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ABSTRACT

The author‘a method proposed betore for c.nalyéis of cod
fishery selectivity was used in the present paper. Experimeatal
selectivity dat;a for trawl's codénd with mesh sizes from 98 to \
134 mm for the redfish (6. mentslla T.) tishsry in ths North - \:

.blantic were used 1n calculations, Three calculation runa wers
made that differ from each otﬁer by vafiéus runctioxia cf natu-
ral mortality rate at age M(1). Calculation variants were analy-
sed by using five criteria which 'wers‘put in order ead optimum-
regions for them were determined from \t'ha \Vorki‘ng Group data.

The Pareto frontiers conception is also used in the analys s.
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» 2.
Ths optimum mesh aj.ip in trawl's codend B = 98 mm was recom-
mended for the redﬁ.sh fishery in the North Atlantic. Besides,
a definite tunction of natu.ral mortality rate at age of concave
" type for rednsh was recomnnended Ior use instead of M= 0.1
for all agea thgt: is used in the WG'a practice.

| 3$suuﬁ

. La méﬁhde proposa plue tSt‘ par l'suteur pour 1'enalyse de .

Lo omaa

la gelectivité de la -:peche A la norue arctique—norvégienne est
utilisée d.a.ns ce travail, Lea courbes de selectivité experi- .
mentalles des sa.cs de chalut au cha.nsement des dimensiones de
maille de 98 a 154 ma pour la peche a la perche (S. rentella
1‘.) al M:le.ntique du Nord sont utilisée dans les calculs. Les
trois cycles de calqul ‘sont faite ;esquelles se distingues

pexr des fonotions differentes des taux de mortalité naturelle

& ltage M(i).. Les variantes de calcul étaient analysées A par-
_tir de cing critéres aysnt placées par rang et les regions op-~
tima pour ces eritdres étalent determindes A la base des donndes
" de la Group au Trava.ii.i Il est aussl utilisée une conception

ds la frontier de Pareto dans l'analyse. la dimensica optimum .
de maille des sacs de chalut B = 98 mm est recommandde pour ia
pécha & la perche t\ 1'Atlantique du Nord, OQutre cela, la fonc-
tion definie de taux de mortalité naturelle & l'age de la type -
c>oncava pour dea perche est recommandéde pour l'utilisation’

4 la place de la valeur M = 0.1 pour toutes les ages des poiss-~
ons qutest pris pour des calcules A 1a prﬁtiq_ue de la Group du ‘
Travail. ' .

INTRODUCTION

, Total catch of the redfish S, mentella T. in the North-
' East Atlantic reached remarkable level in 1971 year (4non., 1980,
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1982&) and since 1974 to untill 1982 remained at relatively high

- level. As one can -see from the fig. 1 peak of the total catch
cccured to be in 1975 and 1976 and gradusl lowering in catches
is followed that apeaks for & stable level of :t:l.ahery;‘ In that
aspect the question ie valid if the measures introduoed earlier

- to regulate the m redfish fishery by setting definitslevels of
trewl's selectivity (codend's mesh size) snd catch’ :I.ntenaity

.TAO level) should be appreciated to be optimun ones. -
An estimate of optimum level of aeleetivity tor redriah fi-
shery in divisions Ila and IIb of the NEA and in. the KWA ‘was ma=~

- de :Ln the present paper by uamg a8 new method applied prelimina-“ .
ry to the NEA cod fishery ‘(Blinov, 1986) that 1s mi.nly bued. on
nulticriterial analysis of modelling reaulte tor tho systeu ‘
"atock—tiehery o - A

I(ATERIALS AKD METHODS

In the paper & method described in detai]s ea.rlier (Blinov,
1986) was used for assessment or etock and tiahery optinmum para-
meters (commercial and spawni.ng atocl: eizea, total catch intenw .

eity and :Lntensity 'hen catchins separate ase groups of the stock, .

TAC, aelectivity level of the ﬁ.shery). The method roalizel the
_tollowing approach ¥ ’

. 1. Bplitting ﬁ.ebery regulation fastors e.nd. repreeenting

* tham 1n a convenient (pouibly univerul) mthenatical form. For
" one-type gear nehery (tor exampte, travl redﬁ.eh fishery) one

) . should tend to build univereal baee (B) yea.r function FB(i) ,.

. where F - nahi.ng mortality rate. 1 - age or riah. '.l'hi- runotion
ia euppoaed to realue in its etructure reault of aplitti.ng t:l.-.
"shing mtenaity and aelectivity pe.rametera. Numeroue attempte

. - for mcorporatmg trewl eelectivity parametera to the tunetion

P(i) in en explicit fom have been made eerlier (Pope, 19?4; o
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Doubleday, j976; Hoydal at al;, 1980); Necessity of eeaking for e-
funotion l'(i) in.the univereal form -was enrpheeized also in the
Report of the WG (Anon., 1982b) and in the paper (Pope, Shepherd,
1983). o e - .
2. In order to take into account iiahery selectivity prooeee,
as being speaific one and descridbing selective retention and sift-

ing of tieheskth.rougn trawl's codend meshes and returning them .

to the stock thereby, it is neceasary to work out a method to LY
timate numbers of sifted and survived fishes entered the future
stock and appeared in future catches. Account of the additional
catch consisted of fishes that have been szlectively sifted durins
the previcus yeare ot fishing pemita to eesees more accurately
losses and gains in catches in every aeparate year within the
prognostic period of tiahery with changed trawl codend'e mesh si-
De. Such a theory hne been developed by the author earlier (Bli-
" nov, 4 984) _ . ,

5. I.oaaes and gaine in ca»ches are ueually estimted in per

cents to the bese year oatch, i.e. when aelectivity 1s changed,
thoee veluee are ca.loulated in per cents relatively to the cetch i
in the last yee.r of tishery with 01d mesh 5ize. R

4, Optimumnoae of exploitetion of the eystem “etock—tiehery
13 understood as multipera.metric optimization of baeio parameter‘
that describe etock and tishery. In other words optimum 1evel of-
TAC should be in agreement with the fiahery selectivity and in-

tensity Optimum 1evels provided that commercial and epawning stockﬂv '

are eusteined at optimum levele as well while lossee due to natu-
ral mortality being minimized. ‘The criteria introd.ced below meet
those :equirementa. Because optimumness of exploitation is useful-
ly assessed within a certain prognostic period of yeara, 80 addi-
tive stock paremetera are incorporated into criteria being writt— :

EV E- 3N
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en in cumulative form (criteria of cumulative type); '

5. Optimization of fishery selectivity level should be made
by the main eriterion '1‘1.0 ~-period of full compensaticn of loessl
in catches. It 18 ahown in the paper (Blinov, 1984) that tha cri—-
terion 'rfc means from the economical point of view the period of
recoupment ot the investment for the nOet: bems able to fish by

using trawla with new selectivity.

. 6., In addition to the me.in criterion Tfé optimization of £i- -

shery selectivity level is aleo made by using thenulticriterial
analysis of Pareto frontiers and optmum regions of tho criteris
which the extreeme valuea can be obtained by mlyais of ﬁahary
statistics for (Blinov, 1985& b).

Initial relutionahipa for nodelling are given bolow (tor de-
tails see Bli.nov, 1980). . . . ’

I. Diecret function F(4,3), vhere F - fishing nortal:lty rate,
i~ ags of tish, J§ ~ year of fishery, can be tra.nstomod to roh— v
tive function FR by division of mtial funotion by mximun r va— A
lue that is chosen for one of the old’ ages of .f.ishea:‘

FR(L,3) = MDD / Tpyesy. @)
From the WG data (4non., 1982a) the maximum Ppax SOTTesponds usu-
‘ally to 18 - 22-aged individuals of the NEA radﬁ.ah.

The structure of ‘ths expression (1) givel an opportmuty to
introduce explicitly diacret aelectivity eurva to the function
FR(1,3). Represent this function to an amtive form for w certain

'baaeyeuottishoryt s o ‘

TR(L,E,) = SEI.(i t ) +msc(1 t ) -cxpu t,) -DIEP(:I. t) (.
: Por dotail explanation of the exprossion ) see tho paper (Bli- . L
: nov, 1986). The fu.nction DI& (1 to) is positivo cne u FR > E!'.I.
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for young ages while DISC = O for middle and old agea; The func-
tion GAP(i,t ) is both poeitive or negative depending on which
of‘&%’equ&lities FR 7, BEL is valid in the range of middle ages.
At 1est, if FR(1) is of dome-1ike form, then decreasing in right
branch of the curve can be described by the tunction DISP(i).
while DISP = O for young and midd.le ages of fiahes. The tunotion
FR(1, 1981) is given in’ the table 3 of the Annex. _

1I1. Calcuietion sor stock numbers at age n;]i and cetchee c'.’1
for a prognostic period - was performed by using well-known ex-

pressions s . N

fni “- GXP(-(F“_' + HL)))‘
(3)

Cyq = Nyy

F:li +* ll1 |
Nd(i + 1) = N{M. 3XP('(F31 + ui b)) ) : (a)

where J — year of fishery, i - age of redfish., Values of r;ji we-
re calculated by the exﬁfessien ]

Fy1 = Frax(y) I'R(i tor SEL(1,3)) ‘ (5

~ where SEL(1,3J) - age-specific fraction of redfish retained by

trawl's codends with new mesh size, while the"tunctione DIsc,
GAP,DISP remai_n the same, 1.e. depending on i and ¢, . Such a
structure of the expression (5) allows to split rishery gelec-
tivity e.nd intensity er:rects exerted to s"ock and cateh i.n order
to investigate them Jointly or separately by usins the model.
(Nots, that P. max(3) is responsible for ﬁehing intensity in the
year § J. : ' ’

It is pleusidble the “s’yecem’ of expressions (3) and ) when
one calculate forvard in time to ‘ee called as virtual popliietioxi

analysis reversed (VPAR), As Sims (1982) has shem‘aeeuﬁcy of
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calculations in runs forward and backward appeared to be the
same. )
III. To calculate numbers of fishes that have been releassd
by selective suti;ng during the preceeding hsauls and their num-
bers in catches considering them as being some. additional catches
(or by-catch of the same species) during rorthcomiixg Yoars one .
should apply expressions similar to (3) and (4) written corres- .
.pondingly for the sifted or selected fraction of the commercisl -
stock, A catch from the mentioned amount of fishss can be called
as additional catch to the principal (main) catch in the base
year of fishery, Calculation of selective sifting and adbaequent
return to the fishery is proposed to be made by using the proce=-
dure that we call VPAR of selectivity, or VPAROS, where the fol-
lowing expressions are used 3
By (1 = exp (‘(’ai + My )))
C31(smn) = Nya(emn) ~ ()

Fyg + 3y

J(i + 1)(SEI.) = Nq1¢8m1) exp (-(F I + “1 ) 7

Initial values of NJ 1(SEL) (in the basme year t, = J ) are deter-
nmined by difference between numbers at ags in ocatches with old
and new trawl codend's meah lizea. Beceuae during the last 30
years demersal fisheries in the Rorth Atlantic have been gene-
rally developed in the direction of increasing in their selsc-
tilvi'tiea. 80 every new mesh size in trawl codends 31 ’wu.te‘lkem ,‘,.
a8 a rule kto be the greater than}_the prévioua one Bo v 1e2.

B, > B, . Ve consider then meah size in the base year. usually

to be smaller of all others, so comparative calculatiopa are ma-
de in this paper for increasing mesh sizes. Hote thé.t VPAROS -
procedure appears to be the fur_'ther enhancement of the mathod
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pmpoeed in the paper (Blinov, 1981).
IY. In all calculations recruitment ‘numbers to the redfish

" ptock were taken at ase 6 and considered to be ccnatant and squal

to 420 757 thou. of individua.ls being the mean value for the peri-
od of 1965 - 1977 yeaxs (Anon., 1982 a). ’ '
Y+ The experimental data. on selective retention and sifting

of red.fiah through d.ii:terent mesh asizes in trawl codends obtained
by P"NRO in 1977 - 1982 ys tor divisions IIb ICES and 2H and 33( ‘

.NAI’O were used in calculationa. Because selective retention and’

sifting of fishes by/through trawls are usua.lly studed in relation
to length and not to ags of tiehea, 80’ selectivity data need to .

be treated beforshsnd by using age-length keys (AI.K). In the present
paper ALK was taken as being e.ve‘raged over.ag'e samples toi- rodfish
obtained in divisions IIa and IIb Ices in 1980 - call it Norway -
Bear Ialand- Spitzbergen key (NBIS key). The latter is shown in

tha fig. 2 (solid line). The trawl codend'n selectivity data by
PINRO gre related to set of mesh sizes B = 98, 108, 116, 120, 125,
128, 134 mm. A largs scops of laborous work on graphical treat-
ment: of those data by using NBIS key haa resulted in- selectivity

© curves P(i) which are ghown in the fig. 3, Values of P(i) that

have been used in the calculations are given in the table 1 of

-the ‘Annex.. o o | o ‘

VI. In all calculations of the WG (Anon., 1980, 1982a) the

) dnly conatant valve M = 0,1 was taken for all ages of the red-

f£ish stock. In addition to the fu.ncticn.of natural mortality rate
l((i) = 0.1 the function of the type described in the author's earl-
ier paper (Blinov, 1977) - ’

M (1) = - [7u(exp<-oosi)-erp(-oon>)] @

"was used in the present paper, The curve M(1i) corresponding to
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the ex'pression (8) ias shown in the rig. 4. As it is seen frem
the i‘isure. ‘values of the cu.rve over middle age region are all
within the range of the value ML) = 9.‘} while the left branch
of the curve is likely rised too high that fesulted in overesti~ .
pating of M(1). So, in the third run of calculations for that .

reason another pattern was taken for the left branch of the curve

.M(i) s this one obta:Lned. sraphicelly'ano. daai@afed as u‘(i). b

Digit values from the curvea M(i) and M1(1) are oompe.ratively
3iven in the table 2 or the Annex. _ R .

VII. In prosnoatic rune maximun of the tiehi.ng mortality
rate for redfish was taken conatant and. equ&l to that value foz
1981 (Anon., 1982&). i.e. F m(d) = niax(1982) = O 25.

) VIII. The main criterion to enalyse calculation variente '
of fishing with new selectivity was taken Tfo (see Blinov, 1984. ’
1985a, 1986) that is detined as number of years after which a1l -
losses in catches during the latest years or riehery with new

) mesh size would be entire],y compensated by edditiom catches .

due to eelective eirting (and eubeequent survival) ot riuheo .
during the whole transieant period end espeoially during the Te-
cent years of fishing with ne' mesh aize. It was euggeeted in

‘.111 our papere (and in this one as well) that 1: ) 8 ya

then the . exploitetion resimen is olaimed to ‘oe the :ere.tiona.l ‘

one, y f‘.". n‘,(

Ix. In order to optimize etook parametere for aeverel pro-

vgnostic years of erp].oitation one should formulate edditional

criteria that would expreee blomaa ratios or oo:meroi-l end
spawning etock, catch and amount or atocl: biomaee enm.nated

_due to natural mortality (aee Blinov, 1985b. 1986) cptiminti-‘ -

on process ror a series of sequentiel yeare ousht to be oontrol- .

te
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led by criteria of cumulative type that aiffers from situation
when atep-by;step optimization takes place. Such criteria which
teke into account general biloglcal properties of catch and
stock during the period of n years can be written 3

n no . ’
e: - Z I/ ;Z Beom,st. (§) 9
J‘nﬂ “Znsp(jﬂ) / J_Z Bcom;at.(d) (10)
Z nat:.mor.(j) /3'1 Boom:ats (3) : “n

where IJ - catch blomass in the yesr of fishery j, Bcom.ae;(j)'
oommercia.l stock biomass in the year of fishery j, 3 ep (§+1) ~
spawning stock biomass just after the yeax‘ of ﬁ.aherv J (at the
* beginning of the next year j+1), B at.mor. (;j) -bionaaa of elimi
nated fishes due to natural mortality in the year of fishery J.

One can form a set of complicated criteria on baais of fhe

expressions (9) - (11) of which the most 1mportant are
@Pn = (\' / ‘)\m-‘l | . L (12a)
\}’ n (pn( en +')\n+1 ) ' l - (12v,

Here 13 C o~ the criterion of catch biomass relative to stock
sire, .Xn 1 - the criterion of relative spawning stock biomass..
X, - the criterion of relative biomass eliminated due to natu- ‘
ral mortality, (Pn - the compliqated'exjiﬁ:erion that means rela-
tive catch comparatively to 'relative level of spawning stock bi~
omass, \;/ n"- complicated cfiterion that has the sense similar
to tha.t of the criterion (‘0 n but supplied with weight that is
represented by sum of relative catch and spawni_ng stock biomass.
-Wéighting factor C at J\ i Ahas a remarkable erfect when én
-and )\ a1 cha.nge aynphasicly. )

- The criteria (9) - (12) should be set in order 'by degree ’

~ _‘-of importance, namely : Cn.\Xnﬂ ’ \Jn. \}/n, xn .
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In that series lowering in importance was meant. Calculation ;rari-‘_;

ants that are evaluated as being equivalent‘roiati‘vely to first

four criteris are then analysed in relation to thg condition

x a— . min, Even simple analysis of general biological pro-

perties of fish atocks makes on‘e to be convinced that the crite-

ria C a and -A 2+l ought to havé opt:pnum regioné_'and the cri-

. 'teria (pn and \}/ﬁ - forbidden and allowable intervals of their

valuea.

X. All relationshipa written above have been incorporstesd
to the program "ICES-3", Soxne initial data having bessa used in ths
calculation runs are ‘given in the Annex; ) .

RESULTS

Calculation runs were made tor 24-yeu: period of exploita-
tion of the redfish stock in the Korth-East Atla.ntic. Buch a large
time interval was determined by not only the prolonged peri-

" 0d of fishing life of the redfish B. meatella T. (more than 19

years) and also by the necessity of ° long-term prosno.atic' ang-

1ysis of exploitation regimen for the commercial redfish stock.
There is evident need in proguosfic oétimates of sto&k state pa-
rameters. So, in tho paper by Untang (1979) calcnlation prognoa—

.L'ic period was taken 13 =15 years.

Three calculation runs have been mde by using the prosran
"ICE8-3" for the base year 1981 and the ui.nimum Liner mesh siza .
o = 98 mn for the rednsh tishery i.n order to atudq the - effeota
that givo larger mesh sizes. So. in every run the followi.ng tran—

sitions of the fizhery to new mesh .8izes have been investigated 3

98—e— 108, 98 —e— 116, 98 == 120, 93 — 125, 98 — 128,

‘98 . 1}4 nm, Two values tor every nve criteria in all 18 vari-
"ants Awore calculated t for T a ‘Band T = 20 years of progno- -
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stic exploitation of the stock with new mesh size in trawl's co-
dend. Calculation results obtalned by using the "ICES-3" pro-

. 'gram are given in the table # of the Annex.

Values of the ch criterion for two runs of calculations
ere shown in 1.:he fig. 5 which are related to conditions M = 0.1
and ¥ = 111(1). As 1t can be seen from the figure, full compensa-~
tion of losses in catches-is reached in none of the variants
earlier than after 16 years; Thus, because T,, > 8 then nome
of the transitions to the larger wesh size can be recommended
to be a variant for regulation of the reafish tishefy.

In all varisnts of the eecoed run’ whefm the M(1) curve by the

expression (8) has been used, negative long-term gaines in catche

‘1.0, long—term loeses in catches were obtamed. In other words,

the values of Tr for that run are equal theoretically to the in- °

finity. _

In ﬁxe ng. 6 the transient curves or relative losses or
gaines are shown that have beex calculated for traneitione of the
fishery from the old mesh size 98 mm to le.rger mesh sizee. while
the conditiona M= 0.1 (ig. 6a) en:l M = N(1) (fig. 6b) were va-
lid. As it can bo seen from the fig. 6a, during the first 7 years
the red.fish .fiahery wou.ld. have significant losses and after 15 -

16 years of ﬁshery gaines in catches are followed then. Despite

of gaines that would increase to 20 - 34 % full comp'ensation of
losses in catches however would take place yet after a drasti- '
cally long feriod; 'Zhere. are only losses in cetc‘heebduring the
whole transient period in the eeeond_ case (fig. 6b), and no gains

the fishery would have up to the end of the trahsieqt period (it .

18 equal to Ty, = 20 years) and further because Ty, = ©o 1in’
that:run. i . o
One can se.y the criterion ’ és of »eome "pragmat'ic" ‘sense Lo

-

—— e . . &
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and gives an estimate of pu.;:e losses or gaines in ‘catches rela-

tiveless to bioloéical state of the atock. On the 'con‘trar,y. the

crit_:erié o) - (1?) give an oppé):r:t:mnit:y~ to assess biolégicgl

) propez‘:ties. and 'consequencea that would be effected by aitper

choice of exploitation i‘egimen ‘of the stock, Thus, the criteria
(9) - (12) are responsiblo for biological state of the stock in

.

tra.naient period.

' analysis of ) l '
. PrognochVerpIoIEahon regimens for the red.fish stock in - -

the region I ICES while uaing the criteria (9) - (12) cowld be
effoctively made if values of the criteria would be adjusted ¢ to
atock and fiahery perameters by usi.ng the WG's data ror 1971 -
»1981 ys (Anon., 1982a). Such parameters are shown in the ﬁg. 1,
they include -t commercial stock b.loms. apawnj.ng atook 'biomass.
.total redfish catch in d.iviaiona ITa and IIb. Besidas, values of
the criteria (‘_1 and A° 47 ieeforn = ‘1, for every year of
‘tishery are given here that have been calculated ‘by' the expreasi-~
ons\(9) and (10). As we aéa. relative catch of rednah reveals '
drastic variatioas. Such t-.ypes of. curves u-e doa...t with in the

. tleld of unalyaia of oscillative signals tranaiting through oom—

plicated ‘electric 11near ci.rcuits (Itzhoky, 1969). The curve

-4 (T) can be troated as 'bei.ng the response to the tiahery o

:hat has increased stepwiso :ux 1976 and osoillationa ot eomer-
cial stocl: biousa B,om. at.' and catoh X bei.ng suporpoaed with .

each other. The values of the tunction C1(T) fo: the pericd ﬂ
1978 - 1981 ys potnt out to the astatic t7pe of the d‘.1 osoille~

* t1ons. Becauas of that it would 'be ressonable to aaaune the exia—

" tance of an asymptote <§1°° (shea T—>Ga) that would bit in
the rango 0.12< C1oo 4 0 14 WB oonsidor tha lat:ter bolng

- tha region of aptimum valucs for the criterion é 1 (and. by in—‘*




. 14,
duction of & o )e
Biomasses of the commercial Bcon ot and spawning B
rodfish stocks in diviaiona Ila and IIb oscillate with phaae

shift that resulted in the complicated oscillation of the cri-
terion a., values, For 1977 year the ﬁa.lue of &, has corre-

. op and low value of Boom.st . High
level of the criterion J\ in the mentionsd year is resulted

by likely anspecioua level of ths spawning stock. This value ’
)\1 = 0,325 was taken for the upper frontier of the criterion

A n 8 to keep blomass size B higher than that level is unnke.
ly reasonable, The lower rrontier of‘k 1 iB less detined but 1t -
may be conventionally taken to be equal .X 4" 0.23 considering
that in 1978 the spawning biomsse size of redfish B_ bas been
lower than desirable level for the North-Atlantic redfish.

'We assume that the optimum reglcns having been obtained
above and shown .1n_ the ﬁg; 1 would be valid for cumulative cri-
teria (9) - (12) as well.. Everyone of the latter should.be taken
for the per%oc} of T = 8 ys, 1.0; border value of T:to ‘s and for -
T = 20 ya,i.0, for the exnd of the transient period at the begin-

spondad to moderate level of B

ning of which fishery selectivity has been changed.,
Criteria g 8ad &9 versus to, correepondingly, \Xg
ana A > &re shown in the £ig. 7. As we see, non® of the cal- ‘
culation variants for T = 8 ys hits in the "optimuin rectangle®,
but only dots that correspornd to fishery selectivity wit!; mesh
| size 98 mm have occupied the nearest positions to the rectangle's
line, : ;
(ne can conclude from the rig; 7a that when a stable state
of the fishery with new trawl's mesh size would have been reach-
ed, the fishery should be evaluated as optimum one 'provided. that
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elimination of redfish due to natural mortality is governed by
the kexpreesion (8). Less pptimun regimen of fishery is appeared »
to be that one for which the conditions u = M(1) and B =98 mm

are valid. This plot proves the necesssity to-use in calculationa .

a function M(i) of conceve type appropriately fitted beforehand

In tkls figure 7b one csn draw the Pareto frontier.(see Luce, -

Raiffa, 1957) that is 5hown by the dot-dashed line, The Pareto
.frontier ~ goes just through those three variants with B = 98

mn that have been mentioned above. A.'Ll the rest va.riente are
~ then proved to be nonoptinum ones. . .., .

The complicated criterion \p i.n dependenee on the aimple . )
criterion C is showm in’ the fig. 8. As wo Bee rrom the figu-
re, the optinum regions which cross each ether fom semiatripa
satisfying to the unequalities (p > O.4 ana - o, 12¢ Q < o.14.

As one can ascertein again trom the fig. 8&, thab only va-
riants with B = 98 ma are 1ocated near the border ‘of the eemi- o
strip of optmu:nnesa. A3 we see that: properties of the curves '
A% (see fig. 6) 1n the region to the right froxn the .'mflex-‘

- ion poi.nt have not yet made a.ny mrluence. One cen eonclude -

from the tig. ‘8b that all variants with nesh size B'a . 98 m are *’1

‘proved to be optimum or near to optimm ones. me Pareto tron-‘
tier 5oe5 over three calculatien pointe whieh eorreapond te the
i codend'e mesh s:lze "B = 98 mm e.nd dirterent tunotions n(i),
and the onl.y va.rient: with B = 98 m and l a 0.1 iu appeared te
be lesa popt:imum than the othera. RN ‘ ’ :

‘e can draw analogoue conclueions :Lf e. cenplicated orite-_‘:““ Es

rien \}/ wou.ld be put :Ln dependenee op the aimple criter:lon a
(t:lg. 9). As i.n the case above. ell caleulation variants exeept
or riahery regimen applying B a 98 mm eppeued to be located.

]
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. aaide Zfrom the region of optiznumness. When uaing the L}/ 20 .
é 20 coord:Lnates (see the f£ig. 9b) we can notice that calculat-
ion dots for the ﬁshery applying the selectivity level of B = IR
98 mm have i‘ormed the Pareto ‘frontier and the two of those - ’ .
ha.ve hit in the semistrip of 0ptinumnesa (ve.riante with M(i)
and My (1))s . . o S -

It is clear, the criterion x depending :Ln no wiee on
putting in _order the other four criteria ought to take thus the

—

. last place becauae the process of" elimination of fishea due to

natural’ causee is in general of :Lndependent character and yet
.partly depends on the level of elimination due - to the fishery.
'.!l‘he decisive rnle :tor choice by usi.ng the criterion JC is gi-
ven by the verbal fomule 3 if there is a set of veriants being
equivalent to each other in relation to the criteria of euperior :
range , & variant is then chosen whichx — min is

) va.lid. tor. '.Ehe preceeding analyeie showa that for the redfish

S ¢4 shery in diviaiona IIa and ITv ICES the regimen is reconmeh-

ded which the trawl codend's mesh size is equal to B = 98 mn

for and thereby the regularity :for elimination of redfish due N
to netural causee ought to be have taken by. usmg the exprees- '

._ ions of the type (8) or corrected dependence of type M,,(i) g
(eee the teble 2 or the Annex). From the tig. 10 we can finally ’
can the optixmm regimen for tha redf.ieh tiehery of the North~At-
lantic s te.ke B = 98 mm and consider the procesa of elmi.nation .

) or red.fish due . t&. natural mortality a.a being described. vy - the To-

; _gularity M.,(i). '
DISCUSSION

The ree,ions of optimumnees tor the criteria C.‘ and ..\
in the ris. 1. appear tc be rather appmpriate and they fom a’

o



) ry and catches. . B . R .
._ . Deapite or the irregular character that a ram:uy of experi- i

'established in the present paper yield.ing the optimun mesh size '
= 98 mm ; an additione.l result wu also obtained. namely : ‘_ .
when aaaessing stock and ﬁshery of the North Atlantic redﬁah )

7.

.

- fairly 3ood 'basis ror analysis of dirferent exploitation

regimena of the red.tish 8. mentella T. commercial ‘stock 1n the

North-East Atlantic. Since 1978 the red.fish fishery has reached e.

new sta‘ole level comparatively to the period of 1971 - 1975 75.
It is likely the :tiahery by trawla with 1arser mesh aize (B n

120 mm) that resulted. in riaing intenaity level or red.tish ﬁ.ahs- g

1

mental curves giving fra.ctiona or rotention of redrish by traw].'
codend with ditferent ‘mesh aiza has revealed.. the optmum regi-
zen :tor fishery of the North-&tla.ntic redﬁ.ah has been clearly

Bopt

the ICEB WGs :ls recommended to use v&luea for natural mortality,

) rate at age tor redfish that are g:lven 'by the regularity K1(1)

(see the table 2 in the Annex).
" . Buch & result was induced by gent]q sloped aelectivity cur-

. va of trawl'a codend relatively to redfish (aee the fig. 3). Ko~

:te for comparison seleot:lvity curves :tor tha chto-norwegian cod

are in general aigni.ﬁcantly ateeper.

. ‘ Fishery aelectivity tactor is probably to lmvo divisiocnal

' or regional pecularitiea. So. to account for them it ia necessa-~

11

ry to have a set of aeleotivity curves for commercial trawl ood- W ,
: ) enda ann age-length keya for every aepmto stock in ths diviai-

on or au‘bdivision under considaration. Oleu.r it is a heavy pro-

-ble- aocompanied by little hopc that; we shall obtm eisnincant .

discrepances ot B pt valuee. Becausa ot large acope of mitie.l
data required 1t would be dmmue to obtain them experimental- -

-
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ly, 8o we decided in the present c}cle of'modelliné to use
all availsble curves PB(l), where 1 - mean length of redfish,
that have been obtained in different parts of the Nerth At- B
lentio and to treat them by the unique ege—length key (NBIS key) .
(Bes the tig. 2). ' . ;
Yor the Arcto-norwegien cod (Blinov, 1985a b3 1986) the -
criterion Trc » due to mors regular character of trawl codend'e
selectivity curves, eppee.red to be the main diecriminant cri-. .
terion for optimumneee of meah eize in trawls while a set of :
eriteria ) - (12) has carried out a certain eubordinated
Iunction. Indeed. in the present work the dependence or the '
criterion T rc on new mesh eize B, for redfish tishery nakes us
to drew the general con»lueion H tranaition of the fiehery - .
from the mesh eize B 298 mm to any larger eize is not advi-
eeble (eee the rig. 5) The criteria (9) - (12) in thoee ca-
ses give some edditional inforuation to the problem and bear B
discriminant function.» _ ) '.,
; The fact that for the criterion a:# exists e'Etrip:of
"optimumnoee eigniries %hé?aazéggét relative cetch from the
etock is hardly subetantiated from biological point of view'
while low exploitation level of the etock is surely irratio-
nal one. The strip of optimumness of the criterion .)\ o+t gi- ‘
»vee an evidence that biomass size ef mature: redfish‘being
lees than that o~ given by the value for the left border df -

A

‘the criterion (eee the fig. 7) is even dangerous for the popu—“ ~
1ation to ‘be’ existed while the- value of~A 5 to the right' B

>: from the right border is responsible for exceae amount of
-Spawers which would be rational to be catched. As one- can§

clearly see from “the’ fig. 7'levele-of-catchee provided any
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velues B > 98 mm are low in comparison to.the optimum one

timum one. R
Tho Pareto frontiers of optimumneaa (see Luce, Raitfa.
.1957) gave the opportunity to separato an optimum regimen ot
. exploitation or the redr.:l.sh stock in divisions IIa and IIb
. .(and to the author's mind, in the whole region of the North
Atlantic). The Pareto frontiers appeared to be in ‘good agree-
| 'nent with regions of optimumnees tor the cr:l.teria under consi-
derations the latter being obta:l.ued on the basis of the wa's
data (Anon., 1982a),

'fhe method of modelling e.nd optim.izing ﬁah stock parwo-
ters ‘used in the present work does not contain, to the author's
lnind. drawbacks of Anderaen-Hoydal's approach (Hoydal, 1977
Hoydal et al., 1980) and ca.n be recommended to the ICES WGs to
| assess selectivlty 1eve15 for ﬁ.sheries of demersal epecieo in
T the North Atlantic.

CONCLUSIONB

1. All avallable data on selective retention and si:tting
of redfish by trawl's codends for fiahety in the North-East
b .and Nor_th-‘ﬂeat Atlantic obtained by PINBO have been used in

the present paper to assess op_tim_mﬁ mesh size by using the ap-
.proach.for’xilodelllng propdsed by the author. This eapproach ‘

 —————

overcomes ‘difficalties introduced b,y irregular character of se-
lectivity curves for redrish.

~ 2. The program "IGES-}" worked out by the author has been

_ uée_g to compute gbunda.uces of the main and selective parts of
. -thé stc_ack by spplying the VPA expressions for calculations for-
‘ward in time. The procedures VPAR and VPARCS have . been defined

while spawning stock biomass size is 1likely higher than the op~



in thie way, .

5. 'Ib e.nelyee ir optimumeas of the etoek end tiehery pa.- '
V remetern exiete multicriterial approach ueed into the theory : o
of games and reeearch of opwrations has been applied and a ay- B ;
" stem of criteria of eumulative type has been romulated as De- R

ing relative magnitudee that was coneidered as exploited stock
pa.rametere. 'me pragmatio criterion Tte wae also ueed in the - ‘ ’

“

enelyeie. . : ’ T e
" & The caloulated values of the criterion th for an the .
veetigeted varienta of changing trawl codend's mesh eize tro: *.
98 pm to larger ones appeered to be aisniricantly greater than \

Lt

the trontier value 'rm(f) a 8 years' for which treneition of the ‘
tiehery to the new mesh size is evalueted to be yet rational S
one. The North Atlentic redfish fishery should usa meah eize ’ )
B = 98 m whichever tunction M(1) is thereby chosen. - . - o
Anal,ysee by peire of cumulative criteria that he.ve been V
put in order (fig. 7 ~ 10) have shown that the Pareto frontiers
for a set of eeleulation varisnts aimed to etnd.v exploitat:ion
reginens of the Nort Atlantic redfish stock are in good agree- -
ment with the criterion optimun regione that have been obte.ined N
by using the ICES WG'a data. The Pereto frontiere in al1 ceeel .
when they nisht bs drewn at all appeared to be coneieted of
points being correspondei %o the fishery, resinen with B = G8 7 .
xm, The more datsiled analysis for degree of optimumess .'be-
" lenging to those regi.me:i dus to taking different kinds of the
funotion X(1) hee shown the.t: preference ought to de given to -
the flahery regimen for vhich Ba 98 om and M = u.,(i) are valid .

that differs from the value M = 0.1 aseumed by the IGES WG.
T To the authort's mind in the present work and the paper

.
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(Blinov, 1986) a fair efficiency ot the propoaed method for

. mthematical modelling of the system "atock—ﬁ.shery" hes been

' elearly shown. This approach is recommendad %o use in the WG's'

practice to assess stock sizes and elaborate options for regu-

‘lation of ﬁsheries :Ln the North Atlantic. .
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ANNEX

Table 1. Fraction of redfish retained by com;nercial trawl co-

o e

dends PB(i) when using dirtereﬁt codend.»'n mesh sizes
B, mm, The PINRO data Py(1) were treated by using age-
length key for the redfish of divisilons IIa and IIb
ICES (details in the text). "

Age ; ‘
‘yeu'-a Pog  Pr08 Prie Pr20  Fazs - Pyog Pizy

O O 3 &N

10
11

13
14

15

| 16
@
- 18

12

@

0.665 0.051  0.091 0.275. 0.166 0,000 0,030
0.692 0.050 0,15 0.330 0.210 0,024 0,100
0.785 0.092  0.228 0.385 0,264 0.170  0.215
0.825 0.290  0.311 0.448 0.326 0.330  0.320
0.890 0.510  0.407 0.518 0.408 0,480  0.438

" 0,940 0,670 0.520 0.594 0.475 0.611.  0.530

0.968 0.830  0.629 0,690 0.555 0,720 - 0,610
0.982 0.933  0.737 0,775 0.650 0.810  0.678 .
0.99% 0.972  0.830 0.846 0.750 0,877 0,740

1,000 0.992 0.900 0.92}‘ 0.830  0.934 0.79%0
1.000 1.000 0.936 0.976 0.89%0 0.‘980 04.830
1,000 1,000 0,90 1,000 0,940 1,000 0.865

4,000 1.000 0.973 1.000 0.980 1,000 ° 0.893

1,000 1,000  0.982 1.000 1.000 1,000 0,930
1,000 1.000  0.9%0 1.000 1.000 1,000 0,960
1.000 1,000  0.995 1.000 1,000 1.000 0,975
1.000 1,000 1,000 1.000 1.000. 1.000  0.990
1.000 1.000  1.000 1.000 1.000 1.000  1.000
1.000 1.00 1,000 1,000 1.000  1.000  1.000
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Table 2. Natural mbrtality rate for the North-Atlantic redfish

' es being the function of age 3 M(i) is given by the I
expreuion .(8),“!(1(1) aiter the; left branch of the . - 4
‘lﬁ(i) eﬁve having been corrected; ‘

ige of * . ~ _ o
redfish, -6 7 8 9 10 M. 12 13 /
years . . : oo !
M (1) 0.478 0.384 0,310 0,252 0,206 0.171. 0.143 0.123 . |
M, (1) 0.214 0.195 0.179 0,164 0.143 0.134 0.113 0,102 ()

Age of - - C ) . - ', .

redfish, 1% .15 16 17 18 19 20

years . oo .-

B (1)  0.108 0,09 0.09 0,092 0.095 0.100 0.108

K(1) . 0,102 0,099 0.09% 0.092 0,095 0,100 0.108 -

of. . . .
:gztish, 21 22 - 25 .2
years S :
M (). 019 0431 0.6 . 0,163 N
M (1) . 0119 0431 0.8 0.8 -

Tabia.}. The f m(i, 1981) function for the rednah tiahory in - ‘

ot

" divisions IIa and m in 1931. e S SRS
‘seot .‘ . R o -'l .; ‘A', S ..'."'-‘ N - .‘ T ‘ \
redfish, 6 . 7 8 9 10 .- M 120000 28

. FR(1, 1981) 0.008 0.032 0.112 0,440 o.gso". 0.920 1.000'..;1;600 R
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Table 4, Resulting values of the criteria e_ .)\ ,3(:,, “0 ’ (// based on three modelling runs of the
system "stock - fishery" for the redfish 8. mentella T. of divisions Ila and IIb in the NEA,

-

S - I T‘m

Mesh geriod, 1 bl s A 1 X s 2 1 Y
.s8ize . R} 3 L 1 4
B,m 80 1 <8 C203 Ag X214 Xg . X0 31 P8 P20 1 Vs VYo
: y ) ' : g 1 - $
o The first calculation run when it was suggested that M(1) = 0.1 B
98 @0 - - 0,142 0,143 0.348 0.357 0,088 0,088 0,408 -0.402 0,200 0.201
108 16 0.115 0,122 0.371 0,395 0.089° 0.023 0.309 0.308 0,150 0,159
116 1?7 0.101 0.110 0.397 Q.428 0.090 0.030 0.254 0.258 0,125 0,139
120 . 18 . 0.108 0.116 0,387  0.414 0,090 0.089 0,280 0,281 0.139 0.149
125 = 18 0,095 0,106 - 0,409 Qo441 0,090 0,090 0.234 0.240 0,118 0,131
128 18 0,108 0.116 0,385 0.411 0,090 0,089 0,280 0.282 0,138 0,149
134 ~ 18 0,097 0.106 0,407 0.440 0,090 0.090 0,237 0.241 0.119 0.132
The second calculation run with M(i) = - 1n [7.4(exp( 0,05 1) - exp( -0.07 1))]
98 - 0.140 0.127 0.362 - 0,322 0.175 0,189 0,387 0.395 0.1%4 0,177
108 oo 0.118 0,109 " 0,380 0,353 0.173 0,183 0,311 0.310 0,155 0,943
116 ~ oo’ 0,106 C.101 0.407 ~ 0.383 0170 0,179 0,261 0.262 . 0.134 0.127
120 oo Q.112 0.105 0.397 0.371 0,171 0,181 0.233 0,284 0.144 0,135
125 o 0,101 - 0,097 0,418 0,396 . 04168 0.177 0.241 0,245 0,125, 0.121
128 (o4 0,112 0.105 . 0,394  0.368 01 0.181 0.285 0,285 0,184 0,135
o The second calculation run when it was suggested that M(1) = N (1) o ,
.98 - 0,140 0.1326 0,349 0.337 - 0,123 0.125 0.401 0,402 0.196 0,190
108 . 24 - 0.114 0,115 0,370 0.373 0,124 0,124 0.310 C.308 0,150 - 0,151
116 31 0.101 0.105 0.396 0,404 0.123 0,122 . 0,256 0,259 0,127 0,132
120 33 .7 04108 0.110 0:386 . 0:3MN 04123 . Q123 0:281 0.283 0,139 0.142
125 3 : 0,096 0,101 . 0,407 0.418 0.123 0.122 0,237  0.242 0,119 0,125
128 23 - 0,108 | 0.110 0.383 0,389 0,123 0.123 0,282 0.283 0,139 0,141
134 3 0.097?7 0_.101 0.406 0.417 0.12}» 0.122 0.239 0.242 0,120 0,125
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Pig. 9. Dependence of the criterion \,b o o2 C\.n in calcula~
tion variants of the redfish fisbery in divisions IIa
and IIb of the NEA t a) when n = T=8 years "7(/8 - ng
b) when 1 = T = 20 years ~Wpo = & o0 +

Fig.10, Dependence of the criterion C 20 o1 x 20 for red-
fish fishery in divisions IIa and IIb of the NEA.
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