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~~~~:!~ Otoli t1ws of juvenile blue 1-rhi ting t-,rhen recruiting to the i:ndus.trial 

r ~·:.::~hery in t "he ~0or'Hegian Jeep in early autumn Umgu.st-October 1970-72) could 

:L,e divided into two groups, ·~·.d t hout or 1;,d th a veT'Y insignificant hyaline ring. 

DlLPing t11e a utumn a hya line ring (a Bm\l'ers zone) 1-ms laid down ~ollm\'EC by 

DeH opaque mate1•ial. A. true hyaline v:inter zone v..ra s lai..cl dm.,rn later in the ...rinter' . 
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Introdu.c:_!:ion :._ Tte. otoli ths of b.l·:J.•2 >·1::-:.i.tiD.g C:ave bet:m descrih:?-d. 1::-y· Scott ( 19DS) 

a.nd Sr.:pmundsson ( 1'3:29). The brok.c::n suPf·a.cr::: of thE~ oto1ith di.::::.pl.a:;l a.n al tr:::~:rnation 
of hyalin and opaque .zon es Tf·lhen examined under a .l.m·,r p(:.r,-.;;eT' 1Ill.Cl:'('JSCO:t~·e . 

These zones. ha' le by se-.;reral ~,mr•k t:~I"'S been inte::c....,:p:c.:::ted as sc::asonaJ..ly· formed, Hi t ·h 
tT::e hy·alin laid dm·~-'- dtrr·i::Jg the ld~LDt er• anc: the o:.::,aq1.~C! ZODt2S .laic. d ·:::Y,•m duri::.-~g 

the suJm:er. The validity· of t:C.is inteC':;:,.retati-::.n has b·::::cn stl.H:lied anc~ confi.r•med 
:J y .?.:ai t t ( 1 :j C 8 ) • 

On the 1::-asis cf the age x:··eading Eaitt {loco sit) found tha~--~= ~'Jl ue T.·;-hi:ting in the 

area r,·.fest of Scotland and ar(:.1..md th:.:: Far•oe Island.s in -r.:J-;. eix· f'irst ~re-:..'l :r, o::= life 

'I' ec.ch a length of 18-20 .:::m. in t~-e: spri.ng" Simila.r g.t>m·Tth the fir·::::.t y ~:; ar has. been 
p~::;por·t:ed fp()I:"J the ~·:.edit:er:n:::tnea.n (Bus 196 S) , · the Ba.y of Bi. sc..:::ty· ( :::2.;_:i che t 19 C 8 ~ 
1 1jf.9) , t:Je F'orcu..pine Ban!< ( I'olonsky L~H57) and the No:t ..... \ .. ~egian Sea ( Z.i...lar ... o'; 1'3~:.E:). 

J+C1 c.m :1n l~::+gth ~ and. Rai ~:t ( loc. sit) (.·ms 1..:nab1e t<::> :fit c. '-l>)n Be.Fta.Janff::r g-coT.-rth 
ci..:G .. "V'2 to th£~. gr::.ovrth pa ttex'n o::= b.lue uhi ting" 

BaiJ.ey ( 19 7D) r'eexa.mined sonv-: c·f the bJ.ue \···/hi ti.ng ma.teT• .=...al ke"Jt at the ~·~aPine 

Labcratcxcy, Aberdeen:::- fc~·rmei,ly aged as coming fJ~· om (:-grot:<.p fL"-h. He found t {:.at 
the ;:,:)toliths coulC. be .sepa:cc;~ted into trrm gT'oups accc:;.rd.::-.. ng to t:i1e t·ddth in the 
dorso'lent-l"a.~L :;::~L3.ne of tb.e otoLL.tb . .a.n d. i:he pos ::::es::: .. ion of an inc'cns:p:Lcuous zone 

1.-;r_-i_ th ne' zoDe. and a smallcc c:.tc·LL'th -;; .. ,,::_dth and 1-·grou;' fist ~-d·::h 2 tiny zcme ~..o.nd 

a g:t'£:a.ter otolith Hid th. He fin2.J.ly con:::.ludect that :j uveni.l.e jlu·::: Hhi t ing ~:.tayed 
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IlJOst labcrator:i.es v:orking on blue ·.-rti ting. 

A significant part of the catches · in the norr.-1egian tT~a~·1·1fishery for industrial 

pur?oses in the NoFth Sea is composed of juvenile bLJe Hhiting in the length

r)ange 10-25 cm, (J,3kupsstovu 197LJ.a).Since 1970-71 this fishery has been sampled 

l~egu1arely a.t the Institute of Harine Reseax•ch., Bergen~ (Lahn-\}o·:~armesen 1973). 

Hhile r~'~rorking on the agecomposition of blue T,-,rhiting. in these catches it T,,ms 

difficult to use tlle criteria set up b~l Bailey ( loc. sit) ::=or separatin~ the 

first age groups. Nany of the ju·v·enile fish t~at enteY'ed the North Sea in the 

autumD. :~lad one zone iE the oto1i th, some ~ad tvw and later in the h,.i.:1ter eve:-1 

rr.o:re zones could be counted. It was the:r:->e.:foT·e nece ssary Hi th a closer study of 

the zone forJtation the first Hinter blue •,,~biting · spent in this area. 

The most characteristic fe2ture of tte length distrib~.1tion of bllJ.e ~\rhi.ting ir: 

t~;.e indus trial landings fron the ·North Sea is the rec1,ui tme:nt ee.ch autumi1 of 

j uveni.le fish .':0 .:..17 cm ( ,J.:il<:ups s to vu 19 71.t.a J. Thi.s group (fig. 1 a & ~=~ ) has a 

fairly normal length dis-L-ribution a:1d it: is a relative si:n:t) .le task to separate 

this group frorE any olue1..., fish in a sample. And :fo~C' this paper· only fish coming 

±-:rorr: the recn1iting g;110Up ha-.:,re b~~en .taken into consi.deratio!L 

The na~.::e.rial consists of 1:-J sample. s .:=·r om the period Febr'ua.~y 1970 to ~·fay 1973. 

Of these 3 samples ax•e :from the a1.:.tur:D ( Seot. -O ct .. ) , 5 :::r•om tl1e li·dnter and 2 

from tte spring;. 9 of the samples are f:t. .... o:n the Viking Ea.Dk ar'·ea and 1 frorr: the 

area west of Ireland (fig. ·2 a & ~~ table 1) . 

Each fish in the .sample i s me.asu.l..,ed to the n ec=.;T'ez:t 1/2 cm belm-r as soon as 

possi..ble after the capt=:..n'e. The sacculus otolith ~vas then dissected out and 

each paiP kept se"Jar·ated ir1 pc-.per evenlopes. 

For age determination. t ::v3 · rcethod described by Gambell ond i:·ressto)."'ff ( 19E4) "ms 

ado pt e d. The otol.i th is b-roken tr~ansversally, and . a beaJl of light st!.:"iking the 

side of .it is transmitt e d up,.,•ra.I'd.s thro1..1gh it~ illurcinating. the hyaline a.cc. 

O?aque zones on the broken SUl"face. D'uring the r eading the dorso"',"'entral dia -

meter· o£ the SlU""face ~,\ra s ne.asured . Th!:"~ ecge H 2.S g-.roupec. into t'je follo~~,ring cha

r-a.oter·s: Hyaline (.H) :t · ma.inly hyaline ::;1.1t ~~d. th sor:ie opaq.ue JTk~te;:r: ial somei·there 

on tl-::e eG.ge (He·), · opaque ( 0) and rHinly opaque but Hi th sor:1e h~·aline material 

at t h€~ . edge ( 0~-:t.) • 

IAtring reading a ny bya.line r:~ng in t~e. otolith r,-.!.J.S . r e cordec. and if possible the 

gJ,eatest inner di.a.rneter . measul"-ed. 

Results .and disci..Jss.lon. 

The d . .:.str:::.buti.on of t·he edge character is. set· out in fig. 3. Al ti101.lgh t\e number 

of samp.les is too srnc1ll to dra.i·i any conclusion~ t h e re·su.l ts are in ar:!co:rdancf.?. 

r,·.:ritl-: Rai -tt · s ( 1'368) find .i.ngs r"rit:h ma inly byali ::-1e edges i n the h'in t sP -:tnd mainly 

O)a que edges in t2-~e S9ring > A . sr·ecia-.1. f eature is the 1:-:: .. Lg:h .Perc·.entage Hi th hya-· 

li.r~e · edgc:s in the au-r:urr:n. The nu.mber· of otoliths h.:~t:h opaque and. l·:y2.ll.~te-opaque 
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edges in the ~,rinter is also remarkably high. 

In tab·le 1 each sample is divided into groups according to tee number of rings 

counted in the otoli·ths; here is counted an:y,. I'ing that is possible to detect 

ev·en i£ it j_s not possible to follm,J the ring all the ';,ray around the tJroken stu•

face of the otolith. 

In fig. 4 a-d each sample is s·pli t in the same groups and :for each group the . 

distribut.ion of the otolith •·ddtl:: and the distribution of the ring diarr.eters 

recorded as percent of the nu'C'Iber in sample. 

The C.istri~ution of the otolith ring Hi.dth is in eyepiece Lllit. The corres?on

ding fish lengths taken froo fig. ( 5) is indicated belo',•l. 

In tbe autumn samples fror~ 1.970 and 1972 mainly ti-m gr'oups of otolitl:'.is can be . 

recognised either '>·d thout or ,,,d th one ring. l~ost of the rings in the sample 

from 197:) could be n2asuT1ed~ thus indicating that they Her·e layed cor1~n 'i.·then the . 

lengt~ distribution 1·lds from 6-.:2 cm. ~Jone of the rings in the autumn · saraple. 

coulc be meas1~red. 

T.l::e autumn sample fi.,om 1971 is grouped into three groups,. v:.z. none, one and 

t\•.ro ringers. The one ringe1•s layed dor.·in the 1'ing Hh'311 tl::.e length d::.stri:Jution 

i•laS :fl"~Orrl 8-16 en. The tHO ringers layed dO'.-J'"!l thei:fl first r,\rhen the fish y.,•·2re fY'Offi 

7 to lJ...~ cm .and the. second •,,rhen the fish r..vere fr,om 11 to J.:S cm. 

The h'2.r~:ter• san?le nom 1970 although divided into 4 gT'OU:;?S is dominated by t1-m 

ringers. The first of these la~.red doHn v.Then -the f':i.sh r,\rex•e from 4·-1C CD and t:J.e 

second fr·om 11,5-18 cm. 

P.~..lso in the r,,rinte.r sample from 1'371 4 groups ~~·rel1 e recognised r;dth b·IO ringers 

d.ooinating. The relative number of one ar..d -two ringers is hm·rever higher in this 

sample then ir::. the hrintex• saTO);':·le from 1970. 

In the h'iQter sample from 1972 only one and tv.To 1•ingers are found rArhi.le in the 

~.,rinter sample from 1973 three gr·6ups are l'ecognised. 

Tb.:e S?ring sarcple from 19 71 is di v.i.ded. into fow." grour•s viz.. 1, 2 ~ 3 and 4 rin

gers. Of these tl·lO and three r L1ger•s a1,e dominating. 

Tte spring sanple from 1973 on the other· hand is divided into thx•ee groups r,.,rith 

3 l"'ingers as the dominating group. Of these the fiPst grou!.=' is laid elm-m \··;rhen 

the fish wex•e fr'om 4-·12 cm~ the .second 1·then the fi3h W·2Pe from 12-16 cm and ·the 

third I·lh~:~n the fish were .15-·22 cm. 

In fig. C. the auturr~n sample from 1972 is set up against an au.tvJrm sarr:ple from 

v.rest o:': Il'"'eland the same :·.rear. Tt.:.s last has been g~'ouped into 0, one and tHo 

Pingers. 

Although ther·s is a great variation fl..,OD sa.mp1e to sample most of them are 

gr·ouped into tT.-ro dominating gr•oup$. ThE: jU"'lenile fish ente:cing t:1e fisher··_y in 

the autum.r: is ~;nainly 0 a.nd one, r.i:-lge:rs. D1J.1··ing the autumn a ne~rt bya.lir:.e r'ing 

is .laid dmc.~ £olloT.-ied by neH c9aque mater>ia.l resuJ.tir1g in rnainly one and t·do 

r·ingers i.n the 1id.nte1• s amples. In late Hinter a second ring is laid den-m awi 

in the s pring mainly thTO a nd thre e ringers are found. 
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The relation between fish length · and otol2. th · .. d.dtl: in eyepiece units (fig. 5) 
has no point for' fish smal.ler than . 9 cm. EL1-·b:-a:po.lating beyond this :point~ hm·r
e"'lei'"), · indicates that the first ~ring is laid dm,rri 1-ihen the fish a~..,e f rom L}-10 cm, 
the second Hhen the length is fr,om 12-16 c.m and tbe third r;\rben the l·ength is 
fr·om 15-21 cm. 

The ring laid dm.·,'-n · in the autumn is pr'.:)bably connected Hith tte shift in depth 
:regime from the upper pelagic zone to the deeper in · the Norh'egia.n Deep and the 
corresponding shift in d.iet. • A similar ring is found i::1 r,,rhi ting otoli ths and 
is by Gar.lbell and. Hes-stor·f£ ( l'9c·4) named a BoHers zone. 
The ring laid dor1m later dur,ing tr.:.e i-<inte~·· is the most cons~icous and is a t:eue 
rtdnter zone • . r ·::-1e ring r;,'hich is found in some of the otoli ths .from the autumn. 
sanples is probably the·· saoe as Ba.iley· ( 19 70) ter"'rned tee fir>st r,\rinter ring. Ba i -· 
ley .found. in hi~ mater,ial ·t :-::at otoli ths r,·d tf: such a ring on avarage had higher 
otolith widtb than th~~e without. This has been tested on this material with a~ 
F' test. The H that all. groups c.r.e fr;om the sam,;~: population · •. ras r~o-t r'ej ec ted ~:1 0 

any case 1-lhen s 9,y probability Has used. Whe!l 1 * probat)ili ty r.-.ras used, hoT,,Yf."':-rler' 
the H · ·Has r.•ej ected for the· · ~,Jinter sample~- 1971 and 2.972. 0 

In fig. 7 a S(;ledtion cif oi~olit:-Js n'O;}l th;;;~ mater·ial used in this pap::?!T' is sh <Yi·ffi. 
The figu:."e is bas·ed on sectioned · otoliths ( Jaxupsstovu 197L~~). And in f:~g ., :3 t1,~,ro 
sections of old~~!' fish is s~io~~:r:. Tt.~e ar:rov:s indicate the ring, I .int e-:c·pr'ete as 
layed doT,,m in la·te ~·•inter. In· the olde .. r otolith the Bower'~ s zone and the fir'st 
-ring is clear Hhile iD the · younger· a n'lm1be:r1 of rings ca:-l ~e sea.n . ' . 

The juvenile blue T,,rbi ting caught L:1 the Nor·~,-:regian Deep during a.utu.rnn" 111inter and 
spring belong to one yem::clas s and most o£ them l ay d:::n-r:-1 t·L-.;o h~taline r'ings du
ring that· period. I t .is ~Eerefore d~fficult to comprehend that tJ~1e ··:::~·arr.e fish du
~..,·ing thei:c fi:rst ~..,rear· of life only ·lay· dm·m an· inconsp:~eio-:..w hy·alin'e ring at a 
time rt-Yhen t:C:ey su:ppo.sec;.l:,l aT'e foun:-1· in thE:~ Ul_)perrnost la:~rers of the ~'sea. 
In ad.dition if the blue ·.-rhiting enteJ:>ing the Nor,wegian Deer;' during· au:tumn i.s 1 
grooup fis~ quite a sliJstantiaJ amomrt of ~J lue Hhi ting less than 10· cm is to be 
fot:nd somel·r.:-J.ere ln the nort-east Atlantic during 1·tinte:r and sp::."'i'ng . But" so far' 
this size gr'oup has only beec l"epor·ted caught during s ur:m.er and early au·t:1nm, 
On this 1-::·ackground I in terp·ret ti:e · juvenile I)lue Hh:i ting •2nteri~g the Nol"l·:eg.ia.n 
Deep in t:1e autl:tmn as ()-gr'oup fish rather i:han 1-g:roup fis21. This .::.nte:cpPetation ~ 
hm·reve :J." :; may not be ·valid for ot:·~e.t'· \nws·s:ry a.:reas r,v-i tt a r:i:i.f:f-:::rerit abiotic an C. 
biotic r.Ji.l.if?-U. 
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2J..02.1 'J71 6 1r. 2 2 ~ N- 0 3 ~ Cl .. r: 121 0 :~) 1 12 57 .. c 

l..-J 
26.05 .l'J7l Viking Ban\ 1.00 Ol "'1') 41 32 6 

• .J ~~ i.f_ 
211.10 .1S171 59" 14 ~N-03" 27 ··c 10 1 101 15 rTI) 

IL 14 
02 .03. J.~r/2 '62 .. 00 '"N~O~)" 37 .. ;r.: 50 50 31 19 
27.09.1:)72 6 1" 17 '" l··i-02" 19 'E 100 lOO 61 39 
13.03. ]_':~173 GO 0 IJ 5 ~N-.OL~ ,., 37 .• s 128 r_::,() 8 ;~g 13 
2S. 05. 1Tl3 61., 15 'N-o2" o3 '"e 120 ~ ) 3 9 44 ~~--........---- - - · . .............. _,_. -.u....,~--...._---~-.-r. ....... . ....... 
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Fig. 3. Edge character in pr,esent of the number.., of otoli ths in the samples, Oh Mainly opaque, but 
with some hyaline material in the edge. 0 opaque. H hyaline and Ho mainly hyaline, but with 
some opaque material at the edge. 
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Fig. 7. A selection of sectioned blue whiting otoliths. The 

corresponding fish length in cm is indicated. 
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Fig. 8. Two sections of blue whiting otoliths. The arrows indicate 
the ring interpretated as the first winterzone. 


