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Introduction. 

lie propramills of the lnterantioi~al study of the Sca has dnriag the T last years talcell up the study of the natural history of the herring. 

l'liesc investigations are in cllarge of the Tilternational comnlissioil A. 
%'I10 study of Herrirrgs has prese~lted coilsiclerable difticulties, especi- 

ally in 17egard to methods. Notnrithsta~~ding the escclleilt preli~ninary 

works of Prof. HEINCI~E it was therefore considerecl necessary to under- 

take sortie investigations in order to attain methods for a closer descriptioil 

of the different herriag tribes and their habitat in the oceans. 

These prelimil~ary i~irestigatioils have clliefly bee11 elltrusted to the 

case of the Xor~vegian Fisheries investigatioa. 

During the cruises of the ,,Jlichael Sars" a, collsiderable amorult of 

mate~.ial was collected from various parts of the Nortli Sea, partly in 

order to describe llle herri~lg tribes of ~vhicl-1 Prof. HEINCIW ]lad oilly 
had ;G limited material, partly to define the distribution of these tribes in 

the No~tl i  Sea. This material Ilas beell treated by Mr. H ~ ~ l r ~ n r ~ i z  BROCFI, 
who subsequeiltly publishecl a paper in the Bergcn museum Aarbog. 

,,Nor~iegische Herin ysuntersucl,l~~lgei~ ~v%hrend cler Jahrc 1004-1006. 

Uilsere Heriagsst&mmc U I I ~  ihrc TT~anclei~~111gc11". 

While treating this material, Mr. Bsoori observed, that the scales 

of the herriag are cscelleilt for the purpose of detc~.ininiilg the age of 

the hcrring. 1 find llomever that F. il. S~IITT was the first who noticed 

a coil~lectioil between the scales of herrings aail their age. 111 Iris 

,,Skandina~~icns Ir'isli-ar" ~ublisllcd a t  Stockholtn in 1895 he gives on page 

957 a clcli~iiatioil of a herring scale accompailied by a short clescriptioi~ 

\vherc he l~te~ltiolls the co~lcclltric rings which he regards as lines dcllotilig 



an i~lterruptioil in the growth of the fish. The question arose, if the 

further study of the scales might lead to methods employable also for a 

description of the different herring tribes. As Mr. BROCII, on accouilt 

of other occupations, had lo discontinue his iavestigations, wliicli I have 

Iiad Ill e opportunity of coiltinually foll o~ving, tllc worlr was coiltiilued 

by me. 
The followiilg paper mill shortly deal ~vitll the main resnlts, which 

1 1la1.e been able to attain, and which may be sulqosed to be of special 

impol.tance to tlic methocls for lierriilg iavestigatioti. 

LZ con~pi-chcnsive, inore spccial descriptioa of the different Iierring 

tribes atld their iiatnral llislory inust be l~ostgoned for a latcr publication 

~vhich probably will appear in the reports of The lilternatio~lal Commis- 

sion A. 
I3eforc closing this paper I wish to exprcss my thaaks to those 

geiltlernen 1vlio have Bii~dly rcarlci.ed assistance to my work. Dr. REPEICE 
of I-Tclder, Dr. C ~ A ~ S T A N ~  of Lo~vestoft anil Dr. HOLT of Dublin I~avc, 

upon the request of Dr. f l ~ o n ~ ,  convener of thc liitelnatiol~nl Coinmitlce 

A ,  beell lcii111 eno~igh to procure matcl-ial r'rom Dutch a11d British coasts. 

To all these gciltlemeii I wish to forward my best thanks. 



Some preliminary remarks on the structure of the scale. 

he scale of the lierring consists of an obloilg irregularly elliptic aiid T traasparent plate. 

The anterior part of the scale, ~irhicll is concealed in a fold of the 

skin, has on the outer surface a structure, characterised by a number of 

fine transversal ribs or striae. 'l'hcsc ribs start from an irregular mcciiaii 

line and run ~vitli slight brai~cliings aizd irregularities out tomarcls the 

margin of the scale. (See Big. l). 

l'his striatecl structure sucldenly ceases along a transversal, some- 

what curved line, which I mill term tlle base-line, a little behiad the 

ceiitrc of the scale. Tlie posterior and exposed part of the scale is ir- 

regularly oval or sometiiiles triaiigularly shaped, with a frayeil post- 

erior cclge. 

111 the anterior striated part of the scale me will, according 1,o the 

size of the fish from ~ ~ d ~ i c l i  the scale is talccn, clearly distingaish a ccrtaiil 

~luinbcr of narrorrr collcci~tric rings, starlii~g lilic ir~.egular half-circles 

froin tlie base line. 

TTThca csamincd with a weal< lens (Zciss loup 10) tllese narrow 

rings mill, if strong light is permittctl to pass through the scale, apllcar 

1nol.e trailspare~it than the other parts. In  su~biluccl, or slightly reflected 

light, they appear darlicr than the striated parts of the scale. 

These narrow half-circular riags, of somewhat irregular outliae, 

divide the scale into a lluinber of areas. Thus in the centre tlierc is a 
half-circular plate limited by tllc base line avrd by a narrow half-circular 

ring. The11 comes a broader horse-shoe sl~aped belt, f'ollo~i~ed by a narrow 
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transpa~.eiit ring: then agaia a silililar horse-slioc shaped belt, wliich is 
succeeded by allother narroltr traiispa~*eat ring; and so forth accordiilg to 

the size of tlie inciividual fish from ~vllicb the scale is taken. 
Tliese narrow traasparent rings represent tlie pliysiological ~vinter, 

and the bl.oacler less-traiispareat nr-cas the physiological suriimer growt1i.l) 

Tlie central plate with its winter-ring and tlic succeeding horse- 

shoe formed areas with their vintcr-rings thus represent, annual rings; 

Fig. 1. Herring .Scale. 

aiid by couiitilig the i~umber of such annual rings coiit,aiiled mitlliii the 

area of the scale, the age of the fish can with some limitatioiis be 

determiaed. 

'L'he ailalytical results det;~ilccl in the followilig cl~a1?ters f~~r.aisli in 

my opinion tlie most conclusi~re proof that this intcrprctntioa of the 

scale is correct. (See Figs. 4 and G). For thcsc plainly show that the 

l )  Tlie terllls w i n t e r  anti s u i l ~ ~ i r e r  lrence fort,ll used in  tiescribing the struct,nre 
of the scale tl~os denote p h y s i o l o g i c a l  \ \ , in\  e r  and sanimcl . .  
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ananal rings are acldcil to regular81y, to a clegree parallel to the size and 

t1lercfot.e to tlie gt.o~vt11 ancl age of the ind i~ iduds  from .vvhicll the scales 

are taken. 
A n  esainillatiol~ of iadiviilnals a t  iliffercnt seasons f ~ r t b c r  sllows 

that llle broad semi-transparent liorse-slloc shapetl belts 01. areas are 

formctl during surilurer n11d tlie narrow transparent rinqs dnriny winter. 

'I111e following di.aminqs mill to some cstciit illustrate this. 
I11 Fig. 2 me see the mayailied margin of a scale from a herring 

take~l  011 3rd Marcl1 1807. 'L'he dra~viring represents n period incl~iding 
the wititer of 100(j- 1907, summer 1906, rnintel' 1905 - 19'36 anil 13121't 

of the sumInel~ 1905. TVe l ~ e i ~ e  see t,hat the  inter is characterisecl by 

Fig. 2. Blargin of scale in winter. k'iy. 3, Alargni ot' scale in sumnirr. 

a cessation or lninimum of gro~vtl~.  'lllle regular striation cllaractcrising 

the summer stops nearly abruptly, allcl leaves the rim of the scale alinost 

cluitc blank: during winte~.. 'Clie sbructu~.e of t,he previous winter shows 

tllat the striation is liere b~*ol<ell besides being ~nticlr illinnet. nnd more 

irregular. 11s tlic area of tlie scale expallds in the beginning of summer, 
tile strialion passes, in thin and irl~egiilar lines, over the blank rim of 

the scalc. 'l'lien as smnmer advalices the regular ero117tli of the striation 

follo~vs the expai~sion of the scale: and nn e~arnination of scales talcell 

during slimmer shows, that this striation genernlly extends to the very 

rim of llie scale, as depicted in Fig. 3. 

Sornctiines 11ov7ever we find in summer also a very narrow blanl: rim 

on tlie scale: or parts of the riut may be thin and faintly striated and some- 



~vhxt  ressembliiig tlie strong blank ring of winter. Wllethcr this pheno- 
nlenon is caused by an intermittent or irregular gro~vtli producing a faint 

accessory ring during summer like those foi3ineil in tlie otolitlis of plaice 

and cod, I cannot at present determine. Certainly such accessory rings 
have been observed in the summer-belts on some herring scales; and 

they are easily to be disti~zguislred frolzi genuine ~~~ii-~tei~-rings. being 

exceedingly faint and imperfect. 

The greater transparency of the f~11ly forlned winter-rings, \v11icli 
is so easily seen with a weak lens. is thus (as an csamination with more 

powerful lenses will s l~o~v)  to soinc extent to be :~ttributed to tlie ir- 

regularity anil faillless of tile striation which passes ovels, as the summer 

growtll of the scale begins. 

The part of the scale t l ~ a t  is formed clmiilg winter is also evidently 

thinner than the nreas formecl c111ring summer; and from certain a n ~ l e s  

of vie~v a slnall groove may be observeif in the scale coincident wit11 the 

tviizter-ring. 

It is impossible at present to exactly fix the tiine for the corn- 

ntencerrieilt and cessation of winter and suiinncr g r o ~ ~ t h .  On the one 

hand individnal variation may here exert consiclerable inflironce, and on 

the other lland cli~natic conclitions and geographical situation \\rill pt*obably 

be found to affect tlie begiilning of summer and xvinter qro~vth to son~c 

degree. The inaterial in my possession lras not been collcctcd -\\Tit11 a 

view to elucidate this point and accordingly does not admit of any attempt 

to settle such a cluestion finally. I will merely meiztio~i that the scales 

of yoimg itnmatrlrc lierring froni Bcrgen in tlie middle of i lp~*i l  sliowecl 

the formation of a new summer-belt and that the progress of the for- 

mation of this belt has bccn followed until May. A t  the same time 

examination of large spalvners which vcrc found up to the middlc of 

May sl~o~recl that tlie scales of these fish had not yet commeilcecl to form 

a new smnmcr belt. 'Chese facts seem to indicate tlrnt tlie corntnencc- 

milt of growth is del~cndcnt lrpoii age as well as on the state of sexual 

organs, ancl tlint the spawning process possesses the polver of length- 
ening or assisting the conditiotls that give rise to the peculiar minter- 

rings of the scale. 

That the spa-wninq process is itself the main cause of the winter- 

ring is clearly disprovecl by the fact that individuals, ~vllicli Iiare never 
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been sexually mature, dso  possess the ~vinter-rings even from tile first 

winter of the scale's existence. 

It will be both intercstii~y and instructive to stutly the precise natnre 

of the ero~vlh of the scale and the stractural differences between summer 
anil wiater growth fro111 a liistological point of view. 

It  will also be necessary to study the precise moment ~v11eil summer 

growth begins and ends in tliflerent localities and for the dili'erent ace- 

qroups, as well as to investigate tllc deeper pliysiological canscs of tlle 
stagnation and rcvil-a1 of grolvth. '1'0 these important cluestions I hope 

to be able to return, as 1 get tlic necessary material. 
A t  the present time I-~owever I consiiicr, that by cml~loyiiig the 

scde test a suflicieiltly correct idea of the age ant1 g~*ornth of llcrrir~gs 

in ililTerent portions of the sea can be obtained. 
" In  hcniny which spawn in spring the scale is for~necl d ~ ~ r i n g  tlle 

first summer of thcir existence, and the aumber of ivinter-rings will thas 

enable us to deternli~le the number of ~vinters during ~vhich they have 

lived and coiisec~ncntly to (lecidc theii. age wit11 more or less accllracg 

corresponiling to our li-nowledgc of tile duration of tlic spa~\vi~ing season. 

T4'l1cn herring spa~vn during autuin11 tllc question becomes a little 

inore con~plicated. I11 the first place does the .,physiological" winter of these 

he~*i.iiigs, ~vhiclz qives rise to the winter-ring, correspond to tile winter 

of thc dmanack? 

?'he question may bc ans.cvercd in this way, that the scales of 
autumn-spa~vni~~g hemings from the uorthcrn portion of the North Sea 

iiuring tllc sumcnel. months, TITI~CII tlle sexual ol*rans are developing, slio~v 

a distinct stuniner growtli: a1111 that scales of spent hel.rings from the 

Skagcraclr in winter sho1v stagnation. 
The winter of the almanack and the physiological winter of the 

adults are thus evidclltly to soinc extent parallel. 
'Cl-re young of the autumil spamners pass the first x~~iiiter of their 

existence as very sinall fish. The probsbility is that the great majority do 

not get their scales xullil the nest summer. A t  least I founcl, clrrring 

tl-te cruises of the ,,Michael Sars" (in March 1004) on the Jutland Bai~k ,  

yorul~ herriilgs 4 cm. long, ~vll~licl~ clid i ~ o t  possess any scdes whatever. 
'I'liis s11on.s clearly, Illat a coiisitlc~~able pl.opol~tiun at any sutc of 

' 2 
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the auttunn spa~vnitig herriligs will be about Illz years old, mheii the 
formatioll of the first winter ring is completed. 

Tliere is of course the remote possibility, that some of thein in 

ccrtaili parts of the North-Sea may get the scale in the first ~viater, and 
~llitil this poilit has bee11 thoro~~ghly ili~cstigated it will of course be a 

source of sornc uncertainty. 
Tlris uiicertaiiity is however greatly cliiniiiishcd by circumst,znccs 

~irlrich will later appear; and in most cases the age of the autumn spam- 

iiers or at least the nortl~crn types, call be arrived at tile sainc inanlier 
as the age of the spring spamers,  if me only rcnicmber to colisider tlie 
f i ~ s t  xvintcr ring as rcprcseilti~lg Illa or l'/* years. 

All these scales of the same ilidiviclurtl are of the same age. T i1a.i.e 
repeatedly eompared scales tal~eii from differcat parts of the body of the 

same herring aiid al~vays, excepting regeiicrated scales found them to 
possess the same iiuinber of annual rings. The sample af scales for 
exalniiiatioli inay thus be taken aiiy~i~lrere aloiig the body of the fisl~. 

The sinall scales of the tail o~~g l r t  to be awoided, especially in large 
fish, as their miiintencss relidors the csainination Inore difficult. For 
examiliation I prefer tlie scales on the forellart of the side of the body, 

because they are the 1argest.l) 
They are in maiiy cases easily examined wit11 a pocket lclis - a t  

least tliis Iiolds good up to 4-5 years old. Zeiss dissectiiig microscope 
wit11 lens 10 or Zeiss microscope with Oc. I1 ancl lens a l ,  arc quite 

sufficient as a rule. Only in very few iiistaaces will a more po\verful 

leiis be of some service in disti~ig~~isliiiig very fine rings in the scales 

of old fish. 
Up till the 10th or 11th year the ~riiiter rings may as n rule be 

read off with absolute certaii~ty. After that it often becoiiles itnpossible 

to distinguish bet\\rccn tlre rings witli the same degree of certainty, a ~ l d  
I have liad in such cases to note tlie iit~lnbers of wiiiters ~vllich Z could 

I) Occasioilally we find scales ~vl i ic l~  are m~fi t  for esa1uina1,ion as t o  age. These 
seem to be scales which once have been lost and regenerat,ecl. Tliey are characterised 
by the possesion of a large cent,ral area of irregnlar nail blurred strnct~irc, mliicll 
seenis t,o correspoiid of tlie area to t,lie lost, scale. Fvoln the first winter after regene- 
ration the structure becomes quite regular, like that  of tlie other scales of the same 
iailividnal. 
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plainly see, ririthout beiilg quite sure, that there so as not really one 

rvinter more. 
The scales talien for cxaminatioll hare been placecl in small enr~elopes 

and clried caref~~lly, away from stroiig artificial heat. 

I t  is easy to examine them, ~vhen they have beell softellet1 for a 

molllent in r\ratcr. 'I'hey call be eleai~ed quite qniclily either rvitli a small 

brush or by ineans of a pair of tnreezers ailcl the fin~ers. For l x g e  scales 

I prefer tlie latter methoil. Duriug examination under the lens the scales 

should be co~~ereil  1vit11 a lager of nrater, or water ancl glycerine. 
A mixture of gelatine glycerine sterilized ~vitli carbolic acid is es- 

celleilt for iinbedding samples for filler inicroscopical esainin,ztions. 



Chapter 11. 

Analysis of age of Norwegian Spring Herring, 

11 l!Iarch 1007 I visited tlic great Sprillg Herring Fishery, which aii- 

mlally takes place in the neighbourhood of I-laugcstuld. 

On tlie 11th and 12th of March T procured 3 diiYereiit sainplos of 

licrri~lgs from localities, ~ ~ l i i c l i  arc several miles distaiit from oiic another. 

They mere all taken in seines of a inesh close enough. to retain mucli smaller 

l~errings. All were, ~vi th one esccption (an illclividual of 22 cm.) sexually 

mature; bciizg either ready to spa,~viz, spawaiiig or i11 few cases just 

spent fish. 

The samples vere  : 

Sample I. Pro111 seine, Vespcstatl, Bo~ninclo . , . . . . . . 375 lierriiigs 
- 11. ,, Purse, scino Gl;jeituug, Uumrnelo . . . . . . 275 - 

-- 111. ,, seine, Espeva3r . . . . . . . . . . . . . . , . . . 
1 

These sttnlples have been scparatcly subjected to an analysis of size 

a ~ i d  age, determined by tlzc iiumber of ananal rings of tlzc scale. 

Thc aggregate results obtaiiied by this aiialysis are detailed in the 

followii~g table. Thc scales of the lish liad it11 their last winter ring in 

the margin and as the indi\riduals were spawiziiig tlzcir age ill years is 

clctcrrniiied by the ii~unbcr of winter rings. 

It will be seen, that their age ranges from 3 gears to at least 1 4 .  

As I have previously rcrnarkecl, tlze counting of tllc ~vinter rings (for 

reasoils before meationed) becomes inore difficult from the 10th aiid 11th 

year oii~vards, and thcrcforc we caii~iot entirely trust tlze aceurary of the 

figures for the years from l1 to 14. The figures oiily denote tlie iiulnbcr 

of ~vintcrs, ~vhicli could be seen with certainty. 
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By means of tlie figures in tlie above ment,ioaed table the follo~ving 

cliagrains have bee11 constructecl. 

Fig. I sho~vs the average length of the fish as a f~uictioiz of age. 
The slnootli course of tlic curve inclicates of accuracy of tlie method. The 

very sillall irregulal.ities of tlie curre are probably chiefly clue to inaccu- 

racy in the nieasuriag of tlic incli.i~id~~als (fractions of centimetres being 

noted as nearest ~vliole ntunber). 

Fig. 5 slzo~vs tlie izrrmber of individuals as a fr~nction of age, males 

and females separately alzd taken together. The proportio~zs of inales to 

females ia the agregate is nearly etpal, the xvliole sainple colitaiiziag 468 

inales to 156 females. The tliagraln lio~vever shows, that among the 

Years 

young spring herrings tlie males ontaui~iber tlie females and that among the 

older fish tlic females become more numerous j i i  pt-oportion. This may 

denote that cleat11 occurs earlier among tlic males, or it inay also delzotc 

that the females do not ijartake in the spawning so early as the males. 

'rhe male alicl female curves, as ~vell as the aggregate curve plainly 

sho~v, that tlic iiuinber of iizclividuals of cliffercnt ages varies greatly. 

'Chus tlie iudivicluals 5, (i and 7 years old arc less iuixnerous than 

the 4 year olds, ~vliilc thosc of 8 years are nearly 21,s numerous as those 
of tlie 4th ycar. This circumstance alone seems to exclude all possibility 

of using the present inatcrial as a inealls for calcnlatiag deatlirate or even 

tlic relative duration of life of the S~rii1g herriag. 

E~ iden t ly  rariatiolis of very great iliomeizt are bouiicl to occur from 
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year to year in the number of indivicluals of any given age ailcl the 

nature and scope of these variations will forni an importailt snbject for 

futnrc investigations. 

Fig. 6 represents a diagram sho~vinq the sizc, age ancl numbers of 

thc incliviiinals coiltailled in the whole sample, denotc(1 by curves cal- 

culated by means of the figures ia table l. 

Besides the variation in sizc compared with age, nre also here iiotc 

thc same facts, ~vhich were sho~vii by tlie diagram in fig. 5 .  

Fig. R .  

We see the irregularity of the nmner~ic relstioiis of the different 

ages and also note that Ihere is an iri2egul1arity relating to size parallel 

to the lluineric irreqularity. See for example tlie curves for tlie 7 aiid S 

year olds, ancl also those for the 8 aiitl 9 year olcls. 

The facts sho~vn by these curves seem on tlie ~vhole to iilclicatc, 

that the life history, the s~~rrounclings aiid the growth of the differcut 

year-groups and even of the i~lclivicluals of t,llese groups must have been 

very ~rarying. 

TVl~ea iucli~vidnals for iiista~iec of 28 cm. leiigtlr inay be 3, 4, 6, G ,  
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7 or 8 years old, ~vlien a herring of 32 cm. may be from 5 to 11 years 

old, it seciris safe to conclude, that snch individuals have lived under 
highly varying circumstailces and coaditions. 

The general value of the facts sllomil by the an,zlysis ineationect 
naturally depends on the sufficiency of the material. Is this materin1 

sufficient anil to what exbent may it be consiclerecl as reprt?scntati\re? 

Total curve 
924 Herrings 

Fig. 6. 

'rlie spriilg llerriiig fisheries last about 2 or 3 llloilt,lis and take placc 

on a stretch of coast illore than 100 iriiles Io11g. It is t,hcrefore self 

eviclerrt, that it is iinpossiblc at the present inoinellt to consider my sainples 
as eiitirely rcpresctitati\~e of tlie \vliole Spring Herring tribe. Many more 

invcstigatioas have to be carried out, before we shall be ill n positioll to 



determine lros~ rnucll materid nre need to obtain a represelltatire picture 

of the herring as a ~ ~ h o l c .  
As illustrating our lnetllod honrever it is of interest to csainiilc 

how far the sufficiency of rriy present tnatcrial yocs. Lf n.e csnsi(1er the 

3 ciifl'crei~t samples, of wllich the total results arc compounded, n.e sllall 

sec, tliat the above-meniioned chnracteristics are to be rccogi~iscd also in 

cacli of Il~ese. 

'Chus the 1~rcdominnnce of youn? ~nales n~lil old fcmnles found ill 

tlre aggrcq:~te nilalysis is plainly seen hy nn esainiiintion of peneentnye 
of males of i1iKcrent age in tlle 3 sainplcs. 

3  1 4 )  5 6 7 )  R !  LI 1 0  I l ) l 2 ) 1 3 1 1 4  
-- - -- --p --p-p p p p 

"I,! d "10 8 o l o  8 "I,, d O!o d "!l1 dl"!,, d ) l , !  d o!" d "l,! i l " l o  d "1, c7 
--p -L -p- P 

- 

! i i l l l I l  

Also the peculiar numeric prcpo~iderance of tlle S year olcl fish 

sho\\.~i by the a(icrcgate analysis is easily traced in t l ~ o  scpal.ate samples, 

The follo~ving table giving tbc numbers of indi~iduals of ilifl'crent nge 

contaii~eil in llle 3 saml~les shows this quite plainly. 

Number of individuals o f  different age contained in the 3 samples. 

Tlre inail1 features of the 3 satnpies thus have n rcmar1;able rcsein- 

blatlce considering that these sninplcs l17ere tnltcl~ at places m;tny n~iles 

distant ailcl froin slloals of hcrriilgs, ~~rhich Juilqing by tlle size of tlrc 

intliyitluals ~ ~ c r c  elitircly iliffercnt. 

Thus the nvei*age sizes Tverc: 



As ail illastmtioii of thc great tlifterence in size (or bulk), that these 

averages really denote, I: gi1.e tlie results of some n-eiglinients of lier- 

rings 1~11icli I undcrtooli. 

L e ~ ~ g t l l  i cm. 

2 5 

2 6 

27 

2 8 

2 9 

30 

3 1 

32 

33 

3 4 

35 

36 

Nr. of illd. weighed. 

G 

10 

15  

12 

l l 

12 

12 

7 

7 

0 

7 

l 

Average weight. 

109 gram. 

120 - 

l 4 0  - 

173 - 

193 - 

210 - 

228 - 

243 - 

267 - 

Interp. 287 -- 

309 - 

305 - 

Tliis table clearly sliows, tllat a diffcrclicc of oiic or two ceiitiirietres 

in lciigth really implies a inucli inorc important difereiice in bulk and 

weight. 
Notwithstanding such great variation in special rcspccts, tlie general 

corrcspondance in others is, as tlie tables abouc show, quite colillnoil to 

a11 tlie samples. 

rI'lic present material thus permits the following conclusions. 

1) The spring heyring does not  as generally supposed consist of one or 
two age groups. It coiisists of niaiiy groups of individuals 1-angiiig 

from 3 to at least 14 years of aqe. 

2) Thc number of i~idivicluals may coiitiiiue to bc high even ill the 

older age groups and inany lisli exist ~vhicl~ probably liave sl~awned 
a 

up to 10-11 times. 

3) Thc true relation bet~vecii tile numbcl~s of iadil-icluds of different 

ages cailiiot be clcterniiiiccl by this material. 
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I n  order to form some idea of the age ancl size of the youiiger 

stages of our Spring Herrings I have esamiiled some sarnples of smaller 

herrings caught ill seines in tlic sl5jzrgaarcl outside Bergeii. 

I here give a11 allalysis of 2 samplcs of young Iicn*inga fro111 the 

vicinity of Rergen. 

Tlre samples coilsisted of 56 small herrings 11-15 cm. long from 

tlre JIangel-, caught L"/4 1907, aild 50 larger hewiiigs socallecl ,.iiotsildl' 

from the Hcrlof,jord, caught l2I4 1907. 

All these herrings mere, ~vitli the exception of 3 iiidivitluals 22, 

22 and 23 cm. long, sexually immatarc (HI~IHGKEH Stage 1). 'Phc 3 

m a t ~ ~ r e  ii1di~-iduals mere 2 males with s~vollcn testes nild 1 female spciit. 

These 3 individuals mere all a, little over 3 yeam old. 

All the individuals had commenced to grow after the winter and 

the scales were all characterised by tlie presence of a comi~~encin~ sumriicr- 

belt at the ~nalpin, 

A11 cxainination of the izuriiber of ~~or t eb ra  (\-ert. S.) in tlle in- 

divitlnals of the two sa~r~lsles sho~\~ecl that tllc iiidi~id~ials 11-15 ciil. 

loiig averaged 57.23 ;~nd those 19-24 cm. long 57.43, values \rhicll ~*cscinhle 

the ~ ~ a l u e s  of the spawning spring liewinqs. 

It may be superfluons to ~~ernarli, that the abo\-c melitioilctl ailalytical 
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table of yoruig hen,iiigs from 13crgeii. rnay only be coasiclcred as ail 

example illustratilig t l ~ e  size atid age of young im1natm.e herri~lgs ill a 

ccl*tain locality at a certain tilile. Oiily estelisivc iilvestigatioils will 

enable us to form an idea of the size, ape a~ id  gro~i7tlr of the youiig 

iillmature licrri~igs along tlle entire coast of Norway. 

l n  Plate I .  I llarc reprcsclited a series of scales from Norwegian 

Spring herrings and yo~mg immature hewings from illc coast ii1~1str:ititlg 

tlic avel-age size aiicl age of tllc ilidi~iduals. The scales are drawn in 

true proportion, the leligtl~ of the baselines of the scales always corre- 
sl?onding to the le~igtli of the inclivicluals. 

An  esamillatioli of this plate will clearly illnstratc tlic fact nlrenclg 

s h o ~ i ~ a  by means of tlie diagram Fig. 4 that tile incli\~iduals do not cease 

g r o r  ~tiltil they bccorne vcsy old. Eve11 till the age of 10 years 

tlicy grew very well, as will plaililg be seen from the curve. If we 

esalniile the scale .we shall also find this fact illust~*atcd ill the scale 

itself. The summer belts arc broncl and ~vell derelopcd up to the seretltll 

year (in 1n:iiiy cases even longer) and eve11 in later years tile area of 

tlic scale still greatly expands. 'Chc record of the gromtli col~taiiiecl in 
the scales thus on tlie whole shows a growth of great uiiiformity and 

regularity exrcii up to old ago. 011 the otlter hai~cl lio~~~cxrcr when comparing 

tlie figures on PI. 1 WC obscrve, that the iiifflercni irldiriduals evidently 
haire c~icou~ltcrccl very varying conilitions. Evidclitly the annual as ~17~11 
:is tlle indiviclud variatiolis of gro~vtli arc of great impoiataacc. 



Chap ter 111. 

Analysis of age in other Herring types. 

11 orilcr to compare the Norwegian Spring Elcrring !.-\\-it11 other iicri*i~ig- 

l,ypes I li:~,vc excamincd samples of I~errings froin the Sliagerrack3 the 

Viliiag Bank, the TVest coast of Ti.claii(1, tile Zaider sea, the coast by 

lio~vestoft aild finally the Troiiclhjcrn Borcl. 

a. Skagerrack and North Sea Herrings. 

A saml~lc of 212 herrings caught in the Skagerraclc on March 4 

1907 with clriftnets not far off the conrt n7as examined. The sani~~lc  

colltaiilcd lierrings in ilcarly all stages of sexual development, 

The ailalysis slio~\~cd the sample to coilsist maii~ly of spent herrincs 

(HEIXCIIES stage VII) evidently speilt antumil spamncrs, wlrich during the 

~vholc n~iater occur in the catelles along the i lor~~~ecina coast of the 

Sltagcrra.clz. 13esicles these there were a collsiderable ilumbcr of full her- 

rings ( I - Inr~c~ms stage Ill-V); ~vhich yere going the spawn (l~trii~g 

the spring moiitlls. A few were irnn1atru.c fat herri~zgs, which had I ~ C T  er 

spawiled. 
'l11rc sexual ol*gans of 29 hcrrinqs were in the 2nd stage (FTRIKCICES 

noincliclntnrc). In this stage l wns owing to iasnfficient espcric~~ec 

rulable to iloterniine, ~irlrhcther they imre immature fish <just begiruliug to 

ripen or r~co\~ering sspcnts, atid therefore I omit tllcln dtogelhcl*. 

7'hc ailczlysis of the r>ctnainitig 183 herrings ~vorlis ont as follows. 

For tllc sake of brevity only tlre totals for both scxcs arc recorilecl ill the 

tablc as tlre aiialysis shows the tlisti~~etio~l of sexes to be inmaterial. 



Number o f  winter-rings. 

'Chc examination of tlie scales of these herrings showed them all 

to be in tlle middle of winter or period of stagnation of growth. 

Most of thcsc her~iiigs llavc also been subjected to an a~lalysis as 

to total nulnbcr of \wrtebrac (Vert. S.) and iiumher of the ~~e r t eb ra  ill tile 

spinal colu~nt~ carrying the first closed hwmal arch (Vcrt. I-I.). This 

analysis gives the follo~rriag resnl ts. 
Average for  Average for 

Vevt. S. V a t .  H. 

42 Fa t  aild Full-herrings. . . . . . . . . . . . . .  67.57 25.57 

110 Spent-hcwitlgs . . . . . . . . . . . . . . . . . . . . .  56.55 24.811 

The sample evidently contsitls two kinds of herrings, which differ ia 

size and age, state of sesrial olpaiis ;tnd also in number of elemcuts of 

vertebral coluina. 

The fat and f~ill-herrings arc young Norwegian spring herrings, and 

their age is consequetltly clctcrlnined by the number of winter rings. 

The spents arc undoubtedly the autumn spsmners of tlie North Sea 

liincls, which during autuinn and rni~lter frequoilt the Sliagerrack. 

As tlicse herrings do not form a, scale at all during tlseir first winter 

of existence their age innst consequently be determinecl by adding '/4 

year to lllc number of years deri\red by couatitig the wintel. rings of the 

scale. This circumstance considerably einljhasizes tlic disproportion bet~~rcea 
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size and age, which the table of ailalysis sho-vvs to exist between the 

spent autumil spa~t-ners and tlie spring Ileuings, a differeiice ~?rliicli will 

appear still inore conspicuous if me coinpare it with tlle great :~aalysis 

of spring licrrings on page 12. 

Tlie difference bet~reeii the autumn spawncrs and the sl~ring heuiilgs 

also is clearly recorded in tlie growth of the scale. 'Phe scales of a11 

the spring Iierriugs contailled in the Sliagerrack sample showed the 

same uniform growth we described i11 tlle case of tlic spring l~crrings 

from Flaugesund. 

Tlie scales of tlie spent antuma spavners however slionred qnite 

another picture. If we compare tlie scale of autumn spawners from the 

Skagerraclc on 1'1. 1 L  (see figs. 7, 8, 9) with those of Spring EIerrings 

of the same age (figs. 4, 5 ,  G), \Ire sliall clearly observe tlie great clif- 
ference. 

The scales of tlie autumn spawners present urrlili-c the spl+ing her- 

rings a record of rapidly diminishing gro~vth even from the '211~1 and 31.~1 

winterrinq of the scale. This quite corresponds to tlie facts shown by 

the analytical table on page 21. 

Anotlier striking feature of tlle scale of the autumn spawner is tlie 

enormous central area of the scale contained ~vitliin tlic first winter ring. 

'I'he magnitude of tliis area compared witli the aren of scale is quite 

striking and  ill easily be seen, when contrasting scales from fish of tlie 

same age. 

The c~planat~ion of this feature must in my opiilioii be sought in 
the fact that the young of the autumil spawners pass their first winter 

witllout any scales whatever. l11 winter or early spring, v~hen the other 
herrings spawn, these young from tlie autumn are of a co~lsiderablc size. 

As  before mentioned l liarre found such iialted yo~ulp licrring ca. 4 cm. 

long on the Jutland 13auk in March. 

Tliese youiig get a mucli longer summer growth in their first year 

tliall t l ~ e  youilg of tlie spring herrings and as a consequence form a much 

larger scale i11 tlte first year. 

So characteristic is the picture presclitcd by tlie scale of ail autumn 

spa~vniiig herring that in most cases the study of one scale is quitc suf- 

licieiit to determine tlie propc~.ties of tlic individual, from whiclr it is talien. 



'l'lzc very same picture is also ~?r.escnted by the scales of the anturn11 

spawners from the Northerm portioil of the Nortll Hen, of whiclz 1 have 

esn~nined n sniall sample1) anil of which 1 have representcc1 3 scales fig:.. 

10, 11, 12 011 Pl. 11. 
In ordel* to try if illis qrcat tlif7'erencc between the scale of tlre 

autumn spawner ;~nd  the sc2ale of the spriilg lierring call be esp~~cssed 

by fig:.u;.es, L hnve endcnvourcd to use tile follo\vinq method. 

1 made n, series of ciramings of tlic scales of spriilq 1ien.il1gs and a 

s imi l :~  one of mrtmnn spawnelx nll 5 or inorc 111a11 5 years old. All were 

talzcn at ~*anclom. Witli a plmliincter 1 titell nieasurcd tile wea of the 

senlc liniitecl by the 5th winter ring aiiil the area limited by the lirst 

winter I ~ ~ I C  ill all tlic tlra~vings. L tllen divided the ~ ~ a l u e  of tlie atVen 

limited by the 5th \vinicr .rvitll the valrre of area limited by the lirst 

~vinter, 211 this way L obtained n coefficie~lt (coefficient 5 : l),  ~vhich 

clclrotes lrow illany tiines la~.ger the iutlividnal scale Isas ~vhen the 5th 

\vinter-rinq m s  formed than  hen the first ~vinten*ing was formed. 

'l'lte aggregate rcsnlts were : 

Norw. Sprirtg Herrings. Skagerrack and Morlil Sea autumn spawners. 

Urorfficienl 5 : I .  Coeffici~xit 5 : 1, 

No. l =. 37.90 No. l - 4.03 

, 2 =  11.62 2 E= 3.80 

:, 3 = 16.50 ,, 3 - 3.50 

. 4 = 8.75 , 4 = 5.40 

5 - 6.38 , 5 = 6.99 

,, G == 8.00 ,, G --- 3.45 

,, 7 -: 9.16 , 7 == 6.6'5 

, 19 -=- 15.00 ,, 8 = 4.91 

,, 9 = 13.3-1 9 - 8.60 

,, I 0  - 9.20 , l = 6.22 

,? 11 - 9.00 ,, 11 =l- 52% 

1) This sn~illjle consisted of 21 lierriilgs ca~lglit in tlie Norther11 1)i~rt of Ilri? 
Norili Sea 48 iliiles west off E'eje Liglll,; "1; 1905. Among t,l~ese 21 herrings 15 conlcl 

be recognized as antnmii spaTvners by mealls of tile ~(Xtle alone alId rraniin:ltio~l 
of their sexnnl organs sl~o\red this to he i l ~ e  case. 3 iudividnals Iiad cliaracteristic 
sprii~g l~err ing  scales wnil esixmiliation of tlrcil. s e s ~ ~ a l  orgalis p1.ovei1 tlienl to be re- 
covering sljring l~errings. l Individnnl Iic~il a scale ri:sembling the spring Irerrii~gs but 

provet1 to lrave sexual organs tleveloped. 
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Norw. Spring Herrings. 
Coefficient A : l. 

NO. 12 = 13.10 

,, 13 = 12.62 

,, l 4  = 12.67 

,, 1.5 = ii.as 
,, 16 = 13.77 

,, 1 7  = 14.17 

,, 18 = 9.00 

,, 19 = 8.40 

,, 20 - 10.52 

,, 21  - 9.66 

,, 2 2 - =  9.00 

,, 2 3  = 8.30 

,, 24 = 7.24 

,, 25 = 16.63 

'I'otal 2 5  lnd. 301.51 

Average = 12.06 

Skagerrack and North Sea autumn spawners. 
Coeffic~ent 5 1. 

No. 1 2  = 5.49 

.. 13 = 18.33 

,, 1 4 =  6.09 

,, 15 = 3.61 

,, 1 6  = 3.05 

,, L7 = 3.90 

., 1s = 2.55 

,, 1 9  = 3.95 

,, 20 = 3.50 

, 21 - 3.92 

Average = 5.39 

'I111e pict~lre of the scale, which we obtain through the eye, tells us 

of couixe in most illstances just as mrrch abont the difference as these 

coefficients. A i.epreseiitation of tlie characters by means of figures 

however call more accurately describe the I+ange allcl staadard of tlie 

variation. 
I have not had the opportuiiity of estei~dii~g the above meiltioilccl 

melllod to a largo nuniber of inclividnds of both types and couseclucl~tly 

T caniiot consider the range of variation and the axTerage values of the 

coefficieilt above ine~ltioiied as final or wholly descriptive of the two types. 

My o11ly object ill attempting to 1.eprescat this variation by mealis of 

figures is lo show, that this differcace in the scales of various types 

cvicleiltly may be far greater tllan tlle differclice to be obscr\~ecl in tlie 

ordinary iiumeric characters, mhicli arc at present employed for the distinc- 

tion of llerriiig types. 



b. Atlantic herrings from Breland. 

Prom Roruldstone 011 tlie Zi.isli West coast l l r a ~ ~ c  through tlie 

coui.tesy of Dr. EIOLT received a salnple of herrings caught iu the first 

days of Jone. " 
'I'lle aiialgsis gmTe the follo~viiig rcsul ts : 

Number o f  winter-rings. 

Nr. of ' l 

i n  cm. 
-- -~ ~ - ~ -~ pp-pp- 

~p 

I I l 

For tile sake of brevity 1 only give the totals for both sescs. rI1liere 

were IG males and 31 females in the ~i~liole sarurple. 

The sexual organs were all ia the recoveriilg stage (HEINCI~ES 

stage 11) esccptillg tllose of one fernale 32 cm. long ~vliich were begilllii~lg 

to ripen (HEINCKES stage Ill). 'Che %Ieuings ~vcrc all in escelle~lt con- 

dition. '!'he abclotiiianl cavity n7as full of fat ancl oil, and the fish pos- 

sessed a plumpness 1.ernindi11g of mackerel in good coadition. Judgeing 

by these features they were all fish, which liad spam~lcd in autrrmml nad 

~vhich bad now nearly recowered coi~dition and \.\rere beginning to develope 

their sexual organs. 'Che scales prorvcd to be in the course of forming 

s new summer belt outside the last ~viater ring. 

'I'he scales mere nearly ail of the same type as the scales of the 

auttu~nn spamaers from the North Sea. 

i-1s will be seen from the f i g u ~ ~  below (Pig. 7) they cxhibit the 

sarne killcl of gro~vtli as tlist described in tlie Sliagerrack aad North Sea 

autumil sl~awi~ers. 

The fisli evidelitly obtain a large size before the first ~viliterriag. is 

formed s~lct qrow wery ~vell until1 the 3rd ~vitllerring is formed. 7'he11 
growth becomes very slow. '1'11o above annalysis will clearly show tlris, 
\V!lilc tlie Skaperraclz autainn span-uers allaiysed by me (see page 21) 



do not exceed 30 cin. in length, tlrese .'itlantic herritiq attain a. l a l ,~cr  

size ancl, as the analysis sho~vs. seem to attain this size quicker than 

ally of the herrings 1vc have as yet analysecl. 1 f r e  compare the size 

of the Roundstone Herrings of :1 years (or 3 1vi11tc1.s) with that of the 

3 gear old Nor~rvegiail Spring 1Ilen.ings on page 12 1ve slral clearly 

observe this. 

As to the real age of these Roundstotlc herrings the bulk of them 

shorrlcl, assuming that they are autrmn spnnJners, be a little more tllail 

' 1 2  ym1'00"r the number of jrealx cle~lotcd by tllc Ivinter rings. As 1 

have mentioaed, the ~najority of tlre scales pl,o\-ed to be of the same type 

as the scales of tlre aut~unn span-ners from the Sliagerraclz and the North 

Pig. 7. Scale of Ronudstone herring. 

Sea. In fact :35 of the spcciillcils pro~\-ed to have snch typical scales 

with at1 enormous central area. 

111 4 iiitlividuals hon7evcl. tlrc ceirti.al plate n.as smaller and some- 

what corresponding to that of the Norse Sp1,inr: Ilcrri~rq. In 8 intlividilals 

tlrc cent~,tll plate containet1 witilin the first. winter ring wits csccctlinqly 

s~nnll follo~\red by ;LII enormous summei- belt ill the secovld snmmcr. 

'I'lle first aiii l~~al rings of these scales in fad very inuch resen~ble 

tlre scales of spring he~~rings from Lo~vestoft I\-liich later on will be 

described. 
i l s  long as ~ v c  do not know the lifc history of the young of the 

Roruldstonc herrings, we slid1 be unable to judge if the abo~rcmc~itioncd 

irregularities in tlie size of the ce~ltral area of tlicir scales arc due to 



sonic of tl~ein getting a scale before going throngh their first ~vinter. 

Possibly they may be clue to the indiviclaals being spa~vned in another 

season of the year, than the majority. As a conscrluencc we c a ~ ~ n o t  bc 

sure that in a certailt nmnber of cases (when tlic central plate is esceed- 

iilgly small) we have not overestimated their age by one ycar. 

c. Zuider Sea Spring Herrings. 

Dr. R E ~ E I ~ E  has lrindly forwarded to me a sample of llerri~lgs 

cartgllt ia a herri~~gseinc (heeri~lgsscgen) at EIeldcr "4 1007. 

The ailalysis gave the follo~vi~lg results: 
pp P 

Born - 1 1  1904 l ' l  1903 1 p---p 1902 1 / 1901 I___- l900 
4 Yeari , 5 Yeats 6 Year.: 7 Yea17 

4 L 
2 

- l 1 P 

All tl~esc herril~gs were mature fish. 45 of tllein wero just on the 

rcrgc of spa~vail~g HEINCICES Stage V, l ~ v a s  in the act of spawai~lg 

and 3 wero just spent. . 
The rirn of tlle scales showed tl~cin to be ill tl-reir pl~ysiologieal 

winter. 

The table shows that these l~errings grow very little after tbe 

majority of them have attained sexual maturity, and when size and age 

:we co~nparcd to that of the Nor~vcgian Spring Herring, the vast differelice 

will a t  once be perceived. 
Also the scale sho~vs this diiifercnce very plainly. On pl. 111, I have 

clra-vvn some scales of diiferent 1lel.ring types. 'l'he scales arc draw11 in 

the proller proportion to one another, the baselilies of tlic scales corre- 

spo~lcling to the length of the iish. Pig. 2 represents the scale of a 

5 years old Zuidcr sea l~erring. All the specimens in the sample presented 
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the same type of scale. As will be seen in the figures (Fig. 2. PI. ILL) 
the growth of the first 2 years resemble the gro~vth of the Nor~vegiaii 

Spring Herring (compare fig. 4 PI. TTL); from the 2nd year there is a 

great deini~~utioa ill growth ancl from the 4th yeal. u1p3n-ards the summer 

rings of the scale are very narrow iiidicatiilg the very small growth. 

d. Lowestoft Spring Herrings. 
3 

From the laboratory in Lo~vestoft T lzave, tllrooqlz tlze courtesy of 

Dr. GASTANG, received a sample of tlzc small sl~riiig herrings which 

during spriag arc caught along that shore. 
The sarnple v a s  procnred in the Lirst days of April. 

AII ailalysis of the sa~nple (52 indi~riduals) ~irorlis out as follows: 

2 Y e a r s  l 3 Y e a r s  1 1 Y e a r s  

l 

1 

l l 

4 specimens 18, 21, 21, 23 cm. long werc immature. 4 specimells 

23, 23, 24 and 25 cm. long were spents, and the rest all had s-cl-ollen 

sexual organs (HETNCICES Stage IV,  exccptioilally V) aiid were ~ v i t l l i ~ ~  a 

short time of spa~vnirig. 

The rim of tlre scales showed physiological ~viiiter strncture. 

As will be seen by coml~arisoll of the tables the ii~ili~~idnals in the 

1,o~vestofl aiicl Zuicler sea saml?les arc very similar as lo size aiid age. 
'l1he Lowestoft salnple lio~veuer cloes not contain ally individuals older 

than 5 years. 

Thc scales of ~vliicli a fig~irc is clraivn in PI. L11 (fig. l) arc in the 

rllain very like the scales of the Zuitlclg Sea herrings, growtlr rapiilly 



decreasing from the 211d year. A pccnliar feature ho~vever is the very 
small central plate of the Lowestoft type anil the relatively enormous 

gro~vth ill the sceontl snmmcr. All tllc scales esarni~iecl sho~red this 

l~eculiar feature cluitc ljlainly excepting the scales of 3 itidiriduals (spents), 

~vliosc central plates were some~vliat larger ill proportion. 

e. Norwegian Fiord Spring Herrings. 

111 some of the Norse fiords spa~vning herriags of unusually small 
size are regnla~~ly to be fonnd in sl~riiig. il ;.\re11 knomn locality for 
sucli siiiall spring herrings is the Troncllijein fiord ant1 especially t,he 

iiiner basin of this fiord, the Beitstad-fiord. 'I'his year I proc~~rcd a salnple 
of l01  such small spring herrings from the Trondlijell~ fiord. Examination 
of the sample gave the follo~vinq results: 

5 Years 1 6 year5 7 Yen15 
p- -- 

-p 

1 13 

- - -- 

ill1 the herrings were ~ \~ i t l l  one exception (an iiidiviclual of 10 cm.) 
scsu;~llg mature. ' h ey  were either spent, spa~\rning or in posscssioti of 

highly s~vollen scsud  oi*gans. 1111 Iiad the wintcr-ring :it tlie vc1.y margin 

of the scale except the immature individnal, the scale of ~vltich hacl 2 

winter ritlgs and a narro~v surnmer-belt at the margin. 

l11 50 of tllcsc specimens J co~ultcd the number of vcrtcbrac, ~vhicli 

pro~ved to vary from 54 to 50 in niuinber. Tllc average number was 56.44. 

l'he above wnalj7sis slio~vs us quite plainly, tliat tllcse hcrrinys differ 

xreq inucll from the ordinitry Norse Spring Elcrring in size as nrell as 

age.l) They resemble the Zuider sea ancl lio\\~estof% spring herrings in 

l) 9 l ~ c ~ r i n g s  of 9 years 2-1- cni. long were found in a, smallish saml3lc cllieflj 
col~sisting of Fonllg herrings fl,onl tile Eeitstadfjord, n l~ ic l r  last year \rere esxminetl 
by canil. H. l3aoc11. Specinlens of tlle scales have been placed a t  1 1 1 ~ 7  disposal and 
l lmve usecl one of t l~eii l  for rel~resenting tlie 9 year old scale on l'late 11. 
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that they are maiiily young fish aiid tliat their rate of growth is vcry 

slo~v. Their growth is even slower than found the growth to be in 

tltc above ilicntioiiecl slnall spring herring types. 

Scales of the 'Prondhjcm fiord spring herrings arc reprcsentcd in 

PI. 11 figs. 1, 2, 3. 

If we coinpare tlleili .\\-it11 tlie scales of tlie oriliilary spring herrings, 

we shall observe, that they difl'er qrcatly. Druring the first one or t~vo  

years Ihcir size and g~*onrt,h in some iilsta~lces resemble that of tlic orcli11al.y 

sprjilg licrrings scales, alltliougli in most cases their size and gro~~rth is 

considerably smaller. Duriiiq s~~ l~seqacn t  years ho\\~evcr tile diKere~lce ia 

growt11 becoives very great and from tlic 4th or 5th year tlie a11ii~1a1 

rings of the fiord llerriiig are very nawow like the find annual rings i l l  

very old fish. 



B efore stmming up the rnai~i results of these preliminary iilvestigatioiis 

I ~.irisli to give prominence to the fact, t l ~ a t  a t  tlic present inolncilt 

no definite opi~lio~l can be csp~.essecl as to tlic sufficiency of tlie material as 

a whole. Conserluently the results must also be coilsiclcred from tliis 

point of vic~v, and subject to the limitatiolls due to the nature of the 

material. 
Oilly ill the ease of the Nor~vcgiatl spring lierring, we may with 

some ~ ip l i t  assert, tliat tlic material probably represents tllc very stretch of 
coast and the very time, ~ ~ l i i c l i  it embraces. As ~egards  the other Ilerring 

types tlie bulk of tlie materid examinecl has beet1 relatively small, a11d 

me can lhardly colisider it as giving more than a mere rougll reproscu- 
tatioii of the types and thcit. composition in respect of quantity. Hon. 

lnucli inaterial .vi-e shall need to obtain a truly rcprcscntative picture of 

the different typcs, is a question, which only future ilzvestigations can solve. 
The difference in quality between the clifferclzt types has howcvcr 

provecl to be so great slid of suclt a Iritlcl, tliat no material lio~vever 

great sliould be able to alter it esselitially. 'l1l1c chief advantage of a 

large material will probahly collsist in eiiablii~g us to determine wit,ll 

greater accuracy the limits of variation in tlie different types and to 

obtain a safer standard of difference. 

In  the l,receeding chapters me have seen that the Nor\iregiau Spriiiq 

Herring attained a very liigh age and a large size, rniiginp from 24 to 37 

em. in length and from 3 to at least 14 years in age. llre liave further 



THE SCALES O F  THE HERRING. 
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seen that llolle of the other he~rilig-types esaminecl attain such length 

in relatioli to age as the Norse Spring Hcrrii1g.l) 

For cornl?arison we shall coilsider the follomillg table representing 
the size of all the 5 yeal. old liorrillgs found in the diflcrent sainples. 

Number o f  indiv. 5 years old. 

'I'he great direreuce in tllc rate of growth in the he~.riags of tiif- 

fereat localities is here clearly seen. 

Oar il~vestigatiolls have also sllo\v11, that while the Norwegin11 Spring 

Herrings grow evenly with incrensiilg age tuitil it is about 3G cm. long 

ancl 10 - 1 4  years old, in the other herrillg types growth is earlier arrested, 

nud tlie itidi~~idnals do not grow so large. Thus the antuml? spaml~ers 

of the S l r a~e r~ac l i  atid thc North Sea rarely exceed 30 cm. in length. 

'L'hc 1:trgest IZomldstone Ircrril~gs were 32 cm. 'Che Zuicler Sea allcl tlle 

T~owestoft Spring-ETerr*il~gs do not, accorciing to the samples, escecd 

26 -27 cm. nnd the Spri~lg 13 errings of the Trondlljcinsfiord hardly 1.cac11 

lllorc tllali 23-24 cm. in leiigth. 

The inrestipatiol~s have also shown anothei. fact of great interest. 

If we record the 1irrmbel.s of ilzdividuals of cliEerent age fouiid in the 

samples, me get the following table. 

l )  Excel~tiilg the youngest age-group5 of the Ro~uldstone herrings. See page 26. 



Mumber of' individuals. 

'I1liis table exihibits the peculiar fact, tliat the herring types which 

inhabit the open occa~is~)  coiisist of indi~iclrtals nrllicll attain lligh age, 

~vliilc the smaller-sized hewing tgpcs of the fiords attd bays ~naiiily con- 

sist o f  yo~uig fish, ~irhosc yromtli as previously incntio~ied has beell mucli 
slo~rrer tllali tliat of llie ocea~iic types. 

'I'liis kiio-\vlcdge opclls up new problcnis rcgardiiig tlie life liistory and 

ccoiioiny of these diil'ercnt typcs or ,.tribes" of lier~ing, alld by 1ne:ws 

of dcvcloping the present inetliotl it shonld probably prove yossible to 
approach these ~~robleins. 

11s we have seen, tlie scales of tlicsc differerit herring typcs grow 

very iliffercntlj~ aiid cotltaiil as it Tirere a sort of diagram representing 

the history of tlie gronrtli of tlte fish. 'i11iis diagram or pictm3e is very 

ortea so diifereiit i11 the diRercnt herriiio types, tliat in certairi eases Ilie 

csainiilatio~i of a single scale talieti froin a licrri~ig will eimblc us to clc- 

termine mhicli type or lii~id the l icrr i~~g bcloiigs to. 

'Phus the Nor~vegian Sp~iiig TJewiiig ancl the autnrnn spawiicrs of 
tllc Nortli S C ~ L  lciiid ai'o. as we have seen, in lllost cascs easily distinguishetl 

by illeaiis of the scales aloiic. Uilcloubtedly tlie scales of tltc otller t y lm  

shonld ill rnaiig cases be a qailc deciding factor in distitieuishitig tlieiii 

from others, ant1 nt all cvcilts an esn~niilatiotl of size, age, sttite of sc\nnl 

ol,gans i~ntl structure of scale probably ~vill enable ns f~llly to describe 

and recognise iii a11 stascs of life those licrri~ig types, mliicll we liare 

iiom treated. 

Ccrtdn facts seein to indicate the possibility, lliat in frlturc we 

siiarl be able to use tlic present inethod as a nlcans of strtdyiiig the 

l) A a  e s a ~ ~ i i n a t i o n  of seine Icelauti ILcri.ings has p ~ o \ w d  those also Lo be large 
:mtl very olcl itninlals. 



i~nportaat c~ncslion, ~viietlicr tlie differerit fiorct and coast types 01% kinds 

are n~holly local ancl whether the typical c1iaracte1.s are entirely coa- 

stant, or dissolve into the ocealiic types as they grox7 old. 

Thus the osaliiiiintion of 824 Norvegian spring licrrinc scnlcs gronred 

tlie great majority of tlieni to possess the regular structm>e describecl in 

Gliaptei* 11 anti clcpicted ill PI. I. A smaller ~iumbcr of tliese scales 

howerel~ proved to esliibit as it 1ve1.e two types of growth unitet1 in thc 

one scale. T l ~ c  central part of tlie scale in f;xt tllight, c\llibit a yronftll, 

~vhicli for years was v e r ~  much smaller than tlie orclinary growth of 

the spring herring scale. Then the sabseqncnt atlliual rings wonld es- 

ltibit quite the iiorinal gro\rth. After a noriiid first ycar ~voulcl follo~v 

perhaps one or t-\.iro years of rctarclecl growth, tlien for tlie rest of life 

normal growth. All exeecliligly smal first and second year would be fol- 

lomeil by norinal growth during the rest of life and so on iii a ntunbcr 
of variations. In  sorne instances these anomalies claite took the form of 

two types of growth contai~iecl withill the same scale. 

i t s  an example of tlie most promiiient case which L eiico~uitcred J 
have on P1. IIT fig. 5 represe~ited the scale of a Norwegiaii Spring Hcr- 

ring tlic character of which is quite strikit~g. As  will Isc sect1 by exaini- 

n a t i o ~ ~  of the plate, this scdc  for the first 5 years very much rescmblcs 
the scales of the srnall spring herrings of the iiord or coast types. (The 

scale of the Znidcr Xca spring hcrriilg represei~ted on tlie same plate 

is nearly identical). From the 5th to the 9th and last ycar of its life 

this ano~nalous scale l~o~vc \~e r  recorcls tlie splciidid typical gro~vth of tlic 

Norwegian Sp~.ing Herring. l) 

nie iiiay safely dran- the co~iclusio~i that this inili\riclual ~u?doubtcdly 

has lived under very ~ a t ~ y i n g  co~lilitioils of gro~vtli itliil e\7idcatly has gone 

througli several i~nportant epoclis of growth. 

The t ~ v o  first years 11avc bccii fairly iior~rral. Fro111 tllc 2nd to thc 

ei~tl of the 5th ycar the jirowtli has bcen very sin:~11 srrcl sexual iiiatur.ity 

lias in all probability bcen attained tluring these years, ~vlicn the iiidirii1u:~l 

was muell stnaller tlinn a aortiinl Sprin". I-ierriiig from thc west coast. 

Theii the iiidii7idual lias entered on a period of normal grolvth. 

') OF she salnplc talccl1 fro111 this indiviilual, I exa~r~inetl  a great nninber of scales. 
'L'hcy all sllo\\~ecl the s:rnie peculiar growtli 21s here described. 



As aizotllcr example of scales recol~diiig tn-o types of growth in the 
same iizdiviclual I may tnciztioli the scales of one of the Roundstone her- 

rings 30 em. long. 13 witlters old. The scale is represclztetl in Fig. S pg. 36. 

This ligurc plainly slzo\vs that the her~.ing cluring the first (5 years 

of its life has grown like an orclinarg North Sea hen*ing. 'I'hen follow 

two good years of ,,AtlanticcL gro~vth atld then gron~tll is again arrested. 

It loolrs exactly as if a small North Sea Ilerring lzad emigrated and, pro- 

fiting by the Atlaiztic conditions, liad become ail Atlantic herring. 

It ~voulcl of course be quite premature to consider these esaml~les, 

~v l~ i ch  on accomlt of their prominence 1 have picked out, as more than 
illustratioiis of tlte above mentioaed alio~nalies ill tile scales of herrings. 

'['he actual esistetlce of these aiiomnlies and their great similarity 

to tlte typical features of other lierringtgpes must lzo~\re\rcr invite our 

cfl'orts aiid iiidacc ns to a closer aticl Inore detailcc1 study of their nature 

and occurenee in coi~nectioll \\-it11 tile 1?1.oblcm of the immutability of thc 

herring types of tllc fiords, coastal waters ailcl opcii oceans. 
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Fig. 1 and 3 youny kerrings f rom Bergen, Apr i l  

,, 2 young fa t  herrings fro111 North Ocean,Septemher 

,, 4-12 Spring herrings f rom Hauyesund, March 
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Norweg ian  F iord S p r i n g  H e r r i n g s .  

N o r w e g i a n  Spr ing H e r r i n g s  

S k a g e r a k  H e r r i n g s  ( ~ u t u r n n  Spawners ) 

5 Y e a r s  

N o r t h  Sea Her r ings  ( A u t u m n  S p a w n e r s .  ) 
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Lowestoii Spring Herring Z u i d e r  S e a  
Spring Herr ing 

NorthSea Herring NorwSpri ng Herring 

Au tumn Spawner 

Norw.Spt-i ng Herring 

I 9 Years / 


