®o
. [ THUNEN

Digitalization sponsored
by Thinen-Institut

This paper not to be cited without prior reference to the author |

International Counoil for the

‘ Exploration of the Sea

Domashenko, G.P.
Feldmax’x, V.N.
Atlan‘bNIRO

Kaliningrad, USSR

Pelaglc Fish (Northern)
Comnittoo .

C.M. 1975 H:I8



iud
Thünen


: ;ﬁ;'

e

3.

 Domashenko G:P.
 Peldman V.F..

. AtlentNIRO - .
..Kaiiningrad; Ussgg“f

MORTALITI AND OPTIMAL INTENSITY
IN FISHING FOR SPRAT IN THE NORTH SEL
- (Theses)

“ some characteristics of sprat p0pulation in the :
'central area (IVb) of the North Sea, according to .
:the material of 1970—1974 with regard for variations

————

| in fishing intensity. - ~;: ff Llua

. Tha calculations were made accordlng to Beverton

and Holt (1958, 1906), Bertalanffy (1958), Kutty
and Qasim (1968), Rikhter (1970), Hohendorf (1966).
The natural instantaneous mortality rate of sprat
is 0. 8 which corresponia to 55% annual loss. The
fishing ingtantaneous mortality rate of sprat is

O which cbrre5ponds to 33% annual lossﬁ ;’

~The abundance of O-group sprat was assessed by the

results of trawling surveys on abundance. .
In 1975 it was 32 milliard 640 mill. specimena, and
in 19?4 - 15 milliard 853 mill. specimens.

At optimal fishing intensity of sprat of 0.9 (59.5% i

annual loss) the yields from the 1973 and 1974 year—

V ﬂ°18338 may be 132 thous. tons and 63 thous. tons
'*ﬂ-.accordingly during their lifetime. o '1V:

«

.Tha investigation fulfilled is an attempt to estimate



In 1970 the sprat of the North Sea has become the'
object of intensive fishery. The fishery for'Sprat after )
a ﬁolonged interval maintained at a steady level, the eprat

L etocks being underexploited, eqpecially, in the open sea.v"'

In the centxal (IV b) area the bulk of the catohes was

: taken from the inshore Great Britain water. At present the'.:'

—d e me

'situation has sharply changed el the ishery fon sprat in

B T

the open sea, inoluding purae—aeine fishery, is succesafully

developed. Beginning from 1971 the sprat fishery in S “w:

......

‘subarea Iv b is carried out by the USSR fleet. Simultaneously,”“”
the studies of sprat stocks were undertaken. In 1975 the o

v

229 thousand tons, which is five times the mean annual

-—

yield during the period of 1965—1972 150 thousand tonsi

\being taken in IV b (Bulletin statistique 1966—1974)

In such conditions the investigation of the influence

of the fishery on its dynamics is of a great importance.

To solve:s number of questions concernming the rational

: ?ishery'of‘spfat in theAﬁorth Sea, we have nade an?eﬁteﬁpt
..to estimate its.nortality, the optimal and existing fiahing

intensity and the catches of 1975 and 1974 year-olaases
during’ their-iifetime. .

MATERIAL AND METHODS

) of Beverton and Holt (1958) for the eases, when either thers

vas no, fishery for the speciee at all, or it was inaignificant_f



A The estimates for mean (l) and the least (l') fish
lengbh fully represented in the catchee were taken for v;_“7
August 1970, January 1973, and February 1974. Since 1973,
Aen intensive fiehing for spret has been carried out in the Open .
North _Sea (table 1). The total and fishlng mortality values
of spret were determlned for January-February 1974.
Beszdes,.eccordlng to Beverton (Beverton 1963) the -

-

netgral mortality was determlned. he showed that it is

4pr0potionel to a constant growth X, and the larger the growth

rate of the flsh, the hlgher the value of natiral mortality.

For the North Sea sprat this dependence can be expressed by

| M=1.6K - |
The parameters of Bertalanfy 's equation, K, L~ 3 £, ’

: were determined by a mathematisal method of Hohendorf (Ho- .

~ hendorf, 1968). For determination of paremeters of Bertalanfy 8

. nquation, the Tean sizes of sprat by age groups for 1971-

1972 were used (table 2). The oorreletion between the weight

and length of the fish was obtained by the least square ) ‘

‘method.
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| _ | DABIE 1
The fishing for sprat in the North ‘
| _Sea by areas, 1964 - 1973 (t)
(Bulletln statlsthue, 1966- 1973 )

YEARSG

1 64 1-6 1\66 1aéé 1‘68 {9é§ 1.70 1971 1'72 1.§5
@ jren 19 195 1966 1967 1968 70 1971 1972 1973

Ivy 25273 27880 18353.53101 34877 33274 30111 68806 44303 150282
v a 21151 35684 79627 32555 22881 25666 14938 25116 47524 76928
IV c¢ 24388 12616 8597 3840 7679 6354 5953 1329 544 . 1010

TOfAL 70812 78&80 106577 é949é-65437 65294 51002 95251 92371 228220




TABLE 2
The observed and calculated meén lengths
 of sprat in the Céntral (IV.b) avea =
‘of the North Sea, 1971-1972

" AGE

(years) _

 Observed ~ Calculated . . D%

VT A

A

%9 - 10,06 1.6
12.5 12056 .. 0.3
138 wos 17

15.0 S W90 -o0.67
154 | .' 1542 0.13

8D =% 1477

4ly
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| 4 tlis the maxmum age,

™e age at optinmal exploitation of sprat. (t'p) was
determineé by a transforx:‘ .+ formula of Kutty and Qasim .
(Rutty and Qasim '1968) k ‘ ot o
tp = An (K + M ) - InM ""-,_vté
K

- Tne lenéth"ac optimal e:;plolcation ~_(Lc ) of sprat
derived from Bertalanfy's equation (Eertalanfy 1938)
ccrrespond... to its age at optmal exploitation.

%[1 e -5 28

~_ The optimal fishlng inten :.ty was calculated by o
the tebles of Beverton end Holt (Beverton and Holt 1966)
‘with regard'for a relation bet;ween the magnitude of opﬁi—- -
mum exploltation (L ) and theoretically posglble maxi-‘

num length of the i’i h (Lco) L / Lg= C, and the valmue

of M/K correlation.

The anal,ys:Ls of correlatlon betmeen the growth rate ,

of yield per recruitment (Y/R) and :f:‘:.shlng mtensity

. (4) was made according to Rikhter (1970).

. The value of sprat catchcs for the whole l:x.fetme

‘of 1973 and 19‘74 year—classes was found by

‘ o o ~Xxn( $p - ‘tt°:)l . Ay
Y, = m'wwn%o Q n® "'p. - [1_6-§F+M+nk)a.'] :.
' F+Maenk _ o

(Beverton and Holt 1957),
where the values of F,M,Nq,K,t'p and t° are known, while

3 R".. is the _:_r;ecruitment abundance at the mcnent of its entering = .. °

the fishery,-
A= ta_- t:p is the last term of fishery,



S? n is 6 = 4+ 1' ‘ﬁ :53; 2 =+ 3, 3.=--‘1.._ R
-e is the base of natural logarithms.
A The abundance of sprat recruitment before entering the fishery
"was estimated by . the results of trawling surveys on abun- '

'dance of O—group fish of 19?5—1974 yearfclasses. The sur-

. vey covered the Central area, IV b of the North Sea and

- was carried out in the light hours of the day hy the
g layers of 0—10m 10—20 m and 20—30 m. Preliminary 42=hour . - ~,"

stations for trawlings at all the horizod% from:the surface

'to the bottom were occupled. The fishing area is known.
The abundance of the young fish 1n water column in a

.square was . estimated by the formule

‘F = Sin_ },'

- st

where o N '

gis the,square:size:, o

8 is the area of fishing,.‘

n is the yield per &5 min hauling,
. T is the. catchabillty coefficient.
A

theory on catchability as adopted at'present.indnf

cates that the catchabillty coefficients of ‘herring trawls
a_,approximate O 2-0. 4 In our calculations the catchabi- ';

lity coefficient of 0.4 was taken. To estimate the abundan—

" ce of young fish over: the whole ares of the controlled

" zone, its abundance_in each square should be summed up, *!

f
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by TN

where

DS
n

o . (1975)
R = N1 + Na + N3 + eee + N105 = ﬂ5 milliard 853 mill sp.
(1974)
: where

R is the recruitment size before entering the ri-

shery.“The recruitment 3bundunce at the moment

’..ofbentering the fishery was determined by the formulat

R' = Reirh; R

Mp is the natural mortality during pre—exp101tment

, phase.'

The calculations made it p0551b1e to give a nu—f |
merical estimate of sprat population parameters (table 3).~
In estimatlon of the parameters of Bertalanfy's growth
equation, the SD obtained was * 1 77 % Which 1ndicated
the reliability of the data. A correlation between the

. weight and length of fish was as follows: W = 0,007 12+ 08

Thus, the growth of sprat is des@ibed by a formula

~of isometrical growth w1th good approximation.'

~ The yield per recruitment agannst fishing efficiency

ratio is shown in Fig. 1. B ,
4 correlation between the yield and fishing efficiency

;'is close to theoretieal one. It indicates that the

yield rapidly increases with an increase in fishing

_'intensity for sprat to 0.5-0.6. Subsequenthy, at F=O.9,
 the fishing intensity decreases below the growth rate or




the yield (table 4). } |
- The abundance of recruitment at the moment of
entering the fishery (R') constituted 18 milliard
640 mili‘and 8 milliard 640 mill. specimens of 19?3
1974 year-classes, accordingly. o
A possible yield from 1973 year~class during 1ts'
__litetime may reach 132 thous. tons at optlmal fishlng
intensity or O. 9, while that from 1974 year—class
63 thous. tons. ‘
N It should ‘be noted that the yields obtained from
1973 and 1974 year—classes during their 11fet1me are
-underestlmated 51nce'ye have not taken into con31-
deration_theAyoung sprat from feeding areas within

the fishing zone.

10




Table 3

. Tj[}e estimation Of. Bpl‘a? _i)Opqlation»

K = 0.52

‘ L= 1641

1 =134 (1973)
10.8 (1974)

12,0 (1970)

1'= 11.6 (1973)

£° = = 0.83

t'p = 1.4
Lo = 10.7

-4 e

13.6 (1970) o

8.5 (1974)

: parametérs in the North Sea

C = 0.66

M/K = 1.5 (1970)

1.2 (1974)
P = 0.4 (1974).
0.81 (1970)

0.79 (1973)
a,: 4.6 .
Sf =07

t - 007

.

Ir -




. TABIE &4

- The values and growth rate of yield and the
entensity of sprat fishing in the
North Sea -
, 8;, - : H] o : s - : . ’ s ‘8 : [ .
F B ] 0‘1 0.2 ) 0.3 O.4 s 0.5 0.6 0.7 0.8 1 0.9 1t 1.0 1 11 I 1.2
R : , g .3 g :
F,% 95 . 18,1 2589 330 39.4 . 45,1 5003 55.1  59.3 6302 66.7 696
Growth LT | . . -
rate - . 47.5 - 30.0 21.0 16.0 12.4 10.3 8.6 7.0 6.2 5.2 4.6
res : e ‘ ' ’ - o S - , C.
Y/R 0100 0193 . 0253 0302 . 0341 0371 . 0398 0419 0440 - 0457 0471 0484
Growth. A g , o - 5 , : L .
rate - 47,0 23.7 16.2 8.1 6.8 5.0 4.8 3.7 - 2.0 2.7

Y/RY

1M.4




=
'1974
5

4,

: Fishing mortality of sprat for Ianuary-February

CONCLUSIONS

‘Natural instantaneous mortality of sprat in the

North Ses is expressed by a coefficient of 0.8,
which corresponds to 55% of annual loss.' Awng B
constitutes 0.4, which corresponds to- 33% of »

annual loss.

The yield from a sprat year—class during its

lifetime cen be forecasted a year in advance.

~ It may be 132 thous, tons for the 1973 year-class.
‘at the optimsl fishing intensity of 0.9, and 63

- thous. tons for the 1974 year-class.

4,

'Bational sprat fishery can be achieved provided. |

a) the fishing intensity does not exceed 0. 9.

which corresponds to 59 3 % of annual loss;

b) The sprat fishery in IV b is started at the: age_“

»of optimal exploitation, which is 1.4 years,

and at corresponding ‘length of optimal exp101tation,

. which is 10, 7 cm.

1'3_ -
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