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Age, Growth and Maturation of Yellowtail (Seriola quinqueradiata) Caught in

Coastal Waters off Yamaguchi Prefecture, Southwestern Japan Sea

Takuya KUNIMORI

Age and growth of yellowtail Seriola quinqueradiata caught in coastal waters off Yamaguchi
prefecture, southwestern Japan Sea were studied by reading the age ring of the vertebral

centrum.

The ages of yellowtail captured in the waters were determined from O to 5+ year-old and the
Bertalanffy’s growth curve was estimated as follows.

It = 957 {1-e0-41(t +0.58)} (n= 231, 2=0
Here, 1: is fork length (mm) at t year-old.

.96)

The gonad somatic indices were low (< 1.1) all year around except for those of a few

individuals in April.

This result suggests that the yellowtails hardly spawn in this area.

The age-length key was made by converting the frequencies of fork lengths into those of

ages.

The key will be useful to forecast the landing of yellowtail by age.

Keywords : Yellowtail; Seriola quinqueradiata; Growth; Age; Southwestern Japan Sea
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Table 1 Sampling date and number of yellowtails for
the analysis of age, growth and maturation.

Date Number of specimens
Month Day Male Female Unsexed Total
Jan. 13-31 9 12 5 26
Feb. 3-4 2 6 3 11
Mar. 3-21 5 9 4 18
Apr. 14 7 11 18
May 18-31 9 13 1 23
June 1-9 8 17
July 4-31 15 7 22
Aug. 11 3 2 5
Sep. 1-11 10 14 11 35
Oct. 3-20 11 10 21
Nov. 1-30 13 9 22
Dec. 1-19 10 14 24
Total 242
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Fig.1 Relationship between the fork length and body
weight of yellowtail. The line indicates the
allometoric equation for estimating body weight.
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Fig.3 Relationship between the age and fork length of
yellowtail. The line indicates von Bertalanffy
growth curve estimated in the present study.

Age-length key
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Table 2 Age-length key of yellowtail caught in coastal
waters off Yamaguchi prefecture, southwestern

Japan Sea.
lfli);i{h Age (year)
(mm) 0 1 2 3 4 5+
<300 1.00
300- 1.00
350- 0.78 0.22
400- 0.76 0.24
450- 1.00
500- 1.00
550- 0.72 0.28
600- 0.56 0.44
650- 0.75 0.25
700- 0.72 0.28
750- 0.16 0.71 0.13
800- 0.33 0.53 0.13
>850 0.20 0.60 0.20
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Fig.4 Comparison of growth curves of yellowtail
between in the southwestern Japan Sea
(present study) and off western Kyushu
(Shiraishi et al, 2011).

Age-length key
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Table 3 Age-length key of yellowtail caught in coastal
waters off Yamaguchi prefecture, southwestern
Japan Sea for the periods of January to June and
July to December. The Dbirth date is
hypothesized to be January 1st.

Jan.-June
Fork

length
(mm) 0 1 2 3+

<300

300-

350- 1.00

400- 1.00

450- 1.00

500~

550- 1.00

600- 1.00

650- 1.00

700~ 0.25 0.75
750~ 0.28 0.72
800- 1.00
>850 1.00

Age (year)

July-Dec.

Fork Age (year)
length

nm) O 1 2 3
<300 1.00

300- 1.00

350- 1.00

400- 1.00

450- 1.00

500- 1.00

550- 1.00

600- 1.00

650- 1.00

700- 0.88 0.13
750~ 0.33 0.67
800- 1.00
>850 1.00
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Releasing Effect of Artificially-raised Seedlings Released in Coastal Waters
off Yamaguchi Prefecture (Review)

Mitsuhisa KAWANO

This paper reviewed the releasing effect of artificially-raised seedlings released in coastal waters off Yamaguchi

Prefecture. Information on the recovery rate and cost efficiency by species was summarized. The recovery rate and cost

efficiency were reported on twelve and only four species, respectively. Therefore more advanced surveys are needed to

elucidate the releasing effects. It was worth noting that recovery rates of kuruma prawn (Marsupenaeus japonicus), abalone

(Haliotis discus discus) and flounder (Paralichthys olivaceus) had declined over time and their cost efficiencies dropped below

1. This suggests that releasing effect of a species changes yearly and even if the releasing effect was high in some years,

remarkable decline of cost efficiency would happen in later years.

Key words: Releasing effect ; Artificially-raised seedlings; Recovery rate; Cost efficiency
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History of Fisheries Resource Managements and their Researches Conducted
on the Japan Sea Fisheries of Yamaguchi Prefecture (Review)

Mitsuhisa KAWANO

This paper reviewed the history of fisheries resource managements and their researches conducted on the Japan Sea
fisheries of Yamaguchi Prefecture. Most of the managements have been conducted based on the national institutions.
Management of redspotted grouper (Epinephlus akaars) was the only original action in Yamaguchi Prefecture. Some
managements did not succeed; because (1) offshore fisheries also cathed the target fishes, (2) the used simulation model had
some problems, (3) the regulations were lax, (4) the management plans were not readjusted. ~ Cathes by the fisheries have

markedly decreased in recent years, therefore effective fisheries managements of main important fishes are needed from

now on.

Keywords: Fisheries resource management; Japan Sea fisheries of Yamaguchi Prefecture; National institutions
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Effect of Fishing Ground Improvements in Coastal Waters off Yamaguchi Prefecture,

Southwestern Sea of Japan (Review)

Mitsuhisa KAWANO

This paper reviewed available knowledges on the effect of fishing ground improvements conducted in coastal waters off

Yamaguchi Prefecture, southwestern Sea of Japan. These knowledges were divided into two categories: one is on the

gathering effect of marine creatures at the moment and the other is on the effect of fisheries product in a year. Most

knowledges belonged to the former category. It was considered that effect of fisheries product fluctuated by year, therefore

long-term survey is needed.

Key words:  Fishing ground improvements; Effect of fisheries product; Gathering effect of marine creatures
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FEFEICONT CARE 476 [Eisk Sz W, i W 1 3zElE
T 1957 4E0 5 1962 AR SEFRIER R E (A%, 1fé
B, ROVEAN 7 2 X Db oR IR 278~
AR, JRIEEAN 1957 4EITEE 1960 4RICIT 2 f5DA LT
0, FTAEAMNC L5 N THAHEIC IS D& &N 8,580kg
TR (13,012kg) L0 Hb7au s, K EITRE
NI T=Z ik, N TARECITmika N g b
7o TVD L LTS,

BT RIS TIX 19604 1 A IZ3%E S Av- I
(80 f/#) (22T, [RHE 11 AIZEVKTRARIC X v fEly
LRUDTASGNT 12, WAGREDRR, W Bz~
X 15~16 J& (IAE 20~30cm) 23FlFL, B
7 DRNA T H A, I IAREFTRONZETTH-
TS, FEFITT HHEIRY TIE, HRbLIEDS) -
TZHITIZ 4 ETY T 40 )8, ARFEE 40kg DKGT N
Hol=Z EMb, RHIIZIIN Y OEIMEET S L&
ZHAIVTUNA 12,

1959 O I TR X AEA RIS L LTz L0 KR
PRGOS A B E L ORIk ORRE ) BRE Sz,
HLAVET 7> & ST G TR AR A 1957 4EDN 5
1962 4EIZHNT T 413 {1, KREUARED 1959 0 D 1962
FEIZHONT T 3,432 kR iz 12, 2D HH 1959
(B JERT R S PR S R (7 e 7 1,090 1,
#2,200m3) (22T, 1A% 1960 4 11 Al —A4%)
Ik DEIEREITONIZRER, ~ 4, FHAEDH
BN TNCIRIE SN2 Th - 72 13, D1k 1962
FEDD 1964 4F F THEEASN 5 B2 I 0 WAMERE L ORI
ez Ede N TRfiERdS & RIONIEIRG O RHA A S0 X
IIAER 12, N TR~ ik B 534~ i L=
7S, RINMERGOZL IR AR Lz, £72, AL
FRRRGOIRERIIRINERIG L V55 b D0, K
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EIOED D HRPMEL R U272, 1964 A3k
B2 IR 66%, KT @D 2,616 T-H & RKIKfE
HEL D HEL T, 5T 1 BH7-0 s A
THARERS DT IMER Th -T2, DX I I NTHARED
HEPERN AR B £ o 7= DI, HRiagOYER &M
F o CATAMEORAME R HE GRS &2
ENEELLEZ LN TND 12,

ZENE - TR HISE CIIAYRREAS 1957 AFEHED D 1962 4F
FEVZ 836 ff, RAMEHES 1962 412 1,020 TR Si
7212, 1962 4E)> 0 1964 4 F CHEAR 5 12 & 0 bR
AONENE SRR, WAARER QR E ST AT
FaREf CITEALIT ) & ERHITHISE & RS g B IR
SRIEIIG L0 5D H DD, RRIFEEIZ LD 5 )N
fFr FR U0, 1964 EIQI IR/ I 5 HeR
23 60%, KEHTFEDS 2,151 FH & RIS L 0 H<
Tpolm 12

PLEDFERD S, WA AR R OO L, (AR T
IIFRIRBESRI I3 5 b DD, BT ) S X
A, BREBRTFHDED L AKGTEIC ED D N B L
THPENEDNESED Z ENEZ D,

ALHERIS

1974 FAZITDFHIREO L TEN TR L KEE DG
DR Z BRI &3 DR RSP HBIRIED L L, 1976
FEFEIZIT 1982455 £ TO 7 HAEDIN IR ]
DIRTE ST, AU EEZERIE 30,000m3 LA ED AT
TGRSR D IR F 2, RS
FEL L OIONRRG R EEOH EL Sz 119,

(L1 1 IR BASHETS 88Tl 1977 4EFED 6 1980 4EFEI 3K
il SNTPTEHIX AN THEZ O & LT, EEFHIX. (1980
~1986 4FJE), KEHIX (1981~1987 A=), AMELE
HiIX. (1983~1988 4F1E), SR I (1987~1993
FERE), REHIX (1988~1994 4EE), AKX (1989
~1995 4ESE), FHEHIX (1994~1997 4EFE), ZEEHIX

(1998~2003 A42%) |ZNEwR, AN THERS D EAE ST,

NTHERSGOTE, LGNSR ORI
Fehit S5 FRTFHA S EAL S, 1983~1985 AL DRhF:
PRSI O R SERAAN CHER, 3B, $97e SIC K D
RERDMWT N TN, faRER R IS Sz
FEp oI 1517

Z D% 1986~1987 AL & 9 R0 < Pl iR A LA
Y (7.8m BHHNTAARE 32 5, 5m BURHNTAARE 32 AL 2m
ATLHE 3,660 35 A ETefEBIT ORI, Bl
FHIX DI 101 NE KRR E U TARR 8IC L0 TS
Tz, A ORE RS | Il & 7BIlo4ER] CPUE 13, 1986
FEFEI IR (37.9kg/E - H) , = DfthodIfls (25.6kg/
. |), Wk (24.9kg/% - B), BRI THE

(24.2kg/® - H), FINHE (17.8kg/%E - H) ODIEIZKX
DAoT=hs, 1987 AFPEIZITRINE (25.0kg/E - H), P
HIX LA (23.8kg/%2 - H), RAUAaGE (23.1kg/% - H),
OO (21.1kg/E - H) DONEICKE <, FLEEN
ROz, £, NTAFEEGORAAFEY 72 D i
B IR 2 b~ 1986 4EEIZ 860 fi%, 1987 4EEIC
189 fF L RE L, ANTHEBGNEIELZRANAT O T
RIS L0 BN TS E STV D 18, Bk &
Y, WHLAHEN ORI CIIRRIE L V) b E)
LHoTWEZ EMD, ZOZ LI ATHERE TIIAr—
NWAY  MPRESFHSINDZ EEZRL TN,

200444 A 55 2005 4F 3 ALZIEIHAH A THE (40,948
72 md) ARRE LT, AN (e, HiEnse,
L— X —\Z L DA (b, st ol
%) ROBIEI0 A @R SRS 19200280
T, ARE ClRfsEREmo L—2 —Z2FIH3 5
FEPID TN BN, L—4&—& B CHREEROHEEE
friE, g, MCEREZMERL, FHAE R O 4SRAo
FadtdD T i & ST O ERRED K S AR
BHZEITEY, TERRIEE ORI A )T S
Nz, ZTORER, AT A THECOERfERITEE T
12,871kg, —AHIT 6,830kg, )T 1,446kg, FEHE
T 428kg LHEE AL, ZIUHOMEEIC K HHAIEDZE m3
W70 APERT 0.52kg, ZAUZEEED 1.31kg/%E m3 & /&
LT, RALHEICIT D MaMEDZE ms M7 Ol
1.83 kg/%2 m3 & HEE S417z 1920

AR ARRRE

1978 FIZH 2 RINFIREMPAFE Rl (1982~1987
) ORFED 1 > Th DI AR OET Wik LT
EMps (R~ EItero—4) NMEEEZIT T, £
FRMEE ClE 1982 AEE E C 3 FEMDOFATIE & 2 FEjD
RETAE AT o721%, [FE3< 0], [H3< ), TA3<
0] ZENRE L, REWICBRTET 5 2 & 2ok
AL LT, KEGRZRE - B, FHRAY7RARERH]
BN TAZ EEFBERE L 2V, F 1T 1983 NS
1993 RIS TR 51 (8 6 T CHENFENE
Sh, R (2,811ha, 4718 4 THH) MOFELA
PE - P E R OFEE (448 2 TIH) ATtz 2,

FEMEROFFA L LT, 1984 4 8 A~1985 4F 7
HATAEASS 152 12 K DIIGOFRIFIRIAASTHE STz 22,
FEARRTAL ORGSR 22, RIS ORHZRIT AT 6.5%,
VAT 0.95%, JERET 0.9%, FEHET 10.35%, %
HHET 0% CdhoTo, £77, 1984 4EFEE TOFEREITK
T DAL, — AR, &A1 722 L 0.95kg/m?,
17,376 TH, \W\29TY U A 0.16kg/m3, 6,719 TH,
FERRC A 2L « 9 TR 0.02kg/m3, 1,209 T, hE
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Hc~7Y, &IF2.71kg/ms, 40,419 TH, &4#T3.84
kg/m3, 66,424 THEHEESNTZ, =9 LTHEESN-
FAREO BN AT S 72 0 OAEFERIT, Dtk 20 4RI I
ZH1T DFREDFEAL & L THW BT,

1995 4EED N 1997 AR IR P O SN T Ak
T (PaEsvmsats - 7.5m Y 3 L Sm AU 4 & 2m A
1630 fifl ; HfEERE - 5m 7 29 JL, 3m Y 177 J&, 2m
A 7524 ) 5 HERAVHTAE - 7.5m B 28 £, 5m Y 32
5, 3m 7 32 i, 2m 7% 2,080 fE) (ZRW\TC, FHEMA
BHZEFIRE 2 TV - N DA i~ 2 o e B koo 7=
D OFGHE TR 5 2 L 2 B E LIl
DSKEEREAR & SR Ttz 23290 | RIS DGR 29,
FARED A 2 R HFERGELIREE N D, 1T & OfaltD
WEEE DS FARERR ENE L TV 5% L IERICE <, A
BED AR~ DN RN E N LAV RENT-, £, £
BEOANGED 3 oty T 7 4 v 7 For, ROHEMERT
—ZNR—=R ST —F OBBOBEALRBREE & DR
ROFGEIATAFTRE L 2o 7=, LdL, U TV A L
FAFERHBIDFIE AW TIEE < ORIEDE - T,

2004 4 4 A 75 2005 4 3 A TAREDFHN 2 U0E
T 570, TEEHEHERE (51,000 22 m3) &xEE LT,
PEANNRA (i, Bolaiads), By (e,
FHEHELSN OE) OB S i (BHERsE) 23
Ko 10002 Lo T TN, ZIVHOFHEDRER, P
WA C D AR BT e T 29,569kg, Bl T
25,327kg, —AEYT 5,264k, W \HEIT 12,612kg, A
A< VT 10,836kg, FEMET 773kg, 7 =3 T 176kg
LHEE S, T b0 X Al ZE m3 247 Y ApE
B 1.64kg, ZAUZESED 1.31kg/ZE m3 & & LC, P
HHEHE 21T 2 Ml ZE m3 24 7= ORI 2.95 kg &
HEE ST 1920 = OfflE 20 AERTOFIAEIC L 5 3.84 kg
72 m3 KV 23%R Li=Z L2720, B LR E L
TUXZ ORIDHEER OFEli b & BN S BB
DPRESFEBELTCNDHLEEZBND,

Rl 23Rk L7 BRIEIS OVl FEEFS 20
(20 1991 AL HIERTEY T HYE (1983~1985 2%
2.094ha, 1989 4EFF 1.559ha k), HASET S A HIZE
(1983~1984 4% 1.227ha 1ERRK), KO [HISECRhL
PN LM ST, EORER, /KA TIIOKEE 5m LA
R CRINGGOR) 2 (FOMFROABT R RN, 72, 1
R OEARRTRAEIZ L 0 Sk OEE HEESh, A
ERITT U ElZoOW TN A CHIFRERER D 2 1%,
TP &P || S TR PE & & I RITRI R, P =ico
VNI T e T E B & I IE R R, S &R
HSE CHIFEREER L 0 Do - L ST g 20
72720, TS OMIRHEEEDMEIZ OV CIIMERN T X
ot FE - KE 2L, = MEETEREHE OISR

5 (1983 4 : s220/A| 1.326ha, 1991 4R : YD &k
0.876ha 1%#%) T 1993 AR CIEVKIC K AR ik & 5
i U7, SERAEITCIZT B v =23 < Bk 10 fildfA
/Am?2), RIRFESGOEREAE (£ 0.3 fi4/4m2) LY
FVMEZRLTZZ &, BOMORTIIFH LT %=
IRT 21 EIAAME & L oT-2 L, BREHISE
TIEY =K 2 BRERNENEBZ LTS,

)/ R— 3 VR EATE

1985 4 7 HIT/KEEFFAS, 200 714 U OEH & 80K
BT EERMHOMEV DR E Y, (EECBRET D8
Hift o, ety 7 U m— g o OERS KEESY
KHH L MERICHRIR L, KEEEEEE L L TIREEE O
MENIROR AT B 2 XY, HEHF =—XITE
STIKFEMDZTERHG & iR Z X5 = 2 B L
T I/ _—va ) 2B L7z 20,

I RIE 1987 42 7 H, R HEAATYRE - PhadEk
EXGUC~ Y )= a A (=) 77 ) OOV
WA Z2REL, TORIEEHF RO 125L LT, &
A, BT A EORGE - BRdpk (F—9Y—) DRk
FEA L= 2,

1988 FREIZ T —Y U —idlEk DO 7= OFHEAfT & LT,
BT N OEE B REE Mk OeMEaHECiE
B LUK & R IS S8 D 2 L1 X 0 i
DFE, HEROBEEZXD L), OFREITHENE (A
DHEFAFERE & Wit L7- A TAREIOBUARIZ L 0 ~ 41 HEf
LEEDD LB, TECLZFENREERD HD),
KOOSR AT I (ORBBE RSB O A,
JHLER L o Rl L ORI A FR32 2 LI L i
BEOERZEET 5 H0) DSERE SN2, 1988~1989
L 2N D OMETIEI T, AT IO T A
KFT L EuR (ROV) ABEA ST 28, AL OfRE R 2829
OFEBERECONVTIE, WEICL I TEse7 oY
REOEAENIHISI, BT ADhFEOARIIIERTH
ST, I LITRIBBIENPNE L Sz, Oy
AT INTHONTIE, 7 8 ADAERD 15~20%/EE S 417
EHEE ST, R AR & OSBRI A
PWLEZ LIz, ORMEFRIEICOWTE, A V&A1
xF U EG IR HER ST, XA ITkT5
ShRI TR CIEE ) o T, LLEDORER KO FREARD
D, TS OFHEAMIMIR CEM S NG
xR, EMIITES R -T2V,

(= U 77 ) OO HEE 13 1988~1993 4FE 45t
AR E U CHEENEm S, &k - ARG
e =, =077 i - #HER] OFIC
1989~1993 4 A FHEIHAM & U CHENEM Sz 2v,
L, <V =3 AR O T RN THEE
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M 21T D B FR S EIMBIRIR SN DI T E o7
e, EHIEEITEVER AT 2V, RRIERRS
BHFED X 9 70 F & F o 7= bR 358 S e n o7,

IS ELHETES

1988~1994 FEEEIZITER 3 kin il BRI FE D
D 1oL LT~HA ZxiB &4 2 IR 3
NEEAHIX (1990~1994 4EFE) KUBKBHIX (1991~
1993 4EJE) CTHEE SN2V, 512 1994~1999 4EHEIC
KRS ORE « 18 FICFH5 T 5% « SN FE o
A FARD 1 D& 355 4 RINFIRRHER 315
i S AL, SRR R & L TR DY
A 77, BEAHX L RERFHIX D T A Zxfg & Uizl
AT 2,
BEERRRENY, ~ A RO T AT OWTIEARE
BREEORY, 7 ) A TN TIIPEI SRR 238 U C,
RGFEOMEPER IR T LD TH D, ZD7=w, A
VSR SFEDFSCEEEL D AT DIEDS, Y U A DN T
VIPEDRIRIN RS2 Z L ANEE L S, BRRA It
GO EFEOIESERN EN TN L= 2 i~ 5
ZENME L SNDR, IIORUKEEE S X —12 kD
PR O TR 72 ST,

SEIELARM

198849 AL M BN OREFE CHERIBHRE L 7= St
A — v 7 B A0 400 L (400 25 m3) TN 800 Y
(800 Z¢ m?3) 4% 13k, 1989 4F 1 A1 3600 % (3,600 %2
m3) 1 EAEF RISz %, 1988~1989 4
\ZEBEREREIIA, TE/K - ROV JiAY, RO A
NPT 3030 (HERAFEIL 400 BUC 26 7, 800
WG 28 FE, 3600 I C6 M CThHoTm, 7o, BNEIE
W7e 0 g R THARSL A BRDICHE I L, &5
\Z, FARHRARSRA OMYg Cldinfa, WA S LA
MEDRERIIZE L, FHRITRMOMIE T EROSARE W
e ENG, WEMRENHD EBO LN, O
IR DIESRGRO DN LD, EO/RFETH
—> ¥ 7 aARHNGND X IR o7,

1989 4 10 AZIRE ROkl 2  WiE T D HE T
DIRHERRE X570, Ty (a2 )—>7
1280 AEHEBNICIEE S, 31990 4 7 Al
Tu w7 25 5121991 4 7 FIZIXAME 72ms %8
JNRRE A7z 3239 1989~1992 AFREIZ S8k S au7- 1L b I
& AARKFIANT L 2R EORER: 39, KMaREL b
T, RTVEA, AR A A DB SR HREE
L, G Th D A L7 ) bR SN, £77,
S A LR U C BRI T 0 A BB E <
AR DIEESHRBEO L HEER SN b OO,

BRI L OWFEEOREN DY, FEWHITEMT,
B L=z 7 U BN ENEEE W, 20Xk
RN o178, A CIEEE LI -7,
1994 AT~ 7 a D RBURLEERE O I H %X
5 7= RUEALE )\ B WiE S G e O 4) M
AR ST %, e A EREAL 3 FEAY 6 AT, ACHRL (R
L AV-TTRY) 153 7 ALZERE S, kil - s 3512 &
HRNEFEORER, 6 A5 10 HD ROV & EHHEFHAE
TUA T, BRF, VAT VENERSNZ, $£77,
BT AT, vu~wsna, hVE, A<, BF
HNEES T, L, e 2 A% ETIZ 3 Ko
YADFRNVTIHE L, 0D 1Y 4 7 HRITITHEE
L7z, EFRIZOWTIE, ZORIREZEES A<,
TN TR E OTNEIET AT = —
HE T BT 20T, BARRH S IIE 2 E &
NTWD ¥, 7ok, #1995 4 5 Al HIEAL 2 Fas/\
B WHENCRRE S0S, 2o bl AT
KLTctedh, ZO% Y AOREITHIES T,

B RHER U\ T1) v FERM AR

1996~1998 A\ ZRaATF AR (K% 7T0m) (ZHAH TR
b (132 1.56m, A3t 207 55 MUEk s, 1996
D 2002 FA T TR T L EEZIZROVIC L 5
TEDBIEL L O AN & DifERABR N I STz 30, 7K
HEIEROFER, T~V IF, h¥aip L 6 FHES
NITET THoT=OITK L, — A TIEENLIIMNT 29 T
NSN30, ZOX ) IGHEFRCE > THERSh
B RFE R OMEARE S 2 0 7p o Tz, Fiz, k% 6 4 3
J1 A CRBED DR LT b OSCAM O R M-
DO TWVDIETOHLONRRLNTZZ Eod, AfEEkOA
MO REENL 5~6 45 L HEE Sz 39, 2002 4RI
D=z y Y — MafE (2m AESEHE 153 1995 4 10
HikE) ERIf# o 1A 1 15 100 28 m347-0 ©
SR SITAER, W22 I ) o 72 36,
PP Ok 25m) TId 1999~2002 4R AT
B FRE 70 sk Sz 37, ABED#Y 7 ¥ T
1%, 2000 £ TN 2001 £EIC~ H A, T~V TINF, =T
DL 29 FEOMMEL 2 FOBTEISES 7, ¥
7z, EAGRAIC L O AW O BRI ARG,
WREND 34E 1 » ARGE L7- Al Cl3sipngt+ o1F
EEPHEA T2 LD, k% 4 4B fankEo
FERDNS HREEDSEE A T D L HEER K7 37,
ST/ NS ORI 23m) Tl 2000 4RI HHPRIM
Pt famte 31 FATERR S, 2001~2003 4EICHEKICE D
FaREO BRI & — AN X AL =a 7 Y —h
faffE (251 22 ms3, 2000 4F 11 AR%E) & OFPER DL
THASASSE NG Xtz 39, KT ORER, Mk
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Rtk 31 H A TEENE L= &0, MHFEK
X SFEREL B D, £, MMtk 5
1 A 1 W5 100 28 m3 4720 OFERIE, 27 U — A
HEIC BN L Il &gz 39,

P bEDLEy, MSHETEDMHFEE 3~6 4FTKE
PEWNTZ EENZ EDBHALNI o7, F77, MHHFEE
EEELTIUE, MM o ESp IE= 7 U —

MaffElzE BN EEZ bz,

A fatEl iﬁﬁﬂﬂﬁﬁwm ARG TSI VY SV Y ats)
ZIVEAH D 723DI2 2001 4E0 5 2003 A2 A 7Y » R
Faﬁfﬁﬁfﬁaﬁ%ﬁﬂf'aﬁ% &, 20047 BIEYRIER S U7z 8940

2004 - 1 AICIE FREAMERHMSE OKE 20m) (2o
7'V FEGHRIR A AHE (15X 15X 12m) 2 £ &0
LEBED 7= DI b % 2575 U7 R RAARTE 2 JEh3L
RS, [FAE 8 AlZikmi RS K& 90m) 12h
ATy RIS R (156X 15X 19m) & [ARY
SHRfREN T 3 ok Sz, S HIZ 2005
£ 1 AIdnA 7Yy Mila 7 ) — NSk

(3.25X3.25X4.64m) & [RPALeHEAEDS 48 JLT > TR
TR HYE UK 45m) [ZIEX S 7z, 2004~2008 4
DOIFFREOFER 2040 Z 5D, 7Y REIESHF
fafE, cIPRfMREL b, SXER 1~2 7 AR E CIXEED
WHEEIT D Te o T203, FRiER 4~5 1 H BEED HIFEE) Y
Z, ™M 7 U R FREOREEE S e R AafiE 2 b
REL R BEEDRO Bz, £, MEEHOWERE
3 A 7Y REREEDO A N M OE A R,
LMD 5 LRFERTEVEM D 2 RO BT
HEAARETIE 1001.0g/m2 TH 72D L, AAETIE
5696.1g/m? & KX 220N R oz, 2 b OfER) B M
B 24595 LERRVEM OREG N L 0 < 720, B

FOEENADRBIT 2 L 510D LB BRTND %9,

EEAE

1999 4F: 5 HIZPfaiT A5 il 2k 30m DrsfE fadigns
s 0, ERES 0 ROVERS 23 2000~2001
TR RO S L DI OE WA BN T D
ZEEREAME LT, ZoEEAIEE 1992 FFREICAHTICR
& SAUHER 9m ORIBERE 2301 2 falR AR R 2 4
BERRIIRS 2 IO Gl L 7=, ARG OF5 T, ,ﬁa
TR kT3 2 A RBERUG RSO I, 2000 LS

EEMAIET 0.76, KAMAIET 042, 2001 4EREIC iim):
FaRfET 0.25, XRMAIET 0.17 &, MR L & fadEo
ERRASETEOED 1.5~1.8 fFL BN & A2ME Lz
41,42>O

FLEFEPETIE 2005 4F 11 H ICPhak Sz s E sl
k=47 —UT304 (&< 30m, 2539 22 m3), KK21C

(@S 21m, 2,015 2% m3) KO* 2006 4F 11 HIZiar S

’

Ni-A— %7 1 A 1700HA (5 & 21m, 1701 %2 m3)

2T, 2007 45085 2015 4EDEZ ROV 12 & v fE
OIFFERIATHE Sz 9, ROV JHEORR ),
MESERNT 3 Ml B 2007 4EITiE 3,000kg Riffh & mizkifE
(2723, 2009 AELIRRIE T00kg LA FIZRE <Jb L
7o FAFERC D &, FRZA XA ORI E- Tl
DD LTz, 2B OFRE TR S - %1% 23 Fl
WZDIFE ST, FfallEE A XA B ETe AT 3 TR
HED 90%LL 3 6D Bz, 2015 A2 2 b ol
~OFFEEE R OZEEEH ROV TR LIRS, A
ZA DEEEITE -7-< 72K, EHT 51 FOifERED
SR S VI E RO AEINEE Qi ¥, =
MO T, BN ZRR L T8 2 aEoigEED
HEEIZHER A D2 H OO, [Fl—fafea xig & Liz2h il
Eé: L CideRo 9 FRISEME S, SEFEOZRRCZ D

KO T C, RN IZT TR <R
EE’J IRELSEHL S5 L 2R LRIV THET
b5,

p- i3

TSI S & TR B RS 2 2 i -
AT DI TR SN KERMPEEH R D 1 > TH DK
PEBRBIRF S EIC L, 2012~2014 4EFEIZHMME (27 1 A
FRBSERE SATAZRRGHE & 2 DI A2 BLE)

DNPTERFR ST 10 HSI 28 <=, NED % 1% 2016
- 10~11 HISEKIC X 27K S st (UL b b

T ME) 2L, BEESEOREIZITZ v AL
ENZEEE L T2 &, ROEMIEC WIS
M ORE, BB, HE) TiEsier o AL CFEimk
FE 36.7%) HERENT-DITx L, AHAl (LR, 7814,

Z5i, ME, ETHE, /) TRV AT THERA
By NICEE L TWEICT o= CEEYL A
24.8%) Z EHEALNC LIz, £ LT, BESMICRE R
TEDSTERL SNTZJRRIC DN, AMTEICHET 5 7 1 A
TEREES 7> D DlEE MR ST EHERI L T B,
ASBITEORGEDT-®, D7 v ABiff& SN0
0 A RIS DZ N & DERZ R EZIBIEL, K03
A7 ORRIE 1A RN Z E RN END,

RIBEBDOIROUE

ZIVE TR LU TETLEGERORIT, — 7 igeE
ha (RIEOEDOM, BESCHEOERTL L) &4
%18 L7 APERNR D 2 DITRE T b,

209 HIFEEZAFIE, KRS ROV A, FREGEH
1, WERBR E DRy T gy MR BFETEIC
LR, AR I Y OESIHHETX 5729
BRSSO Z L N ZNEfA LI b O TH D,
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WEEESN IR AREA U7 2 & OIS IR < o
ENDH D, TNESFET L E, OFETIECE > T
RENDAFECEAREN R D Z L, QBN ERL T
B 2 MEEOEROHEEN#H LV 2 &, OERDS
TR L oLbi,  F 721 IR CORERYI L
BTN E DML &, @OIFEER I - &%
RNV EET D200 5T, 1 L bk
I TON TN ERET BN,

ZOX I BRRESN D DT, S BIEE N AT
IBRITIE, T HOREE D L THAERT S X D TReTe
FR O i 25 L, [Rl—Fka AV CE &R TRt
W ZIT) Z LN TH Y, S SICTIAERERII%
T TELLHMEREL L TUET Z LB RUITH D,

BEEOFRA RSO, Rl A ;Y7 ay MY
RBMFEGRAEICESE, MEEOENR o2 L)
b, BHITNIEN G D LR SN TND OB RZTH
IR, FEL L TEHEOBENRASITHNALLLE,
BN EFER E TRO DB N T _RETHA D,

APESH I TEASSTHA, 77— N, BIEEY A
1, WIS 2 OIS THEE SN D,
TERIEGH 30T DRI DI R N OVERERRR D Z &
To b, AN CIIAFENRAHEE LT-FHILE DD T
WIS, 1960 AERUZR) S & FAise T b=
=ERRE LTS O RS 8 & 1984~1985
R MR I T AR 2 3 DRFE72
EHTHDH, ZDH BRI TN IZEE T
135 D0, BRARZHROBLE D ask OEREEL (fiRk
BAFE MBI TE DD TR SN TEY, TAL
RHHDTHD,

SR OAEPEN R, KPERTR D HIERBE DTN

RE RSN TRERT 5 L7 EOBHRRIZER DI,

HEEE ORI 78 & O S REIERIC L > T
ZEE HOT, 1FRTE T OFE I3z 0824242
ZEIFTERY, FOEANLTIUL, Bk 2 S04
FENFGHE TSI A BT LR b DO TRV, &iT
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Fig. 1-1 Study area. The upper panel shows locations of
Tsushima strait and southwestern Japan sea. To emphasize
the Tsushima strait, Yamaguchi Prefecture and western
Shimane Prefecture, the square in the upper panel is
enlarged in the lower panel. Numerals on bottom contours
show depth in meter,

Fig. 1-2 Percentage of catch of three prefectures (Fukuoka,
Yamaguchi, and Shimane prefecture) to the national catch.
The segment in dark gray shows three prefectures catch. a
horse mackerel, bt tilefish, ¢t red sea bream, d: puffer fish, e
yellowtails, and f: round herring. Ministry of Agriculture,
Forestry and Fisheries, the minister’s secretariat statistics
part (2010).
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Rl - RIKEDFEEE Table 2-2 (TR T,

LvEVEROEENCEETA L, KHIRED 1999
FE8~12 A DRHEHA L 2000 4E5~8 H DREIEHIZHIINT,
BH~ERREEOENEERO bhd, ZOfi,
BEREE 0 CBEHE © TiX12~3 AICbEBEE»D
EERENL TN, 7ol BEF ©) Lkl (@) T
DB AR TAIBREBORIEIS K E <, AEDED
EDIZ 725> TNBAS,  ZHIUTBRIFEOBR N L B b O
LEZEzZo6h3 Fig. 2-2),

EREE L TERREHORRE T 5101, K3l
FUICRIT BT —Z T OWTCER T — ) =ZH FFT) T
L DAY MM EAT 5Tz, BRITBIT DA P
SRk Fig. 2-410R7, 12770, B3 §59ic
T () 07 7B RDT T 7RI A—F
—(X10 C* (cph) ) FoLFIZTH LTERL TS,
TRCOPRT L B &0 OBY A= X —E
— 7 BBALTNWB, B BRI OV T R
5 EAREINRIZID Y TE— 27 VN E L e BIEmHBH 5
hs,

1 ARV RWVEMEICERET5E, FHIRT2~10 B
DREIFIHAZ 3~6 DT RNAX—"—7 D5F8D HILD, FF
2, JUdbROERIE ©), ILRRESOEHE (o,



JIRL (@), 18 (o) BLUBREROIE (5) ©5 Al
ILEAIFEO O, 4~5 BED (BEIF Ob) :5.1 8, &
HE ) 458, JIIFK @ :48H, i@ (e : 45
B, /T¥E (§) :48H) &8 HEI (BRH Gb) :8.0
A, &HE ) :80A8, JIK @ 808, & () :
8.1H, /T () : 8.0H) IKE—IFHEh B, E
7o, WOEFREOFHKE ) FEE @ D2R80DA
7 FVIBRIFEEL L TWA Z & S CTH 5,

10 BLLEDE#E I, EHE () 1 13.8 H, B (o) ¢
16.3 H, #KE (f) :13.0 B, FH4 (@) :13.4H,
&M (1) :15.0 B, D& () :15.9 BIZE—2Eh
T3, EBHIT 30 ARTROEHIED=RLF—1~YL g
BRTEL RoTNS, ZhbDZ &b, KB
B EERILRIR RN TOAKIREENZIE, Ogawa (1979)
DHERE LTz & 9 1A ~ SR ORFHEIR r— & b 0%E
BNEE L THEFELTWA Z Edbha,

7T, Fig. 2-3 D7 —Z ICRBENEAIET L B 25~720
BRI/ RRRT7 g VA —%HE L, BB ~ERF A7
—NVOEEIS I L. Fig 2-5), HlSf~2L 5
I, A ~SCBRRVERIOZEN IR (11~1 B) L7
BH 6~8 A) IZHEBL WAL cHhzD, £ZT,
i U 72 26~T20 R E IR % 60 H DB A L M5y
L, 10 BREFOTS LR BRI MEHERITH Z
Litky, FA4FI 97 AT bVERDT, KRR
6 IR GEEE b), BHE (), 8 (@, FER (2,
EA G), 10 () OFAFTIv I ART M- FAF
77 L% Fig. 26107~ d, HlRE 10 A TA~12 A
THORBIN = N —DBKE R U, 3 AER
~4 A LA NER L, BONS~T H OFREIiC =L
X—PREL 2D LD RFEHRERLTNS,

2-1-4. BB AR

A ~$RM R 7 — VBB DR LR E AN D
7=, Fig. 2-5 OF—F%&F->T, #EEK (b) »DHIT
& () NI ToR T 25— EtER Lz Fig. 2-7),
FUNALERD> 5 LLBETA R DI i C—FICIEE X 1-i3A D
REETRT LD BN EH-E L T D8, EBIORT%
W BB L, KBREOKRE HMERITERE b) ~F
HE ©, HAINIIIR @) hFTe, BE 0) ~
T () Z0NFTD 2 HFRSHIEL, Fh b OERIRD
B (o) ~FEf @ Tt TEORIENNESL 2T
W5, ¥£77, HEDIIRTIIRVE, BRF b) 22510
IR TREMEEE T DM @x0X 2000 4 2
AanaREZSe, 200047 A Ha0ARZE, FATA
DOIERERE) BRROON, TOTTFMIRIED IR

d) HBVNLE () THEHZLENEN, HARRF

& LT, 2000 4E 7 A0 —A% Fig. 2-8 157,
ERIE b) T7A21 Bicibhize—7 MR @) %
Ty, ORI bODRE (e) b LLIdFK
B ) fHOCE B L TWAEETFR S DR B,

D& 51T, A~ SREEROEEh B DT
— FIMHET B EOICREZ DI 0D, BRRBRIER
R (CEOF; Complex Empirical Orthogonal Function)
STV & DEBIDE— ROy dlinlc, BHEORERAIE
2ZP84k (FOF; Empirical Orthogonal Function) fEAFTC
I IEAENRE LSRR CE RV DIZH L, CEOF T ¢
MRS - ZERIBEA R TR T LT SRR
BTX?% (Barnett, 1983; i - RiL, 2010), 723,
EEE (h) OBREIRIMORIR L Y bEr-20T, =
DI BIFI LT,

CEOF TSR %, Figs. 2-9, 2-10TRd, FhE
N0 EBDXINE, ZERIHRIEREEL (SAF; Spatial Amplitude
Function) & ZefSINiARREE (SPF; Spatial Phase Function)
DFi%7RL, SAF (FEIORIE) 1T R& X, SPF (18
KLNAR) 13AT 4 v 7 TRENTWS, E-HEE,
TERORNL, ZIEHEFELDNAE (TPF; Temporal Phase
Function), BFEHDIENE (TAF; Temporal Amplitude
Function) DEERFIT, (HE&HRIBOREZEERLT
W3,

CEOF 5 1 =— R Fig. 2-9) 1%, BEHF @) »biT
# (§) oW TCREENAE TEE T 58— R
T, TOHFERIL3.4 % ThoTr, SAF BPEHIRE BIF
ERI—THDZ &b, TS BREIREITHT
TIHFFURE TEF L TVB Z L3 bdb, —7, CEOF
#2E—F (Fig 2-10) X, FHE ©), JIR @, &

(e) ITRITBEEIDONAE L, TNLIEOBINIZRITAE
BYDOLAEINEE 180° BRARABHERLTN\D, KR L
SEOILMIRTEERORIA L BARIBOILE (§) T, HBHIK
X /2SAF &R LT B, CEOR 82 B— RDF5RIT11.0%
THY, CEOF &1 E=— & CEOF 6 2 &B— R & TLEH)
D 60 %L EEFFHIFCTE B,

£ — FOFERIERRE ORFEZEIL TAF 128 > TR
EhB, CEOF %5 1 &=— RO TAF Fig. 2-9 TEY) i, 1999
££9~10 A, 1999 4E 12 A, 2000 £E 7~8 A IZHEARX
IfEZR LTV, —F, CEOF %52 E— FD TAF (Fig.
2-10 TBY) 1% CEOF &5 1 =— FOZFN LD L/ANEV R,
1999 £ 9~10 A & 2000 4E 2 A, 2000 4E 7~8 B IZH#H
K& 7oEE R LTV,

KEB— ROEEE Y LB EB/ERTHZ LIk
D VER LI AKIBEEI DR 7 A F—X% Figs. 2-11, 2-12
IR, B1E—F Fig 2-11) 13, JUNEE»S BB
BINRTNT TO—FEET, 10~15 HIEREDRNIEE)



RERELTVAR, 1999 4 9 AFE~10 ARERBLID
2000 4E 5 A Hv~8 A LAOHREICIE, X EEHOE
Bt R bhd, — 4, F2E—F Fig 2-12) TiE,
BEE O LEHE () Of, BLUBKRE @) 2V
UIFEER @ (BB (HEDKRER) 258505
N5, Elo, BHE ©) »BiE (o) FHEE TOMIBER
EHZRDLNA, JIF ) £V bIR~DOERHHIARH
BECh D, KEITTIIET— ROYERIZBIRIZONTE
229D,

2-1-5. E®

CEOF %5 1 &— NI, *SEnals (BRR-REEY
230 km) (272> CRIAE, A>DIEER CHRE T8
AF— RTHBZ LMD (Figs. 29, 2-11), KV VZEHE
A=V b OB L OBFESHERIS D, £2T, IR
BRI AHERT T v 7 A (Qn) L ORRELELET
%o On 1, RITTS X 5 ICRrBB ORI (dH /dt)
LB X ABEE (F) EXTUALTWS EEZD
N5,
dH
Ty =Qn+F
T, CEOF &5 1 &— FOOBHMRE (CEOF1) DBFEZHML,

(ACEOF1) T dH/dt PMRETEBLEX, Qn &
ORBEEND Z &35, %7, faht, T, iH Fig.
2-1 TEY) IZBITAREBEDT —F b, KAITLY
WEET S v 7 A (Qn) RO,

On=Qs+Ql+ Qe+ Qh

ZIT, Qs IXENHSAE, Ql IIRITHENE, Qelk
BET TR, QkVIFEAT T v RERT,

Qs 1%, UTFickykediz,

Qs=({1-a) -Qso

TZIZ, a IXTRRT 0.06, Qso iITEKRBHNES

—7%, Ql i%
Ql=e -(Lb — St -Ts*)

L skdiz, 72771,

Lb = St *Ta* - (1 — (0.49 — 0.0066 -Ea'/?)) -Cs

Cs=1-0.53 «(1-0.0095 -Ea) -(C+0.5 -C?)
T, e I3FHE (=096) , SLIIRATT7v - HLY
< AR (=5.67032%x 10 B W -m™2-K~%), Ts 1K
B, Ta iXKIR, Ea (IKEKE, CIIEZEETHD, T,
Qe, Q% I IIRIZEL > TRYD, 7Y/ {REIT Kondo

(1975) DEEEA L,

&M, TE, EHOQn OYHEL ACEOF1 DR
5% Fig. 2-13 O LB L HFBAZENEIURT, MEDE
ENTIECHEL TR B, BRI r = +0.63 LR

(0<0.05) Thot- Fig 2-13 FE), 2D Lhb,
CEOF %5 1 & — NIIRRES) (EEET 7 v 7 R) LEE
LEEETHD B DD,

YRIZ CEOF #8 2 &— RIZ oW\ TEET 5, CEF &2 E
— RN WREER EHE ©, JIR @, & )
& BIRBEREOITE (§) TOWRIBNSKE L, d>oififtE
TEENT S LWV ) A b0 Figs. 2-10, 2-12), 77,
FEOENIFKRE ) , FE (@ FfHik, BEE ©)
EEHE () ORI LD, TNHEEDHE (th
DONERD) LTGRO bNDZ b,
JEHITE & DBFEIVRR XD, % Z T CEOF 55 2 &— RO
SAF, SPF %37 & RS HIOMHERE & 13 & Fig.
2-10), IUEIRRIC BT A EENOHIS, REITERS 100m
PIEDEI LR L TWD Z bbb, £ SAF (&
BIOWRIE) DORE BT, 100 m SR LRI

(B35 kmLLF) LW ORESA LD (2L, &
FIE 100 m Z958EC 10 km BATF &UTV A3, SAF (dvh&
7o TN3), HUEERICRIT AR BIERIn B0
100 m R KO FN QB L E2BEx B L

(Katoh, 1994), CEOF &5 2 &— RiTBIEmnEoT &
B L EE L E X Db, REERREIBIIRES
B OIRIEROEL ST TR 5720, Rk
SRR THB &, KEEEIAHHOREGFSFEND &
EZzbhb,

Z T, REKREE LR BERINES R L OBEY
FARDIZY, IRENROMEERZ KT 5 LE2 b
BINFANL & FREKIB DRI 21T o 77, :

ATV — 213, BR, 8%, FiE &H

(Fig. 2-1 TEY) OMOCKEMELRMEL (RET—F
IFENENEIR, B, & EROKKEB THRLI:
HOEFR), & HIT 26~T720 BED/ KSR T 4 NV H
—EWNFTbDTH B, KREKLE D B DHE
ZRAMHIR D 728, TNENOT—F BEE LT~ LT
#EE L, EOF f#traiTolz, #5& EOF f#AT (combined
Empirical Orthogonal Function) DFERAELNE, K
ROBEERY ML EFE, F58% Table 2-31T77%
KR CEOF %5 2 &— NIl LI=ER T MG,
S EOF T CI3EE 3 B—F (HFEE6.7% ZHnT
BV, EEE 55 EF & 3 B— ROBREII/KIRD CEOF
52 B— FORHEE L ARREDHE (r=+0.69) %R
9, 2B, F5AEOF & 15— K (Table 2-3; Model) 3,
AR AN & b ERFIAE CEENT 5 — B LB AR L, &
A EOF 52— (Table 2-3; Mode2) I3uKkiR&EKAID
BT MBRRRAHEEERTIEDD, FREND
BOWMSI LA E KM LD EEX NS, e
EOF % 3 S— K (Table 2-3; Mode3) DKPIDEAZ



MUZEBET D &, BIROAPEDEERL, ORISR
IZADEL 2o TND, (T2, BEERY MVOREHES
B CRLAREIME 0.61) ZRLTWD, ZDOT &I,
HKIBEDEAERY ML eBbETELDE, BROKA
<, fOBRLEDKMAME & E 2L ORI OAKIRD
m< 720, WoRIER~EARRINREDARIHELS 725 &
) IR EEER L TND,

SR AGE 2 BR T DXIBEROME (BLUS%
BHRE) 13, B L BIROKNMZE L BEVIEOHREE B
halp bi‘ﬁl’ BT3B (Takikawa et al., 2005; Fukudome
etal., 2010), L7=h3>THsA EOF 853 B— N3, XE
HHSHKEDOEERE (BIUREIE ASEEN/ N
SN E BROKIDEL, BEOKMIMENE X)
W, D RERTREIE SRERE CREENE R Z
LEEKRT D, P #5E EOF 5 3 B— RORHRE S 25
~T720 BFRID/ N RISR T 4 N E—FhE LI BE-BIR
DNZEEL RT3 &, MEORIIIEE/RADFE

(r =-0.61) ’BDOHND Fig 2-14),

PEDZ b, MBHESTKEOTREIV/NEL, KB
RO & ZITIRREDOTRBEBARLETR Y, R
DFF~NBKBTEIAT X 5 2RI3A A—V 85, &
D& 5 7R REDOEICERAPTRAT B — 43, AL
FEOBGFINERI- UIZ USRS b Fig 2-15), /A
WD (2009) DOXBHHESGED D DRt RE Tk e
B L, IEAREIREABITERIND LWV O
B RF—ETR LTS, LU, Zo#HE
FREET 5 7= DITITPE DRI OV T X DITKRETT 544
ERH D,

2-2. F-RMREMOKET—21=H5hEHETO
IKEZERY
2-2-1. FFEl

RGN, BB B LNOKBERNCESE,
B ~EGRE R 7 — N OKBEB ORISR~ TE L BT
SEHERFAGEDOTRE (BIUREE »WhEane
(2, RERHICBEAIFENAT O TIXR\ & OFELE
BRUZ, LG, EEMITMERE kn DINICEGER
INTWB7®, EEREREDOBERIDOZN LIFE DR
EERT AR N H o, FZTHREIT, #KER
BEEET DHREINC L » TEBNKBRT—# v
T, WA COKEEENC VTS5, B, REIX
FIOIALTER 45 km DSBS BB, BELE
EPEELTA AN 1,000 NBOETHD Fig 2-16),

2-2-2. BWRHET—43
WA ROKERTEE v 2 — i3, iR L RBERESE

]

B TIICX 59 (268 hY) Iz/KiBINGRERE 2 H
VAT, ORI ETOKBE=S Y 7% 2006 4F 12
APBEEL TS, ZHLENIE EDOER (34 39
N, 131° 15’ EfBE T1 B 1 [EDOHDEFHEZEIT> TV
7288, IKIBIGREEZ BV T B & TE=F ) 71
MEMBESIRRT D 2 LR TE, &HITHZEMRCE
RT—HE/DBIENTED LD o, B, ik
WBr % Hidks U7 iREai, FEEAHE (34° 30" N) TSt
L, REAKYE, T~ E5E%E & B Fig 2-16),
1 Bdi=Y OETIE, F-REM 3 FHENERTH DD,
KFI 2 HEITBE SN, HIFEEDOZN 5 HEA
AT A FHEIOEEINS Z L 83D D, HiEhD
FTRTOKET—F 58T D L O IERESN TN DD,
FRERRDS Ko Z I A CWBHIR (11 B) ixilE 725,

WREMOKEFZ, THERER 1120 (HfEE
0.01 C, AlEREE 0.2 °C) THD, KREHDEE,
A BE—T ==& LT, GPS DAEFERE & bic 2
~3 I 1 BIORHEBR T/ Y Far B a—& T
g a, ARFHISEHRAVKOBGA ICREBE SN TE
Y, BKEEBRT 3 L MY 3~4m OKIBEZFHAIL T
WAHZ LB,

ARG CIIAEN 50 m B L 725 34° 307 N ~34°
45’ NO#EFOT—X2EHHL, BE 147 LI
EEEH U OR0ERT—F vy b e Ui, &
HEEAIRENE, 20074E1 H 1 BA5 2009412 A 31 AT
D IETH B,

oMz, WRROT—# L UCEMTEER D@
X (Fig. 2-16) OEBHETHELNIAKRT—F (2007
£7H6 H~20004E9 H 30 H) ALK, 2Hb5i11
RIS L OT—FBEBLNTVAN, HEMT—2 L0
DT B EE KD, ENETROT—4 %y

& Ui,

2-2-3. HEKBERO

Fm (34 300 N) noRE (B4 457 N) ETOfR
& 5 Y BOREKEDHRY% Fig. 2-17TI1T0RT, 7272
LFig. 2-17 T, BRI 57208, HHEOHS
(757 d) ZRAETILOHSRDOBRSIZ 2 CPHomiR
5 LTRRLTND, EEMBREKR L FIRIZ,

AL D 8~9 BICEREKEER, 2~3 BICRIEKER

XD REEHE RO DD,
ERKEEBIOR AT/, BE1HTLD
Wi L 16 HUSDAIRIZOWT, FFT I L B AR pL
T EAT o T, TRIAY MVOREICE, KRAERTE
BIEPEE LTS 3 FERIOERHE AV, &R 4 R
(34° 45’ , 40’ , 35, 30" N) (23T BAKELEED



227 W& Fig. 2-18 1KY, MBS L CRET2EH
#14.5~4.9 B, 81 H, 11.1~11.5 A, 14.6~16.0
H, 27.0~31.1 B &72oTRY, 11 AEEHEROTE
BEEE/KIR L I BTRE CTh o7z, 0 11 BRI OE
i3, Fig 2-19 DRE-BEES A 775 Lhbion
AL DI, WEEOFRES (34° 33° ~41" N) THHZH
NIRRT WD KD B D,

b EREEIRR S ORI LA T B iz, £
SEICBIT AKBEBIDOXAF I v 7 AR MVEFEL
7o, BRI, Z=EZMLERY BRL DI EART— X
v Md 31 AROBEPEIELZLE W —& %
v FefERRL (Fig. 2-20), Zh % 128 BElDES A

NI, 10 B0 LR S FRT HRIC L B A7 b
NEEEAT T, REAR AR A F ATy
A7 MVE Fig. 2-2110RT, EEMBAGKEDZ A
FIv I AT MV Fig 2-6) LITRARY, EEKE
R T~8 BRI IAX—NEL 2D, 1 BlTR
Nt X3RN L TNA,

WITHEE EDOMHEAIR L IRROEBRREKE (FiE
BDi#, Fig 2-16) & OBHRICOWTIRNB, 72k,
B OB IRENDDT20 N 2008 FEOEENE AV,

MEDRFRE LTI 34 417 N BBAE, Z0OH
1, FRTHEAIRI OB A EER N U & X IZE KR
DEVEZRTHEETHHD Fig 2240 8),
FEVZIRET 272017, PERFR L EEMRREDO/XKE
RERFNTDOWT 31 BBENEEN D DIRES R

(Fig. 2-22), WEITENNCE L LP-EBEZRL TS
B, EEMEEGABDITNHEARL ) bETRIENA
EVWVEAEDH D, MEDab—L I —%Fig. 2-23|2
T, BRI — LU ROEVERIRNT, 4~5 B (B—
7134.4 ) L 8~9 B (x*—71X8.0 B)IZH BB,
T IR el 2 AEIEE O —ERIR S LT
% (Fig 2-18), ¥z, TN OOEEIE CIIAFEZEDYN
SV (FRFR -14.5° , 20.3° ) ZEmb, A LR
F L TCIRERFACEEINE L TND Z E¥bhd,

2-2-4 E%®

AR EKIROMGEE W% Fig. 2-24 1T T, it
B ETCO—FEEMB BN, it 2-l HiorEEER
SEIRZEEIY D OREHEDD, IR IER 2VEEE T 5
VI ATERTAbDEELX NS, £ T, ZDLH
IR EO—FEBERET B0, KRBEIDD20n
2007 £ 11 A 20 H~2008 ££ 11 A 4 A DEEHZOUT,
B B O IR DOZERIESAEZ KD, bR
EOT—F¥y NefEk Uiz, AR 4 RT3
FER%l (Fig 2-25) 245¢&, 8 A TTROEE) (HERT

[IERZE, EECIIARD X 5@4#?%"37&’72@7)?&5(

REAND, FICEBIOLRHEESE L BB D

FEEE 1 D 16 s DT —F VT EOFﬁ@U?’%TToLO

EOF % 1 &— K, % 25— FOEB~XY MV OZERSy
ik Fig. 2-2612, FRefRE% Fig. 2-27 1IR3, EOFE 1
T—F (FEES50.0 %) %34 377 ~38° NEBIH
FTEAERS "MVORERREET 5 — Y —EETh S,
—7%, BOFE2E—F &F5HK24.1% 1% #Eibrl
ZORALE TEARY MOFESORRZEENT, T
BRI CIRIERRKE VN E W RHERABND, T
— FOBBEZ 575, BREICR LT FFT I
L BANRY MR E T T (Fig. 2-28), BOF 1 &
— ROZFNAF—TH 4 BIce—27BHY, 6~8 BB X
W 14~20 BAEHEHOT RV —HEL o Tnb,—,
EOF 82—, 3 B, 4 H, 8~9 Az X
— b= BHHNB,

2-1 i, MBEIREDRER (B L UFRREE
DWNZWNE E R BREH TR GAT e TIIAR D,
EWVHERERE LT, ZOERFSIELITIUE, *HEHE
BEAGEDBRTRE (BLURBIR &LMaKEEE)
& OB HBBER A ONBITTThH D, £ZT, XEE
BT EDEET 2 RE T DL BROKNMZE Fig
2-29) "k, FEOEF&E1T—F, §2F— FORHREE
ZHE LTz, EOF ATV VMg EAGRDT —F 7 >
M 31 ABENESED B DRZERD T, BE-EIFR DK
P OWTHRIRONBRE R LTz, 7238, KT —%
123, fER, BROSREZDOERE CHIELE LT,
B R OFEESERE A R D D L EOF 85 1 &— N Clr
=+0.18, EOF 82— NTlidr = -0.04 L7220, HER
BRIIRD bRV, ZIT, KAZELEE— FORHE
BOMTab— L REFE LR (Fig. 2-30), BEOF &1
F— RT1X3.9 Bz, B2 E— NTi2 3 Bk bEWN

B—7 (FNFN0.74, 0.62) 2D BND, ZDHH
Be— FOBEHEIIHR L THA0, &1E—FD
3.9 HRHIETH B EF 8 15— R 3.9 BiTktind 5
IR 40.8°  (10.6 B THAHZ b, ZOREH
HOEBBEL Y, AEE L ARINIZERNAE TEE)
LTWAZ bbb, ZORRT, EE-BIROKNZE
BREV (h3VY) & (ThbbrBrsokEDE
BE (BLUREHH) BAREV (h&EV) &) i,
REFMFOKEBMET (EF) T3ER1H2 2 &R
LTEY, iR UERLE SR AR L o T
B

2-3. FLHEBE
2-1 Hik L Ot 2-2 HiCEss L5 A ~ 8B < 7 —v



DOIKBEENORAEE F L DA LLITOEY THD,
BRI ARE/KBEBIRIDOEEWRITI O I,
PEEBILRRID AR I3 B ~ ORI R 7 — VOB FET
BT MBI Fig 2-4), 77, ZOEHER
T—NOEENL, SEEROKRS—FICAET 52—
K (CECF 8 1 B— K, #FE52.53.4%) &, WWAORAERE
FENCAE AT 5 — N (CEOF 82— F, F5E

1.4 % POEAERIN TV Figs. 2-9, 2-10),
& 512 CROF 55 2 &— RIZiE, FubHbssss bl o R
T, LRI TEEMDMERET 5 &0 5 FHE A B
7z, CEOF 55 1 &— NORHREIZIL, WEHT T v/ X
DRFEEEY & DA B2 FEBERBRSFED b= Z L
b (Fig. 2-13), CEOF &1 &— RIS EENZBEREL7-
TENL B2 bz, —J5, CEOF 82 &— NI &
BIRWEER 2D REGS A DD Z &, Tl
CREPROLND Z E0S [Figs. 2-10, 2-12), HFEH!
TATIBHE STV BR R BE & DRBEIVRB ST,
Z LT, SEBERRREE OIS Kkd BinEK
i & RBAIRDRIRHAT (FEE EOF fiZT) ZAT o TofER,
- BIRDKAZEIV N EN & & Gl BHRR B DR
FEEDSFERHNT NIV & X)Z, L ORISR CREiR,
BRI R CIRIBEM 2RI Z & bh o7 (Table
2-3), ZORERICETSE, MBHEIGAGEDIREN /N
<, HEFOEPTI & ZITIREIEDOTREBPREEIT
D, REOE~BKPFRGALOTIIRVD, VIR
AR,

- REREARC L AREKBSRIOERENTH O,
W E (G  OKBRICIIREAKR & FIRROZEEIREEN
IDHNBZ EhbhoTz (Figs. 2-18, 2-22, 2-23),
IEKIROE B ~BABR A & —VOBEBRRANT DN T
EOF fMTZAT o TR, MBORIC O KR T 5
—F EOFH1E—F, HF52K50.0% &, HiEEhks
WO TR TRTE— N EFFE2E—F, F
53 24.1 %) DOEITERINTNDZ LRI

(Fig. 2-26), B — ROEHREL L HE2-RIROKMZD
BCab—L I REREZA, BOFH 1 E—RDOE
HEH (3.9 H) TEV EREBHRATR®D bt Fig. 2-30),
FeDREE R ARERBE DI,

13 EICHRALIZL 512, Ogawa (1979) 1L ARG
BT B I & 7 FA U BB~ O TR
U, ZOHEEROT— I3 A, T4 HTHS L
WRTND, LT, HEREENC ST CREA T —
NOEEERHL, REARDRTAZEN0.5 CUEE 72
HEDT—RE3 BIZHY, BYTIH5 B ORI
RCARRTAE LT, MEOBRESERL TND, A0
BTH, FEILBEIREDE EEIZ - TC, TEfE
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Fig. 2-1 Map of sea surface temperature monitoring stations (closed circles: upper panel):

a Mitsushima, b Tsuyazaki, ¢ Futaoi Island, d Kawajiri, e Kayoi, f Hagi-Ohshima Island, g Utagoh,
h Tsuma, i Hamada, j Gohtsu; tidal stations (open circles: lower panel): 1 Izuhara, 2 Hakata, 3 Susa,
4 Hamada and weather stations (closed triangles; lower panel): | Fukucka, II Shimonoseki,

Il Hagi, IV Hamada. Broken lines are 100 m isobath.



Table 2-1 Sea surface temperature monitoring stations

Station Platform Period Sampling interval
(a)Mitsushima Set net 1999.12.21-2000.8.24 1 hour
{b) Tsuyazaki Tower 1999.8.14-2000.8.24 1 hour
(¢) Futaci Island Set net 1999.8.14-2000.8.24 1 hour
(d) Kawajiri Set net 1999.8.14-2000.8.24 1 hour
(e) Kayoi Set net 1999.8.14-2000.8.24 1 hour
{f) Hagi-Ohshima Island Set net 1999.8.14-2000.8.24 1 hour
(g)Utagoh Set net 1999.8.14-2000.8.24 1 hour
(h) Tsuma Set net 19892.12.21-2000.8.24 1 hour
(i) Hamada Tide station 1999.8,14-2000.8.24 1 hour
(j) Gohtsu Set net 1999.8.14-2000.8.24 1 hour
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Fig. 2-2 Mooring system of the thermometer at set net fishing ground (a) and at monitoring
station except set net fishing ground (b) .
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Table 2-2 Maximum and minimum sea surface temperature.

Max. (°C) Min. (°C) Max. (°C)
Station 1999 2000 2000
summer winter summer
- 13.60 28.82
(a)Mitsushima
- 2000/3/1 2000/8/1
27.61 9.59 28.76
(b) Tsuyazaki .
1999/9/12 2000/2/20 2000/7/21
26.90 12.24 30.79
(c) Futaol Island
1999/9/14 2000/2/24 2000/8/23
26.72 13.25 28.77
(d)Kawajiri
1999/9/20 2000/2/27 2000/8/24
26.91 12.85 28.93
(e)Kayoi
1999/9/12 2000/3/21 2000/8/24
26.71 12.26 28.88
(£f) Hagi-Ohshima Island
1999/9/14 2000/2/28 2000/8/24
26.68 12.71 28.37
(g) Utagoh
1999/9/12 2000/2/24 2000/8/24
- 12.09 28.59
(h) Tsuma
- 2000/3/2 2000/8/24
27.60 8.80 28.90
(i) Hamada
1959/9/12 2000/2/19 2000/8/11
26.88 12.09 28.75
(J) Gohtsu
1999/9/14 2000/2/29 2000/8/24
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Fig. 2-4 Spectrum density diagrams at (a) Mitsusima, (b) Tsuyazaki, (¢) Futaoi Island, (d) Kawajiri,
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Fig. 2-9 The spatial distribution of spatial amplitude function (SAF) and spatial phase function (SPF)
for the complex EOF (CEOF) first mode. The size of the solid circles is proportional to SAF value at
each station. The directions of sticks indicate SPF at each station. Small letters in the upper panel
show monitoring stations: (b) Tsuyazaki, (¢) Futaoi Island, (d) Kawajiri, (e) Kayoi, (f) Hagi-Oshima
Island, (g) Utagoh, (i) Hamada, and (j) Gohtsu. Middle and lower panels show the time series of
temporal phase function (TPF) and temporal amplitude function (TAF), respectively.



PHASE

AMPLITUDE

34°N

129° E 130°E 13T°E 132°E

I“‘IIFJII|IF1II|IIIII|II

35°N

Jan Feb Mar Apr May Jun Jul Aug
L L L |

180 , - -

1204 1 | w Mh' W W ‘ MI |} H |ﬂ M !l:\ ‘. | |'HH i
e L1l |\ l“ WL (] i AR

L LIRS |-\||-|¢‘-m\.

ol 1R TR ) ©
-60 |‘ '\M |‘Id |hl’L| \HI: ||r|h h |L|‘|I|I i llﬂ| | ll |I]i| k| ‘ \|| |'i|lz| “ ‘rll | !.N B

el DRI RN
10 - e __ 4 -

3 ;
7 -
6 - I
54 B
%E ”"M N ol 4 }#’1 ) L ﬁ W ﬂf‘-&”‘fu:
3- y J fﬁ-l.'gl ok w’i{rﬁ.ﬁ? \,»J wi.'u' J[\*'J'“*‘"Pﬁ%. W -,",ﬂ |.'lj 'M_f\rﬂu an\Hy"Vr\mﬁLF“\‘I\MMI L&M '.W ) d -

Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug
1999 2000

Fig. 2-10 Same as Fig. 2-9 but for CEOF second mode.
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Fig. 2-11 Time-space diagram for reconstructed sea surface temperature for the CEOF first mode
during the period from August 1999 to August 2000. The contours indicate the reconstructed
temperature every 1.0 C. Small letters at bottom of each panel show monitoring stations: (b)
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Hamada, and (j) Gohtsu.
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Table 2-3 Eigenvectors by combined EOF analysis.

Station Model Mode?2 Mode3

(b) Tsuyazaki -0.72 -0.20 -0.07
(c) Futaoi Island -0.73 -0.28 0.36
(d)Kawajiri -0.77 -0.27 0.19
(e)Kayoi -0.75 -0.15 0.27
(f) Hagi-Ohshima Island -0.79 -0.25 -0.11
(g) Utagoh -0.86 -0.19 -0.18
(h) Hamada -0.75 -0.14 -0.09
(1) Gohtsu -0.76 -0.04 -0.32
(1) Izuhara -0.20 0.56 0.61
(2) Hakata -0.38 0.88 -0.06
(3) Susa ~-0.42 0.87 -0.11
(4) Hamada -0.42 0.87 -0.11
Eigenvalue 5.25 2.95 0.80
Proportion (%) 43,7 24.6 6.7

43.7 68.3 75.0

Cunulative proportion (%)
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Fig. 2-15 MODIS-derived sea surface temperature on June 5, 2010.
(http:/fwww.eorc.jaxa.jp/cgi-bin/adeos/modis_frame.cgi?year=2010&month=6& prov=eoc&type=1km)
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Fig. 2-16 Map showing the track of the ferryboat (thick solid line) and observation sites (two closed
triangles). A coastal closed triangle is the Kayoi set net fishing ground observation point, the other one
is the offshore observation point (34°41' N, 131°15' N) on the track.
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Fig. 2-18 Spectrum density diagrams at (a) 34°45 N, (b) 34°40’ N, (¢) 34°35’ N, and (d) 34°30’ N.
Graphs (a), (b) and (c) are shifted higher spectrum density side by 10 (°C+ (cph)') in order.
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Fig. 2-19 Space-frequency (period) diagram of the spectrum density of SST between 34°30" N and
34°45’ N during the period from January 2007 to December 2009. Lower panel is the enlarged diagram
for 2-20 days period band in the upper panel. The values are expressed in terms of the common
logarithm in scale. Contour interval is 0.5.
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Fig. 2-22 Time series of high-pass filtered SST at offshore observation point, 34°41" N (blue) and
Kayoi set net fishing ground (red) .
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Fig. 2-28 Coherence-squared (left panel) and phase difference (right panel) between offshore
observation point and Kayoi set net fishing ground.
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Fig. 2-27 Time series of temporal coefficients for EOF1 (upper panel) and EOF2 (lower panel) .
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Fig. 2-28 Spectrum density diagrams for EOF'1 (black) and EOF2 (gray).
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shows daily SLD (thick) and low pass filtered (31-day running mean) SLD (thin). Lower panel shows
high-pass filtered SLD.



d

PERIOD(days)

20 10 5 2
1.0 1 P 180
135
0.8 39 . 0
10.2
Y 0.6- 45
= [T1]
& < 9
T on
S 04- -45
-90
0.2
“ 135
0.0 L——— : - -180
005 0.1 0.2 0.5
FREQUENCY(cpd)
b PERIOD(days)
20 10 5 2
1.0 ' P 180
135
0.8 s
90
[’ 45
O 0.6- 183
n”zé - 47 5
i | r 0
S 04 45
90
0.2
-135
0.0 L———— . — -180
005 0.1 0.2 0.5
FREQUENCY(cpd)

PERIOD(days)
20 10 5 2

\
/
B

. — 1 —
0.05 0.1 0.2 0.5

FREQUENCY(cpd)
PERIOD(days)

20 10 5 2

1 L o

\

\

UIRIIN |

AN
" !

005 0.1 0.2 0.5
FREQUENCY(cpd)
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Fig. 3-1 Closed circle and solid line with arrow show the observation point (34°39’N, 131°15'E) and
route of ferryboat, respectively. Contour lines show bottom topography at 50 m intervals.
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Fig. 3-2 Time series of 10-day mean SST south of Mishima Island. Bold straight line shows the linear
trend determined by least square method.
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Fig. 3-3 Time series of 3-month mean SST south of Mishima Island, summer-mean (July-September,
upper panel) and winter-mean (January-March, lower panel). Bold straight line shows the linear trend
determined by least square method.
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Fig. 3-4 Time series of climatological 10-day mean SST south of Mishima Island (upper panel).
Tile-plot of SST anomaly from the climatological 10-day mean SST (lower panel).
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Fig. 3-5 Time series of low-pass filtered (7-year running mean) SST (a) and lepage statistic (HK) (b).
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ig. 3-6  Study area. Closed circles show observation points by the Yamaguchi Prefectural Fisheries
Research Center. Contour lines show bottom topography at 100 m intervals,
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Fig. 3-7 Time series of temperature at Sta. 3 for 0 m (top panel), 10 m (2nd panel), 50 m (3rd paneD),
100 m (bottom panel). Straight lines show the linear trend determined by least square method.
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Fig. 3-8 Sectional distributions of the linear trends in temperature in March (Winter), May (Spring),
August (Summer), and November (Autumn). Positive values indicate increase of water temperature.

Contour interval is 1.0 X102 °C-year ..
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Fig. 3-9 Time series of yearly mean and low-pass filtered (7-year running mean) temperature at Sta. 3
for 0 m (top panel), 10 m (2nd panel), 50 m (3rd panel), and 100 m (bottom panel). Bold lines show the
low-pass filtered temperature.
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Fig. 3-10 Sections of monthly mean temperature in March (Winter), May (Spring), August (Summer),
and November (Autumn) during the period 1 (1977-1986: left), period 2 (1987-1997: middle), and
period 3 (1998-2010; right). Contour intervals are 1.0 C.
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Fig. 3-11a  Sectional distributions of ATz (temperature difference of period 2 minus period 1 in Fig.
3-10, left panels) and statistical significance of ATz (right panels). Significant levels greater than 80 %
are indicated by gray secale in large cireles (right panels).
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Fig. 3-11b Same as Fig. 3-11a except for ATs-2 (period 3 minus period 2 in Fig. 3-10) .

IIIIIIIIIIII1IIIIIIIIIIII]li]IIJII\IIII

|

G 08 | 3
< 0.4 = s =
§ 0.0 - v <f- 5
:f 7 | : ~-‘\_J‘/ \"\r‘k'\f'v'\’ /_.aJ -\’\ E
a —0.4- e f N SST =
S —o0s- j—
n- ¥ BT | B LG Il L | I B | L L] ¥ §- b LU L LI | 3 S L 1

1965 1965 1975 1980 1985 1990 1995 2000 2005 2010

Fig. 3-12 Time series of detrended low-pass filtered (7-year running mean) SST south of
Mishima Island and PDOI.
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Analysis of the Catch Variate Factors using the Weighted Least Squares Method

Sekio SHINAGAWA and Toshiteru WATANABE

The coastal fishery production in Hagi city has greatly decreased from 55 billion yen to 30 billion
yen in these 16 years. As the species number in the catch of Hagi city measures up to far over 70, a
handy method is required to clarify the cause of this decrease. In this paper, a new approach is
proposed for practical use to solve this problem using the weighted least squares method with some
applications to the data accumulated in Hagi city since 2002 .

Key Words : Annual catch variation ; Weighted least squares method ; Coastal fishery production
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Key words: Biogeography; Stream size; Diadromy; River capture; River morphology; NMDS; Cluster analysis
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Effect of salinity on interspecific competition between
the dinoflagellate Alexandrium catenella
and the raphidophyte Heterosigma akashiwo

1H¥EE ¥ Alexandrium catenella & 7 7 1+ N Heterosigma
akashiwo & OFERIH AN KIT T HE 55 D 522

Yasuhiro Yamasaki*!, Masaaki Fujita*!, Shuichi Kawano*2,
Toshinori Baba

LR B - BREIERT - 1B — - G E
Aquatic microbial ecology (2018), 81, 73-82.

We investigated the effect of salinity on interspecific competition between the dinoflagellate
Alexandrium catenella and the raphidophyte Heterosigma akashiwo using bi-algal cultures under
several culture conditions. When initial cell densities of A. catenella and H. akashiwo were both 1 x 102
cells ml! at salinity 30, the growth of H. akashiwo was strongly suppressed by A. catenella, and no intact
H. akashiwo cells were observed. In contrast, the growth of A. catenella was suppressed when initial
cell densities of A. catenella and H. akashiwo were 1 x 102 and 1 x104 cells mlt. In addition, growth of
H. akashiwo in bi-algal cultures with A. catenella under cell-contact conditions was significantly
inhibited, whereas growth of H. akashiwo was not inhibited by A. catenella in non-contact culture
conditions. Furthermore, live-cell-mediated hemolytic activity of A. catenella was detected, but no
hemolytic activity was detected in A. catenella culture filtrate. In contrast, growth of A. catenella was
significantly inhibited by 50 to 100 ug ml?! of a crude extract, including allelochemicals, from H.
akashiwo culture filtrate. Therefore, salinity and interspecific interactions via allelopathy and/or cell
contact might be important factors determining the growth dynamics of A. catenella and H. akashiwo in
the field.

BELITISIESIERGMT2REOBEIEE SR T D Z LI LV B Alexandrium catenella & 7 7 4 K
% Heterosigma akashiwo & OFERIBEAIC FAZ T DB L FA7-, WO 30 C A. catenella & H.
akashiwo DN E 2 L1 100 Mifu/ml & L= L &, H akashiwo OEFIX A. catenella (23 » T
<l &, H akashiwo DIEGHIIAILE > =< BEI N o T, XHAICIX A catenella DAEF 1T A
catenella & H. akashiwo OWHIFNIAE LAY 100 £ X O 10000 #fR/ml o & &zl saniz, £/, H
akashiwo DAEEIL A. catenella & OEMELFRLIME T CIIAEICHEE INTD, FEEMBEESF T T A
catenella \Z X » CIHES o712, & 61T, A. catenella DAEFMMEDEMIEMENH S SN=0, A
catenella F5AE SRR IR IMIEVEIZRE O B e o 7=, XFHRIYIZ, A. catenella D/EE L H. akashiwo DEi#
TR D> & OIS E % & 10 50-100ug/ml O K-> THEIZIHI Sz, @I, HHok LU
AR ALAE A MU AME A S 72 iz i & 88 CEFAMT 1T B A. catenella Mo Y H. akashiwo DA E 8T & R E
THEBERERIZRDLTHA D,

Key words: Allelopathy; Cell contact; Hemolytic activity; Growth inhibition; Heterosigma akashiwo; Alexandrium
catenella; Bi-algal culture
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Water temperature characteristics in growth of filamentous
thallus and formations of spherical cell, uniseriate and foliose
thallus of Pyropia tennuipedalis Miura) Kikuchi et Miyata

BrERELEL T - AR Ak o HPYLSEER - o AR - B R - BEEFEG T
Mahiko Abe, Noboru Murase, Misato Nakae, Toma Nakayama, Masahiro
Nakagawa, Yosuke Shikano

Journal of National Fisheries University (2018), 66 (2), 81-88.

We investigated the water temperature characteristics in growth of filamentous thallus and
formations of spherical cell, uniseriate and foliose thallus of Pyropia tenuipedalis with culture
experiments. Optimal growth of filamentous thalli was observed at 20°C. Moreover, optimal water
temperatures in formations of spherical cells, uniseriate and foliose thalli were 20°C, 15-20°C and 15°C,
respectively. Optimal water temperatures of each life stage were different. At 10°C, the formations to
uniseriate and foliose thalli were suppressed. At 25°C, almost of all thalli has caused morphological
abnormalities. Furthermore, changing to 15°C from 20°C was promoted for forming to uniseriate and
foliose thalli. It was thought that bad harvest in 2012 was resulted from suppressing of formation to
uniseriate and foliose thalli at the condition of less than 10°C. The present results are able to
contribute for improvement of the seedlings production techniques in P tenuipedalis mariculture and
prediction of the development time of the mariculture plates in the waters.

EEOIIHA T T T~ VIREEBORREOAR, BREME, BEIEAR X OERAEDERICRIT 5 KR
%@%Hmto+ﬁm@mﬁéﬁi%01ﬁ 23N, XD, EIEME, HAEARR X OEREROEEIC
B 2 EHEAKBIZZNFN 20C, 15-20CB LN 15CTHh o 7=, FAEFERITE T D REEKIET R > T,
m%ﬁﬁiﬂﬁ%%iﬁ%%%@%&@%ﬂéhko%%ﬁ@&&hE¢&f®%%mﬁZ%h R Z L
7o EBIZ, 15CH 5 20°C~D FIRIFHEIBEARE X OERIKDOIZ AL 2 (et L7z, 2012 FEDOAR1EIL 10°CLL T
DM THAEA R L OIERIEOEAITH SN0 s EX b, KERIIIATT T~ UBHEICE

T DREEAEESAMNT O R SR IC BT D EIE T L — FOBRMBOFRICHERT D Z N TE D,

Key words: Pyropia tenuipedalis; Filamentous thallus; Foliose thallus; Spherical cell; Uniseriate thallus; Water
temperature
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Influence of temperature on the growth of red alga
Pyropia tennuipedalis thalli

FRE Fx - PR - B B - IIERY - BRI
Noboru Murase, Mahiko Abe, Kei Fukudome, Masahiro Nakagawa and
Yosuke Shikano

Journal of National Fisheries University (2018), 66 (4), 215-220.

This study was designated to clarify the optimal temperatures for growth in uninseriate thalli and
foliose thalli Pyropia tenuipedalis in the laboratory culture at 5°C interval from 10°C to 25C or 30°C.
The optimal temperature of uniseriate thalli which used two-cell stage developed from a spherical cell
were 15C and 20C. And, the optimal temperature of foliose thalli which used young blade with the
length about 6 cm was 15°C. It was suggested that these optimal temperatures of uniseriate and foliose
thalli were related to the reduction of water temperature from autumn to winter.

AITENE T A T T T~ /7 U OEFERS X OPHOEREKEZ 10°CH 5 25°CE 7213 30°C £ T 5CRIFET=EN

Figk LAERICRGEZ2AKREZMIAL LD & LI b0 Th o, HIEMIL DIERE L7 2 M2 & 7= HF)
EEARD AKX 15C L 20C ThH -7, Tz, FERE 6cm OIIERZE W= FIHIBER K D feiiE kiR X 15°C
Tholz, HAEAERL L OWIHEERAD 2 & OREAKIRIZKN DL OKIBIET EBIR L TWD 2 & ARIR
iz,

Key words: Pyropia tenuipedalis; Foliose thallus; Growth; Optimal temperature; Uniseriate thallus
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