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ABSTRACT

In the present paper a method of forecasting of poseible
catches two years ahead is considered. This method enables to
estimate total allowsbls catch of red hake frem the southern
New England in 1974 and 1975.

IRTRODUCTION

A stock of red hake inhibiting the southern New England
area (to the west of 69°W) is the object of the presented
invesatigation. A problem of a long-tefm forscasting the possiblae
catches arose aimultaneously.wiih the orligln of specialised red
hake fishery by the Soviet fishermen in 1965, Beginning from that
time the corresponding gtudies have been carried out, As a
resnlt of these studies, a relatively large series of observa—
tions was obtained by 1973, which allowed to work out a ssheme
of forecasting two yaérs ahead on the bapis of different well-
known investiéation methoda.

METHODS

The abundance of year-classes at the age of their first
entlring the fishery (4wo years for red hake) was estimated
by umans of & virtusl population analysie (Schumacher, 1970).
This method was used in estimating the abundance of the 1968-
1970 year-classes, whioh will be represented in the 1974
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catches by fish of 4-6 years old. Since the bulk of {the catch
constitutes 2-3 year old fish, it was also necessary to estimate
the 1971-1972 year-classes abundance. According to the data of
quantitative trawling surveys carried out according to the ICHAY
Program, a_1971 year-class was consldersd to be a strong one
end was equated in abundance with the 1969~1970 year-classges.
The 1972 year-claas gbundance was esilmated as an arithmetical
mean of the 1964=1970 year-clagses.

For estimation of fotal commercial removal from every
year-claes during the whole exploitational period at the
optimum fishing intensity (Rikhter, 1970) a method by Kutty
(1968) wae used, which allows to model the dynamics of catches
gt the natural mortelity value (M) changing with age and
under the influence ¢f flshery. The mesn corrslation of age
groups in catches by weight in per cent calculated according
to the date of the previous years allowed to determine an
approximate contribution of every year-class to a catch of
1974, The total alloweble (optimum catch for 1974 was estimated
by summing up the figures of catches from the year-claeres
of 2«6 years old.

A joint survey carried out at the end of 1973 enabled
to obtain ' an approximate estimate of the 1972 year-clasg
abundance, which appeared to be higher as compared with that
for the 1967 yesar-class, but lower than that for the 1971 yaar--
class (Judging from the abundence indices of the young of the
year fish and of fish aged 1+), For calculations a mean figure
of these two year-clasaes abundance was taken. The abundance
of the 1973 year—-class was estimated ae en arithmetlcal mean of the
1964-1972 year-classes. |

The total allewable catch for 1975 was estimated by means
of the yield per recrultment (¥w/R) ratio and the mean correla-
tion of age groups in cetches by weight in per cent, which

were calculated before.
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THE RESULTS OF STUDIES

A scheme of calculatione used in the present paper is not
original., A similar method of the catch forecasting wans
utilised and deseribed by T.F. Dementjevs (1952, 1964), who took
into account the dynamics of recruitment of the commerpial part
of the steck stipulated by différences in the growth rate of the
year-glasses by years, In this paper a possible influence of
growth rate is not sllowed for. It 1s assumed, that the
recruliment of the commercial paft of the red hake stock is begun :
and finished in the third year of the 1life cycle, thus, determi-
ning the recruitment value by the two year old fish abundanca.

A principal difference of up-to-date metheds of forecasting from
the classlcal onés lies in obligatory sstimation of the natursal
mortality value, the knowledge of which is ebsolutely necessary
at present for forecasting the pessible catch. In other reapects
the difference of up-to~date methods is confined to substltu-
tion of new mathematival methods and models in a well-known
echems.

in estimating the stock sige by the virtual population
analysis three values of natural mortality (M=0.8; 0.6 and
0.4) wers used at a constant value of fishing mortality (F=0.7T).

These varianis of natural mortality values were accepted
based on the assumpition that th.~! value is reduced as a result
of intensive fishing. In the first two varlants (M<0.8 and
0.6) the M values for all the age groups remain constant.

In the third variant for 2 year old fish M=0.6 1a taken, since
the fishing intensity of thles age group is mot too high yet, snd for
3-6 year old fish ﬁ i reduced to 0.,4.

The rssulte of calculations are gilven in tebles 1-3. So, we
had three eefies of abundance estimantee at our disposal, frem
which the begt ones were to be chosen, A comparison with the
atocgjabundance indices omsloculated by means of s catchabillity

cosfficient eerved as & decisioen of the problem.
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Table 1
The estimation of the abundance of red hake from the

southern New England by a virtual population amalysle
(in milliona). voersion: 1:M<0.8; F=0.7

Agay - - ‘Y e&a.r -clasBs.e.s o P
Years 1960 . 1961 . .1962- 1963 1964 '1965 -19066 - .1267 . 1968 . 1569 . - 1970.

2 - - - - 838,98+ 490.00* B08,50%# 607.50% 555.00% T01.00% 576.00
3 - - - 436.92 484.88 199.24 345.82 237.14 234.78  257.63 -
4 - - 158,48 173.02 178.26 93.90 99.16 89.86 88.27 - -
5 - 67.35 32.3T7 163.07 66,25 4.98  40.45 32.82 - - -
6 16,55 12.14  9.10 1.10 0.28 2.48 15.17 - - - =

e em o w mm i e et ki M em W e wm e e M mm mm mmd e M wm e AN e e e e wm MR A e WS e oW Em mw e A e m v mw e e

Table 2

The estimatlon of ths abundance of red hake from the
gouthern New England by a virtual population analysis
(in millions) Version 21 M=0.6; F=0.7

Age, 7 ot " Yeap-61asg’s i o _
yearg  1900--1961 1962 - -1963- - 1964 - 7365 TTT§E__' 1967 --1968 19857 1970

- - - - 549.89% 688.01* 445,50+ 327.00% 350.99*% 543,18 529.46

2
3 - - - 320.91  293.01 358,78 237.75 164.00 183.74 238,44 =
4 - - 130.54 121,63 119.23  397.24 68.52° 69,95 50,00 - -
5 = 5T.39 26,55 40,51 50,12 3.T0 31.66 30,38 - - -
6 15.30 11.23  8.42 1,02 0.26 2.30 14,04 - - - -
* The ebundance of theme age group was estimated by formula N; = ?%:;

-]
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Table 3
The eatimation of the abundance of red hake frﬁm the
gouthern New England by a virtusl populatlon analysis
(in millions)
Version 3:; for two year old fish M=0.6; for other
age groups M= 0.4 ; F...=0,7
Ags, oo i Y esr-clapss és - oo T ottt
years - 1960° 1961 1962 1963 " 19647 - 1965 " © 1966 1967~ 1968 1969  ~ 1970
2 - - - - 514.00* 401,80* 331.56* 243,90*% 276.00% 500,00* 529,50
3 - - = 23799 195.28 189.79 173.14 116,15 143.90 220,00 =
4 - - 107.54 88.22 81.48 298.96 47.29 55435 47.90 - -
5 - 49.11 21.83 32-39 37'30 2.78 24079 28.03 - - -
6 14.10 10,36 7.77 0.94 0.24 2,12 12.96 - - - -
Ni¢1
* The abundance of these age groups was estimated by m formmula Ny = P
Table 4
.Phe stock size estimates calculated
by the virtual population analysie
{3 variante) and by means of a
catohability coefficient (thous. tone)
Lo T T Virfual populaticd apalysis "~~~ 77 Catchabilis
Years pop o coefﬁ.cienty
M =08 ~~°°° B Q.67 Ha0s4 """ """
1966 305 222 187 140
1967 212 183 119 81
1968 211 153 100 88
1969 160 103 151 144
1970 149 99 73 120
1971 271 144 122 98
1972 130 113 108 8é6
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From the table it is evident that the third variant (M=0.4)
provides in general quite good correspondence with the estimates
determined by a direct calculation methed, A marked discrepancy
can only bs observed betwesn the stoock slze eatimates for 1970.
The abundance index obtained according to the 1969 survey data*
is most probably overestimated. It mhould be noted that in the
last columm of table 4 more precise stock size estimates.are
given, which were calculated by means of abundance indices
miltiplied by correction factors (Rikhter, 1973). In further
ealculations the third variant of the estimates was used as
most reliable.

For estimation of each year-class contribution to the 1974
catch, first the yield per recruitment (Yw/R) ratio was
calculated, followed by the total catch esteh taken from each
year—-clagss during the whole exploitatlonal peried. It was
agssumed that the value of M ig incressed with age {Rikhter,
1972) and reduced as a result of fishing. The followlng
ssgumptions were taken: in the third year of the life cycle M
is reduced by 25% undef the influence of fishing; in the age
of 3-6 years M is reduced by 50%; P for two year old fish
18 0.3 and for the subsequent age groups it is 0.7.

Begides the wvalues of ¥ and M the dats on mean
welght (W,) of each age group participating in the fishery
were needed, The results of calculatlons are presented below
(table 5). |

N, is the abundance of age groups in relative units,

Wt 1s the mean observed weight in grams, and a function EtN£Wt
is the oatch from each age group in grams. The values of M and
F are transformed here into the anmual loss factors (in %%).
By means of a trapezeid rule the bottom line of the table is

used to calculste the yleld per recrultment ratio. Now, based

.......................

The surveys were conducted at the end of the year, therefore
the stock size estimated according to these surveys data

referred to the begimning of the following year.
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The calculation of yield per recruitment

(Iw/R) ratio according to EKutty

Age, yeéafsa 2 - "3 0 4T U5 0 6 Y@/R
ﬁ;‘“"”f&.’é """ 0.5 0,19 0,07  0.02 ’
Wy 114 198 274 352 428

Ftntwt 29.6 49,5 26.0 12,3 4,3 104,7

on the recruitment value (the abundance of two year old fish)
and the ¥Yw/R ratio (104,7) it is easy toc estimate total

catch from every year-class during the whole explcitational
period. The abundance of two year old fish from the 1968-1972
year-classes constitutes accordingly 276, 500, 530, 500 and

399 millions. Based, on the data on the mean correlation of
age groups in eatches in per cent, the catch ofevery year-class
and total aldowaeble catoh of red hake in 1974 can be estimated
(table 6).

An approximate catch estimate according
to age groups and total optimsl catch
of red hake in the area westward of

69°W in 1974

...............................................................

Total eatch during
exploitational period 41.8 52.6 55.5 52,6 41.8
(thous., tons)

The share of avery

age group (%%) 18,3 35.5 28.7 13.9 3.6

The odtch of every

age §roup (thous, Teb 1846 15.9 T3 1,0 50.4
tons -
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Thus, the estimate of the optlmum catch in 1974
epproximates to 50 thous. toms, which well agrees with that
obtained at the beglnning of 1973 by means of another
method (Rikhter, 1973).

. The initial parameters used in the caloulations are
expected to be true, and a glven ascheme of forecastiing
together with the methods umed provides the eatimate of.possible
catoh which approximates to a real one,

The calculation of total mllowsble catch of red hake in
1975 according to a glven scheme im shown in table 7.

Thus, the estimate of the optimum cateh in 1975
approximates to 45 thous. tons. It 1s evident from the table
that some reduction observed as compared with the previous
Year ls determined by a 1972 year-class, which is less

mumerous than the previuos one according to the preliminary
da‘ta-

An approximate estimate.of the optimum
red hake catch in the area wesiward of

64°W in 1975

Aga, years 2 3 4 5 6 Optimum

.........................................................

Total ecatoch teken

from the year-

dlasses during ’ :
exploitational 39.5 38,9 52,6 55,5 52,6
period (thous.

tons)

The catch taken
from every age 7.2 ‘ 13.8 15,1  T.7 1.9 45.7

group (thous. tons)
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SUMMARY

A scheme of forecasting the total allowable catch used
in the present paper is characterized, in our opinion, by
greater flexlbility, and must in principle give hetter results
than the methods requiring the applicatlon of a catchabllity
coafficient., If the corresponding information is aveilable,
the scheme described will permit to forecast ihe estimate
of posaible catch two years ahead. Thus, the calculations
made at the end of 1973 give for 1975 a figure of total
allowable catch approximating to 45 thous. tons.
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