TSIV BIAHE - HE—Z OSBRI LEENR 21

H AR R OFAEMREEREAO S B AN OB &

O * - JHE B KR WP

D b E RERFEEERAR F060-0810 ALRHALXIL 10 &8 TH
Y REBREFREREVENEFAMMBEEFNE 7 « — v FREEBERR v s —RXF—-va ¥ T725-0024
TR T AHT 5-8-1

Taxonomic studies on parasitic dinoflagellates in Japan
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Abstract Some dinoflagellates are known to parasitize marine organisms, such as protists
(including other dinoflagellates), copepods, chaetognaths, appendicularians and crustacean deca-
pods and they can potentially have serious negative impacts on these host organisms. In this
paper, we reviewed the present status of taxonomic studies on parasitic dinoflagellates occurring
in Japanese coastal waters. We also briefly reviewed our recent knowledge on the molecular
phylogenetics of parasitic dinoflagellates. So far, members of the genera, Blastodinium, Oodinium,
Dissodinium, Syndinium, Amoebophrya and Duboscquella have been reported from various parts of
Japan and their morphology, as well as their phylogenetic affinities, were investigated. Since our
knowledge on these dinoflagellates is still limited, biodiversity studies on these organisms are a

research priority.
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BEEZERE L
BYEEHIREMEOREEYO—E T, ERELD
SELBVI L OEHO—HE LT TN L, EHY
FoRE T}, EHEMEYPY (Division Dinophyta) &
DEENDZOHB—RATH 2 (FF 1999). BHEEE
i, flEr—RATr3EELThCBIEIERT AMEEE
L, Zoticz hENBHE, REELTRh3HED
REB2KDHELETZ I EAEANBBHRETS
(COREFED OERB L ZTEEL L-BLE V), &
o, MEEREHOMREZEYRIO X P vELLLL
nE, MMOBEBEYO T LA TEERT, BHEEEK
LFFEN TV (FE 1999). KRS OEBERE IS
EREBLTIOIATOKESD>DIHL, YV
F 2 v P—HOFEMMBEERDO L 5 KAERO—K
HOAICBBESEEE b0/ V- TR ENBD, DY
A 7OEEFEICbDL, HI3VIEI—Kosboh, &
VIR, SROSEEOREE LTHYSN A, BHE
OERPEBFEDS> B, BLEEHOLONEREE L
CEMHEISN S (Taylor 1987). HEFER==aFICH
iN, 7007 4 e, citili, ) F o= ERESE
HEERIEEOXY v+ 7 s VETERHEBEREL
T b (Taylor 1987). Zt, TEREFX /7 A3 I =4 —
7 VEMHIN RS E L TH Y, fioEYoER
&7 7 & L IIIEEICRN > TWA (Zhang et al. 1999),
AHEERHOERBIZRIEEIC L - TEBE N LD
T, TORFRABEHETH S LEZ SN TW 3 (Ishida
& Green 2002). sLicicLi-k 5, BHEREOB &
THEHBERKREZ SR VEBEBHRTH B, <0
bORIIRFNCEREZBE LA D 5 L\ (Saldarri-
agaetal 2001). /B¥FEREIZENICE, BERE 7
Eary7rvy s REEBREREERL, Thd 3E,

515 AR A T VN4 5 — ¥ HEPEE (Alveolata) & FF
3% (Adl et al. 2005).

THHER AR BT, BREFEED oDt
Kb7sv s b v b0, iRoWRK ORKRICAR
TEEEMOEP, BECEYICEEL CTEET AR
oSN 3 (Taylor 1987). 1, BEEHFHSE
MOREFREE LTEL{HAONE [BRE] 0% TR
EETH D, BHEERHSAECRE SN ZREBEIHAR
ZHTHD, TEMIKEE EBREEORI,MIERE
ZHETIBONICLFREITI DM 2 (REXRD).
5T, EMEEFohi oS LREEYIcEE
TEHDOEHONTEY, ZhoSABOFEETH 3.

FEHREEEROSBER

Z 2T, Fensomeetal (1993) OERIZHE - THE
R ERRONHREMAN T 5. FEEOREERR
BREL DI TZHOINV—F, THOET 5274
= v A& #fil Blastodiniphyceae & ¥ v ¥ 4 = 97 4 #i
Syndiniophyceae I fi& 1% (Table 1), TO_Z>®D
METRTCHEEL ORI PEETH B, BIER, HE
Bo—Bic LRO\BEEKEE TS L oiREERE
Y Dinokaryota IC4 S 1L 505, $BE 3, FEMICI
RHEERT OB EMIAETER T 2 PiREEEL b2
Wi, MEBOHEMTHE VY T4 =y L HP
Syndinea o3 3. HREAICEEOBHEEEE
WERHRAEROLZF-VAB U URHEREEE
LT (AEEEEFD, 752+ F+ =v a0 XS
WHEERO—MO S TIRHMEERKZ b2 b D3, flicy
IV F v DBELBHEDETH S (BHEEHEE - ¥
a9 F 2 v i Noctiluciphyceae) (Fensome et al. 1993).

TS5AMF4 =372 F =9 LH1E
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Classification of parasitic dinoflagellates (after Fensome et al. 1993).
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Subdivision Class

Order

Family

Diagnosis

Genera included

Dinokaryota

Blastodiniphyceae

Syndinea

Syndiniophyceae

Blastodiniales

Syndiniales

Blastodiniaceae
Protoodiniaceae

Oodiniaceae

Apodiniaceae

Cachonellaceae

Haplozoaceae

Syndiniaceae

Amoebophryaceae

Sphaeriparaceae

Duboscquellaceae

Possessing dinokaryon at least
in one stage of life cycle.
Parasitic dinoflagellates having
a dinokaryon during part of
the life cycle only.

Same as above

Parasitic stage is unattached.
Parasitic stage is attached and
having typical dinoflagellate
morphology even at parasitic-
stage.

Parasitic stage is invasive and
does not show typical dino-
flagellate morphology. Sporo-
genesis is palintomy type.

Parasitic cell is attached by a
stalk and does not have typical
dinoflagellate mophology. Sporo-
genesis is palisporogenesis.
Possessing two or, more suc-
cessive independent vegetative
cyst stages. Sporogenesis is
palintomy.

Parasitic stage possesses ribbon-
like, multicellular form. Sporo-
genesis is palisporogenesis.
Dinoflagellates with motile
cells with a dinofiagellate type
of flagellar arrangement and
the nucleus possesses histones.
Same as above

Same as above

Trophont consists of a mul-
tinucleate plasmodium of no
fixed shape and with no cavity.

Having highly organized multi-
nuclear trophont. The trophont
develops into beehive shaped
cavity (mastigocoel), then into
worm-like multiflagellate swim-
ming stage (vermiform).
Multinucleate trophont isorga-
nized into an anterior, episome-
like region and a posterior
basal disc.

Intracelllular parasites with
syndinialean nuclear features.
The trophont is uninucleate.

Blastodinium
Protoodinium

Qodinium,
Amyloodinium,
Bargoniella,
Crepidoodinium,
Piscinoodinium
Apodinium

Cachonella,
Dissodinium

Haplozoon

Syndinium,
Hematodinium,
Ichthyodinium,
Merodinium,
Solenodinium,
Trypanodinium
A moebophryd

Sphaeripara,
Atlanticellodinium

Duboscquella,
Dogelodinium,
Duboscquodinium,
Keppenodinium

*&#H, COBOTRIE, 6 MBHESNL TV S (Table
1). InookHd, FEMRME TORENS MR LR
EROEEEZRTHEL, FERT - VPBERICHRI

&S 20850,

H 5 W3 EW AT O palisporo-
genesis ¥ 4 7 4 palintomy ¥ 4 7 EiIL &k » TH
¥xN 3 (Table 1). BraAic, BHEEO >0 547



24 BAZ7S v7 F vEE2H H53% F15 (2000)

i, BIESKBEZERL LS SERHETERES N
S, BERRBERMNET LT olBFER%E
75 54 7OEMBERTH 3 (Fensome et al. 1993). v
vFs=vaiEvyTa=vLB1BEEA ZOT
- oREEL. Ch5DFRHE, KEMX (trophont) D
JoRe Zick » THE SN TV S (Tablel).

ZEEBEERROAFRELNHR

W, R OEIFIC b TRIEENTFEN
WMo Anoh, MEEEL2EORMER (F1Z i Saun-
ders et al. 1997, Daugbijerg et al. 2000, Saldarriaga et
al. 2001, 2004) ®EFEE L~ OBEMZHYE (Guil-
lou et al. 2002, Lilly et al. 2005) L EBFXSHTW
3. BHAEEHOBRBEERCHET 2 &, FHEHEOR
HEBROSTRREFHIRFHELAV AR B>V
tEh EEAZRMTHS. B, GenBank ic B
TN TVWAHEROREERERIZ, Haplozoon (Saldar-
riaga et al. 2001), Amyloodinium (Litaker et al. 1999),
Syndinium (Skovgaard et al. 2005), Amoebophrya
(Gunderson et al. 1999, Janson et al. 2000), Hema-
todinium (Gruebl et al. 2002) D 5 Bic@AE/ W, L
B-T, ThENOHFERRHEREAR LB hEERE
OEMERE S OFRBKBFRICOVWT HFSICRER SO
TOELVOBEHRRTS 3.

EZ 0 bO» 6 TIRIEL, BEG (K £EEE)
@O DNA 2B L T, Z iRV Eh 3 &EFRAD
5Z OBFICHERET 2EYREHEST 2 L WO HENS
55, BT OBRE DNA BERY O TIRBEOE 2
TSI b rEEZONBZLODHRIT, TARET-F
EVEBICRBT 2 —HOEMPH 55 LI ML
ITENTVE, ThORRBIDOREHRMNEENTLE
hon=71&50v=-7NEETFS5NTW S (Lopez-
Garcia et al. 2001, Moon-Van der Staay et al. 2001).
ThoDE? OFEEREIEAEbL > TRV, F
HHOEMEERTH 3 Amoebophrya (Moon-Van der
Staay et al. 2001, Moreira & Lo6pez-Garcia 2002) &
Hematodinium sp. (Saldarriaga et al. 2004) 23 7' v — 7
i3 25 LW EBEALMENL TV B,
Skovgaard et al. (2005) i Syndinium D ¥ 4 7T
B 5 S. turbo H5 Hematodinium &3T& T, R30I —
THNIRBT AT EERLTWS, Fi, KB Thalas-
sicolla DHEWRBEREFAOREER LN H B ED ET
BEEFNBARSATVE 6005 20 (Gast 2006)
BIZOVWTRAFATH 3. LT LAFERREESE
HoZREHARCHET I OO OBFRIVELITZEL

<, M4t | NBEEESO CORKCElES s i
O EORPRISBROBRHETH S, £, HEFR, B
EBHE SO TOIFEREMIOVWT O ZROHER
BEERSICET 3HAENLK DV IRNEET 284

59,

AEARRICE T I FEMBEEROSEFNHE
FEHBEEEROSRERR Bk ERLICE
B & T =2 (B A 13 Chatton 1920, Cachon & Cachon
1987, Shields 1994, Coats 1999). Z O#58, 2000 &
PESEo h 2BHEEREAD S B, BX % 140 @HFE
HOBTH S EMFSHITI - TE TV 3 (Shields
1994). —4, BAEIcBL TR, FERBYEREOH
RRBEAELTODATES Y, EHELOMAMRL TR
Kofoid (1931) »FEREH & Blastodinium spinurosum
& Oodinium pouchetii 28E L ORI THY (X
BRENTWIW), ZoD#%, Horiguchi & Ohtsuka
(2001) i E 3 F THERBHEERH O S HFENHRAR
FEAETOOATORYL, K (BEE) Kbdbs L5
I, FEHOREERRREBE S v P vitdd 34
YR NIKEL, TOERBHOERE EbITETR,
EOEHIBBNREDL I HFEXIRFELTVLBEONEW
SEBHEMOERLHIMIC LTV KELRSESE. 0k
INERPOEESRECEVSEBREOEY TS 7 b
Y A&BEL T 5 HERREEEROSRFNHALLED
TW3, FEHAZRTRETHEY, SETELEAL
ZOEENBAIONTVE L - LBSERRICOEHRE
EWEEERESEELTWS I EHBESAIC DD
HEDTFRINCBNTET L E LT

TSR MF4=T L

Blastodinium (735 X b5 4 =9 LR Blastodinium
RIBEON A 7 VHOBILERNICHET 2. HEKE
R AR L TB YD, EEREEMET cEHcEETE S
(Fig. 1A). BHEFZ CciR 128 & 1 HEMNEHREhTL
5. FEMTRIDIVERBEEET S LEPMESIT
D (Chatton 1920, Sewell 1951), TDI LEFFEHS
OBBUBTEHRB LI I2BEISBERA STV S
(Fig. 1B) (Bl « KF « O KFEFD. KEOEYH,
BETHZHIAT7 VHIKSZZEEBICOVTH, BEO
Skovgaard (2005) itk 2R H 5. —f}iz, Blas-
todinium DSEHE LTS T CRBESFHREEZ L WS b
T, FlAE, B manging KEREENIAAT
V¥ DO—FE Oncaea sp. DEGFRIBELERICH~T
EFTBEWS. F1, Oncaea sp. OEEEI, Blas-
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Fig. 1. Blastodinium sp. from the Seto Inland Sea,
infecting a copepod, Paracalanus parvus sl. A: Light
micrograph. B: Transmission electron micrograph to
show part of the cytoplasm of the parasite. Note that
the nucleus {(N) is typical of dinokaryons. The
chloroplast (C), trichocyst (t) and mitochondrial (m)
profiles can be seen.

todintum WCRBEI N D EREE LD, PIEFAL 15<
A EDRESNTYVS (Skovgaard 2005). FHE
T3, Kofoid (1931) »PEEED S B. spinulosum (1§
¥ Paracalanus parvus) ERICEIEL - b OBWMES
nTeh, T, EFORBFNED» S, Paracalanus
parvus sl KFET 2 HXBOBOFALZKRLTVWS
(Fig. 1A). EFBVTIR, FERIFEFIED» - 7.

Qodinium (90— 4 =OLHE): TKHEBETHE, 28
D Oodinium DRI N TV S, Oodinium (FFD D\
R T, BEXMRoRREICHERIRTRTEHE
T3, AER, BEEBEOMIIAIETS. 54178
D Qodinium pouchetii i34 ¥ =R ¥ ERICHFEL, [&E
{7 (Kofoid 1931), JjbidE BA SR, EFRWERE (H
H K& -0 KRR »OoROM-TV3 (Fig 2
A). —H, BEFRENBISEFNIGERKE N/ 0. inlandi-
cum i3~ ¥ b ¥ L& ¥ Sagitta crassa DEFERICHEET B
{Fig. 2B) (Horiguchi & Ohtsuka 2001). K&, #&En
E»S5&Roh > T3 (Horiguchi et al. 2004). O.
pouchetii, O. inlandicum & & iICHEEZTICIBER OB
HEBCHFOEREL DT LMHOATVS, DT
LR, ThoORBMHERE S - BREFEEOREES

Fig. 2. Two species of Oodinium. A: Oodinium
pouchetii from the Seto Inland Sea, infecting an
appendicularia. B: Qodinium inlandicum from the Seto
Inland Sea, infecting a chaetognath, Sagitta crassa.

Fig. 3. Dissodinium lunula from the Seto Inland Sea.
Secondary cyst, containing four motile cells.

POBLLTE S LERBLTEBY, ERORRI,
FE SO FHNRL D FREFENEHMRICL »ThREN
Tw3 (BH-KE« O RER.

Dissodinium (# v 3% 5% Dissodinium 33
h% b o RBERT, BEOo—RY X+ BLU=ZHAE
DRy A+ KT 3 (Fig. 3). BREERT LicEE
HIESE PEET208—RY A T, —RYX oM
KRS ZOMBTRY R FTH 5, ZIRVR bHRITE
R (BB REEEOELRYT) BERAsND
(Fig. 3). X hizEmiaz, 74 7 VRDOINICHE
4 % (Elbrachter & Drebes 1978). ERiEE (D)
LEAELTVWB DR, FEMENSIHNCED TR
EYERORABE G TERLUBRO—KRY R b, ZIRY



Fig. 4. Syndinium sp. from the Seto Inland Sea,
infecting a copepod, Paracalanus parvus sl. A: Light
micrograph. The body of the copepod is filled with a
large number of spores of Syndinium sp. and some of
them can be seen outside the body. B: Transmission
electron micrograph. Nuclei contain thick chromo-
somes. f: flagellum, m: mitochondrion, t: trichocyst.

A FOBRARREBEELSEATHWS, Likd-1T, KB
OREAFEMOBEEREL LTk T ST RERES
3. EE, EHLSOMBETCOSTFREFNEITIC LA
¥, BREFEROEREE S OREEREO I/ L—-FILE
FNBIEMBhh-TEY, 73R MF =948, v
VE4 = AV THICLBET A0 TR,

L R UN

Syndinium (Vv F 4 =9 4L8) . Syndinium 347
VL EOBERICEAET S, 1 7 YENTESEED
ERAICREL, BRMICRBEEEZRLTLES. RE
T35 LEE ofaFEERT 2 (Fig. 4A). Bk 3
RFEHMBRONZTEMD, HOTRINSIIFIE
KET2DTEEWhEEL SN EbE-7h, &
¥T Skovgaard & (2005) T =2 DOFEEED R 1L 2 MM

Fig. 5.
Hokkaido, infecting a heterotrophic dinoflagellate,
Protoperidinium. The beehive-like structure is clearly
visible.

Amoebophrya sp. from Otaru harbor,

Fo/hNy72=y r Y KXY — 4 RNABERZEFESSU
tDNA) 2 Z h ZhEFIREL, hoBElF—DR
Fla#HF 4 5T & &85 i Ltk (Skovgaard et al.
2005). FEESBEFNET, #»A 7 Y Paracalanus
parvus sl CBFET IAFEOBEME L/ (Fig. 4). F
te, BAFEBEBTFEMBOBERLREL o, AEIEHRLE
(z &, #=) OFEEYTH 2 Hematodinium iFELL
L7 HREE % &2 C EBO IC i » /2 (Fig. 4B). E
B2, Skovgaard et al. (2005) iz X i, Hematodinium
& Syndinium 3EKTH 5. 1z, EH O OHTFRIEM
WFricknid, P RiEh > OFEEYIL, Syndinium ©
Y4 7ETHBS turbo E/VWT - bR +F 9 S TY
L= FEHOIEDBBEHOhEN>TWS, KL, S
turbo L JIEROBIRM O D H B30T, BREBEETIRE
FW#BEDE % Syndinium sp. LEE L (RH K
B0 RER.

Amoebophrya (7 A —KR7U7#): Amoebophrya 11
BEOFEAYCHET 2REEET, HichoRHEE
BREOMBEMNICEET 2 2 & THEREY. KEOEER
bRERT, BEHRBICIEAT S LEEOMIEEAESE
LEENoHEEL THVWEOHA b - 2 mastigocoel &
BRI 2~ F OB (beehive-like) DR BIKICRET 3
(Fig. 5). T D8, Amoebophrya \wFHE SN/ IBHERE
AR5 LR 2 4 VIROWBHBRZ 3 2 &b o—fE
ORFFEWETOREOTELYMITE 5, £/, 3t
PEMEE T TH B (450~490 nm) =M L THET 3
LHEEYBRBEOHNEHT 5158 b5 % (Park et
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al. 2004). ®#5T vermiform & TN 2 B HE O WK
BEERL, ZOHEkEIEECHIAENE L THkEH
T 5. Amoebophrya WEET 2RBEEEE LT,
Alexandrium, Ceratium, Gonyaulax, Prorocentrum,
Karlodinium, Gymnodinium, Akashiwo, Diplopsalis,
Oblea, Kryptoperidinium, Heterocapsa, Scrippsiella,
Oxytoxum, Plectodinium, Dinophysis 13 &5 WEFH DR
EREMMS N TEBY (Gunderson et al. 2002, Park
etal. 2004), & 5 QR H»DREVEFEORHEEERA
KAHAETIalfEsd 5. i, FEESRECEET
BIEhH0bYBEYFHFERICEL 20 TRE L,
EHEZ 5N TWA (Taylor 1968). ITAEIRE T,
H H4:7E M O Protoperidinium (Fig. 5), Dinophysis,
Oodinium pouchetii icXBOBERIEL T30 %]t
HBEORABRERKEEEMSERLTVWS, KEI
X, REZ T 7TESHMS NS, BEHEEERGESES
Akashiwo sanguinea, Gymnodinium instriatum, Kar-
lodinium micrum » 5538 U 72 Amoebophrya D¥EIEZ
hEWHARRE, EEHROERELEIEVHR LA,
FHREVOBIECEBRETEN M -1 L OBEIRE
Wik B EEZ SN TWS (Coats & Park 2002). —74,
EEOSHILBEERED Dinophy&is norvegica » 54y
B AMoebophrya i3, /N MBS D D. norvegica
» O SBEL 72 Amoebophrya & ORI TREHERERS
niclEho, $FLOBERBERIFEZEL TRV
fetEd 55 (FH - KIE-EDO KFEFK). Gunderson
et al (2002) b R 3 BEEHEE,L SMO H L
Amoebophrya I THENEZRBR OB E L TED,
ERICIBEERHEIN L0 F0 [l 28ATY
ZO[HE S 0, RBOESHEECHISFEMIBEL T
i, SDEVEHTORTFLNNVTORESLETD
5.

Duboscquella (5 2 RAX 2 TS5%) | Duboscquella (3
EOHFEBRERMICEET S, FEGEEROMIIME
L, BlEEZNLTRBEZRING 5. REHIRLICKE
<I5D, PHTHAT S LERSHEGY, FEkol
FHEDO L DI OB 1 EREE L 5 (T OBETIRE
BELILW). COROHHDOEERIDNIBEL. PH
T, EZOOHETEERT 205, BIti->TRIDE
SEMMAAEEINIIRHERE S 4 TERI BV Eh D,

AEVBEICEMEEITMITOWTIHERS S B (Fen-
some et al. 1993). EFE, FESOFHENLOLTREF
W3 TR, XKB® 1% (Duboscquella aspida) 137
WRES - SHEMBIIHET 2500, BEERHLR

Fig. 6. Duboscquella aspida from Rumoi, Hokkaido,
infecting a tintinnid, Favella ehrenbergii. A and B are
portraying the same cell. A: Newly divided parasites
(*) are attaching ciliate cell within the lorica. B:
Successive divisions resulted in production of large
number of spores. The photograph was taken 77
minutes after taking the photograph A.

PPEENTVR LW EREBTVE (FHE - KIE - 3B
O kERXR. ZVEBETR, HEGESR Favella
ehrenbergii \CEHET 2 D. aspida LB EIRE L HER
N SR I TWw 3 (Fig. 6).

SHOBRHE

I IHEOWET, BOEREIC bFEMORMEER
HADLBOBEELTOAS LW NS ENL-TE
tz. L LBhs, 5 cicettRTHSATVIEE
TR L TR 2 ORRBBREMITDEWN. 5K, &Y
SRECH S S OMELHEEL TOLENS S, 7
FREFOMERIERNICRTHDRL, I SIRES
TV KBNS S, FHRFNLTEA, SOFRLLS
W, BESREELEORITCONFF -7 REIERE
T3Ths5. FEMOBEESEHEOES, EESEHE
BENREAETHD, FTREENHIEIC I EMER
PCR OFEHNRAIRTH 5. COFHEOFEMiz>VT
{3, Takano & Horiguchi (2004), Yamaguchi & Ho-
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riguchi (2005) s EA BRI iz,

FENBHERROP TRIFIIERENCEER DL
LT, B0 A =% x EiZHET % Hematodinium O
S35 5 LT W 5 (Stentiford & Shields 2005). Hema-
todinium = & 2EFHER, HAMICIFERFEORESIC
ROPEBEEZ ZFIDO—2E LTEBESH, X044
= Chionoecetes opilip, *#* X7 4 # = C. bairdi, 7%
# = Callinectes sapidus, /W7 =4 07 R %— Neph-
rops norvegicus, K% v T ¥ Pandalus platyceros 13 &
TABEUHFEL ZNICLARTRO EESMEINT
W53, Hematodinium (2, IR <MY /v « FFFES
ElHFEL, FEELZUBEIERICRLHLD,
I 5 0fERIE [Bitter Crab Disease), [Pink Crab
Disease| LT T WS, ZOIEMEHD 513 T 0EYIC
LAWHEOMEE T VWL I THE0,°5 X FKORIREE
SRREL T, F/KEYOBMADOREMOED O B
ZLTBABERDAD.

# F=3

COMERIXEBVEERNEHRHREEH B £ No.
16370039: TH) & & T (No. 14560151: SO) %18 TEHM
L-bDTHh Z).»
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