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Abstract 

 
Since 1997, there has not been an exchange and workshop on 
Megrim Ageing. The last one was carried out under the auspicious of 
EC Study Project Contract No. 95/038 “Biological Studies of Demersal 
Fish (BIOSDEF)” deployed from 1996 to 1998. To address possible 
problems that could have raised, an otolith exchange was 
recommended between readers involved in the assessment and a 
posterior workshop was carried out. The results of the Megrim otolith 
exchange conducted in 2004 indicate that the age estimation criteria 
adopted seem to be appropriate (see Annex 3). A second reading of a 
subset of the exchange otolith collection (n: 39 otoliths with their 
corresponding images) was undertaken during this workshop. In 
general the results indicate that the percentage of agreement 
increased. The results of this workshop indicate that the precision of 
age readings (CV) decreased, probably due to the smaller sample size 
of the collection although the average percent of error also decreases. 
Thus, the values of APE and CV in (%) for all readers were 16 and 
21.5, and 18 and 12.6 % respectively for the real and image otolith 
collection. The analysis of these results shows that there are no 
serious deviations in the otolith readings. The comparison of these 
results with those from the previous workshop conducted in 1997 
shows that the criteria is firmly established due to the consistency of 
the results. 
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7.1 Introduction  
 
In March 2003 the Planning Group on Sampling (PGCCDBS) in Rome, 
recommended that otolith exchanges for a number of fish species 
should be carried out in 2004, 2005 and 2006. Megrim was one of 
this species. Although no specific problems have been detected in the 
readings provided to the Assessment Working Groups, the need of 
organising a Workshop on Megrim Readings was defined by the long 
period that has passed from the last Workshop.  

The advantage of these workshops is that the age reading methods of 
all experts of this species are discussed and compared “in situ”.  

7.2 Terms of References 
 

 To analyze and present the results of the 3rd exchange. 
 To check the precision and bias of age readers involved in 

stock assessment. 
 Discuss on age reading problems found for young and/or old 

fish. 
 Check the possibility of start using images instead of real 

otoliths in the exchanges. 
 To incorporate new readers in Megrim age estimation. 

 

The main lines of the work at the workshop are described in the 
Agenda (Annex 2). 

In order to check the precision in age reading and bias of the age 
readers of this species, the background for ageing megrim was based 
on the Reports of Megrim Otolith and Fin Rays Age Reading 
Workshops conducted previously (1997). 

The financial support for the meeting was obtained partially from the 
EC No 1543/2000 within the framework programme “National Data 
Collection and Management Programme”. 
 
7.3 Participants  
 
The workshop met in Sukarrieta from 29 November -1st December 
2004 with the following participants: 
 
 



 
    Participating  

Name    Institution Country email
Exchange 

(Reader #) 
Workshop 
(Reader #) 

Degree of 
Experienc

e 

Mark Etherton  CEFAS United Kingdom M.W.Etherton@cefas.co.uk
R1  R1

Most expert 
ALK for 
WGHMM 

Jorge Fontela IEO Spain jorge.fontenla@vi.ieo.es
R2  -

Most expert 
ALK for 
WGHMM 

Amaia Gomez de 
Segura AZTI Basque Country (Spain) amgomez@suk.azti.es

R3  R3
Expert ALK 
for WGHMM 

Gordon Henderson FRS Scotland 
G.I.Henderson@marlab.ac.u
k

R4  -
Expert ALK 
for 
WGNSDS 

Peter Vingaard 
Larsen  DIFRES Denmark pvl@dfu.min.dk

  R4
New reader 

Afra Egan 
Marine 
Institute  Ireland afra.egan@marine.ie

R5  R2
Expert ALK 
for 
WGNSDS 

Marina Santurtún AZTI Basque Country (Spain) msanturtun@suk.azti.es
  R5

Expert ALK 
for WGHMM 

Ayesha Power 
Marine 
Institute  Ireland ayesha.power@marine.ie

R6  R6
New reader 

Sally Warne CEFAS United Kingdom S.A.Warne@cefas.co.uk
R7  R7

Expert ALK 
for WGHMM 

Antonio Marçal IPIMAR Portugal amarcal@ipimar.pt R8  R8 New reader  
Other participants:      
       
Ane Iriondo AZTI Basque Country (Spain) airiondo@suk.azti.es    
Iñaki Quincoces AZTI Basque Country (Spain) iquincoces@suk.azti.es    
All the above otolith readers participating in the 2004 Megrim Otolith Exchange, participate in the Workshop except for R2 and R4 who 
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were unable to attend the Workshop. Also, a new reader R4 was incorporated to the Work 
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7.4 Material and Methods 
 
The workshop was carried out following the recommendations of the 
EFAN Report 3-2000 on Guidelines and Tools for Age Reading 
Comparisons. 
  
The general criteria adopted for ageing the exchange collection is 
described in the report of the previous exchanges (Report of the 
Megrim Otolith Age Reading Workshop, 1997). 

Firstly, the results of the analysis of the exchange were presented 
(Annex 3). 
 
A discussion about the problems found followed the presentation of 
the results of the exchange. The major concern appears to be the no 
identification of the ring located at the edge of the otolith in the new 
readers. After all discussions on ageing results, this was followed by 
another discussion/review of the marked images done during the 
exchange. After reaching agreement, especially in relation to the 
edge identification, a second reading was carried out. Thus, a subset 
of 39 otoliths was selected according to their high/low agreement 
(corresponding to young/old fish) in the 2004 exchange collection 
with a length range of: 17-41 cm. 
 
The second reading was performed also on the real otolith subsample 
and in the images obtained from them. In that sense, readers were 
required to mark where they consider the rings to be located. In this 
occasion the fish length corresponding to the otolith was not provided 
to the readers. 
 
Readers who did not participated in this workshop were removed 
from the analysis. As readers changed between the exchange and the 
workshop it was also decided to choose other expert readers for 
calculating the modal ages on which analysis is based. In this 
occasion readers providing ALK to the working Groups (R1: Mark 
Etherton; R2: Afra Egan and R3. Amaia Gomez de Segura) were 
chosen.  

Whilst the analysis of the second reading was undertaken, the entire 
group discussed with images of these otoliths the individual 
interpretation of every reader and age and the classification of the 
otolith edge type (opaque or translucent). 

 

After this, a very qualitative comparison of the otolith readings from 
the exchange and the second reading in the workshop was carried out 
as the readers were not the same and also one of the experts chosen 
for the Modal Age calculation also changed. 
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Not enough readers, just eight, were present at the workshop to do a 
further analysis in relation to their level of experience, for instance, 
most expert readers (Modal readers) compared to expert readers 
and/or new readers. 

As in the 2004 exchange, the analyses of the age reading results 
were performed using an Excel ad-hoc Workbook “AGE 
COMPARATIONS. XLS” from A.T.G.W. Eltink from RIVO.  

The basic requirement for age reading consistency is the absence of 
bias among readers over time. To study the variability in the 
precision of age determinations among readers, an extensive analysis 
was conducted to provide more details concerning individual 
performances: 

 

1. Exploratory data analysis (EDA) 

Determination of the modal age and the difference between each 
reader’s age and modal age was performed. The modal age was 
calculated on basis of the results of the readers from the readers 
providing ALK for stock assessment. In the case of bi-modality, the 
modal age was estimated by the mean age. 

Box-whisker plots were used for the graphical representation of the 
sample by each reader (median and interquartile range by each 
reader). They are useful to observe and compare the distribution of 
the otolith readings by reader1. 

Age bias plots show both types of age reading errors (affecting 
precision and accuracy) whenever otoliths of a known age are 
available. In this case the bias in age reading can only assess the 
precision. 

 

2. In terms of reproducibility measures: 

2.1) Average percent age error (APE) (Beamish and Fournier, 1981) 
is an index of reading precision used to compare a series of 
observations. The formula is as follows: 
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n  =  number of otoliths 

r   =  number of readings for each otolith (readers) 

                                                           
1 The center line within the box gives the median of the distribution of averaged data.  The upper and 
lower sides of the box give the 25 and 75 percentiles, respectively.  The ends of the whisker give the 5 and 
95 percentiles, respectively. There are data that fall well outside to the range which are called outliers 
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xij =  the j value of age estimation for the i otolith  

xi =  average age calculated for the i otolith  

 

2.2) Mean Coefficient of Variation (CV). The precision errors in age 
reading are best described by this coefficient by age group. 
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sd = the standard deviation for the i otolith  

 

This measurement is more appropriate than the conventional percent 
of agreement when comparing ages, since it take into account the 
average year class of fish. It should be remembered that the CV is 
very sensitive to low age values. 

 

7.5 Results and Discussion 
 

The results of the readings of the subset of 39 otoliths by reader, 
modal age and percentage of agreement are shown in the Table 1 
and Table 1i. 

The box-whisker plots for all readers and both formats of the 
collection are presented in Figure 2 & 2i. The results for the first and 
second readings show that the mean age was similar being 5 and 4 
years old, respectively. In general, readers tend to give younger ages 
in the second reading of the image collection. For the real otolith 
collection no apparent differences in the readings are found. 

The image analysis for the situation of the rings indicate that mostly 
all readers can allocate clearly these rings, except for R4, who just 
start reading this species at the workshop. Some discrepancies were 
found in otoliths of fish older than 5 or 6 six years old and olders. 
However, discrepancies were discussed and consensus was reached in 
most of the cases. This agreement pointed out the consistent ageing 
criteria for otoliths. 

 

The age bias plots by each reader, and all readers combined for the 
second reading show that the majority of readers reached a high 
agreement for younger ages. Fish older than 6 years showed a higher 
level of variability in the ages assigned by R4, R5 and R6. This is 
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more evident in the age bias plot for each readers (Figure 3).  

In the second reading and for the image collection, the amplitude of 
confidence intervals was decreased, in general, for all readers and the 
ages assigned were lower. For the real otolith collection, R5 tend to 
overestimate ages slightly. In the case of the image collection, R4 
and R5 overestimate the ages. For this collection, Readers 3, 6, 7 and 
8 tend to underestimate ages more than for the real otolith collection, 
However, in all cases the deviance from the modal age appeared to 
be very light, specially for the real otolith collection and, in the image 
collection, all readers combined tend to underestimates the ages 
above 7 (Figure 3 & 3i). 

Considering the incorporation of new readers at the workshop and the 
no high variability trends, the ageing criteria established appeared to 
be well assimilated. 

When the results of the second reading (both collections) were 
compared with the first age readings (both collections) using the 
percentage of agreement, the Average Percentage Error (APE) and 
the mean Coefficient of Variation (CV) (Table 2, 2i & 3) for the same 
subset of otoliths, it can be seen that the percentage of agreement 
increased, and both APE and mean CV remains very similar. 

The inter-reader bias test (Wilcoxson’s test) results for the second 
reading (both collections) are given in Table 4 & 4i. In general, the 
comparison indicates that there is a significant bias just for two 
readers, in the case of the real otolith collection and for the image 
collection just one readers differs from the modal age significantly. 

As the second reading was based on otoliths selected according to 
their fish length, the number of otoliths for all ages were poorly 
represented and so, this lack of otoliths can affect the calculation of 
all indicators of precision. 

Again in this workshop, it is important to note that the comparative 
analysis between the first and second readings cannot be completely 
deployed as the readers changed. However, comparisons between 
collections showed that very similar results are obtained.  

In general, the decrease of APE and the increase of the percentage of 
agreement obtained from 1997 to 2004 exchanges and workshops 
show the consistency of the age readers. 

 

7.6 Other contributions 
 

The Portuguese participant presented a small collection of four-spot 
megrim otolith (Lepidorhombus boscii) as this is the predominant 
species in the Portuguese landings. These otoliths were checked/read 
by the most experienced reader. The conclusion was that although 
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the otoliths differed in shape and growth rate, the ageing criteria 
used for Megrim could be applied. 

 

7.7 Age Determination Criteria 
 

• For a better interpretation of the age it was agreed that both otoliths 
should be kept free to enable manipulation of them to provide the 
best indication of the growth pattern. 

• It was commented that for a better reading otoliths should not be 
soaked in water for more than 1 hour. 

• Using ethanol for soaking the otoliths instead of water during 
readings was suggested. 

• Reading the otoliths in fish length order is important to get a clearer 
picture of the pattern of ring development. 

• It was agreed that both otoliths should be aged wherever possible 
and the rings counted in several places if there is a clear image of 
ring formation in more than one place. The preferred areas for ring 
interpretation are indicated in Figure 7. 

• If the otoliths have been counted in more than one place and 
different numbers of rings have been identified, the true age should 
be taken as the age derived from what is considered to be the 
clearest section of the otolith for interpretation. 

• If both otoliths have been counted and they are both queried e.g. 
n?n+1, n+1?n+2, then the modal age should be used, e.g. n+1. 

• The opaque zone is deposited on the edge of the otoliths between 
March and October for Megrim from ICES Sub-areas VII and VIII 
and can be observed forming first on the edges of the otoliths from 
the more Southerly areas.(Anon., 1997) 

• It is recognised that fish deposit their opaque and hyaline zones on 
some parts of the otolith edge before others.  When this is observed, 
the edge type on the fastest growing area of the otolith should be 
accepted. 

• When digital images are used for ageing fish, the identification of 
the edge should be carried out by checking the whole area of the 
otolith. The use of a higher magnification could help in this 
identification. 

• The older the fish is, the later in the summer months the opaque 
zone is deposited (Anon., 1997). 

• When the opaque edge starts to form, its deposition is very rapid 
(Dawson, 1991). 

• Megrim usually matures at about age 2 in males and age 3 in 
females. (Anon., 1997). When the fish reach maturity the growth of 
it, as recorded on the otolith, is observed to slow down.  Therefore, 
there are large opaque zones formed between the first, second and 
sometimes third hyaline zone and these are usually followed by 
more narrow opaque and hyaline zones. Sometimes in these large 
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opaque zones a hyaline ring appears that cannot be considered as a 
“true” annual ring. It is assumed that growth slows down when 
energy is diverted into spawning. However, it should be noted that 
this is not always the case, and it is not uncommon to find large, old 
immature fish. 

• It is possible that fish mature earlier in the more Southerly areas 
where the temperature is higher. Therefore, it should be recognised 
that this is likely to affect the growth pattern of the otolith. (Anon., 
1997). 

 
7.8 Conclusions  
 
• Age reading criteria for interpretation of the otoliths was 

established for new readers. The percentage of agreement was 
improved. 

• In general the results of the otolith readings indicated that readers 
do not have problems ageing fish younger than 6. After that, the 
variability increased but agreement was still good for bigger 
otoliths. 

• The Indices of Beamish and Fournier (Average percentage of error) 
decreased after the first reading, indicating that ageing agreement 
has improved. 

• The new people involved in ageing megrim appeared to miss the 
last ring in the edge of the otolith during the exchange exercise. 
However, this problem has been solved during the workshop. 

• It appears that readers from more Northern areas tend to 
underestimate age for medium to large sized fish (35 cm onwards) 
in comparison to readers from more southern areas. This situation 
may be caused by the possible different growth pattern between 
fish in different sea areas (Sub area VI and Bay of Biscay (Div. 
VIIIa,b,d). 

• The use of digital images of the otolith proved to be a good 
method for checking the ageing criteria followed by each readers 
and so the location of the rings. 

• In general, the agreement between readers on the location of the 
rings was high. 

• The workshop was very useful for experienced readers because it 
was a long time since readers of Megrim had gathered together to 
discuss the ageing criteria and it was proved that agreement was 
high.  

• For new readers, it was a good chance to learn the ageing criteria. 
• Good results were obtained from the digital images and their use 

is recommended in future exchanges. The need for another 
workshop is dependant on the results of these exchanges. 

 
7.9 Recommendations 
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• Every three years or so., regular exchanges, of ageing structures 
for the purpose of checking the precision of all readers involved in 
age determination.  

• Include a more diverse otolith collection with a higher number of 
otoliths and from different sea areas. 

• Use of the images instead of the real otoliths. 
• To carry out an experiment trying different soaking times for the 

otoliths before reading. 
• An age determination guide is recommended to assist the 

individual reader in the correct interpretation of the otoliths, this 
should include marked images. 

• A direct method of validation is needed to confirm age 
determination (e.g., otolith microchemical analysis, tagging 
programs…). 
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Length distribution of the otolith used for the second readings at 
the workshop.
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Figure 1. Length frequency distribution of samples from Megrim otolith used in the 
second reading during the workshop. 
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Box-and-Whisker Plot Image Otolith Collectio
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Figure 2 & 2i. Box-Whisker plots for each reader in relation to the whole set of 
otolith for each “collection”. Above: Real Otolith Collection. Below: Image Otolith 
Collection 
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REAL OTOLITH COLLECTION  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. In the age bias plots below the mean age recorded +/- 2stdev of each 
age reader and all readers combined are plotted against the MODAL age. The 
estimated mean age corresponds to MODAL age, if the estimated mean age is on 
the 1:1 equilibrium line (solid line). RELATIVE bias is the age difference between 
estimated mean age and MODAL age. 
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Figure 4. The coefficient of variation (CV%), percent agreement and the standard 
deviation (STDEV) are plotted against MODAL (and in some cases ABSOLUTE 
MEAN) age. CV is much less age dependent than the standard deviation (STDEV) 
and the percent agreement. CV is therefore a better index for the precision in age 
reading. Problems in age reading are indicated by relatively high CV's at age. 
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Figure 5. The RELATIVE bias by MODAL (in some cases ABSOLUTE MEAN) age as 
estimated by all age readers combined 
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Box-and-Whisker Plot by length for all readers
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Box-and-Whisker Plot by length for Reader 2
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Box-and-Whisker Plot by length for Reader 3
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Box-and-Whisker Plot by length for Reader 5

Le
ng

th

Age
2 3 4 5 6 7 8 11 13

17

22

27

32

37

42

47

Box-and-Whisker Plot by length for Reader 4
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Box-and-Whisker Plot by length for Reader 6
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Box-and-Whisker Plot by length for Reader 7
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Box-and-Whisker Plot by length for Reader 8
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Figure 6. Box-Whisker plots of the length distribution (cm) by age obtained for all readers reading the real otolith collection 
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Figure 3i. In the age bias plots below the mean age recorded +/- 2stdev of each 
age reader and all readers combined are plotted against the MODAL age. The 
estimated mean age corresponds to MODAL age, if the estimated mean age is on 
the 1:1 equilibrium line (solid line). RELATIVE bias is the age difference between 
estimated mean age and MODAL age. 
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Figure 4i. The coefficient of variation (CV%), percent agreement and the standard 
deviation (STDEV) are plotted against MODAL age (in some cases ABSOLUTE 
MEAN). CV is much less age dependent than the standard deviation (STDEV) and 
the percent agreement. CV is therefore a better index for the precision in age 
reading. Problems in age reading are indicated by relatively high CV's at age. 
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Figure 5i. The RELATIVE bias by MODAL(in some cases ABSOLUTE MEAN) age as 
estimated by all age readers combined 
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Box-and-Whisker Plot by length for all readers (images)
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Box-and-Whisker Plot by length for Reader 2 (Images)
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Box-and-Whisker Plot by length for Reader 2 (Images)
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Box-and-Whisker Plot by loength for Reader 3 (Images

Le
ng

th

Age
10 14 2 3 4 5 6 7

17

22

27

32

37

42

47

 

Box-and-Whisker Plot by length for Reader 4 (Images)
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Box-and-Whisker Plot by length for Reader 5 (Images
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Box-and-Whisker Plot by length for Reader 6 (Images)
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Box-and-Whisker Plot by length for Reader 7 (Image)
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Box-and-Whisker Plot by length for Reader 8 (Image
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Figure 6i. Box-Whisker plots of the length distribution (cm) by age obtained for all readers reading the image otolith collection  
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Figure 7. Shaded areas are the preferred areas for the readings. 
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Table 1. Readings of the Megrim Otolith Workshop (Real collection) 
 

Fish Fish Landing Mark Afra Amaia Peter Marina Ayesha Sally Antonio MODAL
age

2
2
2
2
2
3
4
4
4
5
7
5
6
8
8
10
2
3
2
3
4
5
4
6
6
6
6
2
4
3
4
4
4
4
6
6
7
8
6

Percent Precision
Stratum year no no length Sex month Reader 1 Reader 2 Reader 3 Reader 4 Reader 5 Reader 6 Reader 7 Reader 8 agreement CV

1 24/03/99.2(M)1 17,0 3 3 1 2 2 2 1 1 2 50% 40%
2 31/03/98.5(H)7 18,0 3 2 2 3 2 2 2 2 2 88% 17%
3 31/03/98.5(H)12 19,0 3 2 2 2 2 2 2 2 2 100% 0%
4 31/03/98,5(H)15 20,0 3 2 2 3 3 2 2 2 2 75% 21%
5 31/03/98.5(H)25 21,0 3 3 2 2 3 2 2 2 3 63% 22%
6 31/03/98.5(H)32 22,0 3 3 3 3 3 3 3 3 3 100% 0%
7 24/03/99.2(M)54 24,0 3 4 - - 4 - - 5 - 67% 13%
8 22/02/99.1(M)2 25,0 2 4 4 3 3 7 5 4 4 50% 30%
9 22/02/99.1(H)6 26,0 2 5 4 4 5 5 - 8 4 43% 28%
10 24/03/99.1(M)38 34,0 3 5 5 5 5 7 4 3 5 63% 23%
11 05/03/01.1(H)6 38,0 2 8 7 6 8 8 8 8 6 13% 12%
12 31/03/98.1(H)5 40,0 3 5 5 6 5 5 5 5 5 88% 7%
13 11/03/99.1(H)1 41,0 3 6 6 5 6 7 6 7 6 63% 10%
14 31/03/98:1(H)8 42,0 3 8 7 8 10 8 9 7 7 38% 13%
15 31/03/98.1(H)16 45,0 3 8 8 9 7 11 9 7 7 25% 17%
16 11/03/99.1(H)11 46,0 3 13 10 10 12 13 10 10 9 50% 14%
17 05/08/98.1(M)14 19,0 3 2 2 2 3 2 2 3 2 75% 21%
18 05/08/98.1(H)35 22,0 3 2 3 3 2 2 3 3 2 50% 21%
19 05/08/98.1(M)47 24,0 3 2 1 3 2 2 4 3 2 50% 39%
20 05/08/98.2(M)6 27,0 3 3 2 3 5 2 - 2 2 29% 41%
21 05/08/98.2(M)16 29,0 3 4 4 4 3 4 3 4 4 75% 12%
22 05/08/98.2(M)21 30,0 3 5 5 5 6 6 4 5 6 50% 13%
23 05/08/98.2(H)27 31,0 10 4 5 4 5 4 4 5 5 50% 12%
24 05/08/98.2(M)44 33,0 10 7 6 6 8 6 6 7 5 50% 14%
25 30/09/99.2(H)12 34,0 10 6 6 6 6 6 4 6 6 88% 12%
26 30/09/99.2(H)18 35,0 10 6 7 6 6 7 6 6 8 63% 12%
27 30/09/99.2(H)34 38,0 10 6 6 7 9 6 6 8 6 63% 17%
28 30/10/02.1(M)37 24,0 10 2 1 2 3 2 1 2 1 50% 40%
29 30/10/02.1(M)46 25,0 2 4 2 6 5 4 3 4 3 38% 32%
30 21/10/99.3(M)3 26,0 2 3 2 5 2 2 3 4 7 25% 51%
31 21/10/99:3(M)8 27,0 2 4 3 6 4 3 4 5 4 50% 24%
32 21/10/99.3(M)21 29,0 2 4 2 8 3 4 2 9 5 25% 57%
33 21/10/99.3(M)28 31,0 1 6 3 5 3 6 4 7 8 13% 35%
34 21/10/99.3(H)30 32,0 3 5 4 4 5 4 5 4 5 50% 12%
35 21/10/99.2(H)52 35,0 4 6 5 6 8 6 3 6 6 63% 24%
36 29/10/98.2(H)19 36,0 4 6 5 7 6 6 5 7 6 50% 13%
37 19/10/98.2(H)21 37,0 4 7 5 7 4 7 5 8 7 50% 22%
38 21/10/99.1(H)3 40,0 5 8 8 10 - 8 8 8 6 71% 14%
39 19/10/98.3(H)5 41,0 11 6 6 10 8 13 6 6 8 50% 32%

Total read 39 38 38 38 38 36 39 38
Total NOT read 0 1 1 1 1 3 0 1 55,1% 21,5%

Sample

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Report of 3rd  Workshop  on Megrim  age  readings.             page 
 

24



Table 2. The coefficient of variation (CV), the percent agreement and the RELATIVE 
bias are presented by MODAL age for each age reader and for all readers combined  
for the REAL OTOLITH collection. A weighted mean CV and a weighted mean 
percent agreement are given by reader and all readers combined. The CV's by 
MODAL age for each individual age reader and all readers combined indicate the 
precision in age reading by MODAL age. The weighted mean CV's over all MODAL 
age groups combined indicate the precision in age reading by reader and for all age 
readers combined. 
 

COEFFICIENT OF VARIATION (CV)
MODAL Mark Afra Amaia Peter Marina Ayesha Sally Antonio ALL

age Reader 1 Reader 2 Reader 3 Reader 4 Reader 5 Reader 6 Reader 7 Reader 8 Readers
0 - - - - - - - - -
1 - - - - - - - - -
2 21% 32% 22% 21% 0% 46% 30% 27% 24,9%
3 18% 23% 29% 47% 22% 0% 27% 68% 28,3%
4 16% 29% 31% 24% 27% 28% 33% 30% 25,6%
5 0% 0% 11% 11% 17% 13% 27% 11% 14,5%
6 6% 11% 23% 17% 34% 22% 11% 17% 16,9%
7 9% 24% 11% 47% 9% 33% 0% 11% 17,3%
8 0% 8% 11% 25% 19% 7% 8% 9% 14,9%
9 - - - - - - - - -
10 - - - - - - - - -
11 - - - - - - - - -
12 - - - - - - - - -
13 - - - - - - - - -
14 - - - - - - - - -
15 - - - - - - - - -

0-15 11,8% 20,2% 22,1% 24,0% 19,2% 24,8% 22,5% 25,6%
RANKING 1 3 4 6 2 7 5 8

PERCENTAGE AGREEMENT
MODAL Mark Afra Amaia Peter Marina Ayesha Sally Antonio

age Reader 1 Reader 2 Reader 3 Reader 4 Reader 5 Reader 6 Reader 7 Reader 8 ALL
0 - - - - - - - - -
1 - - - - - - - - -
2 75% 63% 63% 50% 100% 63% 63% 75% 69%
3 75% 50% 75% 25% 25% 100% 50% 25% 52%
4 70% 44% 44% 20% 56% 38% 40% 44% 45%
5 100% 100% 67% 67% 33% 33% 67% 67% 67%
6 88% 63% 50% 50% 63% 63% 50% 63% 61%
7 50% 50% 50% 0% 50% 0% 0% 50% 31%
8 100% 67% 33% 0% 67% 33% 33% 0% 43%
9 - - - - - - - - -
10 0% 100% 100% 0% 0% 100% 100% 0% 50%
11 - - - - - - - - -
12 - - - - - - - - -
13 - - - - - - - - -
14 - - - - - - - - -
15 - - - - - - - - -

0-15 76,9% 60,5% 55,3% 34,2% 60,5% 52,8% 48,7% 50,0%
RANKING 1 2 4 8 2 5 7 6

RELATIVE BIAS
MODAL Mark Afra Amaia Peter Marina Ayesha Sally Antonio

age Reader 1 Reader 2 Reader 3 Reader 4 Reader 5 Reader 6 Reader 7 Reader 8 ALL
0 - - - - - - - - -
1 - - - - - - - - -
2 0,25 -0,38 

-0,25 -0,50 0, -0,75 -0,06 
-0,56 -0,25 

-0,67 -0,67 0,3
-0,13 -0,75 
-1,00 -0,50 -1,00 0, -0,50 -0,50 -0,19 
-0,33 -0,67 -1,33 

-1,00 

-0,37 -0,25 

0,38 0,50 0,00 0,00 0,13 0,00 0,11
3 50 0,00 0,00 0,00 0,50
4 0,40 0,89 0,00 0,56 1,50 0,67 0,42
5 0,00 0,00 0,33 0,33 1,00 3 0,08
6 0,13 0,63 1,13 1,13 0,63 0,38 0,39
7 0,50 50 1,00
8 0,00 1,00 0,50 1,00 0,67 0,09
9 - - - - - - - - -
10 3,00 0,00 0,00 2,00 3,00 0,00 0,00 0,88
11 - - - - - - - - -
12 - - - - - - - - -
13 - - - - - - - - -
14 - - - - - - - - -
15 - - - - - - - - -

0-15 0,26 0,55 0,39 0,55 0,49 0,16 0,23
RANKING 3 4 7 5 7 2 6 1

Overall ranking
Mark Afra Amaia Peter Marina Ayesha Sally Antonio

Reader 1 Reader 2 Reader 3 Reader 4 Reader 5 Reader 6 Reader 7 Reader 8
Ranking Coefficient of Variation 1 3 4 6 2 7 5 8
Ranking Percentage Agreement 1 2 4 8 2 5 7 6

Ranking Relative bias 3 4 7 5 7 2 6 1
OVERALL RANKING 1 2 5 8 3 4 7 5

Weighted mean

Weighted mean

21,5%

Weighted mean

54,9%
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Table 3 & 3i.- Agreement (%), CV  and APE values of otoliths reading from both 
collections and readers. 
 
 Real Otolith Collection Image Otolith Collection 

N 39 39 

% Agreement 54.9 52.4 

CV 21.5 18.0 

APE 16.0 12.6 

Readers ALL READERS 

 
 
Table 4. Bias tests: non-parametrically with a one-sample Wilcoxon rank sum test. 
The inter-reader bias test and the reader against MODAL age bias test. 
 

Inter-reader bias test and reader against MODAL age bias test
Mark Afra Amaia Peter Marina Ayesha Sally Antonio

Reader 1 Reader 2 Reader 3 Reader 4 Reader 5 Reader 6 Reader 7 Reader 8
Reader 1 ∗ ∗ − − − ∗ − −
Reader 2 ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ − ∗ ∗ ∗
Reader 3 − ∗ ∗ − − ∗ ∗ − −
Reader 4 − ∗ ∗ − − ∗ − −
Reader 5 − ∗ ∗ − − ∗ ∗ − −
Reader 6 ∗ − ∗ ∗ ∗ ∗ ∗ ∗ −
Reader 7 − ∗ ∗ − − − ∗ −
Reader 8 − ∗ − − − − −

MODAL age ∗ ∗ ∗ ∗ ∗ ∗ ∗ − ∗ −

−  = no sign of bias (p>0.05)
∗  = possibility of bias (0.01<p<0.05)

∗ ∗  = certainty of bias (p<0.01)  
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Table 1i. Readings of the Megrim Otolith workshop (Image collection) 
 

Fish Fish Landing Mark Afra Amaia Peter Marina Ayesha Sally Antonio MODAL Percent Precision
Stratum year no no length Sex month Reader 1 Reader 2 Reader 3 Reader 4 Reader 5 Reader 6 Reader 7 Reader 8 agreement CV

1 24/03/99.
age

2 17,0 3 3 1 2 3 2 2 3 2 50% 31%
2 31/03/98.

2
5 18,0 3 2 2 2 3 2 2 2 2 88% 17%

3 31/03/98.5
2

( 19,0 3 2 2 2 4 2 2 2 2 88% 31%
4 31/03/98,5

2
( 20,0 3 3 2 3 4 2 2 2 2 25% 30%

5 31/03/98.5
3

( 21,0 3 3 2 2 4 3 3 3 3 25% 22%
6 31/03/98.5

2
( 22,0 3 3 3 3 4 3 3 4 3 75% 14%

7 24/03/99.2
3

( 24,0 3 5 4 3 5 4 - 4 3 43% 20%
8 22/02/99.1 25,0 2 5 5 3 5 5 5 3 4 63% 21%
9 22/02/99.1 26,0 2 5 5 3 6 5 5 4 5 63% 19%
10 24/03/99.1

4
5
5

( 34,0 3 5 6 6 6 6 6 5 6 75% 8%
11 05/03/01.1 38,0 2 8 8 5 7 8 8 8 7 63% 14%
12 31/03/98.1 40,0 3 5 6 6 7 4 5 5 5 25% 17%
13 11/03/99.1 41,0 3 7 6 6 6 6 6 6 7 75% 7%
14 31/03/98:1 42,0 3 8 8 7 9 8 7 7 7 38% 10%
15 31/03/98.1

6
8
6
6
8

( 45,0 3 8 9 10 8 10 7 7 8 13% 14%
16 11/03/99.1

9
( 46,0 3 14 12 14 11 13 12 12 13 25% 8%

17 05/08/98.1
14

( 19,0 3 2 2 2 - 2 2 2 2 100% 0%
18 05/08/98.1

2
( 22,0 3 2 2 2 - 2 2 2 2 100% 0%

19 05/08/98.1
2

( 24,0 3 3 1 2 - 2 2 3 2 57% 32%
20 05/08/98.

2
2 27,0 3 4 2 3 - 3 2 3 2 43% 28%

21 05/08/98.2
3

( 29,0 3 4 3 5 - 4 3 3 3 29% 22%
22 05/08/98.2

4
( 30,0 3 5 4 3 - 7 4 4 4 57% 29%

23 05/08/98.2
4

( 31,0 10 4 4 4 - 5 5 4 4 71% 11%
24 05/08/98.2

4
( 33,0 10 7 7 6 - 7 6 6 4 43% 17%

25 30/09/99.2
7

( 34,0 10 5 6 3 - 5 4 6 6 0% 23%
26 30/09/99.2

5
( 35,0 10 6 6 5 - 7 6 6 6 71% 10%

27 30/09/99.2
6

( 38,0 10 6 6 7 - 7 6 5 6 57% 11%
28 30/10/02.1

6
( 24,0 10 2 2 2 - 2 1 3 1 57% 37%

29 30/10/02.1
2

( 25,0 2 4 2 2 - 4 2 4 3 43% 33%
30 21/10/99.

2
3 26,0 2 3 2 4 - 3 3 4 3 57% 22%

31 21/10/99:
3

3 27,0 2 4 3 3 - 4 3 4 4 43% 15%
32 21/10/99.3

3
( 29,0 2 5 3 5 - 6 3 4 4 29% 26%

33 21/10/99.3
5

( 31,0 1 7 4 6 - 8 5 5 6 29% 23%
34 21/10/99.3

6
( 32,0 3 5 4 5 - 5 4 5 4 57% 12%

35 21/10/99.2
5

( 35,0 4 6 7 6 - 7 7 7 6 43% 8%
36 29/10/98.2

6
( 36,0 4 6 5 6 - 7 6 6 6 71% 10%

37 19/10/98.2
6

( 37,0 4 6 7 6 - 7 6 7 6 57% 8%
38 21/10/99.1 40,0 5 8 8 7 - 10 8 8 8 71% 11%
39 19/10/98.

6
8

3 41,0 11 12 9 7 - 12 9 6 7 29% 27%
Total read 39 39 39 16 39 38 39 39

Total NOT read 0 0 0 23 0 1 0 0

Sample

52,4% 18,0%
9
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Table 2i. The coefficient of variation (CV), the percent agreement and the RELATIVE 
bias are presented by MODAL age for each age reader and for all readers combined  
for the IMAGE OTOLITH collection. A weighted mean CV and a weighted mean 
percent agreement are given by reader and all readers combined. The CV's by 
MODAL age for each individual age reader and all readers combined indicate the 
precision in age reading by MODAL age. The weighted mean CV's over all MODAL 
age groups combined indicate the precision in age reading by reader and for all age 
readers combined. 
 

COEFFICIENT OF VARIATION (CV)
MODAL Mark Afra Amaia Peter Marina Ayesha Sally Antonio ALL

age Reader 1 Reader 2 Reader 3 Reader 4 Reader 5 Reader 6 Reader 7 Reader 8 Readers
0 - - - - - - - - -
1 - - - - - - - - -
2 28% 25% 0% 16% 30% 25% 27% 28% 22,7%
3 16% 23% 14% 0% 24% 21% 26% 30% 21,9%
4 13% 13% 26% - 28% 25% 13% 16% 20,6%
5 0% 23% 29% 13% 10% 23% 20% 12% 19,3%
6 12% 16% 8% 9% 17% 10% 14% 8% 11,4%
7 - - - - - - - - -
8 0% 0% 18% 18% 13% 8% 8% 8% 11,7%
9 28% 0% 25% - 13% 18% 11% 9% 20,7%

10 - - - - - - - - -
11 - - - - - - - - -
12 - - - - - - - - -
13 - - - - - - - - -
14 - - - - - - - - -
15 - - - - - - - - -

0-15 14,1% 16,0% 12,0% 9,6% 19,6% 17,0% 17,4% 16,3%
RANKING 3 4 2 1 8 6 7 5

PERCENTAGE AGREEMENT
MODAL Mark Afra Amaia Peter Marina Ayesha Sally Antonio

age Reader 1 Reader 2 Reader 3 Reader 4 Reader 5 Reader 6 Reader 7 Reader 8 ALL
0 - - - - - - - - -
1 - - - - - - - - -
2 56% 78% 100% 0% 78% 78% 44% 67% 67%
3 60% 40% 80% 0% 60% 60% 20% 40% 49%
4 50% 75% 25% 0% 50% 33% 75% 50% 50%
5 100% 50% 50% 50% 75% 50% 25% 25% 53%
6 56% 56% 78% 67% 22% 67% 33% 78% 56%
7 100% 100% 0% - 100% 0% 0% 0% 43%
8 100% 100% 0% 0% 67% 67% 67% 33% 57%
9 0% 100% 0% 0% 0% 50% 0% 0% 20%

10 - - - - - - - - -
11 - - - - - - - - -
12 - - - - - - - - -
13 - - - - - - - - -
14 100% 0% 100% 0% 0% 0% 0% 0% 25%
15 - - - - - - - - -

0-15 61,5% 64,1% 61,5% 18,8% 51,3% 57,9% 35,9% 48,7%
RANKING 2 1 2 8 5 4 7 6

RELATIVE BIAS
MODAL Mark Afra Amaia Peter Marina Ayesha Sally Antonio

age Reader 1 Reader 2 Reader 3 Reader 4 Reader 5 Reader 6 Reader 7 Reader 8 ALL
0 - - - - - - - - -
1 - - - - - - - - -
2 0,56 -0,22 

-0,60 -0,40 -0,20 
-0,25 -0,25 1, -0,25 -0,50 
-0,75 -1,00 0, -0,75 -1,00 -0,75 -0,50 
-0,11 -0,11 -0,22 0,

-1,00 -1,00 -1,00 -3,00 -0,86 
-1,67 -0,33 -0,33 -0,67 -0,30 
-0,50 -1,00 2,00 -1,00 -2,50 -1,50 -0,40 

-2,00 -3,00 -1,00 -2,00 -2,00 -1,00 -1,38 

-0,31 -0,28 0, -0,32 -0,21 -0,36 -0,07 

0,00 1,50 0,33 0,00 0,67 0,11 0,28
3 0,40 0,20 1,00 0,00 0,40 0,03
4 0,50 00 1,00 0,00 0,07
5 0,00 50 0,25
6 0,00 0,00 0,33 0,56 00 0,03
7 0,00 0,00 - 0,00
8 0,00 0,00 0,00 0,67
9 1,00 0,00

10 - - - - - - - - -
11 - - - - - - - - -
12 - - - - - - - - -
13 - - - - - - - - -
14 0,00 0,00
15 - - - - - - - - -

0-15 0,28 44 0,46
RANKING 2 4 3 7 8 5 1 6

Overall ranking
Mark Afra Amaia Peter Marina Ayesha Sally Antonio

Reader 1 Reader 2 Reader 3 Reader 4 Reader 5 Reader 6 Reader 7 Reader 8
Ranking Coefficient of Variation 3 4 2 1 8 6 7 5
Ranking Percentage Agreement 2 1 2 8 5 4 7 6

Ranking Relative bias 2 4 3 7 8 5 1 6
OVERALL RANKING 1 3 1 6 8 4 4 7

Weighted mean

52,4%

Weighted mean

Weighted mean

18,0%
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Table 4i. Bias tests: non-parametrically with a one-sample Wilcoxon rank sum test. 
The inter-reader bias test and the reader against MODAL age bias test. 
 

Inter-reader bias test and reader against MODAL age bias test
Mark Afra Amaia Peter Marina Ayesha Sally Antonio

Reader 1 Reader 2 Reader 3 Reader 4 Reader 5 Reader 6 Reader 7 Reader 8
Reader 1 ∗ ∗ ∗ ∗ − − ∗ ∗ ∗ ∗ ∗
Reader 2 ∗ ∗ − ∗ ∗ ∗ − − −
Reader 3 ∗ ∗ − − ∗ ∗ − − −
Reader 4 − ∗ − − ∗ ∗ ∗ ∗
Reader 5 − ∗ ∗ ∗ ∗ − ∗ ∗ ∗ ∗ ∗ ∗
Reader 6 ∗ ∗ − − ∗ ∗ ∗ − −
Reader 7 ∗ − − ∗ ∗ ∗ ∗ − −
Reader 8 ∗ ∗ − − ∗ ∗ ∗ − −

MODAL age ∗ ∗ ∗ ∗ − ∗ ∗ ∗ − ∗

−  = no sign of bias (p>0.05)
∗  = possibility of bias (0.01<p<0.05)

∗ ∗  = certainty of bias (p<0.01)  
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Megrim (Lepidorhombus whiffiagonis) Otolith exchange 2004 
  

Protocol for the megrim otolith exchange in 2004 
 
1. Introduction 
 
The Planning Group on Commercial Catch, Discards and Biological Sampling 
(PGCCDBS) held in Rome in March 2003 considered megrim as one of the species 
demanding confirmation of the ages being assigned by the Fisheries Institutes as since the 
last ageing workshop for this species was carried out in 1997 in Vigo (Spain), no other 
workshop or exchange has been carried out. 
 
The planning group indicated AZTI (Basque Country, Spain) as responsible for the 
organization of a megrim exchange and workshop in 2004, to focus on these improvements. 
 
In order to compare age readings agreement, and also discrepancies between readers, an  
otolith exchange program was planned before the workshop. In this exchange, a collection 
of otoliths will be circulated among experienced and new readers.  
  
The objectives of the exchange are: 
 
• Estimate age reading agreement between readers. 
• Analyze relative differences between reader agreements. 
 
2. Participants (Please feel free to update this list with any other person in your lab 
participating in the exchange) 
 
Ireland Mar. Inst. Gráinne Ní Chonchúir  Grainne.NiChonchuir@marine.ie 
Portugal IPIMAR António Marçal  amarcal@ipimar.pt 
Scotland (UK) FRS Marine Laboratory Maria Mathewson  M.Mathewson@marlab.ac.uk 
Scotland (UK) FRS Marine Laboratory Gordon Henderson G.I.Henderson@marlab.ac.uk 
Spain AZTI Amaia Gomez de Segura amgomez@suk.azti.es 
Spain AZTI Marina Santurtun  msanturtun@suk.azti.es 
Spain IEO Jorge Fontela jorge.fontenla@vi.ieo.es 
UK CEFAS Sally Warne S.A.Warne@cefas.co.uk 
UK CEFAS Mark Etherton  M.W.Etherton@cefas.co.uk 
 
3. Otolith collection 
 
The otoliths chosen for the exchange came from 93 fish originated from market samples. 
Otoliths were chosen by fish length, sex and quarter trying to cover all quarters in a year 
and both sexes along the year for the marketable lengths found in the samples (17 - 51 cm). 
All otoliths are from ICES Div. VIIIa,b,d collected during different years. Whole otoliths 
(right and left) were imbibed in water during, at least 24 h. before the pictures were taken.  
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Figure 1. Length frequency for megrim otolith collection. 
 
One collection is available but in two different formats: 
 
1) “Image” or “Virtual” megrim otolith collection. 
2) “Real” megrim otolith collection. 
 
4. Reading procedure 
 
Digitize images of all otoliths (right and left, in the same image) are sent to all participants 
in a CD which contains these images, an Excel file (NorMegrim_Otol_Read.xls) with the 
image code and the length, sex and quarter belonging to the otolith of that image and an 
instruction document (INSTRUCTIONS.doc) 
 
When the two otoliths from one fish were too big to be taken both in one image, pictures 
were taken individually for each otolith. Images were named using the same file code with 
an "a" or "b" for the left and right otolith, respectively. 
 
The OTOLITH LIST (_VIRT or _REAL) in the Excel file (NorMegrim_Otol_Read.xls) 
provides all essential information for age reading (quarter (Q o M), fish length and sex). 
The participants are requested to input the age readings, the identification of the edge and 
the reliability of the reading in the otolith list.    
 
 



In the Excel file of the respective collection (shaded areas), each reader should indicate the 
following information: 
• Reader, 
• Date, 
• Institute, 
• Age,  
• Edge (if possible) 
• Reliability (the credibility of the reading, from 1 (very bad) to 3 (good), this should        
reflect the confidence on the age given), 
• Observations  (if any comment about the otolith has to be included). 
 
When readings have been completed, the Excel file should be renamed (for example, 
NorMegrim_Otol_Read.xls should be renamed to NorMegrim_Otol_Read_Marina.xls, 
after containing Marina’s readings). After this, the Excel file should be send by e-mail to 
Marina Santurtún (AZTI). 
 
Otolith readings should be performed straight from the images. If more than one reader 
from an institute participates in the exchange, it is essential that these readers determine the 
age of the fish independently.   
 
Please always try to enter an age even if the otolith or the image is complicated to read.  
When in doubt, please enter two ages (e.g. 7-8) being the first age the most probable age to 
be considered for the analysis.  
  
The advantage of using images instead of real otoliths is the time saving for the otolith 
exchange; however we are very conscious of the reading difficulties when using images, 
especially if images are not good enough, large otoliths etc...   
 
That is why we encourage the age readers to mark the images (using any painting tool) of 
the otoliths to facilitate tracking down where differences in age interpretation occur to be 
discuss later during the Workshop. When the amount of otoliths that cannot be read is 
"considerable" (to be decided by each reader…) the corresponding otolith will be read. In 
that case, it will be indicated (OBSERVATIONS) that the reading come from the “real” 
otolith.   
 
In general, we encourage the readers to use just the “image” collection although it is also 
recommended to read the “real” collection as a way of checking (both templates area 
included). However, the idea is to start using digital otolith/illicia collections, at least for 
some species, to safe time and avoid quality lost of the real collections.    
 
5. Time schedule for the exchange and workshop 
 
15 July 2004  All participants will have received the CD’s with images and data lists. 
30 October 2004  All age readings to be returned to AZTI. 
15- 22 November 2004  Draft report with the results of the exchange circulated among 
participants. 



29 November-3 December 2004 MEGRIM AGE READING WORKSHOP in AZTI. 
March 2005 Final report submitted to PGCCDBS. 
 
6. Brief megrim otolith protocol (from the Workshop on Megrim Otolith and Fin Rays 
Age Reading held in Vigo, May 1997) 
 
 

 
 
The general criteria adopted for ageing megrim otoliths is based on the number of annual 
hyaline rings, using the following rules: 
 

 Quarter 1 
 

Quarter 2 
 

Quarter 3 
 

Quarter 4 
 

N rings 
Hyaline Edge 

 

Age = N 
 

Age = N 
 

Age = N-1 
Early winter 

Age = N-1 
Early winter 

N rings 
Opaque edge 

Age = N+ 1 
late winter 

 

Age = N 
 

Age = N 
 

Age = N 
 

 
7. Comments 
If you have any comments on the above described methods and time schedule, please 
inform us.  
 



8. Participants Address  

Name    Institute Address e-mail
*Gráinne Ní Chonchúir   Mar. Inst. Marine Institute. Galway Technology Park. 

Galway (Republic of Ireland) 
Grainne.NiChonchuir@marine.ie 

*António Marçal   IPIMAR Av. Brasília, 1449-006 Lisbon (PORTUGAL) amarcal@ipimar.pt 

*Maria Mathewson   FRS Marine Laboratory PO Box 101 
375 Victoria Road 
Aberdeen 
AB11 9DB (SCOTLAND) 

M.Mathewson@marlab.ac.uk 
 

Gordon Henderson FRS Marine Laboratory Same as Maria G.I.Henderson@marlab.ac.uk 

*Amaia Gómez de 
Segura 

AZTI Unidad de Investigación Marina  - 
Marine Research Division  
Txatxarramendi Ugartea z/g 
48395 Sukarrieta (Bizkaia) (SPAIN) 

amgomez@suk.azti.es 

Marina Santurtún   AZTI Same as Amaia msanturtun@suk.azti.es 

*Jorge Fontela IEO  Apartado 1552, 36280 Vigo, (SPAIN) jorge.fontenla@vi.ieo.es 

Sally Warne CEFAS  S.A.Warne@cefas.co.uk 

*Mark Etherton     CEFAS Lowestoft Laboratory
Pakefield Road 
Lowestoft 
Suffolk NR33 0HT 
 (UNITED KINGDOM) 

M.W.Etherton@cefas.co.uk 

    

*Contact person to be sent the “real” otolith collection 
 



9. Megrim “Real” otolith Exchange 2004 (Time Schedule) 
Second half of July 

August 
Sent 12/07/04 

CEFAS 1 
Lowestoft  MI 2 

Mark Etherton Dublín 
Sally Warne Grainne Ni 

Chonchuir 
AZTI 1 

Sukarrieta 

 

Amaia Gomez 
 Marina Santurtún 

FRS 3 
Scotland 

Maria Mathewson 
Gordon 

Henderson IPIMAR 4 
Lisboa 
Antonio  
Marçal 

IEO 5 
Vigo 

Jorge Fontela 
  
 

 

 
 

October  

Sept/Oct 
 

Send the results to AZTI 
Send otolith collection to  

November  

September 



Megrim Otolith Ageing Workshop 
AZTI 

SUKARRIETA, 29 November-1 December 2004 
 
Objectives: 
 

1. Analyse and discuss the otolith exchange results for megrim (ages and images). 
2. Perform a 2nd reading on both real otoliths and images in order to corroborate results from the exchange. 
3. Discuss possible discrepancies between readers. 
4. Give the chance to other scientist to get involved in the megrim otolith ageing procedure. 

 
Participants: 
 
     Participating
Name Institution Country email Exchange Workshop 

Mark Etherton  CEFAS 
United 
Kingdom M.W.Etherton@cefas.co.uk X  X

Sally Warne CEFAS 
United 
Kingdom S.A.Warne@cefas.co.uk X  X

Jorge Fontela IEO Spain jorge.fontenla@vi.ieo.es X  X
Amaia Gomez de 
Segura AZTI Spain amgomez@suk.azti.es X  X
Marina Santurtún AZTI Spain msanturtun@suk.azti.es   X
Ane Iriondo AZTI Spain airiondo@suk.azti.es   X
Iñaki Quincoces AZTI Spain iquincoces@suk.azti.es   X
Gordon 
Henderson  FRS Scotland G.I.Henderson@marlab.ac.uk X  
Afra Egan Mar. Inst. Ireland afra.egan@marine.ie X  X
Ayesha Power Mar. Inst. Ireland ayesha.power@marine.ie X  X



Antonio Marçal IPIMAR Portugal amarcal@ipimar.pt X  X
Peter Vingaard 
Larsen  DIFRES Denmark pvl@dfu.min.dk   X

 

 
 
 
 
 
Agenda: 
Date   Time Item

9:30-10:45  Opening:
Some logistics 
Objectives of the megrim otolith ageing workshop 
Revision of Agenda/Time table 

1. 1.1 Megrim ageing based on Otolith results from 
the previous otolith workshop. 

2. 1.2. Results from projects developed by Spain, 
France and Portugal 

Participants’ explanations in relation to their work 
ageing with megrim and /or other species. 

10:45-11:00  Coffee break

 
Monday, 29th 
November 2004 

11:00-11:45 Results from the otolith exchange (Marina 
Santurtún) 
General discussion of the ageingresults- 



11:45-13:30 Presentation of the new otolith collection for the 
readings (real otoliths and images). 
Organization of the work. 
2nd reading of the otoliths (images and real otoliths) 
previously selected. 

13:30-14:30  Lunch
14:30-17:30 2nd reading (continues) 

9:00-10:45 2nd reading (continues) 

10:45-11:00  Coffee break

11:00-12:30 2nd reading (continues) 

12:30-13:30 Discussion of the age reading criteria 

13:30-14:30  Lunch

14:30-17:00 Preliminary results from the otolith 2nd reading(real 
and images) 

 
Tuesday, 30th 
November 2004 

17:30   Social events:
Visit to the Fishermen Museum 
Beer in the Bermeo Port  
Dinner 

9:30-10:45 Further result discussion?.../ Start writing the 
Workshop Report 

10:45-11:00  Coffee break

11:00-13:30  Writing the report

13:30-14:30  Lunch

 
Wednesday, 1st 
December 2004 

14:30-16:30 Finalizing the report and End of the meeting 

 



Annex 3  
 

Results of the 3rd Exchange of Megrim Otoliths for Age 
determination 

 
Marina Santurtún, I.Quincoces and Ane Iriondo 

Marine Research Division. AZTI Foundation. Txatxarramendi ugarte z/g. 
48395 Sukarrieta (Basque Country), Spain 

msanturtun@suk.azti.es; airiondo@suk.azti.es 
 
Abstract 
 
The Planning Group on Commercial Catch, Discards and Biological 
Sampling (PGCCDBS) recommended otolith exchange for different 
species that are assessed in the ICES framework. Thus, during the 2nd 
semester of 2004, a megrim otolith exchange was carried out. The 
preliminary results of the third megrim otoliths exchange indicate that 
the age estimation criteria has been maintained as the one adopted 
previously. The results indicate that the precision of age readings is 
around 21 % and slightly higher bias has been found in age readings of 
older fishes. Thus, the values of APE and CV in (%) for all readers are 
16 and 14, and 21-19 % respectively for the real and image otolith 
collection. The preliminary analysis of these results shows that there are 
no serious deviations in the otolith readings. Nevertheless, and 
considering that seven years have already passed since the last 
exchange and workshop , it was necessary to held a workshop to get 
together megrim otolith readers to exchange suggestions and relevant 
improvement or information. 
 
Introduction 
 
The ICES fisheries advice depends on the quality of data from the 
commercial fisheries that in all cases has not been satisfactory. As part 
of the biological data, reliable age determination is an essential feature 
of fish stock assessment, as it provides information required to estimate 
growth and mortality rates.  

Otolith processing methods and age reading methods might differ 
considerably among countries. Therefore, it is advised that otolith 
exchanges should be carried out on a regular basis. Workshops should 
be organised to address age reading observed problems.  

The PG recommends that otolith exchanges for a number of fish species 
should be carried out in 2004, 2005 and 2006. Megrim was one of this 
species. Although no specific problems have been detected in the 
readings provided to the Assessment Working Groups, the need of 



organising a Workshop on Megrim Readings was defined by the long 
period that has passed from the last Workshop, 7 years. Also, the 
advantage of these workshops is that the age reading methods of all 
experts of this species are discussed and compared “in situ”. 

 
The megrim otolith exchange was deployed along the 2nd semester of 
2004 while the specific international workshop will be celebrated in 
November-December 2004, within the framework of the National Plan, 
2004. 
 
The objectives of the exchange are: 
 
• Estimate age reading agreement between readers 
• Analyze relative differences between reader agreements 
• Incorporate new readers in the megrim age estimation. 
 
This document presents the preliminary results obtained so far for this 
megrim otolith exchange 
 
Material and Methods 
 
The exchange was carried out following the recommendations of the 
EFAN Report 3-2000 on Guidelines and Tools for Age Reading 
Comparations, which is available on the EFAN home page.  
 
No comparison between this exchange and the previous one was done 
just two readers participating in the exchange were also involved in the 
last exchange (1997). 
 
The otoliths chosen for the exchange came from 93 fish originated from 
market samples. Due to some labelling problems with the images the 
collection was reduced to 87 otolith. Otoliths were chosen by fish length, 
sex and quarter trying to cover all quarters in a year and both sexes 
along the year for the marketable lengths found in the samples (17 - 51 
cm) (Figure 1.) 
 
All otoliths are from ICES Div. VIIIabd collected during different years. 
Whole otoliths (right and left) were imbibed in water during, at least 24 
h. before the pictures were taken.  
 
Just one collection was available but in two different formats: 
 
1) “Image” or “Virtual” megrim otolith collection 
2) “Real” megrim otolith collection 
 



Digitize images of all otoliths (right and left, in the same image) were 
sent to all participants in a CD. 
 
When the two otoliths from one fish were too big to be taken both in 
one image, pictures were taken individually for each otolith. Images 
were named using the same file code with an "a" or "b" for the left and 
right otolith, respectively. 
 
The instructions for filling up the Data Bases for the readings provide all 
essential information for age reading (quarter (Q o M), fish length and 
sex). The participants were requested to input the age readings, the 
identification of the edge and the reliability of the reading in the otolith 
list. 
 
Otolith readings should have been performed straight from the images. 
However, in some cases due to the bad quality of the image, the 
readings on some images could not be deployed and so the real otolith 
were used. In most of the cases readings were performer on the images 
and on the real otoliths separately, except for two readers. 
 
The advantage of using images instead of real otoliths was the time 
saving for the otolith exchange, and also to avoid quality lost of the real 
collections. Besides the reading criteria used could be easily checked out 
when using digital support. In that sense, some of the age readers 
marked the otolith images to facilitate tracking down possible 
differences in age interpretation.  
 
The general criteria adopted for ageing is presented in the report of the 
previous workshop (Megrim Otolith and Spines Age Reading Workshop, 
1997). 
 
A spreadsheet for a standardised analysis of the age reading 
comparisons (“AGE COMPARATIONS. XLS”) can also be found on the 
EFAN website (www.efan.no under "Guidelines"). The standard analysis 
has been prepared by A.T.G.W. Eltink from RIVO.  
 
Results from the otolith exchanges and age reading workshops will be 
reported to the PG and to the relevant ICES assessment working 
groups. 
 

1. Exploratory data analysis (EDA) 
 
The first approximation was the determination of the modal age and the 
difference between each reader’s age and modal age. The modal age 
was calculated based on the results of the readers involved in the stock 
assessment: R1, R2, R3.Although the most experimented readers were 



R1 & R2. If the modal age could not be estimated, then the rounded 
mean age was inserted instead. Box-whisker plots were used for the 
graphical representation of the sample (real otolith and images) by each 
reader (median and interquartile range by each reader). They were also 
used to summarise the observations and are useful in observing and 
comparing the distribution of the otolith readings by reader. 
 
Also, Age bias plots are presented as they are considered as being a 
good way of showing the aging errors by reader (precision and 
accuracy). In this case the bias in age reading can only be shown as a 
relative bias (as no real age of the otolith is known). 
 
2. In terms of reproducibility measures: 
 
2.1) Average percent age error (APE), Beamish and Fournier (1981) is 
an index of reading precision to compare a series of observations. The 
formula is as follows: 
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(1) 

n  =  number of otoliths 

r   =  number of readings for each otolith (readers) 

xij =  the j value of age estimation for the i otolith  

xi =  average age calculated for the i otolith  

 
2.2) The Mean Coefficient of Variation (CV). The precision errors in age 
reading are best described by this coefficient by age group 
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(2) 

 

sd = the standard deviation for the i otolith  

 
This measurement is considered to be more appropriate than the 
conventional percent of agreement when comparing ages, since it take 
into account the average year class of fish.  
 
Results 
 



The results of the age estimations by reader and the basic information in 
relation to each of the otolith collection in both formats are summarised 
in Table 1 and Table 1i. 
 
The Box-whisker plot for all readers and both formats of the collection 
shows that the range of ages attributed was wide with a mean value of 
5 years (Figure 2 & 2i). 
 
Considering the bias plots for all the readers combined it could be 
observed that the mean age recorded is very close to the modal age and 
that the deviations slightly increased from age 5 and over (Figure 3 & 
3i). The main bias detected in the real otolith collection is for age 4 
onwards. Readers R3 and R7 overestimated the ages meanwhile, for the 
image otolith collection, the overestimation is less detectable. R5 and 
R6, in general slightly underestimated the ages regarding the modal 
age. However, the bias detected is really small, as expected. 
 
The precision errors by age reader are best described by the coefficient 
of variation (CV%) by age group because the CV might often differ by 
age group. The coefficient of variation (CV%) and percent agreement 
are plotted against modal age in Figure 4 & 4i. These figures shows the 
mean results for all the readers and indicate how the CV and Agreement 
in general decreases accordingly with the modal age.  
 
Firstly for the real otolith colllection, from all readers the average of CV 
was 20.6 %. This value is not very high. In fact, the CV’s are higher for 
age 2 and afterwards the CV’s decreased until 12 %. Mean percent of 
agreement for this collection is around 48 %, and is maintained above 
50 % until age 8 and decreases again for ages 9 and 10 (Table 2.). 
 
Secondly, for the image collection, from all readers the average of CV 
was 18.5 %. This value is not very high. In fact, the CV’s are higher for 
age 3 and afterwards the CV’s decreased, keeping around 13 % for ages 
older than 4. Mean percent of agreement for this collection is around 
45.4 %, and is maintained around 53 % from age 2 to 8 and decreases 
again for ages 9 and 10 (Table 2i.). 
 
The relative mean bias in relation to the modal age are presented in 
Figure 5 & 5i. 
 
The results of the %Agreement, APE and CV in (%) are presented 
together in the Table 3. The values of APE and CV obtained for all 
readers were 16 and 14 and 21 and 19 respectively for each of the 
“collections”. These high levels of precision and the low APE is a good 
sign of the assimilation of the ageing criteria by all readers. 
 
 



 
Discussion 
 
In summary, the exploratory and statistical analysis showed that the 
age precision (CV) is quite low (20%) while the bias is quite reasonable.  
 
In particular, the ageing method up to age 8 seems to be the same for 
almost all the readers. However, from the eight age onwards the results 
indicates the difficulty for the majority of the readers to interpret the 
ring pattern of older otoliths. 
 
A plot of mean length at age by reader can be used to diagnose 
individual reader tendencies (Figure 6 & 6i). The figures show that, for 
the same age, some readers obtained larger range of length. Kruskal-
wallis test between readers for ageing samples of the two formats 
showed significant bias for all readings obtained by R3 and R7 just for 
the real otolith collection. This significant bias are also quite conspicuous 
fro R5 (Table 4 & 4i). 
 
Conclusions: 
 
a. The level of agreement in the readings was very high for the majority 
of readers. This is the result of the good adoption of the ageing criteria 
established. Furthermore, new readers showed an adequate 
interpretation of the ageing criteria (R8). 
 
b. The most experienced readers involved in stock assessment had a 
very high mean level of agreement (from 66 to 77 %) and high mean 
levels of precision from 7 to 9%. 
 
c. The megrim apparently well established ageing method for mostly all 
ages provide a good quality to the age estimations used in assessment.  
 
Recommendations 
 
Taking into account the good results obtained, the work in the future will 
be deployed towards international intercalibration exercises by means of 
images to ensure consistency and precision between readers over time. 
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Figure 1. Length frequency distribution of samples from Megrim ototlith exchange.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Box-and-Whisker Plot for Real Otolith Collection
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Box-and-Whisker Plot for Image Otolith Collection
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Figure 2. Box-Whisker plots for each reader in relation to the whole set of otolith for 
each “collection”. 
 
 
 
 
 
 
 



 
REAL OTOLITH COLLECTION  
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Figure 3. In the age bias plots below the mean age recorded +/- 2stdev of each age 
reader and all readers combined are plotted against the MODAL age. The estimated 
mean age corresponds to MODAL age, if the estimated mean age is on the 1:1 
equilibrium line (solid line). RELATIVE bias is the age difference between estimated 
mean age and MODAL age. 



Figure 4. The coefficient of variation (CV%), percent agreement and the standard 
deviation (STDEV) are plotted against MODAL (and in some cases ABSOLUTE MEAN) 
age. CV is much less age dependent than the standard deviation (STDEV) and the 
percent agreement. CV is therefore a better index for the precision in age reading. 
Problems in age reading are indicated by relatively high CV's at age. 
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Figure 5. The RELATIVE bias by MODAL (in some cases ABSOLUTE MEAN) age as 
estimated by all age readers combined 
 
 
 
 
 
 
 
 
 



Box-and-Whisker Plot by length for all readers
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Box-and-Whisker Plot by length for Reader 1
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Box-and-Whisker Plot by length for Reader 2
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Box-and-Whisker Plot by length for Reader 3
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Box-and-Whisker Plot by length for Reader 5
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Box-and-Whisker Plot by length for Reader 4
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Box-and-Whisker Plot b y length for Reader 6
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Box-and-Whisker Plot by length for Reader 7
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Box-and-Whisker Plot by length for Reader 8
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Figure 6. Box-Whisker plots of the length distribution (cm) by age obtained for all readers reading the real otolith collection  
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Figure 3i. In the age bias plots below the mean age recorded +/- 2stdev of each age 
reader and all readers combined are plotted against the MODAL age. The estimated 
mean age corresponds to MODAL age, if the estimated mean age is on the 1:1 
equilibrium line (solid line). RELATIVE bias is the age difference between estimated 
mean age and MODAL age. 
 
 
 
 



 
 
 
 
 
 
 
 

Figure 5i. The RELATIVE bias by MODAL(in some cases ABSOLUTE MEAN) age as 
estimated by all age readers combined. 

 
 

 

Figure 4i. The coefficient of variation (CV%), percent agreement and the standard 
deviation (STDEV) are plotted against MODAL age (in some cases ABSOLUTE MEAN). 
CV is much less age dependent than the standard deviation (STDEV) and the percent 
agreement. CV is therefore a better index for the precision in age reading. Problems in 
age reading are indicated by relatively high CV's at age. 
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Box-and-Whisker Plot by length for all readers (Images)
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Box-and-Whisker Plot by length for Reader 1 IImage
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Box-and-Whisker Plot by length for Reader 2 (Images)
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Box-and-Whisker Plot by length for Reader 3 (Image)
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Box-and-Whisker Plot by length for Reader 4 (Image)
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Box-and-Whisker Plot by length for Reader 5 (Image)
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Box-and-Whisker Plot by length for Reader 6 (Image)
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Box-and-Whisker Plot by length for Reader 7 (Image)
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Box-and-Whisker Plot by length for Reader 8 (Image)
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Figure 6i. Box-Whisker plots of the length distribution (cm) by age obtained for all readers reading the image otolith collection  



Table 1. Readings of the Megrim Otolith exchage (Real collection) 
 

Fish Fish Landing Mark Jorge Amaia Gordon Afra Ayesha Sally Antonio MODAL
age

3
2
2
2
3
3
4
4
4
4
6
6
6
7
6
5
6
7
8
7
8
13
3
2
2
3
3
2
4
6
6
7
7
7
7
8
5
6
7
8
7
6
8
2
2
2
2
2
2
2
3
3
3
3
4
4
6
5
6
9
8
5
6
6
8
6
9
10
2
3
2
3
3
3
4
4
6
5
4
5
6
6
5
6
8
7
11

Percent Precision
Stratum year no no length Sex month Reader 1 Reader 2 Reader 3 Reader 4 Reader 5 Reader 6 Reader 7 Reader 8 agreement CV
Males 1999 Q1_17_1 1 17,0 1,0 3 3 2 3 2 3 3 2 2 50% 21%

Females 1998 Q1_18_2 2 18,0 2,0 3 2 2 2 2 2 2 2 2 100% 0%
Females 1998 Q1_19_2 3 19,0 2,0 3 2 2 2 2 2 3 2 3 75% 21%
Females 1998 Q1_20_2 4 20,0 2,0 3 2 2 2 2 2 2 2 2 100% 0%
Females 1998 Q1_21_2 5 21,0 2,0 3 3 2 3 3 2 2 3 3 63% 20%
Females 1998 Q1_22_2 6 22,0 2,0 3 3 3 3 3 3 3 4 3 88% 11%

Males 1999 Q1_24_1 7 24,0 1,0 3 4 4 5 4 4 4 6 3 63% 21%
Females 1999 Q1_25_1 8 25,0 2,0 2 4 4 4 4 3 3 5 3 50% 19%
Females 1999 Q1_26_2 9 26,0 2,0 2 4 4 5 4 3 4 4 3 63% 17%

Males 1998 Q1_27_1 10 27,0 1,0 3 4 4 4 4 3 3 5 3 50% 19%
Males 1998 Q1_32_1a/1b 11 32,0 1,0 2 6 6 7 6 5 5 6 4 50% 16%

Females 1999 Q1_34_1a/1b 12 34,0 2,0 3 6 5 6 6 5 4 8 4 38% 24%
Females 1998 Q1_37_2a/2b 13 37,0 2,0 3 6 6 6 6 6 6 6 4 88% 12%
Females 2001 Q1_38_2a/2b 14 38,0 2,0 3 7 8 7 8 7 6 8 5 38% 15%
Females 2001 Q1_39_2a/2b 15 39,0 2,0 3 6 6 6 6 6 5 6 6 88% 6%
Females 1998 Q1_40_2a/2b 16 40,0 2,0 3 5 5 6 6 5 4 5 5 63% 13%
Females 1999 Q1_41_2a/2b 17 41,0 2,0 3 6 6 6 6 5 5 6 6 75% 8%
Females 1998 Q1_42_2a/2b 18 42,0 2,0 3 7 7 8 7 7 6 7 7 75% 8%
Females 1999 Q1_43_2a/2b 19 43,0 2,0 3 9 8 8 8 8 9 9 9 50% 6%
Females 1998 Q1_44_2a/2b 20 44,0 2,0 3 7 7 9 8 6 6 8 7 38% 14%
Females 1998 Q1_45_2a/2b 21 45,0 2,0 3 8 8 8 8 7 7 8 9 63% 8%
Females 1999 Q1_46_2a/2b 22 46,0 2,0 3 13 7 13 13 11 12 12 13 50% 17%
Females 2002 M4_20_2 23 20,0 2,0 10 3 1 3 1 3 2 1 3 50% 47%
Females 2002 M4_21_2 24 21,0 2,0 10 2 1 2 1 3 1 2 2 50% 40%

Males 2002 M4_22_1 25 22,0 1,0 10 2 2 2 2 2 1 2 2 88% 19%
Females 2002 M4_23_2 26 23,0 2,0 10 2 3 3 2 3 1 2 2 38% 31%
Females 2002 M4_24_2 27 24,0 2,0 10 3 3 4 2 3 2 3 2 50% 26%
Females 2002 M4_26_2 28 26,0 2,0 10 2 2 3 2 2 1 1 2 63% 34%
Females 2002 M1_29_2a/2b 29 29,0 2,0 2 3 4 4 4 3 3 3 4 50% 15%
Females 2002 M1_31_2a/2b 30 31,0 2,0 2 6 6 4 4 6 6 6 4 63% 20%

Males 2002 M1_32_1a/1b 31 32,0 1,0 1 7 5 6 5 6 7 7 5 25% 15%
Males 1999 M1_33_1a/1b 32 33,0 1,0 3 7 7 7 6 6 6 7 6 50% 8%
Males 1999 M2_34_1a/1b 33 34,0 1,0 4 7 7 9 8 6 7 8 6 38% 14%
Males 1999 M2_35_1a/1b 34 35,0 1,0 4 7 6 7 8 6 7 6 6 38% 11%
Males 1999 M2_36_1a/1b 35 36,0 1,0 4 6 - 7 6 7 6 6 8 0% 12%
Males 1998 M2_37_1a/1b 36 37,0 1,0 5 8 - 8 8 6 9 9 6 43% 16%

Females 2002 M4_38_2a/2b 37 38,0 2,0 11 8 5 5 7 6 5 6 7 38% 18%
Females 2002 M4_39_2a/2a 38 39,0 2,0 11 7 5 4 7 5 8 7 6 0% 22%

Males 2002 M2_40_1a/1b 39 40,0 1,0 3 9 7 7 11 6 9 10 7 38% 21%
Females 1998 M2_41_2a/2b 40 41,0 2,0 5 8 7 8 8 6 8 8 7 63% 10%
Females 2002 M1_43_2a/2b 41 43,0 2,0 3 7 6 8 6 6 8 7 8 25% 13%
Females 2002 M1_44_2a/2b 42 44,0 2,0 3 6 6 9 8 8 7 7 8 25% 14%
Females 2002 M1_46_2a/2b 43 46,0 2,0 3 8 8 10 8 8 7 9 8 63% 11%
Females 1998 Q3_18_2 44 18,0 2,0 8 2 2 2 1 2 1 2 2 75% 26%

Males 1998 Q3_19_1 45 19,0 1,0 8 2 2 3 2 2 1 1 2 63% 34%
Males 1998 Q3_20_1 46 20,0 1,0 8 2 2 4 2 2 2 2 2 88% 31%

Females 1999 Q3_21_2 47 21,0 2,0 8 2 2 4 2 3 1 2 2 63% 39%
Females 1998 Q3_22_2 48 22,0 2,0 8 2 2 4 2 2 2 2 2 88% 31%

Males 1998 Q3_24_1 49 24,0 1,0 8 2 2 4 2 2 1 1 2 63% 46%
Males 1998 Q3_25_1 50 25,0 1,0 8 2 2 4 2 3 2 1 3 50% 39%
Males 1998 Q3_26_1 51 26,0 1,0 8 2 3 5 2 3 2 3 3 0% 34%
Males 1998 Q3_27_1 52 27,0 1,0 8 2 3 6 3 3 2 3 4 0% 39%
Males 1998 Q3_28_1a/1b 53 28,0 1,0 8 3 3 6 3 3 3 4 5 63% 31%
Males 1998 Q3_29_1a/1b 54 29,0 1,0 8 3 3 5 3 3 3 4 5 63% 25%
Males 1998 Q3_30_1a/1b 55 30,0 1,0 8 4 4 6 3 4 3 4 6 50% 27%

Females 1998 Q3_31_2a/2b 56 31,0 2,0 8 5 4 7 3 4 3 5 4 0% 30%
Males 1998 Q3_33_1a/1b 57 33,0 1,0 8 6 7 6 5 5 6 7 5 38% 14%

Females 1999 Q3_34_2a/2b 58 34,0 2,0 9 5 5 8 5 4 4 6 5 50% 24%
Females 1999 Q3_35_2a/2b 59 35,0 2,0 9 6 6 8 6 5 5 7 6 50% 16%
Females 1999 Q3_36_2a/2b 60 36,0 2,0 9 9 - 8 9 6 9 10 9 0% 15%

Males 1999 Q3_37_1a/1b 61 37,0 1,0 9 7 - 10 8 6 7 9 9 14% 18%
Females 1999 Q3_38_2a/2b 62 38,0 2,0 9 5 5 11 5 5 5 5 5 88% 37%
Females 1998 Q3_39_2a/2b 63 39,0 2,0 9 6 5 8 6 6 5 5 5 0% 18%
Females 1998 Q3_40_2a/2b 64 40,0 2,0 5 6 6 7 8 8 6 6 8 50% 14%
Females 1999 Q3_41_2a/2b 65 41,0 2,0 9 8 7 8 8 6 8 9 8 63% 11%
Females 1998 Q3_42_2a/2b 66 42,0 2,0 7 6 6 7 7 6 6 7 7 50% 8%
Females 1998 Q3_43_2a/2b 67 43,0 2,0 7 9 9 10 11 7 11 1 7 25% 40%
Females 1999 Q3_46_2a/2b 68 46,0 2,0 9 10 8 10 12 9 11 14 8 25% 20%
Females 2002 Q4_22_2 69 22,0 2,0 10 1 2 3 1 2 1 1 2 0% 46%

Males 2002 Q4_23_1 70 23,0 1,0 10 2 3 3 2 3 4 3 3 63% 22%
Males 2002 Q4_24_1 71 24,0 1,0 10 2 2 2 1 3 3 2 2 63% 30%
Males 2002 Q4_25_1 72 25,0 1,0 10 3 3 3 3 3 3 4 4 75% 14%
Males 1999 Q4_26_1a/1b 73 26,0 1,0 10 3 3 4 2 4 3 3 3 63% 21%
Males 1999 Q4_27_1a/1b 74 27,0 1,0 10 3 3 5 2 4 5 4 5 25% 29%

Females 1999 Q4_28_2a/2b 75 28,0 2,0 10 4 3 5 3 5 5 5 4 0% 21%
Males 1999 Q4_29_1a/1b 76 29,0 1,0 10 4 4 7 3 3 5 7 4 38% 35%
Males 1999 Q4_31_1a/1b 77 31,0 1,0 10 5 6 6 4 4 5 9 7 25% 29%

Females 1999 Q4_32_2a/2b 78 32,0 2,0 10 3 5 6 4 4 4 5 5 0% 21%
Males 1999 Q4_33_1a/1b 79 33,0 1,0 10 4 4 6 4 4 3 6 6 50% 26%

Females 1999 Q4_34_2a/2b 80 34,0 2,0 10 5 5 6 5 4 5 6 5 63% 13%
Females 1999 Q4_35_2a/2b 81 35,0 2,0 10 6 6 6 6 4 4 7 7 50% 20%
Females 1998 Q4_36_2a/2b 82 36,0 2,0 10 6 6 7 6 5 5 6 7 50% 13%
Females 1998 Q4_37_2a/2b 83 37,0 2,0 10 5 5 7 7 6 7 7 7 25% 14%
Females 1998 Q4_39_2a/2b 84 39,0 2,0 12 6 6 7 6 6 6 7 6 75% 7%
Females 1999 Q4_40_2a/2b 85 40,0 2,0 10 8 8 8 10 7 7 10 6 38% 18%
Females 1998 Q4_41_2a/2b 86 41,0 2,0 10 7 5 8 8 7 7 7 9 0% 16%
Females 1999 Q4_47_2a/2b 87 47,0 2,0 10 11 9 11 10 11 10 12 10 38% 9%

max 46,0 Total read 86 80 86 86 86 86 86 86
min 17,0 Total NOT read 0 6 0 0 0 0 0 0 20,6%47,8%

Sample

 
 
 
 
 
 
 
 
 
 



Table 2. The coefficient of variation (CV), the percent agreement and the RELATIVE 
bias are presented by MODAL age for each age reader and for all readers combined  for 
the REAL OTOLITH collection. A weighted mean CV and a weighted mean percent 
agreement are given by reader and all readers combined. The CV's by MODAL age for 
each individual age reader and all readers combined indicate the precision in age 
reading by MODAL age. The weighted mean CV's over all MODAL age groups combined 
indicate the precision in age reading by reader and for all age readers combined. 
 

COEFFICIENT OF VARIATION (CV)
MODAL Mark Jorge Amaia Gordon Afra Ayesha Sally Antonio ALL

age Reader 1 Reader 2 Reader 3 Reader 4 Reader 5 Reader 6 Reader 7 Reader 8 Readers
0 - - - - - - - - -
1 - - - - - - - - -
2 0% 14% 33% 24% 21% 45% 27% 17% 28,0%
3 14% 24% 28% 28% 17% 36% 32% 35% 24,9%
4 9% 0% 22% 12% 15% 22% 26% 33% 22,3%
5 22% 0% 30% 17% 18% 22% 13% 18% 19,8%
6 6% 7% 17% 19% 20% 16% 13% 24% 14,9%
7 10% 9% 11% 20% 7% 16% 16% 14% 13,2%
8 7% 7% 11% 9% 13% 11% 7% 17% 12,3%
9 - - - - - - - - -

10 - - - - - - - - -
11 - - - - - - - - -
12 - - - - - - - - -
13 - - - - - - - - -
14 - - - - - - - - -
15 - - - - - - - - -

0-15 6,9% 8,7% 18,5% 16,1% 13,9% 21,4% 16,6% 19,0%
RANKING 1 2 6 4 3 8 5 7

PERCENTAGE AGREEMENT
MODAL Mark Jorge Amaia Gordon Afra Ayesha Sally Antonio

age Reader 1 Reader 2 Reader 3 Reader 4 Reader 5 Reader 6 Reader 7 Reader 8 ALL
0 - - - - - - - - -
1 - - - - - - - - -
2 100% 93% 50% 79% 71% 36% 71% 86% 73%
3 83% 75% 58% 42% 75% 50% 33% 42% 57%
4 88% 100% 38% 75% 38% 25% 25% 25% 52%
5 83% 100% 17% 50% 33% 50% 33% 67% 54%
6 88% 81% 50% 56% 38% 38% 44% 25% 52%
7 88% 63% 50% 13% 25% 25% 38% 38% 42%
8 75% 67% 75% 88% 25% 25% 25% 25% 50%
9 100% 100% 0% 0% 0% 0% 0% 0% 25%

10 100% 0% 100% 0% 0% 0% 0% 0% 25%
11 100% 0% 100% 0% 100% 0% 0% 0% 38%
12 - - - - - - - - -
13 100% 0% 100% 100% 0% 0% 0% 100% 50%
14 - - - - - - - - -
15 - - - - - - - - -

0-15 77,0% 71,1% 44,8% 49,4% 40,2% 29,9% 34,5% 37,9%
RANKING 1 2 4 3 5 8 7 6

RELATIVE BIAS
MODAL Mark Jorge Amaia Gordon Afra Ayesha Sally Antonio

age Reader 1 Reader 2 Reader 3 Reader 4 Reader 5 Reader 6 Reader 7 Reader 8 ALL
0 - - - - - - - - -
1 - - - - - - - - -
2 0,00 -0,07 -0,21 -0,36 -0,29 0,

-0,17 -0,33 0, -0,67 -0,17 -0,01 
-0,13 -0,25 -0,63 -0,50 

-0,06 -0,06 -0,38 -0,50 -0,13 
-0,13 -0,75 -0,13 -0,50 
-0,33 -1,25 -0,25 -0,25 -0,05 

-2,00 -8,00 -2,00 -0,88 
-2,00 -1,00 -2,00 
-2,00 -1,00 -1,00 -1,00 -0,50 

-6,00 -2,00 -1,00 -1,00 -1,25 

-0,23 -0,31 -0,24 -0,03 

0,86 0,29 14 0,04
3 75 0,08 0,08 0,33
4 0,00 1,13 1,00 0,00 0,08
5 0,50 0,00 2,17 0,83 0,00 0,00 0,83 0,67 0,63
6 0,00 0,50 0,75 0,02
7 0,25 0,75 0,75 0,63 0,11
8 0,00 0,50 0,25 0,88
9 0,00 0,00 1,00 2,00 2,00

10 0,00 0,00 2,00 1,00 4,00 0,25
11 0,00 0,00 0,00 1,00
12 - - - - - - - - -
13 0,00 0,00 0,00 0,00
14 - - - - - - - - -
15 - - - - - - - - -

0-15 0,02 0,71 0,02 0,34 0,04
RANKING 1 4 8 1 6 5 7 3

Overall ranking
Mark Jorge Amaia Gordon Afra Ayesha Sally Antonio

Reader 1 Reader 2 Reader 3 Reader 4 Reader 5 Reader 6 Reader 7 Reader 8
Ranking Coefficient of Variation 1 2 6 4 3 8 5 7
Ranking Percentage Agreement 1 2 4 3 5 8 7 6

Ranking Relative bias 1 4 8 1 6 5 7 3
OVERALL RANKING 1 2 6 2 4 8 7 5

Weighted mean

Weighted mean

20,6%

Weighted mean

48,0%

 



Table 3.- Agreement (%), CV  and APE values of otoliths reading from both collections 
and readers. 
 
 Real Otolith Collection Image Otolith Collection 

N 87 87 

% Agreement 48.0 45.4 
CV 20.6 18.5 
APE 15.5 13.8 

Readers ALL READERS 

 
Table 4. Bias tests: non-parametrically with a one-sample Wilcoxon rank sum test. The 
inter-reader bias test and the reader against MODAL age bias test. 
 

Inter-reader bias test and reader against MODAL age bias test
Mark Jorge Amaia Gordon Afra Ayesha Sally Antonio

Reader 1 Reader 2 Reader 3 Reader 4 Reader 5 Reader 6 Reader 7 Reader 8
Reader 1 ∗ ∗∗ − ∗∗ ∗ ∗∗ −
Reader 2 ∗ ∗∗ − − − ∗∗ −
Reader 3 ∗∗ ∗∗ ∗∗ ∗∗ ∗∗ ∗ ∗∗
Reader 4 − − ∗∗ ∗ − ∗∗ −
Reader 5 ∗∗ − ∗∗ ∗ − ∗∗ ∗∗
Reader 6 ∗ ∗∗ ∗∗ − − ∗∗ ∗
Reader 7 ∗∗ − ∗ ∗∗ ∗∗ ∗∗ ∗
Reader 8 − − ∗∗ − ∗∗ ∗ ∗
#####
#####
#####
#####
#####
#####
#####

MODAL age − ∗ ∗∗ − ∗∗ ∗ ∗∗ −

−  = no sign of bias (p>0.05)
∗  = possibility of bias (0.01<p<0.05)

∗ ∗  = certainty of bias (p<0.01)  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Table 1i. Readings of the Megrim Otolith exchage (Image collection) 
 

Fish Fish Landing Mark Jorge Amaia Gordon Afra Ayesha Sally Antonio MODAL
age

3
2
2
2
2
3
4
4
4
4
6
5
6
7
6
5
6
7
8
7
8

12
3
2
3
3
3
2
4
5
6
7
7
7
8
6
6
6
7
7
7
6
8
2
2
2
2
2
2
2
3
3
3
3
4
4
6
5
6
9
8
5
8
8
7
6
9

10
2
3
2
3
3
3
4
5
6
4
4
5
6
6
5
6
8
8

11

Percent Precision
Stratum year no no length Sex month Reader 1 Reader 2 Reader 3 Reader 4 Reader 5 Reader 6 Reader 7 Reader 8 agreement CV
Males 1999 Q1_17_1 1 17,0 1,0 3 3 2 3 2 3 3 3 2 63% 20%

Females 1998 Q1_18_2 2 18,0 2,0 3 2 2 2 2 2 2 2 2 100% 0%
Females 1998 Q1_19_2 3 19,0 2,0 3 2 2 2 2 2 3 2 3 75% 21%
Females 1998 Q1_20_2 4 20,0 2,0 3 2 2 2 2 2 2 2 2 100% 0%
Females 1998 Q1_21_2 5 21,0 2,0 3 2 2 2 2 2 3 2 3 75% 21%
Females 1998 Q1_22_2 6 22,0 2,0 3 3 3 3 3 3 4 3 3 88% 11%

Males 1999 Q1_24_1 7 24,0 1,0 3 3 4 4 3 4 4 5 3 50% 19%
Females 1999 Q1_25_1 8 25,0 2,0 2 3 4 4 3 3 5 6 3 25% 29%
Females 1999 Q1_26_2 9 26,0 2,0 2 4 4 5 4 3 4 4 3 63% 17%

Males 1998 Q1_27_1 10 27,0 1,0 3 4 4 - 3 3 3 3 3 29% 15%
Males 1998 Q1_32_1a/1b 11 32,0 1,0 2 6 6 6 5 5 6 5 4 50% 14%

Females 1999 Q1_34_1a/1b 12 34,0 2,0 3 4 5 6 4 5 6 6 4 25% 19%
Females 1998 Q1_37_2a/2b 13 37,0 2,0 3 6 6 7 6 6 6 8 4 63% 18%
Females 2001 Q1_38_2a/2b 14 38,0 2,0 3 7 8 7 7 7 7 7 5 75% 12%
Females 2001 Q1_39_2a/2b 15 39,0 2,0 3 6 6 - 6 6 6 6 6 100% 0%
Females 1998 Q1_40_2a/2b 16 40,0 2,0 3 5 5 6 5 5 5 5 5 88% 7%
Females 1999 Q1_41_2a/2b 17 41,0 2,0 3 6 6 6 6 5 6 6 6 88% 6%
Females 1998 Q1_42_2a/2b 18 42,0 2,0 3 7 7 7 7 7 7 8 7 88% 5%
Females 1999 Q1_43_2a/2b 19 43,0 2,0 3 9 8 8 8 8 9 10 9 50% 9%
Females 1998 Q1_44_2a/2b 20 44,0 2,0 3 7 7 8 7 6 7 8 7 63% 9%
Females 1998 Q1_45_2a/2b 21 45,0 2,0 3 8 8 8 8 7 8 8 9 75% 7%
Females 1999 Q1_46_2a/2b 22 46,0 2,0 3 13 7 - 13 11 12 14 13 0% 20%
Females 2002 M4_20_2 23 20,0 2,0 10 4 1 3 1 3 2 4 3 0% 45%
Females 2002 M4_21_2 24 21,0 2,0 10 4 1 3 1 3 1 3 2 0% 52%

Males 2002 M4_22_1 25 22,0 1,0 10 3 2 3 2 2 2 2 2 25% 21%
Females 2002 M4_23_2 26 23,0 2,0 10 3 3 3 2 3 1 3 2 63% 30%
Females 2002 M4_24_2 27 24,0 2,0 10 3 3 4 2 3 2 3 2 50% 26%
Females 2002 M4_26_2 28 26,0 2,0 10 2 2 3 2 2 1 2 2 75% 27%
Females 2002 M1_29_2a/2b 29 29,0 2,0 2 4 4 3 4 3 3 4 4 63% 14%
Females 2002 M1_31_2a/2b 30 31,0 2,0 2 5 6 4 4 6 6 5 4 25% 19%

Males 2002 M1_32_1a/1b 31 32,0 1,0 1 7 5 6 5 6 7 7 5 25% 15%
Males 1999 M1_33_1a/1b 32 33,0 1,0 3 7 7 - 6 6 6 8 6 29% 12%
Males 1999 M2_34_1a/1b 33 34,0 1,0 4 10 7 7 8 6 7 9 6 38% 19%
Males 1999 M2_35_1a/1b 34 35,0 1,0 4 5 6 7 8 6 6 8 6 0% 16%
Males 1999 M2_36_1a/1b 35 36,0 1,0 4 11 - 6 10 7 7 8 8 0% 22%
Males 1998 M2_37_1a/1b 36 37,0 1,0 5 7 - 6 5 6 6 7 6 0% 11%

Females 2002 M4_38_2a/2b 37 38,0 2,0 11 6 5 6 7 6 7 8 7 38% 14%
Females 2002 M4_39_2a/2a 38 39,0 2,0 11 - 5 6 6 5 5 - 6 0% 10%

Males 2002 M2_40_1a/1b 39 40,0 1,0 3 - 7 6 6 6 7 - 7 0% 8%
Females 1998 M2_41_2a/2b 40 41,0 2,0 5 8 7 7 8 6 8 8 7 38% 10%
Females 2002 M1_43_2a/2b 41 43,0 2,0 3 7 6 7 6 6 7 7 8 50% 10%
Females 2002 M1_44_2a/2b 42 44,0 2,0 3 6 6 7 8 8 8 8 8 25% 12%
Females 2002 M1_46_2a/2b 43 46,0 2,0 3 8 8 8 8 8 8 8 8 100% 0%
Females 1998 Q3_18_2 44 18,0 2,0 8 2 2 2 2 2 1 2 2 88% 19%

Males 1998 Q3_19_1 45 19,0 1,0 8 2 2 2 2 2 2 2 2 100% 0%
Males 1998 Q3_20_1 46 20,0 1,0 8 2 2 3 2 2 2 2 2 88% 17%

Females 1999 Q3_21_2 47 21,0 2,0 8 2 2 4 2 3 1 3 2 50% 39%
Females 1998 Q3_22_2 48 22,0 2,0 8 2 2 4 2 2 2 2 2 88% 31%

Males 1998 Q3_24_1 49 24,0 1,0 8 2 2 4 2 2 2 2 2 88% 31%
Males 1998 Q3_25_1 50 25,0 1,0 8 2 2 4 2 3 2 2 3 63% 30%
Males 1998 Q3_26_1 51 26,0 1,0 8 2 3 4 2 3 2 3 3 0% 26%
Males 1998 Q3_27_1 52 27,0 1,0 8 2 3 - 3 3 2 3 4 0% 24%
Males 1998 Q3_28_1a/1b 53 28,0 1,0 8 3 3 5 3 3 3 3 5 75% 26%
Males 1998 Q3_29_1a/1b 54 29,0 1,0 8 3 3 5 3 3 3 3 5 75% 26%
Males 1998 Q3_30_1a/1b 55 30,0 1,0 8 3 4 5 3 4 3 3 6 0% 29%

Females 1998 Q3_31_2a/2b 56 31,0 2,0 8 4 4 5 3 4 3 5 4 50% 19%
Males 1998 Q3_33_1a/1b 57 33,0 1,0 8 5 7 6 5 5 6 6 5 0% 13%

Females 1999 Q3_34_2a/2b 58 34,0 2,0 9 5 5 7 5 4 4 4 5 50% 20%
Females 1999 Q3_35_2a/2b 59 35,0 2,0 9 6 6 7 5 5 5 5 6 38% 13%
Females 1999 Q3_36_2a/2b 60 36,0 2,0 9 8 - - 9 6 8 11 9 0% 19%

Males 1999 Q3_37_1a/1b 61 37,0 1,0 9 7 - - 8 6 7 9 9 0% 16%
Females 1999 Q3_38_2a/2b 62 38,0 2,0 9 5 5 7 5 5 5 5 5 88% 13%
Females 1998 Q3_39_2a/2b 63 39,0 2,0 9 8 5 8 7 6 10 7 5 25% 24%
Females 1998 Q3_40_2a/2b 64 40,0 2,0 5 7 6 - 8 8 9 8 8 0% 12%
Females 1999 Q3_41_2a/2b 65 41,0 2,0 9 5 7 9 8 6 9 6 8 0% 21%
Females 1998 Q3_42_2a/2b 66 42,0 2,0 7 6 6 9 7 6 6 6 7 63% 16%
Females 1998 Q3_43_2a/2b 67 43,0 2,0 7 9 9 10 12 7 10 10 7 25% 18%
Females 1999 Q3_46_2a/2b 68 46,0 2,0 9 10 8 10 13 9 9 10 8 38% 17%
Females 2002 Q4_22_2 69 22,0 2,0 10 1 2 3 1 2 1 1 2 0% 46%

Males 2002 Q4_23_1 70 23,0 1,0 10 2 3 3 2 3 5 2 3 50% 34%
Males 2002 Q4_24_1 71 24,0 1,0 10 2 2 2 2 3 2 2 2 88% 17%
Males 2002 Q4_25_1 72 25,0 1,0 10 3 3 3 2 3 3 3 4 75% 18%
Males 1999 Q4_26_1a/1b 73 26,0 1,0 10 2 3 3 2 4 3 2 3 50% 26%
Males 1999 Q4_27_1a/1b 74 27,0 1,0 10 3 3 3 2 4 5 4 5 38% 29%

Females 1999 Q4_28_2a/2b 75 28,0 2,0 10 4 3 5 3 5 5 3 4 25% 23%
Males 1999 Q4_29_1a/1b 76 29,0 1,0 10 5 4 5 3 3 5 3 4 38% 23%
Males 1999 Q4_31_1a/1b 77 31,0 1,0 10 4 6 6 4 4 6 5 7 38% 22%

Females 1999 Q4_32_2a/2b 78 32,0 2,0 10 3 5 6 3 4 4 3 5 0% 27%
Males 1999 Q4_33_1a/1b 79 33,0 1,0 10 4 4 6 4 4 3 3 6 50% 27%

Females 1999 Q4_34_2a/2b 80 34,0 2,0 10 5 5 5 5 4 5 5 5 88% 7%
Females 1999 Q4_35_2a/2b 81 35,0 2,0 10 6 6 6 7 4 6 6 7 63% 15%
Females 1998 Q4_36_2a/2b 82 36,0 2,0 10 6 6 6 6 5 5 5 7 50% 12%
Females 1998 Q4_37_2a/2b 83 37,0 2,0 10 5 5 7 7 6 7 4 7 25% 20%
Females 1998 Q4_39_2a/2b 84 39,0 2,0 12 5 6 7 8 6 7 6 6 0% 14%
Females 1999 Q4_40_2a/2b 85 40,0 2,0 10 8 8 7 10 7 9 7 6 25% 17%
Females 1998 Q4_41_2a/2b 86 41,0 2,0 10 9 5 8 9 7 11 6 9 13% 24%
Females 1999 Q4_47_2a/2b 87 47,0 2,0 10 13 9 - 10 11 13 10 10 0% 14%

max 46,0 Total read 83 80 70 86 86 86 83 86
min 17,0 Total NOT read 3 6 16 0 0 0 3 0

Sample

18,5%44,5%  
 
 
 
 
 
 
 
 
 



 
Table 2i. The coefficient of variation (CV), the percent agreement and the RELATIVE 
bias are presented by MODAL age for each age reader and for all readers combined  for 
the IMAGE OTOLITH collection. A weighted mean CV and a weighted mean percent 
agreement are given by reader and all readers combined. The CV's by MODAL age for 
each individual age reader and all readers combined indicate the precision in age 
reading by MODAL age. The weighted mean CV's over all MODAL age groups combined 
indicate the precision in age reading by reader and for all age readers combined. 
 

COEFFICIENT OF VARIATION (CV)
MODAL Mark Jorge Amaia Gordon Afra Ayesha Sally Antonio ALL

age Reader 1 Reader 2 Reader 3 Reader 4 Reader 5 Reader 6 Reader 7 Reader 8 Readers
0 - - - - - - - - -
1 - - - - - - - - -
2 0% 0% 33% 0% 20% 33% 13% 20% 19,4%
3 14% 14% 24% 21% 17% 40% 21% 39% 24,3%
4 12% 9% 21% 15% 21% 24% 27% 28% 20,4%
5 7% 11% 19% 25% 22% 17% 20% 20% 16,0%
6 11% 7% 14% 19% 20% 14% 19% 21% 13,3%
7 15% 8% 6% 12% 8% 8% 9% 15% 11,1%
8 6% 22% 5% 12% 11% 13% 18% 23% 13,3%
9 - - - - - - - - -
10 - - - - - - - - -
11 - - - - - - - - -
12 - - - - - - - - -
13 - - - - - - - - -
14 - - - - - - - - -
15 - - - - - - - - -

0-15 7,0% 7,1% 15,7% 10,7% 13,1% 17,1% 14,0% 17,9%
RANKING 1 2 6 3 4 7 5 8

PERCENTAGE AGREEMENT
MODAL Mark Jorge Amaia Gordon Afra Ayesha Sally Antonio

age Reader 1 Reader 2 Reader 3 Reader 4 Reader 5 Reader 6 Reader 7 Reader 8 ALL
0 - - - - - - - - -
1 - - - - - - - - -
2 100% 100% 54% 100% 77% 62% 92% 77% 83%
3 82% 82% 73% 27% 73% 45% 64% 27% 59%
4 75% 88% 29% 38% 38% 25% 25% 38% 44%
5 88% 75% 25% 50% 38% 50% 50% 50% 53%
6 83% 83% 64% 33% 42% 58% 33% 25% 53%
7 71% 71% 83% 43% 29% 71% 29% 43% 55%
8 67% 67% 83% 50% 33% 33% 33% 17% 48%
9 100% 100% 0% 0% 0% 0% 0% 0% 25%
10 100% 0% 100% 0% 0% 0% 100% 0% 38%
11 - - - - - - - - -
12 - - - - - - - - -
13 - - - - - - - - -
14 - - - - - - - - -
15 - - - - - - - - -

0-15 65,9% 66,3% 47,4% 37,9% 37,9% 37,9% 40,0% 31,0%
RANKING 2 1 3 5 5 5 4 8

RELATIVE BIAS
MODAL Mark Jorge Amaia Gordon Afra Ayesha Sally Antonio

age Reader 1 Reader 2 Reader 3 Reader 4 Reader 5 Reader 6 Reader 7 Reader 8 ALL
0 - - - - - - - - -
1 - - - - - - - - -
2 0,00 0,00 0,77 0,00 0,23 -0,08 

-0,18 -0,18 0, -0,73 -0,18 -0,05 
-0,25 -0,13 0, -0,63 -0,38 -0,25 -0,25 -0,16 
-0,13 -0,25 -0,25 -0,38 -0,13 
-0,08 -0,17 0, -0,50 

-0,71 -0,43 
-1,00 -0,17 0, -0,83 -0,33 -0,33 -0,10 

-2,00 -2,00 
-2,00 -1,00 -1,00 -2,00 -0,38 

-0,16 -0,08 -0,23 -0,05 

0,08 0,23 0,15
3 45 0,09 0,09 0,27
4 57 0,13
5 0,00 0,88 0,38 0,02
6 55 0,00 0,17 0,25 0,17 0,04
7 0,57 0,00 0,17 0,00 0,00 0,86 0,05
8 0,33 33 1,17
9 0,00 0,00 1,00 3,00 1,00 1,00 0,25
10 0,00 0,00 3,00 0,00
11 - - - - - - - - -
12 - - - - - - - - -
13 - - - - - - - - -
14 - - - - - - - - -
15 - - - - - - - - -

0-15 0,00 0,42 0,11 0,06 0,01
RANKING 1 6 8 4 7 5 3 2

Overall ranking
Mark Jorge Amaia Gordon Afra Ayesha Sally Antonio

Reader 1 Reader 2 Reader 3 Reader 4 Reader 5 Reader 6 Reader 7 Reader 8
Ranking Coefficient of Variation 1 2 6 3 4 7 5 8
Ranking Percentage Agreement 2 1 3 5 5 5 4 8

Ranking Relative bias 1 6 8 4 7 5 3 2
OVERALL RANKING 1 2 6 3 5 6 3 8

Weighted mean

45,4%

Weighted mean

Weighted mean

18,5%

 



 
Table 4i. Bias tests: non-parametrically with a one-sample Wilcoxon rank sum test. 
The inter-reader bias test and the reader against MODAL age bias test. 
 
 

Inter-reader bias test and reader against MODAL age bias test
Mark Jorge Amaia Gordon Afra Ayesha Sally Antonio

Reader 1 Reader 2 Reader 3 Reader 4 Reader 5 Reader 6 Reader 7 Reader 8
Reader 1 − ∗∗ − ∗ − − −
Reader 2 − ∗∗ − − ∗ ∗ −
Reader 3 ∗∗ ∗∗ ∗∗ ∗∗ ∗∗ ∗∗ ∗∗
Reader 4 − − ∗∗ − − − −
Reader 5 ∗ − ∗∗ − ∗∗ ∗∗ ∗∗
Reader 6 − ∗ ∗∗ − ∗∗ − −
Reader 7 − ∗ ∗∗ − ∗∗ − −
Reader 8 − − ∗∗ − ∗∗ − −
#####
#####
#####
#####
#####
#####
#####

MODAL age ∗∗ ∗∗ ∗∗ ∗∗ ∗ ∗∗ ∗∗ ∗∗

−  = no sign of bias (p>0.05)
∗  = possibility of bias (0.01<p<0.05)

∗ ∗  = certainty of bias (p<0.01)  
 
 





























































































 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

MEGRIM OTOLITH CATALOGE USED DURING THE 
WORKSHOP FOR ESTABLISHING THE READING 

CRITERIA. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
     

Name   Institution Country
Workshop 
Reader # 

Color Code 

Mark Etherton  CEFAS United Kingdom R1  
Afra Egan Marine Institute Ireland R2  
Amaia Gomez de Segura AZTI Basque Country (Spain) R3  
Peter Vingaard Larsen  DIFRES Denmark R4  
Marina Santurtún AZTI Basque Country (Spain) R5  
Ayesha Power Marine Institute Ireland R6  
Sally Warne CEFAS United Kingdom R7  
Antonio Marçal IPIMAR Portugal R8  
    

 
 
 



Image  Quarter Otolith Code Month Length (cm) Sex 
1  1 24/03/99.2(M)1 3 17 1 
2  1 31/03/98.5(H)7 3 18 2 
3  1 31/03/98.5(H)12 3 19 2 
4  1 31/03/98,5(H)15 3 20 2 
5  1 31/03/98.5(H)25 3 21 2 
6  1 31/03/98.5(H)32 3 22 2 
7  1 24/03/99.2(M)54 3 24 1 
8  1 22/02/99.1(M)2 2 25 2 
9  1 22/02/99.1(H)6 2 26 2 

a 
10 

b 
1 24/03/99.1(M)38 3 34 2 

a 
11 

b 
1 05/03/01.1(H)6 2 38 2 

12  1 31/03/98.1(H)5 3 40 2 
13  1 11/03/99.1(H)1 3 41 2 

a 
14 

b 
1 31/03/98:1(H)8 3 42 2 

a 
15 

b 
1 31/03/98.1(H)16 3 45 2 

a 
16 

b 
1 11/03/99.1(H)11 3 46 2 

17  3 05/08/98.1(M)14 3 19 1 
18  3 05/08/98.1(H)35 3 22 2 
19  3 05/08/98.1(M)47 3 24 1 
20  3 05/08/98.2(M)6 3 27 1 

a 
21 

b 
3 05/08/98.2(M)16 3 29 1 

22  3 05/08/98.2(M)21 3 30 1 
a 

23 
b 

3 05/08/98.2(H)27 10 31 2 

24  3 05/08/98.2(M)44 10 33 1 
a 

25 
b 

3 30/09/99.2(H)12 10 34 2 

a 
26 b 3 30/09/99.2(H)18 10 35 2 

27  3 30/09/99.2(H)34 10 38 2 
28  4 30/10/02.1(M)37 10 24 1 
29  4 30/10/02.1(M)46 2 25 1 

a 
30 

b 
4 21/10/99.3(M)3 2 26 1 

a 
31 

b 
4 21/10/99:3(M)8 2 27 1 

32  4 21/10/99.3(M)21 2 29 1 
33  4 21/10/99.3(M)28 1 31 1 
34  4 21/10/99.3(H)30 3 32 2 

a 
35 

b 
4 21/10/99.2(H)52 4 39 2 

36  4 29/10/98.2(H)19 4 36 2 
a 

37 
b 

4 19/10/98.2(H)21 4 37 2 

38  4 21/10/99.1(H)3 5 40 2 
39  4 19/10/98.3(H)5 11 41 2 

a left otolith     
 right otolith     
 
Just shaded images are included in the catalogue as marked 
during the workshop.  
 



1st QUARTER Image 2 Image 3  

  
Image 4 Image 6 

  
 
 



Image 10 a Image 10 b  

  
Image 11a Image 11 b 

  
 
 



Image 14 a Image 14 b  

  
Image  15a Image 15b 

  



Image 16 a Image 16 b  

  
3rd QUARTER Image 21 a Image 21 b 

  



Image 23 a Image 23 b  

  
Image 25 a Image 25 b 

  



 



Image 26 a Image 26 b  

  
4th QUARTER Image 28 Image 29 

  
 
 



 
Image 30 a Image 30 b  

  
Image  31 a Image 31 b 

  
 



 
Image 35 a Image 35 b  

  
Image 37 a Image 37 b 

  
 


