XVIIL—SPECIAL RESULTS OF THE INVESTIGATIONS RELATING
TO THE HERRING AND HERRING FISHERIES ON THE WEST
COAST OF SWEDEN MADE DURING THE YEARS 1873-1883.*

By A. V. LJUNGMAN,

1. NATURAL HISTORY OF THE HERRING.

As regards the preparation of a natural history of the herring, I have
found it necessary, in view of the principal aim of my investigations,
and my limited time and means, to confine my work to the preparation
of what was of special importance for this aim, and what could be ob-
tained in the unfavorable circumstances under which I had to work.
Here, us the Royal Academy of Sciences stated in its mewmorial of March
12, 1873, a larger force of men and an ample supply of apparatus was
beeded; and as this requirement was not met, I felt compelled to aban-
don the special investigations of such matters as formed the subjects
of exclusive observations by other naturalists, and to concentrate my
activity upon those subjects which were essential towards answering
the questions in law and general administration, which I had met with;
8uch as, the “spawning of the different races of herring;” the cause of
the periodicity of the Bohuslin herring fisberies; and the gathering of
8eneral data relative to the races of the herring and the sprat, their pro-
Pagation, growth, mode of life, their migrations, and their physical and
biological causes.

As regards the different races of herring and their spawning, the in-
Vestigations have shown that the herring which forms the object of the
famoyg Bohusliin herring fisheries is a sea herring, belonging to the

0rth Sea, which spawns partly during the first part of autumn and
Partly towards the end of winter or in the begivning of spring, and which
ouly at secular periods visits the eastern part of the Skagerack; whilst

he herring which perinanent]y lives in these waters is a coast herring
ad spawns in spring. The younger among these coast herring seem
o spawn later in spring than the older ones; according to G. Winther’s
0bsorvat;ions this is also the case with the herring in the sound, which
SPawn in autumn. Professor Nilsson, however, Supposcs that the very
Teverse is the case with the herring in the Kattegat, which spawn in

u ~F"°."1 “Rortfatiad beritiolse dfver de under drtiondes 1873-1883 ulforda votenskapliga
"deradkningarna.” Translated from tho Swedieh, by HERMAN JACOBSOX.
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autumn, and thinks that the younger herring spawn before the older
ones. This whole question deserves to be further investigated both as
regards the herring fisheries in the Kattegat, and in the North Sea.
The information relative to the permanent occurrence in the eastern
part of the Skagerack of herring which in autumn spawn on the coast of
Bohuslin has not been fully verified. The two principal kinds of her-
ring referred to above; viz, the coast herring, which spawns in spring,
and the sea-herring, which spawns in autumn, are even at the present
time caught in considerable quantities on the coast of Bohuslin. As
they are principally half-grown fish of medium size, they must come
mostly from some other place than the eastern Skagerack. Although
it has so far been impossible to obtain absolute certainty as to the proper
home of these herring, it is nevertheless highly probable that such
herring from the Kattegat, or perhaps from the North Sea, pay occa-
sional visits to the coast of Bohuslidn. In that case we would perhaps be
justified in speaking of an identity of race between this half-grown her.
ring and the so-called “old " sea herring. The question of difference
of race and local origin of the herring visiting the coast of Bohusliin is,
however, so complicated and difficult, that it will hardly ever be satis-
factorily answered; cven in the best view the time for such a solution is
very far distant. The external differences of shape between the different
races are very small, and, moreover, individuals of one and the same race
frequently differ from each other. People have gone too far, however,
when on account of such differences aud connecting links between the
various races of herring, they have concluded that there isno difference
of race at all, but only a difference of individuals. By arguing in this
way, the existence of any race of animals might be denied, which would
mean nothing more nor less than cutting the knot mstead of solving it,
If no such variations or.connecting links could be proved, we would be
confronted by different species, and not by varieties of one and the
same species. To prove the existence of varieties presupposes always
that we should find some variations from the same, which in reality are
nothing but exceptions from.the common rule.

Relative to the spawning season of the sea herring which, during the
winter of 1877-"18, returned to the coast of Bohuslin, there has been a
difference of opinion between me and Mr. von Yhlen and Prof. T. A.
Smitt, who declared that these herring visited the coast of Bohuslin
for the purposec of spawning, and that they spawned there during the
first part of winter; whilst I maintained that they did not visit the
coast for the sake of spawning, and, moreover, that they were partly
herring belonging to a variety which spawns in autumn, and partly
such as spawned towards the end of winter and beginning of spring; .
the same occurs on the east coast of Scotland, where two different kinds
of herring are found, which spawn at different times. The correctuess
of my view has becn proved by the experience of later years, and by
other naturalists. Professor Smitt, in his report to the minister, of
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October 25, 1880, gave the spawning season of the sea herring in ac-
cordanco with my view, but Mr. von Yhlen not only held to his erro-
neous and fully refuted opirvion, but even gave more opinions of a similar
character, showing that even in his published reports he does not blush
to deliberately make statements which he knows not to be true. As
regards the common opinion—also defended by my opponents—that the
brincipal characteristic of the great Bohuslin coast herring fisheries
was that they related to spawning fish, I stated emphatically that this
had not been the case during the greater portion of the preceding her-
ring period, and that probably there would be no difference in this re-
.8pect during the period recently begun. I also advanced a theory that,
as a general rule, fisheries for spawning fish occurred about the widdle
of a Bohuskin herring period—changing my views in accordance with
actual facts— whilst my opponents endeavored to change these facts and
to make them agree with their preconceived opinion. The undoubtedly
correct statement made by me in the beginning of 1879 that the herring
fisheries which commenced on the northern part of the Bohuslin coast
during the winter 1877-"78 were not fisheries for spawning herring, has,
Strange to say, been interpreted by Professor Smitt (who in 1880 took
Iy opinion to be correct) in such a manner that I seem to have denied
that a new fishing period had commeuced during that winter.

As regards the herring which spawn towards the end of winter and
generally in the beginning of spring, and which in comparatively small
Quantities are caught among the other herring, several opinions have
veen advanced. Some believe that these are the older and stronger
Individuals of the coast race of berring (spawning in spring)—Prof. S.

ilsson and others—whilst others think that they are a separate and
o.e pelagian form of herring (H. tridegren), belonging to the fauna
of the eastern Skagerack. Others again suppose that, like the sea
herriug Spawning in autumn, they are herring which, during the fishing
beriod, Lave immigrated from the North Sea, in which lat er caso they
ay either form a separate race of herring (my own view) or be simply
the olger among the sea herring (F. Trybom) which spawn in a.utum.n.

.he opinion advanced by Professor Nilsson at one time (in the begin-
Ling of 1879) seems to me to offer a simple explanation of tho case, and
t‘h,er“-fOI‘e is admissible; T cbnscquently endeavored to make it agree
With the circumstances of the Bohusliin herring fisheries, both between
and during the herring periods. On the coast of Bohuslin, and on some
Other coasts, rich herring fisheries generally commence with small and
inferior berring, which seem to have their home near the coast; and
Ouly after the fisheries have been continued for some time are herring
aught, which come from g greater distance. This fact may be explained
®lther by tne herring living near the coast having to give way to the

8reat magses of herring coming from the sea, or by supposing that
Oth these kinds of herring are enticed or driven towards the coast by
One ang the same cause, in which case those nearer to the coast are, of
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course, caught first. If the race of great herring in question had its
permanent home in the eastern Skagerak, it ought to approach our
coast only a little before (or almost at the same time with) the herring
which come from a greater distance; whilst on the contrary, like all large
and full herring, they remain in greater deptls, aud never go as high up
the fiords as the smaller or the speut herring. Dr. Trybom’s objection
seems to have been caused by his overlooking the common circumstance
that rich herring fisheries are preceded by small and inferior berring,
and that the herring in question need not be found any nearer the coast
than the spent herring, even if they should have entered a large fiord
somewhatearlierthan the latter. Lastyear'sexperience, however, scems,
in my opinion, to point to the fact that these herring are a separate race,
which possibly may in some way be connected with the Norwegian spring
herring, which they resemble in several important points. Dr. Trybom,
who, during the winters of 188081 and 188182, visited the coast of
Bohustin to study the herring and the lerring fishéries, considers it
probable that the larger among the herring spawning in autumn which
visit the coast of Bohuslin, finish their spawning process so late in the
season, that instead of its going on during the coldest season, it goes on
towards its close, which is towards the end of winter or beginning of
spring. As an objection to this view it may be said that a delay of
from three to four, and even five months in the spawning season of part
of a race of herring, although on the east coast of Scotland and some
other places, assumed as an explanation of entirely different circum?
stances, is hardly credible, and bas, as a fact, not been observed eithér
in the North Sea or the Kattegat. No such autumnal spawning is
known on the west coast of Norway. The lerring which spawn in
spring in the southern Kattegat and the Sound and Belt are smaller
than the herring of the same waters which spawn in autumn; and are,
moreover, distinguished from the Jatter by external differences of form.
The herring of the southern part of the North Sea, which spawn towards
the end of winter, also seem to be smaller than the herring of the same
waters which spawn in autumn. This whole guestion can hardly be
answered satisfactorily before the present Bohuslin herring period has
come to a close, and proper observations have been made relative to the
interval between the periods. 1t is not, however, of any great practical
importance, at least as far as the choice between Dr. Trybom’s opinion
and mine is concerned. If we desire to enter the unlimited domain of
suppositions, we shall here find a promising field for numerous new
hypotheses.

As regards the question of the origin of the different races of her-
ring, it will be sufficient to say that as a general rule it is treated in
too one-sided a manner as an isolated fact, or, at best, but few of the
circumstances which have something to do with it are taken as a suf-
ficient explanation. The same remark also applies to the question as to
what races of herring are actually found in the Skagerack. This as a
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general rule has been treated far too lightly. If itis desired that this
question should be answered in- a more satisfactory manner than it has
been thus far (which is amply sufficient as far as the aim of my investi-
gations is concerned), a person should be commissioned to make observa-
tions, who can give his whole time and undivided attention to the sub-
Jject.

The spawning-places which are the immediate occasion of the great
Bohuslin herring fisheries during the intervals when the herring do
not enter tho eastern Skagerack, and during the herring periods when
they do not spawn near the coast, are not known; and owing to lack of
time and means I bave not been able to make a search for them, although

“from information furnished Ly fishermen and from other circumstances
known to me, I have been enabled to form a tolerably correct idea as to
their location. It is certain, however, that Mr. von Yhlen’s and Profes-
sor Smitt’s supposition that the herring spawn in the open sea, off the
coast of Bohuslin, in the great depths, and on the soft clay bottom which
is found there, is incorrect; for nothing of the kind is known from any
other sea; but, on the contrary, wherever the spawning of the herring
has been observed it invariably was found to take place on a hard bot-
tom, or on one covered with rich vegetation. It should be remem-
bered that the spawn of the herring adheres to the object over which
the spawning process goes on, and that therefore the clay bottom of the
great depths cannot be a suitable place.

Auother question of great importance relative to the object I had in
view was the one as to the cause of the close of the last Bohuslin her-
ring period, and of its return. With the view to explain this periodicity
from physical or biological circumstances, I have endeavored to ascer-
tai., us accurately as possible, the influence of these circumstances on
the movements of the herring, and have at the same time studied
as carcfully as possible all the historical data relative to- the different
herring periods and the great herring fisheries in the North Sea.- I
have done this in order to find out whether a secular periodicity was
a general characteristic of these fisheries, and whether this very perio-
dicity formed a sort of connecting link between the different fisheries.
My observations bave finally led me to the conclusion that the great
Bolwusliin herring fisheries for nine centuries have formed a regular
8eries of periods, which, in spite of what Axel Boeck thinks he has
Proved, alternated with the great spring herring periods on the west
Coast of Norway; and that, owing to the great depth of the sea and the
lack of great connected banks, suitable for spawning places, off the
Coasts of Norway and Bohusliin, the coast fisheries in these regions could
Dot be carried on with seines at all times with the same favorable re.
Sults. On the other hand, near the coasts of Great Britain there is found
an extensive plateau of such banks, whose location is such that the
fishermen can reach the herring when they move towards these banks,
Or when they occupy them, without being obliged to go away from the
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coast far enough to take from their fisheries the character of coast fish-
eries. Owing to the distance, it is almost impossible, at least with sail-
boats, to carry on any coast fisheries on the coast of Bohuslin during
the period when the sea herring do not enter but pass by the Skagerack
on their way to the spawning grounds in the North Sea, as is the case
during the intervals between the Bohusliin fishing periods. I have also
succeeded in explaining in two new ways the secular periodicity of the
Bohusliin herring fisheries ; and so far all attempts to disprove my ar-
guments have proved unsuccessful. In the first place I have endeavored
to explain this periodicity by changes in the prevailing biological con-
ditions, consisting in a gradual change of the local fauna and flora of
the sea through the great masses of herring visiting these regions for
many years in succession; and in the second place, by assuming a sec-
ular periodicity in all the outward conditions of nature prevailing
throughoutthe entire region inhabited by herring. This Jast-mentioned
periodicity is supposed to compel the great schools of herring to move
from one place to the other in search of food, and also of spawning
places. It is very probable, however, in my opinion, that these two
causes work together, In giving this explanation I have also been able
to explain the regular changes of time and place where the sea herring,
during the fishing period, approach the coast of Bohuslin. By con-
tinuing my observations I arrived at the conclusion that the second way
of explaining the periodicity is probably the one which reveals its most
important cause, since I gncceeded in showing that the Bohuslin her-
ring periods agreed with corresponding and well-known periods in the
change of weather, the occurrence of northern lights, the number of solar
spots, &ec. ; and that the richest fisheries during a period correspond with
a peculiar disturbance of or change in the relation between the solar
spots and the temperature, which only takes place during the periods
when there are herring fisheries on the coast of Bohusljin, but not during
the intervals between the periods. These periods oh an average last
fifty-six years; and as several scientists, with good reason, have sought
to explain these periods in the occurrence of solar spots from the vary-
ing position of the principal planets towards the sun, it seems to me
that we may look in the future for so complete an explanation of all
these circumstances that we shall be enabled to tell beforehand with
some degree of certainty when these periods will occur, and in what
respects they will differ from each other. From what is so far known
relative to the Bohuslin fishing periods, I have considered myself justi-
fied in drawing the conclusion that as regards the extent of the fisheries,
very extensive and less extensive periods alternate. The reason why
the intervals between the fishing periods are not equally long must be
sought in the fact that the herring come near the coast at a time which
varies with every period, which of course also causes the fishing period
on the inner coast to vary in length, It may also be supposed that the
different fishing periods differ in another important point. Thus, the
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present period does not seem to show a regular tendency to rapidly de-
velop into decided autumnal fisheries, most productive on the southern
part of the coast, which so strongly characterized the preceding period,
8o far as known the longest of all Bohuslin herring periods; the pres-
ent period also began some years after the beginning of the fifty-six
years’ period, whilst the preceding period commenced some years before
that time. My explanation of the cause of the secular periodicity of
the great Bohuslin fisheries is also of great practical importance to the
fisheries, as it enables us to tell with a considerable degree of cer-
tainty when the fishing period will come to a close. 1tis not known
that any of the preceding fishing periods coutinued after the correspond-
ing period of solar spots and northern lights.

In accordance with my view of the causes of the secular periodicity
of the great Bohuslin herring fisheries, I was enabled to predict as
early as 1875 and 1876 that a new herring period was near at band,
which prediction I based partly on the historical experience relative to
the return of these herring fisheries after a certain time, and partly on
the considerable changes in the great North Sea herring fisheries, ob-
served since the winter of 1860-1870, and the occurrence of sea-berring
in the western part of the Skagerack during the autumn of 1875. Since
the beginning of the present fishing period, Professor Smitt stated in
his report to the minister, dated April, 1878, that as early as 1876 he had
mentioned in the Royal Academy of Sciences a change in the migrations
of the schools of herring, caused by the circumstance that several large
fish of the mackerel kind, especially thoge known as “ herring-hunters,”
had come near the coast of Bohuslin; and later he refers to this state-
ment in such manner as if he intended to say that he had predicted the
hear approach of a new herring period. This highly improbable sup-
Dosition was proved by me to be incorreet, and nothing more has been
hearq regardingsuch ¢ herring-hunters” from more southerly seas, where
Do herring are found. Nothing of the kind is known relative to the
NOI‘Wegian, Scotch, Iceland, and American berring fisheries, and the
first fish of the kind (herring-huunters) was caught on the coast of Bo-
huslin, as early as 1863, therefore many years before the changes in the
North Sca lerring fisheries referred to above took place. As fish be-
longing to southern seas are every now and then observed on tho west
Coast of Sweden, the occurrence of these mackerel does not justify us in
assuming a change in the currents of the sea; there are, moreover, cir-
Cumstances which speak more for an increased access of northern than
of southern water to the waters of the Skagerack.

2, HISTORY AND STATISTICS OF THE HERRING FISHERIES.

. As regards the history and statistics of the Bohusliin herring fisher-
1e8, the result of my investigations bas, so far, principally consgisted in
the publication of brief reviews on the history of these fisheries. But

have made extensive studies for a comparative history not only of
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these, but also of the great North Sea herring fisheries, with the view to
throw more light on many a fact in natural history and political econo-
my, which is of importance in the definite solution of the great herring
problem. These studies should, bowever, be continued in foreign libra-
ries and archives, before it is possible to obtain sufficient material for
producing a work which will materially benefit science and the public.
I shall, however, give a brief review of the more important points in my
observations, so far as they have been published.

As I have already stated above, I have succeeded in showing the
probability that the Bohuslin herring periods form an entirely regular
series. which can be traced, though not in all cases with absolute cer-
tainty, for nine centuries. Formerly all this was a matter of mere sup-
position, but I succeeded in furnisbing undoubted proof of the herring
period during the fifteenth century by the old document of June 22,
1496, relative to the Vinga coast and its allegiance 1o Sweden and Nes-
tergotland. The proof which Asel Boeck produces for herring fisheries
on the coast of Bohuslin during the fifteenth century is a bull of Pope
Nicholas V, dated July 15, 1453, relative to the nobility’s refusing to
pay the tithes of fish; but this bull may refer to the Norwegian coast
as well as to the Swedish coast. Still less importance can be attached
to Boeck’s supposition, that a legend mentioned by Peder Clausson Friis
of herring fisheries which had been disturbed by sorcery refers, to the
herring period of the fifteenth century.

I have also shown that the herring period mentioned by Boeck, as
having taken place between 1260 and 1340, and given by him as a proof
that the Bohuslin herring fisheries and the Norwegian spring herring
fisheries took place about the same time, did not take place at that time.
It is hardly credible that fisheries which commenced in 1260 should
within a few years have developed to such a degree as to cause the isl-
ands on the coast of Bohuslin to be cultivated. King Hakon the Old
died during an expedition to Scotland in 1263, and the improvements
on the coast of Bohuslin for which he is praised in the Sagas, and which
seem to point to rich herring fisheries, could hardly have been made
during the last years of the old king’s life, which were greatly dis-
tarbed by wars. There is, therefore, no reason to suppose that there
wererich herring fisheries on the coast of Bohusldn duringthe thirteeenth
century, but it is certain that such fisheries took place on the Bohus-
liu coast in the beginning of the fourteenth century, at the same time
when it appears that but few herring came to the coast of Norway.
The fisheries during the reign of King Hakon the Q1d, referred to by
Boeck, probably took place during the first balf of the thirteenth cen-
tury, so that we would get two herring periods instead of one. For the
same reasons that Friis, Holmberg, Boeck and others have supposed
that herring fisheries took place during the reign of Hakon the Old, we
may suppose that such fisheries took place during the reign of Sigurd
Jorsalafar. Taking the herring periods, which are well established,






