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The r~laterial discussed here 1s not great enough to form a base 
for a general discussion of the growth of the cod or the formatio~i of 
anntiai zones in the scales. When, i11 spite of this fact, I will venture 
to give an account ol the experiments carried on here, i arri doitig so 
believing tliat sorne of the facts stated inay be of interest to persot~s 
dealing with age determiliation of the cod on the basis of The scale 
~neihod. 

I i i  coiiseqtience I will not discuss the probleul, nor the literature 
on the subject, but oiily deal with the experiments made and the 
results obtained. The general discussiori must be postponed, inasmucl~ 
as the experirnenis will be conlinued on a Inore exact basis. 

When it1 1919 1 was p lan t i i~~g  the investigations bearing uporr 
the scale problem I had rnuch good advice fron] korist~ler~t E i n a r L e a, 
but oii account of adverse circumstancec however t h e  work, was not 
carried o11 in accordaiice with the original plan. Konsulent P a u i 
B j e r It a rå has also rendered lne valuable servlce. My thar-iks are due 
to bo'ih of Ihern. 

F l ~ d e v i g  Sea-Fisti Hatciiery December 1923. 

Alf Dannevig. 





Fig. I .  The Fladevig Sea-fisli Haiciiery. 

General remarks. 

Froni the wintei L914 I liave been collecting sarnples of the scales 
of the cod frorri the Noriveglan Skagerrack coast 111 order lo study the 
s u e  and iiuirierical strength of the difkrerit age grofips Iti dealirag 
wrtli the materla], however, I fo[itrd it  riecessary to make some prellmi- 
irary stiidies as to the method ok couiiiiirg the age of tire cod by the 
Lones of the scales. I faneied tbere was sorne uiaceriarnty aboiit it, 
especi,?lIy as the scaies of the cod carrglit in October mrgiit klave frilly 
Fortned "Win te~~ones"  near the edge of the scale, and sotne time aiter- 
wards - i11 the rn~ddle of the \i.itlter Itiere iniglit be forrned a greai 
/ane of broad sclerites indicating: quick growih. Other indlviduais bad 
scales lii coilforrnrty wltll the comrnon tlteory of the scale metliod: A 
Lone of small sclerites near the edge of tile scale dliring the winter. 

In order to study the problem I foiind it most coi~vei-nrent to keep 
a lot of codliiig in confinelnetit in the rearing ponci of the ilatcheryl 
a r d  when taking those from itle  ral lure -- ~:isiead of aeariiig tilel11 
from the larval fry 111 the Iiatrhery - 1 tiad the opportuility of 10110- 
wlng ttie same yearclass 111 riatrire. the s t x t  of the iwo parties, th;r 
111 lire ponci and tbat in natiire was the same The problen1 of tire 



cod in nature, llowever, I have fout-~d 111ost convenieili: to posipone iiil 

this question can be discussed on a broader basis. 
To give an idea of the growth of the quite Y O I I Y I ~  cod I will give 

an account of some rearing experiinenis of larval cod as produced in 

the hatchery. These experitnenis were undertakeil to stiidy tlie biology 
of the cod in the pelagic stage, and several otber qi~estions. 

The r e a r i  n g p o n d, or large potld, of the iiatchery !ras beetr 
built between rocks beiiiild the hatchery. The dimei-isions are 34 X 22 

Fig. 2. The rearing pond. 

in. with a ia~axilni~ni deptli of 5 111. The bottonl corrsists of sand aiid 
roclcs, and has in the deapest part a woodeil iloor for the prrrpose of 
keeping the fish away froni the drain pipe. When tiie Iratciling opera- 
tions are going on during the moi~ihs of Febrtiary to May itle pond 
is used as a reservoir, and about 30 tons of sea water wiil pass t i i ro~~gli  
i t  in the cotirse of an hour. During Juiy atid Arigust -- tile time of 
lobster rearing - the water circillatioti i r r  itle years referrecf to w2s 
about 1000 tons a week. Beiween the rearing seasons, wlierr iire weather 
is warrn, about one fourth of the water i11 the porid is reirewed eacii 
week while i11 winter tile renewal of the water is carried out at a 

weeltly rate of orie teiltla of the water capacity of the poiid. 



O N  TIHE GROWTH OF ?'Hl: COD 

In the aniiual report of the haicbery for 1886 Capt. G. M. D a n n e -  
v i g  gives soine dates as to tIie problem in question. The followitig 
table is talien from the report: "Aarsberetniiig for 1886 for Selsltapei 
for de norske fislterierc fremme". 

Tab. 1. Rearing expewiments 1886. 

111 the wiiiter 1889, wheti iwo and a half years old, the cod had 
reached a le i~gth frorir 9 to 18 inches, a result w'tiich is in coi~cordance 

" with later experirnerits. 

As a student I had drtriog ille spring L909 ttie opporttit-lily of 
undertaliing sorrie experitnents as to the hzitdinesc of the cod eggs alid 
fry i l l  water of different salinity 2nd iernperat~ile, and also to lear a 
lot of the larvae liatched at the statioil in  order to sttidy the biology 
of the yout~g  cod. 



The reariilg of isaicbeci irj  (J!  otir salt wateei flslle7 is iiob 'i very 
easy matter especrally i r i  sn~al l  reservorrs fri C] porid, ilire i h a t  ,ti tiic 
liatchery Ilere, the tnsl; IS easy ei1ougI1 yolr liave ici siiut off i l i c  

water sr~pply and watcr otitlet, and to Ilberate a quarrt~ty of ttie 1i;itclieci 
Iaivae in the pond If t!ie silpgly of food is good yorr 1r11gI1t be SIIL-  

cessfuI1, if  very poor, only a few of the larvae will irirvite i ilaie 
iiot tliade exacl experiirients on Ihis clirestroi~, !)iit I ,]m ok opiiliotr 
that the chief iactor ot succeii is lile supply of sttiiahie rioiirriiiineiil 
r i l  the water. Tile fir~est resiilts of several rearing experiinents were 
attained in 1909 wlieri the water \vas crowcied 1~1th copepods aild lorvae 
of irlolluscs and decapodi The ventricles of tile yoliiig cod \veie i i i i l  o1 

these forms 
In order to keep the yourlg cod 111 small leseivolri ior exdct 

control tile bt'st way i have Eorind i i  to provide for a hag of cloiii 
or silkilet fine eirough to keep the yollng frorra passrrrg thiough blit 
sufficiently apen to allow the escape ot tiie water Tilis bag 1s s ~ i b -  
~nerged it? sea water 111 a cotrvei?ierit place aiid kept atioat at t l i t  

upper edge by the aid of a franie of planlcs I n  ihrs Irtile basin tire 
yo~ ing  cod are Ilbelated irotn the apparatus ~vhen the yolk-soc l i  

nearly absorbed, they w111 swrln about 111 the water and feed oir the 
small animals bhere 111 order to renew Ille water and aiso to airgrneiit 

tire supply of noi~r~s~anlent  a slow riiniling current of ieawater is led 
into the bag. 

An easy outlet ok the water is of ~ t~rpor ta i~ce ,  11 tile rileslies o1 
the tiet are alloaied to be clogged tlie yoring cod are preised tl-~roiigli 
the remaiiling operitngs ihey will eltlier escape or succirmb If the 
young cod at ~ntervals ale transferred to a clean bag by the  currerit 
tbrough a corr-rmuntcatrtig water plpe tfrese drfflclrllles are reilloved 

Or] the 25th of Apr~l - wheri the haicilirrg was goirig oti -- I 
Itberated soine tiaousands of cod fry i r r  'sile po i~d .  For three days I 
could see the young cod, blit later on they dtsappeared, probably on 
account of being carried away by the stroi~g clirre~ii. 011 tile 25th of 

May, wheii the hatctiiisg apparali~s were stopped, I pl;tceti soiiieililng 
like 100000 cod fry 1-2 days after ille t~atcl-ring in Ille poirci. Ai tile 



water-eir-culalior-i iiad now cezissed, tire yoi~iig cod co~ild be observed 

from day to day, - lceeping tlre iirst days near tile suriace. 'Tlre cp. 

gravity of tire \vater was soiilewiiat 1.0% from srrrfrrctl lo hoilorii arid ilre 

teillperatitre 9.5" C. 
Ori the 12th of ,lurre iwo inc1i.i-iduais i~ieasuseti 20 and 21 inill. 

blit belaleeri "rlie liirrnerous codliiig of aboi~ t  tile canie size, swin~mirig 

;ibon,t i r i  t l ~ e  iiiiddle layers, I observed :i dozeii of a iarger size, ap -  
proxiinately ~neasurilig fro111 30 to 40 111111. beirrg pm"bbIy stirvivors o[ 

sricli cod1ilrg.s placed i11 tile isond on the first occassion. 

On the lfitll of Jtirie tivo iiidi\~iciuals ii~eacured 27 ;ir~ci 28 inrri. 

Oii thal dale i \vas abie to couiit ;is rlintly ;is 50 cadlitrgs ;it a tili~c, 

stafidiirg on tile sarrie spot. 
Tile ieedirig of ille yoiiiig cod 1l:id begiit1 iii;it ciay ;!tid soilie o1 

tiierri ivere seer1 fetcliirig lile lirle grailreti / I i f y f i / i i s .  Tili iheii iiiey Iiad 

fed npoii liie Iriasses of i~rollusc Inrv;ie, coj)epo<l~; ilnd decaj-iod 1arv;ie 

lotind iit the water. 

The ierllpei-alrrrc iv;is: 
O i l l  . . . . . . . . . . . .  20.0 C' 
l - . . . . . . . . . . .  21.4' (:. 

:3 - . . . . . . . . . . .  21.2 C. 
.Jiriie 18til. 'The codlings kepi niar tile bot to ri^. Eighi i~rdividu;ils 

\vere secured, they were frorr~ 22 to 27 ~ ~ i i i ~ .  of Ieirgtii. 

,Juiie 29th. The youi-ig coci couici be observed close to ille 13ot1o171, 

b ~ i i  scarce j11 ~ ~ u ~ i l h e r ,  arrd i ; ~  tlre foilowing days they disappeareti 
r .  

alltogether. l h e  weatber liacl turiled very hot bril as Ille furids grarited 

towards these experintenis were insrifficieirt to keep ille sle;~tirprirnp 

goitig renewiiig the water, the experiments were ciisc(>~~tir~ue(l~ 
As to the gro.ivt1-r o i  tlic. cod vjt. ilave tlre followiiig dat@: 

;iver;ige ieilgtli. 

iVay 25th.. . . . . . . . . . . . . . . . . . . . . . . . . .  4 inin. 
.lilue 12111 2 ii-rtiividiiais 20 2 1  nilri. - 20.5 ,, 
.luilc Ilitil 2 27 28 ,, - 27.5 ,, 
.luire 18th 8 - 22--27 ,, -- 24.5 ,, 

'Tile nie;istiremerils of .llii~e 18111 give an average iricreinriit of 

0.85 rr1111. iter ciny. 



10 ALF BANNEVIG 

Rearing of young cod from nature. 

a. Deseription of the rearing experimerats 

In order to have a n  exaci: rnaterial for my stridies of the increilleilt 
of the cod and the formation of zones it1 the scales 150 cod beioriging 
to the O groiip were placed in  tile pond in October 1919. Tlte cod 

were captured witii a seiile i11 the littoral region i11 the neighbourl~ood 

of the iiatchery dtiriiig tfre first weelt of October. 0 1 3  the 11th of 
October the fis11 were ~neasrrred and a part of t h e  O group placed in  

the pond. As there iniglit be some iiidividtials of the 1 group amoilg 
the larger oiies i11 the catclres, the rnaierial takeir for the experiment 
was selected arnong the sinaller and n~edilim sized iridividuals, 

Tab. 2. "od 11th October 1919, 

For the two first inonths the yotri2g cod were twice weekly fed 

with Mjjtil~rs edulis and Cniccer pagaras bcit wilen tile water at the 

surface coinme!iced freezing i r i  the begiliniitg of November, and the 
water trear the botto111 was depleied of oxygen the Seeding was stopped 
it1 the middle of December i11 order to avoid ttre water io ptiirefy. The 

Sish was then lefl to seek ihe food arnottg the ;itliinals growii~g irr Ille 
p o ~ d .  I foitird i t  best to do so 21s tile cod according to my opiniori 

rreeds bitt liitle food ~vlleii the water i s  cold. 
On the 27th of February the liatctiiilg was siarted the water 

was quickiy renewed anci the ice melted away. In order not to spoil 

the water Eor the Ilaiciiiiig operatiorrs the feeding of the cod wac not 
continued t i l 1  in  May -- when the hatchiiig was stopped. In July tite 

cod loolted soiriewhat tliin but i t i  Artgust liie fish again were i n  a 
fairly good condition. 1l-1 the atituriirl 1920 oil foririation of ice the 

feeding was siopped once more - and in the sanie way ille following 



ON THE GROWTII OF THE. GOD 

Fig. 3. Tlie rearing poird 

year My assrstants and inysell iiot beitrg present at tile stdtior~ colt- 
tli~ually the  ieeding oi ille cod and the obseivatlon of teiiiperaiure 
have not been carr~ed on qiiite regiliarlj To t1115 conies of course 
tliat tl-ie exactriess of tile rearrirg experimeilti iiifiered by the fact that 
the porid at the canre time has aiso been iised for h a t c l ~ ~ n g  operatiotls 
Several of the yortilg cod have beexi carned away by llie cirrretjt and 
\vere foilnd dead  ti Ilre water pipes etc. 

b. The length increment of the csd. 

011 October i l t l i  1919 ille cod r-iieastired beiweeii 8 anil 12 crn. 
and diiring zll? years utilo M;iy 1922 the largest attairied <i leiigti~ of 
47 cm. I. e. at1 trieiease of tron1 35 to 39 cnr. accoldlng lo ilie lellgth 
of the individual, wtien placed i i ~  Ibe po i~d .  

The tlurnber of cod examined and t!rc lerigtii ol iiie ~rlclividrrals 
rnlght be seen in tab. 3. 



'Tab. 3. Length of the eod. 

/ Lerigili 
cm. 

set o i~ t .  1020 



ON 'YHE GROW'IX I O F  'SI 11.1 CO11 

Cod reeaptured. 

whole year The qcarity n~;iteilal, however, i i l i l l  iioi perin11 a close 

exarnitialroti oi iiiat cjuestion, tile iridividli,il v;~riailoris, ;ile too ereat  
Accoiding to r~~easu~emerrt  we rnaj tie slire tiiai the cctd put irito 

t11c poilcl 111 October all helorq to ille O group ,111ci ~f b le  ~ u p j > o % ~  

t h a i  the I~atcirir~g oi tlic cod lr t i i  hi.t.ri ai 114 trr,iurniriiii ;iboiit t i l e  i~ i s i  

oi Apiil, vJe fliiti t l rn t  ilie cnci 111 tlir porrii ctiiiiir~ rhe tirsi veLir i i i ts  

ieaciied tlie let~gtli of abolit 15 cm , iwo \leari old 27 29 c n ~  'I'hree 

yenri: oiii wc. firitf fhree specrmeiii helweer~ 36 atril 17 c111 

c. The seale increment. 

I i i  order to exariiiiie tire cod scales tiley are iil~bedded in glyceriri 

and investigated by tlie aici of E ti i 13 g e r s projectiori apparatiis - first 

with a low power lerrs, afierwasds witl! a ~ t ro i ig  olle, and the breadtii 
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Fig. -1. Grapli showing ille lerigili of tiie cotl iiieasiired, the size of scleriies 

;it the inargiri of tlie sczile, ille tenrperatlire i11 tlie pond and in ille 
sea at a deaptil of 1 m .  below the siirface. 

of each sclerite is couiited*). The ineasurenieirt of the selel-iies is doiii. 
by placirrg a slip of rriiiliiiieierpaper ofi tlie projeci io~~ board 311d eacii 
sclerite beiag itiarl<ed off oil the paper slip. (Vide L e a  : Report on Age 
atid Growth of Ille kjerring irr Carradiari Waters - Canadiari Fisileries 
Espeditioii l914 - 1915). 

In this way we inay obtaiir a sectioii of the scale sliowir~g tlie 
variation iri  itle size of the scleriies and the leiigth of tlie scale. Tlie 
enlargemerit is invariably kept on 160 : 1. Iri order to make these 
sectioirs rnore tisefull for iaier examinatioil they are aIi by the aid of 
Lea's method, loc. cit. brougth into the same relation lo the letigth of 
the fish from wtiicli they are taker:. I r i  the accornpar.iyir~g graphs these 
corrected lneasures have been ptit down on the absc i s se  =~ ' i l  of t h e  
I e r ~ g t t l  of t h e fish, the original measures as ordiriates as read 011 the 
tnillinieterpaper counted in millimeters. The ordiilate to the left preserits 

*) Measuriiig of sclerites Iiavc beeii tiridertalieii previously by O. S i i n d :  Rapports 
et Proces-Verbaiis, Voliirne XX 1914. And U. W i n g e :  Meddelelser fra liommisionen 
for havuiidersøi<elser. Serie Fiskeri, Bind 4 No. 8. 



the radial wrdtii of the central plate of the scaie, oriiinate lro. 2 that 
of the first sclerite a. s. o. 

Accordir-ig to W i n g e  the itlc~eineiit of tlie scals of tile cod is 
practically prsportlonai to the growlli of the Eish, 111 tilis way we may 

Fig. 5. [Photos 110. 1.1 Scale of cod 9.8 crn. October Ilt11 1919 
(J. no. 75. Grapli no, 5.) Enlargernerrt 220 : 1. 
Iliustrales the  measurernerlts of the sclerites. 



be ,iblc to ex,itx~il~t\ tvl-r;rt was tiie i>rccitiiii o1 ille ic ler~tei  (oirespondirrg 

to eacli Ierigtir oE tlre fis11 It would ilave beeil ot iiiteres"lo exarnine 

i f  the propo~tionality of the ie~iqtl-1 oi the frih arid Ihat of the scale 

iiolds good oil tiiis material, tliii c]iiestiorl Ilowevei w111 be subjected 

to a carefilil exarninatrorl later ori. 

i Tl ie  gl a p h s  no.  1 t o  n o  16, pllotoi 4 - 7 ,ire iepiesenting t l ~ e  

scaies fro111 16 cod of the same materra1 as prit into ille pond 

Tile iish are o1 nearly the same size and from the sarile (late Oct. 
11th 1919 

Tiaere aie soixie vdriatiori i11 tile breadtii of tiie icierites, 

biit by taking a general view of the graplii i t  is evidet~t ttiat tllc 

wlerrtes are declining flom the ceirtre of the scale lowards the 

edge, in some scales, llowever, with ;i tet-ldency to Increase in 

sl/e riear the edge 

'The photos of tile scales froirr these 11sli - pliotos 11 - 7 
iilustrates t h ~ s  feature. In genelal a photo is moie f i t  for studyitig 

,i scale than a mere seciron o1 i t ,  bilt wlien deaiiiig wiiii a sarnple 

iiie sections (grapils) are inore converilerri and pelmit r~rrt~-ierical 

calculations which are of great i~i-lportance. The photos and graplls 

are not aibvays froni the same scale. 

For compa~isori ille plioios o1 ille scales i ~ o m  tire sninlit.si 

ailtl largest iridrviclu;ils of ille O groiip 'iic giveri J'hotos iio 3 
and 8- 9. 

11 1920 Marcli 3rd. 1 cod recaptured. Length 14 eili. Giapli no 17, 

plioto no. 10 As the lengtli i ~ o w  was 14 cm tlie iiidividiiai rnust 

1i;ive giown betweeri 2 and 6 cili compa~etl witli iiie l~rrgth wlieii 

piaced i11 tlie pond. 
i c .  : 8 t l I 0 to 2 c111 

'File scltl? has broad scieirtei rie;ii ilic vdgr 
I11 1920 Maicli 2lst .  2 coci I ecaptitred 

L c i tg ih  10,s crn qlapti 110 18, plioto iio I I 
-- 18,O ,, 1 ,, 19, -- ,, 12 

The ii~dividttal oi 10,s ciil. has giowrl v i ~ y  iittli1 1 1  ailyt!iir~g, rlie 

sc;tie is sonrewliai defortileti c11 liai beeii tal<en too irear tile dorsal 

E r i l .  tire scaies on tlie flank be~rrg rirbbed off i i i  tlie tvater pipe 

wliere the fisli was iour-id It 1;icks large scleiites tiear the edge 



The iiidividual of 18 cm. mrist have growii 
18 cm. -+- (8 to 12 cm.) -1 10 to 6 ciii. 

in less than 6 months. The scale has a lot of large sclerites 
near the edge. 

These three specirrieiis, n-iarcfr 1920, are apt to show: 
1 .  Young cod - O group - -  might grow qtiickty dtiririg the winter. 
2. Rapid growtli give large sclerites, slow growth small ones. 

1V. 1920 May 28th. 28 cod recaptured, Leirgth 13---22 cm. 
Grapils no. 20-47. Pbotos no. 13--15, 

Ttie length of the cod falls betweeii 13 and 22 ctii. the 
length incretnents accorditrgly withiir the lollowit-ig liinits. 

13 c m - - -  12 ci-i~. -- 1 em. 
22 cm.- 8 cm. - 14 ctn. 

The average growth in 7.5 tnonth tnay be soriiewtiat 6.3 cm. 
When studying tlie graphs 110. 20----47 it is obvious that 

the size of the sclerites in the outer part of the scale is incre- 
asing as we proceed from the smaller lo tile larger fish. We 
rnay get the irnpressioir that the smaller fish have been stagria- 
ting during the winter, the length increment has been slow and 
the appearaiice of the scale is i n  concordarice herewith, display- 
ing a number of small sclerites near the edge. 

The larger fish of the sarnple have been growing rapidiy, 
the graphs show a great number of large sclerites in the scale 
- but near the edge the sclerites are again declining. 

The relation between the size of the sclerites and the lengt11 
of the fish is showri in table 5. 

The sclerites near the centre of tfie scale are o~ i~ i t t ed  in 
order to avoid the itifluence of the central plate, and tile last 
figures may be somewhat ii-icorrect owing to the difficulty of 
determiriitig the exact limits of the sclerite just formed. 

Taking it for granted that the relation between the growth 
of the Cish arid that ol the scale is nearly proportionai we find 
that the forrnation of small sclerites falis when the cod has attai- 
ned a lenght of betweei~ 7 and 8 ctn. and as that size was reactied 
before and at the tirne of tratlspianlirig the cod from tile sea to 
the pond i t  takes place in the autt~ilin, September fo October. 
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I t  may be presuined that tile dimii~uatiori of the sclerites 
illight have contintred if the cod had been ieft i11 the sea, and 
tlie formation of mii~imttm sclerites n~ight  then perhaps have talieii 
place in the middle of the wiilter, in other woids: That the con- 
dilions of IiCe in the tvinter have been more suitai.de jr1 the pond 
thail in the sea. 

Tlie temperatrires iri the ponci and i r r  tiie sea at ;i depth of 
I tn. rnight be conipared i t i  fig. 4, tile differences are insignificani. 

As to the food we rerilember tliat the feedirig of the cod 
was discontinued from the middle oi Deceiziber to May - the fish 
were theii left to feed 11pon the quantities of food in tlie porid. 

I cannot imagine atly factors whicti are apt to increase tlie 
growth of tile cod biit oi course, the disadvaritage by rearing 
experiinerits is ttiat ttie rest~lts cannot be considered as quite 
itatural. At least they m~is t  be verified by parallel investigations 
in the sea. 

The results, however, obtaitied on the base oi the tliree 
first indi-viditals recaptured are confirrned. 

As lo n iax imui~~ sclerites, they are insigr-iilicarit for tile smaller 
individtials btlt very corispictlous for the larger fish, bu  t t h e y  a r e  
r a p i d l y  d e c l i n i n g  t o w a r d s  t h e  e d g e  of t h e  s ca l e .  

The pliotos no. 13 - 15 give the scale of Ille smallest, - 
largest and a medium sized cod of the sample. Fig. 13 is of 
interest, the scale filied up with small sclerites is by sotne large 
ottes divided in three zones. 

V. 1920 Jisne 9th Sr 10th. 20 cod recaptured. Lengtli 12 - 22 cm. 
Graphs no. 48 -67.  Photos no. 16 -  18, 
The graplis are in accordaiice with the results arrived at on 

dealing with the sample of May 28th. The decline of the sclerites 
i n  the scales of the larger individuals is very marked (graghs 
63-67) .  The pliotos no. 16-  18 are chosen in the same way as 
the former ones. 

VI. 1920, Becember 5 t h  1 cod. Ler-lgth 20.7 cm. 
Graph no. 68. Photo no. 19. 
The sclerites near tlie edge are very large. I want to draw 

attention to this fact as the photo at a glance may be taken as 



not eonvincing. Both the basal and irpper contours of the sclerites 
have becotne inore distinct than usual and may be misleading. 
The scale show two niinitna, tlie first when the iish was 7 - 9 cm. 
and the second when 1 2 -  14 ctn. of length. 

VII. 1921, March 28, two individuals. Lei-lgth 27 cni. 
Graph no. 69 and 70. Photos no. 2 0 -  21. 
Of interest are the two minima - the first when the fisti 

were 8 - 10 cm. the second when abotit 14 - 16 cm. of length. 
Notice large space of broad sclerites near the edge. 

VIII. 1921, April 2nd. One inividual. Length 29 ctii. 
Grap11 1-10. 71. Photo 110. 22, 
There are two minima - but not very pronounced, the last 

one at a considerable distance from the edge. 
It is characteristic of these 4 speciniens flom the wiriter 

1920- 1921 that the scales show 2 minima at a considerable dis- 
tance froin the margin although the fish has not reached the age 
of two years til1 the spring 1921. 

1X. 1921 October 3-5, 3 individuals. Lengtli 25-40-31 cm. 
Graph no. 72-73---74. Photos no. 23--25. 

T h e s e  t h r e e  s p e c i ~ n e n s  a r e  2':- y e a r s  of  a g e  bu t  
t h e  s c a l e s  s h o w  3 m i n i m a .  T h e  l a s t  o n e  n e a r  t h e  
e d g e ,  h a s  o b v i o u s l y  b e e n  C o r m e d  i n  t h e  s p a c e  of  
t i t n e  j u s t  p r e c e d i n g  t h e  d a t e  of  c a p t u r e  i .  e. i n  t h e  
m o n t h  of S e p t e m b e r .  

X. 1922 May 23th. 3 individuals. Lengtil 36-46-47, 
Graphs no. 75-76 -77. Photos 110. 26-28. 

The sclerite measuren~ents are not very cotiviticii-lg - except 
for the larger one (Graph no. 77) but all of the scales give 3 
minima. Photo no. 26 has a ,,secondaryu mir~imum, but it is not 
cotispicuous enougt~ to ctiuse confusion. The distatice between the 
first and second ntinii-num is very ilarrow for all specirnens, indi- 
cating a slow growth at that time. Later 017, however, the growth 
has been very good and the third minimum is sitttated at a good 
distance from the margin of the scale. 



d, Summary of scale studies, 

The scales from the codlings from l l t h o c t o b e r 1 9 1 9 show 
thi t  the sclerites are declining towards the edge of the scale. The 
three specimens from M a r c h -A p r i l 1 9 2 0 show large sclerites 
except for the st~laller one. 

On the 2 8 of M a y 1 9 2 0 we find the stnaller individuals with 
small sclerites - tlie great individuals with a number of Iarges ones, 
but with a tendency of decliriitig toivards the edge. The material froni 
9 t h t o I O t h o f ,J u 11 e confirms these facts. 

Three specitnens frotn the w i il t e r 1 9 2 0 - 1 9  2 1 show large 
sclerites near the edge and two n~i i~ i rna  althougli the age of two years 
is not reached til1 the spring of ttle same year. 

1 9 2 1 O c t o b e r 3 - -  5 tiiree specimens show three ~nintma al- 
though the fish are but 2 ','.L years of age - and snrall sclerites at 
the margin. 

1 9 2 2 M a y 2 3 t Li the three spec i i~~ens  show three niinima in the 
scales, the last one at a considerable distarice from the i-nargiii. 

O11 the basis of the facts trientioned we rnay gel the impression 
that the f o r t ~ - i a t i o n  of s m a l l  s c l e r i t e s  n o r m a l l y  t a k e s  p l a c e  
i n  t h e  a u t u m n  o r  l a t e  i n  t h e  s u r n r n e r .  F o r  t h e  i n d i v i -  
d u a l s  w i t h  s l o w  g r o w t h  t h e  f o r r t i a t i o n  of s t ~ l a l l  s c f e r i -  
t e s  n i i g h t  b e  p r o l o n g e d  d u r i n g  t h e  w i n t e r  - s l o w  
g r o w t h  g i v e  s m a l l  s c l e r i t e s .  

T h e  f o r m a t i o n  of n r a x i m u m  s c l e r i t e s  t a k e s  p l a c e  
d u r i n g  t h e  w i n t e r ,  a n d  a s  t h e  m e a s u r e s  s h o w  g r e a t  
l e n g t h  i r - i c r e m e n t  of t h e  c o d  d u r i n g  t h a t  t i t n e ,  t t i e  
t h e o r y  o f  c o r r e s p o n d e n c e  b e t w e e n  r a p i d  g r o w t i i  a n d  
l a r g e  s c l e r i t e s ,  a n d  v i c e  v e r s a  n i a y  b e  t a l i e n  f o r  v e r i -  
f i e d .  Figure 4 illustrales tliis feature - the largest sclerites occur 
when the curve is rizing, 

The term of "winterzoi~es"for the zoiles formed by the small 
sclerites tnust be abandoned. We rnay speal< of zones with minimum 
sclerites, or iesting zones. 
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Iti the case of the rearing experirnei~ts tfie resting zones are 
normally Cornied during late surnmer and the same is the case as 
regards the material taken f ro~n  tile sea during October 1919. 

The nunlber of restii-ig zones i11 the majority of il-idividuals esa- 
rnined gives the age of the cod, or ~ ~ i o r e  explicit, it tells us fiow mariy 
attturnris the fish tias lived. The greatest difficuliies appear whetr 
dealirig with the slow growing individuals, the 1acIc of large sclerites 
iiial<es the restiirg zones to iiltermerge, beitig oiten only separatecl by 
a few medium cized sclerites. 

O11 the other hand sucli medium sclerites might appear in the 
n~iddle of a resting zone, i11 such cases we may erroneously be inclit-ied 
to courit two zones. This is the case especially when dealing with the 
medium sized material from May and June 1920. 

As mentioned i n  the preface I wiil not oil the basis of the 
rearing experiments disctlss the problem of annlial zories in the cod 
scales irom nature, I will o111y draw the attention of the scientists 
dealitig with age determinatioii to the facts nienlioried. 

I hope later oti to be able to give the results of more detailed 
experimerits on the problem, and also of my irivestigations on the age 
and growtb of the cod in nature. 



NO. 61 ON TFIE GROWVTH OF THE con 

Fig. 6. [Photos iio. 2.1 Sc;~le 01 cod l5 c1-11, May 28th 1920. 
J. rio. 430. Graph no. 31. Eniargemerit i30 : i .  

Ili~isfr?tes the occiirrence of large scleritcs i11 a rcsiing zorle. 



Pl, K-VII graphs of sclerites put down according to date, and ac- 
cording to the length of the fish within the same sample. 

Pl. VIII-XIII photss of cod scale (X 40.): 

The grapb No. is put it1 ( )  beside the riurnber of the figure. 
Photos and graphs not always from the satne scale. 

Pl. VIII. Photo no. 3. l l j l o .  1919. .l. no. 81. L. 7.0 crn. 
,, , 4. ( l )  o 1919. .J .no.  78. L. - 7.7 ,, 

,, , 5. (3) "'10. 1919. .J. no. 19. L. - 8.3 ,, 
,, , 6. (5) "/i,. 1919. .l. 110. 75. L. - 9.8 ,, 

,, ,, 7. (16) "/lo. 1919. J. no. 48. L. -- 11.3 ,, 
,, ,, 8. ll/io, 1919. J. no. 70. L. - 12.0 ,, 
,, ,, 9. 1 1 / ~ ~  1919. J. no 16. L, - 16.1 ,, 
,, , 1 ( 7  ?/j. 1920. .J. no. 102. L. - 14.0 ,, 
,, l .  (18) L"3. 1920. .J. 110. 142. L. -- 10.5 ,, 

PI. IX. ,, , 2 (19) 2 1 / 1 ,  1920. J. no. 141. L. - 18.0 ,, 
,, ,, 13. (20) "81). 1920. , J .  no. 422. L. = 13.0 ,, 
,, ,, 14. (35) "'i. 1920. .l. rio, 112. L. - 16.0 ,, 

,, 15. (47) '81i. 1920, , J .  no. 408. L. - 22.0 ,, 
,, ,, 16, (48) 916. 1920. ,l. rio. 432 L. = 12.0 ,, 
,, ,, 17. (57) lo /o .  1920. J .  110. 439. L. -- 16.0 ,, 

,, ,, 18. (67) '',t. 1920. J.  no. 431 L. 23.0 ,, 
Pl. X.  ,, , ,19. (68) "12. 1920. J .  no .534 .  L. --20.7 ,, 

,, ,, 20. (69) Sx/3. 1921. .I. 110. 167. L. - 27.0 ,, 

,, ,, 21. (70) ""1. 1921. ,l .  110. 181 L. =- 27.0 ,, 
,, ,, 22. (71) ' , A .  1921. .J. 110. 182. L. - 29.0 ,, 

Pl. XI. ,, ,, 23. (72) ' 1 1 0 .  1921. J .  no. 556. L. - 25.0 ,, 
,, ,, 24. (73) '/ro. 1921. .J. rio. 555. L. - 40.0 ,, 
,, ,, 25, (74) "10. 1921. .J. no. 557. L. 31.0 ,, 

Pl. XII, ,, ,, 26. (75) L 3 / s .  1922 .J. no. 213. L. - 36.0 ,, 
,, ,, 27. (76) 23 /5 .  1922. ,J. no. 212. L. - 46.0 ,, 

PI. XIII. ,, ,, 28, (77) 2i, ,, 1922. 1 o 21 I L - 47.0 ,, 
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Pl. XI. 
[Pliotos 23-- 251 



Pl. XII. 
[pilotos 26 -271 




