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ABSTRACT 
 
The 1993 Working Group on the Assessment of Mackerel, Horse Mackerel, Sardine 
and Anchovy agreed to carry out a mackerel otolith exchange programme to 
solve the problems found in readings. 

 
A total of 398 pairs of otoliths was exchanged, 200 of which carne from the 
western area (ICES Divisions VIa and VIIbc) and 198 were from the southern 
d.l.t:(l  (:iCeS  i:i.i v.ib.ivil:::.  v::L.i::L ..  ClHU   :LL\a), (lJHl  i..t:u  .1.1;:: (1 " :::rs f.LOlfi  ulffe.Lt:uL l:VU11Üie 

took part in the exchange. The comparison of otolith readings of the two 
areas was carried out separately. 

 
The results show an unacceptable variability in mackerel age determination 
between the readers from different countries. 

 
The average general agreement between readers was low in the two areas, 47% 
for the western area and 51% for the southern area. Agreement between readers 
varies between 19% and 71% for the western area and between 4% and 81% for 
the southern area. 

 
Standard deviations by age groups increase considerably for age groups >5 
years for the western area sample and for ages >3 years for the southern area 
sample. 
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The bias plots of each reader against the modal age show great variability 
in the sarnples frorn the two areas, above all in older ages. Furtherrnore, they 
perrnit the identification  of which readers  are biased, and at what ages. 

 
The coefficient of variation, CV, and the Average Percentage Error, APE, of 
all ageings, with otoliths ordered according to modal age, is very similar 
in both areas (except  in sorne young ages in the southern area) and rernains 
at around O.l.(Villarnor & Meixide, 1994) 

Wilcoxson's test shows that bias exists between rnost readers in both sarnples. 

Considering  the irnportance of the age readings in the assessrnent, new 
investigations are necessary to increase agreernent, and to standardize 
ageings. 

 
 
INTRODUCTION 

 
The last rnackerel otolith exchange was carried out in 1985 (Dawson, 1986) and 
the results indicated an unacceptably  low level of agreernent for fish ages 
>10 years. A workshop was subsequently held in Lowestoft in June 1987 to 
resolve these differences (Anon., 1987). 

 
In the 1993 Working Group on the Assessrnent of Mackerel, Horse Mackerel, 
Sardine and Anchovy, the separable VPA results of the Western Mackerel Stock 
suggested that there rnust have been difficulties in interpreting ages of old 
fish, since a very high fishing rnortality at age 9 appeared in 1992. This is 
the 1983 age class, which is weak, while the adjacent 1984 age class is 
strong.  Problerns otherwise  appeared  in the ages of rnackerel frorn Division 
IXa. (Anon., 1993). 

 
The Working Group recornmended that a new rnackerel otolith exchange be carried 
out in 1994, since there are now new otolith readers in sorne laboratories. 
This exchange was organized by Begoña Villarnor, lEO, Santander (Spain). 

The otolith readers who have participated in this otolith exchange are: 

Elena Seliverstova 
PINRO, Murrnansk                                     Russia 

 

Helga A. Gill
Institute of Marine Res., Bergen                      Norway 

 

 
Kurt Jensen 
Danish Institute for fish. and Marine Res., Hitshals      Denrnark 

 
Doug Beveridge 
Marine Laboratory, Aberdeen                        UK (Scotland) 

 

Alee Watson 
Fisheries Laboratory, Lowestoft                      UK (England) 

 

Elizabeth Barnwall 
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Dept. of Marine, Fisheries Res. Centre, Dublin          Ireland 
 

Jan Beintema 
RIVO, Ijmuidem                                The Netherlands 

 

Iñaki Rico 
AZTI-SIO, San Sebastian                      Spain (Basque Country) 

 
Begoña Villamor 
IEO, Santander                                          Spain 

 

Maria Manuel Martins 
IPIMAR, Lisbon                                         Portugal 

 
This paper presents the results and analysis of the 398 otoliths read by the 
above mentioned readers in the otolith exchange. 

 

 
MATERIAL AND METHODS 

 
A sample of 398 pairs of otoliths were examined. Of these otoliths, 200 carne 
from the western area (ICES Divisions VIa and VIIbc) caught between January 
and April, covering a length range from 25 to 46 cm; 198 were from the 
southern area (ICES Divisions VIIIc and IXa), caught from January to April 
and in September, covering a length range from 18 to 48 cm. 

 
Only the otoliths and corresponding dates of capture were sent to the readers 
of each country. Fish lengths were not sent, since this information could 
have sorne influence on otolith readings. 

 
The otolith readers gave an absolute value to each pair of otoliths wherever 
possible. Doubtful ages were indicated by the mark "7" after the age, and 
otoliths which were too difficult to be aged or which had been damaged in 
transit were assigned the mark "-". Doubtful ages were included in the 
analysis. In sorne cases, Norway, Ireland and Russia assigned the age as 15+ 
at age 15 or greater, and these readings were not included in the analysis. 

 
Otoliths  damaqP.ci in transit  and thosP. rearlings in whi eh a mode was not 
obtained were excluded from the analysis, and so 198 otoliths from the 
western area and 188 otoliths from the southern area have been analyzed. 

 
The comparison of otoliths from the two areas was made separately. An Excell 
spreadsheet was used for this purpose (Eltink, 1994). 

 
From each otolith mean age, mode, range and standard deviation have been 
estimated. The percentage of agreement between individual readers, the mean 
percentage of agreement of each reader compared to all readers and the mean 
percentage of agreement of all readers have been calculated. Those readers 
who have a higher mean percentage of agreement with all readers than the mean 
agreement of all readers are considei ed the "best" readers. 

 
The cumulative age composition as a percentage has been calculated so that 
it is independent of the number of otoliths unread by each reader and the age 
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cornposition in number of each reader, of all readers (based on the modes 
obtained from all readers) and that of the best reader (based on the modes 
obtained for the best readers) have also been calculated. The cumulative age 
composition shows which readers are closer to agreement and the ages at which 
agreement is lower. 
 
The percentage of disagreement by one year, by two or more years in the age 
readings of each reader compared with the rest of the readers have been 
calculated. Furthermore, the mean disagreement by one year and by more than 
two years of each reader and the mean disagreernent by one year and by more 
than two years of all readers have also been calculated. 

 
The mean length at each mackerel age was estimated by each reader to show 
differences in growth curves obtained for each reader. 

 
Functional regressions have been made between age readings of each reader. 
Readers whose age readings show a clase agreement will have values of 1 and 
O for the slope and intercept respectively. 
 
The frequency distribution of standard deviations of estimated ages has also 
been estimated. The standard deviations have been ordered by age groups(0-2, 
3-5, 6-8, 9-11, 12-14 and 15+)for all readers and for the best readers. 

 
As well as all these comparisons made on the spreadsheet, the following 
methods have been carried out: 

 
- Age bias plots average age ±  2 standard deviations of each age reader and 
all age readers is plotted against modal age. 

 
- To find out the bias between readers Wilcoxson's test was done for each 
pair of readers. 

 
These last methods are sorne of the procedures recornmended by the Workshop 
on Sarnpling Strategies for age and maturity (Anon., 1994). 

 
- The Notched Box and Whisker plot is reprented, and is an exploratory data 
analysis that surnrnarizes a set of observations and is particularly usefu+ for 
comparinq parallel batches of data. 

 

 
RESULTS 

 

1- Western Area otoliths exchange sample 
 
The readings of each reader together with the basic information concerning 
each otolith (year, sample nurnber, otolith number, fish length and month of 
capture) are shown in Table 1.1, as are the mean age, rnode, range and 
standard deviation for each otolith. Of the 198 otoliths exarnined, 163 were 
assigned an age by all readers and only 33 were assigned the sarne age by all 
readers. 

 
The readers from The Netherlands, England, Norway, Spain (lEO), Ireland, 
Denmark and Russia have a higher average percentage of agreernent with all 
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read of agreement (see Table 1.1 and ers than the average general percentage 
1.5)and are considered the best readers. 

 
Table l.2 shows the cumulative age composition as a percentage for each 
individual reader, for all readers and for the best readers. The reader from 
Portugal is observed to have a totally different age composition to the rest 
of the readers from age 3. In the rest of the readers the closest agreement 
is at ages 2, 3, 4 and 6 and from age 7 there is greater variability (Figure 
1.1). 

 
In Table 1.3 the age composition in number for each reader is shown. The 
reader from Portugal has not assigned any ages over 8 years. In Figure 1.2 
the reading of each reader can be compared with the ages obtained from the 
modes of readings of the best readers. 

 
The average length by age of each reader is shown in Table 1.4 and Figure 
1.3. It can be seen that the reader from Portugal has assigned much younger 
ages than the rest of the readers. The rest of the readers show higher 
agreement at ages 2, 3, 4 and 6 and variability is greater from age 7. 

 
The percentage of agreement betwren readers is presented in Table 1.5 and 
varies between 19% and 71%. The average general percentage of agreement of 
all readers is low (47%). The highest agreements are found in the readers 
from The Netherlands and Spain (IEO) (71%)and the readers from Ireland and 
Norway (71%). The readers from Scotland, Spain (AZTI) and Portugal have a 
lower average percentage of agreement than the average general agreement, the 
reader from Portugal presenting the lowest agreements with 22% of average 
agreement with the rest of the readers. 

 
The average general disagreement by 1 year is 26% (Table 1.6). The highest 
diagreements are found in the reader from Spain (AZTI)(31%). This indicates 
an error in reading technique or problems in the interpretation of the 
hyaline/opaque edge of the otolith. 

 
The average disagreement by 2 or more years between readers is 27% (Table 
1.7).The highest disagreement is found in the reader from Portugal, with 61% 
of average disagreement with the rest of the readers. This indicates an error 
in reading technique or little experience of readinq. 

 
If the otoliths were read using the same criteria the functional regress1on 
slope should be 1 and the intercept should be O. The values of regression 
obtained (Tables 1.8 and 1.9)show a high level of agreement between readers, 
except in the case of the reader from Portugal for whom large deviations are 
observed. 

 
Nevertheless, the disagreements are better illustrated by calculating the 
standard deviations by age group (Tables 1.10 and 1.11). In Figure 1.4 the 
frequency distribution of the standard deviations has been drawn based on the 
readings of all readers providing information on the current level of 
precision of readings by age groups and showing how the standard deviations 
increase for ages >3 years. In Figure 1.5 the frequency distribution of the 
standard deviations has been drawn based on the readings of the best readers 
providing information on the maximum level of precision of readings by age 
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groups, and showing that the standard deviations increase for ages >5 years 
despite the standard deviations diminishing in all age groups in comparison 
wíth Figure l.4. 
 
By modal age are presented the average age recorded, the standard deviation 
and number of age readings by reader and of all readers (Table 1.12). The age 
bias plots of each age reader against the modal age present great 
variability, above all in older ages in many of the readers (Figures 1.6). 
The most biased readers are 2, 3, 7 and 8 (Scotland, England, Spain (AZTI} 
and Portugal). The age bias plots of all age readers is also plotted (Figure 
1.7), and show greater bias from age 9. 

 
The results of Wilcoxson's test from analyzing bias between readers is shown 
in Table 1.13. As can be seen there is a clear bias between most readers. 

 
The Notched Box and Whisker plot (Figure 1.8) indicate that if the age 
readings of all readers were the same the grafhs of all readers would be the 
same. It can be seen that the age readings from Portugal are completely 
different to those of the rest of the readers. The readings from Russia and 
Derunark are observed to be similar, as are those from England and Spain 
(AZTI). 

 
 
2- Southern Area otoliths exchange sample 

 
The readings of each reader together with the basic information concerning 
each otolith (year, sample number, otolith number, fish length and month of 
capture) are shown in Table 2.1, as are the mean age, mode, range and 
standard deviation for each otolith. Of the 188 otoliths examined, 148 were 
assigned an age by all readers and only 3 were assigned the same age by all 
readers. 

 
The readers from The Netherlands, Scotland, Norway, Spain (IEO), Ireland and 
Russia have an higher average percentage of agreement with all readers than 
the average general percentage of agreement (see Tables 2.1 and 2.5)and are 
considered the best readers. 

 
Table 2.2 shows the cumulative age composition as a percentage for ei'ir.h 
individual reader, for all readers and for the best readers. As seen in the 
western area, the reader from Portugal has a totally different age 
composition to the rest of the readers from age 2. In the rest of the readers 
the cumulative age composition shows great variability at all ages (Figure 
2.1). 

 
In Table 2.3 the age composition in number for each reader is shown. The 
reader from Portugal has not assigned any ages over 7 years. In Figure 2.2 
the reading of each reader can be compared with the ages obtained from the 
modes of readings of the best readers. 

 
The average length by age estimated from the age readings of each reader is 
shown in Table 2.4    and Figure 2.3. It can be seen that the reader from 
Portugal has assigned much younger ages than the rest of the readers. The 
rest of the readers show higher agreement at ages 4, 6 and 9 and show great 
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variability in young ages (1 to 3 years). 
 
The percentage of agreement between readers is presented in Table 2.5 and 
varíes between 4% and 81%. The average general percentage of agreement of all 
readers is low (51%). The highest agreernents are found in the readers from 
Norway and Spain (lEO) (81%) and the readers from Russia and Norway (76%). 
The readers from England, Spain (AZTI), Portugal and Denmark have a lower 
average percentage of agreernent than the average general agreement, the 
reader from Portugal presenting the lowest agreements with 18% of average 
agreement with the rest of the readers. 
 
The average general disagreement by 1 year is 28% (Table 2.6). The highest 
diagreements are found in the readers from England (34%), Spain (AZTI)(31%) 
and Denrnark (35%). This indicates an error in reading technique or problems 
in the interpretation of the hyaline/opaque edge of the otolith. 

 
The average disagreernent by 2 or more years between readers is 21% (Table 
2.7).The highest disagreement is found in the reader from Portugal, with 59% 
of average disagreement with the rest of the readers. This indicates an error 
in reading technique or little experience of reading. 

 
The values of regression obtained (Tables 2.8 and 2.9)show a high level of 
agreement between readers, except in the case of the reader from Portugal for 
whom large deviations are observed. 

 
The disagreements are better  illustrated by calculating the standard 
deviations by age group (Tables 2.10 and 2.11). In Figure 2.4 the frequency 
distribution of the standard deviations has been drawn based on the readings 
of all readers providing information on the current level of precision of 
readings by age groups and showing how the standard deviations are quite high 
for all age groups, increasing greatly for ages >3 years. In Figure 2.5 the 
frequency distribution of the standard deviations has been drawn based on the 
readings of the best readers and providing information on the maximum level 
of precision of readings by age groups, and showing that the standard 
deviations increase for ages >5 years despite the standard deviations 
diminishing in all age groups in comparison with Figure 2.4. 

 
By modal age are presented the average age recorded, the st ndard neviatinn 
and nurnber of age readings by reader and of all readers (Table 2.12).The age 
bias plots of each age reader against respect to the modal age present great 
variability, above all in older ages in many of the readers(Figure 2.6). The 
most biased readers are 3, 7, 8, 9 and 10 (England, Spain (AZTI), Portugal, 
Denrnark and Russia). The age bias plots of all age readers is also plotted 
(Figure 2.7) and show greater  bias frorn age 9. 

 
The results of Wilcoxson's test from analyzing bias between readers is shown 
in Table 2.13. As can be seen there is a clear bias between rnost readers. The 
bias between reader is lower in the sarnple of the southern area than in that 
of the western area. 

 
The Notched Box and Whisker plot (Figure l.8) indicate that if the age 
readings of all readers were the same the grafhs of all readers would be the 
sarne. It can be seen that the age readings frorn Portugal are completely 



8  

 

different to those of the rest of the readers. The readings from The 
Netherlands, Scotland, Spain (lEO), Ireland and Denmark are observed to be 
similar, as are those from England and Norway, and those from Russia and 
Spain (AZTI). 

 
 
CONCLUSIONS 

 
The results of the present paper show a low level of agreement between the 
readings of the different readers in the two samples. Of the 386 otoliths 
examined, only 311 were assigned ages by all ten readers, and in only 36 
otoliths was the same age assigned by all readers. 
 
Portugal has a very different criteria of reading to that of the rest of the 
readers, constantly assigning much younger ages.This can be seen in both the 
age composition and in the average lengths estimated in both samples, as well 
as in the values obtained in the functional regression. 

 
The average lengths present higher variability from age 7 in both samples, 
and furthermore, in the southern area the young ages (1 to 3 years) show 
great variability. The growth curve of the reader from Portugal is totally 
different to that of the rest of the readers. 

 
The average disagreements by 1 year between readers are similar in both 
samples, 28% in the western area and 26% in the southern area. 

 
The average disagreements by 2 or more years between readers are somewhat 
higher in the western area (27%)than in the southern area (21%), owing to 
the fact that in the western area sample there was a greater number of old 
fish than in that of the southern area. Portugal presents a very high average 
disagreement with the rest of the readers (61% in the western area and 59% 
in the southern area), which means that this reader used a very different 
otolith reading criteria to that of the rest of the readers. 

 
The values obtained from the functional regression indicate that the otoliths 
were read using similar criteria with the exception of the reader from 
Portugal, who presents great deviations in the results. 

 
The standard deviations estimated by age groups are low for the young ages 
(O to 2 years) in the western area sample and after these ages they begin to 
increase. In the southern area sample the standard deviations are high in all 
age groups. Considering the readings of the best readers the standard 
deviations diminish. Despite this, the standard deviations are high from age 
5. 

 
The age bias plots of each age reader against the modal age presents great 
variability in the two samples, above all in old ages in many readers. 
The age bias plots of all age readers show greater bias from age 9. 

 
The coefficient of variation, CV, and the Average Percentage Error, APE, of 
all ageings, with otoliths ordered according to modal age, is very similar 
in both areas (except in sorne young ages in the southern area)and remains 
at around O.1 (it may be important for the assessment that CV does 
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not increase  with  age,  since  sorne tuning methods assume CV constant with 
age).(Villamor & Meixide, 1994) 
 
Wilcoxson's test shows that bias exists between most readers in the two 
samples. 

 
The Notched Box and Whisker plot indicate that quite a lot of differences 
exist between the age readings of all readers in the two samples, above all 
in the western area. 

 
The absence of bias is a minimum requirement and in view of the results and 
considering the importance of the age reading in the assessment, new 
investigations are necessary to increase agreement and to standardize 
ageings. 
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Tabel  1.2. WESTERN AREA . Cumulative age composition by aoe rt'ader in percent.age. 
Cumula1lve age compositoi n of all and bect readers obt.ained from the modea. 
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Tablr 1.3n. WESTERN AREA . Agr composltion by age ruder (in num berc ol otolith• read 
Age composotion ol all and best readers obtained from the modes. 
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Table 1.4. WESTERN AREA.Mean lengttl ala¡¡e by otolilh r (without correclion lor  asure<! below) 
Age moduof all and best readers used for 11M catultion of mun lenglh. 
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Table 1.13. test of the sample of  Results of Wilcoxson's 
Divisions VIa and VIIbc. 
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hble 2.2.  SOUTHERN AREA. CumulatJVe¡¡9e compositlon byre¡¡der tn percent¡¡ge. 
Cumulative age composition of all and beslreaders obtained from the modes. 
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Table 2.13. Results of Wilcoxson's test of the sample of 
Divisions VIIIc and IXa. 
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Fgi ure 'Z . b   In above age bai s plots  average age +/- 2stdev of each age reader  ls plotted against modalage. 
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Figure '2.1  In above age bias plot average age +/- 2stdev of 
all age readers  ls plotted against modalage. 

 


