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Introduction.

When it was discovered that the bony parts of fish were built up
in layers it was suggested that it might be possible to determine the
age of the specimen by counting these layers. In the case of the herring
the Norwegian investigators Hjort, Dahl, Broch have made
important investigations on this subject at the beginning of this century
which led to the result that the scale was selected for age determination.
Subsequently an extensive collection of herring samples was organized.
Lea has made further fundamental investigations on the method of
age determination and on the structure of the scale. As Lea (1918)
mentions we have no experimental proof of the fact that the so-called winter
rings on the scales of the herring actually are annual rings. Buf, as
the observations con the Norwegian stock of herrings through several
years indicate, the statistical observations point so emphatically fo the
correctnes of this supposition, that it will hardly seem possible to other-
wise explain the regularity revealed by the observations.

Lea had also the idea that, if in addition to counting the winter
rings on the scales the distance between them is measured, these
measurements will enable us to calculate how each fish has grown from
year to year. L ea indicated that there exists a definite connection
between the growth of the scale and the growth of the fish.

The introduction of the scale analysis in the herring investigations
led not only to the discovery of the great fluctuations in the numerical
strength of the year classes but also increased highly our understanding
of the life history and migrations of the Norwegian Spring herring.
The great work of Johan Hjort (1914) on »The Fluctuations in the
Great Fisheries of Northern Furope« shows the important results of
the intensive work in the first years after the infroduction of the new
methods.

Lea who had an intimate knowledge of the scale of the herring
scon made the experience that the appearance of the winter rings varied
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in different ways. The rings found in a single scale are rarely quite
alike and there is a difference between the corresponding rings in the
scales of herrings from different waters.

In a short paper on the herring scale as a certificate of origin L ea
(1929 I) attempts to answer the question as to what may be the reason
why the rings look different. L ea writes: »In general it may be said
that the peculiarities that may be observed on the scales of a herring,
{aken together, form a picture of the dependence of the herring, its
reaction to the environment in which it has lived and which it has passed
through during the course of its life.. ... Viewed from this angle the
annual rings on the scales reflect or become symptomatic of the reaction
of the herring 1o the annually repeated changes in the environment. . ..
A winter ring will under any circumstances. be a sign of stagnation ia
growth, similarly as a summer zone is a sign of growth.« Lea con-
cludes that »the appearance of the rings, the character of them, is a
consequence of the influence on the organism, just as was the breadth
of the swwmer zone. The rings differ because the environment differed
in the period when they were formed.« As a proof on the correctness
of this assumption L e a mentions that the rings are as a rule sharper
in the young herrings taken in the fjords of Finmmarken than in the
herrings taken at the southern part of the west coast. However, Lea
does not document his opinion with a farge material but only touch
upon the matter in the preliminary report previously mentioned.

While the age composition and rate of growth have been used by
several investigators to characterize herring from different localities,
the study of the character of the winter rings have not been utilized
for this purpose. Itis, however, apparent thatif the environment »marks«
the winter rings of the herrings in a manner characteristic for a parti-
cutar focality one will here have a valuable method to follow the later
migrations of these herrings. Unfortunately L e a retfired from the fishery
investigations before he had made a systematical investigation of the
method on a large material.

From the year 1930 I have continued the Norwegian herring investi-
gations. Observations on the fluctuations in the numerical strength of
the year classes of the spring herring have been continued in the same
manner as in previous years. In the last five years a very large material
of vertebral counts and growth measurements have also been collected
in order to study the life history of the Norwegian spring herring.
These investigations have been combined with observations on the
spawning grounds in order to localize the spawning places along the
Norwegian coast and the area of distribution of the pelagic larvae.
Continual observations on the quantitative distribution of the herring
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roe have been instituted on the spawning grounds by means of the
bottom grab, and the hydrographical conditions are likewise examined
during the immigration of the spawning shoals to the coast.

While working with the scale analysis I soon understood that an
analysis of the character of the winter rings in the meaning of Lea
combined with growth and racial investigations would be of great
value for the study of the migrations of the Norwegian herring. While
the number of vertebrae as a racial character to a certain extent can
tell us from which spawning grounds the herrings originate, the scale
analysis may give us information on the further fate of each individual,
during its life cycle.

In the present paper I give a treatise on the analysis of the
character of the winter rings, the growth and the bearing of these factors
on the life history and migrations of the Norwegian spring herring.




Chapter 1.

Short review of the life history of the Norwegian spring
herring and the hydrographical conditions in the area.

We are 1o a great deal indebted to Johan Hijort and his
collaborators for our knowledge about the natural history of the Norwe-
gian herring. Hjort has given a review of the results in the work
from 1914 previously mentioned, and L ea (1921 1I) has then strongly
increased our knowledge through the discovery of the intermediate oceanic
stage in the life history of the Norwegian herring. My investigations
cn the distribution of newly hatched herring larvae (1934 II) have
furthermore shown that the spawning of the herring is not limited to
the well known spawning places at the west coast only but also extends
fo more northern localities than previously supposed. Spawning {fakes
place along the entire coast at least as far north as Lofoten and Vester-
alen. My racial investigations (1933, 1935, 1936) have also indicated
the existence of different spawning communities along the coast. In a
paper on the growth of the Norwegian herring also O ttestad (1934)
is of the opinion that the type of growth definitely indicates the
existence of two Norwegian herring stocks, a southern and a northern
one, in agreement with my results.

I will here sketch the main features in the life history of the
Norwegian herring mainly based on the description by Lea (1920 II)
but with addition of the results of later investigations on this subject.

The herring spawns along the whole Norwegian coast at least as
far north as Lofoten and Vesteralen, but the most intensive spawning
probably takes place at the southwestern part of the coast, the so called
»spring herring district«. As regards the age composition there can be
recognized twe contingents of herrings immigrating to the spawning
places. The contingent of older herrings which have spawned in previous
years is encountered by the fishermen some distance off the coast and
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some time before they are ready to spawn. The herrings in this stage
are called »large herring« and were formerly mainly caught off the Meore
coast and the southern part of the Trondelag coast. This region was

therefore called the »large herring district«. In later years, however,
the greatest large herring fishery has taken place off the coast between
Bergen and Stat (compare the chart fig. 1). When the herrings have
arrived at the spawning grounds and are ready to spawn they are
called »spring herring.« The second contingent arrives usually at the
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end of the spawning season. This group is composed of younger indi-
viduals which spawn for the first time and are therefore by L e a called
»recruit spawners«.

The main spawning fime is February and March, but spawning
can, however less extensively, also take place in first half of April. The
young herring fry are observed along the whole coast to the most
northern part of Norway, but we do not know exactly to what extent
the different spawning places contribute to the production of these fry.
It is probable that some of the fry found in the northern Norway have
been transported by currents from more southern spawning grounds.

The small herring, which at the end of its first year of life are
called »mussa« and in the second year »bladsild«, seem to develop in
the fjords and coastal waters without undertaking any extensive migra-
tions. According to Lea and Ottestad the small herring have a
slower growth rate in the northern part of Norway than at the west coast.

In its third year of life the herring disappears from the west coast.
in northern Norway, however, the main part of the herring remains
in the coastal waters and constitutes and essential part of the fat herring
shoals. In the fourth or fiith vear of life alse the herrings in northern
Norway disappear, but the age at which the young herring leaves the
coastal waters seems here to vary.

When the herring leaves the coast it adopts an oceanic mode of life
and the development of sexual products begins. The duration of the
cceanic stage may vary from one to three years, and the age at which
they reappear as recruit spawners on the spawning grounds varies from
three fo about seven years.

I. e a means that the slight information which we possess poinis to
the region north-east of the Faroe Islands as a possible central area
for the oceanic group of young herring and L ea apparently supposes
that herring from the whole coast frequents this area in the oceanic stage.
This was in good accor:ance with the assumption of a single spawning
community, viz. the spawning taking place at the west coast of Norway.

From the discovery of spawning shoals in northern Norway I must
assume that herrings develop fo maturity also in more northern regions,
and the Russian investigator S. Awerinzew (1935) has recently
observed oceanic young herring of Norwegian origin in the Barents Sea.

When the herrings have spawned on the coastal banks they seem
t~ undertake very extensive migrations in the Norwegian Sea. Large
herrings have been found during the summer off Bear Island and Spitz-
bergen in the North and along the northern edge of the North Sea
plateau and off Faroe Islands in the South, and they can migrate across
the great oceanic deep between Norway and Jan Mayn (comp. S. Runn-
strom 1936).
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We have seen that the Norwegian herring spawns and grows up
along the entire Norwegian coast and it is obvious that the young herring
must live under rather dissimilar conditions for instance at the west coast
and at the remotest parts of northern Norway,

As regards the hydrographical conditions we find along the Nor-
wegian coast two waler masses of different origin (fig. 11, page 89)
namely Atlantic water, with salinities above 35,0 %,, and coastal water
with salinities below 35,0 %/, (Helland-Hansen and Nansen
1609). The Atlantic water passing through the Faroe-Shetland Channel
and the opening between the Faroes and Iceland advances through the
eastern part of the Norwegian Sea as the Norwegian Atlantic Current.
The coastal water is on the whole moving along the coast of Norway,
as a continuation of the Baltic Current, from the Skagerak to the Barents
Sea. The Atlantic water in the fjords and over the continental shelf is
always covered by the coastal water.

The spawning and the growth of the young immature herring takes
place in the coastal water whereas the development of the gonads of
both the oceanic young herring as well as of the older individuals in the
interim between spawning periods apparently takes place in Aflantic
water.

The salinity of the coastal water is, according to Helland-
Hansen and Nansen on the whole increasing along the rout north-
wards owing to intermixing with the Aflantic water. Of the same reason
the coastal water has salinities which constantly increase from the shore
seawards. The temperatures of the intermediate strata of the coastal
water vary very much along the coast. This is according to Helland-
Hansen and Nansen chiefly due to the origin of the waters and
the encounter with other waters. »The waters of the Baltic Current are
cooled to a low temperature in winter, and the intermediate temperature
found in the Skagerack in May is very much lower than farther to the
west and north, where the cooling in winter js much less, owing to the
effect of the Atlantic water in the Norwegian Sea.«

Figur 2 demontrates the distribution of the temperature in the
intermediate sirata of he coastal water along the Norwegian coast in
spring based on observations carried out by the Directorate of Fishery
with the M/S »Johan Hjort« in 1932, We see that the femperature
increase slightly along the west coast and reach a maximum in the
area north of Alesund which is in accordance with the fact pointed out
by Helland-Hansen and Nansen, viz. that the coast north of
Stat is approached nearer by the Atlantic Current than the other parts
of the coast.

Further north the temperature decreases continually and the lowest




—_ 12 —

- , . Vorda Murman
Stavanger Bergen Alesund Rervik Bods Harstod Hommerfest Nordhyn Vorgae Guba Bonken
T - T A Ly + +
%% #y =AY 29, 2 % Y% % %%
o P ~

2100 m - - /‘ .
-oxe 1482 .
I £°Gjanill 50-100m P .

3
= oBm

w

Fig. 2.

St.H7 5116 St.is Stiie St.113 Rgst St 124

340%s

Rest-Eqqen 25 mars 1924,




13—

values are found on the Murman Bank. There are thus rather great
differences in the conditions of temperature at the west coast and for
instance at Finnmark and in the Barents Sea.

Fig. 3 demonstrates the continual rise in temperature and salinity
in the intermediate strata from the coast seawards based on a hydro-
graphical section carried out by the M/S » Johan Hjort« in March 1924
from the southern part of Lofoten to the continental slope. At the
outermost station 117 the water represents Atlantic water with salinity
above 35,0 */y,.

It is thus apparent that the young herring which lives in the coastal
water can grow up under rather varying conditions along the Norwegian
coast. The herring will also encounter quite different surrounding con-
ditions when they migrate from the coastal water into the open ocean.




Chapter 2.

Analysis of the character of the winterings on the
scale of the Norwegian herring.

I will in the following make a systematical analysis of the character
of the winter rings on a large maderial in order to determine if the
differing appearance of the rings can be connected with the various
tocalities at which the herring grows up. If this is the case it is reason-
able to assume that the varying surrounding conditions in the area,
the existens of which was demonstrated in Chapter 1, influence the
character of the rings. Nature has then carried out a »marking«
experiment on a large scale which can be utilized in the study of the
tife history and migrations of the herring.

The "appearance of the winter rings belongs to those characters
which cannot be expressed by exact figures in contrary fo characters as
for instance age, growth rate and number of Vertebra. One must there-
fore try to find out if there exist definite types of rings which can be
described and «efined, and if herring from different localities can be
classified according to these ring types. The classification into different
ring types will of course to a certain degree be attached to the subjective
elements in experience and there will be a greater or less number of cases
where the decision must be based more or less upon personal judgment.
It is therefore of great importance in such investigations fo have a good
experience in the peculiarities of the scale by long continued observation.

The Directorate of Fishery, Bergen, has every year collected a
large material of herring samples representing various stages of life.
IFrom each herring have been taken scales which are mounted on object
slides with data on length, sex, ripeness of gonads etc. and we have
now records of many thousands scales representing a continuous series
from 1907 up to the present year. This material has becn utilisized for
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age- and growth determinations but gives of course also a rich material
for the study of the present problem.

The analysis of the character of the winter rings, presented in this
paper, comprises a material of about 14000 herrings, and all the
estimations of the ring types are carried out by myself. I have, however,
often confronted my estimations with estimations on the same material
carried out by my assistent Th. Rasmussen, who has many years
experience in scale reading, and I have on the whole found a good
accordance in the readings thus made by two observers.

As the first step in the investigation one ought to choose a stage
in the life history of the herring when the herring is stationary at the
different growth places along the coast and before they have begun
greater migrations. Such a stage is represented by the small herring.
As the herrings in the first summer of life have not yet got a winter
ring on the scale I will begin with herring in the second year of life,
the so called »bladsild«. These have the first summer zone and the first
winter ring completely developed and the second summer zone com-
menced. Then the character of the new winter rings in.the additional
stages will be analysed.

Small herring.

The herrings in its second year of life are as »bladsild« taken by the
fishermen along the whole coast of Norway and it is therefore possible
to get a repreSentative material from all the various growth places in
porthern as well as in southern Norway.

Lea (1929 1) has made the experience that the scales on the young
herring from northern Norway have rings which as a rule are sharply
defined, whilst herring from the southern part of the west coast have
scales with more vaguely defined rings. Lea (1929 II) illustrates the
nature of the distinguishing peculiarities in photographs of two scales
which, in Plate I figures 1 and 2, are reproduced from the paper by
Lea. Fig. 1 represents a scale from a young herring captured in the
northern Norway and fig. 2 one from a herring from the west coast.
The scales have the first summer zone and the first winter ring developed
and have nearly completed the second years summer zone. Lea has
termed these two different scale types »northern« and »southern«, but
has not published any wmaterial to demonstrate the distribution of
these types.

After studying a large material of young herring I must agree with
L ea as to the correctness of his view. The two types of scales are as
a rule very well distinguished.




Table 1. Small herring 1/2 years old (Bladsild).

S = ,Southern® N = ,Northern“ scale type.
. 1924 1925 1932 1933 1934 Total
District T n
s | N S N S | N S N S N S N
0

Finnmark........ — — — — — — — —_ — 180 — 180
100°/°
Troms........... — — - — 0 - - 15 379 38 436 53 815
3,8% | 96,2°% | 8,000 | 91,9%0 | 6,19° | 93,9%
Nordland........ — — 11 69 — — 12 144 58 409 81 622
14,8% | 86,3%0 7,7%0 | 92,3/ | 12,4% | 87,6% | 11,5% | 88,5%°
Trendelag ....... — — — — — - 33 58 — — 33 58
36,3% | 63,7% 36,3% | 63,7%
Mere............ — - — — 30 7 141 25 P 71 191 177
28,6% | T1,4% || 84,9% | 15,1%0 | 20,6% | 79,4% | 51,8%% | 48,1%
Sogn & Fjordane — — — — — — 168 22 | — — 168 22
! 88,4% | 11,6% | 88,4%0 | 11,69¢
Hordaland....... 281 60 216 24 380 14 474 10 — - 1351 108
Rogaland ........ 82,4% | 17,6% || 90% 10% 96,5% | 3,5% | 97,9%% | 2,1% 92,6%% | 7,4%

g1 —
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In table I I have given the results of an analysis of about four
thousand young herrings in its second year of life captured in different
years and in different localities. The most representative material is from
the year 1933. The material has been arranged according to the districts
along the coast from the north eastern part of Norway to the southern
part of the west coast (compare the chart fig. 1). N and S in the table
means »northern« and »southern« types.

Looking on the total material in the right column of the table one
will find that in the most northern part of Norway, Finnmarken, all
the young herrings have »northern« scaletypes. In the more southern
parts of Northern Norway, Troms and Nordland, about 90 ¢/ also are
of northern type. In the southern part of the west coast, Hordaland-—
Rogaland, however, more than 909 of the young herrings have a
winter ring of the »southern« type and about the same is found in the
more northern part of the west coast, Sogn and Fjordane. In the inter-
mediate area between northern Norway and the west coast, the More-
Trondelag district, one finds the two types more equally mixed.

From this analysis it is apparent that the »northern« type of winter
rings are formed in the coastal waters of northern Norway and the
ssouthern« type at the west coast. Probably through migrations of the
young herring a certain intermixture of the two types can take place
which is most pronounced in the intermediate area between northern
Norway and the west coast.

I will in the following designate the young herring with one winter
ring as N, and S, which means that the herring has one winter ring of
respectively »northern« and »southern« coastal type.

Fat herring.

As mentioned in Chapter 1| the herrings disappear from the west
coast in its third year of life. In northern Norway the main part of the
herring remains in the coastal water through a varying number of years
and are here caught as fat herring. According to Lea (1920 11},
however, not all the herrings in their third year in the North remain
near the coast, but a portion of them adopts an oceanic mode of life.
In the succeeding year either all the herring can disappear or the same
thing can happen as in the previous year, i.e. that some leaves, while
others stay.

The age distribution in the fat herring samples can thus vary con-
siderably and the fat herring fisheries must therefore undergo great
fluctuations, both as regards quantity as well as the size of the herring.
Lea (1929 1I) writes: sFurther, the results tend to strengthen the




impression given by the stfatistics of the Norwegian herring fisheries,
namely that the presence of the large »fat herning« in the coastal waters
and in the fjords ought not to be looked upon as something which may
be expected every year. It looks more as if the socalled »large fat herring
years« occur when the oceanic group of herring, or portions of them,
are driven to the coast as consequence of circumstances, which at the
present moment are unknown, or when the departure from the coast in
order to take up an oceanic existence is, so to speak, delayed.«

Ottestad (1934) is also of the opinion that the fat herring stock
in the coastal water may be of a complex nature in the sense of being
composed of both coastal herring and of immigrating oceanic herring.

Aldso at the west coast, where as a rule no fat herring fisheries
occur, fat herring shoals can be found more occasionally probably
consequential of immigration from the ocean.

In table 2 (page 24) I have given the results of the analysis of
immature small and fat herring from the coastal water arranged
according to locality of capture in three regions: the west coast (Roga-
land, Hordaland, Sogn and Fjordane), the More-Trendelag and the
northern Norway (Nordland, Troms, Finnmarken). The material repre-
sents the summary of observations on samples from some different years.
In nature the small herring in their second year of life (bladsild) often
form pure shoals unmixed with other year groups but they can also
be found mixed either with herrings in their first year (mussa) or with
fat herring. The material of »bladsild« in the table is taken mainly
from pure shoals in the autumn when the herring had reached an age
of about 1% year. The shoals of fat herring in the present material are
composed of individuals of different age, from the west coast 275—34
years, from the More-Trondelag 2% —4% years and from northern
Norway 2Y—5%% years.

In table 2 are represented thus young immature herrings from
coastal waters with one to five winter rings on the scale.

I will at first discuss the appearance of the winter rings and then
the distribution of the different scale types in the various regions.

As previously mentioned one finds 'that the »bladsild« with one
winter ring on the scale represents two different types designated as
S, and N, with respectively one »southern« and »northern« coastal
winter ring. The 214 years old herrings are in the third vertical column
of table 2 under the head »Scale type« represented by four different
scale-types.

The two types designated as S, and N, have winter rings of exactly
the same appearance as the types S, and N, the only difference being

that now two winter rings are formed instead of one. The identical
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appearance of the two rings in each scale type seems to indicate that
the herring has lived under the same conditions in the two winters when
the rings were formed.

As regards the two types designated as S;.; and N ; + the first
inner winter rings is of the »southern« or »northern« coastal type
respectively. The second ring is, however, of the same appearance in
both scale types and represents a quite new type which cannot be
identified with the rings formerly found.

Especially in the scale type N, .y the dissimilarity between the
first sharp »northern« ring and the outer ring of the new type is very
pronounced. The outer ring is broader and more undefined as if drawn
with chalk and reminds of the winter rings on the scale of herring from
Irish waters as described by Lea (1929 1). The fig. 1, Plate 11l
illustrates the difference between the »northern« coastal rings and the
ring of the new {ype. In this case we find three inner sharp »northern
rings« and a fourth less defined outer ring (N, ), but it is difficult
to illustrate the characteristic feature of the ring in a photograph. The
difference between the »southern« coastal ring and the outer ring of the
new type is less apparent, but the difference is enough pronounced to
allow a separation of the two types of rings. While the vaguely defined
»southern« coastal ring frequently is composed of several thin lines and
present the appearance of double or manifold rings the other type mostly
exhibits a more well defined ring, but with a broad »shadow«. The
latfer scale-type is illustrated in fig. 1, Plate II (S4.15).

When one now will try to form an opinion of where this ring of
the new {ype have been fonmed, and which was not present in the
»bladsild« it is an obvious conclusion that this ring has been formed
in another area than the coastal rings. It is then near at hand to think
of the open ocean and asswme that this ring has been formed under
Atlantic conditions. A proof on the correctness of this view will be given
in the analysis of the recruit spawners. This is also in good accordance
with the supposition mentioned above that the fat herring shoals are
composed of coastal and oceanic herring. I will therefore call this new
type of winter ring »oceanic«, The similar appearance of the »oceanic+
rings at the west coast with those in northern Norway in confrast to the
»coastal« rings also speaks for the supposition that they are formed in
Atlantic water where the conditions are more constant in the whole area
than in the coastal water.

The types Sy 4+, and N, . ; would thus according to the above
mterpretation of the 1ing types mean that the herrings have lived in
southern or northern coastal waters during their first winter, then they
have migrated into the open ocean and lived under Atlantic conditions
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during their second winter. At the end of the second summer they have
immigrated to the coastal water. The herring of the types S, and N,
have lived both winters in the coastal water.

I
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When the young herring is characterized by scales with »southern
coastal«, »northern coastal« and »oceanic« winter rings one may expect
in herrings with 1—6 winter rings 42 different combinations of these
three types of rings as shown in the present schedule. From table 2
cne sees that all the supposed scale types are realized in nature in
herring with 1—3 rings on the scale. Young herring older than four
years with only »southern coastal« winter rings are seldom found, and
the highest number of this type of rings met with in the material is three
cnes. The »northern coastal« rings are, however, represented by a
number of up to six rings on the scale. The highest number of »oceanic«
rings counted on one scale is three, but the most common is one or two.

This is in good accordance with the supposition by L ea that the
young herring leaves the coastal water earlier at the west coast than in
northern Norway and that the oceanic stage lasts from one to three years.

I will in the following discuss the distribution of the different scale
types in the fat herring shoals from the three regions, the West coast,
the More—Treondelag and Northern Norway as shown in table 2
(page 24).

As already mentioned the herrings with one winter ring at the west
coast are tepresented by about 929/ of individuals with »southern
coastal« ring, and in northern Norway by 929 of individuals with
»northern coastal« ring. At More—Treondelag both types are about
equally represented.
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In the fat herring shoals from the west coast one finds among the
herrings with two winter rings 81 %/ with one or two »southern« rings
(S total) and among the herrings in the fourth year of life with three
winter rings 69 % with »southern« scale type. The rest of the herrings
has one or more »northern coastal« rings on the scale. The material
shows thus an increasing relativ number of »northern« scale-type with
increasing age which seems to indicate an immigration of herring of
more northern origin into the fat herring shoals at the west coast.

The majority of the fat herring at the west coast have scales with
one or two oceanic rings indicating that they have adopted an oceanic
mode of life which may have taken place in the second or third year
of life. Due to the certain circumstances they have now again appeared
at the coast. It cannot be decided if the herrings with coastal rings only
(S,, N, and S;, N,) have remained the whole time in coastal water or
kave joined the other herrings in the open sea in their last summer of
life and then immigrated {o the coast in company with the »oceanic«
herring in the autumn. As regards the herrings of northern origin,
however, it must be supposed that they have left the northern coastal
waters in the last summer and joined the southern fat herring shoals.

In northern Norway the herrings 2% years of age have about the
same relative number of »northern« and »southern« types as the one
year younger »bladsitd«. The relative number of herrings with one or
two »northern« winter rings is about 90 %/,

Of the original types in the »bladsild« (N, and S,) some herrings
in the third year of life have got one oceanic ring (N, . ;and S, ),
but the majority has remained in the northern coastal water also in the
second winter (N,). The individuals of the type S, must have emigrated
from more southern parts of the coast in the third summer in the same
manner as the »bladsild« of the type S, was supposed to have migrated
northwards in the second summer.

Among the herrings 3%% years old in the northern fat herring shoals
the fish with »southern« scaletypes have decreased and the »northern«
types have here a relative value of about 97 ¢/o. Of the 2% years old
fish with two northern coastal rings (N,) some has now got an »oceanic«
ring (N, .,;) but the major part has remained in the coastal water
also in the third winter (N,). In the fifth year of life the fish with
»southern« scale-types have practically disappeared from the northern
shoals and the 514 years old herring in northern Norway consist of
10600 »northern« types. The most of these herrings have lived in the
coastal water in all the five winters (N,). Herrings more than 314 years
of age in fat herring shoals are, however, rather infrequent and are only
found in more northern waters and here not regularly each year.
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At the coast of Mere—Trondelag, where »bladsild« of »northern«
and »southern« types were equally represented, one find that the
»northern« types also increase with increasing age and the 414 years
oid herrings are composed of almost only »northern« types. The most
of these herrings have got one or two »oceanic« rings which indicate
that they have made more extensive migrations in the ocean.

On basis of the proof given by the analysis of the »bladsild« that
the »northern« rings are formed in the coastal water of northern Norway
-and the »southern« rings at the west coast, and of the preliminary
assumption that the »oceanic« rings are formed in the Atlantic water
of the open sea, we can thus read the fate of each individual in the fat
herring shoals.

We have seen that the young herring leave the coastal water at
various stages of age. At the west coast they dissappear as a rule after
the first and second winter and fish with three »southern coastal« winter
rings are seldom encountered. In the northern Norway they may leave
the coastal water in the second to the sixth or seventh year of life. In
ihe first period of oceanic life some of the herrings may remain not far
from the original growth places at the coast and can in certain seasons
of the year immigrate to the coast and participate in the formation of
the coastal fat herrings shoals. Others of the oceanic herring may
carry out more extended migrations and in this manner herring of
northern origin can join southern shoals of young herring.

The oceanic intermediate stage,

Already G. O. Sars (1873) found that the coastal fat herring
represents the young immature stage in the life history of the Nor-
wegian herring stock and which develop to mature spring herring.
When the method of age determination was introduced in the herring
investigations this assumption of Sars was confirmed. In the first
period of investigations it was supposed that the tfransition from
immature fat herring to mature spring herring was direct and of short
duration. L e a soon recognized, however, that this assumption did not
harmonize well with the observations on age, length and the growth
history of the two groups. Lea (1929 II) writes: »The fact that the
individuals composing the shoals of young herring present along the
coast are {oo young, too small and too little sexually developed for the
recruit spawners to be derived directly therefrom, cannot be properly
understood save by assuming that the recruit spawners come from 2a
group of the Norwegian race of herring. which is neither usually
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observed nor gives rise to a coastal fishery. The conception that the
herring during their development to sexual maturity pass through an
oceanic intermediate stage arose as a natural consequence of the
observations«.

By comparirg aud combining observations on the adult spawning
herring and the immature fat herring Lea could in 1924 draw up 2
description of the characteristic features of the herring in the inter-
mediate stage before a single sample of herring from the supposed
oceanic group had been subjected to examination.

Not till the summer of 1927 Lea got an occasion to make more
complete observations. »Along the coast in the neighbourhood of Ber-
gen various herring appeared which the fishermen had difficulty in
classifying amongst their »sorts« of herring. For the time and place
the herring were large and the condition of sexual organs varied greatly
from herring to herring«. An analysis of samples from these shoals
showed that the herring had those very features which were to be
expected if the premisses and assumptions as to the oceanic stage were
correct and the existence of this phace in the life history of the herring
was thus confirmed.

Through the herring was found close to the coast L ea assumed,
owing to the inirequent occurrence of this group of herring in the
coastal water, that they regularly are distributed in the open ocean.

In the vertical column farthest to the right in table 2 I have given
the results of the analysis of the scale types of herring in the oceanic
intermediate stage. The material comprises samples from 1927 compleled
with samples from shoals which occasionally have appeared at the west
coast in later years.

From the table one find as to the age composition an apparent
difference between the shoals of herring in the oceanic intermediate stage
and the young herring commonly met with at the west coast. As
mentioned before the immature herrings in the southern coastal water
represent rather young age groups. The group of herring in the inter-
mediate stage, however, is composed of six age groups representing an
age from 1% to 6% years and reminds in this respect of the shoals
of northern fat herring.

In regard to the scale types one finds in the intermediate stage the
same types as in the fat herring shoals representing herrings with
southern or northern origin which have lived one to three years in the
ocean or which not till the last summer have leit the coastal waters.
To lay stress on the oceanic mode of life in the definition of this group
of herring and call them »oceanic« young herring in contrast to the
coastal fat herring as often made by Lea is not very striking. As we
































































































































































































































































