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P o Abst:cac’c
Equatlons are derlved for : .

1) forecaut of the abgolute abundance of the ‘cod and haddock be~-
‘Tore the entering -a fishing stock;
2) forecast of poésible catches of cod and haddock étithe_prqsept
lovel of fishing intensity; | _’
%) C@Tlﬂgtlon of the portlon of the catch to be taken by the So-‘ 
viect Unlon from the total limit of the catch prov1ded that thexw ‘
renains lOdé~terh nean 1evc1 of fﬂshlng efforu, observed 1n 1956—
_ 1975, _ , , ‘

® o robability that an error Qf}these;forecasts'dOeg not‘5i

get out bcybnd 20 % of amplitude of a foreccasted %a;ué'istabdﬁfff
80 %. | | |

It was calculated that the abundance df.cod in 4§74€19?§
will be at the level of maximal jears and providesAfof‘an'énnual~_

catch of fish not less thsn 900 thousand-1 million tons,
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Forecaot¢nb of Annual Catch of Cod and Haddock
in the Barents Sea

by
X

V.P.Ponomarenko

Abu&dah e of cod of the Lefoter-Barents Se a stock fluctu~-

ates steadi 1. Wluctuations in stocks s,amplitude of which is
-rathor hlgh,are duc to constant changes in the s z of recruit-
mentﬁconnected with the crop of fishes. Increase in-the fishing
stocks and hence in ecatches in 1968-1969 in the soubhern Barenis
Seca and in the Bean Islaﬁd~5pitsbergen shelf area,and in 1971-
4972 off the‘ﬁorbhrwestern coust of Norway was due to 4965 and
1964 year vla é". The succeeding 1965,1966 and 1967 year classes
‘Wwepre poor. This fact was responsible for the dec rease in catches
in;the_feqdlng areas of cod$untll 1972, Catiches increased agaih
when the abundant 1970 year class of cod and two rich year classes
of haddock (1969 and 1970) entored the fishing stock. Thus £luc-
'tuatibns'in_strength of the year classcs fished for,lead to fluc-
tuations in the ca;bc_h size. This fact should be taken into accou.n"
whén rqrécasting the raw material for fishery. Accuracy of thg
fishery forecasts,in addition to strength fluctuations,depends‘
Vboth;upon_theAdecrease'in the abundancefof the carry-over of the
fish stock,as a result of extermination by the fishery in previous
Years,and by‘natural mortality. Absolute values ofAfiShinr nmorta~
lity,calculated by the existed methodu,undoub edly depend on |
fishing efforts,while accuracy of calculations depends om the
quality of fishery biological stabistics. When using various data

and,calculating fishing mortality by the same mebhod,at best,the
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tendcncics 001ncide but not the absolute estimation of the morta-
-llty._mhls could not but effect the accuracy of £ishery forecasus
: 1f they are calculated by the methods where influence of absolute
:values of xishxng (and natural) mortality adverge the same effect
_on the flnal res ult of calculations as fluctuatlons in, the smze o
,Lof recrultmenu do. Gon equently,forecagtlng of a: pc sible catch 1‘3
fof fluh by the exlsted methods is hampered by the lack of a relia—i
ible estlmatlon of the decrease in the catchn ver abundance and -
iab olute values of the recrultment “of stocks W1th young fiuhes.ff
.Shcrtage o thnse knowledge is the weakcst point in the theory, 3
(,and practice of flshery forecastin?. In the pregent paper equa-fl
.,tlons are suggested for : 1 foreca ting of abeolute values of
',‘cod and haddock erop befcre a year class enters the fishing _
?stock 2. forecacting of p0331ble catches of cod and haddock at - ;'
‘the pre)ent flshlng 1ntensity, .e. on the rebention of the pre—7
'sent level of fiuhlng effort 3. dctermlnation of the portlon of;
the catch to be taken by the Sov1et Unlon from tbe tctal limit

" of the catch (at the retention of the p escnt 1evel of flshlng
‘.effort as well) | ‘ “‘ \ R ‘ X
” o Strength of cod. and haddock year cla ses'of the‘Lofoteﬁ—,
‘Barentg Sea stocks 1s estlmated by rclatlve indices whlch are i |
: derlved on . +tHe basis of determlnlng the abundance of the bo itonr
>Lfry 1n the autumn-wmnter perlod by reeearch vesgelc of the Polar
Institute 1n the southern Barentc Sea and . in the Bear Icland—;-~
4‘Sp1tubergen area. Strength of cod and haddock year classes 1g

| best reflectcd by the catch of the young at the age of three”“
‘yearg (24) pcr trdwllng hour. In the present paper this catch

s e
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 .*5 taken ag a velative lndGX‘Of the abundance of cod and haddock

':yaar classes of the Loxoten—Barento Sea utOCLu (Table 1)

qua*ions (1) (2) and (5),ou1table for fore”asting of

;_abaolute aoundance of the fluh SPGCiGu mentloned before theerf»

enterlng the flshlnv stocks are derlvpd from the relatxve esbl-;“

na 1ons or thu strength,glven 1n Table 1 and qnantlty of cod and

-haddoc& ut tbe age of three years for the 1950-1070 year lasseg,
:calculated by VPA method and vlven 1n the NorthJEast Arctlc FlSh—

‘era.es \'Jor' 1nr' Groun pa >ers (F:.g.’l). o ' N .

y~46k+386 R_O 81 ;?ﬂ,a-j;f?7(1)_'”

 whe"e *xX is a relatlve 1ndex of the cod year clasu strength catch

. of the youns at “the age of 2+ years per trawllng hour taken
v‘by a PINRO reoearch vessel 1n the autumnmwinter perlod |
' y 1» an abgolute quantlty of cod at the age of three vears _
‘ox the same- year 01395 10 -6 ‘

- y_4.b9x+155 R=0.70 - ,f-:'-f- f:i’('é)_

where x is qn.rclatlve 1ndcz of the year claos gtrength of cod,

"Ifcatch of the young at the age of 2+ years per trawllng ;-;"

’ hou* by a PINRO research vegsel in the autnmn—w;nter perlod,
- ’y 1s an absolute ‘quantity of haddeck at the age of three

,f yeara of the"same year ClaoS 10~ -6. N
© y=l 644135, R=0. 9 . _"l'(5)'f

' where X 1s a relatlve 1ndex of the year class strength of haddock,

E catch of the young at the age of 1+ per trawling hour by
a PINRO research vessel in the autumn~w1nter period i
.fy is an absolute quantlty of haddocL at the age of three

_Tyears of tae~same year 01880,10 6
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A The follow;ng method can be used for compiling forecasts
of Solble catch of cod and haddock. At the present 1evel of

flsnlng 1ntencitv,the flshery is based on removal of fishes

‘at the: age of 3 to 7. years in the fcéding areas and those at
.ﬂthe age of 7 to- ﬂO years on the aparnlng grounds. The year class—r

‘es bhat were fished for in 1960 4961 and 1962 are shown in mable 2

Table 2
Year of <t ﬂ{«,Age;yeariclessﬂ" {
flshery .o Lot e R I T e R TR
Y3 o4 1 5 1 63 75 8 3 9T 40 -
1960 1957 1956 1955. 1954 1953 1952 1951: 1950
1961 1958 1957 1956 ¢ 1955 - 1954 1953 - 1952 1951 .

1962, _,1959‘ 1958 1957 1956 1955 - 1954 1953 1952

' Dstimations of thc strength of these year classes are

‘ shown 1n Table 1 Cod at Lhe age of 4, 5 and 6 years were of the

greatest 1mporuance in catches in uhe feedlng areas. Haddock were

caught together with cod and nads up. about 20% of t;e long—term

_mean weight of thelr catch. ‘Fishes at the age of 3, 4 and 5 years ,
_madc up the bulk of ‘haddock catches 1n the feedlns areas. thn ‘

‘ dcflnlng a relatlve index of the abundance of the fishlng stocks

"of cod haddock end gadldae (cod and haddock) the ratlo between

";representatlon of cod and . haddock and thelr age compositlon were‘

‘,Ytaken 1nto account (Table 9) The 1nd1ces of the abundance were

ﬂcorrelated tben with cod and haddock catchcs ‘on the computer

Tr“er-Z" (Tables 4 and 5). The method of foreca ‘ting of catches

| can be usod only in the case if we assume that the flshlng effortﬁ'
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wild rhange within the ranges

it changed during 1952 —19/5. As a

ult the ¢ollozlnm prognoutlc equatlons We:e obtained:

'  =t 1X + 402,R=0.70

‘here

(4)

'x the abundance 1nd of cod stocks all over the area,

tona) in the ieedlng areas

. ‘--,:4_ 25;{ * ,__68 R=0. 77

where

(5

'y 1s tne catﬂh of cod tuken by all the COuntriés (thousénd

y‘ié the abundance index of cod stocks in Subarea I,

area I,thousand tons’

¥=1.22x +51,R=0.95

x is the catch of cod taken by

- area I,thbusandvténs

y is the catch of cod taken by

: feediﬁg aread,thousand tons

-where

y=3:41x + 158,R=0.80

x is the abundance inde%Of cod

¥ iS‘the‘catch of cod taken by

E y=13% + 179,R=0.93

‘% is the cateh of cod taken by

y is the catdh of cod taken by

A feedzng are ao§thousand tons

; y:O 995x + . 184 R=0.96

, where

X is the catch of cod taken by

‘ feedlng areas, bhougand tons

v lu tn cateh - of COu taken by

the flshing area, thousand ton&

(6)

all the countries
all the countries

(7

b :.s 't:hc catch of cod taken by all the countries in Sub= '

in Sub-

in the

stocks all over the area,

the USSR, thousand

(3 .
the USSR, thousand

all the countries

(9

all the countries

all the counitriecs

tons

Hons -

in the

in‘the

all over

St



where’

"

wherpe

where

where

=3. 38x + 24,R=0,64 ' B o 10)

X is thO_abundance 1ndcx of - haddock stocks

,y is thé'catch of haddock taken by the: Soviet Union,
‘_thousandjtonﬁ

y%ﬂi.ax,+ 77,R20:96 N (O |
X‘is_the catch of haddock taken by the Soviet Union,

,thouoand tons

fy is the‘catch of haddock taken by all the countrles a11

over the flshlng area, thousand tons

7=0.6x-146,R=0.87 | (12)".

X 1s the catch of cod taken by all the countrles all over,}

hthe flshins area, thousand tons
y is the catch of cod taken by the Soviet Uh;on thousand :
:'tons

"~ y=0. 61?-181 R=0. 89 R (13)

X 1s the catch of gadidae taken by all the countries all -

’“;over the fmshlrg area, thousand ‘tons

where

sand tons ' o
3-0-77x~54 R=0. 9% GO
x is the catch of haddock taken by all the countries all

. ovér’the‘fishing ohca,thousandytons»i

"sand tons.

1y is the catch of gadldae taken by the Soviet Unlon thour;f

g 1Q‘thc cr tich of haddock taken by the SOVietjUhionithou;fl'

‘H:uClentlutg of the Poldr Instltute make flshery forecasts gf

*f{.accordnno bo the equatlons of thlS type durlng 1ast 6—8 years.ﬁ5“



Accuracy of forecasts is satisfactory @ approximatelylin 151074

the departure of the virbual index from the forecasted cne

does not get out beyond 20% cf amplitude of fluctuations in

the total cabch. Relative indices of the abundance and catch

of cod are compared in Tigure 2. Relationship between total
catch'gndbthe sbundance is clearly scen. Prognestic catches of

cod for‘1974,1975 and 1576 are given in the same figure. Figures
for 1976 should be refined. It is clearly seen that the abundance
of cod in 1974~1976 will be at the‘level of maximal years and "
provides for an spnual cabtch of fish not less than 900 thousand-

h .
one hillion tons;760-980 tousand tons will be taken in the feed-

ing arecas,



Headings for Figures

to the poper by V.P.Ponomarenko "Forecasting of Annual Catch‘ ‘

of Cod and Haddock in the Barents Sea" .

Fig.1. Relationship between catch of cod and haddock ab
the age of three yecars per trawling hour-by a PINRO‘ 
reseaxrch veésel\énd absolute abundance of fishés of
the seme year classes at the same oge. |

I- cod,~2 ~ haddock.

Fig{_é;Relétionship between relative index of the abundance
#nd annual catch‘of;cod, . |
9 - a relative index of cod sbundance in Subarea I;qg‘
2 - a velative index of cod stocks all over the seaé;A
3 - catch of cod taken‘by all the countries all ovefk
the fishing area§ | |
4 — catch of haddoek taken by all the'countries in
the fééding‘a#eaé; | |
5»- catch of cod taken by all the countfies?in Sube
xafea Is

& - catch of cod taken by the Soviet Union.



4 ',,Qable‘ﬂ‘
Number of cod and haddock at the age of three =

_ vears per trawling hour in the autumn-winter
-~ pericd taken by the PINRO research vessel, specimens

| e * Haddock
class k;Subarea I Diwvision IXb iAil Qvex The : Subarea I
1946: ‘ 5,8 ‘ - 5,8 -
47 . 2L,0 3,7 17,5 I
48 18,I 19,7 19,2 32
49 29,4 ‘5,9 23,6 I
50 76,1 40,2 74,5 - 247
51 . 8,5 2,2 6,4 - 19
52 2,8 1,0 2,8 5
53 10,6 1,7 8,8 40
54 5,6 4,9 - 5,8 7
55 8,7 12,3 9,2 3
56 10,3 21,0 13,6 18
57 11,8 16,3 - 13,1 9
58 15,7 24,3 18,9 4
59 17,6 14,4 16,2 14
60 . 9,3 18,7 13,2 40
61 2,3 1,8 2,0 50
62 7,0 3,6 5,5 '3
3 -~ 21,3 120,3 75,6 g
64 49,0 45,3 46,3 12
65 0,5 © 0,2 0,4 I
66 1,5 0,0 1,0 I
67 1,4 0,3 1,0 13
68 6,8 1,0 4,6 I
82 10,5 6,0 8,9 69
70 74,3 85,5 78,8 38
71 Y 24 - 32 (3)
72 (34) (B - (27) - {2)
73 (32) - (10) c(R4) (2).

note: ]Figures that should be refined
are chown in brackets

10



Table 5*

Relative 1ndlces of the abundance of the fishlng stocks
_nf cod and haddocL

-wn————————q———'———'—-—n——-——--—-——m——

Year Of . S‘uba‘l’\,a T :Dl‘rlglon All over the flShlng

fishery ! goq tbaddocle _Total :1IBeog i Cod Haddock ;Total .

--——.—@——-————-.———-—‘.-“—-’.——————-————

1952 45 7 52 24 B 7 sof
.53 89 56 25 29 60 56 - II6
54  I24 53 177 66 117 53 . I70
55 112 54 166 . 48  I05 54 159
56 = 8 I3 '8 43 84 I8 97
57 . 20 I0 30 5 .. I8  I0° 28
58 19 10 R9 . 8 7 10 27
59 %5 6 3T I - 24 6 30
60 25 6 31 - 38 28 6 34
. 61 3I 6- 37 50 36 6 42
62 -3 6. 44 62 46 6 - 52
63 45  I2 87 55 48  I2 60
64 43 1 64 . 57 © 48 21 69
65 29 19 48 3. 38 . I9 50
.66 19 I2 .31 24 2r 2+ 83
Y 3L 5 36" I6 - 83 5 .88
68 77 4 8l 169 127 4 I3
69 Visl 3 74 166 I22 3 125
70 51 - 3 54 46 48 3 51
. 3% 38 6. I 2 3 5
72 10 IV 27 I 7 I 4
73 19 22 41 7 Is 22 37
74 92 22 114 93 92 o 22 114

75 (IR2)  (9)  (I3D)  (II6) (I20)  (9)  (IR9)
w6 (145). (1) (146) (I25) {188)  (I)  (139)
77 {103) o (49) (83

. nobtes Figures'thaﬁ should be refined are shown in brackets(

Ii.



- Catches of the’Lofofen-Barents Sea'cod, thousénd?ﬁonS’\

——--—-—-—-——-——-—-——.—'—--————--—-————-——--—-————

Year‘of v all over the .In the fee— In Subarea I : Taken by

fishery | .flshlng aff%. dlng'f%féf‘nf— . fﬁfugigifﬁ_

1952 874 630 524 285
53 697 547 443 296
04 827 697 598 435
55 1149 985 831 552
56 1345 III2 787 582
57 794 657 400 283
58 764 6ll 388 268
59 745 566 323 235
60 631 476 381 214
6L 781 632 410 325
62 9I0 770 549 477
63 778 660 547 418
64 438 329 - 203 I81
65 444 345 *41 152
66 484 349 292 170
67 - 573 444 - 323 262
68 1074 91T 642" 676
89 1191 - 936 670 611
70 876 636 551 R76
71 705 369 3I2 142
72 569 230 197 94



Table 5 g
Catches of the Barents Sea baddock thousand tona '

. Year of . hll over the ‘In Subarea I ' ;akon by the

fighery - - - flshlng area . =’ . Sov1et Union

SISz ;i'127 P (¢ S Y
53 124 108 o am
54 S 1% 73
5 ™ 5
96 el 164 | o
o7 124 ; 88 .

. 58 113 _' 8 26

- 61 193 : . 165 - 85
62, 188 . Ier g2

-6 w1 -
o -9 R o
65 118 . a9 2

66 . 161 : 124 s
67 - 137 - | ‘.10817 - .

et 2. I %
72 - 265 221 l I76

| I;:

L W
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