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Introduction. 

When i t  was d~scovered that the bony par ts  of fisn were built up 
In layers it was suggested that 11- mlght be possible to determine th? 
age of the specimen by counting these layers. In the case of the herring 
the Norwegian ~nvestlgators H j o r t, D a h 1, B r o c h have ltllade 
important ~nvestlgations on this su~bject at  the begin~ling of this century 
\: hlch led to the result that the scale was  selected for age deterininatlon. 
Subsequently an extens~ve collection of herring samples was organized. 
L e a has made f t~r ther  ftrndarnental invest~gations OII the method of 
age determ~natlon and on the structure of the scale. A s  L e a (19181 
mentions we have rio expermental proof of the fact that the so-called wintei- 
rings on the scales of the herring acfually are anriual rings. But, :is 
the obscrvat~ons en the Norwegian stock of herrings through several 
years ~ildlcate, Ihe stat~stical observations point so emphatically to the 
correctnes of i h ~ s  suppos~tion, that ~t wtll hardly seem possible to other- 
wise explain the regularity revealed by the observations. 

L e a had also the idea that, if in addition to counting the winter 
rings on the scales the d~s tance  between them IS measured, these 
measurements w ~ l l  enable us  {to calculate how each fish has grown from 
year [to year. L e a ~nclicated that there exists a clefi~lite conilect~orr 
between the growth of the scale and the growth of the flsh. 

The ~ t ~ t r o d u c t ~ o n  of the scale analysis in the herring investigations 
led not o111y to the cliscovery of .the great fluctuations In the numerical 
strength of the year classes but also insreased highly our understanding 
of the llfe history and migrations of the Nor\veglan Spring herring. 
The great work of J o h a n H j o r t (1914) on >>The Fluctuations in th? 
Great Fisher~es  of Norther11 Europee shows the llllportant results of  
the 111tens1ve work in the flrst years after the irlfroduct~on of the new 
methods. 

L e a who had an ir~tlrnate knowledge of the scale of ihe herring 
scon made the experience that fhe appearance of ihe wlnter rings varied 



in different ways. The rings fou i~d  rn a slt~gle scale &re rarely qurte 
?lilie and there IS a difference between the correspo~tdsrrg rlllgs In the 
scales of herrings from d~fferent watei-s. 

111 a short paper on the herring scale as a iertlficate of origin L e a 
(1929 I) atteinpts lo answer the question as  to what may be tlie reason 
\vhy the rings look differet~t. L c: a writes: .In general 11. may be said 
that the peculiarities that may be observecl on the scales of a herring, 
!r\k<n together, foritn a picture of the delseildetlce of the lierr~ng, i ts 
reaiiicrl to the et-ivtroilmerlt 111 which ~t has llved and wllicll it has passed 
thraug11 d u r ~ n g  the course of its Me.. . . . Vtewecl fro111 this angle the 
annual rlngs on tile scales rellect or become symptornatlc of the reactioi~ 
of !he herrlng to the antlually repeated changes 111 the ei~vironmerrt. . . . 
A winter ring wrll under any circumstances be 3 sign oi stagnation i:a 
growth, similarly as a summer zone is a srgn of growth.<< L e a coil- 
cl~t~!eq thal iithe appearance of the r i i~gs,  the character of them, is 3 
conseqileilLe of the iufluence on the organrs~n, jtlst a s  was the breadth 
of the su.!lriier zone. The rings differ beca~rse the environinent difEered 
in the period when they were fortned.cc As a proof on the correctness 
of this assurnptioti L e a mentions that the rlngs are as  a rule sharper 
In the young herrings taliell In the fjords of Finnimarkei~ Lhan in the 
herrings talien at the southern part of the west coast. However, L e a 
does not document his opinion with a Large ~maierial but only touch 
upon the matter in the preliminary report previously ~metitiotled. 

While the age co~mposition ail~d rate of growth have been used by 
several investigators to character~ze herrrng froill /different localities, 
the study of the character of the wlnter rings have riot beeti utilszed 
for this purpose. It is, llowever, apparent thal  if the envirorlnlent >)marks,< 
the winter rings of the helrings in a lrnarlner cliaracteristic for a parti- 
cular locality one will here have a valuablle method to follow the later 
m~grations of these herrings. Unfortunately L e a retired fro111 tlie fisl~ery 
iilvestigattoils before he had made a systematical ~nvestigation of the 
method on a large material. 

From the year 1930 I have continued the Norwegran herring investi- 
gations. Observations on the fluctuations In the nulmerical strength of 
the year classes of the spring herring have been coiltinued in the saime 
manner as  in previous years. In the last five years a very large material 
of vertebral counts and growth measurements have also bee11 collected 
in order 10 study the llfe history )of the Norwegtan spring herring. 
These investigattons have been colmbined wrth observations on the 
s ~ ~ i w ~ l i n g  grounds in orcler to local~ze the spawning places along the 
Norwegian coast and the area of distribut~on of the pelagic larvae. 
Continual observations on the quarltitative distribution of the herring 



roe have been instituted on the spawning grounds by ~nearts of ihe 
bottom grab, and the hyclrograph~cal conditloi~s are likewise evarni~aed 
during the ~mniigration of the spawning shoals to the coast. 

While worklng with the scale anralysis I so011 understood that an 
analyslis of the character of the winter rings in the meaning of L e 3 
combined with growtll aild racial investigations would be of great 
value for the s t~ tdy  of the migrations of the Norwegian herring. While 
the number of vertebrae as a r ac~a l  character to a certain exteni can 
tell us  from which spawnlng gsoutlds the herrings orig~nate, the scale 
analysis inay glve us irtformatlon on the further fate of each individual, 
during its l ~ f e  cycle. 

In the present paper I give a treatise on llie 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 I 

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

We are to a great deal indebteci to J o h  a n H j o r t and his 
collaborators for our linowledge about the natural history of the Norwe- 
gian herring. H j o r t has  given a review of the results in the work 
from 1914 previously mec?:oned, and L e a (1921 11) has then strongly 
increased our knowledge through the discovery of the intermediate oceanic 
stage in the life history of the Norwegian herring. M y  Investigations 
cn the clistribution of newly hatched herring larvae (1934 11) have 
furthermore shown that the spawning of the herring is not limited to 
the well linowri spawning places at  the west coast orlly but also extends 
to more northern localities than previously supposed. Spawning takes 
place aiong the entire coast at least a s  far north as  Lofoten and Vester- 
?den. Ally racial investigations (1933, 1935, 1936) have also indicated 
the existence of different spawning comrnur~ities along the coast. In CI 

paper on the growth of the Norwegian herring also 0 t t e s t a d (1934) 
is of the opinion that the type of growth definitely indicates the 
evistence of two Norwegian herring stocks, a southern and a northern 
m e ,  in agreement with my results. 

I will here sketch the mail1 features in the life history of the 
Norwegiail herring ~nairtly based on the description by L e a (1929 11) 
but with addition of the results of later i~lvestigations on this subject. 

The herring spawns along the whole Norwegian coast a t  least a s  
far north a s  Lofoten and Vesterilen, but the most intensive spawning 
probably takes place at  the southwesterll part  of the coast, the so calleci 
nspring herring district<<. As regards the age cornpositloll there can be 
recognized twc cor~tingents 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 



some time before they are ready io spawn. The herrlngs in this stage 
are cal~lecl >>large herring<< a t ~ d  were for~merly !mainly caught off the M0re 
coast anid the sottthern part of the Tr0ndelag coast. This region was 

Fig I .  

therefore called the >>large herring district((. 111 later years, however, 
the greatest large herring fishery has take11 place off the coast betweell 
Bergen and Stat (coampare 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 



t n d  of the spawning season. This group 1s composed of youilger ind:- 
viduals which spawn for the flrst time and are therefore by L e a called 
,recrarl spawners(\. 

The main spawning time IS February and March, but spawning 
can, however less exteilslvely, 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 linow exactly to what extent 
the different spawnitlg places contribute to the production oE these fry. 
I t  is probable ihat some of the fry found in the northern Norway have 
been transported by currents from more southern spawning grounds. 

The small hernng, which at the end of ~ t s  flrst year of llfe are 
calletl ))mussacc and in the second year .>bladsild<c, seein to develop In 
the fjords and coastal waters without urtdertalilrig any exterislve migra- 
tlons. Accord~ng to L e a and 0 t t e s t a d the small Iterring have a 
slower growlh rate it1 the northern part of Norway than at the west coast 

111 its third year of llfe the herrlnng d~sappears  from the west coasi. 
In rlortherr~ Norway, l~owever, the m a n  part of the herring remains 
in the coastal waters and constitutes and essent~al part of the fat herring 
shoals. In the fourth o r  fifth v e x  of life also the herrings In nor~hern  
Norway disappear, but the age at whlch the young herring leaves the 
coastal waters seems here to vary. 

When the herring leaves the coast ~t adopts an oceanic mode of llie 
and the developmeni of sexual products begins. The dunt ion  of the 
cceat~ic stage may vary from one to three years, and the age ab which 
they reappear as recrult spawners on the spawning grouncls varies from 
three to about seven pears. 

L e a means that the slight informatioil which we possess points to 
the region north-east of the Faroe Islands as a posslble central ared 
for the oceanic group of young herring and L e a  appclrently supposts 
that herr i~lg from the whole coast frequents this area In the ocealnc stage. 
This was in good accorclarlce with the assumption of a slngle spawtling 
community, viz. the spawning taking place at the west coast of Norway. 

From the discovery of spawni~ig shoals in northern Norway I must 
assume that herri~lgs develop to maturity also in more northern regions, 
and the Russian i~lvestigator S. A w e r I ri z e w (1935) has recenliy 
observed ocealllc young herring of Norwegian origin in the Rarenlts Sen. 

When the her r~ngs  have spawned on the coastal banlis they seem 
+ -  ,lnrlertake very extensive migrations 111 the Norwegian Sea. Large 
herrings have been found during the su~nrrter off Bear Islarld and Spitz- 
bergen in the North and along the northern edge of tile North Sea 
plateau and off Faroe Islands In the South, and they car1 migrate across 
the great oceanic deep between Norway and Jan Mayn (camp. S. R it n 11- 

s t r o m  1936). 



We have seen that the Norwegian herrir~g spawns and grows up 
l~long the entire Norwegian coast and 11 is obvious that the young herring 
must live unlder rather d~ss i~ni la r  condglt~ons for instance at the west coast 
and at the remotest parts of northern Norway, 

As regards the hydrographical conditioris we f i~ id  along ihe No:- 
weglan coast two water masses of different origin (fig. 11, page 89) 
narnely Atlanttc water, with salinrties above 35,O yo, and coastal water 
w ~ t h  salinlt~es below 35,O "/,,,, (H e 1 I a n d - H a n s e n and N a n s e Ii 

1909). The h t l an t~c  water passing tilrough the Faroe-Sl~etland Channel 
and the opening between the Faroes :~ncl Iceland advances through the 
eastern part of the Norwegia~l Sea a s  the Norwegian Atiant~c Current. 
The coastal water is on the whole mov~rlg along the coast of Norway, 
as a cont~nuat~on  of the Baltic Current, from the Skagerali t o  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 you~lg in~inature herring takes 
piace in the coastal water whereas the development of the gonads of 
both the oceclnic young herring as well '1s of the older i~~clividuals in the 
interim between spawning perrods apparently talkes place in Atlantx 
\bVater. 

The salinity of the coastal water is, according to H e 1 1  a n d - 
H a n s e n and N a n s e 11 on the whoie ~ncreasing along the rout ~lortir- 
wards owing to intermixing with the Atlantic water. Of the same reason 
the coastal water has salinities whtch constantly increase frolm the shore 
seawards. The temperatures of the intermediate strata of the coast,~l 
water vary very much along the coast, T h ~ s  is according to H e I1 a n d - 
H a n s e n and N a n s e 11 chiefly clue to the o r ig~n  of the waters and 
the encounter with other waters. -The waters of the Baltic Current are 
cooled to a low temperature in wintcr, and the intermedtate temperature 
found in the Skagerack In hiray is very much lower {ha11 farther to the 
west and tlorth, where the cooling in winter js much less, owing to the 
effect of the Atlantic water in the Norwegian Sea.<< 

Figur 2 deinontrates the distr~bution of the temperature in the 
intermediate strata of he coastal water along the Norwegian coast in 
spring based on obser.\iations carrted out by the Directorate of Fishery 
with the MIS )>Johan FIjortic in 1932. We see that the teenperature 
increase slightly along the west coast and reach a rnaximu~n in the 
area north O F  Alesund which is in accordance with the fact poi~lted out 
by Ff e 1 I a 11 d - H a n s e n and N a n s e 11, 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 
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values are found on the Murman Eank. There are thus rather great 
differences in the conditions of temperature at the west coast and for 
Instance at Fintl~mark and in the Barents Sea. 

Fig. 3 demonstrates the continual rise in temperature and salinity 
in  the intermediiate strata fro111 the coast seawards based on a hydro- 
graphical section carried out by the MIS >> Johan Hjortcc 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,O '/,,. 

It is thus apparent that the young herring which lives in the coastal 
wales can grow up u ~ ~ d e r  rather varying conditions along the Norwegian 
coast. The herring will also encounter quite different surrounding coil- 
ditiorls when they migrate from the coastal m t e r  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 material in order to determirre if the 
differing appearance of the r ~ n g s  can be conrlected w ~ t h  the various 
localities a t  which the herring grows up. If this is the case ~t 1s reason- 
able to assume that the varylng surrounldi~lg conditions in the area, 
the existens of which was lde~nonstratecl i11 Chapter 1, influence the 
character of the rings. Nature has  then carried out a ))marking(: 
experiment on a large scale which car1 be utilized in the study of th: 
life history a n d  migrations of the herring. 

The appearance of the w ~ n t e r  rings belongs to those characters 
which cannot be exprssed  by exact figures in contrary 'lo characters as  
for instance age, growth rate and number of Vertebra. One must there- 
fore try to find out if there exist def~nite types of rlngs which can be 
described and (defined, and IC herring Irolm different localities can be 
class~fied according to  these ring types. The classification into differen1 
ring types will of course to a certai11 degree be attached to the subjective 
elements in experience arid there w~ill be a greater or less number of cases 
where the decision must be based more or less upon perso~lal judgment. 
It is therefore of great importance in such investigations to have a good 
experience in the peculiarities of ibe scale by long contir-iued observattori. 

The D~rectorate of Fishery, Bergen, has every year collected :t 

large material of herring samples representing various stages of Jife 
From each herring have been talien scales w h ~ c h  are mounted on object 
slides with data or1 length, sex, rlpeness of gonads etc. and we have 
now records of many thousandls scales representing a c o n t ~ ~ ~ u o u s  series 
from 1907 up to the present year. Thls material has b e x  utrlis~zed fo; 



age- anld growth determ~nations but gives of course also a rich materiai 
for the study of the present problem. 

The analysis of the character of +he winter rings, presented in this 
paper, colmprises a material of about 14 000 herrings, and all the 
estiimation~s of the riri~g types are carried out by imyself. I have, however, 
ofiten confronted my estimations with estimations on the same material 
carrield out by my assistent T h. R a s m u s s e n, who has many years 
experienoe 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 
it1 the life history of the herrlng 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 fhe f ~ r s t  summer of llife have not yet got a winter 
ring 011 the scale I will begln with herring in the second year of life, 
the so called >)bladsild<<. These have the first summer zone and the first 
winter ring co~mpletely developed and the second sumtner zone com- 
menced. Then the character of the new winter rings in  the additional 
stages will be analysed. 

Small herring, 

The herrings in !Is second year of life are as  i)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 
corthern as  well as in southern Norway. 

L e a (1929 I)  has made the experience that the scales on Ihe young 
herring from northern Norway have rings which as a rule are slaarpljr 
defined, whilst herring from the southern part of the west coast have 
scales with (more vaguely defined rings. L e a (1920 11) ililusdrates the 
nature of the distinguishing peculiarities in photographs of two scales 
which, in Plate I figures 1 and 2, are reproduced frorn the paper by 
L e a. Fig. I represents a scale iron1 a young herring capturegd in fhe 
corthern Norway and fig. 2 one from a herring from the west coast. 
The scales have the first sunlmer zone and the first winter ring cleveloped 
and have nearly completed the second years sulmrmer zone. L e a has  
termed these two different scale types >>northern<< and )isoutherncc, but 
has not published any rnaterial to demolistrate the distribution of 
these types. 

After studying a large material of young herring I must agree wirlr 
Lie a a s  to the correciness of his view. The two types of scales are ;as 
a rule very well distinguished. 



Table I. Small herring l V 2  years old (Bladsild). 

S = .SouihernU N = .Northern" scale type. 

District 
S ' N S N 

1 I 
Finnmark . . . . . . . . - - 1 1 8 0 ' -  1 80 

looJ/o 

Trorns . . . . . . . . . . . - - I 5  379 38 4 3 6  53 815 I 
- I 

3,8O,o 96,2'/0 1 8,0°, 91,9°/o 6 , 1 ° / V 3 3 , 9 0 / o  1 
Nordland . . . . . . . . - - 11 69 12 144 58 409 8 1 622 - 

14,S010 86,3O/o 1 7,740 , 92.3'1' 12,4O,'o 87,690 11,5°,~ 88,5OI0 

Trondelag . . . . . . 33 58 - 33 58 
i 

36,3O/o 63,7O/o 36,3O/o 63,TG o 

More. . . . . . . . . . . . 75 141 25 20 77 191 177 
15,lQ/o 20,6O/0 79,4O/o 5 1 ,OO/o 48,1°, c 

Sogn 8r Fjordane - 168 168 22 
88,4010 1 1,6O1 

Hordaland . . . . . . . 60 1351 108 
42,6','0 7,4','0 



111 table 1 1 have give11 the results of an artalysis of about four 
thousand young herritlgs in ~lts seconld year of life captured In different 
years and in different localities. The most representative inaterial 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 (collnpare the chart fig. 1). N and S in the table 
means >)northerner and *southern<< types. 

Looking on the total material in the right column of the table one 
will find that in the tnost northern part of Norway, Finntnarken, all 
the young herrings have )\northerncc scaletypes. In the more southern 
parts of Northern Norway, Troms and Noadland, about 90 "0 also arc 
of northern type. In  the southern part of the west coast, Hordaland--- 
Hogalallld, however, Illore thtin 900!11 of the young herrings have a 
winter ring of the >)southerncc type and about the sa~nle is toulld in the 
inore t~orthern part of the west coast, Sogn and Fjordane. In the inter- 
mediate area between northern Norway and the west coast, the Msre- 
T r ~ n d e l a g  slistrict, one finds the two types more equally mixed. 

Fram this aiialysis ~t 1s apparent that the i>northerncc type of wlnter 
nngs  are formed in the coastal waters of northern Norway and th? 
, southernr< type at the west coasl. Probably through rnigratio~ls of the 
young herring a certain ~ntermtxture of the two types can take place 
which is most pronounced In the ~ntermedlate area between northern 
Korway and the west coast. 

1 will in the following desig~late the young herring with one winter 
ring- as  N, and S, which means that the herring has one winter rlng of 
respectively >>northetn<< and nsoutherncr coastal type. 

Fat herring. 

As mentioned in Chapter I the herri~lgs disappear from the west 
coast in its third year of life. In  norther^^ Norway the Inaiii part of the 
herring senlains in the coastal water through a varying nuinber of years 
and are here caught a s  fat herring. Accordiing to L e a (1929 IX), 
however, not all the herrings in thelr thlrd year in the North remain 
lieas the coast, but a portilon of them adopts all oceailic lnocle of life. 
111 the succeeding year either all the k e r n ~ l g  call disappear or the sarne 
thing cat1 happen a s  in the previous year, I. e. that some leaves, whlle 
others stay. 

The age distributron 1~1  the fat herritlg sampIes cat1 thus vary con- 
siderably and the fat herring f~sheries ~ ~ z u s t  therefore undergo great 
fluctuations, both as regards quatltity as  well as  the size of the herring. 
L e a (1929 11) writes: uFttrther, the results tend to strengtheti the 



lmpresslon g1ve1i by the s t a t~s t~cs  of the Norweglaii herrmg fisheries, 
namely that the presence of the large >>fat Iierr~ng<< In the coastal waters 
and in the .fjords ouglit not to be loolied upor] a s  something which may 
be expected every year. It looks more as if the socalled >>large fat herring 
years<( occur when the oceanic group of lieuring, or port~ons of them, 
are  driven to the coast as  consecluence of circtinlstances, which a t  the 
present ~rnornellt are un,known, or when the clepartttre from the coast in 
order to talie up an oceanic ex~stence is, so to speak, clelayed.<{ 

0 t 1 e s i a cl (1934) is also of the oplnloli that the fat herring stocli 
ii? the coastal water (may be of a complex nature in the sense of beiiig 
composecl of both coastal h e r r ~ n g  and of ilmmigratrrig oceanic herring. 

Also at the west coast, where as a rule no fat herring fisheries 
occur, fa t  herring shoals can be fotttid more occaslo~lally probably 
conseqt~ential of i~lii i l igrat~o~l from the ocean. 

I a  table 2 (page 24) 1 have given the results of the analysis of 
immature small ancl fat herring ,frolm the coastal water arraiiged 
according t o  locality of capture in three reglons: the west coast (Roga- 
land, Hordaland, Sogn and Fjordane), the M~re -Tr~nc l e l ag  ancl th? 
northern Norway (Norclland, Troims, F~tinmarlieti) . The material repre- 
sents the summary of observatlo~ls 011 saiillsles from some differe~lt years. 
In nature the sriiall herring in their second year of life (bladsild) ofteii 
form pure shoals unlin~xed with other year grottps bul they can also 
be founcl lnixecl ejther wit11 herrings in their f ~ r s t  year (mussa) or will1 
fat herring. The ~materiall of >>blaclsilrl<< in the table is taliell ma~illy 
from pure shoals in the autvrnn wlieii the herring had reached an age 
of about I$$ year. The shoals of fat herring in the present material are 
coimposed of ind1\7icluals of different age, fro-tit the west coast 2112-3' 2 

years, from the Mare-Tronclelag 2y2-4y2 years ancl froni ~rorthern 
Norway 21/2-51;2 years. 

In table 2 are represented thus young iimmature herrings froni 
coastal waters with one lo five winter rings on the scale. 

I will at first discuss the appearance of the winter rings and the11 
.the distr~butioti of the different scale types in the various regions. 

As previously nieritioned one finds 'that the >>bladsild<r with 011.. 

~liiilter ring on the scale represents two different types clesignatecl ;is 
S, and N, with respectively one >>southern<< and >>~iorther~l<< coastal 
\\liiiter ring. The 21/2 years old herrings are ill the third veri~cal co~lumn 
oi' table 2 uticler the heacl >>Scale type<< represented by fotrr different 
scale-types. 

The two types desig~iated as S, and N2 have winter rings of exactly 
the same appearance as the types S, and N, the o~i ly difference being 
tlqat now two winter rings are fornied instead of one. The identicc!? 



appearance of the t w o  rrr-rgs 111 each scale type seetiis to indicate that 
the herring has lived un~cler the same cond~tions i11 the two winters when 
the rings were Sol-med. 

A s  regards the two types cleslgnated as  S , -, and N I -, the first 
inner winter rings IS of Ihe i?sotrtherncc or ??northerrtcr coastal type 
respectively. The seconcl ral~g IS, however, of the same appeal-ance tn 
both scale types ancl represents a quite new type which can1101 he 
~dentified with the rtngs formerly found. 

Especially it1 ihe scale type N , , the cl~ssilmilarity between the 
first sharp ?>northern<c r lng a~icl the outer ring of the new type is  very 
pronounced. The ouler n n g  1s broacler and more unc1efi:led a s  if clrawtl 
with chalk and rernincls of the winter rings or1 the scale of herring from 
Irish waters a s  ctescnbed by L e a (1929 I) .  The fig. 1, Plate I11 
illustrates the difference between the >>northertlcr coastai rings ancl the 
ring of the new type. 111 this case we find three inner sharp  ??northern 
ri~lgs,< atlcl a fourth less ~cl~efitlecl outer ring ( N  , --, ), but ~t is difficult 
to  illustrate the chc.,ractenst~c feature of the ring in a photograph. The 
difference between the ??southerrt<c coastal ring an~d the outer r ing of the 
new type is less apparent, but the difference is  enough pro~lounced to 
allow a separation of the two types of rings. While the vague~ly defined 
?\southern<< coastal rt~lg frequently 1s coimposed of several thin lines and 
present the appearatlce of double or manifolcl rings the other type mostly 
evhibits a more well ldef~ned ring, but with a broacl ushadow<c. The 
latter scale-type is illustrated 111 fig. 1, Plate I1 (S , ). 

When one iiow will try to form an op~ilioii of where this ring of 
the new type have been fortned, a ~ i d  which was not present in  the 
,?bladsild<r it is an obviotrs conclusion that this ring has been formed 
in another area that1 Che coastal rings. I t  is then near a1 hand to think 
of the open ocean and assume that this ring has been formed under 
Atlantic conclitions. A proof on the correctness of this view will be given 
in the a~ialysis of the rec ru~t  spawners. This is alslo in good accordance 
with the suppostl~on t~le~lt~onecl above that the fat herring shoals are  
composecl of coastal and ocearllc herring. i will1 therefore call this new 
type of wlnter ric.9 ??oce;tnicc( The s~nlilar appearatice of the ?ioceanlc 
rings at the west coast wtth those 111 northern Norway in coiltrast to the 
, coastal<< rings also spealis for the su l~pos i t~on  that they are forriled In 

Atlantic water wliere the co~lciltions are more constant in the whole area 
than in the coastal water. 

The types S , +, and N -, would thus accorcli~ig t o  the above 
~nterpretation of tile ring types mean that the herrings have livecl ir i  
southern or northern coastal waters during their first winter, then they 
have migrated into the open ocean ancl llvecl uncles Atlantic co~lditions 



during their second w~nter.  At the end of the second summer they have 
immigrated to the coastal water. The herring of the types S1  and M, 
have lived both winters in the coastal water. 

When the young herring IS character~zed by scales wlth ?)southern 
coastal<<, >>northern coastal<( anid >>oceanlccc winter rings one may expect 
in he r r~ngs  w ~ t h  1-6 winter rmgs 42 drfferent comblnatiot~s of these 
three types of rings as shown In the presenl schedule. From table 2 
cne sees that all the supposed scale types are realized 111 nature in 
herring with 1-3 rings on the scale. Young herrlng older than four 
years with only ?>southern coastal(< winter rlngs are seldolm found, and 
the highest number of this type of rings met with in the material is three 
ones. The ,>northern coastal<( rings are, however, represented by n 
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 1, e a that the 
young herring leaves the coastal1 water earher at the west coast than in 
northern Norway and that the oceanlc stage lasts from one to three years. 

I will in the following discuss the distribution of the dl~iferent scale 
types in the fat herring shoals from the three regions, the West coast, 
the Msre-Trondelag and Northern Nlorway as show11 111 table 2 
(page 24). 

As already ~lze~l t~oned the herrings with olle wlrrter ring a t  the west 
coast are represente~d by abottl 92 Ole of irld~~viduals wlth  southern 
coastal(< ring, and in northern Norway by 92 (I10 of lncliv~duals with 
>>northern coastal<( nng .  At More-Trsndelag both types are about 
equally represented. 



In the fat herring shoals from the west coast one flnds among the 
herrlngs w ~ t h  two w ~ n t r r  rlngs 81 010 w ~ t h  one or two ))southern(< sings 
(S total) and aimorig the herrlngs in the fourth year of l ~ f e  with three 
w1ntt.r r lngs 69 % wrth ))southern(c scale type. The rest of the herrlngs 
has  one or more ))northern coastal(< rings on the scale. The mater1,ll 
shows thus an Increasing relativ number of ~northerncr scale-type wtth 
111creaslr1g age whlch seems to lndlcate an im~rn~gra t~on  of herring of 
imore northern orlgln into the fat herrlng shoals a t  the west coast. 

The malorlty of the fat herrlng at the west coast have scales w ~ t h  
one or Iwo ocearjic rlngs lndlcatlng that they have adopted ail oceanic 
mode of l ~ f e  which may (have taken place 111 the seconcl or thlrd year 
of life. Due to the certaln c~rcuinstances they have now again appeared 
at the coast. I t  cannot be declided ~f the herrlngs w ~ t h  coastal rings only 
(SL, N1 and S,, N,) have remalned the whole time In coastal water or 
have jlolned the other herrflngs 111 the open sea in thelr last sutmlner of 
life ancl then immigrated to the coast In company with the ))oceantc< 
I-icrr~n~g in the autumn. A s  regards the herrlngs of northern origin, 
however, ~t must be supposed that they have left the northern coastal 
waters In the last summer and jo~necl the southern fat herring shoals. 

In northern Norway the herrlngs 21.1 years of age have about the 
same relatlve number of ))northern(< and )>southerncc types as  the one 
year younger ))blaclsil~de. The relatlve numiber of herrlngs wlth one or 
iwo i)north~erncr wlnter rings IS about 90 O/o. 

Of the orlglnal types in the zbladslld<< (N,  and S,) some herrlngs 
111 the third year of l ~ f e  have got one oceanlc rlng ( N  -, anid S , ), 
but ihe majortty has  remalned In the northern coastal water also 111 the 
S ~ C O I I ~  winter (N1). The individuals of the type S2 must have emigrated 
froin? more southern parts of the coast In the t h ~ r d  summer In the same 
manner a s  the )>bEads~lcl<~ of the type S, was supposed to have migrated 
northwards In the seconid sumimer. 

Ainong the herrlngs 3'/r years old 111 the northern fat herrlng shoals 
the f ~ s h  w ~ t h  ))southern<< scaletypes have decreased and the >northerncc 
iypes have here a relat~ve value of about 97 O/o. Of the 2'2 years old 
h s h  with two northern coastal rlilgs ( N 2 )  some has now got an >)oceaixccc 
r ~ n g  (N , + , ) but the major part has remained 111 the coastal water 
cllso 111 the thil-d wlnter ( N , ) .  In the fifth year of life the flsb with 
i.southern<c scale-types have pract~cally dlsappearecl from the northern 
shoals and the 51. years old herrtng In northern Norway col~sisl or' 
4 0 0 ° / o  >>northern<< types. The most of these her-r~ngs have lived 111 t l ~ e  
coastal water in a11 the five wi~lters (N  ) .  Herrings more than 31 2 yeaIs 
of age in fat  herrlng shoals are, however, rather ~ilfrequent and are only 
tou i~d  111 more northern waters and here not regularly each year. 



At the coast of Aif~re--Tr~ndelag, where >)blaclsild<< of ~northern.c 
and ?)southern<< types were equally represented, one find that tbt 
) iiortherricr types also increase with increasrng age anel the 4' Li years 
o:cl herrings are coliiposed of almost oilly ~)northerncc types. The most 
of these herrings have got one or two ?)oceanic<< rlilgs which iildicatc 
iliat they have inacie Illore extensrve 1iligrations in the ocean 

On  basis of the proof glveil by the analysis of the ))bIadslldc that 
:be ??~?orthern<< riilgs are forri~ed in the coastal water of riortheril Norwrty 
a i ~ d  the ~sotttherncc rings at the west coast, and of the prelimi1lar~7 
assulnption that the ?>oceanic<< rlrlgs are  fortlied 111 the Atlantic n~a te r  
of the open sea, we call thus read the fate o f  each r~ldiv~dual  111 the fat 
herritlg shoals. 

We have seen that the youilg herr l t~g leave the coastal water at 
various stages of age. At the west coast they dissappear as  a rule after 
the first and secorlcl witster and fish wrth three i?sottthern coastal<< wlilter 
rlngs are selctolll encountered. I11 the northerii Norway they 11lap leave 
the coastal water ln the second to  Ihe sixth o r  seventh year of llfe. In 
ihe first period of oceanic life sorllc of the herrings rnc?y rema~n not far 
froill the origi~lal growth places at the coast and can in certaitz seasons 
of the year lrninigrate t o  the coast a ~ i d  participate in the formation O F  
the coastal fa t  herriisgs shoals. Others of the oceanic herriilg may 
carry out more extended migrations and ill (his manner herring of 
northern origln can join southern shoals of young herriilg 

The oceanic intermediate stage. 

Already G. 0. S a r s  (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 t o  ~rrature spring herring. 
When the method of age determinatiotl was liiltroduced in the herring 
investigations this assuinption of S a r s was  confir~ned. 111 the first 
period of investigations it was  supposed that the transition frottr 
immature fat herring t o  mature sp r i~ lg  herring was  direct and of shorl 
duration. L e a soon recognized, however, that this assu~nptioll did not 
harnlonize 1vel1 with the observat~oris on agP, length ant1 the growth 
hiistory of the two groups. L e a (1929 11) writes: ))The fact that the 
individuals composing the shoals of young herring present along the 
coast are too young, too si~lall and too little sexually developed for the 
; cci uit spawners to be derived directly therefrom, cannot be properli, 
understood save by assuming that the recruit spawt~ers come from 
group of the Norwegian race of herring, which is neither usually 



observed 110s gives rise to a coastal fishery. The cotlception that tl-ie 
herring during their develol~~~letlt  to sexual maturity pass through an 
oceartic i~lternlediate stage arose as  a natural consecluence of the 
~~bservatiotlscc. 

By comparii2g aoct combining observations 011 the adalt s!,awnin,g 
herring a~lci the i111111at~tre fat herring 1- e a cotllcl in 1924 clraw up :t 

description of the characleristic features of the herring in the inter- 
riiediate stage before a single sail~ple of herring from the supposed 
oceanic group had been subjected to examination. 

Not till the surnrner of 1927 L e a  got  an  occasion t o  lliake 1i1015 

complete observations. >>Along the coast in the neighbourhoocl of Bey- 
gen various herrirlg appeared which the fishermen had difficulty in 
classifyirig atlloiigst their )~~ortscc of herriiig. For  the lime and place 
the herr i r~g were large and the condition of sexual organs varied greatly 
fronl herring to  herringcc. A.n atialysis of samples fro111 these shoals 
showed that the herring- had those very featttres which were to be 
expected if  the premisses and assumptions as  to the ocea~lic stage were 
correct and the existence of this phace in the life history of the herring 
was thus confirmecl. 

Throt~g11 the herring was found close to the coast L e a assumed, 
owir?g tcr the inh-equent occurrence of this group of herring in thc 
coastal waier, that they regularly are distributed in the open ocean. 

In the vertical COIUI~YII farthest to the right in table 2 1 have given 
the results of the analysis of the scale types of herring in the oceanic 
intert-i~edlate stage. The m~te r i a l  co~riprises samples from 1927 conlpleled 
with samples from shoals which occasionc?lly h a x  appeared at the west 
coast in later years. 

From the table one Ei~lcl as  t o  the age composition at1 apparerti 
difference between the shoals of herring in the oceanic intermediate siagc 
and the ynung herring corn:notlly met with at the west coast. As 
mentioned before the ilnmature herrings in the southern coastal water 
represent rather young age groups. The group of herring in the inter- 
mediate stage, however, is coinposed of six age groups representing an 
age fro111 1% to  614 years ancl reniincls in this respect of the shoals 
of northern fat herring. 

In regard t o  the scale types one fir~ds in the intermecliate staqe the 
s;lnle types a s  in the fat herring shoals represet?ting herrings wit!? 
southern o r  northern origin which have lived one to three years in th? 
ocean o r  which not till the last sumnler have left the coastal waters. 
'To lay stress on the oceanic inode of life in the aefinitioii of this g ~ o u p  
of herring and call thein >>oceanic(< youilg herring in coritrast to the 
coastal fat herring as  often made by L e a is not very striking. As \sic 










































































































































































