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Introduction S
In rccent yearu thcre has bccn a markcd increase. 1n “the use of otollths 1n,
herring biological investigations. " In Scottish 1nvcst1gatlons ‘they have replaced
scales for routine age detcrmlnatlon, -the use of scales being confined to growth
studies, in. particular for routinc cstlmatlona of 11. . Howcver, ow1ng ‘to the.
extra labour involved in collcctlng ond mountlng scale material, in.addition t0 .
otoliths, and to the difficulty in obtaining good quality scalcs from herring
caught by trawl, a number of workeru have investigated the possible use of oto-’
liths in routine growth studies; the rcgulss of such an investigation for Baltic
herring werc prescnted by Duln—quJun and J. Popiel at the meeting of the Herring
Committee in 1961. This rcport denls with a similar study on “utumn spawners
from the north-western North Sea.

~

Material and Methods

The otoliths and scales uscd in this study were taken from the same fish
collected during routine sampling at Scottish east coast ports during the summer
drift net fishery in .the north-western North Seca. . Additional material from ..
smallcr, . adolegcent hcrrlng was also taken from the lanllngs of the young herrlng
fishery in thc Mo rwy Flrth. L . B P E P ,

e EEL S :

1. cstlmatcs from scaleo were: mule in. thc normal routlnc manncr from mcasure—
ments made on their projected. images, anl using, s1nple proportlon cstlmatlons (see
"Repnrt onﬁMbthods used in North Sca Herrlng Invcstlgatlons") -_.e Sl -

The corrcununilng otollth mCﬂsurcmcntg Wcrc mwdc from the ccntro of the -fj}
nucleus to the. -post-rostrum, as sh svn in the follﬂw1ng dlagrum-- s s
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This" dlmenolon was. choscn bcc"ugc ﬁf the gencrally better, deflnltlon ‘of the
first (anq usually the 2nd and 3rd) winter zone in the post-rostrum region of the
ctolith than in other regions, espccially along the rostrum. However, a scries’
of cstimates of 1y from measurements taken from the. nucleus. to, the antirostrum,
pararostrum and postrostrum gave: appr*x1nqtc1y the same avertgc valueu, and "there
was no cvidence of systematic diffcrences betwecn thems

Most of the otolith measurements were made on photographs taken in" thc course
of routine otolith investigations (Parrish and Sharman, 1959): but 1n1t1a11y, a




series of comparable microscopc measurements were also made, using an eye-
| piece micrometer. These, again gave approximately the same average values.

’ As for scales, the estimations of 1, were made directly from the oto-
lith and fish length measurements, by simple proportion.

Results

The estimations of 1y, for otoliths and scales from the same fish,
for pre-spavners (maturity stages IT and III) in the north-western
North Sca in 1958, for 3-13 year old spawners (maturity stages VI and VII)
in 1955, and for one year old sdolescent herring (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 cases, the estimates of 1, from
otoliths were larger than those from scales. The mean differences for the
three sets of observations, based on the "narrow" otolith type, in Figs.1-3
are given below,

Adolescent herring Pre-spawners Spawners

1955 1958 1955 ‘
Mecan difference
(otolith~-scale) i 2.5 3.0
No., of observations 68 : 230 67

Thus, it seems that there is a large, highly significant systematic differ-
ence between the estimates of 14 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 differences 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 increase is shown in the following table, which gives the mean dif-
ferences between 1ys estimated from otoliths and scales, for successive 2 cm
size groups of fish (material for adolescents and pre-spawners only).

" Mean Difference
Length of Fish stolithesonts No. of
(cm) i) Observations
16.5-18.4 0.8 2
18.5-20. ) yi 19
204 5-22, 1 15 46
22.5-24. 4 1.9 23
2L, 5-26.1 2.0 113
26.5-28.4 2.5 70
28.5-30.4 3.3 21

These data show that there is a steady increase in the differences over
the size range of the fish. The 1,s estimated from both otoliths and scales
increased over the size range, but this increase was 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 the size of fish,
suggests that it is at least partly associated with differences between
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the relative growths of the.two structures and the growth in length of the fish,
With both structures, the estlmates of 14 werc made, u51ng a'51mple propertion :
equation, as follows:—. . O s T S S
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'wheré'l1 ; length of flsh at forratlon of 1st w1nter zone\ TR L

L '=total length of fish . - - =~ ¢ . o octel Aot s

B vy = otollth and scale’ mcasuremcnt to 1st winter zone’ T’.; R

V= total otollth and scale measurement

This equatiocn is strictly only valid if the relationship between the growth
of the otolith and scale is linecar, of the form L = BV, with the regression of
fish length and otolith or scale length, passing through the origin. Biassed
estimates will be obtained if it is curvilinear, or linear, of the form i
L = A + BV, with the regression of fish'length on otolith or scale length having
a s1gn1flcant intcrcept.  In the latter case, unbiassed estimates of 1y are given
by the cxprcss1on, SRR . e e T T T e

Soon e R ‘ ’. ".'."”“s"

11 =—v_j- L. +A(1 ""—‘-’i), .tacio;oonooo'o‘i'oo;;o"‘(2) Ce
vhere AT/;s the intercept of the lincar regr6581on of flsh lcngth on otollth or
scale length (Lea, 1938°-*Parrlsh 195(0)e « 00 e ~

Lea (1938)-found that for Norwegian and Swedish scale material,: the’ growth
equation was. of this linear form,.with values of VAH_ranging.between:10lénd 19 mm.
Recent data for northern North Sea autumn spawners between 18 and 31 em in length
also give a similar lincar rclationship with a best estimate for "A" of 21 + 6.5 mm,

An ana1y51s of the growth rclationship for otoliths has also been made on
material collected from northern North Sea autumn spawners, betwcen 5 and 31 cm
long. The data for the nuclecus-~postrostrum lengths, plotted against fish lepgth,
arc presented in Fig.l, together with the best fitting linear regression lines

As for scales, a linecar rclation provides the best fit to the data over the
range of mecasurements considered. Furthermore, the intercept "A" of the regres-
sion is not significantly diffcrent from zero. It would seem therefore, that
the simple proportionality equation is a valid one for estimating the 14s from
otoliths, using the nucleus-postrostrum distance.

Thercfore, it seccms likely from the available data that at least part of
the difference between the 1, estimates from otoliths and scales can be attri-
buted to the method of estimation. Consequently, the estimates made from scales
from adult pre-spavners wére corrccted, using erpression (2), and a value of "A"
of 21 mm, derived from the northern North Sea data.

The application of this corrcction reduced the mean difference between the
otolith and scale estimates, from 2.5 cm for the adult pre-spawners, to 1.4 com,
~and smoothed out, to some ecxtent, the differcnce over the size range fish. That
this difference is still highly significant, showing that the corrections used,
accounts for only about half the total discrepancy between the estimates from

the two structures.

—/&hc value of A does not necessarily correspond with the length of the flsh
when scales are first formed.

éy%hc points given in Fig.l are the mecans of numbers of otolith measurcments
for cm length groups of fish. However, the regression equation was calcu-
lated from the individual mcasurements of otolith and fish in mm,
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With the -data available at present it is not possible to investigate the
causes of the total discrepancy. It is p0581ble that the true value of the
" intercept of the scale-fish length regression is highér than that used in the’
above corrections; it was derived from a relatively small number of obser—
vations (112) over a relatively narrow 'size range (20-30 cm), above the range
of estimated 1ys. A value of . "A" of between 4O and 50 mm would be sufficient
to eliminate the average discrepancy between the estimates, A further, more
extensive study of the growth of both scales and otoliths relative to growth
in length of the fish is needed in order to determine more accurately the form
of the relations over the whole range of sizes from the end of the first year's
growth to the largest sizes normally encountered amongst North Sea autumn
Spawners. :
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Tstimates of Ty from scales and otoliths of adult prespawners
(stages VII-II to V).  Ruchan Area 1958,
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Bigure 2.
Estimates of L, from scales and otoliths (narrow type) of
adult spawners (stages VI anl VII).  Buchan Area 1955,
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Istimates of 7..1 from scales and otoliths of adolescent herring

(1 group).

Figure 3.

lloray Mirth 1955,




Pigure ke

Regression of fish leugth on otolith length.
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