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HOFEEMAR, FEAEHE, B O HEICRAMEEEZED sk ol, 61T, BEEICET 2
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RABDFECEY)TH 5, AfZ, HEAZIZUOHRDG
FEECBZESh, WEHMALTIL &0 1 MY Eo
I ERCEBRL, WROBHELZZETH X
(HIENTWS, ¥avyF oy offifdid, 1ZIFRECE
£EH3100 ~ 1,200 um &K E L, fREEHEICI#ERH D,
Z DU EA TR 2 > Tw b, Mg AT
M HIFKREAETF (tentacle) EFHOIEESHT WS, fil
FIREICEEZERZ LTB Y, HEICIIKE LMz
BEIZE 22T OEERIPE, YarFavid, ok
BREREERT R OIEREEY (B REREEY)
THO, YTy, N2FUT, w470 X
VEWM TS o by, O, EYHROERY L 200
Y THDHT FIAIRRE, i bD2BRET L
INTw3 (HHE, 1990; mil, 1995; BIA, 1977; 25,
1997; Fonda Umani ef al., 2004; 3% - f&1l1, 2016), AfH
DS 72370 & FEERD, B L2 OLEBOWIIEICD
V> C 1%, Harrison et al. (2011) % Elbrichter and Qi
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(1998) ek gtdbonTEy, HFEDZDERDOHR
WEFICfThbNT w5 (B3 Zhang et al., 2017),
HARDOREM 2= A IEKIE T H 2P N TIlE, Yo
U F 2T RO SR L FAEBE MDY 75 v o
bk pAREICHR, BERDEVEGEZRT EIN
T, 2O LRFL L OWAEBENERLTHWDHI LT
HrHY, TOEBRNGHME RSN TOEYL, Yay
F 2V RENE, Chattonella |87 £ DH#REO X 5 1%
KGWEWELZES CEMFLAERL, TE TR
KT 2RO RICINEER D ah o7z, M, ¥
T F 2 R CEENNWILL 2GS0, 2 DE
ELCilErayFaviilENIcEEINT VE=TD
FHIckB R EnTws (M- PHE, 1976),
YavFavix, WEWEREECE, SWEICHITT
KEEICIETEL, REETER L Tk LTI 2 Y 7
v T AROEVAEYE (KRER) 21T C
& M H % (Tada et al., 2004), % 72, Kitatsuji et al.
(2019) 1%, YU F 2 UDHEETIL—LOKEICEFSL
TR A2 G L Tw 5, AR R I,
IHILEDEYEDIE GV, D LEofRicYyavyFayng
VEZEL, ZoMM 7oy 7 b roEREDRE VL
&, ¥YavF MR O AR KIZTREIIE
HThdrLHEIND, LyLEds, YavFauh
B L 3BT, IhE OSBRI TIEETE
nNCwhrolcHb%, ERENLET—2iEIngcdh
ot N, T b OREFKERKTHY,
ZOWREERNICELZT 5 LH#H L v, Ishil ef al.
(2013) i3, WEHNHEICB T 2R OFARIIZOVT,
ZOFAME, FAEME, B X OMREHEE 2 HMELL
T3, Ishii et al. (2013) 23FEEE L 2R N#ED TR
EEFT—2 2y b &, 5820 ~40EROb DT
H5H, 1979 45 5 2004 4F % T D 26 FRTIZ T NMED
BB S B K EREN 2L L 2R T H
%, BB, 1970 FE A Wil A% ic g R &l L,
1973 41T 137 N SR R 2 R R 1 B S AT S
1976 FEic 3B R b % L DR F A L 72 (299 #F /
), =2ty FRRED 1979 F1E, bTHh 2D 34E
B OAREIEN 172 HEF A UE KRB 72 0 ETL T
WeRHTH o7z, ZDOBRNKELEIEAR, T —F &y
M2 2002 I 3K ORISR (DIN) RE

DT &b, W RO RS T KB U o
EHMWFEE L (M5, 2006), M EokSic, o
T =%ty MGEEICERENM L 2R 6 REE AR
Lol CORBAEE N NN=LIbDTH D,
B D & 51 a5 2 RO FAERE L 5 T H
EHEICO VT OERNRMBITE, ThA EfTbh Tk
Vo 2T, AL T, WEAEOTTHKRECIA
BBIIROCTEREL LT REEERCcBF2Yvay
F 2 VRO FEER IO W, Ishil ef al. (2013) D
FN#ED UREEEF -2y b 2H0T, KEHE
I ZAL L - HIc B 5 2 DA, FHAETE, B
KO HEFICOWTHRET L, Y a v F o v Rz E
BIICHBE LT ¢ 2 2 L 2ikak, £, RiEfEks
AWT, YavsavRostEsEzitids 2
ATz,

2. FEIREH

JKEEFT A N SE R RS T <k, P PEIC B 1
BRI B 2 SRR O W CEBESE - B L, 4
WA Ao R 2FITLCwa, YEEROFIC
i, 1TERICHE LR o Fs e (E4) - &S
A FEAE AR TR O RS BORE - ik H 2 (B4 / #6EH) -
WEOHMEE, FAELREICET 28 r 0B E R
WA EHICEEH SN T WD, LaLads, sl
Wr—HEREETFT—2Sh T 567, REFAESE
COWTREENMT SN TwARLESED H B, Ishii e
al. (2013) 13, T TEFNEORE) CRHEIhTY
% 1979 2 5 2004 4F £ TOAMEIEW A XK EH S A T
2 (Geographic Information System : GIS) 1CHL D JA T
L THMEML, HIRER L LD AR B SR &
RO ATV I N T = I EHL T b, Z Dk,
W g At A AR - R TAIC 2 93 A v ¥ 2 OFRTR
BWICZBMRE T2 LT, 204y a T LITK Sy -
SN REEEER 2 B IS 1 £ Lo TR
F—=%tv b L UTHEELL, AR TIE, 2o Ishi
et al. (2013) 2REEEL 7o TRIERET— 22 v by &b,
B (Fig. 1) o7 —20a%2KEH L CHV T,

TR ARE RN ERTH D, ZOFREMK
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Fig. 1 Harima-Nada, the Seto Inland Sea.
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FEME R FRET 2 L L€ TR AR GRiflo
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KREBRBERZICOVTHRE LT3, £/, Ishii et al
(2013) &, F&EWER A 50 km® LU T & - T b #ige H
DIRIAME U 72 855 1 13 7R 6 A2 UL s /N AT S 4 2 0
20®%E LT, WENECEWT 50 km® ML Lok
RERT, FEEL 2 TORICO W CRIFEOMS %
AL, 2hz TREIES (Red Tide Index); & LT
HLTw3, ZOME, KEEIXEFNEOFcRHL
TEWLWHREEREAET 2 2 L %24 L T3 (Ishii e
al, 2013; HidE5, 2014), Z & CARFETIE, FERECHK
WERE T — 4 2 v b (Ishii ef al., 2013) 7> 5IBEEED 4
OFREHEER L, YavF v REIC & 2 REEREE

RHEL. BEL,

3. MR

3. YAUFa1UFBOREGBOEEELE)

BB 2 1979 82 5 2004 FFETOFET L DY
a7y F o RIS AR Fig 2 10R LT, AR+
X 2y F RN, FREEE IS TR 1 ~ 17 4 (F
B RS 80 £ 39MF) FEL v, F, Y2
U F 2 A ORI, ER S~ 251 (V1 =R
FE 14 £ 621F) BEL TV, Ya v F 2 PSR
& L CiE, FEIC Chattonella J&, Heterosigma |&, Pro-
rocentrum J&, Gymnodinium J& (Karenia |& % & ¥ ),
Skeletonema |&, Chaetoceros J&72 £ TH o7z, HFE
TOYaYF 2 VREIFEAEARL, fREFAEAED 10
~T75% (¥ EiEMEfRA 1362 £ 154%) 25D/, ¥
Y F 2 VR OFEMBOREZRIC OV TIL, Hiat
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L 72 @ 1% 1985 4 BLRGIC 4 [1], 1986 ~ 1995 4F 1z 3 [H],
1996 ~ 2004 FFwc 1Rl ATH oz, —T7, YAV F 2
TN DR OFEMN KL, BERBAOEAZ R
(FEE B = — 0424 X X+ 196, r= 0527, p <001,
A =VEFE—1979, {HL, VEEIE 1979 2> 5 2004 4F),

FEHEN OB DY a5 2 7RO A FH A
% Fig. 31T L7z, 26 4ERI D& H o4tz 1,
2RHIZE0FCTH- 720, SHO 18255 HD 60 1 %
THML, Z2oBIADO1IECEA L, 10HE 11
Aicizznzn 13, 195 THEmL, 12 Aicd 4 #:3
ELTn,

3.2. VAU FaURBMOREEREMEBROBEFES

AN O Y 3 F 27 R o R ETE & Mk H 2
DREFLEEN D>V THTA S (Fig. 4), FEMAMF I,
FHEOY AT F 2RO F AR 10~
648 km* D WP T Z B L (¥ = B MR £ 141 +
128km?), ZENERICKE P57z, T, FEDY 2
7 F 2 IRE O FE A HBUE 3 ~ 26 H (T =1E
W 111 £ 63 H) THotz, M, Y27 F 27 LUAD
TR D FE TR 1, 125 ~ 307 km® T 26 R 0 P4
2103 £ 79km® TH b, PFAEMGHEE, 5~16 H
<, 26 FERIOFAG12 93 £ 30 HTH - 72,
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Red tide occurrences of Noctiluca scintillans and other species in Harima-Nada from 1997 to 2004.
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Fig. 3 Monthly red tide occurrences of Noctiluca
scintillans from 1997 to 2004.
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Fig. 4 Red tide areas of Noctiluca scintillans and other species in Harima-Nada (a) and their durations (b) from
1997 to 2004.
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Fig. 5 Red tide indices of Noctiluca scintillans and other species in Harima-Nada from 1997 to 2004.
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41, BEHICHT R VIV F10FBORERR

BB CIIYay F 2o ORMAEILE (3~8H)
T CTEHLBHEENTBY, 26 FRO&EIC3 AR S
12HDFAIC1I4~60DY a2y F 2V REIPFHEEL T
w7z (Fig. 3), 1z, Tada er al. (2004) 13, %
FRE o 1 ERTY 3 Y5 20 OMBEE 23R % TR
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RV ERRELTWw A, Lee and Hirayama (1992) 1%
Tada ef al. (2004) & » HIAVIRESF T CHIEL T
%, Lee and Hirayama (1992) 1%, Y a7 F 27 D
THR FE AR 5°C A IR (IEHICHEE) L, 23°C TRk
PR E 2R L, 27°CTIR P Lz e EL Tw 3, &
NHEDOHEEEET L EYIATF 2 DOREORENED
5E (3~8H) ILh T TEH BN TS LIFPEfF
Ld v, BIE, Kk BRI TE N L Tk
PLETHEXATF 2 IRBETERBLLT R LE,
Kilt BRI T a v F 2y OE%AGY AT 5E,
BIOHERLHEY TS0 b BN LR 5HH
YawF o OWHERTH O (Tada et al, 2004), H.
D, YavFaURHORELLTOWEETHLH D EFH
Abb, £/, YavF v REIFEAEFEIZ1I Aicd
“oHoE—2%57 (Fig. 3), EHICE T 2HEH 7
7 v 7 by ROFMHZME, KicEKEBZ—DDE—
7 %85 (UFIL 5, 2019; Yamaguchi ef al., 2020), Z @
KON 75 v 7 by MG L TRIcYa s F
TP A T L ARBENEZ 5D, FE, HIBO &S
Iz Kitatsuji et al. (2019) 13, Y a5 27 23FKOEET
V= LORBICELG L T2 AlEEEA#RE L Tw 5,

—77, HAD X S 1KROEw 12 Hicd vy ayFay
FRENDFEDHER I N TV B (Fig. 3), #®WEICH, K
BRETAFIIYa Yy F 2 VRS FHEET 2 2 LR ES
hTws (R - E£H, 1978), 1, ZD &5 BEKRT

DX AT FaDTIN—LiFA—ay 07 K7k
JIZATETHHESNTED, XFEDKHE (65C) T
LM TE AHBHBE L2720 L ¥ Tw 3 (Fonda
Umani ef al., 2004), — 77, ®izkd & 5 i< Lee and Hi-
rayama (1992) 1%, ¥ a2 F 27 HKIE 5°CHh 5 IEHIC
BT 2 EMELTB Y, WAL ED 5 v idfhd
Yk ofEFRBIRE EDFEr Rz, £FoKETHY
AVF 2 UNGEGEEIC D T EICAEERIX R,

AAIEF% oD FR AL HATET P I B B i < o0 P15 DIN IR B U,
1970 £ 10 uM T & - 7223, 1990 £z 5 uM DL F £
& T L7 (Nishikawa et al., 2010), —77, YavF =
7 DA o RS A BIIERICHEA LTzt b b 5
T (Fig. 2), BidD & 5 icY a v F 2 RO FEEFEK
FEAERE, WIS H B0 13 BEE A EZ D B h
hrol, TOTER, YavFavHErbEYT
S v o b+ vBlERE (Chl a lRE) 7 5 I HEREAEE R Y
FNMEOERERIBESCHE LA Lboo, HiE
DRELENGEZEDDZOMEEHTIT DT HLrED
LTz (FElE, 2018; Nishijima, 2019) 7z 2 b L
B, WTNIZLTH, REERESEZFICETL, H
DRNRD & 512 29 F 27 DA O IR 0 F A oMk
TLTwRICHEDLET, YavF oy oRloRES,
BT LT nEHSEIZERE,

42. YA F 2 FEOFREBIERICK 5 FFHE

B D & 5 i, FBREEHEC B 2 K E0IREER DA
CEDBY 3T F 2 v REOEGE 21 ~956% T, Fi
445 + 345% TH o1z, B H, T ORFWIEEICED
Y avF 2 vREOEASE, EHPREL, B LR
HHEFBICED 2 a Y F 2 v REOE A (1 362
+154%) & b dEWVA, WHFICIEHEIICEEED &
otz

S5, ATRIRECE FEEAE R U 7R 1R 7
DOXY Ay F a7t 2NN ORE O REROR%
#2346 % Fig. 6 1TR L7z, FEDY a9 F 29 0Pk
W 35 %013 62 ~ 14,000 km® day/incident T & b, i
1,940 = 2,980 km® day/incident T4 Z £ O Z B Hv ok =
mote, —H, YavF a2y Ao RETIE, 57~
4200 km® day T& b, F#1070 + 1,040 km® day TH -
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Fig. 6 Average red tide indices of Noctiluca scintillans and other species in Harima-Nada from 1997 to 2004.
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+154%) IcR, @RMoRMERC S va Y
F 2 RIIE R DA (445 £+ 345%) DFHHEL, TD
R EE B OB G (1536 £304%) ES HICKE
v, T OFEMFE (P 362 £ 154%) &R
(F#9536 £ 304%) OEFFIF LEETH Y (t- BRE,
p<005), FHHEKTRT LItk Y ayF 2 ki
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FERBZFICKRE (D L 7 DRI VIREE L 22 o T
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cus & N. scintillans (v 27 5 2%7) FRiZER) 13 1970
AL DR E Il DU S e\ € B3 22 A BT 28 L
bz, oA, B TR#EZEERELCVLE
FIE - GEMBED R WE LTV,
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PHkE, 1976; Montani et al., 1998; Pithakpol et al., 2000)
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TO2FETDOT =5y b EMCTENETo7, 55
X Z DT — 2122w T d Ishii et al. (2013) & [FEE
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Dynamics of Noctiluca scintillans red tides in coastal waters
of Harima-Nada, the Seto Inland Sea

Kuninao Tada!'?* Ren Chiba! Saho Kitatsuji® Daisuke Ishii* and Tetsuo Yanagi®

Abstract

We investigated the occurrences of Noctiluca scintillans in the coastal waters of Harima-Nada,
the Seto Inland Sea, using the red tide data set. These data concerned red tide occurrences
that were reported in an annual report entitled “Red tides in the Seto Inland Sea” which was
published by the Seto Inland Sea Fisheries Coordination Office of the Fisheries Agency,
Ministry of Agriculture, Forestry and Fisheries of Japan. These data were imported into a
geographic information system, and red tide areas were calculated. During the 26 years from
1979 to 2004, in the Seto Inland Sea, eutrophication improved, nutrient concentrations in
seawater decreased dramatically, and the number of red tide occurrences excluding those
concerning Noctiluca scintillans, decreased. However, the number of occurrences, area, and
durations of Noctiluca scintillans red tides did not decrease. The ratio of Noctiluca scintillans
red tides to total red tides for an average red tide index, which permits the assessment of
spatial and temporal scales, was 54%. This was higher than that of the number of occurrences
(36%). This indicates the importance of N. scintillans as a red tide organism.

Key words: Noctiluca scintillans, Geographic Information system (GIS), Harima-nada,
the Seto Inland Sea, Red tide index
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