. 4—6 to 30 9%, or more.

All these samples were taken within the
area where HEINCKE’S autumn spawning ocean
fish oceur, in the waters about the Shetlands,
the Dogger Bank, the Jutland Bank, and
Bohuslan. -

Finally, we have in No. 7 a sample of
much smaller fish, 22—26.5 cm., from the Eng-
lish coast. These are a mixture of spring
spawning fish (coast herring) and young fat
herring. The composition shows great predo-
minance of the 1908 year class, (which in May
1911 shows three winter rings); the 1907 year-
class, however, is also strongly represented.

If we compare all the samples together, it is
immediately noticeable that they contain three
different types, distinguished by peculiarities in
the average size of the year classes, season of
spawning, and composition in point of age.

Figs. 36 and 37 show examples of the com-
position, as to size and age, of each of these
types, samples 2, 4 and 7 having been selected
as representative.

1909 08 07 06 05 04 05 02 01 1900 99

N

1909 08 07 06 05 04 03 02 01 1900 99
Fig. 37. Composition in point of age
of same samples as in Fig. 36.
¢
9
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Fig. 36 shows the composition in point of size. In the sample from the east coast
of England (7) two groups are slightly indicated, one about 23 and one’ about 26 cm.
This presumably corresponds to the mixed composition of the sample, consisting of fat
herring and spring spawners, (coast herring). The Dogger Bank sample (4) shows a
distinet maximum at 27 cm., that of the Viking Bank fish (2) at 31 cm.

In like manner, Fig. 37 indicates a maximum for the English coast sample (7) of
the year class 1908, that from the Dogger Bank (4) of 1906, and that from the Viking
Bank (2) of 1904. That this difference in composition with regard to age does not alone
determine the difference in size will be seen from the dotted curves in Fig. 36. These
curves show the variations in size for the year class 1904 among the Dogger Bank and
Viking Bank fish: it will be seen that the individuals from 1904 were far larger among
the Norwegian coast herring than among the Dogger Bank {ish, (which is also evident
from the average sizes for the year class as shown in the table). The Dogger Bank fish
therefore consisted, in 1911, of smaller individuals, both absolutely and in relation to age.

Numerical relation of the year classes in different parts of the North Sea.

From this it would seem that we may hope, even with the present material and
with simpler methods, to obtain a view of the composition in point of age of the spawning
or grown shoals of herring in the North Sea. In the charts Fig. 38—40 therefore, a
number of the results from the age determinations of the 1911 samples have
been given. The charts have been drawn up with a view to separately representing
the numerical value of the year classes in all the samples examined. All stations have
therefore been marked on a chart of the North Sea, a circle being drawn at each with
radius according to the percentage of the year class as represented in the sample taken
there. Thus the chart in Fig. 38 gives a graphical illustration of the percentage of the
1904 year class in the North Sea samples from 1911. Fig. 39 shows the same for 1906,
and Fig. 40 for 1908. These three year classes, 1904, 1906 and 1908 were, it will be re-
membered, the most prominent in the three different types of composition with regard
to age given above. ,

In the chart for 1904 year class, Fig. 38, we find large circles along the 200 metre
line in the northern and north-eastern part of the North Sea; in on the banks, however,
the values are everywhere small, decreasing southwards, except for August—September,
when we find somewhat larger circles (10—20 9,) on the Dogger Bank.

The chart for 1906 on the other hand, shows very small circles along the 200 metre
line, and larger, (20—40 9,) from the Shetlands southward along the east coast of Scot-
land and England and on the Jutland Bank. As we shall see later on, similar conditions
prevailed on the coast of Bohuslin. In the immediate vicinity of the coasts, however,
somewhat smaller circles will be noticed, as for instance ofl the coasts of Scotland and
England.

The chart for 1908 shows only very small values in the north-eastern part of the
North Sea, all, with one exception, being less than 10 9. Nearer the Shetlands they
are somewhat larger, while in the southern part of the North Sea they amount to over 50 %,.

A comparison of the three charts seems to indicate:

1) That in the study of age composition also, it is possible to follow the migration
of the Norwegian herring out to the edge of the banks in the North Sea, and here to
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observe how these fish, when not too strongly mixed with the Shetland race, preserve
their peculiar composition in this respect. Thus in 1911 there was a single predominant
year class (1904) as we have seen in the foregoing chapter.
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I'ig. 38. Percentage of fish of 1904 year class in certain samples from the North Sea {1911).

2) That the autumn spawning ocean herring exhibit, from Shetland to the Dogger,
on the Jutland Bank, and off the coast of Bohuslin, the same distinet peculiarity as
regards the 1906 year class, and the table on page 63 as well as closer observation of the
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different samples, further shows a similarity, not only as regards this year class alone,
but for composition in point of age on the whole, throughout this great. area.
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Fig. 39, Percentage of fish of 1906 year class in certain samples from the North Sea (1911). )

3) That these two races, the autumn spawning North Sea herring and the spring
spawning Norwegian fish thus had, in 1911, an entirely different composition in point
of age, with different predominant year classes. In the case of the summer or autumn
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spawning fish, however, no single year class was found to be so strongly represented
as among the Norwegian herring. ,
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Fig. 40. Percentage of fish of 1908 year class in certain samples from the North Sea {1911).

4) That these samples also show the younger herring, year class 1908, as occurring
chiefly in the southern part of the North Sea, near the coasts,




Age of Herring. Skagerak and Kattegat,
(The representation of each year class in percentages).

1910.
Year classes
Samples : Quality
1910(1909]19081907:1906/1905{1904|1903(1902(1901|1900{1899{1898|1897|1896{1895
Norwegian  spring |
herring 25 ........ o1 1219973167110 0411220 .. | .. | .. | .. | Norwegian Spring herring. (Spawning and spents,
. ; stages III to VII).
1. Riser Y ... ... ... o .. .. | 48445125194 | 34| 34| 1.9/ 34| 28| 19| 16| 0.6| 0.3] Ca. 55 9% Norwegian spring herring developing,
: sexual organs. (Stages ITI—V).
Ca. 11 9% fat herring. (Stage I).
Ca. 34 %o autumn spawners regenerating. (StageIT).
2. 22 miles NNW from ;
Hirtshals %817 . ... .. o1, 66113201 1104 .. | 02] .. ..o L0102 .0 0| .. | 97% fat herring. (Stages I and II).
3. 9—10 miles W from - 3% autumn spawners. (Stages III—IV).
Paternoster ). ... .. o oo 11712051248 1126 (124 | 4.7 23] 09| 051 02 02| .. | .. ] Ca. 46% spents (autumn spawners, stages VII—II).
Ca, 479/ fat herring. (Stages T—II).
4. 13 miles W from { Ca. 70/ Norwegian spring herring. (Stages III—VI).
Vinga 2l ....... ... .| .. ] ..]10021.56|231 149|116 | 78| 42| 32| 201 09| 1.1 0.2| .. | Sample like 3, but no component of spring herring.
m 5 5 miles W from : | Ca. 439/, fat herring. (Stages I—II).
Vinga To.. . ........ L. .. [148|3281332| 44| 44| 65| 1.7/ 04|04 0904 .. .. | .. | Ca 56% auntumn spawners developing sexual or-
m gans. (Stages II—IV).
6. Fladen—XKobber- ; 1% spents. (Stage VII).
grunden ®lio....... Lo .. 189726831275 58811101 11.3| 1311005 .. .. | .. | .. | Samplelike 5 but more individuals in stages IV—
_ 7. 2 miles W from VIL
Tistlarne ®f12 ... ... .. 03| 44]47/1203111.511351206| 66| 52 69| 44| 1.7 .. | .. | .. | Mostly spents and regenerating. (Stages VII and II).
; i | ! : i Some fat herring. (Stage I).
1911,
. Year-class
Samples : Quality
1910(1909|1908|1907|1906|1905|1904,1903|1902 Hon_Hwoonww 1898|1897(1896/1895
Norwegian  spring
herring............ o] 0106 41(17.3(70.0] 551 15106105 01 .. .
8. Langesund, Autumn. | .. 164754 75| .. | 03] 0.3 .. U R DO R A R . | .. | Fat herring (stages I—II) and some spring herring
. i | developing sexual organs. (Stages II—IV).
9. Jullond Bank *°z... | .. 1 11|26 80(31.0121.9|121.9| 801331804 .. | .. ! .. | .. | .. | Autumn spawners. (Stages TI—IV).
| Some (ca. 21/29%) fat herring in stage 1.
10. 14 miles W from , . A
Marstrand Febr.. ... } .. .. 1 9718.3]14.3/189/121(12.1| 59| 46, 2.2 7 13|03 .. | 03| .. | Fat herring (Stage I) and autumn spawners, spents
11. 9. miles W from Fi and regenerating. Stages VII and II).
Winga 4jz.. .. .. ool .. 1 04]1041836(16.0|13.6/1841128| 96| 44| 08| .. | .. | .. | .. | Sample like 10
12. SW fr. Marstrand 8s | 4.2.19.2 144719.2(106 .. | 21| .. | .. | .. | .. i .. .| .. | .. | .. | Fat herring (Stages I —1I), some autumn spawners
57°45N.L.,11°6'E.G. W developing sexual organs. (Stages III—IV),
13. Warberg 51s. ... .. . 131340343152 _ 9811011810305 .. .. .. ..]..|.. 1 .. {Samplelike 12, spawners in more advanced stages.
14. Anholt o ... ... .. .. 1271240125.71228| 79| 1.7 31| 14;05| .. . .. | 03] .. | .. | .. | Sample like 12 and 13. some (ca. 1) spents.
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Skagerak and Kattegat.

Turning now to a consideration of the herring in the Skagerak, we find that the
conditions are here even more complicated. We find in the Skagerak the Norwegian
herring, the autumn spawning ocean herring of the North Sea Banks, local spring spaw-
ning coast herring, and also, in the Kattegat and the Belts, probably a distinct autumn
spawning variety. Such complicated mixtures as may here arise are hardly to be pro-
perly sorted out in all cases save by extensive study of the race and growth. Some general
features may, however, be indicated, even with the methods hitherto employed.

The table on page 70 shows the composition in point of age, and the degree of

Fig. 41. Skagerak and Kattegat, showing locality of capture of the samples
noted in the table on p. 70.

maturity of the genital organs for a number of samples taken in the years 1910 and
1911. The chart Fig. 41 shows where the samples were taken.

The Norwegian spring herring showed, as already mentioned, in 1910 and 1911,
over 70 %, of the 1904 year class. In the Skagerak, however, these appeared only as
a more or less faint admixture among the other varieties, as for instance at Riser (sam-
ple 1) and Bohuslin (No. 3).

The autumn spawning ocean fish of the North Sea Banks, especially those spawning
in the south-eastern corner of the North Sea and the Skagerak, move in the winter, as
HEeInckE has shown, in to the Skagerak. Samples 3 and 4 from February and January
1910 exhibit a composition in point of age which strongly resembles that of the autumn
spawning North Sea fish. The same applies to the sample from the Jutland Bank, July
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1911 (No. 9). These three samples, (3, 4 and 9) thus support Hrinckr's theory, viz,
that the Bohus herring (spents) consist in winter of fish which have spawned in the autumn
in the North Sea; especially on the Jutland Bank. The samples from Bohusldn, Fe-
bruary 1911 (10 and 11), on the other hand, reveal so strong an admixture of fat herring
that the composition in point of age is thereby altered.

Auwtumn spawning fish are also found in the Kattegat in the autumn, samples b, 6,
7 from 1910 and 12, 13, 14 from 1911. These fish doubtless differ considerably from
the autumn herring of the North Sea, and should probably be regarded as a local race
belonging chiefly to the Kattegat.

Fat herring occur, as will be seen, in considerable quantities everywhere throughout
the Skagerak and Kattegat; at Riser and Langesund on the Norwegian side of the Skage-
rak (samples 1 and 8) on the Jutland Bank (2 and 9) and in most of the samples from
Bohuslén and the Kattegat.

The samples thus confirm the idea that the Skagerak and Kattegat have a mixed
stock of herring, consisting of immigrant ocean herring, both spring spawning Nor-
wegian fish and especially autumn spawning North Sea fish; autumn spawning Kattegat
herring; probably spring spawning coast herring; and, in addition, a large number of
young fat herring.

The Skagerak and Kattegat form nurseries for great numbers of herring; the great
fisheries, however, are based upon the large shoals of ocean fish which spawn in the aut-
umn out in the North Sea, moving in during the winter towards the coast of Bohuslan.
Similar large immigrations — of spring spawning Norwegian ocean herring — most
probably take place in certain years, along the Norwegian coast of the Skagerak towards
the mouth of the Christiania Fiord, and the northern part of the Bohuslédn coast.

Variations in age composition from year to year.

We have hitherto only considered the age composition of the North Sea herring
for a single year. It is evident, however, that a comparison of several years in this re-
spect, as in the case of the Norwegian herring, is necessary in order to discover the charac-
teristic regularity in the average composition of the stock, and in the cariations of this
composition. The international herring investigations in the North Sea are af com-
paratively recent date; for the years 1910—1912 however, I am in a position to state
the results of the investigation of samples from the Shetland and Lowestoft districts.

Fig. 42 shows the composition in point of age of five samples from Shetland
waters, viz.

1) 19 July 1910,

2) Winter 1910—1911.
3) May 1911.

4) June 1911.

b) July 1911.

The two uppermost figures for July 1910 and the following winter show a fairly
equable representation of the year classes 1903, 1904 and 1905. From May 1911 to
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Fig. 42. Composition in point of age of herring samples from Shetlands.
1. July 1910. 2. Winter 1910-~1911. 3. May 1911, 4. June 1911, 5. July 1911,
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. Fig. 43. Percentage of different stages of maturity in herring samples

from the Shetlands, 1911.
1. May. 2, June. 3. July.
(Stage II divided into two groups: very fat (left) little fat (right).

The last are spent fish).
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July of the same year, a great alteration took place in the composition, May showing
great quantities of fish of the 1906 year class, June and July of 1907. This can only
be explained as due to an immigration of new (younger) individuals. It is therefore

60+ %

50

40
30f

201

1 L | 1 J i

I m @m ¥ Y W W I

Fig. 44. Percentage of different stages of maturity in herring samples from the Shetlands, 1912.
1. June. 2. July.
Stage 11, see note to preceding figure.

particularly interesting to consider the maturity of these 1911 fish: an illustration of
this factor will be found in Fig. 43.

In May there was a large percentage of spent fish, as well as a large group of indi-
viduals with genitals at stage I11, i. e. preparing to spawn., (called “large herring” in
the Norwegian fishery). In June and July the number of the spent fish in the samples

10*
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Fig. 45. Composition in point of age of 4 herring samples from the Shetlands.
1. June 1911, 2. July 1911. 3. June 1912, 4, July 1912,
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decreases, that of the fat herring (Stages 1 and 1) increasing. The change from May
to July must therefore be due to an immigration of fat herring. ’

In order to discover whether this is to be regarded as a fact peculiar to the year
1911 or as a phenomenon of common occurrence, we will now compare the maturity

20+ Y%

10 -

1 i 1 \ 1 1 1 L

4 5 6 7 8 9 10 1 12

Tig. 46. Composition in point of age of three herring samples from the Shetiands.
1. July 1910. 2. July 1911. 8. July 1912,

and composition in point of age of the Shetland herring for the months of June and July
in 1911 and 1912. Fig. 44 shows the maturity in June and July 1912. If we compare
this with Fig. 43, we find that there was in both years a large amount of fat herring pre-
sent, most in 1912. Each of the two years exhibits great similarity hetween the two
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summer months, but a Gomparlson of the one year with the other reveals a very great
difference. .

We will then compare the composition in point of age for the two summer months
of 1911 and 1912. (See Fig. 45). 1In this respect also the samples for each year agree
very well together, great difference being, however, apparent between those of one year
and those of the other.

In 1911, the year classes 1905, 1906 and 1907 were most strongly represented. In
1912 however, there were comparatively far fewer of the year classes 1905 and 1906,
whereas the year classes 1907, 1908 and 1909 were very predominant. Of these again,
1907 and 1909 appear to have played the most important part, 1908 being both in 1911
and 1912 less numerously represented.

As there thus appears to be a similarity between the summer samples of the same
year, we will proceed to compare the composition in point of age for the month of July
in the years 1910, 1911 and 1912, considering, not the age classes, but the age of the
fish. (See Fig. 46).

In these three years, 1910—1912, we find a great decrease in the average age of
the herring, the older individuals being comparatively far less numerous than the younger,
the four year old fish in 1911, and the three and five year olds in 1912.

Theoretically, this may be explained in two ways, either as due to the death or
emigration of the older fish, or to the immigration of a large number of new, younger
individuals. We have seen, from the year 1910, that the composition in point of age
of the Shetland herring may be marked by large quantities of older fish, 5—7 years;
it would therefore seem reasonable to suppose that in 1911 and 1912 large numbers of
younger fish occurred, in particular of the 1907, 1908 and 1909 year classes.

From the Lowestoft district, we have analyses of three samples from the years 1910
—1912, the 1910 sample taken in October, those for 1911 and 1912 in November. The
following tables show the degree of maturity of the fish in these samples, and the degree
of fatness; it will be noticed that in all three cases, the samples consisted almost exclu-
sively of grown fish, with genital organs highly developed, and little or no fat.

Lowestoft herring: percentage of fish at different stages of maturity.

P8 gonitad organs . 1 H HI v v VI VIL 508 S tot
17.X. 1910 .. . . 3.9 961 . . .
18.X1.1911 02 1.0 02 356 594 .. . 3.6
14.X1.1912 20 14 87 298 522 04 82 2.3

Lowestoft herring: percentage of fish at different degrees of fatness.

Quantity of fat  Very fat  Moderately fat  Slightly fat No fat
17. X. 1910 . . 1.2 98.8
13. X1. 1911 1.2 3.2 7.0 88.8
14. XT. 1912 1.5 4.9 6.5 87.1

We have thus to deal with fish approaching maturlby, and about to spawn in the
near future. The composition with regard to age will be seen from Fig. 47, In 1910,
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the majority of the fish belonged to the year classes 1907—1905, some however, being
still older, from 1905 and 1904. In 1911, the 1908 year class is predominant, as is also
the case in 1912, We thus find here, as in the case of the Shetland samples, a great differ-
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Fig. 47. Composition in point of age of three samples of herring from Lowestoft,
taken in the autumn of 1910, 1911 and 1912 respectively.

ence tn the composition with regard to age between the years 1910 and 1911. In 1911 and
1912, the herring shoals were mainly composed of great quantities of young fish of recent
year classes, especially those of 1908 and 1909. Other samples from northern waters (Ty-
nemouth) exhibit a similar numerical predominance of the 1909 year class.

If we now endeavour to make a comparison with the results of the fishery statistics,
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we notice the interesting fact that these years, 1911 and 1912 (as well as 1913) showed
an unusually rich yield in the fishery off the coasts of Great Britain. (See Fig. 48, drawn
from the statements of the English fishery statistics). The supposition that the year
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Fig. 48. Landings of North Sea herring on the East Coast of England
for the years 1902—1912. 1In millions of kg.

classes 1907, 1908 and 1909, especially that of 1908, should have been particulariy
rich in the case of the Lowestoft material, is thus also confirmed by the results of
the fishery. '

Occurrence of the rich year classes concurrent with rich yield in the fishe-
ries (in 1911 and 1912). ,

It would appear legitimate, from the foregoing, to draw the following conclusions:

The Shetland stock contains a large admixture of fat herring, herring with genitals
maturing, and partly spent fish.

The fat herring immigrate into these waters in the summer, causing an alteration
in the composition with regard to age. k

Spring samples (May—June) hardly furnish any accurate basis for conclusions as
to the composition of the stock in summer.

Future investigations should be directed towards a study of the seasonal variations,
immigration and emigration,

In spite of the necessity of extensive investigations, the material at hand would
yet appear to indicate a basis for determination of the composition in point of age for
the single year. Thus we found that there was a distinet difference in this respect bet-
ween the years 1910, 1911 and 1912, this being occasioned by a great immigration of
young fish in 1911 and 1912. This appearance of new year classes on the fishing grounds
seerns to have coincided with the increase noted in the fishery yield.

A more detailed description of the whole of the available material as to composition
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in point of age, and quality, of the North Sea hauls will shortly be published by
Mr. PAuL BJERKAN.

If we compare these results with the composition in point of age of the Norwegian
race of herring, we find this similarity, that both races exhibit some remarkably rich
year classes, not however, in both cases from the same year. There is probably
also this point of difference, that the richness of these year classes is more pronounced
in the case of the Norwegian race than in that of the North Sea fish. The fluctuations
in the herring fishery of the North Sea are therefore slighter than in that of the
Norwegian waters.

This is, however, a point for future investigations to further examine and test.

CHAPTER 1II

The cod, its spawning, migrations and size.

Geographical distribution of the Gadoid species.

Of all the fish which live and move upon the sea floor, (bottom ﬁsh) the Gadoid
species are the most important from the point of view of the fishing industry. The
present writer has, in an earlier paper*), compiled a survey, based upon the inter-
national statistics, of the yield in all the countries of northern Europe within the whole
expanse of water from the Barents.Sea to the coasts of Portugal and Morocco, for the
year 1906. The total yield of bottom fish for the whole of the great area embraced amoun-
ted in this year to 973,484 tons, of which no less than 81 %, belonged to the cod family,
next in point of importance being the flatfish (Pleuronectidae) with 11 %,. The respective
yields of the remaining genera were comparitively small. Of the Gadoids again, the
most important is the cod, as will be seen from the following table.

Cod...ooviviin i 44,1 9
Coalfish ................ 3.3 »
Haddock ............... 25.0 »
Pollack ................ 0.1 »
Whiting. ............... 2.4 »
Hake .................. 2.2 »
Ling................... 2.9 »
Tusk............. .. ..., 1.0 »

These percentages apply, as already mentioned, to the whole of the region from
the Barents Sea to Morocco. 1f we compare the various waters therein included, we
find, from the statements of the statistics, that the importance of these species differs
greatly in the different waters. This will be seen from the following table, showing the

*) Joun Murray and Joman Hirorrt, The Depths of the Ocean. Chap. VIII. Fishes fromfithe
Sca Bottom, pp. 441—442,
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proportion of each of the most important species to the whole yield of each separaLe
water.

i |
H Cod l Coalfish | Haddock| Ling Tusk Hake
1
/s ‘ S %o %o %y s
Barents Sea ........ ... ...... 294 | .. 17.9
Norway N. of Stat ... e S1.1 1 6.0 2.9 3.1 2.9
Teeland .. ... 596 | 39 20.8 24 0.1
FRerOS .. ...vovr oo 77 | 30 29.9 2.2 0.7 .
North Sea.................. 18.8 1.3 45.1 2.5 0.3 0.5
N. W. of Great Britain .. ... 197 9.5 23.6 9.7 0.7 2.6
S.W. - — = 4.4 0.6 5.4 3.1 o 317
Bay of Biscay.............. 0.8 0.7 . 65.2
Portugal and Morocco .. ... ... 4.1 0.5 L 41.0
ATl waters. } 3.3 } 95.0 ’ 2.9 L 10 | 22

According to this table, there is no region in which the cod plays so great a part
as in the Norwegian coastal water. This single species here amounts to over 80 9; of
all bottom fish taken. In Iceland and Faeroe waters also, the cod is an extremely important
item; in the North Sea, the percentage fails below 20 %, while west of Great Britain
it decreases rapidly to nil. South-west of Great Britain lies the southern limit of distri-
bution of the cod. Considerable similarity in this latter respect is exhibited by the coal-
fish, ling and tusk, which, like the cod itself, are pre-eminently Norwegian Sea fish.

The haddock is of most importance in the North Sea, where it furnishes something
approaching half of the total yield in bottom fish; it is found, however, in great quanti-
ties farther north, especially in the Barents Sea. The fact that it is not caught in quan-
tities in Norwegian waters is due, as 1 have endeavoured to show in the work above
mentioned, partly to the nature of the bottom, and partly to trade considerations.

The hake is a more southerly form, being met with first in the North Sea, and oc-
curring in greatest numbers in the warmer water of the Atlantic coast of Europe.

This peculiar distribution of the different species would seem to coincide with a
certain constant difference in the temperature of the water; in evidence of this may be
adduced the fact that the fish on the eastern and western sides of the Atlantic live under
corresponding conditions in this respect. From the chart, Fig. 1, it will be seen, that
the line of 10° C. at 100 metres depth may be drawn on the eastern side off the south-
west coast of Ireland, whereas on the American side it goes much farther south. The
area of most frequent occurrence of the cod falls between the 6° and 8° isotherms, the
prevailing temperature off the coasts of southern Iceland, at the Faroes, on the New-
foundland Banks, and off the coasts of the northern states of America.

The American statistics give the following catches of cod, haddock, and coalfish,
in 1906 (in -cwts.):

Cod  Haddock Coalfish

Northern States........ 40.000 21.000 7.900
Central —_— . 1.400 200 H0
Southern — ........ 0 0 0
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It would thus appear that a similar regularity prevails in the distribution of these
species on the western to that noted on the eastern side of the Atlantic.

Norwegian Cod Fisheries.

The Norwegian fishery statistics distinguish between the catches of two kinds. of
cod; the “skrei” or mature cod, and “cod other than skrei”. Both groups vary greatly
in size, and in their relation one to another, as will easily be seen from the following table
for the years 1908 and 1911. The skrei are noted as for number of fish, the other group
in kg.

Skrei (no. of fish) Cod other than skrei (kg.)

District S -

1908 1911 1908 1911
Skagerak....... . 10000 15 300 1086 300 1811760
West Coast ...... 1240 000 1152700 1585 883 1234 506
Romsdal . ........ : 8326 500 6 708 000 654 850 572918
Trondelagen. . .. .. 4 074 500 4 505 600 1609 036 982 540
Nordland ........ 16 947 700 18 259 600 3366 989 4047184
Tromsg .......... 2027 300 1188 600 17468 000 915 090
Finmarken....... 2183100 1432 800 44067015 | 98652036
In all... 34 809 100 33262600 53 833 564 ’ 108 216 033

The two largest skrei districts are, as will be seen, Romsdal and Nordland. South
of Romsdal the catch is as a rule but small; now and again, however, (as in 1913)
large quantities may exceptionally be taken- farther south, towards Bergen. North of
the Nordland district again, the skrei fishery also decreases, which fact is not so clearly
shown in the above table, the figures for Finmarken including under skrei the cod taken
in winter, of which in reality only a part are actually mature (vide infra). The group
“cod other than skrei” embraces several différent elements. In the fiords of the Skagerak
coast, small sized cod are taken all the year round. In the winter, mature cod are also
taken; these are, however, not included in the statistics as skrei, partly owing to the
peculiar nature of the fishery and partly to the small size of the fish. Large cod are taken
in summer and auturnn by deep sea fishing boats from Romsdal, working out on the
banks. This branch of the fishery furnishes the greater part of the catch entered for
this- district as “cod other than skrei”. The same applies more or less to all the northern
districts, including Tromse; cod of different sizes are, however, also taken among the
islands and in the fiords.

The northernmost district, Finmarken, shows a dominating majority of the group
“cod other than skrei’”; in 1908 over 80 9%, in 1911 over 90 9%, The Finmark fish, as
will be seen later on, vary greatly in size.

The skrei are, as already mentioned, noted according to number of fish, the remain-
der in kg. As the sizes in both groups vary greatly, it is extremely difficult to arrive
at any comparison between them, in point of quantity. Taking the average weight of
the skrei as 2.7 kg. (gutted weight) as has long been the custom in the statistics, we find
that the yield of this group in 1908 far exceeded that of the other cod, whereas in 1911

11%




a far greater quantity of
other cod were taken than
of skrei. This at once
suggests the existence of
far-reaching natural con-
ditions, which may well
be regarded as exercising
an important influence on
the fluctuations of the
industry.

The skrei fisheries.

Of the wvarious cod
fisheries, the skrei fishing
is the oldest and most
important, extending as
far back as the history of

the country, while the
developement of the fish-
ing industry has affected
this branch more than any
other. In the course of
centuries therefore, a great
amount of experience has
been gained as to the skrei
and its spawning. During
the long period of time
when no charts were in
existence (down to about
the beginning of the 19th
century) the whole skrei
fishery was based wupon
ancient tradition indicat-
ing certain fixed grounds,
the locality of which was
marked by the so-called
“med”. This was a parti-
cular point at sea, deter-
mined by cross-bearings on
land, as a rule from small islands or rocks, to the inland heights in the background. The
individual fisherman’s knowledge of such localities would naturally be very limited, and
the fishery restricted to small areas. The difficulty was moreover further increased by
the extreme irregularity of the depth, the sea floor, like the land adjoning, exhibiting a
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formation of alternating ridges and valleys. If we examine the accompanying chart
of one of the most important skrei districts, from Lofoten to Tromsg, we find "a series
of quite small banks, divided by deep channels.

Fig. 49 shows six such banks, marked I—VI, where skrei fishing has, at certain
times, at least, been carried on. On these grounds, the cod assemble in spawning time
in dense shoals concentrated within a very small area, and it is thus natural that the
general idea of cerfain spawning places should have existed from very ancient times.

Old skrei grounds.

Prof. Amunp HeLLAND has collected information as to the old “med” or skrei grounds,
obtaining the same from men having local knowledge of the spots in their immediate
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Fig. 50. OIld skrei grounds outside Sendmgr. From information collected by A. HeLnAND.

district. TFrom Romsdal he obtained bearings of 158 such grounds; from one man 6,
from others 10, 12, 33, up to as many as 50. By the courtesy of Prof. HELLAND I have
been enabled to publish, in a former work, a chart indicating the position of some of
these; several will be found marked on Fig. 50.

If we compare the position of these fishing grounds with the depth curves, we find
that they follow more or less closely the 50 fathom line, which may be said to roughly
indicate the skrei grounds all along the northern range of coast from Stat to Finmarken.
Fishing may, however, be carried on now in deepér, now in shallower water, from the
shore to over 100 fathoms.

Distribution of the floating eggs.

During a cruise to the skrei banks in the northern Norwegian waters in 1901, I
noticed that the floating eggs of the cod were confined to a distinctly limited area of

A
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occurrence. They were found immediately over the small skrei banks, whereas in the
channels between, scarcely any eggs were observed. By towing a silk net of 1 metre
diameter for some minutes at the surface of the water, I found at the spots marked I
1L, 11T and VI in Fig. 49, thousands of eggs, whereas in the deep channel between the
banks, and in the sea outside, few or none were found. ’

Similar investigations were made in 1906 from the “Michael Sars” on the Romsdal
banks. Dr. Damas, who treated the material obtained, has noted the catches made on
the chart shown in Fig. 51. Here also the occurrence of eggs in any quantity is restricted
to very small areas; some few miles away, the figures are very low. If we compare the
occurrence of the eggs with the depth curves, we find that the large quantities were ob-

3
2925 R +
4 800 o~ + e
H NS +
| Ro T a
10 : 164:" ; AR RZLE

Fig. 61. No. of fish eggs, (chiefly cod) taken dufing the skrei season

(March-—April). 1907, at the surface of the water, by horizontal hauls of 5 min. duration
- with a net of 1 metre diameter {Damas).

served along the 50 fathom line, so that a great similarity will be noticed between Fig. 50
and Fig. 51, the one showing the position of the skrei grounds according to the old tradi-
tion current among the fishermen, the other indicating the actual occurrence of recently
spawned eggs.

Some doubt has arisen in certain quarters as to the value of these results. The
German scientist HENSEN*) even goes so far as to doubt whether definite spawning
grounds can be said to exist at all, being of opinion that the fish spawn promiscuously
wherever they happen to be, and that nothing in the nature of spawning migration ever
takes place, nor any assembly of the fish in certain spots for the purposes of spawning.
It is easy to understand the formulation of such a theory in the case of investigators
dealing with waters having more or less level bottom and no very prominent banks;

*) Das Leben im Ocean nach Zahlungen seiner Bewohner. Erg. d. Plankton-Exp. Bd. V. 1911.
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an investigation of the Norwegian waters would, however, in all probability have led
to a revision of opinion. The investigators could scarcely entertain any doubt as to
the efficacy of the method employed in the Norwegian investigations for collection of
eggs, viz. the towing of silk nets at the surface of the water. In the Norwegian waters,
where, as we have seen, the difference in the quantity of eggs on the banks, as compared
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Tig. 52. No. of fish eggs (chiefly cod) pr. sq. metre surface, taken by vertical hauls during the period
from 2b. Feb.—2. April 19138, Dates indicated in the figure. ~ T

with the water above the deeper parts, is so exceptionally marked, even this simple
method is sufficiently efficacious for the purpose. The object of the Norwegian egg
mvestigations was to determine where the eggs were to be found; not to ascertain the
‘exact numbers in which they occurred. A fully quantitative investigation would na-
turally be a far greater and more difficult task, and Hensen and other investigators
are doubtless right in opining that such can only be carried out by means of vertical
hauls, made from the bottom to the surface in such a manner as to search the whole
mass of water between.
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Egglinvestigations off Lofoten, in 1913.

Having occasion to again investigate the occurrence of eggs on the Lofoten banks,
I ' made a series of hauls, not only in the manner described by HenskN, but also, in part,
with the net constructed by him. The catches, which consisted almost exclusively of
cod eggs, were counted, and the number of eggs per square metre surface calculated.
Several cruises were made, the same spots being investigated several times. A number
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Fig. 3. No. of fish eggs, (chiefly cod) pr. sq. metre surface taken by vertical hauls in April 1913.
Dates indicated in the figure.

of the results obtained will be found in Figs. 52 and 53. Fig. 52 shows the hauls
from 25th February to 2nd April, Fig. 53 those made later in April. The date and number
of eggs are noted for each station. The first vertical hauls were made from East Lo-
foten, from Henningsveer out over the bank to the edge (100 fathom line) on the 25th Fe-
bruary. No eggs, or only very few (8) were found in these hauls (Fig. 52). During the
first half of March the number of eggs from East Lofoten increased somewhat, (65, 75)
more, however, being found on the western side, where hauls made on the 11th March
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showed between 200 and 400 eggs per haul. In the latter part of April, the catches near
the edge from East Lofoten amounted to over 500.

In April, eggs were found on the eastern Lofoten bank to the number of 4—500
per square metre surface, while farther to the west, the occurrence was in places very
considerable, thus off Lofotodden, 1,500 eggs. The greatest catches were made at Rost,
where at one place, on the 11th April, 4,630 eggs per sq. m. surface were found.

It will be noticed that the occurrence is here extremely irregular. On the 26th
April, 4,005 eggs per sq. m. were taken at a single haul at one station south-south-west
of Rest, while some few miles away only 8 eggs were found. This would certainly appear
to confirm the theory as to the existence of certain limited spawning grounds, which
theory was moreover, still further supported by observation of the fishery. On the occa-
sion of the investigations at Rest on the 11th April, the number of implements set out
in the sea immediately adjacent was so great that it appeared impossible to make a verti-
cal haul on the fishing ground itself. In order to avoid damaging the fishermen’s gear,
we were obliged to make our vertical haul at a distance of a mile from the small area
where the mass of fishermen were at work. The results of these investigations there-
fore confirm, in a very high degree, the conclusion previously arrived at, viz., that the
shoals of cod and their newly spawned eggs are, during and immediatly after spawning
time, restricted to small areas. These areas lie, as we have seen, exclusively inside the
banks, that is, between the land and the 100 -fathom limit. Of all the hauls made in
deeper water, out in the middle of Vestfjorden, only one can show any large number
of eggs, viz, that of the 2nd April, (Fig. 52) where they amounted to 965 per sq. m. of
surface. This occurrence in such numbers here I can only explain as due to the eggs
having been carried out from the bank by the current.

Another distinet example of eggs drifting with the current may also be men-
tioned (Fig. 53). On the 11th of April, the number of eggs per sq. m. taken near Rost
was 4,630, whereas on the 26th of April, at the same place, it was only 341. The fishery had
in the meantime shifted some miles in a south-westerly direction, to where the figure
shows 4,005 eggs, and it must be supposed that the great quantity of eggs had during
this period become distributed over a larger area. On both days, however, (the 11th
and 26th April) the eggs were found in great quantities exactly at those spots where
the most intense fishery was in progress. Indeed, as regards the Lofoten fishery as a
whole, it may be said that the greater quantity of eggs found in the western part of
the fiord as compared with the occurrence in the eastern waters coincides with the
fact that the fishery during this year was richer in the former than in the latter.

International investigations as to the spawning places of the cod.

The results of the first investigations (in 1901) as to the restricted occurrence of
the cod eggs naturally led to the conclusion that the eggs might serve as a basis for de-
termining the position of the spawning shoals. T therefore, in the year immediately fol-
lowing, suggested to the International Council that endeavours should be made to chart,
upon a co-operative basis, the whole spawning area in northern European waters, the
method of proceeding being to note the spot in which newly spawned cod eggs were
found. This proposal, which was supported in particular by Hrincke and HoErk, led
to the undertaking of very extensive investigations, in which the Danish, Dutch, Ger-
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man and Norwegian vessels especially took part, the results being subsequently published
in an exhaustive report, containing also excellent papers by Dr. Damas and Dr. Jom.
ScEMIDT®).

The results of this important work are of great interest in many respects, and will
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Tig. b4. Spéwning region of the cod (Gadus callarias). The broken line gives the extreme
western limits of the area in which pelagic fry have been found off the coast of Norway.
L. = Littoral Bottom Stages. B = Bottom Stage of the 0-group.

doubtless serve as the basis for future consideration of the stock and its fluctuations.
They show, first of all, that the spawning grounds of the cod are everywhere restricted
to the banks near the coast . (Vide chart Fig. 54, which gives a survey of the spawning
grounds of the cod in northern European waters). We have seen from the statistics,

*) Rapport sur les travaux de la Commission A.
Rapports et Proces-Verbaux, Vol. X, Copenhagen 1909.
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that the catches of large cod cease near the south-west coast of Ireland; this coast also
marks the limit of occurrence of the newly spawned eggs. Round the coasts of Great
Britain and in the North Sea, the cod spawn chiefly at depths between 20 and 80 metres;
nowhere, however, were so great quantities of eggs encountered as in the Norwegian
Sea. In Iceland waters, the spawning is, according to the excellent Danish investiga-
tions, restricted to the south and west coasts; at the Faroes, it takes place all round
the islands.

On the Norwegian coast of the Norwegian Sea. it would appear that there exists one un-
broken range of spawning grounds as far as Sere in the western part of Finmarken. East
of this island, or east of its western coast, the cod spawn only in small numbers, as is
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Fig. 55. Percentage of the different size groups (5 cm. groups) among 19,790 skrei
measured in different years.

clearly shown, both by the results of the egg investigations and also by the statements
of the statistics with regard to the quantity of roe taken by the fishery, which ceases at
Sers. We have thus here reached the northern limit of the cod spawning grounds. I
had occasion to notice this fact during my cruise in 1901, and recognising the importance
of the question, T understook a cruise during the present year off the coast of Finmarken,
where I made numerous hauls. These gave precisely the same result as in 1901, showing
the spawning to be very slight. Only a very few eggs were taken in the hauls, and in
conversation with local merchants T learned that only a few barrels of roe had been salted
during the winter from the large quantities of fish obtained east of Sere.

Size of the skrei.

As regards the size of the skrei, investigations have been made by measurement
of large samples from 1902, 1903, 1905, 1906, 1907 and 1913. During some of these
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years, samples were collected from different places along the coast, with the object of
obtaining material for comparison of the growth of the cod in different parts of the coa-
stal waters. It will here, however, suffice to mention the samples from and including
Lofoten to the north.

In all the samples taken, the fish were measured from snout to tip of tail, correctly
to the nearest cm. (75.5—76.4 = 76 cm). The sizes in each sample are arranged in groups
for each b cm., thus the lengths from 60—64 cm. form one group. In all the following
tables and figures, the number of individuals falling to each group is stated as a percen-
tage of the total number of fish in the sample.’

During the six mentioned years, the total number of skrei measured was 19,790;
a quantity which should suffice to give some prospect of obtaining, by comparison of
the measurements as a whole, a view of the limits of size of the skrei and the average
or normal composition in this respect. A graphical representation has therefore been
given (Fig. b5) of the numerical values of the different size groups (in percentages) in
all the samples, taken together as one. (See also the following table, last line).

Skrei. Percentage of 5-cm. groups.
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1902 ... .. 0.1/07 |28 109]17.3]21.2/18.4]13.3] 7.0/ 49 1.6{ 08| 12| .. | .. | .. | 749
1903 ... 07|23 |57 136]191|252|185]101] 48| 26| 16{07] 02| .. | .. | .. | TL8
1905 ....... 12038 |38 | 44|17.1]9279|17.7 127| 44| 38|19 13| .. .. | .. | .. | 735
1906 ....... bl 28]e04 a1 (287] 73] 28| L2 04] | L] L 792
1907 ....... . |0.08/005 05| 1.6]10.6]26.6(3t.4/180] 66{11]{02] 03! .. [ .. [ .. | 811
1913 ....... 05,04 |12 | 53|14.3|215(223(13.9| 7.0| 45| 39| 26| 1.6/ 0602 {02 | 1776
All years. . 0.511.2 |23 | 5.8312.0’21.1[23.3 180 8.11 12| 19 1.0j 0.6} 0.110.0350.03 76.4

1t will be seen that the lowest limit size for skrei falls about the 50—54 group, the
highest at 100—104 ecm. Both smaller and larger (up to even 140 cm) fish are known;
beyond the limits named, however no single 5 cm. group amounts to even 1 % of the
whole. The following figures will give an idea of the distribution of the sizes.

Under 65 cm. Between 6D and 84 cin. Over 85 cm.
9.8 %, 74.4 9, 16 9%

Nearly three quarters of the whole number of individuals are thus found to fall
between the sizes of 65and 84 cm., one tenth being under 65 and one sixth over 84 cm.
The highest single percentage is that of the 75—79 cm. group (23.3 %) and the average
size for the whole number is 76.4 em.

Comparison of various skrei samples.

A comparison of the different samples from one and the same year is of great import-
ance as a test of the reliability of our method. We have a number of good samples from
1913, measured partly by Mr. Oscar Sunp, partly by Capt. RoNNESTAD, and partly
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by the present writer. These include material from BEast and West Lofoten, and from
Rost. Figs. 56—Db9 give a graphical representation of the composition of each of the samples,
these percentages being arranged for each of the three areas of the Vestfjord, while in
a special figure the averages for the three areas are compared. With the exception of
three (small) samples from Svolver and Ostnesfjord, all these samples compare very
well together, as do also the average sizes for the samples. The three mentioned samples
from Ostnesfjord and Svolvear all included large fish, the averages being 81.3, 84.2, and
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Fig. 56. Composition in point of size of 4 samples of skrei from East Lofoten,
measured during the skrei season in 1913.

84 cm. The averages for all the others were considerably lower, as will be seen from
the following.

East Lofoten (Henningsveer) 76.8.
West Lofoten, (Reine, Servaagen, Moskenes) 75.7, 74.2, 76.4, 76.1, 76.5.
Rest, 77.0, 77.5, 75.8.

The greatest difference between the averages is that between 74.2 and 77.5, or
3.3 cm. The average of all those samples was 76.2, the variation in the different samples
being slight; (++ 0.2, + 0.3 + 0.6 4- 0.8 and + 1.3 cm.: = 0.1, - 0.4, == 0.5, -+ 2.0 cm.).
Thus it must be agreed that the samples for the whole range from Henningsveer to Rest
exhibit great similarity, and we are probably justified in regarding the three samples
from Hela and @stnesfiord as exceptions, the more so, as the Lofoten reports frequently
make mention of the fact that the fishery here is generally distinguished by the espe-




cially great quantity of large fish. This is more noticeable in some years than in others.
Among the years considered, 1903 presents features of particular interest. We will
therefore examine the measurements for this year, and especially those from the three
localities investigated, viz. Svendsgrunden (the bank marked II in the chart Fig. 49).
Rost, and Vestfjorden (West Lofoten). Fig. 60 gives an idea of the size of the skrei at
these places in 1903; it will at once be noticed that there is a great difference between
the three samples. In that from Svendsgrunden, the majority of the fish are under 70
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F'ig. 57. Composition in point of size of B samples of skrei from West Lofoten,
measured during the skrei season in 1913,
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em., and almost the whole of the sample falls below the figure stated above as the average
size, viz. 76.4 cm. The sample from Rest is larger than the Svendsgrunden sample, but
smaller than that from Lofoten; all three, however, exhibit an average below the nor-
mal, the figures being 66.1, 72.8 and 74.2 cm. Comparing these, we may say that roughly
speaking, the number of small fish increases from Vestfjorden out towards Rest, and
still more farther out towards the northern bank. I may here observe that I shall at-
tempt, in the following, to explain this as due to a great immigration in this year of small
fish from the most northerly waters joining the skrei shoals and that the difference
between the samples therefore was greater in 1903 than is usually the case.

From these results it would seem, in my opinion, that it should he possible Lo form
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an accurate view of the stock of skrel in a more restricted area; in the case of
more extended regions, however, the composition in point of size may — in
any case in some years — exhibit considerable variations. It is evident that it
will be necessary in the future to investigate the stock of skrei at different lo-
calities in order to ascertain how the size varies from one place to another; only
by means of such investigations, pursued throughout a considerable period of time,
will it be possible to determine with any great degree of accuracy, the size of the
stock in separate years. Until this has been done, all observations will of necessity

55 65-  75-  85-  05- 105-
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Fig. 58. Composition in point of size of 8 samples of skrei from Rast,
measured during the skrei season in 1913.

be of a provisional character, and limited value. It is however, a point of great interest
to examine how great the differences have been between the various years, according
to the material at present available. 1 have therefore shown, in the table on p. 92 and
in Fig. 61, the results of all the measurements, taking all the samples for each separate
year as one. Finally, the table also shows the averages for all samples, referred to ahove,
(see last line, and Fig. 55). A comparison of the different years reveals great differences
in several respects. The average size for all fish measured was, in 1903, 71.8 cmn., as against
81.1 in 1907. The fact that the difference in the average sizes (for all samples) for two
separate years can amount to between 9 and 10 cm. is of the utmost importance, when
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we remember that three quarters of the whole stock of skrei lie within a size field of only
20 cm. in extent. In 1913, the averages both for the whole sample and for the separate
groups approach very nearly the average for all years. In 1902, 1903 and 1905, the
size of the skrei was below, in 1906 and 1907 above the average. The individual groups
likewise exhibit great variation from year to year. Thus the group 66—69 cm. was repre-
sented in 1903 by 19.1 %, in 1907 only 1.6 %,. In 1906 and 1907, the total number of
individuals under 70 cm. was less than 39, in 1902 over 30, and in 1903 over 409%,. A
glance at the figure will show, that the years 1902, 1903, 1905 and 1913 have their majo-
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Fig. 59. Average composition in point of size of all samples from the three districts in 1913.

rity to the left, 1906 and 1907 to the right of the central group, 75—79 cm., within which
the average for all years together is situate. In 1902 and 1903 the individuals are widely
distributed throughout a number of groups, whereas in 1906 and 1907 we find them
highly concentrated about a few groups, with especially high percentages, and some
greatly dominating sizes.

Throughout the whole of the period 1902—1913, there seems to have been some definite
process at work; a regular movement of the centre of size. Thus we find that from 1902
to 1903 the size decreases, the average falling from 74.9 to 71.8. An increase is then
apparent, from 1903 to 1907, the average rising from 71.8 to 81.1, and finally, from 1907
to 1913, again a decrease. We shall in the following frequently have occasion to refer
to these very important fluctuations in the size of the skrei
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Fig. 61. Average composition in point of size of
skrei samples from different years. (For corro-
sponding figures, see table p. 92).
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Migrations of the skrei.

The skrei do not as a rule appear on the spawning banks until the end- of January
or some time in February; by the end of April they have disappeared. If long-lines or other
implements are set out on these banks outside the recognised season, as for instance,
in summer, a single cod or so may now and then be taken, but no more. It is thus na-
tural that discussion should from ancient times have been rife as f{o whence the cod
come and whither they go. Scientific fishery investigations have also endeavoured in
various ways to furnish some solution of the question, and 1 will here briefly refer to
some of the facts which have been ascertained. First of all, the marking experiments
carried out during the present year. During my preparations for these experiments
and in the course of the work itseif, I received valuable assistance from Mr. Oscar Sunp,
Capt. Tror IvErsEN and Capt. P. RonNEsTAD. The difficulty of the task had been ap-
parent from the first, and no previous marking experiments had thus been carried out
with regard to large spawning skrei, although, as will be seen later on, something had
been done in this respect in the case of younger stages of cod. The difficulty lay in the
fact that the skrei on the northern grounds often
keep to deep water, 100 fathoms or more, and may
thus easily die when brought to the surface. A well
boat was therefore employed, in which the fish could
be kept until their vitality was beyond doubt. The
mark used consisted of double silver buttons, with a
pin of silver wire, and was fixed to one of the bones
of the gill cover, (Fig. 62) bored for the purpose
with a sharp tool. The whole process of marking
lasted less than one minute for each fish, One of

Fig. 62. Head of cod, with mark. the greatest incidental difficulties was the necessity

of fishing from the well boat, in order that

the fish might at once be placed in the well, and it was frequently no easy matter to

fish in company with the dories and other boats on the fishing grounds. In the Lofoten

waters, the fish were found at from 60 to 120, chiefly perhaps 80—90 fathoms depth;

off the coast of Finmarken between 40—140, and here also most frequently at 80—90
fathoms.

In all, 70,400 hooks were set in the Lofoten water, 5,234 cod being taken, of whleh,
however, only 2,400 were considered fit to be marked.

Off the coast of Finmarken 91,400 hooks were set, 5,401 fish taken, and 1,955 marked.

The total number of cod marked was thus 4,3565. Up to time of writing, November
1913, about 400 — or 9.2 %, — have been recaptured.

The table on p. 99 gives a survey of the composition in point of size of:

1) All skrei measured at Lofoten 1913, in all 3,616.

2) All skrei marked at Lofoten.

3) All marked skrei recaptured at Lofoten.

4) All cod marked off the coast of Finmarken.

5) All recaptured cod from Finmarken.

It will first of all be noticed that the marked fish, both from Lofoten and Finmarken;
are, in point of size, very near the average of all the measurements made at Lofoten

Y
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in 1913. It must therefore be presumed that the marked fish were in this respect repre-
sentative of the Lofoten skrei in that year. It is also probable that the marked cod
from Finmarken corresponded very closely in size to the actual stock present in those

5w Y ok
Fig. 63. Movements of 31 out of 100 skrei marked on 1st March 1913,
being the number recaptured up to 16th April.

waters in May and early June 1913. As we have seen, the Finmark fish agree very closely
in size with the Lofoten stock this year, so much so, that they must be presumed to form
part of the same stock, a theory which is further supported by other facts.

18¢
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Tig. 64." Movements of 17 out of 63 skrei marked on 17th March,
being the number recaptured up to 2Ist April

Fig. 65. Movements of 22 out of 86 skrei marked on the 17th March,
being the number subsequently recaptured.
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ngf"ce. Movements of 16 out of 72 skrei marked at two spots on the 17th
being the number recaptured in April.

March,

L4

Fig. 67. Movements of 94 out of 508 skrei marked on the 1st April,
of which 90 recaptured in April, 3 in May, and 1 in June.
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It is very interesting to note how closely the recaptured fish agree, as regards their
composition in point of size, with those set free. The average size of the fish set free
at Lofoten was 76.8, that of the fish recaptured 77.3 cm., the average of all fish measured
being 77.6. As regards Finmarken, the average size of the freed fish was 73.4, of those
recaptured 77.1 ecm. There is a slight tendency towards a higher proportion of recap-
tures among the larger fish than among the smaller; taken on the whole, however, the
similarity in point of size between the fish set free and those recaptured, appears remark-
ably great. From this it may safely be concluded that the present material should be
able to furnish some information as to the natural history of the cod.

Fig. 68. Movements of 71 out of 460 skrei marked on the 1st April,
of which 67 recaptured in April, 3 in May, and 1 in July.

The marking experiments were commenced in East Lofoten on the 1st March, ‘when
100 skrei were returned to the water, part at one place and part at another (Fig. 63).

The figure shows how these fish have spread eastward and westward over the Lofoten

bank; east to Kanstadfjorden and west to Moskenes. Of these 100 fish, 23 were recap-
tured as early as March; up to the 16th April inclusive, 31 had been retaken, since then
however, no more have come to hand.

On the 17th March, 63 fish were set free off Henningsveer, of which 17 were recap-
tured by 21st April inclusive, none since (Fig. 64). On the same date, 86 fish were set
free at the edge of the bank, of which 21 had been retaken by the end of April, one being
found later, on the 20th of July, in @stnesfjorden (Fig. 65). On the same date, also,
at two other stations, (Fig. 66) 47 and 25, of which 16 recaptured in April.

On the 1st of April, 508 fish were set free on the bank outside Reine, of which 90

Ak
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were recaptured during the same month, three in May, and one in June (Fig. 67). On
the same date, 460 fish were set free at the edge of the bank outside Reine, of which
67 were re[aken in Aprll three in May and one in July; 71 in all (Fig. 68).

100 a0 0

KILOMETER

00

40 Q. 40 80
GEOGR MILES [KVARTMIL]

Fig. 69. Examples of long migrations made by grown cod marked at Lofoten (Moskenes, Rost) end
of April 1913, and recaptured off the Finmark coast end of May or early June the same year. Dates
of marking and recapture indicated.

On the 8th April, 378 fish were set free off Moskenes, of which the following were
recaptured (Fig. 69).

Lofoten, April, 20 fish.

Lofoten, May, 3 fish.

Vesteraalen, May, 1 fish.

Finmarken (Skjotningsberghavet) 30 May, 1 fish. .

Finmarken (Varde) 16 June, 1 fish; in all, 26 fish.

On the 18th and 28th April, 733 fish in all were set free off Rost, of which the fol-
lowmg were recaptured (Fig. 69).

Off Reine (Lofoten) 1 fish, (22 April).

Vesteraalen 1 » (17 May).

Finmarken (Baadsfjord) 1 fish (24 May).




— 104 —

Percentage of fish recaptured.

We will first of all consider the numbers of the fish set free and recaptured, as shown
in the following table.

%o of marked
: No. of fish | No, of fish |
Date Place marked | recaptured fish
recaptured
1 March Hela off Svolver 100 ' 31 31
17 — Bank, Henningsveer 63 17 27 l Hast Lofoten
17— Edge of bank, — 86 22 26 I 26.8 %o
17 - Bank, — ' 72 16 22
1 April Bank, Reine 508 94 18.5
’ West Lofote
1 - Edge of bank, Reine 460 70 15.2 | o
8 — Moskenes 378 26 7 J
18, 28 — Resthavet 733 3 0.4
March— April ‘ ’ 2400 ‘ 279 ) 116 |
1

For East Lofoten, the percentage of skrei recaptured varies, as will be seen, from
22 to 31, averaging 26.8 %,. More than every fourth fish was here recaptured.

For West Lofoten, the percentage of recaptures off Reine was between 15 and 18%4;
average of all three samples 14.1 %, or about every seventh fish. From Rest, only 0.4 %
were recaptured, the percentage of all recaptures being thus reduced to 11.6 %,

In comparing these percentages for the different parts of the Lofoten waters, how-
ever, it must be borne in mind that the experiments were not all carried out simultane- -
ously. The East Lofoten fish were set free in March, those from West Lofoten during
the first half of April, and those from Rest in the latter part of that month. The fishing
season was thus farther advanced when the western fish were marked and freed, their
chances of escape being thus proportionally increased. The Rest markings were carried
out during the last few days of the fishing season, so that the probability of recapture
was here particularly slight. In considering the percentage of recaptures, it is also neces-
sary to remember that in all probability, not all the fish recaptured were reported to_
the authorities. In several cases, the silver mark was first discovered on the dried head.
Moreover, a number of the marked fish may have died in the meantime. Inasmuch as
it is possible, therefore, to draw any conclusions from the number of fish recaptured,
we may probably accept the results of the experiments along the range from Hela to
Reine during the period from 1st March to 1st April, according to which, every fourth
or fifth specimen was recaptured.

Migrations.

If we then proceed to consider the information at hand with regard to the move-
ments of the fish, we find, especially from the East Lofoten experiments, that the fish
spread  eastward and westward over the bank. Starting from Hela in East Lofoten,
some have moved to Moskenes, others to Kanstadsfjorden on the east, and similarly
also from Henningsver. From here a number also moved to Veero and Rest. In the
western Lofoten waters, the fishery was particularly intense about the beginning of
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April, and most of the fish were taken on the spot; we have, however, instances of some
specimens having gone as far as Varg and Rest, to Vesteraalen and Finmarken. And
from Rest, some of the fish moved to West Lofoten, to Vesteraalen, and Finmarken.

The most interesting cases are unquestionably those of the three specimens which
had made their way to Finmarken. Two of these were set free at Moskenes on the 8th
of April, and retaken, one in Skjstningsberghavet on the 30th of May, the other near
Vardg, (off Horngen) on the 16th of June. The third was set free at Rast on the 18th
of April, and retaken on the 24th of May near Baadsfjord in the eastern part of Finmarken.
The lengths of these three fish were 89, 95 and 102 cm. We have thus entirely reliable
proof that the skrei can, in the course of 5—6 weeks, cover the distance from Lofoten
to East Finmarken, a journey of between 800 and 900 km.

Comparative size of skrei and Finmark fish in 1913.

The further investigations carried out in 1913 show, moreover, that the number
of fish following this route was not restricted to some few individuals. First of all may
be mentioned the great similarity in the composition in point of size noted this year
between the skrei and the Finmark fish. We have already seen, in the table on p. 99, that
the size of the fish measured and marked at Lofoten corresponded very closely indeed
with that of the Finmark specimens marked. The fish marked in this latter water in
May and June were taken at many different places between the North Cape (Honnings-
vaag) and Varde, just as the marked Lofoten fish were found all the way from East Lio-
foten to Rest, in spite of which, all the samples together exhibit the similarity shown
by the figures in the table. It is particularly interesting to compare the composition
in point of size of two samples, one examined at Rest on the 14th of April, the other
at Honningsvaag (Finmarken) on the 6th of May, the times and places here corresponding
very closely to the marking and recapture of the specimens. The respective composition
of the two samples is therefore given in tabular form below.

Composition in point of size.
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Rost 14, VI........... 1 1.0 8.7 ‘20.8 222 | 227 ‘i 9.7 39\ 3.9 } 2.4 1.9 1 29
Honningsvaag.’6. V.... | 0.5 | 45 | 105 | 215 | 225 | 225 | 120 | 50 | 1.0

There is this point of difference between the two samples, that the Finmark samples
shows a somewhat greater admixture of small fish under 65 cm. (15.5 9, as against 9.7
in the sample from Rest) while on the other hand, the large fish are fewer in number.
If we consider, however, the three groups most numerously represented, those from
65 to 79 cm., we are forced to admit that the similarity here is as great as could well be
expected between two samples, even had they been taken at one and the same locality.
The Finmark fish moreover, exhibited every sign of being spent, the ovaries being
small; there is therefore little doubt that the great majority of the fish were skrei, which
had made their way to Finmarken after having spawned on the banks farther to the
west and south.
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Marking experiments in Finmarken in 19i13.

It was thus evident, that the marking experiments carried out in Finmarken in
1913 were in reality to be regarded as a continuation of the investigations as to the mi-
gration of the skrei, since the Finmark fish marked in this year were, as a matter of fact,
spent skrei. We will therefore proceed to consider the results of these experiments. During
the period from 12th May to 27th June, there were marked, as mentioned above, in
all 1,955 cod, taken along a range of the Finmark coast from Honningsvaag to Kiberg
(Varangerfjord), most of them being marked between Berlevaag and Baadsfjord, in the
eastern part of the water. The total number retaken was 121, or about 6.2 %, In the
two figures, 70 and 71, will be found a number of examples of the migrations of the mar-
ked fish from Finmarken. The main direction is eastward along the coast of Finmarken
(Fig. 70) and farther along the Murman coast (Fig. 71). It is thus finally proved, that

Fig. 70. Marking experiments, Finmarken 1913.

the spent skret seek first the coast of Finmarken and then the Murman coast, and that the
fishery in both these places has for its object the same stock which spawns on the Norwegian
skrei banks. The rapid movement of these fish must be regarded as at any rate a partial
explanation of the fact that the percentage of recaptures here was so much lower than
that of the Lofoten fish.

These results had long been anticipated. Thus the Russian expedition under KnI-
rowITscH carried out, in 1898 and 1900, fishing experiments north of the Murman coast,
and discovered that a movement took place eastwards along this range. In 1902, K
Dann made some fishing experiments from the “Skolpen™ off the coast of Finmarken,
and was likewise able to note an increase in the size of the cod evidently due to the im-
migration of skrei from the west. Aswe shall see later on, many similar instances are known.

Other instances of migration noted.

All this however, by no means proves that all the skrei follow this route. I have
already in an earlier work*) made mention of the fact that the fishing industry of the
*) Fiskeri og Hvalfangst.
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Barents Sea presenls many cases of large cod frequently being found in the northern
part of this water, thus for instance off the coast of Spitzbergen, Bear Island; and up
towards the edge of the ice. Prof. G. O. Sars has, in his record of the “Norske Nord-
havs” expedition, described how he encountered on the 15th August 1878 a very rich

fishery for large cod near the Norwegian Islands (N. W. point of Spitzbergen, near

_____

KANy

Fig. 71. Migrations of cod from Finmarken to the Murman Coast, 1913,

80°lat.), the fish “differing in no way from the bank cod taken on our coasts. Although
they were of very fair size, some even'unusually large, and scarcely inferior to the lar-
gest Lofoten skrei, no roe or milt was found in any of them”. As all the cod were large,
no small fish being found, Sars concluded that they did not belong to Spitzbergen,
but must have come from the south, and belonged to the same stock as those spawning
for instance near Lofoten. This fishery was carried on especially at the close of the 70°s
and in the early 80’s, but then ceased. In the course of a cruise which I made in 1901

14%
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to Spitzbergen I did not succeed in catching a single cod. At Bear Island also, the
occurrence varies greatly. In 1900 T found no cod there; in 1901 however, successful
fishing experiments were carried out on the edge of the bank, cod of between 72 and
120 cm. being taken. In 1900, the temperature on the bank was -~ 1.5, in 1901, between
1° and 2°. I have in course of time obtained a great deal of information from sealers
as to the occurrence of large cod in the whole of the water between Bear Island and No-
vaya Zemlya; these occurrences were, however, generally regarded as due to the acci-
dental presence of quickly moving fish, which are continually changing their position,
and thus difficult to locate, the encountering of such shoals being largely a matter of
chance.

Finally, skrei are also found outside the regular season on the banks off the coasts
of the Tromse and North Coast districts, more especially, perhaps, out towards the edge
of the banks. The numerous fishing experiments already made have shown occasional
occurrence of large fish in summer on all the banks of the northernmost part of the Nor-
wegian coast. Not only on the banks and out towards the edge, but even beyond, above
the great Arctic deep, some few wandering large cod have been encountered in’ summer.
(See also chart, Fig. 3, Introduction).

Thus the skrei shoals, after spawning, distribute themselves over the sea banks,
northward and eastward along the coast over the banks of the Barents Sea. From these
localities they must again move back next winter, when roe and milt begin to develope,
southward and westward to the skrei banks. We then again encounter great migra-
tions, but in the opposite direction.

Younger stages of cod.

The skrei are the grown, mature fish, all large enough to be taken with hook and

line, and as most of the skrei here dealt with were captured in this manner, the samples

examined may be considered as a representative selection of the actual stock. Investi-
gation of the size composition of the skrei shoals is therefore a much simpler matter
than in the case of the younger, immature stages, which do not congregate, as do the
skrei, at certain spots, and with all sizes mixed together. Among the many different
sizes, from the young fry up to the stage immediately proceding maturity, we find several
groups, differing either in biological respects or in regard to habitat and manner of life.
It is therefore impossible to obtain, in a single sample, any sufficiently representative
selection to permit of immediate conclusions as to the composition of the mass. It is
necessary to take many samples from different shoals of fish at different places, endea-
vouring to combine the ideas obtained so as to form, as it were, a composite picture,
Moreover, it is in some respects impossible to find any standard by which to judge of
the respective quantitative values of the different groups, even though it may be pos-
sible to accurately determine the composition in point of size of each separate group.

As regards the northern Norwegian waters, if we desire to study the habitat and
life history of the younger stages, it is necessary to commence with the very earliest
stages, i. e. the newly spawned eggs, which, as we have seen, are to be found in the water
immediately above the spawning shoals, on the skrei banks. We have also seen how
these newly spawned eggs are transported, at a very early stage, from place to place
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by the movement of the water. During the period of developement, therefore, to the
tarva and young fry stages, their locality is constantly shifting, and the area of distri-
bution of the whole mass of fry is soon found to lie within geographical limits entirely

Fig. 72. Extreme limits of distribution of the youngest stages of cod
I. Newly spawned eggs.
IT. Larve and small fry, June.
II1. Young fish, Aug.—September 1900.

distinet from those of the spawning grounds. It was natural that the fishery investiga-
tions should attempt an examination of these passive movements of the various stages
of developement, since the study of this question might well be expected to furnish,
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inler alia, an explanation of one of the principal points in the life history of the cod, as
well as in the fishery for same, viz. the fact that the young cod are found in greatest
numbers off the coasts of the northernmost districts, where little or no spawning takes
place.

Passive movements and distribution of the young cod.

I therefore endeavoured, during the cruises made with the “Michael Sars” in 1900
and 1901, to investigate the distribution of the larvae and small fish, which was done
by towing large nets of 6—8 ft. diameter at the surface of the water. These experiments
also showed that the young larvae and fry may be taken many miles from the spot where
they were spawned. The results obtained on board the “Michael Sars” in this respect
will be found in Fig. 72. The curve marked I shows the distribution of the eggs, Il the
uttermost limits for the young fish of some few centimetres’ length, in June and July
1901, curve III indicating the occurrence of young fish some inches long in August—
September 1900. The young fry are thus carried, sometimes for hundreds of miles,
being sown, as it were, over the banks off the northern coast of Norway, and especially
in the Barents Sea, where they may be taken the following year in fine meshed
trawls on the bottom. As in the case of the herring, this drift follows the direction of
the current, (Fig. 25) and the northern coastal waters thus become the natural habitat
of the younger stages. It should, however, also be borne in mind that great numbers
of small fish, both herring and cod, also grow up all round the coast. These young fish
live under widely different external conditions in the different localities. Those nearest
the coast itself spend their early years, the first especially, in shallow water, where tempe-
rature and other conditions vary greatly from place to place along the extensive range.

Distribution of the youngest bottom stages.

During the cruises made by the “Michael Sars” in 1901, a fine-meshed trawl was
employed, and at several places, off Bear Island, east of Varde, and in the Varanger-
fjord, small cod of between 10 and 30 cm. length were taken. Similar results have been
obtained on other ocecasions, and although the observations thus made are far from
being as numerous as might be wished, they yet suffice to show that small cod, from
the very earliest bottom stages upward, are to be found widely distributed throughout
great parts of the Barents Sea. A point of particular importance in considering the
stock of cod in northern waters is the fact that even these very young stages are found
at so great depths as 100-—200 fathoms, which renders it possible that their area of di-
stribution may embrace the whole of the great Barents Sea. This mode of life is very
different from that customary in more southerly regions, where the younger stages live
as a rule in shallow water. The same difference in the depths at which the fish occur
in northern, as opposed to southern waters, also applies to other species besides the
cod. Thus trawling for plaice is often successtully carried on in the Barents Sea at a
depth of over 100 fathoms, whereas in the North Sea, the stock of plaice is almost ex-
clusively restricted to the shallower waters, at depths of less than 30 fathoms.

The catches hitherto made are sufficient to demonstrate the fact that the compo-
sition in point of size of the young cod differs from year to year. This may be seen from

R
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the following record of hauls ynade with Lhe fine-meshed trawl on board the “Michael
Sars”.
Trawl Catches. Percentage of 5 cm. groups.

o 10— | 15— | 20— | 25— [30— | 35— | 40— | 45— 50— |56—|60—|65—|70—-

14 | 19 | 24 | 29 |34 | 39 | 44 | 49 |54 | 59| 64 | 69 | T4
Ee— = = ] = [ i
Bear Island, Aug.1905....... 001,640 186 | 72| 801 47 21104 1| .. .. ¢
Cape Kanin Bank, Aug. 1907 . | .. . 541343321 180| 80 L1 108,04 .. .. | ..
Varangerfj., June 1913 .. .. ... 40 3 2 4 8 |10 13 9 |2 !5 1121

During August 1905, the mass of the trawl catches made off Bear Island consisted
of fish between 15 and 19cm. long. In August 1907, the hauls made in the eastern part
of the Barents Sea were mainly composed of young cod between 25 and 34 cm. long.
In 1913 however, we again find a great quantity of quite small fish (10—14 cm.), the
catches here, however, also including many specimens belonging to the 40—44 em. group.
As will be seen later, this difference in the. respective composition of the catches can
scarcely have been accidental, but must rather be considered as due to great fluctua-
tions in the average size of the stock, and as the older and larger groups recruit from
these small fish, it is of great importance to note the existence, even at this early stage,
of fluctuations in the relative frequency ol the different sizes.

Not until they have reached a length of some 40 cm. do the cod begm to be taken
by the fishermen’s lines, for which reason no information is available as to the younger

stages save that obtained by scientific investigations. As to their migrations also, little,

18 known; no marking experiments have ever been carried out with cod of less than 40

cm. length, either in the Barents Sea or the Finmark waters. Marking experiments with

young cod have, however, been carried out to a considerable extent elsewhere.

Marking of small cod.

Dr. Jous. ScamipT has made marking experiments with a number of young cod in
the Iceland and Faroe waters. In the former*), two series of experiments resulted in
the recapture of only 8.4 and 1.6 %, of the marked fish, the migrations indicated being
of small extent. In the latter water however**), where some 4—b5,000 cod were marked
during the years 1909—1912, an extremely large proportion was retaken.- Of 800 fish
marked in 1909, no less than 485, or over 60 %, were recaptured, and this very close
to the spot where they had been set free. "

In the North Sea, marking experiments with small cod under 40 em. have been car-
ried out by the German fishery investigations, especially from Heligoland. Of the fish
here marked, 76.5 9%, were recaptured at the places where they were freed. WErcoLp,
in his description***) of the experiments, is of opinion that about half of the fish marked
were retaken at exactly the same spot.

*) Marking experiments on Plaice and Cod in; Icglandlc waters. Meddel. fra Kommlssmnen for
Havundersogelser, Kobenhavn 1902.

**) Command. C. F. Drechsel: The Internatlonal Investigation of the Sea, its results and prac-
tical objects. - Kebenhavn 1912, ‘

##*) Die deutschén Versuche mit gezelchneten Dorschen. 1. Bericht. Arb. der deutschen wiss.
Kommission fiir die internationale Mecresforschung 1913.
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Similar experiments have also occasionally been made in Norway with the smaller
sizes of cod, and with similar results. K. Danrn has thus marked cod in the fiords on
the coast of the Skagerak, the recaptured fish being found to have made only small mi-
grations.

From this we may suppose that the youngest stages of cod also in the Finmark
waters keep within a more or less restricted area. Their locality during the first years
of life will thus depend on where they have been carried by the current at the time when
they first reach the bottom on the great level floor of the Barents Sea. Closer study
of the distribution of the young stages within the limits of this submarine plain is one
of the important subjects for investigation presented by the Barents Sea. 1t is at any
rate certain, that they are to be found off Bear Island in the North, Cape Kanin in the
east, and the Murman and Finmark coasts to the south. And there is little room for
doubt that most of them have their origin in the spawmng which takes place on the
Norwegian skrei banks.

Finmark codling, “Loddefisk”.

As to the size of the fish at the time of commencing migration, nothing is known
as yet; it is, however, reasonable to suppose, that this takes place when they become
“loddefisk”*) and that the fish from this time onwards lead a wandering life. Their
area of movement is still however, doubtless restricted to the Barents Sea, and it is scar-
cely likely that they penetrate west of Finmarken before the time arrives when they
are ready to join the spawning shoals on their way to the skrei banks.

Within the limits of the Barents Sea, it is probable that they move, like the skrei,
northwards and east in summer and autumn; westward and south, i. e. towards the
coast of Finmarken, in the winter or spring. Their occurrence here, so close in to land
as (o permit of their frequently being taken in the fjords or from the shore, is doubtless
fargely due to the presence of the capelan.

The capelan (mallotus ¢illosus) is an Arctic fish, known from the coasts of Labrador,
Newfoundland, Greenland, Iceland, and the Barents Sea. . It occurs on the coast of
Finmarken only in the spring, spawning in March and April on banks and in bays close
to the shore. During the summer, it keeps to the northern waters of the Barents Sea.
The cod taken on the Bear Island Bank in July 1901 were found to contain quantities
of this fish, and the Norwegian sealers report frequent observations of its occurrence
in the northern part of the Barents Sea, during summer as far up as Novaya Zemlya
and Franz Josefs Land. The capelan is found especially near the ice limit, which fre-
quently serves as an indication of its locality, (vide charts fig. 73 of ice limits, as also
one previously published by the present Wmter showing the occurrence of Gapelan during
summer)**).

Migrations of capelan shoals towards the Finmark coast.

When the enormous shoals of capelan leave their northern quarters in winter, and
move towards the Finmark and Murman coasts, they draw after them the shoals of

*) »Loddefiske is the local name for codling following the capelan, or mallotus (»lodde«) and
taken by long lines in Finmark waters.
**) Fiskeri og Hvalfangst. Bergen, 1903,
15
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cod encountered on the way, the latter pursuing and greedily devouring them. 1 have
found between twenty and thirty of these fish in the stomach of a single cod. Among
their other enemies are the fin-whales and certain Arctic birds, so that the shoals with their
pursuers can be observed at a great distance. 1 had occasion to observe this combined
movement of capelan, cod, and birds, in 1901, when I encountered them far to the east
of Finmarken hefore any had as yet appeared on the coast, so that there was no doubt
of the fact that migration was taking place. The presence of the capelan could be dis-
cerned by shooting the birds or capturing the cod which had devoured them. The fisher-
men of the Murman and Finmark coasts have naturally acquired considerable experi-
ence as to this immigration, on which the early fishery in Finmarken so largely depends.
During their landward progress in February, March and April, the capelan are as a rule pur-
sued by cod of smaller size, the skrei being for the most part far distant from the Barents
Sea at the time, spawning on the skrei banks away to the west. As to the locality in
which the fish approach the shore, this is probably dependent on various factors, as for
instance, the earlier prevailing conditions with regard to ice and temperature of the
water farther to the north and east in the Barents Sea, and the state of the water near
the coast itself. The fish make land sometimes in the east, sometimes in the west. Men
acquainted with the waters assert that when there are quantities of capelan near Bear
Island, then the fishery is better in the west; when the capelan congregate chiefly in
the eastern part of the Barents Sea, then there is better fishing on the eastern part of
the Finmark coast.

It is thus evident, that the Finmark stock consists in reality of two component
parts, the “loddefisk’ and the “skrei’, each of which approaches the coast from a dif-
ferent quarter. It will readily be understood that the fluctuations in the composition
of these two elements, and their varying locality of occurrence, combine to render the
stock in the Finmark waters a highly complicated whole. And it will immediately be
seen that the fishery in a certain year may at first, say in March-April, consist exclu-
sively of small cod, until the mass of the skrei arrive from the west, in May, June, or
July. Or the reverse may be the case, the skrei being the more important all through
the season.

Size of the Finmark fish.

For several years, material has been collected as to the Finmark fish, especially by
means of measurement, some 9,000 fish in all having been measured. The investigations
embrace the years 1901, 1902, 1905, 1906, 1909 and 1913.

Commencing, as in the case of the skrei, with all the measurements as a whole, we
find the figures shown in the table on p. 115 and Fig. 74.

The figure includes, for purposes of comparison, a curve indicating the composi-
tion in point of size of the skrei as shown in Fig. 55 already referred to.

As against this, the corresponding curve for the Finmark fish will be found con-
siderably more elongated in form, and contains a far higher percentage of younger stages.
This is clearly shown by the following figures.

Under 65 em. Over 65 em.
Finmark Fish. ... b2.7 0/, 47.2°/,
Skret ..., 9.8 - 90.2 -

[
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Cod. Finmarken. Percentage of 5-cm. groups.

< [ || ]| =3 + ©

Elele g|8|2 /8 e|le|s|s/=ls/s|slsdisls|siells
1901 . ... |27] 57[145]16.6]208]|161| 88| 7.1| 32| 40[06/02]04 .. j02| ..| .. .. | .. |. | 82
1902... . ..1 .. | 28| 281566229| 74|248]128| 6.4]09]09/09118] .| .. ..l | .. 1. | 61
1905.... 0841 58| 87[104| 96| 62 65| 87]10.6| 7.7|50!46(37 28/22/41| .| .. | .. | . | 696
1906....J12] 12| 36[100] 90| 7.7|124| 65154 100 69|53| .. 130(36,30|1.2] .. {06 |06 | 734
1907 ....[52]12.1(11.3 183|164 11.3| 80| 65| 52 32/18]o4lo2lo1| . | .1 .| .. | .. |. | s11
1909.... 03] 19| 47/11.5(34.0|280[105| 42| 12 1.609]138] ... .. | .. .| .| .. .. |. | €1
1913....| .| .| 09] 29| 49/104]175]205(185| 9.2/70/4.0(20]0.9|09 03]01l008] .. | | 735
All years | 1.8 3.81 6.6]103'15.7[14.5\10.1{11.2‘ 9.6' 6.0'32]2.4[1.0}1.2‘1.0]1.1’0.2;0.0110.09)0.09 65.7

More than half the Finmark fish were, in the years in question, under 65 cm. The
smallest specimens in the samples belonged to the 25—29 em. group, but as these were
very few in number, all groups under 40 cm., which together do not amount to more

25|
20|

15{

10|

. ) ' . . ) I .":\‘1 ..,.“;..., ,'H-.'..Av.,vw?wi’;l
45- 83- 63- 73- 85- 98- 105- |15~
49 39 69 79 89 99 109 119
Tig. 74. Curve 1 shows the composition in point of size (percentage) of 9,000 Finmark fish
measured in 1901, 1903, 1905, 1906, 1909 and 1913,
Curve 2 is that already given in Fig. bb, showing composition in point of size of the skrei.

than 1.8 9, have in the table been taken as one. All groups under 50 cm. together amount

t0 12.29%; from and including 50 to 80 cm. all groups are more or less evenly represented,

showing a percentage of between 10 and 16. Within this field, however, the curve ex-

- hibits a distinet division, with two maxima, and it will be noticed that the limit between
15%
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these falls nearly at the point of
intersection of the two curves.
This also indicates that the Fin-
mark stock consists of two parts,
the skrei group or mature fish,
and the immature individuals.
For the sake of convenience, we
may in the following refer to
those two groups of Finmark fish
as the loddefisk group and the
skrei group respectively, fixing the
dividing limit at 65 cm. length*).
This limit does not, as will be
seen from the skrei curve, exactly
coincide with the dividing line
1902 between mature and immature
fish; there are also doubtless some

\__VA skrei among the loddefisk; it is
however, diffiecult to find an
/ 1905 nd_any

better definition, as any attempt

I
/k /\ at such must of necessity be of an

' IV arbitrary nature.
I | 1906 Size of the Finmark fish in
/\ | different years.
i The table on p. 115 shows the
|
|

size of the Finmark fish in the
different years as far as known.
1907 This being a point of considerable

importance, | have also added,
(Fig. 75) a graphical representation

/\/  of the same, while the following

' little table will serve to give a

i rough survey of the more salient
I features, including as it does the
: relative numbers of the larger

. 1909 groups. The tables and the figure

reveal considerable fluctuations in
the size of the Finmark fish from
year to year, both as regards the
averages and also within the

*) In the following figures this limit
A ey N is marked by a dotted vertical line,
43- 83~ 60~ 75~ 85- 95~ 105- ||5-  which for the sake of convenience is
49 59 69 79 89 99 109 (|9 placed at the 65—69 cm. group in

Fig. 75, Composition in poinf of size of the Finmark fish stead of a little to the left of same.
in different years. o
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separate groups. The averages for all years show approximately the same number of
loddefisk and skrei. The former is, in three of the years, represented by over 70 %, (in
one over 80 %), the skrei also, in one year, amounting to over 80 %,

Loddefisk (under 65 em.)  Skrei (over 65 cm.)
Under  50—64 All under All over 65—79 Over

50 cm. cm. 65 cm. 65 cm. cm. 80 cm.
1901, ..... 22.9 52.5 75.4 24.3 19.1 b.2
1902...... 2.8 41.3 44.1 5b.9 45.0 10.9
1905 ... ... 17.9 26.2 44.1 5h.9 25.8 30.1
1906...... 6.0 26.7 32.7 67.5 34.3 33.2
1907...... 28.6 46.0 74.6 25.4 19.7 {5.7
1909...... 6.9 73.5 80.4 19.7 15.9 . 3.8
1913 ...... 0.9 18.2 19.1 81.0 56.5 24.5

All years.. 12.2 405 527 472 30.9  16.3

- Within the loddefisk group again, 1 have distinguished a special subdivision, that
of fish under 50 cm., varying in different years from 0.9 to 28.6 %,. The corresponding -
field of variation for the groups from 50 to 64 cm. lies between 18.2 and 73.5 9.

If we now proceed to consider the different years in chronological order, we notice
that the series begins in 1901 with a high percentage of loddefisk and a low percentage
of skrei. Thence up to 1906 inclusive, the percentage of the former decreases, that of
the skrei, on the other hand, increasing. From 1906 to 1909 we find a new increase in
the percentage of loddefisk, with a corresponding decrease on the part of the skrei; from
1909 to 1913 the reverse is the case.

It is evident that these extremely complicated conditions must be due to various
factors. The following possibilities immediately suggest themselves: an immigration of
small fish into the shoals of the loddefisk, an emigration of Finmark fish joining the shoals
of skrei, a movement of skrei from the spawning banks to Finmark waters. Each of
these various points must be separately studied and elucidated. Before proceeding to
further discussion of these fluctuations, however, we may glance at some typical varia-
tions in point of size within one and the same year, thereafter, by observation of the
age and growth of the fish, endeavouring to ascertain how soon one group can pass into
another.

Variation in size of the Finmark fish in one and the same year.

"We have previously referred to the fact that the Finmark stock must be regarded
as consisting of two component parts, the loddefisk and the skrei. If we now compare,
not only the average size of the Finmark fish as exhibited by the total of samples for
a single year, but also the different samples one with another, we find that these are
not invariably “mixed”; some of them are “pure” samples of one or other of the two
compgnents. This we might almost have deduced already from the table on p.115. And
we now find, that both cases may arise, either an early arrival of the loddefisk (during
the first part of the season) the skrei making their appearance later on, or an exclusive
predominahce ol the skrei in spring, the others delaying their arrival until well on in the
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summer. Of these, the former case is the more common. The skrei are on the spawning
grounds in March and April, when the loddefisk arrive, and it would seem that the time
of their appéarance on the Finmark coast is subject to considerable variation. It may,
however, happen, as already mentioned, that the fish arrive as early as the latter part
of April, no loddefisk being then present in the Finmark waters.

The years 1902, 1905 and 1913 give several examples of this. In 1902 and 1905, the
skrei did not appear until well on in summer, in 1913 they were the first to arrive. Both
instances are clearly shown by the composition in point of size of the samples collected at

1902

35~ 45- 55~ 65~ 75~ 85- 95— 10h- 1o-
39 48 89 65 79 &3 9o 1% 18

Fig. 76. Different samples of Finmark fish from the years 1902 and 1905.
VI = June. VIII == August.

different times: for convenience of comparison, a graphical illustration of the variations in
the three years is given in Figs. 76 and 77. The years 1902 and 1905 show, during June,
a high percentage of the younger year classes among the Finmark fish; a decrease took
place, however, in the course of the summer. Thus the proportion of cod under 65 cm.
was during these years as follows:

1902 1905
June....... 44,19, 54.1 9

July ....... 15 %, 15.2 9,
August.. ... 6 % cees

2
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We therefore find, in August 1902 and July 1905 “pure” skrei samples among the
Finmark fish, and Dr. K. Danr, who made the investigations in Finmarken in 1902, ex-
presses the opinion that the summer samples from here exhibit great similarity in point
of size to the skrei samples from the same year.

In 1913, as we have seen, the Finmark fish at the beginning of May exactly resembled

1915 A

[
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I

3, L 13 Y i 1 I 1 I3 3. L] A i . A
365~ 45- 55- 65— 75- 85- 95- 105-
39 49 59 9 79 89 99 109

Fig. 77. " Samples of cod from the Barents Sea, 1913.
A. Finmarken, May. B. Murman Coast, May. C. and D. Finmarken, June.

the skrei in this respect. We may here refer to what has previously been said as to the
similarity between the two samples from Rest and Honningsvaag The resemblance
was so great, that both fishermen and merchants in 1913 declared that there were only
skrei to be found in Finmark waters. Where then, were the loddefisk at this time? By
a mere chance, I happened to obtain some information as to this. An English trawler
put into Vardg, after having worked several different grounds far to the east, along the
Murman coast, and the master of the vessel declared that the cod there were of smaller
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size, exhibiting samples in proof. He further agreed, at my request, to take with him
two practised men, who were able, during the latter part of May, to medsure samples
from 24 different trawling catches. These samples, taken as a whole, showed a mixture
of large and small fish; at some of the stations, however, unmixed samples of small fish
were found. This will be seen from the following:

Trawl Catches, Murman Coast. May 1913.

1
Under | 40 44| 4549 | 50—54 | 5559 | 60—64 | OVer
40 65
] ] |
Station 16... .. 82 | 218 | 330 | 175 5.2 3.0 52
— 4. Least mixed 63 | 201 | 316 | 101 7.6 7.6 76
— ... 60 | 200 | 440 | 120 6.0 4.0 80
— 1. ~ 78 | 211 | 225 | 127 | 100 88 | 108"
- 22..... Moderately mixed 2.1 23.2 22.1 14.7 12.6 9.5 15.8
— 12..... 48 | 305 | 219 | 114 5.7 76 | 180
T } Most mixed M 52 9.3 7.2 82 | 248 | 165 | 289
— 19.... osbmuEed gl 5o | o110 | 150 | 120 | 140 70 | 380
24 stations..‘.‘ Average 7.5 i 174 | 197 t 12 ’ 11.2 r 8.9 { 99.4

This table shows a series of eight trawling stations, arranged in order of increasing
proportion of skrei over 65 em. The six first stations exhibit very similar results,
with a predominance of small cod between 40 and 50 em. These must be presumed
to represent the younger, immature portion of the stock, present in the waters off the
Murman coast in May. Not all the young fish, however, are here included, as the smal-
lest sizes would not be taken in an English trawl, and, as we have already seen in the
case of my own trawling experiments in the Varangerfjord, there were then, at about
the same time, a great quantity also of quite small fish, of 10—14 cm. in length. Judging
from this, and from the figures for the above six stations, the predominant sizes of imma-
ture fish here present in the spring of 1918 would he the groups 10—14, 40—44, and
45—49 em. This is exactly what is shown by the hauls made in the Varangerfjord,
although the percentages for the groups about 40—45 cm. appear small, on account of
the large number of fish of 10—14 cm.

Hauls made with fine-meshed trawl. Varangerfjord b—6 June 1913:
10-14  15-19 20-24 25-29 30-34 35-39-40-44 45-49 50-H4 55-59 60-64 Over 65
40 3 .2 4 8 10 13 9 2 ) 1 3

We find, therefore, that the composition of these small cod is very irregular, with very
low percentages for the sizes lying between the 10—14 and 40 cm. groups, as also for those

between 50 and 65 cm. In May, the skrei were still but poorly represented in the samples:

from the Murman coast. The average for all the 24 stations is 22.4 %,, whereas the cor-
responding figuve for the Finmark waters at the same time is about 85 9%,. In some
of the hauls made by this trawler, the skrei only amounted to about b 9%,. If we now
compare this with the results of the marking experiments, we obtain a good idea of the
successive eastward movements of the skrei up to the time when the Murman coast
fishery begins, later on in the summer,

e =

'
o

3
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A movement ol small fish in the opposite direction, from the eastern waters to the
Finmark coast, must, however, have taken place during the summer of 1913. This will
be clearly seen from Fig. 77. I have here drawn four curves, indicating:

1) Size of the Finmark fish in May, with about 85 9, skrei.
2) Size of the fish in one of the trawl catches (St. 24) on the Murman coast in May
3) and 4) Sizes of the Finmark fish later on in June.

On comparing these curves, we find that the composition of the Finmark fish in
June exhibits distinctly different percentages from those for the beginning of May, a
greater number of small fish being present. The curve is also more elongated in form;
there are no specially predominant single groups, as in May. This is, in my opinion,
partly due to an emigration of skrei moving eastward, and partly to an immigration
of loddefisk moving west. Later on in June, the fishery decreased in intensity, there
being fewer fish on the grounds, which may to some extent account for the fact that
the less numerously represented groups, both of large and small fish, now begin to play
a more important part in the composition of the whole. That an immigration had taken
place, was however, apparent to anyone having occasion -to observe the fish by thous-
ands at this time. The change made itself apparent suddenly, out in deep water (150
tathoms) where, as the fishermen said, a new shoal had arrived. These fish were, however,
far from equal to those previously present. One might naturally have expected to en-
counter, among these new arrivals, a composition in size similar to that evident in the
trawling catches on the Murman coast in May. A slight indication of this is also shown
by curve 4, (Fig. 77); this group could not, however, play so important a part among
the Finmark fish as in the trawl catches, the method of capture alone would render
this impossible. The trawl would doubtless take most of the fish between 40—50 cm.;
cod of 40 em. however, are, as we have seen, of no great importance in the line fishery
of Finmarken.

In the Barents Sea, the water layers and the fish shift east and west. It is probable
that in 1913 a distinet eastward movement took place earlier in the year than is usually
the case; at the beginning of May also, the temperature of the upper two hundred metres,
as Tar east as Vardg, was very high, about 4°.

In order to obtain better idea as to the movements of the cod from one shoal to
another, we must now proceed to consider the age and growth of the fish.

CHAPTER IV

The stock of Cod; its composition with regard to age.

Age and growth of the cod.

The earliest atterapts at determining the age of cod were based upon numerous
measurements, grouped according to size (C. G. Jon. PETERSEN). The results obtained
by this method were, as in the case of the herring, satisfactory as far as the younger

16
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stages were concerned, but proved unreliable in the case of the older fish, exactly as
we have seen in Chap. I when dealing with herring, the older year classes melting one
into another without any distinct limit between (vide Chap. I, Figs. 5—7). Not until the
introduction of the method of studying otoliths, bones, and scales was it found possible
to arrive at accurate determinations of age for the individual fish, and thus obtain reli-
able information as to the general composition in point of age.

Damas’ scale investigations.

The first extensive investigations based on examination of the scales of the cod
were carried out by Dr. Damas*), who gives a detailed description of the progress of
the method. Damas describes the scale of the cod as follows: “The scale of the gadoids,
when strongly magnified, is found to be composed of polygonal elements, which may
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Fig. 78. Scale of a coalfish, 2'l: years old and 80 cm.‘iong, taken in Nordland, 1907.

be styled, in the terminology applied to the structure of trees, as cells. In order to avoid
any erroneous idea as to the morphological value of these, we may call them small poly-
gonal plates (“plaquettes polygonales”). They are arranged in rows, at once radially
and concentrically situated, in more or less regular design, each having a sharp edge.
This gives rise to a number of concentric edges, the plates being divided by radial and
concentric furrows’’.

From Fig. 78 it will be seen that the size of these small plates varies greatly. The
innermost ones are large, but soon become highly compressed, then suddenly widening
out again. Between the most contracted plates and the adjacent larger ones, a sharply
defined line is seen. The resulting formation is a series of alternating zones of broad
and narrow plates: the figure shows three of the former and two of the latter. Exami-
nation of the scales at different times of the year has revealed the fact that the large
plates are formed in summer, the narrow in winter. According to STUART THOMPSON,

*} loc. cif.

ORI 3
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the broad plates represent rapid, the narrow ones slower growth, the growth of the scale
being in proportion to that of the fish. We can thus, by means of the scales, observe
the growth which has taken place in the course of a ‘year, the greater, rapid summer
growth, and the lesser, slow increase in winter. Slightly magnified, the zones correspon-
ding to the winter’s growth appear as rings, called winter rings.

Finmarken 70cm.

\ [ \ / ~s \/ ._.\,// '\"./_\‘ /./.\_\.ﬁ. / .\._._- /'\./-\.,.\
1906 ] o7] o8 | 09 |0 ][s

R I:ihmar”keﬂ 42 cm.

1907| “os] ool 10 h?l
| Ber en , 70cm.
NVaPy =g

1907 og ] 09 ’IO l || 12[15

|~

Bergen 4icm

_'\,\.‘_\ . .., 7\ o~
TN /-/ \-\._-\\ / ~\s

911 | 12 | 13

Fig. 79. Graphical view of size of plates on the scales of 4 cod,
2 from Finmarken and 2 from Bergen (vide text).

Fig. 79 gives a graphical representation of the varying size of the plates, from the
centre to the periphery of the scale, in four skrei, two from Finmarken and two from
Bergen. The vertical distance from a point on the curve to the abscissa indicates the
width of the plates, magnified 300 times. The summits of the curves thus indicate peri-
ods of rapid growth, the hollows between them representing periods of slow growth,
the deepest hollows corresponding to the winters. The two specimens from Finmarken
exhibit, on the whole, a slower growth than those from Bergen.

The number of these indicates the age of the fish, while a study of the size of the

lo*
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zones themselves shows the nature of the growth. By examining the scales of fish taken
at different times of the year and in different waters, the relation of the growth to the
external natural conditions associated with different seasons and localities may be ascer-
tained. ;

Acting on these principles, Damas made a great number of observations in different
waters as to the age and growth of various species of cod, discovering considerable dis-
similarity in the latter respect. In the North Sea, the growth of the cod was found to
be rapid and even, while the skrei of the Lofoten banks exhibited a slower growth, in
which a very distinet periodicity was noticeable. Between these, various intermediate
classes are found, as also between the cod having their habitat near the open sea, and
those- of the fiords.

The influence of the season of year upon the growth was found to differ greatly
in different waters. In the Skagerak, haddock with ovaries in a mature state have
been taken in July (K. Dahl), the edges of the scales showing “winter growth”. In the
Barents Sea, outside the mouth of the white Sea, the “summer growth” had not begun
in August. )

Examples of different growth in different waters.

Fig. 83 shows scales of four cod, all of about the same size, 27—31 cm., from different
parts of the Norwegian coastal waters, F. from Fredrikstad, (Christiania Fiord), B.
from Bergen, H. Helgeland (Nordland) and V. Varde (Finmarken). The scales of
the cod from the southern waters show only one winter ring inside the edge, those of
the northern fish having two. If we calculate, in the manner employed in the case of
the herring, the size of these fish at the different periods of growth, we obtain the fol-
lowing results.

Growth of certain young cod from 4 places on the coast of Norway:

Place Length 1st year’s growth 2nd year’s growth 3 year’s growth
Fredriksstad. F. ..... 27 em. 16.4 cm. 10.6 cm.
Bergen. B. .......... 29 — 14.3 — 147 —
Helgeland. H. ....... 29 — 14.7 — 9.5 — 4.8 cm.
Varde. V............ 31 — 8.3 — 105 — 12.2 —

Both the first and second year’s growth exhibit great variation; it is particularly
noticeable that the growth in these years is very slight in the case of the northernmost
- specimen, from Varde. Since the scales can show so great variation, it is interesting
to more closely consider the question as to whether scale investigations, also in the case
of the cod, can give as reliable results as those obtained by LA in the case of the herring,
and if so, to employ the method for further investigation into the growth of the cod
in different waters. Such investigations have already been commenced by Oscar Sunb,
who has furnished me with the following particulars as to the results hitherto obtained.

Sund’s methodicalinvestigations as the utility of the scales in the study of growth.

“The scale covering of the cod and coalfish is not quite so regular as in the case of
the clupeidae, which exhibit exactly one cross row of scales to cach myomer. In the

o




Fig. 80. Scale of coalfish
with 1 winter ring.

31

e
!
¥
4

Fig. 81. Scale of coalfish
with 2 winter rings.

Fig.

82.

Pr. 111

Scale of cod with 5 winter rings.

Fig. 80—82 Lea phot.




— 125 —

Fig. 83. Schematic illustration of scales of 4 cod from different parts of the Norwegian coast.
I'. from Fredrikstad 27cm. long. B. from Bergen 29 cm. long.
H. — Helgeland 29 — .. V. — Vards 31 —

case of the two gadoids referred to, this regularity is only rudimentary, the cross rows
only approximately corresponding to the vertebrae. We may, however, take il as a
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general rule that there are approximately three cross rows to each myomer, (the salmon
species have two), a coalfish with 54 myomers having 167 scales longitudinally, and a
cod with 53 myomers having 173.

“The scales are found to overlap, the greater part being embedded in the
skin, only the hindmost edge reaching out to the chromatophorous epidermis. The
scales within limited areas of the surface of the body are of more or less identical
size and shape. Apart from these “normal” scales however, we find here and there
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Tig. 84. Method of measuring scale dimensionsj(vide text).
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quite small scales entirely embedded in the skin, and presumably representing super-
numerary formations. These scales are quite useless for purposes of investigation, often
exhibiting a different number of annual rings to that of the normal scales; it is there-
fore to be presumed that they are formed at very different periods in the life of the fish.
They are, however, easily distinguished from the normal scales by their size and lack of
pigmentation, and can therefore hardly have any misleading effect on the calculations.

“The normal scales are first formed, according to Dawmas, along the lateral line; be-
fore the first period of growth has expired, however, the scale covering is distributed
over the whole of the body.

“As regards thesize of the scales, both in the case of the cod and coalfish the rule




— 127 —

applies, that they are largest in the vicinity of the lateral line, near a point opposite the
fore end of the third dorsal and second anal fins. Table I shows the size of the scales
in the “central”-longitudinal row, from the upper corner of the gill opening to the cen-
tral rays of the tail fin, with the relation of the central zone to the whole scale, which
is measured in two dimensions, « and 3, as shown in Fig. 84. ‘

Table 1.
Coalfish 456.3 cm. - Cod 34.0 cm.
Ne | e | g | B | BN | e | g | B | P
[ 3 a i
10 . 123 . 34 45 66 122 ie! 68
20 e 117 e 34 50 8 128 70 71
30 - 108 o 35 55 68 118 69 67
40 s 120 . 34 60 (0 125 72 69
50 s 115 o 3 65 T 139 5 70
60 . 130 . 35 70 82 145 71 68
70 e 137 o 34 75 90 153 67 66
80 e 147 o 33 80 97 171 69 68
90 . <157 . 32 85 104 171 67 . 69
100 o 157 ... 31 90 N 162 1 75
110 | ... 152 | ... 33 95 | 94 | 162 69 69
120 o 155 . 31 100 98 163 1 67
130 o 149 o 31 105 93 160 65 67
140 e 143 e 34 .
150 - 113 o 35
160 s 79 e 32
Average = 34.4 Average 69.8 ] 63.0
Index of variationm=—| ... 4,79/, | Index of variation m== 3.8, | 2.4°

From Table I, we see that the size of the scales increases and decreases somewhat irre-
gularly backward over the central row.

“If we now consider, in the same manner, a cross row of scales from the lateral line
downwards, we find the results shown in Table 2. v

“As will be seen from this table, there is always the risk, in calculating the
length of the fish in its first winter, of an error of up to b 9, or more, corresponding to
an error of up to 8 mm., which may, in exceptional cases (1 of 360), theoretically, amount
to three times this figure, or 2.4 cm.

“Kven this possible error need not, however, be any serious hindrance, its influence
on the average of a large number of individuals being very slight. The calculated ave-
rage length of 100 fish in their first year will thus be subject to an extreme error of 0.24
cm., when the average is taken at 15 em. And if, instead of the microscope, a projector
be used, then this error, (due partly to inaccuracy of measurement and partly to ir-
regularity of growth) will as a rule be reduced by one half.

“The proportion existing between the dimensions of the scale and those of the fish
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Table 2.
. Coalfish 45.3, 656th cross row Cod 34.0 cm. 101st cross row
No. : 5 ) Bo ) . % Fo
0 o J4 . 7 No a ) p 2
1 146 | ... 33 1 93 162 70 '67
2 . 145 . 33 2 89 155 67 68
3 140 o 35 5" 87 149 69 70
4 145 . 37 7 86 145 71 70
5 . 148 o M 9 73 123 67 67
6 . 147 o 35 10 74 130 69 69
ki .. 140 o 35 11 78 136 72 68
8 . 147 . 33 12 16 136 72 69
9 o 147 - 13 79 131 71 72
10 . 139 ... | 33 14 69 122 72 71
11 o 143 o 31 15 73 139 3,70
12 . 147 R 32 | 16 66 123 70 | 67 ]
Average = f ' 34.6 Average = ] 70.25 ‘ 69.0
— |
o - s r 54900 m — + \2.690!0 2,399,
B |

now remains to be considered. Owing to lack of suitable material, it has not hitherto
been possible to arrive at a final determination on this point. It may however, safely
be asserted that the variations which may occur are only slight, and appear, moreover,
to be partly of a regular nature. One of the causes of dissimilarity between the size
of the scale and the length of the fish which we find in the herring does not arise in the
case of the cod and coalfish, viz, the relative size of the scale-covered part of the body.
This factor, which in the case of the herring increases until maturity is reached, exhibits
no regular alteration with age in the cod and coalfish, save in the case of quite small spe-
cimens. On the other hand, the irregularity in the size. of the scales renders the rela-
tion between the growth of the scale and that of the fish less distinct, when judging merely
by comparison of the size of several individuals and the size of certain of their scales.
The best method would be to keep fish in captivity, measuring their scales at different
ages — a method which is scarcely feasible as regards the herring, but which might well,
and doubtless will, be employed in the case of the cod family. Table 3 will serve to
give an idea of the relation between the size of the scale and the length of the body for
coalfish, Table 4 showing corresponding figures for cod. L = total length, T = length
exclusive of head and tail fin, E = size of scales from the vicinity of the lateral line below
the forepart of the second dorsal fin, H = size of scales from the vicinity of the lateral
line below the forepart of third dorsal fin.

“The figures given in the above tables as for accuracy of the agreement between
the size of the scale and length of the fish (5.5—8.3 9%,) correspond to those found by
LEeA in the case of the herring, viz: 6—7 9%,.”

These methodical investigations suffice to show that the scales of the cod may be
used as a means to exact study of the growth of the fish; there remains the important
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task of investigating the growth of the cod in all the different parts of its area of distri-
bution. It is however, evident, that we must for the present restrict ourselves to those
waters which have been made the subject of special investigation during the past years,

Table 3. (Coalfish).

' L T T
Nr. L T L E L L
T H E H
Tab. 4 (Cod).
1 11 79 143 | 115 | 120 | 69 66 »
2 122 83 47 | 120 | 135 | 69 62 NT. L T L H T
3 122 84 45 | 135 | 145 | 62 58 T H
4 | 124 87 43 | 125 | 140 | @9 62
5 145 100 45 | 150 | 165 | 67 61 1 103 67 154 | 095 | 71
6 148 102 45 | 145 | 1.60 70 64 2 1156 (i 49 | 110 70
7 153 105 46 | 165 | 170 | 64 | 62 3 126 84 49 | 135 | 62
8 153 105 46 | 165 | 175 | 68 60 4 130 88 48 | 140 | 63
9 150 | 107 40 | 1556 | 1.65 69 65 5 145 99 47 | 150 66
10 160 110 45 | 1.60 | 1.85 | 69 60 6 162 | 108 50 | L7562
11 385 275 40 | 450 | 525 | 61 52 7 215 143 SO | 230 | 62
12 398 278 43 | 480 | 535 58 52 8 245 165 48 | 280 59
13 397 284 40 | 430 | 515 | 66 56 Average ‘ 149 | . \ 644
14 412 | 295 40 | 445 | 575 | 66 51 -
15 | 453 | 3156 | 38 | ... | ... | .. .. m — ‘ 1.3% [ 6.2
16 696 494 41 | 700 | 900 | 70 55
Average 1.43 ‘ ‘ 66.5 \59.7
m = 2,020 | [5son | 830

and which, in consideration of the foregoing, are of most particular interest, viz, the
range from Lofoten to the Barents Sea.

Growth and age of young cod. : »

We will first of all consider the growth of the young cod, which are too small to
be taken by the fishermen’s lines. The following table shows the results of measure-
ments of cod from the Barents Sea. :

1 year old, (August),
19 » » (June) and

1% » » (August).

Percentage of the different centimetre groups.

em. 314 |5 | 6|7 (8 91011 |12 131416/ 16 | 17 | I8 | 19 | page
cm.

Ypyearold.. || 8. [36.5{27.0 160|111 {16 .. .. | .. | .. | v || ool o | o] o] 49
e — 0] 361830] 426|134 (49]24] | .| .| .| 119
1y — | ] o2] 15102282355 24.3| 17.9
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The 11 year old fish have not been classified by investigation as to age, and may
possibly include some slightly older individuals; Damas places the average at 15.1.

In August 1907, a number of hauls were made in the Barents Sea with a fine-meshed
trawl, the fish taken being chiefly 214—4% years old. The composition in point of size
has already been given; the following table shows a comparison beiween the composition
of the sample in point of size and that in regard to age*).

Hauls made with fine-meshed trawl. Barents Sea 1907.

. ~ Total Average

20—24 | 2529 | 30—54 | 85—39 | 40—44 | 4549 | 50—54 | 5559 TS i
WMo o 49 | 118 | 08 | ... | .| o ] 175 | 219 em.
3y i 04 | 225 | 217 | 85 | 19 | ... | ... | .. 5.0 | 312 —
Ay 87 | 87 | 42 | o4 | ... | .. 220 | 360 —
Bls oo, 081 08 | L1 | 08 | ... | ... 36 | ...
6 oo o os o 08 | 04 20 | ...
Composition in 0
e } 5.3 ’ 343 ’ 32,0 \ 180 ’ 8.0 \ 12 r 0.8 ‘ 04 | 1000

By comparing this table with the previous one, we find the following average sizes
for different ages of small cod.

Yo 11, 1% 2Y% 3V, 4% years.
b 11.9 15.1 21.9 31.2 35.0 cm.

This also agrees with the growth measurements undertaken by examination of the
scales. An especially characteristic feature is the slow growth in the first two years.

The table further shows that there is considerable variation, not only in the com-
position with regard to size, but also in that in point of age, among the young cod, some
year classes being richer than others. Thus we find 55 %, of 31, year old fish, as against
17.5 and 22 of the 214 and 4%, year old respectively. We have already noticed, that
the catches made with the fine-meshed trawl in 1905 and 1913 consisted chiefly of one
year old fish. ’

Growth and age of the loddefisk.

It we now turn to the loddefisk, we may here first of all compare the composition
in point of age with that in regard to size, in a similar manner to the comparison of the
small cod, selecting for the purpose a table based on a sample of 654 fish, analysed by
Dr. Damas**),

The average sizes given by Damas are as follows:

Age....... 3%, 4y, by 6y 7y 81, 91, 101, years
Length.... 394 46 524 563 622 66.2 73.9 80.1cm.

*) This table has been compiled from the same sample dealt with by Damas on p. 120 of his
paper. As his results did not agree with those of my own investigations, I examined the sample
again, and found that all the statements of age in the table given by Damas on p. 120 were one
year too low. In the course of subsequent correspondance on the subject, Dr. Damas authorised
me to state that he agrees with my view, and that an error has arisen in his table during printing.

*#) 1. ¢c. p. 124—125.
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Line catches. 654 cod from Finmarken June 1907.

5 332 # s 2|8 |22 |8 |
g3 | I | l 3 Total
BTl s 8 8|88 | |8 8|8 |5
3 32 3.2 0.2 03 | ... 6.9
414 0.2 44 7.6 1.5 02 1| ... oo e . . ce . 13.9
LEn A 0.3 34 7.0 2.3 0.7 0.5 ce e o S N 14.2
614 e 0:3 0.5 70 | 12| 35 1.7 0.9 02 | ... e e 21.3
Tty . .. . 1.2 6.6 5.3 3.2 21 0.7 | ... . . 19.1
844 o . e 0.5 1.5 21 2.1 2.3 0.6 05 | ... . 9.6
9Ny S e . 02| 03| 05 03 | 0.7 24 | 07 | 02 0.2 55
104 R e . ce e S . 0.3 2.1 2.0 11 0.2 5.7
1144 0.3 0.3 09 | 07 2.1
1244 0.2 03 | 05 | 02 1.2
13114 0.2 0.2 0.4
34 | 82 | 117 | 177 | 181 | 121 1.8 6.6 65 | 44 2.1 0.8 100.0

. Of the youngest year classes, which are represented both in the trawl catches of
small fish and among the line-caught cod from Finmarken, the average sizes are highest
for the latter; thus: ' :

3 year old 4 year old

Trawl catches ......... 31.2 35.0
Finmark fish .......... 39.4 46.0

The difference is naturally explained by the fact that only the largest specimens among
these younger year classes are taken with the line. These year classes therefore only partly
belong to the loddefisk. From five years of age upwards, however, most of the fish appear

104
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Fig. 85. Variations in size and average sizes of different year classes.
The horizontal base line gives lengths in cm. 1014 = 10%Y¢ years old.
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to belong to these, the great majority of five year old fish being over 50 cm. All the
age classes exhibit great variation in point of size, as will be seen from Fig. 85, where
the limits of variation and averages for the year classes are stated for the line-caught
fish, according to the investigations made. A comparison of this figure with the table
above will serve to further show the composition in point of age of the different size groups.
First of all, it will be seen that no single size group entirely or even closely coincides
with any single age class, there being as a rule at least two of the latter which include
a great part of the individuals in a size group. Thus most of the fish of

40—44 cm. long are 3 and 4 years old
45—49 » » 4 » D »
50—bH4 » » b » 6 »
5Hh—>bH9 » » 6 » 7 »
60—64 » » 6 0y 7 »

The loddefisk, or cod under 65 cm. in length, thus include the ages from 3—7 years,
the skrei, those of more than 65 cm., being over 7 years old. The former class-includes,
however, some specimens of 8 and 9 years, the latter some few of 5 and 6 years old. The
boundary line between the two will best be seen by examination of the composmlon
of the skrei in point of age.

In the samples upon which this table is based, a characteristic feature in regard
to age was the fact that many of the year classes were very evenly represented.

Age 4%, by, 6Y, 1Y, 8Y, years
No. 13.9 214 213 191 9.6 9,

In regard to size, the individuals were evenly distributed among many groups, and
in like manner, as regards age, belonged to many different year classes. We have al-

ready seen, in considering the size of the Finmark fish, that these do not by any means

always embrace so many different sizes in more or less even proportion. At certain
times, and in certain years, a single size may be far more numerously represented than

the others. The material at my disposal as regards determinations of age is unfortu- -

nately not so extensive as that for measurements of length. Determinations of age
are available only for the years 1907, 1909 and 1913. It is however, of particular interest
to compare these three years, each of them representing a different characteristic situa-
tion. I have therefore, in Figs. 86 and 87, compared the age and size of the Finmark

fish for these three years, for 1907 according to Damas’, for 1909 and 1913 according -

to my own analyses.

We have already referred to the size and age composition in 1907, and pointed out
the characteristic feature, that many size and age groups were here more or less evenly
represented.

It is otherwise in 1909 and 1913. Both these years exhibit a concentration of sizes
and ages about some few groups, these differing however, very greatly for the two years,
as will be seen from the following.

Principal size groups Principal age classes
1909. ... 50—64 em. 5 and 6 years
1913.... 65—79 » 8 » 9

J -
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The variation in the composition as to age and size is thus seen to be as great as
could possibly be imagined. The year 1909 shows great quantities of the youngest lodde-

1913

|
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39 49 59 69 79 89

Fig. 86. Composition in point of size of Finmark fish in the years 1907, 1909 and 1913.
45 = 45 cm.

fisk, (the five year old fish), whereas in 1913, we find the stock almost entirely composed
of skrei (8 and 9 years old).

In 1913 many samples were taken, several of which I subsequently.analysed. We
have already noticed, when considering the varying composition in regard to size of the
Finmark fish, that in May 1913 these consisted exclusively of skrei, the stock on the
Murman coast being chiefly composed of small fish, whereas in June, an immigration
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b 1 LI 1 L. 1. L S 1
34 o5 6 7 &8 9 10 11 1215 |4
Fig. 87. Composition in point of age of Finmark fish in the years 1907, 1909 and 1913.
4 = 4 years.

of small sizes occurred on the Finmark'coast, great quantities of skrei emigrating at the same
time to waters farther east. The samples upon which these conclusions were based have also




been analysed in regard to age:
the results will be found in
Fig. 88, from which a good view
of the conditions may be ob-
tained. In May 1913, the Fin-
mark stock consisted of 8 and
9yearold fish, the latter especially
amounting to 45 9%, (Curve 1).
The stock on the Murman coast,
on the other hand, was composed
of 4,5, and 6 year olds, (Curve 2)
which were entirely lacking in
the Finmark waters in May. In
June, however, the composition
in point of age for Finmarken
(Carves 3 and 4) shows an ad-
mixture of younger fish, especially
six year olds (16 %) which are
best taken by hook and line.
We thus find a distinct resem-
blance between the results of
the investigations as to the age
and size of the Finmark fish.

The investigations as to age
serve also to further support the
conclusion already arrived at by
the study of the composition in
regard to size, viz; that the Fin-
mark fish, in May 1913, agreed
exactly with the Lofoten skrei.
Before going closer into this,
however, some general observa-
tions as to the age and growth
of the skrei may not be out of
place.

Age and growth of the skrei.

As regards the age of the
skrei, Damas mentions having
examined 95 Lofoten skrei of
between 53 and 71 cm. in length,
of which

3 were H years old
6 » 6 » »
14 » 7 »
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Fig. 88. Composition in point of age of cod samples
from the Barents Sea in 1913, 1. Finmarken, May.
2. Murman Coast, May. 8. and 4. Finmarken, June.
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the remainder, (72), between 7 and 12 years old, the largest, from 100 to 115 cm. in length,
having a minimum age*) of 9—15 years.

An analysis of age which I made of a sample of 207 skrei taken on the 14th of April
1913 at Rest, gave the following results.

TSI T 5 0 %3000 %] e
2 2|5 |8 &g |8 |2|2|¢|3 z
L] i
7 years ........ 101 29 | 14| 10| ..o b o] ool oy e | N I 6.3
8 — . .. | b9 T8 24| 19| ... oo o e e | e ] 18.0
9 — e .o 112 152 (162 4919 10 | ... R 494
10 — ... R 051 24| 49| 29| 10| 14 | 05 | 05 | ... |... 14.1
11 — o U B ... 10] 10} 19, 10| 10 | 05 | 05 | ... |... 6.9
12 — oo 05 L 05 | 05| 14 2.9
13 — 14 | ... | ... 10 24
Size composition;
oo of total sampl e} 10 | 88 1209 | 220 | 230 | 9.7 ?).9 39 | 24 | 15 | 05 24 | 1000

This sample contained no 6 year old fish, about 82 %, were between 8 and 10 years,
most being 9 years old. Only a very few were over 11 years, these in all amounting to
but 5.3 9%,. The following table shows the average sizes according to this analysis, the
average figures from Damas’ table also being given. As will be seen, they agree very
well together, at least when taking into consideration the paucity of the material.

Average length 7 years 8 years 9 years 10 years 11 years 12 years
Acc. to table above...... 63.9 67.1 73.6 80.6 84.5 107.
» » Damas’ table .... 62.2 66.2 3.9 801

Of skrei, the only material available for determinations of age is from the years
1906, 1907 and 1913. The analyses for 1906—7 have been made by Einar Korokp,
those for 1913 by myself. The results will be found in Figs. 89 and 90. All things con-
sidered, the samples agree very well; some difference is, however, apparent. In all the
years, the great majority consisted of 8—10 year old fish; in 1906 however, the 8 year
individuals were most numerous, in 1907 and 1913 the 9 year olds. - These two last named
years again differ one from the other, 1907 showing many 10 year fish. A comparison
of the sizes for the three years exhibits very similar results; the skrei were in 1907 re-
presented by the largest size groups.

These samples do not however, give any complete view of the composition in regard
to age and size of the skrei; as will be seen from the table on p. 92, there were in certain
years, e. g. 1902, 1903 and 1905, considerably more small skrei than in the years here
referred to

*) Damas points out (1. c. p. 115) that determination of age in the case of older specimens is
a difficult matter, and that the figures given should be considered rather as too low than too high.
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Fig. 89. Composition in point of size of skrei samples from the years 1906, 1907, and 1913.

35- 65"

Similarity of composition between skrei and Finmark fish in 1913.

We will now proceed to further compare the skrei and the Finmark fish in 1913,
A table (p.105)has already been given showing the composition in point of size of the
 Skrei from Rest, 14th April,
\ Finmark fish from Honningsvaag, 6th May.
Fig. 91 gives a comparative view of the size and age of these two samples. The
similarity in the composition in both respects may be termed remarkable, and would
18

two samples of
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appear to furnish, in the first place,
valuable testimony as to the re-

liability of the method employed.
When two samples, taken some
6—700 km. apart, exhibit so great
similarity in their compsition, in
spite of the fact that they contain
$0 many size and age groups, then
it is highly probable that both
have been taken from, and are
truly representative of, one and
the same stock. This probability
is, moreover, placed almost beyond
doubt by the results of the
markingexperiments,which proved
that migration from Lofoten to

Finmarken took place.

The year class 1904.

In both the samples here referred
to, the highest percentage falling
to any single year class was 45 9%,
this being the figure for the 9 year
old fish, i. e., those spawned in
1904. We thus arrive at the re-
markable fact, that nearly half of
both skrei and Finmark stock in

1913 were fish of the 1904 year
class, the same which has played
$o very important a part in the
herring fishery of the last few years
(see Chap. I). It would thus seem
as if not only in the case of the
herring, but also as regards the
cod, the 1904 individuals were
more numerous than those of
other years. . Before coming to a
decision as to this, however, we
must first see what can be as-
certained from the samples avail-
able as to this year class, and

5 6 7 8 é lb ‘.a ,9 RLZ) compare the vesults obtained with

Fio 90, o tion 10 bomt of ¢ lre . the facts indicated by the fishery
1g. . ompositlon 11 point o age ol skrel samp. es LI
from the years 1906, 1907, and 1913. statistics for these years.
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Fig. 92 gives a comparative view of all the samples from which any information
is to be obtained as regards the occurrence of the 1904 year class in the last few years.
The figure shows the composition in point of size of the samples (the broken lines) and

%
51t C1
48 /
45
" 1 Skrei Rost%-1913
:Z 2. Finmarken ¢s 1913
33}
30,
27|
24,
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Fig. 91. Composition in point of age (uppermost) and size, of two samples from 1913.
1. Skrei from Rast, /4. 2. Cod from Finmarken °/s.

the same for the year class in each sample, 1904, expressed in percentage of the whole
sample.

In 1905, the fish of the 1904 year class were between one and two years old. The
great quantity of small fish taken in the fine-meshed trawl, and which in August were
between 15 and 19 em. long, must have belonged to this year class. These fish amounted
to 649/, of the cod taken in the trawl.

18%
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Finmargen

\ Smaafisk

Unmarketable)

Loddefisk ‘ Skreifish
(c°d|ifng) (Cod)

1905

Fig. 92. Samples showing the 1904 year class among the Finmark cod. The two uppermost
samples taken with fine-meshed trawl, those below being line-caught fish.
—— Composition in point of size of 1904 year class; percentage of whole sample.
- - - - Composition in point of size of whole sample.




— 141 —

In 1907, similar trawling catches (Table p.130) showed 55 9, of three year old cod,
between 25 and 3b cm long. This year class has thus played a predominant part among
the young cod, both in 1905 and 1907. Among the loddefisk, however, the 1904 group
amounted to only 6.9 %, (vide Table p.131 and the third curve from above in Fig. 92).
Cod of 26—3b cm. are never of any great importance in the line fishery. In 1909, also,

* the importance of this class, though greater than in 1907, was less than was subsequently

the case, the dominant year classes in the Finmark stock in 1909 being the 5 and 6 year
old fish, with 32.5 and 33.8 9, respectively. It will be seen from Fig. 92 that in 1909,
only the smallest of the Finmark fish belonged to the 1904 year class. It must there-
fore be presumed that only a part, viz, the largest specimens, of this year class had up
to that time joined the shoals of the loddefisk.

Between 1909 and 1913, we have unfortunately a long blank period for which no
observations are available. This is the more to be regretted, as in these years especially
there would have been occasion to study the transition stages, the immigration of the
1904 year class into the loddefisk group, and later into that of the skrei, where they are
found in 1913, when they amount to almost half of the total Finmark stock, being then
some 70—=80 cm. long.

Thus much, it is true, we maylearn from the samples described; that the 1904 year
class was extremely numerous among young cod, loddefisk and skrei; this could, however,
have been better and more definitely proved had observations been available for the
years 1910, 1911 and 1912.

It is therefore most fortunate that we are able, after all, to obtain reliable informa-
tion as to the Finmark fish during these years. For this we have to thank Consul CHAR-
LES ROBERTSON, one of the principal business men in Finmarken, who has been kind
enough to interest himself in the matter, and undertake the task of going through all
his records of dried fish, subsequently furnishing me with the results obtained. In order
to appreciate the value of this material, we must first consider the relation between

© the size and weight of the cod, and the same factor for the dried fish.

Relation between size and weight of the cod.

When the cod are to be cured or dried, the head is first cut away, and the intestines
removed. The fish are then said to be “gutted”. Distinction is therefore made between
the weight of the cod when whole, and its weight when gutted. “Whole weight” is the
weight of the fresh cod as taken from the water, “gutted weight”, the weight of the fish
minus head and intestines. If the gutted cod are to be cured as “Klipfisk”, a part
of the back bone is then further removed, and the fish salted, and afterwards dried.
The “Torfisk™ are hung up in the open air and dried. Owing to the different method
of preparation, the split cod (klipfisk) will thus have a greater weight than the terfisk.
We will first of all consider the original whole weight of the fish at different sizes.

Whole weight of the cod.

The different individuals vary considerably in weight, even when of the same size
(i. e. length). They vary also with the season, according to their condition as regards
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nourishment; there can, moreover, be some variation between the different spedimens
taken in one and the same haul. Of 13 cod, all belonging to the sample from Honnings-
vaag 6th May 1913, and all of 73 cm. length,

1 weighed 2.4 kg.

2 » - 26>

2 2.8 »

1 » 2.9 » | the average weight being
3 3.0 » ~ thus 2.923 kg.

1 » 3.1 »

2 3.2 »

1 » 3.4 »

Still greater variation is naturally found in the 5 em. groups, upon which the calcu-
lations given in this chapter are based, but as the variations are more or less alike for
all groups, we can obtain a sufficiently accurate, and far more clear survey of the pro-
sition by keeping to the average weights for the different groups.

We will first of all consider the weights of two samples, one of young cod, the other
of skrei.

Average weight (whole) in kilos, of cod of different size groups, Barents Sea, 1907.
16—19 20—24 25—29 3034 35—89 40—44 45—49 50—-bH4 55H—HY 60—64
0.04 0.07 0.13 0.24 0.38 0.57 0.82 1.23 1.25 2.09

The small cod, under 40 cm., which are rarely taken by the lines, are thus all seen
to weigh less than half a kilo, (one pound), their weight increases, however, almost two-
fold from one b cm. group to the other. The sizes of principal importance in the Finmark
loddefisk stock, viz, from 50—64 cm., lie between the whole weights of 1 and 2 kilos.

Proceeding to consideration of the skrei, we find the following figures:

Average weight (whole) in kilos. of skrei of different size groups, Rest 1913.

56-b9 60-64 65-69 70-74 - 7b-79 80-84 85-89 90-94 95-99 100-104 105-109 110-114 115-19
1.5 18 23 28 34 41 b1 58 75 7.7 107 124 13.0

The fish here increase in weight by about 14 kilo for each 5 cm. of size from 656—69
to 85 cm, later by between 1 and 2 kilos for each 5 cm. group. From 65 to 112 em., the
weight increases from 2 to 13 kilos, or more than sixfold. First in importance are na-
turally those groups which are most numerously represented in the stock, from 65—89,
and which cover a field of from about 2 to about b kg. average weight.

It is very interesting to note how the weight increases with age. As we have already
seen (vide pag. 130), the average length of the cod in the Barents Sea was as follows
according to catches by:

Finemeshed trawl ; v | Long-lines.
1% 2% 3y 4Y, by, 6%, 71, 8Y% 9% 10Y, years
15.1 219 31.2 35.0 52.4 H6.5 62.2 66.2 739 80.1 cm.
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The average vweight of the fish will thus be approximately as follows:
7 At 1% years 0.04 kg.

» 2 » 0.07 »
» 3 » 0.2 »
» 4 » 0.4 »
» b » 1.2 »
» 6 » L5 »
» 7 » 1.8 ».
» 8 » 2.3 »
» 9 » 3.0 »

» 10 » 4.0 »

At two years of age, the weight of the cod is nearly a hectogramme, at three, it is twice
that figure, and at four years, the weight is about 4 hectogrammes. A five year old fish
weighs about a kilo, next year one and a half, and at seven years, about 2 kilos.. At
nine years of age the fish weigh three, at 10 years four kilos. All these figures are na-
turally only approximate, and subject to great variation from one individual to another;
they serve, however, to give a sufficiently accurate idea of the relation on the whole.

One variation in the weight of the cod is of great importance, viz, that consequent
upon spawning. As the genital organs mature, all reserve matter, fat, etc. disappears
from the whole of the body, being consumed in the formation of the milt and roe. When
the fish are fully spent, the weight is found to have greatly decreased; after spawning,
however, the fish again commence to grow fat and heavy. The weight, and the amount
of fat are at their highest in summer, when the fish have been able to feed liberally on
the shoals of capelan ete. It is therefore of particular interest to compare the weight
of the spent skrei (1) with that of Finmark fish (2) of the same size. An exceptionally
favourable opportunity of so doing occurred in 1913, when the skrei and the Finmark
fish consisted almost entirely of the same sizes. I therefore give below the average
weight for the different sizes of skrei and Finmark fish in 1913,

Average weights (whole) in kilos, of different size groups of skrei and Finmark fish 1913.

Nr, 65—69 10—74 16—79 80—84 85—89 90—94 956—99 100—104 105109
1 Servaagen 23. April 20 2.2 29 34 43 56 6.2 6.8 8.6
2 Vardg 21. May.... 23 31 38 47 5b 65 1.9 9.8 11.3

19, of 2... 87 71 71 75 78 86 78 70 76

The figures in the last line express the percentages furnished by the spent fish in
each group of the weight of the fat summer fish. It will be seen that these amount to
between 70 and 87 9%, This is to say, that the spent fish have lost 1 or 1/ of their mid-
summer weight; so great are the fluctuations which may take place in the course of the
year.

Weight of gutted cod.

In dealing with measurements of thousands of fish, it is surprising to note the regular
proportion between the whole and guited weights for all size groups in the same sample. As
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an example of this, we may take the following comparison of the two factors in a sample
of Finmark fish from 1913. The weights are stated in kilos, the percentage of the whole
represented by the gutted fish being given below. In all the skrei sizes, over 65 cm.

Comparison of whole and gutted weight, Finmark fish, May 1913.
bb—59 60—64 65—69 70—74 7T5—79 80—84 85-89 90—94
Whole weight. .. .. .. 15 1.8 . 2.3 3.0 3.5 4.2 5.1 5.9
Gutted weight . . . . . . 1.1 1.25 1.6 1.9 2.3 2.8 3.3 3.9

Gutted %/, of whole weight 61 68 69 67 66 66 66 65

the average values vary only between 61 and 69 9%. Thus a whole fish weighed here
one and a half times as much as a gutted, the latter being 2/, the weight of the former.
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Fig. 93. Curves showing average weights (kilos) of the different size groups,
whole weight, (uppermost); and gutted weight.

The third part (or 33 %) lost consists of head, liver, and intestines. Of this, the head

may represent 20 %, the intestines 7—10 9, and the liver about 4 %, varying according
to the size of the fish. The relative similarity between the whole and gutted weights
is also distinctly indicated by the curves of the tweo average weights for different size-
groups, as.shown in Fig. 93.

From this figure it will be seen that the weight increases greatly with increasing
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size, especially in the case of the whole weight. The gutted weights of the skrei lie between
1Y% and 7—38 kilos. The average weights of the skret (corresponding to the size group'76—79
em.) lie between 2 and 2% kilos. The weights of the small fish are not easily discerned
in the figure; the following table shows these move distinctly: ‘

Average weight in kilos for gutted small fish of different size groups, Barents Sea 1907.
15-19 20-24 25-29 80-34 3539 40—-44 45-49 BO—H4 HH—HY 60—64
0.02 0.05 0.08 0.16 0.25 ~ 0.38  0.54 0.82 0.83 1.33

Thus most of the young cod under 40 em. are seen to fall below 2 hectogr.

The 40-—45 group approximately 4 hectogr.
»  45h—49  » » 5

and the true loddefisk sizes lying beiween Y% and 1 kilos.

The gutted weight also exhibits a variation according to season: thus the spent
skrei lose more in the process of gutting than do the Finmark fish, which retained some
67 %, whereas the gutted skrei only showed 60 %, or even 50 %, of the whole weight.
The fact that these low percentages are particularly noticeable among the small fish
would seem to point to a certain regularity in the cause of the diminution; the spawning
apparently occasioning a relatively greater loss of weight in the younger fish.

Weight of the dried fish.

In the fish trade, the relation between the gutted and dried weights of cod is ex-
pressed by the general rule that one kilo of dried fish represents about 4—41, times
that weight in fresh, gutted fish, equivalent to 6 kilos of fresh whole fish.

The teorfisk are sorted into certain classes according to weight, the principal
being

50-—100 gr., 100—200 gr., 200—400 gr., 400—600 gr. and over 600 gr.

Tn dealing with terfisk, it is useful to know what sizes of live or fresh fish correspond
to these classes; in other words, what size groups they contain. This can be ascertained

Fig. 94. Cod. « indicates measurement used in calculating original whole length from terfisk.
o multiplied by abt. 1.5 gives the length of the fish.

in two ways, either by multiplying the weight of the terfisk by 6, by which the approxi-
mate whole weight is obtained, and then calculating the length according to the tables

19




given above, or by measuring the length of the torfisk, and calculating its length when
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alive. By means of a great number of measurements, I have found that the distance
from the forepart of the pectoral fin to the extremity of the root of the tail, multiplied
1% times, gives the approximate length of the live fish. (Fig. 94).
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Fig. 95. Curve showing the average weight.

By employing both of these methods, the curve shown in Fig. 95 was obtained,
illustrating the relation between the different size groups and their dried weight.

appears, that the

50—100 gr. class corresponds to the lengths of 33—42 cm.

100—200 »
- 200—400 »
400—600 »
over 600 »

fresh, whole fish.
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We can now again compare these trade classes with the groups for whole and gutted
weight, as well as the age classes. The results of such comparison will be found in the
following table, which may perhaps also be of value for other purposes than that immed-
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Dried Cod. Finmarken.

50—100 100—200 200—400 400-—600 over 600
gr. gr. gr. gr. gr.
Size fresh in cm........ 33—42 42--52 5267 67—83 over 83
Weight whole, kilos.... 0.3—0.6 0.6—1.2 1.2-25 2.6—3.8 over 3.8
Gutted weight, kilos ... 0.2—0.4 0.4—0.8 0.6—1.7 1.7—2.5 over 2.5
Age groups ............ 3 and 4 4 and & 5—8 —9 9, 10
Maximal occurrence of , and upwards
1904 year class....... 1907 and 1908 | 1908 and 1909 | 1909—1912 19111913

iately before us. The most important point at present is to compare the different classes
of terfisk with the age groups (see pp. 132 and 136). We find, that the smallest

torfisk of 50—100 gr. consist chiefly of 3 and 4 year old cod,

» 100—200 » » 4 » b5 » »
» 200—400 » » b — 8 » »
»  400—600 » » 7 — 9 » »
»  over 600 » » fish of 9 years old and upwards.

Cured weight of Finmark fish for the years 19go8—igi2.

We are now in a position to more closely consider the material furnished by Mr.
Roser1sON, consisting of the weights of terfisk which passed through his hands in 1908
—1912. Mr. RoBERTSON delivered during this period some 240,000 “weights” (of 20 kilos)
or 4,800,000 kilos of terfisk, equivalent to some thirty million kilos of fresh whole fish.
The whole of this great quantity was sorted in the manner above described; the figures
for each of these years will be found in the following table (1). In 1908, the classification
is only partially complete. Mr. Robertson’s tables II and IIT show the same results ex-
pressed in percentages of the whole year’s production. In Table III, the largest fish
have not been included. This table is especially worthy of notice, as it best shows the
variations during this year between the actual sizes of the Finmark fish. We find the

Tables and calculations by Mr. Chas. Robertson, Hammerfest.

Table. I. Mr. Robertson’s output of cured fish in “weights”
of 20 kilos. Quantities and sizes reckoned as for cured fish
(1 kilo cured = abt. 4'/+ kilo fresh gutted fish).

Year | Under |100—200| 200—400|400~600| Over i?&“fvg; I all
100 gr. gr. gr. gr. 600 gr. 600 gr. i
1908 ... 261 | 9327 . - . 34905 | — 44433
1909 ... 45 | 3132 | 29691 | 18817 | 4565 — 56250
1910 ... 132 | 1230 | 12375 | 10070 | 2398 — 926205
1911 ... L. 1479 | 27175 | 31918 | 7468 — 68030
191200 ... . 997 | 14000 | 23858 | 6740 — 45595

19%
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Table II. The same in percentages of the different weights.

Under | 100 200400 | 400600 | O 200 up to

Year 1 nder —200 — - GOOver and over

00 gr. gr. gr. gr. gr. 600 gr.
1908 .. ... 0.5 21 — — — 78.5
1909 ...l 0.1 5.6 52.8 33.5 8 —
1910 ... 0.5 4.9 47.2 385 ° 9.1 —
1911 ..ol 0.1 2.1 39.9 46.9 11 —
1912 .00 0 2.2 30.7 52.3 14.8 —
Table III: The same; largest fish (over 600 gr. cured) excepted.

Year Under 100—200 200—400 400—600
100 gr. gr. gr. gr.
1909 ..o 0.1 6.1 574 364
190 ... 0.6 5.1 52 42.3
S 0.1 2.4 44.8 52.7
1912000 — 2.5 36 61.5

Table IV. Weight (cured) of sample from Honningsvaag May 1913.

Under 100--200 200—400 400—600 Over
100 gr. gr. - gr. ar. 600 gr.
0 0 17.3 46.9 35.8

Table V. Weight (cured) of sample from Medfjord, May 1913.

Under 100—200 200—400 400—-600 | Over
100 gr. gr. gr. gr. | 600 gr.
i
|
0 0 16.9 | 326 i 50.5
|

Table V1. | Weight (cured) of above sample, largest sizes excepted.

|
Under 100—200 200—400 400—600 i Over
100 gr. gr. gr. gr. i 600 gr.
— 1 | .
0 0 21 40.7 38.3
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Table VII. No. of cod of different sizes, per 100 kilos cured.

|
Year Under '100—200 200400 | 400600 | Over tn ali
100 gr. l gr. gr. gr. I 600 gr.
1909 ... 1 1 37 176 67 | 10 = 291
1910 ...l 7 31 157 71l = 283
1911 ..o (R I VIR I E % 14 — 256
1912 . ] 1 102 | 105 . 18 = 240

Table VIII. No. of kilos fresh loddefisk taken in Finmarken 1909—1913,
and calculated no. of cod (at 425 kilos fresh per 100 kilos cured fish).

Year Million kilos No. of cod
taken
1909 .. .. 52 35.6m.
1910 . e 63.1 42,
1911 ... P 80.4 484 ,,
1912 .o 992 56

following “movement” of the sizes. In 1908 and 1909, many of the fish were small, belonging
to the groups 100—200 and 200—400 gr. From 1909—1912, the numbers of the 200
—400 group decrease, while the 400—600 group is seen to increase from 36.4 9%, in 1909
to 61.5 9% in 1912. During the last two years, 1911 and 1912, the “over 600" group
(Table II) also increased. This was still more noticeable in 1913, as will be seen from
the Tables IV-——VI, where my own weighings and measurements of whole fish are expres-
sed as for terfisk, enabling us to directly compare these with the corresponding figures
for the previous years.

A graphical representation of Mr. RosErTson’s Table II'will be found in Fig. 96 B.
On comparing this with the table, it will immediately be noticed that the numbers of
the smaller sizes greatly decreased in 1909—1913, with an increase of the larger, (over
400 gr). T have also drawn, on the basis of terfisk observations, a curve expressing the
composition in point of size of the fresh fish in 1911, no actual measurements of such
being available for this year. In Fig. 96 A, this curve will be found compared with that
for the size of the Finmark fish in the years 1909 and 1913, and it will be noticed, that
a constant increase is apparent in the latter during this period. It is most interesting
to note, that a comparison of the above table with those furnished by Mr. RoBERTSON
immediately shows this to be due to the increasing number and size of individuals of
the 1904 year class among the Finmark fish. In 1909, the most important group
according to the trade assortment was that of 200—400 gr; in other words, many
of the fish caught must have been 5 and 6 years old. This is also indicated
by the determinations of age for the 1909 sample (Fig. 92). By 1910, the
fish of the 1904 year class have grown to a size when some, al any rate, pass into
the trade group 400—600, this being to a still greater degree the case in 1911, while in
1912, they would have been predominant among the 400—600 gr. fish. The 1903 year
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class, however, would also appear to have played a considerable part, which is con-
firmed by the determinations of age from Finmarken in 1913 (vide supra). In 1913,
these two year classes played a most important part in the yield, which entirely agrees
with the fact that the majority of the terfisk were then over 400 gr.

We may therefore take it as to all intenis and purposes proved, that the 1904 year class
has played an extremely important part, as compared with the other year classes, among
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Fig. 96. A. Composition in point of size of Finmark fish in the years 1909, 1911 and 1913.
1909 and 1913 from samples examined, 1911 calculated from samples of terfisk.
B. Graphical view of the numbers in the different weight groups in Consul RosERrTson’s output
for the years 1909—1913.

the Finmark fish from the year 1909, or especially 1910, to 1913 inclusive; a phenomenon
which exactly corresponds to the predominance of the same year class in the spring herring
fishery for the years 1910—1913.

Rich yield of the Finmark fishery in the years 1910—1913.

The yield of the Finmark fishery for the years 1909—1913 included the following
quantities of cod, stated in millions of kilos, and here calculated to corresponding figures
for millions of fish:

-
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Million kilos  Million fish
1909 ... ..... 52 35.6
1910 . ....... 63.1 42.0
1911 . ....... 80.4 48.4
1912 ..., 99.2 56.0

In 1910, the first year in which the 1904 class, then six years old, could be of great
importance in the Finmark fishery, we notice a marked increase in the yield, this being
still more evident in 1911 and 1912, when the yield of the Finmark fishery reached a
figure never previously attained. The 1904 year class must thus have been not only
richer than other contemporary year classes, but also unusually rich in comparison with
any earlier known.

Fluctuations of the fishery in former years.

We have hitherto confined ourselves to the period during which the 1904 year class
played so great a part in the fishery of the northern Norwegian waters, especially the
years 1909—1913. It would be natural now to glance back at the earlier years, and
endeavour to ascertain whether similar fluctuations in the stock, and thus also in the
fishery, are here again apparent. The farther back we go, however, the less satisfactory
do we find the available material. A thorough investigation of the question demands
the examination of many samples both as regards age and size; and of such material
but little is obtainable. We may however, investigate what there is, by comparing the
information at hand as to the Finmark fish with that regarding the skrei.

1901—IQ03.

We may commence with the years 1901—1903, the earliest years for which exten-
sive measurements exist. My own investigations were begun in Finmarken in 1901,
and in 1902, measurements of both skrei and Finmark fish were taken; in 1903 on the
skrei banks off Tromse, Rest and Lofoten. Fig. 97 shows the results of all the measure-
ments taken, the skrei samples being represented by a full-drawn curve, the Finmark
fish by a dotted line. In Finmarken, only a few (abt. 20 %) skrei (over 65 cm.) were found
in 1901, the stock consisting for the most part of fish about b6—59 cm., including also
many (some 40 %) under 55 cm. It must therefore be supposed that the line-caught
fish consisted of several year classes, the largest fish being 4, 5, and 6 years old. The
curve is very wide, without any strongly marked maximum. This is even more distinctly

noticeable when we consider, not the line caught fish above, but also the trawling catches k

for this year. In the latter part of May 1901, I made a number of hauls with the trawl
in the Varangerfjord, which gave the following results as regards the cod:

Composition in point of size. Trawl-caught fish, Varangerfjord, May 1901.
Under 20 20-30  30-34  35-39  40-44  45-49  50-59 55-69 60-64 Over 65
6.6 6.9 - 43 10.1 15.2 21.3 14.2 6.1 5.8 11.8

Here we find the 456—49 cm. group predominant; thus the 3 and 4 year old fish must
have heen numerous, especially the latter.
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Tig. 97. Compositig)n in point of size of cod samples from the years 1901—1903.
.. Finmark fish. Skrei.

;. If we then look at the Finmark fish in 1902, we find early in the year a curve with
two distinet summits, a “loddefisk” group and a skrei group. The former consisted,
in 1901 and 1902, of the following percentages of the different sizes.

45—49 50—b4 bb—b9 60—64

1901.... 145 16.6 20.8 156.1
1902 . ... 2.8 2.8 16.0 23.0

Comparison of the two rows of figures shows an increase in the sizes, which may
be explained by the fact that the fish which in 1901 were 4, 5 and 6 years old would in
1902 be a year older and consequently larger. On the other hand, the 1902 sample can
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scarcely have been fully representative of the “loddefisk” stock, there being so few small
fish present, while the trawl catches in 1901 showed many under 50 cm.

We will next proceed to consider the skrei in 1902 and 1903. In 1902, a great number
of skrei were measured on the Malangsgrund, off the coast of Tromse. The sizes are
shown in the figure, the 70—75 and 75—-79 em. groups being numerously represented.
In 1903, again, measurements of skrei were taken on the bank in the immediate vicinity,
Svendsgrunden. The skrei here found were the smallest ever observed. No less than
46.8 9%, were under 65 cm., the average percentage of these undersized fish for all the
years from which measurements exist being 9.8. The average size of the whole sample,
also, was only 66.1, the normal average for skrei being 76.4. The average here thus
corresponded approximately to the normal average for Finmark fish. According to the
average sizes of the different age classes of skrei, these fish must have consisted mainly
of 6 and 7 year old individuals, possible also a number of 8 year olds. This again agrees
with the composition of the Finmark fish in 1901 and 1902:

1901 ........ — 4, b, 6 year fish
1902........ — 5, 6,7 » »
1903 ........ — 6, 7,8 » »,

or for all years, the year classes 1897, 1896 and 1895.

From Svendsgrunden, the investigations were extended to Rest and Lofoten. Here
the fish were, in March, considerably larger, about the same as on the Malangsgrund
the year before. This is not easily explained at first sight. I can myself only suggest
that it should be due to a phenomenon similar to that which took place among
the spring herring in 1908 (Chap. I. Fig. 22) viz., an extensive immigration of young
fish into the shoals of the older and larger individuals. We noticed, in the case of the
spring herring fishery in 1908, that in February, at the beginning of the season, there
were many old and large fish, whereas later on, in April, the size had considerably de-
creased, owing to the great immigration of four year old fish (the 1904 year class)
into the spawning shoals. In a similar manner, I believe that the Lofoten skrei
stock in March 1903 must have been comparatively small and chiefly composed of
older fish, while farther to the north, shoals of quite young skrei were on their way
southwards to the Lofoten banks. 1t is greatly to be regretted that no such accurate
measurements were taken in April 1903. In the report of the fishery authorities, how-
ever, we find two points of importance, firstly that the principal fishery at Lofoten did
not commence until April, and secondly, that the average weight of the Lofoten skrei
for the year was 1.5 kilos (gutted weight).

As to the yield of the fishery in different months of the season in 1903, the fishery
report gives the following figures.

Lofoten fishery, percentage ol total catch.

January and February March April

Average for 1871—1890....... 19.8 62.7 175
Average for 1891-—1900....... 12.3 65.4 22.3
1901....... 13.8 60.0 26.2

1902....... 16.1 59.4 24.5

1903....... 0.0 51.4 68.6

- 20
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The year 1903 was thus (exactly as 1908 for the herring) a late season year. The
samples examined at Lofoten in March were taken before the arrival of thie young fish.
As regards the average weight of the line-caught fish, the fishery report places this at
152 per 100 kilos. According to my own weighings of skrei in 1913, the averages (gut-
ted weight) for the different size groups were as follows:

bb—>H9 60—64 66—69 70—74 75—T79 80—84
1.0 1.1 1.4 1.8 2.4 2.6

When we remember that the average size of the skrei sample taken at Svendsgrun-
den in March was 66.1, it would seem reasonable to suppose that the late Lofoten fish
taken in April must have been skrei similar to those measured at Svendsgrunden, and
that a great immigration of small skrei must have taken place this year; i. e. of the same
fish which in 1901 and 1902 belonged to the Finmark loddefisk.

1904—1909.

No measurements are available for 1904; it is however, interesting to note that the
fishery authorities report a similar low average for this year, which is difficult to explain
save by the theory that immigration should also in this year have taken place. This
was almost to be expected, judging from our observations in Finmarken in 1901, when
many 3 and 4 year old fish were noted; these fish would in 1904 be 6 and 7 years old,
1. e., at the transition stage between loddefisk and skrei. We may thus suppose, that
besides the immigration of the year classes 1897 and 1896 already suggested, a- similar
movement took place as regards the 1898 year class.

In considering the composition in regard to size of the skrei for those years for which
measurements are available, I called attention to the remarkable increase in the size of
the skrei during the years 1905—1907. (See page 69 and Fig. 61.) The reports of the
fishery anthorities entirely confirm this result of our measurements. The statements
in the reports as to average weight (gutted) of Lofoten line-caught fish are as follows:

1903 .......... — 1.5
1904.......... — 1.4
1905 . ......... — 1.8
1906 .......... — 2.3
1907 ...l — 2.5
1908 ... ... ... — 2.9
1909 .......... — 3.0

In the years 1904—1909 we have thus a steady increase in the average weight,
~from 1.5 to 3, or no less than 100 %. The question now arises, whether this
can be explained, as in the case of the spring herring, and the 1904 year class among
the Finmark fish, by the theory that the fish which had already joined the skrei shoals
gradually grew older and increased in size, while the number of new arrivals from the
vounger year classes was only small. The lack of observations is here severely felt. Tt
is of interest, however, to consider the point, and investigate it as far as the available
material permits, if only for the sake of facilitating the future study of similar problems.
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We will therefore consider Fig. 98, which shows a number of curves representing the
Finmark fish in the years 1905, 1907 and 1909, as well as the skrei in 1906 and 1907.
Two points are here worthy of note.
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Iig. 98.%Composition in point of size of cod samples from the years 1905, 1906, 1907, 1909 and 1913,
---- Finmark fish. —— Skrei.
The size of the skrei increases from 1906 to 1907, decreasing from then to 1913.
In the years 1905 and 1907, there are no dominant size groups among the Finmark
fish; these are first noticeable in 1909, (year classes 1903 and 1904). This comparison
20)%
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between the Finmark fish and the skrei appears to support the hypothesis stated above.
Moreover, both measurements and age determinations are fortunately available for the
skrei in the years 1906 and 1907. These figures, which form the most important part
of the material at our disposal here, are given below. :

Composition in point of size, for skrei 1906 and 1907.

50-b4 55-59 60-64 65-69 70-74 75-79 80-84 85-89 90-94 95-99
1906.... .. . .. 3.2 249 335 281 49 32 21
1907.... 05 00 05 1.4 105 255 341 186 6.4 2.7

Composition in point of age for skrei 1906 and 1907.
1902 1901 1900 1899 1898 1897 1896 1895 1894 1893

1906 .... .. .. o119 873 341 119 43 05
1907.... 05 05 1.8 195 436 250 7.7 14

It is immediately noticeable that in both of these years, there are scarcely any fish
under 65 cm. (Y, 9, for the two years in average) or even under 70 cm. (2.8 9, for both
years in average). In contrast to this, the skrei sample from Svendsgrunden in 1903
showed 46.8 %, under 65 cm. In like manner, the figures for 1906 show none under 7 years
old, for 1907, only 2.8 % under 8 years. This proves that only a very slight immigration
of young skrei took place in these years, and it is easy then to understand that the
size must have increased, the same fish of the same year classes constantly growing older.
The two most numerously represented year classes, both in 1906 and 1907 are those
of 1898 and 1897; these fish were

Cin 1901 ..... 3 and 4 years old
» 1902 ... .. 4 » b v
» 1903 .. ... b v 6 »

and must, with the 1896 year class, have furnished the greater part of the additions
to the skrel stock during the period under discussion.

Periodical variations in the average size of the skrei.

It must thus be certain that the stock of cod has certain periods of renewal, and other
periods with but slight addition of young fish. As the loddefisk are recruited from
the small fish, so the former in turn send batches to join the skrei, as soon as a new and
rich year class has reached the age at which the fish can pass from one group to the other.
The periods of renewal of the shoals are distinguished by a decrease in the average size.
When the immigration of young fish is slight, the average size increases with the growth of
the individuals. There will thus arise a fluctuation in size of the the stock, with periods
of increase and of decrease.

The fishery authorities endeavour each year to calculate the average weight of the
Lofoten skrei, and it is interesting, in this connection, to examine these averages for
a considerable period of years.

Fig. 99 shows these averages furnished by the fishery authorities (average guited
weight) Tor the years 1882—1912. It will be noticed that the line joining the different

e e————
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averages presenls a wavy appearance. From 1882, there is a decrease until 1884, then
an increase until 1889. The years 1894, 1895 and 1896, however, lie in a deep- hollow.
Then follows a rise, until 1899, a sharp fall to 1903 and 1904, with an equally steep rise
to 1909, and finally a decrease towards 1912,

According to the hypothesis above put forward, the fall of the curve from 1901—1904
should be due to the great addition of young fish to the skrei stock in these years, the
immigrants being chiefly fish of the year classes 1896, 1897 and 1898. The rise from
1905—1909, should in like manner be explained by paucity of new arrivals, and increasing
size of the older fish already present. The average size culminates in 1909, sinking again
in 1910, 1911 and 1912. During these years, the 1904 year class, being then 6, 7 or 8
years old, begins to make its presence felt among the skrei stock, thus naturally occa-
sioning a decline in the average weight. '

As regards the earlier “periods” it is naturally difficult to form any certain opinion.

30

20t

for-

) TR, | N i I P B 1
1860 5 1890 5 1900 5 1910
Fig. 99. Curve showing average weight of Lofoten skrei for the years 1882—1912,
from statements of the Fishery Inspectors.. 3,0 = 3 kilos gutted weight.

The average weight is not in itself a sufficiently reliable indication as to the composi-
tion of the stock in point of size. The same average weight may arise in the case of a
mixed stock, large and small together, as in the case of one consisting throughout of me-
dium sized fish. The many different size groups can furnish a great number of combi-
nations, all equally possible. Only by measuring so great a number of fish of all sizes
as to ensure a true picture of the composition can reliable information be obtained.
The fishery authorities have, in some years, endeavoured to make measurements of the
fish; the numbers dealt with have, however, been so few, (e. g. ten fish) that it is impos-
sible to attach any value to the results.

Of more importance are the statements contained in the Inspectors’ reports as to
the size of the skrei. Thus in the Lofoten reports from 1894 to 1899, it is interesting
to note the following:

1894. At first large, later unusually small.
1895, Unusually small and poor.

e e e
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1896. “This winter also, the skrei were small, very different, however, from last
year’’. ’

1897. “Skrei larger and fatter than last year™.

1898.  “This winter, the skrei were everywhere large and fat. The richer the fishery
the more even are the fish in size”.

1899. “Roe about the same as last winter, liver larger, and general condition much
better”. i

The curve for the years 1894—1899 should be compared with these statements.

From 1881 to 1883, the reports are so vague that it is difficult to obtain definite
information from them. In 1883, we find the complaint that the fish “often vary greatly
from one day to another, even fish taken on the same day frequently showing very dif-
ferent results. It is difficult to say what is the cause of this irregularity; the popular
opinion however, that it is due to the arrival of different shoals on the ground, may be
not far wrong. Thus at the commencement of the season, one day’s catch was reckoned
at 900—1000 fish to the barrel”” — i. e. of liver — “while on the following day, only 6—
700 fish were required to make up the same quantity. Some connection doubtless exists
between the smaller amount of liver and the smaller size of the fish. As to the reason
of the irregular net fishery, it is possible that the mesh used is too large, so that not
all the fish are held”, — ete. ete. ' v '

In 1886, however, we-find the following definite statement: “This year, the skrei,
especially those taken in January and early February, were large, fat and in good con-
dition; the generally expressed opinion was that such thoroughly fine fish had not been
seen in Lofoten for many a year. After the middle of February, the fish were somewhat
smaller, but still fine and fat”.

. Thus we find, in these reports, a great deal of information as to the fluctuations
of the fishery from year to year, or even within one and the same season. It will, however,
here suffice to point out that the reports indicate, for the earlier years, a similar wave-
movement to that which has been shown in the foregoing for the period 1903—1913.

The periodical fluctuations, renewal and mortality of the skrei.

Consideration of these movements at once suggests two questions:

Firstly as to the cause or causes of the great difference in the numerical values of
different year classes, in which each new wave originates.

Secondly, as to the conditions which determine the length or duration of such in-
crease.

The first question cannot be dealt with until I have been able, in subsequent chap-
ters, to set forth the whole of the material now at my disposal. The second, however,
belongs naturally to the sphere of the present chapter. ' ‘

Longevity of the skrei. Mortality among the stock.

If the increase in the weight of the skrei is due exclusively to the growth of a single
year class, and this class could be imagined to be isolated from the others, then it is
evident that the increase in weight would depend upon the longevity of this one year
class. Should there, on the other hand, be many year classes to be considered, no single




— 159 —

one among them being specially predominant, we have then to reckon with many and
various factors. In any case, the influence of each individual year class will be depen-
dant upon those general laws which govern the life cycle of the species; it is therefore
of primary importance to ascertain the nature of these laws, before it is possible to under-
stand the complicated conditions which prevail among the stock on account of the many
different year classes in its composition.

In considering the question of the longevity or mortality of the cod, it will be natural
to commence with the analyses of age of the skrei samples examined. The relation bet-
ween age and size once determined, we are then in a position to obtain valuable infor-
mation from the far more extensive material at hand in the form of measurements. Age
determinations exist only for the three years 1906, 1907 and 1913. The following table
shows the percentages of the respective year classes in these samples:

Percentage of year classes 1906—1894 in skrei samples 1906, 1907 and 1913.
1906 1905 1904 1903 1902 1901 1900 1899 1898 1897 1896 1895 1894

1906. . .. .. .. .. .. S0 .. 119 373 841 119 43 05
1907, . .. .. .. .. 05 05 18 1956 436 250 7.7 1.3
1913. . 6.3 180 495 141 6.8 2.9 24

Majority of skrei between 7 and 10 years old.

From this it will be seen that none of these samples contained as much as 10 9%,
of any single year class over 10 years old. The highest percentage for 11 year fish is
7.7 (in 1907), for 12 year olds 4.3 (in 1906) and for fish of 13 years 2.4 (in 1913). In the
three years in question, only the 8, 9 and 10 year old fish play any tmportant part in the stock.
The stock will thus have become almost entirely renewed in the period from 1907 to 1913. The
year classes 1902, 1901 and 1900, which in 1907 formed the youngest part of the stock,
(the 5—7 year old fish) would in 1913 be among the oldest, and thus represented by
only small percentages. '

It is now a question whether the three years can be taken as representing the general
and permanent conditions prevailing among the skrei, a point which can obviously only-
be finally determined by long experience. The further material available consists of
the measurements already noted in the table on p. 92 and the statements of the fishery
authorities. According to the measurements, the three years 1906, 1907 and 1913 would
not seem to be entirely representative; in particular it is noticeable that in certain years
(1903) a greater number of young fish (6 and 7 years old) may be present than was the
case in these years. On the other hand, 1907 shows a higher percentage of old (large)
fish than any other year included in our measurements, but not so high an average
weight as that of the years 1908 and 1909. (See Fig. 99.)

Number of spawning years per fish.

I have looked through the Lofoten reports from 1860 to 1902; in these 53 years,
the average weight of the skrei (gutted weight) varied between 1.45 (in 1904) and 3.3
(in 1889). These averages correspond, according to my weighings and measurements
of skrei in 1913, to the size groups 65—69 and 85—=89. These should form the limits
of the field of variation of the average size. Judging from the age determinations, we
may suppose that this factor would vary between 6 and 11 years, chiefly however, from
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7 to 10 years. 1f the renewal of the stock is effected by a single year class, so numerous
as to be of decisive importance in the average size of the stock for years in succession,
then we should have an increase in the average weight for at least four successive years, or, in
the case of two rich year classes appearing one after the other, for at least five. The
curve in Fig. 96 agrees with this, as regards the rises from 1883—1889, 1895—1899 and
1904—1909. The last named period is naturally of greatest interest, since it is from
these years that we possess the most extensive material. We can thus understand, that
the increase must cease about 1908 or 1909, and a decrease in size take place, as the
young fish of the 1903 and 1904 year classes begin to appear among the skrei shoals.

Oldest skrei.

Among the skrei are always found some large fish beyond the age and size at which
they appear in any considerable numbers in the stock. In the samples from 1913, the
size groups over 89 cm. showed the following percentages.

Percentage of largest skrei 1913.

em...... 90—94 95—99  100—104 105—109 110—114 115—119 Over 120
/S 4.2 1.9 1.0 0.6 0.1 0.03 0.03

Average longevity of the skrei determined by the fishery?

Why then, do not more skrei reach such sizes, when some of them can attain those
here shown? Before answering this question, it is necessary to ascertain whether the
size of these fish is due to rapid growth or to extreme age. Investigation shows the last
mainly to be the case. Skrei of 15, 18 and even 20 years old are known, though ravely
found; moreover, it is difficult to- accurately determine the age of such fish, the annual
rings on the scales of very old specimens being very narrow and indistinct.

Since however, it is beyond doubt that the skrei can attain an age several years
beyond that of 10—11 years, at which they are numerous, the question arises, whether
the natural longevity of the species is affected to any great extent by the fishery. This
important point can only be decided after material has been collected for a long period
of years; it is however, well worth while to bear in mind, in further consideration of the
question, the results of our marking experiments in Lofoten in 1913, viz, that every fourth
or fifth fish was captured in the course of the Lofoten fishery. Moreover, it should be
remembered that it is the same stock which is fished in the Finmark waters, on the Murman
coast, and by the trawlers in the Barents Sea. It is impossible to say, as yet, how far
the results obtained at Lofoten in 1913 may be considered as representative of the skrei
fishing all along the coast; possibly the fishery is more intense here than on many other
skrei grounds within the range. Only by continued marking experiments can this
be satisfactorily determined. It should be borne in mind, however, that the whole spaw-
ning area of the cod is now, after the investigations of recent years, known, mapped, and,
for by far the greater part, exploited by the fishery. Thus even though we may not
at present be able to accurately determine the exact percentage of the stock taken by
the fishery, we can at least assert that it is very considerable. So much so, indeed, that
the remarkable diminution in numbers of the skrei as they increase in age may possibly
be due to the intensity of the fishery, so that for instance a rich new stock of 7 year old
fish would, after four or five years’ intensive fishing, be considerably reduced in numbers,
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Renewal of the stock affected by the fishery?

In order to appreciate the influence of the fishery on the whole stock, we miust first
‘of all ascertain its effect upon the renewal of the same; i. e. the extent of the natural
increase of the stock and the influence of the fishery upon the mortality. ‘

As regards the renewal of the stock, we have seen in the foregoing that this takes
place, as in the case of the herring, in a very irregular manner, the number of young
individuals which form the annual increment varying greatly from year to year.

The renewal of the stock can thus scarcely be dependent upon so regular and con-
stant a factor as the fishery; it must depend wupon highly variable natural conditions.

The mortality, on the other hand, would appear, from the facts already noted, to
be greatly influenced by the fishery. The question is, whether this influence is so great
as to prejudice the actual yield of the fishery itself, and how great is the mortality
attributable to the fishery in comparison with that due to natural causes.

The growth continues throughout a long period in the life of the cod, beyond the
average age of the skrei. Thus we may find good growth in the case of 13, 14 and 15
year old fish. It is obvious, that the earlier a fish is taken from the sea, the greater is
the amount of possible future growth lost. How far it might be advisable to take the
young fish, disregarding the far greater profit which it would represent if allowed to spend
some years more in the sea, is a point which depends on many different factors, as for
instance the chance of its death from natural causes unaided by man, and, of course,
the chances of capturing it again. The greater our knowledge as to the longevity of
the stock and the percentage taken by the fishery, the better shall we be able to deal
with this important question. Continued observation will also furnish reliable informa-
tion as to the serious problem of how far the longevity of the skrei is gradually being
reduced; whether the fish, owing to the increased intensity of the fishery, exhibit a con-
stantly diminishing average size. As to past years, there is but little material available
in this respect: we have only the frequently mentioned average weights from Lofoten.
These show, for the period from 1861—1869, an average weight (gutted) of 2.54, for
1882—1891 of 2.8, and for 1900—1909 of 2.42. It would seem impossible to draw any
other conclusion from these figures than that the average weight of the skrei is subject
to continual variation.

Relation between the periodical variations in the average size of the skrei
and the fluctuations of the fishery.

We have now seen, that during the period when the 1904 year class played a great
part among the Finmark stock and the skrei, there was a close connection between
the occurrence of this year class and the yield of the fishery in subsequent years. We
have also learned that the 1904 year class is not the only one which has been distinguished
by a higher numerical value than usual, but that it appears to be a regular feature in
the history of the skrei stock, that rich year classes arise at somewhat varying intervals.

In Fig. 100 I have marked off, uppermost (A) the yield of the herring fisheries, the
spring herring, (fully drawn) and fat herring, (dotted line); below, the cod fisheries, Curve 1
the skrei and Curve 3 the Finmark fish, while Curve 2 shows the fluctuations in the
weight of liver, which exibit a movement corresponding to that of the average weight

21
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(this will be dealt with in the following chapter). The curves embrace the years from
1866 or 1880 to 1913. o

On examining these curves, it is immediately evident that we have here a task of
considerable difficulty ; it will at once be seen that they can only be satisfactorily under-

868 70 72 % 76 76 80 62 8% 86 85 00 92 04 96 98 190002 04 06 08 10 1215

w D

1866 68 7072 74 76 786 80 82 84 6.6 % 90 02 94 96 98 1900 02 04 06 08 10 1213

Fig. 100. A. Yield, in thousands of hectolitres, of the Norwegian herring fisheries

during the years 1866—1913.
2. Spring herring fishery,
1. ---- fat herring fishery.

B. Yield of the cod fisheries, in millions of fish, for the years 1866—1913.

1. Skrei fishery,

3. Finmark fishery,

2 Showing the fluctuations in the quantity of liver {cf. Chap.V, Fig. 106).

stood when supplemented by an extensive material in the form of observations as
to age and size. Thus the later years are easily understood. The herring fishery exhibits
rich yield of fat herring at the time when the 1904 year class was 3, 4 and 5 years old,
as also of spring herring when the same fish were 6—9 years old, (1910—1913). Simi-
larly, we note an increase in the yield of Finmark fish in 1909—1912, when the 1903 and
1904 year classes commenced to make themselves increasingly apparent in the line

hauls there, while the skrei yield shows high figures for 1911 and 1912. On the other
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hand, it is impossible to understand the decrease in the skrei yield in 1913, which can only
be explained by future. observations.

The earlier periods, however, present a more difficult problem, and we are tempted
to pass over this part of the question and devote our attention to consideration of the
future. 1 will here, however, with all reserve, call attention to two points which seem
to exhibit some indication of regularity.

1) Looking first at the curve for quantity of liver, or average weight, and especially
the deep hollows of the same (i. e. the years 1911—13, 1902—1904, 1894—95) it will
be noticed that these periods were especially marked by the great number of individuals
(the skrei curve shows numerical values; millions of fish). Regarding the hollow for the
80’s, the curves are as difficult of comprehension as the fishery reports for the same
period.

2) There seems to exist a constant relation between the Finmark and Lofoten fisheries
similar to that noted as between the fat herring and spring herring yields, viz; that the two
“younger” branches, (the Finmark and the fat herring fisheries) first exhibit an increase
in the yield, which later makes itself apparent in the catches of spawning fish (skrei and
spring herring). Thus we find a rich yield in Finmarken in 1910 and 1911, before the
increase in the skrei fishery. Similarly. a rich yield of fat herring in 1909 and a corres-
ponding increase of spring herring in 1912 and 1913. See further pages 43—44.

This connection between the Finmark and skrei fisheries has earlier formed a
subject of discussion in ﬁ%hery circles, though the relation has not as yet been clearly
understood. In a lecture given a} the International Fishery Congress in Bergen in 1898,
Dr. J. BRuncuorsT called attention to the point. He had made statistical comparisons
by means of curves for the Finmark and Lofoten fisheries, and calculated that in certain
cases, the yield of the latter could be arrived at by adding some 18—19 millions to the
amount of the former for the previous year. According to our present theory, however,
the matter is not so simple, since the Finmark stock, in the first place, consists of both
small fish (loddefisk) and skrei, the former again including several different year classes.
Fishery in Finmarken can thus be carried on both for skrei and for loddefisk, which
will not enter the skrei class until one or two years later. Another difficulty in the way
of quantitative comparison is the fact that the yield of the Finmark fishery is stated
in kilos, while the Lofoten yield is expressed in millions of fish. Dr. BRuncrorsT™’s theory
is interesting, however, as one of the first expressions of any conception as to relation
between the two fisheries.

Considerable interest has also been exhibited in fishery circles as to observations
of the size of fish, since the investigations as to age have begun to be more generally
known. A rich yield of small fish in one year is now widely regarded as an indication
of good yields of larger fish in the years to come. Fishermen have told me, that they
had great hopes of a rich future for the Finmark fishery when they noticed the enormous
amount of small fish of about 40 cm. which were taken in 1908 and 1909, these fish being
then returned to the water as valueless, and floating in great quantities out to sea.

Consul Axp. AagaarDp, of Tromse, in an article in “Fiskeritidende” 1909, called
attention to the enormous quantities of young cod which first made their appearance
m 1907, thereafter, in increasing sizes, during 1908 and 1909. From this he concludes
that we may expect to find “a great quantity of Finmark fish of from 400 gr. (dried weight)

21%
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and upwards, with but few of the “Bremer” and “Holleender” class”. As we have seen,
this has also proved to be the case in the following years.

Investigations of cod and haddock in the North Sea and southern Norwegian
waters.

Hitherto we have only considered the stock of cod in northern Norwegian waters,
the material here being larger and more methodically collected than elsewhere. It may,
however, be of interest to briefly mention some results already published, which exhibit
the closest agreement with what has been set forth in the present work.

I mentioned in the introduction, that the International Commission for the study
of the cod fishery had instituted the collection, on a methodical basis, of measurements
of the trawl-caught fish, as also of material for age determinations. The object of these
investigations was to study the size and age of the cod, and especially the variations
in both factors from year to year in different localities. The material was dealt with
in the Norwegian fishery laboratory, Dr. K. Danr, Dr. D. Damas, and Dr. B. HELranp-
Hansen taking part in the work. The results are published in the Report of the
Commission referred to above.

Many of the samples collected exhibited great variation in the numbers of the dif-
ferent age classes, and it was also apparent, in these samples, that the 1904 year class
was distinguished by a relatively high numerical value. Most surprising to those engaged
upon the work was the fact that this year class proved to be the richest in samples taken
at places a great distance apart, as in the Skagerak and off the coast of Romsdal. This
will be seen from the following table, showing the composition in point of age of the had-
dock in samples taken at different places. The analyses have previously been published
in Dr. Damas’ treatise. The localities at which the samples were taken are as follows:

J 1. Off the coast of Norway, August—October 1906: fishing experiments
by Dr. K. Danr.

l Jutland Bank, July-August 1906; trawl.catches, “Michael Sars”.

Haugsholmen, August 1906, “Michael Sars™.

Romsdal, samples collected in winter 1906—1907.

Dogger Bank 1906.

Between Flamborough Head and Dogger Bank, September 1906.

Great Fisher Bank, 1th August 1906.

Deep waters of the North Sea, 1906, “Michael Sars”.

_ Age analyses of haddock, Skagerak, Romsdal, North Sea 1906.
gﬁ‘;ﬁg{e 1906 1905 1904 1903 1902 1901 1900 1899 1898 1897 1896 1895 1894 1893
1.... .. 0.4 482 3bH 1183 275 67 21 03 .. 0.1

Skagerak

Romsdal

North Sea -

———— p——
PN

2....108 90 762 3.0 02 04 04

3.. 192 785 68 03 03 .. .. .. e e e
4.. 134 421 182 86 105 65 31 15 05 01 03 01 0.2
5.. .7l 1056 111 14

6.. 3.2 916 b3 .. . e e

7.. 9.0 585 65 139 90 23 .. .. 08

8..

7.9 542 190 153 2.7 0.8
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Under such distinctly marked con-
ditions as those indicated by these age
determinations, it was natural that the
measurements should show great fluctuat-
ions in the stock. The material furnished
by the English and German research
vessels is thus of particular interest; I
therefore give, in Fig. 101 (drawn by
Herranp-Hansew), the average weight
and number of individuals of the different
centimetre sizes in the samples. The verti-
cal lines also indicate the limits for the
different market classes of haddock, i. e.
between extra small, small, medium and
large, the principal classes in the English
trade. We see from the figure that the
fish were large in 1903 and 1904, more so
in the latter year. In 1905, a number of
quite small fish, between 15 and 20 cm.,
made their appearance; these were, in
1906, between 20 and 25 cm. long. Even
before the conclusion of the work of the
Commission, in 1906 and 1907, it was
evident that these fluctuations were also
to be felt in the yield of the fishery. Thus
the English fishery statistics showed an
increase in the catches of small haddock
in the autumn of 1905. That was some
years ago, and it is now interesting to
note the statements of the fishery statistics
for the intervening years, although un-
fortunately, I have no material from age
investigations during this period. The time
and assistance at my disposal have been too
fully occupied to permit of my undertaking
thework. Inspite, however, of the fact that
no biological material is here available, the
figures for haddock landed in England (in
millions of kilos) should be of considerabie
interest, and will be found (quoted from the
English authorities) in the following table:

Year “Small”
1906 ........ 66.3
1907 ...... .. 61.0

EXTRA SMALL LARGE.

i SMALL | MEDWM |

——
S0cm.

Fig. 101. Average catch of haddock by the re-
search steamers pr. trawl-hour for all portions of
the area examined, during the different years in
which investigations were made.
- - - - average numbers.
average weights.
(drawn by Hrinanp-HANSEN).

“Medium” “Large”
13.2 22.6
16.7 30.0




— 166 —

Year  “Small” “Medium” “Large”
1908........ 43.0 14.2 - 31.9
1909........ 34.7 10.3 29.1
1910........ 32.2 7.4 29.6
1911........ 35.7 9.7 25.1

It will be noticed that the small haddock were most numerous in 1906, the medium
in 1907, while the large show high figures for all the years from 1907—1910. This is
just what was to be expected from the age analyses of 1906.

i5 20 25 30 35 40 45 50 59 60 65 70 75 80 85 Q0 95 100 135

1904

1905

1906

D .. N

1 ' N " " ——

Fig. 102. Composition in point of size of cod from trawl catches in the North Sea,
from the years 1903—1906 (HerLLAND-HANSEN).

The Norwegian fishery statistics give the following quantities for the years 1908—
1911 (Before 1908, these statistics did not unfortunately include any statements as to
the haddock). I have also included the figures for coalfish, the movement being the same,

—
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while the earlier material seems to indicate that the 1904 year class was also richly re-
presented among this species. ’

Year Haddock  Coalfish
1908 .......... 6.1 1781 .
1909 .......... 8.0 21.1 l Millions of
1910 ... 10.2 30,0 [ kilos landed
1911, 6.8 24.7 [ in Norway.

As regards the cod, the age investigations in 1903-—1906 were not carried out to
such an extent as to permit of our employing them in the study of fluctuations among
the year classes in the North Sea. The measurements, however, showed, as in the case
of the haddock, that large numbers of small fish between 20 and 30 ¢m. occurred in 1906.
A very distinct difference is apparent in the composition in point of size for 1903—1905
on the one hand and 1906 on the other. In view of the constant relation between size
and age in the case of the young cod, we may, from the measurements above (Fig. 102)
conclude that the 1904 year class must also in the North Sea have played an important
part in the stock of cod. After 1906, I have no material available; it is however, intere--
sting to consider the statistics for the years 19081911 (and partly 1912) as they render
it at least highly probable that the conditions noted in 1906 also prevailed throughout
these years. 1 have before me an interesting article by Qursson*) who, without any
knowledge or mention of the investigations made, calls attention to the peculiar move-
ment of the yield, also pointing out its remarkable similarity to that of the Norwegian
fisheries. We may first of all take the total quantity of cod landed in England and Scot-
land in 1908--1912,

Cod; millions of kilos landed in

Year England Scotland
1908.......... 98 49
1909 .......... 109 45
1910.......... 120 50
1911 .......... 130 61
1912.......... .. 63

It will be seen that the great increase commenced to make itself apparent in 1910.
We will then consider the quantities (millions of kilos) of the different sizes of cod
landed during these years in England and Wales, from all waters.

Year “Small” “Medium”  “Large”
1908 ....... 17 23 bb
1909....... 34 26 44
1910....... 34 - 30 - 48
1911 ....... 37 31 b3

In 1909, we find an increase in the quantity of small and medium fish, in 1910
and 1911 also in that of the large. This curiously resembles the increase in the Finmark
fish in 1909 and 1910, and later among the skrei.

*) Fish Trades Gazette, 26. July 1918, p. 35.
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Finally, it may be of interest to note the average catch per day for each fishing stea-
mer during the voyage at sea. The article referred to gives the following-figures:

Yield per day at sea in kilos for
Year North Sea West of Scotland

1906 ...... . 179.83 159.51
1907 ........ 159.00 151.89
1908 ........ 170.69 195.58
1909 ........ 240.98 214.78
1910 ........ 250.44 310.90
1911 ..... ... 242,82 316.48

From this last table it would seem that there has been a great and distinct in-
crease in the case of the North Sea, as also for the waters west of Scotland.

As regards the North Sea, even more than the Norwegian waters, future investiga-
tions must further pursue and elucidate these questions. The object of the present work
has rather been to call attention to the problems, and to show that there is good reason
to make the same, also as regards these waters, the subject of future exhaustive inve-
stigations. '

CHAPTER V

Fluctuations in quality.

Use of the word quality.

The previous chapters have dealt with the fluctuations in the herring and cod fishe-
ries with regard to the amount of the yield, the quantity of fish landed. The value of
the yield, however, depends not only upon the quantity of fish; the quality is a factor
of the greatest importance, and one, moreover, which also exhibits great fluctuations.

By “quality” I here understand the chemical composition of the fish; a meaning
which is not always intended by the word when used in the practical industry, where
quality is frequently found to depend, in some degree, on the ruling prices of the day,
or the point of view of certain special trade considerations. Thus a dealer buying fish
by number, and selling them again by weight, would naturally come to consider the
large specimens as of “better quality” than the small. We therefore frequently find,
in practical affairs, the word used in a vague and arbitrary manner, which, as will be
evident later on, gives rise to a great deal of misunderstanding and erroneous impres-
sions as to the conditions upon which the quality of the fish depends.

Importance of fat as a determining factor in the quality.

Science is as yet far from being able to fully describe the chemical processes which
attend the changes in the quality of the fish; it must for the present suffice to examine
certain kinds of matter which are comparatively easy of investigation. From very early
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times, the practical industry has attached especial importance to the varying quantity
of fat, primarily on account of the nutritive value which it represents, the importance
of the fish as an' article of human consumption depending to a great extent upon the
amount of fat contained. Moreover, the fatty matter is contained in special organs, or
at any rate, in such a manner as to render it possible to form, by immediate observa-
tion, and without any complicated scientific aids, an approximate quantitative estimate
of the amount. Finally, the quantity of fat discernible appears to stand in some relation
to the general condition in point of nourishment, and thus serves to express the quality
of the fish as a whole.

The quantity of fat may be determined by two methods, of which the one supple-
ments the other, both being therefore desirable. One is the process of chemical ana-
lysis, the other examination (sometimes measurement or weighing) of the organs,
where the fat is chiefly deposited, (the “ister” of the herring, and the liver: of the
cod).

Variation in quality of the herring; varying amount of “ister”.

As mentioned in Chapters I and II, a great amount of material has been obtained
during the last few years, by the collection of numerous samples, from which to study
the natural history of the herring. For each separate collection of scale samples we
have statements as to the length, weight, and degree of maturity of the individual, and
also as to the quantity or size of the “ister”. The “ister” is the fat-containing organ which
surrounds the intestines of the herring, and plays a most important part in the process
of nutritive assimilation. We may here, as in the case of the genital organs, distinguish
between different stages of developement, I, IT and 111, T here indicating small, IT medium
and I1I large ister. These distinctions are naturally not absolutely exact, but with prac-
tice, a high degree of accuracy may be attained in classification. It is then also possible
to sort a large sample by determining what percentage of fish fall to each degree, and
also to calculate the average quantity of ister for the whole sample.

An examination, on these lines, of 100 first year fish from Nordland in 1912 gave
the following results:

8 fish with large ister, class IT11I
51 » » medium » » II
41 » - » small » y 1

The average is thus 1.67, i. e. the majority of the fish fall between the I and II classes,
(small and medium ister).

We may next consider a large sample of fat herring, consisting of 610 fish taken
in Nordland in August 1909 and examined as to age, length, and quantity of
ister. The results of these investigations are shown in the following table, the percentage
of each of the three fat classes being stated for each year group represented in the sample.

It will be seen that these fat herring, of from 23—27 cm. length and 2—6 years of
age, exhibit a far greater quantity of ister than the young fish referred to above, the
average being very near Class III. The youngest of the fat herring, fish of 2 and 3 years
old, stand highest, with a percentage of 2.92 and 2.96 respectively.

All these fat herring are immature; in the case of the mature fish, the large herrmg

22
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' No. of fish with
Year | Age Average . g i Average percentage
1 } . 1 th i 3 ‘large medalum sma no 1
class | CNEUINGI. | soter, 3 | ister, 2 | ister, 1 | ister, 0 of ister
|
1907 | 2 23.1 92 8 0 0 2.92
1906 | 3 24.3 9 4 0 0 2.96
1905 4 25.5 79 21 0 0 2.79
1904 5 25.9 8 | 20 0 0 2.80
1903 6 26.8 | 23 0 0 217

and spring herring, the proportion of ister is never so high as in the case of the fat herring.
This will be easily seen from the following table, showing the same factor in the case
of 380 herring taken on the Viking Bank, west of Bergen, on the 16th September 1909.
The results here given are stated as above, in percentage of each fat class falling to each
of the year groups represented.

No. of fish with
Year Age Aver.age tes Trmediom | sl o Average percentage
class longth in em. . 8s lster, 2 | ister, 1 | ister, 0 of ister
( [

1905 4 28.8 0 33 67 0 1.33
1904 5 29.1 4 35 56 5 138
1903 6 29.9 3 39 55 3 142
1902 7 30.2 0 42 54 4 1.36
1901 8 30.0 0 35 47 18 117
1900 9 30.5 0 18 68 13 1.04
1899 10 30.3 0 20 64 16 1.04

Although these fish were taken in September, the most favourable season, the quan-
tity of ister is far less than in the case of the fat herring. As the herring near their spaw-
ning, the quantity of ister rapidly decreases, the spent fish all having to be placed in
Class O. ‘ -

We have thus seen, that the contenis of ister varies with the age of the fish, the devel-
opement of the genital organs in particular being a factor of great significance. In ad-
dition to this, the quantity of ister also varies greatly according to the time of year;
this applies not only to the ister itself, but also to the contents of fat on the whole, as
shown by chemical analysis.

Amount of fat in herring.

H. BuLt has at various times made numerous analyses of the amount of fat in her-
ring. Some of these will be found in the following table*), which shows the percentage
of fat for each cm. of size from 15 to 24 em, and for these sizes at different times of the
year from May to November, 1910.

The table gives an instructive view of the manner in which the amount of fat varies
both with the age of the fish and the time of year. Within the limits of size here stated,

*) Aarsberetn. vedk. Norges Fiskerier. 1912.
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Percentage of fat in herring.

Centimetres
Average i

15| 16 | 17 |18 | 19 [ 20 |21 |22 | o |

May 1910 ... .. 752 | 408 | 555 | 696 | 804 | 851 | 882 | 7.62 | 7.5

June o 811 | 497 | 634 | 634 | 813 | 923 14.23 |14.33 | ...
July o 13.66 ol 11 1280 | 1466 [ 14.68 |11.73] ... | ...
August e 12.05 .| ... 885 | 9.16 |11.48 |11.19 |11.3¢ | 1338 |15.94 | 19.92
September ,, ....... 136 ol 893 70 |10.75 (1270 |15.38 [15.11 | 16.84
October ... 12.45 bl 826 1104 |11.98 |12.88 13.52 | 16.64
November , ....... 12.91 L L 152401274 | 11,59
Mean... | 1151 } 452 ‘ 5.94 ’ 7.38 1 9.20 | 9.55 [1178 11.99 \1269]1428]1582

the amount of fat increases with the length of the fish; thus the fish of 15 cm. exhibited,
in June 1910, 4.97 %, of fat, the 21 cm. fish examined at the same time showing 14.33 %,
During spring and winter, the percentage of fat is low, in summer and autumn high.
According to BuLy’s investigations, mature herring may also, at certain seasons of the
year, exhibit a high percentage of fat. Thus he has found Secottish “fulls” with a percen-
tage of up to 15 9,, whereas the spent winter fish may show as little as 234 %,

From the analyses made by Buri, LEa*) draws the significant conclusion that
the supply of fat increases during the summer and is consumed during the winter, while
water is excreted in the summer and assimilated in the winter. During the winter, part
of the dry matter in the system is consumed, and replaced by water, so that no great
loss in weight is apparent. The quality of the fish, however, is considerably affected.

Amount of fat in the sprat.

BuwrL has also investigated the amount of fat in the sprat, and drawn up the fol-
lowing figure expressing the results obtained. The thick black line shows the average
contents of fat, the dotted line the lowest, and the third line the highest quantity of
same for the cm. groups.

This figure distinctly shows the same great seasonal variation which we noticed
in the case of the herring, the percentage being high in summer and autumn, low in winter
and spring. Oscar SunD has made a comparison of this variation in the quantity of
fat with the variations in temperature of the water off the west coast of Norway. The
results of this comparison are shown in figure 104.

We notice that the quantity of fat and the temperature of the water both vary
from summer to winter. In the spring, the increase in fat appears to be almost simul-
taneous with the rise in temperature; in autumn, however, the two curves by no means
agree. It is thus impossible to assert that the amount of fat at all times corresponds
to the temperature of the water; there are evidently other factors to be taken into con-
sideration.

The same writer**) has also carefully investigated the age and growth of the sprat.

*) Publ. de Circ. No. 61.
*%) Oscar Sunp: Undersekelser over brislingen i norske farvand. Aarsberetning vedk. Norges

fiskerier, 8die hefte, 1910,
22%
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He found that the fish after their first period of growth (i. e. when one year old) meas-
ured 5—7 cm., after the second (at two years of age), 8%—11%%. All were then imma-
ture. At the end of the third period, being then three years old, some of the fish are 11—
13 cm. long, and still immature, while others have a length of 13—14 cm., and have arrived
at maturity. The attainment of maturity can thus be placed at somewhat over the
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Fig, 103. Amount of fat in spraf..
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third year, and at a length of about 18 cm. This agrees with BuLr’s analyses, which
show the amount of fat as increasing with size up to a length of 11 or 12 cm., after which
it commences to decrease.

Variations in the composition in point of age and size of the sprat.

In the course of the sprat investigations it was noticed that the composition in point
of size exhibited considerable fluctuations during the years 1908—1910. BuLL gives
(I ¢.) a table showing the composition in this respect, indicating the average percentage
in weight for each cm. group in each of the years 1908—1910. The averages are based
on 74 different samples.
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7 8 9 10 11 12 13 14 cm
1908.... 3.3 S11.7 2b.7 33.6 18.7 7.2 0.7
1909.... .. 2.0 7.9 37.2 38.7 10.9 2.6 0.7
1910.... .. .. 171 33.1 26.1 19.0 3.0 1.7

It will be noticed that there were far more small fish (7—9 cm.) in 1908 than in the
other two years. In 1909 the fish consisted almost exclusively of individuals of 10—11
cm. long, whereas in 1910 the sizes were more evenly distributed among the groups from
9—12 cm. These fluctuations are of great importance in the practical industry, the varia-
tions in the size of the sprat being often regarded as variations in quality.

0,
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Fig. 104. Amount of fat in West Coast sprat; mean percentages for each month.
x mean surface temperature of the sea for the month, taken at H‘ellist}y, near Bergen (Sunp).

On examination, it was found that the fluctuations in size were here, as in so many
other cases, due to a difference in the composition with regard to age, or to the different
numerical value of the year classes represented. Oscar Sunp, in the work above referred
to, gives the following table showing the composition in point of age of the stock of
sprat in the Norwegian fiords during the years 1908—1910:

From samples Group I - Group II Groups 111 and IV
examined in Average length No. 9%, Average length No. %, No. %
1908 ............ 10.15 90.6 11.73 6.4 3.0
1909—1910...... 10.20 22.7 11.09 74.8 2.5

A very great difference is here noticeable in the composition with regard to age,
which would seem to indicate that the species is subject to great and rapid changes in
this respect, “possibly greater than is the case with any other of our food fishes, a pheno-
menon which may doubtless be explained as chiefly due to the shorter life of the fish”.
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We thus see, that fluctuations in the composition with regard to age (the variation in
numerical value of the year classes, as noted in the previous chapters) may occasion
fluctuations in the size, and consequently in the quality, of the fish, It might be advisable
to investigate the question whether the fluctuations in the French sardine fishery may
not be due to similar causes.

Comparison of different species of Clupeidze.

We have seen in the foregoing, that a characteristic feature of both herring and sprat
was the existence of certain distinct periods in thie development of fatty deposit. First

| .
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Fig. 106. Growth rate of herring, sprat and pilchard.
F = ister stage. S == spawning stage.
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of all, in the case of quite young fish, a period when little fat is found, then the ister stage,
in the older but still immature herring and sprat, and finally, that of the grown, mature
fish, in which the developement of the genital organs plays so great a part in determining
the quality. As the different species differ widely both in growth, and as regards the
age at which maturity is reached, it is evident that the alterations in the process of nu-
tritive assimilation and general change of matter must differ in like degree. This will
best be seen by comparing the rate of growth and period at which the ister stage and
that of maturity are reached in the case of some closely related species. In figure 105, 1
have endeavoured to give a comparison, entirely schematic, of the three species; herring,
sprat, and pilchard.

From the figure here given, it is possible to compare the growth rate of the three
species, not only from year to year, but from month to month. The letter F, and a
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thickening of the line, indicate the ister stage; i.e. a high percentage of ister and fatty
matter. The letter S denotes the time of spawning.

A comparison of the three curves immediately reveals the fact that the rate of
growth differs greatly in the three species. During the first period of life, the pilchard
exhibits the most rapid growth, being, however, soon overtaken by the herring, while
the sprat is from first to last some distance behind. The first spawning takes place,
in the case of the pilchard and sprat, at 3 years of age; as regards the herring, T have
in the figure noted this as at 4 years of age. This is true of the herring found on the
west coast of Norway; as we have seen, however, the North Sea herring frequently spawn
when only 3 years old, while on the north coast of Norway, 5 or 6 years is the usual age.

No ister stage is apparent in any of the three species during their first year of life.
The pilchard and sprat reach their first ister stage when 14 years old; the herring (on
the west coast of Norway) at an age of 214 years.

Both pilchard and sprat attain maturity when three years of age, and have there-
fore an ister stage both in the second and third year of life. As regards the herring, the
North Sea fish have probably only one, the West Coast herring two, and those of the North
Coast as many as four ister stages before reaching maturity. A notable phenomenon in the
fishing industry, viz, the fact that the fat herring (immature fish in the ister stage) are nowhere
of so great importance in the total herring stock as on the North Coast of Norway, is thus
explained. In the North Sea, with its enormous numbers of young herring, the fat
herring are for the most part confined to a single year class, whereas those of the
North Coast may include fish of from 234 to 514 years old. In the case of grown, mature
herring, the fat-containing organs have an annual period of developement. The spring
spawning fish have these organs most highly developed in autumn (August and Sep-
tember), the summer spawning fish in the spring. Thus spring spawning herring are in
autumn fat and in good condition, while the summer spawning fish are spent and poor,
the reverse being the case in the spring.

It will be easily understood, from the foregoing, that herring, pilchard and sprat
of the same size (i. e. length) must differ widely as regards quality. Of three fish, a her-
ring, a pilchard, and a sprat, all measuring between 9 and 13 ci., and all taken in sum-
mer, the sprat will be in best condition. Both herring and pilchard will then be thin
and poor, the sprat on the other hand, being fat and full of ister.

It will be otherwise, however, when a length of 15—16 ¢cm. has been reached. A
sprat of this size will be mature and of little value, while the pilchard is at its best, the
herring not yet having arrived at the “fat” stage. This is not reached, in the case of
the herring, until a length of some 20 cm. is attained. The sizes between 20 and 27 cm.
include, in Norwegian waters, the finest immature fat herring, which are in every respect
the equal of any other species of herring as regards quality. Pilchard of this size are
mature, and always meagre, even in summer.

In winter, all three species are, at all stages, considerably poorer than in summer,
The quality of all three species must therefore be regarded as a factor varying with age and
Season.

A point of paramount importance is naturally the question as to how the fish attain
renewed developement of their fat-containing organs; the nourishment required for this
purpose, and the migrations undertaken by the fish in search of the same. For many
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years, distinction has been made (in Norway especially by G. O. SArs) between spawning

migration and migration in search of food. Sawrs places in the latter category the move-
ment of the loddefisk towards the Finmark coast, in pursuit of the capelan, as also
the sojourn of the fat herring in North Coast waters, where abundance of plankton is
to be found. Sailing from Bergen in summer towards the Shetlands, one encounters
first, on the Revkant, the Norwegian herring which have spawned during the spring,
and develope their genital and fat containing organs again in the course of summer and
autumn. Farther on, one meets the Shetland herring, moving in to their spawning
grounds. It is interesting to compare, at this time of year, the contents of the stomach
in these two races of herring and the pelagic organisms in those parts of the sea in which
they move. I had occasion to make some investigations of this nature in 1912, and
will here mention some of the results oblained, on the basis of the samples taken, which
were determined by Paurn Brerran.

In the Norwegian Channel, vertical hauls from bhottom to surface, (e. g. from 360
—O0m) with a 1m. silk net, showed, besides small crustaceans, Copepoda (Calanus, Eu-
chaeta norvegica, Metridia) also larger crustaceans, Ephausida (Meganyctiphanes nor-
vegicus, Thysanoessa longicaudata). Vertical hauls from lesser depths (76—0 m) showed
only Copepoda, no Ephausida, which latter must therefore be presumed to be restricted
to the deeper water layers. Closer in, on the banks, only larvae of Ephausida were
found, no full-grown specimens. The crustaceans here consisted almost exclusively of
Copepoda.

On examining the contents of stomach of the herring, it was at once noticed that
the Shetland fish contained far less than those from the Revkant. In samples of 50
Shetland herring, the contents of stomach varied between 20—60 cubic cm., whereas
50 of the Revkant fish exhibited a total of 205 cubic cm., consisting of 338 Meganycti-
phanes norvegicus (of more or less equal size), and 8 Rhoda (Boreophausia) raschii, (of
different sizes). Some of the stomachs being empty, this gives an average of more than
7 crustaceans per fish.

Investigations of this nature should furnish very valuable results, if extended to
various waters, and carried out at different times of the year.

Similar investigations have occasionally been made as to the contents of stomach
of cod and coalfish. In the Finmark waters, cod taken in the spring (April and May) often
contain large quantities of capelan; I have found as many as twenty or more in the stomach
of a single fish, while great numbers of Ephausida may be found in the stomach of the
coalfish. Such investigations would go far to explain the migrations of the fish outside
the spawning time. Particular interest in this respect attaches to such regions as the
Bottlenose Ground, the Barents Sea, and the outer limits of the Norwegian Sea, where
Ephausida, cuttlefish, and other organisms are found in abundance in the summer.

Variations in the quality of the cod.

In the cod, the fatty deposit is found partly embedded in the flesh, (between the
muscles) and partly in the liver, where it is found in great quantities. This organ, in
the case of the cod, discharges the important function of storing up a reserve of fat which
is consumed as the needs of the system demand. The state of the liver is therefore subject
to very great variation. Among the mature cod, or “skrei” we may find individuals
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with liver weighing only 10 gr., while in others, it may amount to hetween 1 and 2 kg.
The percentage of fat also, as revealed in the process of boiling down, varies greatly.
Instances have been observed of variation from about 60 to less than 20 9%, of oil.

Thorough investigation as to the size of the liver, and amount of fat contained,
at all stages and seasons, has never yet been made; the practical industry, however,
especially the Lofoten fishery, has furnished us with a great deal of valuable informa-
tion as to the variations in the size of the liver and in the percentage of oil therein con-
tained.

In the skrei fishery, where the fish are sold by number, the quantity of liver is taken as
meaning the number of hectolitres of liver obtainable from 1,000 fish. A quantity of liver
stated for instance as 3, indicates that the liver of 1,000 skrei would amount to three
hectolitres®).

The percentage of oil is generally understood as the percentage in volume of medicinal
oil contained in the liver. '

These two factors are of great importance in the yield of the fishery. In the first
place, the liver is in itself a valuable article of commerce, and the value of the liver forms
an essential part of the value of the cod. In addition to this, however, it has long been
recognised that the state of the liver is very closely connected with the condition of the
fish, the quality of the latter improving with the increasing proportional size of the former.

Fluctuations in the quantity of liver from year to year.

It has therefore long been regarded as of great importance to note and record the
quantity of liver produced. During the fishing season, the Fishery Inspectors telegraph,
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Fig. 106. Hectolitres of liver pr. 1000 skrei in the years 1880—1912.
5 = b hectolitres.

as often as possible, information as to the amount, and the average quantity for each year’s
fishery is calculated as closely as possible. This last is of peculiar significance, as for

*) This factor is often expressed in opposite terms; i. e., by stating the number of livers
necessary to make up a hectolitre. Thus the quality of liver may be noted as 330, indicating

that 330 skrei will be required to furnish one hectolitre of liver.” In the present work, however,
the definition given above will be followed. :

23
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many years past it has been noticed that the fluctuations in the annual yield appear
to be not altogether fortuitous, exhibiting rather a very regular wave-like movement,
with long periods of high and low percentage, each covering several years. Fig. 106 shows
the course of this movement from 1880—1912. We find here deep hollows for the early
80’s, the middle 90’s and at the commencement of the present century, with a rise between
cach hollow and the next. The whole appearance of the curve is so regular that it is
by no means surprising to learn that the question has long been regarded with consider-
able interest in the fishing industry, the facts as here shown being employed as a basis
for Speculatlon as to the price in coming years.

' This curve representing the quantity of liver follows very closely that for percentawo
of 011 as will be seen from figure 107. For the statements as to fluctuations in
\ Lhe percentage of oil for the years 1880—1912, I am indebted to Mr P. M. HEYER-

HL.
4 5.0
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Fig. 107. Curve 1 (scale to right of figure) indicates no. of hectolitres of liver
pr. 1,000 skrei in the years 1880—1912.
Curve 2 {scale to left of figure) indicates average percentage of fat in skrei liver
for the same years.

pAHL, who has had occasion to personally observe the course of the fishery throughout
this period, and whose experience in collecting reliable information on the subject, and
in estimating the representative value of the same, is probably unique;

It will be seen that the two curves exactly correspond, showing that the fluctua-

tions in the size (volume and weight) of the liver coincide with those of the percentage .

in volume of the oil.

It is therefore not surprising that the quality of the fish, its condition in point of
nourishment, has long been regarded as subject to great fluctuations, exhibiting a
peculiar periodical movement, with alternating “fat and lean” years, or rather series
of years. The natural conclusion would then be that these fluctuations were due to
corresponding variations in the nutritive matter present in the sea, upon which the
fish depend for food.

—— -
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Fluctuations in the currents,

In view of this, attention was drawn, at a very early date, to the question of changes
in the sea itself, and the study of the subject was soon 1ncluded in the programme of
the Norwegian fishery investigations.

In the 90’s, H. H. Gran and the present erter*) arrived at the conclusion that
the first necessity.in any investigation of the changes in the sea must be a study of the
so-called Atlantic current, or Gulf Stream, which passes from the Atlantic through the
Faroe-Shetland channel into the Northern Ocean. Despite the paucity of means at
our disposal, we succeeded in carrying out a summer and a winter section of this current.
Our observations of salinity did not, unfortunately, attain such a degree of accuracy
as has been rendered possible of late years by the developement of this branch of marine
research in the course of the International Investigations. From the observations as
to temperature, however, and distribution of the pelagic organisms, we could not but
conclude that the fluctuations in this current were of so great extent as to render them
of the highest significance to the animal life in the Northern Ocean.

When the Norwegian research steamer “Michael Sars” was built in 1900, I there-
fore instituted, as part of the annual programme of work for the vessel, cross sections
of the Atlantic Current, to be carried out at the same time of year (in May), with a view
to comparing the volume of the current from year to year. The route was laid from
Sognefjord to a point east of Iceland (the Sognefjord section) and thence to Lofoten
(the Lofoten Section), making two sections of the current at different latitudes. These
cruises were carried out in the years 1901-—1904, care being taken to hold the same course,
as nearly as possible, each year.

Helland - Hansen’s and Nansen’s comparison of ﬂuctuatlons in the ocean
currents with those of the fishery. '

The material thus collected was dealt with by B. HELLAND- HANSDN and F. NANSEN*),
who endeavoured, in the course of the work, not only to make clear the fluctuations
in the volume of the currents, but also to discover how far any definite relation could
be said to exist between these and the fluctuations of the fishery.

Figs. 108—11 showthe sections drawn by HeErLLAND-H AnsEx and NANsEN of the Atlantic
current along the southern route, (the Sognefjord section). The shaded surfaces show
the cross section of the so-called Atlantic water, (salinity over 35 %, ) the darker shading
indicating water of over 35.2 9, salinity. For these, i. e. for all water over 35 9, sali-
nity, the average temperatures have been calculated, both in the Sognefjord and the
Lofoten section. The figures obtained were taken as characteristic of the temperature
of the Atlantic current during the years in question, and curves were accordingly drawn
for purposes of comparison with certain features of 1mp0rtance in the fishery. We may
here consider some of the comparisons made.

*) Currents and pelagic life in the Northern Ocean (in Report on Norwegian marine investiga-
tions 1895—97). Bergens Museums Skrifter, Vol. 1, 1899,
**) Die jahrlichen Schwankungen der Wassermassen im Norwegischen Nordmeer etc. Inter-
nationale Revue der ges. Hydrobiologie und Hydrographie: Bd. II, Hefte 3.
The Norwegian Sea. Report on Norwegian Fishery and Marine Investigations. Vol. II,
No. 2, 1909.
25°%




(02 Q—

/00 |
200
300
400
5004

1600

Om_

100 |

200 |

300 |

300

400 |

500 ]

600

Om

100 J

200 4

300

400

500,

600

Fig. 108—111. Sognefjord section,{1901—1904.3 Vide text.

From Heuranp-HanseEn and NANSEN.

Fig. 112 shews the fluctuations
in temperature of the Atlantic
current, as compared with the
amount of liver and roe found
in Lofoten skrei. The writers
found that a certain relation was
here appavent, a high average
temperature in the Sognefjord
section corresponding to a low
percentage of liver and roe at Lo-
foten tnthefollowing year, whereas
a high average temperature in
the Lofoten section was accom-
panied by a low percentage of
liver in the Lofoten skrei the
same year. This is explained by
the intervening distance, the At-
lantic water being supposed to
take about a yearto shift from the
Sognefjord section to the Lofoten
section, so that the conditions pre-
vailing in the southern region

| should not make themselves ap-

parent in the northern water until
some twelve months later. The
fluctuations in the quality of the
fish are for both regions presumed
to be due to variations of tempera-
ture in the ocean currents.

In addition to this, the same
writers are of opinion that the
quantity of the yield is also de-
pendent upon the temperature,
which they explain in the fol-
lowing manner: The writers
presume, in the first place, that
a certain relation exists hetween
the quantity of roe in Lofoten
fish in any one year and the
yield of subsequent years. The
usual age of the Lofoten skrei,
according to previous investig-
ations made by Damas, being
taken as from 7—12 years, and
that of the Finmark fish at about
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five, Herraxp-HanseN and Nansgn have compared the quantity of Lofoten roe in
various years with the number of fish taken at the same place seven vears later, and in
Finmarken five years later. This

comparison may be seen in 7
figure 118, where the curves for 7
the yield of the Lofoten and

Finmark fisheries are moved 6'@

forward seven and five years
respectively, in relation to the
curve showing amount of roe

and liver.
The amount of roe and liver opo o
being taken as proved to depend 23 \
upon conditions of temperature, o5 4
the next conclusion is then that |} ] 90
both the quality and quantity opo. -~ |
of the Lofoten fish are dependent B9 b
upon the fluctuations in the 1 |{7777=4=-~
ocean currents. The Lofo'[;en Flg‘ 112. 1 & II. Mean Temperature of intermediate At-
fishery is presumed to be in- lantic water in Sognefjord and Lofoten Sections.

III. Mean Temp. of Barents Sea Stations.

fluenced by the Atlantic current, IV. Quantity of Cod Roe obtained during the Lofoten

the sprat fishery by the move- Fisheries (in Litres pr. 1,000 Fish; scale to the right).

ments of the coastal water. V. Quantity of Cod Liver obtained during the Lofoten
In many Otherrespects, also, [Fisheries (in Hectolitres pr. 1,000 Fish; scale to the left)

(climatic, agricultural, etc.) these (from Herranp-Hansen and Nansen).

authors find the influence of the

ocean currents and their fluctuations apparent. We cannot, however, here enter upon
any closer consideration of these sides of the question; I will merely mention a single
instance of comparison between the average temperature of the Atlantic current and the
percentage of fish taken at Lofoten before the 15th of March, as illustrated by figure
114, in which the temperature in the Sognefjord section is compared with conditions
prevailing in Lofoten a year later.

Throughout their work, Herranp-HAnsEN and NANSEN seem to have devoted the
greatest interest to comparison of the temperature of the Atlantic current with the
amount of liver in the Lofoten fish. It is by no means surprising that a comparison
with the long known and remarkably regular, wave-like curve for this factor should at-
tract particular attention. In the periodical course of this curve these writers found
a certain similarity to that of another well known figure, viz, that representing the vary-
ing numerical value of the spots on the sun, a resemblance which is the more remark-
able in view of the opinion held by many meteorologists, that the sun’s spots exert a
certain influence upon the currents of the ocean and the climate of the earth. Just as
the sun’s spots are supposed to influence the temperature of the ocean currents, it
may be supposed that these again occasion the fluctuations in the fishery, so that the
relation of these last to their primary causes may be followed with almost mathematical
exactitude.
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Later observations as to the theories of Helland-Hansen and Nansen.

Theories and conclusions such as these very naturally aroused the greatest atten-

tion and interest.
such to all appearence complicated biological
and human phenomena as the fluctuations in
the yield of the fishery should have their origin
in the simplest physical causes. On the other
hand, it was by no means easy to refute the
theories in question, since the task of showing
them false was apparently no 'less difficult than
that of proving them true. Despite the fact
that many points long since acknowledged in the
fishing industry were in direct opposition to the
theories now put forward, I endeavoured, for
my own part, during the following years, to
continue and extend the investigations before
coming to any conclusion as to the hypotheses
which HeLLaNp-HANsEN and NaNsEN had built
upon the material collected by the Norwegian
fishery investigations.

On the one hand, it would seem nothing short of marvellous that
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Fig. 114. I. The mean temperature of the
intermediate Atlantic water in the Sogne-
fjord Section, in May.

II. The mean air-temperature at noon, ob-
served at Svolver, in Lofoten, during the

fishing season.
The number of Cod (in millions)
caught before March, 15.
IV. The percentage of Cod caught before

IIL

March 15, in proportion to the total

In the following pages, I will endeavour to
quantity of the whole season.

make clear my own opinion on the matter; it
may, however, be as well to glance for a moment
at the fluctuations in the fishery itself, first as regards the quantity, and secondly the
quality of the fish.

Varying yield of the cod fishery; quantity.

The first supposition or basis of HerrLaAND-HANSEN and NANSEN's theory was, that
a rich yield of roe in the Lofoten fishery was followed by a good yield of fish in Lofoten
seven years later, and in Finmarken five. We have now, in the previous chapters, seen
how the fluctuations in the yield of the cod and herring fishery exactly coincide with
those in the numerical value of the year classes, some of these being richer than others,
and thus occasioning an augmented yield in the years in which they are chiefly taken.
It would therefore be natural to glance at the conditions prevailing in Lofoten as regards
the quantity of roe during the years in which the richest year classes were spawned;
in the case of the cod, especially the years 1903 and 1904.

The fishery statistics give the following statements.

Yéar Quantity of roe No. of hectolitres of roe

(in 1,000 hectolitres)  per 1,000 fish
1901 .......... 16.6 1.41
1902.......... 18.7 1.12
1903 .......... 10.5 0.85
1904 .......... 8.1 0.79
1906 . ......... 15.7 1.16
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Quantity of roe  No. of hectolitres of roe

Year (in 1,000 hectolitres)  per 1,000 fish
1906 .......... 2h.4 1.43
1907 .......... 22.0 1.71
1908 . ......... 19.9 1.36
1909 . ......... 20.5 1.80
1910 .......... 20.1 1.87
91 17.8 1.16

From the figures here given, we arrive at the remarkable result that the two years
1903 and 1904, which produced (judging from the subsequent yield of the Finmark and
Lofoten fisheries) the greatest quantities of cod known in recent times, were the very
years in which the quantity of Lofoten roe was at its least. As will be seen later on,
this can scarcely be accidental; many observations would even seem to indicate that the
richest year classes may be spawned in years when the quantity of roe taken is small (vide
Chapter VI). We cannot, however, therefore conclude that the years when the spawning
is at its lowest are those which produce the greatest number of fish, and although much
would appear to support such a view, no investigations have yet been made which can
satisfactorily demonstrate its truth. Be this as it may, it is in any case entirely unjusti-
fiable to assume that the years exhibiting the richest yield of roe are those which produce
the greatest quantity of fish.

It is, moreover, equally unwarrantable, in view of actual experience, to fix the age
of the Lofoten skrei at 7 years and that of the Finmark cod at 5. The Lofoten fish con-
sist, as we have seen in the previous chapters, mainly of individuals from 7—I11 years
old. Within these limits, the age of the fish varies considerably from year to year, now 8
year fish, now 9, and at other times 10 year old individuals being in the majority. If,
therefore, it is desired to compare the quantity of roe taken in the Lofoten fishery during
the birth year of a certain class, with the subsequent yield of grown fish, with the object
of discovering the relation between the amount of roe and size of the resulting stock,
then the relative position of the curves must be adjusted, not in accordance with a single
permanently valid formula, but according to the actual composition in point of age
of the Lofoten stock in each separate instance. With regard to the Finmark fish, the
case is here even more complicated. As we have seen in the foregoing chapters, the
stock in these waters consists of two different kinds of fish, the skrei and the loddefisk.
The skrei here vary with regard to age in the same manner as in the case of the Lofoten
stock; the loddefisk include several year classes, mainly those from 5 to 7 years inclusive,
the relative value of these year classes again varying from year to year. Thus there
is very little similarity apparent between the curves shown in Fig. 113; the conditions
are too complicated to permit of any so schematic illustration. The great secret which
has been the problem of the fluctuations in the quantitative yield of the fishery is of an
entirely different character to that supposed by Herranp-HANsEN and NANSEN.

Variation in quality of the fish.

‘It might nevertheless be supposed that the variations apparent in the quality of the fish
may be due to the causes and regulated by the laws to which Herranp-HanseN and
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NanseN have endeavoured to relegate their origin and governance. Closer examination
of the question, however, reveals great difficulties also here. According to these writers’
theory, the quantity of liver (and roe) in Lofoten, varies according to the temperature
of the Sognefjord section for the previous year, whereas in the North Sea and Romsdal
waters, it corresponds to that for the same year. This theory naturally leads us
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Fig. 115. HL liver pr. 1,000 skrei in the years 1900—1911.

to examine the statements in the fishery statistics as to the quantity of liver obtained
from the skrei in different years in various parts of the Norwegian coastal waters. This
I have done, as will be seen in Fig. 115, where the curves show the quantity of liver ob-
tained in each district from Romsdal to Tromse, in the years 1900—1911. It will be
noticed that all the curves coincide as nearly as could possibly be expected, from which
we may conclude, that the fuctuations in the quaniity of liver obtained along the
whole of the northern coast of Norway are simultaneous, and of like direction and degree.
This observation is not new; merchants trading in oil have, to my knowledge, long
24
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been acquainted with the fact. One of the most experienced merchants in Bergen has
informed me that he has for many years been accustomed to form an estimate of the

prospects of the Lofoten liver supply by examining, early in the season, the fish offered
for sale in the Bergen market. It is thus evident, that in considering these fluctuations,
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Fig. 116. Curve showing no. of sun spots for the years 1880-—1911 (uppermost);
below, curve showing quantity of liver in Lofoten skrei for the same years.

we have to deal with phenomena of great and far-reachiﬁg influence and belonging to |

a wide geographical area, at least to that included between the Sognefjord and the
Lofoten section. The marking experiments have also proved, that the cod may
cover such a distance in the short time of some months or perhaps even some weeks.

No relation between the number of sun spots and quantity of liver.

Nor does a comparison of the number of sun spots with the quantity of liver appear
to give any satisfactory result. Fig. 116 shows the curves for these two factors, for the
years 1880-—1911. The curve for quantity of liver is that already given, that for the sun
spots is taken from a work by Prof. Orro PErTERSSOoN. The two curves have, it is true,
$0 much in common, that both exhibit distinct rise and fall; they do not, however, by
any means coincide. A rise in the one may occur simultaneously with a fall in the other,
and vice versa. The only warrantable conclusion would seem to be, that no relation
can be shown to exist between the two phenomena, in any case not for the present,
nor in the way snggested by Herranp-Hansen and NANSEN,

F"“’
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Einar Lea’s hydrographical investigations, 1910 —I1912.

In spite of these objections and disabilities however, which previous experience
had already indicated, I nevertheless considered it advisable to continue the current
investigations, and applied to the Government for permission to repeat, in the years
1910—1912, the May cruises along the Sognefjord section. These investigations were
carried out during the years in question by Einar Lra, who endeavoured, not only to
collect further material, but also to arrive at some means by which it might be possible
to test the accuracy of the methods employed. In particular it was desirable to ascertain
how far such sections of the Atlantic Current might be relied upon to give a truly charac-
teristic and representative view of the hydrographical conditions prevailing at that
season of the year. Mr. LEA’s treatise on the subject has not yet been published; he has,
however, furnished me with the following brief survey of the principal results obtained.
In consideration of the importance of these results as bearing upon the questions dealt
with in the present work, I give this preliminary report in exienso.

Methodical hydrographical investigations.

»The hydrographical investigations of May 1912 were carried out with a view to
obtaining material from which it should be possible to determine the representative
value of a hydrographical section. Observations were therefore made both on the out-
ward and homeward voyage, on approximately the same course, viz., between the mouth
of the Sognefjord and a point situate at Lat. 63°43’ N, Long. 5°11"'W. Ithus obtained figures
for two hydrographical sections (A and B in figs. 117 and 118) along the same line,
both with the same number of observations, and with but slight difference in point of time,
the one series being taken between 10.45 a. m. on the 24th of May and 4.45 p. m. on May 27th,
the other between the afternoon of the 27th of May and 10.30 a. m. on May 30th.

»A comparison of these two series of observations will serve to indicate the variations
which may occur in the section during a very short time. Some of the possible comparisons
are shown in Table 1. This table gives, for both series, the figures for average surface
temperature of Atlantic water (> 85.00 %, ), average temperature of Atlantic water
at intermediate depths, quantity of heat in Atlantic water, extent of coastal water area

(<< 34.00 %, ) and finally for difference of average temperature of Atlantic water at the

surface and at 200 metres’ depth.

»These are the factors which have been employed by HELLaND-HANSEN and NANSEN
in their comparisons of the fluctuations in the growth of fir, variations in climatic con-
ditions, in the quantity of cod liver, in the yield of the fisheries, etc. All calculations
have been schematically rendered, as in the comparisons made by the two writers above
mentioned.

Tab. 1.
Section A. Section B. Difference

Mean surface temperature of Atlantic water.. ... 8°.37 8°.04 0°.33
Mean temperature at intermediate depths ....... 7°.5b 7°.41 0°.14
Quantity of heat.............................. 906 955 49
Extent of coastal water area (<2 34.00 % )...... ©4.12 km?. 3.88 km?, 0.24
Difference in mean temperatures at 0 and 200 m :

depth. ... ... 1°.21 1°.13 0°.08

24%
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»As will be seen from the above, the differences exhibited are but slight, and we may
fairly conclude that a hydrographical section with so close observations as in the present

5

,
Lt
Pai
RH
o
%,

~-Ch
-

1]

1 2
= Qo 8°
rg:’?000
- 200 ——
- 300 < == =]
- 400 *
- 600

-

Fig. 117. Sognefjord section, on outward voyage from Sognefjord 1912.
A. From figures for all stations. Ai, A.. From figures for alternate stations (Drawn by Lgea).
instance more or less accurately represents the actual conditions as to temperature

and -salinity.
»In order to discover the amount of the error oceasioned by constructing sections on
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the basis of fewer observations, four additional sections were drawn up, omitting every
alternate station, the mean temperatures, etc., being calculated as in the previous pair.

oti17 18 10 20 21722 23 2% 25 2% 272829 30 31 2 33
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Fig. 118. Sognefjord section; homeward voyage 1912,
B. From figures for all stations. Bi, Be. From figures for alternate stations (Drawn by Lea).

»These latter sections (A, A,, B, and B, in figs. 117 and 118) are based upon the
same number of stations and observations as those of HELLAND-HANSEN and NANSEN.
The results of these calculations will be found in Table 2.
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Tab. 2.
A, A, B, B, - Greatest
Mean temperature of Atlantic water differonce
at intermediate depths.......... 7°72 7°62 7°82 7°62 0°20
Quantity of heat....... T 861 960 872 906 99
Difference in mean temperature at 0
and 200 m. depth.............. 0°88 1°43 0°62 1°38 0°81

»It will be noticed that the differences are here considerably greater, being indeed,
in one case, of the same numerical order as the values themselves. These differences
may be taken as indicating the amount of error to which calculations are liable when
based on so few observations as those of HELLAND-HANSEN and NANSEN. A comparison
of the variations thus occurring in four sections, taken, practically speaking, at the same
time, with the variations which these two writers believe to have noted as from year
to year shows that the variations in question are in many cases very little greater than
the error apparent in the values themselves. Thus the difference in the quantity of
heat between 1902 and 1903 is only 45, between 1903 and 1904 127, between 1911 and
1912 again 40. In particular, the figures for difference between mean temperature of
Atlantic water at 0 and 200 m. depth appear to be liable to so great errors as to render the
annual variations in this factor indiscernible. :

»This leads us to the conclusion that hydrographical sections based on such number
of observations as employed by HerLanp-HansEN and NANSEN are subject to an error
which in some cases falls within the same numerical order as the variations noted by
these writers between one year’s observations and those of another. These errors are
apparently due to the comparatively high rapidity of variation in the distribution of
temperature and salinity, as will be seen by a comparison of the conditions prevailing at
slightly different times in one and the same spot. Tab. 3 shows the variation in depth
of the different isotherms at one place, (Lat. 63°21" N, Long. 4°00" W) during an interval
of 16 hours. ' )

Tab. 3. «
Isotherm . ..................... 7° 6° 5° 4° 3° 2° 1° 0°
Distance from surface I........ 6 33 46 59 103 183 287 450 m.
» » PO A .. 33 57 75 83 86 90 94 »
(16 hours later)
Movement (+ == upwards) ..... >6m 0 =11 =16 20 97 197 556 m.

It will be seen that the movement of the isotherms is in some cases enormous.

Investigations as to the relation between variations in hydrographical and biological
conditions. o
»Hydrographical observations, similar to those employed by HerLaAND-HANsEN and
NANSEN in their discussion of the relation between fluctuations in the state of the sea
and in the yield of the fishery, ete, are also available for a further period of three years.
‘Fig. 119 shows the mean temperature of Atlantic water in the Sognefjord section for
the years 1901—1905 and 1910—1912, the quantity of liver obtained from the skrei
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in the following years being noted on the same ordinates. A certain parallel may, it
is true, be drawn, the rise in temperature in 1910—1912 being succeeded by a decrease
in the quantity of liver in 1911-—
1913; on the other hand, the quantity
of liver in 1911 and 1912 is seen to
be relatively high, despite the fact
that the temperature here, instead
of being low, is high, (cf. 1903 and
-1904). No direct relation can there-
fore be proved.

»Fig. 120 shows the variations in
extent of the coastal water area
and in the yield of the sprat fishery |
indifferent years. HELLAND-HANSEN
and NANsEN have suggested the
existence of a relation between these
two factors, on the basis of the

-

curves for 1901—1905 (on the left

1901 of the figure). The conditions pre-
Fig. 119. Mean temperature of Atlantic water. Valhng 1 1910_‘19%)2 cannot, how-
---- Amount of liver in skrei (hl pr. 1,000 fish). ever, I any way be made to ﬁt
(Drawn by LgEa). in with this theory. Even dis-

regarding the great increase in the
yield of the fishery (here indicated by the height of the curve in 1910—1912 as compared
with 1901—1905), the general direction of the two curves exhibits so little similarity
that we find the “relation” between

the yield of the fishery and the 1000 bl »
extent of the coastal water area //'\\\ 250 f
1910—1912 exactly the reverse of ‘ S ]
that indicated for 1901—1905. L6 ki ; ’,’ 200 ]
Conclusions: -5 / 1
»1) The hydrographical con- |y 150
ditions at any one place can in the ]
course of a very short time undergo 3 1 %
great alterafion. L9 : 100 f
«) Owing to these rapid ST 4
changes, the details of any survey [1 -~ " 770==7 S ]

of hydrographical conditions as ex- e . | I I | | I
pressed in a section can only be 1901 %02 903 T 905 190 19
regarded as expressive of these rapid Fig. 120. Ej.('tent af coastal water area.
o - - - - Yield of sprat.
variations. (Drawn by Lza).

»3) Since however, the direction
of the rapid changes referred to varies for the different points of observation, such a
section will yet suffice to give a fairly representative view of the hydrographical con-
ditions at the time of observation.
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»4) Such a survey will nevertheless be subject to certain errors, which may in some
cases be of the same numerical order as the figures for the variations noted from year
to year.

»0) The relation which HerranD-HanseEn and Nansen believe to have discovered
between the fluctuations in hydrographical and biological conditions may in certain
cases be merely fictitious, and due to errors in the observations.

»6) The alleged relation between the extent of the coastal water area and the yield
of the sprat fishery is not confirmed by the investigations of recent years.«

Biological investigations as to the fluctuations in quantity of cod liver
and roe.

The hydrographical investigations are thus still far from being able to furnish any
full and simple explanation of the fluctuation in the quality of the fish. 1t will also be
evident, on closer consideration, that no satisfactory result can be arrived at in this
respect until the biological phenomena which it is desired to explain are far more
accurately and distinctly defined than has been the case in the course of the investiga-
tions made by HerLanD-Hanseny and NanseN. The present writer has long entertained
the project of carrying out such preliminary biological investigations; not until 1913,
however, was it possible to realise this plan, by personal observation of the Lofoten
and Finmark fisheries. The data here obtained will be briefly described in the following.

First of all, it appeared to be of importance to study the variation (in weight
and volume) of the liver in fish of different size and different condition as regards
quality. With this end in view, several hundreds of cod were measured (as to length)
and weighed, the liver and roe of each being then weighed, for purposes of comparison
with the length and weight of the fish. It was immediately apparent that the liver,
as every fisherman and dealer knows, exhibits very great variation in size and weight,
even in fish of the same size. On examining a large number of fish, however, and calcu-
lating the average weight for the different lengths, it is noticeable that these average weights
increase at a high rate of progression with the size of the fish. Fig. 121 illustrates the method
of investigation here employed. For each centimetre group of cod (e. g. for fish from
50—>59 em. in length) the single liver weights are grouped according to size. We thus
obtain a view both of the variation in weight, and the average weight of the group. This
is indicated in the figure by the fully drawn curve, which shows an increase in the average
weight from each size group to that next following. In like manner, I examined a great
number of samples, arranging the individuals, as a rule, in 5 cm. groups, as in the size
investigations described in Chap. ITI. The results of all these investigations tend to
show an increase in the average weight of the liver with increasing length or weight
of the fish.

Comparison between size of fish and weight of liver.

In view of the importance of more closely considering these features of the question,
[ have drawn up the table on page 194, showing the results obtained by investigation of
two samples, one consisting of spent Lofoten skrei (from Servaagen) taken in the latter
part of April 1913, and the other of Finmark fish, taken on the 6th of May in the same
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year. In each case, the average weight (whole) is given for each Hem. group, as also
the average weight of liver and the proportion between the weight of the liver (i. e. the
percentage of liver). A

In both samples, the average weight of liver is seen to increase with increasing length
and weight of the fish; in the Lofoten sample, the increase from the 60—64 cm. group
to that of the 115-—119 cm. fish amounts to as much as 3,000 %, In both samples, more-
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Fig. 121. Weight of liver in gr. for each individual (0) within each 10 cm. group.
Average weight for each group.

over, it is distinctly evident that the weight of the liver increases not only in proportion
to the weight of the fish, but at a far higher rate.

In the Lofoten samples, the weight of liver in the 66—67 cm. fish amounted to 1.2 9,
of the weight of the fish, whereas the corresponding percentage for the largest indivi-
duals was 5.6 9%. Equally rapid is the increase noted in the case of the Finmark
fish. The larger the fish, the higher is the percentage of liver contained. One point of dif-
ference is noticeable between the two samples, all the weights, both of fish and liver,
being lower in the case of the Lofoten fish than in those from Finmarken. This can
only be explained as due to the fact that the Lofoten skrei were then spent, the fat from
the whole of the system, muscles and liver, having been consumed in the process of devel-

26
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Lofoten 23. April 1913 Finmarken 6. May 1913
Average | Average Average Average Average Average
5 cm. groups| weight of | weight of Ofpﬁl\; %‘i‘n;‘f}?%f weight of weight of ofp ?fggf%oaﬁeof
fish, in kg. llver? in gr. weight of fish) fish, in kg. | liver, in gr. weight, of fish

50—54
55—59 .. o e 1.5 47 3.0
60-—64 1.6 27 1.9 - 1.8 63 3.4
65—69 2.0 23 1.2 2.3 83 3.6
T0—T4 2.2 44 2.0 3.0 110 3.9
75—T9 2.9 60 2.0 3.5 130 4.3
80—84 3.4 86 2.5 4.2 217 5.0
85—89 4.3 124 3.0 5.1 331 6.4
90--94 5.6 200 3.5 5.9 350 6.0
95—99 6.2 180 3.0

100—104 6.8 270 40

105—109 8.6 400 4.6

110—114 11.6 570 5.0

1156119 15.0 890 5.6 N

Whole .
sample . . 3.0 90 3.0 3.0 131 44

opement of the genital products, whereas the Finmark fish had again commenced to
store up a reserve of fat, taking advantage of the favourable conditions as regards nou-
rishment afforded by the Finmark water, where the great shoals of capelan furnished
an abundant supply of food. We find here the same changes in the course of nutritive
assimilation which have previously been referred to when comparing the state of the
spring herring with that of the large herring in point of fatness.

Study of the influence of nourishment on the quantity of liver; necessary
preliminaries. a ‘

We arrive thus at the conclusion, that the size or weight of the liver is dependent
both upon the size of the fish, and also on its conditions as regards nourishment. This
being so, it is immediately evident that in this, as in any other case where two determining
factors have to be reckoned with, an estimate of the respective influence of each factor
can only be arrived at by the investigation of material furnishing definite information
as to the independent effect of each. In considering the influence exerted by the size
of the fish upon the weight of liver, it will be necessary to compare specimens of different
sizes in the same condition as regards nourishment; in studying the effect of the last-
named factor, specimens of equal size, but differing in point of nourishment, will be re-
quired. In a sample of fish consisting of individuals all taken at one and the same
place on one and the same day the average of the size groups may reasonably
be taken (at any rate, in the.case of grown fish) as being influenced in the
same degree by the nourishment, and may therefore be used for purposes of
comparison as regards the relation between the size of the fish and the weight of
liver. On the other hand, examination of several different samples, arranged in such
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a manner as to permit of each separate size group in every sample being directly compared
with the corresponding group in every other, will furnish a distinet view of the effect
of varying conditions of nourishment upon all the individuals in the samples.

Cod liver; average weights in gr.

=H [=2] -=H 2]
s=4i3)7/803\3|% (8|12 1% )8 ]3| 3|3 |G | e
28 , .6 || sampl
223 9188|888 2|8|8 &g 8lg g™
=] . |
2| Sgrvagen 23, IV.. | 249 |..|..| ..|27| 23| 44| 60| 85124 200|180 {270 400570 890| 90 gr.
=§ Rost 14. IV. ..... § 206 |..|..| .. /41| 59| 98|115|146 |240 (330|319 264 | 426 610 |710| 120 -
—
= Medfjord 7. V. ... 184 | ..|40| 45|55 82 (111|140 |206 235 343 |281 |442| 680 |... ... ...
% Honningsvag 6. V. | 199 |..|..| 47{63| 83|110|180|217/331 350 ... ... | ... |...|... 131 -
g Honningsvag 9. V. 82 |..|..|..01..] 90117123216 238|308 830 |...| ... ... |... 163 -
£ Baadsfjord 24. V.. 97 |22|33| 4966114 (125133 (231 (265 (315 |. .. |...| ... |...|... 118 -
B Vards 21.V. ..... 100 [..0..) ..1..] 93]132|207 {294 |376 |478 [660 810 [1150|... |... [/ 369 -

The table above gives an illustration on these lines, furnishing as it does a com-
parison both of the different size groups in each sample and of the same size groups in
all. The greatest interest here naturally attaches to consideration of those sizes which
experience has shown to be most numerously represented among the full grown cod,
viz., the groups from 65—90 cm. It will be noticed that there is a great difference between
the two Lofoten samples on the one hand, and all those from Finmarken on the other,
the former exhibiting far lower weights, lowest of all in this respect being the spent fish
from Servaagen. Even when taking into consideration the considerable fluctuations
here discernible within one and the same size group, these are however, still found to
be far slighter than the differences noticeable between the size groups themselves. The
difference between the average weights for one and the same size group in different sam-
ples in no case exceeds 300 %, whereas far greater fluctuations are apparent between
one size group and another.

Quantity of liver for the different size groups.

The figures given in the table above for the average weights naturally furnish
a very simple means of calculating the quantity of liver for each separaie size group in
the different samples, or in other words, how many hectolitres of liver may be obtained
from 1,000 fish of each size group. On the basis of such calculations, also, the curves
for the quantity of liver in the & cm. groups of the different samples may be drawn. This
has been done in Fig. 122, four samples being here selected, two consisting of Lofoten
skrei and two of Finmark fish. All four curves exhibit, on the whole, a very similar
course, with a very noticeable increase according to the size of the fish. The curves
lie, however, at different parts of the scale; the skrei samples exhibit the smallest quan-
tity of liver for all groups, the Finmark samples being highest in this respect. The dif-
ference between the Finmark samples and the sample of skrei from Rest, which was
taken in the first half of April, is not, however, very great. From this we may conclude
that the greatest “depreciation” in the quality of the cod takes place during their stay on
the Lofoten banks, where the genital organs arrive at full maturity, and spawning takes place.

25%
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Varying quantity of liver in the size groups compared with fluctuations in
the average amount of liver in the skrei from year to year.

A point of great significance is the fact that these curves all exhibit far greater fluc-
tuations than the curve for quantity of liver from Lofoten for the years 1880—1912,
which we have frequently had
occasion to refer to in the foregoing. ;#/

Thus we find, within one and the 9t
same sample of skret, greater fluctu-

ations in the quantity of liver than gl — olowaager *%
are discernible in the curve showing e SUSY "V
the average quantity of same for the N c%nm'/rz?waa; A

last 30 years. The lowest figure e Und Y
which occurs during this period is
abt. 0.5 kl. per 1,000 fish (in 1903) éf
the highest being somewhat over 3 hl.
The same fluctuations are apparent st
in the sample from Rost, (14th April
1913) within the groups between 64
and 94 em. length.

If the skrei in 1913 had con- L
sisted exclusively of fish 65 ecm. 3
long, we should thus in all pro-
bability have had, during this year, 2}
the smallest quantity of liver ever
known. If, on the other hand, the

. 7k
yield had been composed of fish
about 90 cm. in length, the quantity s
: = PN T, | 1 1 Loed fo B L et L
of liver would have exceeded that $% TR YS N ,c’q ol\g Ty ¥ 3R
. . ' | T v N 1 i

of any previous year. The fluctu g e 888 eR § 3832 83$ g o

N ~ ~ ~ ~

ations in the average quantity of
liver in the skret from year to year
are thus found to lie within such
limits as to render it possible to
attribute them to the variations in size (length or weight) of the fish which are known to
occur in the shoals.

We have seen in the previous chapter, that the fishery authorities at Lofoten, be-
sides recording the average annual amount of liver and roe, also furnish statements
as to the average weight of the fish for each year, which will be found graphically illu-
strated in figure 99, embracing the period from 1880—1912. It is interesting to
compare these two curves — the weight of liver and the weight of fish — for these years;
Fig. 123 furnishes a comparative view of these factors, the first curve indicating the weight
of fish, the second that of the liver, and the third that of the roe. It will be seen that
the three curves exhibit the most conspicuous similarity; it would indeed be hard to
find an instance of curves of this nature more closely coinciding. This close Tesemblance
is, moreover, especially valuable, illustrating as it does a relation between different fac-

Fig. 122. Quantity of liver for each 5 cm. group.
HI. liver per 1,000 Cod of each 5 cm. group.
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tors in the same object (i. e. the same individuals). The greatest value therefore attaches
to the testimony afforded by the similarity of the curves here in question. We see, that
the so-called quality of the fish is mainly an expression of their age and growth, of the relative
proportion in which the different age classes appear in the stock, and of the previous history
of the stock itself; not in the first instance an indication of any momentary condition of the
fish as regards nourishment, or of the state of the water in which they move.

These results thus confirm and support, in a very high degree, the conclusions arrived
at in the previous chapter; they show, moreover, the far-reaching effect upon the stock
occasioned by the varying occurrence of year classes consisting of large fish or small,
with corresponding high or low value as regards the quantity of liver.

The importance of the conclusions which I have here drawn from my own investig-
ations will justify a closer consideration of some of the most important points,

-, J | i

L . i — N . ) . :
1680 § 1870 B 1900 5 1910
Fig. 123. 1. Average weight o:f Lofoten skrei. 2. Aj"mount of liver in Lofoten skrei.
3. Amount of roe in Lofoten skrei.

and this may especially be necessary, as in the practical industry, many people
have long been accustomed to attribute all fluctuations in what is called “quality”
to transitory conditions. Moreover, certain remarkable facts have been observed in
some recent years, especially in 1903, when the quantity of liver was perhaps less than
ever before observed. In this year, the commencement of the skrei fishing season was
accompanied by a number of peculiar phenomena, such as the immigration into Nor-
wegian coastal waters of Arctic animals such as the beluga, and the Greenland seal
(Phoca groenlandica), all of which combined to give the impression that a general
dislocation of marine conditions was taking place.

Comparison of the quantity of liver in the¥first and last week of the skrei
fishery.

We have seen in the foregoing, that the changes which take place in the quality
of the skrei from the time of their arrival on the banks to the conclusion of the spawning
embrace, apparently, a very great proportion of the possible variations for the single year.
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The first arrivals, which make their appearance quite early in the year, may exhibit a
high degree of fatness, and great quantity of liver, whereas the spent fish are” invariably
destitute of all fatty matter to the uttermost limit compatible with their continued
existence. :

If the variations in the quantity of liver from year to year were due to the varying
condition of the cod in point of nourishment, it would be natural to expect that the spent
fish should exhibit approximately the same quantity of liver each year. Tt is therefore
interesting to compare the quantity of liver in the Lofoten skrei in different years at

3,6F

0.5}

900 | 2 5 4 5 6 7 8 9 10 1

Fig. 124. Amount of liver in Skrei from Servaagen (Lofoten) in first (
and last (- - - -) week of the skrei fishing season 1900—1911.

.

the commencement and end of the fishing season. The curves in Fig. 124 show the amount
of liver in the years 1900—1911 in early fish (taken during the first week of the season)
and late, (closing week), all from one and the same place, viz., Servaagen in west Lofoten.
It will be noticed that the two curves are more or less parallel. There are thus equally
great fluctuations in the quantity of liver among spent fish and that of the new arrivals, which
are in far better condition as regards nourishment. This would appear to strongly support
the view that the fluctuations themselves cannot be due to the condition of the fish in
point of nourishment. If, on the other hand, we attribute them, as I do, to the
fluctuations in the composition of the stock in point of size, the facts are easily ex-
plained.
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The Lofoten fishery in 1go3 and 1904.

Turning now to especially consider the interesting years 1903 and 1904, we notice from
Fig. 124 that the difference between the quantity of liver at the beginning and that at the end
of the season is far less than in other years. The natural explanation, however, is evi-
dently this; that the fish in these years arrived on the banks much later than is their
wont. The first week of the season generally falls at the beginning of February; in 1903
however, it was the beginning of March, and in 1904 end of February. The following
table shows the percentage of Lofoten skrei taken in the month of April during each
of the years from 1900—1911. It will be noticed that the two years 1903 and 1904
are sharply distinguished from the others by the lateness of the season, which set in
about the time when it is usually nearing its close. This must be considered to have
had a great influence upon the quantity of liver in these years, at least in so
much as the earliest arrivals had a lesser quantity of liver than would otherwise
have been the case judging by their size. The fact that the size in these years varied
exactly in the same manner as the quantity of liver is evident from the figure already

Yield of Lofoten fishery falling in April (percentage of whole season’s yield).

1900...... 22.6 9, 1906. .. ... 5.4 9,
1901...... 26.2 » 1907...... 32.6 »
1902. .. ... 24.5 » 1908...... 27.1 »
1903. .. ... 68.6 » 1909...... 28.6 »
1904. .. ... 78.1 » 1910...... 19.4 » .
1905...... 22.2 » 1911...... 23.8 »

given on p. 197, showing a comparison of average weight with quantity of liver in Lofoten
skrei; the measurements of samples, also, referred to in Chapter 111, indicate a like result.
The following figure shows a comparison of the quantity of liver with the average sizes
(lengths) calculated on the basis of the measurements of skrei samples ™).

I therefore take it as proved that the great fluctuations which take place in the quantity
of liver from year to year are chiefly due to variation in the composition in point of age and
size, not in the quality of the fish. 1 do not therefore wish to deny that the quality also
may be of some importance; on the contrary, it is highly probable that variations in
quality may augment or diminish the fluctuations due to size. As to this, however,
no definite information bhased on critical investigation is available. Such investigations
could not, moreover, be carried out until it was realised that any comparison between
different years must be based on examination of fish of the same age . The only exact
investigations of this nature hitherto made are Lea’s growth measurements of Nord-
land fat herring in different years. Lea found, as we have seen, (Chap. I, Fig. 23) that
the Nordland fat herring exhibited poorer growth in some years than in others,
This furnishes an example of variations only to be explained by the fact that the fish
must have lived under different conditions as regards nourishment. The carrying out

*)} It should be observed that the average length for 1903 was calculated from the samples
examined at Svendsgrunden in March of that year. I considered these as being representative of
the year’s fish in point of size, since they agreed, in this respect, with the statements of the
fishery authorities as to average size of the skrei that year.
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of similar investigations, both as regards the growth of the fish and their quantity of
liver (or fat) is one of the important tasks which have yet to be undertaken.

Hitherto, . but little reliable information is available. 1t is interesting to note, ho-
wever, in the reports of the fishery authorities for the years when the quantity of liver
and average weight of the skrei were at their lowest, certain remarks indicative of the
fact that the prevalence of particular conditions among the stock had also been observed
in earlier years, as in 1903. )

Thus we find, in the Lofoten report for 1883, “The quantity of liver this year was
small, as in 1882, or even smaller . . . . There is, however, always a certain amount of
uncertainty attaching to
these observations, as the
fish may frequently differ
very much from one day
to another, and even in
the case of fish taken on
one and the same day,
greatly varying results may
be obtained”. Again, in
1895, “The fish this winter
were unusually small and
poor, especially towards
the close of the season,
the liver also being gener-
ally small, and yielding
= but little oil. The fish

varied more than usual in
Fig. 125. Average size of Lofoten skrei in cm. (scale to left of figure), Looard to size and weight
from measurements. o T ’
The curve shows quantity of liver for the years 1900—1912 ne(.}ess_ltatmg the frequent
(scale to right of first). ‘ weighing of large quan-
tities in order to obtain

a comparatively accurate estimate of the average weight, etc.”

It is instructive to compare these statements with the course of the curve for quantity
of liver. (Fig.123). It will be seen, that direct observation of the fish en masse
also confirms the results here arrived at, viz; that the stock is renewed, from time to time,
by the arrival of new shoals of small fish, containing but a small amount of liver, these
small fish being so numerous as to have a determining effect upon the average of the
whole stock.

Thus a study of the so-called quality of the fish brings us to very much the same
results as those arrived at (Chap. IIT and IV) by observation of the size and age. It remains
for future investigations, carried out according to a more distinct and definite plan, to
collect the necessary material for determination of the actual fluctuations in quality
which take place in the stock from season to season and from year to year.

o N .
90 1 2 3 4 5 6 7 8 9 10 M 12 13
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K. Dahl’s investigations as to the fluctuations in the salmon fisheries.

A parallel to the investigations here referred to is furnished by a recently published
article of K. DAHL*) concerning the fluctuations in quality of the salmon. In the salmon

fishery, distinction is made between “small salmon” (under 3 kilos) and “large salmon”,
often merely called “salmon”, (over 3 kilos). The weight of the large salmon varies
so greatly that the yield in one year (in Trendelagen) may show an average weight of

9 kilos, and in the following only 6 kilos. These fluctuations, which have been regarded
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Fig. 126. Average weight of “salmon” 1898- 1908.
at Moltuen (Trondhjemsfjord).
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Total yield of Norwegian salmon fisheries 1898—1908 (Scale to the left).

as variations in the “quality” of the salmon, are so great as to seem almost sufficient
in themselves to explain the fluctuations in the total quantity of the yield. This will
be seen from Fig. 126, taken from Danr’s article. It will be noticed that there is a certain

similarity discernible between the fluctuations in the yield of the salmon fishery and
the variations in average weight of the large salmon above referred to.

By means of age determinations of large samples taken at different parts of the
coast, DAnL has however, succeeded in demonstrating that the fluctuations in the average

*) Aarlige Vekslinger i Laksens kvalitet, deres aarsager og virkninger, Norsk Fiskeritidende,
November 1913. Some -Salmon Studies, Salmon and Trout Magazine, London 1913.
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weight of the large salmon are due to varying composition in point of age in different
years. The years in which the yield shows large quantities of fish of over 3 winters (after
the time when they, as emigrant young, left the rivers), exhibit a high average of
weight for the large salmon. In the years when the two-winter fish are predominant
among the large salmon, the average weight of the latter is low. Here again we find,
that the “quality” is not necessarily the outcome of temporary conditions as regards

nourishment, but rather due to the composition in point of age, which has its origin

some years back.

Here also it is evident, that any investigation of the actual variations in quality
from year to year must be based upon a knowledge of the composition in point of age
of the stock, which alone can enable us to subject the question to critical analysis. An
examination of Fig. 126, showing the fluctuations of the salmon fishery, at once suggests
comparison with those apparent in the quantity of cod liver obtained in the same
years, and considerable resemblance will also be discernible, (cf. Figs. 106 and 123).
Speculations of this sort, however, would lead us far beyond the bounds of practical
reality. . ’

CHAPTER VI

Review of the present position of the Investigations.

Results hitherto obtained.

The most important result which we have been able to refer to in the present work
may be briefly expressed as follows: The study of methodically collected material, embra-
cing a period of many years, has demonstrated the existence of an intimate relation
between the fluctuations in the numerical value of the stock of fish and the yield of the
great fisheries. This applies to the Norwegian herring and cod fisheries, the herring
and haddock fishery of the North Sea, and in all probability also to the North Sea cod
fishery. o

The opinion generally prevalent hitherto was that the renewal of the stock of fish
took place, as in the case of the increase of any human population, by means of a more
or less constant annual increment in the form of new individuals; the results here arrived
at, however, indicate that this renewal, in the case of the species investigated, is of a
highly irregular nature. At certain intervals year classes arise which far exceed the
average in point of numbers, and during their lifetime, this numerical superiority affects
the general character of the stock, both as regards quantity and quality, thus again
‘exerting a decisive influence upon the yield of the fisheries in both respects.

Origin of the fluctuations in renewal of the stock.

These results naturally lead us to enquire into the causes, or better, the natural
phenomena which occasion these peculiar fluctuations in the renewal of the stock; the
hydrographical or biological conditions which give rise to the occurrence of rich or poor
year classes of fish. The problem is one of unquestionable difficulty, embracing as it
does all the conditions which in any way affect the fish from the egg stage to the time
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“when they are caught. It will therefore appear most probable that the renewal of the
fish stock, as in the case of any stock on land, is dependent upon many factors, all neces-
sary, and all more or less variable. Thus in each individual instance, the missing
factor will appear to be that which determines the ultimate result. Only experience
extending over a long period of time can enable us to ascertain with certainty
the variation of the different determining factors, and to discover how far one and
the same factor is in all cases of decisive importance, or whether, in the course
of the developement of the fish, there may be several, each varying so greatly as to pos-
sibly determine the character of the year’s production. It is evident from this, that
a closer study of the laws which govern the renewal of the stock will naturally necessitate
extended observation of the natural conditions which prevail in the sea, and even of
conditions which at first sight have little or no connection with fishery questions. 1
have therefore always endeavoured, as far as lay in my power, to fix the scheme of the
Norwegian fishery investigations upon the broadest general scientific basis. This is
especially important in the case of the question at present under consideration, owing
to the length of time which must necessarily elapse before the results of the year’s pro-
duction make themselves apparent. In the course of the actual investigation, for instance,
of the spawning, it is impossible to say what factors may be of decisive importance,
and neglect or omission of data at the time can never be repaired.

Under these circumstances, it is evidently of the highest importance to carefully
determine which factors may be considered as of greatest significance, and what material
is to be regarded as most essential for the purpose of investigation. The great task here
presented for future consideration is, in my opinion, still at so early a stage that I am

. far from considering myself in a position to exhaustively discuss the questions raised.
I will, however, endeavour to indicate the points which appear to me as of principal
importance.

Stage at which the numerical value of a year class is determined.

The greater the difficulties which any task presents, the more important must it
seem to confine it within the closest possible limits. First of all, it would seem natural
to endeavour to ascertain at what stage in the life of the fish the numerical value of a
year class is determined. We have seen in the previous chapters, that the rich 1904
year class already made itself apparent among the cod taken with the fine-meshed trawl
in Finmark waters during the autumn of 1905. Fish of the same year, 1904, were also
particularly numerous in the catches of haddock in the North Sea and Skagerak in the
autumn of 1905 and 1906, and finally, the 1904 year class played an important part
in the stock of fat herring on the North Coast in the autumn of 1907. The rich year classes
thus appear to make their presence felt when still quite young; in other words, the numerical
value of a year class is apparently determined at a very early stage, and continues in approxi-
mately the same relation to that of other year classes throughout the life of the individuals.
An illustration of this is afforded for instance by the percentage curves for the relative
numbers of the different year classes of spring herring in the years 1908—1913 (Fig. 16).

The above statement, despite the general terms in which 1 have, for the sake of con-
venience, preferred to formulate it here, is naturally only intended to apply to the data
and material dealt with in the present work, without prejudice as to the possibility of

206%
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great reductions taking place in the numerical value of the year classes at later periods
of life. All that it is desired to assert is that the observations here recorded distinctly
point to the conclusion that the fluctuations noted in the stock have their origin in cer-
tain conditions prevailing at a very early period in the life of the fish.

Extent of spawning and numerical value of year classes.

The first question which then arises is whether the numerical value of the year classes
is dependent upon the extent of the spawning; i. e., the number of eggs produced. As
mentioned in the previous chapter, this question has never yet been investigated. It
would also be a task of extreme difficulty, especially in Norwegian waters, on account
of the irregular distribution of the eggs (¢ide Chap. II1) which renders it impossible to
accurately ascertain the entire quantitative value of the eggs, at any rate, with the means
and methods at present available. Little can therefore be stated as yet beyond the
results indicated by the comparison made in the previous chapter between the quantity
of roe observed during the fishery, and the number of fish in subsequent years. It will
be remembered, that this comparison showed the very years in which the quantity of roe
at Lofoten was least to be those which produced the richest year classes. This being so, it
is difficult to avoid the conclusion that the actual quantity of eggs spawned is not a factor
in itself sufficient to determine the numerical value of a year class. A rich spawning
may produce a year class poor in numbers, while a large year class may have its origin
in a year when the spawning was at its lowest.

Larvae and young fry stages.

We must therefore look to the later stages of the eggs to find the conditions which
determine the numbers of individuals in any year class. This again leads us to the que-
stion, at which stage of developement the most critical period is to be sought. Nothing
is known with certainty as to this; such data as are available, however, appear to indicate
the very earliest larval and young fry siages as most important.

In the first place, we have the significant fact that several different species of spring
spawning fish (cod, haddock, and Norwegian spring herring) all exhibit remarkably
high values for one and the same year class, (that of 1904) whereas the North Sea herring,
for instance, which are summer spawning, show specially high figures for the fish of quite
other years. This would seem to indicate that the spring of 1904 was marked by the
prevalence of certain hydrographical or biological conditions which determined the
production of this year, and as the herring, cod, and haddock of this year class were
at that time in the larva or young fry stage, it is natural to devote especial attention
to the consideration of these stages. Two points immediately suggest themselves in
this connection, viz; the conditions as regards nourishment to which the fish were subject
at this stage, and the passive movement of the same stages under the influence of the
currents.

Nourishment of the larvae.

It has long been a recognised fact, both in connection with artificial incubation
of fish eggs and in the study of the youngest egg and larval stages in the sea, that the
numbers of individuals rapidly decrease as soon as the newly escaped larvae have consu-
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med their yolk and commence to seek food for themselves. All extant accounts of such
experimental culture refer to this point, and anyone who has studied the earliest pelagic
stages of the fish will know how difficult it may frequently be to find the young larvae
in the same water where the eggs, a short time before, were abundant. In the course
of my own egg investigations at Lofoten in 1913, briefly referred to in Chap. I11, I again
had occasion to notice a pherniomenon often before observed, viz, that at the time when
the eggs of spring spawning fish abound, the water is almost destitute of all other orga-
nisms, animal and plant life. This is perhaps especially noticeable in northern latitudes;

where, as 1 have described elsewhere*) thousands of tons of sea water may be sifted, |

(down to a certain limit of depth) without revealing more than some few organisms. If, how- |
ever, the investigations are carried out according to the method employed in my own experi- :
ments in February-April 1913, viz; repeated examination of the same spots, it will be ob-

served later on in the spring, (at a time varying probably as to date in different years)
that enormous quantities of microscopical plant organisms (diatoms, flagellata, peri-
dinea) suddenly make their appearance, being found in the form of a thick, slimy, odo-
riferous layer on the silk of the net, which had previously been perfectly clean, containing
nothing beyond fish eggs and some few crustaceans. . 1t occurred to me therefore, during
these last investigations, that it should be well worth while to endeavour to ascertain
how far the sudden appearance of this extensive growth might be of importance for
the continued existence of the young fish larvae. If the time when the eggs of the fish
are spawned, and the time of occurrence of this plant growth both be variable, it is hardly
likely that both would always correspond in point of time and manner. It may well
be imagined, for instance, that a certain — though possibly brief — lapse of time might
occur between the period when the young larve first require extraneous nourishment,
and the period when such nourishment is first available. If so, it is highly probable
that an enormous mortality would result.i It would then also be easy to understand
that even the richest spawning might yield but a poor amount of fish, while poorer spaw-
ning, taking place at a time more favourable in respect of the future nourishment of
the young larvae, might often produce the richest year classes. In this connection
it must be remembered that one single cod may spawn millions of eggs.

The French scientists Fasre-DomerGuE and BieTrix have shown, in the course
of two interesting works on the common sole and artificial incubation®*) that the small
larvae, even before their yolk is exhausted, commence to seek other nourishment, and
those individuals which do not succeed in finding such become anemic, and die of hunger.
This is, in the opinion of the writers referred to, the reason why all attempts at artificial
incubation have hitherto proved so unsuccessful; these writers found, that when the
young larvae were duly supplied with the requisite nourishment, i.e. microscopical
plant organisms, either cultivated, or taken direct from the sea, the ansemia disappeared,
and the individuals could be raised to later stages of development.

The fishing industry furnishes many instances of variation in the time of the skrei
fishery from year to year, the season sometimes commencing earlier, sometimes later,

*) Fiskeri og Hvalfangst.

**) Developpement de la Sole. Introduction & I'Etude de la pisciculture marine. Paris 1905.

Farre-Domercur: Etude sur la role et les procédés de la pisciculture marine. Bulletin de la
marine marchande. Paris 1900.
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I have previously (p. 199) given a table showing the variations in the quantity of fish
taken at Lofoten during the month of April, the latest month in which the fishery ever
occurs. And it is a very curious coincidence, if such it be, that in the two years 1903
and 1904, when the rich year classes previously referred to were spawned, the fishery
set in remarkably late, in comparison with previous and subsequent years. In 1903,
68.6 9%, of the total Lofoten yield for the year was taken in April; in 1904, the per-
centage for April was 78.1, whereas the usual figure is a little over 20 %, In considera-
tion of the foregoing, it might well seem possible that the high numerical value of these
two year classes, especially that of 1904, should be due to the fact that the spawning
set in so late as to ensure an adequate supply of nourishment for the young larve at the
stage when this was required. This question appeared to me of so vital importance,
that I thought it best to lay the facts before one of the greatest authorities on micro-
scopic plant life, H. H. Gran, who entirely agreed with me as to the significance of
the point at issue. We therefore, in September 1913, laid before the International Council
for the Investigation of the Sea a proposal concerning the organisation of future research
work, both as regards the question of nourishment in young stages of fish, and the spring
flowering of microscopical plants. The International Council subsequently agreed to
devote especial attention to these questions during the coming years®).

Drift of the larvae and young fry with the currents.

I have already drawn attention to another point which might be considered as pos-
sibly exerting some influence upon the mortality of fish in the early stages, viz, the
passive movement of the larvee with the currents. During the first cruise of the “Michael
Sars” in the Norwegian Sea, I encountered great numbers of young cod fry drifting in
the water above the great main depression in th