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Introduction 

Following the report ot' the 1962 Ageing workshop, and the development of a 

simple 9.p'paratus tor photogra,phing gadoid otoliths (Blacker, 1964" the WorkiDg 

Group on Ageing Techniques at the 1963 ICNAF Annual loIeeting recCiWended "tAat 

future co-ord1na.tion of ege-reading techniques take the form of exchange of Bets 

of photographs marked by each country in the way that they would read them. 

The photos should be accompanied by the corresponding otoliths". (ICNA]', 1963a). 

Dr. Messtorff and Dr. Kohler were asked to supply a sample ot'cod otoliths froll 

Subarea ~ and the Lowestoft Laboratory was asked to undertake the photography 

and distribution. 

As a result the cod otolith photograph exchange was started late iII 1963. 

Since then twelve sets of otoliths and 1>hotographs, totalling 233 otOliths, 

have been circulated. Samples from Subareas 1D, 1E, 1F, 2H, 2J, 3K, 3L, 30, 

3P, 4!r and 4V have been used. Five of the samples were specially selected for 

this exchange and the remainder were chosen from those used in the 1 962 exchange 

(DeBaie ,1964). At the start of the scheme fourteen countries were on the air-

culation list and for the first two series, photographs only were sent out in 

the,i'irst inst&llOe as it was felt that circulation of the otoliths would take 

too long. A detailed report on the i'irst two series was sent to all reaUers 

and the otoliths themselves were circulated after all the result a had been 

received. Honever, at the 1964 IONAli' Annual Meeting the SubcClWllittee on A",;e1ng 

Techniques asked for otoliths to be circulated with the photographs, and the 

number of countries taking part in the scheme was reduced. (ICNAF, 1961,.). 

The procedure for the remaining samples was then changed so that two sets of 

photographs for annotating were sent to each partioipant. The interpretations 

of the otoliths themselves were to be marked on the photographs, one set of 

which was returned to Lowest oft , 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 participants. (Reports on Series 10, 11 and 12 are in prepara

tion and will be sent out as soon as possible). Even with the rsduoed numbers 
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of readers for each series, few or !;hem have completed their circulation in less 

than su months. 

The SWllples from the 19t>2 excohange were sent to the' oountries on the normal 

oirculation list for each subarea (ICNAIo" 1964) and to &:lJ¥ others at' the rive 

countries who took part in the 1962 exchange BOheme. This allows a cOlllpa~iaon 

of the 1963/67 excohange resultB with those at' the 1962 exchange and gives a 

measure of the oonsistency of the age-readings of those five oountries. 

Results 

* The rull results are given in Appendix 1. In SOllIe cOWltries several readers 

took part and the figures Sl-ven in the tables are the majoritJ' v '.inga wherever 

there was a clear majority age. Where more than one age was g:LV", without &:lJ¥ 

indioation of praference, the age taken for the subsequent llJlal.yses is under-

lined in the tables. 

Por purposes of analysis each otolith baa been given a "best age" whioh 

has been decided after consideration of the otolith itself and all the inter-

pretationa given by other readers. The best age is Ilot naoessa.rily the majority 

readini nor is it the mean or the excohange readings as these ages may derinitely 

be wrong for various reasons given belOW. Table 1 sUllllllarizes for all s8Jliples 

tho oomparison of all readings with the best age and this is shown jOraphioall,y 

in Figure 1. Full details are given in Appendix 2. In l'able 1 the diUerellOes 

trOll the best age are given aa percentages in two ways: firstly for all fiab 

of all ages (233 fish) and secondly for those fish younger than 10 years (best 

age) (187 fiab). For the first group the percentage of readings agreeing with 

the best ~e varies fraa 35.~ in Series 7 to 91.3"", in Series 2, while for riab 

younger than 10 yeara the variation is from 50.4 to 90.9f.. However for most 

&Wllples the numbers at' fish of 10 years and older is small and the diI'fereDCe 

in the percentage agreement may not be significant. The one sWllple (Series 1) 

which showad the greatest diI'l'erenoe consisted of only 12 fish of which 7 were 

older than 9 years. 7'Jto to 99';0 of the readings for all ages agree with, or 

differ by only one year from the best age. 

A comparisOll of the readings obtained fram the nine cOWltries who read most 

sWllples is given in Table 2 and illustrated by Figure 2. The results from the 

five other countries 'Who read only one, two or three at' the earlier, series are 

too tew for ilIOlusion. The percentage of readings agreeing with the best age 

*The appendices to this document arc on file in the Secretariat 
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varies from 5~.1 to e2.e but the latter figure for the ~nglish readings is 

obviously biassed towrds the writer's 'best' age. J>xcluding the English 

readings, the percentage agr~emellt with the best age varies from ~.1% (USSR) 

to 73.},;o (Iceland), and from 8O.Jf. (USSR) to 93.4% (Canada, St. John's) of the 

readings agree with or are within one year of the best age. Apart from Norway 

(86.1~) and USSR (80.~) about 90;0 or more of the read:ings are within one year 

of tbe best age. According to GCllland (1955) readings within one year of the 

oorrect age are reasonably acceptable for statistical calculations for stoc.l< 

assessments, and so are these results &88U111ing that these exchange suples are 

representative of the otoliths of cod populations in the ICNA]' area. 

CO!!!parison of the 1962 and 1963167 exchange results 

Canada (St. Andre1l'B and St. John'e), Germany, Norway and Spain took part in 

the 1962 exchange scheme and seven suples from the same otolithe have been used 

in the present exchange. l'he results of the 1962 exchange given by DeBrie (196~) 

and those for the sllllle otoliths in the 1963/67 exchange are given in Appendix 3, 

and both have been compared with the best age. l'he cOlllparison is shown in 

l'able 3 as the percentage of readings from 0 to > 3 years different from the 

best age and is also shown in Figure 2 for the appropriate countries. Spain 

shows a striking improvement from 45.&fo of readings within one year of the best 

age in 1962 to 90.($ in 1963/67. l'he two Canadian laboratories and Germany show 

llearly 5')0 improvement, but Norway's readings have deteriorated by 8.5%, t .... ikt.s< 
~(,J(..." ,jlO._p/ .... ". 

Piscuasion 

The USe of photographs for recording the interpretations of a large munber 

of otoliths, for the first tiwe allows a detailed comparison of readings, and it 

ls possible to find the notual causes of some of the differences between readers. 

The average number of different interpretations of the otoliths in each series 

is shown in 'l'able 1. The figures for individual otoliths are given in the 

tables ill Appendix 2. For one otolith there were twelve different interpreta-

tiona giving five differelTt ages, and in only 24 out of the 233 otoliths did 

all readers agree on both the age and the intepretatioll (l'able 1). On eleven 

occasions nobody gave the best interpretation. l'he tables in Appendix 2 also 

show that the best age was sometimes arrived at by two, three or even four 

different interpretations some 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 froulLhese excilange results there are several important causes of error 

or of disagreements amongst otolith readers. 'fhese are:-

1. Incorrect cutting of the otoliths. This is Olle reason why the best age 

often differs frOGl all l'eadings ill these samples. The report of the 1962 Work

shop (rCNAF,19b3b) stressed the importance of breaking or cutting cod otoliths 

ill the correct place (through the centre of the interruption in the .!U!lcus 

accusticus). Several of the otoliths of the 1962 samples had to be reg:c~uno. to 

the correct plane, while others had already been ground too much. Few re",-","" 

commented on these mistakes, although an error in ageing of one year ~ easily 

be caused by them. 

2. 'fhe in teryretatioll of' the central zones. This has been one of the main 

causes of age diff'erences in the exchange results and the situation has been 

aggravated by (1) above. There are obviously widely diff'ering opinions on which 

is the f'irst annu.al ~aline zone. deries 6 (K16-25) illustrates the probleJll: 

nine out of the ten otoliths have a single well-marked ~aline zone in the centre 

IlS in K17 (Fig. 3) which all readers except Jiorway counteJ as the f'irst annual 

::OIle. Yet in Series 9 (126-40) f'rOGl the same sub-area the identical zane was 

counted by Norway as the f'irst annual zone in all cases except ODe. Such lack 

of consistency is not entirely confined to Norway and lt is one of' the main 

"auses of discrepancy between the readings from the Ui;)..;a and those from other 

countries. 

'I'his ZOlle may be the so-called larval check ring laid down ",hen the yoUllf; 

cod change from being pelagic to demerSal, but there is little published evi

dence to support this theory. Until evidence supporting or diSP1'cYing this 

theory is obtained, greatest consistency will be obtailk:d if all readers count 

such structures as annual zones. 

The interpretation of the second winter zOlle has also caused dif'i'iculties. 

III SOllle otoliths there is a complete broad hyaline zone which most readers have 

taken as the second winter zone as in 08 (Fig. 4) but others, Canada, St. Andr .. w' s 

in particular, have som,,:;ilIles taken such zones as checks. There may be unpub

lished evidence for discounting such zones but if there is, they should con

sistently be discounted. At presont it seems to be better to count thOlll always 

as annuaJ. zones. 
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In many 01' the otoliths the firot vrell-defilled hyaline zone is followed by 

a suocessioll of narroW' opaque and hyaline rings which may be interpreted in man.Y 

ways, then outside these the zones frolll a distinct pattern which cannot be 

missed. The only valid method of interpreting these is to examine the zones tor 

repetition of a pattern. For example in HB (Fig. 5) the innermost hyaline 

(zone 1) is split to form a definite double structure, which is followed by 

three lIIore hyaline zones each containing a marked check. All readers counted 

zones 1 and 4 and some counted both zones 2 and 3 while others discounted 01: . 

or both of them. These four zones are very silllilar in structure and the fact 

that zones 2 and 3 are close together does not seem to be a Vb . :'.<.1 'eason for 

discounting either or both of them. 

3. InterPretation of the otolith edge. Counting the cu=ent year's growth 

as an annual zone is a common cause of an error of one year in age reading. 

In Appendix 1 (Table 2) the readings which contain this error are marked with 

an asterisk. However it is often very difficult to decide whether a hyalille 

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 'i!ld not completed until 

the i'ollowing spawning season. As a general rule the opaque zone is laid down 

earlier in the year in young fish than in the older ones. 

Related to this error is the i"ailure to count spawning zones in otoliths 

where these hyaline zones are not laid down all around the otolith (E'igure 6). 

This is the main source of the high proportion of Russian readings which dij'fer 

by more than three yeaz's fran the best age. 'l'he probable cause cf this error is 

alwaya readillg the age along the same line towards the wide end of the otolith. 

4. Unreadaule otoliths. In most otoliths in the exchange sa.mples the 

hyaline and opaque zones forill a pattern which can reasonably be interpreted, 

but others like H1 (Fig. 7) show what can only be described as a conglomeration 

of rings which do not fall illtO IU\Y recognizable pattern at all. 'i'he best 

interpretation of these is probably"?" or "U1u-eadable" and it is surprising 

that in all the eXChOllge series felv readers described a.ny otoliths as un

readable. In Jensen's notation (1963) these are defined as "poor" and the 

defillition includes the plu-ase " ••• or where the age is merely estillla.ted". 

Often these 'estimations' laust have no ba.sis other than the length of the fish, 

bu~ length is not a valid criter-ioll 01" age and the inclusion of such' ages' in 

data for age/lengtb keys illay cause considerable errors. 
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Conclusions and Recommendations 

The 1963/6l exchange resul.ts show that there is a considerable measure of 

agreement WIIongst the otolith readers from the participating cOWltriea, but 

there are aleo sOllIe 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 ~ further otolith exchanges are started. 

The recommendations of the 1962 Workshop are still important, although 

some of the required material and data may have been collected by other 1&.1 __ 

tories since the recommendations were published (ICNAFr1963b). 

The problem of interpreting the central zones can only be 3c·"ed by large 

collections of otolithe from sma]l fish - presumed to be 0-, I- and II-group -

taken at all seasons of the year. Studies on the feeding habits and seasons of 

those fish are also required. The otolith zones are presumed to be closely 

correlated with growth and feeding so the data should be collected to prove or 

d18prove this. Laboratory experiments may also 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 or u fish is very rarely 

a valid criterion in determining it. age. 

2. Otolith readers should be encouraged to use a category "unreadable" instead 

of guessing the age or sOlDe poor otoliths. 

3. Unless evidence to the contrary is, or bscOilles available, the ·cype of first 

h,yaline zone illustrated in Figure 3 should be cOWlted as the first annual zone 

whenever it occurs. 

~. Likewise the type of zone counted as the second annual zone in Figure 4 

should be cOWlted until proved otherwise. 

5. All published validation studies should include annotated photographs or 

the otolitha or whatever other structures are used for age determination. 

Aoknowledgements. The writer wishes to thank all those who have ta.k:en .,art in 

this otolith photograph exchange scheme for their cooperation. 
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J'1&uz'e 3. 

nc-e 4.. 
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Cod otolith K17, (17 ca, oaught July 1961) showing a characteristic 

II&lTOIr but cCllplete imleraost Wa11ne zone, which all readers 

exgept N~ cowrted as the first .mud zone. 

Cod otolith 08 (59 ca, caught June 1961) showing t.be type of broad 

second ~al1ne zone which should al~s be counted as an BDnual ID:lII 

Cl 
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Figure 5. 

Figure 6. 

- 15 -

Cod otolith H8 (60 em, caught August 1960) showing four :imler 

~aline zones with the same structure, all of which shauld probably 

be counted as annual zones. 

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

continuity in the outermost zones towards the blunt tip. 

C2 



:rigure 7. Cod otolith H7 (60 CII, caught August 1960). Ages from 6 to 11 

years were a1veu. ~ aae is a guess and the best interpretation 

is "unreadable". 
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