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Estimation of Abundance and Related Parameters of the Age 1
Red Sea Bream, Pagrus major, in lida Bay,
by the Multiple Tag-Recapture Census

Fuminiko Kato AND YosHIMASA YAMADA!

Abstract

Population abundance, number of recruitment and survival rate of the age I red sea bream, (Pag-
rus major) were studied using the multiple tag-recapture census, in lida Bay, Ishikawa prefecture.

The results of the experiment are summarized as follows:

(1). A total of 8, 421 fish were tagged and released out of 11, 848 fish, caught by trawling opera-
tion on board the R/V Rokko-Maru, during the period July 6 through November 11, 1972.

(2). A total of 1, 186 tagged fish were recovered by the Rokko-Maru, and 265 recovered by
fishermen.

(3). The population size by the successive each ten days were estimated by the Jolly-Seber’s

stochastic method as follows:

Late July ..o About 67, 000 fish
Early Sept. ..covvvvviiiiiiiieiii 13, 000
Middle Sept 77, 000
Late Oct. 31, 000

The great increase of the stock size at the middle September was considered to be due to the
recruitment of about 65, 000 fish.
(4). The results obtained by the Petersen method based on the same data, were clearly overesti-
mation as compare with those by the Jolly-Seber method.
(5). The values of survival probability on the per tendays basis, estimated by the Jolly-Seber
method, were about 0.85 to 0.95, which was almost similiar to those obtained by the Beverton-Holt
method and the Nose method, respectively.
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Table 1 Tagging experiment data for the age I red sea bream, Pagrus
major, in lida Bay, by R/V Rokko-Maru

Time interval of trawling experiment 6 ]u1139—792 Nov.
Number of days of experiment 43
Number of hawls 67
Number of caught 11, 848

Number of tagged and released 8, 421



Total number of recaptures 1,451

Recaptured by research vessel;

Total number 1,186
Recaptured once 1,104
Recaptured two times 71
Recaptured three times 11

Recaptured by fishermen;

Total number 265
Recaptured by beach seine 67
Recaptured by set net 14
Recaptured by gill net 58
Recaptured by angling and long line 18
Recaptured by “gochi” trawl 44
Recaptured by trawl 62
Recaptured at far from Iida Bay 2
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Fig. 4 Chart showing the locations where the tagging experiments were carried out
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Table 2 Tabulation of mj;, the number caught in the ith sample last captured in

the jth sample, for the red sea bream population

Date 1 ni Si mji mi
j=1 2 3 4 5 7 8 9 10

July E M 1 771 676 — 0

L 2 2445 1946 48 (108) 48

Aug. E 3 879 654 8 33 41

M 4 1307 862 45 12 55 (24) 112

L 5 1989 1255 13 39 61122 (52) 235

Sep. E 6 1008 553 19 46 24 29 97 215

M 7 760 534 11 15 2 0 1 0 29

L 8 967 810 7 5 0 4 4 7 22 49

Oct. E. M 9 363 200 4 1 5 0 10 13 6 15 54

L 10 822 538 3 17 14 10 20 9 2 18 4 97

Nov. E 11 351 207 0 1 6 2 15 6 0 3 0 5 38

Total 11662 8235 158 169 167 167 147 I:’LS 30 36 4 5 |918
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Table 3 Notation

The values in the parent population:
The values of at time i (i=1, 2,...... T);
Total number of fish ......ooooiiiiiii N;
Total number of tagged fish .......cccoooviiiviiiiiiiiiie MG
Number of new fish joining the population in the
interval between the time i and i-+1 and alive at time i+1 ............ B;

The values in the sample:

The values in the ith sample;

Number captured .......ooiieiiii e ni
Number recaptuled .. ...co.iieieiiii e mi
Numpber, last captured in the jth sample .............................. Mmji
Number, last captured in the jth sample or before .................. Lljiikﬁ M
Number released ........coiiiiiiiii i S
Number of tagged fish, released after the ith
sample which are subsequently recaptured ........................... ri:i‘mik
Number of fish caught before the ith sample which are e
not caught in the ith sample but are caught subsequently..................... Zi:l;é_lepl,k
=3

The rate and probability:

The probability or rate that a fish alive at the moment
of release of the ith sample will survive till the time
of capture of the i+1 sample .........coooiiiiiiii e bi

The instantaneous rate of fishing mortality

The instantaneous rate of tag diminishing.......................
The instantaneous rate of natural mortality ....................................Mo

The ratio of tagged fish in the population at time ¢ .............................. i
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el o 52 W CESIT T OR 8)~(B) D X 5 #Hiig ©& % (JoLry, 1965 ; i,
1971 ; SEBER, 1973) .

A
ai =milni (i=2,3,...,. D (1)
~
Mi= (sizi)[vi+mi (i=2,3,..., T—1) (2)
NN .
Ni=Mi/ai (i=2,3,...,. T—1) (8)
~ A~ A~ .
&i=M;y1/(Mi—mi+si) (i=1,2,..., T—2) (4)
A ~ .
Bi=N;t1—¢i (Ni—ni+si) (i=2,3,..., T—2) (5)
ZZIiT
T T Jj
vi= 2 \Mik 2i=2 ik, Qi) \Mki
k=i+1 k=i+1 =1
FAR BT LMD 5L § AL S v o
Table 4 Tabulation of «;;, the number caught in the ith sample
last caught in or before the jth sample, for the red sea
bream population
i\j 1 2 3 4 5 6 7 8 9 10
1 —
2 48
3 8 41
4 45 57 112
5 13 52 113 235
6 19 65 89 118 215
7 11 26 28 28 29 29
8 7 12 12 16 20 27 49
9 4 5 10 10 20 33 39 54
10 3 20 34 44 64 73 75 93 97
11 0 1 7 9 24 30 30 33 33 38

Zj4i= 110 238 293 225 157 163 144 126 33

ThHH, W2ROT—2&2NTC, T zi ROz 20 2135 V& mii 72 /e BIEK I
T aji DREIES GE4 &) . Bl j= 2 DIEOHIITIE 15 8 +33, 45+12, 13+39
'''''' , 0+ 1&75b., % |-08 4331k i= 31TH % I 25, vk Buv T #ty)
DMl % AT LT 23=238 (i = 3 LANICHEAE 4 i = 3 Tl ST, =3 LAk
THf S G 2872, ZOX ST LT R EDR 2 KoHEA (1)~ ftAL
T, HZEFAUT R DMAREO R & X o AR TOUINEU E DT A & =L, &
B2 RITR L.

% O 58 oHEE R ORIk 1T EWE U235, JoLLy (1965), #k (1971), SEBER (1973) i
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Table 5 Population estimates for the red sea bream

population, by the Jolly-Seber method

A~ ~ ~ ~ ~ AN PN AN A~

i a; M; Ni i Bi a(Ni) a(¢i) a(Bi) a(Ni/ N;)
1 - 0 - - - - - -
2 0.0196 1314.6 66967 0.303 748.9 - 0.0300 1362.7 12054.2
3 0. 0466 973.0 20862 1.023 -2163.3 3569.9 0.0980 722.3 3567, 1
4 0.0857 1624.4 18956 0.908 1445.8 2261.0 0.0952 480.7 2256. 6
5 0.1181  2155.9 18247 0.846 -2185.3 1937.7 0.1499 600. 6 1633.4
6 0.2133  2695.6 12638 0.964 65052.4 2231.4 0.2330 12440.6 2228.2
7 0.0382  2930.4 76798 0.957 -8379.0 20225.3 0.2320 2581.2 20225.0
8 0.0507  3289.0 64908 1.563 -58498.3 14699.4 0.8116 29365.2 14698.8
9 0.1488 6354.0 42713 0.558 7165.3 21951.2 0.3759 3346.1  21951.7
10 0.1180 3647.8 30913 - 14664.8 - - 14664.6
11 0.1083 - - - - - - - -

3. PETERSEN %, SCHNABEL ([ k3%

PGk ORI X 2 DIAME v, o T RGO & [W—0 B ATl D & i
L, TOMHEEIC X 02 5 2 5 R RBFELR W ERETIUE, LR PETERSEN Hids
X oY ScuNABEL (1928) 12 & i Xl Xt R C X Z

PETERSEN DHf5i: 3,
Nz niMi[ mi (6)
T (N = VMEw (i m) Jmd (7)
SCHNABEL O f{f:i2 1\

i=>" e Mr | D mer (8)
k=1 i1

Mk b E X DikD X DIl 5.

(i
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:;‘;,_“li (sk—mk) (9)
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Table 6 Population estimates for the red sea bream population,
by the Petersen method and Schnabel method

Petersen Schnabel

as NN AN

~_ Date i Ni o (Ni) N
July E M 1 - - -
L 2 34433.8 4921.1 34433.8
Aug. E 3 55184.0 8414.9 43992.9
M 4 37191.2 3360. 3 40202.9
L 5 33322.1 2041. 2 36494. 2
Sep. E 6 23240. 3 1405.8 32116.9
M 7 138765. 5 25271.7 36665. 2
L 8 114461. 2 15931.9 41894.3
Oct. E M 9 44104.5 5537.5 42046.7
L 10 56836. 6 5419.7 43677.0
Nov. E 11 66024. 9 10114.3 44602. 0

4. BEVERTON-HOLT %, NOSE ZIC Kk BHTF

ik s - [ ROE (T3 X O dwmuﬁitﬁtmdcié&m4$;mioﬂim¢7'1‘
W% &, LA N BEverTon and Hout (1957) #5 X OYEEA (1961a) 12Xk b x|/
e »FIHlcED

BevERTON-HOLT O #{f:4i: =\

0 m; = _ Iesy { — *(F+T+Mo)}
log ¢ mi=log e T+ M, 1—e
—(F4+T+My (G-1) 10
1— ¢ =1 — e~ F+T+M 11

S FETHM, . 1
Ni= . =

Nose D #ff i

bge(ﬁj):l%ec%»(l+¥;)+TUVD 13

N\ N
No=so/ a (14)

00, @0, Ve # T 5 FIHO IR E OREL log e mi o lRIHFR CE5 XD 75
F e THM M TE, Tivd EAMHOEEREDLAMO BB E e TE s L%
AL TS, RO, WIENFRT 12k 5 G U OEGER O OX L log e (nifmi) D[ANFH
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Fig. 5 The relationship between the time and m;, time and (n:/m;)
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Table 7 Estimations of population size and various kind of rates on
the per ten days basis for the red sea bream population, by
the Beverton-Holt method and the Nose method

The Beverton-Holt method;

The instantaneous rate of total mortality F+ T+ Mo 0.3576
The rate of total mortality 1-¢ 0. 3006
The instantaneous rate of fishing mortality F 0. 0542
The rate of fishing mortality 0. 0456
C{‘i}rfhllri]:ﬁ?ggtaneous rate of natural mortality plus tag T+ Mo 0.3034
The rate of natural mortality and tag diminishing 0.2551

A~ 101630
Estimated population size N ~45867

The Nose method;

The instantaneous rate of tag diminishing T 0. 2038
The rate of tag diminishing 0.1713
The instantaeous rate of natural motality Mo 0. 0996
The rate of natural mortality 0. 0837
Estimated inverse ratio of tagged fish in the population 1/« 31.1073
Estimated population size ?V\ 101908

V.

E

#

MR AT 0 RO K & é%.—:ﬁ%ﬁdwi AR =l T DK, B DR T O
MRAR ORI A EO X STl 352, HDVILRERINIZE S5 2 5080 5 ik
OB 2 (g, 1974).

IRk ECOTE AL A& WA U 7 PETERSEN (ClE, a1 S K (9)C St S, RS
~ 4 OGN AT YOR & T L 7ok BT 6 X &7 % . JOLLY-SEBER 1T, Jifikeod
JE O B OTIHIOMENE L v & UG, SRk RAREE e LCh 0 (R(2), ok
1% PETERSEN L CHEW L7 BGHIAARE L D b < HEEdhTws GES#, M6X, 6
EDX

fE>C, PRk & ago b e LT sz (A(3), (6) ~« 1 &EREBEHGE
{2, PETERSEN JEODL A LD TWAHDIE MR THA 5 CETRD. BIICIE, M
FERX IR C X 70 ¢, JOLLY-SEBER JHIC & D #inf SN/ {BED L pMERAIE A E WV & & 4
Cd 7% 5. JOLLY-SEBER jEIZ X S HEETIX, BT H N4 %967, 0007 Sl L, 9 A
LA IEE913, 00012 & 7 5. Z D #5965, 000 DI X D, 9 Hihaiziddy 77, 0002 & [A|
H3 %05 10H MAIZIEE 724931, 000 wﬁ/yucw 5 (GBS, BT7HD.
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THsH5. Frz, F—MICHISECL ~ £ LA ERTs ok m,%¥%®m%
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Table 8 Monthly catch and recaptures of the red sea bream, by commercial fisheries
in lida Bay (A) and in the vicinity of Iida Bay (B), and the proportion of
tagged fish in the total catch

(B) Angling, Long line, “Gochi” trawl,
Trawl.

(A) Set net, Gill net, Beach seine.

Date n m a n m @

July 13064 3 0.00022 6562 1 0.00015
Aug. 21070 53 0. 00251 6444 1 0.00015
Sep. 6839 51 0.00745 12459 9 0.00072
Oct. 10468 31 0.00296 43694 104 0.00238

Nov. 4171 - - 16667 -

ORI Tk GE U T 2 D IR EE T X 2 2072 X D 2 BR< 7200, Tl ORIz w5
5k 12& LT, BEVERTON-HOLT 72 R U CHEwE L7 &h2E0E, 7H &« ) »b
8 A FA)DRTT#100, 000~45, 00072 & i S 4y, FERIC, AR RA% D )ik
D12L LT, Nose LzFIN g, i mioBeforffbeTcsd2, ZZTIETH
~8AMETOFKT — 2% F D THENL TV 5DT, LOMOEY N ElE ke L
T#9100, 000fE 132k B 7z,

BevERTON-HOLT 7112 X AU1E, FIAASELC & akRFE 2 LA L7z FeR1E, b —aE &I
ELT, 0.2251 L i Shrs, Shun D NOSE i X 0 iz L7z 1A DR D ik « 1k fa
DIETT7 ET X A IEEGHRFER (0.1713) 222 L51< & HRIETTRA20.0837 & L ThdpbHND

GE7TR) . bbb, IERE « KLk E2 RV MiR 72D ARET DA% HRE L7
Bityo, = &4 1Xfa0 1404 5%:£120.9163 TH D, ik JOLLY-SEBER LI X D HEsE
XNz ¢ La]U k& >, JOLLY-SEBER JEIZ X, &A)O HEEREY #2352 &8 T
&, TORRIIE K DA THTER0.9% 2 Tk (5 %), ¥Firta BEvErTON-HoOLT
& NOSE i & TOFEU E—53 %, WTFhITLTh, v & 1 10D HRIECIIHR DN
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