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Figure 6.2.1.6. Example from the image analysis of an otolith where readers diverged to a high
degree in interpretation of annual structures. Otolith from cod caught in sub.div. 25, March 2004.
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Figure 6.2.1.7. In 80% of the disagreed otoliths, the most variable structure between readers was the
definition of the first ring. Otolith from cod caught in sub.div. 25, January 2004.
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Figure 6.2.1.8. Variation in the median distance to rings from the standardised centre of the otolith.
The variation is shown as a cumulative distribution.
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Figure 6.2.1.9. Example of an otolith, where the readers in the traditional age calibration exercise
had a 100% agreement on the age of the individual, but where the structures identified as rings
differ between the readers. Cod caught in Sub.div. 25, March 2004.
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1 PROCEDURE FOR AGE ESTIMATION OF COD, HADDOCK AND
SAITHE

1.1 Purpose

This procedure shall assure that age estimation of cod, haddock and saithe by interpreting
otoliths at the Institute of Marine Research is as accurate and precise as possible.

1.2 Extent/Scope

This procedure applies for age estimation of cod, haddock and saithe in the North Sea, the
Barents Sea (both Norwegian and Russian zone), Svalbard and Norwegian fjord and coastal
areas.

1.3 Definitions

Age determinatio, age estimation. To estimate the age of a fish. Both terms leave the
impression of being more accurate than they really are.

Age. How old the fish is (all fish are per definition "born” on January 1).
Check. A hyaline discontinuity in the summer growth, not representing a winter growth.

Transmitted light. Light that is passed through the otolith from below. The same effect can be
achieved with light from the side if the surface is shadowed.

Hyaline. That allows passage of light. A hyaline zone looks white when light passes through
from below, and black in light from above, or against a dark background (e.g. a black
otolith tray) where the light is absorbed by the background.

Core, nucleus. The centre of the otolith. The core is usually opaque in fish hatched in spring,
and hyaline in fish hatched in the autumn.
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Opaque. That does not let light pass through. In untreated otoliths under transmitted light, the

opague zone appears dark.

Otolith. Calcified structure in the inner ear of bony fishes. There are three pairs of otoliths.
The largest pair is sagitta, the others are lapillus and astericus. Normally, and in this
procedure the name otolith is used synonymously with sagitta.

Otolith reader. Person responsible for estimating fish age by interpreting the otolith's growth
and zonation.

Reflected light. Light that shines onto the surface of an otolith from above or from the side if
the surface is not shadowed.

Zone. Region of similar structure or optical density (opaque or hyaline).

Summer zone. Opaque zone normally deposited during spring-summer-autumn when the fish
grows relatively fast.

Winter zone. Hyaline zone normally deposited during winter when the fish grows realtively
slowly.

Settlement zone. A hyaline zone that is often deposited when the fish settles in autumn. Can
easily be mistaken for the first winter zone.

Annulus. One of a series of concentric zones on a structure used for age estimation.
Synonymous with winter ring or winter zone.

1.4 Background

Correct age estimates of the sampled fish, whether it is for distributing an abundance estimate
on age groups, to study growth or to distribute catches on age groups, are vital for fish stock
estimation and management. For cod, haddock and saithe the otoliths are used for age
determination.

1.5 Critical factors

To be able to carry out the tasks listed in this procedure in the best possible way, it is vital
that the persons involved are acquainted with the protocol described below. Also, it is vital
that they maintain their knowledge and skill by processing a reasonable amount of otoliths
each year.

Acknowledgements
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1.6 Description of standard method (Protocol)

1.6.1 Preparing

Responsibility

Step

Action/activity

Otolith reader

Prepare equipment: Microscope with incident
light and 16 times magnification. A small piece of
putty to fasten the otolith in. A pencil for shading
the cut surface of the otolith (thus achieving
transmitted light). Small envelopes for registering
the age, where length, weight, sex and maturity
have already been filled in,

1.6.2 Age estimation

Responsibility

Step

Action/activity

Otolith reader

Localise the correct otolith: Break the otolith in

half as close to the core as possible. If the otolith
is not clear, try the other one. Stick the otolith in
the putty with the broken surface up.

Otolith reader

Determine type: The type is determined from the
core and zone pattern. See Fig. 1-3 (p. 8). (Does
not concern haddock and saithe)

Type 1 = coastal cod. Even,oval shaped first
winter zone, often looking like a glowing halo.
Large 2" year. The zone is more marked than in
NE Atlantic cod. Rarely a ottom settling zone.
See Fig. 1 (p. 8).

Type 2 = Uncertain coastal cod

Type 3 = Svalbard cod: NE Arctic cod which
grows up in the Svalbard area. Have clear winter
zones and thus easy to estimate. See Fig. 2 (p. 8).

Type 4 = Uncertain NE Arctic cod

Type 5 = NE Arctic cod. Long-shaped first winter
zone with a small bulge on one side. Even growth
with streamlined annuli. Often false zone and
bottom settlement zone. See Fig. 3 (p. 8).

Otolith reader

Estimate age: Use 16 x magnification Use a
pencil to shadow the whole broken surface so that
light can pass through and the zones appear
clearly. Age is estimated by counting the summer

5
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zones (opaque), including the nucleus which is
darker with transmitted light. The last summer
zone which is formed in May/June should not be
counted before next January 1°.

Otolith reader 4 Spawning zones: The summer zones after
spawning. These are thinner than the other zones,
and the surrounding winter growth zones are
more tranlucent.

Otolith reader 5 Spawning age: The age of the fish at first
spawning.
Otolith reader 6 Readability: The quality of the otolith.

Readability 1 = The age can be determined
accurately

Readability 2 = Uncertain estimate
Readability 3 = Otolith not readable or missing

Readability 4 = Age may be estimated but
spawning zones/age not readable

Readability 5 = Uncertain, but the reader has
chosen the lowest of two consecutive ages

Readability 6 = Uncertain, but the reader has
chosen the highest age of two consecutive ages

Otolith reader 7 Brim: The composition (opaque or hyaline) and
size of the otolith edge growth. The brim is
defined by the way the edge looks.

See Fig. 6 (p. 10).

1.7 Comments to the age estimation

All species have per definition birthday on 1 January.

It is generally easier to estimate the age in saithe, which have clear zones. But observe that
for large saithe with several spawning zones, good light is required in order to see the narrow
zones at the tip of the otolith.

Age in haddock may be a little more difficult to estimate. The core is usually large compared
to the whole otolith surface, and the second year, which is also large, often has a false hyaline
zone. In old haddock, like in large saithe, the zones are difficult to interpret.

Age estimates in cod are often difficult because of several false zones. We also distinguish
between NE Arctic cod, coastal cod and Svalbard cod. See Fig. 1-3 (p. 8).

Especially for cod, but also for haddock, lots of training, co-reading and comparative blind
readings are required.



ICES WKARNSC REPORT 2008 64
To check for false zones, magnification may be reduced to 10x to achieve a better overall

impression of the otolith.

1.8 Result

When the tasks described in this procedure have been undertaken, data from the otolith
should be written down on the otolith envelop for registration and entered into the Institute of
Marine Research's database.

1.9 Quality assurance

There is a "procedure for quality assurance of age estimation™ dealing with comparisons of
age estimates among two or more age readers. This procedure prescribes that a certain
amount of saithe, haddock and cod otoliths shall be read by more than one reader, and the
results compared. In addition to these compulsory comparisons, it is recommended that
readers discuss difficult otoliths.

1.10 Security/environment

It is important that the work area is organised in such a way that the otolith reader can look
easily into the microscope without too much tension, and that the microscope is focused
correctly. Interpretation of otoliths is a demanding work and should not be carried out for too
long periods without pause or change of work.

1.11 Major changes

Version 1.0
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1.12 Figures of otoliths

1.12.1 Fig. 1. Coastal cod

1.12.2 Fig. 2. Svalbard cod

1.12.3 Fig. 3. NE Arctic cod
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1.12.4 Fig. 4. Saithe

1.12.5 Fig. 5. Haddock
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1.12.6 Fig. 6. Brim, the edge of the otolith (as seen in transmitted light)

age=3 years

age=3 years

age=3 years

age=4 years

-

Brim-1

White edges, but black (opaque) at the brim, i.e.,
beginning summer zone.

The summer zone is not counted until after 1 January
the following year.

Brim-1 occurs usually during May — July.

Brim-2

Black (opaque) edge around the whole otolith, i.e., full-
grown summer zone.

The summer zone is not counted until after 1 January
the following year.

Brim-2 occurs usually during August — October.

Brim-3

Black (opaque) at the edge, but white (hyaline) at the
tips, i.e., beginning winter zone.

The summer zone is not counted until after 1 January
the following year.

Brim-3 occurs usually during October — December.

Brim-4

White (hyaline) at the edge around the whole
otolith, i.e., full-grown winter zone.

All summer zones shall be counted.

Brim-4 occurs usually during January - April/May.
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