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ABSTRACT

From age readings of cod otoliths by ageing experts at the Workshop, significant
variation in age determination was found among the individual readers. Such differ—
ences could seriously affect the results of population analyses. The detailed exam—
Ination of selected otolith photographs was carried out in order to determine some of
the reasons for the discrepancies. It was concluded that further work on age deter-
mination should be undertaken in an effort to reduce subjective errors in ageing and
to develop a set of guidelines for otolith interpretation in cod.

INTRODUCTION

Differences in the age compositions of some fish stocks, as derived from sampling
data reported by the various Member Countries of ICNAF, were apparent at the April 1975
Meeting of the Assessments Subcommittee (ICNAF, 1975). Because accurate age determina-
tions are essential for the analytical assessment of fish stocks, an ageing workshop
was proposed to ascertain if the discrepancies are due to variation in the interpreta-
tion of otoliths among the age-readers of the various countries and, if so, whether the
differences are significant. The Workshop was subsequently established by the Standing
Committee on Research and Statistics (STACRES) to examine ageing material for both cod
and silver hake from various Northwest Atlantic stocks (ICNAF, 1975), with E.C. Lopez-
Veiga (Spain) and R. Wells (Canada) as Coordinators.

Problems associated with the age determination of fish are not new to ICNAF. An
exchange of cod otoliths started in 1958 (ICNAF, 1958) showed good agreement but pointed
out some of the difficulties in interpretation. 1In 1962 a workshop on ageing techniques
was held at Bergen, Norway (ICNAF, 1963), and in the period 1963-67 a series of samples
of cod otoliths and photographs were circulated among ICNAF scientists (Kohler, 1964;
Blacker, 1968, 1974). Many publications dealing with the bioclogical basis of age deter-
mination, ageing techniques, mechanical aids, validation studies and the sources and
effects of errors are present in the literature.

This paper describes the proceedings of the Workshop which took place at the
Institute of Fisheries Investigations, Vigo, Spain, during 20-25 October 1975, with the

1 gubmitted to the 1976 Annual Meeting as Summ, Doc. 76/VI/13 (revised July 1976).
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participation of experts from Canada, Federal Republic of Germany, Poland, Portugal,
Spain and USA (Appendix I). Because of illness, the USSR expert could not attend before
3 November, at which time he had the opportunity to study part of the material on cod
which had been examined earlier during the Workshop. In view of the absence of the USSR
expert during the scheduled period of the Workshop, the work was devoted entirely to the
examination of ageing material for cod, with the problem of attempting to resolve the
discrepancies in silver hake ageing having to be necessarily deferred to a later work-
shop.

MATERIALS AND METHODS

Ageing material for the studies on cod were provided by Canada and Spain as follows:

ICNAF Sampie 1 Sample 2
Div. (Spain) (Canada)
24 - 49
3K 55 46
3L 106 49
3NO - 49
30 52 49
3Ps 52 49
4¥n 51 -
LY 52 -

Each age reader was provided with a binocular microscope and the otoliths were read
in a darkened room using reflected light. The otoliths, broken across the sulcus, were
mounted in blocks of modelling clay and arranged in trays, each containing 25 specimens,
so that no delay was encountered in obtaining the otoliths for study.

During the first day of the Workshop, variocus parts of Sample 1 were aged by those
who had arrived by that date. On the following day, after discussion by all partici-
pants, it was decided to proceed with Sample 2, since both photographs and projector
slides of these otoliths were available. After all of the otoliths were read, sufficient
time was available to study about 60 slides in detail, and the various interpretations
of age were noted and discussed. The actual age determinations for Samples 1 and 2 by
the individual readers are listed in Appendix II {Tables A and B).

Cop OToLITH SaMPLE 1

Agreement between Pairs of Readers

Table 1 shows the percentage agreement between pairs of readers for the various
areas separately and combined. Agreement ranged from 0% by readers 3 and 3 for Subdiv.
3Ps to 77% by readers 8 and 9 in the same area. Agreement between pairs of readers for
all areas combined ranged from 8% (readers 1-3) to 63% {readers 8-9), the 76% agreement
by readers 5 and 8 being for one area only. OQut of 84 possible comparisons of reader
pairs, 60% or more agreement was achieved by eleven pairs of readers. The average agree-
ment by all pairs of readers for all areas was only 39%.

The frequency distribution of reader pairs in relation to the percentage agreement
achieved for each area is given in Table 2. Agreement was slightly better than 50% on
the average for the Div., 3K and 5Z otoliths, although in the latter area only three
pairs of readers out of 10 achieved agreement at 50% or better. Agreement was relatively
poor feor Div. 3L and 30, with only one pair of readers achieving agreement at 50% or
better for each area. For Subdiv, 3Ps, the frequency distribution is bimodal with 10
" pairs of readers recording less than 30% agreement on the cne hand and one-half of the
total numbers of pairs achieving 50% or better on the other. The percentage agreements
were less variable for Subdiv. 4Vn, but only 3 of 10 pairs of readers achieved agreement
at 50% or more. PFor all areas combined, the frequency distribution tends to be symetri-
cal about the mean (at 39%) with about one-third of the reader pairs achieving less than
30% agreement and about the same number achieving agreement at 50% or better.

An indication of reader bias with respect to pairs of readers and to the group as
a whole for all areas combined is shown in Table 3. The bias between readers, defined
as the percentage of otoliths over-aged minus the percentage under-aged, ranged from
-84 (readers 1 and 3) to +83 (readers 3 and 10). Reader 2 had little bias on the
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Table 1. Percentage agreement between palrs of readers by area for Sample 1,

Readers Percentage agreement Readers Percentage agreement

compared 3K 3L 30 3Ps 4¥n 57 Total compared 3K 3L 30 3Ps 4Vn S5I Total
1-2 - - - 56 28 682 =55 3-9 - 48 6 0 - - 18
1-3 - 9 <. 8 - - 8 3-10 - 20 - 15 - - 18
1-4 - 3 - 52 58 37 44 4-5 - - - - . 85 85
1-5 - - - - - 5 51 4-7 - 27 - 15, 39 - 30
1-7 - - - 13 3 - 22 4-8 - 3 - 777 43 48 44
1-8 42 9 - 662 35 45 42 4 -9 - 37 - 69 - < s
1-9 51 26 - 662 - - 50 410 - 23 - 6% - - 35
1-10 - 9 - 48 - - 32 5-8 - - - - - 7680 762
2-3 - - 4 80 - - 29 6-8 - - 21 - - - 7
2 -4 - 47 - 38 48 45 45 6 -9 - - 33 - - - 33
2-5 - - - - - a1 a7 7-8 - 33 - 18 8 - 34
2 -7 - A - 31 3 - 36 7-9 - 3% - 2 - - 29
2-8 - 49 17 &7 55 45 48 7-10 -4 - 29, - - 35
2-9 - 48 38 5. - - 59 8-9 678 57 57 772 - 632
2 -10 - 4 - 61 - . 5 8 -10 - 49 - 63® - . 5
3-4 - 12 - 15 - - 14 9 - 10 - 38 - 58 - - 45
3-6 - = 25 = = 425 e
3.7 - - - 46 - - 46 No. of pairs 3 24 9 28 10 10 84
3-8 - 42 10 12 - - 18 Average (%) 53 34 23 42 43 5] 39

Agreement 60% or more.

Table 2. Frequency distribution of pairs of readers by
percentage (agreement)} groups for Sample 1.

Percentage No. of pairs of readers

groups 3K 3L 30 3Ps 4Vn 5 Total
0-9 - 3 2 2 - - 7
10-19 - 1 2 6 - - 9
20-29 - 4 2 2 1 - 9
30-39 - 6 2 2 4 1 15
40-49 1 9 - 2 2 6 20
50-59 1 1 1 6 3 1 13
60-69 1 - - 6 - 1 8
70-79 - - - 2 - 1 3
Total 3 24 9 28 10 10 84
Average

agreement 53 34 23 42 43 5 39

average with respect to the groups as a whole. Readers 1, 4, 5, B and 9 tended to under-
read with respect to the group, whereas readers 3, 6, 7 and 10 tended to over-read.
Reader 5 (55%), followed by readers 2, 8 and 9 achievad the best average agreement with
respect to the group, while the poorest results were achieved by readers 3 and §.

Agreement with Modal Ages

For each specimen, except those for which no clear mode was evident (about 20% of
the total), the modal age was determined from the ages estimated by the various readers.
The resultant anomalies (estimated age minus modal age) were determined for each reader
and area together with the mean deviations and the standard errors {Table 4). With
respect to the modal ages, the mean deviation provides an indication of bias and the
standard error gives a measure of consistency. For all areas combined, the mean devi-
ation was minimal for readers 2 and 8, followed by readers 1 and 9 who tended to over-
read the modal ages. The greatest positive bias was reflected in the ageing of reader
3 who on the average determined the ages at about 1 year older than those pertaining
to the modes. Readers 6, 7 and 10 tended to over-read the modal ages but to a lesser
extent than reader 3. Consistency in ageing at or close to the modal ages was best for
readers 2, 8 and 9 (lowest standard error values) and was poorest for readers 3 and 6
(highest standard error values).
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Table 3. Bias between pairs of readers in ageing Sample 1.

Bias between pairs of readers® Average Average

Reader 1 2 3 4 5 6 7 8 9 10 bias agreement
1 e -26 -84 17 49 - <71 -24 -22 -68 -29 38
2 26 e -67 29 45 - =17 2 12 -23 1 46
3 84 67 ] 78 - 5 -30 65 83 42 55 22
4 -17  -29 -78 e -23 - =42 30 -21 -51 -36 38
5 -49  -45 - 23 ® - - -16 - - -22 55
6 - - -50 - - [ ] - 54 59 - 21 26
7 A 17 30 42 - - ® 37 67 33 42 33
8 34 -2 -65 30 16 -54 -37 e 21 -23 -9 44
9 22 -12 -83 21 - =59 67 -21 e -4 -30 41
10 68 23 -42 51 - - =33 23 a4 ® 19 39

Percentage over—aged minus percentage under-—aged.

Percentage agreement with the modal ages was highest for readers 5, 8 and 9 (>80%),
with the last two having consistently achieved better than 75% agreement for each of the
areas concerned (Table 4). Readers 1, 2, 4 and 10 achieved 62-70% agreement for the
combined areas, but there was considerable variation among areas in some cases. Agree-
ment by reader 3 was extremely variable, ranging from 12 to 86% for three areas with a
weighted average of 26% for the areas combined. For all readers and areas combined,
average agreement with the modal ages was about 65%.

Considering the results for the various areas separately (Table 4), agreement with
the modal ages was generally good (63-94%) for the three readers who studied the
material for Div. 3K, the overall average being B0%. Agreement was also reasonably
consistent among the five readers for Div. 52 (59-90%) and for Subdiv. 4Vn (52-78%),
the averages being 73% and 67% respectively. For the remaining areas, the results were
somewhat more variable. For Div. 3L, the percentage agreements by the elght readers
{27-90%) averaged 65%; agreements by seven readers were generally good (50-90%), but
reader 1 (27%) under-read the modal ages by nearly 1 year on the average. For Div.
30, agreements by the five readers ({(14-84%) averaged 56%; agreements by three readers
were generally good {58-84%), but reader 3 (14%) over-read the modal ages by 1.7 years
on the average and reader 2 (47%) under-read by 0.5 years. For Subdiv. 3Ps, agreements
by the eight readers {(12-87%) averaged 63%; agreements by six readers were very good
(71-87%), but reader 3 {12%) over-read the mcdal ages by nearly 1 year and reader 7
{23%) over-read by slightly more than 1 year on the average.

Cop OTOLITH SAMPLE 2

Agreement between Pairs of Readers

Table 5 shows the percentage agreement between pairs of readers for the various
areas separately and combined. Agreement ranged from 0% (readers 8-16 and 14-16) for
Div. 3K to 96% (readers 9-14) for Subdiv. 3Ps. Agreement between pairs of readers for
all areas combined ranged from 19% (readers 16-17) to 69% {readers 8-9). Out of 529
possible comparisons of reader pairs, 60% or better agreement was achieved by 108 pairs
{17%) of readers. The average agreement by all pairs of readers for all areas was 42%,
only slightly higher than for Sample 1. :

The frequency distribution of reader pairs in relation to the percentage agreement
achieved for each area is given in Table 6. For all pairs of readers, agreement ranged
from 27% for Div. 3K to 66% for Subdiv. 3Ps, the average for all areas being 42%. The
results were relatively poor for Div. 2J and 3K with only 7 and 2 pairs of readers
respectively achieving agreement at 50% or more. Agreement was slightly better for
Div. 3L, 3NO and 30 but the variation was great, with values ranging from 7 to 72% for
piv. 3L, 12 to 75% for Div. 3NO and 11 to 81% for Div. 30, and with considerably less
than one-half of the pairs of readers achieving agreement at 50% or better. For Subdiv.
3Ps, the frequency distribution is bimodal (as for Sample 1) with about one-quarter of
the reader pairs recording less than 50% agreement. For the remaining pairs of readers,
agreement was reasonably good with the majority achieving 70% or higher.
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Table 4. Anomalies from modal ages of otolithe in Sample 1 by reader and area, together with
the mean deviations, standard errors and percentage agreements.

ICNAF Deviations from modal ages Total Mean Standard Percentage
Reader Div. -3 -2 -] 2 3 >3 vread deviation error agreement
i 3K - 2 9 29 5 1 - - 46 -0.13 0.110 63

3L 1 1 8 4 1 - - - 15 -0.80 0.240 27

3Ps - - 8 22 1 - - - 31 -0.23 0.089 71

4¥n - 1 10 12 - - - - 23 -0.52 0.120 52

57 - - - 28 8 2 - - 38 0.32 0.093 74

Total 1 4 36 95 15 3 - - 153 -0.16 0.058 62

2 3L - - 13 47 4 1 - - 65 -0.11 0.070 72
30 - 2 ] 7 1 - - - 15 -0.53 0.220 47

3Ps - - 1 32 10 - - - 43 0.21 0.071 74

4¥n - - - 27 10 2 - - 39 0.36 0.094 69

51 - - 2 25 N - - - 38 0.24 0.088 66

Total - 2 21 138 36 3 - - 200 0.09 0.044 69

3 3L - - - 12 2 - - - 14 0.14 0.097 86
30 - - - 5 13 12 3 37 1.68 0.190 14

3Ps - - 1 3 19 2 - - 25 0.88 0.120 12

Total - - 1 20 34 14 3 4 76 1.13 0.122 26

4 3L 1 7 20 33 1 - - - 62 -0.58 0.099 53
3Ps - - - 20 5 - - - 25 0.20 0.082 80

4¥n - 1 7 28 3 1 - - 40 -0.10 0.110 70

5Z - 2 11 24 4 - - - 47  -0.27 0.110 59

Total 1 10 38 105 13 1 - - 168 -0.27 0.057 63

5 57 - 3 1 3 - - - JTTa loar 0.085 90
6 30 - - 1 N ] 2 - - 19 0.42 0.180 58
7 3L 3 19 N 4 1 38 0.50 0.118 50
3Ps - - 10 21 9 43 1.14 0.140 23

4¥n - 8 27 3 2 - 40 -0.02 0.110 68

Total - - 11 5 35 15 3 1 121 0.56 0.088 46

8 3K - - - 40 8 - - - 48 0.17 0.054 83
3L - - 5 64 10 4 - - 83 0.16 D.065 77

30 - - 3 30 5 - - - 38 0.05 0.075 79

3Ps - 2 3 39 1 - - - 45 -0.15 0.075 . 87

4¥n - - 2 3 6 1 - - 40 0.15 0.084 78

57 - - 4 3 5 - - - 40 0.02 0.076 78

Total - 2 17 235 35 5 - - 294 0.08 0.030 80

9 3K - - 2 45 1 - - - 48 -0.02 0.036 94
3L - - 15 66 2 - - - 83 -0.18 0.053 90

30 1 1 3 32 1 - - - 38 -0.18 0.110 84

3Ps - - 5 39 1 - - - 45  -0.09 0.053 87

Total 1 1 25 182 5 - - - 214 -0.12 0.030 85

10 3 - 3 5 17 2 75 0.32 0.083 68
‘ 3Ps 1 33 8 3 45 0.29 0.093 73
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Table 5. Percentage agreement between pairs of readers by area for Sample 2.

Readers Percentage agreement Readers Percentage agreement
compared 2d 3K 3L 3N0 30 3Ps Total compared 2d 3k 3L 3NG 30 3Ps Total
1 -2 29 30 M 33 5 42 36 5-12 19 43 44 50, 48 83 52
1-3 40 26 47 48 58 70° 49 5 -13 - 38 47 63, 5 78% 57
1-4 38 20 36 38 45 73% a2 5 - 14 31 35 42 72° 60% 88 55
1-5 33 35 47 50 48 79% 5] 5-15 25 29 42 50 49 798 49
1-7 40 42 26 38 45 70: 43 5 - 16 17 12 23 27 49 762 38
1-8 29 19 44 55 36 767 43 5- 17 40 19 12 12 13 43, 23
1-9 25 28 47 757 38 78 a8 7 -8 33 23 32 M N 69 39
1-1 25 31 47 51 42 79’2 46 7-9 28 27 39 40 33 67 39
1-12 50 21 47 55 55 787 5 7-1 18 37 41 49 48 7N a4
1-13 3N 24 43 72% Bl: 12 54 7 -12 41 16 39 48 47 73 M4
1-14 29 30 45 655 72 772 50 7 -13 24 33 53 52 a4 602 45
1-15 35 28 51 53 42 777 48 7-14 33 36 45 38 53 672 45
1-16 22 23 18 28 46 58 34 7 -15 23 24 51 60 40 67 45
1-17 23 10 30 37 23, 33 26 7 -16 13 65 8 12 25 5 20
2-3 40 27 45 33 60° 38 40 7 -17 326 12 2 22 653 29,
2 -4 31 12 30 26 46 36 31 8-9 762 702 50 70? 60° 92. 69
2-5 19 20 35 31 43 44 34 8- 11 16 32 46 52 44 900 47
2 -7 3 23 21 16 29 29 25 8 - 12 37 37 47 57 43 807 50
2-8 39 16 47 33 41 44 37 8-13 48 43 44 702 38 69 53
2-9 35 20 45 24 41 44 35 8-14 59 33 45 63% 44 86% 56
2-N 31 16 37 18 37 44 3] 8-15 43 26 46 49 50 807 49
2 - 12 55 29 41 38 56 42 44 8- 16 36 0 21 31 27 63 29
2-13 33 28 42 28 53 43 38 8 -17 14 23 26 21 19 37 24
2 - 14 41 22 35 36 45 46 37 9 -1 20 43 44 53 40 882 48
2 - 15 33 13 35 20 45 45 32 9 -12 29 43 52 57_ 43 73¥® 50
2 - 16 36 22 20 19 36 39 29 9 - 13 45 38 55 63% 38 742 53,
2 - 17 27 19 30 43 24 36, 30 9 - 14 55 37 67° 57 44 962 60
3-4 39 34 27 28 55 768 44 9 -15 38 30 49 54 45 80® 50
3-5 38 43 40 50 56 742 52 9 - 16 26 5 16 29 33 71 31
3-7 44 24 33 35 A4 682 M 9 - 17 17 26 12 29 11 45 24
3-8 40 27 A 61 46 78 49 11 - 12 31 35 56, 48 50 78‘; 50
3-9 42 40 52 54 46 73, 5] 11-13 15 24 6% 652 56, 743 5]
3-1 17 29, 50, 50, 59, 75, 47 11 - 14 27 41 56 40, 70" 86, 53
3-12 48 63 72 62 72: 75, 652 11 - 15 31 30 50 632 49 8R 5
3-13 31 25 s0 e 71 78, 542 11 - 16 24 5 19 22 39 708 32
3-14 39 36 40 45 68 71, 50 1 -17 40 24 27 22, 15 38 28
3-15 3 30 50 40 58 72° 48 12 - 13 33 43 56 68° 47 682 53
3-16 21 5 13 33 45 51 29 12 - 14 47 33 41 51 5 759 50
3-17 22 30 29 26 26 39, 29 12 - 15 4 36 54 47 59 788 54
4 -5 7 20 29 45 44 650 39 12 - 16 20 7 13 26 41 62 29
4 -7 38 41 43 48 31 76% 46 12 - 17 24 23 27 24, 30, 32 27
4-8 49 36 19 39 52 768 45 13 - 14 36 33 50 68 788 79 57
4-9 47 36 29 35 37 788 44 13 - 15 33 20 47 58 57 712 48
4 -1 23 36 46 654 58 84 5] 13 - 16 38 8 20 31 50 61 37
4 - 12 32 27 3 28 57 75% 43 13 - 17 19 21 31 33 19 28 25
4 -13 58 44 32 47 6 74 55 14 - 15 55 28 54 43 612 78 53
4-14 35 29 31 46 6F 82 47 14 - 16 27 0 23 24 55 8% 35
4 -15 322 30 44 46 56 762 48 14 - 17 27 26 17 20 15 40 25
4 - 16 33 5 7 12 28 67 26 15 - 16 23 2 19 14 33 68 28
4 - 17 14 26 23 29 24 39 26 15 - 17 30 21 22 31 20 3/ 27
5 -7 33 27 41 48 33 7¥ 44 16 - 17 20 5 16 22 18 31 19
5-8 19 35 40 53 48 781 49 e
5-9 25 43 52 50 47 86 54  No. of pairs 104 105 105 105 105 106 629
5 - 10 38 39 42 52 55 84 54 Average (%) 32 27 38 42 45 66 42
a

Agreement 60% or more.
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Table 6. Frequency distribution of pairs of readers by
percentage (agreement) groups for Sample 2.

Percentage No. of pairs of readers

groups 2J 3K 3L 3NO 30 3Ps Total
0-9 1 1 2 - - - 14
10-19 13 10 12 7 7 - 49
20-29 27 40 16 21 10 2 116
30-39 38 30 16 18 15 12 129
40-49 18 12 38 19 36 12 135
50-59 6 - 18 24 24 4 16
60-69 - 1 2 1 7 14 35
70-79 1 1 1 5 5 44 57
80-89 - - - - 1 14 15
90-99 - - - - - 3 3
Total 104 105 105 105 105 105 629
Average

agreement. 32 27 38 42 45 66 42

Indication of reader bias with respect to pairs of readers for all areas combined
is given in Table 7. Variation was gquite large, ranging from -75 (readers 7 and 16) to
+65 (readers 2 and 7). Reader 16 consistently over-read with respect to the group,
while readers 7, 11 and 15 under-read relative to most of the other readers. Reader
13 (49%} achieved the best average agreement with respect to the group, followed close-
ly by readers 14, 12, 3, 8 and 3%, while the poorest results were recorded by readers
16 and 17.

Table 7. Bias between pairs of readers in ageing Sample 2.

Bias between pairs of readers (% over-aged minus % under-aged) Average Average

Reader 1 2 3 4 5 7 8 9 11 T2 13 14 15 16 17 bias agreement
1 e 21 9 =31 -6 40 1 1 22 11 -1 7 20 -54 5 3 45
2 -21 ® -34 -5 -26 65 19 20 44 36 30 32 42 -37 3 10 34
3 -9 34 e -3 1 35 -10 -15 16 1 -7 -1 13 -2 -9 -3 46
4 N 56 32 e 133 4 -38 -40 -12 -28 -32 -24 -13 -712 -17 -9 42
5 6 26 -11 -33 ® 40 0o -2 713 4 9 7 19 -55 4 2 47
7 -40 -65 -35 -4 -40 ® -43 -46 -18 -37 -38 -36 -23 -75 .27 -38 39
B -1 -1 10 38 0 43 e -3 29 ]jz 0 15 23 -16 8 10 46
9 -1 -20 15 40 2 46 3 e 30 18 0 13 27 -55 7 9 48
n -22 -54 -16 12 -13 18 -29 -30 e -1§ -22 -17 -5 -66 -15 -20 45
12 -1 -3 -1 28 -4 37 -12 -16 15 e -9 -1 13 -66 1 -4 47
13 T -30 7 5 -9 138 0 o0 22 9 ® 21 22 -52 B 6 49
14 -7 =32 1 29 -7 36 -15 -13 17 1 =21 e 14 -60 0 -4 48
15 -20 -42 -13 13 -19 23 -23 -27 5 -13 -22 -14 e -65 -10 -16 45
16 54 37 62 72 55 75 60 55 66 66 52 &0 65 e 44 59 30
17 -5 32 9 17 -4 27 -8 -7 15 -1 -8 0 10 -4 ® 2 26

Agreement with Modal Ages

Modal ages were derived in the same way as for Sample 1, except that no clea; mode
was evident for about 10% of the specimens examined. Anomalies (estimated age minus
modal age) were determined for each reader and area, together with the mean deviations
and standard errors (Table 8). For all areas combined, the average deviation was o
minimal for readers 3, 12 and 14, although in each case there was considerable variation
between areas, Readers 1, 5, 8, 9, 13 and 17 tended to over-read the modal ages
(0.08-0.17) while readers 11 and 15 tended to under-read to a somewhat greater extent
(0.20~0.28). The greatest positive bias was reflected in the ageing of reader 16 who
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Table 8. Anomalies from modal ages of otoliths in Sample 2 by reader and area, together with the
mean deviations, standard errors and percentage agreements.

ICNAF Deviations from mpdal ages Total Mean Standard Percentage
Reader Div. <3 -3 -2 -1 0 1 2 3 >3 read deviation error agreement
1 24 - - 2 9 17 6 1 - - a5 -0.14 0.15 49

3K - - - 5 1N 8 5 2 - 3 0.61 0.21 35
3L - - - 3 24 10 1 - - 38 0.24 0.10 63
3NO - - - 2 27 1 4 2 - 36 0.36 0.16 75
30 - - 1 7 25 8 1 - - 42 0.02 0.12 60
3ps - - - 3 35 5 - - - 43 0.05 0.07 81
Total - - 3 29 139 38 12 4 - 225 0.17 0.06 62
2 2J - 1 1 3 20 13 1 - - 39 0.18 0.15 51
3X - - - 3 9 14 10 1 - 37 0.92 0.16 24
3L - - - 5 24 12 2 1 - 44 0.32 0.13 55
3NO - - 1 2 17 10 8 2 - 40 0.70 0.17 43
30 - - 2 2 24 9 3 2 - 42 0.36 0.10 57
3Ps - - - 1 19 24 1 - - 45 0.56 0.09 42
Total - 1 4 16 113 82 25 6 - 247 0.50 0.06 46
3 24 1 1 3 1 22 1 - - - 39  -0.59 0.15 56
3K - - - 7 19 9 1 - - 36 0.1 0.12 53
3L - 1 - 3 3 8 1 1 - 45 0.16 0.13 69
3ND - - 1 1 32 12 - - - 46 0.20 0.09 70
30 - - - 3 34 5 - - - 42 0.05 0.07 81
3Ps - - - 8 33 ] - - - 42 -0.17 0.07 79
Total 1 2 4 33 111 36 2 1 - 250 -0.03 0.05 68
4 24 - - 3 7 22 5 - - - 37 -0.22 0.13 59
3K 1 1 3 13 18 1 - - - 37 -0.68 0.16 49
3L - 2 8 12 18 4 - - - 44 -0.68 0.16 4]
3N0 - 1 4 16 20 2 - - - 43 -0.58 0.13 47
30 - - 2 12 29 - 1 - - 44 -0.32 0.10 66
3Ps - - 3 2 M - - - - 46 -0.17 0.08 a9
Total 1 4 23 62 148 12 1 - - 251 -0.44 0.05 59
5 2J 1 1 1 2 6 1 - - - 12 -0.83 0.42 50
3K - - 1 4 20 7 2 1 - 35 0.23 0.16 57
3L - - - 6 22 14 1 - - 43 0.23 0.1 51
3NO - - - 2 20 6 - - - 28 0.14 0.10 71
30 - - 1 2 29 9 2 2 - 45 0.33 0.13 64
3Ps - - - 1 44 - 1 - - 46 0.02 0.05 96
Total 1 1 3 17 141 37 6 3 - 209 0.13 0.06 67
7 23 1 - 4 N1 21 2 1 - - 40 -0.48 0.16 53
3K - 1 4 12 13 5 - - - 35 -0.51 0.17 37
3L - 2 4 15 22 - - - - 43 -0.67 0.13 51
3NO - 1 2 20 22 - - - - 45 -0.60 0.10 49
30 - 2 7 16 19 1 - - - 45 -0.78 0.13 42
3Ps - - 1 8 37 - - - - 46 -0.22 0.07 80
Totatl 1 6 22 82 134 8 1 - - 254 -0.54 0.05 53
8 2J - - - 2 30 3 3 2 - 40 0.33 0.14 75
3K 1 - 1 3 22 6 4 - - 37 0.05 0.24 59
3L - - - 2 29 9 3 2 - 45 -0.42 0.13 64
3NO - - - 4 35 5 2 - - 46 0.11 0.09 76
30 - - 2 11 25 7 1 - - 46 -0.13 0.12 54
3Ps - - - 2 40 4 - - - 46 0.04 0.05 a7
Total 1 - 3 24 181 34 13 4 - 260 0.15 0.05 70
e T S T B T R ST R i R 0.15 73
3K 1 - 3 26 5 1 - 1 7 0.05 0.25 70
3L - - 1 3 30 10 1 - - 45 0.16 0.10 67
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Table 8. (continued)

ICNAF Deviations from modal ages Total Mean Standard Percentage
Reader Div. <3 -3 -2 -] 0 1 2 3 >3 read deviation error agreement
3NO - - - 2 37 4 3 - - 46 0.17 0.09 80
30 - - 1 6 24 12 2 1 - 4 0.24 0.13 52
3Ps - - - 1 43 1 1 - - 46 0.04 0.05 a3
Total 1 - 2 18 189 35 10 4 1 260 0.17 0.04 73
11 2J - 3 8 10 13 4 1 - - 39 -0.74 0.19 55---‘
3K - - 1 8 22 1 1 1 - 34 -0.12 0.15 65
3L - - 1 6 33 3 1 1 - 45 0.00 .11 73
3ND 1 1 1 10 27 3 2 - - 45 -0.27 0.15 60
30 - 1 5 8 30 1 - - - 45 -0.44 0.12 67
3Ps - 1 - 2 43 - - - - 46 -0.11 0.07 93
Total 1 6 16 44 168 12 5 2 - 254 -0.28 0.06 66
12 24 1 - 2 7 23 4 1 - - 38 -0.24 0.16 61
3K - - - 3 24 9 1 - - 37 0.22 0.10 65
3L - - 1 7 AN 6 - - - 45 -0.07 0.09 69
3NO - 1 1 3 32 7 - - - 44 -0.02 0.1 73
30 - - 3 3 3 3 1 - - 46 -0.09 0.10 78
3Ps - - - 3 39 2 - - - 44 -0.02 0.05 89
Total 1 1 7 26 195 3 3 - - 254 ~-0.04 0.04 73
13 2J - - 14 10 3 - - 27 0.59 0.13 52
3K - 6 17 5 4 1 - 33 0.30 0.18 52
3L - - - 5 20 3 1 - - 29 0.00 g.12 69
3NO - - - 2 26 2 - - - 30 0.00 0.07 86
30 - - - 5 19 2 2 - - 28 0.04 0.14 68
3Ps - - - 7 35 3 - - 1 46 0.02 0.13 76
Total - - - 25 131 25 10 1 1 193 0.14 0.05 68
14 24 - - 2 5 28 2 3 - - 40 -0.03 0.13 70
3K - 1 5 7 22 2 - - - 37 -0.49 0.15 59
3L - - - 9 27 6 3 - - 45 0.07 0.12 60
3NO - - - 7 29 9 1 - - 46 0.09 0.10 63
30 - - - 2 23 3 1 - 1 30 0.23 0.16 17
3ps - - - 1 42 2 1 - - 46 0.07 0.06 91
Total - 1 7 31 111 24 9. - 1 244 -0.01 0.05 70
15 2J - - - 10 22 ) 3 - - 40 0.03 0.13 55
3K 1 1 4 11 16 3 1 - - 37 -0.62 0.22 43
3L - 1 1 8§ 3 2 2 - - 45 -0.16 0.12 69
3ND 1 1 2 12 28 F4 - - - 46 -0.46 0.13 61
30 - 1 1 7 32 3 - - 1 45 -0.11 0.14 n
3Ps - - - 2 4 3 - - - 46 0.02 0.05 89
Total 2 4 8 50 170 18 6 - 1 259 -0.20 0.05 66
16 2J - - - - 12 16 5 2 - 35 0.9 0.H 34
3K - 1 - - 1 13 9 4 6 34 1.9 0.26 3
3L - - - - 9 14 8 5 4 40 1.53 0.20 23
3NO - - - - 11 15 4 7 2 39 1.36 0.21 28
30 - - - - 18 12 4 2 6 42 1.23 0.24 43
3Ps - - - - 31 7 1 3 - 45 0.40 0.12 76
Total - 1 - - 85 77 31 23 18 235 1.18 0.08 36
Ty T T e 2 9 4 SR S T 0.2 0.4 2
3K - 2 5 6 12 4 1 3 - 33 -0.21 0.27 36
3L - - - 8 7 7 3 3 3 3 0.90 0.32 23
3NO - - 1 6 1 8 4 2 - 32 0.44 0.22 34
30 - 1 4 9 6 9 6 - - 35 0.03 0.24 17
3Ps - 1 15 21 4 3 - - 44 -0.16 0.13 48
Total - 3 17 56 66 3 17 1N 3 209 0.08 0.10 32
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on the average over-read the modal ages by more than 1 year (1.18). Reader 2 over-read
by 0.5years, while readers 4 and 7 under-read by about the same value. The average
deviation from modal ages ranged from -0.83 by reader 5 for Div. 2J to +1.91 by reader
16 for Div. 3K. While some readers (2, 9 and 16) consistently over-read the modal age
for all areas and some (readers 4 and 7) consistently under-read, others {e.g. readers
3, 5 and 17) had large positive deviations for some areas and negative deviations for
others.

Considering the results for the various areas separately (Table 8), agreement with
the modal ages was generally good for Subdiv. 3Ps (42-96%) with 13 of the 15 readers
achieving better than 75% agreement with the modal ages, the average for all readers
being 81%. For the specimens examined from Div. 3NO and 30, the percentage agreements
by the 15 readers (17-86%) averaged about 60%, with nine of the readers achieving better
than 60%. For Div. 3L (23-73%), eight readers recorded better than 60% agreement with
the modal ages, the overall average being 56%. The percentages for Div. 2J and 3K were
gomewhat less, averaging 53 and 47% respectively, with only four readers achieving
better than 60% agreement. Readers 9 and 12 achieved the highest percentage agreement
(73%) with the modal ages over all areas, while the lowest values were recorded by
readers 16 and 17 (36 and 32% respectively).

Differences in Age Composition and Average Length-at-age

An age-length key for each reader of Sample 2 was derived from the age determina-
tions listed in Appendix II {(Table B). These keys were each applied to an arbitrary
length frequency, resulting in the age frequencies listed for the various readers in
Table 9. Also listed in the last ¢olumn of Table 9 is the age frequency derived from
the age-length key of modal ages of the Sample 2 specimens. The Kolmogorov-Smirnov two-
sample test (Siegel, 1956) was used to test whether the individual age frequencies were
significantly different from that of the modal ages. The age frequencies for readers
3, 5, B, 9, 12 and 13 were not significantly different from the modal age frequency at
p = 0.05, all others being significantly different even at p = 0.01l. The same test was
used to determine whether these six age compositions were significantly different from
sach other. None were different at the p = 0.01 level of significance, but the results
at the p = 0.05 level are as follows:

Reader Significance

Reader 3 5 8 9 12 13 No Yes
3 - HNo Yes Ne No Yes 3 2
5 No - Yes No No Yes 3 2
8 Yes Yes - Ne No No 3 2
9 No No No - No No 5 0
12 No No No No - Yes 4 1
13 Yes Yes No No Yes - 2 3

It is obvious from this analysis that age composition data, derived from the age
determinations of different age readers, may differ significantly, and that such dis-
crepancies would greatly affect stock assessment calculations, particularly if only a
limited amount of data was available. Although the differences displayed in the above
table for the six readers whose age frequencies were not significantly different from
the modal age frequency would probably not be critical to assessment work, a very dif-
ferent result would accrue if the only age composition data available were those of
reader 14 on the one hand or reader 16 on the other (modal ages 5 and 7 respectively,
Table 9)}. Similarly, recruitment prospects for age-groups 2 and 3 would appear to be
much better from the age frequency of reader 11, for example, than would be the case if
the only data available were those of readers 2 and 16.

Average length-at-age values, derived from the age determinations of the various
readers for Sample 2 (Appendix II, Table B), are given in Table 10. Considerable vari-
ation in average length-at-age is apparent for some readers when compared with the
values pertaining to the modal ages. As was indicated for the age compositions, vari-
ation from the modal ages is minimal for readers 3, 5, B, 9, 12 and 13. The greatest
negative bias relative to the modal ages is exhibited by readers 2 and 16, and the
greatest positive bias by readers 7 and 1ll.
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Table 9. Length distributions derived from age-length keys constructed from the age determinations
of the various readers for Sample 2 {see Appendix II).

Age Age reader Modal
(yr) T 2 3 4 5 7 8 9 1 12 13 14 15 16 17 age

2 - - - - 4 - - - 14 - - 12 5 - 22 -
3 27 18 38 54 52 56 i8 3 80 30 32 52 69 15 44 35
4 143 64 101 213 126 199 146 128 144 131 177 164 196 54 82 141
5 235 127 196 244 154 277 222 219 244 197 193 225 201 130 225 201
6 194 310 342 273 297 261 279 265 270 313 276 202 258 154 21 304
7 193 242 185 127 197 123 154 217 122 197 138 183 131 232 177 182
8 111 143, 95 49 72 40 62 59 56 77 59 67 64 192 156 13
9 57 52 21 24 60 35 60 45 32 40 67 52 39 81 27 41
10 33 21 10 15 21 3 24 21 16 6 34 28 21 68 22 9
11 5 12 7 1 5 5 10 8 20 8 10 11 13 4 18 13
12 1 & 4 - 7 - 4 7 1 1 7 3 3 7 4 2
13 1 - - -~ - - 1 1 - - 2 1 - 14 4 -
14 - 4 - - - - - - - - - - - 2 8 -
15 - - - - - - - - - - - - 5 - -
NK - - - - 5 - - - - - 5 - - 5 - -

Table 10. Mean length-at-age values derived from the ageing data of the various readers for Sample 2
: (see Appendix II).

Age Age reader Modal
(yr) 1 FJ 3 4 g 7 8 g 11 12 13 14 15 16 17 age
2 - - - - 40.0 - - - 40.3 - - 38.0 54.2 - 35.3
3 37.1 35.3 37.2 40.1 37.4 38.9 38.2 36.9 39.9 37.4 35.8 39.1 41.0 34.9 39.9 36.8
4 43.7 40.2 45.4 46.4 45.2 46.5 42.2 42,0 46.3 43.8 43.9 44.4 45.8 45.2 46,4 43.0
5 49.0 47.0 46.7 51.2 48.9 51.5 48.0 47.5 50.7 48.6 51.8 50,0 51.3 46.4 51.2 48.1
6 53.4 50.8 54.8 57.9 54.2 57.6 55.3 54.4 57.5 54,7 53.6 55.1 55.8 52.0 55.1 55.4
7 61.7 57.8 60.2 62.2 60.0 65.8 60.6 60.2 61.2 60.3 60.4 60.7 64.0 52.9 57.4 61.3
8 63.4 64.3 68.8 72.7 63.5 7.8 70.1 72.0 70.9 69.7 67.7 70.5 62.7 56.4 60.0 £9.0
9 66.9 66.1 73.2 68.3 67.1 63.3 72.1 72.4 73.8 70.0 67.5 68.2 74.0 59.2 68.6 73.0
10 66.5 70.5 67.9 70.1 71.5 79.2 71.4 71.7 70.8 69.2 69.1 68.8 62.8 66.9 65.6 66.7
11 66.1 75.5 81.4 82.0 84.1 70.1 74.1 78.1 60.4 60.0 57.0 74.5 72.9 69.5 68.1 62.1
12 79.0 70.3 43.0 - 51.4 - 81.2 77.3 82.0 82.0 70.3 83.4 80.3 72.9 75.4 82.0
13 82.0 - - - - 79.0 79.0 - - 82.0 76.0 - 68.3 81.4 -
14 - 43.0 - - - - - - - - - - - 82.0 55.9 -
15 - - - - - - - - - - - - 43,0 - -

ExaminaTiOoN OF DIFFERENCES IN AGE READING THROUGH PHOTOGRAPHS

Following the interpretation of the otoliths and the assignment of ages by the
various readers, about 60 otoliths were reviewed by means of slides and the various
interpretations noted on photographs. After the Workshop concluded, the Coordinators
carried out a more detailed examination of the major discrepancies in the age readings
in order to better point out the sources of the discrepancies. Photographs of the
selected otoliths, containing notations of the interpretations, are presented in
Appendix ITII, together with brief descriptions of the main differences between the
various interpretations. Comments of a more general nature are given in the following
paragraphs.

Some otoliths offered no difficulty and agreement was unanimcus (e.g. otoliths 2J-
58, 3L-55 and 3L-268), but many of the specimens were subject to two or more different
interpretations.

Difficulties were encountered in determining the first annulus. Often a check
occurs in the opagque zone before the first annulus is laid down (3Ps-127), and in
some cases it was difficult to agree whether the ring is a check or the first annulus
{e.g. 3L-189 and 3Ps-101). This difficulty may be compounded by cutting the otolith
off-centre, thus giving a deformed annulus such as the figure-eight shape in otolith
3Ps-192. Typical first year annuli are shown in otoliths 3Ps~37, 3Ps-104 and 3Ps-155.
The second annulus cften appears to be characteristically clear (e.g. 3L-268 and 3Ps-104).
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Different interpretations of splits or checks were the main reasons for much of the
disagreement. Scme otoliths (e.g. 2J-12) show many checks. 1In otoliths 2J-58 and 3L-
134, it was agreed that a definite check occurs in the opague zone before the second
annulus and that otolith 3L-189 shows a check before the third annulus. Definite checks
are alsc present in the second annulus of otolith 3Ps-48 and in the third annulus of
otoliths 2J-85 and 3L-102. Doubtful checks are very common (e.g. otoliths 31-6, 3L-183
and 3NO-27).

A problem was also encountered in determining whether the edge of the otolith was
opaque or hyaline (e.g. 3L~183, 3L-268 and 3Ps-10l1). In a number of cases it was dif-
ficult to determine if there are one or more annuli at the edge (e.g. 2J-300, 3L-189,
3NO-1, 30-65 and 3Ps-37).

DiscussIioNs AND CONCLUSIONS

The Workshop participants concluded that the discrepancies in age reading between
readers were due to the absence of clear criteria for otclith interpretation. A major
source of variation in age reading is associated with the interpretation cof particular
rings as checks or annuli. Other difficulties involve the determination of the first
annulus and the recognition of annuli at or near the edge of the otolith for older
specimens. Some of the major problems are summarized as follows:

a) Splits and checks and how these may be distinguished from annuli.

k) The nucleus and determination of the first annulus.

¢) Otolith edge - recognition of type (hyaline or opaque) and seasonal deposition of
opague and hyaline material.

d) The effects of cutting the otolith "off centre"

e) Peculiarities in the otoliths from specific areas (e.g. a very small first annulus
in Subdiv. 4Vn cod; a very strong check before the second annulus in Div. 5Z cod).

In order to minimize the variation in interpretaticn and reduce subjective errors
in ageing, studies should be made as the basis for establishing guidelines for oteolith
interpretation. These guidelines should be clearly described and illustrated by photo-
graphs, sketches, etc. In order to establish objectivity in ageing among different
readers, such studies will require a great deal of tedious work. Initially, the
emphasis could be placed on studies for a particular area or stock and a set of guide-
lines developed which could be modified as required for other areas or even for other
spec1es. Until such studies are made and guidelines adopted by age readers, the vari-
ation in interpretation of cod otcliths w1ll not likely diminish to any significant
extent.

As has been the concern of the Assessments Subcommittee in its analyses of practiec-
ally all fish stocks, ageing data are in many cases incomplete, and age compositions
for various areas and time periods have to be derived from age-length keys of only one
or two readers. Consequently, differences in age reading of the magnitude resulting
from this Workshop could seriously affect the results of population analyses. The age-
ing problems seem to be more critical for the northern divisions (2J, 3K and 3L) than
further south, and the importance of resolv1ng them is further stressed by the fact
that nearly one-half of the annual cod catch in the Northwest Atlantic is taken in
these three divisions.

In view of the urgency to resolve the problems associated with age determination
of cod in various areas, the Workshop participants recommend ({a) that STACRES urge
its scientists to initiate studies and present papers on the interpretation of ages
of, including validation of ages, seasonal deposition of material at the otolith edge,
effects of cutting otoliths off-centre, and pecullarltles in the otoliths of specific
areas; and (b) +that STACRES take whatever action is necessary to ensure that discrep-
ancies in age composition data are eliminated or reduced as much as possible, perhaps
by establishing a workshop to study the problems in a specific area and to develop a
set of guidelines for otolith interpretation.
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Table A. Age readings for otolith sample 1.
Spec. Len. Readers Age
Area No. (em) 1 2 3 5 6 / 8 9 10 mode
3K 586 58 6 - - - - - - 6 6 - 6
587 61 6 - - - - - - 7 6 - 6
588 61 6 - - - - - - 6 6 - 6
589 61 7 - - - - - - 8 6 - -
590 61 6 - - - - - - 7 7 - 7
591 61 5 - - - - - - 6 5 - 5
592 61 - - - - - - - 6 6 - 6
593 61 6 - - - - - - 6 6 - 6
594 61 7 - - - - - - 8 7 - 7
595 61 5 - - - - - - 6 6 - 6
596 61 6 - - - - - - 6 6 - 6
597 64 7 - - - - - - 8 6 - -
598 64 7 - - - - - - 8 7 - 7
599 64 8 - - - - - - 6 6 - 6
600 40 4 - - - - - - 6 5 - -
601 40 5 - - - - - - 5 5 - 5
602 40 3 - - - - - - 4 4 - 4
603 40 4 - - - - - - 4 4 - 4
604 40 4 - - - - - - 5 4 - 4
605 40 5 - - - - - - 5 5 - 5
606 49 4 - - - - - - 4 4 - 4
607 40 - - - - - - - 5 4 - -
608 40 2 - - - - - - 4 4 - 4
609 40 - - - - - - - 5 4 - -
610 43 5 - - - - - - 5 5 - 5
611 43 5 - - - - - - 5 5 - 5
612 43 4 - - - - - - 5 5 - 5
613 43 6 - - - - - - 5 5 - 5
614 43 6 - - - - - - 6 5 - 6
615 43 4 - - - - - - 5 5 - 5
616 43 5 - - - - - - 5 5 - 5
617 43 5 - - - - - - 5 5 - 5
618 43 6 - - - - - - 5 5 - 5
619 43 5 - - - - - - 5 5 - 5
620 43 5 - - - - - - 5 5 - 5
621 43 - - - - - - - 5 5 - 5
622 43 4 - - - - - - 5 5 - 5
623 46 5 - - - - - - 6 5 - 5
624 46 5 - - - - - - 5 6 - 5
625 45 4 - - - - - - 5 5 - 5
626 45 5 - - - - - - 6 5 - 5
627 46 4 - - - - - - 5 5 - 5
628 46 4 - - - - - - 5 5 - 5
629 46 4 - - - - - - 6 6 - 6
630 46 5 - - - - - - 5 5 - 5
631 46 7 - - - - - - 6 6 - 6
632 46 7 - - - - - - 6 6 - 6
633 46 6 - - - - - - 6 6 - 6
634 46 6 - - - - - - 6 5 - 6
635 46 7 - - - - - - 5 4 - -
636 46 6 - - - - - - 7 5 - -
637 46 5 - - - - - - 6 5 - 5
638 43 5 - - - - - - 6 6 - 6
639 49 6 - - - - - - 6 6 - 6
640 49 6 - - - - - - 6 6 - 6
3L 1 61 5 - 6 4 - - - 5 5 5 5
2 61 6 - 7 5 - - - 7 6 7 7
3 61 6 - 5 5 - - - 7 5 6 5
4 64 6 - 7 7 - - - 7 7 7 7
5 64 5 - 5 5 - - - 7 5 8 5
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(continued)

Table A.

Age
mode
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Table A. (continued)
Spec. Len. Readers Age
Area No. {cm) 1 2 3 4 5 6 7 8 9 10 mode
L 703 37 - 4 - 4 . - 4 3 4 4
(cont'd)} 704 37 - 4 _ 5 _ - 5 3 4 -
705 40 -4 - 4 - - . 4 3 4 4
706 40 - 5 _ & - . - 5 & 5 5
707 40 - 4 _ 5 - - _ 5 & 5 5
708 40 - 5 . &5 _ _ _ 5 5§ 5 5
709 40 - 3 .- 4 _ _ _ & s 4 4
710 40 - 3 - 3 - . 4 4 4 4
711 40 - 4 - 5 . . - 5 4 5 5
712 40 - 4 - 5 - . - & 5 5 5
713 40 - 4 - 3 - - 5 &4 & 4 4
714 40 - 5 - 5 .« - & 5 5 6 5 -
715 40 - 5 - 4 .+ . 5 5§ 5§ 5 5
716 40 - 4 - 4 - - 4 a4 3 5 4
717 40 - 5§ - &5 . _ B &5 4 5 5
718 40 - & - 5 . . 5 4 % 6 5
719 43 - 6 - 6 -« - 7 5 & 6 6
720 43 - 5 - 4 - - 5 4 & 5 -
721 43 - 5 - 5 . .- 6 5 § 6 5
722 43 - 5 - § . - 5 5 § 6 5
723 43 - 3 - 3 < - 4 a4 4 5 4
724 43 - 5 5 - - 6 5 § 5 5
725 43 - 5 4 - - - 5 5 5 5
726 43 - 5 6 - - 6 4 4 5 -
727 43 - 6 - 5 - - 5 & 6 6 6
728 43 - 5 5 - . 6 &5 & 5 5
729 43 - 5 - 4 - . 6 5 4 6 -
730 43 - 5 - 4 - . 5 5 4 5 5
731 43 - 7 - 5 - - 6 6 & 6 6
732 43 - 5 - 4 - - & 4 & 4 4
733 46 - 5 .« 4 - . 5 5 5 5 5
734 46 - 6 - 6 - - 7 6 6 - 6
735 46 - 6 - 6 - - 5 6 5 6 6
736 46 - 5 - 4 - - o 5 5 6 5
737 46 - 4 5 - - . 5 5 6 5
738 46 - 5 4 - - . 5 4 5 5
739 46 - - - - - . 5 5 6 5
30 201 55 - - 7 - - 7 - 5 5§ - -
202 5% - - 6 - - 7 - 5 5§ - 5
203 55 - - 7 - - 7 - 6 6 - -
206 55 - - 7 - - 6 - 5 5 - 5
205 58 - - 7 - - 7 - 6 5 - 7
206 58 - - o - - - - 5 5 - 5
207 58 - - 9 - - 6 - 6 5 - 6
208 58 - - 7 - - 6 - 5 5 - 5
209 58 - - 7 - - 6 - 5 5 - 5
210 58 - - 7 - - - - 5 5 - 5
21 58 - - 7 - - 6 - 5 6 - 6
212 58 - - 6 - - 6 - 5 5 - -
213 58 - - 7 - - 6 - 5 5 - 5
214 61 - - 6 - - 5 . 5 5 - 5
215 61 - - 6 - - 5 - 5 5 - 5
216 61 - - 6 - - 6 - 5 5 - -
217 61 - - 7 - - 8 - 6 6 - 6
218 61 - - 6 - - 6 - 5 5 - -
219 61 - - 6 - - 7 - 6 5 - 6
220 61 - - 7 - - 6 - 5 6 - 6
221 61 - - 7 - - 5 - 6 5 - 5
222 bl - - 7 - - 5 . 5 5 - 5
223 6l - - 7 - - 5 . 6 6 - 6
224 6l - - 8 - - 6 7 6 - 6
225 73 - - 8 - - 7 - 6 6 - 6
226 73 - - 8 - - 7 - 7 7 - 7
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(continued)
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Table A. {continued)

Spec- Len. Readers Age
Area Na. (em) 1 pd 3 1 5 6 7 8 9 0 mode
3P 338 58 - 6 - - - - 7 5 5 6 -

{cont'd) 339 58 - 5 - - - - 5 5 5 5 5

340 61 - 5 - - - - 6 5 5 5 5

341 61 - 5 - - - - 6 5 6 7 -

342 40 - - - - - - - 2 2 3 2

343 40 - 4 - - - - 5 2 3 4 4

344 40 - 3 - - - - 3 2 2 2 2

345 40 - 2 - - - - 4 2 3 2 2

346 40 - - - - - - - 3 3 2 3

347 40 - 3 - - - - 4 3 3 3 3

348 40 - 3 - - - - 4 3 3 3 3

349 a0 - 2 - - - - 5 3 2 3 -

350 40 - 3 - - - - 3 3 3 3 3

351 40 - 2 - - - - - 3 2 3 -

352 43 - 4 - - - - 5 4 4 4 4
4vn 401 40 3 3 - 3 - - 3 4 - - 3

402 43 4 3 - 3 - - 5 4 - - -

403 43 3 3 - 4 - - 4 3 - - 3

404 43 3 4 - 5 - - 4 4 - - 4

405 43 3 4 - 3 - - 4 4 - - 4

406 46 2 - - 4 - - 4 3 - - 4

407 46 4 4 - 4 - - 6 4 - - 4

408 46 3 4 - 3 - - 3 4 - - 3

409 49 4 5 - 3 - - 5 5 - - 5

410 49 5 5 - 5 - - 5 5 - - 5

411 49 4 6 - 4 - - 5 4 - - 4

412 52 3 5 - 3 - - 4 4 - - -

413 52 5 6 - 4 - - 5 5 - - 5

414 52 4 6 - 4 - - 5 5 - - -

415 52 4 5 - 5 - - 4 5 - - 5

416 52 5 5 - 5 - - 4 5 - - 5

.17 55 5 b - 5 - - 4 5 - - 5

418 55 4 5 - 5 - - 4 5 - - 5

419 55 4 5 - 4 - - 4 5 - - 4

420 55 4 5 - 4 - - 5 5 - - 5

a1 55 4 5 - 5 - - 5 5 - - 5

422 55 4 4 - 4 - - 4 4 - - 4

423 55 4 5 - 4 - - 5 5 - - 5

424 58 5 6 - 6 - - 6 6 - - 6

425 58 6 7 - 7 - - 6 7 - - 7

426 58 6 6 - 6 - - 8 8 - - 6

427 58 - 6 - 4 - - 5 5 - - 5

428 58 - 7 - 7 - - 7 8 - - 7

429 58 - 7 - 5 - - 6 6 - - 6

430 58 - 5 - 5 - - 5 5 - - 5

431 58 - 6 - 5 - - 5 5 - - 5

432 58 - 6 - 5 - - 5 5 - - 5

433 61 - 8 - 9 - - 8 8 - - 8

434 61 - 6 - 4 - - 5 5 - - 5

435 61 - 7 - 7 - - 6 7 - - 7

436 61 - 6 - - - - 7 8 - - -

437 61 - 7 - 7 - - 7 7 - - 7

438 61 - 7 - 6 - - 6 7 - - -

439 61 - 6 - 6 - - 5 5 - - -

440 61 - 7 - 5 - - 5 5 - - 5

441 61 - 6 - 6 - - 5 5 - - -

442 61 - 6 - 6 - - 5 5 - - -

443 64 - - - - - - 9 8 - - -

444 64 - 7 - 7 - - 8 7 - - 7

445 64 - 6 - 5 - - 5 4 . - 5

446 64 - 9 - 9 - - 8 9 . - 9

447 64 - 8 - 7 - - 8 8 - - 8

448 64 - 7 - 6 - - 6 7 - - -
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Table A. (continued)

Spec. Len. Readers Age
Area No. ({cm) 1 2 3 4 5 6 7 8 9 10 mode

4¥n 449 64 - 7 - 7 - - 7 8 - - 7
(cont'd)450 64 - 5 - 5 - - 4 5 - 5
451 64 - 6 - 5 - - 6 5 - - -
5¢ 486 70 4 4 - 3 4 - - 4 - - 4
487 70 4 5 - 4 4 - - 4 - - 4
488 70 6 6 - 4 5 - - 5 - - -
489 70 5 5 - 4 4 - - 4 - - 4
490 70 8 7 - 6 8 - - 8 - - 8
497 70 5 5 - 4 4 - - 4 - - 4
492 70 5 5 - 4 4 - - 4 - - 4
493 70 5 5 - 4 5 - - 4 - - 5
494 70 4 4 - 3 4 - - 4 - - 4
495 70 4 4 - 3 4 - - 4 - - 4
496 70 5 5 - 4 5 - - 5 - - 5
497 73 7 6 - 6 7 - - 7 - - 7
498 73 4 4 - 3 4 - - 4 - - 4
499 73 5 6 - 4 5 - - 5 - - 5
500 73 4 4 - 3 4 - - 4 - - 4
501 19 - - - 2 1 - - 1 - 1
502 28 2 2 - 2 2 - - 2 - - 2
503 34 2 2 - 2 2 - - 2 - - 2
504 34 3 2 - 2 2 - - 2 - - 2
505 34 3 2 - 2 2 - - 2 - - 2
506 37 4 3 - 3 2 - - 2 - -
507 37 3 2 - 2 2 - - 2 - 2
508 37 4 2 - 3 2 - - 2 - 2
509 37 3 3 3 2 - - 2 - - 3
510 37 3 3 - 2 2 - - 2 - 2
511 37 2 2 - 2 2 - - 2 - - 2
512 37 3 3 - 2 2 - - 2 - - 2
513 40 - 3 - 3 2 - - 2 - - -
514 40 2 3 - 3 2 - - 2 - - 2
515 40 2 3 - 2 2 - - 2 - - 2
516 40 4 - - 2 2 - - 2 - - 2
517 40 3 3 - 2 2 - - 2 - - 2
518 40 4 4 - 3 2 - - 3 - - -
519 40 3 3 - 2 2 - - 2 - - 2
520 40 4 4 - 2 2 - - 3 - - -
521 40 3 2 - 3 2 - - 3 - 3
522 40 4 4 - 3 2 - - 3 - - -
523 40 5 - - 2 2 - - 3 - - 2
524 40 3 3 - 3 2 - - 2 - - 3
525 40 3 3 - 2 2 - - 2 - - 2
526 4Q - 2 - 2 2 - - 3 - - 2
527 43 3 3 - 3 3 - - 3 - - 3
528 43 2 2 - 2 2 - - 3 - - 2
529 43 2 2 - 2 2 - - 3 - - 2
530 43 2 2 - 2 2 - - 3 - - 2
531 43 2 2 - 2 2 - - 2 - - 2
532 43 2 2 - 2 2 - - 2 - - 2
533 43 2 3 - 2 2 - - 3 - - 2
534 43 2 2 - 2 2 - - 2 - - 2
535 43 4 3 - 3 2 - - 2 - - -
536 43 3 3 - 3 2 - - 2 - - 3
537 43 2 3 - 2 2 - - 2 - - 2




- 175 -

Age readings for otolith sample 2.

Table B.
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{continued)

Table B.

Age

Readers

Sex.

Spec.len,

mode

17

12 13 14 15 16

N

9

1

(cm) mat.

No,

Area

OWw I OO 1 OsrnooMOr~wo Q1T O~ T~ WwoD
—

COVORLORWY IDWUOWRLOSW T W 1LWwksPPsEh b
OO — OO WO COCWRRO— A It O0 I I —hO
—r—- - — — —— — — — -

OSSOV OWOSTORTOOTORONRORAONONRE DO —Mo O
- -

OO TR0 OORORORTORRR WD

~UOwwRhoounuwumun | 1T ~O0huo { OO WOR—O000O WO
— — —

~OROYYORYYYYROSNO~RORORWWYWS YN
—

WO OO~ Qoo OWOORO 10 IOt
- —

VOO RR OO OO~ PO —
Lt — -

LLYORRFOOOMRCSTNOUOROMNCNOOROROMMROOOhOO
— —r— ——

Ot ORISR OR OO P RO O I

OO QWUWWMSO | T ND0OoOQWUrROARRRO MW
- - Lt

MWW WOURPRPOOST OSSO OODMS TOWOOROWOW OO0

OO OO OROROROROOOYORIRRROMO®
—

O OWrRONMARMARUOOOOORAR~ ORS00 M
— — —

OO0 I ST 0C 0N 1O 100 IMM 1T WOWWwWo
—p— ~— — —

10
1
11
11
11
11
1
1
11
10
50
50
50
51
51
51
51
51
51
51
51
51
51
11
11
51
51
11
51
1
11
51

AN O NSNS OUORTONNMChO
SO VUURARODMUODODONUOUOUOROUIRODWOWOWEmOWIW MM
P~ OO~ N—LUOO—TWnONOOCNOSTNORO—O0Mn
™ TS UONONWOONOCOCOOONMMNMMMWOWOMRr MMM
Lt} MmO gagg g oo o o o g oW WD io

3K
{cont'd) 339

3L

MO ONWOUUSD WSO WO WOMWOWOOAD W0 O

MNW TSN Y | 1o

I~ I 1 QWURRW I 1wl wu il )

WO @OMWROWRPROORLOORD T ROWWESD 1 T ~WOoo | oo

MO OO WOWNWER St o WOW S WOuw W0 WnwWwiom-s O

OO ONS OSFrDULSOU ORI WO SO0 OWIO eSS

MO OSSO VNSO STUWYOOUWMOOWOROOWOWW L

SOOI RO OSSO S S WwWwesWwWwWwwwes o

MO TN OO NSNOSTUONANOSTOOOOOOOYWOYONW

SO NS OOWTTOY OSSO e W0WOWOWmOO W oo oo

SN OO OOS OSSO OO OO WSRO

NSNS OSSO OO WOWNWsr | W W oLw

SOMMUODLSSOUNUWS DSOS WO 1 WWDWWEOM W WWOoLWw

Mg Ui O O WO W 0wt WOW s o o s W0 sk w1 uw U woun un o se

SOOMSUDOWWOIMRROMA DWW WM WL S W WS WwiWw o WwWww e

SO SOWWLWR S WAOW WM W MM WWM MO W0 WO e 0o

WU ITDWNWUNWWSSSDWWW (WO WMP PO 1~
SRR OOOMMMWWWLWA DDLU WO r—r— r— <t <t
MMM s st o ok s o o o s S LD WD WD D AN WD LD LD L D D D RO WD
FNOMROSLNUOO—LWUROROOANO = OO M S O W0
—NNNOS SO WOOOOMOOO e—r—r—MmMmun

——r e e -



- 177 -

(continued)

Table B.
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(continued)

Table B.
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(continued)

Table B.

Age
mode
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APPENDIX II11

SELECTED OTOLITHS AND THEIR INTERPRETATIONS

Dtolith 2J-1 (modal age 4)

Nine of the 14 readers aged this otolith as 4, 4 recorded age 3 and one reader gave
age 5. Those suggesting age 3 (o) consider the third annulus of the age 4 reading (e)
to be a check. The age 5 interpretation was withdrawn after examination of the photo-
graph.

Otolith 2J-2 (modal age 4}

Six of the 13 readers agreed to age 4 and 3 recorded age 3, with other interpreta-
tions being withdrawn following discussion of the photograph. The second annulus of the
age 4 reading (o) was considered as a check by those recording age 3.

Otolith 2J-12 (modal age 5}

Six of the 13 readers recorded age 5 and 3 indicated age 6, the other interpreta-
tions being withdrawn after studying the photograph. Those suggesting age 5 (o) con-
sidered the second annulus of the age 6 reading (e} to be a check.

Otolith 2J-13 {modal age 5]

Out of 14 readers, 3 recorded age 4, 5 readers indicated age 5 and 4 gave age 6.
Those who suggested age 4 (e} considered the second annulus of the other readings
{o and X} to be a check, and those readers who preferred age 5 (o) treated the third
annulus of the age 6 reading (x) as a check or split.

Otolith 2J-14 (modal age &)

Seven of the 14 readers indicated age 6, 2 readers suggested age 4 and 3 favoured
age 5. Those recording age 4 (o)} considered the third and fifth annuli of the age 6
reading (x) to be checks, whereas the age 5 reading (e) treats the third annulus of the
age 6 reading (x) as a check.

Otolith 2J-58 (modal age 4)

Eleven of the 14 readers agreed to age 4, with one suggesting age 3 and 2 favouring
age 5. These latter interpretations were withdrawn after studying the photograph.

Otolith 2J-63 {modal age 6)

Seven of the 14 readers recorded age 6 and 4 readers indicated age 7, with the
others suggesting ages 4 and 5. The only discrepancy between those recording ages 6 and
7 relates to the interpretation of the innermost ring as a check or an annulus.

Otolith 2J-74 {modal age 7)

Seven of the 14 readers agreed to age 7 and 6 readers favoured age 6, the differ-
ence being in the interpretation of the innermost ring (e). The agreed interpretation
as age 7 from the photograph (—) includes an annulus not considered by any of those
previously recording the age as 6 or 7.

Otolith 2J-85 (modal age 7}

Twelve of the 14 readers recorded age 7, with one suggesting age 8 and another age
6, the last being withdrawn following a study of the photograph. The only discrepancy
was in the interpretation of the innermost ring.

Otolith 2J-122 {modal age 9)

Interpretation of this otolith ranged from ages 7 to 11, with 3 of the 14 readers
recording age 8, 4 readers favoured age 9, 2 indicated age 10 and 3 preferred age 11.
A major problem was in the interpretation of the innermost ring (o and e). Other dis-
crepancies include the consideration of additional annuli at the edge by some readers
and the interpretation of certain rings as checks by some and as annuli by others.
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Otolith 2J-300 {modal age 97)

Qut of 12 readers, 4 recorded age 8, 4 indicated age 9 and 3 suggested age 10. The
main difference between those recording age 8 on the one hand (e¢) and ages 9 and 10 on
the other (e and x) is the inclusion of an additional annuli at the edge by the latter.
The other difference is that the seventh annulus of the age 10 reading (x) is consider-
ed as a split by the other groups.

Otolith 3K-317 (modal age 3)

Six of the 14 readers agreed to age 3 and 5 readers indicated age 4, with the
others suggesting ages 2 and 5. The third annulus of the age 4 reading (e) was consid-
ered as a check in the age 3 reading.

Otolith 3K-318 (modal age 4)

Eleven of the 15 readers recorded age 4, with 2 readers giving age 3 by interpret-
ing the second annulus of the age 4 reading (o) as a check.

Otolith 3K-321 (modal age 4)

Six of the 14 readers agreed to age 4, with 4 readers indicating age 5 and 3 sugg-
esting age 7. The fourth annulus of the age 5 reading (o) is considered as a check in
that of age 4 (»). Relative to the age 4 reading, those recording age 7 (x) included
three additional annuli in the zone between the third and fourth annuli of the age 4
reading.

Otolith 3K-328 (modal age 5)

Out of 14 readers, 4 recorded the age as 4, 5 readers indicated age 5 and 2 sugg-
ested age 6. The remaining readers recorded the age as low as 2 and as high as 8. The
third annulus of the age 5 reading () was considered as a check in the age 4 reading
(o}, and the second annulus of the age 6 reading (x) was interpreted as a check by the
cthers.

Otolith 3K-337 (modal age 6)

Out of 15 readers, 5 recorded age 5, 6 readers indicated age 6 and 3 suggested age
7. Of the ages indicated in the photograph, the third annulus of the age 6 reading (e)
was considered as a check by those favouring age 5 (o).

Otolith 3K-339 (modal age 5)

Out of 15 readers, 2 indicated age 4, 5 readers recorded age 5, 4 favoured age 7,
2 readers preferred age 8 and the others gave ages 3 and 9. Relative toc the modal age
(x), variation in interpretation was great. This otolith is a typical example of the
problem of interpreting annuli and checks.

Gtolith 3K-382 (modal age 6 or 7)

The ageing of this otolith ranged from ages 4 to 10, with ages 5, 6 and 7 heing
recorded by 3, 4 and 4 readers respectively. The two readers recording age 4 (-~) con-
sidered the first annulus of the other readers to be a check. The second and fifth
annuli of the age 8 reading (x) were treated as checks by the other groups. The major
difference between those recording ages 6 and 7 {0 and ®) was in the interpretation of
the fourth ring as a check on the one hand and as an annulus on the other.

Otolith 3K-366 (modal age 4)

Qut of 15 readers, 7 recorded the age as 4, with 3 readers indicating age 3, 2
giving age 5 and 3 recording age 6. The third and fifth annuli of the age 6 readings
(e) were considered as checks by those recording age 4 (—) and the third annulus (e) as
a check or split by those giving age 5 (o).

Otolith 3K-404 (modal age 8)

Out of 14 readers, 2 recorded age 7, 7 indicated age 8 and 3 suggested age 9.
Following a discussion of the photograph, two interpretations were held (ages 7 and 8).
The second annulus of the age 8 reading (o) was considered to be a check by those re-
cording the age as 7.
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Otolith 3K-429 (modal age 6 or 7)

Out of the 12 readers, 6 indicated age 6 and 7 recorded age 7, the difference in
all cases being the interpretation of the fifth annuli of the age 7 reading (o) as a
check by the others.

Otolith 3X-548 (modal age 7)

Out of 15 readers, 4 recorded the age as 6, 7 recorded age 7, 2 suggested age B
and 1 gave age 9. Following a study of the photograph, discussion centred on interpre-
tation ‘as ages 7, 8 and 9. The main discrepancies were: designation of the innermost
ring as an annulus in the age 9 reading (e); the second and third annuli in the age 8
reading (o) were treated as checks by the other grcups; the fourth annulus in the age 7
reading (—) was considered a check by the others: and the sixth and eighth annuli in
the age 9 reading {e) were read as checks by readers recording ages 7 and 8.

Otolith 3L-6 (modal age 4}

This specimen was read as age 4 by 7 readers and age 5 by 6 readers, with one
reader suggesting age 3 and another age 8. Discussion of the photograph centred on in-
terpretation as age 4 or age 5. Those indicating age 4 arrived at that age by consider-
ing as the second annulus (— and x) rings which are not coincident, whereas the age 5
reading (e) treated both of these rings as annuli.

Qtolith 3L-24 {modal age 5)

Out of 15 readers, 9 recorded the age as 5 and 5 readers indicated age 6. Among
the readers recording age 5, one group (o)} considered the second annulus of the other
group (—) as a check but included an annulus at the edge. Those who recorded the age
as 6 (x) included both of these rings as annuli.

Otolith 3L-55 {modal age 4)

Following discussion of the photograph all readers agreed unanimously on age 4, al-
though 3 out of the 14 readers recorded the age as 3, 5 or 7 previously.

0tolith 3L-68 (modal age 7)

Out of 14 readers, 8 recorded the age as 7, 3 readers indicated age 5 and 2 readers
gave age B. Those suggesting age 5 (x) considered as checks the second and third annuli
(-} of the age 8 reading and omitted the annulus at the edge. The majority, however,
in deciding on age 7 (o}, considered the second annulus of the age 8 reading as a check.

Otolith 3L-102 (modal age 6}

This specimen was interpreted as age 6 by 12 of the 15 readers, with the remainder
suggesting age 7. The only difference in interpretation involved the innermost ring
which was considered as a check by most of the readers.

Otolith 3L-134 (modal age 6)

Nine of the 15 readers recorded age 6, 3 readers indicated age 5 and the remaining
3 suggested ages 7 or B, The age 7 reading {—) agrees with that of age 6 (x), except
that the innermost ring is considered as a check in the latter interpretation. Those
recording age 5, however, considered the second annulus of the age 6 reading (x) as a
check,

Otolith 3L-170 (modal age 9)

This specimen was recorded as age 9 by 9 of the 15 readers, with 3 suggesting age
8 and 3 indicating age 10. The main differences were that the ninth annulus of the age
10 reading (-) was considered a check by the other groups and that the second annulus of
the age 9 reading (e) was treated as a check by the readers recording the age as 8 (x).

Otolith 3L-183 (modal age 8)

Eight of 14 readers recorded the age as 8, with 2 readers indicating age 7, 2 others
age 8 and one suggesting age 6. The readers who recorded age 7 (x) considered the
second annulus of the age B reading {o) as a check, and those suggesting age 9 (e) in-
terpreted the rings in the same way as the age 8 reading but added an additional annulus
at the edge.
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Otolith 3L-189 (modal age 10 or 11)

Out of 12 readers, 4 agreed on age 10 and 4 indicated age 11, with the others var-
iously suggesting 8, 9 or 13. Two interpretations of the otolith as age 10 are indica-
ted (e and x), the first including the innermost ring as an annulus, and the third
annulus (x) is considered as a check by the other group (e). 1In the age 11 reading (o),
the tenth annulus is considered to be a check by those giving age 10 (e).

Otolith 3L-268 (modal age 11)

Seven of 13 readers initially recorded age 11 for this specimen, with 3 indicating
age 10 and the others variously suggesting B8, 9 or 12. Following a discussion of the
photograph, age 11 was agreed to by all readers.

Otolith 30-1 (modal age 5)

Eight of the 15 readers indicated age 5 and 6 readers suggested age 4. The differ-
ence in interpretation was due to one group (=) including the second ring as an annulus
and the other group (e) treating the ring as a check.

Otolith 30-16 {modal age 5)

Seven of the 15 readers recorded age 5 but arrived at the result in different ways
(x and o), whereas 5 readers indicated age 6 and one gave age 4. For both groups
giving age 5, the sole difference was in the location of the first annulus. Those
readers who suggested age 6 included both of the first two rings as annuli.

Otolith 30-17 (modal age ?)

Qut of 14 readers, 5 indicated age 4, 5 recorded age 5 and 3 suggested age 6. The
difference between the age 4 and age 5 readings is in the interpretation of the third
annulus of the latter age (o) as a check in the case of the age 4 reading (-}. The
last 4 annuli of the age 5 reading (o) are the same as those of age 6 (e), but the first
annulus of the former does not coincide with either of the first 2 annuli of the latter
reading.

Otolith 30-48 (modal age 8)

Seven of the 13 readers interpreted this otolith as age 8, 1 as age 7, 3 as age 6
and 2 as age 5. Only ages 6 and 8 warranted consideration in the subsequent study of
the photograph, the major difference being the consideration of the fourth and sixth
annuli of the age B reading (o) as checks in the age 6 reading (—).

Otolith 30-55 (modal age 7)

The 13 readers recorded ages ranging from 4 to 9, with 2 readers favouring age 5,
2 for age 6, 4 for age 7 and 3 for age 9. Relative to the modal age (o), the age 9
reading (-} includes two annuli (fourth and fifth} which were considered to be checks
in the age 7 reading. The difference between the age 6 and age 7 reading is that the
second annulus of the latter (o) is treated as a check in the former (e). Regarding
the age 5 reading (x), the fifth and sixth annuli of the age 7 reading (o) are consid-
ered to be checks.

Otolith 30-65 {modal age 6)

The modal age of & was recorded by 9 of the 13 readers, with 3 indicating age S
and one suggesting age 7. The fifth annulus of the age 7 reading (e} was considered to
be a check by those who recorded age 6 (—), and the fifth annulus of the age 6 reading
(-) was treated as a check in the age 5 reading (o).

Otolith 30-115 {modal age 7)

Eight of the 13 readers interpreted the age of this otolith as 7 but they arrived
at the result in different ways (— and x), the location of the second and third annulus
being different for the two groups. The 3 readers who suggested age 8 arrived at their
results in somewhat different ways (e and o).

Otolith 30-119 (modal age 10}

The ageing of this otolith ranged from 7 to 12, with 8 of the 14 readers recording
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age 10 (x). Other interpretations were suggested, but most agreed, following discussion
of the photograph, that the differences were due to considering some checks as annuli
and vice vensd.

Otolith 30-121 (modal age 7)

Nine of the 14 readers recorded age 7, with 4 suggesting age 8 and one favouring
age 6. The seventh annulus of the age 8 reading (x} ic considered to be a check by
those who preferred age 7 {o).

Otolith 30-132 (modal age 7)

Eight of the 14 readers aged this otolith as 7, with 5 readers suggesting age B
and one favouring age 6. The seventh annulus of the age B reading (x) is considered to
be a check by those preferring age 7 (o).

Otolith 30-140 {modal age 9}

The ageing of this otolith ranged generally from 7 to 10 but one reader suggested
age 14. Out of 15 readers, 4 indicated age B8, 5 gave age 9 and 4 were for age 10.
Those suggesting age 9 arrived at the result in two different ways (o and x}, the third
annulus in each case not being coincident. Relative to the age 9 reading, those suggest-
ing age 8 {®) considered the fifth annulus (x} to be a check. In the age 10 reading
{(—), the fifth annulus is treated as a check by the others.

0tolith 3N0-11 {modal age 4)

Ten of the 15 readers aged this otolith as 4 years, 2 readers recorded age 5 and
the others suggested 6 or 7. The age 5 reading was arrived at in different ways (o and
%), the innermost ring being treated as an annulus in one case (o) and the second ring
from the edge (x) considered as an annulus in the other. &all readers who indicated age
4 (—) considered the innermost ring (o) and the fourth ring near the edge (x) as checks
or splits.

Otolith 3ND-27 (modal age &)

Nine of the 15 readers recorded age 4, with 4 readers indicating age.5 and the
others suggesting 6 or 7. In the age 5 reading (x), the fourth annulus is considered
to be a split by those recording age 4 {—). The single age 6 reading (o) includes, as
the second annulus, a ring which was treated as a check by the others.

Otolith 3N0O-38 (modal age 6)

Seven of the 14 readers agreed on age 6, with 4 favouring age 5 and the others
suggesting 7 or 8. The only difference between the age 5 and the age 6 readings is
whether the innermost ring is a check on the one hand (x) or an annulus on the other
{—}). The age 7 reading includes as the second annulus (o) a ring which was considered
a check by the other groups.

Otolith 3N0-46 (modal age 7)

Seven of the 15 readers recorded age 7, with 4 readers indicating age & and 4
others suggesting age 8., The only difference between the age 7 and age 8 readings is
whether the innermost ring is a check in the first case (x) or an annulus in the other
{o). Those suggesting age 6 (—) considered as checks both the innermost ring and one
near the edge of the otolith.

Otolith 3NO-51 (modal age 6)

Eleven of the 14 readers agreed on age 6 with 2 readers favouring age 7 and one
suggesting age 9. The third annulus of the age 7 reading (x) is considered to be a
check by those recording age 6 (-).

0tolith 3NO-60 (modal age 7)

Seven of the 14 readers recorded age 7, with 3 readers suggesting age &, one indi-
cating age 8 and the remainder giving age 9 or 12. The fourth annulus of the age 8
reading (o) is considered as a check in the age 7 reading (-), and those recording age
6 (x) considered both the fourth and sixth annuli of the age 8 reading (o} as checks.
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Dtolith 3ND-6B (modal age 6)

Seven of the 14 readers agreed to age 6, with 5 readers indicating age 7 and the
remaining 2 readers suggesting 8 or 9. Relative to the age 6 reading (x), the second
and third annuli of the age 8 reading (e) are considered as checks. The age 7 reading
was arrived at in three different ways (—, x and o), with particular rings being treated
as checks by some readers and as annuli by others.

Otolith 3NO-71 (modal age 7)

0f the 11 readers who aged this otolith, 6 recorded age 7 and the others variously
indicated the age as low as 5 and as high as 9. The innermost ring was included as an
annulus by those recording age 8 (+} and age 9 (e} but not by the other groups. The
other major difficulty in interpretation relates to consideration of certain rings as
checks or annuli.

Otolith 3N0O-72 (modal age 8)

Eight of the 13 readers agreed on age 8, with others suggesting age 7, 9 or 10.
There was no problem with the first 5 annuli but the sixth annulus of the age 10 read-
ing (e) was considered to be a check by the others, as was also one or two other annuli
near the edge. The seventh annulus of the age 8 reading (-} 1is considered as a check
in the age 7 reading {(x).

Otolith 3N0-75 (modal age 8)

Seven of the 13 readers recorded age 8, with 2 readers favouring age 7, 3 suggest-

ing age 9 and one for age 10. The two ways of arriving at age 8 (x and —) are different
only to the extent that the first annulus is split and its location may vary from reader
to reader. Relative to the age 8 reading {—), both the age 9 reading (e) and the age

10 reading (o) include an additional annulus at the edge, and the fourth annulus of the
latter (o) is considered as a check by all others.

Otolith 3Ps-10 {modal age 3)

Eleven of the 13 readers indicated age 3 and 2 readers suggested age 4. The third
annulus of the age 4 reading (o) is considered to be a split of the third growth zone
by all others.

Otolith 3Ps-25 (modal age 3)

Ten of the 14 readers agreed on age 3, with 3 readers recording age 4 and one
favoured age 5. Those suggesting age 4 arrived at their result in two different ways
{o and x}, the innermost ring being considered as an annulus in one case {0} and a
split being considered as an annulus in the other (x). Those who recorded age 3 {-)
were consistent in their interpretation.

Otolith 3Ps-37 {(modal age ?)

out of 14 readers, ages 6 and 7 were each favoured by 5 readers, with 4 recording
age 5. The first 5 annuli (o0 and x) presented no difficulty for those who read the
ages as 6 or 7, but the sixth annulus of the latter (x) was considered as a check in
the age 6 reading. The age 5 reading (—) treated the second annulus of the age 6
reading (o)} as a check.

Otolith 3Ps-45 {modal age 5)

Twelve of the 15 readers agreed on age 5, with 3 readers suggesting age 4. The
third annulus of the age 5 reading (-) is considered as a check by the others.

Otolith 3Ps-B82 (modal age 5)

As for the previous otolith, 12 readers recorded age 5 and 3 indicated age 4, The
third annulus of the age 5 reading (—) is considered as a check by those favouring age
4.

Otolith 3Ps-101 (modal age 5)

' Ten of the 15 readers recorded age 5, with 3 readers suggesting age 4 and 2 favour-
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ing age 6. The sole difference between the age 5 (~) and the age 6 (o) readings is
that the innermost ring was considered as an annulus by the latter group. The fourth
annulus of the age 5 reading (-} was treated as a check by those favouring age 4 (x).

0tolith 3Ps-104 (modal age 7)

Seven of the 15 readers agreed on age 7 and 6 readers indicated age 6, with one
suggesting age 5 and ancther age 8. The third annulus of the age 7 reading (x) was
considered as a check in the age 6 reading {o). This annulus as well as the fifth were
treated as checks by the reader favouring age 5 (—).

Otolith 3Ps-127 (modal age 6)

Ten of the 13 readers indicated age 6 and 3 readers favoured age 5, with the
fourth annulus of the age 6 reading (o) being considered as a check in the age 5 read-
ing. .

Otolith 3Ps-155 (modal age 6)

Ten of the 14 readers agreed to age 6, with 2 readers each suggesting age 5 and
age 7. The fifth annulus of the age 6 reading (x) is considered as a check by those
favouring age 5 (-). The age 7 reading (o) includes an additional annulus {fourth)
which was considered a check by the other readers.
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