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In recentyenrs therc' has been :ii.,marked'inerease"in: the use'er' otoliths in
herring biologieD,l investigations. . In Seottish investigationsthey hD,ve replaccd
seales ~or routine agc determination, .thcusco~ seales being eon~ined to growth
studies, iri, partieulnr ~or routine cstimations o~ ~'." Ho~cver, mVirig to the .
extrn labour involved in eollceting und mounting seale material, in,additiori to
otoliths,'and to thc difficulty in obtnining good quality scnles~rom herring ,,'
enught by trawl, a number of workcrs havc investigntcd the possiblc usc of oto
liths in routine gro.vth studics; thc resu11s of such an invcstigntion for Baltic
hcrring wercprescnted by Dzin-Gi-Jun und J. Popicl nt thc meeting of the Herring
Committee in 1961.' This rcport deals with a siwilar study en autumn spaw.ners
~rom thc north-wcstcrn North Sen.

" .'

Mnterial und lIl:ethods

Thc otoliths om,l seales uscd in this s tudy were talccn fr'om the'sun;e fish
eollceted during routine srumpling at Seottish cast coast ports during thc summer
drift net fishery in ,thc north-western Ncrth Sen. Additional material from;
smallcr,' adoleseent ,herring was, nlsotaken from' thc ,lanClings of the young herring
fishcry in thcHorny, Firth. . " .".',.. ~ ",

L1. cstim.1.tes from 'seales wcr~ ;ma~ci;'in.th~ nonnnl, routine ~~rfrommensurc
mcnts mnde on ,their projectcdimnges, Oll'lusing,.simplc proportion cstimations (see
"Report on Hcthods usecl in North Sen Herring' Investigntions"). '. '.'~; ",'

\ 1 . \: ~ ~ !' ,~'-,

The .~~rre~pon~1ine o'tolitll, me~s'~cm~~t's .;vcrc m~tle ~rom thccentrc' of the " ,
nucleun to thc P?st-rostrum, ns ShO'Vffi in thc. ~ollc\ving diagr?ID: -. . ,"

anti-rostrum

, nuclcus
. ,

,-.. ' ..

pararostrum
.",',

. ',' '.. ." " . ,.. : ;: ,- ., i ' i '. ""

This dimen6ion wns chosen becuusc0f thc, genernlly, bettel', llefinition' of ,the
first (an~1 usually the 2ml" ::.ncl 3rd)' 'Idnter zone in the post-rostrum region of the

, • I

otolith than in other regions, cspceinlly nlong thc rostrum. Howevcr, n ser2es
of estimn.tcs of 11 ~ram mensurcmcnts tn.k'en fr,')m the, nueleus. to: the ?-I1tirostr.urn,
pnrnrostrum anQ postr~strum'gnvcnppr:"xi.inn:tclythesnme averngcvalucs~ and thcre
was no evidence of systcmntie diffcrenccs 'betwccn thcm~ ." ., .

Most o~'the otolith mensurcmcnts were mnde on phat0gro.phs taken in-the:coursc
o~ routine, otolith invcstigations (Pnrrishnnd Sharmnn, 1959),.?ut initially, n
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series of comparable microscopo measurements were also made, using an eye
piece micrometer. These, again gave approximately the same average values.

As for scales, the estimations of 11 were made directly from the oto
lith and fish length measurements, by simple proportion.

Results

The estimations of 11 , for otoliths and scales from the same fish,
for pre-spavmers (maturity stages II and III) in the north-western
North Soa in 195e, for 3-13 year old spawners (maturity stages VI and VII)
in 1955, and for one year old adolescent herrino (maturity stage I) in 1955
are given in Figs. 1, 2 and 3 respectively. In Fig.1 estimates for "narrow"
and "wide" otolith types are shown separately, while in Figs. 2 and 3, the
estimates are all for "narrow" type otoliths.

These results show that, in almost all eases, the estimates of 11 from
otoliths were larger than those from scales. The mean differenees for the
three sets of observations, based on the "narrow" otolith type, in Figs.1-3
arc given below.

Adolescent herring Pre-srawners Spawners
1955 1958 1955

Mcan difference 1.2 2.5 3.0(otolith-scale)

No. of observations 68 230 67

Thus, it seems that there is a large, highly significant systematic differ
ence between the estimates of 11 made from the two structures, which cannot
be attributed to errors in the interpretation of the position of the winter
zones in either the scales or otoliths (although a small number of the
extreme differenees shown in Figs. 1 and 2 might be due to this). Moreover,
the smaller difference for the adolescent herring than for the adults, sug
gests that the bias increases with the size and age of the fish. The extent
of this inerease is shown in the following table, which gives the mean dif
ferences between 11s estimated. from otoliths and scales, for successive 2 cm
size groups of fish (material for adolescents and pre-spawners only).

Length of Fish
( cm)

16.5-18.4
18.5-20.4
20.5-22.4
22.5-24.4
24-.5-26.4
26.5-28.4
28.5-30 .4-

Mean Difference
otolith-scale

(mm)

0.8
1.3
1.3
1.9
2.4
2.5
3.3

No. of
Observations

2
19
4-6
23

113
70
21

•

These data show that there is a steady increase in the differences over
the size range of the fish. The 11s estimated from both otoliths and scales
increased over the size range, but this increase ,vas greater for otoliths
than for scales, thus causing the greater,differences between them for the
larger fish.

A similar analysis for fish of the same size, but of different ages,
showed no significant change in the bias with age alone.

Discussion

The large systematic bias, and its increase with thc size of fish,
suggests that it is at least partly associated with ä~ferences between



the relative growths of thc.two struetures and the growth in length ofthe fish.
With bcith stru~tUrcs, t~c estink:~~s 'of ~1 were mnde, using a~simp1e'proportion:
equntion, as fol10i"fs:- , .'" '. ,. ';' . " .. '. " .. ..':,:' . .):. . ~.} - .~. ~.,
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'wherc 11 =, lcngth'o<fi~h .~~ fo:n:a~iori of 1st winter zone, ':, I

L ' = total 1ength of fish , ", ".' '".: .'~- ;,

v1 = otolith und seulemcasu~ement to 1st Winter zone
~.. : j • ..... . : - .}'.;

V = total otolith und scale mcasurement

" , , v

This cquation is strict1y on1y valid if the're1ationship between the growth
of thc otolith and Geale in linenr, of the form L = B"V, with the regression of
fish length und otolith or sca1e length, passing through the origin. Biasscd
cstimates will bc obtnincd if it is curvi1inear, or linear, of thc form
L =A + frV, with the regression of fish~length on otolithor,seale 1ength having
a significant intc~6pt. In thc. 1at~cr ease, unbiassed estimates,of ~ ~e given
by the expression, I', , " " , u·· •

r " • • ; • -. l I ,I"

.' ' v1' " . ',v1 " " ,. .' ..
1

1
=V . L. +, A( 1 - v-)' '. '.'.. ;•;. '( 2)

• wherc A1Iis ' thc intcrecpt of thc. linear regression of fi'sh length on' otolith or
sea1e 1ength (Len, 1938j-Parrish, 19~)•• ':c , •. :". ' ., .',.

Len (1938). found thnt for Norwcgian und S-wedish scale' mn.terio.l,·the.·' growth
equation was, of this:linear~.form',~·with,va1uesof ~rAr~. rangingbetwcen,10.nnd 19 mm.
Recent datu fornorthern North Sea autumn spnrmers between18 und 31; cm in length
also give a simi1nr linear relationship with n best estimate for "A" of 21 .:t 6.5 mm.

•

An annlysis of the granth relationship for oto1iths has also been made on
In.."I.teria1 co11eeted fram northern North Sen nutumn spawncrs, betwecn 5 and 31 ein
long. The data for the nue1eus-postrostrum lengths, plotted agninst fish 1cBSth,
nre presentcd in Fig.4, to~cther vdth tho best fitting linear regression 1ine;

As for senles, n linear re1ntion provides the bost fit to tho data over the
rnnge of mcasurements considered. Furthcnnorc, thc intcrccpt "A" of thc regres
sion in not significant1y different from zero. It would seem therefore, that
the simple proportionnlity equation is a valid one for estimating the,l1s fram
oto1iths, using the nuc1cus-postrostrum distanee~

Therefore, it seems 1ike1y from the available data that nt least part of .
thc diffcrenee bctwccn thc 11 cstimates from oto1iths und sen1es ean be attri
butcd to the method of cstimntion. Conscquently, the cstimates nk~de fram sen1es
from adult pre-spavmcrs 't.-:cre corrceted, using Ci7prcssion (2), und a vnlue of "A"
of 21 mm, dcrived from the northern North Sea dnta. .

The npp1ieation of this eorreetion reduced thc menn differenee bctween the
otolith and sca1e cstimatcs, from 2.5 em for thc adult pre-spnwners, to 1.4 cm,

, and smoothed out, to some extent, the differcnee over the size range fish. That
this differcnce is still high1y significant, sho~~ng that thc eorrcetions used,
ae~ounts for only about hnlf the totnl discrepaney between the estimates from
thc two struetures.

1IThe value of A does not ncecssnrily eorrespond with thc length of thc fish
when sea1es are first fonned.

1VThc points given in Fig.4 are thc menns of numbcrs of otolith measurcmcnts
for em 1ength groups of fish. Howcver, the regression equntion was ca1eu
1atcd fram the individual mcnsurcments of otolith und fish in mm.

3. "



',C" , With,the dntu a:vailable at present,it isnot possible toinvestigate the
eauses of the total diserepaney. lt is possible thntthe true value of the ,
intercept of the seale-fish length regression is highdr than thnt used in the
nbove eorreetions; it was derivod fram a relatively small number of obser
vations (112) over a relatively narrow'size' range (20":30 cm), above thc range
of estimated 11s. A value of, "A" of bctween 40 and 50 mm would be suffieient
to elindnate thc average diserepaney betwecn thc estimates. A further, more
extensive study of the' grawth of both senles und otoliths relative to growth
in length of the fish is necded in order to determine more aeeurately thc fonm
of the relations over the whole range of sizes fram the end ofthe first year's
growth to the largest sizes narmally encountcred amongst North Sea autumn
spawners.
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~stiillates of L1 from scales and otoliths of anult pres~awners

(stages VII-lI to V). Fuchan Area 1958.

,.•

•

•

· .. ..
··.. ..

. .

..

...

•

... .
'J<

,.

•..'. ')( ... .....
t

,xx •
• X

x X

x .. • . )(

)( .. X. . I

Je
X . • ;< •

)(
.)C X

•

V)
r
1-
:I
o
1-
o

~E.o
q:...

•

12

11 - /

I I • I ,
~ to 11 12- l'3 14- IS 16 17

ll'$ f10ri\ Sc..~ks (Oh)



B'i~r€t2·

Estimates of L1 from scales and otoliths (narrow type) of
adult spawners (stages VI a~l VII). Buchan Area 1955.
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,
::Tstimatcs of 1.'1 from scales ane. otoliths of adolescent herring

(1 group). :r.foray Pirth 1955.
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Regression of fish len~th on otolith length.
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