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ABSTRACT

The abundance and biomass of the beaked redfish commer-

cial stock in Divs, 3LN and ?M were assessed by VPA for the

period 1968 to 1984, Natural mortality rates at different

fishing ages were estimated and applied in order to realize

the method; Statistically significaqt Ricker's relations

between the parent stock biomass and thé abﬁndance of

daughter year classes at the age of 5 were obtained. They - i
served as a biological substantiation for the management
of the redfish fishery in these divisions; It is advisable

to limit the fishing regime by F

max level,

INTRODUCTION

The total allowable catch (T&C) is the most important
index defermining the efficiency of fishery management, Esti-
mation of the yield per unit of recruitment ( %f) in relation
to fishing intensity (F) is the first stage in TAC calculation,
F;I;Baranov constructed a mathematical model for such relation-
ship (Baranov, 1918) which was modified later by Beverton
and Holt (Beverton and Holt, 1957). This'relatidnship has
a clearly pronounced mgximum for many species including
beaked redfish in Divs, 3LN and 3M (®ig. 1). The fishing
intensity at which the maximum catch may be taken is called
optimal and the yield itself - tye mgximum sustainable

yield (MSY),
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This model, however, is based on the prerequisites
which leave out of account the most important peculiarities
of most commercial fishes, namely, a considerable variation
of natural and fishing mortality rates with age (Tretyak,
1983), variability of the year class abundance and parameters
of growth functions, That is why optimal, in the above sense,
level of fishery is always constant. It does not depend on
vériations of age composition and of other parameters relating
the commercial stock, Besides, fish with a low value of
metabolism parameter (K) in the von Bertalanffy equation
and (or) with high natural mortality rates give the curves of
the catch per unit of recruitment either without a maximuﬁ
or with a slightly pronounced ome, It produces an effect as
if the fishing intensity for these fishes may be increased
to a very high level without the least reduction of the -
yield, In reality the exploitation of commercial stocks
of such fishes with & high intensity or with that close
to Fﬁax leads to undesirable consequences - to depletion
of commercial and spawning stock biomsss, possibly to a
sharp decline of daughter year class abundances
' The sparing fishing regime at the Fo;ﬂ level also
does’not’ take into account the current state of the stock
and, consequently, does not have any biologically substan-
‘tiated notable advantages over the conception of F,I.Baranov
and Beverton and Holt; Its consistent utilization will.
provide only a certain stabilization of the fish supply in
the years with a poor recruitment at the expense of biomass
reserve which is formed in the years prior to fishery when
recruitment was numerous.

The abstract character of some prerequisites for these
models and the absence of a:biqlog%calgcriterion providing
the needed level of stock reproduction which should be
‘assumed as & basis while estimating the optimal values of F
and MSY notably limit the possﬁbilkty of applying the results
of the theoretical fisPery anglysis directly to real fishery

management,
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In this paper the biological criterion - the optimal
- biomess of the parent stock‘- is obtained which may be
taken as a principle in thé redfish fishery ménagement in
'Divse 3LN and 3M, TAC for 1985 was estimated with allowance
for‘peculiarities of beaked redfish - variation of natural
and fishing mortality rateé with age and variability of

the year class abundance,

MATERIAL AND METHODS

Natural mortality of commercial fishes results from
the interaction of fish from a commercial stock with numerous
‘ interdependent and independent ecological fadtors. Mortality
varies with age and under the influence of these factors. But,
as a rule;ﬁit is set iﬁvariable in time and independent of
‘age; In some fishes the relative error in the abundance estimates
.of some age groups which is introduced by the second assumption
may be higher than 100% (Blinov, 1979); That is why the
method of estimating the natural mortality rates at different
fishing age was spplied to the redfish in Divs; 3LN and 3M
(Tretyak, 1983), Variation of the redfish natural mortality
‘rate with age is represented by the convex downward one-(posi-

tive) minimum function
M(t) = a [(~6=(To=T) 1n (To-t)] + b,

which turns into infinity with the age tending to maximally .
possible hypothe?ical agé Tes which may be reached by fish
under real ecological conditions, fishing being inteﬁsive,.
“if they were not caught; In the interval from ‘Er to T,
where 4 _ - age of recruitment this function is determined,

r
continuous and has the only stationary point &

o With a>0
‘min M(t) = M (Ts). In virtue of the hypothesis of the minimum
, M(#)-to corregpond to thg mean age g: mature fish (Nikolsky,
1974), the paéameter ?fsahas‘a concrete biological éontent;
Pérameters a and b have no biological content; For the period
1968 to 1984 the mean‘agé of mﬂt%re?redfish‘in Divs; 3LN is

,équal to 11 end in Div, 3M - to 12 years, Parameters Te are
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~set equél to 50 and 51 yeérs, respectively. To estimaté para-
t_metérs a and b it is sufficient to know the average number of
: fiéh caught at éach age, von Bertalanffy parameters (le;, K
. and %, ), those of allométric growth (a, and b,;) and the
‘natural mortality rate for redfish set constant at some section
of the interval [T ,, T, ] o Von Bertalanffy parameters &re
.»;determined by Hohendorf's method (Hohendorf, 1966)’,31 and b1 -
by the least-squares method (Table 1), The intervals in the
life épan of fish in whiéh_natural mortality rates are obtained
»”énd setvconétanf include age grouﬁs méking up the bulk of
v catches. It tufned out possible to calculate the total morta=
- lity rates for them. In Table 2 the total mortality rates for
‘ Beéked redfish in Divs. 3LN and 3M in the intervals 12 to
16 and 1 fo 15 yemps, respectively, are given, They are ob-
‘fained as the difference of natural logarithms of the total
- catch to the total effort.ratios in two adjacent age groups.
.in-this case the age composition is pooled for the whole survey
period and smoothed by three adjacent age groups; Fishing
effort is reduced to a standérd tjpe of the ship - the Soviet
1argé-réfrigerator trawler and set average for 1968 to 1984;
" In Divss 3IN it is equal o 9 847, in Div. 3M - to 7 813
trawling hours, Taking into account the main relationship
of the VPA

Coe1  Fouq , Zg (1 = exp (= Z¢,,))

T, T TF ) T XD B ) (T = exp(-2 )’

T
' where Co - the catch at age © , and F. and Z. - fishing
and natural mortality rates at this age, it is obvious that

v E ‘
the ratios _;L%l__ for certain age groups are about 1
T . '

(Tablef2); This means that, fishing mortality .rates are approxi-

‘ matély equal in the intervals considered (in this case accurate
fo 0,0ﬂ}. Nafural mortaiity rates¢in these intervals are obtained
' és the difference between mean rates of the total and fishing
:mortalities; Thé léﬁters are ¢onv§ntionally set equal to the

i legst'values of % 4+ Natural mortality rates in the considered
iﬁ%érvals and a and b parameters of M(t) fﬁnctions are given

in Tablé 1; Variation of natural mortality rates for beaked

redfieh in both areas in relation to age is shown in Fige. 2.
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~ Abundence and biomass of the beaked redfish commercial
stocks under consideration are calculated for the period 1968
to 1984 by VPA, To reaslize the method it is sufficient to
know the number of fish caught at different ages in different
years of fishery (Tables 3 and 4), natural mortality rates

at the age from T, to T, (T, = the latest age of fish

in the commercial stock) set constant duting one year of fish
life and, the so=-called final values of fishing mortality rates
F Tgye The age of rédfiah enfering the fishery in both areas
i set equal to 5, T} - to 23 years.

Beginning with age <, the final values of fishing morta-
1ity rates in the latest passed year of fishery were determined
by.the formula

’

F'tst=2"’M¢,

where 7 - arithmetic mean of the total mortality rates obtained

from the pooled éample in the interval from Cc tovy - 2,

M ='[:” M(t)dt. For fish from Divs, 3LN and 3M T _ is
set equal to 10 and 11 years, respectively, 7Z - to 0,200 and
0,304, M; values are given in Tables 5 and 6; For the year.
clasges having undergone fishery the final rates of fishing

mortality at the age 17, are assumed constant and equal to F“A

in 1984, F ¢gy values at the age from ‘Er to T, -1

c
inclusively are determined in this year as arithmetic means

‘of the corresponding F¢ obtained by back VPA calculation,

411 final values of F Tat are gi%en%in Tables S‘and 6e
RESULTS ‘ g g

Beaked redfish in Divs, 3LN

Bearing in mind that 90% of the catch include fish
aged‘5 to 15, arithmetic means of the fishing mortality -

rates (i5;153 of redfish from these age groups for the latest
.10 years of fishery are obtained, Fig. 3 represents the li-

near stochastic relationship between the total intermational

» fishing effort for these years (f) and 55_15a The regression

equation looks like followss

F5-15= Oé044.f = 0,181




‘The availability of a rather ciose and stable correlation

_beﬁween random values £ and F5_15 (correlation coefficient

‘,x is equal to 0,75) and correspondence of the free term in the

. regresgiog equation to its physical meaning (it is close to O) .
‘sh§w the validity of input parameteridetermination in VPA;

The fish abundance at the beginning of each considered
i year of fishery is given in Table 7; It is obvious that during
- the survey period the abundance of year classes aged 5 ié
sﬁbJect to low fluctuations; The 1973=1978 year classes were
': the richest., Their abundance at that age averaged 115 mill,
specimens; The 1968=1970 year classes werevpoor,itpeir
~abundance averagingk44 mill, specimens which is lowe; thap
the average abupdance of rich year classes by a facto: of
: ,2;6; In length frequencies of the catches taken by a small
meshed trawl in Divs; ZLN (South Newfoundland) in 1980-1984
.length groups corresponding to fish from abundant year ciésées

- of 1973 to 1978 dominate (Flg. 4), This phenomenon -confirms

‘f vindlrectly the abundance estlmates obtained by VPA, In 1985

fish from these year classes will reach the age of 7-12 years

, ‘ and will coméose the bulk of catches. The commercial stock

'_ biomass has'not almost changed since 1975 and averaged 150
fhouo tohs; In 1984, by our calculations, it amounted to
140 thou., tons being somewhat lower than the estimate obtained
‘ from the trawl survey results., 7,

‘ If we assume that redfish in Divs, 3LN are immature till
 the age of 11 and that beginning with this age the portion

of mature fish at each age amounts to 100%, than in the first
approximation we obtain the biomass of the parent stock of

12 year classes, The compariéon of the parent stock biomass
and the abundance of produced offspring aged 5 shows théf
“this relation may be described by the Ricker curve of = -
" recruitments '

R5 = di’eub? ’

where P fbﬁean annual biomass of the parent stock, 35 -
recruitment, « and p - parameters equal to 3.161 and

01960«10'2, respectively. We have .no reasons to consider
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i‘tha stock-recruitment regression line (Fig. 5) not adequate

to the data available, It is confirmed indirectly by a rather
‘ = R -
close back linear relationship between P and ln —;2 » The

correlation coefficient between these values differs signifi-

- cantly from O, being stable and equal to 0,99

Relating to the fact that in the 1985 commerciasl gtock

there will be 6 abundant year classes, its total abundance

- and biomass will come up to 520 mill. specimens and ° 166

thou. tons, respectively. The biomass of mature fish will
also increase and reach 60 tholi. tons. A% the level of
exploitation Fmax = 0415 the total allowable catch will
be 25 thou. tons.

Beaked redfish in Div. 3M

Fish aged 8 to 15 years make up the bulk of catches
(aboutrso%); Mean rates of fishing mortality are calculated
for these age groups (§8~15) for all considered years of
fisheryn The linear stochastic relétionship between the to-
: g-15 18 shown h
in Pigs 6. The regression equation looks like follows:

Fg.q5 = 0:024°F 4 0.006

A rather close and stable relation between these random
values (correlation coefficient equals 0.92) and correspon-

dence of the free term in the regression equation to its

‘ physical meanlng also show the valldlty of input parameter

determlnation needed for VPA,

Table 8 shows the fish abundance at the beginning of each
considered year of fishery. Thus, it may be concluded that
the abundance of the year classes aged 5 is not subaect to.

great fluctuations except the 1979 year class. Its abundance,

by our calculations, amounts to 153 mill. spec. thus being

higher than that of poor year classes by a factor of 3.

The 1971 to 1975 year classes may be attributed to rich while

those'of;1976 to 19?8 - %o poox ones. Length frequencies ‘of

the catches taken by a small meshed {rawl in Div. 3M (the Flemish

Cap Bank) in 1980 to 1984 (Big. 7) confirm indirectly the

‘abundahce estimates obtained by VPA. In 1985 fish from the 1971
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 :to 1975 year classes will attain the age of 10—ﬁ4 years

" and will make up the bulk of catches. Since 1975 the commer-

~ cisl stock biomass has remained at the level of 120 thou,
g tohs; In 1984 it ambunted‘fo'154 thou, tons, which is in a .
good correlation with the biomass estimate obtainedfrom the
" trawl survey iesults. 7 j , , :
O Ifwe assume that redfish in Div, 3M are immature till
‘the age of 12 and that'beéinning with 12 years the portion
©of mature f£ish at each age is 100%, than in the first
approximation;we also obtain the biomass of the pearent stock ,
“of 12 yéar classes. The comparison of the parent :stock J
‘Biomasé and the abundance of produced Offspring aged S o : o
shows that the back relatlonship exists between these ran-
' dom values, Fig° 8 demonstrates the Ricker's stocke-recruit-
';ment regression equatlon. Notw1thstand1ng a low correlation
‘1coefficient between P and 1n ——2— (it equals 0,65), we
'_have no grounds to consider thﬁ regression line 1nadequate -

%o the data available.

In 1985 the total sbundance will remain at the 1984 -
level and émount to 500 mill. specimens, the biomass will
e be somewhat higher'than the average lgvel for the period 1975
%o 1984 and come up to 145 thou, tons. The biomass of mature o a

~ fish will grow and total about 62 thou. tons, At the level

' 6£ exploitation F = 0. 15 the totalallowable . catch in
,1985 will be 22 thou. tons.
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Table 1, Parameters of the von Bertalanffy equation, allometric
growth, natural mortality rates and a and b parameters
of M(t) functions for besked redfish in Divs. 3IN and 3M.

n~i‘DiV§o l&;ﬁmg K ' !toyears { Oy j & ! M ! a l 8

3LN 56,3 0,061 =-2.09 0,I77 16‘5* 2,96 0,08 0,0227 3.5645
3M 53,4 0,066 -2,57 0,750 10 3,16 0,07 0,0227 3,5858

i Table-Z; Running mean of catches based on pooled age compo-
‘ sition and mean rates of total mortality for beaked
redfish at different age in Divs., 3LN and 3M.

Divs. 3LN. ] Divo 3M

Age AR 1R g ﬁb‘! Bt | Fo
II 4430 0.I31 I.029 0,130
12 3222 0,202 I.026 0.I50 3883 0,192 0,982 0,130

S I3 2634  0.254 I1.0I0 0.I50 3207 0.I52 1.032 0.I30

I4 2042 0,276 0.943 0.150 2754 0.2I7 1,041 0.I30

IS5 1551 0.I152 1,045 0.I50 2214 0,303 0,917 0.140
6 I319 0O.z264  0.946 0,I50 1637 0.122
17 - 1022 0.131 ' 1449

18 - 888
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i Table_E; Mean rates of natural (Mg) and fishing mortalities
in the interval of one year of life for beakéd red-

fish in Divs, 3LN.

_ :? Ags

|
i M

1 Fishing mortality rates by years of fishery

23

- 0,065

0.065

i .
i | 1968 1 1969 ! 1970 1 I971 1 1972 1 1973 1974 1 1975 |

‘5 (0,085 0,008 0,006 0,044 0.064 0,026 0,025 0,007 ~0.172
60,082 0,016 0.0I9 0,059 0,090 C.U44 0,076 0.0I7  0.211

0 0.080  0.030 0.042  0.060 0,075 0,049 0,093 0.0I% 0.I85

8 0,079 0,055 0,059  0.091 0,088 0,061 0.I32 0.037 0.281
9 0,077 0,063 0.07% 0.089 0.080 0.077 0,158 0,033 0.203
10 0.077 0,068 0,097 0.120 0,079 - 0.173 0.293 0.082 0.156
CII 0,077 0,060 0,063 0.099 0,090 0.136°. 0,263 0,187 0,079
‘12 0,078 0.079 0.09% 0,07 0,I30 0.I45 0.212 0.140 0.I00
130 0,079 0,059 0.093 0,085 0.054 0.12I° 0,187 0,200 0.III
14  0.08I 0,038 0.058 0.068 0.052 = 0,059 0,143 0.2I2 0.0°2
15 . 0.083 0,025 0,048  0.036 0,165 0.094 0.082 0.I9% 0,073
16  0.087 0.0I12 0.026 0,026 0.0I6 0.083 0,102 0.07%  0.070

I7 0,091 0,005 0,0II 0,003 0.030 0,050 0,093 0,056 0020
‘18 0.09 0.0I6 0,019 0,005 0.066 0,093 0.I29 0.I32  0.037
19 0,102 0,030 0.049 0,005 0.I05 0.140 0,202 0.IT4 0,060
50 0.108  0.I76 0,167 0,013 0,286 0,310 0,594 0.56I 0,255
21 0,116 0.345 0,091 0.006 0.I59 0.066 0,098 0,181  0.054
22 0,125 0.064 1.059 0.000 0,082 0.I0I 0.07%6 0.126 * 0.132
23 0,135 0,065 0.065 0.065 0.065 0.065 0,085 0,065 -0.065

'Age' - Fishing mortality rates by years of fishery
1996 1 1977 1 1978 1 I979 1 I980 1981 1 I982 1 1983 1 1984 |

5 0,003 0,000 0,025 0.04I 0.027 0,068  0.079 0.052 0.035

6 0.0I4 0.002 0,041 0.053 0.027 0,099  0.I47 0.I09 0,052
7. 0,033 0.007 0,053 0.057 0,035 0.075  0.I56 0.I45 0.057
8 0,07 0,017 0.I04 0,140 0,065 0.I35 0,158 0,208 0.I00
9 0140 0.038  0.II5  0.I64 0,109  0.I75  0.233  0.I57 0,1I9

10 0.318 0.I5I 0,160 0,192 0.232 0,317  0.267 0.27 0,123

S II 0.436 0,237 0,145 0,171 0.223  0.315  0.185 0,141 0.123
12 0.463  0.353  0.I8]  0.234 0.383  0.454 0,238 0,190 0,122
I3 0.5I5 0.298 0.I98 0.I75 0.538  0.473 0,168 0.159 0,121
ST 0307 CohIe GISD 0,053 0.335 0,501 0,142 0.122 0,119
IS5 0,168 0.449  0.293 0.126 0.340 0,348  0.202  0.II3 0,117
16 0.09 0,169 0.166 0,227 0.IS4 0,277 0,082 0.I45 0,113

. I7 0.047 0,09 0,038 0.I45 0.235 0,129 = 0.042 0.036 0,109
18 0,036 0,211 0.072 0.I38 0,347 0.668 - 0,045 0.044 0.I04
19 0.095  0.III 0,120 0.166 0,202 1,355 0,168 0,012 0,098
20 - 0,038 0,340 0.I99 0.54I 0.862 2,592  0.7I9 0,126 0.092
.21 0JIIT 0,213, 0.085 0,043 0.200 0,536  0.I75 0.355 0,084
22 0,106 0,099 0.I55 0.085 0.078 0.65I ~ 0.067 0.3I3 0.075
0,065 0,065 0.065 0.065 0,065 0.065 0.065
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Table'6..3ates of natural (M¢ ) and fishing mortalities of
. beaked redfish in Div. 3M in the interval of one
~ year of life.

0.186

0.186

A b |_Fishipg mortelity rates by years of fishery N—
A8 A My T |
FPIETR 4 P 19¢8 1 1969 ' 1970 ' 1971 ' 1972 ! 1973 1974 1 1975 1
5 0,080 0.000 0.000 0.000 0,000 0.006 0,007 0,002 0,046
_'6- 0.07?  0.000 0,000 0,003 0,000  0.0I5 0.044 0.027 C.068
7 0,075 0,003 0,002 0,003 0.00I 0,029 0,110 0U.II2 0.09%
8 0,073 0.005 0,005 0,016 0,005 0,036 0,137 0.I83 0.I09
9 0.071 0,009 -0.0II 0.032 0,0I5 0,053 0.I75 0.258 0,122
10 0,070 0.0I7 0.0I8 0.033 0,039 0.,I0I 0,19 0.325 0.I82
I 0,069 0,030 0,023 0,031 0,060 0.165 0.2I2 0.353 0.205
I2 0.069 0.044 0,024 0.037 0.062 0,227 0,195 0.332 0,172
13 0.070 - 0.088 0,033 0,036 0.084 0.379 0.266 0.425 0,167
o I4 O°O7I 0.II9 0.04I  0.038 0.093 0.517 0,285 0.492 0.I54
I5 0,073 C.I34 0.044 0.036 0.I04 = 0.726 0,284 - 0.550 6,154
16 0.076 0.1I5 0.039 0.030 0.123 0.918 0,287 0.617 (.I72
21706079 0.I31  0.02I 0.022 0.087 1,012 0.Ie4 0U.5I2 0,156
18 0.083 0.204 0.023 0.0I3 0.088 1.139 0,152 0.447 0.I72
I9. 0.088 0.087 0.036 0.033 0,087 1.620 (0.I30 0528 0,221
20 0.094 0,117 0.0II  0.07% 0.I24 1,092 (O.I24 G481 0.279
el 0.101 0.290 0.0I4# 0.060 0.254 2.624 0.054 C.685 (0,383
22 0. 109 0.676 0,019 . 0.I23 (0.081 2,741 0.32I 0.085 0,939
23 0.I18 = 0,186 0.I86 0.186 = 0,18  0.186 0,186 0.I186 0,186
Age } Fishing mortality rates by years of fishery o
{ I976 1 1977 1 1978 1 1979 ! 1980 1 1981 1982 ! 1983 ! 1984
5 0,000  C.000 0.0I5 0.008 0.002 0,005 (0.000 0.000 0.007
6 0,003 0,002 0.016 0.030 0.0II 0,019 0,004 0,003 0,017
7 0.0I3 0.006 0€.020 0,057 0.043 0.043 0.0I9 0.,QI6 . 0.U38
8 0.04I 0,021 0.026 0.068 0.067 0,082 0.050 0,064 0,057
9 0,093  0.054 0,056 0,082 0.096 0.126 0,109 0.116 0,086
10 0.196 0.I37 0.I50 0.1I5 0,120 0.172 0,198 0.268 0.I42
IT 0.266  0.2I0 Ce255 0.I72 0.I31 0.I89 0.223 U.343 0,235
12 0.244 0,219 0.268 0.260 0.I46 0,154 0.1I78 0.251 0.235
I3 "0.273 0,301 0.330 0.402 0,287 0,180 0.169  0.240  0.234
14 0.270  0.354 0,345  0.458 0,392 0.235 0.165 0.238 0.233
I5 0.252 0,468 0,352 0,520 C.47% 0.265 0,226 0.242  0.231
I6 0.272  0.593 0,404 0.573 0.534 0,262 0.29 0,348 0,228
17 0,199 0,511 0.328. 0,523 0.476 0,205 0.266 0.304  0.225
18 0.I186 0,557 0.3I5 0.585 0.625 (0,200 0.284 0,282 0.221
19 0,203 0,665 0.331 0,719 0,858 0.306 0.353 0,329 0.216
20 - 0.I67 0,728 0,320 0,791 I.I41 0.465 0.571 0.326- 0.210
21 0,207 0,627 0.325 0,916 I.462 0,775 I.II6 0.682 0.203
22 CoI4I . 0.4%9 0.I20 0.460 0.888 0,633 0.919 I1.032 0,195
v 0.186  0.186 0.I86 0.I8 0.186 0.I86  0.186
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| Table 7. Abundance of besked redfish at different sge in

. Divs, 3LN by years of fishery (thou. spec.).

age

2783

3123

3734

24

FEE ~ Year '
1 1968 11969 ! 1970 ! I971 | I972 1 1975 1 197 1905 1 1o7g |
5 5981 63228 60752 54615 39872 39388 45028 5I2I8 58658
6 50779 54033 57715 53422 47051 35683 35275 4I072 39591
7 55407 46017 48858  50I27 44599 41498 30473 31944 30631
8 52850 49616 40727 42488 42926 39184 34892 27732 24509
9 53055 = 46242 43222 34353 35971 37313 31724 31071 19350
10 77II8 46108 39835 36611 29356 30851 29503 28431 23494
- II 60938 66676 38742 32720 31331 22857 21302 25I74 22513
Io 48385 ~ 53152 57945 32506 27695 25324 16276 16357 21528
I3 52669 41294 44703 49707 26375 22145 18929 13081 13677
I4 50609 45882 34756 37957 43524 21589 17309 14327 10818
- I5 56333 44944 39919 29930  332I8 37840 I7253 12912 12052
~I6  8I057 50589 39427 35431 ¢ 23352 27826 32095 13082  IIO49
I7 98237 73410 45184 35551 29888 19327 23438 27273 11182
I8 7I379 89201 66268 4III8  3I5I0 25953 16073 20233 24404
19 25903 26903 33498 25253  I4734 10997 8738 5392 7466
20 . I3455 . 22691 23139 30106 20529 11572  8II6 704l ~ L5g7
21 2286 - I0I27 I7229 20506 20302 I35I3 5733 4I55 4900
22 9105 1441 8232 IS247 IS571 16931 10912 4258 3506
23 4667 7536 44T 7265 12391 12425 13851 8487 3293
F'Age ey , _ Year
e 1977 1 1978 1 1979 1 1980 1 I98I 1 1982 1983 I 1984 |
5 83807 97074 125393 109278 120661 108865 107652 / 82803
6 53700 76950 87003 110587 97726 103569 109402 93904
7 35957 49382 68068 76008 99193 BIS86 82383 90335
8 27370 32962 43228 59324 67765  84O44 64LII 65759
9 2I040 24859 27439 34742  SI377 54703 67031 . 48323
100 I557I - 18759 20509 2I554 28852 39916 40II0 53040
II 15835 12402 14800 15679  IS827 I9461 28298 28229
I2 13476 = 11568 9929 1I549 II6I5 I0691 14976 = 22755
I3 Ie526 - 8752 89I7 7261 7273 68I8 - 7789  II443
I 7555 8594 6633 6914  39I8  4I89 5325 . 6137
IS 71200 4597 6813 5247 4561  2I88 3350 4347
16 9375 - 4I8I 3155 5530 3436 2963 1646 21753
17 9I98 7259 3247 2304 4345 2387 2501 1305
I8 9738 764k 6378 2563 1662 3488 2090 2202
19 9018 3020 2723 2I27 €93 326 1277 765
20 6132 17288 2420 - 2083 1569 6 249 - 1I39
21 3962 3916 5362  I264 789 105 70 197
22 © 3905 2852 3205 4574 . 921, 4II 8. b
' 2155 = 2597 339 50
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Table 8, Abundance of besked redfish at different age in
"Dive 3M by years of fishery (thou. spec.)e

23

380

: i Year o
Age
1.7968 1 1969 1 I970 1 I971 11972 1 1973 1 I974  I975 1 1976
5 76554 89422 89448 75704 - 58555 - 50094 49034 60553 73818
6 56099 70642  825I7 82541 69858 53717 45922 45I81 53396
7 45902 51922 65383 76206 76396 63717 47581 41367 39092
8 37577 42476 48082 60459 70622 68854 52943 39477 34854
9 32154 34740 39270 43999 55936 63313 55794 40966 32892
10 27772 29678 31994 35431 40372 . 49408 49521 40144k 33777
I1 22438 25452 27179 28874 31766 34037 - 37871 33367 31202
12 18852 20330 23213 24589 25387 25I34 25698 24823 25377
13 I3767 16844 18528 20879 21573 18889 19299 I7206 19512
I4 10600  II?52 ISI9I 16660 I7901 " I3768 I3505 11762 13570
15 8246 8765 10511 13626  I4I45 9938 9649 7692 9390
6 7363 6706 7801 9423 II420 6361 6956 5173 6129
17 3942 60BI 5976 7013 7725 4226 4422 3478 4037
18 1919 3196 5503 5404 5942 2595 3315 = 2450 2750
19 3411 1440 2874 5000 4554  I7?5I 2051 1951 1899
200 . . 1688 2864 - I273 2546 - 4198 825 1408 1108 @ 1432
21 429 1367 2578 1075 2047  I28I 663 792 763
22 68 290 . 1218 2193 754 I34  I098 302 488
23 18 31 255 %6 1814 43 87 904 106
»Age v% | Year
1 1977 1 1978 1 1979 1 1980 1 1981 ! 1982 _ 1983 1 Iog4 |
5 80281 82591 86361 72950 63422 50198  S8440 153188
6 68118 74081  75I05 79110 67218 58268 46321 53927
7 49312 62954 67520 67506 72474 61085 53733 42747
8 35806 45465 57241  59I84 60002  644I7 55581 49036
9  3III0 32597  4II80 49689 SI4SI  S5I403 56952 48461
I0 27906 27459 28709 35323 42033 42237 42946 47234
II 25890 22681 22041 23851 29218 = 33007 32303 = 30615
I2 22331 19590  Ie4I2 17325 19533 - 22583 24648 21392
I3 I8552 16749 13979 11806 13971 15626 17634 17900
I4 13849 12806  Il227  87I5 8263 10883 12306 12935
15 9650 9053 8451 . 6614 5484 6087 8594 - 903I
16 6787 5616 5919 4672 3829 3912 4514 €271
17 4327 3477 3475 3092 2539 2731 2702 2953
I8 3058 2399 2313 I904 I776  ISII 1934  I84I
I9 2101 1612 1612 1186 938 1337  I324 1342
20, 1420 989 1060 719 460 - 632 860 872
21 . LI03, 624 654 437 209 263 325 565
22 561 532 407 236 91 87 78 148
305 424 230 87 43 31 24
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‘Fig. 1. Possible yield per recruit of beaked redfish in
Divs. 3LN (Curve 1) and in Div, 3M (Curve 2).
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Fig. 2. Varlatlon of beaked redfish natural mortallty rates
~with age in Divs, 3LN (Curve 1) and in Dlv. 2M
(Curve 2).
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Fig., 3. Relationship between the mean rate of fishing mortality
for beaked redfish aged 5 to 15 in Divs. 3ILN and the
total internmational fishing effort,

34

-
~3\O - \» any
CTTTTTTTT l7§L

- \» Oy

LN B Y B S R S

I U . o T O Y T 0 O Y Y OO
O B 7 A B 29 35 3 4 45

Length,cm

Fig. 4. Léngth composition of beaked redfish from trawl catches

~taken in the South Newfoundland in sSpring-summer
1980 to 1984,
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Fig. 5. Relationship between the abundance of beaked redfish
year classes aged 5 in Divs, 3LN and the mean annual

biomass of mature fish,
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Pig. ’6. Relationship between the mean rate of fishing mor-
tality for beaked redfish aged 8 to 15 in Div. 3M
.and the total international fishing effort,
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' ?ig, 7 Léngfh composition of beaked redfish f:bom trawl
. catches taken in the Flemish Cap area in spring-
summer 1980 to 1984, '
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'" 'Fig. 8,*Re1ationship between the abundance of beaked redfish
~ year classes aged 5 in Div, 3M and the mean annual
biomass bfvmgture'fish. ‘
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