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'1'~ . The' invest1gat10n' fulfilled. is an attempt. 1.0 ,estimate
•••.•. v.' '" .._.. ,,__ ~ '-~. .. . ...•. ..

some characteristics of sprat population in the....... - - - .-". . .-.. .. -_ _.~ - '- .. - .
. '. . . , .
central area (IVb) of the North Sea, according to .

• _,.,. _ w • • ., .: ~. _. .,-_ " •• , _. '. _d ..,.. ..

·th~ ~te~ialof 197C-1974'with regard for variations
_. 0-. " .-:- .....~ '_,""'. __ 41 __• ;,; ••

iii .fishtng ·int.~nsity. :.; .' :.: ,'" . t

...
'2.: The calculations were made according.to'Beverton·.. .. - ...... - "'....

..:

4.

and Holt (1958, 1966), Bertalanff.1 (1938), Kutty

~n~ Q~~~ (196s)~ ~t~ (1970), H~h~~O~ (1966).
• • ....... - ""','< .• '- .......~ ... " ," .... - .. : .• ~.- ..... ."'-~ .... ..... ..-~...... -'

The natural instantaneous mortalit,.· rate of sprat
..... •. '.. " t·_.!·~'· .. -.... " '. •.... ~ '. :',' ••.. '~ . - ..... , " .••..> .. .: " '.-

is 0.8 w~c~..c~rre~ol:1s. t~ 55~ ~_~~a~ l~~~... The

fishing instantaneous mortality" rate of sprat- iso. "-'. ,~ .. ~~_..... , .-... ~ ~.' _....'. _.... ,,",.~. -'. .

'0~4 which cörresponds to 33% anntial loss~
•• " - • .... '" • - 0' .. < 0" ........ • --.-. '" "~ ..... . '. .

The abundance of Q-group sprat was assessed by the
. ---'" .-'" .-..'- _.... -'.-.

results of trawling surveys on abundance•.. -. .. . .- ..... .."_.,

In 1973 i t WB s 32 milliard 640 Dlill: specimens, and .
. _. ... .., ". _ .. '" . ... '. ., .'-'" . ...." ' ..

iJ:1' ~~?~ ~ 15 ..m:t~lia~. ~5~. ~ll.~ s;I?~~~~ns.

J.t optimal fishing intensity of. sprat of' O~9' (59~3%
..... ..... . . . '" _. _. - '" . " . _...~.. .. .. '. .., .. ' .- -

annual loss) tae yields from the 19'73'end 1974 year-
... ." ~ .. • • .... .. .. 6 .. • • .. .. - ..... ..' ~..... <# ... ,"

. clasesmay be' 132 thous~ tons and :63 thou.s~ :tons .'
- • ""'0"" ••.__ . ...... ..•. ' '.

. accordingly dtirlng the~·lifetime.,
'. \
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In 1970 th6 sprat of' the North Sea has become the

obj~c~ o~ ~~~~iv:e f':ishery.', Th~ f'ish~ry f'or I spr~t, after

aFolonged interval maiDta~ed' at'a'stea~ level, the sprat
; - .' .' - . .. ~ . ..... . ...... ... . - .... .., . .. ' ..
stockS, 'being lmdereXploited. 81!lpecia'llY, in the' öpen sea~

~. ~h~' '~~~J';~i ,(rl b) ~~~~ ~he b~ ~f the ciii~~~es ~~~_ ~. ~ _ - , - ", . ,,'

, täken, f~am,the :inShore Graat, :ih-itain water• .lt present thä", '
.. _. .. _ _.. ......._......... • - "" ,.. " .- • .# .. .. .. • - .. - ." - • . ,. • -- •

situa~io.ri has 3~S~l.y'chang~ -' the' ~isher;, :ror spr'at, iri ' ,,
• ... _ ..... ..-... •••• ...... '.. ... _.... • .. ......... , ". ,0- " ..... • ...... _...... ..~"" ....... '" ," " ...

the op~n sea, iDcluding purse-seine 'fishery, 'i8 successfu11Y
.. "," ..: j. "'.... - • •••.• _.-... •

: developed. Begi nnjng i"rcim 1971 the sprat fisher;. in ' ,..,. , '_.... -.. -'" '. ".. ... .. _..... ": _........ ~.... .' ..... -.......... ...". ,......
'. 'subarea 'IV b' 1s' carrled out bi the USSR fleet ~ Simultaneousl" i "

....... , ....., '... - _ .. ;;,. _....... I ".. _ '.,. .. ~ '. "

the studi~s (ir sprat stockS ware undertaken.' III 1973 the '- ." ... ' .... - . - . ... ....... .... . . '..,' ... "
• ••• r- •

catches öf sprst in,the 'North Sea reached the maxinium level- .'
.. ..-. _ _ ....... _.... ........ ".' .. _.... ... _... • •• b.. .......... _._.. •.

, 229 tho~anci töns, wh1ch 1s five times :the mean aDl'lual,.... -......... ._.... -.. ..... . ... .... ", .

"ield :dur!ng "the periöd 'oi" 1965-1972, 150 thouSsnd ton~ .

, be~g ~~~e~'~ 1'v 'b (B':U{'e~~ s~~~~st~d~'~,196~1~74)~.... ".-." ..- .. ' .. -" . - ~ ' .

ID such conditions the investigstlon cf' the influence
- - .... ...- ....... _..... ...... _. .. .. ....... .... ,"

of the f'isher,y ~n its dyDam1cs is of' s great !mportance.
. "'.. . . ...." . . ........ •.. '.'" " ...-...... .... .. ~ .. . _.. ,.... .. .. ..... ' .

• " ~~ ...~~~!e ..,~, n~b~r_~f .qU~S~iO~S c~~c~r~g.~the :r:a~~o~~l, " "
: fishery öf sprat in the North Sea, we have made. an ,: attempt.. . _... - -.. -...... .. - . - . .. ".'. .. - .'" ~'" . .. .. . .. '" . .. . . ~

, t'o estunateits m.ortl11ity~ the'optimsl,'arici exist1Ilg i"ishiIlg .

'~ri~~~si; ~~~ ~;~ c~~~~es '~/197~ ~~~197~;e~~Cl~~äe~" .:
_....... ,", .1... ..... . ••. _. . .. _ . .,'.

IUTERIAL .A1ID METHons

Natural mortsl1ty (K) was assessed 'b" an integral method '
~.", .." _..- -'"-:" -:. . .. . " - , ':- ' "

of Beverton and Holt (1958) ~or the esses, wheneither.there
'. '.. ~ ~ .. .. ." . . ,'..... ........ '"' ... '- ... ~... .. . ... .. .. ..... .... .-. ..
w~s DO, f1shery tor tt:te speC?ies at' aU, 'or 1t was inaigni:ficarit

", ::'
......... ,.

.. ' ' ...
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" ..z =• = K ('L -1 )-
1 -' l'

" ."-, ~: .

The estimates ~~r me~' (1'.. ~~d,,:th~ least ,,(~~,)~1~h

le~'tu1ly represented in the catches were taken for...... ..~ - .. ~ - . '.' ... ". .. -'- '. .. " .. .... ." ....

August 1970, JanUarY 197.3~' arid February, 1974~ Since 197.3,
... "- .. . -.. . .. ,- ". . ..

,8~__~ten~;ve,.f~~!J:ing f0:Z:,.sprat has' been carried 'out ~ the open

North Sea (table 1)~ 'The total and'fishlng mortality ~alues'
'. ',~ .' .....,. .. • •.'< " ~ • • .. • - .... ~ •. -.. ••

, , '

ot sprat were determined tor January~Februar.11974.>.- - .... .. ... >_... .. . . "'. -' .... ~ ... ' .. ".. ... ...../

, ' , :Besides,' according to Beverton (Beverton 196,3)' the
"-"'-- .' - -_.... _. ._ ..- -_. .. .. -- -.' .' - .- . _ ..

..-
.~

natural mortality was determined; he showed that 1t 1s.... _._- _.- ~. - ".- _- '-- ~ .. ~.... . - -' -.' _.. .._-

p~,??0~10~ui.l ~~ a. cC?~~ta~t. ~ow.tb: ~.' .~~d_~h~..~~~~~r ,~~e ,growth '

rate'ot the fish, the higher the value of natmral mortality.'
. ....... ..... ..

'..,
hendorf, , 1968)~ For determination of parameters·of :Bert~lanf.1·s

Por the North Sea spr~t this dependence can be expres~ed by, "

11 = 1.6'K.

, The parameters of :Bertalanfy's equation,' K. 'L ,tO,
.. . - '.. .'.' _.- .. ... ... .. --

~ere'dete~ed by'a mathemati~al method of Hohendorf (Ho-

1!~tiatlon, t~9"mean s~zes of..sprat ~y aga gr0':lPs tor, 197~~

~~7.2 !,:er~' ti~ed (tai:>le' 2?,'. T~e _correlatic:>:o between..t~e_,Weight

8~dlength of the fieh was obtained by the least square

methode

,4



TABLE 1

The fishing for apre t in the lforth. ... ~ ..
Sea by areas, 1964 - 1973 (t)
.. '. . -- . - ..'

(Bulletin statistique, 1966- 1973 )

1964 1965 1966 1967 1968 1969 1970 1971 1972 1973

IV b 25273 27880 18353 33101 34871 33274 30111 68806 44303 150282

IVa

IV c

• I • ~ • _ " • '. _ ~ •

21151 35684 79627 32555 22881 25666 14938 25116 47524 76928-. " . , . '.. .. "

24388 12616 8597 3840 7679 6354 5953 1329 544 1010

•

TOTAL 70812 76180 106577 69496 65437 65294 51002 95251 92371 228220
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TABLE 2

The observed and calculated mean lengths.. .' .-

'. of sp:ra~in~h~ Ce~~~al (IV. b) area

'of the North Sea,1971-1972"

J.GE" Observed(,.aars)

1 9~9

2 12~5

3 13'~8

4- 15'~0

5 15.4

6

Calculated D%

10~06 .1.6

12'~56 . 0.43

14'.03 1.7

14'.90 - 0.67

15"~42 0.13



,
~he uge a1i optimal exploitation of sprat(1i'p) was

determined by' a transfon: ~,~ f'oI.'Ilula of Kutty and Qasim- .. . ..

(Kutty and Qasim1~~):

t~ =__ln~~(....2Kc;";;;,,,.....+....M-.....:)_....J=n;,;,.M;...

K
+ t", Q

.. ' ..
The :l:~ngth a1? ~pt~~l ~~~o~tation',(Lc ) of spra1i

derive~ ~~~m Bcrt~l~nf,y's ~q~~tion (~~~~a~~nt.T 1938)

corresponds 1io i1is age at optimal exploitation:

, L ~L [1~~ -k (t'J' - t o')] ,
- Ce.-;",.

~~e. C?ptimal,~~~~~.. intensity ~as calculated ,by

the tahles of Beverton'and Holt (Beverton and Hol1i1966)
--- _. "., - " ..--~-.~ . - . '.,

with regard for a relation between th~ magnitude of opfd-, ". .. .. ... - ... - . ." ~ . --. ~ -_.' . . '"

mum e~~oita~io~ (Lc ~,and theoretical~ P?s3ibl~ ma~-,

mum leI.1~~ o~ ~~~. fiah (L 00): Lc / L~= C t and the vallUe

of M/K correlation.

The ~~~~~~~..~~, _c~rrelation betWeen ~~e growth rate

of yield per recruitment (Y/R) and f'ishing'intensity-. ,._., .- ~. .. . .. . .. . ~ ..' .
. • (A) wa~ .m~~~'_ac?~r~~g to Rikhte~ (1970)~'

. The value of sprat catches for the wholB lif'etime... - ... - .. ~ ',.- .'

of 1973 and 1974- year-classes was found by

(B~v~ton~dHolt 1957),

whe~~ ~~e y~.~~:~ o.~..J!t~.''!Co,~,~'p_an~ t
O

_~re kno~~ while

R' i8 the recruitment abundance at the moment 01' it8 entering. '.... _.. .: ... -. -- ..

the fisherj' t .. .. ~ '"' . .....

A.=~i -:_.~~.,i8, :me_.~a~t term. offishery,
• . I

t .l. is' the maximUm age t

. 7,



n .. 1s - + 1· .....3·; 2 --+ 3·, %. ,""'-'-1."je n o.~ '1 ~, ~

. . "

e 1s the ba~~ of natural ~ogari~~~

.. The 'abundance' of sprat recru1tment befo~e:entering the f1sb:ery
,,' .'~'.l, •• ~ ••• ~ •• '~ ... '" ••,; ... _.'_...... "

was esttmated bY,the resu1ts oftrawling surveys on ab~
,.. -.... '. - ... •• '*' -' O'O' - - • - ... ~.. '" • ._ ..... ' '',. '..... O'........... ..... . •

dance. of o-group f1sh of 197~1974'year-classes~ The s~...... .... .. ~ -..- ... .. ...... .... " ... - ..... ,.. .... _. ....... :..... .... . ".

'. vey covered the Ceritral area, IV b of the North Sea and
~....... • •• ~. ß __ ... • _O' _. ~. .. ..' •• ,_ _ _t:.

"

, ,... .

was carried' ou~. in .the .?:ig~~ hours o~ t~e_..~~!_, ~!.:.;. the

layers of o-1Om~' 10-20 III and 20-.;0 m~PreJ1m1Dary 12";'holIr,
... _ ' - > •• _.,- .'- -'.~••,... _. - "':" - ••••, - ••• __ •• .. .. - '"

stations for trawlings at a11 the horizons' from the' sur.face.......... - .. ~"'" . .' " ~_ -- . -- "-:"'"' ,." .

to the bottom were'occupied~ Theflahing area i8 knowri.. .. :- -~-'''-' _. - .'"".... . - - , .-..~ ~ ~.~ .

·The abundance o~ ,the young fish in water column'in a .
""~ - ~..... . _.. "-,,.",.. , - - ~" - -_._-

square wasestimated ~y ~he f?rmula "
1IT = S~n >.
4'1 • ,

, Sf

·e

J
"

8

where

$. ~~ ~he Bquar~., si~e.,
S is the a~:ao~_f~s~g,

n is the y?-~;d_':pe~.4-?.~~. h~l!.1ing,..
f' 1s the. catchability coef~icient·.- ....... .... ..., ~ . .... .- . ~

A theor,y on catchability as adopted at present in~
.~ _.. - ... .. ~ . . ~ - .' ... . ,... -.' .. . - '-' .. -~.. .'. .-' .. ~

~ates th~t th~' ~a~c~ab~l~ty coe~~i~i~n~~ o~.._h~~~~g. tr?wls. .

.approxi.ma'te 0~2-0~4'~ In our .calculat:ions the ca'tchabi-
- . -".' ... .. .. '". . ..... ... ..;, ...

lity coe~ficient of Q.4was taken. To estimate'the aburidan-. ... . ...' -;; . ... -.' ..... ... . .- .... '.. .. ...." . .. - ~. - .. -' .. .

ce oi y'?UD~._~~~~.. ~v:e:r::.the wh?~~ .~~ea_ C!f, the ..co~t~o~ed ;~

zone,' its abundance in aach square should be summed up. 11'

"
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a =N1 + N2 + H3+••• + N105 = 32 milliard 640 mill.spp.

(1973)

R := N1 ~ N2 + N3 + ••• + N105 = 15 mi~liard ,~53 'miII sp.

(1974)

where
.,' '.

R 1s the recruitment s1ze'before entering the f1-

shery.vThe recruitment abund~nce at,the moment.. - ~'. ;... ,-' ... --, \~. .... ~ .' ~. . ....... - .- ~"" :

. of entering the fishery was determined by the formula:

where

,,~ 1s the natural' mortality during prE!~exploitment

I

phase.

RESULTS

The calculations m~de it p~ssib1e to give a nu- ,
" ,

•
.r

merica~ estim~te.. of_~pr~t p~p~la~~~,n parameter~ ..(table -?).
In estimation of the parameters of Bertalanf,y's growth

e~~~~~o;,~. ~h~"~.~b~~~e~~~s t. ~ .~.77 %.:" ~~Ch ~dic~~ed ..

the re1iabilit,y of the data. A corre1ation between the,

~~ig~~. ;n~ ~~g~;. ?f ,fi~~,.~a,s_~s fO~l~~S: W ~ O~0074 ,13•08
:

Thus, th~,gr~~th of spratis desdl~~d bY a form~a
' ..

of'isometrical growth with goo~ approximation•
• _.... ."'._. _. • • M'" _

The yi~~~ p'~r recruitment against fis~ng,efficiency

ratio 1s shown in Fig.' 1~,'

~ correlation between the y1eld and fishing eff1c1ency
, '

'1sc10se tö theoretical one. It indicatea that the

yield rapidly increases Wlth anincrease in fishing
.. - ... -~ ..._-~ ••~. • - ... - - ,. - ...... ", ...... '... .. tI - • • # ~ .. ' .; .. ' .~... •

i.D:teI.1~~ty.,fo;" s~~. ~o_. o~?7~,~6. Su~~~q\lent~, ~t F::O~9" '

tbe f1sbing 1nt~s1tydecreasesbelow tb~ ~owtb rate of
, '"

9
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the yield (table 4)~

The abundance of recruitment at the moment of

entering the fishery (R') constituted 18 milliard
• . • . .••. > . • ." • •_.. ... ..

640 mill;' and 8 milliard- 640 mille specimens of 1973. •.. 0.. . ~ _ _ .. _ _

1974 ye~~lasse~, acco~ingly•

.1 poss~b~e .;:yi.eld t1'0~ .~9?3. year:c~~~s. dur·ing..its

litetime may reach 132 thous. tons at optimal fishing
-,. ." . ..- ~ ~- . ... . _. -'.

in1iensity ~~ 0.9, while "tha1i :trom ~9?4 year-class'. - ~ .
63 thous. "tons.

It should be no"ted that the yields obtained trom

1973 and 1??4 ~ear-classefl ..~~ng their iifetime are

underestimated, since ~~have not taken into consi

deration the young sprat from feeding areas within

the fishirig zone.

•



Table 2
~e ef!timatiol1 of.sprs~.pop~ation

parameters in the North Ses

r
..
• •

L07 ::= 16~1

W~= 29.1

13~6 (1970)- .

1 =13.40 (1973)

10.8 (1974)

12.0 (1970), . ",

1 1 : 11~6 (1973)

8.5 (1974)

tO = - 0.83

ttJ> = 1~4

L c = 10~7

., .

c =0~66

M/K = 1~5 (1970)

Z = 1.2 (1974)

:F =0.4 (1974).

0'.81 (1970 )

JI =

0.79 (1973)

t J, =6.0

:l= 4.6

.1' =0.7

.-t.P =0.7

II



. TABLE 4

"The values end growth rate of y1el~ and the

enteas1ty of sprst fishing in the

North Ses

I • • I : , , : , , , ,
" J

F " I 0,1 I 0.2 ,
~.3 I 0.4 , 0.5 J 0.6 I 0.7 I 0.8 J 0.9 I 1.0 I 1.1 I 1~2 I

I I I I I I I I I I I I I

"" 9.5 18'.1 25·~9 33·~O 39.4 45,1 50:'3 . 55.1 59.3 63~'2"" " 66.7 69".6~, .
Growth
rate " 47.5 30.0 21.0 16.0 12~4 10.3 8.6 7.0 6.2 5.2 A.6

'"Y'lR 0100 0193 "0253 0302 0341 0371 . 0398 0419" Q4.4O 0457 0471 04:84

Growth
47':0 23:7 2':0rate 16.2 11.4 8.1 6.8 5.0 4'.8 ?i.7 2.7

Y/R/I., .

• •
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CONCLUSIONS

.-
1'~' .Natural instantaneous mo~~ll~ty. cf sprat in the

. . ~ "

~o~~h ~~a 1s expres~ed by a ~oef~ieient of 0.8,

"hieh corresponds to 55% of annual loss.. .,' ..
';._ , ~: - "~_ " ~.- _ ~"... ~'

2~' . ~~s~g w.~~al~~y .~~~ sp~~~..~~~ .Ja~ua~=.-~eb~~ry

1974 constitutes 0.4, whieh corresponds e033% of
" ..

annual loss.

3~ The ~eld f:r.-~m ~ sprat;~~ar-~las~..d~~g .its

lifetimecan be foreeasted a yearin advance.
~ -,' , - ... -' ...... ...·f -_ .. __ ...

. 4. It mayoe 132thous. tons for the1973 year-elass.
......... •••. '-'" ~ -- - •.•.•• ~'., ",.- - j'" •

at the optimal fishing intensity.of 0.9, and63
•.• r __ ..... _ .• _.,_ ..... _. "'"_r'" .. __ .... "," _ ..•.• ;;, /

•

t~~u~.~_.~6~~. .~~r, ~he.1_~7~_;y:ear-~~ass..

4. ·Rati~~a~.~p~at f1~h~r.Y,~an.~~ ach.1~ye~_provi~ed:

a) ~h~_fi~~n~.~~e~s~~·doesnot ~?C~~~~ 0.9.'

whieh_e~rr~~p~~?~ ~o 59.3 % of annual-loss;

b) ~he.~pI:"~t f~~~e~~ IV b.~f!~staJ:t;ed a~.theage
. .

, of opt1~a_l ~~loitation, which 1s 1_~4:years,

and at eorresponding'length of optimal 'exploitation,

whieh 19 10.7 em.

I3
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