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Harmful dinoflagellate cysts found in surface sediments
around Fukue Island of west Kyushu, Japan

Kazumi MaTsuoka, Seong-Youn Jeong"’, Makoto Yosuma?, Hyun-Jin CHo,
Masao Havasar and Naoki Tanto

In the early spring of 1997, an outbreak of paralytic shellfish poisoning due to ingestion of wild
oysters occurred at a coast of Tamanoura Bay in Fukue Island, Goto, west Japan. To clarify causative
organisms for this incident, dinoflagellate cysts were examined in surface sediments collected from
12 stations of Tamanoura Bay, Kishuku Bay and Togi Bay of Fukue Island. More than 18 genera
including 32 species of dinoflagellate cysts were identified and cyst densities in these samples ranged
from 442 (GKS-st. 1) —2070 (GTU-st. 6) cells/ml. A small amount of living cysts of Gymnodinium
catenatum, and probable cysts of Alexandrium catenella/tamarense, A. andersonii, and A. minutum
were also found. In the plankton sample collected from the same stations of the sediment samples
in Tamanoura Bay after the incident, A. andersonii was most dominated, but any of A. catenella,
A. tamarense or G. catenatum was not observed. Based on these evidences, either A. andersonii or
G. catenatum was pointed out to be causative species for this PSP incident.
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Fig. 1 Locations of samples collected for dinoflagellate cyst analysis and PSP outbreak in Tamanoura Bay,

Fukue Island in 1997.
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Table 1. Occurrence of dinoflagellate cysts (cells, ml of wet sediment) from Tamanoura Bay, Kishuku Bay and Togi Bay, Fukue Island.

* : motile form nomenclature

Kishuku Ba Togi Bay Tamanoura Bay
GKS-st1 GKS-st2 QAKS-st3 GTG-st1 GTG-st2 GTG-st3 QTU-st1 QTU-st2 QTU-st3 GTU-st4 GTU-sts QTU-sté
cyst specles L E L E L E L E L E L E L E L E L E L E L E L E
Gonyaulacold group (%) 58 (43.3) (51 (34.5) (49 (98.9) |142 (50.7) |130 (48.5) |90 (48.4) |73 (44.2) |817 (53.7) (117 (47.4) |192 (56.1) [123 (36.9) |98 (41.9)
Alexandrium andersonii/affine/leei* ? 5 3 14 [ 5 2 4 2 6 6 2 6 2 4 3
(spherical)
A. catenella/tamaranse* (ellipsoidal) 3 6 13 9 3 5 3 3 2 4 3 2
Alexandrium minutum *? (ovoidal) 4 6 4 1 5 1 2 10 3 2 2 4 1 7 4
Spiniferites bentori 3 4 3 6 1 2 1 2 3 3 2 6 1 2
S. bulloideus 9 10 6 9 7 6 17 15 9 24 13 14 10 6 28 38 23 12 12 46 10 31 8 10
S. cf. delicatus 1 2 2 3 4 2
S. elongatus 3 2 2 3 3 3
S. hyperacanthus 1 1 2 2 2 2 2 3
S. membranaceus 1 1 1 3 4 3 1 3 3 4 3 3 1 8 2 3
S. mirabilis 1 2 2 4 2 1 3 3 2 2 1 3 3 2 2
S. ramosus 2 3 1 3 4 5 9 2 13 5 3 4 9 24 2 9 10 4 14 5 9
Spiniferites spp. 1 2 9 9 6 7 14 5 5 5 9 4 18 7 4 12 1 8 2 8
Lingulodinium machaerophorum 4 7 8 8 8 7 7 6 5 19 10 6 3 8 62 87 16 12 9 41 3 11 8 4
Operculodinium israelianum 2 3
Protoceratium reticulatum* 3 4 1 2 2 2 3 3 8 1 1 5 2 11 6 6 2
Subtotal 36 22| 28 23| 22 27| 88 56| 49 81 46 44] 37 36 128 188| 64 653 51 141 39 84| 48 50
Calclodinelold group (%) 9 (6.7) 14 (9.5) 8 (6.3) 10 (3.6) 13 (4.9) 6 (3.2) 5 (3.0) 19 (3.2) 22 (8.9) 7 (2.0) 10 (3.0) 8 (3.4)
Scrippsiella trochoidea* 4 4 2 5 3 2 4 3 7 7 5 1 3 1
Scrippsiella spp.* 5 5 5 6 2 3 7 3 2 8 4 6 4 5 1 7 6 1
Subtotal 5 4 5 9 8 2 7 8 2 4 5 8 11 13 9 5 2 7 ] 6 2
Tuberculodinioid group (%) 4 (2.2) 6 (1.0) 7 (2.8) 3 (0.9) 5 (1.5) 5 (2.1)
Tuberculodinium vancampoae 1 3 2 4 3 4 1 2 2 3 5
Subtotal 1 3 2 4 3 4 1 2 2 3 5
Gymnodiniold group (%) 4 (2.9) 15 (5.4) 8 (3.0) 3 (1.68) 9 (1.5) 5 (1.5) 11 (3.8) 5 (2.1)
Gymnodinium catenatum* 6 4 1 2
Gyrodinium instriatum* 5 2 6 2 5 2
Phaeopolykrikos hartmannii* 4 2 2 1 3 3 3 4 2 3
Subtotal 4 2 13 1 7 3 3 -] 5 4 7 5
Total of Autotrophic Specles 45 26| 83 82| 22 85| 90 77| 57 94| 49 54| 37 4t 142 209| 80 66 57 150 52 97| 54 62
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Table 1. (Continued)

Protoperidiniold group (%) 42 (31.3) |64 (48.2) |45 (35.7) |72 (25.7) |92 (34.3) |58 (31.2) |63 (38.2) |122(20.7) |64 (25.9) (83 (24.3) 118 (35.4) |66 (28.2)
Brigantedinium asymetricum 1 1
B. auranteum 3 3 3 3 2 4
B. cariacoense 5 5 2 3 5 5 5 5 4 9 8 2
B. grande 3 4 1
B. irregulare 1 2 6 1 2 4 2 6 4 1
B. simplex 1 11 5 8 4 2 3 5 10 3
Brigantedinium spp. 8 7 11 12 10 6 11 5 19 13 10 1 7 4 13 8 14 7 10 8 17 15 15 5
Leipokatium sp.* 2 1 1
Lejeunecysta concreta 7 1 2 7 5 6 7 4 5 4 7 3 9 16 14 12 2 5 5 4 5 7 2 7
Protoperidinium americanum* 2 1 2
P. thorianum* 1
Protoperidiniym spp.* 6 3 3 1 1 1 2 3 6 3
Selenopemphix nephroides 2 3
S. quanta 5 13 2 12 1 13 5 10 6 5 12 1 4 10 2
Trinovantedinium capitatum 2 4 4 4 1 9 2 3 2 3 3 3
Votadinium carvum 7 6 3 3 3 7 4 3 1 6 7 2 4 6 7 17 3 7 10 3 18 3 2
V. spinosum 3 1 1 1 5 2 3 4 2 1
Subtotal 22 20| 24 40 24 21 40 32| 41 51 37 21 25 88 57 68| 27 387 34 49 44 74| 385 31
Dipiopsalild group (%) 6 (4.5) 5 (3.4) 6 (2.1) 5(1.9) 5 (2.7) 5 (3.0) 8 (1.4) 11 (4.5) 12 (3.5) 12 (3.6) 8 (3.4)
Diplopelta parva* 3 4 3 6
Diplopsalis lenticula* 2 1 4 3 5 2 2 1 3 6 3 1 4
Dubridinium caperatum 4 3 3 3 4 2 2 3 3 3
Subtotal 4 2 1 4 3 ] 5 8 2 8 2 8 6 1] 6 6 9 3 4 4
Qymnodinloid group (%) 19 (6.7) 6 (4.1) 17 (18.4) |30 (10.7) |8 (8.0) 18 (7.0) 7 (4.2) 97 (16.4) 19 (7.7) 34 (9.9) 42 (12.8) 36 (15.8)
Polykrikos kofoidii/schwartzii* 7 2 5 1 9 8 14 16 6 2 7 6 3 4 47 50 19 23 11 16 26 15 21
Subtotal 2 ] 1 9 8] 14 16 [} 2 7 8 8 4 47 &0 19 0 23 11 16 26 15 21
Total of Heterotrophic Specles 33 24| 80 45| 83 29| 57 51| 47 58] 47 29| 31 44 112 115] 52 42 63 66 69 103] 54 &6
Unidentified cysts 5 1 8 7 5 12 6 1 11 1 8 4 7 6 12 8
Subtotal (%) 6 (4.5) 8 (5.4) 7 (5.6) 5 (1.8) 12 (4.5) 7 (3.8) 12 (7.8) . {12 (2.0) 7 (2.8) 6 (1.8) 12 (3.6) 8 (3.4)
Total dinoflagellate 83 51| 7+ 77| 62 64| 152 128| 116 152| 102 84| 79 86 262 328| 139 108 126 216 138 200} 118 118
cyst 134 148 126 280 268 186 166 590 247 342 883 234
Number of cysts/ml of wet sediment 470 519 442 982 940 653 579 2070 867 1200 1169 821

L: living cyst, E: empty cyst
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Fig. 2 Dinoflagellate cysts occurred in Tamanoura Bay, Fukue Island.
1. Gymnodinium catenatum Graham*; living cyst filled with protoplasts; a-i, different focus level.
2, 12. Gymnodinium catenatum Graham*; empty cyst showing fine reticulate surface structure.
3. Lingulodinium machaerophorum (Deflandre and Cookson) Wall (= Lingulodinium polyedrum

(Stein) Dodge*).

4. Brigantedinium cariacoense (Wall) Reid (= Protoperidinium avellanum (Meunier) Balech*).
9. Living spherical cysts similar to Alexandrium andersonii Balech*.
6, 7, 8. Baltisphaeridium spp., bearing brownish cyst wall.
9. Living ovoidal cysts similar to Alexandrium minutum Halim*.
10, 11. Spiniferites bulloideus (Deflandre and Cookson) Sarjeant (= Gonyaulax scrippsae Kofoid*).
13. Polykrikos schwatzii/kofoidit* complex.
14. Spiniferites ramosus (Ehrenberg) Loeblich and Loeblich (=Gonyaulax spinifera* complex).

All specimens occurred in GTU-st. 2; scale bar is 20 » m. %*: biological name for vegetative cell.
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Bt L7-iR#EEHE S A b (Tablel) WIEERE (GKS) T
13442-519cells/ml of wet sediment (AT L) T, Spiniferites
bulloideus (Fig. 2 ;10, 11), Lingulodinium machaerophorum
(Fig. 2 ;3), Brigantedinium spp. (Fig.2 ;6,7 ), Votadinium
carvum ML IE L 720 MR SRR L (EIR AR EMERE & ITIT
FETH o7, FlEE (GTG) Tik653-982¢cells/mlT, %
FETE X Spiniferites bulloideus, Spiniferites ramosus (Fig.
2:14), Lingulodinium machaerophorum, Brigantedinium
spp., Selenopemphix quanta, Polykrikos kofoidii/schwartzii
complex (Fig.2:13) Th o7z, ZDETIIMI GHEREED
RGP olz, EXZHE (GTU) TiE579-2070cells/mlD &
WE T, &5 Spiniferites bulloideus, Lingulodinium
machaerophorum, Polykrikos kofoidii/schwartzii complex
TH o720 GTU-Sts. 2, 3, 4 TIIMITEEBEIFS C,
GTU-St. 6 TIRMEAITIZMET, GTU-Sts. 1, 5 TlLfE
BREREN S P72,

INLOWMPEEY A MREICIAFTREL LTHALNS
G. catenatum (Fig.2;1,2,12) O, ¥ A + DR S
2END A. catenellad L { 12 A. tamarense, A. andersonii
(Fig.2;5) #&EFEFNTw5H, G catenatumIFIEED GT
G-sts. 1,2,3 L EZMENGTU-st. 2 ([ZFE L7=22%, EHE
WAL, BEEIRGTG-St. 1 TR, ZOEHEDNLL
% THotz, T2, A. catenellad L { 1L A. tamarense ¥
AMETRCOBCEL, REMHEIEGTG-st. 1 TOEHED
5%%mRL72. A minutum® ¥ A MIELL - EERERT
PR 2 b (Fig.2:9), 7 A. andersonii R4 HO TSI
Y P RAETREOHFEVHER SN 072 A, leei DY
A MR L 22 RERMR b R 5Tz,

FEE YD BHEEMRL LT Gonyaulax spinifera (=
Spiniferites ramosus), Lingulodinium polyedrum, (=L.
machaerophorum), Protoceratium reticulatum, Scrippsiella
trochoidea, Gyrodinium instriatum, Pheopolykrikos hartmannii
FELTWA,
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WHHIRY A MBRICED L LR L b 18EI2EH RS
Nz SNIEHE - BFELSRE, BBE, AHETol
BRI IFIZEE L, P EEEHLEMNEELL ) b Sk
Thb, MEEEY A bOEBEITHE TIET720-3390cells/
ml, EEFIHIEEETIZ21-280cells/ml, B EE DR T
13-47cells/mlTH %, BILEEALTOELEIIFELD D
LS00, BEBETRERSENERLEL ) iEE v,
IS OMREIIEEREY KL TW2 EEXbND, BE
BRI B N BRI A T, RN 2 R C

HHOI LT, HEPRILBIEIHETEH L DDEED
AR AV EATLAET, EWEIBBLRRETH S
Lk BLEZLNL,

2. AERBOAHEVR b

SEORET2-30FFEEBLUZOTWEERDDH D VA P
RS, EGERHOMBEELEOBMARE (ellipsoidal),
LI (ovoidal) DA MIZFNEN Alexandrium catenella/
tamarense& A. minutum® ¥ A MIEMT 5, FEHEO
VAR ESFRVBRELOER IR TS A
andersonii® Y A MMZHBP L TWb, ThHPEHEED TV A
I Ch 2 PEPORELIERIE, YA N OBEEREIT-
EPRICTILEND L, UL, BILEEE TIZ1984, 1985
I A. catenellaSHB L TwBEY 2, Pl bk
MY A MIERETH 5 W REEIBD THEV. ZOffl, K&
FEIUNELLER TR E - =58, RERE - EHWE,
PFREE,PSHEIN TS, FEE - EEETIEA
tamarense FHFFRREMEE LTHRESNTREY,

A. minutum \ZESPNT 2 IR CHEAEHOMIEL b DY
ANDHELFOEN L7z, AEOKEMRED T(PETE
HHEVEEDTT Yo b VEBICGREL T Y BRTO
REOEHBIINEES S OHREDTSH S0 bOD, IS
TRINPHEDTTH S,

T 07 b UBEHIZIZA. andersonii (Fig.3;1-4) L A.
insuetum (Fig.3;5-8) A% L7, A. andersonii DEH
EHE SN ER TR TH LY o REIINE TICILKRIE
B, WHEIRYBrSERASSD, LABBETERYAR
NAFT v eIk o THEEDHER SN2, ZOEBT R
BAHATHS L SNTVABY, A. insuetum 3 E - FHEEY
RS Y TR SN TS, AEOFETES N E
OBTHRESN, EFETHDEREHINTNBY,

HAGEH CHIRT AMhoEERBERERE L LT Gymnodinium
catenatum D 5, REIZ198TEIILTEAMBE THEER
HiE e LCEsnzY, #0% Matsuoka and Fukuyo™®
IAROSAHEZ FEMBERL VA FOFEEFIPYIZL
TATo 72058, W& - &FE, FHRE, XE, MUk,
WEAABTERT A I L RHER L, TRE - HEE»L
BABOREMILL VA MPHRESN TS, &L%o
TRPEHBEERRERE - STANER ETEAEICLS
“HAOFEFERTHEEEIFEL TV EY, —#IC
HERR 777 by OBERDERRTT V27~ > OEERP
BERRICL > TRRBEEZ HNTVEY, G catenatum
DERBHELL protogonyautoxin (PX) B (C1-C4) %%
L L, MokE Alexandrium BOEMPELET 5 gonyautoxin
B (GTX), STXZ#EWALTAMBERLIIRR-oTWVE L
ENBY, L, AP SMEIIEICEE L7z A. catenella
OFRTHLIEC2 BEFEENTO% L L%, GTX 1 +GTX
2HH20% % EDHIEEHLPIZ L, THIEHERD
Alexandrium BO—RW L BERTHAR LB ELZ->TWE T
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Fig. 3 Alexandrium andersonii Balech (1-4) and Alexandrium insuetum Balech (5-8), all photomicrographs taken
by epifluorescence light after staining with cellfluor. Scale bar is 20um.
1. Optical cross section in lateral view, 2, 3. Ventral view showing Sa plate, 4. Oblique antapical view
showing Sp plate, 5, 6. Ventral view showing 1', 6" and Sa plates, 7. Oblique antapical view showing Sp

plate, 8. Ventral view showing sulcul plates.
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