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Abstract

The CAGEAN model has been applied to assess ~he SLa~e of ~he

8al~ic cod stock as an alternative method to the virtual

population analysis used by ~he Bal~ic Oemersal Working Group. The

model confirmed the drama~ic state of the stock - ~he estimated

biomass Cages 2-8) decreased from over 1000 thous. ~ons in 1982 to

slightly above 300 thous. ~ons in 1990. The recruitmen~ shows also

a strongly decreasing ~rend with ~he estimate of 1987 and 1988

year-classes at a level of 80 and 120 million of individuals,

respectively, which is only 13-19% of a rich 1980 year-class. The

es~imates of ~he fishing mortality are less variable in ~ime than

~he VPA estimates> and they vary in ~he range of 0.7-0.9 in

1982-1990.

*/ this paper was originally presented at the Symposium on Baltic

Environment and Fisheries, 24-25 June 1991, Sea Fisheries

Institute, Gdynia, Poland.
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Int.roduct.ion

Cod is one or t.he most. import.ant. species in t.he Balt.ic and

it.s cat.ches were in t.he last. decade very prorit.able. In t.he

1980-1985 period t.he yearly cat.ches or cod in t.he east.ern Balt.ic

(ICES Sub-divisions 25-32) exceeded 300, t.hous. t.ons wit.h t.he peak

in t.he year 1934 - 391 t.hous. t.ons. Art.er 1984 t.he cat.ches show a

decreasing t.rend and t.he cat.ch in 1990 equalled only 154 t.hous.

t.ons. The high level or cat.ches was t.he result. or very abundant.

year-classes or 1975 - 1980, ~nd t.he decreasing t.rend or cat.ches

is connect.ed wit.h t.he low abundance or year-classes born art.er

1981. Last. report. or t.he Working Group on assessmen~ or demersal

st.ock in t.he Balt.ic (Anon., 1991) shows a dramat.ic sit.uat.ion or

t.he east.ern Balt.ic cod. Thererore t.he aut.hors at.t.empt.ed t.o check

t.he st.at.e or t.he st.ock using an alt.ernat.ive met.hod.

The Working,Group on assessment. or demersal st.ock in t.he

Balt.ic ~as beenusing lat.ely t.he ad hoc t.uning met.hod t.o est.imat.e
---

t.he st.at.e or t.he cod st.ock. The met.hod used has been t.hat. or

Laurec-Shepherd. The aim or t.his paper is t.o veriry t.he est.imat.es

using t.he CAGEAN model (Deriso et.. al., 1985), which belongs t.o

t.he f'amily or so called "int.egrat.ed" met.hods. Though it. was not.'

clearly demonst.rat.ed t.hat. t.he int.egrat.ed met.hods are signif'icant.ly

bet.t.er t.hen ad hoc t.uning met.hods, t.hey have some advant.ages.
---

These are (Anon, 1988. 1990):

a be~t.er st.at.ist.ical basi~ of' t.he model,

capability or allowing ror errors in bot.h cat.ch an~ CPUE

or errort dat.a.'

On t.he ot.her hand, t.hese met.hods are much more laborious and

require .more user experience.

Mat.erial and met.hods

The basic' dat.a were t.aken rrom t.he report. or t.he Balt.ic

Demersal Working Group (Anon, ,1991). The dat.a consist., or
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catch-at-age numbers and CPUE and rishing errort values rrom 6

countries CDenmark, Finland, Germany, Poland, Sweden and Sovie~

Union). Weight-at-age data were also supplied. The years 1982-1990

and ages 2-8 were covered.

The calculations were perrormed using ~he computer program

CDeriso et. al., 1985) supplied by l1r P. R.. -Neal. As tohe available

version or the program allows rar disaggregation or the data rar

two rleets only, same data were pooled tagether to give two sets

or catch and errort values. Namelythe catches and errort or

Denmark, Poland and Sweden constituted one group while the data or

Finland, Germany and Soviet Union were allotted to the second

group.

The CAGEAN model assurnes that the rishing mortality FCt,a) at

age a and in year t may be separated.into

FCt,a) = sCa)rCt),

where s is selection and r is rull recruitment rishing mortality.

Basing on the Baranov catch equation, catch CCt,a) may be

presented as a runction or series of sand r, recruits numbers

NCt,ar ), numbers at age at rirst year or data NC1,a), natural

mortality Hand catchability coerricients q. The parameters

s ,r ,q ,NCt,ar ) and NC1,a) are estimated by minimization or the

sum or squares

Cl) 55 = 2(ln Cobs_'ln Cmodel)2 + A2Cln r - InCqEt ))2t.,a t.,a t
t,a t

where E is observed rishing errort and A is a weight.ing ractor

indicating t.he importance or the auxiliary inrormation. The sum or

squared terms representing stock-recruitment relationship may also

be added to the model Cl).

In the present. paper the A was assumed to be 7 Cnumber or age

group taken into account) to simulate equal number or catch and

errort terms in the analysis. The Baltic cod stock parameters were

found by minimization or (1) assuming H=O.2. The calculations were
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s~opped when subsequenL SS's di~~ered by less ~han 10-5 or when

number o~ iLeraLions was 100. The ~irs~ approxima~ion of ~he

Lerminal F aL age 4 was assumed LO be 1 CAnon, 1991) buL some

oLher approximaLion of Lerminal F's equalling 0.25, 0.50, 0.75 and

1.25 were also Lried. The sensiLivi~y o~ resulLs Lo Lhe choice o~

A was examined.

3. ResulLs and discussion

The esLimaLes o~ Lhe sLock biomass (ages 2-8), recruiLmen~ a~

age 2, ~ishing morLariLy and surplus producLion are presenLed in

Table 1. The caLch is also given ~or comparison WiLh exploited

surplus produc~ion. The ~igures conrirm Lhe Lragic sLaLe o~ Lhe

cod s~ock which has decreased abou~ 3-4 Limes in Lhe 1982-90

period - ~rom above 1000 Lhous. Lons LO nearly 300 thous.

LonSr RecruiLmenL shows also s~rong decreasing Lrend which is

one o~ the main reasons ~or cod depleLion. The oLher reason may be

seen when comparing ca~ch and surplus production values. In all

Lhe years since 1982 Lhe caLch has been much higher Lhan ~he

esLimaLed surplus produc~ion.

The modelied stock biomass is in good agreemenL with Lhe

Baltic Demersal \yorking Gruop eSLimates (Anon, 1991), (Fig. 1).

The bigest rela~ive di~~erence re~ers Lo 1990 and is equal to 11%

while Lhe mean di~ference is 6%. Similarly good correspondence

occurs beLween Lhe modelied recruitment numbers WiLh the Working

Group estimaLes. Mean relative dirrerence is 7% and Lhe highest

di~~erence re~ers to 1990 equalling 23%. Hean ~ishing mortality at

ages 4-7 determined by Lhe CAGEAN model is more s~able than the

Working Group estimates (Fig. 1).'

To check the assumptions o~ ~he model, Lhe residuals were

analysed. In Fig. 2 Lhe log catch residuals visualised as notched

box plots CQuinn eL.al., 1990) are presenLed. The noLcher

represenLs 95% conridence interval ~or the mean, the boxes conLain
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50% or residuals. In Fig. Ca) ~he log ca~ch residuals area

~unc~ion or year, in Fig (b) ~hey are a runc~ion or age.The

residuals dis~ribu~ions show ~ha~ ~he analysis hasworkedwell.

Almos~ all conridence in~ervals con~ain ~he value O. The ~wo par~s

or boxes are or similar size so ~he assumption or ~he lognormality

or errors dis~ribution is probable. The no~ched box and whisker

plo~s or rishing efror~ residuals as ~he runc~ion or ~he rlee~

also conrirm ~he model assump~ion (Fig. 3).

The simula~ions are not ~oo sensitive ~6 ~he choice or rirs~

approxima~ion or ~he ~erminal rishing mor~ality a~ age 4 (Table

2). The values by 25% lower or higher than ~he selec~ed rirs~

approximation give almost ~he same results .

Table 3 presen~s ~he sensi~ivi~y or the stock es~imates ~o

the choice or A. It may be seen tha~ ~he influence or ~he ~ on the

rinal biomass es~ima~es is modera~e or even low in the in~erval of

~he most probable ~ values (0.5-10). Only very low ~ values.

p'rac~ically meaning excluding or ~he rishing effort informa~ion

from the analysis, give signiricantly differen~ biomass es~ima~es.

The bigger the A value, the bigger ~he biomass es~imate.
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Table 1. The CAGEAN es~ima~es or ~he cod biomass <103 ~ons).

recrui~men~ (106 individuals). mean rishing mor~ali~y and

exploi~ed surplus produc~ion (103 ~ons). and ~he ca~ch rigures.

C103~ons) ror 1982-1990. Biomass es~ima~es are p~ovided wi~h

••

~heir·s~andard errors.

Year . Biomass Recrui~men~ Mean F Surplus Ca~ch

<age 2-8) a~ age 2 Cage 4--7) produc~ion

1982 1024- +/-4-7 618 0.73 284- 316

1983 939 +/-4-1 4-03 0.76 271 332

1984- 835 +/-4-2 284- 0.90 269 391

1985 660 +/-34- 250 0.83 99 315

1986 4-71 +/-24- 233 0.85 218 253 •1987 4-88 +/-22 339 0.83 152 207

1988 4-64- +/-27 202 0.77 122 194-

1989 366 +/-26 81 0.77 153 179

1990. 314 +/-22 122 0.88 154-

Table 2. The sensi~ivi~y oe ~he es~ima~ed mean rishing mor~ali~y

or.cod in 1990 ~o ~he choice or ~he rirs~ approxima~ion or ~he

~erminal rishing mor~ali~y a~ age 4 CA=7).

Firs~ approx. 0.25 0.50 0.75 1.00 1.25
or ~erminal F

Mean F in 1990 0.75' 0.83 0.86 . 0.87 0.87
. <age 4-7)

Table 3. The sensi~ivi~y or ~he modelled cod biomass (103
~ons) in

1990 ~o ~he choice or ~he A value.

A 0.01 0.1 0.5 1.0 7 20 50

Biomass 166 214- 300 319 335 354 377
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Fig. 1. The comparison o~ the CAGEAN and VPA estimates oF

(a) Fishing mot·tality~ (b) t'ect'uitment and stock biomass (ages 2-8).
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