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The author's method proposed 'befon tor e.nalys1a of cod

fisher;r llelectIv1t,' was used in the preaent paper. Exper1mell.tal

selectlv1t,' data tor trawl'a eodend with mesh Biees tram 98 to

1~ JIIIl1 tor the redfish (S. mentella T.) :tlsher;r in th~ North

~tlantic were used in -ealculatlous., 'lb.ree ealculatlon runs wen

made that d.1!ter :trom each other b7 varioWl 1'unct1ons cf natu­

ral mortalit7 rate at age M(i). Calculation variante were anal7­
Bed b7 using five criteria whieb were put in order &nd optimum

regions tor them were determined trom the Working Group 44ta.

The Panto front1ers concept1on 1s also used in the anal7s s.

funk-haas
Neuer Stempel



The optimum muh size in trawl' s eoderid B .. 98 lIl:lI. was recom­

mended tor the red!1sh !1shery in the North Atlantie. Bes1des,

a detinite tuncUon ot natural mortality rate at age ot concave

type tor redt1sh was recommended tor use instead of Il .. 0.1

tor al1 ages that is UBed in the WG's practlce.

La m~!hde propose plue tot par l'allteur pour I'analyse da e
la soleetivite da la "Peche a-la morue arctiqlle-norvegienne est

util1sh dans ce travaU. Les courbes de ee1ect1vit~ experi­

mentalles des saes de chalut all ehangement des dimensiones de
. . . A 11\

maUle de 98 a 1}4 m:ll pour la peche a la percbe (S. mentella
. .

T.) a l'Atlant1que du Nord sont utUisee dans les calell1s. Les

trois eycles de ealcll1 sont taite lesquel1es S8 d1stingues
- -

pu des tonct1ons ditterentes des taux de mortalite naturelle

t l'age K(1). Les variantes de ealell1 ~taient analysees a par-

tir d8 einq eriUres ayant plache par rang et les reg10ns op-

tima pour ces crit~res ~taient determinees a la base des donnees

de la Group du Travail. Xl eet auss1 utlllsee une eonceptlon

de la trontler de Parsto dan8 l'analyse. La dimension opt~

de maille des saes de chalut B .. 98 lIl:lI. est reeocmand~e pour la

peche a la percbe a l'At1antique dll Nord. Outre eel8., 1a tone- ~
tion deti!lie.de taux de mortalite naturelle ä l'age de la type

eoneave pour des perche est recommandee pour l'utillsatlon

a la plaee de la valeur Il .. 0.1 pour toutes les ages des polss­

ons qu'est pris pour des ealcll1es a la pratique de la Group dll

Travall.

INTRODUCTION

Total catch of the redflSh S. mente11a T. in the ~orth­

East Atlantlc reached re~kab1e level in 1971 year (Anon., 1980,
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,1982a) end sinee 1974 to untill 1982 remalned at relativelY high.

, level. AB ons ,eensee from the fig~ 1 peak of the total catch

cceured to be in 1975 and 1976 end gradual lowering in catches

1a .tollowed th&t &peaks for • stable level of f1shery~ In that

aepect the question 18 valid U the measures introduoed earl1er

, to regulate the NE.! re~ish fiaher1' b1' setting def1.ni1B levels of

tr&wl's selectivity (codend's mesh size) end catch'intensIty'
, ,

_TAO level) should be appreciated, to be opt1JlWll ones.

An eatimate of optimum level of selectivity for redtish fI­

ahe17 in dIvisions IIa end IIb of the NEJ. and in the ß'RA was ma~

, de in tha prasent paper b1' using a new method appl1ed prel1m1na-
, ,

17 to the NEA cod :ti&her1' '(Blinov, 1986) th&~is 1llll1.nl1' based on

multicriterial analysis ot modelling results tor the systew'

"stoelt-flshe17". '

ILlTERIALS !ND lßTHODS

In the paper a method described in details earl1er (Blinov.

1986)' wS:S used tor 8.ssuament ot eto,clt and tiaher,. oP,t1J:lWll para-
.' , . . .

meters (eommercial andspawn1.ng stock: aius, total catch inten- ,

aity and intensit1' when eatching separate age graups ot the stook,.,

T.lC. ee~eetiv1ty' level ot the tiahe17). The I:lethod reallzu tbe

tollowing approach ..

_ 1. Splitting tI~e,17 regulation tactora and represent~

thu in a conven1ent (poaa1b17 universal) matheut1cal torm. For

, one-type gear tisher1' (tor e.nmph, ,trawl redtllJh' tlshe17) ,on•

, ahould tend to bulld univers.a1 base (B) 1'eu tunction J'B(l) ~,

where J' ~ ti8h1ng llo~tal1t,. rate,I.- 8.g~' of f1~~ Thi8 ~unctlOl1
is supposed to real1&lt in 1ts Structure result of splitting tI-.

. '.' . ~.. .

, abJ.ng intene11,y ~ aeieet1vity para:meters. N~erous attemp~.

tor ineo~orat1ng.trawl selectlv1tJo' parameters to the iunct10n
. . -- .' . '.

1'(1) in en expl1cit f,orm have' been"made earl1er (Pope, 1974;



Doubleday, 1976; Hoydal.at al., 1980). Necessity of seaking for a

funot10n ~(1) in the un1versal form'was emphasized also in the

Beport of the WG (Anon. , 1982b) and in. the paper (Pope, Shepherd,

1983).

2. In order to take into account f1sher,- seleet1vlt;r proeess

as being sp8QU1c one and describlng seleetlve retention and s1ft­

ing of f1ebes throu~ trawl's codand meebes and return1ng them ~

to the stock thereby, 1t 1s neoess8rY to ~ork out amethod to es­

timate numbers of s1tted and surv1ved f1shes entered the future

stock and appeared in future catches. Account ?f the addit10nal

eatch consisted of lIebes that have been stlectlvely s1f~ed dur~

the prevIoua ;rears of fl8h1ng permits to ass~ss more accurately

10sse8 and ga.tn8 in catobes in every separate ;rear wlthin the

prognostic perlod of fIahery wlth changed trawl codend'~ mesh sl­

»e. Such a theor,- has been developed b;r the author earl1er (Bl1­

nov, 1 984).

,. Losses and gain8 in catches Are usually estlmated in per

cents to the base year catcht i.e. 'IIhan selectivlty i8 changed,

those values Are calclllated in per cents relatlvely to the catch

in the last ;rear of fieber,- with old mesh slze.

4. Optimumness of exploltat1on of the system ~'stock-flshery" ,

1s understood as multiparametrie optimization ~f basle paramete~
that describe stock an1 fisher;. In other words,optimum level of'

TAO shollld be in agreement wlth, the fieber,- selectivity and in­

tensity opt~um levels provlded that commerclal and spawning stocks
$' • • •

are sustained at optimum levels as well whlle losses due to natu-
, , .

ral ~ortality being ~,zed. Tbe c~lterla 1ntro~ced below meet

those =equirement~. Because optimumness of exploitation ls useful­

11' assessed wlthin a certaln prognostic perlod of years, so addi­

tive stock farameters are incorporated into criterla belng writt-

'.,

C"
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en in cuml11ative tO:'ID.· (criteria or cUlllll1ative type).

5. Opt1m1zation or tisher,y selectiv1t7 level shol11d be made

by the main crite~ion 'rto -period or tl111 compensaticn or 108S98

in eatches. It 18 sh01lIl in the paper (Blinov. 1984) that the. orl­

terion 'rto ~eens 1'ram. the eoonomical point ot vb. the. period ot

recoupm.ent ol the investment tor the tl~et be1ngable to tiab b7

us1ng trawls wlth ne. selectivity•

. _ 6,. In addition to the main criterion 'rtc opt1m1zation of ti-

aher,y selectivity level is also made b7 llS1ng thel:ll11ticrlterial

analys18 ot P8.reto trÖntiere and optimum regions .ot the oritera

.hieh the extreem.e values can be obtained b7 analysis ct tisher,y

s1atistics tor (Blinov, 1985a,b).

Initial relationships tor lILOdell1ng are given below (tor de­

tails see Blinov, 1980).

I. Dieeret runetion F(i,;), where F - Ushing IlI.Ortallt7 rat.,

i - age ot Uah, ;) - 7ear or tisheX7, can be trans:tormed to rela-
. '

tive tunct10n FR b7 division or initial tunot1on b7 maximwa F va-

lue that 1a ehosen tor one or the old' 8.ges oi tishul

FR(1,;) • ",(1,;) I "'DU(;) , (1)

From. the W~ da.ta (.Anon. 0 1982a) the lIL8.%imwa P'1IL!lX correBponds U611-.

&117 to 18 - 22-aged individual8 otthe mu. recU'ish. .e Tbe strueture or .~. aprell8ion (1) give. an ,OppOrtun1~ to

introdllCe expl1cit17 dieeret .'lectiv1t7 curva to tha tunctlon

!R(i,;). Rapresent th1e tunot1on to an'additive torm ior. oertain
, ,

base 7ear ot tiaheX7 t o 8

,FR(i,to) =SEL(i,to)'+ DISC(l,to ) - GlP(i,to) - .DISP(i~t~) (2).

: For detail explanat10n of the e:xpress1~ (2) lJee the p~per .(Bl1- .,'

nov, 1986).Tbe i'unetion DISC (i,to) 18 positive one 1t l"R > SKL
. . ~
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tor young ~ges while DlSO =0 tor middle and old ages. The :ru.uc­

tlon GAP(i,to) is both positive or negative depanding on which
,tb'j ,

ofVIi\equalitles FR ~ BEL is valid in the range of middle ages.

At last, 1f FR(i) is of dome-l1k:e form, than dec~eas1ng in rlgbt

branch of the curve can be described by the funcUon DISP(i),

while DISP - 0 for yoUDg and middle ages of fishes. The funetion

FR(i,1981) is glvan in the table , ofthe Annex.

11. Calcu.l:-ation.ot stock numbers atage llji and catches Cji
tor ,a prognostic period . was performed b.1 using well-kDoWD ex­

pression. I

Cj1 '- Nj1 -----------

(4)

where j - yeer of fiEhe17, i - age of redflsh. Values of 1I'ji wa­

re calculated b.1 the expression I

Fji =Fmax(j) ~(i,to' ~(i,j» (5)

where BEL(1,;) - age-spec1fic tractlon o:r redfish retained b.1

trawl's codends w1th nell mesh.slze, whila the·:runctlons DISO,

GAP,DISP remain the same, i.e. depending on 1 and t o • Such a .-

structure of.the expression (5) al101ls to split tlsbery selec­

tivity and intensit.1 ettects exerted to stock and catch in order

to investigate them jointly or seperately b.1 .using the model.

(Note, tbat 1I'max(j) 18 responsible tor tishing intensü~. in the
year j ). '

It 1a pleuslble the ,system of expressions (3) and (4) when

one calculate fon-ard in t1Jne ,to be cal1ed as virtu8.1 population

analysifi reversed (VPAR). As Sims (1982) has ShOWD accuracy of
. "
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calculations in runs rorward and backward appeared 100 be the

same •

III. To calculate numbers or rishes that have been rele&sed

by aelect1ve s1.fting dl11'ing the preceeding hallls end their num­

bars in catches considering them as being some, additional catchea

(or by-catch or the same spec1es) dl11'~ ror1ohco~ years one

should apply express10ns a1m1lal' to (}) and (4) wrltten oorres- ,

ttpondingly ror the s1tted or selected rraction of the cOlllll18roi&1 ,.:,

stook. A. catch from 10he mentloned amount. or rl~u can be' called

as additional. ca10ch 100 the principal (main) catch in the base

year or rishery. Calclllatlon or selecUve s1t1oing and subsequeniJ

return to 10he f1shery 115 proposed 100 be lDD.de by using the prooe­

dl11'e tha10 we call VPAR ~f selecUvity, or VPAROS, where the rol­

lowing expres810ns are used I

0jl(SIl:L) • Nj1(fiEL) ----------­
J'jl + ~

(6)

(7)

Initial values of Nj l(BEL) (in the base year t o • jo ) are de1ou.. '
o ,

Jrlned b,. d.1!ference between tumbere at a.ge in eatches wlth 014eand new trawl codand'. muh aize8~ Bec8Jl8e dl11'lng 10he lut }O
"

,.eara demersal flBheries in the NorthA.tlentic have been gen~

rally developed in th. d1rectlon or 1ncreasing in their se1.c~

tivl1oles, sO everr new Iluh .1~. in trawl codenda B1 91U .t~u

as a rule to be the grea10er than,~e prevlous Olöe Bo ' 1 •••

'B, '> Bo • 91e cone1der th8.l1.aeah s1&e in the base ,.ear, usually

, 100 be amaller or 'all other~, so compara1olve caleulatlona Are aa­

de in th1l!l paper :tor 1ncreas1J1g Iluh due. Note that VPAROS

procedl11'e ll.ppears to be th~ turther enhancement cf the method
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proposed in the paper (Blinov, 1981).

IY. In a11 calculations recruitl:lent 'nu:mbers to the redtlsh

stock: were taken at agl't 6 and consldered to be conatant and equal

to 420 751 thou. of 1Dd1viduals bl'ting the lIlean value for the peri­

od of 1965 - 1971 yeus (Anon., 1982 a).

Y. The exper1lllental data on selectlve retention and s1fting

of ::edt1sh through d1.1'terent mesh sizes in trawl codends obtaine<}a

by PINRO in 1977 - 1982 ys for divisions IIb lCES and 2H and 3M ..

'N.A!'O were usl'td in 'OalCu.l':t1'ons~ Because selectlve retention and'

aitting of flshes by/through trawls are usually studed'in relation
'. U

to length and not to age of tishea, sO'selectivity d&ta need to

be treated beforehand by using age-length keY!J (ALK). In the presen1

paper ALK: was talcen aa being averaged over aße s8lllPles tor redtlsh

obtained in divisions l1a and IIb lCES in 1980 - caU 1t Norw8J' -. ' .
Bur Ialand- S.pltzberg~ key (NBIS key). The latter 1s shown in

th~ tlg. 2 (so11d 1ine). ~e trawl codend'o seleot1vlty data by

PIrmO are related to set ot mesh sizes B =98, 108, 116, 120, 125,

128, 1}'lo mm. A large scope Of laborou.s work on graphical treat­

lIlent of those data by us1.ng :rmIS key has resu.lted in selectiv1ty

curves peil which tire- ehom in thl't tig~ 3. Values of P(i) that

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

.the Annex.

VI. In al1 calculations of the WG (Anon. , 1980, 1982a) the

only cODstant vall1e 11.. 0.1 was taken for all ages of thl't red­

flsh stock. In addition to the functlon of natural lIlortality rate

K(i) .. 0.1 the function of the type deseribed in the author's earl­

1er paper (Blinov, 1917) I'

11 (i) .. - ln [1.4 (exp(- O~05 i ) - 8%p( - O~O1' i »]
'118.8 l18e:1' in the present paper. The curve M(i) corresponding to

,,
I
I

J



the upress1en (8) 1s shown 1n the tiS: 4. As It 1s seen trcm

the 1'igure, valuea ot the curve over middle age regien Are all
, .

with1n the range ot the value M(i) • 0.1 whUe the lett branch
. .'. . .

ot the curve ls l1k:ely risedtoo high that rea!.Üt~d 1n over~stl-
, '. .

mating' of 1(1). So, 1n the third run of calculatio:ls tor that'

reuen another pattern was takan for the lef't braneh of the Cu,r"ie

:4It1((1) I thls en. obtained graPhiC~lY'~dasiSnated, as ~(1).

DiSit values trom the curves MCi) and X, (1) Are comparatively

glven 1n the table 2,of' the ,Annex.

VII. In prognostic runs ma:x1m~ of the tlsh1ng mortallty

rate :tor redrish was taken censtant and equal" to t~t value tor

1981 (Anon., 198,2&), 1.e. P'mu(j) =J1'm.aX(1982) • 0.25., .

VIII. The ma1n criterien to analyse calculatlon variante
. '.' . . , . .' .

of :tish1ng w1th new sele~tIvlty was t,aken 'rfc (see Dl1nov, 1984,'"

1985&, 1986) that 18 det1ned as number ot years arter "whieh al1 "

108ses 1n catches durlnS the latest years'ct flehery with n~.
. '. . ",... ...
meah slze wouldbe entirelycompensated by additional catchte

. "

due to eelect1ve s1tting (and subaequent"slU"V1val) ~t tiehea.... ..
dur1ng the whole ,transient perlod andeepecl~lyduring the 're-

. . . .
cent "years ot fiah1ng wlth n" msah ahe. It was' 8uggea,~ed 1n

ed,l our papers "(and in th1s ene aa we11) that U'r~o> B ys '

then the . exploltation regimen is ola.1med to be the irrational
. . . .'

one.

IX. In order to opt1m1ze stock parameters tor sevara! pro­

gnosticyears ol exploitation one eho~d tormulate additional

crlteria'that wouldexpres8 blom&s8"ratios ot co~roial and

spawn1ng stock:; catch and 8lIlOunt of 'stock: ,biomaas e11lll1.n&ted"

due tO natural' ~ort8.lit1, (aee 'Blinov, "1985b, 1986). 'OptWsatl':'

on process f~r'a series ~f "sequentlaiye~soUght" tob8 cen~l-
. ., .' '.'



(12a)

10.

led by crlteria of cumulative type that dirfers trom situation

when step-by-step optimization takes place. Such criteria whieb

take into account general bil~gical properties of cateb end

stock: during the period of n years cen be written •

n "t • L Y / L' B ' (9)
n j-1 ;I .J=1 com.at.(;I)

.. h

"xn+1 "J~Bsp(;I+1) / J~ Bcom~st.(;I) (10)

~n '" J't. Bnat.~r~(j) / J~ Bcom:at~(;I) (11)
=1 • =1

where Y;I - catch biomass in the year of tiehery ;I, Bcom.st~(j)­

oommerolal stock bioI:l8.sS in the year or tishery ;I, :Ssp. (;1+1) ­

spawning stock bio:nass ;lust alter the ye~·of rishery j (at the

beginning of the nlat yeu j+1), Bnat.mar~(jj -bloI:l8.ss of el1m1

nated fiehes dlle to natural mortalit"y in the year of rishery ;I.

ane can form a set of compllcated criteria on basls or the

!apressions (9) - (11) of whieb the most importent are •

<Pn • Cn / .A n+1

\}' n '" c.p n ( Cn + .A n+1 )

Bere • Cn - the criterlon of catch blomass.relatlve to stock

size, J.. n +1 - the crlterion of relativ~ spawning stock biomass,.

:x. n - the criterion of relative biomass el1m1nated due to natu- __

ral mortal1t;r,tp n - the compl1cated' cr,1terlon that J:1ean~ rela-

tive catch comparatively to rdative level of spawning stock:: bl­

omase, ~ n - complicated criterlon that has the sense similar

to that of the' criteri~n tp n bllt suppl1ed, ~lth weight that 1s

represented by sum of relative catch and spawning stock biomass •

.Wdgbting factor C. n +.) n~1 ,ha8 a rema'rltable etfect when Cn

end ~ n+1 change synphaslcly ~ " '. . . ' ".

The cr1terla (9) - (12) Should be set in order by degree

of importence, namely • "C n ,.A ~+1 ", V. n,' 'lJ nIX n
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In that ser1es lowering in importence was meent. Calcll1ation var1-'

ents that are evaluated aS being eqllivalent relativel;r to :t1rst

tour criteria are then anal,ysed in relatIon to the condlt1on

X n --., min. Even simple a.ns.l,ysls or general biolog1cal pro-

pertlos 01' 1'iab stocks makes one to be convinced that the crIte­

ria Cn and .A n+1 ought to hav~ optimum regions,'and the crI-

, _ ter1a 'P n and 0/ xi - 1'orbidden and allowable :Lntervals 01' their

·valuu.

X. All re1atlonsh1ps wrltten abOV8 hava baen incorpor&ted

to the program "ICES-,". Some initial data having been used in tha

calclllation runs are given in the J.nnex.

RESULTS

Calcll1atlon runs were made tor 24-year period 01' exploita­

tion 01' the re~lsh stock in the North-E&st Atlantic. Bilch a. lar~

time interval was determined by not onl,y the prolonged PQr1-

od 01' 1'lsh1ng 111'e 01' the re~lsh S. menteUa. T. (more th&n 19

)'ears) and also b,. the necuslt,. 01' . long-term prognostlc an&­

13's1s 01' ~xp101tatlon regimen tor the co:lll:18rcial ~~ish stoct.

There 1s evident need in prognostio estimates 01' stock state pa­

rameters. So, in the paper b,. Ulltang (1919) calcu.lation prognoa-

~~10 period W5S taten 1, -15 ,.ears.

Three calcll1ation runs have been made, by using th~ progr&lll

"ICES-," tor the base )'ear 1961 and the m1n1mum LJner muh siu ,

Bo • 98 mm tor the re~lsh t1sh~r,. in order to .stuq ,the ". eUeots

that give larger mesh ehn. ~,1n svery run the 1'OU~.ing tran­

sitions 01' the 1'18hsry to new m~8h sizes have been investlgated I

98--108, 98 _ 116, 98 ~ ,120, 98 _ 125, 98 -.128,

98 ... ,1}4 111m. Two vf\llles tor 'e~e~ ti~'e"c~lte~la. 1n~1l 18 vari­
ants were calculated I tor T • 8 end T c 20 )'aars of progno~

.'
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stic exploitation of the stock: with new mesh sb'! in trawl's co­

dend. Calculatlon results obtained b,. using the "ICES-~" pro-

. 'gram are glven in the table 4 of the Annex.

Values of the Ttc cr1tsr1on for two ru.na of calc'i.üat1ons

are shown in the fig. 5 whieb are related to eondlt1ons U ::: 0.1

and 11 .. Jot, (1). AB 11; can be seen from the flgure, full compensa­

t10n of losses in catches'1s reached in none of the var1ante

earlier than after 16 ,.ears. Thus, because Tfc > 8 then nOlle

of the trlU1s1t10ns to' the larger U1esh s1ze can be recommendsd

to be a variant for regulation of the red.f1sh fisher,.•
•r

In all variants of the second run' when the lI(i) curve b,. the

expression (8) has,been ueed, negative long-term gaines in catchest

·l.e. long-term losses in catches were obtained. In other words,

the values of .TfC for that run are equal theoreticc.l17 to the 10­

f1n1ty.

In the fig. 6 tm transient curves of relatIve losses or

gaines are shown that ha~e been calcuiated for transit10ns of the

flshs17 from the old mesh size 98 li1lIl to lare;er mesh sizes, whils

the condltions M.. 0.1 (fig. 6a) and 11 ::: M(I) (fig. 6b) were va-. "

lid. As it can ba seen from the fig. 6a, during the first 7 ,.sars

the redfish fishe17 would have sign1ficant loss~s and after 15 ':"

',16 ,.ears of f16he17 gaines in catches are followed then. Despite

of gaines that would 10crease to 20 - ~ %ful1 compensation of

losses in catches however would take place ,.et after a drastl­

call,. long period. There Are only losses in catches during the

whole trans1ant per10d tD'the eecond oase (tlg,'6b), and no gains

the tishe17 would have up tothe 8nd of, the translent perlod (lt ,

18 ~Cilual; to ~tp .. 20 ;rears) and ,fu.rt~er because Tfc =' 00 1ri.'

thatrun.

Ons can 8&1' the crlterl,on Tfls,of some "pragmatic" sense,

(
,
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and g1ves an est1mate of pure 10ss8s or gaines 1n'eatehes rela-
, '

tiveles8 to biological state of ths stock. On.'the oontraq. the

eriteria (9) - (1~) glve an opportuniti to assess biologie,al

properties and conseqllences that would be ettected b~ e1ther '

ehoics of 8%pl01tat10n reg1.m.en 'Of the stock•.~Ils. the crlterl~

(9) - (12) are respon~lble tor blolog1eal state ot.the stock in. .
transient period. , '

_ " ~~]1818 o't '
., .' PrognosucTexploItahon regimens tor the redfish stock in

the reg10n I lCES while Ilsuig the oriteria (9)- (12) oould be
, '

ef'tective~ made 1f Vallles of the criter1a would be adjllsted 100

stock and t1shery par8Jl1eters 0,. Il~ the wa"s data tor 1971 .:.
. .' .

1981 ,.8 (Allon. • 19824). Such parameters, are ahown ~ the tig. 1 t

the~ inelude ,I cOllllllerc1al stock: Momas•• spawn1ng stock biomaas.. . . . .
total redflsh eatch in divis10ns IIa and IIb. Besldu. va1lles of

the criter1at.1 and .;A '1" 1.e. for n .. '1. tor eTer~ ~ar of

:C1she~ Are glven here that have oeen caloulated b~ the 8%press1­

ons (9)' end (10) • .l8 we e~e. relat1ve catch of redflsh reveale'

drastic var1ations. Such t,pes of curvea Are dealt wlth 111 the
. ," ".

, fleld of ~81s ,ot oscl1lat1ve s1gnals translttng through'c~m­

pl1cated 'electr1c linear c1rcu1ts (Itzholq. 1969). The eune
, '

. L 1 (f) ~an: be treated' aa 'beins the response 100 the tlshe~ . j

_hIlt has1iicreased stepw1se'in 1976 llnd osellJ.8.t1on. cf c~r­
eial ~toC~ bi,o~8S BcOlll : st: "and eatnh Ibe1nS supuposed with ,..

e~ oth~r. Th~,val~ea,ct the t~c~l~ .(:1 ('1') ~o' the perlod '.:

1978 -1981 ~s po~t oi1~ to the ,aat~t1c'typ~ of the c.1 0acj:UI.- '.

.. ' tlOns. Be'~au8~'ot .that 1 t would 'be naso~bi~ ~ ae8~e. tr.~ ex1"..; :.

tliJice ol &n~.s~~t~t~C1~ (whe.u 'l':--~ that woaadhit.in
~he range 0.12~ C:1~', O~1Iv••e?~~~d~r' th~ latt.~ \)e1nß
thereg10d o~'oP,i~~.;valll~~:io(tiUt\~'l~U10%l.~ 1 (and b7 in->

!!' ... -. ~ .
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duet1en o~ ~n ).

BiOJ:lB.BBeS of the commercial Boom.at. and .spawn1ng ~SP.

rodfish stecks in divisions IIa and IIb oacillate ~ith phase

~t that resillted in the compl1cated oeeillation Of' the er1­

terian C1 valUll8.~ :tor 1971 year the value of C::.1 has oorr_

sponded to moderate level of B.,p and low value' of Beom~st•• High

level of the crlterion..A 1 in the mentioned year 1e reeillted

bJ" 11lce!y auspee1ou.s level or the spa~ stock:~ Thlsvalue e
.A 1 • O~'25 W&S talclh1 for the upper frontier of the eriter10n

..x. nato keep b10mas9 s1ze Bsp higher then that level 18 unl1k:ei

ly reasonable. The lower !rentier Of"" 1 ~13 less detined bllt 1t o.

may be convent1onally talcen to be equal ~1 0- O~23 eonsiderlng

that in 1978 the sJlawn1ng bl0ma8S eize or redfish Bsp has been

lower tha.n des1rable level for the North-Atlantio redflsh•

• ~ 8.BSUJle that the optimum regions having been obtained

above and show in the rig. 1 wollld be valid tor cumillative cri-.

teda (9) ,- (12) 8.B well. Every~ne 01' the latter shoilld be taken

:tor the per~o~ of T .. 8 ys, 1.e. border value cf Tte ' end :tor

T _ 20 ye,l.s. :tor tha end o:t the translent period at the bsgin-

Ding of whieh :t1sher.r.seleet1v1ty haB been changed.

Crl~er1~C8 and C 20 ver~us to, correspond1n.gl)", A9
and .J.. 21 ce shown in the :tig. 'J. AB we aee, none of the eal- e
culatlon variants ~or TB 8 1s hits in tbe "optimum rectangle",

but onlJ" dote that correspend to :CisheI7 8s1sctivity w!th IIlssh

s1ze 98 mm have occup1ed the nearest positions to the rectangle's

line.

ODe can ooncluds :trom tho :tig. 'Ja that when a stable etats

of the :tishery w1th new trawl's meLh a1ze wollld have been reach­

ed, the :tishery should be evalll8.ted as optunWll one provided that

I
I
I

1
I

J
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elimination or red!ish due to natural mortality is governed b.r

the expl"ession (8). Leoe pptimun regimen of tisher.r is appsared

to be that, one' tox: whieh the condit1ons Jl.. M(1) end B .. 98 lIlIIl

are val1d. Th1s plot proves the neeess1t)f tO'use in ealeulat1~

a tunetion U(1) of eone&ve type appropria~e1.T titrted berorehand~

In tUe :t1gure 7b ons ean draw the Pareto trontier. (see Luee,

_Raif'ta, 1957) that ~s shown b.r. the do~-dashed line. 1be Pareto

• trontler goes ;]us't through those three variants with B =98

mm that beve been mentloned above. Ail the' rest miants are

then proved tobe nonopt1J:u1m ~nu.

The compl1eated. erIter1~ 'f in dependence on the simple

cr1terion c:. is shown in th~. t1g. 8. J.s we se.e :trom the t1gu- 'j

re, the opt1mullL .regiOns whieb eross each' other '~orm semis~rl~s.

satisty1ng to the' unequal~t1es c.p > .0.4 end' ~.12~~ C. ~ '0.14••.

AB one eu aseerta..1n aga.1n :trom th'e tig. '6a,"that onl,J' va­

r1ante with B .. 98 mm are loe'atad neu the bo~ar of the smd- .

str1p of·opt~e88.:ABwasee that propert1es of the eurves

.. & W(T) (s~. fig. G) in the reg1~ t~ the" right trom the intlex-'

Ion point have not ;et made ~:rn:rluenc~~ OD.~. c~ conclude' ..

trom the :e1g.ab that al1 v~iants w1th me8h sizo·B· ... 98 mm are h.
eProved ~o ~ . opt

1llLullL
or neu. to.opt!inwn0nes. The. Pareto :tron~ ~ ..

. _ tier goea over three caleula~ionpoints whie}l correspond to, the

codend'a mesh 8be' B .. 98'1IlIIl ~ diue~t' tuno't1ona M(i), ,"

end the on1.T variant wlth B ... ge _ &nd"SI .. 0.1 tel' appoared to

be les~ p~timw:a'~ the otherä~ >.....::.... .,. ".
. One cSn dia. analOgollS concilla!ons 1t .. 'compl1eated crÜ.-

r10~ ''/1: "OuJ.d· 1>0' ;~t' in'dep~e~~ Oil,the ~1mpl. crite~lcn.~: ,:
" ' • , '..' CO '. ", '-: .,;. ,.,:1. ~ • '... " .. ,', ,.:.' .' ~ .. : ,": _0.' ,", -' '(. ,.' '" • i

, (tig. 9). AB in ,the. cllSe abon, al1 calclllation variante except. . .' .; . ~ .' . '" '..' ': .... '"

of f'1sher.r regU;en 8 rpi.rillg B =.9a .~ &ppeued. tobe l~cated.
" .' . . '.. " .

,,'.. ",.'
:'. ," ..

- ,\'
.....

" ';
"'. "'-' •• " #.l':

"

....... " ~.
.. '" ,-.
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aaidefromthe regi~ of oPti:lumneSS.·Wh~using the lJI'20,-,
~ 20 coordinates (s~~the fig~ 9b) we:ean notice that calculat-

. . .. ..
ion dots for the fisher,y,applying'the selectlvity level of» ..

98 mm have 'formed the Pareto,frontler and the' two of: those'

have ,h11: in the semisn:lp of optil:tumness, (varlants with Ü(i)

anJ. J.t, (1» • , ,

lt 1s clear, "the crlter10n :::Cn depending in no "ise on _

putting in,order the oth~; four'cr1teria ought t~ take thus the ,.,

last place becaua~ th~ p~ocess ofel1minatlon of flahes due to

natural: causes i~ in general of independent' eharaeter and yet

partly depends on the level of: elimination due ,to the flsher;..'
. . .\ -, . . ..'". '... . .

,The dec1sivo rule foreho1ceby using the 'crlterlon' X n is gi-

v~ by the';,er~ ~ormul.a I 1f the:re 'ie ;. se~ o! variants be~

equivalent to, ~aehother in relation t~ the er1teri~ of superior

range " a va:;ia:r;,t 1s then chosen whieh::X: 'n~min 18

valid for~ 'The pre~e~d~ ~BiB ~ows' that for the red.tiah
• < • .. ••

f1shery in' divisions IIa end IIb lCES the reg1m8n 1s recOI:lllleh-
: ..' . '.

ded which the 'tra~l.COd&~d's mesh s1z~ 1s equal to » .. 98' mm '

for end thereby the re~arit;r 'for, eliminat10n of redflsh due
. . ~ .

to natural' CallBeBought to be have talcen by, using the erpress-

ions of the t;rpe,(8) or correcteddepend.ance ,ot t;rpe, K,(i) a
(see the table 2 of the Annex). From the fig. 10 we can fiJially •. .' . . , . .

c~ll the optiJium re~ tor th.e redtlsh fishery ot the North-At-
, ,

1antlc I t8.ke, B • 98 lIIIll and consider, the process of elimination
, .

of redtish due t\. natural mOr1iallt;r as being describedby ,the ro-
.,. . .

,g~~1ty' M1(1).

DISCUSSION '

'The' regtons ot ~p~~ess tor the crlteria ,e 1 ~d '~,\ 1"

in the :r1~:' 1 ,appe~ ,1.0 be' rather-appropriate'~ they'!o~ a .
. , . .- ~..

<

, j

J

-', ', ...: i.'-
" .. ,: ,-' '.
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f.air~ ~od bO.sis f~r'ane.J.ys1s of d1Uerent explo1tat1on

regimens of ,the re~1sh S. 'ment~~l~ T~ c~mmerc1a1'stock 1n ,the

North-Ea8t' .A.t1ant1c. Sinee 1976 the reeU1sh f1shery haB reaehed 8:
new st~b~e ie~ei comparatlve~'to '~e perlod of' 1971 - 1975 ys~
.It 1s l1ke~"the fl8he~ b1' ~awls WIth,l~~r,me~slze (B '. '

120 DUn) that resulted'1n r18ing intenrlt,. level of 'redf1shf1aha- "',
. .,- . ~ . . ., .

pespite of, the irregular character that a famil;r of experi-

r;r and catche8.

e
mental cones glving fractions of retention of redfish b1' trawl'.

C~dend with different mesh :~1~a haB ~vealed, ~e 'optimWll reg1-
'-. '." . . . .

men for flsher1' of the North-.A.tlant1c 'redf1sh has been clearl;r

'establ1shed in the ~rese~t ~aper yleldine; th~ optimum m~sh ~ize. '.' ~

Bopt =98 ~ ". ~ ~~d1'tI~ result ws:s also o~t~ed~ namel;r I

wben assessing stock: and fisher;r of ',tbe North .A.tlantic redflsh'
. ..' . .

the lCES WGs 18' recommended to use v&1ues for natural IIlOrtallt~ ,

, ra~e ~t ase for redf1sh tha.~' are l!lven b1"the r~gul~1t1' K,(1) ,
. . ..' . .. '.. .

(see tb. table 2 in the Annex).

, SUch a result was induced b1' gent~ eloped s~leC?tlvit;r cur­

va of trawl's COdend relat1vel;r to redfish (eu the f1g. ,). No­

. te for compar1son, select1vit7 cl1r'!e8 for th3 .A.rctO-:norwegian cod
. . '. . ~

"ars in general s1gtd:t1cantl;r ateeper.e F1~sr1' eelect1vi~ tactor 1s Proba.b~ to have divialona.l

or regIonal pscular1t1ss: So, to aooount for them 1t 18 necese&-
.',' " . -,

ry to have a set of selecUvit;r conea tor ccmmeroial trawl 004"; ~ i'
, "

ende and age-length ke;rs'for ever1' separate stock in tha divisi-

on or 8ubdiv1sIon under consideration. 'Clear' 1t 18 a heav,r pro­

bl~. accompan1ed bi l1liUe hOP~ tha~ we ahaii obtain signUlcant

~Iserepanc'~s o! iop~ ~aiuse~ ~~cau,se O~large ~op~ o~ 1nJ.t1al
data required 1t~ould be cU.tfI?a1t toobtain thel:l experlmen.tal- "

..' " . . ~
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1y, so we deeided in the present eye1e o~ mode11ing to use

al1 avai1able ellrVes PB(l), where 1 - meu length of re~iBh,

that have been obtained in ~ferent parts of the North At­

lan~ic and to ~e~t them by the unique age-length k~i OrnIS key)

(see the ~ig. 2).

For the A.reto-norwegian eod (Blinov, 19858,b J 1986) the

cr1terion .'rfc ' due to J:1ore regular eharaeter o~ trawl eodend'.lI

seleet1vity ,curves, appeared to be the main 41seriminant eri"';,.
ter10n ~or,optimumne138 of mesh' s1ze in trawls while a set o~

eriteria (9) -' (12)' has earrl~d Ollt a certain sllborcUnated. ...
funetmon. Indeed, in 'the pnsent work' the dependence' of the

,
cr1terlon Tie on newmesh s1,ze B1 ~or re~ish fiBhery makes us

to draw the gener~l conclusion I transition o~ the !1she17
- . ~ .

from the mesh aize .D~ ~"98 im to 8DJ'" larger s1ze 1s not. adv1':'

sable (see the t1g. 5).The criteria '(9)'~ (12) 10 those ea-
." .

ses glve some ,ad:Uti,~ 1ntorcat1on to' the problem end beu

d1scriminant funct1on.

The tact that tor the eriter10n c:~ exists a strip'of,

optimumnoss slgn1fies tha~at~:at re1aUve catch fr~J:1 the

stock ls ha.rdJ.Y sllbstant1ated trom b101ogical point cf vlew '
. ..'

while low exploitation level of the stock1s sure1y irratio-

nal one. The strip o~optimumnessof the eriter1on.A n+1 gi- e
ves an evidence that biomass size' of mature re~ish being

. . . ,

less than that o~,e1ven by the value tor the 1eft border of

tne eriter10n '(see 'the ~ig. 7)i8 even'dangerous tor the popu­

1ationto be'existed while the'value ~~~n+1 ,to' the right'

froJ:1 the right border is responsible for exceas BJ:Iount of

spa~ers whlchwould be rational to be'catched;As one can·

clearly see trom the f1g~ 7 ~evel&,of,catche~ provided any

' ....

'~



vlÜues B > S8 mm are low in comparison to the opt1lllum one

while apawn1ng stock: biOIll8.8B aue is l1kely bigher than the op­

timum one.

Tbe Pareto frontiers of opt1mumness (see Luee, RaUla,

,1957) gave the opportun1ty to separate an optim.um regimen of

exploitation or the red:tieh stock in divisions 11a and 1Ib

.(and to the author's mind. in the whole reg10n of the North

Atlantic). The Fareto front1ers appeared to be 1n'good agree­

~ent with reg;ons or opt~ness ~or 'thefcrlte~ia under consl~
deration9 thc latter being obtained on the basis er the WGI,

data (Anon., 1982a).

1'he method or modelling and opt1m1zing rleh stock: parame­

ters used in the present work does not contain, to the author' a

m.1nd, drawbacks of Anderaen-Hoydal' s approaoh (Hoydal, 1977 I

Hoydal et al., 1980)' end c~ be recommended to the lCEB WGs to
.' ,

assess select1vlty'levels for flsher1es of demersal Bpecieo in

the North Atlantic.

CONCLUSIONS

1. All avallable data on selectlve retention and a1tting

of redt1eh by trawl' s codenda for tlshery in the llorth-Eaet

~and North-W~st Atlentic ob~ained by PINRO have been used in

~the present.paper to assess optim,um mesh size by uaing the ap­

, proach tor modelling proposed by the author. 1'h1s approach

overcoQesd1f:t1caltles introduced by lrregular character or 8e­

lectlv1ty curves tor red:tlsh. ' :

2. Tbe program "ICE5-," worked' out b,y the author Me beel1

used to .compute abundances of thg lII8.1D ~d selective parts or
the stock by applying the VPA erpressions for caleulatlons for­

ward in time. Ths proeedures VPA.li 'andVPARCS bave been detined
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, .

••~
,.. I•

in th1s wfJ.:3.

,. 'To 8.nalyse U optimumness cf the stock and f18heX7 pa:'

r~eters ~1sts mult1cr1ter1al app~aeh ~~d'1nto 'the theor,r:'

of games and resea:reh of opuat1ons bas been appl1ed and a s,.­
stem of or1ter1a of cumulat1ve type ha~ been formulated as ~

ing relat1ve magn1t~des that was cons1~ered as expl01tedatock
, . ... -,

parameters. ~e pragmat1c criter10n Tio was also used in tha, '., ' , . - ..', .
e.nal:'s1s. ' , ., . , '

4~ Tbe ealculated values of ,the ,cr1tericn Tfo for a~ 1::1­

vest1gated var1ants of changing trawl~eodend'smeeh slze~

98 mia to larger ones' appeared to be :slsnU1cant1.T greater tba.n '

the fro~tier value Tf~(f) ',. 8 1ears'for ..hieh tJ:~s1t1on of ~e
.' .. " "

:r1she%'1 to tbe new menh size 1s avaluated to ,be 1et rational
.., '"

one. Tbe North .Atlant10 redtieh :r1she%'1 should üBe mesh 81&e'

B ~ 98 um.. which~ver :runetion 11(1) 1s thereb1 chosen.

5. Jnal)-s8S b1 pairs of cUmulative'criter1a that have been. . . '.

put in order (fig. 1 ~ 10) have shown that th. Pareto trontiers

for ~ •• t of oalcalation variants aimed to 8tudy exploitation

reg1mens of the Bort .Atlant1c redtieh stock are in good agree­

2ant ,i,1th the crl~erlcn opt~um reg10ns that have been' obtained,

b1 usUlg the laS W'1I "tao Tb. Pareto frontlere in al1 case.
',0' ' ,

.han th.1 might be drawn at &11 appeared to" be ccna1sted cf

points 'beins oorresponded to the :r1ahe%7. reg1aen .ith B • 98

1lIIl. Tb. IIIOre detail.d anal181s for degi-e. ~t optimumness be­

lcnging to tho•• regim9l1 due to taking different tinds of ,th.

funotlcn K(1) haa ebown that prefer~e ought to be g1ven to '
. .' .. .

tb. f.l8.her1'regimen for ..hich B -,98 mm'and JI.,K,(l) ~e Vali~-,

thst d1t:tera troll tbe value Jl =0.1 aS8umedb1 the IOxS WG., "

·6. To tbe allthor'~ mind in the preseJ1t' work: and' the p~per .
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I (Bl~O";, 198&) a fair eUiCierl.c1 of the p;opoaed. method tor

l~ ,m8.thematic~ modelling of the, system "stock-f1sbery" 1128 been

i ' ciearl3" ~own. This approach i8 recominended to I1se in the WG's'
0, ,'.' • • •

~ract1ce to assess stock aizes and elaborate opt1ons for regu-

,lat1özi:of f1~eries' in the North .Atla~t1C•

.
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ANNEX.
Table 1. hactIcn er redtlsh retained b,y commercial trawl co-

dende PB(I) .hen using dIfferent codend'. meah alze.

B, mm. Tbe PINRO data PB(l) were treated b,y W1ing age-

length Ice,y for the redtlsh of divisIon. IIa and IIb

~ , lCES (detalls in the text).

\.e
Age, P98 P108 P116 P120 P125 P128 P1}4.,yeus

6 0.665 0.031 0.091 0.213, 0.166 0.000 0.030

1 0.692 0.050 0.156 0.330 0.210 0.024 0.100

8 0.145 0.092 0.228 0.385 0.264 0.170" 0.215

9 0.825 0.290 0.311 0.448 0.326 0.330 0.320

10 0.890 0.510 0.401 0.518 0.408 0.4.130 0.438

11 0.940 0.610 0.520 0.594- 0.415 0.611 0.530

12 0.968 0.830 0.629 0.690 0.555 .0.720 0.610

13 0.982 0.93' 0.1':'1 0.715 0.650 0.810 0.618

14 0.994- 0.912 0.830 0.8110 0.750 0.871 0.140

15 1.000 0.992 0.900 0.923 0.830 0.934 0.790

16 1.000 1.000 0.936 0.976 0.890 0.980 0.830

e 17 1.000 1.000 " 0.960 1.000 0.940 1.000 0.865

18 1.000 1.000 0.973 1.000 0.980 1.000 0.893

.19 1.000 1.000 0.982 1.000 1.000 "1.000 0.930

20 1.000 1.000 0.990 1.000 1.000 1.000 0.960

21 1.000 1.000 0.995 1.000 1.000 1.000 0.975
,

22 1.000 1.000 1.000 1.000 1.000 " 1.000 0.990,
i,

23 1.000 1.000 1.000 1.000 1.000 1.000 1.000

24 1.000 1.000 1.000 1.000 1.000 "1.000 1.000
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Tabb 2. Natural mortalitl rate tor the North-A.tl~tlc red!lsh

a8 being the,tunation ot age I U(l)' Is glven bl the
, "

expresa10n (8)".,(1) after the ~eft branch of the

11:(1) curve hav1.ng been corrected.

J.ge of'
10red!lBh, 6 7 8 9 11 12 1}

, /\leus

U (1) 0.478 0.}84 0~}10 0.252 O.~ 0.171, 0.14} 0.12}
e,

Jot, (1) 0.214 0.195 0.179 0.164 0.14} 0.1}4 0.11' 0.102 •
Aga of
red!lBh, 14 015 16 17 18 19 20
leus

11: (1) 0.106 0.099 0.094 0.092 0.095 0.100 0.106

., (1) , 0.102 0.099 0.094 0.092 0.095 0.100 0.106

Age of
red!lBh, 21 22 23 24
"eus

11 (1) , 0.119 0.1;51 0.146 0.163

K, (1) , 0.119 0.1}1 0.146 0.163

o.
e

....

Table ,. Tbe t FR(i, 1981) tunctlon tor the red!lah f18heX'1 in •. 0 · .
o div1illona 11& end IIb in 1981.

,

.lge.of
redtlah,
l ear8

6
...•
7' e 11 12..... 24 0;. ,

\

, ß(1, 1981)' 0.006 0.032 0.112 0'.440 0.680, 0~920 1.000•• ~1.000
, ." .. ' -
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Reslllting values of the crlteria (. ,.A .X., Y' ,~ based on three modelling runs ?! th.
eystem "stock: - :!1shery" for the redfish S. mentella T. of divisions IIa Md IIb in the NlU..

Table 4.

loiesh
. s1ze,
B, llIlII

Per10d. a C a .A I X.
T;fc' . a-...."<:.~8-...;;.--::c:.-20-:-J\...--9-......;.,:x.."...21-:--X.~8--.,,,..x...20--
:fesrs : J I

'P8 'f'8

The first calculat10n run when it was suggested that M(i)". 0.1

98 0.142 0.14} 0.}48 0.357 0.088 0.088 0.408 . 0.402 0.200 0.201
108 16 0.115 0.122 0.}71 0.395. 0.089 0.009 0.}09 0.}08 0.150 0.159
116 17 0.101 0.110 0.}97 0.428 0.090 0.090 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 0.441 ·0.090 0.090 O.2}4 0.240 0.118 0.131
128 18 0.108 0.116 0.,385 0.411 0.090 0.089 0.280 0.282 0.1}8 0.149
1.}4 18 0.097 0.106 0.40'7 0.440 .0.090 0.090 0.237 0.241 0.119 0.1,32

The sec~nd calculat10n run with 11(1) =- ln ('7.4(~XP( -0.05 1). - exp( -0.07 1»]

98
~

0.140 0.127 0.362 0.322 0.175 0.189 0.}87 0.395 0.194- 0.1?1
108 0.118 0.109 . 0.}80 0.353 0.173 0.18} 0.}11 00310 0.155 0.143
116 C>O 0.106 0.101 0.407 0.}83 0.110 0.179 0.261 0.262 . 0.1}4 0.127
120 4>0 0.112. 0.105 0.397 0.311 0.171 0.181 0.2B3 0.284 0.144 0.135
125 pO 0.101 0.097 0.418 0.396 0.168 0.177 0.241 0.245 0.125 . 0.121
128 pO 0.112 0.105 . 0.394 0.368 0.171 0.181 0.285 0.285 .. 0.144 0.135

Tb.' seoond, calculation run when 1t was euggested that 1l(1) • Jl, (1). .
98 0.140 0.136 0.349 0.337 . 0.123 0.125 0.401 0.402 0.196 0.190
108 24 0.114 0.115 0•.370 0.37.3 0.124 0.124 0.}10 0.308 0.150 ·0.151
116 }1 0.101 0.105 0.396 0.404 0.123 0.122 0.256 0.259 0.127 0.132
120 33 0.108 0.110 0.386 . 0.391 . 0.123 0.123 0.281 0.28} 0.139 0.142
125 }1 0.096 0.101 0.40'7 0.418 0.123 0.122 0.231 0.242 0.119 0.125
123 23 0.108 . 0.110 0.383 0.389 0.123 0.123 0.282 0.283 0.139 0.141
134- }1 0.091 0.101 0.406 0.417 0.123 0.122 0.239 0.242 0.120 0.125

IIJ
\Il.
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LEGENDS TC THE l!'IGUREB

'iS. 1. Catcht cOllllllsrclal and spawn1.n6 stock bIolllAssss, crIte­

rla C1 and '.Ä 1 ~or the red.fish o~ divisions IIa and

IIb in North-Eaat .ltlantie for 1eus 1971 - 1981. .

l!'1f;. 2. Mean length o~ age groups ~or the red.fIah· stock: of

divie10ns IIa and IIb in the NE.l (NBIS ksy).

rlg. ,. l'raotiou of red.flah at ags reta1Ded b1 cOllllllero1al trawl

codends w1th different meah 81ze.

Flg.4. Natural mortal1ty rate at age for red.flsh of the NE.l

stock.

Flg. S. Dependenoe of the orlte~lon 'rto on new mesh aize It

the red.flsh t1ehe1'1 in dlvie10ns IIs. and IIb of the

NE! would be trans1ted trom the codend's meeh a1ze Bo •

98 llllIl to luger ones.

11r. 6. Curvea of relatIve 108ses or gaines in eatches dur1.n6

trans1ent period for red.fIah of divisIons IIa nnd IIb

in the .mu. 1f the tIahery lOould be trans1ted ~roll the

--1
I

I
I
~
t1I

I

..11
•

J1g. 7.

oodend'. mesh 8he Bo • 98 II1II to luger Onea I a) pro­

'\'Ided that . JI • 0.1 I b) provlded that JI .. - ln [7.4 •

(<<%p( - 0.05 1 ) - exp( - 0.07 1 »} •
Depondenoe cf the eriterJon C..n' on ~ n.1 in oalcula- e
Ucm 'Var1&Dta tor 1;11e red.fIsh fIahery in d1vle1ons IIa •

and IIb of th~ NU • a) when n .. T ~ 8 ;yeara - t ~ -.A ,
b) when:;,. .. ! .. 20 yeus - ~ 20 -.A 21

Fig. 6. Dependenoe of the crlterion C(J n on c: n in .calculation

vari&nta tor the red.fiah tiShs1'1 in divisIons IIa &nd.

IIb of 'the NE.l I a) lOhen n '" T '" a. ,yeus - VJ8 - c.. 8 I

b) lIhen n • 'I '" 20 1eus - 1(J20 - C20 •



Fig. 9. Dependence of the eriterion 'f n on Cn in calcula­

tion variante of the redtlsh fishery in div1Blons IIII.

and IIb of the NlU t 11.) when n .. T:8 years -l.JIa - C.a ~

b) ..hen n .. T .. 20 years - \f20 - C 20 •

11g.10. Dependence of the crlterlon ~ 20 on )(20 for red­

flsh flshery in divisions I1& and IIb of the NEA..

" - DRAWINGS OF THE DOTS IN THE FIGURES 7 - 10e
lIesh a1ze, Natural mortallty rate at age, 11(1)

B , mm 14 .. 0.1 li( = 11(1) M .. ~(1)

98 X <> 0
108 ~ <P 0
116 -. -€}-. 8
120 iiiiI 181 •125 A X •12q t (5 A
134 l1J +

e __0--'--- Parato frontler

•



I
I

28.

lIT"S,-Z:.,_
, '
~.

,,--.'_-....­
"--"-

... t O,'fO
4035,

a,A.,o,30
0,25
0,20

0.'5

O,"O~

0'~1
Y3S

A 300
thou.t 250

f\ 200
11 P150

thou.t ,*00
50__-

jjlB CORl.st.

thou. t

ffJ71 1'13 1935 1977 1979 11'f
years of redfish fieher,., T

lIG. 1
e
e



29.

---- M=O.1
---M(L),exs.(B)
-r-'-M..(l.)

e
•

M
0.5

0.4

0.3

0.'2.

0.1

0 6 8 10 -12. 11t l' 18 20 2l 2.4 2' 1, yea.r
age o!.red!lsh_Cs. mentella T.)

PIG. 4



0.5

°5 -10 i5 1.0 1, yeer

aga or redf18h (S. mentella T.)

rIG. 3

e_ ee
....o.



-- Bo-=98MM.,M:O.1
---- 80 ,:: 98MM,M =M (i)

e
e

20

10.....////

--- 98-.108MM
-----98~1'f6MM

-·~'-98.....120MM

~"_ff_9S-134Mr-1
M=O.1

8 10 12 14 /6 ~B 2022 2'-1
Transientp~r~~d lr, 3p.~r

. FIG. 6a

90 . 100 110 120 130 140
New mesh s1ze in trawl's codend ~i ' mm

FIG. 5

Of-----P------------

6\:1'-10
%

o 20

-20
e
e -40

·-60

-80o 2- 4 6



---- $3-r;.108M""

------ 98-116MM

-'-f- 98-120MM

e
!---r~-T-~=:;=:::::;:M=.:;::=::::;:M=(L:;::") ::;:=:~_ .e

-80 2 4 680ft) 12 14 16 18 20 22. 24
7

, "'ear
Translent perlod ~-- -~. ~._... ...

ö,W «)

%
-20

-~O

-60

PIG. 6b

0.30 ' 0.35

FrG. 7a

0.10

0.20 0.25

0.15
C. I~'~t:LeL~~~~~

. 8



"

0,40.i\. 0/t5
21

,O~5'
•

0,10
L-"'~-i---r--'-'::'''--~--.----.....-

0.20

e
e

1
)

FIG. 7b

,0.30 I" ." .§':'
e ,,/.~ ~'

025 ' (Q:e- .'
, . ~'~e ~ , ~

" "0.20 ~ /.

0.1 (g 0.15

FIG. 8a



1
I
I
!
I
I
i

e
e

}4.

>- 0.15
~~O .

- P'IG. 8b

I

030 ~;.. j~

0~5 $~
I Il'b

O.20--:",,:-~\:~-~"""""­
0.1

0.39

~g
020•

0..16

. e
8

l!1S ..
P'lG. 98.

e
e



C20
0.15

1-..,
0.14- "b-,___

e
. ,

0.13 ~

0.12 ~

~e ~0.10 aI)(

0.09 0.12. 016 O)WX
20•

/

nG. '\0



n~CaHO K ne~aT3 27/Yl 1986 r.
06'bElN 2,25 1l.Jl. ~OpuaT 6Cx84 I/I6 IieCIlJl8.THO

PoranpHHT BlrnPO
107140. MocKBa, BepX1lJUt KpaCHOCM1>CKaJI, 17

e
•

e
e

3aJta3 323
THpaJlt 265

\.


