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Executive summaryExecutive summaryExecutive summaryExecutive summary    

A second Workshop on Age Determination of Salmon (WKADS 2) was held in Derry 
~ Londonderry, Northern Ireland from September 4th to 6th, 2012.  The meeting was 
attended by 12 people from six countries, representing nine laboratories.  The meet-
ing addressed recommendations made in the WKADS report (2011) (ICES CM 
2011/ACOM:44) to review, assess, document and make recommendations for ageing 
and growth estimations of salmon (Salmo salar) using digital scale reading, with a 
view to standardisation.  Available tools for measurement, quality control and im-
plementation of inter-laboratory QC were considered.  

Information on scale reading errors and inaccuracies was presented, including:   
• possible scale deformation from jewellers press;  
• differences in circuli number and spacings, on scales from different locations on 

smolts;  
• measurements of smolt and adult scales made by different scale readers;  
• measurements of adult scales made by the same scale reader. 

The image collection gathered during WKADS (ICES CM 2011/ACOM:44) was aug-
mented by addition of scale images showing complexities in their growth, including 
scales with growth checks and repeat spawners.   

It was recommended that an inter-laboratory calibration exercises should be held.  
This should be implemented remotely, beginning with a video-conference meeting to 
detail the exercise.  A two week period should be given for participants to read 
scales, followed by a week for the co-ordinator to produce an initial report.  A further 
video-conference meeting should be held to review the exercise and report and allow 
for feedback.  A final report should then be produced.  

The meeting reviewed “Web services for support of Growth and Reproduction Stud-
ies” (WebGR), a server distributed PC application for organising scale reading com-
parisons and considered its application in supporting an inter-laboratory salmon 
scale reading exercise.  While the application could support such an exercise, it is 
aimed at marine species, which do not exhibit the same diadromous growth (fresh-
water and marine) and so would not be directly applicable unless i. it was further 
developed or ii. two files per scale were created.   

Open source software “Image-J”, an image processing and analysis application that 
enables measurements through microscope mounted cameras was reviewed.  This 
could be a useful tool, able to measure and export inter-circuli distances.   

The back calculation of lengths from scale features was re-examined and different 
models presented.  This practice is used to check age estimates from scale readings by 
estimating fish size at the specified age.  Size estimates that do not appear realistic for 
the estimated age indicate that a scale needs further examination. 

The processes of fish scale preparation, reading (microfiche, microscope and digital 
reading) and storage are all well documented; however references and details specific 
to salmon scale reading are disparate.  Available material was reviewed and itemised 
so that references detailing the best practice pertinent to Atlantic salmon are available 
in one place. 
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1111 IntroductionIntroductionIntroductionIntroduction    

Following the recommendations made in the workshop WKADS (ICES CM 
2011/ACOM:44) A second Workshop on Age Determination of Salmon (WKADS 2) 
was held in Derry ~ Londonderry, Northern Ireland from September 4th to 6th, 2012.  
The meeting was chaired by Jonathan White, Ireland, attended by 12 people from six 
countries, representing nine laboratories.  The objectives of the meeting were to re-
view, assess, document and make recommendations for the ageing and growth esti-
mation of salmon (Salmo salar) using digital scale reading with a view to 
standardisation.  Available tools for measurement, quality control and implementa-
tion of inter laboratory QC were considered.  

The meeting reviewed the process of scale reading and potential sources of error for 
which there was available information and considered if other forms of error were 
worthy of note.  Ways of presenting scale measurements were considered, including 
3, 4 and 5 point running averages of inter-circuli distances, with 3 point averages 
tending to provide the best means of summary while maintaining important informa-
tion.   

Scales not easily read were considered and added to the scale collection and a remote 
inter-laboratory quality control/calibration exercises recommended.  

The meeting reviewed software “Web services for support of Growth and Reproduc-
tion Studies” (WebGR) and its potential in supporting a calibration exercise, and 
“Image-J”, an open source measuring tool that offers an alternative to commonly 
used measuring software.  Back calculation of length, often used as a double check to 
age estimation from scales was reviewed and found generally to be appropriate for 
purpose, while alternative methods were also itemised. 

The meeting concluded with a review of the presently available documentation of the 
salmon scale reading process and noted how such material was not available in one 
place.  To this end the recommended procedures to each stage of the process were 
listed with references to documents/ reports and links where they were available. 
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2222 InvestigaInvestigaInvestigaInvestigate possible effects on age reading of scale deformation te possible effects on age reading of scale deformation te possible effects on age reading of scale deformation te possible effects on age reading of scale deformation 

owing to scale and acetate slide rolling through jewellers rollersowing to scale and acetate slide rolling through jewellers rollersowing to scale and acetate slide rolling through jewellers rollersowing to scale and acetate slide rolling through jewellers rollers    

Following concerns of scale deformation from the process of rolling scales in a jewel-
lers press to create acetate slides and that this may give rise to subsequent errors in 
reading circuli distances, information and investigation into the extent of such effects 
was sought.  Little was available at the time of the meeting.  Findings from NOAA 
(USA), however, suggested that when comparing readings made from wet mounted 
against permanent (rolled) mounted scales significant differences were found in 
measurements of scale radius and inter-circuli distances for the first 5 or so circuli, 
while no significant differences were apparent for further inter-circuli distance meas-
urements.  It was raised during the meeting that to avoid the possibility of deforma-
tion from rolling, an alternative would be to use microfiche to read scales.   

 

 



4  | ICES WKADS2 REPORT 2012 

 

y = 0.9319x + 0.0003

R2 = 0.9925

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Scale location A

S
c
a
le

 l
o
c
a
ti
o
n
 B

3333 Differences in circuli number and sDifferences in circuli number and sDifferences in circuli number and sDifferences in circuli number and spacings on scales from pacings on scales from pacings on scales from pacings on scales from 

different anatomical locationsdifferent anatomical locationsdifferent anatomical locationsdifferent anatomical locations    

The group was posed with investigating potential differences in circuli number and 
spacings on scales collected from the anatomical location recommended in Shearer 
(Ed.) (1992) against an alternative location below the adipose fin (see ICES CM 
2011/ACOM:44).  While little was available at the time of the meeting comparisons of 
scales from two locations on smolts were presented. 

Early results from work in Ireland on scales collected from two different locations on 
post smolts (Figure 1), suggested no significant differences in the number of marine 
circuli counts between the two locations (Figure 2) and no significant differences in 
relative marine circuli spacings (in comparisons of scale readings of 15 post smolts, 
with up to 13 circuli spacings).  A significant linear relationship was found between 
marine circuli spacings from scales from the two different locations (Figure 3) of al-
most 1 to 1, (1: 0.93). 

 

 

 

 

 

Figure 1.  Location of scales taken from smolts (above)  

 

Figure 2.  Comparison in average circuli numbers 

on scales counted from location A and location B 

(n=15).   

 

 

 

 

 

 

 

 

 

Figure 3.  Regression of average relative inter-circuli distances of scales from location A and loca-

tion B (n=15) 
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Further investigation into measurements of scales from different anatomical locations 
is clearly called for.  While the above investigation is of importance, it does not con-
sider adult scales. 
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4444 Sources of scale reading error in terms of bias and precisionSources of scale reading error in terms of bias and precisionSources of scale reading error in terms of bias and precisionSources of scale reading error in terms of bias and precision    

Differences in measurements of smolt scales from the same anatomical location 

Work undertaken in the USA showed no significant differences among scales col-
lected from the same anatomical location.  Comparisons were made of the number of 
circuli, the distance to radius, distance to the Freshwater annuli and circuli spacings 
among 5 scales from 10 smolts.  This is of great value as it establishes reliance in 
measurements taken from individual smolts scales, as it is common to read only a 
single scale. 

Differences in measurements of smolt scales made by different readers 

Difference between 2 scale readers, reading smolt scales, did not show a significant 
difference in the total number of circuli or the distance from the scale focus to radius, 
however, significant differences were apparent between the two readers in their 
measurements of distance to the first freshwater annulus, the second freshwater an-
nulus and inter-circuli widths of the first 10 circuli.   

Differences in measurements of adult scales made by different readers 

In another US study, significant differences among 3 scale readers were apparent for 
six measurements made from adults scales, namely total circuli number, distance to 
the first freshwater annulus, distance to the second freshwater annulus, Intercirculi 
width of the first 10 circuli, distance to the first marine annulus and distance to sw 
ann-1. 

Differences in measurements of adult scales made by the same reader 

To further investigate differences made in measurements, a reader undertook a blind 
re-reading (with no reference to original measuring information) of a series of scales a 
year after first reading them.  In this instance no significant differences were found 
for measurements of the total number of circuli, the distance to freshwater annuls 2, 
inter-circuli distances or the distance form the focus to the radius, however a signifi-
cant difference was found among measurements of the distance to the first freshwa-
ter annulus. 

The study concludes that these findings highlight a need to try and maintain a single 
reader on a single project, that the differences are variability though not biased, they 
result from precision not accuracy, that they are statistical differences but not biologi-
cal and importantly, that they appear to stem from the initial line placement along 
which measurements are made.  It would be wise therefore to ensure that the location 
of this line is established as a priority in all training exercises. 
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5555 Digitised scale image collectionDigitised scale image collectionDigitised scale image collectionDigitised scale image collection    

Digital images of scales are presented in the WKADS report (2011) (ICES CM 
2011/ACOM:44) and stored on the workshops SharePoint server, along with accom-
panying details.  This archive was added to with a collection of six scales showing 
structures making measurement and ageing difficult: 

Plate 1: Scale from a farmed Swedish salmon displaying a growth check close to the 
first winter band.  This growth check is too close to the winter band to be a 
winter band itself. 

Plate 2: Scale from a farmed Swedish salmon showing an unusually large winter 
band. 

Plate 3: Scale from a farmed Swedish salmon showing a growth check just prior to a 
winter band. 

Plate 4: Scale from a wild salmon from the River Nore, Ireland, displaying summer 
growth checks in the first and second summers. 

Plate 5: Scale from a wild salmon from the River Nore, Ireland, displaying summer 
growth checks in the first and second summers. 

Plate 6: Scale from a wild salmon from the River Repparfjordelva, Norway display-
ing a growth check between the first and second winter bands. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plate 1: Sweden.  Catch Date 8/8, Length: 71cm, Weight: 3.5kg, Age:A.1+ (A=farmed). Check: Too 

few circuli and too close to subsequent winter band to represent a separate winter. 

 

Growth Check 
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Plate 2: Sweden. Catch date 28/7, Length: 87cm, Weight:  8.4kg, age: A.2+ (Farmed). One very wide 

winter band. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plate 3: Sweden. Catch date 10/9, Length: 83cm, Weight:  4.7kg, Age:A.1+ (Farmed) One wide win-

ter band, fish about to spawn. 

Winter Band 

Growth Check 



ICES WKADS2 REPORT 2012 |  9 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plate 4: River Nore, Ireland. Catch Date: 24/6/11, Length: 50cm, Weight: 2 kg, Age: 2.2+ Summer 

Growth Checks: Too few circuli to represent a complete winter. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plate 5:  River Nore, Ireland. Catch Date: 24/6/11, Length: 66cm, Weight: 2.9kg, Age: 2.2+ Summer 

Growth Checks. 

 

 

 

Growth Checks 

Growth Checks 
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Plate 6:  River Repparfjordelva, Norway, Length: 67cm, Weight: 3kg, Age: 6.2  

Catch Date: 04/07/2010. Growth Check,   Too few circuli (13-14) between first Winter Band and 

growth check to represent a full growing season. 

 

Growth Check 

Winter Bands 
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6666 InterInterInterInter----lab calibration/ quality controllab calibration/ quality controllab calibration/ quality controllab calibration/ quality control        

During the meeting of the first workshop on age determination of salmon (ICES CM 
2011/ACOM:44) there was general agreement of participation in informal support in 
the form of cross checking as and when conformation of an aging or scale reading 
might be called for.  While this is extremely useful, especially in the case of problem 
scales and giving confidence in a reading, it does not allow for stringent corrobora-
tion of reading among organisations and readers.  To this end a review and recom-
mendations were made of how and when an inter-laboratory calibration / quality 
control exercise should be undertaken. 

Prior to any inter-laboratory calibration exercise there needs to be a general under-
standing of its purpose.  There are several reasons why a series of salmon scales 
might be read, these include establishing freshwater ages of a smolt or salmon, their 
sea ages, and together their total age to the nearest year.  These may be of importance 
in establishing time spent in freshwater, time spent at sea, aggregation into freshwa-
ter cohorts and sea cohorts, to establish year of smoltification and year of hatching.  
These parameters tend to be estimated to the nearest whole year based upon esti-
mates of winter and summer periods where growth bands are comprised of more 
tightly clustered and more widely spaced circuli respectively.   

By counting circuli numbers and measuring the intercirculi distances more detailed 
readings can be made to estimate growth rates.  These measurements may also be 
grouped into freshwater (pre-smolting) and marine (post-smolting) phases, to estab-
lish growth in each phase.    

Any inter-laboratory calibration needs to clearly define if it is intended to assess in-
ter-laboratory ageing, circuli count and inter-circuli distance measurements or both, 
across marine, freshwater or both zones.  For completeness the following assumes 
that a full complement of measurements would be compared (freshwater and marine 
ages, and respective circuli counts and inter-circuli measurements). 

 

Tools and scale / image exchanges 

To support an inter-lab calibration exercise a means of exchanging scales or images of 
scales needs to be established.  To this end a series of approaches were considered: 

WebGR is a specifically developed computer application designed to support studies 
of fish growth.  “Web services for support of Growth and Reproduction Studies” 
(WebGR) is open source software designed to use online services to organise calibra-
tion workshops in scale reading.  The software provides a means of distributing im-
ages of scales, making circuli counts and intercirculi measurements and generating 
associated data sets.  It has been designed with measurements of otoliths in mind.  
The software needs to be installed and hosted on an open access server, with access 
given to participating laboratories and provides its own set of measurement tools.  It 
also produces a set of inter-reader statistical comparisons.   

Currently it does not allow for differentiation between growth in different aquatic 
zones.  This is specifically important for salmon where measurements across both the 
freshwater and marine zones are commonly needed owing to their life styles. 

While WebGR is clearly very useful, for anadromous species it may be more appro-
priate to distribute scale images via e-mail, FTP site or ICES share-point for participat-
ing organisations to process using their own image reading software according to 
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their laboratory specific procedures.  Counts and measurements would then be sub-
mitted to the organiser in a predetermined format and comparison statistics and ac-
companying report subsequently produced. 

An item of interest arising from the review of WebGR was the licence agreement 
which has been adopted for exchange of images and associated information by par-
ticipants of age reading calibration exercises.  This was seen to be an appropriate un-
derstanding under which scale images could be exchanged, where there was felt to be 
a need for an understanding of the terms and conditions of their exchange and avail-
ability.  The Creative Commons Attribution-Share Alike 3.0 Unported License 
(http://creativecommons.org/licenses/by-sa/3.0/) states that: 

You are free: 

to Share — to copy, distribute and transmit the work  
to Remix — to adapt the work  
to make commercial use of the work  
 

Under the following conditions: 
Attribution — You must attribute the work in the manner specified by the author or licensor (but not in any way 

that suggests that they endorse you or your use of the work).  

Share Alike — If you alter, transform, or build upon this work, you may distribute the resulting work only under 

the same or similar license to this one.  

 

With the understanding that:  

Waiver — Any of the above conditions can be waived if you get permission from the copyright holder.  
Public Domain — Where the work or any of its elements is in the public domain under applicable law, 
that status is in no way affected by the license.  
 
Other Rights — In no way are any of the following rights affected by the license:  
Your fair dealing or fair use rights, or other applicable copyright exceptions and limitations;  
The author's moral rights;  
Rights other persons may have either in the work itself or in how the work is used, such as publicity or 
privacy rights.  
 
Notice — For any reuse or distribution, you must make clear to others the license terms of this work. 
The best way to do this is with a link to this web page.  

  

The Report of the Workshop of National Age Readings Coordinators (WKNARC) 
ICES CM 2011/ACOM:45 recommends that  

- The ICES Age Readers Forum should be the gateway to all exchanges and 
workshops: http://groupnet.ices.dk/AgeForum/default.aspx . 

As such a salmon scale age reading exercise needs to be reported on to the group 
and used as an exchange for scale images. 

- The Excel workbook ("AGE COMPARISONS.XLS") developed during the 
EFAN project (available on http://groupnet.ices.dk/AgeForum/default.aspx) 
should be used for inter-laboratory comparisons and quality assessment. 

As this spreadsheet presently stands it is appropriate for reviewing fish ages es-
timated to the nearest full year.  It does not allow for comparisons of inter-circuli 
distances.  In its present form, it is appropriate for comparing age estimates of 
freshwater and marine ages if two spreadsheets are used – one for each life stage.  
It does not allow for their combination or for the inclusion of repeat spawners ei-
ther (consecutive or alternate years), however this could also be worked in.  As 
such AGE COMPARISONS.XLS may be of use in comparing freshwater and ma-
rine age estimates made from salmon scales.   
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The open source software application “Image-J” was reviewed.  This application for 
image processing and analysis is built in the Java programming language, is being 
developed by users and is freely available.  In addition to the core application plugins 
can be subsequently installed to provide further functionality.  The core application 
includes analysis options including length measurements which can be subsequently 
exported.  This application offers an alternative to the imaging and measurement 
tools currently being used to measure distances across scale features.  The application 
can be accessed through the website: http://rsb.info.nih.gov/ij/ . 

Guidelines for conducting an inter-lab calibration exercise were drawn up as follows: 
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7777 Intercalibration Exercise GuidelinesIntercalibration Exercise GuidelinesIntercalibration Exercise GuidelinesIntercalibration Exercise Guidelines    

It is recommended that a laboratory intercalibration exercise should be held every 2 
to 4  years.  This should be undertaken remotely so participating laboratories may use 
their own systems.  Pre-chosen images of scales should be made available as *.tiff or 
*Jpg via the ICES Age readers forum share point.  

A WebEx or Skype video/phone-conference meeting should be held prior to the 
workshop to “set the scene”, introducing the approach of the workshop: documents, 
concepts, aims, timescales and planned outcomes of the exercise.   

The organising laboratory should amalgamate and make available a range of circa 50 
scales, which should include: 

• Representative scales from northern and southern Eastern and Western At-
lantic and Baltic Sea stocks 

• Different freshwater age cohorts 
• Different marine age cohorts  
• Scales from hatcheries 
• Scales from escapees. 

A proportion (approx. 10%) should comprise “problem” scales, which may exhibit 
summer/ winter growth checks, scale edge erosion of repeat spawners and problem-
atic close circuli, without apparent winter/ summer annuli. 

Details of the general location and country of origin for each scale will be provided 
with each scale image, along with date of scale collection and size of fish.   

A standard format spreadsheet for recording details will be provided to ensure par-
ticipants record data in a standardised format.   

These will include: 

• The readers level of proficiency (beginner, experienced, expert) 
• The freshwater age 
• The marine age 
• The presence of checks and where they are located 
• The presence of spawning erosions marks and the sea age at which they oc-

curred 
• Wild/ hatchery/ escapee  
• Presence of Run-out  
• A snapshot of scale with measurements and 1mm scale marker at a defined 

magnification (jpeg or tiff? – file size issues).  To record the position of the 
line on the scale: in relation to freshwater growth and (or) marine growth, 
and the location where each reader is defining the intersection of the two 
zones, identifying the end of freshwater and beginning of marine zone meas-
urements.  

• Straight line distance across freshwater growth 
• Count of the number of Intercirculi distances across the marine zone  
• Measurements of intercirculi distances across the marine zone 
• Count of the number of Intercirculi distances across the freshwater zone  
• Measurements of intercirculi distances across the freshwater zone 
• A record of the magnification(s) used during measurements 
• An area for free comment will enable readers to add comments 
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Readers should be given a set time period (two weeks) in which to read the scales in 
their time, to record their measurements and submit their datasheets.  The organiser 
should then amalgamate data sheets, identifying levels of accuracy across the re-
cords. 

A follow up WebEx / Skype video conference should be held to consider results 
across the laboratories and discuss the ages and measurements of scales and issues 
arising.  Following this a report of the exercise should be compiled documenting 
findings and scoring accuracies achieved, providing a benchmark for each laboratory 
which can then be used to assess progress against for the next inter-lab. calibration 
exercise.  The timing of the next exercise should be set.  This should be in accordance 
with timescales identified in the DCF/DCMap agenda. 
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8888 ReReReRe----examine the relationshipsexamine the relationshipsexamine the relationshipsexamine the relationships    given in the ICES repgiven in the ICES repgiven in the ICES repgiven in the ICES report No 188 ort No 188 ort No 188 ort No 188 

(Anon, 1984) concerning back calculated lengths.(Anon, 1984) concerning back calculated lengths.(Anon, 1984) concerning back calculated lengths.(Anon, 1984) concerning back calculated lengths.    

The method of back calculation of length reported in ICES report No. 188 (Anon, 
1984), also known as the Dahl-Lee Back calculation (Lea 1910) was compared in rela-
tion to the Fraser-Lee method (Fraser 1916, Lee 1920), Scale Proportion Hypothesis 
(SPH) and the Body Proportional Hypothesis (BPH) Francis (1990).  These methods 
are now easily accessible using the statistical package “R” and FishR Vignette - Back-
Calculation of Fish Length (http://www.ncfaculty.net/dogle/fishR/gnrlex/gnrlex.html) 
and examples calculated in excel.  The latter methods do not have an origin of zero, 
effectively giving a correction factor for the size of the fish as a juvenile. 

The consensus was that while the original Dahl-Lee back calculation relationship was 
useful in establishing estimates of fish length at an earlier time in a salmons life, this 
was usually calculated to establish if the perceived age-stage read from the scale gave 
a realistic fish size for the perceived age-stage: a form of back-checking.   

The different investigated techniques gave slight variations in the estimate of length, 
partially based on the estimate of the juvenile size.  For the purposes of back-
checking all of the methods are appropriate, as minor differences are not critical.  If 
more exacting estimates of back-calculated size were required one of the alternative 
methods would be best chosen. 
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9999 ReviewReviewReviewReview and consider the process of salmon scale reading and consider the process of salmon scale reading and consider the process of salmon scale reading and consider the process of salmon scale reading        

Much of the process of collecting, preparing, age reading, and measuring scales has 
already been documented either for salmon or related species.  In the WKADS 2011 
report (ICES CM 2011/ACOM:44) the “Manual on Sea Trout Ageing, Digital Scale 
Reading and Growth Methodology” produced by the Celtic Sea Trout Project (dy-
namic document: http://www.celticseatrout.com/docs/Manual%20Vers%206%20_26-
Jan_.pdf) was identified as providing a detailed description to the process, close to 
that used for salmon scales. 

Here we compile sources that are specifically appropriate for Atlantic salmon, so that 
salmon specific details of the process stages are documented in one place. 
 

1.  Scale Collection:  

ICES (2013). Report of the Workshop on Age Determination of Salmon 
(WKADS), 18-20 January 2011, Galway, Ireland. ICES CM 2011/ACOM:44. 31 
pp. 

Svenning, M-A., Niemelä, E., Vähä, J. P., Wennevik, V., Prusov, S., Falkegård, 
M., Christiansen, B., and Kalske, T.1 (ed.) Guide to harmonize the collection 
of representative adult salmon scale material. 
http://www2.fylkesmannen.no/Coastal_sampling_protocol_FINAL_30.3.2012
_moPKJ.pdf.file 

Note: on page 8 of Svenning et al. 2012, the location on the fish identified for 
scale removal is indicated from the area below the adipose fin. The WKADS 
2011 (ICES 2012) recognizes this location but does not recommend it. Rather, 
for standardization and consistency, WKADS describes the location that has 
become the standard (page 4).  

 

2.  Scale Storage 

Manual on Sea Trout Ageing, Digital Scale Reading and Growth Methodol-
ogy. 2010. Newport, Co. Mayo, Ireland. 

 

3.  Scale Preparation 

• Mounting Between Slides 

Protocols for Mounting Scales for Image Processing, NOAA Fisheries, Woods 
Hole Laboratory, Atlantic Salmon and Conservation Task 

• Acetate Impressed Scales (rolled) 

Salsea-Merge 2008. Workshop on Scale Reading Methodology. Trondheim 
Norway.  Appendix 2. 

• Microfiche 

Manual on Sea Trout Ageing, Digital Scale Reading and Growth Methodol-
ogy. 2010. Newport, Co. Mayo, Ireland. 

Note: It was noted in this workshop that use of microfiche for viewing or im-
aging scales is a useful approach, but calibrating images for measurements 
represent a challenge and is better achieved when using mounted or rolled 
scales. 

 

4.  Age Reading, including terminology 

Shearer (ed.). (1992). ICES COOPERATIVE RESEARCH REPORT NO. 188. 
Atlantic Salmon Scale Reading Guidelines. ICES. Copenhagen. 



18  | ICES WKADS2 REPORT 2012 

 

 
5.  Digital Image Analysis 

Manual on Sea Trout Ageing, Digital Scale Reading and Growth Methodol-
ogy. 2010. Newport, Co. Mayo, Ireland. 
Salsea-Merge 2008. Workshop on Scale Reading Methodology. Trondheim 
Norway.  

Note: both sources use Image Pro, but other software such as ImageJ are be-
ing considered. 

 

 



ICES WKADS2 REPORT 2012 |  19 

 

10101010 Review data collection with a view to formalising data analyses Review data collection with a view to formalising data analyses Review data collection with a view to formalising data analyses Review data collection with a view to formalising data analyses 

to address questions raised on changes in salmon life styles.to address questions raised on changes in salmon life styles.to address questions raised on changes in salmon life styles.to address questions raised on changes in salmon life styles.    

The term of reference to review data collection and analysis of perceived shifts in 
salmon life styles did not provide any new information.  This is probably a combina-
tion of the lack of formal work addressing the question and the short time period be-
tween the WKADS meeting recommendations and WKADS II.   
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11111111 PGCCDBS Guidelines for Workshops on Age CalibratioPGCCDBS Guidelines for Workshops on Age CalibratioPGCCDBS Guidelines for Workshops on Age CalibratioPGCCDBS Guidelines for Workshops on Age Calibrationnnn    

The ICES Planning Group on Commercial Catch, Discards and Biological Sampling 
(PGCCDBS) have defined Guidelines for Workshops on Age Calibration 
(http://www.ices.dk/reports/acfm/pgccdbs/PGCCDBS%20Guidelines%20for%20Work
shops%20on%20Age%20Calibration.pdf) (Updated February 2011).  These outline a 
generic approach to aging fish using their calcified structures.  The outlined Intercali-
bration Exercise Guidelines, detailed in Section 7 of this report, follow and build 
upon the PGCCDBS generic guidelines, and should be referred to when setting up a 
formal calibration exercise.   

A review of the scale reading procedures followed by participating laboratories was 
compiled as part of WKADS (ICES CM 2011/ACOM:44) under ToR for PGCCDBS to 
compile and exchange information on common practices.  This review has been re-
produced in this report with updates where appropriate and inclusion of newly par-
ticipating labs (Table 1.)   

Most laboratories are using acetate mounted scales, read under microscopes and 
many also use microfiche.  A large proportion also use Image Pro as the PC applica-
tion for scale measuring.  Similar reference documentation is being used by labs and 
most labs conduct some level of internal quality control though reference collections 
and comparisons between readers.  Estimates of the levels of accuracy however, tend 
not to be made. 
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Table 1.  Review of laboratory Standards and Protocols. 

 Lab 
The Norwegian Institute 
for Nature Research† 

Tartu University, Esto-
nian Marine Institute*  

Finnish Game 
and Fisheries 
Research Insti-
tute* 

Institute of 
Freshwater Re-
search, Swedish 
University of 
Agricultural 
Sciences† 

Marine Institute 
Wild Salmon Stock  
Assessment /  
SALSEA- Merge 
Project Ireland* 

Marine Institute, 
Burrishole Facil-
ity, Ireland* 

Provide information on participating laboratory procedures: 

Sampling and 
storing of calcified 
structures (enve-
lope/other) 

Scales and Otolith in enve-
lopes 

Envelope and "scale 
book" 

Scales, Envelopes Scales, Envelopes Scales stored in 
Envelopes, Otolith 
(dried) stored in 
Otolith Trays / Ep-
pendorfs 

Scales, envelopes 

Equipment and 
preparation of 
calcified structures 
(acetate mount / 
wet mount / other) 

Acetate mount Cleaned and dried scale, 
placed between two 
microscope slides. Typi-
cally 10-15 scales from 
one fish are viewed. Age 
is determined from 2-3 of 
the best scales. Difficult 
cases are reviewed. 

Polycarbonate 
rolling 

Acetate / Un-
mounted 

Acetate 95% /  Per-
manent Gelatine 
Mounts 5% 

Acetate/ Un-
mounted 

Image pro Yes Age is checked manually  Yes No Yes Yes 

Microscope / micro-
fiche 

Microscope and microfiche Dissecting microscope Microscope and 
microfiche 

Microscope and 
microfiche 

Microscope - Com-
pound / Stereo 

Microscope and 
microfiche 

Documentation on 
processes and 
protocols (QA) -lab 
standards / other 

Own manual for using 
Image pro and the micro-
scope (in Norwegian) 

Shearer. 1992. Atlantic 
salmon scale reading. 
Report of the Atlantic 
salmon scale reading work-
shop. 

Lund, R. A., & Hansen, L. 
P. 1991. Identification of 
wild and reared Atlantic 
salmon, Salmo salar L., 
using scale characters. 
Aquaculture and Fisheries 
Management, 22: 499-508. 

Dahl, K. 1910. Alder og 
vekst hos laks og ørret 
belyst ved studiet av deres 
skjæl, Centraltrykkeriet, 
Kristiania. 

Specific protocol for 
scale reading is not set in 
our lab 

– Shearer. 1992. 
Atlantic salmon 
scale reading. 
Report of the 
Atlantic salmon 
scale reading 
workshop. 

Internal docu-
ments regarding 
storing of data and 
internal docu-
ments regarding 
criteria for 
wild/reared 
salmon 

Own Image Pro 
Manual  Shearer. 
1992. Atlantic 
salmon scale read-
ing. Report of the 
Atlantic salmon 
scale reading work-
shop. 

SALSEA Merge 
Scale Reading 
Workshop Report 

Shearer. 1992. 
Atlantic salmon 
scale reading. 
Report of the 
Atlantic salmon 
scale reading 
workshop. 

Internal docu-
ments for reading 
and storage under 
development 

How age determinations are being checked within laboratories (QC): 

▬ lab instigated QC 

approach 

  Yes    

▬ availability of 

reference collec-
tions  

Yes Some example scales 
are occasionally viewed 
before ageing new 
scales. 

Reference images 
available/larger 
collection under 
development 

Under develop-
ment, samples of 
known age exists 
but have to be 
organized 

Yes Under develop-
ment 

▬ results of age 

reading compari-
sons between 
readers  

Yes “Problem scales” are 
viewed and discussed 
usually by several people 
however differences 
between the readers is 
not documented 

No / only with 
difficult samples 

Yes Yes (Blind test be-
tween SALSEA 
Merge Image Analy-
sis Laboratories). 

Yes 

▬ percentage of 

samples re-read  

–  Usually from 10 to 20 
percent. 

Sub sample of 
30% of total sam-
ples are analysed 
in more detail after 
(pre-)ageing with 
microfiche reader. 

Approx 10%  Approx 10% 

Estimate (relative) accuracy and precision:  

▬ Are Lab esti-

mates made? 

Yes (in the SALSEA) pro-
ject 

Systematically quality 
control doesn’t exist. 

No Not yet Yes - SALSEA 
Merge project 

Not yet 

▬ Accuracy / meas-

ure used (CV % 
error or other) 

Yes (in the SALSEA) pro-
ject 

 No Not yet Yes - SALSEA 
Merge project 

Not yet, but where 
possible scale 
readings are 
checked against 
known microtag 
readings  

▬  Precision (CV % 

error or other) 
Yes (in the SALSEA) pro-
ject 

  No Not yet Yes - SALSEA 
Merge project 

Not yet 

* Carried forward from WKADS report (2011) (ICES CM 2011/ACOM:44).     
† Carried forward from WKADS report (2011) (ICES CM 2011/ACOM:44) and reviewed 
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Table 1.  Review of laboratory Standards and Protocols (continued). 

 Lab 
Inland Fisheries 
Ireland (IFI)† 

Atlantic Salmon Fed-
eration, St. Andrews, 
NB, Canada* 

National Oceanic and Atmos-
pheric Administration 
(NOAA), Woods Hole, USA‡ 

Agri-Food and 
Biosciences 
Institute 
(AFBI), 
N.Ireland‡ 

Institute of Marine 
Research (IMR ), 
Bergen, Norway‡ 

Institute of Food 
Safety, Animal Health 
and Environment 
(BIOR), Latvia‡ 

Provide information on participating laboratory procedures: 

Sampling and 
storing of calci-
fied structures 
(envelope/other) 

Scales and Otolith 
in envelopes 

Scales (loose and on 
slides) in envelopes 

Scales in envelopes (loose and 
between slides). Otoliths (not 
routinely collected) stored dry in 
plastic vials. 

Scales, enve-
lopes 

Scales, envelopes 
 

Envelope and scale 
books 

Equipment and 
preparation of 
calcified struc-
tures (acetate 
mount / wet 
mount / other) 

Wet mount/Dry 
mount 

Wet mount Adult salmon scales: cleaned 
(mild detergent between fingers 
or with ethyl alcohol), wet 
mounted between two micro-
scope slides, dried before view-
ing or storage. Smolt scales: dry 
mounted between two micro-
scope slides. 

Unmounted Polycarbonate roll-
ing 
 

Cleaned and dried 
scale placed between 
two glass slides. Usu-
ally 10 scales from one 
fish are viewed and 
ageing is done from 2-4 
best scales. 

Image pro Yes No Yes Yes No No 
Microscope / 
microfiche 

Microscope and 
microfiche  

Microscope and micro-
fiche 

Microscope Microscope and 
microfiche 

Microscope and 
microfiche 

Microscope 

Documentation 
on processes 
and protocols 
(QA) -lab stan-
dards / other 

Shearer . 1992. 
Atlantic salmon 
scale reading. 
Report of the 
Atlantic salmon 
scale reading 
workshop. 

2010 Workshop 
on Sea Trout 
Ageing and Digital 
Scale Reading 
Methodology, 
Celtic Sea Trout 
Project Workshop 

Shearer . 1992. Atlantic 
salmon scale reading. 
Report of the Atlantic 
salmon scale reading 
workshop. 

Lund, R. A., & Hansen, 
L. P. 1991. Identification 
of wild and reared Atlan-
tic salmon, Salmo salar 
L., using scale charac-
ters. Aquaculture and 
Fisheries Management, 
22: 499-508. 

Guidelines for aging and meas-
uring based on Shearer 1992. 
Own protocols for collection, 
scale mounting, imaging, and 
QA/QC. 

2008 SALSEA Merge Scale 
Reading Workshop Report 

2011 WKADS Report  

Adapting for salmon: QA and 
QC Estimates for the Produc-
tion Ageing of NW Atlantic 
Species 
http://www.nefsc.noaa.gov/fbp/
QA-QC 

Internal SOPs Shearer. 1992. 
Atlantic salmon 
scale reading. Re-
port of the Atlantic 
salmon scale read-
ing workshop. 

Shearer. 1992. Atlantic 
salmon scale reading. 
Report of the Atlantic 
salmon scale reading 
workshop.  

How age determinations are being checked within laboratories (QC): 

▬ lab instigated 

QC approach 
  Yes Yes   

▬ availability of 

reference col-
lections  

Yes/ limited Yes Yes, limited, but under devel-
opment/expansion 

– Yes, limited 
 

Yes. Example scales 
are  viewed before 
ageing new scales. 

▬ results of age 

reading compari-
sons between 
readers  

Yes Yes Sometimes - under develop-
ment 

Yes We recently started 
aging salmon 
scales. No results 
yet. 

Only difficult samples. 

▬ percentage of 

samples re-read  

Varies Percentage is small 
among different readers 
per scale sample (usually 
different persons within 
same lab, sometimes 
among labs re-read for 
problem scales) 
Percentage is high 
(>90%) for re-reading 
scales (i.e. same person 
re-reads scales 2, some-
time 3 times) 

10-100% depending on experi-
ence of initial reader and com-
plexity of scale collection (wild 
plus stocked at different life 
stages) 

Problematic 
ones only 

– Approx 10% 

Estimate (relative) accuracy and precision:  

▬ Are Lab esti-

mates made? 
No No Sometimes - under develop-

ment 
No No No 

▬ Accuracy / 

measure used 
(CV % error or 
other) 

No No Adapting for salmon: QA and 
QC Estimates for the Produc-
tion Ageing of NW Atlantic 
Species 
http://www.nefsc.noaa.gov/fbp/
QA-QC 

No No No 

▬ Precision (CV 

% error or 
other) 

No No Adapting for salmon: QA and 
QC Estimates for the Produc-
tion Ageing of NW Atlantic 
Species 
http://www.nefsc.noaa.gov/fbp/
QA-QC 

No No No 

* Carried forward from WKADS report (2011) (ICES CM 2011/ACOM:44).    
† Carried forward from WKADS report (2011) (ICES CM 2011/ACOM:44) and reviewed.     
‡ Additional entry 
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http://www.nasco.int/sas/pdf/salsea_documents/WP%204%20Workshop%20Report.p
df 

Shearer, W.M. (Ed.) (1992). Atlantic salmon scale reading guidelines. ICES Coopera-
tive Research Report, 188. ICES: Copenhagen. 46 pp 

Svenning, M-A., Niemelä, E., Vähä, J. P., Wennevik, V., Prusov, S., Falkegård, M., 
Christiansen, B., and Kalske, T.1 (ed.) Guide to harmonize the collection of represen-
tative adult salmon scale material. Kolarctic Enpi Cbc Project - Trilateral Cooperation 
On Our Common Resource;  The Atlantic Salmon In The Barents Region (Ko197). 
http://www2.fylkesmannen.no/Coastal_sampling_protocol_FINAL_30.3.2012_moPKJ
.pdf.file 
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  Swords Business Campus,      
  Swords, Co. Dublin     
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  Nordnesgaten 50     
   5005 Bergen     
  Norway     
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Annex 3: WAnnex 3: WAnnex 3: WAnnex 3: WKKKKAAAADDDDSSSS2222 terms of reference for the  terms of reference for the  terms of reference for the  terms of reference for the meetingmeetingmeetingmeeting    

WKADS2 – Second Workshop on Age Determination of Salmon 

The Workshop on Age Determination of Salmon (WKADS-2) (Chair: Jonathan 
White) will meet in Derry ~ Londonderry, Northern Ireland, from 4 to 6 September 
2012 (Loughs Agency, Derry ~ Londonderry, Northern Ireland) to: 

Investigate possible effects on age reading of scale deformation owing to scale 
and acetate slide rolling through jewellers rollers. 

Investigate potential differences in circuli number and spacings on scales taken 
from the 1984 recommended scale collection location against the high-
lighted improved scale collection location below the adipose fin. 

Identify sources of age determination error in terms of bias and precision: i.e. 
analyse different validation techniques and describe the corresponding in-
terpretational differences between readers and laboratories, and agree on a 
common ageing criteria; 

Establish a database of digitised images of agreed-age scales with annotation 
corresponding to the agreed age structures in WebGR 

Establish a protocol for Inter-lab calibration/ quality control including infor-
mal 'open checking and comparison’ and a formal policy of sample ex-
change and checking. 

Re-examine the relationships given in the ICES report No 188 (Anon, 1984) 
concerning back calculated lengths. 

Review and consider the process of salmon scale reading. 

Review data collection with a view to formalising data analyses to address 
questions raised on changes in salmon life styles. 

Address the generic ToRs adopted for workshops on age calibration (see 
'PGCCDBS Guidelines for Workshops on Age Calibration'). 

 

WKADS will report by___(date) to the attention of the PGCCDBS, WGRECORDS, 
WGNAS, WGBAST, SSGEF and SCICOM. 

Supporting Information 

Scientific 
justification and 
relation to action 
plan: 

Digital salmon scale reading can provide detailed information on seasonal 
growth and life histories which is of vital importance in the assessment and 
management of salmon stocks.  Initial work on the standardisation of 
measurements and recording across labs was undertaken by WKADS in 2011, 
but further work is required on a number of key questions, including the 
preferred scale sampling location on the fish, differences in their circuli numbers 
and spacing and their possible deformation during preparation.  Progress on 
method standardisation has been made by adoption of the methods used for sea 
trout scale reading, with some adaptations. This needs to be further developed 
to establish a standard process, while agreed informal inter-lab quality control 
needs to be developed to ensure comparability of data sets, to broaden the 
existing skill base and ensure continuity.  Furthermore there have been 
perceived changes in growth rates and life strategies of salmon over the past 20 
years.  These should be examined and may lead to the need to update the 
standard back calculated length relationships given in the ICES report No 188 
(Anon, 1984). 
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Resource 
requirements: 

None. 

Participants: The Group is normally attended by some 20–25 members and guests. 

Secretariat 
facilities: 

None. 

Financial:  

Linkages to 
advisory 
committees: 

Direct linkages to ACOM in terms of provision of advice and accurate stock 
assessment. 

Linkages to other 
committees or 
groups: 

There are linkages with WGBAST and WGNAS in relation to the use of age data 
in salmon stock assessments and with SCICOM and WGRECORDS in relation 
to improving scientific understanding of salmon and co-ordinating science on 
diadromous species. Linkage to PGCCDBS. 

Linkages to other 
organizations: 

Links to ongoing initiatives within NASCO, particularly in relation to marine 
survival investigations. 
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Annex 4: Annex 4: Annex 4: Annex 4: RecommendationsRecommendationsRecommendationsRecommendations    

 

 

RRRRECOMMENDATIONECOMMENDATIONECOMMENDATIONECOMMENDATION    FFFFOR FOLLOW UP BYOR FOLLOW UP BYOR FOLLOW UP BYOR FOLLOW UP BY::::    

1. An inter-lab calibration exercise should be held in the near 
future (2 to 4 years) 

WKADS 2 / WGBAST and 
WGNAS/ PCGGBDS/ 
DCF/DCMap agenda/ 
WKNARC 

2. Reference scale images and accompanying detail should 
hosted on ICES age readers forum website 

WKADS 2 Chair/ WGBAST and 
WGNAS/ PCGGBDS/ 
WKNARC 

3. The general exchange of scales and images should be 
undertaken under the Creative Commons Attribution-Share 
Alike 3.0 Unported License 

WKADS 2 Chair/ WGBAST and 
WGNAS/ PCGGBDS/ 
WKNARC 

4. Importance of initial positioning of measurement line 
should be emphasised to all readers 

WKADS 2 Chair/ WGBAST and 
WGNAS/ PCGGBDS/ 
WKNARC 

5. Further work should be undertaken comparing scale 
readings of scales from different locations on salmon 

WGBAST and WGNAS  
any other 

6. There is potential to assess the perceived shifts in salmon life 
styles across salmon scale achieves and further scale 
collections. 

WGBAST and WGNAS  
any other 

 

 


