Bull. Plankton Soc. Japan 45 (1): 9-19, 1998

BRTZ29 K
FEW

© The Plankton Society of Japan 1998

D WERFE TERE & W72 BRBORHE B Gyrodinium aureolum
HULBURT O 73 FH 7 (R 5V

Y - MY - R
IN=IEY A )

T 737-12 INBRREAEF I 1 % R 6-21-17
Flif R 2B K B 25

T 852 Rl SCHHET 1-14°
W KFT O 7 EMEERENE LY & —
T 113 HEE SR IX 95 1-1-1%

A taxonomic study on Gyrodinium aureolum HULBURT
(Dinophyceae) from the morphological viewpoint based on
materials collected in Japanese coastal waters

HaruyosHI Takavama®, Kazumt MATSUOKA® AND Yasuwo Fukuyo?

Hivoshima Fisheries Experimental Station

Ondo-cho, Hiroshima 737-12%

Faculty of Fisheries, Nagasaki University

1-14, Bunkyo-machi, Nagasaki 852°

Asiar. Natural Environmental Science Center, The University of Tokyo
1-1-1 Yayoi, Bunkyo-ku, Tokyo 113?

Abstract: For unarmored dinoflagellates which includes harmful species, observation of fragile
morphology is indispensable in arriving at correct biological names. However, the difficulties in fix-
ation and preservation of detailed characteristics brings about coufusion due to unstable taxonomic
decision. This leads to the creation of new synonymous species name or innocent misuse of known
species name. Repetition of this practice increases difficulty in species identification.

Gymmnodinium mikimotoi Miyake et Kominami ex Oda (abbreviated as Gym. mikimotor) and Gy-
rodinium aureolum Hulburt (Gyr. aureolum) are two major harmful unarmored species reported in
several countries and these species are in state of taxonomic confusion. In Japan, Gym. mikimotoi
is considered most noxious and had devastated the fishing and aquaculture industries since 1960’s.
In northern Europe, another unarmored species called either Gyr. aureolum or Gymnodinum sp. cf.
mikimotol is known to cause serious damages in coastal waters. Morphological similarities between
these species have cause taxonomic confusion for the last two decades. This study was conducted
to clarify the taxonomic problems by observation of materials collected from Japanese waters and
re-interpretation of original and succeeding morphological descriptions.

After careful LM and SEM observation of the two species which occurred simultaneously in the
coastal waters of Tanabe Bay, central Japan, and literature survey of these species, we concluded
the separation of the two species should be based on the the following morphological characteris-
tics and behavior.
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1) Thickness of vegetative cell: Gyr. aureolum is always thicker than Gym. mikimotoi.

2) Swimming manner: Cell thickness strongly affects the swimming manner of these two
species. Gyr. aureolum invariably rotates forward and Gym. mikimotoi swims in butterfly
motion.

3) Shape and position of nucleus: The nucleus of Gyr. aureolum is spherical to slightly elon-
gate laterally and centrally located. However, Gym. mikimotoi has longitudinally ellipsoidal
nucleus and found in the left lobe.

Morphological characteristics of Gyr. aureolum were carefully examined using publications re-
ported from North Atlantic Ocean plankton samples. Taking the morphological variabilities of the
two unarmored species shown in this report into consideration, they are subdivided into four mor-
photypes, although they are described under the same species name. Two of them are identical to
the original description of Gym. mikimotor and Gyr. aureolum. But the other two have different
characters from the above two species.

Key words: Gymnodinium mikimotoi, Gyrodinium aureolum, morphology, taxonomy, unarmored
dinoflagellate

MM ERIEE L (BRI A ZLMRBETHE I 06, ZTORELNHEICICRETSZE
MTES, ThETEHELOBHEFORILAFPOTEL, HATHRARSEEHELT R LT
5 Gymnodinium mikimotoi Miyake et Kominami ex Oda & ZD—2T, fi4 DiFEmMNiTbhizxK, &5
I - AR (1990) (& Gymnodinium nagasakiense Takayama et Adachi % G. mikmotoi DFIIERL TH 5
EWRE L, -0 8Tk, A A 0 Gyrodinium aureolum Hulburt 12 & A R85 564 L T,
KEEMNZZREWEL G AT ET5HENDH S (Braarad & Heimdal 1970, Ballantine & Smith
1973, Boalch 1979, Ottway et al. 1979, Pybus 1980, Potts & Edwards 1987). Tangen (1977) 1% Z @ Gyr. au-
reolum ' Gym. mikimotoi (G XX H Tl Gymnodinium type 65 & Fi) (Z$AML9 5 & L, Taylor (1985)
LMMOMBTIREOBREZORE IR T B I L &AM, WEAR—FETH 2 TREM 218
L7, Z20%, FELIOCENFO LRSS I — 9 o735 Gy, aureolum & HAPE Gym. mikimo-
toi D ITHN T E 72AY (Tangen 1977, Takayama & Adachi 1984, Partensky et al. 1989, Partensky
& Vaulot 1990) , K7-MHiELfEH 255 T TIEE > Tk,

1987 477 I FIB R HE THRA U 72 Gym. mikimotoi 812, ZhEHPIT 25, MilanE
ABELUOBOBRPONENRALLZ L oRIME AL N 3 EMMEERENMRIEL T DT, ¥k
FREME (LM) ko K OEEEFHEMEE (SEM) 2L TZOHEARBELZ. ZOBE, 20
PO TRE N IR KPR EEF Woods Hole THEEE & 41, Hulburt (1957) 12 & Y #sE & Nz Gyr. aureolum
DFFEHIIFIE-RTAZIEPAS L 72, A, ZOBKRERE2BE T L L LI,
Gyr. aureolum & Gym. mikimotoi (KRG X TiE, Gymmodinium & Gyrodinium % & & 12“C LB T 5 &
XBNBTELRNWED, ZRENGm BEUGr il T) IZOWTHRAZSHTRE XN TVWBHRE
KOV ARML  WHEOFENREAHMICTLZE20ME L,

HHRBLVFE

SR OE L 2 0RHE 1987467 I IKILIR BT (ILfi3342, HOkR 135°23) CHRIE L 72K %
My, Zh 54— L 7= B e T b 5

LM SRR D & & | B5F THAEHE £ %645 L 7 Nikon BS TIPS T17 - 2. SEMBISREHZ
Takayama (1985) % & Uf Takayama & Adachi (1984) D71 & - TIEAM L, #1%2{Z13 Hitachi S-4307Y
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1) HBETREShABERREEEOHELEOET

ZOEYDIMEH & SEME H % Plate [IZ/R T,

HIFE £ 304-384 um, 1§22.0-288 um, P CTIdMilaE333um, 1@260um Th 5. HMiahg Mk
£D0.7-097T, FiCHifamg &k 0 Mifa A A& <, BEBITZIZIE CH 5. i, SBET S L
HEALODER TS (Plate16). FWRIZE»ITWET, HAIED07-09TH 3, TR £
FIFEAAOHEERE L TH D, TERITRS A, THOKRMIEHES., bFEricMATS. £
7z, TFHEMO YW A EBRN S MIEA 2 <, 20 X5 aMlE TR PP WEE A2~ T (Plate |
4).

OB ESRICIZE ACRBAYT, BIBOMRE» 54, MRME THU S22, LD T
BZHEORRTH T, HIZBET 2 (Plate 11, 4). H#EFIZMART ClEMO A, #ISES<IZoh
TAL &%, MBIl EE R4 —FL, MEROEZEIMBORO2(65E T, MldkD
17-15Tdh 5. SEMEIET TIIMBOMmEI/INEEA S D (Plate14,7,9,p), Zhd SHE#% %
FiZlh - THREROBE AU TS (Plate17,9;s). I DREIXMMN TS 5 723 SEM TO A
EN, LM TIZERDI T E &\, Lepidodinium viride Watanabe et al. % & Tid, fei# & MO EHD
PMEICHEBIRO NS Y 7 )L F 723 EER (cytoplasmic projection) 2 & T3 (Wata-
nabe et al. 1987, 1990). AFEIZ R 5 h B/NEEDIFILIBATE L. viride DE M & —T 575, BERET
ARSI TREWD T, RE Vv 2L EDOHEMEIAHTH 5.

EHERIEELER T, MEBGEEORMU» 64T BEoBES EFCHOTMEOERE B, L
HESFHOMREE L O T A TENET S, MIXZITEHE T, MlaOhdicfiE T 5 (Platel2n). &
BEOBREN0MEATHRED , FEFEFIZIEL /4 F2BED6NS (Plate]11-3).

Hulburt (1957) 12 & % Gyr. aureolum O FELEDOEFIZROMD TH % (Table 1 BH) .

(MR R & 27-34um, 1E17-32um TH 5. MlIEE T, EEEBIIEIE £ 2 S 4 2 L,
2R HMIZRT (slightly dorsi-ventrally flattened) Tdh 5. L#ff: THIZIFIFRUEKZETHBZ
&, EHERRERIE £ 22 JEO AR T, THRATHTH B2, THiE L#E IR TS
B2, KMAL DT, BHZIMATBEZ LA d 5. BBIIELEL, WROBEEMEED15ToH
5, HEEISHIEERO T %A » SR S THUS ., BEICh T 2HEIE<, TH#TIIE
W, EWEE LEABOGERERS D BEPLRBEIRICIEATHS, BIZREY?, BEOMH
METHS.] ab, FLsiTEIMomBE Il 2E®id a0, i) LA 2K
ABE X T3 (Hulburt 1957, Plate 2, Fig. 8, 9).

Hulburt (1957) OFCED 5 5, MOHEES LHEIZFEL, LA S TERORMIZLFETS L LT
WhHEIE, LHEABRRELZLOLHEREN S, BHBIIHEL ML, ZThE ThRFHEMER
WTIE LR LITRFLE SN TED, BIAN L LTS E LTREBINBE I LB E1n -T2,
B Gym. mikimotoi TEMOMEEL EHICBAT 2L EhTE 22 (BEH 1935, TOH I L
HEBAEGEL 228D TH B Z EMNME 2Tk -7 (EIh 1981, Takayama & Adachi 1984). & <2
Gyr. aureolym D JRACHE CHEBATHIRO B ER L TEEST 5 & LT W50, HERO FiEEo 714
BRETA2DTH, SREIOBRIINAMEL 2281245, Gymnodinium X Gyrodinium |2
BT, #EESEME TET S I Lid <, Bl (1981) = Takayama (1985) 2 L7z & 512,
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FEIZ & » TIEER O L&A & B F TREET 5. Gyr. awreolum O L#EHEIT, FFIZIEH
HIZE S P ULRLIMOTE D, FL#O YK, RFHMEE TIOLEH NI THDIHNETH
Sl LR END,

INSDOFRAE S &2, 19877 HICHIE TRE SN - B B3 & O B L 72,
N JEAITHINEIED 0709 TH b, RRRF & L7z Hulburt (1957) Dbz —3K 3 5. LMt
ROZEL Ho7h, FEALRIRBT, hIENCNEL Tz, Mo kx X LBIK, BRE
DA, EEMO F#fEEA2F TN TEREEME —RLTWE, Zho DFENRERIZED X,
Z OFE % Gyrodinium aureolum Hulburt & FE L 7=,

Lk, AMIZOROMPETIABELBOBEINBRE TEHRESINTHD, HABFIZEIA
KAMLTHBEEDEHEES NS,

2) Gyrodinium aureolum & Gymnodinium mikimotoi D REEL &

Gym. mikimotoi DFZHEF VR DWW TIEEIL - 2R (1990) HFFk L 7228, Gyr. awreolum D
MR T L, MifaDKE SRBMBEREORE SHEML, $EERO BH#EEL AL T
% (Fig 1) REDHHEMSLEL TWAE, 7277, RO245 CTifdiZIREIZXHITE 5,

ZOHEVIHIEDEADENTH 5. Gym. mikimotoi DIEAITHILIZ & - TENDH B9, BEIL
MRS D 12528 Ua s < (111981, Takayama & Adachi 1984) , BB EEO P TE» & DR
S EFEIZA S, 4, Hulburt (1957) 1%, Gyr. aureolum DEAZIZ DWW TR L Thkn, R
X F (slightly dorsi-ventrally flattend) & b~XTik 0 | KEEIL Gym. mikimotoi & O IZHIEE 0 &
Higahs, ZOMEIL, MEOHEKREDEEE-ThHobhE, Thbb, mfEE &KaMH
B BlER U 2 A3 S 3fEvkd 2 A, MHSE 23 Gym. mikimotoi TN € T & 7 IREITIE - 2 127
HEha L, MHIZERA D B Gyr. aureolum TIXF D & 5 2 #lB3A 0,

MEADE 2L, BOBKREMETH S, —BRITHWEEORIT, WO ELEME IRLD, &
O F U RPEICHRICEET 3720, RELEEONM AN A & < TE LM THENES I &
N5, Gym. mikimotoi TiE, BFEHNHBOBREMNESAEOMBOZh ERELZEDE D50,
B O KRB IIHER T, WICHROLEMIZTFEET S (Fig 1C). —F4, Gyr. aureolum DFEIL

Fig. 1. Schematic representa-
tions of Gyrodinium aureolum and
Gymnodinium wukimotoi. A: Ven-
tral view of Gyrodinium aureolum
B: Dorsal view of Gyrodinium au-
reolum C: Ventral view of Gymmno-
dinium mikimotoi D: Dorsal view
of Gymnodinium mikimotoi

10 um
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HREEIMRTHL, MlahRrIZTifET S (Fig 1 A).

¥ 72, BB D & 512 Gym. mikimotoi & Gyr. aureolum \E & & 1ZEHERIO LH#EEAT T2, ZOE
I HEWIEWDS DD, ThbD, Gym mikimotoi D _L#fEEIIEMRIZ T LEOTENR,» & RO
1B3TREETU»EL LD, Gyr. awveolum D L§EEIT EHETFMO R A ZN IO T HE TR
U'% (Fig. 1B, D).

Steidinger & Tangen (1996) (% Gyr. aureolum 7> Gym. mikimotoi DFI L TH DR 2 BRI L C
W3, L2 L, Woods Hole i} 7 TaECE & M7= Gyr. aureolum & Gym. mikimotoi &% b L 7= & 5 7&i&
WHHHEETH D, ThEPhFETHSEEEZL S, - T, Steidinger & Tangen (1996) D RARIT T F
TEEW,

3) KEFEH IV ETORLBHICHIRT % Gyr. aureolum (8T 2EE

Gyr. aureolym DFEREIZ DTk Hulburt (1957) Oz, Campbell (1973) 3K [E North Carolina 1
& % Gales Creek THRE L AEARDELEA H D, £ DOELEMOMEIIRDED TH 5 (Table 1 2HH).

[AiHa R 27-30 um, HE25-28um T, JEANE2um, MluZHE AATE 2 RT3 & 040 SIEDILVKE
MEOLDETHY, BHIZFKECTZOMMIIENE TS 5. MiBEORZEIIMBED 2(5HE T,
HRERDOUTIZETH D, HFEIZ LHIZ O TH, BEETTRREE L, F#ETIIAR > T
5. BRGE LEABOGRAENSEIFAL , HITEE CHlahROPLPHFITNET 5. ]

Ll k@ Campbell (1973) DFCuh Tid, MlaH &8 2/ F TR 2 EAE Td 5 54, Hulburt
(1957) Db & Fm ), ZHUS D0 TEL A D BEADD 2 RO BT (Campbell 1973, Plate
8 Plate I 51b) 2WmE T3, LAaL, #MlwOMEER43HET 5L, HilaoE A TMlaiEo
08-09DHHIZH 1, PN LMK REhZLDLNIIEAL S S L h b, 72, HE
BEDORZIPMBEED T THB L LEMNS, GyrodimumE L FE LT WS R IZEEE 2355 58,
MAAOTIR, HOTIRPAE, #HEICFT 2302 HaE# (Hulburt 1957) & —H L TWwa Z&n
5 &, Campbell (1973) MEREL U 7=FE1Z Gyr. aureolum TH 5 L ¥ X h 3,

% 7z, Chang & Carpenter (1985) &, Long Island {2 3R U 727814 4 Hulburt 2 EIEEEE L . G
aureolum TH % LAE L 72 LGl L TH D, KIEHEBREIZIZ Gyr. awreolum WAL B LTV B LR
T&u,

I — 1y I ED Gyr. aureolum D FZHEIZ D\ Tid ., Braarud & Heimdal (1970), Ballantine & Smith
(1973), Drebes (1974), Ottway et al. (1979), Tangen (1979), Tangen & Bjoérnland (1981), Dodge (1982), Parten-
sky et al. (1988), Partensky & Vaulot (1989) 25 L T3, ZDE % Table 2123948, ZHh6D
I, FEBIZK > THEY S 5.

g — 1 2 SHRIRD Gyr. aureolum DIEREIL, 1966412 /7 x —IRE THREI AT L 72 EARIC R
7 % Braarud & Heimdal (1970) 12 & » TRANZEE S Nz, ZRICITHIlREIX 2640 um, Mgl IS
25-32um & H 5773 C, HEOEARLEOMNEIZ DL TEIHE I T, 612, MilEE
BB T A, 1L M0 i Hulburt (1957) O KX & 385 5 TH D, T L A Silva (1959)
AL b HIL D Obidos langoon 2* & & L 7= Gyrodinium sp. 12& <L T3 & LT3 (Braarud &
Heimdal 1970). Z @ Gyrodinium sp. i, B5EHIZ/N (MFER34um) 1245 2 & & & 5 AMEHIE
MilaE 4450 um, HIRIE32-36umTH Y, » LD KMOEHTH LI L ERE LTS, iz,
A OMS EHOMREIZRHE TS & Sh, HBlREhEE (Siva 1959, Platell-IV) 4 & Hlffi 4
% &t U A Gyrodinium instriatum Freudenthal et Lee 2 EWE D TH 3. L 72H - T, Braarud &
Heimdal (1970) % Gyr. aureolum & U 7= / V7 = — IR EEDIHEEST Gyr. instriatum H, & LIE%F
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Table 1. Morphological description on Gyrodinium aureolum and Gymnodinium mikimotoi reported from North Amer-
ica and Australia.

Author Hulburt (1957) Campbell (1973) Hallegraeff (1991)

Speciea name  Gyrodinium aureolum Gyrodinium aureolum Gymnodinium mikimotoi

Length 27-34 ym 27-30 um 18-37 um

Width 17-32 um 25-28 um 14-35um

Thickness slightly flattened 22 um flattened

Cingulum displaced 0.2 of cell length displaced about 1/7 of cell displaced 2 times the
length girdle width

Sulcus reaching to just behind apex

Nucleus spherical or ellipsoidal spherical, slightly often located in the left
anterior of center bottom lobe of the cell

Chloroplasts  numerous, yellow brown numerous, yellow brown numerous, rod-shaped or round

Location Woods Hole (US.A.) Gales Creek (US.A) Tasmania (Australia)

Type A A A

OEFET & 5 Tl HEME A B,

Ballantine & Smith (1973) i3, 4 ¥ ") Z North Wales /5 River Conway "C A & AL U 7= B3t
¥ B A Gyr. awreolum & [A7E U 7z, River Conway MEA 12 M 20-30 um, #FEIE 16-30 um, LA
115-20um T, #ZiZFL AL LIBT3, B &N 72X (Ballantine & Smith 1973, Plate I 1
and4) S5 L, MlEFRI»ZR KDL EHIZHEET S, River Conway FEAIL, E#if
il FHEARIASEM LT B s R 2 B 0, 243 Hulburt (1957) DR ACHEUT1E 2 W IZRER R
T, #MEI3Er U 5 Braarud & Heimdal (1970) %5 L 72X (Fig 2) 12f8l% (Ballantine & Smith, 1973).
7272l , Hi#l 2, SOMESIEH S L0000, 1O IXHERN LI Gyr. aureolum & —E T % &
WEL TV,

Drebes (1974) i%, F 4 Y Helgoland#i /R (2B U 72 Gyr. aureolum % , fRZF24-40um T, F5HEIC
RMETH D EMEL T35, Helgoland iR EAIZOOWTRBOLR A LW, BEEhE-TH
(Drebes 1974, Fig. 100) T, Mifah RIZEREEZ RO TRRERIZ L > TN 2HD, 2D
MEICHESEET 5 L HEH & h 5,

1976 4F-11 A2 7 )b x — Stavanger THMl & K L 72 Gyr. aureolum %, MNEE19-37 um, HOIHIE
19-35um T, HHEOBEZIHIMED 12 L &M X 0% (Tangen, 1977) . Stavanger FEA
DO, DRSNS T#EMICFET 2 B TR P BT S LB s T b,
B X N/ HE (Tangen 1977, Fig. 1) (2%, #MlaOIXTh Bl @RAELERVNCTGEHE L > T3
EEAHY, TOMNBIZMIGEET S EEbI 3,

Ottway et al. 1979) 237 4 )L 7 ¥ FEMED O L8 L 72 Gyr. awreolum (3, FYJTEE 215um, 1@
18um T, Hulburt (1957) Maldk & D /hX Wy, 7405V FIEREZERIZRRRET, K& &AM
FarpJulsfFfE L, 72, RSEAMIE ToEAMA R E 35, 20 &5 4 JFREIS Ballantine & Smith
(1973) OFtib & —F T 5.

Tangen & Bjornland (1981) I&, 1977410 HIZ / )L ™7 x 4 Steilene TR L 7= Gyr. aureolum \3¥% 3¢
RCHIROEIZAFES 5 LR 5, ZoRid, FHid#& &, Tangen (1977) Dicub & HLEL T
W5,

Dodge (1982) 23 E[Eifi i+ 4 & BREE L 72 ARIZHD W CREH L 72 Gyr. aureolum O MNEFRIZ 2440 um
MU 17-32 um T, HIIEEEO HEIZ R mETh 5.

Partensky & Sournia (1986) (3, KHEHEAIZ XA TI —a v/ fllE 7 4 ) ZHRZHIT 2 Gyr. aure-



Table 2. Morphological description on Gyrodinium aureolum and its related species reported from Europe.

Authors Braarud &
Heimda (1970)

Species name  Gyrodinium
aureolum

Length 26-40 ym

Width 25-32 um

Thickness

Cingulum

Sulcus

Nucleus

Chloroplasts

Location south Norway

Type D

Ballantine & Smith Dreves
(1973) (1974)
Gyrodimum Gyrodinium
aureolum aureolum
20-30 um 24-40 ym
16-30 um
11520 um flattened
extend to halfway
of the epicone
spherical, situated
in the epicone
Very numerous, numerous,

elliptical or irregular  yellow brown

River Conway Helgoland
(U.K) (Germany)
B B

Tangen
(1977)

Gyrodinium
aureolum

19-37 um
19-35um

flattened 1/2 of
the width

displaced 1/4-1/7
of cell length

extend to halfway
of the epicone

spherical, situated
subcentrally

elliptical to globular
or irregular

Stavanger (south
west Norway)

B

Ottway et al. Tangen & Bjornland

(1979) (1981)
Gyrodinium Gyrodinium
aureolum aureolum

21.5um (mean)
18 um (mean)
slightly flattened  broad and flattened

displaced about
0.2 of cell length

extend over the
antapex

large,
situated centrally

elongate, situated
in the left side

numerous, small  numerous
south coast Steilene

of Ireland (Norway)
AorB C

Dodge
(1982)

Gyrodinium
aureolum

24-40 um
17-32 um

somewhat flattened

displaced 0.2 of
cell length

extend to 1/2-3/4
of the epicone

situated in the
girdle region

numerous,
yellowisn-brown

west and south of

Partensky et al.
(1988)

Gyrodinium
cf. aureolum

16-37 um*
13-36 ym*
flattened

dispaced 0.17-0.27
of cell length

elongate, in the left
lobe of the cell

1-40 in number

Plymouth (UK.),

UK., west of Ireland  Brittany (France)

AorB

C

* cited from Partensky and Voulot (1989)
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olum DHEFEN R > TV B EENEAH B Z L AREL, I -0 o/ YRR T 5 & D % Gyro-
dinium cf. aureolum & VEFR$ 25 Z & A4EIB L 72, Partensky et al. (1988) I3 Z D E AW S 2243
B, 38— WRFETRE &Nz Gyrodinium of. aureolum 4%k & . B AR TIRE E Wiz Gym. na-
gasakiense (=Gym. mikimotoi) 3¥k & % | WHEFME K UBORFEL» S EMREI L 72, ZOBEE, H
KREEMRE 2 -0 5 SERIEDNAGHESRE > TR IS TH B TREML H 5 Z & 4R
WL/ AT, 32— v/ ED Gyrodinium cf. aureolum ZHER B CRFECH 2 Z L, HEMED
MMl s ff i d 5 2 Em 6, FREFEWIZIE Gyr. aureolum & 0121 L A HARFED Gym. na-
gasakiense \ZFELL L T W B L X Z R & Gymmodinium of. nagasakiense (BAED FIDIZH 2L
Gymnodimium cf. mikimotol) &SFRT 5 Z & #BHEE L 7=,

FEEDOMY , ROKDOWIRHIC & - CiL#k & iz b kit KO ORI 5 3 Gyr. au-
reolum DIZREZZ NEHEVDR H 5. ZThhoZMROBEAL, OB LUCMNEBEDEWICHED X |
TED4DD A4 FIZHFTES (Table 1, 2 BH) .

%4 7 A Hurburt 1957) OFECHEIZ —E 3 A, Ml b$2ImF T, KoyfllaniziEsn
PN BT B AU REBA B 5. Campbell (1973) O Gale Wales fEA A Z Y 5.

24 7B I BOBREAERZ BTS00, MilasFacd s DRV BEA. Tangen 1977) 25/
L x4 Stavanger BEA TR L 72 K 512, JEAMIBD 12 LA an &L, Fai# e 0@ e
T &AW, Tangen (1977) IAFTld, River Conway f24 (Ballantine & Smith, 1973) , Helgoland A
(Drebes, 1974) 23 FBEAEAR LB E L -8R H D, 24 TBIIKGTE S,

44T C RO IMRLEIZNET S, Migd 2% D RFET, Partensky et al. (1988) #3i8RT

WB &SI, TBREERNZIE Gyr. anreolum & V) 1330 U A Gym. mikimotoi (=Gym. nagasakiense) (2 —3%
3 5. Partensky et al. 1988) LAFHZ, /L7 x — Steilene #EA (Tangen & Bjornland, 1981) AMZIE[A

HOBREAHA T3,

%4 7°D : Braarud & Heimdal (1970) (2 &> CRed & e /Lo = — AL, MifaDEACHKIC
B¢ A0 AARIML T D AR S, UL, Silva (1959) AZE#K L 72 Gyrodiniwm sp. = 5H{D
LTWBTA3ZDLMEHEET B E, G instriatum £ 7213 F OEWFETH 5 aJgetkHg< . kb
D344 TLGBETHEEALNS,

ZOEN, TANLT Y FHEHEEAOMIEPCRREE-TH D (Ottway et al, 1979), ZO R TIE S
A TACHRXEZNEZEOEAbNS, LAL, TOMEKIT E#EREL T#EESENTEEE,
4 4 7 BIZIX 5 L 7z River Conway {3 E1EA  (Ballantine & Smith, 1973) & @ L 2Rl oh 3,
A XY ABEOELS, A EECPPHEETH D (Dodge, 1982) , FALH & il 4 2K &R
T—HT, 24 7BIZHYF 3 River Conway 2 A& (Ballantine & Smith, 1973) & Helgoland £ 4
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Plate I. Light micrographs and scanning electron micrographs of Gyrodinium aureolum.

1-3: Ventral view (LM). 4: Ventral view (SEM). 5: Dorsal view (SEM). 6: Right side view (SEM). 7: Antapi-
cal view (SEM). 8: Apical view (SEM). 9: Close up of sulcal part (SEM).

(a: apical groove, c: chroroplast p: small projection in sulcus s: septum in sulcus)



