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Abstrast
The paper presents a biief bilelegical charscteristic of
the Newfoundland capelim and discusses the areas and time of

- .

fishing. L )
Based ex blslegieal and statistical data a mathematioal

nedel of estimating the cemmercial steck is werked eut.te
determine the sptimal regime of expleiting the cemmercial
steck of the capelin. As a result eof cemputing tyc commer-
¢lal steck ef the Newfeundland capelin in I97I-1974 can be
with a fairly high prebability believed net te be bLelew
1.230.000 tens.

Accerding te the results ebtained the anmaual catch of
the Newfeundland capelin can be 750.000-800.000 tenas.

1+BRIEF BIOLOGICAL CHARACTERISTIC OF NEWFOUNDLAND CATELIN

Thy capelin 1s a small scheel fish,2Iom.leng as ‘
maximm.The weight ef the biggest specimens rarely sxcesds
50 gr.Aleng the Atlantioc sesst of America sapelins are
ebaerved frem Bay ef Hudsea te Hays ef Fundy and Men,
Beuth ef the Cabet Strait capelins are hardly ebserved.

Within the habitat feeding and spawning migratiens ef cape-
lins are censiderable,After spawning the speeimens survived

leave the spawning greunds ( inshere waters of Nowfeundland

T
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and Seuth-eastern slepe ef the Newfeundland Grand Bamk) and -
migrate te the Nerth via the Nerth-esstorm slepe of the Grand
Bank,the Nerth Newfeundland Bank te the ares of fatteming . -
{Seuth Labrader).Imsature capelinms dispersing in the area ef
the Nerth-sastern slepe of the Mewfeundland Grand Bank
as the water bscemes warmer are alse beund nerthward fer
foeding.By Octeber cepslins reach the Nertheh berders of
the habitat and distribute in the area ef Seuth Labrader,
When the waters becems ceel and feeding cemes te an snd
they migrate te the area of winteting (The Nerth Newfeund-
land Bank).Here capelins stay till Febrdary. In February
individual soheels mppear en the Nerth-sastern slepe of the
Fewfeundland Grand Bank.Ia Maroh-April capelinas acsumulate
en the Nerth-eastern slepe and migrate te the area of th@ *
Seuth-western slepe of the Newfeundlaud Grand Bank and te
the Banks ef Baint Plerre and Green.In May-June they appear
in the area ef spawning greunds ( the Seuth-eastern slepe
sf the Newfoundland Grand Bank and inshere waters of Nawfeund-
land). )
The dats ebtained during ebservatiens in I97I-1974 en the -
disrtibutien abd density eof tpo abundances ,the area sf concen-
trations ef different density,eize and age struature ef the
steck and cemmercial statietice previde greunds te believe -
that the the abundance ef the capelin in the area of the New-
feundland Grand Bank and Seuth Labrader is- fairly considerabls.
Effective fishing for Ths capelin in the spring-summer pe-.
ried( March-Auguat ) can be carried eut in the area ef the New-
foundland Grand Bank and in the sutumn-winter peried (Septem~
ber-Docember)} - in the area ef the Nerth Newfoundland Bank and
Seuth Iabrader. : _
Increased fishing fer the capelin in the Nesth-West Atlan---
tic in recent years has necessitated estimating the permissible
remeval of thés species without detrement ef ite steck.
For the first time the estimation ef the abundance ef the

eapelin spawning steck was made by Nerwegian ressarschers by
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the hydre-aceustic methed and the steck was estimated te be
800.000 tens /5/.

In 1973-1974 Canadian researchars alse gave censiderable
attention te determining the eptimal Tegims of‘ expleiting the
cozmarcial steck ef the Newfeundland oapelin /6/. Accerding
te them the tetal catoh in I975 can be 750.000 tens and in
next years it may be ostimated as 500.000 tens. Theugh this

figure may be adjusted.
In 1974 an attempt was made te estimate the cemmercial

steck with the help of well-knewn mathematical metheds.

Due te meagre statistic data en hte capelin steck and its  -..
fishing this attempt has preved a falure.A way eut ef the situ-
ation has been feund by the fellewing mathed.

2.MODEL AND METHODS OF ESTIMATING THE COMMERCIAL STOCK
OF THE NEWFOUNDLAND CAPELIN

- b e ae

Assuming tha steck ef fish caracterized in mements of- time
t,t6n, ¥ - mltitude of inteygers,by X; (abundance er biomass),

Hence

& K o %
xtsi X¢ + %’-—:Xe (1)

xd .
where xt"" (X{et ) - male stesk(respec.female) ef“the age". 4
in the mement ¢ (the unitary “age" cerrespends te the age of
recruitas). : : TR

The state ef the steck at the mement t is cha.rac-t.-rizo;‘l
xi X_,f;,.._.,xf"),
The dynamices ef the steck 18 described by the fermmla
K = Xta + %, *SAxge (2°
where ii § = (QX:?‘/ Ny X :"':-O,x{gjm’ )(‘:“"")
Ast T(04&, . 42 o, P

—_— {i
by the vecter = (%
¥, = (x{ S vy

/

I -unitary matrix, ' - transpening symbel, fer all
%
k!
en the vegtor )—(t ~and characteriszing survivability beleng te

1= I,.0,k-1I values § < -L;‘ depending in a general case
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—t o’} 21
the interval {0,I), X“. =(X*“ , 0, ,X 2 vorty 0)

£ o, T
F .
where fer all t¢¥ values X4 are independant unifermly dis-

tributed nermal valun,

o £,
'S ‘/Xf . = d = const (3)
S

In appreximatien assumptien eof t.;oncorn_ins recruitment can
be regarded as perfermsd if the valus ef recruitment is de-
termined first eof all by abietic facters.HEenos it can be -
taken that the value ef recruitment dees net depend en the
state of the steck, at least fer a steok with undisturbed
homsestasis /3/. ‘ <

The available data en capelin year classes' yield depending
thermics previde greund te suppese that it is just the case
with recruitment fer the capelin.

s
Suggestien I. assuming = Exﬁ,éb‘;fﬁ){:’: ﬁi ij‘,ﬁ?s-gxf !
; ~mathematlic expeotancy eperstien, D - dispersien.Under

the conditiens of pt § Xt are nermelly dietributed mean

values with mathematic expectanciss

o o P el o oTEA
TPt F RV S L N L ).,.
t q( oot Y4502 AL ‘[)u-.. Lol
+ M + %! + s ¥
| (1 J,‘.c-t"" ’{3‘4- P L= ) ()
and dispersiens o et
ot N a‘f 2z o o -1 V2
3% U oL , Fi . Ll +
E( 2 E£+( % f-r /J + .t [J'T(f"‘ ‘(K i~z ) 1
M ZAN VRT3 L SN 2
( w1/ * [oi_“_k-‘.. A ) 1
x -

The preef is trivial,

It 1is natural te suppese that X may be of such amagni-
tude that X, X is squal te the sliminutien ef the sieck.
In this case thr survival ef the steck is characterizéd by

prebabilitien
Pt =P{It 2xcr}
It is reasenable te believe that I) valuee Pt are me-
neteneusly increasing My 2} when My are censiderable

lt’ N{ = Icr P{ x COl’\St

A5



5 -
Fellowing frem auggosti‘on I the simpliest conditien when
preperties I) and 2) are satiefied ie the cenditien
%ci,connt .(60
In further cemputing (6)’ im assumed te be satisfied.In this
case frem (6),(4) and (5) it fellews that with My >7 yx..

the matrix Ai{. in (2) oan be regarded censtant:
‘i-hls-fut*_ft'S”{ZJ- RS
Precesding further we shall assume that we can ebserve acola

dental vacters "E‘{ distributed as vecters

5 %¢ _ {7)
Vecters E‘_ are sften ropresented by catehes per offerti- fpr-- -
which the equality (7) in a certain appreximatien :I.a_ perfermed

in a number ef fishery medels /2/.

saggestien 2, Assume that the mmic- of the wieck is _

described by the fermmla (2). p€ utand- for wecter (}{ }'{ ‘-
- o %

.,'s't . 5& for the value 2 ’g‘ . » (;);{)

fer the cerralatien ceefficient betw“n mean values 13

and 7 .Hence o o -¢
e ’ -'a (’E'g-i«.u ’tt ) )
& J -
4 i {
) ( S 5
'Y SY R
3_.-7‘ E” - - f
L w2 ¢ = f(’{-kvs “t 7+ - ]
(8) T AT o'y kg
L lﬁ( 1 ;t‘ / o
{ef'u-?_ _ i \OLF£ chg.l é )
- LY of, . N ',l‘
o E-Th KLY,
< J(. bkl f J
. t.ri"""““'.*o(""m-z*'. I P L e .« e
< M eara - ,‘tﬁ"u—; - l

A ' arecurrently determining faoters

Preef ; Subsequently cemputing the ratie ef cerrelatien
ceefficients in the right side ef the fermulas (8) afier - -.
clemetary speratiens { wvhich we emit dus te the unwisldiness
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of the fermulas) we asbtain the cerwelatien (8).
Similar fermulas must be alse true fer the facters
£ #e
Thus Suggestien 2 prevides a methed allewing the facters-. .-
o7, ¥

L and o

with acoidental recruitment { mesning pt 5} is fer frem

te be identified if the state of the steck

critical. 7 ‘ -
Unfertunately due te lack ef date apprebatien ef this
methed fer the capslin steck is unimplementiable.

Suggetien 3. Under the cenditiens eof suggestiea Z are

true the fermulas:

where toU (...} =18 the cevariatisn symbel, e
The presf is perfermed by direot cemputing expressiens in
the right side ef the fermulas (9).
The result ef Suggetien 3 provides anothor.m'thod of lden=
tifying the facters .(01 and ¢: (see pte II,I2) -
Everywhere further the cdynamic¢s ef the steck is suppesed
te be described by the fernula (2%).Besides it 1is taken that

-{-yr:: otﬂ= :a{ﬂ’n—fzaé_
ucg'= Qa2 e g Rt
In this case is true.
Buggesties 4, Assumisg ¢ < ik -!
__i;_____l.oi-ﬂ_..ii_-—— (II).. .
OB‘ ?t"’l'r)f - T

where Fi (respeot. § ) = the share ef males (respeet.fomales)
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ameng all the fish ef the age 1 and -ldir:

w o7
Po. T Xe
N N ’ (12)

3%
S x ¥

Ve h'.xé L-F
> X!

3=

u

The abuve resulis are true fer am unfished steck.The sug=-
gestien that fellews is deals with a steck subject te fishing.

Suggestien B, Assuming ihat st the mements t; (</,...3, T$KIfron
the steck are withdrewn respectively 2, males and 4 females

-

present in the steek at the mement t. Hence

gﬁt'! z“‘ih a;

Y{’ L
(l-f il‘:l T Fi ! (13)
where /4 _ Pus, g2
[ ] . = —— .
Jai, ‘u‘r. X ! Pe, t
P f. - ;l it X! .
2 X’
J ‘
Prm j13) lt is easy te preesed te similar fermulas fer
Xf.r cnqu . : Ll

Fellewing frem the resulis of suggestion 4 and 5 we ebinin
the estimatien frem belew of ths Newfeumdlamd capelinm steck,

¥rem (139
£ g £
ol - P;,N'M (Z.z ;;;.P (i 1Y a; (13')
a4 &)327:1,1?71 ~ L Py

~ e
-

Ignering the catok ef 1971 and cemputing by Tables I and .

2 ihe values a, amd b, ( soourate te 105; a higher aseuiacy
standing te me reasem) aid cotimatiag by Table 4 and 3 the
values ,if ‘_ O e fermla {(I3*) is reduced te

M = _.Eé-?—-’ /a A )
% ¥l tp‘-("[— ..5—3—;) (I‘)
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_Table I, Age cosmpasitiem eof male capelin im eatches by - -
sn The Newfeumdland Grand Eank and Seuth Labrader.

S — memcmmmstasemscanccmrarraae———- B L T PR,
:;-r L e L ,___,___!ﬁ! -------- - ———— ELUE TS T LT s
JSieming I e R S
1971# 87 ‘5258 3611 303

1972 92776 613133 401880 I7T451

tovs | Eo_ Avaoss  swevin  mseco Tiser eser

# for 1971 data enly cevers the spring peried en the Hewfeund-
land Grand Bank.

Table 2. Age cempésition of female capelin im catches en
the Newfeumdland Graxd Bamk and Seuth Labrader
in theusamnds ef spec,

-

year agse B
.f - el e e - - - - = - - - - - - - " g o Yy
fishing I 2 3 4 - 6
————— - . o ol e O ke N o o a
1971 1287 18777 6596, 196 b2
- I972 13096 IIZ3716 473238 21884

1973 829636 773537 26656250 513337 13775
666 DU

#fer I97I data cevers enly the spring peried en the Newfeund-
land Grand Bank.

Acgerding te Suggestiem 4
2% Py 1971 lf/,,.wt

P b, Roun (15~
(‘\I
Empsric values F:qul . and52$’lQH of leqqg lﬁﬂ~f-.w

35
23,9” are equal te ;; and respectively (ses Tables 3,4)
?

a7

Table 3 Age sampliag ef male capelia en the Newfeundland
Grand Bank and Seuth Labrader.

ear - o
Vot ammeoah B eenicalomcmaeee % male  tetal
fishing I 2 3 4 5 [

1971 5,I 20,6 13?2 ;?I 40 0 483 12;8
1972 1,6 24,3 2,7 0,? N 47 5 880 ;85;
1973 0,1 5,5 8,9 22,7 5,0 0,1 42.‘ 1364 5227

A R S Y N AR AR R e S S M A AR D AR W W G D R e A S A A AR A AR 6P ey
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Tabls 4. Ages sampling eof female capelin in the Newfeundland
me-vus-_-Grang_Bank and Seuth Iabrader

ear
Yol oo eeemeee B % female  tetal
fishing I 2 3 __4_ 6 8 . .
1571 8,0 37,1 14,4 0,4 0,1 €0,0 730 1218
1972 1,2 32,9 17,6 0,9 52,5 971 1851
1973 6,6 8,9 34,9 7,2 0,2 57,7 1863 3227
_
Cheoking the hypethesis Hi P . _ R . q _ bo
3, - a? 3"¢7, — .8.?..-,,.

The valus ‘}C‘ for the hypethesisa H is esqual te

2,830 < 2.9%6 = )(% (3)
[17

Heace X 2 feor the hypethesis H prevides the level
of magnitude abeve 0,4.Eleleglcal investigatiens -

acoept hypgﬁholn- with the level e¢f magnitude egqual te
0.05 and emsa lewer.Aocspting the hypethesis H and -yylying

L
(189 - —j?;’ 2 5> hemce with allewamce for (If)
) .
y':: > 23]+ 10 (16)
2 ¢ 10! ‘
Yﬁ‘f?i Z 3 (I?)
§
Yyu 7 ST3-do (18)

Frem (I8) using the data gives ia Table 5 amd 6

X199y > 13720270 vons {I9)

Table 5. ,sge sanpliag ef cePelin en the Newfeundland
Gramd Bank and Seuth Labradsr

Y S S D R e A D e A e A A L LYY Yy

year age

8f ceccccerceame——ea- ————-— —————————e— £

fishing 1 2 3 4 5 6

1971 13,1 57,7 27, s 1,5 0,1 Ioo 0 I218
1972 2,8 57,2 38,2 1I,8 IQO.Q I85I

1973 0,1 12,0 17,8 57,6 12, 2 0,8 IOO 0 3227

Table 6. Mean weight of capeslim aa the H-foundlnnd
and geuth Iabrsder

- gnp-—a—m-—.—_--.h-b-‘-----

age mean welght of ome specimen im gr.
--’--——-ﬁ--?--n------_' Y T XL T R L Lk el '-------‘n—----
1971 w_____ T2 __ _g______;gza_-_-_--;---
I ?.2 1

Al0
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2 12,7 189 10,2 51 17,1 86
3 22,4 702 20,2 1060 26,1 573
‘ 29,8 337 27,1 708 27,8 ;B%g
5 36,9 19 28,0 32 26,9 394
6 16,0 I . 26,5 v

Taking ‘ét _ €=th for relative imdices ef the blemass---.
of the capolin steck charactcrizing the predustivity ef fish-
ing by a large freezimg trawler et the Newfoundland Gread
Bank frem (I9) zad Table 7 we tam sbtain the dsta cited in

Table 8,

Table 7. ¥ishing preductivity by a EMRT em the Newfeundlaad

grand Bamk .
yoars 1971 1972 1973 1974
preductivity s Co
eof 24 heurs! 46,5 50,0 64,4 41,9
Tishing in
tons

Table £. Estimatiem™frem bslaw" sf the bismass of the
Newfoundland capelin steck

A S T S T e e e A e e el e -

yeara 1971 1972 1973 1974
= ok e o e sk . rm A -
biemase in 13720270 IATE2978 19001840 12362997
tens

Table 9, Tetal calch of the Fewfoeundland capelinw talcem -
- by Seviet fisheries im the apring-winter peried
/Labrader plus nbwroundland Grand

§gare ef 1971 1972 1973 |
#bi y - T S, T b Lt Y -
tetal eatch 830 :

in tens 60304 182620

All
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The data of Table 8 and Table 9 allew making up Table 10,

able J0, Estimatien of the ceommersial remeval of
capeline by Seviet fisheries

S O e e S Y A A S T A el b A A ol o e S o

years of o7
1 1972 1973
FE5 121 U U S wummemmemmnsceeecan
cezmercial
remeval in 9 - 0,41 I
per cemt

""""""""“"“'""‘"""“"'“'"'"""""”““"""""""‘4" -
‘e

The abeve methed of estimating & steck of fish can bs re-
garded as extensien of the muthed deseribed im paper[ 4L - -

Let us ebtain amether est matien"frem belew" of the New-
foundland capelin steek by amiether,a mere uu;ionp methed,

. Assume that 182520 tems ( the tetal eatch of eapelin
tsken im the USSR im I973,see Table 9) is clese te the .
critiesl value of the biemass of the capelim steek - Xer
( the pessibility ef which precesds frem the abevs estimatisa
of the bismass of the sapelin steck) amd that im matural cem-
ditiens {(uneffested by fishing and ether antrepegenesus fas-

ters) the prebability
F{xt < |sz$.20} = {e

frem {20) fellews that G X, ) 2: ‘!t

with the help ef Tapl® * =570 S0
equal te 50,7 and 9,7 rup.cthqy.ﬂonu acoordiu te (2I)

“**——r__.—wt €2 (22)
= 3, 22
Yox

By the Imewn fermula fer msrmal distributiem

Pl fa}=a, ( &r———;ﬂ) en

where CP.,. is the diltribgt:_l_on functien ef the -
standardized mermal valus based ex (22) fellewing frem

(23) 54520 - 5.2 9 £
@ (. ;

(24)
whers ¥ is the estimation of the value met
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Using the table fer the fumctiem ef distributimg the standgr.

dised mermal value (see,fer lastamee /I/) we fimd that

inequality (24) leads te the ineguality w 2405
Y.

Henes y .= 260714, .. $)Q =Sz y .9_)(",._ Z- I30367I, -+ - ..
frem (20} we ebtaia the estimatiem “frem belew" ef the biemaas

of the sapalia steck,

Table_ II.  Estimatiem "from belew" ef the biomass ef the

Newfsundland capelin asteck

1971 1978 1973 1974

TR D T A e g g e D R R g D A e b G s e AR W e A Ne

biemass in I243405 1336996 I722050 1120402

Uk gl ey D S Y A S D i e i Y - - T S e e
’ -

By Table 9 and II defime the sstimatien *frem abeva® .
of the cemmereial withdrswsl e¢f sapelims by Seviet ﬂlhori_u_.

[

Table I12. Estimatiem "from abeves ef the cemmercial remeval
of capelims by Seviet fisheries

- o - - - g A e -t - -

years I97I T 1972 I973
e ......_-_-.-.-_...........-...-.-.-....._-........__-..--..__-._.'.\...:-__--.._
cemmercial 0,06 4,5 " R (/-
remeval im
per cent

aw . .
Cenclusien - -

Frem the results Wbteiséd abeve 1t follout]uttho cem. .
mercial steck of the Newfeundland oapelin may be with a fair-
1y high prebability understeed aet te have Tallea in IS71-
1974 belew 1.230.000 tens and that at aamy rate the osiime-- -~
tiens "frem belew® e¢f the cemmoreial steck ef the Newfepndland
capelin sbtained by the segend methed sre trusiwerthy.Takimg
these uti::'t;_::;’ 0;1::: commersial - stesck ef the Newfeund-
land capelim,i.e. estimating she commrolal steck of the -
Newfojndland eapelin with maxisum cautien it eam be agreed
upes that the estimatiem ef the eatch made fer this steck

by Canadian researelhars equal ts 750.960-800,000 tems ls

pessible,
Al3
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