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ABSTRACT
A new method is presented for the assessment of the optimum

'fmeah eizc in trawl'e codend. It is baeed on. repreeentation of rgr .
' lative fiahing mortality at age as eum of four fun»tione of agp

" ome being of codend'e aelectivity. Selectivity end 1nteneity para-

;metars were ohanged in the model 1rdependently. Loasee and: gains: .

n catchee were calculated ueing aelectivity cohort'theory‘propo-'~

~eed by the author earlier. Calculations were made fbrrNorth-chtic
cod, fishery when varyins mesh eize values from 91!to 157 mm. Cal-‘.:_

Aiculation variante were analyeed ueing three crlteria. The exietingw
meeh eize level for cod fiehery B - 1?5 mm 1e proved to be optinum
‘for the period ot 1962-1990 yeara and muet be thus "freezed" ' .

,,..«



funk-haas
Neuer Stempel


2. .
suMt

Il est prdpdsg une nouvelle méthode pour 1'5stimatioﬁ dea
dimensions optimum de maille des sacs de chalut. Elle est baseéd
sur la représentation de la mortalité rélative de .péche en fono=-
tion devl'age sous forme de,la somme des 4 fonctiong d'age des

' po;saons,_dqntvl'une'représente la eélectivité du'aac.bLes para-
métfee'de>la séleétiQité et de i'intensité de laPacﬁe.dans la mo-
déle se changeaient de fagun indépendante. Les pertes et les avan-
tagea dans les prisea étaient calculdes 8u moyen de la théorie de
aélect‘vité des cohortles proposée plus tot par 1'auteur. Les cal~
culs sont faits pour la-peche 3 la morue arctique-norvégienne au
changement des dimensions de maille de 91 & 157 mm. Les variantes
des calculs étalent analygéea.a partir de trois critéres. I1 est
prouvé que les dimenéions de maille existantes pour la. psche 3 la
morue B = 125 mm est optimum pour la période 1962—1990 e'est ‘

pourquoi ellea doivent etxe "congelées™.
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INTRODUCTION

Selectivity and intensity of fishery as being its regulatioﬁ

e

factors should be considefed a8 being parameters and functions

that have to be optimized by using a certain complicated and atruo-‘

tured model of the “atock-rishery" tyre. To get bdetter aécuracy

and sdequacy when modelling a s&stem one should choose discrete

type model. Regulation effects arc usually seemed to correlate with '

variables pnd parameters responsible for abundance and biomass
dynamics, and optimization of catch regulétion parameters has to Se
‘followed by optimization of fishing and spawnipgvatock pérametere.

A mgthod for optimization of trawl codend's mesh size has been
developed in the papers (Hoydal,1977; Hoydal et al.,1980; Sparrs, -
1980). This method has not however takeﬂ into account for aspects
of general and combined optimization of fishing and spaﬁning stock
sizes and catch. ‘ _ ' ' A

Kew methods for sstimation of effect of change in trewl fish-

“ery selectivity have been developed in the papers (Biinov,198f.
1984,1985a,b). Algorithms of those methods oan be used in prognos-
tic models to analyse and optimize stock size and catch level.

The main problem is to.aeyarate adequately numerical variables bf‘
.selectivity and intensity of fishery. A method for transformation
of P(1) function 13 preseﬁted beiow that was briéfly deaéribed

earlier in the papers (Blinov,?985a,b). This approach gﬁve a pos-

' 8ibility to test, separately or in comhinéfion..faotofs of regula-
fion of the Arcto-gprvegian cod fiaherﬁ. Results of modplliﬁg and
analyse of criterla 6ver the set of variants of possidle changes
-in cod fighery selectivity were given and optimum trawl-codénd's

mesh size for ¢od fishery was determined.

‘
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RELATIVE INSTANT PISHING MORTALITY . [

Different authors tried to find in different forms relation-
ships between trawl selectivity parameters, nénms effort arid
fishing mortality rate P (sece Beverton,nolt 1957; - Pope,1974. Doubl- k
edw,1976). Por example, Pore's and Doubleday'e methoda were based .

on proportionality of the type: . .
F=a-S-§ : ) ‘
where 5 ~ selectivit:}gco_efticient,‘ § - fishing effort, S
Q. - conatant. . ‘ - .

48 one can see from the expreasion (1), the seleotivity coef—
ficient written in the explicit form does not depend on age of i’ish
and can be considered_ asa part of the whole constant & . To the
author's mind it would be better fo taice into account for the selec~
tivity process when .t‘oming a function P (i), where { - age of the
fishes, by the expreasion of the type (see Beverton, Holt 1957 -
Blinov,1981):

F= e Fst ' ' (2)
whera. f‘;t -~ stable P value that typically valid for middle and old
ages, Jt - a fraction of fishes at ages retained by trawl's codend.
The function J((L) was considered as being the cumulative one in'the
previous paper (Blinov.1981). Indeed, the point how tc 1nterpmt‘
the jL(t) function needs further study in the frame-work of trawl
sampling theory. ) )

The multipli ative function for representation of F(1i) has

" been used in the papers (Hoydal 1977; Hoydal et al..1980 SDBI‘I‘O. .
1980): . ' S S
F _..vaax 'Z “) jk (L) » ‘; ' : (3)

where Pxna.x - maximum fiahing mortality rate that is usually



‘occured for one of the oldest age group, % (i) - fraction of fishes

5-

aged 1 ﬁeing avallable for the fishery. The P value, in its

turn, has been formed by such additive terms es landing F, end
discard of fishes emall in length F, + 1ee, F= F +Fy . These
magpitudes e8 being all functions of age are then distributed

among types of fisheries {and. vessels as well). Such an approach

.lgnified brogress in the problem owlng to detalizing influence on

P valuee of different types of fiaherieg and various mortality
factor 8 for fishes. But multiplicative form of relationskip (3),
where functions j&[t) and 'z(o.) have 't:oth dome~like form, seems not
to be evident enoughe. ’

‘ ‘ the
To clarify the point it ehould beprimarihhaid that’ right

. decreasing part of-rg(i) curve that is responsible for general

.

availabllity of the fishery to the stock and for trawl's catchabli-—

1ity in relation to the most aged fishes, is considered sometimam
as being formed by aeleétivity prooéaeee. From methodologlcal tack-
ground trawl codénd?a ability to retain fishes of definite iengths
(ages) despite of lengtﬁ compositionlpf fished populatiorn bvefore
trawl's mouth provided fishes of all lengths (ages) do present
there, fhaf is usually considered as selecctivity. ‘
. Pishes by the rest parts of bottom trawl for the sxception
of codend are treated by trawl's catchability theory. So fishing
mortality curve as being a function of ags of fisLas can be consg-
tructed by using another background. . .
When analysing the ICES WG data on cod (aee, for exampleo Anon.
1979 1986) onecan tind that the P(i) funstion :tor cod in any y2ar

of tigheryj has + a8 a rule a @ome-like form with maximum point that °

corresponds - to the oldest f;sheé that ‘can be likely explained by . -



norwsgian hand-line and long-line fisherdes of the cod ap'awnins
stock. The function F}(i) being divided by its maximum value E"""‘U)
1s trensformed to the function FRJ (I} that changes from O to 1 .
and keeps domelike form (see Pig. 2,3). '

Thua, the function )

FRy(1)=F () /Frnax (i) (a) ®

. is normalized and that form is the special one for the year J .
The function FR(;) can be represented in the form of sum of four
functions in the tol]owing way:

FR; (1)=SEL,; 5 +DISG (i) - GAP; (L) DISP i W
_Here DISCJ aignifies a function deacribirg surplus catch €f
young fish over that detemined by codend's selectivity curve.
That is dus to meshes in condends being blockaded by fieh bodies
-and due to other reasons ss weli. But the most valuable c;anatl-
“tuent of the DISCJ- function is determined by amount of discarded
fish, The function GA% characterize aversged retairing ability
- of trawle relative to middle-aged fishes, SEL (i) :f‘-(i) - gelecti-~
vity curve describing trawl éodqnd'a retention of fishes (it is
usually applied to the fishery during a number of years that cor-
responds ;to fixed mesh size in trawl's codends). The tunction DT,
describes a process of dispersion of 0ld ° fishes among the
stock and their relatively leas availability to the fishery in
the year oi’j

Typical functions incorporated in~to the right side of the
expressicn (4) are shown in the figs. 1a,b; 2,3. The DISCfunction
glves non-zerc values for ages 1-3 oﬁly whereas (GAP ana DISP
furctions are often distributed over 5-9 ages. Transformations

(3a) and (4) ere made for F(i) values obtained for instance, by
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f1972).

T

that a retroepeetiye or p;egnoetio enalyéie 1s’eupposed to be

: carried out. -

Thus, selectivity and intensity of fishery appeared to be

aplitted irto separate parts as the expressions (3a) und (4) reveel;

" the VFA method for a certain reference (basa) year beg{nnning with

1nteneity of the fiehery was sepersted by meane of using multipli- o

bative form of the expreesion (factor Pmex)’ while selectivity

function SEL (1) has an additive form. When changing the valuss

of T . and SEL(1) as the tishery is modelled ons can separately

max

© or jolntly investigate intensity and selectivity effects produced

onto the results of the fishery and their iﬁportahce because as
they can be considered etock end catch regulation parameters that

need to be optimized.

. VIRTUAL POPULATIOV ANALYSIS REVERSED

The new method of cohort analysis reversed of salectivit;

) - (CAROS) has been proposed in the previous papers (Blinov, 1984,

19855) to consider the selective part of a etock. This method is
convenient for manual calculetione but gives remarkeble errors
nevgihelless, 80 there is need to improve it. The model and cor- .

tesponding proéramm "ICEsfjﬁ always used below for calculation .

[

steck and "catch numbers at age is the 1mproved.vereion of the proB--‘

lem. Here the VPA relationehips in Gullend's form are used (Poge,

o Eull-exp ((F)'me)))
jlv.h Ji *.>  S F: rv1

N(Lff)_"" JL’\eXP(( l*_'M( )» ‘(6).”‘

(5)



8.

where A/L ,1/‘*1— numbers of fiches aged L and‘ i1 ’ Eﬁ- -l

fishing mortelity rate of L -th age group of the stock in j -th

vear of fishery, M (L) - natural mortality rate of L -th age group

of the stock. - ‘ .

The expressioﬁs (5) gnd‘(C) are used for calculations f&?%é%&?g

" lee. fishes getting more aged are assessed in number By and by,

it 'is plausible by an'alogy tg; CAROS method to call for the sake .

~ of definitnses(This directlon caloulations carried out ingas VPA
‘reversed, or VPAR. ‘ .

Abundmce of selce otivity cohorta at are and cat\.hes taken from

“those cohorfs are written by analogy to the expressions (5) and (6):

Fi (- cxp(-(Fz +M@))
FotM@)

Cn_(ssr.) NJL(SEL)

NJ(LH)(SEL) /\ L(SEL) eXP-(‘ (FJL *M(‘))_)_ ®)
Algoritbm of selectivity cobort analysis is given 1in the paper
(Blinov, 1984). If the expressions (5) and (6) in the paper (Bli-
nov, 1384) were changed for the expressions (7) and (8) written
above, we would have & method that can be called as VPA of selec-~
tivity reverscd. or VPARCS, . .

NATURAL MORTALITY RATE AND RELRUITMENT oF CoD

ICES Working Group is well known to use constant and equal
values for ell ages of cod of natural mortality ratea ¥ (Anon.,
1979, 1986). In 60-ie¢s years M = 0.3 and in 70-1éa - M= 0.2 have
been taken whereas contemporary understa.nding of elimination of

fishes froa the atock due to natural causes (see, for example_, o

- X

—— - e
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Tiurin, 1972) is based on considering it as being a function of age
ot riah; 1.9; a function ‘M(1) that is beleived to be of concave .
type. Values of th;t funcﬁion over the rggions correspondink to the
youngest and oldest ages Are reached or eicéeded the level K = 1., °
and ths minimun being more otten'flatte& hits to the niddle ages
of fishes. - ' R
. In the paper by Borisov V.M. (1976) the computation by Tiurin's
metho&va dindance of cod individuals eliminated dus to natural rea-
sons has been mads..In our work (Blipov, 1977) a model for such a
type of elimination was delivered and some genefal type of the \
function M(1) was propbsed; Here again. coefficients 6f the runc; -
tion M(i) were fitted ou basis of the calculation results obtained
in the cited work by Borisov V.M. In the present work one of the ’
‘coefficients has been corrected ihat aimed getting results for the. :
entire run provided that these reaults would not be in contradiction. :

The second part of the reaults obtained id that run has been presen~ °

. ted in the paper (Blinov, 1985b).

We thus recommend for use the fol]owing function M(i) for

the arcto-norwegian cods

Mu}-—én[eg exp(- 2L)‘“E?XP( 03))]

ale expression was used in the modelling process 8s being an alter-
native to the constant value U = 0°2 that has been takan by the 1.
Inr.his furdamantal work Tretjak Vel (1983) propoaed the
* expression ' M(1) that however gives very low valuea within wide
range “of cod age groups. Thie expreseion needa moroover %o be met
on a more rigoroua theoretical basis. So in our calculations we f_
have not takon Tretjak's expression.,,_“~ xfi L f'JAJJ. .
As is well known (Anon., 1986) a number of year classes untill
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1983 year were poor and cod recruitment was at a lowblevei.; only
aeveral hundredg 3: ﬁillione or Bdear olds. During this run of
modelling a conetant low level of cod recruitment was usig ag it
has been dons by Ulltang (1979): we used N = 310 2111 5Cindt vidu-
als. *hué, the results of this run of modelling should be related

to the state of the cod stock with constant multiyear recruitment

. of very low level. ‘ A , ) B : .

. .

BRIEF DESCRIPTION OF ALGORITHM CP THE PROGRAMM “ICES-3"™

The outputs of tha model and the programm "ICES-}“ are prog-
nostic parameiers of cateh and stock (l.e. parameters of exploita-
tion fegimen of the at;)ck) when changirg (separately, or Joinily)
pelectivity and intensity of the fishery and at the same time pos- -

" 8ibly changing in recruitment'as level and natural mortality rate

for fishes at different ages, The model and progranm can be uszed
for retrospsctive analysea.

When taking the WG data on P(1) values for a certain "base"
year of fishery, the function F'.BASE(L) is transformed by use of
(3a) and (4). Calculations of stock and catch parameters by using |
the expresaions (5) and (6) for proznostic yeara of fishery are
rade by the precgram "ICES-3" in two variants: 1) for fishexry with.
existing (0ld) selectivity SEL{1i)= 9,_D(L) and 2) for fishery with

new celectivity SEL(1) = PNew (1), where Poa.o (1) ana P;Vf.w (1)-

values taken from old and new selectivity curvea tqr‘fxshea of

i-th age. Any selectivity curve of trawl's ccdend that differs from

- .

that for base ycar (both for increaging or decremsirg pmsh size)
can be taken to be vélid to the calcﬁlation prozedure.
. The following variants ol changing in intensity of fishery
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are taken into account: fishery with the same intensity that was i
otserved in the base year; fishery with any constant intersity
for a11 age groupe of the stocks fishery. with the intensity that ;
ie changed yearly by the value AF until it reechee constant .
(optimel, in a’ . case) level of F%pt values for all age groups of
the stock. The lather values thet have been recommended by the WG
.for given selectivity of fishery (see Anon., 1979) were used in "

our calculations. i ,
The WG data on numbers at ages for siock in the tase year

were used as start ones in the expreeeione (5) and (6). The rest -
of fiehee in estock et the end of this yeer'e fishery was calculated
by the formula (6). Number of fishes eliminated by natural causes f"

- is determined as being the difference between initiel number and
sum of catch in number and the rest-of the stock. )
Spawning stock numbere et age are calculated using values of

the maturity ‘oglve by Ponomarenko V.P. et al., (1980). Spewnins
stock blomase at ege and that for the entire unit are aleo calou=-

lated. Por these purpose mean weights of,fiehee et ese (Ancn.,1985)%.,‘;

-ave used and bilomass of fishes at age for cutch; stock and amount
R . : . B 1

ofxfiehee elimineted'due to natural cepeea are conputed ae well,
When all stock and ceteh'peremetere for tie varieh*e'of 80~ '§ .
leetivity of ths fieherw have been eeeeeeed. 8 comperiecn of thesy .
veriente wee performed by computins loeeee end geine in eetehee
. by means of the eub,progrem that reelized the VPAROS method. ‘f:“

. SOME OPTIMIZATION CRITERIA POR TEE EXPLOITATION ]
- OF comxcm 'FISH STOCKS ;... " RO BN

.

H

' A Bet of fieh criteria for optimum exploitetion of commercial e

I
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fish stocks must surely‘ include in explicit form such critgria T
that reveal variaiiona in spawning stc.;ck' Abundance. biomass arid"
structure, ' N »

The moat simple criterion is keep ng constant spawning etock -
bilonass (provided given structure of the stock). The exp;‘eaa_ion 1)
permits to organize computational pfocesa of peeking fr such a
catch in the current season that the ﬁext year spawning stock .
wovild reach a certain‘ given value, For that is used an 1hcrement

. AF('('.) aF/-FR;(2) - a0
«whe're AF - vary:lng computation atep. Perfoming iterations a new
value of fishing mortality rate F” is obtained by using the exp- :

ression(from the old one Enp)

By = Foup i) ) £ 8F FRy (0 Sy
’ When using variabli;tep AF one can sustain ca.loulation velue
for apawning stock biomass. B to be at a given ;eve,l wit!;in a
certain fixed accuracy and ﬁ.nally to determine the allowable
catch. This problém v'vas‘aolved by our optimi.zation progran "ICES-4".:
Catch‘optimizing process for the proghostic year j described
above correapohda to the oriterion t:Y—) max provided Bj"" -

= const, latter prognostic levexs B: being thereby set from .

biological conaiderations. Jr
Among outputs of the program "ICES-B" there are three ones

being the most important: comerc:.al Bst and spawning stock B‘r

biomasses, biomass of catch Y . Concepts for rational exploitation

should be evidently related to these parameters. Rote that thgy

. are not independent and so criterié. compoced by using some combi-

nations of these magnitudes ‘do hava to.‘be aingle—valged. o

_As a basis to form criteria for option of optimum regimen of
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exploitation (optimization criteria) of the commercial fiah stock

' 'bearing in mind that we deal with the complicated eyatem it ie
reaaonabla to aet the following qualitative comsiderationez 1) in- :

creaeing in catches is limiting from above due to poaaible vulna- BRI

_rable impact to the stock while low catchee may point out to irra-'
vtional utilizeticn of the atock due to the ract that elimination '
L fishes by natural causes 1is increasing; 2) riae in the commer-
clal stock size without a correaponding riae in catchea aeems to be
relatively high elimination of fiahea due to natural cauaes and

’lowering in relative amount or feeding items and absolute one uti- i

R e

' "lized by other apeciea that are belived to be of high importance
and rationally exploited; 3) decreaeing in commercial stock sizo .

when catch is tixed. due to decreaaing of apawnins atock number ; v

_‘and the reprcduction ayatem of the atock may therefore be violated; .
4) sharp decreasing in the commercial etock size and catch nay v
b : l:occur to be not profitable because the ecologic niche would be N
t ‘». occupled by eome other fish epeciee (particularly by unexploited

one),‘ 5) increaaing in apawning atock biomasa should not coineide o :'

' Awith decreaeing of the commercial atock biomaae that would inevi- -‘ﬁ'

: } tably reeult in aharp decreasing in catchee- 6) decreaeing of /"'

pawning atock bicmasa should not conaide with increaeing in cntcheerl

Regulation measurea that usa fiaher& eelectivity and inten- lj

f";catch increased and aimultaneouely to eave (or even enlarge) aummed

"tor exploitation regimen ought tn be | oriteria of cumulative typa :1§:‘

jthat reveal propertiee of the eyatemi'atock-fishery" during a seriea

:’eity changee are well known to be directed to gain aummed multiyear L

) numbera of spawnere over theae yeare. So among optimization criteria\ "



- Por instance, - the ratio

ZY/ZBSP je

-where n - number of prognostic years (or time delay in yeers for

 (12)

retrospective analyaia). A8 thre criterion CP is 1ncreasing, catches
are reletively also increaaing compared to spawning stock size that
may result in overﬁ.ahlng. As the criterion L(’n is on the oontrar
decreasing, catches ére relatively decreaaing accompanied by the
more auepicious stete of the soawning stock. However, drastic dec-
reae:lno 1n ((L yelues would correspond to &rrational exploitation'
of the stock (underfishing).‘

One may recommend ~another criterion of cumulative type that
1ucludee ell three etock and caton perameters:ﬁ«.),w oriterion defined
as ratio of catch and spawning'atoek biomass aummed over a eeries

of N years of fiehery to summed commercial stock biomans::

W= [Y ' BSP(J” /Z S(J)' m_)

where "cg" - commeroial stock.
The expreasion {13) containe in the numeretor a sum of catch
. and epawning stock biomasses to maximize which is the aim of fishery
regulation. When the numerator in (13) is sustained constant '(or‘

" near 1t) increasing in the"commerniel stock size would mean irratio~

nal expro1tation of the stock. When the commercial stock is decrea~
sing without decrrasing in catches the spawning stock 1s also dec-
reasing in size that may become dangerous for reproduction potential
of the stock. When values of‘the criterion\Odh are lowering that

results in decreasing in catches and biomass of the spawners while

relatively constant level of the commercial stock size is sustained

———__ - R ..-_’A.

ol
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<

that also means irrational exploitation of the stocke.

The qualitative analysis of the criteria (12) end (13) given
sbove creates a basis for the maximin formulation of the problem, .
nameli: maxmin ({L maxmin (A) as being the aims of stock size
regulation for the period of 01 years.

: . " ANALYSIS OF PISHERY SELECTIVITY FOR THE

'ARCTO-NORWEGIAN COD USING THE CRITERION T,

A 8et of retrospectivs and prognostic calculation runs has
been carried out using the programm "ICES-3" in which stock and
. catch parametefé for the arcto-norwegian cod have been determined
when changing selectivity of the cod fiehefy§$h11 these calculations
fiahe;y intensity waas kept at the‘base year level,: .
‘ Input'data for the calculations Qere teken fron the following
eources: codend'u aelectivity curves for the soviet trawls made of
ﬂapron nets havinv mesh sizes as so B = 91, 98, 110, 120, 130. 200
mm (Anon., 1564; Treshchev, 1974), for B = 130 mm (Ponomarenko st
» al.; 1978), for.mesh eiges B = 125, 130, 140, 150, 157 mm - data
.; obtained by PINRO.‘ )
‘ "The years of 1962, 1968 and 1978 are taken as the base ones:

. all mat-erials of the WG (Anon., 1979), in particular, fishing

mortality conaidered ag function of cod age F;ASE(L)' are used for
the bage yeara. Resulte obtained by application of the expreseions
(3) and (4) io the base year data (and for 1979 as well) are shown
in the figs.: 1gb; 2,3. For the bgse years 1962 ard 1968 the cal-
culations are retrospgctive ones. Por the baae 1978 year the prog-
nostic regimen a ra@her great prognostic time interval N = 20 years
that was taken by anglogy with Ulltang's computations (1979).
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The following traneitiona of fiahery selectivitiea corroapon- -
,ding to -changes in mesh size. from B to the new ona B s 91—» 98,
9120110, 190120, 110 —=130, 110—s=200 mm have been studied o
- and the results have taken into aocount$gll stock parametera that -
were really acted during the period of 1962—1968 years. In the
' prognostic regimen taking 1978 aa the baae year the following tran-
sitions have been atudied: 120-«-—125, 120-»—130. 120--—140, 120&-.
‘ 150, 120-e-157 m. All these variants have been computed uains both }‘
constant natural mortaffeteﬁ1 - 0.2 andsiunction M(i) siven by
the expression 9. : o
To analyse variants of changing in cod fishery selectivitias L
the criterion of full compenaation of losses in catchoa 7} deg-- .
cribed earlier (Blinov, 984,1985a,b) has been used. The border )
‘value for 1z, = 8 yeara wag thereby used: if in a caloulation vari-
ant¥fnequarity Tf > 8 years ‘appeared to be valid that tranaition
variant was considered not to be advieable., e
Calculation valuea ~of the criterion 1}t ior a11 varianta ot '
transition of the fishery when vesscls began to use trawla with _ﬁ» :"
new codend'a meah size B aro ahown in tho Pig.4. The line that .
jointa crossas corresponds to the calculation variants input data
of which havo been used in Treshchev'a computations (1974). Tho
' only valus for B, '- 98 mm waa obtained using data rrom (Anon.,.
",'1964). However, in all these caaas M - 0.3 and F_, - 0.8 have

: been taken aa the Working Group haa uaed thcao years. Aa one can )
,conoluda fron the deaoription of the model the latter one allovu ;«{ﬁ
‘;to nake calculationa taking variable valuea ot P(i) instead of the

'conutant ono P-- 0.8. Reaulta of these varianta aro ahown by cir—

S - R L IS f_ 2% ‘,}L;‘, e

.,;'
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to be advizable whereae for all c'ther variants values of 1}: were
extremely high. One can conc_lude of that the value M =.0.3 has
likelj' been then overeatimated giving espacially unrealistic reeulte
when the effect of change in fishery selectivity was calculated by
' Gulland's method. ) ) 5 .
The values of -rfc criterion for prognostic variants of.tranei-
.tion beginning from 1978 when the meeh eize 5, = 120 mm has baen
used to larger mesh sizes are shown in the Pig.4 by squares end
triangles. the latter ones are thereby related to constant vulue
of M for~a_11 cod age groups, M = 0.2, and the firsi ones - to
the function lﬁ(i) glven by the expression (9). As we see in both
cases velues of the ch criterion. increase while the new mesh size
Bf is increasing resulted in the most sharp incrsase for dots that
. correspond to t}ie function M({i). . v .
In order to obta:.n values of the funciion fc( )in t}‘m region
100-120 mm, a set of retrospective calculations for the base 1962
and 1968 yeare has been perfomed with use of the expressions (33)
and (4) beforehand and the function (9) as well, i.e. provided
-M=M(i) and F=F BASE (t) as if the ebove method was known those
years. The reeult_a of these calculatione are shown in the Fig.4 by
transparent and half shaded rhombs. In both ceses the input meah»
size BO = 91 mn was taken. As we can s%&rameitione of the fishery
to the mesh sizes B1 = 98 mm and 100 om epppeared to be true and
+ valide. In this way the function T (8 ) became continued to the
) lower range’ orB-s-- Tre solid line that avercges all dots ‘in the
Pig.4 eroeeee the border that was said about earlier in the range
between B1 - 120 and 125 mm. Thus, this is the runge of optimum

values of the criterion T. , indeed. As far the 1}( criterion

fe
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reveals only technical end economicsl importance of the regulation

' . measures when changing in fishery selectivity is concerned (see

Blinov, 1984,1985), so in order to judge finally about cod fishery
selectivity level it 18 necessary to draw to the analysis the cri-
teria that reveal biological states of the stock.

ANALYSIS OF COD PISHERY SELECTIVITY ° .

USING THE CRITERIA (ph AND CA)h ;
The criteria t(h and (A)n defined above reveal interdependency

between parameters incorporated to these criteria and they belong

besides to the relatioshipas of cumulative type, i.e. they aocﬁmulatq ;.

multiyear information on changing of some model's outputs. Such
. eriteria are very useful in assessment practice when one obtain
digital parametefb level fbr the éxploitatioh regimen of the com-
» mercial stocks and of the total allowable catches due to the fact
that fisﬂery changings that are concerned‘of young age groups of
the stock do influsnce onto stock pafgmetera‘during all subsequent
yoars of their life in fishery. . . ) ; .
The analysis of the modelling ;psults obtained>with the use f
of ¢, end (W, criteria in the‘ﬁaximin formulation is preeented
below. In our case there are two contrql parameterss: new mesh slz

B and the altfornative M = 0.2 or M{i) by the expreaaion (9)c

For oonvenience sake consider a parameter ET that chooeea one of A;
the alternativea, 1.3. @ =11t M=M(i)and 6 & 01f M - 0. 2. .
The rule for the analyeia ie: the variantn that hit 1nto the croas— i

section region, which is formed by overlapping optimum regions of :
all criteria, should be treated as being the aim for atock size
and’ fishery regulation. A variant or trausition of the cod rishery

(Y
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to e new mesh elze in trawl's codend 8 ) when using oriteria (.Ph ~
and Q) would be considered as being the optimum one if the opti-
num conditions detemined by the criterion ch are provgd to bé '
reslly fulfiled and the following exprescions are valid:

_ . (14)
oy = ik i) o
' N < 5. ‘ (15)
(A)h(opi).z ?'noxx ”gh {(/\)h} .

: B, &

Minimization of the criteria (Ph' and (A)h by théVparamater han
the following sa-nse. Values.o'f natural mortality rate of fishca
"in the stock are redistributed over age groups, whan the expreasion
(9) instead of the constant value M = O, 2 is ugsed in the modelling
procedure. in the way: young and old ages are assumed to be elimi—
nated wit_h more high rate than that for the nidile age groups. So,
Any averaging procedure by using the axproasioh (9) (for exampls,
with velghting by numbers at age) gives somewhat higher mean rate
of cod elimination due to natural causes than that determined by -
the constant vulue UM =.0.2. That means that provided the fixed

. vaiues o'f Yj and BSP(]+1} ‘the denorinator in the expressgions
(12) and (13) should have the higher value resuiting in lowering _
.the values of (P and W, . ‘
" Calculetion values of the criterion ({’20 for the 20-year fore-
cast are shown in the Fig.5. As we sea & valus 81 = 120 mn cor-
responds to the point of maximir according to {he expreesicn (14).

All the fest.- nore higher, values of B result in decoreasing of

, 88 the ‘PZO criterion shows thers

the criterion CPZO value3. Thus
iz .
no need t0 lncrease’in trawl codends over 129 rm when cod fist.ery

is carxied oute 'I'Ifxe same conclusion one can produce if the &)20
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eriterion is considemd.(é;g the Pilg‘.G.). .

It.. also rollows from. th'e Pig.5 that if ‘the spawning 'stock'
geems to have a somewhat better atats, the latter is reached by
means of valuable decreasing in catches. A family of curves u) (B 6’)
decreases analogously to that of (p“({}‘)d) that give rise to a con-
clusion, that during the period considered catch and spawning stock
biom.ase are increa'si!ig with a significant leg compa.red to the com—'
mercial stock biomass.:In these circumsta.noes a fraction of fishes
eliminated due to natural causes increases that gives an evidenoe
i'or irrational exploitation of the commercial cod stocks As we
can see from the Fig.6, this process takes place both for the va-

" riants determined by the value M = 0.2 (adopted by the WG) end
for those determined while using the expression (9) that is recom-
mended in the prescent work. - . B .

Thus, we can conclude that within the limits in which cumu-
lative criteria (on and C\)zotake into account. biological preper-

. tiea of the commercinl cod stock, optimum values of these criteria
appeal to the recommendation not to increase inner mesh size in
trawl codends made of capron more ;han 120 mmvwhen cod fishery 1is
carried out, by 'those ge‘ars. The mesh size of B = 120 lnm is well
known to be officially 1ntroduced aince 1981, 80 the resulte of thn‘
present work ‘should be understood as the proposition to "freeze"
this regulation parameter at the existing level and perform cod )
fishery regulation by means of cha.nging intenaity of the fishary,
i.eo _ehax:ging in fishing effort exerted on the cod e;ocke

" CONCLUSIONS .

- 1. The large scape of e‘jxperizi:xéhivﬁl matﬁ;erial covering the
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pefiod of 20 years when ihe investigations of capron trawl codendfa
pelectivity reletipe to the arcto-norweglan cod have baen carried
out by PINRO, was laid as inputs when system modelling of the pro-
cess was performed using the epecial progrem "ICES;B"‘ The criterion
of full compensation of losses in catches was applied to the resulto
of the modelling described to give the definite optimum range of
.\esh sizec in t.rawl codends: B = '420~125 mm.
2. When putting into comparison the old end new eelectivity

" data for late and recent years if ‘one uses the expression (99V$Fggub
ved that all calculation veluee of the fe criterion have been

- surely pot in order to give an evident and clear relationship yhich
18 of increasing type - the criterion 1}c being as & function of .
the new mesh eiie 51 « On this basis fhekexpreesion‘(9) is recommen-
ded to assess stock numbers and total allowable catches for the
arcto-norwegian cod, - ) ‘ - .

3. The meximin formulation of the \ég and c«)n’criteriu (ex-
preeeione (14) and (15) when the analysis of changing in cod fish-
ery selectivity ie pcrformed allowed to take into account changee

-, in biologicel parameters of the stock and catches. When examining
optimum values of these criteria over the galculation variants ob-

.ained'in the system rodelling deecribed ebove it was possible to
digest the.optimum mesh size in capron trawl codend's for cod fi-
shery B = 120 mm. .

4, It all three criteria are combined in the analyeie it wes
possible to obtain -the only value B = 120mm in the cross-section
of the optimal criteria regions tha_b‘ have overlapped each other.

" Because the existing mesh size is officially taken as being L
- 125 mm, the meip result of this peper 18 to "freeze™ the exiating
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mesh slze for cod fisbery ane further 1ncreaain5 in the value of B
is not advisable.

The xeeh size value B = 120 mm should be considerqd>as‘the
minimum one in the opfimum rangé when biological étte"of.the stock
18 not getting worse. The mesh size value B = 125 mm should dbe
~ treatcd as maximum &% Jwable oae when the lavel of rational tishery
Vﬂia yet sustainad for e long time while biological and technical-
pcinte are concerned. Thus, by the preosent work we recommend finally
‘ to "freeze" the‘present‘inner mesh size in capron t}awl codends '

for cod fishexry et the exisiing level of B = 125 nm,
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LEGENDS TO THE PIGURES

Pig. 1. Pishing P and relative fishing mortality PR rates
and the constituents of the FR depending on age ‘of the
‘Barents Sea cod for base years: a) 19623 1) 1968.

Pig. 2. PFighing P and relative fishing mortality PR rates and
. ’ the constituernts of the PR, in dépendence on age of the
Barents Sea cod for the base 1978 year.

PA:I.g. 3. Pishing F and relative fishing mortality PR rates and
the conutituents of the latter depending on age of fish
(Barents Sea cod) for the base 1979 year.

Fig. 4." Criterion of full compensation of losses in catchea T ¢

years, depending on new inner mesh size in trawl's codends
‘B1 , mmm.

Fig. 5. Criterion \6_0 in dependence on new nesh eize B1 , I,

. for two alternative functione of natural mortality rates
for the Barents Sea cod: M = 0.2 and M = M(i) using the

expression (9) of the present work.

' Pig. 6. Criterion (A)win dependence on néw mesh size 81 , om, for
. . twe alternative functions, of nafural_mortaiity rates for
the Barents Sea cod: M = 0.2 and M = M(1) given by the

expression (9) of the present work.



F,FR

0.5

anymptote

10

FER
1.0

05




T TN e




- - o ] 28,
T o [xesz,Me03, B2 94mm, FrO ’
c L 01968 M=0.3, B,* 10mpm,F(i)
404 S . 8 1978, M-f(t) B=120Mn ,F(U)
S S *. A197§ M»0.2, 3 «120mH,F(1)
AR « o} #1968, ‘M 0.3, B-ﬂo Fs0.8 g4
.30 N 01988 Me fm B.'Q‘l F-F(t’
B IR _$1967,M=5(1), B =81, F= Ful)
20{ it T T
. 0/"/‘ ; o
Lo . mea"\ e
101 | a0 al=g=ss_—
0 : : : — o ’
$0 1oo 420 140 150. 430 200 R
T trewm} oo&ood'l mesh oho for cod ﬁ.lh.ry Bq,HM )
‘ Yo, & . . B
048
wzo
0.401
0351
0 el
420 430 1:40 150 160 - 120 430 . 140 150 160 -.
PG B o emmannye o Bymm
’ res T A S mee L . -
TMozmeceHo K mesats 27/¥I° 1986 o, -~ .~ =~ 7 Bar.aa 324

Odpes 1,75 B.J. .s‘bopuar 60x84 1/I6 ° . BecmaaTho . Tn'pax 265

- PoTampmaT BP0 - . :
IO7I40. Mocm. Bepumsm Rpavnocmcxaa. 17 '




