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Introducticon

Often few, if any, good scales can be obtained from samples of trawl-caught
herring. For this reason thc possibiliby was investigated of using herring otoliths,
instead of scales for growth calculations. Thoe validity of the use of L, valuos
proportioned from horring scales is based upon the fact that the relationship between
the growth of certain scales and the growth of the fish itself is linear over nearly
all its range. This mwas demonstrated by Lea (Hjort, 191c), who also showed that the
orror involved in calculating Ljs from herring scales was very small.

The rolaticnship betwsen otolith and fish growth in the herring was not known.
It was decided thereforc to examine this relationship in O-group herring up to the
formation of the first winter ring in the otoliths, and to comparec Ll values calculated
from both otollths and scales.,

Material and Mothods

A large number of O-group herring otoliths were available for examination
from somples collccted betwoen 1963-56. Tho somples from which these otoliths came
had beon exomined in detail and it was known with a fair degree of certainty from
which spawning stock (spring, longshore, autumn or wintor) each originated (Wood, 1959).
A number of otoliths frem large O-1 group horring ( > 12 cm) collected more recentLy
on rosearch ship cruises were also cxanined., These were all assuned to be
autunn spavined.

The otoliths to be measurcd wero selectod in order to cover adequately, as far
as possible, the length range occurring in U-1 group herring in cach of the four
spavining groups ring, longshore, aubtumn and winter). Each otolith was measured along
two axes (Figure 1§ in nmicrometer eyepicco units, using o binocular mioroscope with a
X25 magnification, which gave a ratio of 25 oyepiecce units to 1 millimetre. The axes
wore chosen to give the measurcments of the width and length of each otolith. Both
otoliths frem each fish werc measured, if possible, but often conly one otolith was
available.

A mumbor of otoliths from adult herring were alsc measured. These herring
camo from samples obtained in the North Shiolds, Aberdeen, Whitby and East Anglian
fisheries. Besides total width and totel length, thoe width and length of the L, to
tho outside odgo of tho first winter ring were also moasured. The otoliths wors
sclected from fish which had o scale Ll range from 5.8 to 21.& cm.,

Results

All otolith measurements made on the 0-1 group herring have beon plotted in
Figure 1. Clearly tho growth rates on the two axes of the otolith are quite differont,
for while there is little increasc in otolith width after a fish length of about 13 cm

"~ has beon reached, therc is a fairly sharp increase in otolith length with fish length

oven up to the maximum fish length here of 21.6 ecm. It is impcriant to note that
noithor regression is linear. '
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As could be expocted from variability in otolith shape, there is a fair
degroe of scatter on the values plotted in Figure 1. However, especially at the
lower ond of cach regrossion, somoe of this is due to tho fact that for the same
length of fish there is a markud difference in both otolith width and length,
dependent upon the time of spawning. In Table 1 the means of otolith width, otolith
length and fish length are given for each of tho four spawning groups (spring,
longshere, autunn and winter) calculated frem.oll the observations within each cn
intorval of fish longth., Vithout doubt the largest otoliths arce frem the herring of
the longshore group, which spawn in late spring., Incidentally, although these does
not seem to beo any direct conncction, bocause the otolith commences growing long
bofore the fish metamorphic length is reached, it is interesting to note that the
herring of the longshore group metamorphose at a much smaller length than those of the
othor groups. Intermediate in size are the true spring-spavined and winter-spawned
horring, which have otoliths of fairly similar size and which both metamorphose at
approximately the same length, while the autumn~spawned herring, which metamorphose
at the largest length of all the group, have tho smallest otoliths. The asymptotic
naturc of the composite rogression shown in Figure 1 is also present in coch
individual spawning group. This can bo seon in Tablo 1.

Although the origin of some of theso horring could be disputed, it is a
fact that similar conclusions were reached by MuZinié on the otoliths of spring-
spawned and early autumn-spawned sardines of the mid-Dalmatian stock (Muiiniép”1952).

From the measurcments made on the adult herring otoliths, L, values werc
calculated by simple proportion. These are listed in Table 2, togotﬁor with other
L, volues from tho otolith measurcaents, read off from the curves which have beon
f%tted by eye to the rogressions in Figure 1. Also given in Table 2 is tho "error",
or differcnce between the scale L1 and cach otolith Ll value, obbtained by
both methods .

As would be expocted from the nature of the relationships involved, tho
errors on L.s proporticred from both the otolith width Gnean 4,3 cm) and otolith
length (mean 2.5 cu) are toc high for this method of L1 calculation to be of any use.

The errors arc nmuch reduced whon L_s arc read off directly from the curves
in Figuro 1, tho means being 1.4 cm on the Gtolith width and 6.9 cni on the oteolith
longth. Although the moan errors arc substantially lowor, in some casocs tho individual
errors are still too high if accuave L, values are requirod. This method of
L, meagsurcnont night, however, prove o} valuc whore some idea of L. size was
ofsontinl and rcscales wore available., Novertheless, it is quite Glear that for
accurato Ll calculations it is vital to use herring scalos.

Sumnary

1. In 0-1 group herring the rolationship between the grogth of “the otolith along
two axes (i.c. width and length) and the growth in length of tho fish was investigated.

2. It wvas found that this relationship on both axes was curvilinear and that the
rato of growth of the otolith on both axes progressivoly decreased as fish length
inereased. This was much more marked on the otolith width than on the otolith length.

3. - It was ghown that,in O-group herring, the otolith size vnrios with time of
spawning. : :
4, It was shown that the crrors in proportioniné L.s frcom measurauonts of

horring otolith width and longth were too high for thislmethod to be of any real.
value. The mean crror, however, was found to bs less than 1 cm when L_s wWere rcad
off directly from tho otolith longth/fish lenzth curve for O-1 group hSrring. It
was suggostod that this mothod of obtaining L. values from herring otoliths might be
of value in cascs whore somo idea of Ll sizec vas cssential, but no scales were

~available.
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NB, The otoliths from fish larger than 12 cm

wiere all considered to be of the autumn

spawned origin, owing to the lack of evidence
to suggest that any worc in faet+ of cther coricin,
Mean Ctolith Width in EFU'S

; Mean length

of fish (cn)

Spring

L/%hore

Autumn

Winter

Table 1. Comparison of otolith size in O-group herring spawnsd

at ‘f’eren’c times.
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lo.4

13.5

16.6

17.6

12.5

15.7

18.6

22.3

24.8

1lo.9

13.8

19.2

20,8

23.5

25.9
27.0

32.0
327

4,75

9.5

11.9

15‘9

21.6

23.9

26 .4

27.6

29.6
30,2

32.3

Mean Otolith Length in EPU!S
Mean length !
of fish (cm) Spring | L/%hore Auvutunn VWintoer
umbers of fish
in brackets
3.6 (6) 19.2
3.7 (6) 13.8
3.7 (7) 12.6
4.3 (2) 23.8
4,4 (13) 18.6
4.5 (12) 18.1
4,6 (18) 14.2
5.3 (lo) 24,4
5.4 (17) 19.0
5.5 (14) 25.1
5.6 (4) 31.9
6.1 (6) 27.4
6.3 (6) 35.2
6.4 (19) 31.2
6.6 (9) 38.1
7.3 (14) 34,3
7.4 (6) 41.2
7.5 (8) 42.3
8.4 (15) 45.7
8.6 (11) 39,3
9.4 (20) 49.8
9.5 (19) 44.8
10.5 273 62.7
lo.5 (2 49.5
11.5 (93 58.8
11.6 (12 57.6
12.4 (73 61.2
12.4 (2o 60.4
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Referonce Otolith Tiidth Otolith Length | Fish Fish Age Otolith L. by | Otolith L, by Differsnce betwoen Scale L1
Number of in Micrometer in Micrcnetor Length in Scale | Proportion extrapolation . and Otolith Ll (em)
Fish Bye Piece Units | Eye Piece Units (en) Growth Zomnes L, (cp) from graph (en)
By Proportion! TFrom Graph
Ll i Total Ll_ Total (cm) | Width | Length! T¥idth | Length | "idth | Length | Width Length.
2M62/©2 23 50 35 105 23.8 4 5.8 10.9 7.9 7.7 6.9 +5.1 +2,1 +1.9 +1.1
23 50 4o 109 10.9 8.7 | 7.7 8.6 +5.1 +2.9 +1.9 +2.8 ]
2M62/34 24 61 38 lo3 23.0 4 5.9 1o.8 8.5 8.1 7.4 +4,9 +2.6 +2.2 +1.5 |
) 24 51 38 103 lo.8 8.5 8.1 7.4 +4.9 | +2.6 +2.2 | tl.5
12Ns61/9 22 50 35 106 26.6 7 6.5 11.7 8.8 7.3 6.9 +3.2 +2.3 +0.8 +0.4
/ 23 50 35 107 12.2 8.7 7.7 6.9 +5.7 +2.2 +1.2 +0.4
39EA61/4 25 50 42 102 24.3 4 6.8 12,2 | lo.o 8.5 8.2 +5.4 +3.2 +1.7 +1.4
: 25 50 44 1c3 12.2 {lo.4 | 8.5 8.6 +8.4 +3.,6 +1,7 ; +1.8
39EA61/22 24 41 44 92 23.8 3 7.5 13.9 |11.4 8.1 8.6 6.4 | +3.9 | +0.6 | +1.1
; 25 4o 44 93 14,9 111.3 8.5 8.6 +7 .4 +3.8 +1l,0 ! "+1.1 -
BHSGl/bl 27 48 47 lo4 24.3 4 7.5 13.7 {1l.0 9.3 9.3 +G.2 +3.5 +1.8 T41.8
127 47 48 1lo7 l4.0 |1o.9 9.3 9.4 +6.5 +3.4 +1.8 § +l.9
27N361 /50 29 44 52 97 25.2 3 8.4 16.6 |13.5 lo.4 10.3 +8.2 +5,1 +2.0 +1.9
29 45 53 97 16.2 | 13.8 lo.4 10.6 +7.8 +5,4 +2,0 +2.2
39EA61/67 - 27 42 45 88 22.7 3 8.6 14.6 |11.6 9.3 8.8 +6.0 +3.0 +0.7 +0.2
- 27 42 46 89 14.6 |11.7 9.3 9.0 +6.0 +3.1 +0.7 +0.4
51N361/?o 29 46 52 lol 23.7 3 9.1 14,9 |12.2 lo.4 1o0.3 +5.8 +3.1 +1.3 +1.2
28 45 53 103 14.7 |12.2 9.8 lo.6 +5.6 +3.1 +0.7 +1.,5
39EA61/7 27 &7 49 loo 26.6 4 9.4 15.3 | 13.0 9.3 9.7 +5.9 +3.6 -0.,1 | *0.3
: 27 47 50 lo2 15.3 | 13.0 9.3 9.9 +5.9 +3.6 -0.1 +0.5
32NS61/35 29 42 53 93 23.4 3 lo.2 16.2 {13.3 lo.4 lo.6 +6.0 +3.1 +0.2 +0.4
o |28 41 53 92 16,0 | 13.5 9.8 lc.6 +5.8 +3.3 -0.4 +0.4
33N361/5 29 41 59 96 25.0 3 l1o.9 17.7 | 15.4 lo.4 12.1 +6.8 +4.5 -0,5 +1.2
29 43 59 a7 16.9 | 15.2 lo.4 12.1 +6.,0 +4,3 -~0.5 +1.2
39EA61/7& 31 53 55 | lo8 28.3 5 11.1 16.6 | 14.4 11.4 11.1 +5.5 +3.3 +0.3 0
i 30 53 56 1lo7 16,0 | 14.8 10.8 11.4 +4.9 +3.7 ~-0.3 +0.3
8N361/39 32 45 P59 97 24.0 3 11.5 17.1 | 14.6 12.0 12.2 +5.6 +3,1 | +0.5 +0.7
i 33 44 i 6o 99 18.0 | 14.5 12.6 12.4 +6.5 +3.0 +1.1 +0.9

continued on ncxt page.ece.s
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. Roforence 0tolith Width Otolith Length | Pish Fish Age Otolith L. by | Otolith L_ by 1 Differcnce betwsen Scalc L. and
i Humber of | in Micrometer in Micremeter {Length in Scale | Proportioinn oxtrapola%ion tolith L KQE)_WE;“_*
Fish Eyc Pieco Units | Eye Picce Units| (cm) Growth zones| L, (cm) from graph (cm) |By Proportion 1pron Groph
L L, Total yl Total (en) Width! Length| THAth Length [VAidth 'Langth Width Length
3411361,/81 32 45 63 | loo 24.1 3 12.1 | 17.1 | 15.2 12.0 | 13.2 +5.0 | *5.1 | 0.1 | +1.1
L 32 44 61 99 17.6 | 14.8 12.0 | 12.7 +5.4 | 2.7 | =0.1 | +0.6
341361 /72 29 44 6o 97 25.7 3 12,7 | 16.9 | 15.9 lo.4 | 12.4 +4,2 | +3.2 | =2.3 | -0.3
' 28 42 58 95 17.1 | 15.7 9.8 | 11.8 +4,4 | +3.0 | =2.9 | =0.9
35EA61/31 33 51 66 | 116 27.9 5 13.4 | 18,1 | 15.9 12.6 | 14.2 +4.7 | +2.5 | =0.8 | +0.8
L 34 53 68 | 116 17.9 | 16.4 13.3 | 14.7 +4,5 | +3.0 | =0.1 | +1.3
341561 /95 33 43 63 95 25.6 3 13.6 | 18.4 | 17.0 12.6 | 13.2 +4.8 | +3.4 | -l,0 | -0.4
1 34 46 62 95 18.9 | 16.7 13.3 | 12.9 +5,3 | +3.1 | =0.3 | =0.7
35BA61/15 34 47 68 95 21.2 2 14,1 | 15.3 | 15.2 13.3 | 14.7 A.2 | *1.1 | -0.8 | +B.6
34 46 66 95 15.7 | 14.7 13.3 | 14.2 +1.6 | +0.6 | =-0.8 ! +o.l
34%361/76 36 48 7o | lod 26.1 3 14.7 | 19.6 | 17.6 15.0 | 15.4 +4,9 | +2.9 | +0.3 | +0.7
39EA61/46 31 45 67 98 27.5 3 15.5 | 18.9 | 18.8 11.4 | 14.6 +3,4 | +3.3 | ~4.1 | -0.9
32 45 64 97 19.6 | 18.1 12.0 | 13.6 +4,1 | +2.6 | -3.5 | -1.9
331361,/46 34 46 75 | lod 26.4 3 15.6 | 19.5 | 18.5 13.3 | 16.5 +3.0 | +2.9 | -205 | #0.9
33 46 72 | lo4 18.9 | 18.3 12.6 | 16.1 +3,3 | +2.7 | -3.0 | *0.5
34M361/91 35 47 69 97 26.3 3 16.3 | 19.6 | 18.7 14.2 | 15.1 +3,3 | +2,4 | =-2.1 | ~-1.2
35 47 67 95 19.6 | 18.5 14.2 | 14.6 +3.,3 | +2.2 | -2.1 | -1.7
39EA61/5 36 43 75 97 23.1 2 16.4 | 19.3 | 17.9 15.0 | 17.1 +2,9 | +1.5 | ~1.4 | +o.7
_____ . 35_ 1 _42 175 98 19.3.1 17.7 1 14,2 | 17.1 +2,9 1 +1,3 | -2.2 | +0.7
35861 /4 37 49 76 | 1o8 26.8 3 17.3 | 20.2 | 18,9 16.5 | 17.5 2.9 ¥1.6 | =0 8 | 0.2
e b BT | 4B 76 1108 . | bt 2007 1389 1 16,5 | 175 f #3.4.4 #1,6 | -0.8 1 *0.2
3411561 /60 37 47 77 | 105 26.2 3 17.5 | 20.6 | 19.2 16.5 | 17.9 +3.1 | *1.7 | -l.o | +o.4
36 47 77 | lod 20.1_1 _19.4 15.0 | 17.9 +2.61 +1.9 | -2,5 | +o0.4

continued on next page ..ee.ces



continued,..

Scale Lls (cm) )

Referecnce Otolith Vidth Otolith Length Fish Fish Ago Otolith L. by| Otolith L. by Diffoerence botween Scale Ll
Humber of in Micrcnmeter in Micremotor |Length in Scalo! Proportioll extrapolation and Otolith L1 (cm)
Fish Eyc Piecc Units | Eye Picee Units| (cm) Growth Zones L1 (cm) from graph(cn) By Propertion {~  Froa Graph
Ll Total | Ll Total (cin) |Width | Length| Width | Length |Width | Length Yidth | Length
21i362/8 37 46 77 lol 25.7 3 18.1 | 20.7 19.6 | 16,5 | 17.9 +2.6 +1.5 -1.6 -0.2
) 38 46 78 lo2 21.2 19.7 | 17.4 18.2 +3.1 +1.6 ~0.7 0.1
341561/73 | 38 47 85 111 26.6 3 18.9 | 21,5 | 19.9 | 17.4 | 20.0 T¥2.6 | .o -1.5 |+
37 46 82 1lo 21.4 | 19.8 16.5 19.6 2.6 +0.9 ~2.4 +0.7
211562/39 39 4 84 112 27.2 4 19.0 | 21.6 | 20.4 19.0 20.4 +2.6 +1.4 0 +1.4
4o So 82 111 21.8 | 20.1 2l.0 19.6 +2.8 +1.1 +2.0 +0.6
31N361/7 39 5o 81 lo7 26.5 3 19.2 | 20.7 | 20.1 19.0 19.3 +1.5 +0.9 -0.2 +0.1
GNS4/3 37 44 78 96 25,2 3 2o.1 | 21.2 | 20.5 16.5 18.2 +1.1 +0.4 -3.6 -1.9
37 & 82 99 21.2 | 20.9 16.5 19.6 +1.1 +0.8 -3.6 ~0.5
1M5/61 35 a7 77 107 28.5 3 20.4 | 21.2 | 20.5 | 14.2 | 17.9 +0.8 | +0.1 26.2 | -2.5
38 49 78 109 22,1 | 20.4 17.4 18.2 +1.7 0 -3.0 -2.2
1M5/61 4o 49 85 111 27.8 3 21.1 | 22.7 | 21.3 2l.0 20.9 +1.6 +0.2 -0.1 -0.2
A 39 49 22.1 19.0 +1l.0 -2.1
Total Differcnce 276.6| 168.6 92.5 58.8
No. of Observations 64 63 64 63
Moon Difference )
betwsen Otolith and) 4,3 | 2.5 1.4 0.9




Otclith measurement in EPU's

Fish length in centimetres
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Figure 1. Otolith/fish length

relationship in O-1 group herring
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