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III ,,11 ( 425 cod were tagged in Fin1and in 1974-78. Of Ihe
tuttll reen eries made after the first three months fol]owj/lU
LdlJ<J inq, 66.5 % were reported outside the Finni sh f isld IlU
zOlle. t\lthough the reported recaptures were distributed in
dl I pdrLs of the Baltic Sea proper, the recoveries were not
pr'oportional to the catches of the various nations. Migra­
rion of cou from the Finnish fishing zone occured primarily
in cOllnect.ion with spawning. The mean total instanLd/leOUS
mortality rate (I) for 1975-77 in the length groups of 30 cm
dlld 0 er was estimated at 1.09. Calculated from the tagging
dd Ld, I 00 wcl s ] 03 c man d I< O. 192 •

On cl bdque au total 6 425 morues en Finlande en 1974-78. De
Loutf:S ]es recaptures faites pendant les trois mois apres le
bngogue, 66.5 % ont ete rapportees hors de 1a zone de pecherie
oe rin]allde. Les recaptures n'ont pas ete en proportio/l de
peches des differentes nations, bien qu'ils aient ete distri­
buees egalement dans la population Baltique. La migraLioll de
Lcl morue hors d~ 1a zone de pecherie de Finlande a eu lieu
prillcip.:Jlement en connexion avec la reproduction. Le l.JUX

total oe morta1ite in~tantane (l), pour 1975-77 et pour le
graupe de longueur ~ 30 cm, a ete evalue, en moyenne, J 1.09.
D'apr~s 1es donnees du bagague, Loo a ete evalue ~ 103 cm et K
a O. 19?.

funk-haas
Neuer Stempel
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llll'.'oduetion

TII(~ Baltic stock of eod (Gadus morhua eallarias L.)· oeGurinq

(~d:; t 0 f 14 0 30' E , i s dis tri bu ted u p tot h e no r t her n p<1 r t () r
I\Ot.hfl Llfl Sed and the eastern part of the Gul f of F inlilnd. Cod

.. n: als () 0 GGas ion a 11 y f 0 und i n t heB 0 t h n i an Ba y • Th e abu 11 da 11 e e

u\ co<! i 11 the northern part of the Baltie depends mainly Oll the

~;p.tWll i 11<) 5UCC:USS, year elass strength, immigration of yound eud

;llId (~llIilJl'ation of maturing and mature eod. The Finnish cod

c.t t c: It e S v d I' Y irr e 9 u 1a r 1 y f rom y eart ° y e a r bu t t h e y i Jl e r e il s e d

i 11 1~ 7 l~, sill c e wh e neo d ha v e oe cu red mo r e abu n dan t 1 Y• Tlli s i s

pl'imal'ly due to the strong year elasses 1972 and 1976. Thc ~dm

l,r lIw present tilggings was to examine the effect of miuration

01' t1w cdtch dnd tu estimate the rate of mortality for assess­

llIcnls of the stock of eod in the northern Baltie.

1I.llel'ial alld methods

Cod wure tauged in the Aland Islands (60°01' N; 20°00' [) and

litt' westerfl part of the Gulf of Finland (S9 0 S2'N; 23 0 45'[) in

litt' yedrs 1974 - 78. The total number tagged was 6 425. The

Jl u III h t: r s 0 f fis h tag 9 e dan d r e e ° ver e d in t h e d i f f e ren t y e ars are

qivell in LlI.>le 1. The major part of taggings were done in the

Al.1I1d lslallds <.lnd 61 % of the total fish were tagged in the au­

turnII. Tlte eod were eaught with gillnets and long lines. In the

Gulf of Fililand the eod were held some days in a fish ehest be­

fore l..ICJlJi ll(j alld liberation, but in thc Aland Islands they were

t ill] lJ e d d n d I i be rat e dirn me dia tel y a f te r e a p tu r e • 0 n 1 y e 0 d t hat

were in qood condition were tagged. Nearly all the fish tagged

were over ?5 em in length, the average being 50.8 em. The

lenqth eOlllposltion of the tagged eod differed from the length

composi ti Oll 01' commereial eatehes (Fig. 1), whieh mainly con­

sjsted of hy-eatehes in herring trawls. The average length of

thc tdgged eod was higher due to thc poor condition of the small

eod after capture. The following tags were used: The spaghetti

tag (5806 fish), Carlin tag (537 fish) and a red plastie flag

attaehed w1th a thin plastie tube (82 fish). Thus 90 % of the

eod were t agged wi th the spaghetti tag, report cd by LMIP & TlEWS
( 1 <,) 7 4) t 0 ~l i v e t h e h i 9 h e s t r e t u r n rat es. The tag 9 e deo d wer e

liberdtcd ncar the fishing plaees.
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Results

Small cod (20 - 34 cm) gave lower returns than the others (Ta­

ble 2). From 30 cm onwards southward migration increased with

length (Table 3). The recoveries made in the first 12 months

after tagging increased with increasing fish size. Of the to­

tal- first year recoveries, 66 % were made near the tagging place,

within a distance of 0 - 30 nautical miles, 6 % were made North

of Gotska Sand6n, 11 % between Gotska Sand6n and the south end

of Öland and 17 % south of Öland. Migration to the north and

east was negligible. During the first three months after tagg­

ing only one recapture was made outside the tagging areas (Fig.

2). ßetween three and six months ,after tugging 65 % of the re­

coveries were reported outside the Finnish fishing zone. Most

of them within a distance of 120 - 420 nautical miles from thc

tagging areas. Southward migration seems to be most pronounced

in the first und second quarter of the year (6 - 9 months after

tagging). In this period 80 % of the recoveries were made out­

side the Finnish fishing zone and the major part of these again

wi thin a distance of 120 - 420 nautical miles. During the sec­

ond year after tagging 81 % of the recoveries were made outside

the Finnish fishing zone and the major part of these were re­

ported from the Gotland Deep, Slupsk Furrow, Gdansk Depth and

ßornholm Sasin. During the third and fourth years after tagg­

ing there was only. one recapture inside the Finnish fishing zone.

Four tags were reported from fishing harbours outside the ßal­

tic (Lysckil, Cuxhaven, Port of Hull and Bergen). The places

of recapture of these recoveries are unknown, bu~ it is unlike­

ly these cods have been caught outside the ßaltic Sea.

The tota~ instantaneous mortality rate (l) was calculated from

the taggings carried out in autumns 1974 - 76. The recapture

data from these tagglngs were combined (Tablc 4) and thus thc

morta1ity esti~ates are the means of the years 1975- 77 in thc

whole ßaltlc Sea proper. Thc total instantaneous mortality rate

(l = 1.09) was estimated by the regression method presented by

JONES (1976). The recaptures made during the first three months

after tagging were deleted because in that per iod the tagged.

cod were not distributcd randomly in the general population

(Fig. 2). Thc total instantaneous mortality estimates and in­

stantaneous fishing mortal~ty estimates are presented in Ta-



•

4

ble 5; the instantaneous natural mortality rate used here, M=

0.3, i5 that adopted for subdivisions 25-32 in the Report of

the Working Group on Assessment of DemersaJ Stocks in the ßal­

tie (Anon. 1979).

Growth was examined by reeording the lengths of reeaptured cod

tagged in the years 1974-77. Only sueh speeimens were ineluded

whose tagging and reeapture were both made during late autumn

or early winter, when little or no growth oceurs. In all 97

length measurements were eonsidered (Table 6). The growth rate

derived from our tagging data agrees with the results obtairled

from the otolith readings (Table 7). A Walford plot was fitted

to faeilitate eomparisons of growth-data from three different

sourees. The age-length data from 3-l0-year-old speeimens (KO­

SIOR 1976) gave Loo = 113 em and K value of 0.142, the Finnish

tagging data La:> = 103 em and K = 0.192, and the age-length data

from Finnish eod eatehes in the age groups 3 - 7 La:> = 101 em and

'K = 0.185.

Diseussion

In the ßaltie proper (subdivisions 25-28) the stock of eod in­

ereased during the first half of the 1970's (Anon. 1979). An

inerease in the oeeurrence of cod during the 1970's has also

been observed in the northern part of the Baltie (subdivisions

29-32). Aeeording to OTTERLIND (1966), ~bundanee of eod in the

Aland Sea, Bothnian Sea and Gulf of Finland is eaused by in­

ereased reeruitments and also by the oxygen eonditions in the

Gotland Deep region, wherc an oxygen defieieney leads to large­

scale northward migration of mainly young eod. However, north­

ward migration of adult eod from subdivisions 25-28 has cither

not been notieed (OTTERLIND 1962, 1966) or has been insignif­

ieant (KONDRATOVICH 1977). The Finnish eatehes have general­

ly eonsisted of young eod. The year elasses 1972 and 1976

werc dominant in the eatches made in 1974 and 1978, rcspeetive-

ly (Fig. 1 ) • In surveys of younq ßaltie herrinq and sprat,

0 - group eod have also been eaught. From time to time in

the 1970's the oxygen eonditions have been favourable in

the Bornholßl Basin and Gotland Deep and the salinity
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hilS incrcascd considcrably (~1ATTHÄUS 1979il, b) duc to the in­

rlow of sea watcr into thc basins •. Whcn ~he eod of the strong

year classcs 1972 and 1976 were born, therc were especiilily

high inflows of seil water into the Uornholm Bilsin, \V/lieh is thc

mai n s pa wn i ngar e a 0 f co d i n t heB alt i c (~1 UL LEH 1974) .

•

In the first three months after tilgging cod seem to be almost

stationary. Thc high numbcr of recapturcs nCilr thc tilgging

place during that time was causcd by the intcnsive cod fishing

organizcd for the tagging. Withing the first 12 months aftcr

tagging the proportion of the tagged individuals emigratirlg

from the Finnish fishing zone is at least 34 %. The emigration

rate is probably h19her, because it sccms that not all thc re­

captures arc reported. There are few·reeoveries from the north­

ern Baltie proper. This may be duc to thc limited extent of eod

fishing in that area. The major part of thc reeoveries made

within 6-9 months after tagging fall inside tliC main spa\Vning

area and spawning time of thc cod. The emigration is thus spaw­

ning migration of maturing and mature cod. Thc poorcr return

rate of small cod is probably due to the Ilandling and tagging

mortality and to the fact that small cod are under the 50 % re­

tention length of the mesh size used in codends in the Ualtic

(TIEWS & LMIP 1974). Hinimum si ze of cod south of 590 30'N is 30 cm.

•
Thc occurrence of eod in the northern ßaltic thus seems to be

conncctcd with evcnts in the ßornholm ßasin and the Gotland

Oeep, thc stock in the northern ßaltlc evldently belng mainly

rccruited fromspawning in thc ßornholm ßasin and thc southcrn

part of the Gotland Oecp. Ourlng years of high inflow of sea

water into the basins, other marine specles as weIl havc cx-

t end c ci t hc i r 0 c c u r r c nc e tot he no r t h (1,1 ÖLLER 1979) • Si mi 1 il r

observations were made in the 1950's (LINOQUIST 1960).

The fishing mortalities (Table 5 ) agree fairly we I 1 with
thc figures by the leES Working Group on Asscssmcnt of
Oemersal Stock in thc UaJtic (Anon. 1979) . ßecause of
the incompletc

cannot bc uscd

(HO RST [0

population,whole

reportlng of reeaptures, however, tagging

di rectly to estimate thc f i shi ng mortali ty

The calculated estimates iJre usually

the tagged cod are evenly mixed wi th thc

as it seems to be in this case,

1963).

If10\\.too

,-
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the recaptures should be proportional to the catcllcs by tbe

various countries. As regards the taggings made in 1974-76 in

Finland, the reports of recapturcs made after thc first tbrcc

months following tagging are distributed among thc different

countries as foliows:

Recaptures Catch

(% ) (% )

Finland 3.6 (20.4)1) 0.2

Sweden 23.0 8.9

Denmark 26.5 23.3

FRG 17.9 8.0

GDH 3.5 3.6

USSR 8.7 22.7

Poland 0.0 33.3
---
1) In parentheses percentage when the fishing

organized for the tagging is included.

From the above distribution it is possiblc ta csLimate tllat

thc proportion of the recaptur~~ from these taggings report­

ed in thc whole ßaltic area iso only 2591,. That is why the

fishing mortality values cannot be estimated from these tagg­

ings. Incomplete reporting of recaptures has also been shown

i n t he sou t her n ßalt i c ( TlEW S & LAt~ P 1 9,7 4 ), wh e r e t he co d

stock is more local (NETZEL 1974) and migration occurs only

between the main fishing areas (BAGGE et ale 1974).

The growth parameters estimated from our tagging da ta agree

with the figures adopted by the lCES Working Group on Assess­

ment of Demersal Stocks in the BaI tic (Anon. 1973), the f ig­

ures summarized by THUROW (1974) and those presented by KOSIOR

(1976).
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Figure 2. The recoveries of tagged cod in the quarters of the
first year, the second year and two to four years
aftertagging. The numbers inside the clrcles are
the recaptures made near the tagging place (0 - 30
nm). The tagging places are shown with arrows; fill­
ed circles = taggings in the Aland Islands; open cir­
eIes = taggings in the Gulf of Finland.



Tab1e 1. Data on cod tagging in the years 1974-78 and re­

coveries up to the end of 1979.

11

Ta!iJging Tagging Numb.er Mean Recoveries

date p1ace tagged 1ength Type of tag No. %

Nov-Dec Gu1f of 416 44.8 Car1in tag 44 10.6

1974 Fin1and
,

Jan Gu1f of 106 46.7 Car1in tag 8 7.5

May Fin1and 29 50.3 Plastic f1ag 3 10.3

Oct-Nov 45 50.2 Spaghetti tag 3 6.7

1975

Apr Aland 15 53.0 Car1in tag 3 20.0

Apr-June Is1ands 53 49.0 Plastic flag 5 9.4

Oct-Nov 966 53.1 Spaghetti tag 119 12.3

1975

May Aland 51 43.3 Spaghetti tag 1 2.0

Sep':Nov Islands 949 54.9 Spaghetti tag 79 8.3

1976

June Aland 53 46.6 Spaghetti tag 3 5.7

Sep-Oct Islands 1 536 51.5 Spaghetti tag 148 9.6

1977

June-Aug Aland 2 206 47.2 Spaghetti tag 105 4.8

1978 Islands



Tab1e 2. Length eomposition of tagged eod and reeoveries

in various length groups.

12
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Length group Number tagged Reeoveries

(ern) Number %

20-24 12 - -

25-29 112 1 0.9

30-34 540 12 2.2

35-39 840 56 6.7

40-44 769 83 10.8

45-49 887 73 8.2

50-54 972 91 9.4

55-59 743 62 8.3

60-64 571 60 10.5

65-69 442 30 6.8

70-74 247 22 8.9

75-7'7 167 20 12.0

80-84 67 7 10.5

85-89 31 2 6.5

90- 25 2 8.0

Total 6 425 521

Mean length
50.8 52.9

(ern)



Table 3. Migrat~ of eod in the first year aft~ tagging

R e c 0 v e r e d . 0 i s t a n e e m i 9 r a t e d (nautiea1 miles)
ength

roup Number Near the tagg- After migration North of Gotska Sandön~Total
(ern) tagged ing plaee (at least 30 nm) Gotska Sandön South end of South of Ö1andnumber

Number % Number % Öland

30- 60- 90- 120- 150- 180- 210- 240- 270- 300- 330-
59 89 119 149 179 209 239 269 299 329 420

20-29 124 1 1 100.0 - - - - - - - - - - - - -
30-39 1 380 44 34 77.3 10 22.7 1 1 - - 3 - - - 1 2 2

40-49 1 656 112 92 73.2 30 26.8 3 - 2 2 2 4 3 2 3 4 5

50-59 1 715 112 70 62.5 42 37.5 9 - - 2 3 1 6 4 6 5 6

60-69 1 013 70 39 55.7 31 44.3 6 - 1 - 3 2 2 1 3 3 10
..

70-79 414 29 18 62.1 11 37.9 1 - - - 1 2 2 1 1 2 1

80-89 98 9 6 66.7 3 33.3 - - - - 2 - - - - - -
90- 25 2 1 50.0 1 50.0 - - - - - - 1 - - - 1

-

Total 6 425 379 251 128 20 1 3 4 14 9 14 8 14 16 25

L

9
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Table 4. Reeaptures of tagged eod in various length groups

in the first three years after tagging.

Length Nurnber R e e a p t u r e s

group (ern) 1st year 2nd year 3rd year Total

30-39 299 13 8 3 24

40-49 791 47 20 5 72

50- I 229 64 27 6 97

Total 2 319 124 55 14 193

Table 5. Estirnates of total rnortality rates (Z) with eorre­

sponding fishing rnortality rates (F) in various

length groups (M = 0.3; Anon. 1979).

Length

(ern) Z Fgroup

30-39 0.73 0.43

40-49 1.12 0.82

50- 1.18 0.88

Of the total 1.09 0.79

Table 6. The growth of eod during the first, second and third

year after tagging (nurnber of specirnens in parenthe­

ses).

Length group at 1st year 2nd year 3rd year
tagging (ern)

30-39 10.5 (15) 19.3 (3) -
40-49 11.5 (29) 17.3 (3) 29.3 ( 2 )

50-59 8.9 (21) 12.3 ( 6 ) 17.8 ( 3 )

60-69 7.2 ( 8) 16.3 ( 2 ) -
70-79 3.9' ( 5) - -
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Table 7. The yearly length incrernents of cod ca1cu1ated

frorn tagging data and otolith readings.

15

Length
y e a r 1 y i n c r e rn e n t (ern)

group (ern) Kosior (1976) Tagging data Otolith rcadings

30-39 10.1 10.5 9.9

40-49 9.3 11.5 9.0

50-59 8.1 8.9 8.9

60-69 6.4 7.2

70-79 6.0 3.9


