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Abstraot·

<In tbc preaent paper, a multi-apecies 'stock ReseDa-
"I' ,

mant modal (Danish model) was uS~d to aaa5~S thaabnndanaa

of fiah (herring, aprat and aod),in,ths Baltie. ' A. foro­

aast,cf tha biomasB and aatahea of tho baale apoeioß for

198~1985,haB al~o been glven~

1.< Intr~duotion~ ,

It lc oxpectad that multi-epoeie8 modeln ~111 play

e. eignlfioant role1n. the as~easmant'of 'stoak abunda:ncc

in tho naar future. ~his ,was illuatr~tod at tha Btatutory

,Meeting (Ho.67~ of lOES whiehtook pla~e tri Wareßwin1979.

with the me~ting up of a working group to determine the

date. rcqulrod to apply multi-epeciea models and work out,

and international researoh programms for tha purpooe cf .
sup~lying tha~o data. Work on multi-apaoioß modele was. '.:;

aOMmenaed,b, R1ffenburgh'(1969) anda group,of Daniah'
~ ~ " . " , ' .

aelentiat8hoada~ b1 K~P.Ander8en and E.Uroln' (197'. 1977).

Th~ prsaont paper conotitutes an attempt,to Gpply the

·Dani~hmad~lu· to c~mulato thc abundanoo of Balt1o' fiah

stockes. 'In Poland, euch wark baB, alreadl bo~n undertakoa

wi;t;h aUCCQC8 by V.llandooki (1'976) a l1d 'J.14~jke"'Bki (1977).

funk-haas
Neuer Stempel
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,~. Mathamatioal Daacriptiqn.of tbe Model

The following system'of differential equat1ons"

(Daniahmodel) was adopted to aseess the abundanoe of

stocke and forecaat the catches ofthe three,matn apec1es

'of :Baltio fiah (cod, herring end I;lprat),

.,

'f i :: i G1jllj " j

G1~ =~1~·:r:pr~l;l(ln ·1/.~-rv.) ~ .~.

tho aymbols used denotea

n :: numbar of ent1ties (an entity 18 one agegroup oi
one apeo1e8)

Ni =n\unber of individuals in entlty, i '

bady welght of tndividual in eatity 1

aocumulated y1eld of ent1~y 1
, .

inatantaneous ooeff1oient of fleh~g aorta11tl of
entlty 1

M1 1= 1natantaneous natural mortality Gosff1e1ent (not du.
to predat1oa) cf ent1ty 1

M21=iaatantaneoua natural mortal1ty ooeftlo1ent of,e~t1t7

1 due to predat10a

",
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,ti = foeding:levol ·of entity i

Vi' h i , Ki ' =parameters ofgr~wth equation of ontity i.

!rho remaining variables and 'parar.natora haTo the eamo ntaa,n-'

ing aB given by·X.P.Andoraon and E.Ursin (1977).

Thon aaauming oO~ßtanoy of ~oefficientB~i nnd fit

asch of equ'ationa (1) was BOlved nnalytically'~d ,the D:l8-
. , . ~

tem of equation~ (2) was obtained:

, "

, 0 0 .
Uaingthe asaumed 1nit~al valu.es Ni and .1'1i,~:the ßbove aY5- .

tom of equationOW&B solved on an .Odra 1305 oompute~ with
• ." ' '. .. • ~ • f

. ~ '.-

a,1/12 year.otopover the yoara 1974-1979, thc e:tiating,

valueo of ooefficionta M2i and :t1 being oaloulntad,firlllt. . . '.,'.' , .

aaoh time. Th1a procesD iS'1nterruptad by apawning, wh10h ~:
, ,

i5 bore inatantanaou8 ("momantaneous")~ At that moment,
.-J .... ,

the part1cular,entitioa advanoe'to tbe ooneBoutivo, older
. '. ',. " .

ags group, lODing - i:t they partioipate i~,reprodu~tion -

'part Pi of thoir woight•. Tho la::st aga group 18 the global

, group, ,ito numboraJ are oaloulated byadd1ng tho Ilurlarioal. .
value of tha penultimatc aga group, whereaa the vo1ght 1.

the woigh'ted average, of the last and penultimate age group.
\ .I

Aga group I 18 lntrodmcadt~ t~ model aB an externel var-

.labia (number of fieh and weight of a single lnd1vid~1)~

'the aPP,llol\tl~n,of stock-recrui-tment relatlonshlp land 1:10'­

delling of the abundanoo .cf 0 aga group waa !B1ved ?era. \
I

Aftor apawnlos, oalcula~lon aooordlng ·to'oquationo ,(2) are

oont1nuod•..
,Zooplankton and benthos are alao included in the mOdal~

\

\
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These are Qxternal variables

,
each month thair now

nUmbero. are ~ntroduc~d to thc mode'l,' the' woight of ,
. ,

,0. single individual remains constnn't.
I

,. Thc Apnlication of tho Model to Symulate tho Abun-·

dance of Bnltic Stocks

, , Tbe model discussed in part ~ was applied in tbc

, \,'

area of the Baltic ~roper, in Dub-regions 24-29S. ACM
,.. ,

cording to. the diV,ia10n ,of', cod' (aprcdo.tor) by lCES .into

thc mDck of 5ub~region 24 and ,th~tof sub-regions 25-29S,
. ,

berr1ng and sprat (prey) weroanalogically d1v1ded. The
. , ".; " '. '

latter,.bowaver, are div1ded by IOES into herring stoaks'

'fram ~ub-regions 22-24, tbone from su?-rogions 25-27'and·
, "

fram Bub-regions 28-29S, sprat tromsub-regions 22, 24"

25, B pro.t, from, sub-re g1,onD 26, 28 and those 'from Bub-rc-

g10no 27, 29, 32.' Baoing on tbe reports of thc Baltic
, ,

'Ground and Pelag1c FishcaWorktDg Group (IOES.1980), the
, ,

following data.and parameters were\worked out forthe

stock ucwlyostab11sbed tor the necda of tbc model (her-

"

•

" -

......

ring from aub~region 24, herr1ng'from sub-rag1ons'25-296,.BPrat

from.isub-~eg10n 24 and tha~ tram S~b-r~g1anD25-~9S)I' ,,
. ..... ,/

. a)abundance as' on 1st January 1974 .;. ,.trom tbc' VPA,. o.dd";
, . ~ . - .

ing, or breaking down according to oatches from par~ .
.' I ,

, '
" .

ticular sub-regions, ·the·numbera in'the ~old" stocks,. . . .

b) tbe numbers 1n age-group I in 1974-1979 - caloulating

as above,

0) ooef~101ents of mean f1uhing.mortal1tico in thc years

1974~79 - 1f the.~ewly-ar~ated·Btockis the sum,otthe·

,"oldn stocks, ita f1~hin~ mort~11ty i8 oaloulated aB. \ . '. . ..
the maan f1shing mortality of tha "old" stocuweighted

• by tbc numberein tbese otooka,

d) mean,weight in ago groupa.- oaloulated aB abOTe.
I

•
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The model eeno1ats. of aix floh otocke (cod, harrlng

and oprat from Bub-r~gion 24, cod, herring arid aprat fram

eub-regiona 25-29S) and 4 non-fieh "species", eaoh con­

eiotingof one ago group (zooplankton and benthoo from

Bub-region 24~ zooplankton nnd benthos from aub-regions

25-296). These oonatitute together; 49 ngo groups(enti­

ties) ;
~

-, aprat from sub-region 24 5 age groupe, i = 1,2, •• ,5

- 9 ago graupe, i = 6, ••••14
I• tt "

_ hel"ring u

"

"

" / 25-298

.. 24 6, " " , 1 = 15,... 20

zooplankton 11

"-- I'

U M

11, 24

• i::: '32, ••• ,36

., i 10' 37, •• , 45

, i Sl: 46

f i :: 47:

, i c 48

• i ::: ~9,

M'

u

M.

11, ' • i ::: ~1, ~ ., '1

"
n

11"
11

..
\

1

1

5 11

- 9

25-298

24 - 1 11

25-298 1" -

25-298 -11 ..

24

25-29S

11

n

11

"

11

"

'1' ,

"

"
"

..

"
..

..

"

"
- eod

•
In thc model, ·both stockB of, sprat feed onzooplank~

ton trom their sub-regionsand the herring stocks - ~n

zooplankton, and to a losser extent, benthos, from their

Bub-ragione. The ood in sub-region 24 feede cn herring,, , ,
'" aprats, young eod, zooplankton and benthos from th..t: eub-

I
region, also (to a leaser extent) feeding on herring, sprat,

zooplankton nnd benthou, from Bub-regions 25-298. The aod

in aub-regiona 25-?9S feed Oll herringt aprat. YOWlg eod, .'

zooplanktoll tUld' benthos fr~m' theSe lSub';'regionG~!l)nlY•. Thä

modol givOG herring and ood epnwning an eaoh year on~1at

May, whllat that oftbe oprat -1st June. Due to the'
\ ,

diffioultiea in obtainl~g euitab1e reault~, -the' drop in

body waight of ood trom ßub-regicns25-29S during apawn­

ing (Pi = 0, i-= 27, •••45) hae notb~on podellod.,

, . .-,..
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Thc data Dbtained aooording 1;0 thc deooription in '\

, "

a)'and d) wer~applicda9 'the firat ä,pproximation 'of

number and weight of fiah when thc'model w~s ~rted

(1B~ January, 1914) •

. Similarly, the, data from b) and 0) were taieen aa

thc first approximation'of ,reoruitment to age group I

and coeffioienta of fiahing mortality ~the.yeara 1974-

,1919.

Aa mentioned in section 2~ the zooplankton and ben­

thos c0l1aumed by the fiah ia introduced to th~ model aa

an external~variable on the 1st'of each month.Their

numbers in eaoh.month ofagiven year are found'on tbe

basis of annual·.production (Thurow 1918), divided by .:~e..
mean weigbt ofthe individual and broken down into part1-

cular months aocordi:t:lS to the diotribution'of tbe zoo-
<

plankton and benthos biomass over tbe period oi one year

in the Gul! of Gdansk. The a~ual, 'production was) found 0

. I

from the mean.production over a period~f ~everal yeara
, .

, \and~roken down into annual produotion according to thc

distribution of zooplankto~d benthos biomasB 'in conaeo-,'
.' .' I

utivo yeara, in'the Oulf of,Gdanak.
, ,~.

Tho mean weight of zooplankton 'and benthoB waB BO

ohoaen,tbat'their eonaumption by the fiah in tbe mo~el

was comparnblo with the consumption d~finyd byZalacbow­

aki (1916).

öuch WlknOWll parameteru Aa 't.,T' Q.. "" 1" P were

80 adjuated 'aa to enuurethat the model gavereaulta
. ,

.whieh oonformed, aB olose. aB pouaible, with realJ.ity. '~
, ,

Where necesaary, thc n';1lIlber~ and atartlng waight C?t'fish,

recruitment to ngegroup I, und ev~- in the oase of cod. .' ." . ' ,

tram Bub-regions 25-295 - ooa~f101ents of fiahing morta-
/

'.

.e

, .
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lity,'wera oim1larly Odjuatod.
o .

The eonform~tr of oatches recordou by statiotics
"

with those·calciulatod in th~ m6del (Figa.~1;2, Tablo' 1),

differenceo occur in the c.nae of sprat trom Bub-region 24 •
,

, This io most.probably due to'lack of knowledge of the

exaot oatches "in thia zone (Daniah cntchea are given for '

'Bub-regions 24 and 25.together)•. It 1s 'altJo,poDSiblo',

, '

nnd analogienl eo.nformity of mean woights iIl age groups,

ware mainly assumed aa the oriterion of thc oonformity

of the modal wit~reality•

.As 'can be seen, t}:1e ,conformity 1s quite good, alth~ugh

it should be mentioned·that it haa only been managed to

•
carry out a few runs of.themodel. The only gronter

, ,

••••
"

I • • •

tbat fluctuationa in fishing effort in sub-region 24. di~~

fer from those in aub-regi~na 22, 24'o.nd 25 ae a v/hole

(this would manns that the c~efficienta off1ahing mor-
.\ ... 1

tality for uprat from region 24 would be. inadequate).
o • I

. Apart from this,· the coefficienta' of partial recruitment '

are oonatant in conaecutive years, for 'a given apecieo,
- .

~hich also might result in errors of acveral .percent in

the eatoh caloulated in the' model.

4. Predictions'of the Biomass and Catcheo of Cod. Herring

and Sprat from'Sub-regiQns 24-29S inthe Years 1980-85

The prediction of thc biomass und catchos of ood.
" '

horring and 8pra~ in Bub-regions 24 and 25-295 in'thc years

1980-1965 was baaed on tho model under disouDsion.
• I

The

•

figuros'obtainedduring the f~nal stop of running thG'

model' tor '1974~79 ware aBsumed a6 tho initial values for

tbc llumbers ~dbody woights of tho'particular entitiee

on 1st January 1980. ,The predlction waB ~carrie-d out in
-

throo variants (Tabl~7).', In each of thoao, tbe ßssu.med
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tintling IUClrtnli. ty vuluQO for botll atoclc8 of horring end
I 0,

nprat, 0.100 the numbeio in age group I of both oto6ka of
, , '

ood, herring slld' oprat arü invariable. 'What do vary, are
, ,

'tho valuea of the fiahlng IUort:ality coefficients for cod.

It waD uBaumod thatl

1) herring

a) the numbera in age group I, for tbe yeare 1980-85

•

will be equu.l to tho: nrithmetic mean 'of nge

group I in, the yeo.rs 19q4-79
, "b), tho. fiahing mortali ty coefficienta for tbe -years

1980-85 willbe equal to tbe 'uritl1metlc mean of

fiohingmortality coeificients in the yeara 1974-79_

2) sprat

a)' the num'bera in aga group I for tbe yeara 1981-85

will be equal to tbe arithmetio mean of aga group
II in the yeara 1974-79, and will be 30~ less than

'the mean in 1980., '

b) tht! fiahing mortality ooefficients for the stook in

Bub-region 24 will remain at 'the 1979 level (F = 0.26>1 '

those for tbe stock in sub~regionB 25-298 wilX re-

main, at the 1919 level (F = 0.32) in the yeara 1980-

1982; and inorease to 0.5 in the yeara 1983-85.

3) tod

a) the numbars ii ag~ group I in the'yeara 1980-85 will

oonstitute 115, 110:05,95, 100 and 100;(.0! tbe mean

for'the yuarl3' 197~-:n, respcctively,

b) in'variant 1,'the tlshing mortality'coefficients will,'

be" equal to thoaB of 19,79, in vari!lnta 11 and 111 ,
. . ' . .

they will be 201- higher and 20"). lower than the 1979
r

level~ reapeotively.
I ,

Tbe resulta of the predictions of stook biomaue8s and,

G ,

•

•



9 -

tmtohea are sh own in l!'igl5. 1, 2, 3, 4 e..nd sumnla.rize~1. in

Tablee 6 and 8. Takingyield into account, fishery v~r­

iant 11 ~ould appear to be beat, but its e~fect on cod -

recruitment 1s not conaiderefo

The following conolusions can therefore be drawn:

a) there ia a strong relationship between the bio­

mass of cod (predator) und herring and aprat (~rey)~

b) the younges·t age groupa of prey have the highest

predation mortality,

c) the amount of food available~~or the ood drops

as the result of a decr~aae in the biomass of he~rlng and

sprat.

d) aga groups I of he rring 0. nd s pro.t are lUuch more

abundant than those oalculated from the VPA.

Wa w~uld like to express our thanks to our colleagues

Dr. J.Elwertowski, Dr~ J.Netzel, Dr.M.Koaior and Dr.IC.

Strzyzewska for both oonaultations and eupplying some

of the data.

'-
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"Al

~ ..:iear .' . 7~ , ~5......... .. - ..... r------ ----stock -- _ ob~ calc obs' calc 1f - ' '1.7. - 78 ' , 7Q . ,
~-- ---~-- ------- -~----~---obs calc obs -.. ca.lc obs" calc ' obs eRle

..

J 12.5 I
r , ~ I

cod 24 15.2 16.0 12.9 15.4 I 13~7 '15~1 I 12.4 14.6 I 1,3.0 , , 16.3 I 19.0

I 194.6 ,
.

cod 25-295 - 147.8 132.1 199.7 203.3 r240.8 164~7 1189.3 154.0 167.5 222.3,,224.1
harr1ng'24 4;.6 I 44~3 51.41 60.4 56.3 52.2 .62.1· '56.2 59.1 " 65.3 : 74.0 69.3
herring 25-295 257:.3 I 247.9 259.0 I 282.1 270.1 12~9.7 244.0 I :301.9 ~30.3 ,233.9: 252.51 237.0
sprat 24' ,

5.2 5.5 , 5_.3 I 4.8 , 6.5 { . 5.2 , 7.7' I' 7.9
' '

,S.1 I 4.4 1.71 2.5. ,
sprat 25-298 174.7

I
186.8 143.3 1 152.5 110.2

1
134.6 131.4 ,113.3 89.6 I 110.3 45.6 L 45.4

BI

-.;tear .. - 74 75 76. 77 78' 79stock - -...
--_._-~--

cod 24 ;"~.9 -2.8 10.7 ,17.6 ,10.9 -16.6
,

cod 25-295 '10.2 -.2.6 -18.4 -14.9 -8.8 -0.1.
herring 24 .1.7 - -17.4 , 7.2- 9.6 -10.6 6~4

herr1ng'2S':'29S 3.6 -8.9 0.2 -23.7 -1~5 6.2

sprat24 -5.6 B.8 20.3 -3.3 45.5 -48.6
, ,

sprat 25-295 -6.9 -6.4 -22.2 13.8 -23".0 0.1

meanX/ 6.2 , 7.5 12.5 20.0 8.7 4.8' .

TABLE 1, 'AI CalculatrJd and observed values:of catches of cod, herring and ,>prat ln sub-diy1sionn
- 24 and 25-295 ln 1974-79 years~ I thousands of tons/.

BI Relative' error cf calculated values. Iper.,cent/. .

xl oalculatad from famula" "aan ~J;!S~~~J'". "",are" Ck"'Ck ara obsarved and aaloulatod valuo;'.
L. k ' '.
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BI
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/

.1 2, 3' 4 5- ' ··... 6 7 8 9 10 11stock . -
i

.
eod 24 ~5 13 '3 1 " ' 0.;4, .

.'

cod 25-295 ' 620 - 400 '70 ·:-60 :"16 ,;5 : 2 ;.~ ·1 ~:0.5 ' , -., - .
herr1ng 24 787'

,
389 399 279 98 36

-
herr1ng.25-29S 7382' 3800 2674, 2312 .1675 890 1394 '

;
109 112 80 ' .46

sprat 24 654 -267
..

727 177 163/ ' ,

-
sprat 25-295 '47000' 34000 14000 5300 4200 1600 1600 100 130

.

~
, '

,

74 -- ,75 76 77 78 79- --
stock , ' .

- .
cod 24 29 . 22 23 45 . 33 19
cod 25-295, 506 471 694 1)053 '

, 754' ,263.>

herr1ng 24 1461
"

1453 . 1768 '4135 2974 836
/ '

" ",
herr1ng'25-29S 13800 : 10100 ' 14300 10900'- -6700 ' , 2600
sprat.24 654 282 " , 1113 797 . 1040 ,1023
sprat 25-?9S

.
30800. 9200 49600 ' 24300 '\ 8300 . 27000-..

"

)

TABIE2. AI, Start1ng values of' numbers 1.1 ~01.19741 Imilliol'ls of' !ish/.
, - " ,,' I.

BI I-age gr~p s1ze1n nucbers /ftr~cru1tmentn! Im11110ns of f1sh/.·
, '



..
•

.'

. .
,

tt' 4 .M1
' '

Q [l.o~iJstock 1=f'i1 'h k V-
I ,

cod 24 4.605 .173 .2 46.83 .68 ,45000000 .48-
4.605cod 25-295 .173 .25 22.93 ~21 l~,OOOOOOO .48

herring 24 5.9 \ .04 .15 26.25 1.28 87000000 .48
herrlng 25-295

,
5.9 .02 ~05 11.91, . .58 810000000 .48

sprat 24 5.6 ' .15 .05 9.86- 1.32 17000000 .48
sprat 25-295 5..6 .15 .05 8.07 1.15 170000000 .48

"

TABLE 3. Parametor values.

,

r--prey 0'1 s::: ~CI1 oP oPen • .tIl ,0 , 0 tI)

'SC)! .... .... 0'\
~..;t ~~

r-I r-IO'I .c: ' .t: 0\--.;. 'S.;t ~..:t f::N '~ ·P,N oP..;t ~Npredator--. __ (,) lt'\ . ~N I· ~N Pol o I dN \ d I
ON N ~' ~~ t'.I • CfJ ~ ~, ~~ ~ ~~

cod 24 .4 .0 '1 .02 .65 .02 1 .02 1 . .01,
cod 25-295 ° ' .2 0 .7 \ 0 .5 0 1 .0 1
herring'24 O. 0' 0 0 0 0 1 ' 0 1 10
herrlng 2~-295 0 .0 ,0 0 0 0 0 1 0 1
oprat 24, 0 0 0 0' 0 ° 1 0 0 0
sprat 25-295 0 0 0 0 0 0 0 1 0 0

..
TABLE 4. VUlnerabillty'lndlces •

•

\
.

I--Year '
,

74 '75 76 17
..

78' .. .79,~ . f';

stock ""-
~-

,
, ,

cod 24 . , 1.35 ' 1.04 1.23 1.37 1.12 . '1.21.
•52'ood 25-295 ',48 ' .55" ~64 .43 .54

herrini; 24 ~ ... 39 .59 , .56 .53 .47 ,.38..
harrlng 25-295 \ •24 .•27 .27 . .32 .28 .37
sprat 24 .31 .•34 ' .49 \,95 .55 ~26

sprat 25-29S .30 .30 .37, ' .39 .52 .32 , .

"fABLE 5. F.1shlbg mort~llty coetflcients tor 1974-79' ycars usod in
tho,modftl.



, ,

i--Year .--- 76stock -- 74- 75 77 78 79--•
_.

,cod'24 : 18 18 15 .15 20 21.

cod 2~29S 459 '530
.

. 525 551 620 597...
her:-ing 24 147 139 130 '165 , 235 260' ...

h8r:-ing 25-295 1270' 1280 1200 1180 .. 1000 i 710
r ,

sprat 24 22 17 14 13 13 15
sprat 25.,.295 916 645 520 475 300 230

B/

~ar 74 75 76 77 78 79-, ,
, stock- - --
cod. 24 /3+/ 8 8 8 6, 6 10

- j

cod 25-295 /3+/ .278 374 ' 383 361 383 420
herr1.ng 24 /2+/ 120 111 100 -102 " 164 226
herring 25~295 /3+/ ' 720 673 ' .. 663 600 ,557 477 ,

sprat 24 /2+/ .' 18 • 14 1Q.- ·8 8 '9
sprat, 25-295' /2+/ 667 547 330 297 233 130

TABLE 6. Mean s~ocks biomassestimated by the model I 103 'tons / :tor 1974-79 years
a/ total steck /1+/ ~
b/ spawning stock'
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" I -._....-.... (

t.~

•

......-. .. _........"" T- ....... "..... ,,,- ,
t ...~""".1 h~""· • .-.I/f.. ....., .'.4$ J -

J!1:U'(llTIn t:I':\J' Jo' flUCr111 t.ment lln 1 yen!' t:lld finh I 10° ur flflh~-- ·vnrlant ____ Ltlle_n!!m,n. ;ltL<Lf\5t.~ -Wd.5!.n.1:/_ __ ._. ____Rtock- __ .
. -...; I 11 ,111 80 81 82 03 .84, 85- -

cml 21. 1.21 1.1.5 : .9" 38 36 28 31 .3'3 :n
cod 25-298 .54 .65 .43 770 7/.0 570 61~O 670 670
herr,ln~ 2/. 1:.. _- .49 4: 2100 .

'.
.~ --~

\

2~j-29Sher1"1ng '-:--- .29 ._--; " 10000 -" ~
I

apr'at 24 i:-- .26~ 570 4-- 820 - ;-
nprft t 25-298 ,(- ~80-82".§2_~

,
'-, " r'

8"3-8r;-· 18000 " 25000 j> ,
..

-
TADLE 7. FIshing mo1"tality end 1"ecrultment used in stock biomass end

catth pI'edlctiona fo1".1980-85 ycaX's Ithree variant::. cf cod

.-. fishery/.

i' ""Seal",

"atcclt ..... val'lant.....
'80 81 82 83 . 84 ' 85

TAP!E ~~ Calch predlctlon for '1980-85 yeara /103 tonsI; .. .

•

"
/



I '

" ,.," ..,~~:-,

AI
r" ........year

, '-
- stock "'" Ivariant

80 82
"-

83 84 85

t 19 18 19'" 19 ' 18 ',' 19
cod 24 11 18 --16--'-' 17, - -, -16------- :16 - .---- 17 -

_

~ 1_11 _.-.:... 20__" 21 22" 22 " 22' , 22,
- -' -... r- - - - ,- _. - -

I 516 478 -,: 473 477 ' 477 487
cod 25-295 11 500 440 430 427 427 433

, 111 - 533, 525 530 537 543 547
~ .... - - - .~ .. - '- - - - - - -- .. - - - - .. - _...... - -' - - -

I i I 226 203 193, 190 190 190
herring 24 ' 11 ' 227 210 203 203'" 207 210
., 111 227 193" 180 170 170 167
--_.~--~---~ - ~ -- - -.-- ..... - ... -- - ... .., .. - -.......'---~
.' . I 597 _640 710 - 763 " 797, 820

herrlng 25-29~ "11 ' 603, " 660,. 750 "823, 883 920,
, , " 111 593 " 623 660 690 • 700 710
~ - - - ~ - -. -- - 1-_ - .. ---.. - - ~ .... _ .......... ~ ... -.f _ .. __ •

" I:. 16 I' 16 16 16'· 16' ' 17
sprat 24 - . 11 16 ~ .6 ' 17 " 17 ' 18, " 19

111 16 15· 15, 15 '-15· 15'
!'- - ~ - -- - -.. - - - ~ - - - - - - - ... - ...... - --- -- - - ----

"I 223· ,240 _. 273. . 280 " 273 273 '
sprat'25-29S ~ 11 227 247 287 300 297 293

I 111' 220 .233 ' . 257 257 250 247 ~

• . BI , ,; I :

"""- .........year
stock' .......

, - variant
,·80 81 '82 ,83' 84

I " 85
l '.. ' • I t t J ,.

, ,

sprat 24

cod 24 i~' I ,1~ --.-. ~ ..,-~.. . ~-,1"~':'''- :-~,
. ". 111 '.-11 . '.10 .10' 12 11· 10'- .. ..., .- __ .. .- ~_ .. ~.....~-._._......_~ .... _ ... ~_ ... ,,, t~ ~ .... _

I 397 320 300 '- 320 "320 . ' 323
cod 25-295 ' 11 383 ' '287 260 '.. 270' ,267 270

" ",. IIT 417 ,367 ' 353 387 387 381r-- __ . .~_T.~~ .. _ ' - - - _ .- ,__ eIIIII_ ..,~_ ..

" 1193 160 150 147 147 147
'herrlns"24· ',lI 193 ',163' 160160 163 163

111 '193 150, 137 121:·, 127 123'
I- - -- - -- - - - .... -- - ... -- ... _ ..... - ~ - - -- - - - - - - -- - - _ .... - ... .-.-

- I 353 257 267' 313 347" 367'
harring 25-295 11 - 360 263, ,280 340. 397". 433

r- __ ;.. ~ 111. _ 25D ~Q. __ Zll __.-.2~3.. _ ..J!eP~':'" ,;.,?a9CL-
I 11, 12 11 ,,' 11 . 11 ,12

II~ 1'11 12 11 12' 13 13
'111 11 111010 10 10

I-...;..----~ .... - ---------.-.. ---- ...... --._-- .....
I 113 113 133 140,.137 ' 137

aprat 25-29~ 11 117 ' '123 147 ,,160 c .157 153
, , " '111, 110 110 120 / 123 i ,'117,113

, i
'- ;

"-

TABLE 9.

. '

. '. ' ."'" "':5"
Mean stock blomass prodlcted by the model I 10, tons I,

A/ t~tal ~tock 11+1
BI spnwn~ng stock


