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{.Introduaction

o3

197) the article wes published by Canedian scientists.

imclairy AL 2t al, 1991, - with analysis of total allowable
TR

Foimat raliebhility for major  commercial species

inm NAFN avreas during several years. Comclusions, made by  the

ant hoivs,

consl derably Fromn oyear o yeer, Soient]

conformer the Fact,  that  stock  estinates’ may  vary -

s 0f b woﬁkﬁhq gronp

utilizing rew TEES methods made the similar conclusions (Annon.,

1991 .

Thias ‘hanmnnnn may be called as gstimate ‘instability and

iz typical to many methods of virtual population analysis (VFAY

Tomirg.

utiliced in internaticonal fishery organizations work

This problem should he studyed  in  detailss, as t.he

commercial fisbes stock estimates instability may result  in

@ anenus denialions on mana Ly eI [

]

2.7 Adeptive framework

Tha adaptive fremework was chosen from numerous methods of

YRR tuning (Gavaris ., 1988}, The .main  reasons of this  are

Following. AL present the method is  in common wse, Tt

Was

utilized to asssss stock of the major commercial fishes in the

ey & - We

Btlantic and in work of MAFQD, TCoAT, CCAMLR.

A cmmpaf@d Lo obher methods of VR tﬁning, the adaptive

Franework methiod has several &dvantéges. First, the method is

bazer] o

Second,

b o

g

WP1+éw10ﬁ of unknown  parameters  estinstior.

the me:hnd permits to utilize the data of observations,

obtained From varlous sources.

Lot

e oonfine  to bhe  adaptive  framework foreclation,

assuming that the data of & commercial Epecies  cbhszrvation

and data

[y

catch age compesition.  direct nhservations

hager on the s fiawt:'iwn aacmunf;wg gqrvgys

[ Ta =

chwperweFForL by age grouns

suh o

A bask ie  detsromined  as  Following: it 1s

recessary bo.estimate abundznce of the object ressarched by  age

ArOupES,

in the terminai year; based on the follawing éritevion:
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whare ob8 ~ valuss ohasrved;

cale — vaiues calalated;

. - weight factors:
lRV Ac weig g :
RV . .
I - ahundance 1ndex basef on trawl accaunting surveys;
cpue
~ catch per effort by ages;
ay
ag - bthe nldest age groupi

yk - terminal vear.
The malcuwlated wvalues in the ebjective function are

obtaipaed by means of creating appropriate  regression  eguations

at the assumption of multiplicative pattern of error:

RV RV RV

Iay: qa ' Nay't (4)

cpue_ _Ccpue ,popus
ISPue- qoP¥e N, -4 (5)
R . .cﬁue
where and - appropriate roportionalsy facrtore;
a qa = 4
cpue :
£ ana g - random ervorsgs

) Nay ‘— abundance estimate for @ sge  group  in Y
year, hased on YA

The First companent of the objective function is  a mean
quadratic error of approximation of the data observed in trawl

acomint Lan surveys, and Che second component s a mean guadeatic

arrar af approzimatiqm of the catch rate date. Since the

.infﬁgaf data OF varicus scale the model requires to include the

weE gt Wnckﬂf& for gach componsanl of the objective function.
Thus,. the adaptive framework tast ie to ' search " values of

age grnuwé abundance in the last Fiéhihg yeér which provides the

S mum T mes

1:quadra£;c eurnf;%um'dF~thé-objettivé:fuﬁc%ioh.tl)um




3. Fetrospective analysis

The task of the model (1)—(5)'stability is éDlved by means
of  relrospective analysis. This analysis ragquiradd the
artificially created 5ituatimn_whun thee model s dynamically:
- rurnned Etérting from a deFinige'yeaﬂ and finishing with terminal
: V@ar. .

'__ For example there are data on silver hake in tHe Scotian
arga, utilized to estimate the stock sire in NAFO, starting from
1977 till  the currert momernt  (Waidron . B.J. et al., 1992,
Gasiukov F.5..1993). S0 the task of haks stock estimation may be
solved Dased on restricted data From 1977 through 1985‘-and the
same caloulation sethod, utiticed at present. Then the next
caitulation is carried out using the data, including' 1986,

g on Lill the last fish{ﬂg year. Thus the

Further - 1987

ansamhle of estimates is obtained, which determines the method

behaviour at the final time period.

‘Nurdog soach dynamical runping the estimates of the ourrent

terminal yesr ave compared to estimates, obtained by means of

!

o

tha total information available. Both those estimate Rave

Errogrs, caused by random  and  regular  errars of cakch  age
composition assassment, avelrage fish weight by ages, natural
moetality and alsm by the effect of uneven Fishery distribution
within a year, migrations and other facters (Ultang 0.,1977). At

the same time Lhe estimate  for the current  terminal year

. aused b? the method of VFA

i adms andon and regular seron

turring. Irm the case of small errors those estimates may be

congidered as s le, otb estimates &are  of unshtable
pattarn.
Tabzles 1-4 and Ffigure 1 show the results - of the

sharting - Ffrom 1984

sis fFor

B[ E i arnal

though 1390, obtained at. kszl and Ac =],  Total biomass,

bimmass from the age of 2+, summed aburdance From the age of 2

ard v ahted cient  of  fishing  mortality are’

prasantad,

These, resullbs revealed that retrospective astimstes  for

particular ymars may considerably deviate $from the estimates,

sbtained on totat informatich, Fof example if the year of 1985

L minal one, the mettiod available should result in
‘biomass esltimate of 31Z3.6 thousand tons. At the same time. the

mama  B25hi =1

Cained by mEans  of VA, hasad  on the

P l‘:(”a\“f'h.".'i.‘ o For 1T --197 0 w1l amiunt bo | lonseori bernes .,
cSimitarly whan the vear of 1987 is used the &8 2 terminal one,

tha Lotal b timate will amownt to 4

thousand tons, and
retrospechive estimate based on data for 1977-1992 will Bbe 197

Cthousand tons, (L is evident, al bicmass westimate may

that tot

vimfarmation, MD f€ﬁf*

- sicnificant devisations are ohserved in estichtes of
ano e, Eotal abunrdance. average weighted coafficient

of Fiching mortality.




Takinb in account the fact, that aburdance and biomass

aalimataes for aach terminal year are used. 28 & base to predict
the prospect stoclk dynamics and to calculate TAC, it is evident,
that unstable aﬁtiﬁates could Fesult o odin wrang management
decisions with serious consequences, ‘ . ) .

Thus ‘a spacial  feature of parametér assessment method,
using the adaptive Frémﬁwork, is  a considerabls variation of
those parameters at transfe- From vear to.year. In other words

“abundance estimates and parareters do not correlate when a new

orpation is added after the current. fishing yvear 1s

Chateh of g
‘aver.

C4. Metbods to obtain stable estimates.

The ‘metimate instability revealed is common for the tasks, .

pamed as il l-posed  tasks",  The term oF_ “ill-posed tasks"
(Tikhonow AN., Arsenin VoA, 19B6) implies signiFicant variatian
of the Firnal result at some change of initia)] information.,. The
ielda mF‘iilwposed task s0lving me2thods was used  as a base to
improve the adaptive frameworis and to provide stahble estimates.
The task of Functional (13 mindeization ie eguivalent to
5dlving of & system of equations when each of them could be

writiten as following:

1]
e~
-]
-4
)
et

' RV
n g, + nN_(MN_C)

In qoPHe. 1n'Nay(u,Na,c> tn I8 (7)

The term N (M.N_.C) shows that the N eatimate, obtaind by
.0 Tay a ay

means of YPA, iz a  Funcltion of  natural mortality M, actual,

catches by yezrs ond ages €, unknown abundsnce  estimates in a2

terminal vear and several obther fackors.  That  egquation  system

could be-written in the Form of operator equation:

Az = u _ 8)
where 2 - unknmwﬁ'da}ueé. ) .
A - opsrator,

U - vector of known right terms o the eduation system..
'[tg Emlﬁtion { Z*) g Dﬁ.the farm: A

" * ) ) . ‘. .
2 = arg inf plAz.w )]
z
whére p - iz a distance in' the vector space IJ,
iﬁf - precise  lower  limit of  Ffunction P. At adaptive
approach (1), 88 1s an  eyuivalent of  function P vettar of

unknown abundance estimates N is an eguivalent of the vector 2
. a

appropriat

and logaritihms of inelic
. o . A . ' "

vivalents . of . the

<Fighti~teﬁmﬁ' af’the 'equétiah‘ éystEm.

Thig equation is difficult to solve as the operator A and

right term vector W oare not &

some elements, contained obServation errors. HBesides, model

flv o Enown due - e occurence  of




relations assumed in VPA may not correspond  to the actual
processes. Az & result,  approximated 5m1utinn chtained in
aceordanze to traditional methods () may significantly deviate
from & precige golution. Such tasks are clascsified as  ill-posed
ones. .

To solve The Jatter, o ial methods have been developed,

and ore of them is based aon the cancept of regularization

algorithm (Tikhonoy ACN.,  Arsenin V.A., 1934, The ta

mininun searching (97 is substituted by & new task, obtained by
means of function p - replacement by smoothing functional by

Tikhonov:

Py (2) = p(Az,u) + a-Q(2) : (I0)

where @ — 20 called regularization psrameter,
{1 - additinnal functicdnal, referred to az "stahilizer®.

The movm oF v

o an finite dimensiconal space 14 an example of
stabilizer.

Such modification alters the task characteristics, and  in
det inite conditions, related ho selection of parameter g, the
task modified has improved characteristics as compared to the

inmitial one.  In particular,  AGN.Tikkonow  showed  that thier

ol iorn oF regalari

ation parameters sequence, agreed with the
initial dats error could be provided in such a way, and sequence

thoprecise solubion of equation (8) at a - 0.

Za wm,i]“ o anpro i
Foeddes, the solution would obtalin the stability reguivred.

The task of ssarching the minimum functisnal (i), discussed

Frem prtadont VW b ill-poserd tasbs s lution

(Morosov,N.a. , 1987, resulted in tha similar sxpression in - the

form of functional by Tikhorow.

The major problem in il -posed t s wsolution by means  ofF
reqgularization algorithm is the estimation of parameter Q. The
lahﬁve pentioned result by Tilkhonovy is  Formuelated in terms  of
BECLEB N mF.za walues at o - 0. That law of @ decreasing
correspans to ervors of observations simultaneocusly approsch 9.

However i prackical ktasks solution no situwation is created when

approach G0 Those  errors are of #ixed

worrors 0f lserwat bon
vaiue so regularizating parameter is to be correlated to the

Former valuss,

seral mebhods are proprzed to make  it. The gereralized

principle of deviation is the wmost widely practised one
(Tiltomoy &My Arsanin Y. AL, 1786 (Morosoy V.A, 17870, That
ﬁetwnd'keqqumg #I apfiwri aestimation of accuracy both rigbt
terms of equation system and the operator, There are also
approximal methods For o regularication parameter in cases, whan
rosarchor obteins infomation on dnknown @ values pattern. Thus

the paper by Tikhonov AN, et al11783) . considers ‘sueh methods

mroviding comnpact isolation in the domain of 2 definthion or  in

[
auch cases, when bhe anknown Function  is 0 monotonic  or conves

CRE. In cther  words the task of regularization parameter

et imalion which depends on the nitial informat ion  accuracy,
may bhe approsinately solved bazsed an apriori data on  urknown

valugs behavioue For some setq.
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That method might ke more zimple as spplied to the task of
pérAmater aetimation in the model of adaptiv  framework. The
jatter is baged 5n the feature of VFA estinatrs approaching  the
"true" values within a zone, which m@may be called the VPA

Ceonvarpence interval. The latter term implies a time interval,

'.Séﬁékéted'$rom a terminal'yeaﬁ“py la djétaﬁcé,' apbrﬁpriéﬁe_ to
e ludes 'éctua]ly the effoct of  VRA tuning uwpon .abundance
eotimates arnd flshing mortality by age Grouns. .

We shall 11lustrate that idea tahiﬁg s1lver hake in Scotian

ares at aﬁ_enample and utilixing tpe apprméch Firsfly used by

Butterworth D.S. &t al (l@?o)n Figure % shows plots of temporal
trend in silver hake summed biomasg, calculated Qy neans of  VFA
Methoﬂ. at terﬁinal' Fishiﬁg mortality factars of actually
cunattainable maximum o and oominimoum valuﬁs; It eould be with
reasonable confidence stated that Fishing mortﬁlity“rates,
typiwal for that Fishing object, are wWithin that intevrwval of
values., The values 10 and 0,07 were selected as  thise extrems
vélueg. . ) 7 . . )
G bhe reswlts preserted EVidenCEqA VFE 'tuning effect is
followed for no move than Z-4 last years of Fighery; Whan the
diFFerencé betweén‘ maximum and minimum  values of  terminal
fishing mortality are made comparable with  the Cszatter of
fishing mortality estimates, abtained by ‘mEans  of VP4 method

withing conuergence interval, then tuning effect will be Already

insignifticart in two ye: That example showzs, that regardless
af VA tuning method, teotal biomass wvalues could be apriori
considered hknawn within the convergerce interval, and counld be
used to deteraine the regularization paraneter. ‘ .
Let us assufe, that the unknown vector Z2 is " estimated by
means of mimimization of smoething functional by Tikhormov (107,
Let wus solve thal task For each point of  time mmmentggequaﬁce
t, e Ll se-nety

characteristic of & retrospechtive  analysis. Hesides, let us

ie-tT,  using a dynamical .approach,

ageume, that within the interwval [to,tkl (analogue of VEA
"convefgente interva%),»estimated of certain function T(Zk) From
unknown  parameters .Ek are Epown. Thean e may _'e5timate
Fegularizatioﬁ parameter for time moment P of the term  of the
best, apprmnimatimn'FuActimﬁ T(Zh) by means of analogue function
mv‘argumﬁﬁt Zk in the interval Lto,th], “thaﬁneq by means  of

mrbyrene baak

(10: soiving 1n that  interval., 1F T(zh) is  the

_ 7 ) o ‘ cale
krown value of functian T oin the point .tk’ T (2,} iz the
. N . o ' k . )
cmaloutated pErtimabte of that Function ab zi: arg minp P in the
‘ . e

ek ml [ - AR . : . - .
interval [to.tk!' ther regularization p2rameter is  defined as

. . 2
R T ¢ .. peale
G g min{ Tapy - 200 ]

The calculation sequence is as following:

Lo Temitimdl e

wh o oregularization paramgter =0 is

deberms ne,

yan




>
o
.

sOTwert Ar fhe

it

=, Aand only the &

o The jmitisl @ valus iz sobstitotod with  eotimalte,

et oslep 4y anch

D2 e repeated until

siomaFicantly )

I theres

a1 points whe

furctiorn T s krown.

atio (11Y may be owrit len ss Fal Iowing:

‘ ' Ve 2
amin:argminkz {tTﬁuk)-Tcalc(uk?i} (12)
. =

H arlapt ive P amewonk dirinmition,

rivation algorithm.

LIS L g T EGL

in

cive Function of the adaptive frameworl,

vilication, could be written az followings

‘ o ,
o' SSpyt A 8s_ ..+ @ N N = (I3)

RV cpue' cp

test element,

of

N  rorem,
a

vlarization pars

evident from (105, apart  from  traditional  adaptive

g

i

oo F o ostab)

oral

prcact, an ad

ard,  and ot

(=101 function reo

in the termir i complicated dus o the

¥ e ameter arnd to set

il L eme . o Lion pa

e

ple elainent vatue.

[ e robte Lhie apparent characteristic of the obiective

e eanent cpinsides with fThe

Fupction (15 when the

Fliuniclar

berminal vear, . the

oF age groups

bomma ]l Reromms O, and EHEEEESS0n o the

with (1),

Factore ara  krown, or  the

algorithe for thelv celoelation is set. - Then, the caiculation

Eimation by meamns of (17, iw As

pEnce Foe unknowrevalies e
ol ol g s

I, The @lement value 1s assuined O

Simation is carried out by means of bthe adeptive

objective function o

Apparera Tharefors factor o = 0,

which coingindes with a traditional  ve 1oaf the  adaptive

- By ol imate

framaanek, This bime are  obtairned Fmr‘ all Y,
yr’ye,___,yk . 3o Time }nFerva% Y is selected From VFA
oo y:ryf'yE] together wibth  appropriats biomaﬁﬁ

.-, B .
r- ]
vy Yy

40 VPA tuming is o ocarrled out hv  means of the qdaptive

el oon o some set of regulacization parameter @ wvalues by

af Fishiry from the gy interval selectarl,
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g5, From the set of reguelarization parameter values,
- . - 1) . . -
mentipred in item 4, such a( ) ie selected, which provides. the

min
mlndimem maan quaderatic grror between biomass eatimates, obhained

cet ostep T for y € Y, and estimates. obtained by means of  the

‘aﬂaptive approach (13}, when years yT,...,yE care .used  as the

tarminal one.

b The'atmth is estimateﬂ st a"’r

min vy means of the  adapbive

'aﬁ.#ﬁach im the [ 1 intevval, vector  of ' average iDn ~term
B : yo' B ’ . . i

aburidance by adge groups is calculated, which is used further  as

a tast elément N .

o 7. Stepe I,4,9 are carried. out, uslngg a’ new ‘sample
aiemnsnt. SB. A new:va;um'mF‘G&fd-gs used For  the Final VFA
aptive approach (130,

turing by maans of the .
In gerneral, a cyclic vepetition of item 7 of the algorithm

shauld be cantinded until fulfilment of the 'férmal canvergence

criterion. However, practical caloulations show  that  already

after the eecmnﬁ'atep the improvemsnt iz so  insignificamt  that

‘the subsequenl calculations become unreasonable.

The guestion may arise on hhe  regularizebtion paraneter @&
Yalues, thch results in the need pm carry out the dalquiatimns
urder item 4. That term of algorithm it more strictly written as
following: '

4. The regulari:étion paramaeter G;:: value 18 determined,
which provides the minimum wvalue of mean standard deviation
betwesan biomass estimates in years yt""yzl abtained at step 2,

and biomass timates, obtainsd by means of the adaptive

Fframework, when the ysars y,,...,y2 are used as the terminal

LR,

while the

timation of factors A ant A have not
RV cpue

been mentioned. Those values couwld be calculated by means of ape

of the folloeing methods: 1.IFf statisticel characteristics

a ave Lnown apriovi, the weight factors could

on da

af observa
be calculated by means of the method, propossd by Do Fimura
(1287 .

e

2, When compticated caloulations are -ful filled, the we

ight

factors couvld he determined by means  ofF " moving  oheck”
procedure {(basivlov F.G.,1970) .

3. According to  Shepherd  J.5. (1992) -the 'weidht Factors

could ke debtermirned by méan%:aﬂ including  estimates of .random

component variance of (4)  and (3 into . the prdcedure of

caleulations, LA, Weight  factors could be determined as

inve yﬁidg. d(lﬁmnﬂnm‘cmmpmnent variance of (4)ﬂ.ahd fi$) in
the VFA diveﬁgencé 'fnte?val, carring - out .~a-'_brélimihéry
caloculatinn over the entire information. . .

gl e chtﬁré ‘méy - be. calculated  at o bhe” ‘step  of

atian paranzter

estimation according to the coriteriaon

YL o N

houid be noted that the robust procedurss  are  to be

cinoany method of weight fachtors caloulations based on data

“ohserved or 'estimated: | -




The algorithm of Ve tuning  present is  based o bthe

principle of regularization algorithm by Tikhkonov., Thos  the

reqularization parameter 1s  deleroined ancording to the
criterion of o mintmam deviations of retrospest ve biiomass

timates From the e

timstes, obtained by mesns of VPA  in  the
interval ©f the convergence anethod. Note, ithat difference

hetwean those estimates s a base to Judge on their stability.

Trig. the ki v

Wwith & regulardxation e a
two-step procedure of optimization where. the first step
corresponds to the extreme task of adaptive framework s=sclotion

al =1

values of the regularization parameter, and the szecond
step corresponds to the evtrerme task solution For estimation of
those parameters optimal values. Ir other words, the

regularization parameter determination is carried out by ceans

of smstimating the obiective function minimoem, and each obisctive
function calculation is the silution of the adaptive framework

ertrame Lask,

v analysis ubi lizing nethod

pf stable estimates

Lion algorithn wera

Calowlations utilizings the vegulari
carried out on the same information on silver hake, which was
uvsed in the retrospective analysis.

The regularization parameter is determined ir VA

v L of ot

; years 19841970, In
addition bhe totbtal hake biomass at age 2+, ohtainszd by means of

VPR method for 1%977-1992 is assuned to be knoawn.

Esbimation oFf weight factors APV and hvpuﬁ was carrisd ouwt
by meens of the method, sentioned above at rombsr 4. A median of

abzolute values residues, aouwltiplied by a constant, was used  as
the sstinate of random values wvariance in (43 ard (5, The

Do Cab e XRV AN

a= (9.0e-8)%

Apy=1.0

A =I.I6.
cpue

fidn i gertre:

b 1) eguael hoy

The results of calculation of total biomass, biomass at age

5 and  averans  welghted  Fishory  movialiby

ey tobal aboran:

‘rates  are  preseobed  in taites 58 and  in bhe figure I.
Comparisorn with similar results, obtained by MEe&Ns of
traditional algorithm, shows thalt ths hehavisur of curves

signitlocantly alters. s Instesd of  oharao

righice  “fan”, lthe
et tmates  were GLkalnerl, rrgood  agiresineant, L [t VIPE

retrospective estimates. Thus, biomass at age 2+ deviates From

the relrospective estimate only

one  case  and  approach 25

Ehous, tons (1904 On oghher such deviation never eucesds

20 thous., tons, which is less than 4% of the absolate value.
Firilar results ars obtained $or other  abundance indices and

DY ATt &

ot the habke population. Thet caloewlation shows, ‘thét

thee adapbive Framawork i dafinibkion the regularizatkion




wabimatas

criterion

stock abundance and biomass, fishing mortality rate, obtained by
. S N Ve . .
vk are charactecized by high

ddaptive: 1

instakility, which appea sigrificant wp’ to 1007

deviations of " values by fishing vears Ffrom the retrospective

cbimebas, oal

culated by means of YFA methcd for the entire time

il
Tey
mathods of ill-posed task solubion. Utiliration of those methods

abilize stock a2stimates it is suggested to utilize the

of known biomase  values -for the

pe carcied oub ABmLmp

Qﬁrimﬂ, egpal Bt

Such approach  provides stable stock esticates, ﬂverage'
deviatian of such estimstes from the retrospective nnes is  less
L &ﬁ%t

Smme‘proh]emﬁ are worth to be studied £t her 3

{. For some ocbiects of fishery, where estimates EF ochaerved

data acnuracy are  available, it is w=eful’ to  obtsin the

walue, using Lhe genera o "principle

venunlarization poramet
of deviatian”. Home predictable difficuities are related to  the
problems of estimation of abundamce indices variance for  trawl

e akoes

sitior proportiong varisnce

akeys  PLEL L 1FERY . . Do the

s oancl mateh O

CRLLIT Y

P e
[EPRC T N AT

peb il oG,

in the medsl,s not always  agres  to the
data, which lIeads to -abssroe  of

That problem solution (e.g. +or silver hake) could reguire

2 mnalysis of the eptire informaticon available at. new

Eilizing robtmat statisti S

Limations, obbained asing  the eregularization

gigurithms iz tn be serioué}y studied. Thepry of that bkcblem'ig

(E+ror | H.,198Z), °  however its prachtical

e lopad

CAa ot of L) et to he carried

FoLFT LT me

ISR Nl

it g R e jend, oompoatese
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Table 5. Retrospective estimated of hake summeo biomass

by the adsptive approach based on the reqularization alaorithn (13

sear of 2 Terminal year

restimate : 84 8% B4 a7 98 a9 0 92
77 299 209 249 209 209 09 209 209
78 173 172 171 171 171 171 71 171
79 184 182 180 180 180 180 180 169
80 174 187 184 185 194 183 134 184
81 142 158 155 154 153 153 153 53
32 20 232 23 220 218 - 218 218 217
a3 ' 232 248 254 243 234 215 215 235
a4 240 265 284 281 272 247 246 264
B% 241 248 249 258 245 242 242
Bé 249 251 29 252 250 259
37 195 1% 198 197 194
B8 . 177 181 181 180
ay 148 159 177
?0 157 174
';-1‘ 180
2 191

Tabi= T, Ret-ospactive 2s5timat2d of hake Suan2? bromass ab ane 2+

Jv L3z adaptive approach based on the regular:izaticn algoritha (17)

i¥ear of i o, Taemlmalowesr o ______
jestimats 34 as 36 87 g8 39 0 21
B 132 132 N 182 18z 182 187 183
78 41 1d1 141 tal 141 141 14l 149
B 140 1 128 133 138 1.3 133 [iat=)
5 157 5T 151 151 13t 151 151 151
91 134 L4l 1za 177 1Z7a 174 1Zs 12&
a2 a7 149 165 162 13l 141 161 1&l
az 192 214 214 209 177 195 194 174
34 201 25 224 211 20% 205 204 L)
a5 174 Jaae el 213 ROEY 205 205
- 34 175 200 184 173 170 179
7 140 165 149 147 L&7,
33 132 159 1560 155
22 147 145 144
70 124 14e
Fi 144
72 124

Tabla B. Retrospective estimates of silver hake averaae
weightad fishery mortality rate, by the adaptive approach based on

the reqularizatian zlaeritha (17}

tfear of oz Terminal year . :
iestirmate « 84 a5 85 97 S8 a9 90 92
77 L3200 0.72 0.312 0.32 0.3z 0.32 0.32
78 0.5¢ 0.54 0.54 0.54 0.%¢  0.34 0.54 9.54
79 0.47 0.48  0.48 0.48 0.68  0.48 0.68 [
80 0.48  0.4%  0.50 0.50 0.50 0.0 9.350 9.50
a1 0.48  0.51 0.52 0.52 0.5 0.5z .52 0.%2
z 0.64  0.71 0.75 0.77 0.77 077 0.77 0.77
a3 29 0.27 0.28 0.29 0.29  0.29 0.29 .29
34 0.62 0,51 0.50 0.57 0.59  0.5% 0.59 0.59
s 0.86  0.42 0.71 0.76  0.77 0.77 0.77
B4 ’ 0.8% 0.81 0., 7¢ 1.00 1.01 1. 01
87 0.49 0.58  0.70 0.74 0.7
88 : : 1.0 Q.84 0.85 0.83
8% 1.19 1.24 1.28
90 0.89 0.97
91 I 1.05
2 . T 0.30
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figure 1. Results of the retrospective analysis of

silver hake for 1994-1990

'000S TONS

2500

2000 , i

1500 ]

1000

500

g
017 78 79 80 81 82 83 84 B85 86 87 88 89 90 91 92.

YEARS

et Bm10°0  —- Ptm0.03  —¥- Ptw0.1’ -G Pt=3.5 .

Figure 2. Range of hake biomass estimates
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Figure I. Results of the retrospective analysis of silver hake,
obtained by mewns of the-reqularization algorithm
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