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Abstract

The purpose of this article iw
Greenland cod migration to the st asseasments carried oub by
the ICES and NAFO working groups on d stocks off East and West
Greenland. A method is described which enables the itdentification
of the adolescent areas of West and East Areenland with an erveor
of 20 % on individual basis, The single annual growth zones in the
cod otoliths (sagitta) were classified to three different types
and  used a3 natural tags. No - indication of  a tioally
determined formation of the different annual arowtbh zon
praoved due ta the very low amount of genetic differentiation
the sympatric stocks of Atlantic cod. On the contrary the study
points tox the fact that the different hydrograghic conditions of
the nursery grounds affects the growth of  the codd. S the
hydrographic conditions are manifested as natural tags in the form
of different annual growth zanes in the otoliths.

analyze the dinfluence of

The procedure for the identification of the adolescent areas on
individual basis offers  bthe recalculation of  the population
dyrnamics of the ocod stocks off East  and West Greenland. The
computation of the emigration anmd immigration rates confirms the
concept  of  the Greenland cod migraticon derived from  taoping
experiments. In 1984-86 a very numerous and rapid ewndigratioe of
the ood of the fully recruited cobhorts from West to East Greenland
orcurved. The coefficient of emigration E of the West Greenland
cod stock increases with age to 0,65, Sa the ifwwigrants of the
East Greenl and ciod stock originating feram West Gy et ] aned
contribute as many as 739 L of the total year class strength of
older ages. The analysis of the migration pattern shows that in
1984~-8B6 mature cod did not migrate from East Lo West Sreenland,
Regarding the West dreenland stock the results sugoest an
increased number of iwmature cod emigrated from Eaot Gresnland. The
paper proposes the incorporation of the findings into the rretar
assessnent method applied by the ITES and NAFD working graups on
cod stocks off East and West Greenland.

in

Introduction

Bince 13321 (Schmidt, 1931 it has been niged  from extensi
tagaing experiments that some mature cod widrate from West teo
Greenland and further to the spawning grounds et bhe
continental shelf. This may also be  sometines Ly
immature cod ariginating from the East fireenland  areas
vicinity to Iceland (fig. 1. Againsg this easterly directis a
migration of mature cod from Iceland to Greenland waters hardly
occurs (Hansen, 1949). Therefore, the migrabion of mature cod £ o
Greenland waters to Ioeland can  be  vegarded as a CORe-way
emigration (Anon., 1373).




However, the working groups of the Interraticonal
Exploration of the Sea (ICES) and the Northwe
Organization (NAFD) on  cogl gt off and West lGre
designate the interrelation betw theve I sbtocks as a
tAncn,, 1986). PFarticularly as oh sasy hydrogr aphiical

larval drift with currents from Iceland to East and West Greenland
seens evident (Hovoard and Messtorff, 1987 . The varialbion of the
cemtribution of this larval drift to the vecrulitment of the cod
stocks, off East and West Greenland is reflected by the abundance
indices from the Icelandic O-group  survey (Vilhjalmsson  and
Magnhusson, 1986),
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At the present the gstock assessment of the cod stocks off East and
West Greenland, which are of great importance for the German
fishery (Schumacher, 13861, are carrvied out  geparately. This
results essentially from scientific groundfish survey programmes
designed and introduced by the Federal Repubiic of Sermany at the
beqinning of the 13980 decade. The ICES and NAFQO working groups pay
attention to the inportance of the cod migration in their reports
by using a cocefficlent of emigration £ varying between .05-0.23,

pue to the fact that quantitative information on fish migration is
not derivable frowm tagging evperiwments itHarden Jones, 19681 the
investigations are concentrated abowt the uvsability =f the cod
otoliths as a natural tag. The identification and separation of
fish stocks by means of fthe calcified structures of  their
individuals have been used freguently in fisheries biglogy (Ihssen
et al., 19B17. Additionally the otaolith readers of the Institut
flir Seefischerei C(Hamburg) and the Greenland Fisheries FResearch
Institute (Copenhagen) pointed to typical otolith structures of
cod caught  at East and West Greenland. Her a method of obtolith
typing is elaborated by an international working group with o the
participation of scieptists and fechnical  assistants of  both
institutes,

The application of the otolith typing aoffers the identification of

the adolescent areas on individual basis and the assessnent of the
cod grown up within a stock unit sepavated from the immiarants, On
this basis a recalculation of $he popualation dyhamics of the ood
stocks off East  and West Greenland i1s  carried out.  Thereby
directly estimated emigration and. immigration rates are included.

Topography and Hydrography of Greenland Waters

The area of the North Atlantic Ocean around lGHreenland was an
object of scientific investigations since the niddle of the last
century at drregular intervalls.  Hansen (19430, Dunbar 19510,
Dietrich (1957 und Stein (1987 b give an  account  of  fthe
historical develocpment of the oceancgraphic exploration in this
area, Hecause of. the depth related ococurrvrence of the ood
(Sahrhage, 1980; Messtorff, 19807 Messtorff and Waaner, 13B0;
Messtor Ff  and Mosswia, 13863, which is limited to the 600
isobath, only the relative narrow oceanic shelf of Greesnland is of
interest. Here, small banks are formed by steep cCanyons nmaking the
Greenlandic shelf a very difficult area for a groundfish survey
and the commercial fishery (fig. 3 and fig. #).

The hydrographical conditions in the western part of the Irminger
Sea and the Denmark Strait beltween Fast Greenland and Iceland are
influenced by two curvents flowing southwarids to the Cape Farvel
tDietrich, 139571, The East Greenland Current coriginates from the
Greenland Sea and flows near the coast of  East  Lireenland
sauthwards over the Breenland-Ilceland 111 to the Cape Farvel
(fig. 2). It comsists only of Polar water ranging fro v
~1.0°C  in  temperature and  from 33, 0081077 po 33UVSEIONS
salinity (Miiller et al., 19793. Dritfting in this cold water even

icebergs and pack-ice arrive the East Hr eenland water s,
particularly from December until June (Stein, 19H7b: Meyer, 1964).
The latter is rcalled Trminger Curvent amd a breamch of the North

Atlantic Curvent. The near bottom layer of the offshore banks ig




mainly "under the regime of the warm HIrming&r Curvent .uith the
Irminger BSea water (90, o T N Ny i Atlgquu wat er
(7°C,35.10*10“3} and Labrador Gea water (3.8°0,34. 8881071,

Also the Irminger Current flows southwards in parallel to the East
Breenland Current. From observations of the climate it 1s krown

that the mixing process of these twx currents  resuits  din
meander ing cold and Warm bands, waking the environmental
conditions in this ayr ea rather charigeabl e. Variations it
temperature of S9C are possible during a period of 3 days (Btein,
1987 a). Additionally an outflow of cold fGreenland Sea water
exists (Ross and Meincke, 1973). Mann (196%) and Giein (13974
describe an inconstant aver flow of very dense water close to the

battom which renews the deep layers of the Irminger BSea.

The West Greenland Current flows northwards from the Cape Farwvel
to the Davis Strait and the Baffin Pay. Its water originates
partly from the cold East Greenland Current and partly frowm the
warmer Irminger Current. As it flows northwards the original
characteristics of the water masses are lost more and move CHuch,
139847, Congequently  the hydrogragbic  condiltions i the West
Greenland area are much uniformer than in the East Greenland area.

Only the upper water layer (0-50 m) is slowly heated by solar
radiation frem -0.5% to 4% in July-October and affected by
short—term atmospheric changes (Stein and Buch, 19843,

The deeper water lavers off the west coast of Greenland show a
distinct annual pericdicity in the intensity of the inflow of the
water masses. The cold Polar water of East fSreenland woridgin
dominates during spring, whereas the warm Irvmingey component of
the West Hrenland Current intensifies ils input of heat during the
sunmer and autumn, reaching its peak at a teapevature of 420 in
December., At the rest of the year the temperature ranges only from
1°C £o 3°C tBuch, 1982, Water of Atlantic origin dominates at
depths greater than 400 m troughout the year (Stein and Buch,
1985).

Since their systematic exploraticn the hydrographic conditions of
the West Greenland waters showed strong anomalies at irregular
periods (Hansen, 13439). The year to year variations are mainly
carrelated to the relativ strengths of the East Greenland and the
Irminger Current as well as the meteoroclogical situation. In 1930G-
84 extreme cold arctic air masses caused a strong cocoling of the
upper water layers, while in 1984-86G the temperature of the
atmosphere returned to normal. S0 even positive temperature and
salinity anomalies were observed during this time (Stein, 1986 a
and 1987 c¢; PBuch, 198B6).

Materials and Methods
The Stock Assessment

The investigation of the migration of the cod is limited to 1'984-
B6., As data of the commercial fisheries do not adequately reflect
the status of the ood s s off East and West Greenland, annual
groundfish surveys were introduced by the Federal Rspublic of
Germany in order to obtain estimates of the biomass and abundange
of cod in both areas. The total survey time extends froua September
till the beginning of December. About 150 hauls were carried out
in each area uwsing the "“140 foot bottom brawl” equipped with a
small mesh liner (30 wnm? inside the coodend. The horizontal net
opening  amsunts to 23 m, the vertical net opening to 3.5 m
headline height. As a rule the trawling speed is 4.5 knots and the
towing time lasts 30 minutes. Fishing 15 conducted between &
ofclack a.m. and 8 o'clock p.e.

The survey areas off East and West Greenland are shown in fig. 3
and fig. 4 respectively. The hauls arve randsg cted covering
the whole survey area  excluding  the o, The  East
Greenland area as well as the West Greenland area consists of
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different numbers of strata which are subdivided by 200 w depth
zones down to B0G m. For detailed informaticns on survey design,
strata boundaries and stvata areas see Anon. (1987), Messtorff and
Carnus (19B4) and Rét: 19589,

The assessment of the stock biomass and abundance resulits fram the
"swept area method" combined with a stratified random sampling
system (Cochran, 1977; Baville, L3775, The catchability
coefficient, the most uncertain factor of a growdfish survey, has
been determined to be 1.0 by the woyr king _grmups regarding the
estimates as the "minimum trawlable” bicmwass and abundance. )

In contrast to the estimates of the cod st off West Greenland,
which are received from the NAFO working agroup (Schumacher, 19873
Horsted, 19863 Cornus et al., 1985, the values of the biomass and
abundance of the cod stock of f East Greenland from 1384-86 a
recalculated <(tab. 7, 8, %, 10}, During this period the 1
warking group used assessments derived from a stratification based
on the density distribution of cod within statistical rectangles
(Cornus, 1984 and t9B53; Anon. 1985, 1986, 1387). As the abundance
of the cod off East and West Sreenland depends not only on the
geographic latitude and longitude but also on the depth and somne
other biological facts this procedure led to misrepresentations
(Ratz, 1989). Therefore the survey data are resiratificated and
assimilated to the asgessment method of the NAFO working group.
Depth stratifications are going to win recognition concerning the
design of groundfish surveys (Bowering, 1387 a and b,

Theory of Emigration and Immigration

The first and wmost important step of stock assessments is the
clear definition of the exploited stock unit and its limitations
by means of biclogical parameters aor the kind and structure of the
fishery <(Gulland, 1983). Unfortunately the great majority of the
mathematical models evalved and uged in figheries bialegy is valid
only with the restriction that individuals neither leave the stock
unit nor  join it. This fact arises from the ignorance of the
multifarious mechani s causing and stimulating the fish
migrations.

Though Beverton and Holt (1937) consider the migration of ifomature
individuals from their adolescent areas to the spawning stock, but
these adolescent areas are included in the whole livivng space of
the stock unit., Consequently they describe the transport of
individuals as & function of the initial stock. In this model the
expected strength of the immigration is determinded by the status
of the initial stock. Ricker (19373) regards tThe emiorationm of
individuals ouwt  of the sto urtit by the summation of  the

emigrants to the total sback movtality. S he defines an
instantaneous rate of total loss of individuals. This approach is
adopted in the calculation model of the emigration in contrast to

Hlltang 19773, He considers the emiuration as a part of the
natural mortality rate and develops the consequences  for  the
virtual population analysis.

Whereas the emigrants belong to the exploited stock and therefore
are combined with the total loss of individuals, an immigration
happens independent of the analyzed stock. The strenath of an
ipmigration is only due to that stock of which the individuals
emigrated previously., Hence the immigrants are regarded as an
autonomous unit within the analysed s b following the
the ICES working group  CAnon., 19072, The mathematical  wodel
computes separately the population dynamics of the individuals
grown up in the stock unit and the population dynamics of its
immigrated component, The separation between these two parts
results from otolith typing.

The emiaration of mature cod to Iceland is not taken into account
(fig. 1). This implies that the terms emigrants and immigrants
refer ofily ta the stock wunits off East and Wee Greenfand. On this
assumptian the fish migration is limited to Lhe closed system of
the areas off East and West Greenland., The schematic illustration
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af the migration between two stocks constdered in the calculation
modell is shown in fig. . Exclading the returning emigrants it is
evident that the number of individuals emigrated out of stock 1 is
identical with the number of immigrants of } 2 Anal cgous the
same finding is valid for the muwber of individuals immigratecd
into stock 1 whickh are originating from stocl: 2. The calcualation
madel is based on the identification of the immigrants within both
stocks by means of their otelith structures. Thereafter the
numbers of immigrants are inserted into the population analysis of
the respective stocks as the numbers of emigrants.

The loss of individuals of a single fully recruited year class is
represented by means of an ewponential © furction (fig. €Y. The
function of the loss of individuwals grown up in the stock unit
fCN) is overlaped by the function of the 1o af immigrants foI2
if an immigration happened till time 0. So the function fON+IY
shown in fig. & describes the total loss of individuals in the
stock wunit in the case that no more immigrants join the stock from
time © till 1. This period is determined to be one year for this
example. A continuous immigration f¢I) over this time is quite
ancther matter and will be discussed later on (fig. &, spotted
linel.

€

The decrease of individuals of a single year olass over the period
from O till 1 is given by the common formula @

(1) Ny = Npe™Z

with

M=pumber of individuals grown up in the stock unit
Z=total mortality

Extended to the intention of a separate computation of the
population dynamics af the individuals originating from the stock
and its immigrated component the formula (1) one reads

I =27
2 MNi+I1 = Npe + Ipne
with
I=humber of immigrants
Iymtotal mortality of the individuals grown up in the stock
unit
Zi=total mortality of the immigrants

Ricker's (19753) concept transforms the total mertality to the
coefficient af the rate of the total loss of individuals including
the emigration :

(33 Iy = My + Fy + Ey

with

My=natural mortality of the individuals grown up in the ste unit
Fy=fishing mortality of the individuals grown up in the sto unit

En=emigration of the individuals grown up in the stock unit

On the other hand the total loss of immigrants is composed of the
natural mortality and the fishing wmortality only because the
calculation model excludes the returning emigrants

(42 1 = My + Fy

Wwith

Mi=natural mortality of the immigrants
Fr=fishing wmortality of the immigrants

The fallowing formula (5 integrates the definitions of the tebal
mortalities (3,4) within the formula (3

— (M +HF g+ Epgd —(Mp+F 12
(5) Mi+I; = Nge + Ipe
Nevertheless a continuous immigration from bime © till 1 is potb

taken into consideration so far. As mentioned above the conbinuous
immigration is illustrated as a spotted line f(I) in fig. &. The
instanteneous immigration takes place independent of the initial

stock. For that reason the instantaneous immigration I' ig
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appended to formula (5) as an additive variable @
~ M+ ) —(Mp+F 1)
(&) Ny+Iy = Nge - + Ipe + 17

The formula €6) provides not separately the mortality of the
individuals immigrated during the intervall from O till 1. The
" natural mortality My and the fishing mortality Fpoinclude this
Ioss already, Consequentiy the values My and Fp are overestimated
by the amount of the individuals immigrated and lost from time O
till 1.

In the following the calculation of the losts of individuals 72, M,
F and E as well as the instantaneous immigraticon 17 will be
explained from the data collected. The results of East and West
Greenland are represented in a tabular form and devided into the
two periods from autumn 3984 t1ll 1983 and auwtumn 13985 till 1386
(tab. 7, B, 39, 10). The first column 2f the tables specifies the
year classes in order to define each of the lines. The sscond and
thivd column, called Ngj+Iyg and Ngs+Ip-, give the strength of the
total year classes at the beginning t1 and at the end t2 of the
intervall., Using these values and the formula (7) the total loss
of individuals Znegy is calculated and entered inteo the fourth
column,

7y . ZN+I = —-1ln ((Nt2+ltg)/(Nt1+ItlJJ

The second part ef the assessment tables gives an accaunt of the
population dynamics of the individuals grown up in the stock unit
only. The first two columns of the second part Ngp and Ngs list

the number of individuals grawn up in the stock per year class at
the beginning and at the end of the period. The pext coluwn Fly
gives the number of individuals grown up in the stock and died hy
fishing. These values are adopted from the reporis of the ICES and
NAFL) working groups CAnon., 1986 awd 1987) and  split  up
proportionally te the part grown up in the stock and to its
immigrated component at the $ime tZ. The pumber of individuals
emigrated out of the stock during the period can be taken from the
column  called E'ny. These individuals are ddentified as the
instantaneous inmigrants of the second stook and introduced here.
The coefficients of the total loss of individuals grown up in the
stock unit Zy are listed in the following column,

(8> Iy = —1n (Npo/Ngyg)

The wvalues of the columns FN  and EM (fishing mortality  and
emigraticon of the inpdividuals grown up  in the stock)  are
calculated using the forpula :

1

(9 N =l CANg—FTy?/Ng ) and

1) Ep = ~ln COMpg=E? N2 /Ng g2

The natural mortality of the individuals grown up in the stock My
entered into the last calurn of the second part of the assessment
tables is determined after the transformation of the formula (82
to :

(GNP My = Zy — Fny — En

The third part of the assessment tahles informs  about  the
population dynamics of the immigrants only. #For that purpose the
first two columns Iyy and Iz give the pumber of immidrants per
vear class at the beginning and at the end of the perviod. The
numbers of immigrants died by the fishery are listed in colunm
F*y+. Compared to the individuals grown wp in the stock these
values are adopted from the reports of the ICES and NAFD working

groups. Again the catches are splitbted propor mrally to the pard
arown up in the stock and to the dTmmigrabed cowponent ab tThe end
of the intervall. The fishing mortality of the immigrants Fr is

calculable by means of the formula

127 Fr = —ln €(lg -Fr13/7Xgq)



The total less of the immigrants Zp is not detarminable by using
the strengths of the year classes Igy and Ign since a cantinuous
immigration during the pericd increases the riwmb ey of individual 5.
Thus the natural mortality of the immigrants My is defined to D02
for all year classes in order to calculate their total loss of
individuals Zj using the formula i

(132 i1 = Fp + Mg

The results of these estimates are entered into the column next bao
the last.. Only the application of the Z7 combined with the
strength of the year classes enables the caloulation af bhe numbey
of individuals immigrated during . the period from t1 i1l B2, This
precedure results from the formula :
_II

i4) Ir = It2 - Itie

i' represents the strength of the immigration and the objective of
the derivations. The values of I' are specified in the last column
of the assessment tables.

Material of Dtoliths and Handling

Studies aof peopulation dynamics necessitate & reliable  age
determinaticon of the individuals., Hoffbauer (183981 was the first
to use scales for age determinations while Reibisch (1899 found
aut the identification of year classes by wmeans of otolith
investigations., Gulland {1958 suggests the otoliths for  age
determinations instead of scales  or fin rays. Beamish  and
McFarlane €1383) point to the critical fact that at the present
only 65 % of the age determinations of fish species carried gut
world—wide include or refer to a validation study. The validity of
age determinations is provable by tagging ewperiments, growth
investigations and the vyvecognition of dowminant year olasses.
Saetersdal (1953 succeeds in demonstrating the interrelation
between the growth of the individuals, the time of zone formation
of the otoliths and the seasonal environmental parameters. Meyer
(1965 b) verifies the age determinations of cod off Greenland by
means of recaptures. Additionally the growth analysis (Ratz, 1989)
and the identification of single year classes leave no doubt about
the accuracy of the ape determinations.

From 13984-86 the left and rvight sagitta of the labyrinthine organs
have been collected from 13,200 gpecimens. The otoliths  were
stored in small paper-bags labeled wikth  an  identity numbeyr,
mor phometric  measurements - (total length  of  the specimen  in
centimetre below, individual weight?), sex and maturity. Tab. 1
gives a general view af the total otolith waterial collected. The
gtolith sampling was lenght-stratified to ensure the collection of
the sagittae of at least 30 specimens per lenght class (3 cm).

Only one of both otoliths has been used for the age determination
berause different numbers of annual zones in the right and left
sagitta are recorded very rarely (May, 1954; Reinsch, 1968). Thisg
otolith is cutted. across the centre by means of a fine mechanical
saw (Meyer, 1965 <c). The procedure of otolith sawing results in
two almost standard sections with polished surfaces (fig. 73, Bath
gsections are mounted on a small socle of plasticine and examined
under a binocular micrascope using side 1llumination. In the
atolith the zones of the faster growth appear dark {(opague)d while
the zones of the slower growth are shining bright thyaline) in
transmitted light. The rate of the growbh affects Lthe translucense
of the otolith consisting of calcium carbonate tnalnly in the form
of aragonite crystals; Dannevig, 19856; Blacker, 1969; PBingel,
1981).

The complete annual growth zones af the otoliths are composed of
one opaque and one  hyaline @one.  The age determinations are
sunmarized. to age-lengbh keys regarding the first day =f January
as the date of birth. The age length keys are not seperated in
gsexes due to their negligible differences in growth (Hansen, 1343;
Arnold, 1983). The calculations of the strength of the year
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classes as well as the estimates of the migration rates are based
on the otolith material and length-freguencies obtained from the
groundfish surveys only.

The morphology of the otoliths of the teleosts is speries specifia
and used for taxohomical studies (HGasmers, 13761, In the fisheries
biology the application af the morphometry (Mary, 19935 ewtends o
the field of intraspecifizc differentiation (otoclk identificalbion)
although the phenotypical characteristics can be modified by the
environmental conditions. On this account the second otolith of
the individuals are measured after cleaning in water and drying I3
hours at  100°C. The length angd the width of the octolith is
measured” to the tenth of a millimetre below wusing calipers. No
attempt is made to correct bthe curvature. Tewmpleman and Squires
(1956) indicate an error of less than 0.1 mm concerping these
measurements. The drying weight of the obwlith is determined using
a Satorius scale (2001 MF 2) calibrated in tenths of a milligram,
The manufacturer of the scale defines a maximum variation aof the
weigths of 0.2 milligrams (fig. 7). HMorphonetric i fferences
between the left and the right sagitta are not provable (Fojo,
1977). Therefore only one otolith is measured regardless which one
of the two.

The Method of Dtolith Typing
Describtion of the Method

The - development of the method for the identificaticon of the
adolescent areas on individual basis by means of otolith typing is
carried ol by an international working graup with thve
participation of scientists and technical assistants of the
Institut flir Seefischerei (Hambwrg? and the Greenland Fisheries
Research Institut (Copenhagen). Altogetber 3 scientists and
technical assistants took part in the worlking group. During 5
meetings the mwmethod of the otalith typing i discugsed, its
applicaticon ig improved and verified. On this occasion the conmon
work is limited to the digcussion and The slight modification of
the describtion of typical annual graowth zones in the cod stoliths
proposed by the author and the evaluation of extensive obtolith
calssifications conducted by 8 otolith readers.

The author's field of activities covers the preparation of a
collection of prototypes (otoliths, illustrations and photos) of
distinct formations but also of transibtion types af annual growth
zones in cod otoliths. The annuwal grawth zenes are described using
the standard terminology for stolith readers established by Jensen
01963, Additionally the validation study of the method of otelith
typing is carrvied out and presented to the warking group by the
authaor.

During the first meeting of the working groups from the =23th oy
August till the 90 of September 1984 in Godthaab (Sreenland? the
structures of the cod otoliths are discussed regardless of the
arigin of the specimens (East or West Greenland?). This resulted
in a detailed definition and describtion of different types of
annuwal growth zones in the otoliths prepared during the second
meeting from the &th till the 13th of March 1985 in Bremerhaven.
The 2 types A, B and T are distinguished and described (s. Tabh.
2).

The method for the identification of the adolescent areas of the
cod is based on the typing of the anpual growth zones i their
otolithe., Each of the single annual growkbh zone i6 clasai fled o
one of the 2 types and recorded. The A-type indicates a propogneed
regular growth whereas the B-type is characterized of an irregular
arowth producing mno sharp but more diffuse demarcations between
the opaque and the hyaline material. Annual growth zones af type €
are bad identifiable and raise difficulties even to experiencerd
otolith readers concerning the age determination. The central and
marginal regions af the cod otoliths are describable separately
using the classification of the single annual grawth zones.




The A- and B-type, the mast freguent types of annual growbh zones,
are shown in fig., B and 9. The wopague zones are white, and the
hyaline =zones are black in these illustrations., This wanner of
representation corresponds not with the brightness of the zones
under the binocular microscope using btvansmitted light, hud the
difference in the light intensity of th wies 15 pointed out very
clear with this colowration in the hia artd white drawings. The
C—type of annual growth zones is nat representable due to its
extreme diffuse character.

Standardization of the Method

In the first instance the preparation and examination of the
otoliths are standardized in order to obtain a good agreement in
typing annual growth zomes. The working wurasup sareed on typing

sawed otoliths only instead of braken otoliths., Additionally the
side illuminaticon of the otolith had the adventage over the
practice of reflected light.

The porpose of the third and fourth meeting from the 209 £i11 the
6th of September 1385 (Copenhagen) and from the 14th £330 the 18%H
of April 1986 (Hamburg) was to improve the agreement in typing
annual growth zones on the technical level using the collection af
prototypes and comparing the numercous classificalbic of 9 atolith
readers. Go a general agreement of BO % is achieved during the
fourth meeting at which every otolith reader typified 1067 annual
growth zones in 280 otoliths., This resuwlted in a slightly betber
agreement in typing the otoliths of the ood caught at  West
Greenland (s. Tab. 23. The working group considered this outcoome,
an error of less than 20 %, reproducible and adasguate for a
validation study to verify the usability of the types of arnual
growth  zones as natural tags and the identification of the
adalescent areas,

Validation Study of the Methaod

The analysis of the gecgraphic distribution pattern of the typical
annual growth zones A, B and £ is in the fareground regarding the
valuation of the usability of the method. On this a unt fig. 10
shows the occurrence of the types of annual growth zones | The age
groups from 1 to 3 of the years 1984, 1985 an 1986 are combined
and ‘the presence of the types is calculated (in per cent) for each
annual growth zone.

From Fig. 10 it'e visible that cod off West Greenland present
clear and distinct structures in their otoliths., The A-Type is
dominant in  each age group and each annuial  growth zone.  The
di ffuse B-types of annual arcwth zones are seldowm and laid down
mainly in the early periods of life, particularly at the age
between 2 and 4  years. Annual growth  zon of  type T are
practically not existent in the otoliths of cod caught in West
Greenl and waters.

The types of annual growth zones of the ocod otdliths off East
Greenland have a different distribution pattern compared to West
Greenland (s. fig., 10). Up to the age aof 5 years the B- and C-
types are dominant, A-types ocouwr rarely. But the A-types of
annual agrowth zones gain in significance and displace the B and
C-types concerning the wolder age aroups. The annual growth zones
of type C show the trend to be more fregquent at the edge of the
ntolith, accordingly in the bars in the rear of fig. 10,

The difference between West and East Greenland oncerhning the
dominance of the types of annual growth zones in the cod otoliths
up to the age of 0 years illustrates the usability of the atelith
structures for the ddentification of the adolescent areas. The
individuals get in their first years of life a visual natural tag
by growing up in the West or East Greenland waters combired with
the formation of A- or B- and C—types in the otoliths., Whereas the




dominance of A-types in the otoliths ot cod vcauwght in West
Greenland waters is unbiased by the age, the otolith structures of
the cod off East Greenland change with increasing age from type B
and L to type A, This rvelative increase of A-types of annual
growth zones is explainable only by the immigration of cod off
West Greenland older than 5 years, since the ochange of the
daminance of the zone types even includes the annual arowth zones
of the first § years of life. In this early period of life the cod
off East Greenland form only B- or C-types in their otoliths (s,
fig. 10).

The similarities between 28 ctolith sawples selected at randow are
calculated in order to reconsider the information derived from the
geographic distribution pattern of the annuwal growth zones by
means of a method for numerical classification. All the samples
from East and West fGresnland considered in  the similarity
calculation imclude the otoliths of at least 30 specimens about
the age of § years and younger. Only the numbers of A-, B- and -
types in the notoliths of these jlmmature individuals are entered
into the calculation of the similarities as characteristics of the
otolith samples. The calculation of the similarities is carried
out using the coefficient called "pmercentage similarity"
tWhittaker and Fairbanks, 19898). The computations resulted in a
matrix of similarity values, The similarity wvalues are classified
by means of a hierachical strategy (cluster analysis, average
linkage method?, Detailed describtions of the method for numerical
rlassification are under consideration by Sneath and Sokal (19732
and Opitz (1980).

The similarity dendrogram classifies the otolith samples into twa
clusters or groups (s, fig. 110, The otolith samples off West
Greenland belong exclusively to cluster 1| independent of the year
of sampling, while cluster 2 consists only of otolith samples

off East Greenland. The humerical classification of the origin of
the otolith samples based on the formation of the amnuwal growth
zones of the individuals up to the age of 9 vears confirms the
usability of the otolith structures as a natural tag.

Formulation of an  Algorithm  for  the Identification of the
Adolescent Areas East and West Greenland on Individual Rasis

The most certain information about the adolescent area of the cod
off Greenland is derivable from the rcentral regi

ion of  the
ntoliths, since in thic place the geographic distribution pattern
of the types of annual growth zones is particularly different.
Conseguently it's meaningful to take only the formatiem of the
first 5  annuli  under consideraton as a  oriterion forr the
identification of the adolescent area. Each of the compl ete annual
growth zone should be due to the same notice. S0 the normalization
with the age of the specimen could enable the comparison with the
aother age groups.

The calculation of the dominance of the A-types anong the first 5§
ahnual growth zones is on offer because of their lack in the
otoliths of juvenile cod off Fast Greenland. The mathematical
function for the computation of the dominance nf the A-types
reads:

AGE rpaw, 50

(153 Fixy = L AGZCAY; % 100 / ABE(ay. 5y
i=1 '

with

AGZ (A)j=annual growth zone of type A

ABE =age of the specimen in years

If the calculated value Fix) amounts to 50 or move the number of
A-types is equivalent tn the number of the other types of annual
growth zones or the number of A-~types is domimant. In this case
the central region of the otolith is clear and distinct, an
vbviats indication for the adolescent avea West Greenland. On the
cohtrary the E- and C-types are dominant among the firgt 5 annual
growth  zones if  the wvalue F(%)  amounts to less  than 50,
Individuals distinguished by diffuse central regios  in their
otoliths originate in all probability from East Greenland waters
since they are almost lacking in the samples from West Greenland.
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The dominance values of the A-types of the immature cod up to the
age of 5 years from 1384, 1985 and 1986 are cal-ulated in order to
assess the error of the identification of the adolescent area. The
information derived from the dominans e valites offers the
calculation of the nunber of individuals which are related
carrectly in comparison with their actual catch positions. The
numbers per age group of immature cod related correctly to their
catch positions by means of the algorithm are entered in tab. 4.
Regarding the otoliths of cod aff West Greenland the rcorrect
identification of the adulescent areas on individual basis amcounts
from 70 to 79 %, while the identificaticn for the individuals off
East Greenland amounts to 90 % and is even better.

Also the error of the otolith typing itself amounts to 20 % and is
not affected by the utilization <f the algorithn. So the method
described enables the identification of the adolescent areas of
East or West Greenland with an error of 20 % on individual basis.
This procedure meet the requirements to assess  bie migration of
single year classes of the cod stocks aff East and West Breenland
following the wvaluation of the working group  on typing  cod
atoliths,

The Cause of the Different Arnmual Growth Zones in Cod Otcliths

Wether the formation of the different arrmual growth =zZones is
genetically determined or it is modified by the environmentgl
conditions has to be viewed with corcern by means of morphometric
dimensions (fish length, otolith length, otolith width, otolith
weigth). The morpholoegical character of a specimen enables often
valuable conclusions conterning genetically determined differences
in comparison with specimens of the same species. For that reason
the morphometry is an important criterion for the separation of
stocks.

In the following the Ffish length and morphometric parameters of
the otoliths are compared of those individuals distinguished by
dominarnt A-types among the first S5 arnual growth zornes in their
ctoliths and those individuals characterized of dominant B- and C-
types. The aralysis is based on arithmetic averapes sirnce yhe
numbers of morphonetric measurements differ over the measuring
range.

The functioﬁs of the following dimernsions are calculated and put
to the test on linearity (Sachs, 1984) :

dependend variable independernd variable
A otolith length fish length
B otolith width fish length
Cc otolith weight fish lerngth
D otolith width otolith lerngth
E otolith weight ctolith length
F otalith weight otolith width

The hypothesis of the test on linearity says that the function of
the values is linear (Fyan 2F.41_ 7. Tab. 5 gives the values of the
upper significance limits of the F-distribution and the calculated
F~values. Additicnally the type of the functions  and  the
coefficients of rcorrelation can be taken from tab. 8. The
hypothesis of the test is not  waintainable concerning the
functions of the relative growth. All of them are characterized of
high significant differences from the linearity rsigni ficance
level of 0.001). The examined relations are fitted en exponential
functions of the type Fix) = axb with the venception of the
velation D otolith width/otolith length, which is fitted on the
sigmoid functiom of the type F(x) = a/{i1+he"%),

The regressions of the relative growth functicons  of  those
individuals distinguished by dominant A-types amang the first 5
annual growth zohes in  their otoliths and those individuals
characterized of dominant B- and C-types are put to the test of
covariance in order to prove statistic differences between them.
The test of covariance says that no statistic difference exists
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between the coefficients of regression {(tyap 2t.a) 2. Tab. 6_gives
the coefficients of regression and the limits of significance
taken from the STUDENT-distribution as well as the calculated t-
values. Statistic di fferences between thae cogfficients Qf
regressions are not provable since the hypothesis of the test is
not refutable on the significance level of 0.05.

Specimens with distinct and clear central repions  or d%ffuse
annual growth zohes ir their atoliths  show  no definable
differences concerning the proportions examined. Ab indication of
a genetically determined formation of the different annual arawth
2enes in the otoliths of cad off Greenland is not provable. Seo Fhe
reqressions are calculated again based on  the total mater1al
without the separaticn into btypes. These recaloulated regressions
are available to the comparision with the other cod stocks of the
North Atlantic DOcean (s. tab. 5 and fig. 121.

On the other hand a correlation between the formation of the
different annual growth zones and the arowth per unit of time
seems evident. Fig. 13 illustrates the regressions between the
average fish lenaths per age group in relation ba the nuwobers of
A-zones (A) and the numbers of B-zanes (BY in the otoliths. The
correlations and regressions shown in fig. 13 are signifircant
(significance level of 0,05), )

From part A of fig., 12 it is obvious that the average lengths per
age group decrease with increasing numbers of A-types of annual
growth zones in the otoliths, On the contrary the individuals at
the age of 4 to 7 years are characterized of increasing average
fish lengths with iJncreasing numbers of B-types in the otoliths
(fig. 13, part B). These findings are wvalid for the otolith
lehgth, otolith width and atolith weight too,  because the
marphometric parameters are correlated stgnificantly with the fish
length. Definable results are not derivable from this examination
concerning the C-types of annual dgrowth cones due to their rare
occurrence. The growth analysis indicates that fast agrowing
specimens form B-types of annual growth sones in their ataliths
whereas the slowly growing individuals form A-types., [onsequently
the atolith readery assess the growth conditicons of the cod when
typing the anhual grewth zones. The arcwth conditions, however are
subject to a modification by changeable environmental conditions,

Application of the Method for the Identification of the Adolescent
Areas and the Recalculation of the Population Dynamics

The method of otalith typing results in instantancouws informations

about the origin and the migratory behaviour of the wcod off
Greenland., The population dynamics of the cod stocks off East and
West Greenland are calculated withoub the emigration and  the

immigration (first part of the assesswent tab. 7, 8, 3, 10 and
under consideration of the migration rates in order to specify the
effects of the migration. For all that the immmtgrants are regarded
as an’ autonomous unit within the exploited stock  and  their
population dyhamics are calculated seperately from the populatiomn
dynamics of the individuals grown up in the stock (second and
third part of the assessment tab. 7, 8, 3, 10,

Immigration and Emigration of the Cod Stock off East Greenland

The chronological process within the cod stock off East Greenland
from October 1984 till October 1986 ia illustrabed in fiy. 14 anl

the assessment tab., 7 and 8. Nal only the strength of Lhe t
classes from 19732 to 1983 are given bubk alse their immigrated
component derived from the otolith typing. The blank bars in fig.
14 give the total strength of the cohorts whereas the dotted bars

specify the respective number of individuals immiarated from the
stock off West Greenland. The illustrated values are entered in
tab. 7 and B.

First of all the outstanding increase of the recruiting cohorts
1984 and 1985 is remarkable, while the year classes 1982 and 1983




- 13 -

are very poor in individuals C(fig. 147, Mainly this e&plmﬁive
development of the cohorts 1984 and 19085 accounts for the increate
of the vcaleulated stock abundance from 5,553,000 individuals in
October 1984 to 17,6BE,000 in October 1986 ttah. 7 and 8)1 Duriﬁg
the period of investigation the cohorts 1980 and 1981 are in their
recruiting phase. BSo their strengths varying from 416,000 to
1,864,000 individuals assimilate to the abundance of the Ffully
recruited year classes 1977, 1978 and 1973. During the period. of
investigation the cohorts 1980 up to U3BS are it fully recruited
and they are not caught representatively. Nevertheless, from fig.
14 it's wvisible that the recruiting oohorts do not  include
remarkable parts of immigrants, since the respective dotted bars
are very low or lacking. A considerable immigraticon into the ood
stock off East Greenland is not provable rvegarding the juvenile
individuals up to the age of T years.

On the other hand the fully recruited cohorts 1973-79 include
immigrants from West Greenland (dotted hars in fig. 14). Here only
the dominant year classes 1977 and 1979 are described, since the
coharts 1973-76 are very poor in individuals. The blank bars of
the year «class 1979 show an increase in the total pumber of
individuale over the period from 1984 till 13BE. But  the
respective dotted bars representing the immigrants become 1 onger
too and paoint out that  the increase of the tobal  nuwmber o f
individuals is due to an dimmigration of il Trom West Greenland.
In October 1984 the number of iwmmigrants of the year class 1979
amounts to 311,000 individuals while in October 1986 the humber of

immigrarts of the same cohort amounts to B43,000 ctab. 7 and B).
During the period of investigation a stromng immigration happened
for the first time within the year class 1379 at the ane of 5 ta 7
years. The instantancus immigration of individuals of the cohort
1979 from West Greenland into the stock off East Greenalnd amounts
to 536,000 from Ostober 1984 till October 19385 and to SO05,000 from
Dotober 1985 till October 1986,

Alac the year class 1977 include large pumbers of immigrants
tdotted bars in fig. 14). In the first year of investigation the

total number of individuals increases frou 1,630,000 to 1,752,000
and decreases to 1,250,000 in the year after. In the first year
the number of immigrants increases too and causes a sbror

instantanous immigration of 847,000 individuals., During the se ’

period from October 1985 $£il11  October 1986 the number of
individuyals immigrated from West Greenland decreases v e
1,373,000 to 943,000, This loss of immigrants is due to the

fishing mortality and the natural wortality as well as  the
emigration to Iceland, which is ignored by the calculation model.
Consequently, no further immigration from West Greenland bappened
during the second period concerning the year <lass 1377.

The cod at the age from 5 to B years show a pronounced migratery
behaviour from West to East Greenland, while a migration of the

older individuals is mpot provable due to their very low year class

strengths. The continous immigration of the cod at the age from O

to B years results in the increase of the relabtive o pronenbs of

the immigrants within the single year classes. At the ginning of

the investigation in October 13984 the relative cowmponent of the

immigrants of the year <lass 1979 amounts to 330 4 and increases to

75 % in the cohort 1377 at the end.

The high and negative Ingr-values of the fully recruited cohorts
1977 and 1979 demonstrate the motivation for the planning ard the
realization of this project.  Negative wvalues of  the tetal
martality are not expectsd concerning Tully recruited year classes
in an exploited stock, their total mortalities should be positive.
The negative Iyyy—values are the result of the strong and fast
immigration from West Greenland., In the most cases the Iy-values
of the cod grown up in the gtock off East lGreenland are higher
campared to the Ipsr-values since here the effect of the
immigration is avoided (tab. 7 and 81,

The numbers of individuals emigrated to West Greenland are entered
into the column E'y of the tab. 7 and B. The values wof the fully
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recruited cohorts are negative and put in brackets, since no
positive emigration happened and they represent the returning
emigrants. For that reason the coefficients of emigrants of the
fully recruited cohorts are 0. Only Lhe recruiting cohorts show
positive pumbers of emigrants, but Lheir  individuals are net
caught representatively. However, these values make an emigration
of immature cod from East to West Greenland evident. )

Immigration and Emigration of the Cod Stock of f West Areenland

The dynamic of the year classes 1973-05 of the cod stock off West
Greenland is {llustrated in fig. 15 and the assessment tab. 9 and
10. As has been said above the blank bars in fig. 15 give the
total strength of the vyear rclasses whereas the dotted bars
represent the respective number of immigrants originating from
East fGreenland in this case. 6gain the illustrated values are
listed in the assessment tab. 2 and 10 seperated into the twn
perinds from November 1984 till November 13985 and from Novemnber
1985 till November 1986.

In November 1984 the O-group is caught for the first time by the
groundfish survey (fig. 15). In Novemhber 33985 cod of the year
class 1985 are found too, The fig. 15 is not able to show the
explosive development of the cobhorts 19854 and 19685, since the
humber of individuals overtop widely the rchosen scale of the
illustration. The 1long dotted bars demonstrate that during the
period of investigation the <cohorts 1984 and 1985  include
considerable compornents of  individuals  immigrated from East
Greenland. The year classes 1382 and 1383 are very poor  in
individuals compared to the echorts 1984 and 198%. From 1384 till
1995 the year class 139B0 and the more abundant cohort 1981 are in
their recruiting phase, since their numbers of individuals are
still increasing. The components of inmigrants of the vear classes
1380~83 are negligible in Cofmpar i soe with the numbers o f
individuals agrown up within the cod st off West Greenland., In
no case the immature individuwals of the cohorts 1980-8% are fully
recruited into the exploited stock and their numbers are not
comparable to the older year classes. As the cod stock of East
Greenland the stock off West Greenland increases in abundance from
16,106,000 individuals in November 1984 to 134,717,000 in
November 1286 due to the occurrence of Lhe recruiting cohorts 19849
and 1985 (tab. 9 and 10).

During the period of investigation the year class 1979 was
dominant among the cohorts which are caught representatively. Bug
the total pumbers of dindividuals of this cohort decreases
drastically from 9,120,000 din  Novewber 1384 to 3,441,000 in
Movembey 1986, The respestive numbrer s o f immigrants ar e
unimportant and decrease in addition {dotted bars in fig. 15). The
chronological developments of the year colass 1377 and 1973 are
directly comparable whereas the o

roart 19FB is to poor in
individuals. Also the numbers of individuals of the year class
1977 decrease fraom 1,991,000 to 405, 000, Additionally the
immigrants of this cohort originating from East Greenland veduce
very much. The process of the remaining cohorts 1973-76 is not
describable since they are very poor in individuals,.

During the period of investigation remarkabie immigrations are

only praovable within the recruiting cohorts 1980-85 (tab. 9 and
103. Here the relative components of the immigrants amount fram 15
4 to 28 L. But also these values of the non-fully recruited year
classes merely demonstrate that a wmigraticn of immature cod from

East to West Greenland happens. The cod at the age up to 1 years
are not cauvght representatively and therefore this immigration is
not assessahle. The fully recruited coborts 1373-79 include only
very few idmmigrants and their numbers decrease  strongly  from

November 19684 till November 1986. Consequently, an instantaneous

immigration is not evident concerning the year classes 197379,
The values of the instantanecus inmigration ' are negative and
put  in  brackets in order to  demonstrate  that  no positive

immigration exists (tab. 9 and 10},
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The very low numbers of individuals of the age groups »7 years in
addition to the drastically decrease of the abundance of the
dominant year classes 1977 and 1379 during the time from November
1984  +till MNovember 1986 point  to extreme hioh losses  of
individuals ¢fig. 15». Actually the values of the mortality Zneg
of the total year class strengths are much higher compared to the
Iyg+y—values of the cod stock off East Greenland reparding the
fully recrulited cohorts only ttab. 7, 8, 9, 10). That accounts for
a strong emigration since suwsh high Insses of individuals are hot
explainable by fishing and natural mortalities.

The nunbers of emigrants per year olass are entered into the
aolumn ETy of tab. 9 and 10,0 From November 1984 till Movember 1383
the cochorts 1977 and 1979 show considerable numbers of emigrants
mourtting to B47,000 and 536,000 individuals respectively (tabh.37.
This strong emigration causes high coefficients of emigration Ey
reaching their maximum level at ©0.65. Onhe year after aonly the
cohort 1979 present a remarkable number of  emigrants. Fy o
Novemnber 19835 till November 19B& 505,000 individuals of the oohort
1979 left the cod stock off West Greenland (tab. 10)., As in the
first part of the period of investigation the coefficients of
emigration Ey firstly are increasing with age $to a maximum value
and thereafter decreasing toe 0 in the second part too.  The
individuals start the emigration at the age =f 5 years reaching
the peak at the age of 7 years while an endigration of the alder
specimens is pot provable due to their negligible humbers.

Discussion
Digscussion of the Method of Dtolith Typing

At all times the examimation of the migratory behaviour of fish is
af great importance in fisheries biology, because the ashock
assessments can be affected with [ EE AT ] emigraticn and
immigration rates. Tagging experiments impart Lpowledge of the
migration of fish. Unfortunately the recoveries of tagued
specimens are very rvare and they inform about the main direction
and the distance covered only. But an assessment of the migration
rates is impracticable in principle by means of taugging.

The bioloists endeavour to vread from the scales and otoliths some
additiconal informations about the sexual  development of  the
individuals, their growth of former periods of life and their
belonging to stocks. Rollefsen (1334, 1925 uses the otoliths of
coxd off Norway not only to determine Lthe $ime of maturation but
alsx to separate between  sto by means of  typical 2o
formations in the otaoliths. In doing this Follefsen identifies a
natural tag and recoanizes the migrations of the cod. Einharsson
(1949) is abhle to discriminate spring spawning herring from acties
spawning herring by means of otolith types, a procedure which is

confirmed by Parrish and Sharman (19%39) concerniing the North Sea
and Messieh (1372) concerning the costal area off Newfoundl and.
Gaemers (1976) demonstrates the evolution of the Gadidae based b
otolith investigations. Increasingly even quantitative regults on
fish migrations are derivable since natural taps yield wmuch more
informations than tagging experiments thRauwck, 1373).

The majority of the describtions of natural tags in cod otoliths

available in the literature rcan be devided into 7 groups.  The

fir$t group is distinguished fram the secandd hy the subjective
typings of noticable characteriutics, fload Ve foen  €0930) ribeo
the woocurrence af narrow and broad growbh zones in the otoliths,

which are adopted by Godo (19849 in arder b
Bingel C18972) classifies 5  types
formation ef the first annual growt h
subdivides the otoliths into easy

separate stocks.
coteliths based on the
ahe only while Berner (19680
determinable wtoliths, into

diff%cult determinable atoliths andt inko non—determinabl e
otoliths. On the contrary the natural tag uwsed by Trout (19543
belongs to  the latter group of  otolith  typings, which i

characterized of the measurements of the annual growth zones.  He
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measures not only the dimensions of the first and second annual
arowth  zones like most aof the authors oo Li- and L2~
measurementsl, but he also derives the growth pattern of the
individuals from the measurements of all annual growbth  rones.
Thereafter the growth pattern is used as a criterion of the
stocks. )

By comparison of the 2 groups of natural tags the latter seems to
be the more reliable becawse this group is based an weasurements
in  contrast to sitbjective characterigtics. However, clear
definable measurements do hot ex ;oA an otolith looked at more
clogely. The measurements of the annual growth increments are
subject to the personal valuation regarding the diffuse otoliths
in particular, As well the measurements of the annual growth zenes
are not reproducible but a subjective criterion.

In this investigation %he applicatinn of the formation of the
annual  growth zones in the otoliths as a natural tag is
postulated. The single annual growbth = are classified to 3
different types (A, B and 2. The 2 typ of annual growth X
are documented by detailed describtians (tab. 20 and illugtrations
tfig. 8.and 9). The typing of the annual growbh zones carried ouk
in parallel to the age determination results in informations about
their structures which can be analyred quickly. The analysis
considers separately the central and the marginal regicon of the
ateliths. From the beginning the examination of the natural tag
was limited to the otoliths of the cod off fGreenland, since some
practical knowledge of the typing of cod obtoliths is described in
the literature already and the experienced obaolith readers kept on
pointing on distinct zone formaticns.

The percentage agreement in typing of the annual dgrowth zones
between T otolith readers is imnproved and amounts to 80 % (tah.
3. An additional reduction of the misclassification amounting to
20 % is hardly to achieve, because the typing of the annhual growth
zones is based on personal valuations after all, in spite of the
detailled describtions and collections of prototypes.

Each kind of natural tags used for the determination of the origin
necegsitates a study of validation. This requirement meets the
distinct distribution pattern of the 3 different types of annual
arowth zones, The A-type dominates in the otoliths of cod off West
Greeland, whereas during the first 5 years of life the individuals

aff East Greenland form predominantly B~ and C-types in their
octoliths (fig. 10). The relation of the individuals te their
adolescent areas is carried out using an algorithm, which computes

the dominance of the A-types among the first 5 annual growth zobes

in the otolith. The conclusion drawn from the algovithm concerning

the adolescent area of an individual is limited to its favourite

adolescent area during the early life pericd, since the algorithne
takes into accout merely the presence of the A-types but not the

sequence. The comparisonr between the probable adolescent area
derived from the algorithm  and  the veal cabeh positions  of

Juvenile individuals {age <6 years? denchstrates the

practicability of the identification of the aduolescent areas East

and West Greenland with an errcr of 20 % on individual basis (tab.

43,

During the time of investigatioch from 19384 €ill 1986 about 13,000
identifications of the adolescent area are carried out based of
the formation of the annual growth zones in the cod atoliths. The
examination of a large fumber of otoliths is rvequired, since the
information about the numbers of immigrants is obtained from the
age—-length key in addition to the age composition of the stock. In
this study it is aimed to collect the otoliths of at least 20
specimens per length wclass (3 cn). In fact bthe nost  frequent
length classes contain the multiple of 30 pairs of otoliths,

The tagging experiments demonstrate that the cod stecks of the
North  Atlantic Ocean are connected by means of long—distance
migrations of single individuals <(Gulland and Williamson, 19625
Cushing, 198%). Consequently, the genetic distance between the
sympatric rcod stocks is negligible, only the cod stock in the
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Baltic 1is identifiable (Mork et al., 1985, Lihmann  (1934)
degcribes the otoliths of the Baltic cod as dumpy and more compact
in comparison with the elongated and more slender otoliths of the
cod off Iceland.

The analysis of the morphometry of the otoliths gives no
indication of a genetically determined formaticon of the different
annual arowth zones in accordance with the negligible genetin
variation of the Atlantic Cod (tab. 6). In coantrast the validation
study points to the presumption that the formation of  the
different annual arowth zomnes is due to bthe growth of  the
individuals (fig. 132)». PBingel 01377y proves the effects of
variations in temperature, salinity, ocxygen and food on the
character of the zohne structures in the otoliths. The farmation of
opaque and hyaline zones is affected by the seasonal changes in
concentrations of protein and calciuwm of the endolymph (Mugiya,
1964 and 19667 flowing around the otolith in the labyrinthine
organ (Dale, 1976).

The hydrographic conditions of the West Greenland waters slow down
the growth of the ced since here the positive influence of the
warmer water is limited to a short period (Taylor, 12581, The
maximum input of heat by the Irminger Current happens from October

till December. The dominant low tenperature combined with short
seasonal warmings causes the clear and distinct opaqgue and hyaline
growth zones, which are classified to type A (fig. 8).

On the other hand the growth of the cod off East Greenland is
faster due to the twelve-month influence of the warm Atlantic
water C(Irminger Current). Stein (1987 a) descrbes a great
instability of the meandering water masses off East Greenland. So
during the time of I days variations of § °C are possible in the
bottom layer. The daminant warm temperature combined with short-
time coomlings causes the faster growth and the formation of B- and
C—types (fig. 9). In all probability the short-time variations in
temperature affect the formation of the numerous check rings.

The hydrographic conditions off East and West Greenland are
mani fested in the otoliths of the poikilotherm fishes in the fdrm
of different annual growth =zones. The different annual growth
zones used as a natural tag offer the ddentification of the
adolescent area ot individual basis. The perscnal valuation of the
di fferent annual growth zones and theiv modification by changeable
environmental paranmeters reguive a permanent condrvol of the typinag
by a respansible scientist. This is essential, since the short
periad of 3 years gives to this investigation aonly the character
of a pilot study. Therefore the applicability of the method of
aotolith typing has to be reconsidered every year, becaose wrusual
variations in water temperature will cause different annual growth
zanes. The result of the cluster analysis of otolith samples
demostrates the constant formation of types of annual greowth zones
during the period of investigation from 1584 tiltl 1986 (fig. 11).

Further investigations should not concentrate exclusively upon the
microstructures of the growlth zones. Though frie (13603 shows that
the araucnite cristals are smaller in  the opague zones and
therefore bias the transparency in conparison with the hyaline
zones. The ewistence of daily growth layers described by Fanella
1973 is not divectly confirmed by Bteffensen (1980), since the
dates of birth determined by means of counting the fine rinag
structures do not correspond always with the known time of the

larval hatch. The differences in time are explained by bhe Iong
continous spawning seascoh and very narrow daily layers, which are
rot digtinguishable by mearns of a microscope 200 b

magni fication).,

The derivation nf the water temperature from the isotope-fractions
should be more promising as pointed out by Degens et al. (1363)
and Fadtke (19B4). Wefer (13985) gives positive ocorrelations
between the oxygen isotope 1Bp and’ the tsxbtope of carbon ISC,
while Devereux (1967) analyzes the rations of the caxygen isotope
160 and 100 in the ataoliths only. The migratary behaviour of the
cod off Greenland showld be describable by means of the
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measurements of the fractions of stable isotopes too, since the
hydrographic conditions of the nursery arounds off East and West
Greenland are different.

Discussion of the Application of the Method for the Identification
of the Adolescent Areas and the FEecaloculation of the Fopulation
Dynamics

The migration of the cod off Greenland is classified to a long-
distance oceanodronous migraticn following the definitions  of
Mckeown (19843, He distinguishes the passive and active changes in

locality into 4 categories with different importance concerning
the ecology and evolution. Fishes migrate in order to optimize
their food intake, to aveoid unfavourable environmental conditions,

to reproduce and in order to expand theiv distributicon by means of
calonization.

First aof all it is necessary to make menticon af the restrictions,
which are determined by the sampling and the calculation model of
the emigration and immigratich before discussing the results of
the application of the method. So the fishing is liwited from &
ofclock a. m. till 8 atclack p. wm., Therefore it is rencunced to
examine the diurnal factors. But also the iwportant seasonal
changes are not analyzed, since the groundfish survey 1s carried
out yearly in autumn., Here the periodic migration from the banks
to the fjord area is remarkable as described by Jean (1364) and
Templeman (1974} regarding the cod stock off Newfoundland. Even
the question about the seasonal changes in intensity of the
migration is not answerable on the basis of the data collected.
The . strategqy of the otolith sampling is length-stratified.
Consequently, an examination of the regional ccurvence af the 3
types of annual growth zones is not practicable.

The fjord area of Greenland is not covered by the survey, because
the ground is unsuitable for a bottom trawl. On this account
Hovgard et al. (1988) established a new longline survey covering
both the offshore area and the fjord area. They find, that in
autumn the part of the ¢od stock living in the fjord area amounts
to 25 % of the calculated stock abundance. additionally o the
fjord ceomponent, which is not directly deterwinatle, the high
variability of the abundance wvalues complicates the stock
assessment. Ehrich (1987) demonstrates by means of a comparative
fishing experiment that the - variabilities of the catches of sone
fish species decrease within reduced survey’ arean. The confidence
limits of the calculated stock abundance should be reducible with
the concentration of the practicable hauls on smaller parts of the
suUrvey area. Sahrbhage (1980) and Messtorff (19800 refer £o the
depth—-related occurrence of Cond already. However, the values of
abundance as well as the emigraticon and immigration rates derived
from the groundfish survey should be considered to be indices and
not absolute values,

The calculation model =f the emigration and the inwiaration takes
inte acecount the cod stocks off East and West Greenland but not
the emigration of adult individuals to Toceland ¢fig. 13, This
restiction represent the nost important difference between the
calculation model and the reality. Jones (13978) determined the
emigration rate to Joeland by means of a oodified virtual
pepulation analysis and the theoretical coefficient of ewmigration
0.2, Easey (1978) uses otolith typinus in order to assess the
immigrated component of the Icelandic cod stock originating from
Greenland. Nevertheless, he points to the fact, that the typical

Greenlandic otoliths could be formed as well by individuals of the
Icelandic stock wunder the same hydrographic  conditions, Tao
quantify the immigrants of the rcod stock off Jeeland a mor e
Precise validation is required. An additicnal restriction consists
in the exclusion of the returing emigrants, because the algorithm
for the identification of the adolescent area is not able to

identify always those individuals, which emigrated first and
returned afterwards.

The assessment of the migratien based on the wethod of otolith
typing confirms the idea of the migratory behaviour of the cod off
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Greenland derived from tagging experiments (Meyer, 1965 ad). An
emigration of adult individuals from the cod stock off East to
West' Greenland is not provabie. During the period of investigation
a lost of individuals in this divection is noticed regarding the
juvenile cod. This emigration of specimens of  the non-fully
recruited cohorts is not assessable, because they are not caught
representatively by the groundfish survey. The immigration into
the cod stock off East Greenland starts with individuals at the
age of 5 years and the immigrants canlribute as many as 73 % of
the total gtrength of the older year classes (fig. 143, The very
low total mortalities of the fully recruited oochorts  are
explainable only by the separation of the stock dinto the
individuals grown up within the exploited stock and the increasing
immigrated component ttab. 7 and B8J.

On the other hand remarkable numbers immigrants are provable
anly within the non-fully recruited ucoborts regarding the cod
stock off West Greenland (fig. 152, As  above the calculated
abundances of the juvenile cod are not comparable to the values of
the fully recruited cohovts, Losses of individuals of the non-
fully recruited cohorts due to the emigration are not observed
concerning the cod stock off West Greenland., Against 1t the
coefficients of emigration of the fully recruited year cClasses are
calculated directly. The coefficients of emigration increase with
increasing ape to a wmwaximum of T0.65 and represent a strong
emigration to East Greenland., This caloulated emigration causes
the very high values of tatal mortalities of the fully recruited
cohorts (tab.? and 100, Unfortunately the fishing mortalities of
the recruiting cohorts are very high. Conseguently, quantitabive:
results are not derivable concerning the older age groups (8
years), The concentration of the fishery on the juvenile d under
S yeérs af apge is not detected at the beginning of the 13%70-79
decade (Schumacher, 1971).

The results of this investigation are of  some dieportance
concerhning the stock assessment and the catch prediction. In
particular an improvement is obtainable with the congideration of
the increasing emigration of the cod off West fireenland with
increasing age in  contrast to  the constant  emigration and
immigration rates used by the international working oroups of the
ICES and NAFD. This requires the application- aof- the method of
aotolith typing in order to separate the exploited stock into the
individuals grown up within the s o oand the immigrants. The
geparated and direct  assessment  of  the dmmigration of cod
aoriginating from West “Greenland into the ood stock off  East
GBreenland offers an improvement in the advice of the fisheries
management regarding the catch predictions of both stocks.

The described migration of the cod off Greenland rorresponds with
the general concept of the migratory behaviour of fish developed
by Harden Jones (1968). It consists of 'a passive larval drift
following the current to the nursery grounds and an active moticon
aof the adults back to. the spawning grounds against the current
tfig. 13, The presumption is obvious, that the migration-of the
cod off Greenland beginning at the age of 5 years is & matber of
the homing phenomenon. This phenomenon designates bthe impulse of
the movement back to the locaticn of the own origin, which is
characteristic of a laot of fish species. The mechanism of
orientation seems to be due to a positive rheactaxis.

Only a longer period of investigation in addition to seasonel
examinations offers a more detailed amalysis of the factors
affecting the migration. Most likely one of these factors is the
maturation of the gonads, since the migration of the individuals
starts at the age =f 5 years and the wefficient of emiaration
increages with increasing age. The intensity af the migration is
determined mainly by the strength of the cobhorts. Open questions
are wether a food competition or  although  a possible  mutual
stimulation affects positive the emigration of the cohorts, which
are rich in dindividuals. Certainly the water temperature is one
more factor exercising an influence an the migraticon of the rcod
off Greenland. Thig investigation is carrvied out doring a
pronounced warm period (Messtorff and Stein, 1388). As a migra¥iun
factor the variability of the temperature is of great importance,
since the cad off Greenland live at their northerly limitation.
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Tab. I Material of otoliths., Time of otolith sampling and numbers

of otoliths (Y = commercial trawlers?

Vossal Eant Grevniand West Brewnland

Tine Nusber of Tioe Nunber of

otoliths otoliths

09 Heserglinde® - 17,09, -06.10.B4 485 21.09.-0L. 10,84 297
8 Harnover* 28.09,-30.09.84 103
£8 Arnton Dolrn 15,410,235, 10,84 284 25.10.-18, 11,84 2,418
M8 Hannover? 18.03,-27,03.85 48 26.02,-16,03,85  AT4
FFS Welther Merwlg 01, 10,-02,11,8% 1,881 19 11,-11. 12,85 2,577
¥3 Hannover* 19,03,-23.03.86 270 11.03.-11.03.B6 1%
" Mainz* 30,03.-30,03.86 19

FFG Walther Herwlp  03.09.-02.10.86 1,383 13.10.-13. 11,86 {,5%R

(B2t

t
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Tab. 2 Describtions of the 3 types of annual growth zones in cod
otoliths.

svie

Type A : The annual growth divided into a conpact opague
and a hyaline zohe, The hyaline ne consists of elither a compact
ring war only few rings (brigth in transmitted light} laying
closely together and clearly separated fron the neighbouring
apAaguE Iones.

Type B 2 The opague antd hyaline components of the anpual gy owhh
zones are not compact. The di ffuse character originates from fine
ring structures which form relatively broad transitional zZohes or
secandary (check) rings. No sharp borders exist between the zones
but they still form an easily seen system of annuli.

Type €  Some of the inpermost annual arowth zones are relatively
wasy to identify and could eventually be classified as type A or
B, although the hyaline component seems Lo be of a slightly
di fferent nature, in some cases it has a middlie opague part giving
the character of a hyaline double zone., Thereafter the otolith
looses the clear separation between hyaline and opague zones and
changes to a different diffuse nabure. Evperienczed readers,
however might still be able buo determine the e on the basis of
unclear and shadowy structures.

Tab. 3 Fercentage agreement in typing of 1062 annual growth zones
in 2280 cod otoliths between S otolith readers.

ldentification
number of the 1
otaelith reader

Mo
[#¥]
P
4}

c W

1 [=] (=]

d 5

2 81 t
=]

3 B6 t G

o r

4 86 1 e

- i e

S 89 3 87 84 t n

h 1

cod atoliths 5 a

East Greenltand ]

d

Tab. 4 Examination of the algorithm for the identification of the
adolescent areas. Percentage per age group of the individuals
related correctly . .in comparison with their actual catch positions,

Age West Greernlard East Greenlard
i “ n %
1 899 7o 488 3z
=] A?O? 76 736 36
3 523 73 cle 38
4 810 a5 : S0 a9
5 1,837 84 E45 91
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Tab. & LCod
Covariamoe

_28....

off Greenland. Coefficients of regression and
(sigpi ficance level of 0,05).

sorphosetric dimensions

A-type
dominant

otolith length / fish lergth 0.575
otolith width / fish length 0.691
otolith weight / fish length 1.968
otolith width / otolith length 0.179
otolith weight / otolith length 3,184
otolith weight / otolith width 2,787

coefficients of regression

B- and C-type
dominant

0,568
0.676
1.960
0.179
3.e57
2.827

ttab, teal.

2.012 2 0,402
2.018 X 1,090
2,018 2 ¢.221
coeff, ident.
2.009 2 1,871
2.096 2 1,092

test
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