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Studies on Movement and Migration of Red Sea Bream,
Pagrus major, Based on Scale Reading

Takashi Tojma

Abstract

Red sea bream, Pagrus major, is one of the most important fishery resources, with over two million released each year for stock
enhancement in the western Japan Sea. Therefore, the comprehensive management of red sea bream stocks, which consist of
natural fish stock and released fish stock, becomes necessary. In this study I wish to clarify the movement, migration and
distribution of 0-age fish in the western Japan Sea, describe a tentative method for separating the local populations by means of the
radius of the first annual ring on the scales, and consider the necessary stock management strategies for sustainable use of this

commercially important population. The results were summarized as follows.

1. The appearance of 0-age red sea bream in waters off Kyoto Prefecture

The time of appearance and fork length change of 0-age red sea bream caught by set net fishery in waters off Kyoto Prefecture
were examined. The 0O-age fish appeared in the last ten days in June when they are 35-45 mm in fork length, and more
abundantly from July to August at 40-70 mm sizes, in September with 80-90 mm sizes,and in October with 100 mm and longer
length. Itis believed that greater quantities of 0-age fish were caught by set net fishery as their area of distribution expanded as
they grew. In September when the number of the fish tails decreases, it is thought that 0-age fish began to move from the fishing
ground of set net.

In the western Japan Sea, the size of the 0-age red sea bream, which appears from the summer to the autumn, was the same in
Wakasa Bay from the western part of San’in Coast, however, O-age fish, which appears in the area around the Noto Peninsula, are
smaller than these fish, revealing slight differences in the growth among 0-age fish red sea bream in every area of sea of the western

Japan Sea.

2. Regional differences in the first ring radius on the scale of the red sea bream in the Tsushima Warm
Current Area

The possibility of group separation for red sea bream was demonstrated, based upon the first ring radius observed on the
scales of the lst-age fish collected from six areas of the Sea of Japan. The radius showed various sizes, and the size compositions
by area could he separated into three groups such as north area (off Aomori, Akita and Ishikawa prefectures), central area (off
Kyoto and Shimane prefectures) and south area (off Nagasaki Prefecture).

There is a positive correlation (0.939) between the mean radius of the first ring on the scales and mean temperature at the
depth of zero meters. And it was found that a significant relationship exists between the mean radius of the first ring and the
duration in day for which the fish were thought to have developed in more than 18 degrees Celsius water temperature. The
smallest radius in the north area corresponds to the shortest period while the largest radius in the south area to the longest period.
The appearance of these considerable variations in the scale size was suggested to be mainly due to differing growth conditions,

namely the temperature difference, during the fish larval and post-larval periods in each area of the Tsushima Warm Current.

3. The change by the age of the first ring radius on the scale of red sea bream

The compositions of the first ring radii on the scales at the age of fish caught in waters off Ishikawa, Kyoto, and Yamaguchi
prefectures were examined. In the sea off Ishikawa Prefecture, little change occurred in the composition of the first ring radii,

even if the age increased. There were many with a first ring radius of less than 3.00 mm in any age group. Lee’s phenomenon was
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observed in the compositions of the first ring radii on the scales of the age of fish caught in the sea off Kyoto Prefecture, and the
percentage occurrences of those with large first ring radius increased as they get older in the sea off Yamaguchi Prefecture.

Lee’s phenomenon is apparent in the first ring radii on the scale readings of fish 1 to 4 years of age caught from the sea off
Kyoto Prefecture. The mecan first ring radius increased from spring (April—June) to autumn (September-December) and
decreased from autumn to spring in the following year, and the percentage occurrences of small first ring radius increased with
their ages. The causes of Lee’s phenomenon have not been identified yet. Based upon the regional diflerences in the first ring
radius on the scale of Ist-age fish in the Tsushima Warm Current, it is partly caused by their movement and migration toward the
northern or southern area.

If the changes in the first ring radii on the scales of red sea bream in a given area reflecting the extension of their habitat are
associated with their growth, the differences in the first ring radii on the scales can be a key to their migration. Using the result of
the change of the first ring radius and the tagging experiments, the course of the movement and migration in the western Japan Sea
was estimated as follows. The part of the northern population distributed over the area around the Noto Peninsula moves south
to Wakasa Bay. In Wakasa Bay, the transition of the local population of the red sea bream is caused with the movement,
moreover, the fish that emigrated from Wakasa Bay move south to the western part of the San’in Coast.  This population mixes

with the south population, which moved north from the western part of Kyushu.

4. Transition of local population of red sea bream in Western Wakasa Bay, estimated from the first ring

radius on the scale

Based on the changes in the radius composition of the first ring on the scale with the age of red sea bream its migration, or
immigration and emigration patterns in Western Wakasa Bay, was estimated using fish 1 to 6 years of age in the 1991 year group,
fish 1 to 5 years of age in the 1992 year group and fish | to 4 years of age in the 1993 year group. In the compositions of the first
ring radii on the scales in younger age groups (fish less than 3 or 4 years old), it was revealed that the percentage occurrences of
those with the small first ring radius (northern population) increased with their ages, while the large first ring radius (southern
population) decreased. Based upon the regional differences in the size of the first ring radius on the scale of Ist-age fish, it is
suggested that the northern population migrates into Western Wakasa Bay and possibly mixes with the local population (the
medium first ring radius) in the Bay.

It is thought that among the first ring radius by age, fish with a ring radius of 3.4 mm or less which had an increasing
appearance rate were immigrant fish. The changes were approximate in the following equation in the increase rate ¢,+,/¢; by the
age 1. .
$i+1/$:i=0.3533 exp T (Coefficient of correlation 0.8224)

The exchange percentage of the immigrant fish and the emigrant fish estimated from this approximate equation is 22% from 1 to 2
years of age, 14% from 2 to 3 years of age and 9% from 3 to 4 years of age.

The composition of the first ring radius on the scales of Ist-age fish collected from six areas in the Sea of Japan could be
separated into three Gaussian distributions in which the average radius and the standard deviations are 4.4410.33 mm (Type A;
western part of Kyushu), 3.661£0.31 mm (Type B ; from western part of San’in Coast to Wakasa Bay) and 2.68+0.28 mm (Type
C; off Noto Peninsula and northward) by means of the Cassie method and the Taylor method. Based upon the change in the
estimated catch in numbers by age and three types of radius (Types A, B and C) in the 199] year group, at least about 10% to 40%

of red sea bream at 4 years of age might participate in their immigration or emigration in Western Wakasa Bay.

5. The analysis of the age and growth of red sea bream based upon the movement and migration ecology

Age and growth of red sea bream were estimated from scales of 2,292 specimens collected from the sea off Kyoto Prefecture.

Scale radius (SR in mm) was related to fork tength (FL in mm) in the 1991 year group as expressed by the following equation,
In FL=1.055 In SR+ 3.449 (Coefficient of correlation 0.984)

The information of the movement and migration of red sea bream was used. The von Bertalanfly’s growth equations were

estimated for each group for fish belonging to three types of radius (Type A, B and C) which were separated from the size with the
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first ring radius on the scale, Type A: Li=614.1 (1 —exp’ 018G HOTTINY Pype B Li=577.7 (1—exp *'7FV 037390y and Type
C: Li=536.3 (1—exp *1°1°0+00190N " yhere Liis the estimated fork length at full age i in years.

The estmated fork length of fish belonging to Type A with the large first ring radius was longer than fish belonging to Type C
with the small first ring radius, suggesting that the growth in the early stages influences subsequent growth. Also, differences of
20-30 mm were observed in the estimated fork length of €ach tybe. In Western Wakasa Bay, it is thought that fish showing three

such growth curves existed.

6. Discussion

The present situation of the management of red sea bream stocks in the western Japan Sea was discussed in consideration of
the effectiveness of stock management in protecting 0-age fish. In the western Japan Sea, for the morc effective stock management
of red sea bream, it is necessary to establish an appropriate management area to have adjusted to the area of the movement and the

migration. For stock management to fulfill its function effectively for fishery resources, a reformed management system is

indispensable.
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Fig. 1. Annual catch of red sea bream.
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Fig. 2. Number of seeds of red sea bream artificially released.
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Fig. 3. Locations of Minato set net fishing grounds to
the western part of Kyoto Prefecture.
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Table 1. Number of individuals per haul of 0-age red sea bream.
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ORIEEFIRR S h-v sy A MFEr & THREL
RELLZSAIIOWT, BEROBLEIEDNE*
Tore T, RAEATLOLRUEBEATEH DS |
H&7: ) ORERE KD, ShelfiREZie L,

(2) V41 HmANHER & RBREY

BEFMIIBITA I Bhoh 0w 5 {4 BEROEBHREYK
% A Table 1 1SR L7, BREMMTIE, <51 4%A
OHL 5 A3BD6hY, BELL 6 ATHEN O
F o Tz, 1992 Tk | BhH7- ) 0Lz 6 An o
7RIZHTTHEIIL, 7 AIZI81.2R/B &b Eh o T,

Aug. Sept.  Oct. Nov, Dec.

70.7 24.0 69.3 * *
9.0 7.3 13.4 27.9 34.0

245.9 165.0 * * *
245.3 35.4 25.8 27.9 34.0

Year/Month May Jun. Jul.

1992 0.0 140.5 181.2

1993 0.0 10.7 87.8

1994 * 15.0 236.3

1992-1994 Mean 0.0 82.0 100.3
*: No data.
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Fig. 4. Fork length distributions of 0-age red sea bream caught by Minato set net [rom 1992 10 1994.

8 AR REEA L, NI YA SEai
BRDONE L o572, 19935 T 7 Allind % S
n, 9 ADKEI2A T TOMMELIZ7.3~34.0B/HTH »
Too 19M4EDBBRENE, TADS8AIIHITTS6.7~
306.3B/HES L, 9AIKEEBAI LT, 2B, 374E
DOF¥TIL 6 A82.0/L/H, 7 A100.3R/H, 8 A245.3/
BBELU9A3.4RB/ATHY, THESANVEBLT
SHEEBHRIIE L 25T,

(3) vH 1 HRADEIRMEM

19929E 1 H 1994 BT 5~ & BEADIR LMK ¥
Fig. 4 IR L7, BEBERCHIE SN/ <51 4ADA
SRR FARBOMETS L, 19924 ) &5 19944 F T I A4E{
LTHY, UTOL ) i@tEsLons,

s ERMIIBESNEDL 6 A (TH) 0wy 15581
BAE 22~50 mm OFEETH Y, 35~40mm DL DO
FHRTH -7,

BRI E N -7 TANS8ATTIE, FRFNRREI
£ 40~50 mm, 50~70 mm @ 2 DDHENSHIRL Tz,
« 9 AICIARRIL 80~90 mm Db DHNE L 2 Y, FHAH
Bon o/ 1994FE LR L, 10AIERBIE 100

BENEHIZ L B~ 5 OB - EHEOBITICE T B35

mm LD BESEED10~65% % LT 7,

W I N2y A LFAOAFFHRELEY Table 2 {2
L7 3TSEINBIIBL6ANLIADFEYRAEZ A5
¢, 6 A7C 33~40mm, 7 A T 43~50mm, 8 A T 56~
65mm, 9H T 83~89mm THhote. F7/2, AT EDE
WRREMN®EIF, 6 AL 7ATE5~10mm, 7AE8A
T 13~16mm, 8 AL 9 ATt 24~29mm THY, &
DWRBEIZBWTHFHLIRIEIS ANSH 9 AII0T Uk
LRELMB LA,

F7, 6ANLIABITAYY A UFANEIRIL,
BB L FEROICHEMTS (B, 1981) ZEhbH, O
FONEYEEMICN T AERTEML (Fig. 5. SFD
B, RATREND,

19924F ; FL=5.341T—11.677 ({HE4E%k0.874)
19934F ; FL=5.623T—10.353 ({HR4%%%0.785)
19944F ; FL=6.422T—11.326 (fHR4%%40.832)
FL, BX% (mm), T, ¢ ALtA% 0 & LW

(4) % B

-8, EBBIET T Y Trachurus japonicus < A T ¥



Table 2. Monthly changes in mean fork length and standard deviations of red sea bream. upper: mean fork
length (mm), lower : standard deviation {mmj).

Year/Month May Jun. Jul. Aug. Sept. Oct. Nov. Dec.
1992 * 33.1 42.7 55.8 83.3 96.1 * *
* 3.79 6.23 . 9.33 10.42 16.22 * *
1993 * 39.2 44.5 60.1 89.4 104.9 107.0 119.6
* 3.14 6.45 8.33 11.19 . 13.56 15.86 19.57
1994 * 39.7 49.9 65.3 89.0 * * *
* 3.83 10.06 9.27 9.68 * * *
*: No data.

Sardinops melanostictus & Vo I2IFRFICAKR I HRFE
WERAPFLL, AMLTEA30YRETLIEEL SR
bo LL, ZEELBUOEFB T, BRESITCY
(T H 4 R8T X Paralichihys olivaceus 72 & DIERBLEIZ DN
THHE LM T LMEERE T 5720, EFILEL DA
HOAABLUEES R E LD, $72, 51 SRBDER
WD A IR S 2 TRV, L REIRD7 T 1%
BATH, @il L TEIB*T) &L hEEA
WKAHET R Ea NS (FE, 1977), BEEAEHO v A
YUEATHERBESERINTY S (K- DI,
1981) Z &b, FERMICHT S LD L ) L3 fITEIA
AL BE LTV B T REME IS U,
SEDOREERD S, 7 YFRBOEEBE CHEMES
NEDHHEDE6ATHETHY, TOXKESBRILE
35~40mm THo /T EFALDII R o720 HEAFIGE
M BWT, v ¥ A DEEROKE JIERIEKE 10~20
mm THbH, HEKEHE6A LOE HEGATIIKE
10~15m ODBERHTHL (FHiEt, 1984), HEEDN
T, EREREICL L5 0.7 mm/BRIBCHREL
(REFIE A, 1980 ; BFA434, 1980 ; KM, 1986), FFiC
PENEFKRIGELS 25 (FERIZA, 1980 ; B, 1986),
INLDI Eh, ¥4 LFAEEE»S 1 7 A LA
FBEBT S OMESICBE L, €088 CELEICES A
BLIEDHLEZZON D, FDHK, 751 LMz 7 A
HEELTREIE 40~50mm, 8 AIZid 50mm LlEE %
D, EEETKIMIEBEIN, SHOZ L3754 2%
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BOE LB O OREDBESNT VS b D EHBFT
&5,
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%A B E, BARESAEEEE BESINEEE T, 7AT
FHhe8AIIETE 50~70mm, 9 A2iE 80~ 100 mm
DOEEDNE L, 10ALUBIIHET AV f UFanREX
EdREAED 100mm ¥ B 5 (BBKER, 1989,
1990 ; BBUKER, 1993), 7/, EPELETALEHER
BB irb~v ¥4 4k, 7RICERTEDN 50mm
THIBL, 8 AIZ60~70mm, 9 AiZid# 80mm &7 0,
10A 124 100 mm L EIZERET S (F@HEtE, 1982, —
F, BEREL D SAIET HA)EBEHE TR, <5
1OHFKREHT7TALGTHY, TATHCELE 20~
40mm D25 A LRALVHATE (EFRi3d, 1980), [
SIS BT D L4RAORIERE, 8 A 30~50mm, 9 A
{2 60~70mm &% Y, BXEK 80mm Ll L@ dos i
TLEHIZIOALBTHL (BRI, 1980), S EMAE
AT o - BEBRF IS B HEIRIC BT B ¥ A LB OB 2
K& S, BREBEEG BRERRIEES L CBHE
BRBHTOZTNEIZFLTH Y, AINBBEERLY
bREN o7, BRBATEL TEEN LK I TH
BHYbvy A SFABNOKE S, NBRBEY»SERERE
AT TR~ 2%, RERELETMR it
LWL Db 3N Ll b,

FAESKF IR AR TE O L g s /v 5 1 LA
DEERFIIEL, Fig. 5 IWRLAKRERD X YA % 58
B ERETNE, 4 AT 5 A LA EETE B,
Z i, [EHEEIC B ARADRKMIKR (B8, RFER)
E—E L, WIBEHFHEHRD 7 51 OEIIE L I2IZEBET
S5 (BN - Fk, 1988), --F, BEEIBADERICE
YA 51 DEIIRERIES A TErb 6 A LETHY, =
BRAFIS AR ICHNBE EH 1 T AB T2 (BRI
W, 1980), Tk h, RN EL L EREIREER &
BEE B ELHEEI BT 2 LRADHIBIRROBV L,
AR MR BT B 5 A OEIIEHO T IIE L
TWAI Ebtbhh, $7:, URAMOBRICL ZREE

FERRFN HEEEt o ¥ BRI 6% 20004
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Fig. 5 Changes in fork length of O-age red sea bream from 1992 to 1994. The solid (1992),
broken (1993) and dotted (1994) lines represent regression lines between days and fork

length.
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F2E YHABOE | REEROEEE

BHEOBE) - MERRAEET 010, BHgRE
2HBMAED L D) RREMNSA BT b o 2o EEE
PHHEEEINTVEOPE2 T THOMIL2IThER 5%
W, BEOBEENRES L TVAAETIE, FRLEADHA
HEL S, ST 500MEhDENVEL LD,
TERD O OEEBEMRBNEE LT, BEIRADOLE L VS
T RERORE R (RR - TEM, 1957 ; #F - $K, 1959), 4B
SRR OE G (8- 1L, 1957 ; ¥R, 1970), T4 VI
4 4% miDNA % 8 & B REFMSITFE BRI,
1985 ; THHEIZA, 1996) %, W {2 DHEHE  DRIRE
EIZL > THALNT AT, FIEE, WEENSITFE
ORI IITbN, <5120 TH miDNA &
i L BBEHEOZERIRE % & OBRKE VR RS &
NTw3 (Tabata and Mizuta, 1997), L& L, ZDFHiEk
HRWERIIOZ YR SN HEHEEORZINZEEATY
A%, EHTCEHRICBITAHOBA - EELDE RN
LR LEEEOSHIIS LTS T V@ L Ty,

-7, [ CRERSEE S RFOBEE O LT
1, EE, BRPBL COWASEFIR L2 R 6
SEEDHAT bR TV B, RIS, A OREMHE
REER OB ST e MFEICER AN -0, F

BB L B~ ¥ A DB - B ORI S5

AR EY OB EDFEEFRIER SN TV LD
B BIAITEET, BEBOREEAREDORE L DRI
HBWIEDEE LS Y, BIIER AN AREEOMKEE, &
BREASRKEWIIELLEC %5 ({BEEA, 1973; Bilon,
1975; Fisher and Pearcy, 1990), ~ ¥ A O#id s 5B
MEERZBHETH Y, WEHBICEHOFLHSELH
KICREERRMBS LT, #EICHEbhBEREMOE N
(REFME) FLERESOBRESSIIIIVBEEINS
BOOFEHRIEEL LTOFIMER, BIRIELEATWVWS
(ZR, 1962), BERDLITANTELEBITL B~ 5 M DE
e MRICH Y BAFRER (ORIE, 1960 ; =&, 1962 ; #
£ - BE, 1967 ; BT, 1975 ; KK, 1984) % H#id
DL, WESN/<51 DERT EOERER, #HEICL -
TRE-TWh, $72, BITRLAE DI, HEAFL
Bapd & QR BAEEE T, RREIZBRTL 45860
REZRRELZ TS, BRI LICER I EBITOR
FEEFE L TWAIEES, FRREEHIZBITAEKORE
BEOZE LTHOE | HFICHbLR L,

B AR R ORI A BT A< 5113, [iZEHS
WFRE L B EETBTTE, BEOLZA, BEELXT
Han Ty (HM, 1994 ; HHiBE, 1996 ; Tabata and
Mizuta, 1997), LA L, SERRTE TI3AFIE M5 v 18R o2
BULBESSERERINTEY, RIEFEHIEEREL
BOKRER 1 DOBEEICELTVLH, BRI TR
o BERRE BT YA BOTEENSTS ESNDG, &
BT, Z08) 2BEEMEINEBELEEE (BRTEGL
B¥ ; local population) %A+ 52 &2 BMIC, <41 1



HADBIIHEEINEN | REMAROBIT YT o7
(1) M & HE
v S ABEOE | BELWET B0, 19924174 Fig.

6 1R L RITIBGFT RS, BRIZKHINE, FHMS

B, BNRmnE, KEEBEBLAO S B, 5 Gt
1,308 MMM | A XINE L, 1993FE I FEAFL R L&
HERXFEBEO 2 iR 5 BE357EED | A% L4
L7 BEBO~ 51 OREMEL, WAEEAD, #EHE
EHBLURIEY Table 3 IR L7,

45N
Sea of Japan 140
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Pacific Ocean
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—_— _‘L’ 410 l° 3“
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Fig. 6. Sampling areas of red sea bream. Numbers
1-6 indicate locations where the fish speci-
mens were collected.

IRESERAL L, AP RBORAKE T EEL, | BiEID
5 ~ 0B D8 % 1R L7124, 3 %BAKBEL S ) 2B
BHtL, T5IkBtn % LTEREREIRDAS A P
S AIRATIERE Lz, B, RELLTFLIZDNWT
IRIEOHUERITI L L DI, BIIODWTIIBELE
8% (Fig. 7) DT %4757 & | ST ORI,
=R (1962) BLURL - [BHE (1967) oIy, 8

Fig. 7. Method used to measure scale radius and
ring radius. SR: scale radius, 7 : first ring
radius.

Table 3. Sampling areas, number of samples, date, gear, and fork length (FL)*standard deviation (8.D.) in 1992 and

1993.

Sampling areas Number of samples Date Gear FLES.D. (mm)
Imari Bay, Nagasaki 198 Jun. 3, 1992 Gochi-trawl 164127
Taishya area, Shimane 199 Jun. 21, 1992 Beach seine net 152+ 9.9
off Kyoto Prefecture 481 Sep.—Nov., 1992 Set net 183 £23.7
off Kyoto Prefecture 143 Sep.—Nov., 1993 Set net 181 +22.3
Kaga area, Ishikawa 238 Sep. 19, Oct. 1, 1992 Danish seine 136+ 12.7
Oga peninsula, Akita 192 Oct. 1, 1992 Danish seine 153+ 6.7
Otose area, Aomori 214 Nov. 15, 23, 25, 1993 Set net 1651 10.7
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BB & IZIFFATISERE L CA LN D IERMOE N & i

DEHEL, WEMPNREL DL L TOERLE | HIE

(n) &L, BOMDEIET DT COEMH LBHE (SR) &

Uiz 72, BERMBAHC, EREBOENORTIM
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Too BEBTBRNAS5HOBKIZDOWT 0.0l mm BT T
WEL, £DTHE* K@MEDAEKMBEE L7

/0, HEBEAGESREY -2ty —RIm LY
HWEREDOKEOm OBFHKER KD, IhrbER
FEigKiEEEE L,

(2) HERKKICHIIEYZ 1 1 EADSE 1 HEAK
19924 AR ER L7 5 DDMWBIHIC BT A< ¥ A #D

20 T
Nagasaki
ol Dl or =446
i |8.D. =045
n=198
0 —
— T .
Shimane
20 D =360
: : i |8.D.=0.34
0L H : P =199
0 “I_l_\ 1
T 2 - - _
= ; — : Kyoto
- oMU : 71=3.79
o : : 5.D.<0.60
; _.—.—l—l_ﬂr | "
LY
0
=
o ; ; T ; -
@ 20 f H : : | Ishikawa
- : : : : : ;=075
[ : : ; 1| 8.D.=0.40
10 b -l_lr : : ; n=238
1
Akita
20 —
=66
: : 8D =032
10 : : Poa=19
0 —I_h—\ : ; .
1.0 2.0 3.0 4.0 5.0 6.0
r; Ring radius (mm)
Fig. 8. Frequency distributions of the first ring radius

(r1) on the scales of red sea bream from the 5
areas in 1992. 7,: mean radius of first ring,
S$.D.: standard deviation, n: number of sam-
ples.
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Fig. 9. Frequency distributions of the first ring radius

(n1) on the scales of red sea bream from the
sea ofl Kyoto and Aomori prefectures in 1993,
ri: mean radius of first ring, S.D.: standard
deviation, n: number of samples.
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Fig. 11. Sampling areas of red sea bream.
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The shaded parts indicate fishing grounds,

and numbers 1-3 indicate the locations where the fish specimens were col-

lected.

14 BENHIIL 575 A ORDY - EEORITICHET 585



BIZIBWT, 254 | REOBENE | WEMMR % LB
LICER, BB CRBEI AR EENE L M
BHSFEL TN I EMBELPIIR o ATETH, <
YABEOE | BRFsEEEORE, Bk OMELHSH»
KA LR BENC, BAGRMOEIRIGREEE, T
AR EHHRB £ IO BRIk IC BT 5% | BiRMAR %
FEEHINIAN, B RERANOFERIZL DB, ST S
NBEZFADHEIIONWT, EHREHEIZLAMBEMAT
REf L7ze 351, HBREHERO S A1 HIConT

BB | BITER AN, <51 OFHB LB s D
BIEAMET A LIl L T, REBEORL LEKRBED
DIAD Lee MBE x| ERIFTIEEIRLT,

(1) MEMFEFHE

AL I, 19924 A S 19974 T, B AdTHERD
BINB RS, FEFGRERE L O DGR
BT s o<y A4 272 (Fig 11, Table 4), %
BLIRTOT T LDV TRIEOIEFITH & & L

Table 4. Sampling areas, year group, age, number of samples, gear, minimum and maximum fork length of red sea
bream.
. Year Number of Minimum and
Sampling areas group Age samples Gear maximum fork length
off Tshikawa Prefecture 1992 l 263 Danish seine 115-194
(Noto peninsula) 2 123 Danish seine 151-229
3 31 Danish seine 214-272
4 108 Set net and Gill net 237-346
5 87 Handline and Gill net 267-341
Total 612
off Kyoto Prefecture 1991 I 657 Set net and Handline and 109-266
2 653 Longline 140-333
3 323 186-381
4 322 244-438
5 211 273-453
6 126 321-491
Total 2,292
1992 1 366 Set net and Handline and 100244
2 311 Longline 153-332
3 228 188-391
4 207 268-442
5 143 303-482
Total 1,255
1993 1 248 Set net and Handline and 118-262
2 76 Longline 147-323
3 82 282-438
4 60 302-444
Total 466
off Yamaguchi Prefecture 1992 \ 155 Danish seine aﬁd Oki-tateami 150-23]
2 158 164-279
3 129 182-347
4 72 325-380
5 67 347-454
Total 581
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W, BERIRE L, 54 FEXRE LABRIIEREECIT-
o BFMELEETo v & A1, 1915, 192F B LT

19930 548 (LLFEFRFR, 9IEMRNE, RNEHBELLY

BEMBEET2) IZKFL, BE SR BLUE I &
(r) ETEEREHEYH VT 0.0l mm B FTHE L,
b, RSN, EARLE S L OREZEOHNIEERD, 52
HERMTHL, 7275, BELEIBEOWUEIIB
T, FEMFInREROFRIEFEI/ERNE L0, o
2HHRITOVWTRMEENR R 5727280, MEMICELTD
WMEEIT 5 720

REBEIAATRAEZ L > TE L ABFEOREICIOW
T, FEHE LRI B L~ 5 O
ZEERIROMAADIS % EERAEE ke, £OHHEN
DUEBBOALZHRATHI LI Y, BEOK -(LEH-
720 EHII, WAOYIFEEL, MEBHILLENELD
ZEERB D, FHEHE TR S R0BEDOBEDE | &
BE, EEHEMBROMEY 2 BATFERFICRATY, £h
FROBEBIIEN 2N L ETOHR L1,

SROBFICAVAESL, AIIRIBERRTIE92F

: : i1-Age!
20 - | 263
0
9
Ead
&
=
L)
=
o
Lo
1)
9
55-Age§
n=87
i
1o 2.0 3.0 4.0 5.0 6.0
r; Ring radius (mm)
Fig. 12. Frequency distributions of the first ring

radius (7)) on the scales of 1992 year group
from the sea ofl' Ishikawa Prefecture. Ar-
rows indicate averages.

BT L B~ Y A OBAY - BIEORT BT A58

BED1FREDS 5 HADOAH6I12AK, FEBMFNA IR
TLIINEMRMED | AN S 6 BB DOEEF2,202ME1E, 924
BREED 1 AN 5 5B DOEE, 255@ 1K B L F93EHREE
D1EAD,S 4 EADOST466RETH Y, OB BT
HTIXRERED | REDL 5 FADOEESSIEATH -
72 (Table 4),

(2) BIRBIE | wWEAR & T DFEREL

(a) AINRREFR
AHBRBRBEO~ ¥ 4 BOEKGE | WIEMEK T Fig.
120278 L7z 1ERAOSE | RIFMAR T, HIHEHEGER
£ 1.8~4.4mm, £— FIIB®F 2.6~2.8mm (Z& 51,
EHE I BEE 2.88mm ThHo7o ERBIIBITD ]
RADE | WIFHEROBHMA L L 0t — Fit, IIFERLE
(821 Fig. 8) DEFREHBE L CELRURRD LN LD o

20 : : :
: Pk i 1-Age:
10 - : : ; n=657;
0
20

10

0
20

10

0
20

Frequency (%)

10

0
20

10

1.0 20 3.0 4.0 5.0 6.0
r; Ring radius (mm)
Fig. 13. Frequency distributions of the first ring
radius (7;) on the scales of 1991 year group
from the sea ofl Kvoto Prefecture. Arrows
indicate averages.



720 2ERATIMMBOE— Fid 2.2~2.4mm 1T
L, FIMEIE 2.5 mm Thotoo 2BRADKEHAM T
3.8mm ¥ B HREME MBI, | A
T 5 EHBE 3.0mm RimOBEOENE128928% 80 LT
Wi, SEEBILAE AL, AEOE— Nt 2.4~2.6 om 1T
WIZHIEL, FHEIL 2.82mm THhol, AL LD
) BEARTIE, AROE— NI EOEREIZBNTY
WiE2.4~2.6mm (CHE L, FEHIZLAB{LzED 5N
hote £, 4BAB LU BADOTLYE | REL,
FRFN 2.68mm BL U 2.64 mm TH -7

ERBNE I REFABRCEDOLHBE 1. Omm BEHITE O
HIBEFROEHESLRkDDL L, HE2.0mm UL 3.0mm
KiBOMAEDENEIL62~88% Tdh 1), EOEBEICBNT
LD D o770 BIZ3.0mm L 4.0mm KFTHE, |
REE SEATII~35%Th o o4, MOERHHETIL
0% TFTTHoly BIE2.0mm RFOBEDE SILE
DEHBBIZBVTL3BUTTHY, BE4.0mm L

9
-
L5]
=2
@
=
o
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T
i
20
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0
1.0 2.0 3.0 4.0 5.0 6.0
r; Ring radius (mm)
Fig. 14. Frequency distributions of the first ring

radius (r) on the scales of 1992 year group
from the sea off Kyoto Prefecture. Arrows
indicate averages.

DM 2 U ERTIRBE LD 57,

Pl L5z, ANBBRRHEO< S A Tk, 1 ®BE
MR D E— FRFHMEITEHIEINL TR 7% <,
EDOEBBIZBOT HEHE 3.0mm RBOBEEOEEH
ElhoTWi, $bb, FEEOE | BEMAMKICILHE
B Lee MBIUIBDO OGN L 5720

(b) FREFFARER

TUERRTIO B HEIE CHaM S /-9 EEMTE, 2ERBB IO
BERTF O~ ¥ A EHINE | BREMK % Fig. 13, Fig. 14
B LU Fig. 15 1R L7, 9IEHEBE (Fig. 13) Tit, 1A
BOE | BEONBERMA ISR 2.0~5.6mm, £— Fid
W 3. 7mm, FIEH IBEL 3.79mm Thot, E
BEERIIEDIREMATE OWIRBERL AL E, B
3.0 mm Rl OWEDE ST LEED 9 %, B 3.0 mm LL
Lt 4.0mm R TIE55%, %E 4.0mm LLE 5.0mm 3k
WTIE34%, HWIES.0mm LETI 2% THot, 25A
TRAHEOE— Fit, 8®X3.2~-3.4mm fHEICHEBEL
EHEE 3.58mm Th o7, WEEEIED 5% 3.0
mm EiHOBAEDHIBEEL19% Th Y, | EADFNIC
8L TIONEML T W, 72, 2EADTELE | HE
i, 1EAOENL D OETIINS ol (¢ test, p<
0.01), 3EAIIA AL, BWEF 3.0 mm FiGDAKD HER

20

v 1-Age
10 P n=248
0
X o20F : g f2-Age!
~ ! . : ; n=16
- : :
o 10 -
=
0
=
- 20
@
10
[
0
20
10
0
1.0 2.0 3.0 4.0 5.0 6.0
r; Ring radius (mm)
Fig. 15. Frequency distributions of the first ring

radius (r,) on the scales of 1993 year group
from the sea off Kyoto Prefecture. Arrows
indicate averages.
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EEIZ28% LY, 2BADFNL NV HI0% /ML T
oo T, BE 4.0mm LEOBAEOZEIX13% T,

O BEE E B LTI LT 7, 3ADTHE | BEE .

3.35mm THH, 2FBALN LI oTn 7 (test,

p<0.01)o 4RANDE | BIEMM T, T— NIZHES.1

mm [CHIR L, BE 3.0mm KifOBEEO LIS A
32%, BE4.0mm LLETIE9%THo720 5, 6AD
1 REMBIIOWTIE, 3, 4RAICHE L THIRHA
RHBOE- FIZKE 2Lz ASNT, &E 3.0 mm
KB L UHRE 4.0mm L EOBEOHIEE G, THE
WEREDIFNFNRIN%B L% TH o7z, 72, 45
A, SHEABLUEAOEME I REE, Fheth
3.25, 3.3l mm BLU3.32mm THo7e CNEDE |
BRAROENE TSI OWTRER T 25, 15
ALOBRABLIU2ERAL SHEANE | BEARIZEEN
FRAETENRZ D 5 N7 (Mann-Whitney's U test,

p<0.0l)o LA L3EANIL 6 EANE | BEMBIID
WTHE, AEREEED SN D o572 (Kruskal-Wallis test,
p>0.05)

REJYF (Fig. 149 TH, 1 AOE | HEEAKOT—
FiZBE 3.7mm TH Y, IERBICH T I HANHA
BERUTH7, 72750, %iE3.0mm KL LU
#3.0mm LlE 4.0mm RKFOEEBOLBBE L, Fh
FRI6%BLU62% THY, IEMBED | AICE~NTEH
BONSHEERDEEN L WEHEN R LN, 2EADE
| B EARE, | BAICHEB LTINS WAl
THY, RE3SOmm RHBOBEOHRE E1£40% T
Hoto SHADE | BMEMKIL, 2BAEE TS L
WRENEALNLE Do 70h, 4RAIILRD LT~ NIl
Z£2.6—2.8mm fHAICHIEL, BE 3.0mm EFfORE
DWBEN IS5 MM L Tz, 5 AT, BE 3.0
mm KiGOBEDHB RS 1362% 1 25E LAY, ARDOE—
FZEE 2.8mm Tl H Y, 4ALBENELL LWL
EBICHIE L7, F72, 1 RE»S 5 AT TOREHEE L
WiE, #hEh 3.58 3.15 3.13, 2.9mm B L
29lmm THo2o 2B, FRILOB I KEEARD
ErRMELAKER | BRAL2RABLUSHKALY
HAT, TNENOBBRICEEEN RS SN (Mann-
Whitney's U test, p<0.01), L2 L, 4B LSHEAD
FIBEABRIIOVWTHE, BEEEIFADSHE 72
{Mann-Whitney’s U test, p>0.05),

SHIZBERBENE | EMRL (Fig. 15) A2 5% L,
BB LT 2EA, SRABLU4EATY, BEE
4.0mm LLEOBEEROEIEAH15~20% 8D L, BiliE
3.0 mm KB OBHEDEIE II#10~-20% I L T w7z, £

BEIHRIC L B~ 5 A DIE) - LlEOHEITIETY SRS

72, 1B OFIYE 15RZEIEL 3.80mm THo7275, 28
AL 4RI TIHENEN 3.46, 3.53 mm B LU 3.44
mm THY, 1FEHFLID PSR sT0,

ZDE N, HERFINEREIC BT LS | SR OF
Wil L AERIL, IIERDE, NELBB L USTHRENS
TIZED LN, FOERBIIBVTHE | BEILFRGH
M52 L70%, NS BEEPAR LN,

(¢) IUOBREHER

WIMTESR RO~ ¥ A SO FRBIE | HIFHM T Fig.
16 12/ L7 1 AOE I HEMEKO LIEH % 1Z
2.0~4.8mm THY, T— FLHE3.2mm FTHIZAS
N7z, $70, BE 2.6 mm AN S RILAEDO SR
7o |RADOE I HIEARTHE, ARICED 58X 3.0
mm LAt 4.0 mm R OBEHEOLIBEE561% &k d &
<, ROTEHE 2.0mm Lt 3.0mm Ri#TIX27%, %

20 : :
i 1-Age:
10 ;=155
0
5
-
o
=
L4
=
=
Lo
1
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0
10 2.0 3.0 4.0 5.0 6.0
r; Ring radius (mm)
Fig. 16. Frequency distributions of the first ring

radius (r)) on the scales of 1992 year group
from the sea off Yamaguchi Prefecture.
Arrows indicate averages.



FE4.0mm LETRIZY THo7:, 2B TIHEE 3.0
mm KilOEEIL 2 BT LI EAEA LN 57205,
4.0mm DLEDOHBELFOEROE G, | HEOIHED
36%(ZHML, 5.0mm %2 HiGEREY FOMBMAL KR
L7 70, FHFE 1 HBFF1HEATIE 3.26mm Cho
7oA, 2B T 3.82mm Thotoo SHADE | BE
AEE A B E, WE4.0mm LLEOEEKDOFGIE6 % & 2
RACHEEL TEBICEASLTEY, HIZ&E 3.0mm
RMOMBEOHAI1120% F CHEML 720 AEDE— NIt

I A LEBOKE S 2mm IJHERL, FHE 1B
3.33mm Th o7, ¢ FEBLUFSEATHE, HEDE-
Nid 3.4~3.6 mm &EWEME L DEULMMIZBIRL, F
BEIBRIIODOTLERBOON LD o7 (trest, p>
0.05), T 7:4, 5MATH, BE4.0mm L LO@EED
HANIEENOFNLIDH0BWMLTE D, WEKED
B REMARE 3 RAIEBEL TR REVAII
{id > TV AHEEITED L7,

DEnkHiz, WORBREIDO~ 5 1 DF | BIEMARK
i1, FOEMRBIIEYTHEE 3.0mm LLE 4.0 mm &
THORBDENEH61~75% % HOTWA, 28U AN
MR T I BRARICHENTREOKR & WEEOE P L WA
BIAA LN DL % | k&I L - REOKEAL
i, FII2EALBYWTHETH -7

(8) @RS A - E 1 REBOTML

HABAREE T £E0OH L LTy 280, X
BERAROMREEERIIMELTHWALEINTED, Kid
BIFETCHE & ORE> SR & BIRAD 2 B E BT #
DEMIEV (MM, 1958, 1963), FUARHFBRARRIZE

AoV TL, FOFT M4 ~6 ADEFEL
9 ~12ADKFEILALN, FEMAICHEE I T L DOKX
ESREWMR L IR BEINTVD GRH - B8,
1981) . FEBRFIBEAIBIC BT BIVERB L NERED <
AW T, BFELKEIIFRFRBE S L-EKY X
ALTHEGL, FHINAHANOTEYHE I REL
(Fig. 17) ¢

UEMBE D398 | BRI, | B T &S L K CH
WRERRDONLR D78, | BEDKENL 2FAD
FBFEIHMTCIL, 3.80mm 25 3.49mm EAS LD (o
test, p<0.01), 2ADEEDLIKFIINIFTIE, Wi
3.49mm A5 3.63mm & KEL T (Ltest, p<
0.01) P | BIEOKFEDLBERFIIOTTOEL
i, 2AL3IRABLIUIHAL 4KADII b EBEIC
Bobns (Cest, p<0.0l)o F72, 4EEADKFELIREIC
BITHTWE | RIFIE, MBI FEELEGRED LN
o7z (ANOVA, p>0.05), RERHE T, 1 RAD
EHE L BRE, BBLDOKBTKREL LTV
test, p<0.01)o 72, IXBDUFENLLIRANESTT
TOFHE | SROWRIL, OVERBE L BROTEN 24
1bASRD 57z (Ltest, p<0.01),

DEDX 52, IFELHEL L VORELHOFIGE | H1E
i, FRAENEHEOENEDHEHDD, | BADEFED
54 RBOEFT TOLENLZE/LOBRILR CHBLT
Wico Thbb, MERELLIZIEDND 3RADTYE
| BEE, EFFLOKEINFTEMLTWSDIIHL
T, MEIPOSBREOEFEZIINTTRBRL LTV, 86
W, 4 BABOKTFEUROTEEE | BEIE, FALEIHIA
& N7z AR H T A BN & BV ST,

by
=
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L 1 1 L 1
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St A S: A Ss Ag

Mean and standard error of the first ring radius on the scales of red sea bream

Fig. 17.

Se Ar S5 As Ss As

from the sea off Kyoto Prefecture in the spring and autumn fishing seasons

classified by age.

S1—S6: I- to 6-age fish in spring (April-June), A; Ag: I- to

6-age fish in autumn (September—December).
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A schematic representation of the migration, or immigration and emigration, of

Fig. 18.

young red sea bream in the western Japan Sea.

ment of the local population.
REEWRIEN 2 5 T2,

(4) # B

BEAE 1 REBER Y S AT DOBE SROFAE
T, HAMERIZBITH< 5 A BO%E | BIZAMOERHIC
L AEA, BHIC L o TR AMEAY/RT I EAHL N
2l aice #3°TC, ZHBICBITAE | BEEROFRIIC
FATEYERL, oA BIUIRATTERETIRR
FEEDOERBROME 2 MA T, BARUGEMERIZ B
b5 4 REAOMERRY SRICEE L (Fig. 18).

BB BREIEE A)TNERERIIBIT A< S 1D
| SRR (Fig. 12) Tid, F#HC L 2EBOE(IEd 7%
{, EOEBEIIBOTH LB/ S WIRE Y FO/IET
HOLN TV, EFFELLILOLHEARE (BELENIS
HHRETT) BETRE SN A T, BEEXERD
g ECET L CHR SN ABMEREShTw iy (K
Hakti3s, 1985 ; EmEidh, 1993), ThHDT kb,
BEREBRAABE T, BEEEIrONT Y1 0tEd
VB TR REELAB AL 2V LA SR, ER
BRI O~ 51 BERSELENEOERE (BRI
A, 1980) VEIET A | DOBABRLTVAEHE R b,
72720, BT AL, BMETLIEREHERTHE LR
TR O/ L ) MBI S OBANHETE S 1
5T, BEEERBADBE TN INI T A HIEHER
HWTHBINTHWS (BkE#EEITA, 1985 ; ANEIED,
1988) Z &z &irh, FEEERELMEHEORBAEN—B
3, SREERICEITBH L TwbDEEZ bNb,

BTSRRI I TE § b SRR IR R

BENRICL B8 OREY - @EOFTICET R

136°

Arrows indicate the move-

BUI BT D ERTE O | RIEMBIL, IIEMRFE, 025K
BEBLUBERHOVWTNIZBLTY, B1HBEN ISV
BEOEIEAL, 2, 3IRATHCWNT 2EMARDH LN
/= (Fig. 13, Fig. 14 BL U Fig. 15), Zhid, BICHETE
BAEDBWIZL AERIGERT AN T 2L, 2E,53
RAZAITC, BRBLACERIC AR T D ILBRR /NS 25 |
BEAL LS A0, BREBBPHERUHTLTCLSD
EXRES D, T, ERBROESICBIL Y11,
4FEUETCEFORBAVHAT D ESIA TS (FREIZ
A, 1996)c L72A5oC, ERELLHER» SO FAD
TTHEE, EELTRBEAHIIEZ s Tnb I il
o SHIZ, 4~ 6RADE I BEARTIE, 1, 2KA
DEIHBL T, BEO/NIVERD LD HE 1L
otz, IO L, ERBERERCHEE I DS A
BAR, RBARICREEABETBE L TS 2 B&s50
ALTWAZEEXRLTWA,

IR TREREEE (IO BRI oS | HEMR (Fig
16) T, 3BT TORBALICE | WEBEOHEAEE
Do, 4L ESEOE | REMR T L RBICHELT
BREOKEDEROEEGHRNL T7z, OB HBEER
BT A 4, 5SHRADE | BEWL, WEEIT -7 3HED
FCHROKEC L -THBY, MBREIIRLDRENH %
ML, BEMAOERIZLILE, LNERESERY ST
IIBATE S R I BT, TFTENE, REFIR~HL
W, WA CEREN S BIEWERRIZHART 5~
ABEDOLFENERE SN THE (BBRFEEITD, 1985),
1 ~3EMBOE | HEOELEATD, WUATEEERTIE
IEAMIIBII A YA HOBMATRE SN, FipRlE



PHDWEE (FBT) BEE, AUNESRER»SOES (b
b)) BBICLARBAHOEEIRI - THAELDEER
%o

BE) - Ok Lee IRE SOAXLIT-HHN) b,
SRR REHR CHEE S N ¥4 T, 81 %2R
SHEADS 4 AT T, ERAITICLA2 - T/hEL
75T/ (Fig. 13, Fig. 14 BL U Fig. 15)o TN &L H I
PRI EREESD SR ABHBICELTIE, #3¥, B
BB ORI £ 0 b ORI - TIHEL T b
A, FrRBEOKXRSLEEEIEREE SRS, HH 0
BENKECLHIILMEENET HETH THRRIEEN
SRR tEBERLETEELAPS (REEATY
% (Robertson, 1936; Ricker, 1969 ; Chen, 1971 ; Vaughan
and Burton, 1994),

LA L, SEORALER T, TERAFLRERIZBIT
T IADGE, BI1HRELEL L CHERKERELICL
NS % BERD K S NIeAS, RIS E MM EL T
WRCHBE, TOEMILT LS EEBYLBEE TR
Motz (Fig 1Mo $abbE I®ER, |ERADPS 3K
BREEITE, FEPOKFIINTTREL, KELLHY
EHFF NS AEMS AR LN, T4 BAOEKE
LIBDOE 1 8EFEILE, Wh®wb Lee BEWREDLA T
e 3640, AJIRBEERICBWTEIEROENE &
SWEIGEMNNSL 2 LIRBUEBED LRS- L
(Fig. 12), WOEREEIRTIZ 1 RA LY L 2EBOHNT
BIBEWRKRECRBEMPALNS (Fig. 16) &, <
TABOE | BELEROMMRIL, WL TRE-T
W, TROEDFERE, BEOKEALE L LICHDE | BWiE
AR IR T ATREE F T E L T b,

S50, FERFSEMHRIZE A BiEE, REE0
T AT HIBEEING L AEFPLLKEIINITT (B
HizA, 1996) #IILTH Y, AEOKXE S0 L 58IE
BWOEENERGWEEZ 6N 5 4 FAEDRICIZRAE R
Lee HEW A LNV, TRHED T EMS, RERFIGER
BWOTY A HhHND Lee B * TRISTEM A 72 i E
WM 2P CHBAT A LW TELRWEE LD,

—7%, LEMICRE, BT 58N LT, @B
A, #EE, Lee HEAFIZEITERD I DL LTE
BLTBLEDXSHS (Sanley, 1980), <& 1id, £D
BRABRBIZBWT, FELKFLBBH L TL2FHN2ME
BERLHOL 3ND (HEF, 1986), #5515 dim TRt
SNIKBAD -k, FEFrOKEIMTTIEL, &%
EPLPEEF NPT CRETLTERSND Y — 25'%
WA, FRTELTALLEHE L THEHBETEMNYRT
GRif - B85, 1981 ; WEEIZAY, 1996)0 T 710, RERFLA

AL TR SNz~ ¥4 T, Waikdet LB
HINTELY, BETHEREHENICETLCERSA
BN S . GREFEEIED, 1985 ; AJIIEIZA, 1988),
S OBEERE, PIZEERBERICBIATTAD
e, BE»OMBUFLLOLEY, KEXILBEFOE
ZZAA SO THICH/ ), RFEITEEMNIIERDOR
WO, (BRI, 1996) 20 OB, FBFITEAE
TS AL DR S DBELS TR E L 5 THBET HATRE
BRI L ERELTWnA, 22T, $2F Fig. 8 8
LU Fig. 9 CRLALIIL, BOE | RIFIERENS
BILEEFETNE, FREBIBHIFELTICIADE
| REBELTRANRLHEIIE, FEHILE > TEFOKRE SITEMNS
EUBI LD, Thbt, BREBLUE (FE) @#&E»5H
BRI RE S | REBEPE LA EEIRES 2EED O
FIT U, EHE 1 BB KE RS, MIZEPEL
AbHggi & BRI/ NS 28 | RIEL 4 LABEFRE L T
CHEBFELPLBEFFIINTTE, THE | BEEHELC
b 361, BETHEEDICHTRE, BLIEIKHEE
bk iud, €L LTIIERTWTTEINSLE
| RBXETAERNS b LTS h D, T/, Ei
WHMOBRTIE, | HBICESTHRELBE) - B#E% L
ZWERESRTEY (BFRIEAH,, 1980), DT L4
@ O FHRAFIB FEHHRIC B BIERBED | EAOET LK
ET, BIRBIILEAEENAON o722 L8 -
LTWh, DI Ehs, REDEL A~V A BORIL
FEANDEIRM 2 Fmh, H#id, FEHFSEHE TR S
NE I REMROEI, Thbbh Lee HELXF[ XL
LTWAEERNTHE EER b,

TV ABOE | RIFMMOERKLEEHIZL AT, Bl
ATEPRERREE TS | BEONSWBEIERE &
LIZHINL Tw v o BB ERT 22 L, &
HHEIROR B 5 A OB BT, DWsERE S R L
TWAI ENbhorz, KT, ZOLH %% | HiEd
BB, FEEOBFE S &, BRAMNMIBITAT S
A BOBEIKRIC OV TR 5,

B4E EWEEBERICETS
4T BHOBHBARDKE

FEIWMIIBWT, v A B0%E | BEMER LB - @
EDBREIZOWTIE LA, EELZ L, #D L 4R
T, EEOER, BRMIBITLT T A DERMLBHEA
& D, BEMBROR: ABAERISEHITEIES2EIET
BETAHIETH A, SO LiE, ALHERELED
<5 RFEROBEERYIT) H) 2 TERTRAMET
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H59,
RETHE, FEHIOTTEAN o T D ST R
PLE LTSI HOBHA 2ETALILTENEL

T, FHBRTH O NAEEOERIS | GERKE, HE

BB B2 | RAOE | REMARE AV IR
ADEEFFRIZ OV TIRE T 2,

(1) HzA¥ & A

B -ferhis, SRmvaaipe I C Y A ARG B iR
TUSES 7219914, 19924 E 8 & 1993 E A (LT #
NENIIELEE, ELBBLUBERBELETH) Oy
A DEWHFE | 8RR (Fig. 13, Fig. 14 B L U Fig. 15)
Thb,

Table 5. Estimated yearly catch in numbers (X 10%)
of red sea bream by age in Western Wakasa
Bay.

Age/Year 1992 1993 1994 1995 1996 1997

0 36 27 39 46 27 31
| 165 257 89 303 133 219
2 99 190 67 119 177 90
3 56 89 45 59 9l 61
4 21 25 16 26 26 22
5 15 14 11 18 16 15
6— 11 21 15 22 25 23
Total 406 625 282 593 495 461

100 -

a0 -

_.g' 60 -

= 40+

£
=0+

2.0 3.0

n
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TAORIEME*BA4~6BUEER L, Zh i
Y, age-length key DVERL B & UHBHEM ElHE B OHE *
1TV, BB LR BB+ BRI R L
T, ERERINMBRMETHE L7z, 2b, HREETE
WA R R, TEA RARKERSTER T v 7o,
HE SNBSS TIERAEIZ 3545 B 19924 4> & 19974 D 4E
FNEHFIEM R F Table 5 IR L7,

EREME R CRIES W w 5 1 D% | BEARE,
POERIZ L7oA5w, 05 | GEOREWEGNED L, Bl
FEo/NsVEFEENT 2 Em5E0 6 s (Fig 13,
Fig. 14 B LU Fig. 15), I 2T, BB HERAN
KBV YA HOBBARYIEET HIlH 72T, KIS
RT REE &I
&) T ABOBBANLVIEE, - FOREED

% REMARE, E/IZL > TEEL RV,
Zt2) HIBEOKEVWVERK, T4abb, BREMED
AELSILERKE CERO RWEKRIBEEN I
BACBHL, Bbo UMNSWE I BEYETS
B 7B AT Do
Zth3) BAREBHMIE LY,

(a) BHABOHT-1 : 5 1 RZMEKO TR
EMBTEIEBIH O~ S 412D\ T, £ ]| REAR g
L7: i 8 (i=1~4) ORBEEET o & L, ERHHIEE

n =600

i "

1 =4,
D.=10.33
T = 3.66
=10,
1 2.
D.=10.
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Fio=2.68
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.
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Fig. 19. Radius composition of the first ring on the scales of 1-age fish collected from 6
areas as shown in Fig 6, with best fitting Gaussian distribution (A, B and C).
Type A : large radius (western part of Kyushu), Type B: medium radius (from
western part of San’in Coast to Wakasa Bay), Type C: small radius (ofl Noto
Peninsula and northward).

22 ABHAMIZL B A OBE) - BIEOCHATICHT 207



B#x G ET5h, %) BEERLRERRE 0.2 0m &
+THRERE G=1~25 BERK I=1.0~1.2mm, -
, 25=5.8~6.0mm) (25}, i HE OBRERECE

ENHEEY RUE) % a b dhE, i WBEORER

HjIBTABEGOHE (BBEEE) | ay/n THREIN
bo SHIZ, i MBEOBRERE; L OBUERERE, EF
B ED Cug/n TROLND,

ZIT, | RAOE I BRIFABICBITAHBREE ay/n
R ETHE, HWEEBEEAIII BV TEEOR N
ANV EFE L L &0 i HEORERS ; T OiafE
B, 41 KXY, GR TRHLND, Lichis
T, 2MA 5 4 RADEERFEICE VT, WEE»5 DR
A& T L AEO AR Q i1,

0= _g} g (Cmy/m—GR) 7275 L, Cogl/mi— CiR;20
THRD LN,

(b) BHABOHE-T : H1HEEKCHTIERS
THROSE

HOITIRLA L )1, TEBEIRICBIT 591EHF~
A4 BEEOBOE | BIEERIITEREN D ), RIFE
nES, BRE -~ RS L AR~ FRE
BEERTE TN EFNRRENER > T/ (Fig. 8, Fig.
9), ZIZTH, MERFHOT AL, E1HEOKE
Eho 3HIIHML, ERESTELEROSHE | HIEHE
BEMAELEDLI EICLY, BBADOKKLIRET L2,

BRI BT ARARM LS | BN EET S
BT, oM THOARIFEE L THERERRCRML
1w A LRBIIOWT, BT & 100864 % JIES 2
O UCRRE L8 | SRR L TERS 2 5T
& (- HF, 1988), B IBREORESODELDLZDOD
SHB (A~CH) (ZHME L (Fig. 19), KiZ, £&ED
EIBREFOTY L, DN/ 3ODOFHEDO LN
KRTHOPEERMICHET 520010, BREASMAOFY
HEERREDS, WEMERIEO.2mm & THHREMRK
TEDOEFHBEORIRMEE pa;. pun bos ¥itB L
(Table 6),

B O, AR RIS B B ERBEOERKTE |
BIEMREK (Fig. 13) 1220w, A~CROMBAMELE |
RIFEROBBRBGIEL, (W (=1~6) OBRELNK
KEODEFHOBAILTE Pia, P, Pic RAUIZLD
KTz,

Pu=3 ponni 1EEL, x A ~CHEHTIRT

BONLEHTE O A~ CRFIMRRIEEIL, JIEHHDOE
B RE L, (Table 5) *F U AT &I2L YD, & 1&WIE

Table 6. Frequency occurrences of red sea bream for
the first ring radius from each normal curve
shown in Fig. 19.
Class First ring radius ~ Type A Type B Type C
B 0] (ry; mm) (0a) (08)) i)
1 1.0-1.2 1.0000
2 1.2-1.4 1.0000
3 1.4-1.6 1.0000
4 1.6-1.8 1.0000
5 1.8-2.0 1.0000
6 2.0-2.2 1.0000
7 2.2-2.4 1.0000
8 2.4-2.6 1.0000
9 2.6-2.8 1.0000
10 2.8-3.0 0.0626  0.9374
11 3.0-32 0.3556  0.6444
12 3.2-34 0.8329 0.167]
13 3.4-36 0.0201  0.9799
14 3.6-3.8 0.0771 09229
15 3.84.0 0.2560  0.7440
16 4.04.2 0.5978  0.4022
17 4.2-4.4 0.8710  0.1290
18 4446 0.9699  0.0301
19 4.64.8 1.0000
20 4.8-5.0 1.0000
21 5.0-5.2 1.0000
22 5.2-54 1.0000
23 5.4-5.6 1.0000
24 5.6-5.8 1.0000
25 5.8 6.0 1.0000
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B132.2% WA LT VoA, 3.4~3.6mm B LU 3.2mm
FBOMETIE, FEEIM LT, £/, 1E2S2
B COZILE FERIL, BEOREIWERDOEHIE L
BLTw, 3ELL 4B T, HREROMBRILE O
EREBIIBNTCH 2% KBTHY, SHEEFTTOELEHK

SUERRT M Y v ¥ —BFRERSC 675 20004F
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1992 year group 1993 year group

1991 year group

r,; Ring radius (mm)

Differences in frequencies of the first ring radius on the scales of 1991-1993 year groups

Fig. 20.

n; denotes the number of individuals in class j at an age of i.

(ngi+ 1yi/nie —ng/ng).

@ 1991 year group

O 1992 year group
A 1993 year group
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Increase rates (¢,-+1/¢l-) of the first ring radius on scales classified by year

i
2

2 I (ng+ v/ nie 1 —ng/ng).

i=1 =1

Fig. 21.

See Fig. 20 and Table 6.
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1991 year group

1992 year group
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r; Ring radius (mm) r; Ring radius (mm)
Fig. 22. Frequency distributions of the first ring radius on the scales of 1991 and 1992

year groups smoothed by three-point moving average.
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1992 year group

1991 year group
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n; / n;

Repj / Ry —
[

3-Age

.
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0 : i |4-Age
-4 i !
8 ; 8 | :
1.0 2.0 3.0 4.0 5.0 6.0 1.0 2.0 3.0 4.0 5.0 6.0
r; Ring radius (mm)
Fig. 23. Differences in frequencies of the first ring radius on the scales (ng+ 1)/ni+1—
n;/n;) of 1991 and 1992 year groups at each age shown in Fig. 22. a and b

indicate individuals for which ng,/no—n;/n; is zero or positive in the 1991 and

1992 year groups.
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1991 year group 1992 year group
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r; Ring radius (mm)

Fig. 24. Comparison between a or b shown in Fig. 23 and radius composition of the
first ring on the scales of l1-age fish from the sea off Ishikawa Prefecture.

Table 7. Estimated ranges of the first ring on the
scales (r1) and number of catches of im-
migrant fish (Cl} in Western Wakasa
Bay.

1991 year group 1992 year group
Age - = -
7 (mm) Cl ry (mm) Cl
2 2.0-3.4 27912 1.8-3.4 18,714
1.8-3.4 12,700 1.8-3.4 16,870
4 1.8-3.4 8,720 1.8-3.4 10,787
Total 49,332 46,371
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Fig. 25.

Age

Percentage changes in radius compositions of the first ring on the scales by
1991 year group of three radius types (A-C).

Type A: large radius, Type B:

medium radius, Type C: small radius.
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Fig. 26. Estimated catch in number of 1991 year

group classified by age and radius types
(A-C). Type A: large radius, Type B:
medium radius, Type C: small radius.
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BRHABEOEIE L, FhenoltE ik Catiisn/on
IEED BRI, ERFISEERKICED 2TE T
FET &5 (Table 8)o 2 DDHeEHIETEHEL L/ 9I4E M
KB ABIEABGBOEE* AL L, 2HRATOBLARE

BEBERIZL B 5 A OB - nEOREATIZRT 6%

Table 8. Percentage frequency of red sea bream
emigrating from other areas or immigrating
in Western Wakasa Bay based on the
change in the estimated catch in number
(Method-I using the values of Table 7 and
Method-I1 using the values of Fig. 26) for

each age.

Method-I1

Method-I

Age Method-I

2 15 28 12
3 28 29 24
4 34 42 29

Year group 1991 1992 1991
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Fig. 27. Relationship between scale radius (SR) and

fork length (FL) ol 1991 year group.
In FL =1.055 In SR+3.449 (Coefficient of
correlation =0.984).
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Fig. 29. Walford’s diagrams of back-calculated fork lengths of red sea bream. The numbers indicate
different groups of the first ring radius on the scales, 1: All, 2: Type A, 3: Type B, 4: Type
C, see Fig. 19.
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Relationship between fork length (FL) and body weight () of red sea bream.
W=5016FL*®%X 10" ° (Coefficient of correlation=0.997).
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Table 9. Estimated fork length and body weight of red sea bream.

Groups of first Number of Ag~e
ring radius samples 9 3 4 5 6
Fork length (mm) Type A 418 151 219 277 326 369 405
Type B 1,134 122 194 255 306 349 386
Type C 740 95 172 235 288 331 367
All 2,292 119 189 249 299 342 379
Body weight (g) Type A 418 8l 235 459 730 1,040 1,356
Type B 1,134 44 166 363 610 887 1,182
Type C 740 22 118 287 513 763 1,024
All 2,292 41 154 339 571 837 1,122
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TH -7
FAITTRLIE DI, EREHETHERCIRENR L
BRIAHMNRBEL TWD, L7zASoT, o<y 1
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Fig. 31. Comparison of theoretical growth curves of

red sea bream. Solid and broken lines indi-
cate different groups of first ring radius on
scales, Type A, Type B, Type C and All
A Noto Peninsula (Ishikawa Pref. Mar.
Cul. Stn., 1984). (O: Western Wakasa Bay
(Kyoto Inst. Ocea. Fish. Sci.,, 1986). [:
western part of San’in Coast (Yamaguchi
Pref. Fish. Exp. Stn., 1987).
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Fig. 32. Estimation of total mortality coefficient.

Table 10. List of parameters of red sea bream for the analysis, total mortality coefficient (Z), survival
rate (), natural mortality coefficient (M), fishing coefficient (F) and exploitation rate (£).

Areas z N M F E
Western Wakasa Bay 1991 year group 0.668 0513 0.360 0.308 0.225
1992 year group 0.659 0.517 0.360 0.299 0.219
Noto peninsula* 0.820 0.440 0.360 0.460 0.310

*: Ishikawa pref. Mar. Cul. Stn., 1992

Table 11. Estimated population size in number of individuals (X 10%) for each age in Western
Wakasa Bay from 1992 to 1997.

Age/Year 1992 1993 1994 1995 1996 1997 1992-1997 Mean
1 752 1,170 403 1,378 607 994 884
2 451 866 304 542 803 410 562
3 254 406 206 267 412 277 304
4 93 114 73 116 118 102 103
5 68 66 49 83 73 69 68

Table 12. Estimated population size in number of individuals at 2 to 4 years of age (No-N,;
X 10% and emigrant or immigrant fish number of individuals at 2 to 4 years of age
(El—Ely; X 10%) in Western Wakasa Bay from 1992 to 1997, respectively.

: No-N. ElyEl
Year Nz E['z N3 E13 Nq E14 total4 total *
1992 451 82 254 69 93 33 798 184
1993 866 158 406 110 114 40 1,386 308
1994 304 56 206 56 73 26 583 137
1995 542 99 267 72 116 41 925 212
1996 803 147 412 111 118 41 1,333 300
1997 410 75 277 75 102 36 788 185
Mean 562 103 304 82 103 36 969 221
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