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APPROXIMATE ESTIMATION OF RECRUITMENT IN FISH POPULATION

UTILIZING STOCK DENSITY AND CATCH**
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ABSTRACT

For the calculation of population parameter and estimation of recruitment of a fish population, an
application of multiple regression method was used with some statistical inferences. Then, the dif-
ferences between the calculated values and the true parameters were discussed. In addition, this
method criticized by applying it to the statistical data of a population of bigeye tuna, Thunnus
obesus of the Indian Ocean. The method was also applied to the available data of a population of
Pacific saury, Cololabis saira, to estimate its recuitments.

A stock at ¢t year and t41 year is,

No» 1sa=Np, 13 —m)—C,+ Ry
where N, is the initial number of fish in a given year; C, number of fish caught; R, number
of recruitment; and M, rate of natural mortality.

The foregoing equation is

(1—e™?41)Z, 1—e %1 1—e"%141 1—e %t
- _ -M —a’ T Al -
P11 { (1—e Z')Zt+1 Zis1 } ¢y—a Z;+1 Cita Zg+1 R;+1 (¢))

where ¢ is CPUE; of, CPUE (¢) to average stock (N) in number; Z, total mortality coefficient; and
M, natural mortality coefficient.

In the equation (1), the term ((1—¢ %+41)/Z,,4 is almost constant to the variation of effort (X) there-
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fore coefficients of ¢, and C, can be calculated, when Ris a constant, by applying the method of
multiple regression, where ¢,,1 is a dependent variable; ¢, and C, are independent variables.

The values of Mand a’ are calculated from the coefficients of ¢, and C;; and total mortality coef-
ficient (Z), where Z is o’X+M. By substituting M, a’, Z, and Z,,4 to the equation (1) recruitment
(R;41) can be calculated. In this process ¢ can be substituted by index of stock in number (V).

This operational procedures of the method of multiple regression can be applicable to the data
which satisfy the above assumptions, even though the data were collected from any chosen year
with similar recruitments, though it were not collected from the consecutive years. Under the con-
dition of varying effort the data with such variation can be treated effectively by this method. The
calculated values of M and o’ include some deviation from the population parameters. Therefore,
the estimated recruitment (R) is a relative value instead of an absolute one.

This method of multiple regression is also applicable to the stock density and yield in weight
instead of in number.

For the data of the bigeye tuna of the Indian Ocean, the values of estimated recruitment (R)
calculated from the parameter which is obtained by the present multiple regression method is pro-
portional with an identical fluctuation pattern to the values of those derived from the parameters
M and o&’, which were calculated by Suda (1970) for the same data.

Estimated recruitments of Pacific saury of the eastern coast of Korea were calculated by the present
(1965~1974) but also fall recruitment

(1964~1973) was found to fluctuate in accordance with the fluctuations of stock densit’es (CPUE)

multiple regression method. Not only spring recruitment

of the same spring and fall, respectively.
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1. EfigE#2| Bigeye tuna

BIEE#: bigeye tunad] 34+ 2o Kikawa et al.
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Table 1. Number of effective hooks (X,), bigeye caught (C;), stock density (¢,
CPUE), fishing mortality coeffieient (F,), and total mortality coefficient
(Z,), for longline fishery in the Indian Ocean from 1952 to 1967 (X,
C; and CPUE are quoted from Kikawa et al., 1969, and ¢ are quoted

from Suda, 1970)

year 4 Xt(10thooks) { Ct(10%fish) iqs,(CPUE,lo*z) } (q=(f%7$§§‘<10-8) Uﬁt:éff;gggt)
1954 2, 030 1,388 0.68 0.1375 0. 8643
1955 4,645 3,108 0.67 0. 3146 1. 0414
1956 7, 468 4,353 0.58 0. 5058 1. 2326
1957 4,370 2, 663 0.61 0. 2960 1.0228
1958 5, 260 3,310 0.63 0. 3563 1.0831
1959 4,975 2,678 0.54 0. 3370 1.0638
1960 6,730 3,608 0. 54 0. 4558 1.1826
1961 5, 070 2,713 0.53 0. 3434 1.0702
1962 7,310 4,233 0.58 0. 4951 1.221g
1963 4,412 2, 540 0.58 0. 2988 1. 0256
1964 5, 659 3,203 0.58 0. 3833 1.1101
1965 8, 745 3, 785 0.43 0. 5923 1.3101
1966 10, 042 4,624 0.46 0. 6802 1. 4070
5,124 0.42 0. 8225 1.5493

1967 12,144
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Fig. 1. CPUE of ¢+1 year is plotted against
CPUE of ¢ year and the catch of ¢ year
for bigeye tuna caught by longline
{fishery in the Indian Ocean.
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Table 2. Estimated recruitment of bigeye

tuna caught by longline fishery
in the Indian Ocean. R, R; and
Ih are calculated by the method
of multiple regression, and 1?1 by
the population parameter which
was reported by Suda (1970)

year Ri(109)  R(10%)  Ry(1080)  R,(10%)
1955 0. 9615 1. 5222 1. 3101 0. 8880
1951 0.9274 1.3136 1. 1356 0. 6202
1957 1. 0061 1.5776 1. 3889 1. 0922
1958 1. 0053 1.5711 1. 3728 1. 0331
1959 0. 7795 1.1385 0. 9749 0. 4973
1960 0.9118 1. 3743 1. 2040 0. 8815
1961 0. 8548 1. 3042 1.1429 0. 8152
1962 1. 0491 1. 6037 1.4193 1.1653
1963 0.9318 1.4391 1. 2618 0.9193
1964 0.9246 1.4249 1. 2422 0. 8946
1965 0.6770 0. 8624 0.7319 0.2129
1966 0.9624 1. 3907 1. 2467 1. 0667
1967 0.9101 1. 2212 1. 0905 0. 7697
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Fig. 2. Comparison of annual change in

number of recruitment and the number
of CPUE from 1955 to 1967 for bigeye

tuna. R, Rs ard R, are calculated

by the method of multiple regression,
and R; by the population parameters
which were reported by Suda (1970).
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Fig. 4. The relationships between the CPUE
in fall and spring and between CPUE
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Table 4. Estimated relative recruitment of
Pacific saury caught by drift net
fishery at the eastern coast of

Korea

spring fall

year . .
CA (107 CA (107
1964 — 1.2142
1965 3. 5841 1. 4015
1966 7. 2645 0. 9221
1967 2. 6766 0. 8595
1968 3. 0927 2.0913
1969 3. 8260 1. 2046
1970 1. 7963 1. 5684
1971 4. 9063 1. 9595
1972 2.6422 1.6770
1973 5. 6132 0. 8423
1974 4.9918 —
MARe] A9 2 HE Bedd ZRpez B

EESFeE Ao LIS EEE MARe] AY
2 A9 Frl ) Aonr ZRPYLE BEEES
Bekal @gkel Bl m fkAHIS EEEEE Fig 5
FRy o BRAHY BN nARREES them
EEEEE e BHEMd Emmd Ak olde #&
HS B Re] ) MAE = & a2A KTt
= o)t A4, FAZL FL EHUEES
e HEAA debd £ ds gl 44k
28y, Efd X BEHERA AL moded F 2EH
7} Beolx] kot FHEE MAENA & modes] T 2
Fol dolr, MEFE w4 WaEe $AE &=
the o HREHO R MARS fEstd £
e mERR(CPUE) ¢80 #HEES HBERY
(CPUE) 6,415+ HAfR B BR&H KR Yo &
el EEs(CPUE) ¢,415+9 Btk Table 3,
Fig. 6, o) 7y whet geh Fig 604 2w, K&
o mERES REHS BEEESY AoldAd &
&E19) BEET REPY BEEHSY AddAn
25 S ZotilslAt id ok FHBIEL g4

— 56 —



RS BERSRA MARS #EsE Hik

14
'65-'66
13+ ®
21
1p J
@ 72-73
Zio} x
o ). »-
o 70-"71
g "
x sl
‘73274 7374
z x
~ '64-65
3 [
- 8r
pol
Z
['4
L.
8t
w
=
8
3 o YELD(t)
% CPUE(t)
5\.
4 L . s ' L L L
o 2 6 8 10 12 14 6 (8 20
YIELD(FALL,!) IN TONS (X10 )J
4 5 6 7 8 9 10 1 12 -3 14

RELATIVE RZCRUITMENT(CA) IN KILOGRAMS

CPUE (FALL,t) IN KILOGRAMS

Fig.6. The relationships between the CPUE

txio”

in spring and fall,and between CPUE
in sporing and the yield in fall.

7

L]
T

@
T

ES
T

[
T

t

SPRING
. e CA
0==—=0 CPUE

SWYHO0TIN NI 3nNdD

] 1 L ]
1965 ‘68 ‘67

Ll

L ) i 1 L
‘89 70 'm 72 73 74

‘68

Fig. 7. Comparison of annual changes ot

relative recruitment (in weight) to
CPUE (in weight) in spring from 1965
to 1974 for Pacific saury.

A e A go] REMAE A9 e Aoz W
T F g o) AN = 1964 Kk B
mEe] ghel o] HREHY HEK MARE #zd:
H AR ke A HEddd o] 2
A, 19644 FRAHIN-B 107442 REfH7AS Fht
2 =T AR RO kst BEFIHEE
o' 0.6030, B'= —0.1306x 10760} 1], o]A.L2 7L
1.1117, M: 0.6578,a’%= 0.2164x 10"8c]c}, o] M}
dEA & M Zg ORetd M WARHEEE
CAp1s k8] A Table 4, Fig.7¢] swRetash, mMA
i) model 19664, 19694, 19714F, 197340
®, mode o FHFRERE 36 =& 24c| vk, HEW
MAES 1.7963x 107~7. 2645 x 1079]  &igdol#,
of w3 sEghe] b, 2P a fkae EEW W
ABHEAALL o] ZRMoE BEESNT) &
EgEslet, AEY FEMY ®EREE Fig.7d &
R A 2ok FESHY R mARMEME
REHY EEREE ES . AfsLs #gsle 9
= ooldl g HE-S A s mARHEES
RAHY wEEESE R4 2493 44 2o
HEHY R MAK 24 &Esn J= A8
olgl Azgiel, PR+ LO0~2.5FAA s« OF
H, 1960 : ZERE, 1963) #4559 fgo] tuts] Fomz
2O ARl z MY HEEC 24 e
W Folel A=t KRS #izd 04 Me's IE
#ER parametersl k& Ao, ZAL2 E¥HM MA
B CA® T 3g R WA Wt &
et Aol H% REE Aol

HEHE e B

ol Brot= 1% REMTS shtel Hiks sepistx
A AR e, BT FAS 944 o
HEHELEA BT M, o'% TS d o] #ol
femz FEEE GRS WMARS BEY A
Eo2A EOHEsHe el BAAA 2ote

of #molA kald MARL J=sdl AR L &
EFEHS NIt Jlorms FEAeREHY M »
e sk BadA e e £RY o HETY o
o A3 MARGEEHEMAR S #HEdxe X%
oz ol =89 nARe] A8 Hgffos o
FoAw Afole o] FRoR HAEMKES MYl
BEE b= MARGEHSMAR S #ES + 4¢

—_57 —



&

Aol ek, 2l m, o] HEFEAAL FEY HERK
o EEShRY BTG MARY HEstdody,
AL 2 {HY Rmdd HHEE Relmx z Bl
LB Apmpe st W¥ Loy ErRd R
g 4 9 AdA st 5] deb =k e o]
HEhEs MARY £8EHe Ekste 994 g
e el & 4 o=l 4Ade

o] #HEHFE Ao HELLEZE

(1) BEEFESITLEA KT a, B KAA HAKE
B MR ENEE BEBRE CE R, &P
BREEl A HESR oY sE K

(2) WEEK ¢7F FHEAFRRE No) Lalsl oFstA,
HARE o @ HARCERE Mo #F —wdllof &
e A

(3) H#xge) glol4 HFS FIAE (availability)7}
HE LA K

1) EEHRH E wEEY
MEE & dhE A

(5) o] HeEHPLLE EEESNw B A4, B
B, BERRAAE x BEd R THE4E
o 7 wg Aolmm MmEEEE Kt kA M
£ HHY BY parameterd] 4] o IEE FHEE 1A
£+ 7 gtk 924 mARS EEEES #esh] |

T MARHEEEA

sk, EBEEA REere Aol ®ase A
Fel gek.
W, o HEhiel AT AT T2,

(1) &7 RAA Y4 Gv Fd= BWE-E
DEETEA #EE T dobe &

@) BEEAY B 2AY 2 Hio 2 SFH
=R H,

(3 BRsimes HR ZEE Hsle gdals,
& 23 ErEe G =5 B4 Mo
{. #EDT ¢ donz MAR ¥ Bk #ws)

= RN FHY £ doe A,

(4) HEMARZGER{E ] o1v] @ BERA HiEs =
A 2 EHRE Femad Rk #mmARGHE
D& BT = A =9, 224 K@) = O
o] K2k RREGEHID & BUE + d=te &

$¢ ¥ % deh

= o)

BRI —Bwe= BRI R =4z
g.ovh, ApfrdAdE By B4, 24519 &

#

#
8RS M WA B SR
qeos, ooz £49 MARS #EdE Hkd
:ﬁmw g B Bes 29,

. %— populatione] 9ls}4] tEHE(E =k EED

% t+1H%F934~4 MHEREER0Y MR
No rpa=No, (1 —m) —C,+ R

B, No: wBEERGER, C: RERE
R:mARE, m: BARECR

olet, 19 KAA =29 BRI Rark <

_ | (—e2)Z, 1—e %41
Si41= { (1= Z11 Zet } &
Ry

R

AT

1—e %1
Zt+1 Z:+1
B, ¢: EEEE M: BRECHRE 2 HORE
& TIBERE WY BEER
o] A4 ¢ 2 CF BB, o EREEE
4 BEEESHTTY ¢ 2 9 £ REE ket
o] £ FHEA BATECRE M, BESHE RER
B /g Rabe] t+149) AR RE RS kT F
9=t BEEESFSE A gl Rl AY Zeow
Xonaol H3 2RV s FHE Eedtd e +
4+t
2. % Ko #Es MARLS MARY HEEEA
Hahste Ae) =&t
3. BERE d4oz HFREHRE
L fEhe R mMAR HED
# l’éi‘f & oF gk
. WERRE BEEA BRET 4 Bhnoes
7)11/\&.«1 HEEE kT 5 o, BERe®: kT
¥ = BRNeR MARS LHES kA -
#H o] A9 2 HEwEhke] WHE A
5. FIEFEES] bigeye tunao] ¥sle] ZFM(1970)9
ZEE RSt Adeelgd BHAA 2gch Af
Q970) 7} k3 M, q(REMrS ) RBRED =4 R
£ IMARS (b KFFEAA kI FEY M
Afrd gEbole s Aol b (Table 2, Fig. 2),
6. wEEEY ZAd g4 dFedFg FhAR
(1964. 3~1974.8 : FEsr/KERME: WHEEDS B
£ FASEY o1 sl REHY HERES 249
BaHge] BmEHEReke) BifRd4 S8 REHY I
AZS #mstm o #9 M mERES o
o-dl e HEY BERHSY FRd4 £8Y FE
e MARS #metgch(Table 4, Fig. 5, Fig. 7.
R, E45Y fFe] F& o) R FHEE A &
9] EEEHRS AR WES  Hsisel 3k

BT Seaias

C,+a’

ol
=

RSt = 2
8, REmE-S

Z

—-58 —



WERES RERS=A MARE #Edts Hik

5

lﬂ'll.ll”

A MARGER
A iR
a  HOIRE WV =aN)

&' R (p=a’N)

C : FiER(RE)

F o PR

M : gATEERE

m : GATE

N, : fasigd BREER

N e FYBEREER
N : BRERKER

T fOHe FSEiRERD
P AR R

q :EMSIE RERE

R :imARGEE

t o E(EETHED

Wil A A=) ke PHER
W mARS ke FHER
X HHBhR

X/ EEe B

Y o BERGED

Z : 2WOER

¢ EERERED

¢ EEEHRER(EED

X Bk

Chapman, D.G. (1961) : Statistical problems
in dynamics of exploited fisheries populati-
ons. Proc. 4th Berkeley symp. 1960, 4,
153~168,

De Lury, D.B. (1951) : On the planning of
experiments for the estimation of fish
population. J. Fish. Res. Bd. Canada., 8.
281~307.

EFHEZ(1962) : FAF TV F ERIED F T AN =
DEFEDE, FIKPER, 33, 11~19,

LEHEZQITD) =Y 2 v HEOTIBIHE  HEK
TES, 66, 89~143.

IHEZ - SAEL - BRER . BEHENAT) B
WMERRBICE TS 7 LT e OREEN.  HiE

KHEH, 69, 45~54,

Gulland, J. A. (1961): Fishing and the stocks
of fish at Iceland. Min. Agr., Fish. and
Food, Fish. Invest., [, 23(4), 1~32.

BT © BB, AKERBickds4 7T
BEREEIC R oBe V. BUEL QMR H
JKgk, 33(5), 410~4le.

T Z(1960) : 8% - FFIc L 59 <D Popul-
ationfiE 9T & 7 OBE. FILKPFE, 16,
41~64.

TEREEA(1963) © HRWICHET 29 v <0 RERHE
LEDFRHUC oV T. HAIEY v < FLRAFERER
(1962), p. 117~132.

EEEGA(1966) : HAFI Ry~ SficE
BRIVZOHREE. HREY Y < LRRATHR
4 #5285, p. 123~133,

Kikawa, S., T. Koto, C. Shingu and Y. Nishigawa
(1969) : Status of tuna fisheries in the Indian
Ocean as of 1968. EFE/KHF4R, ser, 2:1~28,

& IER:(1969) 1 T2 <] Population fo] 3§ Frée.
F LKL 9(1), 25~31,

BERERREE WIRXEE (1964, 3~1974. 8) : & 3} of
g Fd R,

Marquez, R, « £3:E2(1973) @ A%y aEHRE
BOBRBNEERCT 284, Wik, 73
1~22,

Ricker, W.E. (1958) : Handbook of Comput~
ations for Biological Statistics of fish Popu-
lation. Fish. Res.Bd. Can. Bull., 119, 300p.

BERZ968) 1 BHYFEEs e SFRUY R ST
OF LR L 2EOBEHRIR. RERTTRaR
W, 8, 50~62.

Schaefer, M.B. (1954) : Some aspects of the
dynamics of populations important to the
management of the commercial marine
fisheries. IATTC Bull., 1(2),27~56,

Schaefer, M.B. (1957) : A Study of the dyn-
amics of the fishery for yellowfin tuna in
the eastern tropical Pacific Ocean. IATTC.
Bull., 2(6), 245~285.

FHE « AR &< Ak X hbED BEY
DOHERENIEARTEAANFOMALEEDL Y,
FEVEKETH, 25, 91~103,

HEBI970) : £ & L TRES IR, BERD7—



& B =3

8 ~% Bl TEBM e PopulationmParameter HHIE—(1960) : KLY D Population dynamics
RHETHHEL EIEKE, 3 1~14. & BERFEE. RILKTrR, 28, 200p.

— 60—



