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Abétrant—

' In the present paper, a multi-spacies atcck aaueua~
mant model (Danish model) was usad to acsgea tha abnndance
of fi-h (herring, aprat and cod) in the Baltic. A fore—
cast of the biomasz and catohea of the baaio apecieﬂ for .

1980~1985, has also been given.
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’1..Intraduotion.

It ie expactsd that multi-specias modals will play

e signifioant role in the assessment - of atcak abundanoe

‘in the nsar future. This was 111uatrated at ths Statutory
. Heeting (30.670 of IcES which took placa in Waraaw in 1979.

with the sstting up of a working group to detarmina the

data required to apply multi—apecies modela and work out

" and international researoh programma fer tha purposa of
. aupplying thaae data. Work on multi—spaoieu modela wan,'
commenced by Riffenburgh (1969) and & group. of Danish

olentists headad by X.P.Andersen ana E.Uroin (1973. 1977).
Ths prasant paper oonatitutea an attempi. to apply the
"Danith modal" to aymulato the abundance ot Baltio fish

atooka. In Poland, such work has alreaéy baen undsertaken
with succcus by ¥.Mandeocki (1976) and J’!hjkowaki (1977).
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2 Mathematioal Daocription of tho Model

The following system of differential equations

(Danish model) was adopted to assess the abundance of

-

stocko’gnd forecast the catches of the three main species

"o; Baltic fish (cod, herring and sprat): -
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tha cymbola uaed denote:

-
n

numbsr of entities (an entity is one age group ot
one species)

number of individusls in entity 1
body weight of individual in entity i

‘accumulated yield of entity 1
;1nntantaneous coeffioient of fiohing nortality cf

entity i e /

= 1natantaneou5 natural mortality ooeffioient (not dun

to predation) of entity : S , , o
1nntantaneous ratural mortality ooeftioient of cntity

i dua to predation
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£y = feeding levol of entity i

Vie hi’ Ki ~~parametera of growth equation of cntity i.
The remaining variables and paramatera have the same Maan~‘.

ing as given by K.P. Anderson and E.Ursin (1977).

“hsn aaauming coaatancy of coefficients mai and fi'

- each of equationa (1) was solved analytically and the nys-

-tem of equationa (2) wes obtained'

1/t+At/—Ni/t/exp(-(M1 a2 +F }At] .
wy/teat/=[vn,t £ /Ky (w, 74/ -véhifill( )e,(p(—KiA't/3)] :
aY,/t/<F N,/ o 218 (ey 1/ -B)/c; (1-exp( - 14t) (f-
where A 18143, 3,1, Bi"vihi i!Ki,' C115M11+M21+F1+1K1/3

Using fhe assurad init*al valuea Ng and wg;~tha above Byé~_

tem of equations waa aol&ed on an Odra 1305 oomputer with |

a 1/12 year otep over tha yeara 1974-1979. thn exiating

" values of ooefficients Mzi and 5 being oaloulatad firat
each tima. Thia procesa is- interruptad by npawning, whioh .

is hare instantaneous ("momentaneous").) At that ncmant,

the particular entitieu advanoe ‘o the oonseoutiva, older ‘

- ags group, loaing - if they participata in reproduction -

part pi of their weight. The last aga group is tha global

,group, its numharaiara calculated by adding the- numarical
" valus of ths penultimata aga group, whareas ths walight 18
the weighbad average of the last and penultimata aga 3roup.~ ’

Aga group I i= 1ntrodmcad to the model a8 an external var-

.1able (number of fimh‘and wgight.qf a single 1nd¢vidual);

'tha applioation of stocknrécrui*ment relationship,and nd-
delling of the abundance of O age group was waived hera.‘
Afteor spawning, calculation aocording to oquationa (2) ars

oontiuued. ST

Zooplankton and benthos are aleo 1nc1uded in the modelo‘

\
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These aro cxternal variables - each month their new ,

numbera are introduced to the model,‘the walght of

i , a slnglc 1nd1vidua1 remains constant.

1

» 3. The Apolication of the Model to Sxmulate the Abun--

dance of Baltic Stocks .

B

N 4 The model discussed in part 2 was applied in the
area of the Baltic ?boper, in sub-regionu 24-293. .Ac-
pordlng to.the division pf.cod (a predato:) by ICES into
the sbdk qf’subfreéion 24 and that of sub~regions 25-295,
berring and sprat (prey) wera_anglogicdllj~divided. The -

latter,,however, ars divided by ICES into_herring stdcks'

‘from gdb-regioda 22-24, tﬁoﬂe from sup—regiqns 25-27 ‘and

from éub-régions 28-293,‘§pra£ from aub—fégiohs'Zé,'24;

25, sprat from. sub—regiona 26, 28 and those from taub--re-l~ | co
‘glons 27, 29, 32. - Basing on the reporta of the Baltic B

"Ground and Pelagic Fishes Working Group (IGES 1980), the .

Iollowing data and parametera ware‘worked out for ~the

stock newly established for tha needa of the model (her—

- ring from eub—region 24, herring from sub-ragions 25—298, sprat e

from sub-region 24 and that from sub-regions 25-298)s

- a)abundance as on 18t January 1974 - from the VPA, add- . -. : -
S i;é;fdé breaking down acéording to catches from par- L
_ ticular sub-regions, the numbera in-the "old“ stocks, ;
b) the numbers in age-group I in 1974-1979 -/qalou}ating‘ o \
aa above, g ’ | ' o !
c) coefficients of mean fiahing mortalitiaa in the yeara
1974—79 ~ if the neuly-created ptock is the sum.of the
"old" atocks, its fishing mortality is caloulated as .
the maan fiahing mortality of ths "old“ stocka weightad
by the numbera in these atocka, ‘

d) moan waight in age groups - calculated as above.
. \ .
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The model oonniata of 8ix fiah utocka (cod, herring
‘and aprat from aub-region 24, cod herring and aprat from
sub~regions 25~ 290) and 4 non-fish "species", each con- )
sioting of one age group (z00plankton and benthos from
sub-region 24} zooplankton and benthos from sub~regions

"25-298)(}7These_ooﬁstituté together, 49 age groups (enti-

;‘ tieﬂ)ﬁ

- sprat from sgb—r;gionizé - 5 age groups, i = 1,2,.4,5
f\ " " " :. " 25-298 - 9,age groups, 1 =‘6,.;.,14»
- herring v »n " 24 -6 " m )y 1 = 15,;., 20
-~ % ms W 250298 =11 % s, 4w 21,0.,
—;cod% L neow 24 -_ -5 m ", . . 32;...-36
- W o m o w o p5pgg -9 el w4 3Ty0e0 45
- zooplankton ?, " '24 -1 " oo, 1= 46
- " w - 25-295 "-1. ‘*,\' "o, d= AT
"= banthos * v 24 -1 " " » 1 = 48
_-G'“ W W m 25.298 = 4. w 4= 49

In the nodel, - both etocks of.aprat fesd on- aooplank-
ton from their suh~regions and the harring stocks - on
" zooplankton and to a lessar extent banthos, from thair
Bub~regiona. The cod in sut-region 24 feeds on hsrring,
~ sprats, young cod, zooplankto; and benthoe from thg& sub~
\regiqn, also (to o lesser extent) feeding on herring, sprat;‘»
zobplankton and benthos from sub-regions 25-295. The cod
_in sub-regions 25-295 feed on herring, sprat, young cod,
zodpl&nktdu &nd'benthos ffdm'thésg subéregiQnsﬁcnly., Tha
model givea herring and cod epawniné as §nch_year on»1st
ﬁay, whilst that of the aprat - 18t June. Dus to theVl
_difficultias 1n obtalning suitable reaults, tha drop in
body waight of cod from sub-regions 25~-298 during apawn—"
ing (pi = 0, i'= 27. .eed5) has not. been modellod.
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'{‘ ‘The data obtained according to the description in
a)'and d) were applied aa the first approximation ‘of

number and weight of fish when the model was etarted

(1at January, 1974). ‘ . .

" Similarly, the.data from b) and o) were taken as
the first approximation of recruitment to age group I
and coeffioients of fiohing mortality in- the _Yyears 1974~
1979. ’

-3

L As mentioned in section 2,‘the zooplankton and ben-“

thds consumed by the fiah is introduced to the model as ~

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

o numbera in each month of a given yaar are found on the.r

basis of annual production (Thurow 1978), divided by the

' mean weight of the individual and broken down into parti-

cular months according to the distrlbutlon of the zoo-
plankton and benthoc biomaas over the period of one year
in the Gulr of Gdaﬁsk. The annual production was)found
from the mean produotion over a period of Beveral yearo
and broken down into annual production according to the‘
distribution of zooplanktonbnd benthos biomass"’ in consec-

utivo years, in- the Gulf of - bdansk.

Tho mean weight of zooniankton ‘and benthos was 80
chosen that their consumption by the fish in the model
was comparablo with theAconsunption’dcfinyd by . Zatachow=-
ski (1976). S .

Such unknown parumetera as sz,'y,& W\'g) P were

b 80 adjustad ‘as to enﬂure that ‘the model gave results

whioh oonrormed, as close ag pouaible, with reaiity.i

) Where necesaary, the numberu and starting waight of fiah,

recruitment to age 5roup I and evea- in the case cf cod

trom sub-regiona 25-298 ~ coefficients ot‘riehing morta-

I

s
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'lity;~Were oimilerly‘ddjustcd.

-

. @ . o . o . RIS
The conformity of catches recorded by statisotica

with those - calculated in the nodel (Figs.. 1 12, Table 1),f

and analogical conformity of mean weights in age groups,

were mainly assumed as the oriterion of the conformity

of the model with reality.

' Ae can be seen, the conformity is qu1 te good, although

it should be mentioned’ thet it has only been managed to

carry out a few runs of. the. model. - The only groater

differenoes oceur in the caee of aprat from sub~region 24.1
Thie is moet probably due to lack of knowledge of the

exact catches 'in this zone_(Danieh catches are given for .

~eub—regions 24 and 25 together). It 1s'aloo poesible'

that fluctuations in fishing effort in sub-region 24 dif-

fer from those in aub—regione 22, 24 and 25 as a whole
(thie would meene that the ooefficiente of fiehing mor—:‘
tality for eprat from region 24 would be inadequate).

. Apart from thie, the coeffioienta of partial recruitment
are oonstant in oonsecutive yeare, for a given speciee,

which aleo might reeult in errora of aeveral percent in

the cateh calculated in the model,

4. Predictions of the Biomass and Catches of Cod, Herring

‘\ and Sprat from Sub-regiona 24-298 in the Yeare 1980-85

The prediction of the biomaae and catohee of cod,

F-2

~Herring and 8prat in aub-regions 24 and 25-295 in- the yeare_\

1980-1985 was based on the model under dieouaeion. The
figures obtained. during the final atep of running the

' model ror 1974-79 were assumed as the initlal valuss for

the numbere and body weighta of the paxticular entities

" on 1Bt'January,1980. The prediction was carried out in\l

three'verlante.(Table'7).f,In each of thess, the assumed

\
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tiﬂhing mortnllty vnlueu for both etocka of herring and
aprat, alao the numbern in ag; group. I of both atocks of-
cod, herring and’ np:at are invariable. ‘What dovvary, are
the values of the fishing mortality cosfficients qu cod.
;It was uaéumpq thats | |

1) herring

a) the numbera in age group I for the yeurs 1980—85

will be equal to the ' arithmetlc mean - 'of age

group I in the years 1974-79 ‘ ' A |

b) the fishing mortality coefficlenta for the "years

J‘ o ~ - 1980-85 willbe equal to the'aritNmetic mean of

o fiuhing mortality coeffioients in the years 1974—79. :

( - , 2) Bprat o 7 -

a) the numbers in age group I for the years 1981—85 -

;‘ ¢ | E " will ve equal to the arithmetio mean of age group

. . ILin the years 1974-79, and will be 30% lees then

| . “the mean in 1980..

b) thé fishing mortality coefficients for the atock in
aub—region 24 will remein at the 1979 level (F = 0. 26)y
those for the stock in sub~regions 25-298 will re-
main at the 1979 levsl (F 0. 52) in the years 1980~

1982;‘and_increase to 0.5 in the years 1983-85.
3) tod } o
a) the numbers in age group I in the- years 1980»85 will
: oonstitute 115, 110, 85, 95, 100 and 1004 of the mean'
.for ‘the years 1970-17, reSpeotively, ‘
" b) in variant I, the fishing mortality_cbefficignté ﬁ;ll“
ve_equal to those of 1979, ‘1n’v5rién£a'11 and IIT
‘they will he 20% higber and 20% lower than the 1)79

~

'1evel, reapectively. R

The results of the. predictiona of etook biomaasee and.
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cutchea are shown in Figs. 1, 2, 3,‘4 snd summarized in
Tables 6 and 8. laking yield into account, fishery var-
iant II would appehr to be best, but its effect on cod -
recruitment ls not c&nsidereg. |

The followigg conclusions can ?hereforebbe drawnz

a) there is a Strong'relétionship between.the bio-
mass. of cod (predator) snd herring and sprat (prey),

b) the youngest age groups of prey have the highest
predation mdrtalify,‘ | \

¢c) the amount of food available”for the bod dropa
aé the result of a decrease in the bionﬁqaé of herring and
sprat, » | \

' d‘) age groupsI of herring and sprat are much more

abundant than those oalculated from the VPA.
Ve bwquld like to express:oui' thanks to our colleagues
Dr. J.Blwertowski, Dr. J.Netzel, Dr.M.Kosior and Dr.K.
Strzysewsks for both consultations and eupplying aomp

of the data. IS
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x/ calculated from formula“ mean

CUE

- 2k and 25-295 in 1974-79 years. / thousands of tons/.

B/ Ralative error of calculated values; /per.cent/.

(O N

cZ

-~

» where C, - ,E.k are cbserved and calculated values,

A/ ‘
~year TV """""“’ZE"; Y « A T SRS 5 I
stock "~ . Tjobs _ § celc |obs- czlc |obs calc |~ obs " I calcT) obs_ '7 calc |~ ©obs j—cale
cod 26 | 15.2 ! 16.0 12.5l 12.9] 15.4 1 13.7) 1501 | 12.4 | 14.6  13.0 |16, 3| 19.6
feod 25-295 - Jw7.8 | 132.7) 194.61 199,7{203.3 | 240.8 ] 164.7 | 189.3 |154.0 167.5 | 222, 3’ 224,1
fherring 24 43,6 |  L4.3] S51.4 ] 60.41 56.3, 52,2) 6241 ' '56.2 | 59.1 I 65.3 | 74.0" 69.3
{herring 25-2951257.3 ' 247.9| 259. o’, 282.1}270.1 i 269.7 | 244,0 |j301.9~ 230 312339, 252.5| 237.0
sprat 24 5.2 | Tss| 5.31 6.8 6.5) .2 EROAT R AR - IR 1.7) 2.5
sprat 25-29S 1747 | 186.8 143.3 L152.5 110.2‘ 134,63 131.4 ' 1132.3 189.6 l_110.3 45.6 ’ 45,4
B/ |
= xear — | . ) — ; -
stock ™ = | T4 75 76. 77 78 79
cod 24 49 | -2.8 | 0.7 17.6 | 10,9 | -16.6
cod 25=295 10.2 «2.6 ~18.4 -14,9 | -8.8 -0.1
|herring 24 11,7 |7 -17.40 | 7.2 - 9.6 -10.6 6.4
herring 25-295| 3.6 -8.9 0.2 =23.7 | - -1.5 6.2
sprat 25-295 }-6,9 - =B.4 C =22,2 13.8 -23.0 0.1 -
. meanx/ 6.2 ! 755 12.5 N 4 20.0 . 8-7 1‘"'8" 4
) TABLE 1= "Af Calculatad and observed values. of catches of cod, herring and sprat in Sub"di‘fiui()"!” |

~
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. B/ I—age group size in numbers /"recruitmcnt“/ /mil’ions of fish/.

/

s

A R &l
ze-group ‘ o I N L - ' : : - ,

stook N 2 3 4. 5. |76 7 e 8 9 1 |1
cod2e . | -2 | 13| 3] 1| o] o

cod 25-29S - 620 goo | %70 | 60 16 .| 5 ;2 bR 065

herring 24 = 7871 389 | 399 | 279 | 98 | 36 R ,_

herring. 25-295| 7382 | 3800 | 2674 | 2312 .1675 | 890 1394 | 109 | 112 80 46
sprat 24 . - 654 | 727 o 267 | 77 | 63| | - ] |
sprat 25-295 47000 | 34000 | 14000 | 5300 | 4200 }1600 | 1600 100 | 130

B/ : ’i.
ear o e S - .

stook ™ FT5 76 77 78 790
oo 24 29 22 23 a5 33 19

cod 25-29S. . 506 - 471 694 - 1053 | 754 263 .
herring 24 1461 . 1453 1768 4135 2974 836
herring-25-295 | 13800° 110100 14300 109007 6700 2600

sprat 24 654 282 1113 C797 . 1040 1023

sprat 25«295 " 30800. . 9200 49600 24300 " 8300° 27000

/ . . . . . p . . - R .

TABIE 2. A/ Starting values of numbers /1.01.1974/ /millicns of fish/.




él}dﬂﬂ

gtock ‘_ ”Z’ : Y_ﬁ M1 k v
cod 24 4605 173 | .2 |46.83 | .88 | 45000000 | .u8
cod 25-295 4.605| 4173 | .25} 22,93 | .21 | 450000000 | .48
herring 24 2549 0| J04 -).15)26.25 | 1.28| 87000000 | .48 .
herring 25-295| 5.9 | .02 |.05|11.91 .58 | 810000000 | .48
sprat 24 | 56 | .15 |.05]9.86 | 1.32]| 17000000 | .48
sprat 25-295 | ° 5,6 | .15 .05 ] 8,07 1.151 170000000 | .48 - -
TABLE 3, Parameter ‘values,

. B EAEN R TR BT
re HE ) :
e ] ul | 8] B BRI s BS | gl 29 £ 59
predator - <+ ] o] v ) B oA al o1 | sa] g

: ey vr g el o el gl 8el s logn
cod 24 ‘ W41 0 | 1] .02] .65 .02] 1 0211 | .01
herring 24 0. o] oJo | o 0 1.1 0 1 10
herring 25-295) 0 | 0 | 0 | © o | o o |1 o | 1
sprat 24 4] 0 0 o-f o 0 1 0 0 0
sprat 25-29S- 0 o] ol o 0 . Q o 11 |o o)

TABLE 4,  Vulnerability indices .-
~T 7% 75 76 77T 78 79
stock ~~ __ : -

cod 24 .35 1,06 .23 437 1.2 1.2
herrin, 24 ’ .39 : 059 +56 ) 4 i 053 ' A7 38
herring 25-29S | | .24 - .27  © .27. 032 .28 «37
spr'at 25-293 030 030_ ‘ 037 : 039 052 032 '

TABLE 5,

the modal,

Fishifig mortality coefficients

for 19714-79'yeéra used in
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~year . : , .
stock N'“gl 7% 75 76 C 77 78 79
cod 24 18 18 15 15 20 - 21
cod 26-295 459 530 . 525 551 620 . 597
herring 24 17 139 130 165 235 260 -
‘herring 25-29s| 12700 1280 1200 1180 1000 710
sprat 24 22 47 14 13 13 15
sprat 255295 | 916 645 520 L75 300 1230

B/
. \

pear 7% 75 76 77 718 79

stock™ ~— - A : . )
) .

cod 24 /3+/ 8 8 8 . 6. 6 .10 -

cod 25-295 /3+/ 278 3740 383 . 361 383 420

herring 24 /2+/ 120 111, 100 102 164 226

nerring 25-295 /3+/| 720 673 - - 663 600 557 w17 |

sprat 24 /2+/. | 18  ~+14 . 10- 8. 8 9
1sprat 25-295 f2+/ | 667 547 - 336 297 233 130

 TABIE 6. -

‘a/ total steck /i+f
b/ spawning stock"

~4

Hean stocks biomass estimated by the model /. 103 tons / for 1974~79 years
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‘ymnmnlc»r I3 ‘ Hecruitment as 1 year old fish / 100 of fish/
qtock\ R “variant — . lthe_same in_each vapiant/_ _ _ . _ ]
~-d 1 11 111} T80 81 82 83 84 785
cod 24 1.21 145 971 . 38 36 28 31 . 33 33
cod 25-298 S .65 - LA3) 770 740 570 - 640 670 670
herring 24 L U9 —— ¢ 2100 — ' >
herring 25-298] ¢é——= ,29 —} = «— —— 10000 —
sprat 24 - 26 — 570 . é&—— 820 »
sprat 25-295 Feo 82 .3? I N
" TABLE 7. Fishing mortality and recruitment used in stock blomass and
catdupredictions for 1980-85 years /three variants of cod
flshery/. - ‘
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stosk ~ -\vax*iant : o ’ -
1 16,4 13,9 5.1 15,3 s 14.6
I _f_ b, 13.7 - _ 15.2_ _ 15.6 A
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cod 25-295 I1 238.,1  187.2° 168 1+ 174.0 175.8 ' 175.6
—— e AL _p 2. 4 _ 1%9.0 ....'..‘.12.’* —AsL.9. . 1_65,.2’% 26545
T 1 89,0 73.5 7e 65.8 65.
harx‘jng 24 11 89.3 - ;?.i ' gg 6 711 72 g 734
111 . 8 oo - ~ — -
“f““”“‘f” “ﬁ%g WEE‘ 51,37 %% , Tﬁ%
hex‘x'ing 25-295 IIf 139.0 139.4 161.4 182.8 9 1+ 209.1
111 12;,_43___,330.8 _ k0,2 1148._§ ,% 15_&,“7
PR S IO S R % ; 2 R N
sprat 24 1I- 2.9 . 3.1 2 :

' I17 _ b 2.8 2,9 _ z.. - ...2.;6._.......2.;5 -~ 2¢§.,
“““““ 3.5 T39.3 T Wb, Y35 T 0T T 6949
sprat &b 298 11 37.7 40,8 L7.5 79.3 78.6 77.9 |~

III 37.2 37#7 141.0 65.0 62.6 6100 *

-

TABLE 8, Catch prediction for 1980-85 years /107 tona/,



| Al ; .
o~gar oo | s ° e 8 a3 ek - s
© stock ~ _ variant |~ © . - . T o
B I ,'19'.,; 18 19 . 19 18 . 19
cod 24 II 18 - 16 17 I [ [ i A
- I 516 - 478 - 473 477 S 477 La7
cod 25-29S I1 500 - 440 430 427 . 427 433
e o o L IXL ) 333 525 230 53T __ 343 _537_ i
oo . i I 226 203 . 193 . 190 . 190 .- - 190
herring 24 I | 227 210 - 203 203 207 210
e m— oI 227 195 _ 180 _ 170 _ ..1.'."0- - 167 L
o , I .| 597 640 . 710 - 763 . 797. = 820
herring 25«29 11 603 . 660 .. 750 1823 883 920
; B I 16 ' 16 16 ETREETY ~17
sprat 24 - II 16 . 16 17 17 18 . 19
INDIC S I 22 S A TS - ..’5._ - LB ._’12_‘
. - I 223 . 240 . 273 280 273 273
- Isprat 25=298 |- 1IX 227 247 - 287 - 300 297 293
SN III° | 220 - .233. - 257 257 - 250 247
B/ e
~ear | 80 - e 82 83 84 .. 85
stock s\'>_var1antlzi,' O L el ;
o ' RN 10¢w<.];7nm;w_ 8 .. 9. ... 8. ‘'8
cod 24 ‘ II | 9 . 5 5' 6 6. -6
IR IR ¢ 397 . 320 1 ‘ 300 S 320 . 320 323
cod 25-293 "IX 383 287 260 - 270 267 . 270
1] 193 160 150 147 147 147
herring 24 SIT ] 193 163 160 160 163 - 163
_J III | 193 150. 137 - _1.{7____1_22_ __1_2?_‘__
R I 353 257 267 - 313 347 367
herring 25=-29S5] II | - 360 263 . 280 340 . 397 433
e e e - LT 359- ....250.._..2ﬂ__.2§3. JEQ.--ZSQ__J
. 1], - »
sprat 24 Ir '11 _12 11 12'_ 13 13
- K N2 S0 N I L ._'1_0._..;19__..!9.._.."9....
R , s 113 . - 113 133 . 140 137 137
sprat 25-29S | II | 117 *123 147 - 160 157 153
' o - III ). 110 110 120 123 117 113

TABLE 9.

Mean stock biomass prodicted by ‘the - model / 103 tons /.

A/ total stock /1+/
B/ Spawning stock
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