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1 INTRODUCTION
11 'Teri'l_ls-of‘ Reference

During the ICES 1997 Anaual Science Conference (85" Statutory Meeting) in Baltimore, USA, it was decided that
Baltic Herring Age Reading Study Group (BHARSG) should meet at the Latvian Fisheries Research-Institute, Riga,
Latvia from 23 to 27 February 1998 to:

1. intercalibrate the age reading and age determination methodology of Baltic herring and describe a protocol for
handling Baltic herring oteliths; . _

. 2. organise a comparative age determination of otoliths and evaluate results using the.methods described by the
Working Group on Sampling Strategies for Age and Maturity;

3. in the light of the results of the Study Group, identify new research and actions needed to improve the consistency of
age reading;

4. :prepare a manual of siandard procedures on Baltic herring age-reading.
1.2 Participation

The meeting was attended by:

Stina Bjark Bilstrup Denmark
Elena Fedotova Lithuania
Marina Fetter: ~ - Latvia
Joachim Griger Germany
Tomas Grohsler Germany
Carina Jernberg Sweden
Georgs Kornilovs (Chairman) Latvia
Natalia Krasovskaya Russia
Andrea Kuhn .. o Germany
Malene-Lindberg . Denmark
Nikolai Nazarov. Russia
Henn Qjaveer - . Estoma
Raimo Parmanne o Finland -
Tiit Raid Estonia
Heli Ppilev Estonia
Miroslaw Wyszynski Poland
2 REVIEW OF BALTIC HERRING BIOLOGY
21 Distribution

Herring is distributed all over the whole Baltic Sea area (Sub-divisions 22-32). Distribution varies between seasons as
the fish migrate between overwintering, spawning and feeding arcas. Including the herring in the Skagerrak/Kattegat
area, the following five spring spawning stocks are recognised at present for assessment purposes:

e  Western Baltic herring (Division Illa and Sub-divistons 22-24)

s Herring in Sub-divisions 25-29 {including Gulf of Riga} and Sub-divisions 32
e Herring in the Gulf of Riga |

e Herring in Sub-division 30

s Herring in Sub-division 31



The current distribution and migration patterns are fully described by Aro (1989).

In the Baltic Sea including Division [la the herring migration pattern can be summarised by Division/Sub-division .in:
the following way:

Di;risijc‘-n. IIIa(Skagerrak aﬁd Kattegat)[ShBadiviSions 22—24 |

Catches of herring in Division Illa (Kattegat and Skagerrak) are taken from a mixture‘ of twc.r:spz;\%.;ning stécks:
- tlile‘Bﬁl'[.i;:ﬂIIa épring spa=wners (llzﬁg’f;n'ﬁerring) .an.d

s the North Sea autumn spawhers.

The North Sea autumn spawners enter Division I1la (Skagerrak and Kattegat) as larvae (Anon. 1977/H:3, Bartsch et
al. 1989, Johannesen and Moksness 1991) and migrate back to the MNorth- Sea with an age of 23 years (Anon
1991/Assess:15 and Johansen 1927).

After spawning in Sub-divisions 22 and 24 on their feeding migration as 2 years of age (Aro 1989, Biester 1979 and
Weber 1975) the. Western Baltic spring spawners enter Division IIla through the Sound and Belt Sea and spread out
into the Western part of Skagerrak and the Eastern North Sea, Towards the end of summer the herrings aggregate in the
Eastern Skagerrak and Kattegat before they migrate to the main wintering areas in the southern part of Kattegat, the
Sound and the Western Baltic (Anon. 1991/Assess;15).

Sub-division 25 (Bornholm Basin)

Tag recaptures indicated that feeding migration during autumn and winter is confined to the Bornholm bas.in .Hd'wévér
occasional recaptures has also been reported from Sub-division 24 and north of the island Oland, i.e. in the Sub-dlvnsmn
27 (Otterlind 1978).

Sub-division 25 and 26 (South Eastern part of the Baltic Sea)
Y

The spawning ground of the coastal herring are situated near the coasts from Poland till Lithuania including ‘-thfé ‘Bay of
Gdansk and the Vistula Bay. After spawning coastal spring spawning herring take the feeding migrations to the open
waters of the Southern Baltic where they mix with open sea and autumn herring populations. A part of theém mlgrate to
the Danish Straits and North Sea, The most of these migrating part of herrings are naturally marked with netnatode
Anisakis simplex, which they infested there. After feeding penod they migrate back to the traditional spawning’ grounds
closing their biological cycle.

Sub-division 27

Results from tagging along the Swedish east coast in the 1960s revealed a distinct southbound migration towards the
Bornholm basin where the Swedish spring spawning herring mix with other stocks (Otterlind 1978; Aro 1989).

* Sub-division 28
Heﬁing:ﬁshé;y off ﬂlie;l.,a-tvian coast is basedon two p_oﬁﬁiéﬁonsi: )
® open sea spring spawhers
e gulf spring_spawners.
Large part of the open sea herring perforfﬁé é:néwﬁing%%gﬁﬁonsz to fhe spawning groun(is al;ng tﬁe L1thuan1an anﬂ

Latvian coasts in March-April. A part of the open sea herring spawns in the Gulf of Riga. After spawning the herring
_ returns to the open sea. :




The gulf herring is wintering and. spawrung in the Gulf of Riga. Aftcr spawmng some part of this hetring migrates to the
nearest parts of the open sea area for’ feeding. These mlgratmns wh1ch strongly depend on the stock size, were very
mtenswe in the last, 3—4 years

Sub—dw1smn 29 (Archlpelago Sea)

The adult stock component mamly migrate after spawnmg to the south to the Baltic Sea proper and also to the north to
the Bothnian Sea. Herrmg returns again for spawning in the next year, Part of young herring stay in the Archipelago Sea
also in autumn and winter.

Sub-div_ision _3_0_(Botlmian Sea}

Migrations to the south or north are scanty, Herring mainly stays ﬂle whole year in the Bothnian Sea.
Sub-division 31 (Bothnian Bay)

ﬁen'-ing is stationary also in this area . Some migration to the south (Bothnian Sea) may occur.
Sub-division 32 (Gulf of Finland)

A part of adult stock migrates after spawning to the Baltic Sea p proper and returns in winter for spawnmg in the next
sprmg Young herring mainly stays in the Gulf during the whole year

22 Spawning

The Western Baltic area (Division Ila and Sub-divisions 22-24) is mainly mhablted by a fast growmg and mlgratmg
herring populatlon with spawning sites around the Danish Islands and along the German coast. The main spawning area
is the waters around the Riigen Island (Greifswalder Bodden). Depending on the ice coverage the spawning season lasts
from around March to May. At the beginning of the spawning season the arriving herring shoals are characterised by
bigger older and fast growing fish (Klinkhardt 1996).

The following parameters are characterising the spawning herring in the waters around Riigen island:

*  Water depth for spawning 1-6 m (Klinkhardt 1996)

»  Minimum salinity for spawning 4%¢ (Kiinkhardt 1996)

s  Minimum temperature for spawning 4°C (Klinkhardt 1996)

+ Fecundity . 10,000-100,000 eggs (Below 197%)
« Time before hai:ch’ing about 7 days (Klinkhar_dt 1986)

. ”I'__,engthr when hatching . 5.5-7.3 mm _(Kliﬁkhardt 1986)

. Ménifestétion of first day ring on otoliths 4.5 days (Klinkhardt 1996)
. | Time to spend yolk-sack 6.5 days (8°C) (Klinkhardt 1996)

Growth of larvae _ 0.3 mm/day {Biester 1979)

Spring spawning at the Swedish coast (Sub-division 25) is concentrated to the northern archipelago of the Hano Bi ght
during April and May. Scuba diving studies indicate that spawning is confined to temperatures between 5.5 to 15°C and
occuts in very shallow waters from 0.5 to 5.5 m'(Blmer 1982). Eggs are deposited mostly on Zostera marina but also on



other phanerogams and benthic algae (e.g. Fucus vesiculosus). Samples from the ﬁshery in recent years rndmate a
: progresswely lower length at first maturity and often malformed gonad development.

Further spawning grounds of spring spawning herring are accommodated alongthe whole Polish coast from the
Pomerania Bay on the west to the Gulf of Gdansk (Sub-division 25 and 26), including the Vistula Lagoon. The
spawning period continues from March (sometimes from the end of February depending on water temperature) most]y
till the first half of May. In the western part of Polish coast it starts about two weeks earlier. The spawning fishes are
caught mamly over 6 to 12 m of bottom depth. The roe is laid. on the vegetauon sand, gravel, stones, and also on
winderwater artificial buildings and barriers. The maturation is reached in the second year of life (about 90% of” year class
total number) with total fish length about 14-16 cm. The growth rate of these herrings decreases eastward.’

The spawning grounds of autumn herring population are localised on the slopes of Bornholm Basm (mclud'ing Slupsk
Bank/Sub-division 25) and western part of Gulf of Gdansk. These herrings spawn in deeper waters up o 20-25m depth
with more gravely and stony bottom. The main spawmng period contmues from September to November. T

The Latvian coast of the Gulf of Riga (Sub-division 28) is characterised by 10 spawning grounds ‘with- areas ranging
from 0.1-2.35 km®. In Estonian part of the Gulf of Riga the most important herring spawning grounds are located in the
~ Paernu Bay area. The spawning grounds ‘are situated on stony grounds on which seaweeds are growing. The eggs are
usually found on algae, but sometimes also on stones, sand and gravel. :

- Spawning takes place at a broad range of water temperature from 3.5 - 19°C. In late spring the spawning begins at 3.5-
4°C, In normal terms the water-temperature: for spawning is reaching-about 6°C. On the average the spawning period is
two months long - from the end of April till the beginning of July. The highest spawning intensity is observed in the. end
of May - beginning of June, by water temperatures around 9.5-16.9°C (Kormlovs 1994)

Open sea herring, which differs from the gulf herrln0 mainly by blgger length and welght at age, maturates for the ﬁrst
spawning usually by the second, sometimes by the third year of life. Compared to the gulf hemng the open sed. herring
starts, fo spawn at lower temperatures As temperature increases the gulf herrmg gradually joins the spawmng The
spawning is ﬁmshed by the youngest age groups of the gulf herring. During the spawning period the size and age of the
herring dummsh The spawning in the Gulf of Rigais forther charactensed by followmg condltronslparameters

salinity of water at the south-eastern coast of 1.76%¢—6.49%s,

e water depth range:ef 05—75 rrr,

+ grounds with stony bottom covered by' seaweeds (red; bro.wrr.and green algae),
s usually the density of eggs are 10,000-300, 000 per m?, |

e 1 0—2 5 millions eggs per 1m* forming 1-1.5 cm thlck carpets (Kormlovs 1994)

In the Asko archipelago (Sub-division 29) spawning dommates durmg May and June {Aneer 1989). The preferred
temperatures range from 4 to 15°C. Eggs are deposited on algae (typically Chorda filum, Pilayella littoralis and
Ceraminum sp.}, on available phanerogams, on blue mussels and even on sand and gravel from the water surface down to
20 m depths, Egg mortality has been estimated to be hlgh and even hlgher in the presence of filamentous algae (Aneer
1989). Bgg density was low averaging 10,000 eggs per m? or 200 g/m*. Spawning beds were restricted to shallow waters
along the shores but could cover long d1stances (k.m) Only 10% of the est:lmated suitable shallow waters were occup1ed

Nearly all herring in the Northern Baltic Sea (Sub-divisions 29, 30, 31 and 32) are spring-spawners. The spawmng
period is long. In early spring the spawning starts-in the end of April, but usually in the first half.of May. The'main
spawning months are May and June. In the northernmost Baltic Sea, in the Bothnian Bay (Sub-dmsmn 31) spawnmg
begins one month later than in the southern Finland. . :

In the Northern Baltic Sea the common length of herring is 15-18 e¢m. Fast-growing and old. herring spawn. ﬁrst slow-

growing and young-herring later. Spawmng takes place in shallow water along the whole coast. Usual spawning: depth is
1-5 m;: Spawning places are often in,sounds or in-underwater slopes.with-hard bottom covered by vegetation..Spawning
begins in early spring in shallow water, even in the depth of 20 c¢m, and moves gradually deeper when water .gets




warmer. In sumrier spawnmg may ‘take place even:in the depth of 20 m. At the begmmng of spawning penod the
, temperature of the water 1s about 5°C a.nd at the end 15°C .

23 Stock'sepamtion"

The herring stocks in the Kattegat and the Skagerrak have traditionally been separated by the average counts in number
of vertebrae in herring samples (Rosenberg & Palmen 1982; Groger & Grohsler 1995, 1996). North Sea autumn
spawners have a mean number of 56.5 vertebra while the Western Baltic spring spawners are represented by a lower
mean number, 35.8 vertebrae. For 1996 a new method was employed using otolith micro-structure for separating
Western Baltic spring spawners from North Sea autumn spawners (Mosegaard & Popp-Madsen 1996).

Results from comparative vertebrae counts (mean range 55.0-55.15) and tagging experiments suggest that the spring
spawners in the Hano Bight (Sub-division 25) belong to a separate stock unit (Otterlind 1976; Aro 1989). The coastal
spring spawning herrings, open see and autumn herrings in Sub-division 25 and 26 are separated using the differences in
morphological structure of their otoliths. :

- Vertebrae counts from hemng along the Swedish cast coast in the 1960s {mean range 33.15-55.35) deviate (m]y
marginally and can not be used for stock separation.

The. open sea herring and the gulf herring in Sub-division 28 may be sepa.rated using differences in morphologlcal
structure of their otoliths. - .

Vertebrae counts in Sub—divisions 30 and 31 are generally higher than in the central Baltic but also-more variable (mean
range 55.10-55.60).

3 MATERIAL AND METHODS
3.1 Revie\u---uf Samplu;nges_sing Techniques:

The sampling and storing of otoliths by each country is desc'ri_bed'in Report by Correspondence of the Baltic Herring
Age Reading Study Group (Anon 1997/1:5). The otoliths are stored in paper envelopes, plastic bags, black or clear
- plastic trays in which otoliths are covered with Canada balsam, eukitt or boat lacquer.

All laboratories involved examine the otoliths under a stereo (binocular) microscope in reflected light against a black
background. The “free” otoliths are immersed in ethanol or in water while the otoliths which are placed in plastic plates
and covered with Canada balsam or eukitt do not need additional preparation. Some readers found it uncomfortable to
examine otoliths. which were put in the plastic trays as it did not allow to move the otolith during the age determination
that was-sometimes. -very-essential to get the best image. Still it was considered that this technique is mainly a matter of
personal preference and it does notinfluences the precision of an experienced reader get used to work with this method.

32 Otohth Samples Used in the Otolith Exchanges

The Study Group had’ completed two otolith exchanges The first otolith exchange was camed out in 1997 and it
included 7 otolith samples of Baltic herring collected during the first half of the year in 1996 The number of otohths in
the samplcs and the Sub lelsmn is as follows:

Estonia = - 102 oteliths from Sd 32;
Finland - 50 otoliths from Sd 29,
' - 50 otoliths from Sd 30,
Finland - 50 otoliths from Sd 31,
- 50 otoliths from Sd 32;

Germany - - 100 otoliths from Sd 24;

Latvia - 100 otoliths from Sd 28;
Poland - 63 otoliths from Sd 25,
_ - 54 otoliths from Sd 26;

Russia - 100 otoliths from Sd 26;
- Sweden - 50 otoliths from Sd 25,
- 50 otoliths from Sd 27.



The second otolith.exchange started in September 1997 and was carried out till the Meeting of the Study Group and was.
completed during the Meeting, 8 samples were prepared for the second otolith exchange and they included otoliths of
herring caught during the hydroacoustic surveys in October 1996 or were taken from commercial catches of the same
time period by countries which do not perform hydroacoustic surveys. The number of otoliths in the samples and the
Sub-division is as follows: :

Estonia - 100 otoliths from Sd 32;-

Finland . - 50 otoliths from Sd 29,

S - 50 otoliths from Sd 30,

250 otoliths from 8d 31,

- 50 otoliths from Sd 32;
Germany - 100 otoliths from Sd 24;
Latvia * 7" - 100 otoliths from Sd 28;
Lithuania - 100 otoliths from Sd 26;
Poland © - 84 otoliths from Sd 25,
' - 100 otoliths from Sd 26;
" Russia - 100 otoliths from Sd 26;
Sweden "+ --75otoliths from Sd 25,

- 75 otoliths from Sd 27.

The otolith'samples citculated between the countries. Readers from:7 countries participated in the fisst otolith exchange
Latvia was represented by two readers and Estonia, Finland, Germany, Poland, Russia and Sweden by 'one reader; In the
second otolith exchange the teaders of the first exchange were joined by one reader from Demnark and one reader from
Lithuania: Some samples were treated by, two.readers from Estonia:

33 Reference Colleetions

It was decided by the Study Group that it would be essential to prepare reference collections of Baltic herring otoliths.
The reference collections should be prepared by the laboratories involved on the base of the otolith samples used during
the first and the second otolith exchanges. Only those otoliths should:be used for which: all readers ‘agreed or only one
reader disagreed. It would be desirable to-make photos of the otoliths from reference collections and distribute between
“participating. Iaboratories. The reference collections could be used .in tra.mmg purposes and in the next Meetings to
check the consistency of age determmatlon . - i

34 Theoretlcal Background of the AnalySIs of Age Readmg Results

In order to compare the pa.rtleular readmgs of the 8 readers‘in the first herrmg otolith mrculatlon program and of the 10
readers of the second otolith exchange program, based: on the theery given in: Griger (1996a.b) per each reader an
individual -calibration model was fitted. The basic idea behind this-is to relate the personal readings to a common
standsrd. This:common standard can be ‘the readings of one specific reader, an average, the median, the'mode‘or any

other measure ‘of that standard. The most ideal case would be the true age meaning that this standard can be considered
as an approximation of the underlying real age which is usually not known (exception: mark and release experiments).

Therefore it would be helpful to choose a standard which fulfills some basic requirements. One basic requirement is to
be mostly unbiased (systematic component of variation), the other is to be mostly free of random uncertainty (random
‘component of variation). Hence, it is. not suitable to base. that standard on the readings of only one or two single readers
-buton a larger group of readers in order to balance out individual uncertainty. The arithmetic mean has the. problem to
react relatively sensitive towards outliers. Some daia experiments based on,mark and release experiments have. shown
that the median and the mode {mode=highest agreement*most frequently read age of a single otolith) seem to be- “quite
good approximations of the true age whereby the mode is superior of the median, Hence for the current herrmg age
readmg program the mode was choosen as standard.

ok
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age

Figure 1 comprises two situations where . .
the readings are deviating from  the
baseline which represents the unbiased
situation. The standard here is called true
age {considering the standard as an
approximation of the true age). Obviously
the baseline goes through the origin (ie.
intercept=0) and forms an angle of 45°
with either the x- or the y-axis (ie.
slope=1). Compared to the baseline one
line is horizontatly (parallely) shifted (i.e.
intercept >0, slope=1) and the other
"biased line shows a different -slope (i.e.
intercept=0, slope<l). All kind of
combinations  between  these two
sitmations are  thinkable, Formally
" deviating readings are represented by:

—_ R W B U Oy

rue age

read = a + bxirue + u

where a is the intercept and b the slope which can be estimated by simple regression techniques. The u are the residuals
containing the deviation between model and data. Therefore, any statistical test must check as well the significance of
the estimated reader’s slope from 1 as the estimated reader’s intercept from 0. In order to do that two important
* -statistical hypotheses (two-sided) can be stated. The first hypothesis whether there'is a parallél bias of the readings
{a<>0) and the second hypothesis whether there is a significant slope bias in the readings (b<>1) can be expressed as
follows: ' S

Ho:a=0 wvs H;:a;ﬁO..

Hg.'b=1 LAY H}b?‘-'.l

The two corresponding test statistics are:




where s(>) and s¢#) mean the estimated variances of the corresponding regression coefficients. Both test statistics t are
t(n-2) distributed. When controlling the level of significance at o the: decision rule for both statistics is:

' if F < F(2,n-2;1-0) no bias is indicated (H,)
ifF > F(2,n-2;1-0t) bias is indicated(H-;).

Also simultaneous:tests are available. For further details see Groger (199_6a,b).

Figure.2 Inverse prediction. 7 ' /
qage

In principle, this method can help to find
crucial otoliths or readings or correct the
readings at all. The latter means that per .
each reader the correspondig significant
regression model can be taken to calibrate
{or correct) the reader’s actual readings
towards the given standard. This means
that any reading of a reader who is
‘participating in  an age reading
standardiziation program together with
other readers can be. calibrated to the
same standard, i.e. relative to each other -
the readers will read in the same manner. ’
In other words, the readings of one reader 0 .
will be l:ranslated to the samc age as that ' 1 2 3 4 5 . 6
of the other readers Fig. 2 comprises this =~ ' '

way. of calibration vnsually The method is .

also’ called. inverse  prediction. o

Mathematically this is: '

—_ N W B oy

. read e - 4
trien, = — 7 ";;W , b2 0.

where true,., is the inversely predicted t.rue age. For further details (for mstance, the construction of confidence limits
see Groger ( 1996a b)),

Additionally Wilcoxon signed rank test; as it was recommended by the Workshoia on .Sémpiin'g Stratégies for Age and
maturity (Anon. 1994), was accomplished and percentage agreement of individual readers was calculated.

35 Identification of True and False Winter Rings in Otolith Micrestructure of Baltic Herring

During the comparative age determination of otoliths on the video screen performed during the Meeting sometimes it
was difficult to achieve agreement on the determination of the first winter ring. In such cases only other methods
different from common examination snder binocular microscope can be useful. The members of the Study Group were
introduced with the analysis of otolith microstructure and. how this method can be used for the identification of winter
.and false rings. -




The mineral (aragonite crystals) and protein incorporation (otoline) of the ‘otolith is dependerit on seasonal and diurnal
.. thythmics variations in food and temperature, because it influences the biochemical processes of the fish.

If the fish'starves for a period of time and lose weight, the biochemical processes will not stop, and there would be a
small growth of otolith. These influences create a variation of the mineral to otoline composition of the otolith and will
produce the optical appearance of the daily increments and the winter rings. In an old fish, which has’ stopped growing,
the growth of the otolith will still occur; but it will slow down and the transparency will increase. :

The incorporation of otoline varies between 0.5%—10%, and in penods with op‘umal gmwth condluons the otohth
formation will be seen as white areas (opaque zones).

Sometimes it can be difficult to determine the age of the herring correctly, because false rings occur. These false rings (a
translucent phase) possibly arise when the fish is in a stress condition, it may occur when it migrates from one area to
another, during starvation or if the temperature increases to unusually high levels. Sometimes it also can be difficult to
see if the first hyaline zone is a winter ring or just the false ring, and therefore should not be counted as a winter ring.

To determine the true and false rings one has to use the microstructure of the otolith and for identification of true and
false winter rings a number of criteria relating to fish not more than 2 years old is- suggested. Often the first winter rings
are the most problematic.

Crlterla for true wmter rings:

.no dally 1ncrements in the translucent zone,

‘décreasing daily increments before the zone, -

the zone will shimmer in & thin otolith preparation, when the focus is changed in the microscope,
apronounced chieck formation after-the translucent zone,

the daily mcrements in the rostrum will clearly decrease before each w1nter rmg,

a lrue winter ring is often distinct all the way around.

Criteria for false winter rings:

l daily mcrements in the translucent zZone,

. wide dally mcrements just before the translucent zone,

W aspecial check mark may sometimes be found just before the zoné,

B the translucent ring is blurred.

The preparation of otolith for the examination of microstructure

For the identification process it is necessary to prepare the.otolith so that. the microstructure can be seen. The ctolith is
put on a numbered glass: slide. with . the ‘sulcus side up. The glass slide is placed at the heating plate (150°C).
Thermoplastic cement is melted directly on the glass slide. Some- part of the cement is melted over the sample number to
make it permanent. The otolith is placed with forceps in the melted cement and pressed down to the glass slide: After
mounting of the otolith and cooling the otolith is polished with polish paper of 30 um grain size until the rucleus gets
clear and some microstructure can be seen in a dissection microscope (4,0x magnification and oculars at 10x). Next the
otolith is polished with polish paper of 3 pm grain size and checked regularly in the light microscope until the daily

increments are seen dlstmctly Fmally the otolith could be polished with aluminium oxide paste 0,3 um, to take away
gnndm g marks. :

Determination of spawning type and false winter nngs takcs place ina microscope usmg 20x and 40x% objectives w1th the
llght path of 2x and oculars of 16x :



Materials used for the preparation of otolith:

Heating plate 150°C.

Polish paper 30 pm carborondum grain. 3M734 P1200

Pohsh paper 3 um a]umlmum oxide grain. 3M263 o _
Alumlmum oxide paste 0,3. pm based on-distilled water. Buehler No 40- 6352 006,
D1ssectmn microscope Leica MZ6, ocular 10x, objectlve 4x.

M1croscope Leica DMLB light' path 2%, 20x and 40x ob]ectwes, ocular 16x. .
Glass slides, 76x26 mm/3x1 inch, frosted in one end.

Thermoplastic cement. Buehler No. 40-8100.

Cloth.

Forcaps.' "

4 RESULTS OF THE FIRST OTOLITH EXCHANGE
4.1  General Results of the First Otolith Exchange

8 readers from Estonia, Finland, Germany, Latvia, Poland, Russia and Sweden were participating in the first otolith.
exchange program. The complete data set contains 819x8=6552 readings of Sub-divisions 24 to 32 and is consisting of
national samplés from Estonia, Finnland, Germany, Latvia, Poland, Russia and Sweden. The whole statistical analysis
was carried out on the basis of SAS v6. 12.

In order to identify problematic otoliths per each otolith age ranges the coefficients of variation (CV) were calculated:
Those otoliths with a percentage equal or higher than 20% of variation (CV >=20%}) are given in' the ouiput. for
furthergoing ‘discussions and analyses (for instance, additional 1nterpersonal compansmns) and can be looked m the
Appendix. : : :

Furthermore, an. analysis of variance (ANOVA) was carried out in order to -detect principle sample and sub-division
effects. The results are given in the Table 4.1. :

Including all readers a principle sample as well as sub-division effect (beside other and interaction effects) séems' to be
inherent which makes it necessary to consider and check both effects during the furthergoing analysis of calibration
modelling on a reader’s level (see the marginal significance. levels Pr > F under the “Type III 88” for unbalanced
designs),

Three tests of conirasts for unbalanced designs but with slightly different constraints and properties (Scheffe fest,
Bonferroni-Dunn test, Ryan-Einot-Gabriel-Welsch multiple range test) were carried out to identify global groupmgs of
readers, i.e. readers which read in a non-significant manner on 2 global level (Table 4.2). S ~

On a 5% significance level all the three tésts indicate one larger group consisting of readers 2, 3: and::6: which is
internally homogenous but is reading significantly different in contrast to all other readers. The Scheffe test-indicates a
second group. of readers consisting of readers: 1-and 7-which is obvioulsy internally more homogenous in ¢omparison to
the readings of all other readers but more heterogenous than the first group since this second group is not-detected by:the
two other ‘tests. The remaining readers are- readmg more separated ie. thclr readlng results are - more 51gn1ﬁcantly :
dlfferent ona 5 % confidence level : : ; o

In pnnc1p]e, the ca]nbra’uon results indicate a s:gmﬁcant sub dmslon effect for all teaders on'a 5% sngmﬁcance level
But only for readers 5 and 8 the inclusion of an indicator variable as compensation for the sub-division’ effect has
increased the quality of the calibration model fit rather drastically from 60 to 74% and from 69 to 76%, respectwely
These two readers are obviously mainly responsible for the sub-division effect in-the more global glm approach in.the
beginning of this section (despite this a sample effect as in the global approach could not be detected:-on a readers level),
In all other cases the much more complex model explained nearly the same amount of variation than the simpler one
without sub-division compensation. Since only two parameters (intercept and slope) for the whole data set (in contrast
either to 11 parameters when including one sub-division indicator variable or to 9x2=18 parameters when fitting the
models by sub-division) have to be estimated without loss in quality it is better to take the simpler model and gain higher
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degrees of freedom. Hence, in all cases except of readers 5 and 3 the. overall sub-division model was chosen, For readers
) and 8 the modelhng was done by sub d1v1smn

Wlth excepﬂon of the cahbratmn model of reader 1 all models showed a SIgmﬁcant deviation of the intercept from 0

' and in each case the slope dlffered sngmcantly from 1 (Tab]e 4. 3) AII demswns are based ona mgmﬁcance level of
: oa—O 05. '

In detail the models of readers 5 and 8 with a strong sub-division effect are per sub-division (Table 4.4).

In order. to use these models for any calibration purpose these models have to be inverted i.e. solved with respect to
standardized age. For the group of readers without sub- division effect these calibration models are shown in Table 4.5
and for the readers 5 and 8 w1th a strong sub-division effect these calxbratlon models are shown in Table 4. 6

Thé bverall sub-division madels of the readers are shown in Figures 4.1-4.8.
4.1.1 Estonian 1% sample

Wilcoxon signed ranks test showed that -in 60.7% of cases (n=28 for all the samples of the first exchange) a significant
bias between the readers existed (Table 4.7), The agreement between readers varied between 17.3 and 85.3%, the mean
57.8% (Table 4.19). The age reading calibration model revealed that for Sub-division 32 (Estonian sample:and Finnish
subsample joined) the model of readers 2 and 6 had the closest coincidence with-unbiased readings line. Readers 1 and 7
overestimatéd the age of the fishes and that increased with the age. Readers 3 and -4 underestimated the age beginning

" correspondingly with age 5 and 3, besides they both had some overestimation in the younger ages. Reader 5 had

overestimated all the ages and reader 8 had strongly underestimated all the ages beginning with age 3.

4.12° - Finnish 1" sample

-'The Finnish sample consisted of 4 subsamples from Sub-divisions 29, 30, 31 and 32 and the results were analysed

separately. Wilcoxon signed ranks test showed that for Sub-division 29 in 39.3% of the cases a significant bias between
the readers existed (Table 4.8). The agreement between readers varied between 8.2 and 80.0%, the mean 56.5% (Table
4.20). The age reading calibration model revealed that the model of reader 7 was the closest with unbiased readings line
slightly overestimating the age. Readers 1 and 6 had small overestimation of the age increasing with the age of the
ﬁshes Readers 2, 3,4 and 8 underestimated the age. Reader 5 strongly overestimated the age and that decrcascd with
the age..

For subsample in Sub-division 30 in 42.9% of the cases a significant bias between readers was observed (Table 4.9).
The agreement between readers varied between 12.5 and 80.0%, the mean 54.6% (Table 4.21). The age reading
calibration model showed that the model of reader 4 was the closest with unbiased readings line. Readers 1, 2 and 7 had
small difference with unbiased line. Reader 6 overestimated the age, but readers 3 and 8 rather strongly underestlmated
the age and that increased with. the age of the fishes, Reader 5 strongly overesnmated the age in all age groups.

For subsample in Subudivision 31 in 71.4% of the cases significant bias between readers was stated (Table 4.10). The
agreement between readers varied between 22.7 and 88.0%, the mean 60.9% (Table 4.22). The age reading calibration
model showed that the model of reader 4 was the closest with unbiased readings line. Readers 1 and 6 slightly and
reader 5 strongly overestimated the age. Readers 2 and 7 slightly and readers 3 and 8 strongly overestimated the age.

For subsample in Sub-division 32 in 71.4% of the cases significant bias between readers was observed (Table 4.11). The
agreement between readers varied between 21.4 and 78.0%, the mean 53.9% (Table 4.23). The age reading calibration
maodel for Sub-division 32 see chapter 4.1.2.

4.1.3 German 1* sample

Wilcoxon signed ranks test showed that in 78.3% of cases (highest value for all the samples of the first exchange) a
significant bias between. the readers existed (Table 4.12). The agreement between readers varied between 0 and 69.7%,

the mean 34.2% (Table 4.24). The worst results of this sample are explained by the fact that most of the readers are not
familiar with Western Baltic herring. The age reading calibration model showed that the models of all readers differed
from unbiased readings line especially for readers 5 and 7.
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414. . Latvian 1" sample

Wilcoxon signed ranks test showed that in 64.3% of cases a significant bias between the readers existed (Table 4.13).
The agreement between readers varied between 12.1 and 87.0%, the mean 58.2% (Table 4. 25) The age reading.
calibration model showed that the modél of reader 6 was the closest with unbiased readings line, Readers 1,2 and 7
overestimated the age. Reders 4 and 5 underestimated the age of the older fishes, but reader 5 had some overestlmatlon
with the younger ages. Readers 3 and § strongly underestimated the age.

4.1.5 Polish 1% sample

The sample consnsted from two subsamples from Sub-divisions 25 and 26. For Sub-division 25 in 50.0% of the cases.
significarit bias existed (Tab]e 4,14). The agreement between readers varied between 9.8 and 73.0%, the' mgan 52. 4%
(Table 4.26). The age reading calibration model for Sub-division 25 (sibsamples from Polish and Swedish -samples
joinéd) showed that the model of reader 4 was the closest with unbiased readings line. Readers 1 and 2 slightly
underestimated and reader 6 slightly overestimated the age. Readers 3, 7 and R slightly overestimated the age of the
younger fishes and slightly underestimated the age of the older fishes. Reader 8 strongly overestimated the age in all age
groups. Reader 5 strongly overestimated the age in all age groups. ‘

For Sub-division 26:in 42.9% of the cases significant bias was: observed (Table 4:15). The agreement between readers
varied Between 1.9 and 77.8%, the mean 51.5% (Table 4.27). The age reading calibration model for Sub-division 26
(Polish subsample and Russian sample joined) showed that the model of reader 6 slightly overestimated, readers 1 and 7
oversstimated-and reader 5 strongly overestirnated the age. Readers 2, 3 and 4 slightly overestimated the age of younger
flshes and shghtly underesttmated the age of older fishes. Reader § strongly underestimated the age of older ﬁshes

4.1.6 Russian 1% sample

Wilcoxon signed ranks test revealed that in 75% of the cases 51gn1f1cant bias existed between readers (Table 4.16). The
agreement between readers varied between 35.0 and 79.0%, the mean 60. 9% (Table 4.28). The age calibration model
for Sub- dwtsmn 26 see Sectton 4.1.6: L

417 Swedlsh 19 sample

The ‘sample con51sted of two subsamples from Sub-divisions 25 and 27. For Sub-division 25 in 28.6% of the cases
(lowest value in the 1% exchange) a srgmﬁcant bias between readers was stated (Table 4.17). The agreement between_
readers varied between 14 and 88%, the mean 58.5% (Table 4.29). The age calibration model for Sub-division 25 sce
chapter 4. 1.6.‘ :

For subsample from Sub d1v1smn 27 Wilcoxon signed ranks test showed in 50% of the cases a mgmﬁcant bias between
readers (Table 4. 18), The agreement between readers varied between 24 0 and 86.0%, the mean 64.7% {Table 4,30).
The age calibration model ‘showed that models of readers 4 and 6 were very close with unbiased readings line. Readers 1
and 2 shghtly overestimated and reader 5 strongly overestimated the age. Reader 3 underestimated and reader '8 strongly
underest:lmated the age Reader 7 overesttmated the age of younger fishes and underestnnated the age of older flshes

5 RESULTS OF THE SECOND OTOLITH EXCHANGE
5..1. e Ceneral Results of the Second Otolith E'):tc]iang.e

10 readers from Denmark, Estonia, Finland, Germany, Latvia, Lithuaria, Poland, Russia and Sweden were participating
in the second otolith exchange program, But in this case 4340 readings of only national samples from Germany, Poland
and Sweden are included with Sub-divisions 24, 25, 26 and 27. These samples were treated by ail laboratories before the
Meeting, The age reading of other 5 samples was completed durmg the Meeting and therefore only Wilcoxon si gned test
for them is accornphshed and agrreement between readers is calculated. The numbering of the readeérs is the same as in
the first exchange program but is extended due to two additional readers from Ltthuanla and Denmark As before thc
whole stanstlcal analysrs was camed out on the basns of SAS v6 12 :

In order to identify problematic otoliths per each otolith age ranges th.e coefﬁcents of variation (CV) WETE calcnlated.
Those otoliths with a percentage equal or higher than 20% of variation (CV >=20%) are given in the output for
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furthergoing dlscussmns and analyses (for mstance addmonal mterpersonal eornpanslens) and can be looked in the
: Appendm

Furthermore, an analysm of variance (ANOVA) was carrled oiit m order to deteet prmcrple sampile and sub—dmsnon
effects. The results are given in Table 5.1. s '

As before this test includes all readers, national samples and sub-divisions. It can be seen that in contrast to the first
exchange program the sample effect disappeared and that the sub-division effect is much weaker than before (see the
marginal 'si'gni'ﬁcanee levels Pr > F under the-“Type III SS” for ‘unbalanced designs). But since a sub-division effect is
still inherent it is necessary to observe and check this effect during furthergoing analyses on a more detailled reader’s
level.

As before the same three tests of contrasts for unbalanced designs (Scheffe test, Bonferroni-Dunn test,
Ryani-Einot-Gabriel-Welsch maltiple range test) were carried out to idéntify global groupings of the 10 readers; i.e.
those readers which read in a more homogenous manner on a global level (Table 5.2).

On a 5% significance level all the three tests constructed at least two larger groups, the fitst consisting of readers 1, 2, 4
and 9 and the second consisting of readers 3, 6, 8 and 10. A third (weaker) group consisting of readers 5 and 10 could be
inherent sirice detected. by the Scheffe test. Reader 7 obviously has a more separate position. The two or-perhaps three
groups are considered to be internally homogenous whereby the first is significantly different to all other groups. and
reader 7. The second group is also separated to the first group and to reader 7 but is closer to the third due to the
readings of reader 10. This kind of grouping indicate a much closer reading than in the first otolith exchange.

Also here the calibration results indicate a srgmﬁeant sub-division effect for all readers on a 5% significance level. But
~in contrast to- the first. reading exchange program in this case only for reader 9 the inclusion of a sub-division indicator
variable has increased the quality of the calibration model drastically (shifting the.fit from 70 to 81% in terms. of
. explained variation). In all other cases the more complex model explained nearly the same amount of variation than the
simpler-one but with fewer parameters to be estimated. Hence, without loss in quality the simpler calibration model type
with higher degrees of freedom was chosen. Only for reader 9 the calibration model fit was done by sub-division. From
these results it seems that all readings in the second otolith exchange program were closer to each other than in the first
exchange program.

With exception of the calibration model of readers 1 (as before), 2, 6 and 10 all calibration models showed a significant
deviation of the intercept” from 0. In most of the cases the slope differed s1grucantly from 1. Only for readers 6 and 7 the
slope does not differ significantly from 1. This means, that reader 6 reads completely unbiased and that reader 7 only
shows a horizontal shift in the readings. All decisions are based on a significance level of a=0.05. In detail the models

per reader without sub-division effect are given in Table 5.3 and the model of reader 9 by sub-division is given.in Table
5.4. '

In order to usé these models for any calibration purpose these models have to be inverted i.c. solved with respect to
standardized age. For the group of readers without sub-division effect these calibration models are given in Table 5.5
and for reader 9 in Table 5.6.

The overall sub-division models of the readers are shown in Figures 5. 1-5.10.
5.2 Estonian 2™ Sample

Wilcoxon signed ranks test revealed that in 44.4% of the cases significant bias between readers existed (Table 5.7). The
agreemenit between readers varied between 9.1 and 92.9%, the mean 65.6% (Table 5.20).

53 Finnish 2™ Sample

The Finnish sample consisted of 4 subsamples from Sub-divisions 29, 30, 31 and 32. For Sub-division 29 Wilcoxon
signed ranks test showed that in 73.3% of the cases a significant ‘bias between readers existed (Table 5 8. The
_agreement between réaders vaned between 2.2 and 86: 0% the mean 60.1% (Table 5.21).

For Sub-division 30 in 60.0% of the cases a 51gn1ﬁcant bias between readers was observed (Table 5.9). The agreement
between teaders varied between 20.0 and 80.0%, the mean 55.9% (Table 5.22),
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For ‘Sub-division 31 in 44.4% of the cases a significant bias. between readers was stated (Table 5. 10) The agreement
between readers varied between 10.0'and 92. 0%, the mean 62.6% {Table 5. 23).

‘For Sub-division 32 in 66.7% of the cases a significant blas between readers was observed (Table 5.11). The agreement

between readers varied between 13.3 and 79.2%, the mean 48.7% (Table 5. 24).
54 German 2™ Samp]e

ercexen srgned ranks test revealed that in 71 1% of the cases a4 significant blas between readers was observed (Table
5 12) The agreement between readers varied between 10.0 and 71 0%, the mean 44.1% (Table 5. 25).

5.5 Latvian 2™ Sample

ercexen s1gned ranks test showed that in 65 5% of the cases s1gmﬁcant btas between readers existed (Table 5 13) The
agreement between readers varied between 26.0 and 79.2%, the mean 52.1% (Table 5.26). :

5.6 ; Lithuanian Samp]e .

_.Wllcoxen signed ranks test revealed that i 77. 8% of the cases ‘a significant bias between readers existed (Table 5 14)

The agreement between readers varied between 22.0 and 69.§%, the mean 43.6% (Table 5.27).

57 - Polish 2™ Sample

The Polish sample consisted from 2 subsamp]es from Sub-divisicns 25 ‘and 26. For Sub-division 25 in 81.8% of the

‘cases a significant bias between readers was observed (Table 5.15). The agreement between readers varted between 10 7
and 84, 0% the mean 51 3% {Table 5. 28) e :

For Sub-division 26 in 80 0% of the cases a significant bias between readers was stated (Table 5. 16) The agreement

“between readers vaned between 34.0 and 85.0%, the mean 64, 4% (Table 5 29)

58 Russian 2" Sample

Wllcoxen srgned ranks fest showed that in 70.9% of the cases a srgmﬁcant blas between readers existed (Table 5 17)
the agreement between readers varied between 26.8 and 72.7%, the mean 48.5% (Table 3.30).

59 ._ _Swedish;Z';'- Sample

The Swedish sample consisted of 2 subsamples from Sub-divisions 27 and 25. For Sub-division 27 in 71.1% of the cases
a significant bias between readers was observed (Table 5.18). The agreement between-n readers varied between: 6 7 and
82.7%, the mean 50.7% (Table 5.31). : o

For Sub- d1v151on 25 in 71.1% of the cases a s1gn1ﬁcant bias between readers was stated (Table 5.19). The agreement'
between readers varled between 8.0 and 78. 7%, the mean 47.1% (Table 5.32), . :

6 -.. -RESULTS OF COMPARATIVE AGE READING AT THE MEETING
6.1 General Results of Comparatwe Age Readmg

12 readers from Denmark, Estonia, Finland, Germany, Latvia, Lithuania, Poland, Russia and Sweden were participating
in the comparative reading at the Meeting. During this age reading standardisation program of 2400 readings.of Sub-
divisions 24, 25 and 28 was performed. The sample from Sub-division 28 consisted -of 50 otoliths collected in spring
1997 and 50 otoliths collected in autumn. 1997.. The sample from Sub-division 25 consisted of 50 otoliths collected in
autumnn 1996 and sample from Sub-division 24 consisted of 50 otoliths collected in winter 1997. This time the total
sample was not divided in national subsamples meanmg that no sample effect could oceur. The numbering of the readers
is the same as in the first and second exchange program but is further extended due to two additional. readers from
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Estonia. As before the whole’ statlsncal analy51s was carried out on the ba51s of SAS v6.12. Also in thls section a]l

--statlshcal tests are based ona confldenee level of 95% (i.e. 0=0.05).

In order to identify problematic otoliths per each otolith age ranges the coefficients of variation (CV) were calculated.
Those otoliths with a percentage equal or higher than 20% of variation (CV >=20%) are kept in the output for any
furthergolng dlscusswn and parncu]ar analys1s (for 1nstance, additional mterpersona] ‘comparisons). - :

A first ana.lys1s of vanance (ANOVA) was camed out’ in order to detect a principle sub-division effect. The results are

given in Table 6.1.

As before this test includes all readers and sub-divisions. It can be seen that also in this comparative reading a global
sub-division effect is still existent (see the marginal significance levels Pr > F under the “Type III $8” for unbalanced
designs) and that it 1s still necessary to ohserve and check thIS effect durmg furthergoing analyses on a more detailed

_ reader s level

As before the same three tests of contrasts for unbalanced demgns (Scheffé test, Bonferroni-Dunn test,

Ryan- Emot—Gabrlel We]sch multiple range test) were carried out to identify global groupings of the 12 readers, i.e.

those readers which read in a more homogenous manner on a global level. Their results which are confirming each other
are given in Table 6.2 whereby means with the same letter mean that these are not significantly different.

Two to four homogenous groups were constructed by the three tests whereby in all three cases the first group is
consisting of readers 7, 11 and 12 and is obviously mostly homogenous and distinct from all other groups.and readers,
respectively. A second shghtlyr weaker grouping which is also constructed by all three methods is that of readers 1, 3, 4,
5,8,9 and 10. After the. Schéffé test also readérs 2 and 6 are belonging to this group (which in this case makes the

' :gmupmg complete) but not in case of the two other tests. In all three tests this group is completely non-overlapping with

the first one. But the Bonferroni-Dunn test as well as the Ryan-Einot-Gabriel-Welsch multiple range test construct a
third non-distinct group consisting of readers 1, 2, 4, 5, 6, 9 and 10 which is heavily overlapping with the second
grouping. In case of the latter test a fourth grouping is constructed which is relatively similar to the third one but
excludes reader 6 and includes reader 5. This strongly overlapping construction of groups indicate a much closer reading
than in the first and second otollth exchange programs leadlng obvnously through some kind of standardisation to non-
distinct reader groups.: : S : - :

This standardization effect could be further investigated since in the otolith collection of the second otolith exchange
program and comparative reading at the Meeting a subsample of 25 identical otoliths were included which was unknown
by the readers.. These. otoliths of numbers 51 to 75 are stemming from the Swedish sample of Sub-division 25. This

_subsample was taken as input for a second ANOVA as. well as input for the three tests of contrast in. order to compare

the reading results from the second exchange program and comparative age reading during the Meeting and find any

- improvement. The grouping results are given in Table 6.3,

Whereby the Scheffé test detected only one homogenous group, the two other tests each formed two heavily overlapping
groups in a similar way. This means that probably readers 3, 5, 6 and 10 read slightly different compared to reader 7 but
in the same way as all other readers. Vice versa, the same is valid for reader 7. Obviously, it can be inferred from these
results that the agreement between the participating readers could be increased drastically through practising
comparative age readings.

In most cases the ealibiation results indicate a 51gmﬁcant sub-division effect. But in contrast to the first and second
otolith exchange program the inclusion of a sub-division indicator variable has not mcreased the quality of the
calibration model at all. In all cases the simpler model explained approximately the same amount of variation than the
more complex one but with fewer parameters to be estimated. Hence, without loss in quality in all cases the simpler
calibration model type with higher degrees of freedom was selected.

The readings of readers 1, 4 and 10 were totally without any significant bias. The readings of readers 2 and 6 were
intercept unbiased and slope unbiased, respectively. All other calibration models showed a significant deviation of the

~intercept from O and a slope differing significantly from 1. Obviously the amount of unbiasedness has drastically

increased which is probably a positive effect of the three otolith exchange programs. In detail the models per reader are
givenin Table 6.4 (coefficients of determination are given in brackets).

The corresponding graphics can be found in the Figures 6.1-6.12. Also here only the overall models are presented in

. order to reduce the amount of output pages. To use these models for any calibration purpose they must be inverted i.e.
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-solved with respect to standardlzed age. For the group of readers without sub-division effect these cahbratlon models are
given'in Table 6.5.

62 Sample from Sub-division 28

Wllcoxon signed ranks test showed that in 59 1%. of the cases a srgmﬁcant bras between readers existed (Tab]e 6.6). The '
agreement between readers varied between 30.0 and 78%, the mean 53.2% (Table 6.9). As compared with samples from
Sub-division 28 in the first and second otolith exchanges the pairs of unbiased readings increased from respectively 25.0
“and 27.3% to 33.3%, but if only those readers who participated in the exchange programs were cons1dered the unblased
readings constituted 44 4%, :

63 Sample from Sub-division 25 -

Wilcoxon signed ranks test revealed that in 43.9% of the cases a significant bias between readers existed (Table 6.7).
The agreement between readers varied between 22.0 and 84.0%, the mean 49.3% (Table 6.10). In 39.4% of the cases no,
bias was determined, but for the readers who participated in the otolith exchange programme this value is 42.2%. In the
first and-second. otolith exchanges the pairs of unbiased réadings of Swedish subsample from Sub- dmsron 25 were
respectively 53.6 and 24. 4% (the sample of the second otalith exchange which was also used in comparatlve age readrng
at the Meeting).

6.4 ~ Sample from Sub-division 24

'Wllcoxon mgned ranks test revealed that in 66 7% of the cases a srgmfrcant bias between readers exlsted (Table 6.8).
The agreement between readers varied between 12.0 and 90.0% (Table 6.11). As compared with samples from Sub-
division 24 in the first and second otolith exchanges the pairs of unbiased readings increased from respectively 17. 9 and
17.8% to 27.3%, but if only those readers who participated in the exchange programs were considered the unbrased
readmgs constltuted 33 3%

7 PROTOCOL FOR AGE DETERMINATION OF BALTIC HERRING OTOLITHS
7.1 Standardlzed Termmology

The Meetlng agreed that the following terrmnology taken from: the Report of ICES/NAFO Workshop on’ Greenland
Halibut Age Determination (ICES CM. 1997/G:1) could be adjusted and used- for consistency amiong Baltm hernng
atolith age readers. -

It is recommended that the followmg definitions be used when makrng reference to Baltic herrmg otollths and
mterpretatlon of their ages ' ‘ P

Accuracys’ “The closeriess of a measured or computed value (e g. age) to its true value. Accuracy can be | proven or
estimated: estimates of accuracy are less valuable, but in some cases only an estimate is possible. :

Age estimation, age determination: These terms are preferred when dlscussmg the process of assigning ages to fish,
The termageing "should 'not be used: as it refers to tlme-related processes and ‘the alteratlon of an orgamsm 5
composﬂmn, structure and function over tlme

Age-group. The group of fish that has a grven age (e g, the S-yearfoldzag&group)_.. The terrn. is not synony.irnoos Wlth
vear-class. ' :

_Annulus (pl. annull) (Wmter zone) A translucent growrh zone that forms once a year representmg a trme of slower
growth : : ‘

Annual growth zone: A growth zone that consists of one opague zone (surnmer zone).and the annulus (winter zone). .-
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Bias: A lack of prec151on that is not normally distributed amund the mean; it is skewed to one side or the other. For age
-reading it may apply to one reader’s interpretations which are predo:mnantly more or less than those of another for all
ages; or it may only apply toa port:lon of the age range.

Birth date: ‘Based on the 1ntemat10nally accepted standard all Balnc herrmg are assumed to have a blrth date of
.Tanuary 1.

Check: Translucent zone that forms within the opaque (summer) zone reptesenung a slowmg of growth. Such a zone is
not usual}y as promment as annuh and should not be meluded n the age estimate.

Cohort: A group of fish that were born during the same year (1 January-31 December).

Edge (marginal) growth: The amount and type of growth (opaque and translucent)on an otolith’s margin or edge. The
-amount and type of growth on the edge must be related to the time of year the fish was caught and the internationally
accepted and standard J apuary 1st birthday. New opaque growth formmg on the margm of the ctolith is often rcferred to
as plus growth or incremental growth,

Nucleus: The central area of the ctolith formed during the larval stage. =

Opaque zone: (summer zone) A growth zone that restricts the passage of light. In untreated otoliths undef transmitted
light, the opaque zone appears dark. Under reflected light_itrappears_bﬁght.

- Precision: A .process that. measures the closeness of repeated independent .age estimates. Precision relates to
“reprodueibility and is not a measure. of accuracy. The degree of agreement among readers is- & measure of precwlon of
the determinations and not the accuracy of the technique.

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

.S_'agitfa (pi.' sagittae): The largest of three otolith pairs found in Baltic herring. The sagitta is the otolith used most
frequently in otolith studies.

‘Summer zone: Opaque growth that is normally deposited during the summer and autumn seasons when fish-are growing
relatively quickly.

-Fransition zone: A region- of change in an. otolith growth pattern between two similar or dissimilar regions: It is
recognised as region of significant change in the form (e.g., width or clarity) of the annual growth zones: A transition
zone is often defined as the region of change from juvenile to mature growth. The juvenile annual growth zones are

relatively larger than those of later adult zones. In some instances otoliths may also show a change in.width or clarity of
the annual growth zones which may be related to significant changes of growth rate.

'TranSIu'ceht ZOne: (Hyaline zone, annulus, check) A growth zone that alIows' a better passage of light. In untreated
_otohths under transmitted light, the translucent zone appears bright. Under reflected light it appears dark.

Transmltted llght' nght that is passed through the otolith from below (e g, sectlons)
Validation: The process of estimating the accuracy of an age estimating method, etc.

Winter zone: Translucent. growth (annulus; not check) that is normally deposited during the late autumn and winter
.seasons when fishes:are growing relatively slowly,

Year-class_: The cohort of fish that were in a given year (1 January—31 December) (e.g., the 1990 year-class).

Zone: Region of similar structure or optical density (opaque or translucent}. Synonymous with nng, band, and mark.
The term zone is preferred : .

17



7.2 Age Determination Criteria and the Main Reasons for Differences in Age Reading
Age determination

The age of Baltic herring is determined based on otoliths. Both otoliths should be taken. The otoliths are investigated
using binocular microscope. The otoliths are put on a black background and examined under reflecting light.. Opaque
zones are then visible as white and hyalme zones dark. A I January birthdate is used. The date of capture must always
be available. One year’s growth consists of one opaque zone and one hyahne zone. Herring is aged by counting of
hyaline winter rmgs mainly in the rostrum. If a new hyalihe zone appears in late autumn it is ‘not counted as a winter
zone till the 1 January of the next year, The timing of thé new opaque zone formation in the current year should be taken
into account.

False rings in the first growth zone

The size of the first growth zone is decreasmg from west to north-east in the Baltic Sea because of the dlfferent time of
the spawning period in the different parts of the Baltic Sea. Espemally in the southern Baltic Sea some specimens have a
false ring within the first growth zone. This metamorphic ring is close to the nucleus and does not have the shape of true
winter rings, but is rounder.

Identification of the first winter zone

- In some cases, especially in older herring, the first winter ring' may be overgrown by the opaque material, and therefore
the first winter ring may be visible only in the dorsal and ventral arca of the otolith. In the cases when the second
SUMIMEr zone is very narrow in.comparison with the first summer zone it could be an indication that the first winter ring
is hardly visible and the reader should ory to identify the possible first winter zone from thie both sides of the otolith. The
area of the capture of the fish also shou!d be taken into account like is mentioned in the previous chapter.

Differences in various paris of the 'otolith'- ‘

The first two winter rings are mostly not visible in the rostrum of older fish, but are visible in the other parts of the
otolith: The third and next winter rings dre usua]ly visible in the whole otolith. In old fish the last wmtcr rings carni- be
dlstmgmshed onIy in rostrum,

Transparency of otoliths. -

Crystallised otoliths should be recorded and then discarded from the sample. Partly crystallised otoliths which are
readable should be recorded and the age should:-be read. At present 1t is not clear if the phenomenon of crystalhsatlon is
a feature of part1cu1ar year classes.

Splitted opaque zones

In old herring the opaque zones may be splitted into- two parts and it is difficult to determine if they are separate growth
zones or not.'The structure of the questionable hyaline zone should be compared with the normal winter rings. If the
splitted opaque zone is not the outermost one, the gradual diminishment:of the growth ‘zones ‘could: be takén into
account. If the outermost opaque zone is splitted 1t is difficult to use the width of the prcvmus growth zones to determme
if the outermost zone should be regarded as two separate growth zones. - ‘

Interpretation of check zones

Checks tend to be discontinuous, weak or diffuse, and inconsistent with the general growth pattern of tiue winter Zones,
Therefore it is recommended to compare the pattern of the questionable zone with normal ‘winter -zones to decide
whether the questionable zone is a true winter ring or not.

Foi-mat:ion of summer zones

'The formauon of summer zone depends on the area, hydrometeorolocrtcal condmon and age of fish. In western’ Baltlc
Sea the growth in young age groups may start already in March. Due to the climate the growth starts later in more
northern areas. In the northern. Baltic Sea the yearly growth in young age groups may start as late as in-July. The
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formatlon of gr{Jwth zone m adult fish depends on spawmng tlme and feeding conditions. ‘In the central and northern

: -_pa.rts of the Baltic Sea’ thc growth of citoliths in old age groups may start as late as in September—October In central and
northern Baltic sea in a_utumn it may be difficult to determine, if the outermost hyaline zone is formed in the current
- feeding season or in the previous year. For old fishes the presence of a hyaline zone on the edge of the otolith in late

summer ‘and ‘early-autumn ‘should be considered as the winter zone of the previous year. To detect the beginning of
summer zone formation regular monthly sampling should be performed. In some years due to feeding conditions very
narrow or wide summer grow‘[h zones are formed and they can be used as markers for the age determination in next
years. : :

7.3, . . Other Available Information for Age Determination

Usnally the otolith readers are provided by information on length, weight and often also on sex and maturity of the aged
fishes. It was considered by the Study Group that an experienced otolith reader is not much influenced by the
information on the length of the fish. Tt would be desirable that otolith readers are provided with information on
hydrometeorological and herring feeding conditions in the area of investigations. It can help the reader to estimate the
formation of the summer zone in the current year. The peculiarities of formation of annual growth zones in the previous
years should be recorded. It would be desirable that otolith reader is familiar with the structure and year class strength of
Baltic herring stock he is working with. It can help the reader to avoid systematic errors due to specific fnnnatmn of the
growth zones. :

8 SUMMARY

The Baltlc Herrmg Age Readmg Stud}r Group has started to work in Pebruary 1997. Two otolith exchange programmes
were performed by the Study Group. 8 readers from 7 countries: participated in the first otolith exchange. 7 otolith
samples collected during winter-spring period of 1996 comprising in total §19 otolith from Sub-divisions 24-32 were

-circulating among the national laboratories.. In the second otolith exchange 8 otolith samples comprising in total 1034

otolith were prepared and treated by 10 readers from all'9 states around-the Baltic sea. The samples covered the same
Sub-divisions as in the first otolith exchange but were collected during October 1996, The work of the Study Group was
completed by a Meeting in Riga 23--27 February 1998, During the Meeting a iot of time was spent observing the otoliths
from the first and thé second exchanges.on the video screen: It was highly appreciated by the Study group members as it
allowed to co-ordinate the age reading criteria for Baltic herring. A comparative age reading was accomplished during
the Meeting:: 3 :samples-.comprising 200 otoliths from Sub-divisions 24, 25 and 28 covering different seasens were
prepared for the Meeting and treated by 12 readers from 9 countries. Although the results were influenced by the time
limit for the reading of samples and by unfamiliar microscopes the analysis of results of comparative age reading
revealed that the age determination of Baltic herring has become closer and it has confirmed the necessity and
importance of regular otolith exchanges between readers and regular Meetings (see Recommendations).” It was
especially obvious for those readers who have differed significantly during the otolith exchanges (compare readers
models for the first and second otolith exchanges and comparative age reading: Figures 4.1-4.8, 5.1-5.10, 6.1-6.1).
Besides the work of the Study group has favoured the establishment of bi/multi lateral connections between readers from
neighbouring countries working with the same populations of Baltic herring.

9 RECOMMENDATIONS

M The Baltic Herring Age Reading Study Group decided that the otolith exchanges between institutes should be

conducted regularly. The samples for the next otolith exchange should be prepared till May 1998 and the exchange

* of'the samples should be completed till November 1999. The results of this otclith exchange should be presented to

the Baltic Fisheries Assessment Working Group in 2000. The exchange programme will be co-ordinated by Latvian
Fisheries Research Institute.

‘B The Meetings with comparative age reading are very useful to improve the interpretation of otolith' structure between

readers and it is recommended to have such Meetings regularly once in three years.
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- M Reference collections of Baltic herring otoliths should be prepared on the base of samples used during the otolith
" _exchanges as well as from the next exchanges The photos of these otoliths should be prepared and dlstnbuted
between the parttctpatmg institutes.

N The. Study Group recommends that the Baltlc Flshertes Assessment Workmg Group uses age groups up to and
1ne1ud1ng age 7 with a 8+ age group. ; : _ R

W A re_guiar monthly samphng of Baltic herring otoliths is desirable from each Sub-division of the Baltic Sea.

M The otolith readers have to be provided with informétion on hydrometeorological and feeding--conditions in the
investigation area, on structure and year class strength of the_ Baltic herring stocks.

B It is recommended to provide spec1a1 otollth mlcrostructure studles that ‘will be especrally valuable for the
B deterrnlnatlon of the ﬁrst winter ring.
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Tabhled.l. General Linear Medels Procedure
Class Level Information

Class Levels Values

SAMPLE . . . 7  ESTONIA FINNLAND GERMANY LATVIA POLAND RUSSIA SWEDEN -

SUBDIV i 24 25 26 27 28 29 30 31 32

AGESTAND 11 1234567891012 N
READER 5 12345678 - ‘ : i!
Number of.obse£Vations in:data set = 6552 | |

NOTE: 'Due to missing values, ohly'6455'obsérvaticns'can'be'used in this ahalysis.

Dependent Variable: AGE Age

, _ _ S Sum cf .- "Mean _ _ L co
Sourcsa . - DF Squares - Sguare F Value ‘Pr > F
Mcdel o _ 175 . 17677.294774 _ lOl.013113 . 248.94 -0.0001.
Error 227% 2547.872693 C.405777 .
Corrected Total 5454  20225.167467

R-Square c.v. ' Root MSE ~© AGE Mearn

0.874025 13.98026 _ 0.6370081 4,5564679

Source DF Type'I ss Meaﬁ Sguare F Value - . Pr > F
SAMPLE g ©1036.450771 172.741795 425,71 0.0001
SUBDIV 5 1173.44787% 234.,6€88576 578.37 0.0001
AGESTAND 10 © 132394.870395 ‘ 1339.487040 3301.04 0.C001
READER 7 1174.,635481 167.805069 413.54 0.0001
SUBDIV*READER 56 491.018805 8.768193 21.61 0.0001
SAMPLE*READER- 21 158,334523 ©7.539739 18.58 0.0001
AGESTAND*READER 70 248.536920 3.550527 3.75 0.0001
Source jal:y . Type III 38 Mean Square F Value‘ Pr > F-
SAMPLE - . . 3 : ~22.108079 - 7.3693460 18,13 0.0001
SUBDIV . 5. 9.128750 ) 1.825950 4.50 0.0004
AGESTAND : 10 13243.142457 1324.31424¢ 3263.65% 0.0G01
READER 7 73.609666 10.515687 25,91 0.0001
SUBDIV*READER 35 43.6358190 1.246834 3.97 0.0001
‘SAMPLE*READER 21 151.383727 7.208749 17,77 0.0001
g,.7% 0.0001

AGESTAND*READER 70 - 248,536920 3.550527

Table 4.2. Ryan—-Einot-Gabriel-Welsch Multiple Range Test for wvariabie: AGE

Means with the same letter are not significantly different.

REGWQ Grouping Mean N READER
A 5.54044 316 5
B ©4.70416 818 7
c 4.60391 gls. 1
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Bonferroni

oo o

{Dunn)

ey

T

4.44403

4.44974

4.439468

4.3120%9

.3.93813

tests for variable:

813 3
810 2
519 6
769 4
792 B
AGE

Means with the same

Bon Grouping

Scheffe's test for variable:

g

ogooogo

Mean

2

N
5.54044
4.70416
4.60391
4.44403

4.44074

4.43468

4.31209

3.93813

AGE

READER
816 5
818 7
818 1
813 3
810 2
819 6

769 4

792 8

lettefraré not significanﬁly different.

Means with the same letter are not significantly different.

Scheffe Grouping

A

w m

[sHeNeNeNe!

v}

E

Mean

4.

3.

.54044

.70416
.60391
.24403
L 44074

.434868

3813

Table 4.3 Models of readers 1.2, 3. 4. 6and 7
x standardized age (0.98)

Reader
Reader
Reader
Reader
Feader
Reader

I s Y N YR A I ]
ar as es et an ar

-

read
read
read
read
read
read

age
age
age
age
age
age

o ou

1.042614
0.127228
0.575781
0.138244
-0.112034
0.507978

+ 9.,9781
.8767
+ 0.9549

+

48

46

g1

+ 1.031670
+ 0.951878

(coeffi crents of determination are given in brackets)

X

X
X
X
X

N READER
816. S
.818 7
818 1
813 3
810 2
819 6
769 4
792 g

standardized
standardized
standardized
standardized
standardized

age
age
age
age
age

.81)
.85}
.82)
.89}
.81)



Table 4.4, The models of readers 5 and 8 with a strong subdivision effect {coefficients of deterrmnahon are given in:
brackets):

Reader 5

3D Z24: read.age = 4.411855 + (.540944 » standardized age (0.47)
SD 25: read age = 1.995739 + 0.957389% » standardized age {(0.55)
SD 26: read age = 0.892089 + 1.072702 x standardized age (0.62)
SD 27: read age = 0.614207 + 1.028475 » standardized age (0.91)
SD 28: read age = 0.694018 + 0.8%8415 x standardized age (0.85)
SD 29: read age = 1.740444 + 0.848889 x standardized age {(0.72)
SD 30: read age = 0.9B7725 + 1.095434 » standardized age (0.76}
SD 31: read age = 0.523622 + 1.086614 x standardized age {0.83}
SD 32: read age = 0.645892 + 0.954702 x standardized age (0.73)
Reader B8 _ - .

SD 24: read age = 0.3570%93 + 0.895063 x -standardized age {0.74)
SD 25: read age = 0.568908 + 0.856555 x standardized age (0.85)
SD 26: read age = 1.407609 + 0.598059 % standardized age (0.67)
SD 27: read age = 0.221678 + 0.909829 x standardized age (0.93)
SD 28: read age = 1.408403 + 0.5007%9% x standardized age (0.58)
SD 29: read age = 0.663818 + 0.806268 x standardized age (0.80)
SD 30: read age = 0.759186 + 0.765144 x standardized age (0.81)
SD 31: read age = 0.568717 + 0.656309 x standardized age (0.77)
SD 32: read age = 1.289563'+ 0.4861672 =

standardized age (0.47)

Table 4.5 Calibration models of readers 1, 2. .4 6and?

Reader 1: standardized age = read age / 1.042614 :
Reader 2: standardized age = (read age - 0.127228) / 0.978148
Reader 3: standardized age = (read age - 0.575781) / 0.876746
Reader 4: standardized age = {read age - 0.138244) / 0.954981
Reader 6: standardized age = {(read age + 0.119034) / 1.0318670
Reader 7: standardized age = (read age -~ 0.507978) / 0.951878

Table 4.6. Calibration models of readers 5 and 8 with a strong subdivision effect
Reader 5 '

5D 24: standardized age = (read age - 4.411855) / 0.540944
SD 25: standardized age = (read age -~ 1.9%95739) / (.957389
SD 26: standardized age = (read ages - 0.892089) / 1.072702
SD 27: standardized age = (read age - 0.814207) / 1.028475
SD 29: standardized age = (read age - 0.694018) / 0.898415
SD 29: standardized age = (read age - 1.740444) / 0.84888B9
$D 30: standardized age = (read age - 0.887725) / 1.095434
SD 31: standardized age = (read age - 0.523622) / 1.086614
SD 32: standardized age = {read age - 0.645892) / 0.954702
Reader 8 . .

SD 24: standardized age = (read age - (.357093) / 0.395063
SD 25: standardized age = {read age - 0.568908) / 0.856555
SD 26: standardized age = {read age - 1.40760%) / 0.59805%9
3D 27: standardized age = {read age - 0.221678) / 0.909829
SD 28: standardized age = (read age - 1.408403) / 0.500799
SD 29: standardized age = (read age - (.663B18) / .0.B06268
SD 30: standardized age = {read age - 0.759186) / 0.765144
5D 31: standardized age = (read age - 0.568717) / 0.6563009
SD 32: standardized age = (read age - 1.289563) / 0

.481672
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Table 4.7 Inter-reader bias test (Wilcoxon test) of Estonian's'"arhplé.(sd"az) i
Reader - | 5 - 5

1

0~ D B WP

1

L]

e

2
S e7(23)

EL]

eir

wk

143(31)
-224(31) -

LE

4

12(30)
80(31)

i

L)

ek

5 .

355.5(39)
333.5(43)
- 322.5(45)

143 5(47)

L

LLJ

6

7 26(31)

103(33)
93(30)
233(31)
156{46)

ELd

i

Table 4.8 Inter-reader bias test (Wilcoxon test) of Finnish sample A (Sd 29)’

Reader

o~ R 0 &by -

Table 4.9 Inter-reader bias test (Wilcoxon test} of Finn

Reader
1

W~ D 2N

Table 4.10 Inter-reader bias test (Wilcoon tes

Reader

- 1 no sign of bias (p>0.05); * : possibility of bias (0.01<p<0.05); **

1

1

1

T

e

i

B L

2

35(18)-

3 4
T 35(19)  40(18)
©o33.5(12)  20.5(10)
- - 39(14)

. 54(15)

i

a

‘ 2
7.5()

e
-

E ol

L]

~9.5(21)

%

i

ish sam
3 4 5
45(20) 14(10)  0(39)
-'86.5(20) 52.5(15)  0(40)
' - 86.5(19)  9(42)
- o 0(42)

ke
ke

]

3 .
0(21)

T oaw
e
T

L

R
ar

*

Cokm
2

E

4
0(10)
6(11)

 6.5(14)

i
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i

i

figures in the cell: T value (number of differences)

5

455(35)

- 0(39)
15(41)
0(38)

£
LLd

ok

i
ey

i

t) of Finnish sample C (Sd 31)

5
24(30)
10.5(27)
0(39)
0(35)

L]
L]

i

6
20(10)
16.5(14)
28(19)
20.5(15)
44(33)

ple C (Sd 30)

6
20(12)
24(16)
50(24)

o(11)

13.5(39)

el

8
9(6)
3(3)

0(18)
0(8)
11.5(29)

A

-
45(15)
85.5(21)
155(31)
13(30)
345(41)
13(29)

e

7

48.5(16)

29(14)

369.5(42)

28.5(13)
31(36)
43.5(17)

v

7
30(13)
73(20)
63(24)

12(13)

0@
78(18)

EL

7

- 83017

26(12)
12(25)
17(16)
22(27)
37(13)

a

: certainty of bias (p<0 01).

8
0(64)
0(69)
0(74)
19(61)
0(81)
483(74)
0(75)

8
8.5(21)
39(18)

315(39)
14(18)

0(45)
0(21)
0(17)

g

o(1dy

77(21)
48(16)
9(10)
10(42)
8(15)
14(18)

8
7.5(19)
0(17)
13.5(9)
8(14)
0(34)

© 8.5(19)
10.5(24)



Tab!'e 4.11 Inter-reader bias test (Wilcoxon test) of Finnish sample D (Sd 32)

Reader
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1

i
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L1

2

012

e
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Coo@n
- 315(20) |
' 40(19)

) W
e
i
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*h

4
0(18)
28(13)

o
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Table 4.12 Inter-reader bias test (Wilcoxon test) of German sample D (Sd 24)

Reader

Table 4.13 Inter-reader bias test (W
Reader

Table 4.14 Inter-reader bias test (Wilcdxuri test) of Polish Sample (SVdZS)' |
Reader L

- : o sign-of bias (p>0.05); *: possibility of bias (0.01<p<0.05); **

Q@ -~ Db =

1

o~ Db WM

1

T

L3

ok
R

R

1

1

2
.. 279(47)

o
Lil

i

2
6.5(13)

2

: ':6.6.5(22)

ey

ke

3

205.5(30)

369(46)

*
- "
vy
i

i

' 3

. 192(38)

197(33)

e

L]

Tk

3

| 28(32) ' 695(19)
| 355(25) . 24(12)
40.5(30)

£t
LT3
e

i

4
22(25)
45(16)
23(16)

i
sk

13

4

87.5(28) 236.5(38)

256(33)

L2 ]
*
"

i

4

e

iicoxon test) of Latvian sample (Sd 28)

, :

5 6
- 23(286) 5(11) -~ 25.5(17)
12(32) . 45(15)  35(15)
0(26) 0(19) 9(19)
11(35)  6.5(12)  34(17)
3 22(31)  13(32)
b - 88(16)
5 8 7
- 0(89) - 134.5(63) 141(56)
. 8.5(92) 233.5(55) 229(74)
37(95)  27(B4) 348.5(67)
0(48) 12(26) 0(44)
4.5(95) = 32(89)
118(79)
5 6 7
34.5(29). - 320(34) = 55(24)  100(27)
90(21)  71.5(31)
273(46)  225(34) 294(53)
- 124(39)  63(22)  102(45) -
276(42)  343(41)
. 101(37)
5 . 6 7
0(54) . - 13(19) 78(24)
0(55) 32017y - 53(14)
0(49)  121.527)  75(27)
0(56)  16(19) - 70(21)
- 0(50) 0(56)

L

figures in the celi: T value (number of differences)

26

L

LEd

67(21)

8
68(31)
0(22)
0(13)

- 0(18)

0(33)
0(23)
0(24)

8 .o -

229(50)
377(46)-
170(48)
95(18)
61.5(96)
349(54)

225.583) -

8
23(61)
26(58)
37(65)
13(71)

55.5(70) .

28(58)

: -40.5(6_6): :

R
61.5(21)

" B5.5(19) .
67.5(28) .
- 54(18) -
0(s8) -
- 54(20) -
- 100{20)

certainty of bias (p<0.01); .




“Table 4.15 Inter-reader bias test (Wilcoxon test) of Polish sample (Sd 26)

Reader , - 1 .. 2 3 .. 4 15 . B 7 8
A . 14(13) © 80.5(21) . . 24(14) . - 5(46) 85(18) 51(17) 19(21)
2 . 57.5(24) . 325(12) 0(47) 23(14)  32.5(13) 19.5(14)

3 - L _ " 80(22) 0(45) 256.5(27) 80.5(23)  58(31)
4 . , - - 5(50) 20(12)  46.5(15) 21(15)
.5 L e *a - ' 4.5(47) 0(50) 0(49)

6 - - - - - 58.5(17) 34.5(20)

7 . . . - e . 6(14)

. 8 i L] AW E 4 i L h i

_Table 4.16 Inter-reader bias test (Wilcoxon test) of Russian sample (Sd 26)

Reader 1 2 -3 4 .5 6 7 8
1 - 9.5(32) 171.5(36). 60.5(35) 289.5(44) - 54(28)  122(30)  48(48) .
-2 o - 36827y . .90.5(21) - O(57) 18(21) 14.5(44) 70.5(38)
3 S 120.5(32) 70(44)  184(28) 192.5(48) 61.5(52)
4 . ™ 18.5(51) 57.5(22)  13(41) 35(34) .
5 R e - 32(43)  420(41) 39.5(65) -
. B b - - * - 33.5(33) - 59(44)
? * ok *k . La - ke 46(56)
8 el e L 2] L] Tk e £t

Table 4.17 Inter-reader bias test (Wilcoxon test) of Swedish sample (Sd 25) .
. Reader 1 2 -3 -4 no D 6 7 8

1 87) - 21(8) . 0B - .0(43)  18(9) 46(20)  22(12)

2 - 42.5(13) . 10(10) - 0(42)  26.5(10) - 38.5(17) 16.5(12)
.3 - - . 38.5(14) 12.5(41) 455(14) 36(17)  16.5(13)

4 . SEECE 28(40)  4.5(10) 123(23)  24(16)
-5 PR S a* - 13(40)  27(38) 0(43)
- B - - - > b 66(20)  41.5(15)
7 * - - - * - 30.5(22)
. 8 — _ * . * h - L]

Tabie 4.18 Inter-reader bias test (Wilcoxon test) of Swedish sampie (Sd 27)
Reader 1 2 3 : 4 5 & i 8

1 . 42(13)  6(15)  11(11) | 12(26) - 11.5(12)  7.5(15)  0(14)

2 - . 5.5(14) . 10(10) - 28(30) 13.5(11) 12(12)  15(16)

-3 e : - 35(9) 0(37) 6(9) 36(13)  38(13)
4 - Lt 1565(34)  12(7)  26(13)  4(11)
5 .- A ™ 33(36)  17(38)  13(36)
6 T - * 18.5(10)  10(12)
? e . - ) - " ke - 56(18)
8 . AW e - Aw Ll - -

- no 5ign of bias (p>0.05); * : possibility of bias (0.01<p<0.05); ** : certainty of bias (p<0.01);
figures in the cell: T value {(number of differences)

27



Table 4.19 Estonian 1st sample, percentage agreement of individual readers : : '
Reader 1 2 3 4 5 6 _ 7 8 © Mean

1 - 7715 69.0 706 60.8 686 853 296 = B59
2 ' - 890 708 569 676 794 296 64 .4
3 - 7890 850 700 68.0 245 606
4 Co- 839 696 706 387 630

-5 - 549 59.8 173 . 512

6 - 7186 387 62.7
7 - . 278 660
8 .

28.9

Table 4.20 Finnish 1st sample, SD 29, percentage agreement of individual readers _ A
Reader 12 3 4 5 " 8 7 "8 ©  Mean

1 - 640 620 840 = 300 800 68.0 571~ 807
2 ' : - ‘76.0 800 - 220 - 700 72.0 633 639
3 - - 720 - 180 620 660 612 = 5986
4 - 240 70.0 740 673 64.5
5 ' - 340 28.0 82 ' 235
6 - 66.0 57.1 82.7
7 - 653 828
8 - 54.2°

Ta'ble 4.21 Finnish 1st sampie, SD 30, percentage agreement of individual readers - S
Reader 1 2 -3 4 5 6 7 .8 7 Mean

1T - . 894 800 - 800 220 760 74.0 70.8 64.6
2 e '59.2 . -654 184 7.3 59.2 574 = 572
3 3 . 820 16.0 52.0 52.0 667 528
4 - 16.0 78.0 740 . 792  B55
5 S 220 . 26.0 125 190
8 - - 64.0 688 588
7 . 625 ' 597
3

- - 597

Table 4.22 Finnish ist _sémple, 8031_, percentage agreer_nenl.of individual reade_ré

Reader -~ t =~ 2 3 4 - 5 8 7 8 Mean
T - 875 ~ -580° 800 400 = 880 660 ° 568 ~ 680
2 - ~ 563 771 . 438 875 750 605 . 6897
3 L o200 260 840 - 500 795 58.0
4 - 300 84.0 68.0 8.2 . 685
5 - 420 46.0 227 - 358
6 - - 740 568 . 709
7 - 455 - B80S

&

. 587

28




Table 4.23 Finnish 15t sample SO 32 percentage agreement of mdmduai readers

Reader
1

O~ P bW

2

745

3
449
56.5

4

64.0
723

61.2

5

. 480
319

26.5
300

6

. 78.0

681
612
768.0
38.0

Table 4.24. German 1st sample, percentage ag reement of mdrvrdual readers

Reader

O~ DO AW -

"

2
§2.5

3
69.7

. 535

4
50.0
68.0
72.0

5

8.2

4.1
1.0
0.0

6
36.0
44 .4
36.0
44.0

2.0

Table 4.25 Latvian 1st sample percentage agreement of mdrvrdual readers

Reader

‘cn-qmm.nm'm_.

Table 428 Pollsh 1st sample sD 25, percentage agreement of individual readers
1

Reader

CD\-IO')U‘I-&LQI\J—l

A

2
87.0

2

65,1

3

620

670

3

48.4
597

4

71.0
720
67.0

4
69.8
810
516

5

- 85.0

62.0
54.0
61.0

5
14.3
12.7
15.4
1.1

<]
76.0
79.0
66.0
78.0
58.0

6
69.8
73.0
56.5
6938
206

7
64.0
68.1
61.2
66.0
36.0
68.0

43.4
25.3
32.0
6.0
8.1
22.0

73.0
69.0
47.0
55.0
59.0
63.0

619
79.4
56.5
658.7
111
66.7

8
333
45.0
68.0
87.1
21.4
452
429

495
535
54.0
58.0
2.0
45.0
16.0

37.8
38.8
33.7
439
121
40.8
32.0

65.6
68.9
541
70.5
9.8
67.2
672

. Mean

581
59,5
54 .4
60.9

. 331
- 821
- 58.0

44.8

Mean
442
43.0
455
426

36
328
21.8
397

Mean
67.4

. 678
- 567
- 64.0

53.0
65.8
56.9
342

Mean
56.4

-§2.8
- 495

60.1
14.1
60.5
58.5
57.6

29



Table 4.27 Polish 1st sample_,_SD 28, percentage agreement of individual readers

Reader 1 2 3 4 5 8 7 8 . Mean
C - 750 598 74.1 130 667 685 57.4 59.2
-2 ' - 538 769 .98 73.1 750 731 624
-3 B - - 577 . 135 48.1 53.8 40.4 - 46.7
4. - 7.4 77.8 722 712 825
5 - 13.0 74 19 - 9.4
B - 8.5 1.5 584
-7 - 731 598

8 - 535

Tab!e 428 Russian 1st sample, perce'ntage agreement of individual readers

Reader 1 2 2 4 .5 3 6 70 .8 - Mean
1 - 880 840 650 560 =~ 720 700 . 520 . . B39
2 - 730 790 430 . 790 560 620 657
©3 ' - 680 . 530 72.0 54.0 48.0 61.7
4 - 490 780 59.0 660 . 663
5 - 57.0 59.0 350 503
6 - 67.0 560 . 687
7 - 440 584
8 - 51.9

Table 4.29 Swedish 1st sample, SD 25|'percentage agreement of individual readers :
Reader 1 2 3 4 5 6 7 8 Mean

1 - 86.0 72.0 88.0 14.0 820 600 760 . 683
2 - 740 80.0 160 800 . 660 76.0 . 683
'3 . 72.0 200 720 86.0 740 = 843
L4 - - 200 780 54.0 68.0 65.7
15 SR 20.0 24.0 14.0 183
8 - 60.0 70.0 - 66.0
o7 . . 560 551
8 - 1620

Table 4,30 Swedish 1st sample, SD 27, percentage agreement of individual readers

. 57

Reader 1 2 3 4 5 6 7 8 Mean

1 - 74.0 70.0 78.0 48.0 76.0 70.0 720 89.7

2 - 72.0 800 400 . 780 . 760 880 .. 697

3 S s 820 o280 0 820 74.0 740 . 6886
4 : . 320 86.0 740 - 780 .72.9
5 ' - 280 240 28.0 323
-6 ' - 80.0 76.0 723
-7 - . 640 660
8

30




mab e MG fieneral LoramEr Woche s froamedure E

lase Level Infermation

Thrazs Levels Vallues

SAMPLE 3 GERMAENY FGLAMD SWEDEH
SUEDIY 4 ST RNAR PR

AGESTEMD 9 H Ltz x4 548 7%¢8
READER 10 123458789 1C
Humber of observapions in data set = 4340

MOTE: Due to missing values, only 4330 ocbservations can be used in this
analysis. .

Dependent Variable: AGE Age

Sum of Mean
Source DF Squares - Square F value Pr > F
Model 129 13749.493625 " 106.585222 290.32 G.G001
Error 4200 1541.971733 0.36713%
Corrected Total 4329 15291.465358

R-Square ooV Root MSE AGE Mean

1.89%1¢e1l _16.68441 L 0.e059176 1.63183¢7
Source DF Type I 55 ' Mean Square F Value Pr » F
SAMPLE 2 522.332773 261.166388 711.36 J.0001
SUBDIV 2 1074.090975 537.045488 1462.80 0.0001
AGESTAND g 11292.821028 1411.602629  2544.90 0. 8001
READER 9 427.551081 47.505676 129.40 7,9001
SUBDIV*READER 27 165.532288 6.130825 15.70 G.anol
SAMPLE*READER a 87.987861 9,77642% 26.63 3,001
AGESTAND* READER T2 179.1778619 2.488578 G.7% 0.32001
Source DE " Type III SS Mean Squars Value Pr > F
SAMPLE 1 0.302039 0.302039  0.82 ). 3844
SUBDIV 2 3.047818 1.5239009 J.1% L1558
AGESTAND g 11284.6228238 1410.577853 3342.11 3, 0501
READER g 134.343635 14.927071 4. G 2L ool
SUBDIV*READER 18 - 8.,972053 0.498447 HE 1 1,141
SAMPLE*READER 9 74.410042 8.267782 IELRE oL 000l
AGESTAND*READER 1z 179.,17761% 2.488578 D LGl

31



Table 5.2. Ryan-Einot-Gabriel-Welsch Multiple Range Test for variable: AGE

Means with the same letter are not significantly different.

REGWQ Greuping Mean N READER

A 4.42166 434 7
B 3.76498 434 4
: 3.74885 434 9
: 3.70670 433 2
B .
B 3.70507 434 1
c 3.49539 434 €
c 3.44393 428 8
c 3.43187 433 3 :
c 3.37963 432 10 ,
D 3.21429 434 5

Bonferroni {Dunn) T tests for variable: AGE

Means with the same letter are not significantly'differént.

_Bqn Grouping _ Mean N READER

| ' A 4.42166 434 7
B. 3.76494 434 4
g 3.74885 . 434 9
‘ 3.70670 433 2
g 3.70507 3 434 1
€ 3.49539 434 6
g 3.44393 428 8
g 3.43187 433 3
c
C 3.37963 . 432 10
D . 3.21428 434 5

32




Scheffe's test for variable: AGE - L
Means with the same letter are nct <1qn1f1rant‘j different.

Sﬂhﬁffe Frouplng S Mean, ‘M - READER -
o A 1.42166 5 A34 7
B 3.76498 434 4
B 3.74885 434 9
B 3.70670 433 2
‘B
B 3.70507 434 1
C 3.49539 434 6
C D
C 3.44393 428 8B
-C : .
g 3.43187 433 3
C :
B C 3.37963 432 10
D ‘ .
D _ _ 3.21429 434 5
Table 5.3. Models of readers 1, 2, 3, 4, 5, 6, 7, 8 and 10
Reader 1: read age = 1.056707 x standardized age {(0.98)
Reader 2: read age = 1.059508 x standardized age (0.98) _
Reader 3: read age = 0.440421 + 0.854418 x standardized age (0.886)
Reader A4: read age = 0.128615 + 1.039645 x standardized age (0.91)
Reade_r 5 read age = 0.367420 +°0.813926 X standardizedage (0.89)
Reader 6: read age = 0.997187 x standardized age (0.9%8) '
Beader. 7: read age = 0.901144 + 1.006524 x standardized age (0.82)
Reader” B: read age = 0.349145 + 0.83%2565 x standardized age (0.84}
Reader -10: read age = 0.963922 x standardized age (0.38) '

Table 5.4. Model of reader 9

Reader- 9 : e

SD. 24% - read--age '= 1.392311 + 0.852292 =x standardized age (0.77)
$p25: read age = 1.569846 + 0.614394 x standardized age (0.55}
SD 26: read age = 0.318B40 + 0.719842 x standardized age (0.87)
5D 27: read age = 1.186352 + 0.877297 =x standardized age (0.88)

Table 5.5. Calibration models of readers 1, 2, 3, 4, 5; 6, 7, B and 10

Reader 1: standardized age = read age / 1.056707

Reader 2: standardized age = read age / 1.059508 _
Reader 3: standardized age = {(read age - 0.440421) / 0.854418
Reader 4: standardized age = (read age - 0.128615} / 1.039645
reader = 5: standardized age = (read age - 0.367420) / 0.813326
Reader 6: standardized age = read age / 0.997187

Reader 7: standardizéd age = [read age - 0.854418) / 1.006524
neader 8: standardized age = (read age - 1.039645) / 0.89256&5
Reader 10: standardized age = read age / 0.963922

Table 5 6. Calibration model of reader 9

Reader 9

SO 24: standardized age = (read age - 1.392311) / 0.852292°

SD 25: standardized age = (read age - 1.5€5846) / 0.614394

SD 26: standardized age = (read age - 0.318840) / 0.719842

SD 27: standardized age = (read age - 1.188352) / 0.877297



" Table 5.7 Inter-reader bias test (Wilcoxon test) of the second Estonian sample (Sd 32
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- Table 5.8 Intef—reader bias test (Wilcoxon test) of the second Finnish sample (Sd 29)

1

L

o

I T N R
"

2

16.5(11)

R

ke

2
0(9)

i
L1

ok

H

*¥

3

125(28)
130(25)
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88(21) . 45(17)
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7N 5(12)
0(11) - 18(9)
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0(12)
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4(9)
8(7)

144(75)
26(12)
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5(15)
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" Table 5.9 Inter-reader bias test (Wilcoxon' test) of the second Finnish samgple (Sd 30)

1

P~ I NI N O
H

2

24(12)

CO S O

3

7.5(16)

5.5(11)

*h
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4 S
5(12) 5(13)
8.5(16) - © 4(9)
0(20)  25{(10)
0(20)
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» T .

6‘
0(11)
6.5(17)
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0{18)
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Table 5.10 Inter-reader bias test (Wilcoxon test) of the second Finnish sample (8d 31)

1

it

@O NDO DN -
1

=
L=
]

- . no sign of bias (p>0 05), * : possibility of bias (0 01<p<0.05); **: cerlalnty of bias (p<0 01);

2
0(4)

*
)
o

B

3
G(14)

15(14)

i

*

ok

4 5
15(10) 2.5(5) -
9(10) - 10.5(6) -
0(18).  22.5(15)

- 10(10)

k% s ok
"k h

figures |n the cells T value (number of dlfferences)

34

8
2.5(4)
3.5(7)
0(18)

15(9)

3.5(7)

bl

i

Thw

i

7 8 S

225.5(46) 126.5(25) 210.5(85)
35(36)  85(19) Q{81
19.5(41)  88(21) 0(84)

. 84(43) 175.5(26) 0(83)
0(44) 55(21) 0(90)
38(40)  90(20) 0(85)

55.5(38) 54(53)
b 0(77)

N 8 9 .

1 33(26)  5.5(18)  147(39)

- 0(26) 5{(15)  58.5(41)
- 0(30) 3.5(12)  42(44)
19(20) 0(17)  176.5(40)
0(27) 0(11)  37.5(38)
41(22) 4.5(19)  154(30)

- 0(30)  144.5(29)
B © 0(45)
7 8 -}

34527  0(19) 60(34)

1105250  0(14): - 35(37)

- 0(30) 15(14) -~ 16.5(40)
96(27)  7.5(23)  175(36)
0(28).  22(15) 0(38)

- 89(25) 0(22) 192(35)

: 0{31)  196.5(29)

- 13.5(40).
7 8 9

- 0(38) 2.5(5). - 0(31)
0(38)  5(5) 0(33) °
- 0(45)  12(12) - 0(42)

80(39) " 3.5(7) . 64(34)

- 19(39) 5(8) 0(32) =~
18.5(36) - 3(6) 0(28)

0(32) - 94.5(20)
- S 0(30)

s

T T IR

103.5(22)

48(18).
30(11)

42(13)
6.5(12)
13.5(8)
38(37)
132(23)
0(81)

10
20(9)
37
0(9)
8(7)
0(8)
3(6)
7.5(18),
0(12)

. 87(36)

10.

66.5(16)

83(17)
30017
34(18)
30(17)
31(18)
S 38(29)
27(20) -

126D

10
3(3)
oq7y
0(15)
10.5(7)
35(7)
18(8). -
17.5(34)
350
15(30)




_ Table 5.11 Inter-reader bias test (Wilcoxon test) of the second Finnish sample (Sd 32)
el o2 3 o400 8. 8. T 8 9. 10
1. 020y 0(26) . 24(13) . 0(21) 21(12) -~ 100(20) 38.5(36) 195.5(29)  0(25)
2. 22:5(14) 7.5(17)  34(12)  0(25) - 22(26)  34(27) . T5(33) 37.5(115)
3o 40 ... 95(@23)  4518)  0(32) . 0(28)  26.5(21) 42(34)  36(12)
4 - ™ o : 0(18) 23.5(17) 70(21) 31.5(31)  154(28) 22(24)
5 S = ™. ' 25(29) 10.5(25) 36(26) 79(31) 11{10)
6 - o o -’, - 127.5(24) 35.5(38) 256(33) 25.5(30)
7 - - B - - - : 42.5(39) 292.5(34) 11(27)
8 . A 17* . ok W L kk il e 125{38) 41 5{23}
9‘ . - R B 5 I AW nk - - .kt- 695(32)
10 W - - Al - i W . e L1
Table 5.12 Inter-reader:-bias test (Wilcaxon test) of the second German sample (Sd 24)
1 2 3 4 5 6 7 8 9 10
1 153(38) 318.5(55) 66(42) 212(39) 307(37) 3779 . 114(48) . 54(71). 217.5(31}
2 - 527(51)  140(33) 103.5(44) 159(40) 194(66) 387(51) 356(74) 251.5(41)
3 > - : 433(45) 256(65) 192(52) 172(76) 331(37) - 276(61) 314(53)
4 . . 88.5(56) - 7B(47)  227(73) 538{47) 473(64) 51.5(38)
§. - * s o i - 194.5(35) 47(80) 22.5(57) 30.5(84) 234.5(41)
6 - ki L . . 121(86)  144(56) 205(84)  168(29)
7 Lo e - ™ » S 318(77) 501.5(66) 108(80)
8 i Bl = his b o 396(60) 155.5(48)
9 hal Mo ol e b iy - o ' 187(7T)
10 s - ' B ; £ ] . ii- 1.3 ” - ke o -
Table5.13 inter-reader bias test (Wilcoxon test) of the second Latvian sample (Sd 28) _
1 2 3 4 5 6 7 8 9 10 11
1 147(24) 137.5(66) B80(44) 78(61) 152.5(67) 245(38) 154(55) 673.5(57) 82(45) 84(30)
2 - 132.5(63) 42(35) 109(55) 156(61) 178.5(33) 144(48) 827.5(83) 87.5(41) 150(34)
3 il b ' 64(34) 150(26) 137.5(27) 100(67) 170.5(32) 375(66) 62.5(31) 163(74)
4 ** * i <. 48(27).  1489(35)  33(44) - 99(26) 630(61) . 92.5(20)  60(33)
5 b i - Sl 169.5(27) - 37(56) 153(28) 376.5(66) 18(23)_  82.5(74)
L T c= Rl - - ~21.5(58) 327(38) 546.5(69) 72.5(30) 76.5(68)
7 - - o S LA e . ‘74(52)  750(66) 39(48)  70.5(21)
8 S = - - . e 469(63) 85.5(25) . 80(57)
o B et * o - > il 840.5(63) - 584(63)
10 LI i L . £ L2 i N - 39(51)
11 L] * Lkl - B EL i - A . e
Table 5.14 Inter-reader bias'test (Wilcoxon test} of second Lithuanian sample (Sd 26)
1 C 2 3 4 5 6 S 4 8 9 10
1 ’ 165(40) 274.5(64) 205.5(51) 252(V8) 335(55) 3B5(50) 204(63) 3435(59) 145(29)
2 b §7.5(65) 98.5(54) 69(78) 196.5(84) 790.5(58) 139.5(68) 142.5(43) 142.5(43)
3 ** - ' 253.5(40) 351(51) 308.5(43) 190.5(73) 243(34) 2347.5(66) 204(54)
4 e e * : 253(56) 336(37) 201.5(64) 185(40) 489(66) 195(43)
5 b = - b 214(53) 101(78) 268.5(44) 21%71) 111.5(61).
6 > o > - i 193(682) 174.5(37) 677.5(71)y 117.5(37)
7 i - o bl ** = 100(68) 581 5{59) 366(54)
8 L ol - ke EL L L 291 5(68) 82(49}
9 - - e e -k ol * ek ?125(59}
10 - L] R e ELd L1 A w

- 1 no sign of bias (p>0.05); * : possibility of bias {0.01<p<0.05); ** : certainty of bias (p<0.01).
figures in the cells: T value (number of differences)
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Table 5. 15 Inter-reader bias test (Wilcoxon test) of the second Polish sample (Sd 25)
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Table 5.16Ihteriread_er'bias test (Wilcoxon test) of the second Polish sample (Sd 26)
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5 e
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1 1 ' *h

. Tabié'_5.17 [nté_r-r’ehder b_i'as test (Wilcoxon test) of the second Russian sample (Sd 26)
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~ = Table 5.18 Inter-reader bias test (Wilcoxon test) of the second Swedish sample (Sd 27)
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Table 5.19 Inter-reader bias test (Wilcoxon test) of the second Swedish sample (8d 25)
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4 -
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8 .'-*i
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i
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L]

3
32(37)
37.5(30
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249(30).
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26(30)
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~ 26(38)
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117.5(40)

132(33)
105(25)
66(36)
100(27)

ok

e

7
16(37)
0{47)
0(62)
39(41)
19.5(60)

- 26.5(63)

b

*k

8

105(39)
112(35)
198(28)
87.5(39)
183(29)

259.5(36)
17.5(53)

W

9
294.5(56
168(56)
55(68)

)

178.5(62)

0(70)
132(66)
57(22)
0(65)

L]

9
.97.5(43)
50(52)
0(65)
342(58)
0(69)
50(61)
279(35)
46(62)

L1

- - no sign of bias (p>0.03); * : possibility of bias {0.01<p<0.03); ™ : certamty of bias {p<0.01);
ﬂgures in the cells: T value (number of dlfferences)

Table 5;-29 Estonijan 2nd s;'émple, percentagé agreement of ind_iv;idual readers

1.

SO DO A LN

Table 5. 21. Finni,shéeconid sampie (Sd 29), percentage agreerh_em of individual readers
1. : . .

P~ IRV N RO T NI

j2;,_
88.8

82.0

e 3
717
.74.5

3
. 68.0
82,0

4

82.8
85.7 .

79.0

4
86.0
78.0 .

- 680

5
81.8
859
82.8
859

5
76.0
82.0
80.0
76.0

6
90.9
92.9
75.8
87.9
87.9

6
84.0
74.0
62.0
86.0
70.0

7
53.5
€3.3

- 590
57.0
566
59.6

7
48.0
48.0
40.0
60.0
46.0
56.0

8
742
80.4
78.4
73.2
78.4
79.4
60.8

8
61.7
68.1
73.9
63.0
76.1
58.7
34.8

9
14.1
17.3
15.2
16.2
9.1
141
46.5
208

22.0
18.0
12.0
200
24.0
40.0
420
22

10
66.5(32)
106(32)
123(23)
58.5(23)
125(27)
96.5(25)
62.5(64)
171(28)
132.5(62)

10
0(37)
0(25)

66.5(16)
0(33)

105(22)

59.5(21)

0(63)
167(26)
27(67)

10
83.5
88.7
776
86.7
87.6
91.8
62.2
76.3

- 18.5

10
79.1
83.7
79.1
837
814
86.0
58.1
721
16.3

37

Mean
71.3
753
68.2
727
728
756
57.5
£9.1
18.8
74.5

Mean
67.4
68.4
62.6
68.7
67.9
68.5
48.1
56.7
21.8
711



Table 5.22 Finnish second sample (Sd 30), percentage agfeeme_nt of individual readers T
12 3 4 5 6 . 7 8 9 10 Mean

1. 760 680 760 740 780 460 620 320 68.0 = B4.4
2 : 780 680 820 66.0 500 720 260 66.00 649
3 800 800 580 400 . 720 200 660  60.2
4 7 B00 820 460 540 280 640 59.8
L : 840 440 700 240 860 627
6 500 560 300 &40 609
7 ' 380 420 420 442
8 - 200 60.0 58.0
‘9 ' 26.0 276
10 58.0

~ Table 5.23 Finnish second sample (Sd 31), percentage agreement of individual readers © = .
1 2 3 4 5 6 7 8 9 10 Mean

1 920 720 800 90.0 92.0° 280 886 380 896 745
2 ' 720 800 830 86.0° 240 886 ' 340 854 722

-3 o 700 700 - 680 100 - 727 160 688 577
4 800 820 220 841 320 854 884
5 : 86.0 220 886 360 854 718
6 280 864 440 833 729
7 273 800 202 278
8 31.8 833 724
9 ' 375 366
10

72.0

Table 5.24 Finnish second sample (Sd 32), percentage agreement of-ind‘ivid‘ual readers S
1 o2 3 4 5 6 7T 8 "9 10 Mean -

1 600 480 740 580 760 60.0 200 420 479 540
2 ~ 720 660 760 500 480 400 340 888 572
3 540 680 360 440 533. 320 750 ‘536
4 640 66.0° 580 311 440 500 563
5 420 500 422 330 792 575
6 ' 520 156 - 340 375 455
T © 133 320 438 448
3 156 477 310
9 333 339
10 53.7

Table 5.25 German second sample (Sd 24), percentage agreement of individual readers
' 1 2 3 4 5 6 7 8 9 -10 Mean

1 62.0 450 580 610 630 210 520 200 690 514
2 490 - 67.0 - 560 600 ‘340 490 - 260 590 513
3 ' 55.0 350 48.0° 240 630 390 470 469
4 440 530 270 530 360 620 508
5 8507 100 430 160 590 432
6 140 440 160 710 482
7 230 340 200 230
8 400 520 466
9 230 288
10 513
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~ *. Table 5.26 Latvian second sample, peicentage agreement of individual readers .

1 2 i 4 6 6 7. 8 9 10 11 Mean

1 760 340 560 390 323 . 620 415 430 531 70.0 50.7
o2 37.0- 850 45.0 384 670 489 7o 57.3 66.0 53.8
.3 : 660  74.0 727 33.0 €6.0 340 67.7 26.0 51.0

4 ~73.0 64.6 56.0 72.3 38.0 79.2 47.0 618
.- 727 44.0 70.2 34.0 76.0 26.0 95.4

6 414 586 30.3 68.8 313 51.2

7 447 340" 5040 79.0 511

8 33.0 731 394 549
. 344 37.0 356
10 4569 -860.7
. B 46.9

Table 5.27 Lithuanian 2nd sample; percentage agreement of individual readers . , _ :
1 2 3 -4 5 6 7 8 9 10 Mean

1 600 35.0 49.0 240 450 50.0 35.7 410 69.8 456

2 5.0 48:0 240 36.0 42.0 30.6 42.0 55.2 412

3 60.0 49.0 57.0 27.0 85.3 4.0 438 452

4 440 830 360 59.2 34.0 55.2 436

5 47.0 22.0 55.1 29.0 38.5 387

6 38.0 62.2 249.0 61.5 48.7

7 306 41.0 438 38.7

8 308  49.0 46.5

9 38.5 35.5

10 50.4

Table 5.28 Polish second sample .(Sd 25), percentage agreement.of individuai readers : o
1 -2 -3 -4 5 & -7 8 9 10 1 Mean

1 714 429 762 476 643 524 60.7 405 807 429  :56.0
2 500 738 476 .643 512 8679 405 631 40.5 57.0
3 452 738 837 274 . 68.7 57.1 70.2 13.1 51.0
4 : ‘476 655  54.8 67.9 417 56.0 452 57.4
5 : 655 202 69.1 583 667 11.9 50.8
6 33.3 77.8 488 738 214 57.8
7 395 226 333 714 406
8 58.3 84.0 27.4 61.9
9 ' 53.6 10.7 432
10 17.9 57.9
1 30.2

Table 5.29 Polish second sample (Sd 28), percentage agreement of individual readers
: 1 2 3 4 5 6 7 8 9 10 11 Mean

1 79.8 590 780 610 720 630 680 550 667 63.0 66.7
2 697 818 778 788 545  T1.1 836 727 53.5 70.3
3 710 800 730 420 804 690 818 39.0 66.5
4 720 850 570 784 590 758 53.0 71.2
5 770 3%0 814 710 747 39.0 67.3
6 430 784 650 788 47.0 70.4
7 433 340 414 81.0 50.4
8 68.0 784 43.3 691
9 74.7 34.0 59.3
10 39.4 68.4
11 49.2
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Table 5.30‘Russian second sample, percentage agreement of individual readers ; . S
o 1 2 -3 ‘4 § 6 7 8 R 10 11 Mean

o 727 385 538 410 577 487 493 500 423 53.8 . 508
2 ' - 40.5 532 519 623 46.2 56.0 57.7 456 526 539
3 843 582 462 276 482 443 59.2 280 454"
4 S 590 654 39.2 645 402 57.1 41.2 53.8
5 ' 437 29.9 454 47 4 60.2 37.1 479
6 487 56.0 513 462 50.0 533
7 484 268 30.9 72.2 41.9
8 44 1 47.3 4395 50.7
-9 47.4 309 440"
10 30,9 487
n 447

Table 5.31 Second Swedish sample (Sd 27) percentage agreement of | dividual readers - R
| 2 3 4 5 8 7 8 9 10 Mean -

1 800 608 787 587 707 333 B840 253 57.3 58.8
2 ’ 662 787 57.3 733 280 853 253 573 . 590
3 74.3 78.7 827 67 733 173 693 58.8
4 ‘ 66.7 813 133 733 173 693 614
5 : 707 6.7 77.3 6.7 64.0 54.1
6 10.7 733 120 667 60.2
7 120 707 147 218
8 - 13.3 627 57.2
9 - 17.3 22.8
10 ° 53.2

Table 5.32 Second Swedish sample (Sd 25), percentage agreement of |'dividual readers B
' 1 2 3 -4 5 6 7 8 9 10 Mean

1 667 507 B60.0 493 533 493 467 427 507 522
2 E 600 680 600 560 373 533 307 667 554
3 0.0 720 867 173 627 133 787 = 535
-4 - 493 520 453 487 227 5.0 511
5 . 640 200 613 8.0 707 505

8 160 520 187 720  50.1
7 293 533 160 315

8 173 653 483
9 107 242 .
10 ' 54.1

0
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Numbber of obszervaticns in data set = 2400

HOTE: Due to missing wvalues, only 2392 observaticns can be used in this
analysis.

General Linear Mecdels Procedure

Dependent Variable: AGE Age

Sum of Mean
Source OF ngares : Square F Value Pr > F
Model _ 155 7629.7781168 49,2243749 117.22 9.%001L
Error 2236 $38.9572511 - 0.4199272
Corrected Total 2391 8568.7353679
R-5quare : c.v. .- Root MSE AGE Mean
5.880421 14.47436 .- . 0.6480175 1.4773087
Source DF Type I S35 " Mean Square F Value Pr > F
SUBDIV ' 2 861.7342928 430.8671464 1026.05 0.3001
AGESTAND 10 6448.2365458 644.823654¢ 1535.5¢6 0.0001
READER i 152.9030604 13.9002782 33. 10 0.0001
SUBDIV*READER 22 565.4619548 . 2.9755434 7,06 2.0001
AGESTAND*READER 110 101.4422630Q 0.8222024 2,20 0.2001
Source DF Type III SS Mean Sguare F Valus °r » F
SUBDIV 2 32.2646936 16.1323458 38.42 10001
AGESTAND 10 5439.4634%85 643.9483458 1533,47 0.0001
READER 11 49,6968321 4.,5178%383 10,74 G.0001
SUBDIV*READER 22 45.7763714 2.0807442 q4.%¢ F.0001
. AGESTAND*READER 110 10:1.4422630 0.9222024 Z.In GLa00l

Table 6.2. Ryan-Einot-Gabriel-Welsch Multiple Range Test for vaziabls: AGT
REGHWQ Grouping Mean N READER

A 1.93500 200 11

A

A 1.3%500 200 7

A

A 1.534%400 200 12

B 1.487414 199 8

B

4]



E 4,425 14 L e ?
E
v B 4038209 o G
o E
o B 4.3550 Don L
C BE
o B 4.,3550N0 200 1
o B
= B 4.30000 2604
C B '
z B 4.30000 ann %
C
C 4,221865 g4 2.
C .
C 4.20500 200 6
Bonferroni (Dunn} T tests for variabple: AGE
Bon Grouping Mean M READER
A 4.93500 200 11
A
A 4,89500 L2007
A - ,
A 4.84500 200 12
B 4.,48744 189 &
B
C B 4,42714 192 3
C B
C B o] 4.38500 200 5
c B D
C B D 4.36500 200 10
[ B o
C B D 4.35000 200 1
C "B D 1
C B D 4.30000 200 4
C B D ’
C B D 4.30000 200 ¢
C D _ '
C D 4.22185 194 2
D
D ~4,20500 200 o
Scheffe's test for variable: AGE
Scheffe Grouping -Mean N READER
Y 4,93500 - 200011
A ‘
1y 4.89500 - 200 7
A 4.84500 200 - 12
B 4.48744 19% &
B .
B 4.42714 189 3
B
B 4.,33500 200 5
2 .
B 3.236500 200 10
B

42
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Taple &.3. Ryan-Einot-Gabriei-Welsch Multiple Range Te

REGWQ Grouping Mean N
| 5.0800
4.7200
4.8400
4.6200

4.48600C

PE P BB BB D PR

14,3750
4.2400
4.1429

4.1000

@Ry oormomomWwowommo

4,0800

Bonferroni {Dunn}) T tests_fqr variable:
Bon Grouping _ .Mean =N

5.0800
4.7200

1.6400

4.460Q0

R

1.3750

1.2400

. 1429

da

€. 2000

DD UDEmDwWmwmwmwm W

4. L300

Scheffe's test for variable: 4

]

Scheffe Grouping

a
w
2

2010
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D

READER

50
50
50
50
50
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50
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50 -

AGE

READE

50

R

" 50

1.8200
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50

50

48

50

49

50
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A

2 4.7% @

A

B d.840 G L

L

A 4,520 544

A

A 44600 CRE

.Ll. .

A 4,375 45 2 !

LN

A 4.24010 505

A o

A 4.142¢% 49 3

A

A 4.1000 50 10

A .

A 4.0800 50 6
Table 6.4 '
Reader' 1: read age = (.998242 x standardized age {(0.98)
Reader 2: read age = 0.957476 x standardized age (0,58)
Reader 3: read age = 0.412486 + 0.914091 x standardized-age (0.§5)
Reader 4: read age = 0.979341 x standardized age {0.98)
Reader 5: read age = 0.333348 + 0.922928 standardized age (0.91)
Reader 6: read age =-0.307628 + 1.027934 standardized age ((C.89)
Reader 7: read age = (.8608393 + 0.918931 standardized age (0.84)
Redder 8: read age = 1.144050 + 0.764752 % standardized age {(0.81)
Reader 9: réad age = 0,736651 + 0.811697 x standardized age {0.80)
Reader 11: read age = 1.001758 x standardized age {(0.98) o
Reader 11: read age = 0.857471 + 0.5%28822 x standardized age (0.397). .
Reader 12: read age = 0.843081 + 0.91159% x standardized age (0.84] :
Table 6.5
Reader 1: standardized age = read age / 0.9982472
Reader 2: standardized age = read age /.0.957476 _
Reader 3: standardized age = {(read age - 0.412486) / 0.914091
Reader 4: standardized age = read age / 0.979341 :
Reader 5: standardized age = {read age - 0.333348} / 0.%22923
Reader £&: standardized age = {(read age + 0D.307628) / 1.027934
Reader 7: standardized age = {read age - 0.860853) / 0.918831
Reader 8: standardized age = (read.age - 1.144050) / 0.764752
Reader 9: standardized age = {(read age - :0.736651) / 0.811697
Reader 10: standardized age = read age / 1.001758
Reader 1l: standardized age = {(read age -0.857471 | / 0.928822
Reader 12: standardized age = (read age =-0.843081 ) / 0.91159%
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Figure 4.1
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Figure 4.2
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Figure 4.3
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Appendix

First otolith exchange
National Sample—ESTONIA Sublelslon 32 Class. of CV=3
Otelith  Upper CV- - Missing Mean Rounded Median ~Modal -
Coeffigient ' : _ '
No. | limit n values age mean age age age of
variation :
73 30 8 -0 4.13 4 4.0 4 20.23
66 30 g ) 5.75 8 5.0 6 20.26
13 30 8 -0 6.38 & 6.0 6 20.43
31~ 30 8 o 2,25 2 2.0 2 20.57
44 30 8 0 4.50 5 4.5 4 20.57
35 30 8 0 3.38 3 3.0 3 22.05 "
25 30 8 0 5.75 .6 6.0 & 22.29
395 30 8 0 2.88 3 3.0 -3 22.29
101 30 8 0 2.88 3 3.0 3 22.29
28 - 30 8 0 6.00 € 6.5 7 23.57
56 30 8 . 0 4.50 5 4.0 4 23.76
58 - - 30 8 0 6.25 6 6.5 6 . 23.81
18 30 8 0 5.38 5 5.0 5 - 24.23
50 - 30 8 0 §.13 ) B.5 9 25.00
1 30 6 2. 4.00 4 4.0 4 27.39
Otolith Age ‘ . aa
Ne. range Skewness Kurtosis NV p (HO=NV) : -l
73 z -0.27653 -1.39172 0.83687 0.07147
66 4 - -2.,25893 6.20499 0.61431 0.00033 .
13 4 -0.41217 0.57955 0.87719 0.13021
31 1 ©1.44016 _0.00000 0.56631 - 0.00010
40 3 _0.80000 .0.00000. | 0.93039 0,52431
36 2 1.5%5103° 3.20499 0.60064 0.00023
25 4 ~1.56038 3.02760  0.80856 0.03757
)] 2 0.06784 0.74102  (0.80956 0.03757
101 2 ‘0.06784 ‘0.74102 0.80856 0.03757
28 4 ~1.61624 2.47143 0.77050 0.01482
56 3 0.46771 -0.83125 0.86037 0.12383
58 g -1.60418 3.62456 0.82252 0.051:8:
18 4 -0.41217 0.57985  0.8771¢ 0.1322.
60 7 -1.04228 .2.37828 0.89943 0.23%853-
1 3 -1,3693L 2.50000 0.81394 0.0715%
N =15
‘National Sample=ESTONIA Subdivision=32. Class of CV=4
Otolith Upper CV Missing Mean Rounded = Median  Mecdal
Coefficient _ . . -
Ne. . limit n values. age mean age age. ~ age of
variation

99, 40 8 0 5.63 . 6 5.5 36.73
Otolith - Age _
No. range. Skewness Kurtesis - . NV E (HO=!/




gy

1.

31849

3

02799

- 0.86933

0.15132

National Samble=FINNLAND Subdivision=29 Class of Cv=3

Otelith Upper CV

Coefficient

No.
variation

17
20

Otolith
No.

17
20

N =2

limit

30
3C

Age

ran

3
3

ge

n

[0}

Missing Mean

values

Skewness ‘

0.
0.

48783
48783

age

Kurtosis

-0.988659
-0.98869

Rounded Median Modal

mean age

NV

0.88326
0.88326

a

i en

ge age

Qo
-3

p (HO=NV)

0.20578

0.20578

National Sample=FINNLAND Subdivision=30 Class of Cv=3

Ctolith Upper CV

Coefficient
No. limit
variation
29 30
17 30
21 30
36 20
46 30
19 30
37 30
33 30
18 30
1 30
50 30
30 30
Otolith Age
No. range
29 2
17 1
21 1
36 1
46 1
19 -4
37 3
33 3
18 4
1 3
50 2
30 3

n

0 CO 0 ~3 MWD ®mWw®DE®

Missing

values.

OO OO0COoOoOOCOO

Skewness

- -0.
1.
1.
1.
.44016
.33866
.81322
. 44016
67409
48606
27653
. 96044

HFQMEOHOR B

27653
44015
44016
44016

Mean Rounded Median Modal

age_:

Kurtosis

-1.39172

WHEMPWLWODMNOODO

a

.00000
. 00000
. 00000
. 00000
.57600
.49640
.50000
.15101
,97309
.39172
.93651

mean age

Wb e E NN

NV

0.83667
0.56631
0.56631
0.56631
0.56631
0.84667
0.80476
0.75583
0.86009
0.77335
0.83667
0.67515

a

WL Gy b U1 Q1D P N N

ge = age’

COoODOODOOOOOO
[REARCANT, I I NS RN SRS

. p{HO=NV)

0.07147
0.00010
0.00010
0.00010
0.00010
0.08025
0.03348
0.01023
0.15615
0.01567
0.07147
0.0C143

of

of

21.97
21.97

20.23
20.57
20.57
20.57
20.57
21.73
22.19
23.15
25.17
25.57
26.70
29.26

63



National Sample=FINNLAND Subdivision=30 Class .of CV=4

Otolith Upper CV - Missing Mean Rounded Median Modal'_
Coefficient ' : e T

Nc. limit n values age mean age age age
variation ' : : '

.42 40 8 0 .3.38° 3 - 3.9 3
Otolith Age

No-. range Skewness Kurtesis NV p {HO=NV)

42 3 2.82843 - B.000O0O0 0.41685 '0.00000
N=1

National Sample=FINNLAND Subdivision=31 Class of CV=3

Otolith Upper CV Missing Mean Rounded Median Modal

Coefficient : .
No. limit n values age - mean age age age
variation ‘ ' ' T
3 30 7 1 -1.86 2 2.0 2-
26 30 B 0 2.25 2 2.0 2
34 .30 B 0 2.25 2 2.0 2
37 30 8 0 2.25 2 2.0 2
21 .30 "B 0 2.50 3 2.5 2
14 30 B - 4] 6.00 6 6.5 7
5 30 8 0 2.88 3 3.0 -3
B 30 8 0 2.88 3 3.0 -3
47 30 7 1 5.57 6 5.9 5
17 30 8. 0 4.Q0 4 4.0 4
25 30 8 0 2.00 2 2.0 2
41 30 7 1 2.00 2 2.0 2
Otolith  Age
- No. range Skewness Kurtosis NV p (HO=NV)
3 1 -2.64575 7.00000 0.45694 0.00001
26 1 1.44016 0.00000 0.56631 0.00010
34 1 1.44016 G.00000 0.56631 0.000%0
37 17 -1.449018 . 0.00000 0.56631 0.Q00010
21 1 0.00000 -2.80000 0.66679 0.00116
14 3 -1.0183% ~-0.70000 0.74907 0.00867
5 2 0.06784 0.74102 0.80%956 0.03757
4] 2 0.06784 0.74102 0.80%56 0.03757
47 4 1.13725 1.94740 G.820L7 C.28647
17 3 1.44016 '3.50000 0.75583 0.01023
25 2 0.00000 - 3.50000 0.72849 0.00538
2 a 3 0 0.02758

41 .00000 - :00000 78332

N =12

of

of

20
20

20,
C20%
.38

21

21.
.29
.29
22.
.15
26.
28

22
22

.35
.57

57
57

g2

84

73

.87




= : National Sample=FINNLAND Subdivision=31 CTlass of Cv=4

30
31
31

.86
.07
.33
31.
31.
31,
31.
31.

43
43
BS
BS
BS

- Otolith Upper CV - Missing - Mean  Rounded Median Modal
Coefficient "7° T a = '
No. limit n values age mean age age age of
variation
29 40 8 .0 3.00 3 3.4 3
1la 40 8 0 - 3.75 4- 4.9 4
27 40 8 a 2.38 2 2.0 2
8 40 B 0 2.25 2 2.4 2
13 4Q 8 a 2.25 2 2.0 2
4 40 B - 0 1.83 2 2.0 2
15 44 8 a 1.863 2 2.0 2
30 40 8 0 1.863 2 2.0 2
31 40 8 0 2.75 3 2.5 2
Otolith Age :
No. range - Skewness Kurtosis . NV - p(HO=HNV}
29 3 1.44016" 3.50000 0.75583 0.01023
le 4 0.&3250 1.73740 0.89123 0.24416
27 2 1.95103 3.2049¢% 0.60064 0.00023
8 2 -0.404086 ~0.22857 0.82754 0.05764
13 2 2.82843 . .8.00000 - 0.4168B5 - 0.0000C
4 1 -0.64406 -2.24000 0.64291 C.0C0&5
15 1 =0. 64406 =-2.240060 0.64291 0.00C065
30 1 -0.64406 -2.24000 0.64291 0.00065%
31 3 1.67456 - 3.13600. 0.74431 0.00772

N =9

‘Natiocnal Sample=FINNLAND Subdivision=32 Class of CV=3

20,
20,
2Q.

21
23
23
24

25

23
32
37

.54
.15
.31
24,
.24
24,

15

36

.20

‘Otolith Upper CV Missing Mean - Rounded Median Modal
“Coefficient :
No. limit n values age mean age age age of
‘variation : '
30 30 8 ] 4,13 4 4.0 4
25 30 8 0 3.63 4 3.5 3
33 30 . 8 0 -2.25 2 2.0 2
10 30 8 0 3.88 4 4.0 3
9 30 -8 0 4.00 4 4.0 4
15 30 . 2 4.50 5 4.5 4
5 30 T 1 2.86 3 3.0 3
- 38 30 8 0 4.38 4 5.0 "5
31 30 8 0 4.25 4 4.0 4
-2 30 8 0 3.00 3 3.0 3
"QOtelith Age
Na. range Skewness Kurtosis NV p (HO=NV)
30 2 -0.27653 -1.39172 0.83667 0.07147
25 2 0.82377 -0.15151 0.79825 0.023€3
33 1 -1.44016 0.00000 0.56631 0.0GaL%
i0 2 " 0.27653 -1.358172 0.83667 0.07147
-9 3 1.4401¢ 3.50000 0.75583 0.01.212
15 3 0.00000 -0.24793 0.95964 0.82523



66,

5 2 0.17390 0.33600.  0.84092 © 010334
38 3 -1.96044 3.93651 0.67515 - 0.00143
31 3 0.38644 -0.44800 0.91773 0.41662
2 2 0.00000 ~0.70000 0.84946 0.00627 ..
N = 10 ' o o

‘National Sample=FINNLAND Subdivision=32 Class of Cv=4

Otolith Upper CV Missing Mean. -Rounded Median Modal
Coefficient - .
- No. limit n values age ' mean age age age
variaticn : ‘ '
36 40 8 0 5,25 5 5.0 5
Otolith  Age : _
Na. range ~ -Skewness Kurtosis | NV -p (HO=NV}
36 5 -0.71656 0.26652.. (0.87020. 0.15430

N=1

National Sample:GERMANY‘Subdivision=24 Class of CV=3

Otolith Upper CV Missing Mean: ' Rounded: 'Median Modal
Coefficient: .. e S Co
No. limit n values age @ .mean age- age age
variation ' o
74 - 30 7 1 5.00 5 5.0 5
72 30 ¥ -1 5.57 6 5.0 5
19 30 B - 0 3.63 ! 3.5 3
95 230 7 1 - 6.71 7 © 6.0 &
73 30 7 1 5.14 5 5.0 5
85 340 =17 1 ..5.14 5 5.0 5
97 30 7 1 6.29 3 €.0 5
60 30 7 1 4,43 4 4.0 4
21 30 8 0 3.38 3 - 3.0 3
62 - 30 7 1 4,29 4 4.0 4
67 ' 30 7 1 5.57 .8 5.0 -5
77 30 7 1 5.29 - 5 5.0 5
49 30 7 1 '2.86 3 3.0 3
14 -30 8 0 4.25 4 4.0 4
‘34 30 8 0 4.25 4 4.0 4
75 30 T 1 4,00 | 4.0 1
.91 - 30 7 1 6,43 6 6.0 5
B85 30 A 1 4.43 4 4.0 4
22 30 8 0 3.50 4 " 3.5 3
52 30 7 1 4.71 5 4.0 4
13 30 8 o 3.13 3 © 3.0 3
26 30. B -0 4,00 4 4.0 3
40 -30 8- 20 6,13 & " 8.5 4
7 30 8 0 3.38: 3 . 3.0 3
I 30 8 -0 3.25 B 3.0 3
17 30 8 0 3.25 3 . 3.0 3
20 .30 8 <0 3:25 3 - 3.0 3
10 30 8 S0 3.750 - 4 . 4.0 4

af’

~of

33.38

20.00
20,35
20.52
20.56
20.79
20.79
21.96
22.04

- 22.05
"22.19
- 22.84
~23.72

24.15
24,36
24.36

©25.00

25.17
25.60 -
26.45
26.59
26,70 -
26.73

-26.81
27.14
- 27.27

27T.27

127.27
- 27.60




-6l

76
.98
- T76
.56
18

27

.31
- 66

- Otolith

No.

74
72
19
95
73
. 85
97
60
21
62
87
- 77
49
14

BEVE

15
.91
" 65
22
52
13
28
40
7

1
17
20
10
61
16
98
70
56
18

.27

31
43
66

N = 38

National Sample=GERMANY Subdivision=24 Class of CV=4

Otolith Upper CV

- 30

30

.30
.30

30
.30
30

Ag
ran

Coefficient

W0 W U1 W 0 W00 000 W (0 W) 00 B 0 L0 Lo N s s (0 N L0 G 0 W e R W

30
30
30

1=
ge

100 00 00 ~1 ~]-=3 ~F =1

Skewness

1.
2.
0.

Q0.

. Q_.
9.
0.
Q.
1.
0.
1.
2.

0.
0.

40000
15580
82377
70645
17172
7172
35866
27667
95103
86318
13725
103083
17390
38644

0.38644

1.
0.
2.
0.
q.
1.
0.
-0.
0.
1.
1.
1.
-0.
1.
1.
-0,
-0.
1.
.11326
.96044
. 96044
.96044
.78361

I S SN gy

40000
67409
64575
00000
02201
68990
93541
26215
48772
02559
02559

025589

38644
52005
13725
17390
37417
58106

Missing

HFOODOKRKREREH

W W o =1 W
- AR
[T

Kurtosis

3.00000
4.58025
-0.15151
~0.32550
0.26250
0.26250
~2.08950
0.04200
3.20499
1.24488
1.94740
5,38017
0.33600
-0.44800
-0.44800
3.00000
-1.15101
7.00000
0.00000
-2.07107
4.97041
0.35000
-1.68042
0.42082
1.85124
1.85124

1.85124 .

=0.44800

2.71250 -
1.94740
-2.10311

0.58765
3.16817
0.29105
3.93651
3.93651
3.93651

3.23077

Mean

R S SN SN S (I B S ) T N

OO0 COOO0QO0O00 0000000000000 OCOQ0

NV

. 78907
. 61372
. 79825
91799
89278
.89278
.81425
.93772
. 60064
87213
89017
. 66464
. 84092
. 91773
91773
.78907
.86009
45694
.93039
.80334
.67338
.86037
.B88B9
.90499
.82454
.B2454
.B2454

.78143

B7356

0.80804
0.80954
0.67515
0.67515

0.67515

0.72132

.91773.
.89017

.986815

(PRSI FONTON TURN NP N N

COoOOQUunoOOooo

W W W o NN

p (HO=NV)

0.03160
0.00041
0.02863
0.47132
0.30104
0.30104
0.05677
0.63624
0.006023
0.20044
0.28647
0.00149
0.10334
0.41662
0.41662
0.03160
0.15615
0.00001
0.52431
0.04413
0.00137
0.12363
0.23228
0.32465
0.05369
0.05369
0.05369
0.41662
0.02637
0.28647
0.20639
0.88901
0.04920
0.03755
0.00143
0.00143
0.00143
0.00613

Rounded Median Modal

27

27.
27
28.
28.
25,
29.
25.
29.
29,

.72
83
.87
06
73
0
26
26

96

67



68

No.

limit

variation -

6
29
37
11

30

_ 5
48
55
9
39

15,

23
24
28
54
32
41
59
46
35

2
45
53
57
47
50
42
69

40
40

- 40

40
40

40

4Q

40
40
40
40
40
40

. 40
40
40
40

40

- 40

40 -
40

40

'4:0

40

- 40
40

Otolith  Age

‘No.

6
239
33
37
11
34

5 .

48
55

g
39
15
23
24
28

54

32
41
59
46
35

2
45
53

ran

[T AT O UTE R N S MU S N N SN NS SO SO R SO AN Y

ge

ORFROFRRRRRERERERPREEORONOERRNRNRN

W @mm-J-1mCWoCWw-JWmdo )Mo omom-]maoo oo

values

HOoOOoOORMHFOODOOHOOHOOOSOOORGCOOOOOOO

‘skewness

.33854
.33854
.33854
.33854 -
.3553%
.63250
L82843
.51219
.42378
.96983
.53913
.75848
.75848
.75848
75848
. 14824
61624
.61624
.97990
. 66298
.92941
44016
.27294
.75525°

age

3.50

-3.50

3.50
3.50
3.75
3.75
2.25
5.13
4.29
3.63
4.13 7
3.38
3.38 -
3.38
3.38

..4‘1'54.:

4.00
4.00"
4.00
4.59
3.63
2.50"
3.50 -
4,14
4.00
4.25.
3.25
3.75

- 4,29

Kurtosis

.46875 -
46875
46875

. 46875
.62050
.73740
.00000
.40721

.32059

.87175
57065

.93911
.93%11 -

-93911
. 93511

.94756

L47143
.47143
.40000
.42222
.22214
. 00000
.87500

44763

mean age

o T S S LV I ) [ N S S O P I VLI PV LI SN TN 5 O T Y S LN LN N Y

NV

0..56687

0.72452

¢.89123
0.41685
0.89994
. 0.84002
0.89123
0.80906
0.75666
. 0.75656
0.75666

0.75666 .

0.81599
0.77050
0.77050
0.72062
0.81555
0.87719

0.56631°

0.77583
0.93439

I G W W W N W B W W W R W R TN R WG W W

0.56687
0.56687
0.56687

age

ot BeoleoBeleoRNoNasNoNeROHNOHNeoNoNoNeNollalN Nol e N el el ol ole ol

age "’

B 00 L L0 L0 e 00 DY L e 0 G0 0 L0 L0 Lo L Lo Lo s DO s Lo L W L L

p (HO=NV)

,00010
,00010

.00010

.00010
.00476
.24416
.00000 -
.29288
.10334 .
.24416
.03712
.01044 .
.01044 .
.01044
.01044
.05907
.01462
.0l4ae2
.00603
.04335
.18021
L00010
.01664
.60718

of

30
- 30,

" 30.
30
31.
31.
31,
32,
32,
3z,
32.
35.
' 35,
35.
35.
35,
' 35,

'35,
.63
93 .

35

35.
37.
37.
37.
38.
39,
39.
-39,
39.

.54

34
54

.54

07
07
43
04
20
77
ag
195
18
19
19
33
36

36

03
41
28
19
27
44
68
77




L97143 7 0.74938 0.01220

57 4 ©1.57117 1

47 5 1.93570 4.17515  0.75281 0.00950

50 4 1.56038 3.02760  0.80956 0.03757

42 5 1.60418 3.62456 0.82252 0.05118

69 5 2.21037 5.43031 0.67406 0.00189
‘N = 29

‘National Sample=GERMANY Subdivision=24 Class of CV=5

Otolith Upper CV Missing Mean Rounded Median Modal
Coefficient .
No. limit n values age mean age age age
variation " '
16 - 50 8 0 4.88 5 5.5 3
38 © 50 8 0 3.50 4 3.0 3
63 - 50 7 1 3.43 3 “ 3.0 2
4 50 8 0 2.75 3 2.0 2
36 S50 8 0 3.00 3 3.0 3
44 50 8 0 3.88 4 3.0 3
3 50 8 0 2.63 3 2.0 2
Otolith  Age
No. range Skewness Kurtosis NV p (HO=NV)
16 5 -0.37743 ~1.712717 0.88477 0.21280
38 4 - 0.80812 -=0.22857 - 0.89775 0.27993
63 4 0.87402 1.00690 0.89580 0.31745
4 3 1.3553¢ 0.62050 0.72452 0.00476
36 4 2.93670 4.90000C 0.70556 0.00300
44 5 1.14081 0.12871 . 0.82469 0.05388
3 3 1.65181 1.35491 = 0.60649 0.00027
N =7

-+ 'NHational Sample=GERMANY Subdivision=24 Class of CV=§

Otolith TUpper CV Missing Mean Rounded Median Modal
Ceefficient -
_ No.- limit n values age mean -age age age
© wariation
8 60 - 8 a 2.75 3 2.0 2
Otoclith Age
No. range Skewness Kurtosis NV p (HO=NV)
8 4 1.95103 3.20499 C.60064 0.00023
N=1

National Sample=LATVIA Subdivision=28 Class of CV=3

Otolith -Upper CV " Missing ° Mean Rounded Median Modal
Coefficient T

of

qf

40.
.41
40.
42.
43.
44,
45,

40

54.

12

75
36
64
56
25

11

69



No. . limit n. vwvalues age mean age ag~ age of
variation

47 30

_ g . 0 5.75 & . 8.0 6 20.26
T4 30 8 -0 2.25 2 2.C 2 20.57
50 30 8 Q .75 7 7.6 7 22.05
51 30 8 0 7.25 7 7.5 7 23.02
76 30 a8 0 6.38 7 7.0 7 '23.88
g0 - 30 8. 0 6.75 7 7.0 7 24.73
79 30 g Q. §.88 L7 7.0 7 © 25,12
Otolith Age o : _ o b
No. range Skewness  Kurtosis NV p (HO=NV) . L
47 4 -2.25893 6.20488 0.61431 0.00033 .
74 1 1.44016 0,00000 ° 0.56631 0.00010
50 4 -1.17062 0.26805 0.81087 0.03877"
51 5 -1.013%4 0.,92408 0.90721 0.33%46
76 5 . - =-2.318%8 5.95B83 0.65410 0.00086
80 5 ~-0.46088 = -0.,5964% 0.95945 -0.80477
79 & -1.74416 4.64040 0.74417 G.00770
N =17
Naticnal Sample=PCQLAND Subdivision=2% Class of Cv=3
Ctolith Upper CV Missing Mean Rounded Median Modal
Cocefficient - o o -
No. limit n values age . mean ade age . age of
variation L : '
27 30 8. 0 4.13 4 4.0 4 20.23
46 30 8 0 5,75 6 6.0 6 20.26
58 .30 8. .0 6.25 6 . 6.0 6 20.51
23 30 8 0 3.88 4 4.0 3 21.54
59 30 8 0 4.75 5 4.0 4 21.79
5 30 8 0 3.38 3 3.0 3. 22.05
52 30 8 0 6.25 6 6.0 6 22,22
60 30 | 0 - 4,63 5 4.0 o4 22.93
40 .30 8 0 6.00 & 6.0 & 23.57
S el - 230 8 -0 4,50 5 4.0 4 23.76
39 30 8 0 4,75 5 5.0 23 24:53
4 - 3C . 8 0 2.75 3 3.0 3 25.71
32 30 8 0 4.88 5 4.5 4 .27.82
45 30 8 0 4.88 3 4,5 4 27.82
36 30 g - 0 5.88 é 5.5 4 27.95
Oteolith Age ‘ S
No. . range Skewness Kurtosis NV p (HO=NV)
27 3 1.66990 4:97041 0.67338 0.00137
46 4 0.63250 1.73740 0.89123 0.244186
58 4 1.56038 3.027560 0.80956 0.03757
23 2 0.27653 -1.38172 "0.83667 0.07147
.59 2. L0.64406 . . -2.,24000" 0.64291 0.00085 . |
5 2 1.95103 . 3.20499 0.60064 0.00023
52 .5 .0.69341 - 2,786543 0,82507 0.05437.
60 3 1.96044 3.93651  0.67515 0.00143 .
. 40 5 1.21218 3.50000 0.79561 0.02686




.33854 5.46875  0.56687 0.00010

o - 61 3. 2.
' 39 "y 0.63250 - 1.73740  0.89123 0.,24416
4 2 0.40406 =0.22857 0.82754 - 0.05764
32 4 2.12615 5.00300  0.68357 0.00175
45 q 2.12615 . 5.00300  0.68357  0.00175
36 4 0.26215  -1.68042  0.88889 0.23228
N = 15

National Sample=POLAND Subdivision=25 Class of CV=4

" Otolith Upper CV Missing Mean  Rounded Median Modal
" Coefficient '
No. limit n values age . mean age age age of
variation
6 40 . 8 G 2.50 3 2.0 2 30.24
48 40 8 ") 4.63 5 4.0 4 30.44
53 40 .8 0 4.63 5 4.0 4 30.44
63 40 - B 0 3.50 4 3.0 3 30.54
28 40 8 0 4.50 5 4.0 4 31.43
33 40 g8 0 4.50 -5 4.0 4 31.43
38 40 . B 0 4.50 5 4.0 4 31.43
44 40 B 0 4,50 5 4.0 4 31.43
49 40 8 0 4,50 5 4.0 4 31.43
31 4¢ 8 0 4.75 5 4.0 4 36.90
37 40 8 0 4.75 5 4.0 4 36.90
51 ' 40 6 2 4.50 5" 4,0 4 39.13
Oteolith  Age . : '
No. - range Skewness Kurtosis . NV p (HO=NV)
6 2 1.32288 0.87500 ¢.72410 0.00471
48 4, 2.52758 6.50402 0.53852 0.00005
53 4 2.52759 6.50402 0.53852 G.00005
‘63 3 2.33854 5.46875 0.56687 0.00010
28 4 2,82843 8.00000 0.41685 0.00000C
33 4 2.82843 8.00080 0.41685 0.00000
38 4 2.82843 g.00000 0.41685 Q0.00000
44 T4 2.82843 8.00000  0.41685 0.00000
45 4 2.82843 ~'8.00000 0.41685 0.00000
31. 5 2.62740 7.02650 0.51807 g.00003
37 5 2.62740 7.02650 G¢.51807 0.00003
51 5 2.14360 5.06764 0.66706 0.00139
N = 12
National Sample=POLAND Subdivision=25 Class of CV=5
Otolith Upper CV Missing Mean Rounded Median Modal
Coefficient o . o :
No. limit n values age mean age age age of
variation
34 50 . 0 3.88 4 3.0 3 44.56
Otelith Age
No. range Skewness Kurtosis NV p (HO=NV)

71



34 5 2.47234 6.37527 0.59143 0.00019.

N=1

Naticnal Sample=POLAND. Subdivision=26 Class of CV=3

Otolith Upper CV Missing Mean Rounded Median Moedal
Coefficient : .
No. limit n valueés - age mean age age age -of
variation ' :
47 - 30 8 0 6.50 7 6.0 . 6 21.786
42 ' 30 B e 5.38 5 5.0 5 22,10
27 30 8 0 5.25 5 5.0 5 . 22.19
17 © 30 B8 o 4.63 -5 4.0 4 S 22.93
43 30 8 0 4.63 5 4.0 4 22,93
41 30 8 0 5.88 6 5:5 5 . 23.08
51 30 8 0 4.50 . 5 4.0 4 - 23.76
186 30 8 0 4.38 4 4.0 4 24.24
54 ' 30 8 0 5.13 5 5.0 5 24,32
46 ' 30 -8 0 5.63 & 5.0 5 25.03
48 30 8 0 6.25 6 6.0 6 25.30
26 30 8 0 - 5.5Q 6 5.0 5 27.4%
50 : 30 8 0 5.25 5 5.0 4 28.34
22 30 8 G 3.63 4 3.0 3 29.26
Otolith Age - : _ _
. No. ‘range Skewness Kurtosis NV p {HO=NV) L
47 4 - 2.82843 8.00000 0.41685 0.00000
42 4 1.75848 3.93911 .0.75666 0.01044"
27. 4 2.25893 6.20499 0.61431 0.00033
17 3 1.96044 3.93651 0.67515 0.00143
43 3 1.96044 3.93651 0.67515 0.00143
41 4 2.12615 5.00300 0.68357 0.00175
51 .3 2.33854 5.486875 0.56687 0.00010:
16 .3 2.82843 8.00000 0.41685 0.0C000
54 4 2.05648 5.26040 0.&8708 0.00L181L 5
48 4 2.52759 6.50402 0.53852 0.00005 b
49 5 2.34912 6.21714 0.63648 0.0005& -
26 5 2.14967 5.30469 0.69616 0.00238 .
50 4 1.17062 0.26805 0.81087 0.03877 o 5
22 3 1.96044 3.93651 C.67515 0.00143 = =
N = 14
National Sample=POLAND Subdivision=26 Class of CV=4
Otclith Upper CV Missing Mean Rounded: Median Modal
Coefficient : o : _ o
No. © limit n  values age mean age age age  of:
_variation .
20 40 8 0 4.63 5 4.0 3 ' '30.44
25 40 8 0 3.50 | . 3.0 3 30.54
-31 40 8 0 6.13 6 5.0 = . 34.29
8 0 4.75 5 4.0 1 © 36.90

38 40




Otelith  Age I o
No. range ‘Skewness Kurtesis .- .~ NV. p (HO=NV)

20 4 2.52759  6.50402 0.53852 0.00005

25 3 2.33854 5.46875  0.56687 0.00010

31 5 1.50942  0.44702  0.59625 . 0.00021

38 5 2.62740  7.02650  0.51807 0.00003
N =4

National Samplé?POLAND subdivision=26. Class of CV=5

Otolith Upper ¢V  Missing Mean Rounded Median Modal
Coefficient : '
No. limit n values age mean age age age

variation
23 50 8 0 4,40 4 3.0 . 3
Otolith  Age . . o
No. range Skewness Kurtesis NV P (HO=NV)
29 5  2.05119 4.19421 0.66727 ‘0.00118
N=1

National Sampie=RUSSIA Subdivision=26 Class of CV=3

Ctolith Upper CV Missing  Mean Rouhded Median . Modal
Coefficient ' ' '
No. limit n values = age mean age-  age age
variation
77 30 8 a 8.25 8 8.0 g8
a9 - 30 B 0 5.7% 6 6.0 9]
51 30 ] ) 6.13 6 6.0 <]
€6 30 8 .. a 2.25 2 2.0 2
31 30 8 0 2.50 3 2.5 2
29 30 8 0 3.25 3 3.0 3
43 3aq 8 0 - 3.25 3 3.0 3
45 30 B 0 3.25 3 3.0 3
64 30 8 0 7.88 8 7.5 7
26 30 8 0 5.38 5 5.0 5
. 52 30 8 0 B8.25 8 8.5 7
40 30 8 Q 4.00 4 4.4 3
48 30 B o] 7.25 T 7.5 9
90 30. 8 0. . 7.63 B- 7.5 7
139 30 8 o 7.75° ] 7.5 7
20 30 8 0 4,13 4 4.0 3
4 30 B 0 4.88 5 4.0 4
18 30 ] N 5.00 5 4.5 4
Otolith Age . _ o
No. range Skewness Kurtosis NV p (HO=NV)
77 6 -0.52233 2.58462 0.86949% 0.15188
99 4 0.6325C 1.73740 0.89123 0.24416

of

of

44,32

20.23
20.26
20.35
20.57
21.38
21.76
21.76
21.76
21.93
22.10
23.13
23.15
24.17
24.22
24.63
27.30
27.82
28.28

73



74

. 78978

Coefficient

51 4 -0.30432 0.14649 0.95785 0
86 1 1.44016 0.300006 0.56631 0.00010
31 1 0.00000 -2.80000 0,656679 0.00116 -
29 2 2.82843 8.00000 '0.41685 0.00000
43 2 . 2.828473 8.00000 0.41685% . 0.00000
45 2 2.82843 8.00000 '0.41682 C¢.00000
64 5. -0.19071 -0.56424 © . 0.91%538 0.43459
26 3 0.39433 =-1.22929. ° '0.878605 0.17574 .
52 3 -0.30820 =0,15502 ~ 0.9%7500° 0.93048
40 2 0.000¢C0 -2.100Q0 0.803¢64 C.03260
48 4 -0.25193 -1.91412 0.84837 0.09519
S0 & 0.55281 0.64442 0.96904 C.gg78gl
1e 9] 0.30820 -0.15502 0.97500 0.93048
20 3 0.48783 -0.598669 0.88326 0.20578
4 3 1.20983 -0.46979 0.67192 - 0,00132
13 4 - 1.61824 2.47143 ‘g.77050 0.01482
N =18
Natioﬁal Sample=RUSSIA Subdivision=26.Cla$s of Cv=4
Otolith Upper CV. Missing - Mean Rounded Median Modal -
Coefficient ' ' - o
No. _ limit n values age . mean age age age of
variation ' o :
57 40 8 0 1.13 1 1.0 1 31,43 °
B2 40 8 Q 6.25 . & 5.0 5 '33.94
Otolith  Age. o B .
No. rarige Skewrness Kurtosis NV p (HO=NV)
57 1 2.82843 8.00000 - 0.41685 " 0.00000
B2 & 0.88295 -0.63452 0.82754 0.05764
N =2
National Sample=RUSSIA Subdivision=26 Class of CV=5
"Otolith ‘Upper CV © Missing -Mean  Rounded - Median Modal
Coefficient S : o ) o
No. ' limit n. .values age rmean age age '’ age of
variation n ' :
§0. 50 8 0 2.50 3 2.0 2 43.76
Otolith = Age’ _ o 7 e
No.,- range Skewness Kurtosis =~ . NV p (HO=KV)
80 3 2.33854  5.46875  0.56687 10.00010
NS |
National Saﬁple:SWEDEN_Subdivision=25 Class of ¢V=3
Oteolith Upper CV Missing Mean ~Rounded Median Modal




. No. =~ limit n values age mean #gé age age of
variation : : : : '

16 30 8 0 2,25 2 2.0 2 20.57.
14 3078 Q- 3.88 -4 470 4 21.54
23 30 8 a 3.50 4 3.0 3 21.60
£l 30 8 -0 2.88 3 3.0 3 22.29
41 30 8 0 8.50 9 8.5 3 22.67
49 30 8 0 5.88 6 5.5 g 23.08
45 30 8 0 4.38 4 4.0 4 24.24
6 30 3 0 4.50 5 5.0 5 26.56
40 30 8 0 3.88 4 3.5 3 28.06
Otolith  Age - - ‘ o
No. “range Skewness Kurtosis . NV p {HO=NV)
16 i 1.44016 0.00000 0.56631 0.00010
14 3 -1.68990 4.97041 0.67338 0.00137
23 2 1.32288 0.87500 0.72410 0.00471
9 2 0.06784 0.74102 0.80956 0.03757
41 6 -0.63861 -0.18225 C.95625 0.77450
49 4 2.12815 5.00300 0.68357 0.00175
45 3 2.82843 8.000040 0.41685 0.0000Q0
& 4 -1.338686 2.57600 0.84667 ©0.09025
40 3 1.11326 - 0.29105 0.80854 0.03755
=9
National Sample=SWEDEN Subdivision=25 Class of CV=4
Otolith UpperiCV . Missing . Mean 'Rounded Median Modal
Coefficient ; _ :
‘Nea. limit n values age mean age age age of
variation :
42 40 8 0 3.50 4 3.0 3 30.54
15 _ 40 8 0 2.88 - 3 2.5 2 34.47
BCE: 40 8 ] 3.75 4 3.0 3 37.03
.48 . 40 B8 0 3.75 4 3.0 3 37.03
10Q 40 . B8 0 1.38 1 1.0 1 37.64
Otelith Age - o o
No. range Skewness Kurtosis NV o (HO=NV}
42 3. 2.33854 . 5.46875  0.56687 0.00019
I5 2 0.31189  -2.30848 - -0.7381% 0.00885
38 . 4 2.29380- -~ 5.5308¢ 0.627L7 0.00345
48 4 2.29360 - 5.53086 9.62717 0.00045
Tole 1. 0.644086 ~2.240Q00 0.64291 0.000¢&3
N =25
National Sample=SWEDEN Subdivision=27 Class of CV=3
Otolith Upper CV Missing.. Mean Rounded Median Modal
Coefficient
No. limit n values age. mean age -age age of

variation



76

31 30 8 0 7.00 7 7.0 7 21.60

Otolith Age S . :
_"No. range Skewness Kurtosis NV p {HO=NV)

3 5 0.99216  :1.66250  0.91749 0.41473

N:= i.

Second otolith exchange

National Sample=GERMANY Subdivision=24 Class of CV=3

Otolith® Upper CV Missing Mean  Rounded Median Modal
Coefficient ' ' ' :
No. limit - n values- age  mean age ‘age age of
variation ' SRR e '
50 30 10 0 4.90 5 5.0 4 o 20:29
12 - 30 10 0 - 3.30 3 3.0 3 . 2045
17 30 10 0 - 3.30 ¢ 3 3.0 3 20.45
77 T30 ¢ 10 0 - 3.30° 3 3.0 3 20.45
59 S an 10 0 " 3.40 3 © 3.0 3 20.56
40 30 10 0 2.30 2 2.0 2. 21.00
48 30 10 0 ©2.30 2 2.0 2 21.00

57 30 10 0 2.50 3 2.5 2 21.08
76 30 10 G 5.50 6 5.0 5 21.43
a7 3¢ 10 -0 T 4.80 5 4,5 4 21,52
37 30 10 0 4.860 5 . 4.0 4 23.37
81 30 10 0 - 3.60° 4 3.0 3 23.42

44 30 10 0 4.00 4 4.0 4 23,57
79 30 10 0 4,90 5 5.0 5 24.43
78 30 10 0 2.90 3 3.0 3 25,44
B4 30 10 0 3.90 4 4.0 3 25.50

.28 30 10 0 2.60 3 2.5 2 26.89

31 30 10 0 2.60 " 3 2.5 2 26.89

C 51 30 10 0 3.50 0 4 3.0 3 27.77

6L 30 10 0 3.90 4 3.5 3 28.22.

Qtolith - Minimum Age .

No. Age = range  Skewness Kurtosis NV p (HO=NV).
50 4 "3 1.08469 0.9138 0.82968 0.03251
12 3 2 2.27660 4.7650 0.52836" 0.00002
17 3 2 - 2.27660 4.7650-  0.52836 0. 00002
77 ‘3 2 2.27660 4.7650 '0.52836 0.00002
59 3 2 1.65772 2.0455 0.64912 . 0.00031
40 2 1 1.03510 -1.2245 0.59798 " 0.00009
48 2 1 1.03510  -1.2245 0.59798 0.00009
57 2 1. 0.00000 =~ =-2.5714 0.66188 0.00042
76 4 3 0.25456 -1.4400 0.854869 0.06355
97 4 3 "1.24056 - 0.9459 0.79245: - :0.01203

© 37 4 3. 1.69057 1.8639 0.64622 0.00029
81 3 Ak ©1.00056° - . -0.6655 - 0.72090 0.00186
44 3 3 0.99437 1.1853 0.84008 . 0.,04297
79 4 4 2.17558 5.7506 0.67633 0.00060
78 2 2 0 0.83523 © 0.03773

.165385 ~-0.7336




1.08469 °  .0.9138

. B4 3 3 0.82968 0.03251
28 2 2 0.78011°  =0.14861 0.78268 0.00929
131 2 2 0.78011 " =-0.1461 0.7B268 0.009289
51 3 3 2.26983 - 5.35864 0.60058 0.00010
Y A 3 3 0.86282 40,5216 0.81272 0.02065
Various Otolith and Standard Age Measures 14:17 Tuesday, February
24, 1998 ' '
National Sample=GERMANY Subdivision=24 Class of CV=3
(continued)
Ctolith Upper CV Missing Mean Rounded Median Modal
Coefficient - ’ ) ' '
No. limit n values age mean age age age of
. variation
13 .30 10 0 2.40 2 2.0 2 29.13
.14 - 30 10 Y 2.30 2 2.0 2 29.35
34 30 10" 0 2.30 2 2.0 2 ©29.35
.41 .. 30 10 0 2.30 2 2.0 2 29.35
Otolith Minimum Age
No. Age range Skewness Kurtosis nv p (HO=NV)
13 2 2 ~1.65772 2.0455 = 0.64%812 0.00031
14 2 C 2 2.27660° 4.7650 0.52836 0.00002
34 2 2 - 2.27680 4,7650 C.52836 0.00002
41 2 2 °2.27660 4.7650 0.52836 0.00002
N = 24
‘Mational Sample=GERMANY Subdivision=24 Class of Cv=4
Otolith Upper CV Missing Mean Rounded Median Modal
‘Coefficient " '
‘No. limit n values age mean age age age of
variation
38 40 100 0 4.00 4 3.5 -3 31.18
.49 .40 10 0 + 3.00 3 3.0 2 31.43
" 21 40 10 o 3.80 4 3.5 3 32.35
124 40 10 0 2.60 3 2.0 -2 32.43
42 40 10 0 2.80 3 2.0 2 - 32.43
11 40 10 0 2.80 3 3.0 3 "32.82
" 52 40 "0 0 2.50 3 2.0 2 33.99
56 40 10 0 4.40 4 4.0 3 34.22
45 40 10 0 z.60 3 2.0 2 37.16
71 40 12 g 2.60 3 2.0 2 37.16
Otolith Minimum = Age : -
Neo. Age range - Skewness Kurtosis NV p (HO=NV)
38 3 3 0.85905 -0.9118 0.78228 0.00919
49 2 2 0.00000 -2.1295 0.77570 0.00772
21 2 4 0.46656 -0.5436 0.92444 0.38027
24 2 }2 1.00C56 -0.6655 0.72090 0.00186
T 42 2 | 2 1.00058 ~-0,6655% 0.72080 0.001Bé&
11 1 {3 -0.60138 0.3962 0.88430 0.13933

77



78

-Otollth Upper cv

. 52 -2 2 1.35773 0.1065 0.82963
56 3 4 C.80560 ~1.1808 0.856%4
45 .2 3 1.9592% - 4.1873 0.67680
71 - -2 3 1.9592% 4.1873 0.676E80
:Varlous Otolith and Standard Age Measures 14:17 Tuesday,
24, 1998 '
National Sample=GERMANY Subd1v151on 24 ClaSS of CV=4
{continued)
Otolith Upper CV Migsing Mean  Rounded Median Modal
Cecefficient .. . P ) : o L : )
.- No. limit n-  values age . mean age age age
variation : : : '
36 40 10 0 2.50 3 2.0 2
Otolith . Minimum Age R
No. Age range Skewness Kurtosis. NV
36 .2 3 2.26983 5.3564 0.60058
N =11
: Natlonal SamplewGERMANY SublelSlon 24 Class of Cv=5
‘OtOllth Upper CV Missing Mean Rounded Median Modal
Coefficient .
No. limit n values age mean age age age
variaticn
B 50 10. 0 1.8690 2 1.5 1
75 50 10 0 3.10 3 3.0 2
9 .50 10 | 2.60 3 2.0 2
32 50 14 o 2.70 3 2.0 2
63 - .ba 10 0 2.60 3 2.0 2
Otolith Minimum Age :
No. Age _range Skewness ‘Kurtosis NV
8 1 2 0.78011° -0.1461 . 0.78268°
75 2 4 1.39%806 1.2078 0.77532
9 1 4 ‘0.98935 0.7509 0.87120
. 32 P 4 2.40531 6.3364 0.61877
.63 2 4 2.60229 7.1354 €.55571
N=5
‘Natienal Sample‘GERMANY Subdivision=24 Class oﬁtcv=6

MlSSlng Mean

: Coefficient N : R . ‘
No. limit - : values age,; mean age  age .age
‘o wariation : ‘
5 80 1000 9 1.80 . 2 1.5 1

of33_i 

Rounded Median - Medal -

0.0001¢9
0.06750
0.0G061
0.00061
February -« -

36.87

b (HO=NV)

0.00010

of'

43,70
44,20
45.15

- 46.36"
48.65

p{HO=NV)
00929
00765
. 09867

.00Q15
. 00003

oo o0

of

57.38




L Age

j'OEolith Minimum® E -
.~ "No. ‘Age. ' range  Skewness Kurtosis
5 1 3 1.24056 0.9459

N =1
National Sample=POLAND Subdivision=25 Class of CV=3
Gtolith Uppef cv

Missing Mean Rounded Median

Coefficient .
No. Timit n values age mean age age
variation
66 30 10 0 3.50 4 3.0
Otelith Minimum iAge
. Nao. Age range Skewness Kurtosis
66 3 2. 1.17851 0.5714
Various Otolith and Standard Age Measures
24, 1998 !

National Sample=POLAND Subdivision=25 Class of Cv=3
. (continued).

Otolith Upper CV Missing Mean Rounded Madian

. Coefficient ‘ . . _
No. limit n values age mean age age
variation
80 © 30 10 0 6.10 6 6.5
g1 30 9 1 5.67 6 6.0
73 30 10 0 6.50 7 6.5
76 3¢c 10 0 4.70 5 5.0
24 30 10 "0 3.30 - 3 "3.5
47 30 19 0 4,50 5 4.5
Otolith Minimum ‘Age 4
Ne. Age ' range  ‘Skewness  Kurtosis
. B0 4 4 -0.22630 -1.1942 Q
81 4 3 -0.23329 -1.5556 a
73 4 5 0.00000 0.2385 0
76 3 3 -0.65891 -0.4058 0
24 2 2 -0.68698 -1.0435 0
47 2 4 -0.76368 1.2754 0

: N =7

National Sample=POLAND Subdivision=25 Class of CV=4
Otolith Upper CV
Coefficient
No,
variation

Missing Mean  Rounded Median

limit n values age mean age age

0.

0.
14:17 Tuesday, February

NV p {(HO=NV)
75245 0.01203
Mcdal
age of
3 20,20
NV p (HO=NV)
73201 0.00247

Modal
age of
7 21.09
7 2l.61
6 22.06
5 22.54
4 24.95
4 26.19
NV p (HO=NV)
.90430 0.23303
.87413 0.13392
. 96718 0.85360
84735 0.05221
. 78536 0.00957
.88582 0.14498
Modal
age - of
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80

83 40
68 40
" 10 : 40
19 .40
Otelith Minimum
No. Age
83 4
68 3
10 1
19 1
N =4

Various Otolith and Standard Age Measures

24, 1998

8 1 5.44
10 0 5.70
0 0 1.20
14 Q 1.20

Age

range Skewness,

5 1.37400°
6 0.3005¢
1 1.77878
1 1.77878

=P ot

Kurtosis

1.6408
-0.8781
1.4063
1.4063

i )
cooo
-

NV

0.83710

0.93712

0.50897

0.50897

 30.61
.34.15
35.14
35.14

p (HO=NV)
0.05342
0.50489

- 0.c0bo1

0.00001

14:17 Tuesday, February

jOthith Upper.cv

‘Natiohal Sample=POLAND Subdivision=25 Class of CV=6

 -Miésinq Mean Rounded = Median Modal

Coefficient _ _
No, limit n values ' age mean age’ age age  of
variaticn - '
16 66 10 0 . 2.50 3 2.0 2 50L77
2 60 10 0 1.20 1 1.0 1 52.70
Otolith Minimum Age oo o I
No. _ Age range Skewness Kurtosis NV p (HO=NV)
46 2 4 2.85252 8.3258  0.47003  0.00000
2 1 2 3.16228 10.0000 0.36024 0.00000
N =2 |
‘National Sample=PbLAND Subdivision=26 Class -of CV=3
Ofolith Upper CV Missing Mean Rounded Median Modal
Coefficient : : o
. . No. limit n values age mean age  -age  age of
variation
a2 300 10 0 3.40 3 3.5 4  20.56
.- .- 39 .~ .30 10. + 0 4.1G . 4 4.0 "5 .- 21.36-
E5t_ol-ith Mihiﬁum Age . o : .
.. No. - Age- -range Skewness Kurtosis NV p (HO=NV)
42 2 2 -0.78011 -0.1451 0.78268 0.,00929
39 -3 2 - 7 =0.22345 -1.7337 0.81140 0.019%93
Various Otolith and Standard Age Measures 14:17 Tuesday, February
24, 1998 : - . : : o

National Sample=POLAND Subdivision=26 Class of CV=3
. {continued) - - o




Otolith Upper CV ! Missing Mean Rounded Median Modal
foefficient - | mon

‘No. “rlimit n, values age mean age age age of
Aariation V¢ Lo IR
76 30 10 0 5.90 6 6.0 7 23.23
68 30 7 3 6.43 6 7.0 7 23.52
69 30 10 0 4.00 4 4.0 4 23.57
490 30 10 ] 3.10 3 3.0 3 23.80
100 30 9, 1 5.11 5 5.0 5 24.83
58 30 0 { 5.30 5 5.0 5 26.76
52 -.-30 10 0 2,10 2 2.0 2 27.03
74 3C 10 0 4.60 5 4.0 4 27.50
25 : 30 .10 0. 1.10 1 1.0 1 28.75
26 S 30 10 0 1.10 1 1.0 1 2B8.75
27 30 10 0 1.10 1 1.0 1 28.75
29 ;30 10 0 1.10 1 1.0 1 2B8.75
31 30 10 1] 1.1¢ 1 1.0 1 28.75
.32 30 10 1] 1.10 1 1.0 -1 28.75
38 30 10 Q. 1.10. 1 1.0 -1 28.75
45 .30 10, ) 1.10 1 1.0 1 28.75
- 60 .30 10 0 1.10 1 1.0 1 28,75
83 30 10 0 2.30 2 2.0 2 289.35
Otelith Minimum Age
‘No. - Age range Skewness Kurtosis NV p (HO=NV)
76 4 4 -0.10363 -1.1691 0.92928 0.42492
68 4. 4 - -0.62010 " -0(..8094 0.91243 0.42928
69 - 3 3 0.99437 1.1853 0.84008 o 0.04297
40 - 2 2 =0.16595. -=0,7336 . 0.83523 0.03773
100 4 4 1.62613 3.1524 0.79377 0.01786
58 3 4 -0.07597 -1.1546 0.90897 0.26191
bz 1 2 0.08112 1.4982 0.74699 0.00364
74 3 '3 0.13176 -1.8676 0.79972 0.01460
25 1 1 3.16228 10.0000 0.36024 0.00000
26 1 1 3.16228 10.0000 0.36024 0.000Q00
=27 1 1 3.16228 10.0000 = ©0.36024 0.00000
29 1 1 3.16228 10.0000 0.36024 0.00000
31 1 il 3.162219 10.0000 0.36024 0.4Q0000
32 1 il 3.16228 . 10.0000 0.36024 0.00000
38 1 1 3.16228 10.0000 0.36024 0.00000
.45 1 1 3.16228 10.00400 0.36024 0.00000
&0 1 1 3.16228 10.004¢C 0.36024 0.0G000
93 2 -2 2.27660 4,7650 .. -0.52838 0.00002
N = 20 S : _ S : : '
Various Otelith and Standard Age Measures 14:17 Tuesday, February
24, 1998 . _ : :
National Sample=POLAND Subdivision=26 Class of Cv=4
- Otolith Upper CV - Missing Mean  Rounded Median Modal
Coefficient
No. limit n values age mean age age age af
variation
95 .40 10 0 6.80 7 7.5 9 30.85
2.0 2 35.14

41 ' 40 10 o 2.10 2 -0

81



82

..Otolith Upper CV

Otolith Minimum  Age" -
Kurtosis NV

No. bge range Skewness
95 4 5 -0.30337 ~1.8777 0.B4963°
41 1 2 -0.16595 -0.7336  0.83523
N = 2

MNational Sample=POLAND Subdivision=26 Class of CV=6

Ctolith Upper CV

Coefficient . : _ .
- :No. limit n values age . mean age age age
variation ; :
43 60 10 6. 1.20 1 1.0 1.
.Qtolith Minimum .. Age o :
7 Ne. Age range - Skewness  Kurtosis - NV
.43 gl .2 3.16228 . 10.0000 - * . 0.36024
No=1

National Sample=POLAND Subdivision=26 Class of CVv=32

Coefficient :
~Nou: limit n values age mean age age age
o variation .
1T 320 10 - ~ 0 .10 0 0.0 0]
20 320 ¢ -0 _ 0.10: o 0.0 0
Otolith Minimum ™ Age' _
© L No. Rge rarige . Skewness = Kurtosis NV
17 o L 1 3.16228 10.0000  0.36024
_-7.20 [a] - ‘L- 3.16228 10.0060 0.3602

N'= 2

CNational Sample=SWEDEN Subdivisicn=25 Class of CV=3

Otolith Upper CV Misging Mean

Coefficient
No. limit n values age -mean age age age
variation ’ I ' o
62 30 10 0 3,560 4 3.0 2
64 30 10 Y 5,70 ) 6.0 £
70 30 10 VS T 6,407 - B 7.0 7
5C¢ 20 10 0 4,10 4 4.0 4
68 -1 30 10 0 2.40 - 2.0 I
17 30 10 0 3.70 4. 4.0 <

Migsing Mean — Rounded Median Modal

Missing Mean  Rounded Median Modal

Rounded Median Modal

p{HO=NV)

£ 0.05551
0.03773

of -

© 52,70

p (HO=NV)

-0.00000

of

'316.23
316.23

b (HO=NV)

0.00000
0.00000

©20.20
20.34
- 21,09
T 71,386
21,52
29,25




Otolith Minimum .  Age o R o
No. Age range ‘Skeéwness . Kurtesis °  NV- p (HO=NV)
62 3 2 ©1.17851 . - 0.5714 0.73201 . '0.00247
64 4 3 -0.34212 -1.2268 0.882%4 0.13448
- 70 4 4 =0.58270 ~0.7562 0.89817 0.19850
50 3 3 1.01794 1.8309 0.816%6 0.02312
6B 2 1 0.48412 -2.2768 0.64642 0.00023
B A 2 3 - —0.80646 1.2370 0.83687 0.03943
Variecus Otelith and Standard Age Measures 14:17 Tuesday, February
24, 1998 ' .

National Sample=SWEDEN Subdivision=25 Class of CV=3

{continued)
Otelith Upper CV Missing Mean Rounded Median Modal
Coefficient , '

No. limit n values age mean age  age age of
variation :

32 30 10 0 3.70 4 3.5 3 22.25
A3 © 30 10 0 2.80 3 3.0 3 22.59
75 .30 10 0 5.90 6 6.0 7 23.23
.24 30 . 1o 0 5.10 5 5.0 5 23.47
3 . 30 . 1o 0 2.00 2 2.9 2 23.57

40 - 30 10 0 3.10 3 3.0 3 '23.80

18 30 10 0 3.20 3 3.0 3 24.65

33 30 10 0 3.20 3 3.0 3 24.65

34 30 10 0 2.70 3 3.0 3 '25.00

60 30 10 0 3.70 4 3.0 3 25.64

38 30 10 0 4.90 5 5.0 5 26.26

45 30 10 ] 2.10 2 2.0 2 27.03

42 .30 i0 o 5.89 6 6.0 & 27.82

52 © 30 10 0 2.50 "3 2.0 2 28.28

53 30 10 qQ 2.50 3 2.0 2 28.28

Otelith Minimum Age
No. Age range Skewness Kurtesis NV p (HO=NV)

32 3 2 0.68698 -1.0435 0.78536 0.00997

13 2 2 .. 0.13176 . 0.1786 0.79337 0.01233

75 4 4 -0.10363 -1.1691 0.92928 0.42492

24 3 4 —0.23310 -0.3685 0.95231 0.68073

3 1 2 0.00000 4.5000 0.64844 0.00030

40 2 2 -0.16595 -0.73386 0.83523 0.03773

18 2 2 -0.40749 -1.0742 0.B82389 0.02784

33 2 2 -0.40749 -1.0742 0.82389 0.02784

34 2 2 0.43364 —0,2830 - 0.80343 0.01611l

60 3. 2 0.74177 -1.6402 0.69120 0.00088

38 3 . -0.16431 -0.4297 0.92527 0.38770

45 1 2 0.09%112 1.4982 0.74699% 0.00364

42z 3 5 -0.58091 -0.7807 - 0.90660 0.24688

52 2 2 1.17851 0.5714 0.73201 - Q. 00247

53 2 2 1.17851 0.5714 0.73201 0.00247

N =21
Various Otolith and Standard Age Measures 14:17 Tuesday, February -
24, 1998
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Otolith Upper CV

National Sample=SWEDEN Subdivision=25 Class of CV={

Otolith Upper CV  Missing Mean

Coefficient : :
- Ne.. limit n . values  age
variation ' o
1 40 10 0 1.20
B . C 40 10 0 1.20
14 © 40 107 0 1.50
15 . 40 16 - 0 1.20
36 40 1c 0 3.60
20 40 10 0 1.30
23 40 10 0 1.30
35 40 19 0 1.30
Otolith Minimum Age
No. Age range, ‘Skewness
1 1 1 1.77878
8 T 1 1.77878
“14 1 1 0.00000
15 1 1 1.77878
36 2 4 0.54352
20 1 1 1.03510
(23 1 1 1.03510
.35 1 1 1.03510
N =8

Rounded Median Modal

mean age age age
1 S l.0 1
1 1.0 o1
2 1.5 1
1 1.0 1
4 3.5 3
1 - 1.0 1
1 1.0 1
1 1.0 1
Kurtesis | NV
1.4063 0.50897
1.40863 0.508%7
-2.5714 0.66188
1.4083 0.50897
-0.0260 0.93055
-1.2245 0.59798
-1.2245 0.59798
-1.2245 " C

59798

National Sample=SWEDEN Subdivision=25 Class of CV=5

Missing - Mean

Coefficient . :
" No. limit n  values age
variation
12° 50 - 10 o0 2.40
bhﬁliﬁh Minimum Age :
No. . Age- . range Skewness
121 3. 0.81329
N=1-

Roundéd Median Modal
‘mean age ' age age
2 2.0 2
" Kurtosis NV
-0.0219 0.80008

National Sample=SWEDEN Subdivision=27 Class of CV=3

Otolith Uppe;:cv

Ceoefficient . R :
w o No,. limit n -values - age
variation SR :

36 30 10 - 0 2.30
- 19 30 10 0 2.40

.34 -..30 10, c

$2.40

Missing Mean _Rbunded Median Modal

;méan age  age  age
2 2.0 2
2 2.0 2
2 2.0 2

of

35,
35.
T35,
35.
.14

37.
137,

37

35

14
14

14

1lé
16

V16

p {HD=NV)

e I oo I o Y i Y i 0w

of

.00001

.00001
100042
.00001
.43727
100009
100009
.000C9

40,25

o (HO=NV}

0501473

of .

T 21.00
o 21.52
 21.52




Otolith ~Minimum

No. Age
386 2
19 2-
-34 2

Various Qtolith and Standard Age Measures

24, 1998

Age- Tl
‘range . Skewness  Kurtosis
1 1.03510 -7 ~1.2245
- -0.48412 -2.2768
1 0.48412 -2.2768

National Sample=SWEDEN Subdivision=27 Class of (V=3

{continued)

Otolith Upper CV

Coefficient
No. limit
variation
‘57 30
39 30
47 30
42 30
68 30
35 30
43 30
40 30
1 30
29 30
1L 30
Ctolith Minimum
‘No. - . Age*
57 3’
39 2
47 3
42 2
68 4
'35 2
43 3
40 2
1 1
28 2
11 1
N =14

Missing Mean Rounded Median

ol values age mean age

age
10 0 4.490 4 4.0
10 0 2.80 3 3.0
10 0 4.80° 5 5.0
10 0 3.10 3 3.0
10 Q 5.50 6 5.0
10 ] 3.20 3 3.0
10 0 5.30 5 5.5
10 0 5.80 6 6.0
10 0 1.10 1 1.0
10 0 2.40 2 2.0
10 0 1.20 2 2.9
Age : :
range -Skewness.  Kurtosis

3 0.81329 -0.0219 o)

2 0.13176 0.17886 C

3 -0.66062 -0.70%0 0

2 ~0.16595 -0.7336 0

4 - 0.83926 -0.4675 0

2 -0.40749 ~1.0742 a

4 -0.33436 -0.8517 0

5 -1.75842 2.8759 0

1 3.16228 10.04000 0

2 1.65772 2.0455 0

-2 -0.009112 1.4982 o

National Sample=SWEDEN Subdivision=27 Class of CV=4

Otolith Upper CV

Coefficient

- No. limit

variation '
2 40
3 40
4 40

Otelith Minimum

Missing Mean Rounded Median

n values age mean age age
10 - 0 1.20 1 1.0
10 o -l.2¢ 1 1.0
10 0 1.20 1 1.0

Age

0.
Q.
Q.

NV
59798

64642
64642

Modal

age

MNP OOOWD WO W

NV

. 80008
79337
.B5193
.B3523
.B3555
. 82389
93446
74382
.36024
.645912
74599

Modal

age

— = -

p (HO=NV)

of

0.
0.
0.

apoo9
04029

00029
14:17 Tuesday, February

21.
22.
23.
23.
24.
24,
25.
27.
28.75
29.13
29.88

96
59
65
80
62
65
24
92

p (HO=NV)

of

OQOOOO0O OO O o0

(= N w]

.01473
. 01233
.05903
.03773
. 03805
.02784
.47683
.00334
. 00000
. 00031
.00364

35.14
35.14
35.14

85



No. Age range Skewness Kurtosis- NV p (HO=NV)

2 1 1 1.77878 1.4063  0.50897 0.0dDbl

3 L 1 1.77878 1.4083 0.50897. 0.00001

4 L ER 1.77878 1.4063 . 0.50897 0.00001
Various- Qtolith and Standard Age Measures 14117 Tuesday, February
24,..1998 : o

Naticnal Sample=SWEDEN Subdivision=27 Class of CV=4
{continued) o : . . C

Otoclith Upper CV Missing Mean Rounded Median Meodal
Coefficient : , o [ T
"No. : limit n . values age mean ags age age of
variation . : .
5 20 10 0 1.20 1 1.0 1 35.14
.8, 40 10« 0 1.20 . 1 1.0 o1 35.14
7 40 T 10 G 1.20 b 1.0 1 35}14
8B 40 10+ 0 1.20 . 1 1.0 1 35.14
g 40 10 0 1.20 1 1.0 1 35.14 -
.10 40 10 - 0 1.20 1 1.4 1 35,14
12 40 10 4] 1.20 . 1 1.0 1 35.14
13 - 40 9. .0 1.20° 1 1.0 L 35.14
o 40 10 0 2.10 2 2.0 2 $35.14
Otoiith Minimum Age . : o
- No. Age “range Skewness Kurtosis NV p(HOﬁNV]‘
5 1 1 1.,77878 1.4063. . . 0.50897 0.00001
B 1 - 1 1.77878. 1.40863. 0.50897. 0.00001
7 1 1 1.77878 1.4063 0.50897 0.00001
8. 1. 1 1.77878. 1.4063 . 0.50897 0.00001
g, 1 1 1.77878 1.4063.. 0.50897 0.00001
~10 1 1. 1.77878 1.40863" 0.508597 0.00001
‘12 1 1. 1,77878 1.4063 " 0.50897 0.00001
13 1 1 - 1.77878 1.4063- °~ 0.50887 0.00001
270, 1 2. -0.16595 -0.73386 0.83523 0.03773
N o= 12 ‘
National'Sample=SWEDEN Sﬁbdivision=27§€lass of CV=6
Otolith Upper CV Missing Mean Rounded Median Modal
Coefficient ' . : '
No. limit n values age mean age age age of .
variation : : :
a1 60, .10 .- 0. - 2.50. . 3 2.0 2 - 50.77
Otolith  Minimum . . Age’ e o - . .5 .
No. Age range Skewness Kurtosis NV p (HO=SNV)
41 2 RES | 2.85252 8.3258 0.47003 0.00000




