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Introduction

Following the report of the 1962 Ageing workshop, and the development of a
simple apparatus for photographing gadoid otoliths (Blacker,1964 ., the Warking
Group on Ageing Techniques at the 1963 ICNAF Annual Meeting recouuended "that
future co-ordination of sge-reading techniquee take the form of exchange of msets
of photographs marked by each country in the way that they would read thea,

The photos should be accompanied by the corresponding otoliths", (ICNAF,1963a),
Dr, Messtorff and Dr, Kohler were asked t0 supply a sample of cod otoliths from
Subarea ) and the Lowestof't Laboratory was asked to undertake the photography
and distribution,

As a reauit the cod otolith photograph euccha.nge' was started late in 1963,
Since then twelve sets of otoliths and photographs, totalling 233 otoliths,
have been circulated. Samples from Subareas 1D, 12, 1F, 2H, 2J, 3K, 3L, 30,
3P, 4T and LV have been used. Five of the samples were specially selected for
this exchange and the remainder were chosen from those used in the 1962 exchange
(DeBaie,1964). At the start of the scheme fourteen countries were on the oir-
culation list and for the first two series, photographs only were sent out in
the first instance as it was felt that circulation of the otoliths would take
too long, A detailed report on the first two series was sent to all readers
and the otoliths themselves were circulated after all the results had been
received, Bowever, at the 1964 ICNAF Annual Meeting the Subcammittee on Ageing
Techniques asked for otoliths to be circulated with the photographs, and the
numbexr of countries taking part in the scheme was reduced. (ICNAP, 1964).

The procedure for the remaining samples was then changed so that two sets of
photographs for annotating were sent to each participent, The interpretations
of the otoliths themselves were to be uarked on the photographs, one set of
which was returned to Lowestoft, and the other kept for future reference. When
all the results for each series were returned a detailed report was prepared
and sent to all pa.rticipam;,s. (Reports on Series 10, 11 and 12 are in prepara-

tion and will be sent cut as soon as posaible)., Even with the reduced nuabers
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of readers for each series, few of them have completed their cifcula.tion in less
than six months,

The samples from the 1962 exchange were sent to the countries on ths normal
circulation list for each subarea (ICNAF, 1964) and to any others of the five
countries who took part in the 1962 exchange scheme, This a.l‘lowa a comperison
of the 1963/67 exchange results with those of the 1962 exchange and gives a
measure of the consistency of the age-readings of those five com;;tries.
‘Results

The full results are given in Appendix 1.* In some countries several readers

'took prart and the figures given in the tabies are the majority -« “ings wherever

there was a clear majority age., Whers wore than one age was giv.. without any
indication of proference, the age taken for the subssequent analyses is under-
lined in the tables,

For purposes of analysis each otolith has been given a "best age" which
has been decided after consideration of the otolith itself and all the inter-
pretations given by other readers., The best age is not neceséa.ﬁ.ly the majority
reading nor is it the mean of the exchange readings-as these ages may definitely
be wrong for various reasons given below, Table 1 suumarizes for all ssmples
the comparison of all readings with the best age and this is shown grephically
in Pigure 1. HFull deteils are given in Apperdix 2, In lable 1 the differences
from the best age are given as percentages in two ways: firstly for all fish
of all ages (233 fish) and secondly for those fish younger than 10 years (best
age) (187 fish), For the first group the percentage of readings agreeing with
the best age varies froau 35,24 in Series 7 to 91.3% in Series 2, while for fish
younger than 10 years the variation is from 50.4 to 90,%%. However far most
sanples the nuubers of fish of 10 years and older is swall and the difference
in the perceatage agreement uay not be significant, The one sample (Series 7)
which showed the greatest difference consisted of only 12 fish of' which 7 were
clder then 9 years. 754 to 9% of the readings for all ages.agree with, or
differ by only one year from the Lest age, |

A comparigon of the readings obtained from the nine countries who read most
samples is given in Table 2 and illustrated by Figure 2. The results from the

five other countries who read only one, two or three of the earlier. series are

too few for inclusion. The percentage of readings agreeing with the best age

*The appendices to this document are on file in the Secretariat s
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varios from 54.1 to 82.8 but the latter figure for thc English readings is
obviously viassed towards the writer's 'best' age, Excluding the Engliah
readings, the percentage agreement with the best age varies from 54.1% (USSR)
to 73.% (Iceland), and from 80,3 (USSR) to 93.4% (Canada, St. John's) of the
readings agree with or are within one ysar of the best age. Apart from Norway
(86.1%) and USSR (80,3%) about 904 or more of the readings are within one year
of the beat age, According to Gulland (1955) readings within one year of the
correct age are reasonably acceptable for statistical calculations for atock
assessaents, and so are these results assuming that these exchange samples are
representative of the otoliths of cod populations in the ICNAF area,

Comparison of the 1962 and 1963/67 exchangs results

Canada (St, Andrews and St, John's), Germany, Norway and Spain took part in
the 1962 exchange acheme and seven samples from the same otoliths have been used
in the present exchange, The results of the 1962 exchange given; by DeBaie (196))
and those for the same otoliths in the 1963/67 exchange are given in Appendix 3,
and both have been compered with the best age. The comparison is shown in
Table 5 as the percentage of readings from O to» 3 years different from the
best age and is alsc shown in Figure 2 for ‘the appropriate countries, 3pain
shows a striking improvement from 45.8k of readings within one Yyear of the beat
age in 1962 to 90.0% in 1963/67. The two Canadian lsboratories and Germany show
nearly 5% improvement, but Norway's readings have deteriorated by 8.5%, for these
Blseuseidn "

The use of photographs for recording the interpretations of a large number
of otoliths, for the first tiue allows a detailed comparison of resdings, and it
is possible to find the actual causes of some of the differences between readers.
The average number of different interpretations of the otoliths in each series
is shown in Table 1, The figures for individual otoliths are given in the
tables in Appendix 2, For one otolith there were twelve different interpreta-
tions giving five different ages, and in only 24 out of the 233 otocliths did
all readers agree on both the age and the intepretation (Table 1). On eleven
occasions ncbody gave the best interpretation, The tables in Appendix 2 also
show that the best age was sometimes arrived at by two, three or even four
different interpretations sowe of which indicate that the arrival at the best

age was a chance occurrence, not a logical deduction from the otolith zones,
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Judging from these exchange results there are several important causes of error
or of disagreements amongst otolith readers, These are:-

1. dIncorrect cutting of the otoliths. This is one resson why the best age

of'ten differs from all readings in these samples, The report of the 1962 Work-
shop (ICNAF,19bjb) stressed the importance of breaking or cutting cod otoliths
in the correct place (through the centre of the interruption in the sulcus
accusticus). Several of the otoliths of the 1962 samples had to be regrsuna to
the correct plane, while others had already been ground too much., Few reac - .
commented on these mistakes, although an error in ageing ol' one year may easily
be caused by them,

2. Ihe interpretation of the central zones. This has been one of the main

causes of sge differences in the exchange results and the situation has oeen
aggravated by (1) above, There are obviously widely differing opinions on which
is the first annual hyaline zone. Series 6 (K16-25) iliustrates the problem:
nine out of the ten otolithe have a single well-marked hyaline zone in the centre
ns in K17 (Fig. 3) which all readers except liorway counted as the first annusl
sone, Yet in Series 9 (K26-4,0; from the same sub-ares the identical zone was
counted by Norway as the {irst annual zone in all cases except one, Such lack

of consistency is not entirely confined to Norway and rt is one of the main
causes of discrepancy between the readings from the UssR end those from other
countries,

This zone may be the so-called larval check ring laia dowa when the young
cod change from being pelagic to demersal, but there is litile published evi-
dence to support this theory, Until evidence supporting or disproving this
theory is obtained, greatest consistency will be obtained if all readers count
such structures as annual zones,

The interpretation of the second winter zome has also caused difficulties,
In some otoliths there is a couplete broad hyaline zone which most readers have
tuken as the second winter zone as in 08 (Fig. 4) but others, Canada, 5t. Andrew's
in particular, have souweiiwes taken such zones as checks, There nsy be unpub-
lished evidence for discounting such zones but if there is, they should con-

sistently be discounted. 4l present it seeus to be better to count them alvays

a3 saumal zones,
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In many of the otoliths the first well-defined hyaline zcone is followed by
& succession of nerrow opaque and hyamline rings which may be interpreted in many
ways, then outside these the zones from a distinct pattern which cannot be
wissed, The only valid method of interpreting these is to examine the zones for
repetition of a pattern., For example in H8 (Fig. 5) the innermost hyaline
(zone 1) is split to form a definite double structure, which is followed by
three more hyaline zones each containing a marked check, 411 readers counted
zones 1 and 4 and some counted both zones 2 and 3 while others discounted or -
or both of them. These four zones are very similar in structure and the fact
that zones 2 and 3 are close together does not seem to be a v . i< “eason for
discounting either or both of them.

3. Interpretation of the otolith edge. Counting the current year's growth

as an annual zone is a common cause Of an error of one year in age resding,

In Apperdix 1 {Table 2} the readings which contain this error are merked with
en asterisk, However it is of'ten very difficult to decide whether a hyaline
edge is the current or previous year's in mature fish when the hyaline zone may
be a single narrow ring laid down very late in the year =nd not conpleted until
the following spawning season, As a general rule the opague zone is laid down
earlier in the year in young fish than in the older ones.

Related to this error is the failure to count spawning zones in otoliths
where these hyaline zones are not laid down all around the otolith {Figure 6).
This is the main source of the high proportion of Russian readings which differ
by more than three years from the best age. The probable cause of this error is
always reading the age along the same line towards the wide end of the otolith.

4. Unreadable otoliths. In most otoliths in the exchange samples the

hyaline and opaque zones form a pattern which can reasonsbly be interpreted,

but others 1like H7 (Pig, 7} show what can only be described as a conglomeration
of rings which do not fall into any recognizable pattern at all. Llhe best
interpretation of these is probsbly "?" or "unreadable" and it is surprising
that in all the exchange series few readers described any otoliths as un-
readeble. In Jensen's notation {(1963) these are defined as "poor" end the
definition includes the phrase "..,, or where the age is merely estimateg",

Uften these 'estimations'uust have no basis other than the length of the fish,

but length is not_a vaiid criterion of age and the inclusion of such 'ages' in

data for age/length keys may cause considerable errors,
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Conclusions and Recommendations

The 196}/6? exchange results show that there is a considerable measuras of
agresment aumongst the otolith readers from the participating countries, but
there are also some disagreements which might be lessened by a meeting of prac-
tising otolith readers, If such a meeting is practicable, it should perhaps be
held before any further otolith exchanges are started,

The recoamendations of the 1962 Workshop are still important, although
some of the required material and data may have been collected by other lsb_._
tories since the recommendations were published (ICNAF, 1963b),

The problem of interpreting the central zones can only be szc’ ved by large
collections of otoliths from small fish - presumed to be O-, I- ani II-group -
taken at all sessons of the year, Studies on the feeding habits and seasons of
these fish are alsc required., The otolith zones are presumed to be closely
correlated with growth and feeding so the data should be collected to prove or
disprove this, Laboratory experiments may alsc help in studies of otolith
structure. The writer recommends that the collection of these data should be
continued,

Other recommendations are that:-
1¢ Otolith readers should be reminded that the length of u fish is very rarely
& valid criterion in determining its sge.

2. Otolith readers should be encouraged to use a category “unreadable" instead
of guessing the age of some poor otoliths,

3+ Unless evidence to the contrary is, or beccmes available, the uype of first
hyaline zone illustrated in Figure 3 should be counted as the first annual zone
whensver it occurs,

e Likewise the type of zone counted &s the second annual zone in Figure I
should be counted until proved otherwige,

5. All published validation studies should include annotated photographs of

the otoliths or whatever other structures are used for age determination,

Acknowledgements. The writer wishes to thank all those who have taken part in
this otolith photograph exchange scheme for their cooperation,
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Pigure 3, Cod otolith K17, (17 cm, caught July 1961) showing a charscteristic
narrow but complete innermost hyaline zone, which all readers
except Norway counted as the first ammal zone,

Pigure .  Cod otolith 08 (59 cm, caught June 1961) showing the type of broad
Socond hyaline zone which should always be counted as an annual zma
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‘Figure 5.

Cod otolith H8 (60 cm, caught August 1960) showing four inner
hyaline zones with the same structure, all of which should probsbly

be counted as annual zones,

Figure 6o

Cod otolith K10 (60 cm, caught August 1962) illustrates the dis-

continuity in the outermost zones towards the blunt tip.
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Figure 7, Cod otolith H7 (60 cm, caught August 1960). Ages from 6 to 11

years were given, Any age is a guess and the best interpretation
is "unreadable",
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