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INTRODUGTION

o

The assessment of the silver hake stoek -state In the 4VWK
NAFQ subareas is a tradifional problem which is carried out for
wany years. Before 1987 such cstimates ware® oaloulated by VEA
mebod with bunirg Top :sxr‘g:‘.mlr-n'hati,nn of terminal coeffioiente for
f'r—;l'niﬂg' mortality (¥aldrom DU e al,1983). ] .
: In 1989 such erbimales wera not obtained during the NAFQ
Mesting. (Anon.,1989),and an—a.tLe. nt to obtain them during the
Worlking Group Méeting held in- January 19920 in Qopentiagen railed
becuise of great differsnces in the silver hake age determination -
by the canadlan and sovieb.seientists (Lassen H.,1990}. Then 1t was - - ‘ :

recommended before clearing up the difference in age determination
to ag smess the sllver hake stock with- the methods whioh do not
requlre the data on calch at age composltion. : . =
Produstion models and models oonstr'uoted on khe basis of size
. structure are to be pointed out first of all amorig such methods.
3 - Atlempts of using production models, including” Derdso's -model
: (Deriso R.B.,1980) failed as well whioh had evidently been related
! to> high degree of variability in the silver hake recruitment
| valuas.  Among methods consliruc ted wlth ‘slze structure using .
f : methods sugeested Ly Fowrnler .D.A. and Doonan I.J.(1987) and - :
' Sohpute J.(1987) are singled out. These metliods are a priori .

for om T

: progpestive for the nilver hake stook assessment. More detalled B '
i pousideration Indisaléd that 'he paper by T«‘ournier and Doonan Jin

o . apite of great degra: of debaillization for prac,t;l,oal use had some _

wenk points. vrelated with fhe preparation of initial data. In' e .
| partioular, one may expect Jdifffculties for arg%.unentation' of ' '
| acoalflelunts determinatlons which dellne the lransition of fish

from one  group tu anclher. That 1s why. as the . methodical . . f L
baokgr sund Schnule model was adopted that ‘is general cohort . IS
analysls suggested by Schnute on the basis of his Stmctuml ;T | e

| i model.
i




MODEL BY: SCHNUTE AND: THE: HETHODS
" FOR: ITS PABAHETERS DETERMINATION:

On. the: baskground’ of Sohnute model (Sohnute J.,1987) there ig
the: hypothesis- that. the individual growth satisfies the next
aquition .

wr= Wt pew : L (1)

where w - fish welght at a certain times
- welght ol the’ same. fish in a years;
L. and 0 = parameters.
In thie case it is possible to introduce the structure Ior
this poputation dividing all the range of weight change into a
number of” uncrossed semiintervals

. [U.l,U‘f‘)‘,,'.h- g 1 Ug)s I.Ugn g+1) KUgT,Ug“‘Z) (2) N
.bouﬂderis of each of them are related by - N
Wy =0 (3)

where ' means change of correspohding value for one year, The lést
interval in (2) is the most important and includes all the
individuals, weight of which are greater than U 4y Srammes. ;

~ Populational dynamics in the model is described by abunance
density MN(w,t) at t wmoment in w point, with which . it is
possible to determine fiesh abundance at t moment and weight oI

which is inelde a given interval { V V')

vl
N,= J N(w,t)dw | | 4
v |

Beslde the abundance Sohnute mddgl uses other momentum

sharacleristies. Thus,

Y
N[m_ = J'_wn-N(w,t)cau I : (59
! ,
determines:  n-th momentum of abundance density whioh with n=1
corresponds to biomass in the weight intervals [V.V')
v .
N = fuNw.tiaw o . (6)
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Mean values of these momenta can be writténras Ibiibws: S
() _,inl ' : ‘
xManit, N, o L m,
that :with n=1 deterwmines fish mean weight in the interval [V,V')
* , . ) . . . ' i PO :

5 o ]
Similarily to (5) and (6} central momenta relatively %o mean
value are determined ' '

UL J(w Y LM, tdt _‘ o )

Main pquztlon of abundance dynamio in Schnute model written'
for denolfles is as follows:

T N0, 1 )= N, £ )t-Clw, £ 1~ (1) «Clw, t)  (10)

where i T, —Esurvival e (FHM) a4 ¢t moment ;
‘ - aupvival e ¥ _ .
F - fieling wortality coefficlant;
¥ - natural wortality coeffliolient;
bl - timning parameter  which determines

interaction of natural and. fishing
_ mortality in time. : '
Integration of equation (10) leads to the ocorresponding
expres alon, which describes biomass‘dynamics ‘

'Tt-szalnz-p-c;l—(1~p)-C; C (11)

Variatigné in the above mentioned formulas are evident if it
is nessessery to write them for { interval from the sequence (2).
So

Ui . “ . ' - ' .
Nyp= Jn_(w,t)dw_ - o (12)
Uig '
- Uy ) L :
N =J' w NG, tYd , (1)
U, o C .-
L t _ . ° - - [

However, taken inte account a special importénée'of intervals .
[Ug Ug ) and [Ug+ +2) . we will use according Schnlite simplé t -
index for the valups that ‘charactarize ‘fish weight of which
exceeds U_. Then ' o




T T ‘
T ()= { tt, it e M0y Up)t=ty2,0ig o

. ‘ (15)
Ty 10w > Ug :

N means quantity of fish , welght of whlch is more than U and 50

01’1. . g

Now we can write formulae of general
Bchnute

for groups 1,2,...,4

Noat, ter=Tee Ny (16)

Xiet, 041 = 0+ 0Ky : o

()
= phx

Xigt,tet it (18)

for groups g+1, g2

Vg N TS
Xg+2,t+1 =w+ pXy ' : - (20)
M () S |
Xgro,t41= P ' Ky S @)

It must be noted that there is no necessity to give both
fishing mortality and natural mortaljty as a oonstant for all the
groups. This values must be constant only for groups g+1 and g+2.

It is dImportant: to nole in above mentioned formulae the
concept of age Vroups'is nol used what give us a key to solution

of the problem of the 51]ver hake stock assassment without ﬁsing
catch at age information.

As 1In a ftradltional ecohort analysis in Sohnute's oochort
analysis supposing natural mortality coerficienfs and fish capture
In specimens by groups and Tlshing years and some additional
information to be known, it is necessary to determine abundance ,
biomass and indices of abundunce decrease by fighing.

As the method for unknown values determination it is the, most.

reasonable to use the method similar to the CAGEAN - method(Deriso
R.B.,et «ll.,1985). One may use as values observed which

sharacterize the silver hake stock state standardized catch rate

by fishing years ,abundance Index by weight according to the data
of traw]l surveys and possibly abundance index for recrultment. For

the latler it is pousible to use the abundance of the: flrst or the-

gocond age group Index by the. canadian trawl surveys data or

estimates of recruitment obtalned during USSR - Canada juvenlle

snrvéys.

aohort gnalysisi by .

'
0
'
i
]
|
|
il




_ One more séurce of information on the silver hake stook. stéte' | , ol
" may be estimales of abundances and bilomass obtained  with the
Adaptive Framerwork for 1977 - 1988, - R
Iet 1t be sugzested that catch rate is a 11near runotion of

biomass with the q proportionality ooerfioient

L Y BBy + 1) SR o S
? P = gpue(y)=q- - o o ; (22) Gy . ;{
=i, . © where ' cpue - standardized catoh rate ; .. , < ‘f» ?
: ; ’ B(y)- blomass estimate In y year;:- . L A :

i - ‘ @ - proportionality coeffiolent. o RO . i

! " Then, similar to {Deriso R.B. et aill.,1985), - o B

! ’ S o '

SSQ(cpus)= E:[Cpue'(y)~cpue(y)]2 | (23

g=1
where cpue'(y) - cateh rate caleulated by the formula (22).

ey e e —emm o =

% In the same manner o K o
;o ch)-qj-B(y) \ : s s
i‘ i lJ(y)-qbf Njy ) ‘.(25)
. ; aﬁd'
o | rSQ(qRV} E: (e S (es)
! e ' -
! ] \ .
| SSQ(SRVJ);EZ[J'(y) -] e

i ‘ , . y=1

where J'(y) and J{y) - estlimates of oorresponding abundance
indices by formulae (24) and (25):
SRV and SRVJ - mean that corresponding estimates are
...... cereeerennnsenss.determined by the data of trawl surveys
. and juvenile surveys. ]
Tierelors, we may pub a problem of  the unknown . values
i determjnhtibn.frmm the minimization of the fdllowing funetion

SSQ=SSQ{cpue )+ , +SSQUSRY) K1, SSQ(SRVE) (28)

The ftollowing pﬁrameters are -used ,aé hrguments: of this
funetlon: : . ' '
E f . a)abundanﬂe of size groups In the first Iishing year;

; b)aoundanﬂe aof  the fllst size groqp by fishlng year J}“ B
o bepinninp from. the second year. R s A
I ' A, and A, can be determined by the method (Gassuihov

P

P S.,1990) using for this purpose either time series of catch rate ;j




Cor biomass estimdte Ior aiIver hake obtai_ned by the Adaptite o
Framework . : - ‘ -
s80 funetion (28) certalnly may be ohanged ommitinp‘ some o
} components what corresponds to the equallty to Zero. re]avant A
- cnefficlents.)” . o Tom
; , As the second me thnd for determmation of unlmown values the‘
methiod similar to Gavaris (1988) Adaphive Framework may be used.
However, In contrast to its traditional realization algoritm of f
; determinations = of fishing mortality ooefficients ' for ,older ) j
" intervals [Ug”, g+2)’ [Ug+2.U) has a ocertain fspeoiﬁclty. The - ,
1 _ Tfollowing sequence of caleulations may be used for this porpose. . |
1 1.Let us consider that the current value of fishing motarlity E |
: coefficient in t terminal year for g+! interval is determined. S
This coefficient may be among the colibration coeffioients or 11. i .
mway be deflned as a function of theee oocefficients. ;
2.Fish abundance in the g+! interval is caloulated by the
formala o : ) !

N, ., +=C,_ — o C(29)

3.Using the equality . o L

Fg+1,£=Fg+—2
For each {,from approximated relation

Naoir,t * Ng+2't)~e:cp(éz)=(Ng+ g+° ¢ e:cp(~ﬂ!) -

(cg+f'.t+ 242y t) erp(-¥/2) ) {30} .
g+1 +2 #) value may be determined and the é+2,t value
may be determined as well. - T ) N _
4.Further calculations are made for. U value'-‘,y=t~1 1
' Cya . M
(Ng'+1,y * Ng+2.y)‘[Ng+(?,y+1 "(an.J g+2 y E] (31)
;“u— - .. - _— ..-;;m .
i-i ' _ Ng+1.y+1 A R
: F8+7-y=F8+2.y= -in N N - o (32)
C : g1y T Ngr2,y ' LR
| N Z oy
g+l,y = g+1,y 7 (33)

2,y l'e@<-Z>J

Ng+_c";g: is defined from the caléulatiofl ;'el.'%sults
(33).




_The rest of calculations totally corresponds to the selected
versions of the Adaptive Framework (Gavaris S.,1988). The . first

appbroach based on the OCAGRAN - method principle requires much

relatively to the initial data, as uses greater number of unknown
values than with the Adaptive Framework. The implementation of
this method assumes using additional information which is in the
estimates of momenta for different order weight of fish in some or

another welght interval dynamios of varlations of which is

deseribsd by (17),(18),(20), (21).

DATA USED.

The author has no at his disposal all the necessary row
information which there exists in NAPO and that is available for
canadian sclentists. Further caleculatlons must be oonSidered as a
conventional and illusﬁrative form. The basic data used in the
caleulations correspond to adopted data base for the silver hake
stook estimates (Lassen H.,1990). However, ‘taking Into account the
spicifio features of Schnute's general cohort analysis, it was
requied to wake the recaleulations. .

To determine the parameters of growth equation (1) there have
been used' the values of fish mean welght for 1 through 7 age
groups for 1977-1989 which are cited in the paper (Waldron D.E. et
all..1989). Paramelers have been determined by the method of least
squares , belng coefficient correlation egual to 0.901, being
soprrelation graph plotted in Flgure 1.

The equation has the following form

w'=83.23+0,8806 -1 , (34)

In Table 1 boundaries of seven size and weight intervals
caleulated by this equation (34) and equation (35) are given.

Catch ammount by sine groups (é) must be delermined using thé
raw data., For thls purpose one may construet the similarity of
length frequency of catch. However, the absence of these data dig
not allowed for obtaining of real values.The following procedure
was used to give an illustrative example. Age - length key ro?
1989 (Table 2) obtained by the soviet scientists and estimates of
fish summary abundance in catches for 1977 - 1989 repressented iﬁ
the paper (Waldron D.E.et al.,1989) are in its background. Uséng
age - length key and age compositlon of catches for the giéen
peribd there was recaleulated size ceomposition of catches which
permitied to obtain with the growth equation the amount of oatch
in numbers for the size interval (2). The equation

3.225476 o
W=0.002865:7, - : o (35)

was used ac the growth equaticn (Mari A.,Saba B.,1978). The author

rgalizes the degree of correctness of this procedure, that is why'
the whole caleulation is to be considered as illustrative one. '




_ T

Similery, mean weight of -fish -by intervals and years 1s. .,
determined in an approximate manner using the equation (34) and
initial values of weight, that is fish ‘mean weight for age 1 from
the paper (Waldron D.E. et al.,7989). Corresponding data are

represented in Tables 3 and 4.

As an  additional information there were  used with
calculating-

' .- standardized cateh rate for 1977 ~ 1989 by multiplicative
modal. (Gavari" 5.,1980). Standardization was made by initial data
given in the paper (Dassen H.,1990);

- recrtiitment values - abundance of ‘the first ége group for .
1977 - 1989 by the data of canadlan trawl surveys (Waldron D.E. et
al.,1989). These indices using corresponds to the adopted data
base {lLasszen H.,1990)._ ‘

The additional information is represented in Tables 5 and 6.

TLLUSTRATIVE EXAMPLE: CATCULATION RESULTS

As 1t has been pointed oubt author's lack of the raw
information nenescary for forimation of initial data for
caleulation did not permil implementation of  the approach
suggested in the form which had practical significance.

" Therefore, the second method for parameters determination was
used as  illustration. The following fomulae were used as the
cbjeot function in an Adapiive Framework '

[ Cpue, - cpue, . 12 '- .
I
| Sy, -
o cpueu—cpueé 12 . P lJ. 2 : o ;
Y L ] tHY (Tdy ) (37
Y
where J - abundance index for recruitment by ‘the canadian

trawl surveys data.
Tuniing was made by coefficients of Iishing mortallty for
3,4,5 intervals. Multiplier W, for object function 2 is 0.01.7 :
The caloulation results are represented in the next mannerﬁ@
-a)for objeet function 1 ~ in Tables 7,8, and 9; :
b)for ohjeet function 2 - in Tables 10,11 and 12. :
It the ecalculabtions are compared with the values of the
sllver hake stock obtained in previous years, 1t must be adopted
Lhat. the values of blomass in Tables 9 and 12 are overestimated.
This biaﬂ in evtimaTeq is pr ﬂhably related to the bias in initial
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Nevertheless, coeffleiont of correlabion between catch ratd
and biomage estimabe was 0.84. In Flgure 2 time trend Por bhese
values is plotted. . : e

CONCIUSION

The approach suggesled parmite in prineiple to caleulate the
estimate of the milver hake stock in the 4VWK NAFO subareas
without using data of age compesition of caboches. It is necessary
te prepare initial data by slze interval using raw data of
observations to implement bthis method 1n practice. Such data are
available in NAFO data base and are available for Canada
safentlsts. It is the most importani to obtaln the catch valuss in
nunbers and estimates of abundande indices Tor each size group ﬁnd
fishing years, ag well as the estimates of f{izh mean weight'énd
some momenta of lhese values using the raw data ohseprved. ’

It must be naked that in he case when for the silver hake
nbock assessments age data are also used ths approach’ suggested
méy:be inplemented to obtain data of cateh in the current year
when. age samples  are  hat processed— vet. Besides, numerous
sombinations of two approaches are possible for complete
utilization of Information. f
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Table 1.Boundaris fur the size and welght intervals

for silver hake

No Siza Weight
intervals intervals

i 15.0-25.4 17.75~ 98.86
2 25.5--30.1 958.86-170.30
3 30.2-33.2 170.30-233.18
4 33.3-35.5 233.18-2838.60
5 35.6-37.3 288.60-337.50
6 37T.4-38.7 337.50-380.30
7 38.8-46.0 380.30- o
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Table 3.

| 77

-"12 -

Commeralal eatches of silver hake

by weight intervals for 1977 - 19893

T8

1| a783¢
o b oronTe
3 47161
4 117355
5 1573
&
7

923
1055

a5

1 19833
2 122200
3 116509
4 TTATT
5 18040
6 14935
7 18783

Table 4.Mean weight of the

1

.2 212
o 1
f 3
1,
i

5 -

IV LIS
T
N

34779
71376
68591
25988

68473

H061
1893

8

22801
58697
hazT
nHO2Y
G761
aney

16362

80

34322
4713

61013

23895
7153
6703
X707

31

10079
53640
86641
27267
6016
4963
6384

az

29319
BT6T6
78159
46982
15087
14080
15035

56

a7

TR0 71259

117388
180458
61682
15182
13169
16041

1900973
23614
35319

G619
4594
8744

ag

23430
125537
185769

37222

1387
211N

10548

1
1
P
S2de L2
~
f

| T T8 79 80
LT W00 LT
LA 13 013
S8 018 019
AR S LY A |
L0 BRS L B ale |
L350 .35% 0 .35
A8 045 46

060 L0606 LG5

81 82 a2

89

41545
169325
199836

49327

10254

5993
4766

84

R
.14
18

.29
.35

<45

a3

2714
23037
50465
20695
5765
5186
£316

{1000}

84

79090
93303
166337
55951
11012
3257 -
9568

silver hake individials

it eatehas by weight intarvals for 1977 — 1989

87 88

85 86
07 .05
13 .14
A9 .18
24 .24
.29 .29
350 .35
W45 L35

L7007
L3 014
13 .18
.2 .24
.29 .29
L35 .35

A6 .47

Pable 5.3tandardized values of cateh rate for the

nilver hake T

STANDARDS UBED

YEAR
77
73
79
30
4]
82
a3
34
85
a6
a7
88
39

FREDICTTD CATCH BATE

VARTARLR NUMBREDRS: 1
TOTAL

NATCH RGP, MTAN
FFO05 0.703 2.546
48404 0,979 2.039
51751 0.827 AL
44525 (1.920 1.723
14599 0.833 1.976
60207 0.958 4.940
35837 0.921 2.444
74266 0.967 4,005
75480 0,981 3.486
82689 Q.427 £.644
61704 0.926 6.613
74482 0.879 4.639
86729 0.984 £.804

AVERAGE C.V. FOR THE MEAN: .205

ieherdes in the NAFO 4VWX subareas

5450 2 1
CATCH RATE
5.B.  BEFORT
0.452 14569
0.308 23739
0.423 20842
0.344 25045
0.361 22572
1.052 12187
G.510 14662
0.840 18544
0.731 21653
1.562 12446
1.567 9331
1.099 16057
1.559 12747
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Tables 6.Abundancs indices of recrultment by the

canadian trawl surveys data

| 7 8 79 80 0 82 83 84 - 85

I 7.7 26.7 89.4 17.7 32.8 192.0 114.3 189.0 102.7 _

| 86 © 387 083
_____ *\___._.________,_.-—-—--_~___....‘- N
| 552.6 146.0 69.7

Table 7.Fishing mortality of silver hake in the
NATC 4VWX subareas o

(objmet funetion 1)

" 86

007
. 106
280
257
2760
160
1160

] 77 782 79080 81 82 83 84 a5
P l'“—'—"—""'—""“"" it a1 4 mmem % Ak n it Ak o 4 e o i 4 e o L | e o 5 e e e o e i e e i
1 L0400 .038 L0297 L0033 .009  .023 .025  .042 ..028
2 L3600 122 104 107 L0810 L0079 L1040 119 105
3 AT 238 75 185 2160 L7040 L1140 294 LeR2
4 L0823 176 65 102 146 2T L0944 02T L 409
5 L0719 0BT 414 076 L0500 L1392 .045  L081  .134
5 LOT4 17T 199 1300 L0850 195 .079 L1037 .185
7 Ltd AT 199 L1300 .085 0,195 L0799 L1103 .185
a7 8 89
1 104 063 L2283
2 030 .340 1.114
3 L1420 L0460 2,228
4 .099  ,095 01T
5 L0488 L0472 041
5 081 106 Lo
7 081 L1060 04
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73 77 80 81 a2
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1178407 1129389 1,8718H 1292772 1391773 1574387
76474 750973 78572 903204 838061 924687
W/ISTA 25677 450001 440323 544266 517850
173453 197053 209069 253313 245200 293897
100019 106976 . 110212 118334 150237 142038
83057 66360 (61075 66088 73801 95781
10CU73 1012238 111871 97793 95551 104300
ChA41IBS  DTTE6R20 31f4“1ﬂ 372527 3339890 0 3653538
a3 84 £5 86 87 a8
1640173 2YI0TTR 2195189 11622290 881222 468789
1031339 1072905 1497614 1430675 TT35178 . 532359
572611 6R3343  £38629 903791 862907 5029410
283135 342515 0 281654 332703 458082 501779
158539 172848 18378k 125366 172517 278145
82853 101552 106848 107770 71605 110222
110631 113907 13?8%6 134151 138250 129750
3879561 4763749 S03TSE5 14656748 10319760 7050455
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25 40R9
2219220
'Jt E‘ 178
178760
144(16
-1648., ] 3
Table 9.Silver hake hiomare in  the NAFO 4VWX
suabareas
{objeel fmebion 13
78 79 a0 a1 e 8
Ccoo ey 78532 BOVOS 99476 8974@ 115320
gr060 99572 95735 116955 116993 120798 130930
A4197 73239 8664 S1548 100145 97928 106277
41355 ABO4 51368 £1935  K9B34 72063 69142
29519 31504 32703 35032 44170 41859 46690
29082 23180 23091 - 23154 25779 33456 28943
45063 61031 53217 15865 45920 47299 50914
367600 4OBBTQ TMe329 445008 498066 505183 548265
84 85 - 86 87 88 £9
105 584 14@614 576466 £4946 ”1878 16834
50193 191994 197852 973085 74530 39744
13069 122108 166749 1599873 312838 47384
83129 . 68724 aint3 111131 121832 773900
BOTH 53996 16825 50599 82025 89928
IH4TE 3730 NTEAL 25012 28501 61905
ﬁ?ﬁ8° bO.4? h”?“ﬁ 63526 61307 £3529
T saB0 632006 .535 1302010 1092225
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Table 10.Fishing mortality of silver

hake in the
NAFO 4VWX subareas
{objeot function 2) o
77 78 79 80 ;1 82 83 ‘a4 85 86
.03 .038 .029 .033 .009 .023 .024 .041 .027 .008
134 .120 .101 .104 .079 .O77 .101 .114 .100 .100
760,233 471 L1881 210 .197 110 .383 241 .264
082 172 161 .119 142 210 .090 213 .392  .243
.019 .080 .111 .074 .049 .134 .044 .07T8 .127 .15
..013  .115 .195 ,127 .082 .189 ..076 .099 .176 /.151
013 .115 .195 .127-..082 .189- .076 .099 .176 .15
.87 88 89 . v .
.050 .019  .044 .o
.035 143 .222
133 .054 443 -
.92 .089  .020
.045 .039 .038
.076 .098 .038
.076 . .098 .038
Table 11.Silver hake abundance' in the NAFO 4VWX
subareas by welght intervals '
(dbject function 2)
77 78’ 79 . 80 81 82
1199907 1151945 1417514 1328107 1434794 1607867
686570 773347, 743697 923333 861747 953519
356902 402439 459953 450458 557759 533729
176378 . 200627 213605, -259730 251994 302941
102654 108933 113207 121875 154578 146592
84638 67524 67417 67894 75839 98692
101792 123349 114066 100144 99204 108045 |
2708892 0828164 3129461 3251601 3435915 3751385
83 84 g5 86 a7 a3
1696491 2431832 2311096 10033964 1801001 1559172
1053781 1110408 1665352 1508370 6670490 1148905
591942 638386 663845 949197 914987 4315728
293778 355473 © 291738 349599 488519 ° 536690
164602 - 179982 192472 132125 183843 298547
85912 . 106616 111630 113593 76136 117814
114742 124675 139775 141325 146961 138627 .-
4001248 4946372 5275909 13228173 10281937 8115484
89 5
1160931
1025961
667353
12740825
" 329279
1192437
155785 v

6272570
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Table 12.Silver hake biomass in the NAFO 4VHX

" {objeot Iunotion'é)

subareag

81

78 79 80 82 83
72114 68656 80231 83007 98427 91648 119263
88362 101463 97722 119572 120300 126627 133830
65170 74491 . 85459 83125 102628 100982 109864
42560 . 48913 52483 63519 61234 74281 71741
30026 32081 33430 35929 - 45446 43201 48475
29581 - 23586 ' 23549 - 23715 26490 34473 30009
45837 - 62094 54261 46968 47181 . 48707 52781

373651 411284 427135 456133 501707 519919 565964
84 8 86 87 88 = 89 -
110162 156461 497685 132734 . 106024 73371
155457 200678 208608 839148 160847 138197
117846 126927 175127 169639 783305 124461
S-86273 71184 86127 - 118515 130308 658894

. 52825 56548 38884 53921 88042 96808
36892 38992 39678 26594 41153 66641 .
56129 62913 64161 67529 65501 68374

615584 * 713704 1109270 1375179 1226746
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Figure 1. w= W+ prw dependece for silver hake

from the NAFO 4VWX subareas
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Figure 2.Trend of catch rate values and a biomass
- estimates for silver hake from the NAFO 4VWX
subareas

a -~ ocatch rate;

o - calculated by the eq. 0.8+0.0041+biomass
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