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ANSWERS TQ THE QUESTIONNAIRE ON AGE READING

by R.S. Keir

Introduction

A questionnaire on the techniques of otolith reading and on the
terminology and symbolism used in describing the structure of the otoliths
was circulated to member countries by the Secretariat on 21st December,
1959. The questionnaire was based on one drafted by Dir. G. Rollefsen
and followed from the following recommendation endorsed by the Standing
Committee on Research and Statistics.

That the Secretariat should approach the proper
institutes in ICNAF member countries and request data
on otollth terminology and symbols, and photographs
of otoliths and scales with interpretations. This
materlal should be distributed as socon as possible
to age readers concerned, and treated at the proposed
meeting of otolith specialists. -
(1959 'Redbook', page 49)

The meeting of otolith specialists referred to in this recom-
mendation was proposed in another recommendation:

That age readers should be given opportunity to meet
when preperatory work has been done and be given
sufficient time to study the age reading techniques
used by different countries, to discuss the introduction
of a standard terminology and symbol system. The
possibllity cf using spawning zones as a means for
stock assessment, and stock prediection, should be given
attention.

(1959 'Redbook', page 49)

The questionnaire follows a Cod Otolith Exchange Programme
begun by ICNAF in 1958. A second Otolith Exchange Programme, on Halibut
was begun in 1959 but has not yet developed. In the Cod Otolith Exchange—
Programme, samples of otoliths were circulated among interested
scientists. Each sclentist reported his readings independently to the
Secretariat. These results were published in ICNAF Documents Nos. 636
and 637. They showed that, on the whole, age estimates by different
sclentists were consistent, that ease of reading (and agreement between
scientists) varied greatly between cod of different stocks, that
varlation in readings increased with size (age) of fish, and that some
differences in interpretations existed between the scientists taking
part in the programme.

There is a need for exchange of otoliths and for continued
comparison of interpretations to prevent isolation, causing non-compara-
bility of readings. Also, new techniques are continuously being inves-
tigated and the useful results of these investigations require to be
disseminated. A particular field where more might be done is otolith
photography, where special skills have been acquired by only a few
scientists.,

The complete replies to the questionnaire, including photographs.
have been reproduced as appendices to this document to serve as backgrouns
material for discussions on techniques and for proposals on standardisatic._.
of terminology and symbolisn.
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Replles to the questionnaire have been recelved (5th April,
1960) as follows:
Appendix Number
(Page Nos. in parenthesis
if more than one species

is dealt with in the

Countxy Species Specialists same appendix)
Capada Cod A.C., Kohler, A. Meillet, K. Robicheau VII
(St. Andrews) Haddock A.C. Kohler, N.J . McFarlane ViI
Plaice P.M. Fowles Vi1
Halitut F.D. McCracken VIII
Canada Cod A.M. Fleming 11
(St. John's) Labrador Cod AM. May 111
Haddock V.M. Hodder v
Redfiash E4J. Sendeman v
Am. Plaice T.K. Pitt Vi
Denmexk Cod Paul M. Hansen, Inge Meldal I (1)
Halibut Paul M. Hansen, Aa. Horsted XvVI (2)
Redfish Paul M. Hensen, Aa. Horsted VI (3)
Germany Ced Arno Meyer, Margot Hilden IX
Haddock Arno Meyer, Margot Hilden X
Borway Cod 0. Anpenjassen, R. Hovlend, A. Frgland Xv
Haddocle 0. Boatrgm v
United Kingdam  Cod G.C. Trout XVII (1)
Plaice R. Margstts IVII (5)
Haddock R. Blacker M.J. Holden XviI (7)
Coalfish B. Jones XVII (7)
Redfish G.C. Trout XVII (6)
United Kingdom  Helibut A.D. Mcintyre X111
(Scotlend) Whiting Ray Gamble XIv
United States Haddock (otoliths) A.C. Jensen X
Heddock (acelea) A.C. Jensen, J B. Skerry, J.P. McdDermott X1
Redfish George F. Kelly, Allan M. Barker LI1

Techniques

The table on pages k%, 5, 6 summarises very briefly the techniques
on otolith preparation and reading reported in the survey.

In all studies binocular microscopes are used except by McIntyre,
who uses a hand lens. BStaining is never employed. Otoliths are usually
preserved dry, but occasionally they are preserved in 50% glycerine and
water with thymol; 70% alcohol; or 90% alcohol. The descriptions of
lighting and shading are frequently condensed in the table, and reference
should be made to the appendices for a detailed description.

Interpretations

To make them more accessible, the following comments have been
selected from the replies on the subject of interpretations.

Cod Otoliths

1. We think cod spawned in Unit areas 4TK, YIL and 4YTIN can be picked out.
Otoliths from these unit areas are distinguished by an unusually small

first annulus. (Kohler, Appendix VII)
...ﬂ+
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AFPENDIX XVIII
The following reply was received at the last minute.

QUESTICNNAIRE ON AGE READING

Biologische Anstalt Helgoland, Abteilung Fischereibiologie, Bremerhaven

Dr. Adolf Kotthaus: Sebastes marinus (all types) and Sebestes vivipaerus

Techniques

l.a. During scientific cruises a random sample of 200 specimens — if
available — is measured. Otoliths are teken from the first hundred of
that sample. Sex and maturity stages sre teken.

b. At the fish market the same techniques are used for each market cate-
gory; the maturity stages, however, are not determined and the imnmature
fish cannot be sexed. The same holds true for "giant fish" if gutted.

2.a. Otoliths sre removed through the gill cavity.

b. They ere preserved in Ethyl alcohol (of 96%) at sea, whereas they are
mut in dry condition into paper bags at the market.

¢. Otoliths are stored either in 10 ml. bottles with plastic stoppers
(Ethyl alcohol) or dry in paper bags.

3. Dry otoliths are cleared in alcohol (96%) same hours before reading.

4. Binocular microscope.

5. They csn be read whole.

6., -

7. The otolith lies in & Boveri—dish.

8. It is submerged in alcohol.

9. Mona lamp.

10. Blue filter.

11. A light screen (black cardboard with a hole the size of the otolith)is
laid under the dish, in order that oaly the oteolith is illuminated.

12. Normelly transmitted light; whole surface of the otolith is illuminsted.
Small otoliths and those of S. viviparus ere investigated in reflected
light inside & black Boveri—dish.

13. A combination of 8X oculars and 1 or X objectives is used.

14, The hyaline zones are counted along both the longitudinal and the trans—
versal saxis.

15. Ho staining nor sectioning is dons.

16. Scales and otoliths have been compared in the beginning of the studies,
tut ags reaeding from scales has been abandoned.

Interpretations

l. Yea - otoliths are used for definition of at.ocka

2. Yes - otolith types can be defined.

3. Size, breadth, shape, indentation and tmnaparency

4. TYes - special types of zones can be defimed.

5. Spawning zone, the following zones become very narrow.

Terminology

No

Symbole

The following symbols are used to designate the different types of redfish:
Ma - marinus Int ~ intermediate

Me —~ mentella R~ giants

A7
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At least two classes of otoliths can be set up in our area. Those
which have well-defined hyaline zones throughout, no serious check
zones and are quite easily read, often called Type A. The remainder
(often called Type B) may, after more study, be further subdivided.
This type contains otoliths with many check zones, "split" hyaline
zones, etc., and are generally more difficult to read,

(Fleming, Appendix II)

Otecliths of cod from certain fjords can be distinguished from otoliths
of cod from the banks. Otollths of fjord cod have indistinct hyaline
zones and many check rings. Frequently the hyaline zones are placed
very densely and are very narrowj this is caused by slow growth.
(Hansen and Meldal, Appendix XVI)

Otoliths have been used to distingulsh between different stocks,
l.e. the coastal cod and the "skrei". We have defined the following
otolith types:

a. Type I "g "
b. Type 1I krel
¢. Coastal cod

Type I: The zones are uniform in structure, and the opaque and
hyaline zones are sharply delimited from each other.
Regularity characterizes the otolith.

Type II: Both opaque and hyaline zones are "split" by hyaline and
opaque material respectively.

Coastal cod: The bright nucleus and the shape of the first year are
characteristic. (Hovland and Mgller, Appendix XV)

Otoliths are not normally used for definition of stocks. When
reading Icelandic otoliths an attempt is made to differentiate fish
from Greenland by using differences in otolith structure and age/
length relationships, but this differentiation cannot be done with
certainty.

Mr. Trout, in a study of the Spitzbergen-Bear Island cod, used
differences in otolith structure to split fish into three sub-
populations (see Trout 1957, The Bear Island Cod, Migrations and
Movements., M.A.F.F., Fish. Invest, Ser. II, Vol. XXI, No. 6).

All segregation of otoliths into types is done by attempting to
classify patterns of otolith growth. In the example referred to
above, Trout used variations in the opaque zone, calling uniform
opaque zones with one, or occasionally two, hyaline check rings

(see "Terminology" for definition) as "Western-Split",and opaque
zones merging into each other "Eastern'", the terms Western, Western-
Split and Eastern referring to the areas in which the pattern was
most common. (See photographs 3 and 4, Appendix XVII.) Such
segregation is always difficult because there is always considerable
variation from the chosen type patternywhich makes classification
very difficult.

On the broader question of separating stocks, it is possible with
experlience to differentiate between otoliths from fish from the main
fishing area, e.g. between North Sea and Bear Island Cod (compare
photographs 5 and 3, Appendix XVII), but not between fish from two
areas within the North S8ea. This is only of academic interest because
the area from which the otoliths are collected is known. The excep-
tion is that of Icelandic otoliths, where it 1s desirable to know
the admixture of fish from Greenland., Otoliths from Greenland fish
are regular, with well-defined annual opaque and hyaline zones and
with few if any splits compared with Icelandic otoliths, that have

-0./8
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typlcally ili-defined zones with many splits (compare photographs 6
and 7, Appendix XVII).

It is, however, possible from time to time to distinguish certain
years by peculiarities in the structure of the otolith. 1954% was a
good year for plankton production in the Arctic and some cod otoliths
from Region Ilb show an exceptionally large opaque zone. This is
more noticeable because the preceding two years, 1952 and 1953, were
years of below average plankton production and the otolith growth was
less than normal. Where this structure occurs in an otolith, 1t is
possible to use it as a check against the age determination by
counting zones only and it is useful in older fish, where the outer
growth may be difficult to interpret. This check can only be used
positively because not all otoliths showed the same pattern of growth
for these years, i.e. some fish whose otoliths showed them to be
definitely spawned in 1952 had normal-sized 1952, 1953 and 1954 rings.
{see Photograph 8, Appendix XVIL) (Holden, Appendix XVII)

Haddock Scales

6. We believe scale types can be defined, but this has not been verifie
as yet. Three speclal zones can be defined: "

a. An accessory mark formed in October of the first year. -
b. The zone of narrow (so-called winter type) circull.
¢. The zone of broad (so-called summer type) circuli.

The accessory mark 1s defined by the number of circuli (from the
focus) involved and the narrow, dark appearance of the circuli
forming the mark. The narrow zone and broad zone are defined only
by the appearance of the circull forming the zcne.

(Jensen, Appendix XI)

Bedfish

7. Can special types of zones be defined? - only zones concerned with
change in growth pattern of the otolith (Regions).
(Sandeman, Appendix V)

8., The otoliths have been used for age determination only. Their gross
structure, i.e. length in relation to fish length, has been used for
speclation purposes but no interpretation of the type requested in
questions 1-5 has been attempted. (Holden, Appendix XVII) S

Hallbut

9. Otoliths can be arranged into types on the basis of general shape and
length/breadth ratioc and presence or absence of double rings, but
these types seem often to be mixed in single samples and it has not
yet been found possible to use them for stock differentiation.

- (McIntyre, Appendix XIII)

European Plalce

10, The otoliths are used solely for age determination and no attempt has
been made to use them for defining stocks or to classify them into

types. (Holden, Appendix XVII) _
¢ alce
11. The possibllity exists that otoliths may be used for definition of
stocks. (Pitt, Appendix VI)
«se/9
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— Whiting

12, A distinction can be made between the otoliths of whiting in the
Clyde area and those in the North Sea. The former are much more
diffienlt to read, because the first two winter zones tend to be
made up of many fine hyaline rings with little summer growth
separating them., The corresponding winter growth in North Sea

whiting are much more solid in appearance, with the second winter

zone commonly having a double structure. (Gamble, Appendix XIV)

Terminology

Pertinent comments and definitions are set out below.

l. Check Ring
Cod and Haddock

1l.1.

1.2.

1‘!3-

1.I+.

1.5.

Hyaline ring which, because of 1ts incomplete or indistinct
formation, 1s not considered a true "winter" mark.

(Fleming, Appendix II)

Narrow hyaline zone or band of very fine hyaline zones which
do not show up as clearly as the "normal" type of hyaline
zone., Width of the preceding and/or succeeding opague zone(s)
may ald in definition of a check ring. (May, Appendix II)

A hyaline ring that 1s not counted as an annulus - usually
because of poor definition or irregular spacing.

(Kohler, Appendix VII)

Check rings are often indistinct and incomplete.
(Hansen, Appendix XVI)

Any hyaline zone laid down that is considered not to be an
annual hyaline zone. This definition assumes that the normal
pattern of otolith growth is one opaque zone, normally laid
down in the summer, and one hyaline zone, normally laid down
in the winter, each year. Any hyallne zone within the opaque
zone is a check ring. (See photograph 4%, Appendix XVIL)
(Holden, Appendix XVII) Also used for Redfish otoliths.

Haddogk Scales

106.

Redfish
1.?.

1.8.

A zone of narrow circull composed of only two or three circuli
and obviously not as wide as the adjacent zones of narrow
circulil. (Jensen, Appendix XI)

Hyaline band which cannot be regarded as a true hyaline year
band. (Sandeman, Appendix V)

The term is not used in our work. ZYear zone 1s used to dencte
one year of growth in the otolith represented by an opaque
and a hyaline zone. I question whether 'check ring' should be
proposed for universal usage, since 1t is an lnexact term
that is only loosely assoclated with age and growth.

(Kelly and Barker, Appendix XII)
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2. Nucleus —
Cod and Haddock

2,1. The opaque centre of the cross-section of a cod or haddock
otolith. (Kohler,. Appendix VII)

2.2. The nueleus. is. found conly in few otoliths. It shows as a small
distinctly delimited kernel, often of yellow colour.
(Hansen, Appendix XVI)
2.3 The opaque material in the centre of the otolith is called
nucleus., (Hovland and Meller, Appendix XV).
2.4 Nucleus. The wholie of the first year's growth of the otolith,
.neluding 2ll opaque and hyaline zones.. (See photograph k,
Appendix XVII,)
(Holden,. Appendix XVII) Alsc used for Redfish nucleus.

Haddoek Scales

2.5. Nucleus (focus): -- central point of the scale around which the
concentric eirculi are arrenged, (Jensen, Appendix XI)

Redfish —
2.6, Not used. Centre of otolith i1s not,. as yet,. fully understood, -
A1l readings are based on the "first definite hyaline year zone
which corresponds to the first zone of narrowly-spaced circuli
of the scales', Centre or origin is loosely used to describe
the area inside the first definite hyaline zone,
(Sandeman, aAppendix V)

2.7. This term applies to the smallest opague zone at the center of
the otolith. Focus is sometimes used fto indiccte the Tirst

center of otolith growth. (Kelly, dppendix XII)
Halibut
2.8. The part inside the first ring. (McIntyre,. appendix XIII)

EBuropean Plaice

2.9. The central opague zone up to but excluding the first hysline
zone that corresponds in the oplnion of the observers to the
first winter.. In the simplest czses, the nucleus is the osaque —
core of the otolith, but in other cases, the nucleus mey contsin
some hyaline zone,. if, again in the opinion of the observer,
these hyaline zones do not correspond to winter growth, (See
photographs 10, 11 and 12.) (Holden, Appendix XVII)

Americen Plaice

2,10, The small translucent center of the otolith.
(Pitt, Appendix VI)

Whiting

2.11, Nucleus or false ring - a small hyaline ring lying inside the
first winter zone, and probably laid down when the young fish _
adopt the bottom habitat, (Gamble,. Appendix XIV)

.00/11 —
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Opague and Hyaline Edge

Cod and Haddock

3.1.

3.2,

3.3-

3.1+.

Whether the edge is opague or hyaline is determined by obser-
vation of the narrower edge of the cut surface (to the right
as mounted). (May, Appendix III)

Opaque edge means the outermost material laid down at the edge
of the cross-section of the cod or haddock otolith is opaque.

Hyaline edge means the outermost material laid down at the edge
of the cross-sectlon of the cod or haddock otolith is hyaline.

Narrow hyaline means the hyaline edge zone does not look.-to be
fully formed.

Narrow opaque means the opaque edge zone does not look to be
f .
ully formed (Kohler, Appendix VII)

The otolith has opaque edge 1f the edge is of opaque material.

The otolith has hyaline edge if the edge is of hyaline material.
(Hovland and Mgller, Appendix XV)

Opaque edge: an otollth edge appearing dark by transmitted
light and bright by reflected light. When high 1ight inten-
sities are used, an opaque edge often appears light by trans-
mitted light due to the general diffusion of light. (See
photograph 5, Appendix XVII.)

Hyaline edge: an otolith edge appearing light by transmitted
light and dark by reflected light. (See photograph 3,
Appendix XVII.)

(Holden, Appendix XVII) Alsc Redfish and European Plaice.

Haddock Scales

af

3'5.

S

3-6.

3.7,

Opaque edge (winter-type edge in scales): edge characterized
by a zone of narrow circuli.

Hyaline edge (summerftype edge in scales): edge characterized
by a zone of broad circulil. (Jensen, Appendix XI)

Opaque edge: edge of otolith made up of opaque material
following previous hyaline year zone or check.

Hyaline edge: edge of otolith made up of hyaline material.
It 1s my conviction that the edge can be more clearly observed
using reflected rather than transmitted light.

(Sandeman, Appendix V)
Opaque edge: indicates that opaque material comprises the
major portlon of the otolith periphery. Opaque material is
deposited during fast or summer growth.

Hyaline edge: indicates that hyaline material, representing
slower winter growth, comprises the periphery of the otolith.

(Kelly and Barker, Appendix XII)
«es/12
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Halibut
3.8,

3.9.

Whiting
3410

- 12 -

Opaque edge: the white appearance of the edge when the black
viewing beckground is not able to shine through due to the
structure of the otolith. TUsually found during the period of
summer growth.

Hyaline edge: the dark appearance of the edge when the black 7
viewing background is able to shine through due to the structure
of the otolith. Usually found in winter, but some times occurs

when you least expect 1t, (McIntyre, Appendix XIII)

Opagque edge: new growth or indication of a rapid growth area
at the outer edge of the otolith.

Hyaline edge: translucent edge indicating a slow growth period
t [
at the outer edge of the otolith (Pitt, Appendix VI)

Opaque edge: the appearance of the edge when a new summer ring
is being laid down. It is not easy to see using transmitted _._
light, in which it appears as a dark rim to the otolith.

Hyalline edge: the appearance of the edge when a new winter
ring 1s being laid down. Appears as a light-coloured rim in

transmitted light, (Gamble, Appendix XIV)

Y, Spawning Zones

Cod
.

l".2.

4,3,

kb,

ko5,

Spawning zones can be recognized, but quite often difficulty
is encountered in recognition of the first zone. Spawning
zones have relatively wide hyaline bands generally much
broader than the opaque bands in between the hyaline bands,
they are evenly spaced, and are, naturally, at the outer part
of the otolith. (Fleming, Appendix IT)

Spawning marks: narrow, plain opaque zones with hyaline zones
usually wider than these. Absence of check rings and split
zones. An attempt 1s made to define spawning zones, but this
definition is as yet uncertain. The first spawning zone only
is noted as “age at first spawning" (age at previous hyaline
zone) in a column opposite age. (May, Appendix III)

Spawning zones can most easily be distinguished in cod which
have spawned several times. In otoliths of first spawners,
where the spawning zone is placed at the edge, 1t may be
difficult to distinguish it as a spewning zone. The spawning
zZzones are narrow and the hyaline zones are distinctly depicted.
(See photograph, Appendix XVII.) (Hansen, Appendix XVII)

The hyaline rings, which are more bright than the inner ones
and often wider than the opague rings, are called spawning
marks. (Hovland and M¢gller, Appendix XV) —

Spawning marks: these are referred to as spawning zones and
are regular patterns of hyaline and opaque zones, the pattern
commencing with wide hyaline zone corresponding to the winter
preceding spawning, followed by a very narrow opaque zone
corresponding to the summer of spawning. Further narrow

ves/13
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Redfish
4,6,
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hyalines and opaque zones then follow according to the number
of times the fish has spawned. Typically, the hyaline zones
are very bright, by transmitted light, and wider than the
dark opaque zones., (See photograph 9, Appendix XVIL)

(Holden, Appendix XVII)

Spawning markss spawning zone 1s used in this reference in our
work. It denotes a change in the year zone form, generally
between the 6th and 12th zones. Both the opagque and hyaline
zones become narrower than before and the subsequent year zones
become more uniform in size and form. Year zones representing
growth before first maturity can be distinguished from those

of later years. More work must be done on this.

(Kelly, Appendix XII)

5. Certain, Uncertain and Unreadable

Cod and Haddock

5.1.

5.2,

5.3.

An age reading is termed certain if the observer has little
doubt but that the reading 1s correct, uncertain if the reading
might be greater or lesser by one or two years. No otoliths
are termed unreadable. Uncertaln otoliths are those with a
number of check rings, uncertain check rings, diffuse zones,
ete. (May, Appendix III)

Certain otollths: otoliths in which the annuli are so clearly
defined as to glve only one possible reading.

Uncertain otollths: otoliths in which some check rings might
be annuli or vice versa.

Unreadable otoliths: otoliths in which annuli and “check" rings
are so poorly defined as to be indistinguishable.
(Kohler, Appendix VII)

Certain otoliths: no doubt about age determined from otolith,
all observers agreeing. (See photographs 3, 5, 6, 8, and 9,
Appendix XVII.)

Uncertain otoliths: readable but leaving the interpretation of
some of the hyaline and opaque zones open to question so that
it is only possible to state the probable age of the fish from
which the otolith was taken with probable alternatives. (See
photograph 7, Appendix XVII.)

Unreadable otoliths: impossible to state even a probable age

of the fish from which the otolith was taken due either to

an absence of hyaline or opaque zones or the presence of an

irregular sequence of zones which fits with no annual pattern.
Also Redfish. (Holden, Appendix XVII)

Haddock Scales

5.1'-.

Certain: annuli (zones of narrow circuli) distinctly different
from adjacent zones of broad circull, well separated and
readlly identified.

Uncertaln: annuli only slightly different from broad ecirculij
one or more annuli norrow, having appearance of check rings.

Unreadable: scales with regenerated centers or badly eroded
and damaged edges. (Jensen, Appendix XI)

.../lll'
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Redfish _

5¢5. Otoliths graded according to readability, not with regard to
certainty of reading obtained, A4s the two aspects are
obviously related, the scheme in Appendix V is probably
representative. No analysis has been made of this yet, and
the table in Appendix V can only be regasrded as a relatively
educated guess. A4sterisks are also used to indicate excep- _—
tionally clear otoliths. (Sandeman, Appendix V)

5.6. Certain: both otoliths show - read in various directions -~ the
same result. If two readers, both get the same results.

Uncertain: the two otoliths read in various directions give
results which vary with plus cr minus 2.

Unusable: greater variation than plus or minus 2.
(Hansen and Meldal, Appendix XVI)

5.7. These terms are little used with redfish. Most otoliths having
more than 6 or 8 year zones are read with sonme degree of uncer-
tainty. Unreadable otoliths are those in which a portion of
the material is not differentiated into zones or is separated -~
into zones in a confused pattern that permits either high or
low counts. (Kelly, Appendix XII)

Halibut |
5.8. Certain otoliths are those that can be read with confidence.
Uncertain otoliths are those which for one reason or another
have to be read as x+ a number of years. Unreadable otoliths
can't be read even with confidence. (McIntyre, Appendix XIII)

American Plaice

5.9. Unreadable: impossible to distinguish between rings:or otolith
in a crystallized condition, (Pitt, Appen&ix V1)

tin

5.10. Certain otoliths are those with clear and distinct winter zones,
which can be easily counted.

Uncertain otoliths are either those with indistinct hyaline —
zones which are difficult to count; or otoliths with two or

more hyaline rings so closely spaced that it is doubtful if

they represent separate winters' growth.

Unreadable otoliths are those in which 1t is impossible to
differentiate between successive winter zones, so that they
cannot be counted. (Gamble, Appendix XIV)

6. Official Birthday

6.1. The birthdate of cod and haddock in Subarea % is taken to be
February 1st. Thus our gquarters of the year are: February-
April, May-July, August-October, November-January. In order —
to be able to assign fish that form hyaline rings early in
the winter to the correct age group we use the scheme explained
in the table in Appendix VII. (Kohler, Appendix VII)

000/15
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6.2.

Split

- 15 -

Official blrthday. The day upon whicha fish is presumed to
have been spawned, It usually bears some relation to the
actual spawning period. For all cod it is taken as 1lst
January. (See table in Appendix XVII) (Holden, Appendix XVII)

Cod and Haddock

8.

1.

2

‘A narrow hyaline zone occurring within a wide opaque zone or

vice versa. When the split 1s a narrow hyasline zone in an
opaque zone the terms "split" and "check ring" are synonymous,
although the term "“split" 1s usually applied to a narrower zone
than "“check ring", although this differentiation is subjective.
(See photograph 5, Appendix XVII)

Also Redfish and Plaice. (Holden, Appendix XVII)

Double Ring ‘

Where the winter zone is made up of two hyaline rings separated
by a more opaque area, Commonly found in the second winter
ring of North Sea whiting. (Gamble, Appendix XIV)

Symbols

The descriptions of symbols used by scientists in recording
their interpretations of otoliths are set oul below,

Cod a2nd Haddock

Examples below include all symbols in routine use for recording age

readings at St. Andrews.

Sample Readling Definitio
6 + N,O. Co 6 - is number of hyaline annuli
: + - indicates opaque growth at edge
of otolith
N.,0., - indicates narrow band of opaque
material at edge
Co - indicates hyaline check ring
between 15t and 2nd annuli
6 + W,0. W.0. - indicates wide band of opaque
material at edge
6 N.H, Cy N.H, -~ indicates narrow band of hyaline
material at edge
03 - lndicates hyaline check ring
between 2nd and 3rd annuli
6 8.C. 6 - indicates 6 hyaline annuli, the
one at the edge being fully formed
8.C. - (small centre) - indicates 1st

hyaline ring smaller than average,
probably due to late spawning

(Kohler, Appendix VII)

Asterlsks mark otoliths where age readin%Fis certain, Other features

described in writlng.

leming, Appendix II)

'../16
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5.

(1) ¢C Check ring. —
2Co Two check rings in second year.
(2) *4 Exceptionally clear otolith.
*3 Falr to good otolith. Age reading reliable,
*2 Poor otollth. Age may be one year more or less.
*] Very poor otolith. Age may be two Years more or less

than age assigned, -~
(May, Appendix III)

Each otolith is classifled according to 1ts readability with 1, 2, 3,
and 4, 1 means very clear rings; 2 means clear rings; 3 not so
good, some difficulties in age determination; L bad, great difficul-

‘ties, results of age determination uncertain. All otoliths classified

with 4 are not used for further treatment.
(Meyer and Hilden, Appendix IX)

Age. This is always written in Roman numerals. In the case of
uncertain otoliths, the probable age is written first, followed by
the probable alternative which is queried, e.g. V ? VI,

Spawning., The symbol "S" is used to denote & fish that 1s assumed

to be about to spawn and is detected by the presence of the bright ~
pre-spawning hyaline zone (see Terminology (7) above). The symbols
51, 82, etc. are then used to denote fish that have spawned once,
twice, etc, and have completed the full year's growth of the year of
spawning. Assuming a fish with the same otolith pattern of growth

as in the paragraph on "0fficial Birthday", the symbols would be

used as follows:

Date of Number of Number of Type
capture of fish opague zones* hyaline zones* of edge Symbol
1st January : 0 1 Bright S
: hyaline
August ' 1 1 Narrow S
opagque
31st December 1 2 Hyaline S
1st January : 1 2 Hyaline 51

* Only spawning zones are referred to.

Where the officlal birthday is set later in the year than 1st January,
€.8. 18t May, the symbol "S" is used for the period of twelve months,
from the time the pre-spawning edge is first visible, after 1lst May
untll a complete spawning zone has been completed by the 30th April
twelve months later. The sequence is thus shifted five months later
than in the table above,

(Holden, Appendix XVII)

(1) Edge type: Wh (wide hyaline); Nh (narrow hyaline); Wo (wide
opaque); No (narrow opaque).

(2) Check marks: C1 3 (checks on the first and third annuli).
)

(3) Age 7(8): fish is probably 7 years but there is a strong check
mark which may be an 8th annulus.

(&) Age 9(?): best estimate of age from an ambiguously marked otolith.
(Jensen, Appendix X)

evel17
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"~ Redfish

7'

The following system is used to designate the edge structure of the
otoliths. Edge structure is normally only noted to about 10 years
of age.

Age
3 Hyaline year zone fairly well or well developed.
3- Signs of appearance of opague edge.
3« Opaque edge cleasr.
3+ - Signs of development of start of hyaline zone following
opague.
34 Definite appearance of hyaline zone,

Hyaline year zone fully established,

It should be noted that the end of each zone of winter growth is
coinecident with the "birthdate" of the fishes and thus a straight
count of the number of complete "winter" zones provides the estimate
of age. Because so little growth takes place during the months
January to May, it 1s convenient to regard the "birthdate" as in
the previous January and so put the estimated ages on a calendar
year hasis.

(Sandeman, Appendix V)

Age without symbol: certain, This includes possiblility of error up
to plus or minus 1.

Underlining of age: absolutely certain.
Questlion mark after age: uncertain.

Question mark wilithout age: unusable.
(Hansen and Horsted, Appendix XVI)

erican Plaic

9.

In reading otoliths we indicate the approximate degree of accuracy
to which we conslder the otolith to have been read by numbers 1 to
53 also the conditlion of the edge, whether transparent or opaque is
indicated., Thus 6, T, 3 indicates an otolith 6 years o0ld wlth a
translucent edge and read with an acceptable degree of accuracy;

6, Oy 5 indicates an otolith 6 years old with new growth at the

edge extremely readable, the zones very clear; 6, T, 1 and 6, T, 2
would be rejected as being too doubtful to include in further calcu-
lations. Completely unreadable otoliths would be indlcated with a

dash (=) :
(Pitt, Appendix VI)
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Serial No, 714 Document No. .
1D. c. 2) Appendix T.

TECHNIQUES FMR READING OTOLITHS

Forrest Building,

Carleton Street,

Halifax, N. S.,

2lst December, 1959.
Dear S8ir,

Following on the Cod Otolith Exchange Programme, the Commlttee
on Research and Statistics has asked that the attached questionnaire be
clrculated to sclentists and institutions interested 1in the study f
otnliths for age determination or for stock definition (see Appendix III
of the Report of the Committee on Research and Statistics, June 1959:
'Red Book', page 48). The questionnaire is not limited to cod studles,
but should be completed at least for cod, haddock, redfish, and halibut.

Part of the purpose of the questionnaire is to help determine
the best methods for collecting, preserving and studying the otoliths
and also to provide a basis for the introduction of a standard termino-
lory and symbol system for describing octoliths.

A standard terminology will especlally simplify the comparison
of results obtained by different sclentists. It wnuld also remnve some
confusion from the field and thus simplify the work of the novice being
introduced to the study of otoliths Lor the first time.

The Commlttee on Research and Statistics also requested that
photographs of otoliths and scales, to 1llustrate interpretations,
terminnlogy and symbols, be forwarded with your replies to the
Juestiornnailre. '

Your co-operation in answering the enclosed questionnaire
and in forwarding suitable photographs will be greatly appreciated.

Yours sincerely,

Ronald S. Keir,
Biologist-Statistician,

Circulated to: Dr. J. Ancellin, Dr. H. Graham, Dr. P. Hansen,
Dr. J. Jénsson, Dr. C. B. Lucas, Dr. J. Lundbeck, Dr. A. Marcotte,
Dr. J. Marti, Dr. W. R. Martin, Dir. G. Ronllefsen, Dr. M, Ruivo,
Mr. M. Sunico, Dr. W.R. Templeman, Mr. G.C. Trout.
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QUESTIONNAIRE ON AGE READING

This questlonnaire concerns the use of otoliths for age reading

or stock definition. The same form may be used to respond on scale
reading techniques if scales are used.

1.
2

1.

2

15.
16'

Name of Institutes using otoliths for age determination.

Name of persons responsible for age estimates, and the speciles
studied.

Technigues

How are the fish, from which the otoliths are taken, selected?
What data are collected (length, sex, etc.)?

In what way are they removed from the fish? How are they preserved?
How are otoliths stored (envelopes, boxes or speclal devices when
collected by one person)?

How are they treated before reading?

What kind of microscopes or other instruments are used to
study the otoliths?

If the otoliths are not read whole, how are they cut or broken?
Is the broken surface treated before reading and, if so, how?
How 1s the otolith fixed on the microscope table?

Is the otolith read submerged or in air?

What light source is used?

Are filters used and, if so, which colour is used?

Are other special devices used to facilitate the reading?

How 1is the light beam directed, and on what part of the otolith?
What magnification i1s used (objectives, oculars)?

When counting the zones, ls the hyaline or the opaque zone used,
and along which axix or direction?

Is stalning or sectioning used?

Are scales and otoliths from the same individuals compared?

Interpretations
Are otoliths used for definition of stocks?

Can otoliths types be defined?

What features are used for éegregation of otolith types?
Can speclal types of zones be defined?

What features are used to define special zones?

«se/2
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Terminology

Are special expressions used to point out characteristics
of certain parts of the otolith or certain features of
patterns of the zones?
Provide definitions of (1) Check ring

(2) Nucleus

(3) Intermediate zone

(4) Secondary zone

(5) Opaque edge

(6) Hyaline edge

(7) Spawning marks

~ (8) Certain, uncertain, unreadable
otoliths

(9) Other terms used

Symbols

When otoliths are read and data tabulated, are certain symbols
used to characterize certain features? If so, please specify and
describe or define as necessary.

-=00000~=
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Serial No. 714 Document No, b
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Q
Q
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11.

12.

13.
1l+.

15.

c. 2) Appendix No. II
TE_HNIQUES FOR READING OTQLITHS

Questionnaire on Age Reading

Flsheries Research Board of Canada
Biological Station, St. John's, Nfld.

A, M. Fleming

Techniques

Fish, from which otolliths are to be taken, are selected by means
of random numbers from samples of commercial or research vessel
catches belng measured for length distribution, sex, stage of ma-
turity and sometimes weights.

Otoliths are extracted through the ventral side of the skull
af ter removal of the gills and cutting through the occlipital cap-
sule contalning themn.

No treatment before reading.
Microscope - Zeiss Stereo (complete with demonstration tube).

Otolith cut transversely through the nucleus using a sharp
scalpel, otolith first being placed on a block of plasticine for
support to prevent splintering.

Broken surface not treated, except 1n cases of very uneven
breakage when surface is ground flat on a rotating emery stone.

One broken portion of otolith completely embedded in plasticilne
block so that only broken surface is visible, level with the top
of the block of plasticine. The other broken portion is only
partially embedded and stands vertically In the block.

Otolith read with broken surface covered by a drop of ethanol
(about 70%).

American Optical 6-volt focusing illuminator.

Blue fllter or green filter.

No.

On the broken surface which 1s at the surface of the block light
source is directed at about a 45° angle, reading is thus by
reflected light. On the broken surface standing ahove the
plasticine surface (other portion of otolith) light is directed
arainst the concave slde, and transmitted up through the broken
surface which is shaded from direct light by means of a scalpel
blade »

Magnification. Objectives 1.6X, ocular 10X,

Hyaline zones used in counting, usually from nucleus outward
toward longest axis, but often have to shift in counting from
one direction to another.

No.

voo/2
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16. Scales and otoliths have been cnmpared where, in reading otollths,_
doubt concerning the flrst year exists. For baby cod scales and
otoliths are being compared.

7 Interpretations
1. Not yet.

2. At least two classes of otoliths can be set up in our area. Those
which have well-defined hyaline zones throughout, no serinus
check zones and are quite easily read, often called Type A. The
remainder (often called Type B) may, after more study, be further
subdivided. This type contains otoliths with many check zZnnes,
"split” hyaline zones, etc. and are generally mnre difficult to
read

3. See 2.

b, Spawning zones can be recognized, but quite often difficulty 1is
encountered in recognition of the first zone.

5. Spawning zones have relatively wide hyaline bands generally much
broader than the opaque bands in between the hyaline bands, they -
are evenly spaced, and are, naturally, at the outer part of the
otolith.

ITerminnlogy
1. Check ring: Hyaline ring which, because of its incomplete or
indistinet formatlon, is not cnnsidered a true “"winter"
mark.
2. to 6. No special deflnition.
7. Spawning mark described in Interpretation, No. 5.
8. and 9. UNo speclal definition.
Symbols

Asterisks mark otoliths where age reading is certain. Other -~
features descrilbed in writing.

~=00000-=
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Serial No. 71k Document No, 4
(De e, 2 Appendix TIII.
TECHNIQUES FOR READING OTOLITHS
Questionnaire on Age Reading

Flsherles Research Board of Canada
Biolonglcal Station, St. John's, Nfld.

A. W, May
Labrador Cod
Techniques

1. Inshore - Samples of 120 fish selected at random from trap catches
or a sample of 120 1s jigged.
Offshore - Entire catch sampled if it 1s small, otherwise random
selection in baskets for length measurements, and random selection
of 1 in 10 of these for otoliths.
Data collected include length, sex and maturity, and sometimes
welghts.,

2. The otoliths are removed by cutting into the otolith capsule
from the ventral side near the midline of the body. The knife ir
then twlsted anteriorly and laterally to expose the otolith, which
is then 1lifted out with forceps. The otoliths are stored dry in
envelopes.

3. No treatment before reading.

Ik, Spencer-cycloptic bilnocular stereoscnpic microscope fitted with
magni-changer.

5. The otolith is cut across the long axls at the center by means
of a scalpel, the blade of which has been serrated by striking
the cutting edge 10 to 15 times with the edge of a heavier blade.
Small otoliths are easily cut. Larger ones may be easilv broken
between the thumb and forefinger of each hand once a notch has
been cut with the scalpel.

6. A few drops of about 50% ethanol are applied to the cut surface
before reading.

7. Each pilece of the otolith is embedded vertically in a small piece
of plasticine with the concave side facing away from the observer.

8. The otolith is read in air (transmitted light).

9. American Optical 6-volt focusing illuminator with 30-watt trans-
former.

10. One blue glas; filter 1is used.

11. The edge of a scalpel blade 1s applied to the further edge (edge
nearest the light source) of the cut otolith. Thus the otolith
surface 1s shaded and is read with transmitted light.

12. The light beam is directed at sbout a 45° angle onto the surface
and .concave silde of the otolith.

13. Magnification used is 15X%.

14. The hyaline zones are counted to both edges (to left and right as
mounted)., If the readings differ the reading to the narrower
edge 1s taken (to the right as mnunted).

.../2
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15. Nelther stalning nor sectioning is employed.
16, Scales and otollths are sometimes compared 1f the otolith age is
uncertain, but only for fish smaller than 50 cm.

Interpretations
1. No. B
2. No.
Yy -

4, An attempt is made to define spéwning zones but thils definition
is as yet uncertain.

5. The first spawning zone only is noted as "age at first spawning"
(age at previous hyaline zone) 1n a column opposite age.

Terminology

l. Check ring: Narrow hyaline zone or band of very filne hyaline zon
which do not show up as clearly as the “normal" type of hyaline
zone. Width of the preceding and/of succeeding opague zone(s)
may ald in definition of a check ring. o

2. - ——
3. em-
L, ---

5 and 6. Whether the edge is opaque or hyaline 1s determined by observa-
tion of the narrower edge of the cut surface (to the right as mounted)

7+ Spawning marks: Narrow, plaln opaque zones with hyaline zones
usually wider than these. Absence of check rings and split zones.

8. An age reading 1s termed certain if the observer has little doubt
but that the reading 1is correct, uncertain if the reading might
be greater or lesser by one or two years. No otollths are termed
unreadable. Uncertain otoliths are those with a number of check
rings, uncertaln check rings, diffuse zones, etc. —

P

Symbols

1. c Check ring
2 Co Two check rings In second year.

2, *4 Exceptionally clear otolith.
*3 Fair to good otolith. Age reading rellable.
*2 Pror otolith. Age may be one year more or less.
*] Very poor otolith. Age may be two years more or less

than age assligned.

~=00000--~
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Serial No. 714 Document No. 4
(D. ¢. 2) Appendix IV

TECHNIQUES FOR READING OTOLITHS

Questionnaire on_ Age Reading

Flsheries Research Board of Canada
Blological Station, St. John's, Nfld.

V. M. Hodder

Haddock
Techniques
1. Two types of samples are taken on research vessel surveys:

(a) At sea during the measuring (length only) 1 in every 10
measured 1s examined for length, sex, maturity and both otolith
and scales are taken (the selection 1s made by using a system of
random numbers); (b) In order to supplement the sea collections
and to fill in for weaknesses in the data due to varilations in
year-class strength a non-random sample 1s collected ( a number
of fish at each centimenter size covering the general range of
lengths present in the catches).

The sampling of the commercial catches and landings 1s the same as
for type (a’/ above.

Remainder 2-16 same as shown for Labrador cod.

Interpretation, terminology and symbols the same as for Labrador
cod.

-=00000~-~
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Serial No. 714 Document No. 4
(D. c. 2) Appendix V.

TECHNIQUES FOR READING OTOLITHS
Questionngire on Age Reading

Fisherlies Research Board of Canada
Biolngical Station, St. John's, Nfld.

E. J. Sandeman

Redfish (Sebastes, mentella and marinus types
from ICNAF area)

Technigues

1. Various types of samples depending on nurpose for which samples
were obtalned.

(a) Spot Random Sample. Random sample of 120-200 fish taken from
a part%cular locality and dentli usually a single set (research
vessel}.,

(b) Random samples obtained by sampling 1/10, 1/20, etc. while
obtaining length measurements. Random numbers or cards used
for randomization (research vessel and commercial landings).

(¢) Category samples {non-random). Selection of a specific number
of fish of each sex at specified length groups.

(d) Special samples of small fish (tntal catch of = set at random).

Data collected: OCnly in a fevw instances is samnling of redfish
conaducted for age estimatinn as the primary requlrement. Thus Llhe
complete data collected will vary from sample to sample bu in

most cases the follawing basic data pertaining to studies invemlving
the ages of fish are taken.

Length: - (Fork length - Tip of lower jaw with mouth
closed to the end of the median caudal rays -
measured te the nearest cm, )

Wnole Welghts - Spot random samples and categery samnles in
particular., (Weight to nearest oz. for fish
creater thean 8 nz, in wi., £0 nsavest gram
when O oz. or less.)

Sexs -

Maturity: -

Tvpe: - (mentella, marinus, etc.

Otoliths: -

Scales:s - Most fisn less than 20 em. In length.

2. Remnved from ventral side after remnval of the gills.

Preservation:

(a) Small fish. BSpecial enllections stored in glass vials with
plastic stnppers preserved under 954 Bthyl alcohol. Scales
inciuded in vial till meuntivg.

(b) Targe fish. Otoliths removed [rom Z1lsh, wazhe¢ hrieflly in
fresh water, dried in a cloth and ~laced in n 2nin snvelnpe.
Envelopes are stored in cardboatd hoywes or 1 drawers.

3. Routine age reading - no treatment.

F )
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Ventral < |
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Stereoscopic Binocular (Bausch and Lomb extendable arm) for routine
reading. '

Otoliths never read whole. Cracked transversely {(dorso-ventral
axls) through the origin. '

Method: Otoliths held for cutting in a film of plasticine on a
board (plasticine about 1/32 - 1/10 inch thick). A drop cf
alecohol (95% Ethyl) is first placed on the plasticine surface

to prevent the otolith sticking to the plasticine and to provide
some lubrication for the blade while cutting. Otolith is cut and
broken by means of a well-worn safety razor blade (the type having
a single cutting edge). The razor blade should be used for
sharpening pencils and the edge should have a falrly sharp but
saw-toothed quality. When used 1like a sar such a blade neatly
cuts and breaks an otolith. (See following diagram.) Otolith

is cut with the concave or distal surface uppermost.

Redfish Otoliths - Approximate Axes

Anterior
7 Left hand otolith —— concave surface
I upward

(ie.) Concave surface is distal

™ Convex surface having the sulcus
?Dorsal is proximal and growth of otolith
‘ Line of in older fish takes place mostly
Crigin ; Section on this surface.

N\
Posterior

Anterior half

Cx )

Posterior half

Routine age reading. Only with the occasional otollith 1s the cut

surface ground flat on an abrasive stone before reading - normally —

ne treatment.

The four otolith halves are embedded in a block of plasticine in
such a manner that only the cut and cracked surfaces are visible
and these are in the same plane as the surface of the plasticine
block. A separate block is used for each fish and each block is
labeled by means of a cardboard tag. The otoliths are removed
from the envelopes, cut and mounted by a technlclan a short time
before being read. The blocks are stored in wooden trays during
this period.

For routine age reading the surface of the otolith is molstened
with 95% Ethyl alcohol.

9 and 1Z.

Otoliths normally read using reflected light, the source usually
being one or two "Spencer universal lamps" directed at an angle
of about 45° to the surface of the otoliths. The brightness of
the light source used 1s varled to sult the extraneous light
conditions present at the time and the mood of the reader. The
1llght beam is focussed to illuminste the cut and cracked otollth

.o-/3

B 14



10,
11.
12.
13.

14,

15.
16.

2.
3.
b,

—-18_

surface allowlng as little light as possible to fall on the
plasticine block.

Blue filters are used.

An eyeplece micrometer 1s always used.
See (9) above.

For reading the otoliths of small fish a magnification of 13X is
used (1.3 objective with a X10 wide field ocular).

When reading the otoliths of large, old fish various conbinatlions
of ocular and objective are used. No hard and fast rules are
followed but the following type of increase 1n magnification
would I think be typlcal.

- Age 1-15 1.3 objective and X10 wide field ocular
(years) 15-30 3.0 objective and X10 wide fleld ocular
30-50 and above 3.0 objective and X20 wide field ocular

In examining the otoliths of such large, old fish the magnification
used is changed often 1in hoth counting and examining specific
features of the otoliths.

Hyaline zones used (dark bands). Usually along the longer arm
(Dorsal) of the dorso-ventral axis. This can usually only be
followed clearly for about the first 12«15 years. A change in
growth pattern of the otolith usually allows the later years to
be more easily followed toward the proximal surface of the otolith
and 1t 1s in thils portlion of the otolith that best counts of the
later years are obtained. (See sketch).

Not for routine reading.

Scales and otoliths are not compared for fish older than about

5 years. Otoliths from fish likely to be less than 5 years old
from other areas than Hermltage Bay, where many such scale
otolith comparisons have been made, are normally compared against
scales. ”

Interpretations
No,

Not as yet.

Only zones concerned with change in growth pattern of the otelith
(Regions).

Terminology
Definitions.

Check ring. Hyalline band which cannot be regarded as a true
hyaline year bhand.

Nucleus. Not used. Centre of otolith is not, as yet, fully
understood. All readings are based on the "first definite
hyaline year zone which corresponds to the first zone of
narrowly-spaced cirrull of the scales". Centre or origin is
loosely used to describe the area inside the first definite

e/
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hyaline zone.

3. Intermediate zone.

L, Secondary zone.

of the otolith. - Regions.

5. Opaque edge.

Used to describe the

Not used with rigorous definition,

general growth battern

following previous hyaline year zone or check.

6. Hyaline edge.

Edge of otolith made up of opaque material

Edge of otolith madé up of hyaline material.

it is my conviction that the edge can be more clearly observed
using reflected rather than transmitted light.

7. Spawning marks. Not used.

8. Otoliths graded according to readability not with regard to

certainty of reading obtained.

As the two aspects are ob-

viously related the following scheme is probably representative.
No analysis has been made of thils yet and the following table
can only be regarded as a relatively educated guess.

Indengg_readability and estimated reliability

Maximum estimated error of

age reading at the age groups

Grade Description below
1-10 10-15 15-30 30-50
/above
A Good clear otolith, no diffi-
culties encountered in read- 0 +2 +L4 +6
ing.
B Clear otolith, but difficulty
encountered at one or more 1 +3 6 +10
places. Difficulties resolved
wilth fair confidence. —
C Relatively clear. Difficul-
tles in reading resolved, but 12 +L4 +8 +14
issue still felt open to some —
doubt.
D Otolith difficult to read.
Tentatlive reading only. Not +3 NBG NBG NBG=No gand
normally used in age studies.
E Not readable NOT USED

It should be noted in connection with the table abnve that all
otolliths of fish with ages greater than 10-15 years are read some
3 to 8 times during the one examination, all readings are recorded

as well as a best estimate of age.

The best estimate of age pro-

vides the age to be used while the range of readings provides infor-
mation on the reliability.

Asterisks are also used to indicate exceptionally clear otoliths

and ntoliths which show any special features.

are designated by notes.

Symbols

The speclal features

The following system is used to designate the edge structure of the
Edge structure is normally only noted to about 10 years

otoliths.
of age.

c2
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Age

3 - Hyaline year zone fairly well or well developed.
3= - Signs of appearance of opaque edge.

I+ -~ Opaque edge clear.

4= - Signs of development of start of hyaline zone

following opaque.
R++ - Definite appearance of hyaline zone.
- Hyaline year zone fully established.

It should be noted that the end of each zone of winter growth is
coincident with the "birthdate" of the fishes and thus a straight
count of the number of complete "winter'" zones provides the
estimate of age. Because so little growth takes place during the
months January to May, it 1s convenient to regard the "birthdate"
as in the previous January and so put the estimated ages on a
calendar year basis.

Note on_Scales.

Scales are only used for young fish (less than 5 years of age).
They are not used per se, but only to complement age estimations
from otoliths.

Scales from the small redfish are preserved in the same vials as
the otoliths under 95% Ethyl alcohol. For age reading the scales
are cleaned in a solution of Sodium Peroxide and mounted 1n a gum-
arabic solution on glass slides under coverslips.

The scales are normally removed from the region on the lateral
body surface situated at the end of the pectoral fin ( when
flattened against the body) and slightly below the lateral line.

Symbols, etc., used in reading are similar to those used wilth
otoliths.

-«00000-~
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Serial No. 714 Document No. U4
(D, c. 2) Appendix VI,

TECHNIQUES FOR READING OTOLITHS
Questlonnaire on Age Reading

Fisheries Research Board of Canada
Biological Station, St. John's, Nfld.

T. K. Pitt

Plaice
1. (1) (a) Random samples from research vessels
(b) Selected categories
(¢),Random samples 1 in 10, 1 in 20 from commercial landings
/ selected by randoim numbers.
(2) Length, gutted weight, sex and maturity.

2. (1) By first removing the gills and then making a cut on each
side of the occipital bone.

(2) Envelopes.

3. No treatment.

4. Low-powered binocular (Spencer cycloptic stereoscopic).

5. ‘A mark ls made across the otolith with a sharp painted scalpel
and the otolith then cracked. During the cracking the otolith
is placed on a thin layer of plastinine on a microscope slide.

6. No treatment.

7. The otoliths are embedded with only the broken surface showing in
a small block of black plasticine.

8. A drop of 90-95% ethyl alcohol 1s placed on the broken surface of
the otolith.

9. Reflected light from a microscope light (American Optical é-volt
focusing illuminator).

10. No.

11. No.

12, On the broken surface at about a 45° angle.

13. 15X to 20X total (Spencer cycloptic microscope).
14. The hyaline zones are counted along the long axis.
15. No.

16. No.

Interpretations
1. No but the possibility exists.

2. No attempt has as yet been made to do so but it probably can be done.

3. ---

4. No.
-00/2
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Ierminology —
(1) Not used.

(2) The small translucent center of the otolith.
(3) Not used. _
(k) Not used.

(5) New growth or indication of a rapld growth area at the outer edge
of the otolith.

(6) Translucent edge indicating a slow growth period at the outer edge
of the otolith.

(7)

(8) Unreadable - impossible to distinguish between rings or in a
crystallized condition.

Symbols ~

In reading otoliths we Indicate the approximate degree of accuracy

to which we consider the otolith to have been read by numbers 1

to 5, also the condition of the edge, whether transparent or

opaque, 1s indicated. Thus 6, T, 3 indicates an otolith 6 years

old with a translucent edge and read with an acceptable degree

of accuracy, 6, 0, 5 indicates an otolith 6 years old with new growth
at the edge extremely readable, the zones very clear, 6, T, 1 and

6, T, 2 would be rejected as being too doubtful to include in further
calculations. Completely unreadable otoliths would be indicated
with a dash (---).

-

-=00000-=
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Serial No. 714 Document No. U

(D. e. 2) Appendix VII.

A.
A.

TECHNIQUES FOR READING OTOLITHS
Questionnaire on Age Reading

Fisherles Research Board of Canada
Blological Station, St. Andrews, N.B.

Cod Haddock "~ Plaice Halibut
C. Kohler A, C, Kohler P.M. Powles F. D. MeCracken

Maillet N. J. McFarlane

R. Robicheau

6.
7e

Techniques

Random sampling of commercial catches.,

Stratified sampling of survey catches.

Only length and otolith collected for commercial samples.

For survey catches we may take any combination of length, sex,
maturity, stomach contents, parasites, meristic and morpho-
metric data.

Oteliths are bared with the help of a splitting knife, then
removed with the aid of forceps.

Otoliths from cod under 30 cm in Tength are stored in separate
small vials in a 50% solution of glytcerin with a little thymol
added, or in ethyl alcohol. Those from cod larger than 30 ¢cm
are stored in brown Kraft paper coin|envelopes.

This procedure is also followed for haddock.

Flatfish otoliths are kept in the above~mentioned solutions

in separate vials, regardless of size of fish.

No treatment now. Our London, Ontario Station has just
investigated the possibilities of heating. The results are evi-
dently good. A note on the technique will be published in

the Journal of the Fisheries Research Board in the near future.

Two types of microscopes are now in use:

(a) American Optical “Spencer" stereoscopic with 9X
eyepleces, and 1X, 2X, and 3X objectives;

(b) 2Zeiss stereo-microscope with 10X eyepieces - various
objectives to give 6.3, 10, 16, 25X magnificatiom:

We have a #6E146 Stereoscoplc Binocular on order from W.
Watson and Sons, England, with modified 6X eyepleces, one
containing a screw micrometer and 2.5X and 5X objectives.
This is to be used for measuring distances between rings

on otoliths. .

Cod and haddock oteliths are broken across the interruption in the
longitudinal groove (sulcus acusticus) on the convex side.

They are usually broken by exerting pressure with the thumbs and
forefingers, although a sharp scalpel 1s sometimes used on except-
ionally large and small fish.

Flatfish otoliths are usually read without breaking.

No treatment of broken surface before reading. '

The otolith is fixed 1n a cube of modelling clay with the
fracture surface set flush with the horilzontal upper surface
of the clay.

l../z
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10.

Blue fllters are sometimes used on the lamps.

11. No other special devices are used.

12. The light beam 1s directed from above so that light is
reflected from the surface of the otolith to be examined.

13. (a) On American Optical stereoscopic - 9 X eyeplece, 1X,

2X, and 3X objectives.
(b) On Zeiss Stereo-microscope - 10X eyepiece, various
objectives to give 6.3, 10, 16X magnification.

l4. Cod and haddock are age by counting hyaline zones along
the axes indicated in the diagrams.

Cod : . Haddock
| Crocs =g ecliosss
%
N" 7":{"-).‘-‘- -
TRl

15. No stalning or sectioning.

16. Comparison of haddock scales and otoliths has been made
with help of U. S. Fish and Wildlife personnel (see XKohler
and Clark, J. Figh. Res. Bd. Canada, Vol. 15, No. 6). It
was found that more rellable age estimates for older haddock
were possible when otoliths were used.

INTERPRETAT IONS
1. No definition of stocks using otoliths.

The fracture surface of the otolith is covered with 50%
glycerin solution for reading.

Light sources are either:
(a) American Optical Co. Universal microscope lamp with

4,5-7.5 volt transformer;
(b) Zeiss low voltage microscope lamp.

2. We think we can pick out cod spawned in unit areas 4TK, L, N.

3. Otoliths from the above-mentioned unit areas are distinguished
‘ by an unusually small first annulus.

4, We do not attempt to define speclal types of zones such as
spawning zones at the present time.

STR—
TERMINOLOGY

Definifions:

(1) Check ring - a hyaline ring that is not counted as an

annulus - usually because of poor definition or y
. 0003
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irregular spacing.

(2) HNucleus - the opaque centre of the cross-section of a cod
or haddock otolith.

(3) Intermediate zone - not used.

(4) Secondary zone - not used.

(5) Opaque edge - the outermost material laild down at the edge
of the cross~section of the cod or haddock otolith is
opague.

(6) Hyallne edge ~ the outermost material laid down at the edge
of the cross-sectlon of the cod or haddock otolith is hyaline.

(7) Spawning marks - not used.

(8) (a) "certain" otoliths - otoliths in which the annuli are so
clearly defined as to give only one possible readings

(b) "uncertaln" otoliths - otoliths in which some check rings
might be annuli or vice versa.

(c) "unreadable" otoliths - otoliths in which annuli and
"check" rings are so poorly defined as to be indistinguishable.

(9) (a) Narrow hyaline - hyaline edge zone does not look to be fully
formed.

(b) Narrow opaque - opaque edge zone does not look to be fully
formed.,

SYMBOLS

Examples below include all symbols in routine use for recording
age readings at St. Andrews.

Sample reading Definition
6+4N.0. C, 6 - 1s number of hyaline annuli
+ = 1l1ndicates opaque growth at edge
of otolith
N.O. - 1indicates narrow band of opaque

materlal at edge
Co, - 1indicates hyaline check ring between
1st and 2nd annuli

63+W. 0. W.0. - 1ndicates wide band of opaque
material at edge

6 N.H. C3 N.H. - 1indicates narrow band of hyaline
: materlal at edge

03 - 1indicates hyaline check ring
between 2nd and 3rd annuli

6 S.C. 6 - 1ndicates 6 hyaline annuli, the
one at the edge being fully
formed

S.C. (small centre) - indicates lst
hyaline ring smaller than average -
probably due to late spawning.

The birthdate of cod and haddock in Subarea 4 is taken to be February
1st. Thus our quarters of the year are: Feb.-Apr., May-July, Aug.-
Oct., Nov.-Jan. In order to be able to assign fish that form hyaline

cese/U
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rings early in the winter to the correct age group we use the scheme.
explained in the table on the following page.

Time of capture Number of ' —
Quarter hyaline Type and wldth  Age group
of vear _ Months zZone of edge zone assignation
{3 narrow hyaline %
Feb. g wide hyaline 5
I Mar. N5 narrow opague 5
Apr. L wide opaque 5 —
[5 narrow hyaline 5
II May g wilde hyaline 5
June 5 narrow opaque 5
July 5 wide opaque 5
(5 narrow hyaline ya
Aug. ‘g wide hyaline 5 (4% in Oct.)
III Sep. 5 narrow opaque 5
Oct. 5 wide opagque 5
Nov. 5 narrow hyaline La -
IV Dec. 5 wide hyaline L8
Jan. ‘15 narrow opaque 5
5 wide opaque 5

8In these cases it is assumed that a new hyaline zone has formed at the
edge of the otolith before the birthday of the fish in the following
February. Therefore, it 1s not counted as a year-zone for age-groups

assignation.

--00000-~
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Serial No. 71k Dncument No. L
(D. c. 2) Appendix VIII

IECHNIQUES FOR READING OTOLITHS

Questionnaire on Age Reading

Fisheries Research Board of Canada, Biological
Statlon, St. Andrews, N.B.

Halibut otoliths

Halibut otoliths have not been examined to any extent
since a speclal study of halibut in ICNAF Subdivisions YT and 4X
was carried out in 1946 and 1947. No otoliths have been collected
from the commercial landings (we have plans for such a program in
1960). Otoliths have been collected routinely in 1958-59 from all
halibut taken during research vessel survey hauls. These have been
stored in a 50% solution of glycerin with thymol added. Otoliths
taken for the 1946-47 study were stored in a similar manner. We have
no comparative evidence to show whether this method of preservation is
better or worse than preserving dry. Otoliths collected in 1946-47 were
read by reflected light, unbroken, and with the surface covered with
50% glycerin solution.

Currently we are planning more intensive work on halibut.
We expect to review and examine our halibut age-reading techniques in
relation to recent developments and improved equipment. Until such a
program is carried out the remainder of the questions are mainly non-
applicable. Presumably we will follow the listed definition of ter-
minology wherever possible.

==00000=~
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Serial No. 71k Document No. 4
(D. c. 2 Appendix IX
TECHNIQUES FOR READING OTOLITHS
Questionnaire on Age Reading

Bundesforschungsanstalt fr Fischereli,
Institut fur Seefischerei, Hamburg,
Germany.

1. Institut fYr Seefischerel
2. Dr., Arno Meyer, Margot Hilden; cod and haddock.

Techniques

1. Most otoliths are taken from market landings. The rest on board
of "Anton Dohrn" or trawlers. We alwavs try to get otoliths of
all slzes, especially of those sizes which are dominating in the
landings or catches. For a good sample we measure 300-500 fish
and from 200 we take the otoliths.

2. We only take one otolith per fish, the otolith from the right
side. The otoliths are removed through the gills. On the
market and when collected by one person the otolith 1is put
into the corresponding cm-hole of the otolith-box (with 100 holes
in 10 rows). When all otoliths are taken they are put into
small paper bags, the otoliths of each ¢m-group in one paper
bag. Thus each otolith in the paper bag represents one fish
of that cm-group which is written on the paper bag. On board
or when the otolitls are collected by more than one person
each otclith 1s put into one paper bag and in thils case length,
sex, maturity and stomach content can be written on the paper
bag, if the fish are not gutted.

3. Before reading the otoliths are cut by a speclal otolith-saw
(copper blade with dlamond dust). If there are more than one
otolith in the paper bag, each otolith is numbered twice before
cutting, in order that later on the corresponding halves of
each otolith can be identifled.

4, We use a binocular.
5. See 3

6. Not treated before reading, for the cut after sawing is
better than polished.

7. We fix the halves of the otolith (mostly 6 halves in one row)
in blue plastiline. The plastliline is put into a small glass-
vessel (4 ch diameter, 2 cm high). Thus the otoliths can easily
be moved and turned on the binocular table with the thumb and
the 3r& finger of the right hand, whilst the 2nd finger can
shade the light beam in a suitable way.

8., In air

9., Monla lamp or plug-in lamp on binocular

10. No filters

11. None _

12. The light comes from the opposite side, nearly parallel tn *he
surface of the cut of the otolith. The beam lis diracted a 1little
bit beneath the cut of the otolith and mostly the beam 1s directed

ceed/2
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to the‘convex side of the otolith.
13. 16X object;ves;ﬁlox oculars. h

1%, Hyalin zone (winter-ring), always all directions!

15. No

16. No -
Interpreta:ions

1. No

2. May be, but very difficult.
3-5. —--

Termigolggz
' No

Symbols

Each otollth is classified according to its readability with 1, 2,3

and %, 1 means very clear rings. 2 means clear rings. 3 not so good,
some difficulties in age determination. 4. bad, great difficulties,
results of age determination uncertain.

All otoliths classified with % are not used for further treatment.

When spawning zones can be defined with certainty they are tabulated.

-=00000~=
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Serial No. 714 Document No. 4

(D, ¢c. 2) Appendia X.
TECHNIQUES FOR READING OTOLITHS

Questionnaire on Age Reading

Institute, U. S. Department of the Interior,
Fish and Wildlife Service, Bureau of Com-
mercial Fisheries, Blological Laborato=
ry, Woods Hole, Massachusetts, USA.

A, C. Jensen

Species: Haddock, Melanogrammus aeglefinus (L.).

Technigues

OQur techniques are identical with those used at the Fisheries
Research Board of Canada Atlantic Biological Station, St. Andrews,

N. B, Mr. Jensen was trained in otolith readlng at St. Andrews.

1. Twenty large haddock and 15 small (scrod); representing
all sizes, are selected from each trawler's trip. The length and sex
of each fish are noted.

2. The otoliths are removed through cuts made in the roof
of the fish's mouth and placed dry in small envelopes. The length
and sex of the fish are written on each envelope which is returned
to the laboratory and stored dry.

3. The otoliths are not treated before reading.

4, A Spencer-American Optical binocular microscope is used to
study the otoliths.

(1958) 5. The otoliths are broken by hand as described by Kohler
19 .

6. The broken surface is not treated.
7. See Kohler (1958).
8. Submerged,

9. and 10, A 30-watt American Optical microscope lamp is
used with a medium blue filter.

11. No other devices are used.

12. The lamp is attached to the microscope, between the
oculars, so that the light beam 1s directed downward at about a 30°
angle from the vertical.

13. A combination of 1X objectives and 10X oculars 1s used:

14, The hyaline zones are counted from the center out, along
the longitudinal axis of the cross-sectinn.

15. No staining or sectioning is done.

16. Scales and otoliths from the same fish are compared only
for speclal studies, not for routine age determinations.

coe/2
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Interpretations

1. No.

2., Not in the present stage of our studies.
3. (Not applicable.)

4, Not at present.

5. (Not applicable.)

Terminology
Our otolith studles are extremely limited in scope and we have

not found it necessary to use speclal terms. Hence, we do not have
definitions for the terms listed.

Symbols

1. Edge type: Wh (wide hyaline); Nh (narrow hyaline);
Wo (wide opaque); No (narrow opaque).

—

2. Check marks: Cj,3 (checks on the first and third annuli).

3. Age 7(8): Fish 1s probably 7 years but there is a strong
check mark which may be an 8th annulus.

4, Age9(?): Best estimate of age from an ambiguously marked
otolith.

Reference

Kohler, A. C. 1958. The validity of otolith age determina-
tions.......oJ. Fish. Res. Bd. Canada, 15(6), pp.
1229-1238.

Prepared by A. C. Jensen, December 23, 1959.
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TECHNIQUES FOR READING OTOLITHS

Questionnaire on Age Reading

Institute, U. S. Department of the Interior,
Fish and Wildlife Service, Bureau of Com-
mercial Fisheries, Bilological Laborato-
ry, Woods Hole, Massachusetts, USA.

A, C. Jensen, J. B. Skerry,
J. P. McDermott.

Speciles: Haddock, Melanogrammus aeglefinus (L.).

-

Technigques

1. Twenty large and 15 small (scrod) haddock, representing
all sizes, are selected from each trawler's trip. The length and sex
of each fish are noted.

2. The scales are scraped off with a knife and placed between
slips of ahsorbent paper in small envelnpes. The length and sex of
the fish are written on each envelope which is returned to the labora-
tory and stored dry.

3. Scales from small (scrod) haddock are not treated before
reading. Scales from large haddock are impressed in plastic slides
(see Arnold, 1951).

4, The plastic scale impressions are projected In a Rayoscope
microprojector. The scrod haddock scales are examined under a
Spencer-American Optical binocular microscope.

5. (Not applicable.)

6. (Not applicable)

7. The plastic impressions and the scrod scales are placed
on a mechanlcal stage.

8. (Not applicable.)

9. and 10. ©Scrod scales are examined with a 30-watt American
Optical microscope lamp (with medium blue filter) as sub-stage
illumination. The Rayoscope projector transmits light down through the
impression.

11. No other devices are used.
12. See 9. and 10. above.

13, Microscope for scrod scales: 1. 3X objectlives; 15X oculars.
Rayoscope: 25X magnification (occasionally L4OX).

1%. The zones of narrow circuli are counted from the focus out,
along the longitudinal axis of the scale.

15. No staining is done.
16. Scales and otoliths from the same fish are compared only

for special studles, not for routine age determinations. y
. * e 9 2
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Interpretations .

1. Scales are not used Tor stock definition.

" 2. We belleve scale types can be defined but this has not
been verified as yet.

3. (Not applicable.)

4. Three special zones can be defined:
a. an accessory mark formed in October of the first year.
b. the zone of narrow (so-called winter type) circull.
c. The zone of broad (so-called summer type) circuli.

" 5. The accessory mark is defined by the number of circulil
(from the focus) involved and the narrow, dark appearance of the
circuli forming the mark. The narrow zone and braad zone are de-
fined only by the appearance of the circull forming the zone.

Terminology

A few speclal terms are used to describe svecial features of
the pattern of scale markings. These terms are defined below:

1. Check ring--a zone of narrow circuli composed of only
two or three circull and obviously not as wide as the adjacent zones
of narrow circuli.

2. Nucleus (focus)--central point of the scale around which
the concentric circull are arranged.

3. Intermediate zcne--(no definition).
4, Secondary zone--(no definition).

5. Opague edge (winiter-type edge in scales)--edge characterized
by a zone of narrow circuli.

6. Hyaline edge (summer-type edge in scales)-- edge characte-
rized by a zone of broad circuli.

7. Spawning marks--(no definition).

8. Certain, uncertaln, unreadable scales--

a, certain--annulil (zones of narrow circull) distinctly
different from adjacent zones of broad circuli, well
separated and readily ldentified.

b. uncertain--annull only slightly different from broad
circuli; one or more annuli narrow, having appearance
of check rings.

¢. unreadable--scales with regenerated centers or badly
eroded and damaged edges.
2. No other terms or syubols are used.
Reference

Arnold, E. L. 1951. An impression method for preparing
fish scales for age and growth analysis. Prog. Fish-
Cult. 13(1): ppo 11"'160

Prepared by J. P. McDermott, December 23, 1959.
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~ TECHNIQUES FOR READING OTOLITHS

Questionnaire on _Age Reading

Institute, U. S. Department of the Interior,
Fish and Wildlife Service, Bureau of Com-
merclal Fisheries, Biolnglcal Labnrato-
ry, Woods Hole, Massachusetts, USA,

Redfish
George F, Kelly and Allan M. Barker

Technlgues

1. A random sample of 100 fish is taken from interviewed fishing trips
knnwn tn have fished in a single statlstical area, Data recorded in-
cludes fork length to nearest millimeter, sex, gonad condition and in-
cidence nf parasite Sphyrion lumpi.

2. Otoliths are removed by cutting through the skull from the mid-
dorsal point laterally across the preopercle. The cut exposes the
otoliths so they can be picked out with forceps. They are drv-stored
in coin envelnpes. ©Some special collections are stored in 9C percent
ethyl alcohol.

3. Dry-stored otoliths are cut for reading whereas the wet-stnred
otoliths are read whole.

4%, Bausch and Lombk or Spencer binocular microscopes with stage light.

5. Ctoliths are cut across the long axis with a dull single edge

razor blade using a plastic strip as a cutting block, The blade is sawed

across the otelith until i1t fractures along the line of cutting.

6. The broken surface is ground smooth on the flat side .of a Aane-inch
high-speed, carborundum cutting disk, and a small drop of glycerin 1s
placed on the cut surface.

7. The sectloned otolith 1s inserted into a slot in a small cork
s topper.

8. The whole otoliths are read submerged in 70 percent alcohol under
direct light against a black background. The cut otoliths are read
in air.

9. A variable intensity mlcroscope stage light is used employing a
30 watt transformer.

10, No light filters are used.
11. No special devices are used.

1l¢. The light 1s directed agalnst the side or end ng the otolith and
the surface is shaded with a shield. The otolith muay he rntaisd to
attailn better illumination of the year zones.

13. Between 12 X and 15 X magnification 1is generally used, occasionally
higher to 30 X. (oculars 10 X to 15 X, objectives 0.7 to 3.0).

1%. Pairs of opaque and hyaline zones are counted, generally along the
long axls of the otelith. The zones are traced around the sides of
the long axls whenever possible.

cen/2
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15. No staining technique 1s employed. Many stalns have been tested
but none was successful in staining the otolith zones differentially. -
Sectioning is difficult and time consuming. It would not improve
redfish otoliths sufficlently for age reading to warrant the added
effort. GSectioning would be worthwhile for preparing otoliths for
photography where greater flexibility of lighting 1s possible with

thin sections than with otolith halves.

16. Nd:routinely - ouly on special studies.

Interpretations

1. Otoliths are not used for definlition of stocks at present.

2. No systematic work has been done on definition of otolith types
but thls would appear to hold some promise.

3. thhing to report.

L, Year zones representing growth before first maturity can be dis-
tinguished from those of later years. More work must be done on this

5. Nothing-to report.
Terminology

1. Check ring - this term is not used in our work. Year zone 1is used
to denote one year of growth in the otolith represented by an opaque
and a hyaline zone. I question whether check ring should be proposed
for universal usage since it is an inexact term that is only loosely
associated with age and growth.

2. Nucleus - this term applles to the smallest opague zone at the
center of the otolith. Focus is sometimes used to Indicate the first
center of otolith growth.

3. and 4. Intermediate zone and_secondary zone are not used in our
work. -

5e Onggue edge - indicates that opaque material comprises the major
portion of the otolith periphery. Opague material is deposited during
fast or summer growth.

6. Hyaline edge - indicates that hyaline material, representing slower
winter growth, comprises the: periphery of the otolith.

7. Spawning marks - spawning zone 1s used in this reference in our
work. It denntes a change in the . year zone form, generally between
the 6th and 12th zones. Both the opaque and hyaline zones become
narrower than before and the subsequent year zones become more uniform
in size and forme.

8. These terms are little used with redfish. Most otoliths having
more than 6 or 8 year zones are read with some degree of uncertainty.
Unreadable otoliths are those in which a portion of the material 1s nnt
differentiated into zones or is separated into 2Zones in a confused
pattern that permits elther high or low counts.

Symbols

No special symbols are used to designate features of the otolith zones.
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TECHNIQUES FOR READING OTOLITHS

- —— il il

- Scottish Home Department, Marine Laboratory, Aberdeen.
A. D. McIntyre.
Halibut

Technigues

l. From market samples. All the fish in an 8 st. box {usually 50-
150 fish) are otolithed, measured, weighed and sexed. From re-
search vessels - all fish not required for tagging are otolithed,
measured and sexed.

2. 0Otoliths removed from fish by cutting diagonally through the head
from just behind the eyes. Extracted with forceps. Kept dry in
envelopes in partitioned cardboard boxes.

3. If not read immediately on extraction they are first soaked in
water for 2 hours.

Y. A small hand lens x10.

5-13. Otoliths read whole, 1n water, against a black background.
Lighted by general illumination from a Prior microscope lamp
without filter.

14. The hyaline zones are counted and an attempt is made to follow
these round the whole otolith.

15"16- NO-

Interpretationg

1-3. Otollths can be arranged into types on the basis of general shape
and length/breadth ratio and presence or absence of double rings, but
these types seem often to be mixed in single samples and 1t has not
yet been found possible to use them for stock differentiation.

4-5. No.
Ierminology

Numbers 1, 3, 4, 7 not used.
2. Nucleus - the part inside the first ring.

5. Opague edge - the white appearance of the edge when the black
viewling background 1s not able to shine through due to the strue-
ture of the otolith. Usually found during the period of summer
growth.

6. Hyaline edge - the dark appearance of the edge when the black viewing
background 1s able to shine through due to the structure of the oto-
1ith. Usually found in winter, but sometimes occurs when you least
expect 1it.

8. Certaln otoliths are those that can be read with confidence.
Uncertain otoliths are those which for one reason or anothe™ have
to be read as x+« a number of years. Unreadable otoliths can't be
read even with confidence.

-=nn0nn--
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TECHN;QH@S FOR READING OTOLITHS
Questionnaire on Age Reading

Scottish Home Department, Marine Laboratory,
Aberdeen.

Ray Gamble

Whitipg. ( G. merlangus)

7
8.
9.
10.
11.

12,
13!
1.

15.

16.

Technlgues

From market samples - 50 fish are chosen at random, otolithed,
measured and vweighed., Of the remaining fish in the box, which
holds 8 st., ten at each centimetre length are otolithed and
measured. IFrom research vessel hauls - up to 5 fish at each
centimetre length are otolithed, measured and sexed.

Otoliths are removed from the fish by cutting diagonally down
through the head from a point on the dorsal surface just behind
the eyes, through the hind part of the brain. The otoliths are
then extracted with forceps.

They are kept, dry, in envelnpes, and stored in partitioned
drawers.,

Untreated.
Beck binocular microscope.

Otoliths are broken by snapping them across transversely with
the fingers..

The broken surface is brushed with turpineol before reading.
Occasionally it is ground flat before applylng the turpineol,
if theotolith 1s difficult.

The otolith 1s stuck upright in putty.

In air.

Prior microscope lampe.

Yes; yellow.

The broken surface 1is shielded from the 1light by a finger, so
that the light shines only through the lower part of the otolith.

Horizontally; and see 11.
Magnification X25. Objectives - 49 mm; oculars - wide field X10.

The hyaline zones are counted. Fnr direction, see line marked on

figure.
No. e e —
No. ”#”’ggijfi:)

- T ' 0/2
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Interpretations.
No.

Yes.

A distinction can be made between the otoliths of whiting in the
Clyde area and those in the North Sea. The former are much more
difficult to read, because the first two winter zones tend to be ~
made up of many fine hyaline rings with little summer growth
separating them. The corresponding winter growth in North Sesa
whiting are much more solid in appearance, with the second winter
zone commonly having a double structure.

No.

ferminology

Some special terms are used.
Not used.

Nucleus or false ring - a small hyaline ring lying inside the
first winter zone, and probably laid down when the young fish
adopt the bottom habitat.

Not used.

Opaque edge - the appearanc~ nf tha edge when A new summer ring
is being laid down. It is not easy to see using transmitted
light, in which it appears as a dark rim to the otolith.

Hyaline edge - the appearance of the edge when a new winter ring
is beilng laild down. Appears as a light coloured rim in transmitted
light.

Not used.

Certain otoliths are thnse with clear and distinct winter zones,
which can be easlly counted. _
Uncertain otoliths are elther those with indistinct hyaline zones
which are difficult to count; or otoliths with two or more hyaline
rings so closely spaced that it 1s doubtful if they represent
separate winters' growth.

Unreadable otoliths are those 1n which it is impossible to differen-
tilate betweern successive winter zones, so that they cannot be
counted.,

Double ring - where the winter zone is made up of two hyaline

rings separated by a more opaque area. Commonly found in the
second winter ring of North Sea whiting,.

-=n0o0on-—=
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7e
8.
9.
10.
11.
12.

13.
1k,

15.
16,

X

TECHNIQUES FCOR READING OTOLITHS

Questionnaire on Age Reading

Techniques, Interpretations and terminology used for age
reading and stock definition of cod and haddock otoliths.

0. Annaniassen cod
0. Bostrgm haddock
R. Hovland cod
A. Frgland cod

Technliques
Onboard the research vessels every fish of the catch is measured be-
fore the otoliths are collected. Then the otoliths of ten fish from
each 5-cm group are taken. The otolliths are put into small envelopes
where length, sex and stage of maturity of the fish are written.
In Lofoten one part of the catch, that makes about hundred fish, is

measured and the otoliths are put into envelopes where data are
written as above.

Usually the otollths are removed by cutting through the otic bones
from the inside. On smaller fish a cut from the bridge of the nose
through the eyes into the otoliths is used.

The otoliths are preserved in small envelopes which are placed in a
box, one sample 1n each box.

The otoliths are kept in the boxes untill the reading.

For reading following stereo-microscopes are used: Zeiss opton,
Leitz and Reichert.

The otolith 1s broken either with fingers or by means of a palr of
pliers, through the nucleus.

The broken surface 1s of ten moistered with a mixture of half and half
glycerine and water.

The otolith is fixed on the microscope table on a bit of mouldingwax.
The otolith 1s read in air.

As light source are used microscope-lamps (Zeiss, Reichert).

A yellow filter 1s used for the reading.

No other speclal devices are used to facilitate the reading.

The light beam 1s directed partly on the side of the otolith ...
broken surface, and shaded with a pencil or one finger so that the
surface comes 1n shadow.

The magnification used is about 15-16x.

When reading the age, the opaque zones are counted, usually from
nucleus to the concave edge and from nucleus to both tips.

Staining or sectioning is not used.

Scales and otoliths from the same individuals are nnt compared.

-'00/2
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2.

(2)
(5)
(6)
(7)

- 50 -

Interpretations

Otoliths have been used to distinguish between different stocks,
l.e. the coastal cod and the 'skrei".

We have defined following otolith types:

A Type I " 1
b. Type IT Skreil

¢. Coastal cnd

Type It The zones are uniform in structure, and the opaque and
hyaline zones are sharply delimited frnm each other. Regularity
characterizes the otolith.

Type 1I: Both opaque and hyaline zones are "split" by hyaline and
opaque material respectively.

Coastal cod: The bright nucleus and the shape of the first year are
characteristic.

Speclal types of zones are nnt defined.
None.
Terminology
The opaque material in the centre of the otolith is called nucleus.
The otollth has opaque edge if the edge 1s of opaque material.
The otolith has hyaline edge if the edge 1s of hyaline material.

The hyaline rings, which are more bringth than the inner ones and
often wlder than the opaque rings, are called spawning marks.

R. Hovland D. Mgller

-=00000--
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10.
11.
12.
13.

14,

lsn
160

TECHNIQUES FOR READING OTOLIT

Questionnaire on Age Reading.

Fisheries Researches of Greenland

Paul M. Hansen and Inge Meldal

Techniques

Representative samples of commercial catches. Catches from research
vessels.,,

From commercial catches otoliths are collected, together with total
lengths and sex.

From all catches of research vessels are collected otoliths, total
length, sex, and sometimes weight and stomach contents.

A transverse cut 1s made with a knife through the skull just behind
the eyes and obliquely backwards. The otoliths are extracted with
forceps and stored in small bags.

The ntoliths are broken across with the fingers. If the break is
wrong pincers are used.

Zelss stereo-microscope (Zelss Opton). Ocular 10x. Ob jective 16x.

No treatment. In very rare cases the broken surface is ground with
a fine rotating stone.

The otoliths are fixed in a fine clamp, which is held in the right
hand, making it possible to turn the otolith so that the light falls
on to the broken surface at various angles. During the reading the
otolith is submerged in 96% alcohol.

Zeiss low-voltage microscope lamp.

No filter.

Obliquely in-falling light (about 45°).

See 5.

Hyaline zones. Reading along an axls across the cut from the centre
towards the concave surface and along the longitudinal axes of the
broken surface from the centre in both directions.

See 7 and 8. Sometimes shading with a finger 1s necessary to ensure
that the light is falling through the otolith.

No.
No.
.../2
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Interpretatio

i
A

1. No.

2. 0Otoliths of cod from certain f jords caﬂ be distingulshed from oto-
1iths of cod from the banks. |

3. Otoliths of fjord cnd have indistinct hyaline zones and many check
rings. Frequently the hyaline zones are placed very densely and
"are very narrowj; thls 1s caused by slow growth.

4 +5. Spawning zones can most easily be distinguished in cod which have

spawned several times. 1In otoliths of first spawnérs, where the
spawning zone 1is placed at the edge, it may be difficult to distin-
guish it as a spawning zone. The spawning zones are narrow and the
hyaline zones are distinctly deplcted. (see attached photograph).

Ierminology
1. Check rings are often indistinct and incomplete.

2. The nucleus is found only in few otnliths. It shows as a small
distinctly delimited kernel, often of yellow colour.

3 6. No special definition.
7. See "Interpretation" 4 and 5.
Symbols

No special symbols are used.

Hallbut
(Dr, Paul M. Hansen and Sv. Aa, Horsted)
Techniques

1. Catches from research vessels (long-lines and a few hand-
lines). TFrom the whole catch otoliths are collected together with
information on total length, sex, eventually stomach contents and
welght. Sometimes the colour of the blind side {clear white or
grey is also noted).

2. Extraction - as for the cod. Kept dry in small bags.

3. Nothing special.

L, Read whole, for supplement sometimes one otolith ig broken across.

5. Zelss stereo-microscope (Zeiss Opton).

6. No treatment.

7+ The otollth 1s held by a small clamp so that its position can be
varied.

8. Submerged in 70% alcohol.
9+ Zelss low-voltage microscope lamp. Concentrated light.beam.

oo-/3
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Otolith Number 8, 27 July 1957
37 cm, male, 3 years.
(check rings)

Otolith Number 12, 28 July 1957.
67 cm, male, 7 years.

Otolith Number 14, 28 July 1957.
74 cm, male, 8 years,

Otolith Number 15, 27 July 1957,
79 cm, female, 9 years, Spawning 8

Otolith Number 22, 28 August 1957.
88 cm, female, 15 years, Spawning 7

Otolith Number 23, 27 August 1957,
94 cm, female, 16 years, Spawning 7

- Otolith Number 35, 9 April 1957.
80 cm, female, 17 years, Spawning 6 or 9.

Otolith Number 35a, 14 September 1957.
_ 131 cm, female, 21 years, Spawning 8.
(2 innermost rings disturbed by shadow).

Rt " D12
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13,
14,

15|
16.

2-5,
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No.

Transparent light. If broken surface is used, eventually re-
flected light. When this transparent light is used, the surface
is read but only one surface can be used. -

Ocular 10x. Objeéctive 16x.

Both hyaline (mainly in reflected light), and opaque (mainly by
transparent light). No special direction.

No.
No.
Only otoliths used.

Interpretation
No.

Do not know, experlence and material too limited.

Terminology

No remarks as experience and material are too limited.

Symbols

No remarks.

(Dr. Paul M. Hansen and Sv. Aa. Horsted)

Techniques

Catches from research vessels. Most catches are taken with shrimp
trawl, a few by hand or long line.

The whole catch is measured. Now and then otoliths are cnllected

and the whole catch, or a representative part of it if it is more

than 200 specimens, is sexed., For some samples a bone postcleith-
rum from the shoulder skeleton is used as well as the otoliths.

In a few samples additional weight determinations and analyses of

stomach contents are made.

The otoliths are extracted as for the cod. Normally they are kept
dry in small bags, but 1t seems to be better to keep them in sea
water for about two months and then to transfer them to 704 alcohol.
If they are kept in sea water for more than two months, the decnmpo-
sition 1s too strong and the enclosed label may be destroyed. When
transfering into alcohol, the label must be replaced. The advan-
tage of keeplng the otoliths in sea water for some time is that
then they are more easily broken in the correct way, and the reading
of them 1s possibly easier - at any rate not more difficult.

Otoliths which have been kept dry are deposited in 70% alcohol for
about half an hour , after they have been broken across with the

olo.ao/l+
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11.

1z.
13.

14,

15.
16.

_55..-

fingers. Small otoliths are broken with the fingernails, the
larger eventually with pincers,

Zelss stereo-microscope (Zelss Opton). Ocular 10x. Objective lé6x-
(eventually 25x). ' ' -

No treatment.

The otoliths are held with a small clamp so that the position car
be varied until the light is at its best.

Submerged in 70% alcohol..

Zeiss low-voltage microscope lamp. Concentrated light - almost
spotlight. .

No.

Oblique, nearly horizontal reflected light. The flat surface

of the ntolith 1s farthest away from the light. With the finger
or with the small clamp a more or less shading of the light can
be achieved. Eventually transmitted light is used until the
lighting is the very best possible. In most cases a strong re-
flected 1light is the best.

Ocular 10x. Objective 16x, sometimes 25x.

Normally from the centre towards the flat side of the ntolith
along the line lying between the cross axis and the shortest’
length's axls. Possible correctinns in other directions.
Most often hyaline z~nes with some kind of illumination if
opaque.

See above {2, 7, 8, 11 and 13).
No.

Scales cannot be used. In a few samples comparis~nn of the otonlith
with the postcleithrum has been made. The postcleithrum is kept
dry. During drying rings show up which possibly are annual rings.
Good agreement between otolith and postcleithrum up to six years.
For older redfish, the innermost rings on the postcleithrum are
difficult to distinguish - most often it 1s impossible to do so.
Kept dry in small bags, or wet in small glasses (70% alcohol). -

Interpretation

No.

Do not know. Material and experience too limited.

Terminology
No speclal definitions. Too 1imited experience., -
Certain: both otoliths show - reéd in various directions =
the same result, If two readers, both get the same
results. -

Uncertain: The two otoliths read in various directinns give
results which vary with plus »r minus 2.

Unusable: Greater variation than plus or minus 2.

«e /5
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Symbols

Age without symbol:' certain. This includes possibllity of
— error up to plus or minus 1.)

Uhderliniqg of age: absolutely certain.,
Question mark afteffagez uncertain.

Question mark without age: unusable.

-=00000-~
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TECHNIQUES FOR READING OTOLITHS XU

Questionpaire on Age Reading

Fisheries Laboratory, Lowestoft, Suffolk, England.

G. C, Trout 1edfish, cod

~R. Blacker haddock

B. Jones coalfish

R. Margetts plaice :

M.J. Holden cod and genereal co-ordination nf
methods and techniques within the
laboratsary. :

J.A. Gulland (Statistician responsible for target

allocatinns).

Techniques

I Cod

1 A. OSampling of commercial catches.

a. Initial sampline 3s by areas. White Sea (Region I) Norway Coast
(IIa) Bear Island and Spitzbergen (IIb), North Sea (IV) Iceland (Va)
and Greenland (XV).

b. OStratified sampling of the fish on the market is used. Far re-
glons I, IIa, IIb and Va monthly target figures are 30 otoliths from
40 em fish, 40 otoliths from 50 cm, 60 cm and 70 cm fish, 30 otoliths
from 80 cm fish and as many as possible from 90 em and 100 c¢m fish.
From region IV the target is 10 otoliths from each 10 cnm lengti croup.
There is no set target for region XV.

A few otoliths are taken each day so that sampling is spread
over the ships landing within a month, This also ensures that all the
grounds within a statistical region are sampled., There are no rules g0-
veming thls procedure 1t being left to discrimination of the cmllectnrs
except that not more than five otoliths in any one 10 cm length group
are taken from the fish landed by any one ship.

¢c. Data collected. Port of landing, date of conllection, name of
shlp, reginn, statistical square in which fishing occurred, total length
of fish.

B. Sampling from research vessel catches.

Stratified sampling is employed with the same targets as stated
above but no more than five fish in each ten centimetre length group
are sampled at any one station unless fishing occurs at one statinn for
several days.

The data collected are:- Date of collection, name nf ship, cruise
nvmber, station number, serial number of otolith, total length of fish,
sex and maturlty as immature, maturing or mature,

2+A, Removal

This varles according to the whim of the collector except with col-
lection from commercial samples when the brain case 1s cut away from
around the ntolith, access belng obtained through the opercula opening.
This is to prevent dlsfigurement of the fish because the fish are not
bought by the Ministry.
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Other methods employed are:- |
a.” Cutting vertically between the eyes with a knife or guillntine. -

b. Cutting transversely behind the eyes - this method is liable to
damage the otoliths if the cut is misjudged.

c. Cutting the top off the head by inserting a knife through the eye
sockets and sllcing backwards. -

B. Preservation

) Placed into small envelopes two inches square, the envelopes being
kept 'in boxes 12" x 10" x 2" divided internally into four compartments
12" x 2 1/2"x 2",

3. Treatment. None
L, Low power binocular microscopes.

5. The otolith i1s broken transversely across the middle using the fin-
gers. If the otolith 1s difficult to break it is sawn in two using
an electrically driven, water cooled jeweller's saw.

6. If the break 1s satisfactory no treatment is given. If it is rough .
the surface is painted with xylol to improve the contrast., If the
break 1s very rough or does not pass through or almost through the
middle of the otolith 1%t 'is ground down using a fine carbnrundum
stone driven by an electric motor.

7 Vertically using a "Plasticene" mount so that the broken surface 1is
observed. The otolith 1s read by transmitted light. (See photo-
graph 1 and 2). .

8. In air.

9. High powered filament lamp, 6V 8 amp run from mains through a va-
riable transformer.
10. No.
11, A horlzontal bar 1s used to screen the broken surface of the oto-

1lith from direct light. This bar is moveable in the vertical
plane. A shleld 1s used to prevent light falling upon the otolitt
from other sources except the lamp. -

12. The light beam 1s directed horizontally to strike the otolith
approximately at right angles to the vertical axis just below the
shielded, broken face. (See photograph 1). : -

13. x5 wide angle eyeplece and 54 mm objectives. Total magnificatinn
is approximately xl#.J '

14, This depends upon the whim of the observer, snme counting the
hyaline zone others the opaque zone. No particular axls 1s used
that giving the clearest reading being used and checked off against
other axes. _ |

15. NOo ‘ -

16. No.

Interpretations

1. Not normally. When reading Icelandic otoliths an attempt is made
to differentiate fish from Greenland by using differences in oto- -
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1ith structure and age/length relationships but this differentia-
tion cannot be done with certainty. '

Mr. Trout in a study of the Spitzbergen-Bear Island cod used
differences 1in otnlith structure to split fish into three sub-
populations (see Trout 1957). The Bear Island Cod. Migratinns
and Movements. M.A.F.F., Fish Invest. Ser. II, Vol. XXI No. 6).

Yes.

All segregatinn of otoliths into types is done by attempting to
clagsify patterns of otolith growth. In the example referred to in
"1" above Trout used variatinns in the opaque zone, calling uniform
opaque zones with one, or occasionally two, hyaline check rings
(see "Terminology' for definition) as "Western-Split" and opaque
zones merging Intn each other "Eastern", the terms Western, West-
ern-Split and Eastern referring to the areas in which the pattern
was most common. See photographs 3 and 4. Such segregatinn is
always difficult because there is always considerably variation
fiomlthe chosen type pattern which makes classification very dif-
ficult.

On the broader question of separating stocks it 1is possible with
experience to differentiate between otoliths from fish from the
main fishing area e.g. between North Sea and Bear Island Cod, (Com-
pare photographs 5 and 3) but not between fish from twe areas
within the North Sea. This is only of academic interest because

-the area from which the otoliths are cnllected is kxnown. The ex~

ception 1s that of Icelandic otoliths where it is desirable to
know the admixture of fish from Greenland. Otoliths from Green-
land fish are regular with well defined annual opaque and hyaline
zones with few if any splits compared with Icelandic otoliths
that have typlcally i1l defined zones with many splits.. (Compare
photographs 6 and 7).

The term zone 1n this laboratory is used entirely in the connec-
tion opaque, hyaline or spawning zones. (See "Terminology").

It is however possible from time to time to distingulsh certain
years by peculilarities in the structure of the otolith. 195% was
a good year for plankton production in the Arctic and some end
otoliths from Reginon ITb show an exceptionally large opaque zone.
This is more noticeable because the preceding two years 1952 and
1953 were years of below average plankton production and the oto-
1lith growth was less than normal. Where this structure occurs in
an otolith 1t 1s possible to use it as a check agalhst the age
determination by counting zones only and it is useful in older fish
where the outer growth may be difficult to interpret. This check
~an only be used positively because not all otoliths showed the
same vattern of growth for these years, 1.o. some fish whnse oto-
liths showed them to be definitely spawned in 1952 had normal sized
1952, 1953 and 195% rings. (Photograph 8).

Terminology

Checking. Any hyaline zone laid down that is considered not to be
an annual hyaline zone. This definition assumes that the normal
patfern of otollth growth 1s one opaque zone, normally laid down in
the summer and one hyaline zone, normally laid down in the winter,
each year. Any hyaline zone within the opaque zone is a check ring.
(See photograph 4).

Nucleus. The whole of the first year's growth of the otolith, in-
cluding all opaque and hyaline zones. (See photograph 4).
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3 and &. Terms not used in this laboratory.

5. Opague_edge. An otolith edge appearing dark by transmitted light—
and bright by reflected light. When high light intensities are used
an opaque edge often appears light by transmitted light due to the
general diffusion of light. (See photograph 5 ).

6. Hyaline edge. An otolith edge appearing light by transmitted
light and dark by reflected 1light. (See photograph 3). -

7. Spawning marks. These are referred to as spawning zones and are
regular patterns of hyaline and opague zones, the pattern commencing
with wide hyaline zone corresponding to the winter preceding spawn-
ing followed by a very narrow opaque zone corresponding to the sum-
mer of spawning. Further narrow hyalines and opaque zones then
follow according to the number of times the fish has spawned. Ty-
pically the hyaline zones are very bright, by transmitted light,
ard wider than the dark opaque zones. (Photograph 9).

8. Certain otoliths, No doubt about age determined from otolith,
all observers agreeing. (Photographs 3, 5y 6, 8 and 9).

Uncertain otoliths. Readable but leaving the interpretation of
some of the hyaline and opaque zones open to question so that 1t 1
only possible to state the probable age of the fish from which the _
otolith was taken with probable alternatives. (See photograph 7).

Unreadable otoliths. Impossible to state even a probable age
of the fish from which the otolith was taken due either to an absen-
ce of hyaline or opaque zones or the presence of an irregular se-
quence of zones which fits with no annual pattern.

9. Other terms a."Split". A narrow hyallne zone occurring within
a wide opaque zone or vice versa. When the split 1s a narrow hya-
line zone in an opagque zone the terms "split" and "check ring"
are synonymous although the term "split" is usually applied to a
narrower zone than "check ring" although this differentiation is
sub jective. (Photograph 5).

b. Official birthday. The day upon which a fish is presumed to
have been spawned. It usually bears some relation to the actual
spawning period. For all cod it 1s taken as 1lst January. Thus
assuming an otolith pattern of growth of one opague summer zone
laid down between lst April and 30th September and one hyaline
winter zone laid down between lst October and 31st March an oto-
1lith s?owing the following pattern upon examination would be aged
as follows:

e

Date of RNumber of Number of Type of
capture of fish opaque zones hyaline zones edge Age
mid February 2 2 Hyaline IT
mid June 3 2 Opaque II
mid November 3 3 Hyaline II
31 December 3 3 Hyaline II
1 January 3 3 Hyaline ITI
Symbols

1. Age. This 1s always written in Roman numerals. In the case of un-
certain otoliths the probable age is written first followed by the
probable alternative which 1s queried e.g. V ? VI. -

.0!./5
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2. Spawning. The symbol "S" 1is used to denote a fish that 1s assumed to
— be aboul to spawn and is detected by the presence of the bright pre-
spawning hyaline zone (See Terminology (7) above). The symbols S1,
S2 etc. are then used to denote fish that have spawned once, twice
etc. and have completed the full year's growth of the year of spaw-
ning. Assuming a fish with the same otolith pattern of growth as

in the paragraph on "Official Birthday" the symbols would be used as

follows:

Date of Number of* Number of* Type of
capture of fish opaque zones hyaline zones edge Symbol
1lst January 0 1 Bright S

hyallne
August 1 1 - Narrow S
' . opaque

31st December 1 2 Hyaline 5
1st January 1 2 Hyaline S1

*Only spawning zones are referred to

Where the official birthday is set later in the year than 1lst
January e.g. lst May the symbol "S" 1is used for the period of
twelve months, from the time the pre-spawning edge is first visible,
after 1lst May untll a complete spawning zone has been completed by
the 30th April twelve months later. The sequence 13 thus shifted
five months later than in the above table.

Techniques
II. Plaice

1. Only sampling of commercial catches from one area, the North Sea,
- 1s carried out.

— The following stratified sampling is carried out on fish bought
from the market.

Lowestoft Grimsby

Port o
cm length grouping No. of fish each month No. of fish each month
25-29 30 20
32—34 30 30
35=39 30 30
Lro-l?-h 20 30
4549 20 20
50- 20 20

No more than three otoliths in any one 5cm length group are taken
from any one ship. Otherwise the fish are selected at random through-
out the month,

The data collected are total length, sex, weight and gonad weight.

— 2 The otoliths are removed by cuttlng vertically down between the
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eyes with the fish in i1ts normal position i.e. white side down.
Cutting is facilitated by placing the fish on a notched board. —
The otoliths are preserved as with cod. ‘

Treatment. None.

Low power binocular microscopes.
Read whole,

Inapplicable.

The otolith 1s placed in a black solid watchglass and read by
reflected light.

It 1s immersed in water.

High powered filament lamp, 6V 8 amp run from mains through a va-
riable transformer.

No.

The beam is directed down at an angle of approximately 45° from
the horizontal on to the whole otolith.

Magnification 1s x7 oculars with x2.9 objectives.

This depends upon the whim of the observer, some counting the hya-
line zone others the opaque zone. No particular axis is used that
giving the clearest reading being used and checked off against other
axes. :

No.

Interpretations

The otoliths are used solely for age determination and no attempt
has been made to used them for defining stocks or to classify them
into types. :

Ierminology

Nucleus. The central opaque zone up to but excluding the first !
aline zone that correspords in the opinion of the observers to th.-—
first winter. In the simplest cases the nucleus is the opaque core
of the otolith but in other cases the nucleus may contain some hy-
aline zone, 1f, again in the oplnion of the observer, these hyali-
ne zonei %o not correspond to winter growth. (See photographs 10,
11 and 12). :

—

As for cod.
The other terms are not used.

The term "split" is used as defined for cod.

ITI Redfish.

1,

Techniques

Fish are samgled on research vessels only and otoliths are taken
from fish selected as required by the research workers' programme.-
The data collected are as for cod on research vessels.
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The fish are deep frozen on the research vessel and their otnliths
removed direct into tubes of 70% alcohol. The tubes are numbered,
the data belng kept on sheets.

Treatment. None.

Low power binocular microscopes.

Read whole.

Not applicable. !

As for plalce accept that the otolith 1s read in alcohol.

High powered filament lamp, 6V 8 amp run from mains through a va-
riable transformer.

No.

The beam 1s directed down at an angle of approximately 45° from the
horizontal on to the whole otolith.

Magnification 1s x7 oculars with x2.5 objectives.
Opaque zones.

No.

Interpretations

The otollths have been used for age determination only. Their
gross structure l.e. length in relation to fish length has been
used for speciation purposes but no interpretation of the type
requested in questions 1-5 has been attempted.

Terminology

As for cod except that spawning marks have not been noticed.

Haddock

IV,

Work on haddock otoliths has only recently started and the tech-
niques employed to date are those for cod. No special terminology
or interpretations have been adopted.

Stratified sampling is employed, ten fish from each 10 cm length
group a month being taken from two areas Regions I and II combined
and Reglon Va.

V Coalfish

The same remarks apply as to haddock but no routine samples are
taken, otoliths being taken on research vessels as and when avail-
able.

- =n0000=-=~
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Fig. 1. Microscope set up for reading cod, haddock and coalfish (saithe) otoliths.

Fig. 2. Close-up of microscope set up for reading cod, haddock and coalfish otoliths,
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Fig. 3. Cod, 40 cm. (approx.); Region IIB, Bear Island, Spitzbergen; age 4 years;
April {approx.).

CHE e {Tim C\.

TwWaEsTEAN S P

Fig. 4. Cod, 85 cm. (approx.); Region IIB, Bear Island, Spitzbergen; age doubtful;
March (approx.).

BobdN  oF aToLitu

NUCLIEZY S
,SIHG-oHUC‘

Fig. 5. Cod, 69 cm.; Region IV, North Sea; age 3 years; March, 1950.
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Fig. 6. Cod, 54 cm.; Region XV, Greenland; age 7 years; October, 1957.

Fig. 7. Cod, 85 cm.; Region Va, Iceland; age 6 or 7 years; February, 1959.

Fig., 8. Cod, 77 ¢cm.; Region']IB, Bear Island, Spitzbergen; age 8 years; November,
1959, ' i
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Fig. 9. Cod, 96 cm.; Region Va, Iceland; age 10 years; February, 1959. This is a
Greenland fish that has spawned twice (see text).

C f’ﬂq LE COogE.

NvucLesvws,

Fig, 10. Plaice, 22 cm.; Region IV, North Sea; age 3 years ?; May (approx.).

NUC i vs

Fig., 11. Plaice; Region IV; male 35 cm.; Fig. 12. Plaice; Region IV, North Sea;
one otolith V, one VI; March, 1954, age 11 years; May (approx.).
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(D.c.2) Appendix XVIII
TECHNIQUES FOR _READING OTOLITHS

“Questionnaire on Age Reading

Direccion General de Pesca Maritima, Madrid

Mr. A. Figueras is responsible for age estimation. The species studied is
nrincipally cod. Prjre o o e

12,

R

13.
1k,

15.
16.

-Technigues _
The fish, from which the otoliths are taken, are selected randomly and
the data collected are: fish species, ship, date, goographic sitvation,
31ze, sex, and stomach contents. " RN L

The otoliths are removed from the fish. They are preserved dry and
stored in enveloves.

They are not treated at all before reading.

To study the otoliths we use a binocular microscone.

The cod otoliths are not read whole, but are broken by Rollefsen's
method: pressing the otolith with the two thumbs against the two
forefingers.

Sometimes, if we wish to measure the annual rings, we polish the two
surfaces with a glazer.

To fix the otolith on the microscope table we use a slide with a mound
of "plastilyne" (a sort of mastic) black coloured, fixed in the center
of the slide. The "plastilyne" does not require any substance to fix
to the glass.

We study the cod otolith in air.

We use as light source an ordinary table lamp of 100 W.

We use neither filter or other special devices to facilitate the
reading.

The light beam 1s directed to the side of the otolith, with the cut
surface observed to stay in darkness; the annual rings then appear
luminous.

Usually for the cod otoliths we use a 9.7 ocular and a 3.5X or 1.8X
objective for the larger.

We count the hyaline zones along both the axis from the center to the
ventral and dorsal edge of the otolith.

We use neither staining nor sectioning.

We do not usually comnare scales and otoliths from the same individuals.

Interpretations

We use otoliths for definition of stocks.

For the timé being we have not defined otolith types in the cod.

Terminology

There are special exnressions used to point characteristics of

certain parts of the otolith or certain features of patterns of the zones.
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We should say that

Check ring: a narrow: hyallne zone in the section of the otelith that
001nt at a ‘check in the fish growth.’

Nucleus: the central zone limited by .the first check ring,

Intermedlate zZone the zone between two consecutive'rings.‘"'

Secondary zoné - : the zone 11m1ted by two secondary rings.

Crague edgei edge W1thout hyallne zone.

| Hzaliné zone: often is dlfflcult to dlstlngulsh if there is or ibtnot
the hyaline zone at the edge. -

El4q
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Interpretation

1. - Not usually° An attempt is made to identify some cod. stocks 1n
"L Subarea W (St. Lawrence). .

2. Yes. But only in certain geogranhical areas...

3. TFor segregation of otolith_.types we use: differences in the structure
of ovaque 2zones and hyallne zones (rlngs) patterns of the otolith
"growth. .- S m.‘, : ,.. » o S T -
In the St. Lawrence we dlstlngulsh two types (1) Photograph 1 -
opague zones large and uniform; hyaline rirgs clearly defined, without
differing structure or with gradual decrease in the amount of hyaline
materials reed easily: (2) Photograph 2 ~ opaque zones weakly defined,
heterogeneous structurs due to the distribution of hyaline material,
which forms broad rlngs w1th nronounced discontinuities; reading

i dlfflcult : ;

4. ,Snawnlng;zones.

5. We consider as spawning zones the outer zones showing an accentuated

. +:change in the growth rhythn; the opaque zones becomes narrow and the

. i hyaline zones %rlngs) are honogeneousg well deplcted under transmitte
11ght _’1 T :

P 4

TermihOIOgy

l.- Check ring:. -hyaline zoneés showing incomplete or indistinct formation
' or irregular spacing; its position is abnormal in relation
to the general mattern of the other rings (winter rings).

2. Nucleus: small central onaque zone, normally pale yellow-coloured
.y - under . transmitted light ‘and delimited by a narrow hyaline
ring usually. _
3. ' Not used. EE T o
L, Not used.- . .

5. When the marginal zone (the last) 1s of opaque material, corresponding
+ +t0o a gr@wth period , S

o

6. hen the murginql zone- (the last) is of uyalinerm&terialg corfespond_w
to a winter ring. . '

7. See Internretation,.5.
80 -
9. Not used.

Symbols

i : m L vpo
Age: Romen numerﬂls (I, 11, III, ete. ).
Svawnings. S. .84 ...87... means, the ‘age of flrst matuﬂltyf
So means immature
52 neans uncertain or unreadable spawning.

Nucleus fN

Check rlng, PA  (vis, PA-III/IV; this means a check ring between the
third and fourth annual rings.
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INTERNATIONAL COMMISSION FOR THE NORTHWEST ATLANTIC FISHERIES

Serial No. 714 Document No., 4
(D.c.2) Appendix XIX

- IECHNIQUES FOR READING OTOLITHS

Questionnaire on Age Reading

Research Gfoup-of the National Commission of Fisheries for the Northwest
Atlantic, Lisbon, Portugal S

Mario Ruivo and Glicinia Quartin

Techniques

1, The fishes from which otoliths are collected are obtained by random
samnling from commercial catches before discarding. Data collected
include: length, sex and stage of maturity, and sometimes. total
weight, weight of livers and gonads.

2. In order to avoid spoiling the fish, a transverse cut (Fig. 2) is made
with a knife through the skull just behind the eyes. and obliquely back-
wards. The cut 1s widened by bending the fish (Fig. 1), to the extent
that the otoliths become exwosed (Fig. 3) When shaking the fish with
its head downwards over a table, the otoliths are freed. If need be,

@ pair of pincers are used for extracting the otoliths.

The otoliths‘afe cleéned and kept dry_iﬁ a small envelope, carrying
the‘data of the fish.,

3. Untreated before reading.
4. Stercomicroscone Hensoldt-Wetzlar; ocular x5, objeeﬁive X,

5. The otoliths are broken across with the fingers. If the break is
wrong, a pair of pliers are used.

6. No treatment. In some cases the broken surface is ground with a fine
stone. ’ C

7. The otolith is fixed on the microscope table in plasticine, or it is
held in the right hand, with pliers, and turned so that the beam of
light falls on its surface 2t various angles. This technique is only
used for easily read otoliths. ‘

8. The broken surface is moistened with 70% alcohol.

9. A microscone lamv.

10. Blue filter.

11.12. The light beam is direéﬁed on the surface to be read at an oblique
angle (45°); reading is thus by reflected light. The source of light

is placed in front of the observer.

A scalpel blade is used, sometimes, to screen the broken surface in
order to obtain a reading by transmitted light.

13. See 4,
14, The opnague .zones are counted, usually from the center to the periphery.

No particular axis is used: the one giving the clearest reading is
chosen. ' g B ' " _

T 15. No. In the case of difficulties of interpretation; a thin slide is

cut, using a vlier (corta arame).
16. No.
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To distinguish the characteristics of the edges, we use the symbols
below:

A numeral renoresenting the age, without any other symbol:
hyaline edgec.

A numeral with the sywmbol +: opague edge-
A numeral with the symbol ': hyaline edge in formation.

Example: 8
8+
81
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