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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, Qodinium,
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.

Key words: parasitic dinoflagellates, phylogeny, species diversity, taxonomy

BHEEESE S

RS R BEIEoRAA o —#T, EREE S
SHEbE N Eh oo —-#E LT HDONE, BY
FOHE T, BHEMEYFY (Division Dinophyta) &
SHENDZ OB~ TH S (FE 1999). L
i, fRAE—ET AR Fhic BB ERT AEAE
L, 20t e Z 0T, S LFENIERD
BB L2KXOHEABTL EARRNLEREST S
(CORAEE S #ELLFEEL LS BELEZ V). F
fo, MEEBEOMEEENRO L 2 b v EL L
BE, OERAEYOZE NI TRR T, EHEEREK
EFREN TV S (T 1999), KO EEREE 34
EBRABLTIOSA T7OBEL>DITHL, Yo
F 2 70— HWOFEMBMEREED L O I AERO
HOLIBMEREA b/ V=71 EMED, TDY
A 7OREFEIZS DM, brVER—EHOAS DL, &
WO, BROEBHOBEELLTHYONG, BHE
ORMEEEED 5 b, BLEFHHOLONEREE L
T EMHISN S (Taylor 1987). EipAlI == 12
TN, 7007 4)a ciKlA, Y F 4= SR
WEBBICEEOSRY v b 7 4 VEFERHEES L
T4 (Taylor 1987). £/, TEREY , &3 =% —
2V EMHEN BB EAE L TRy, ol ok
&y 7 s ERIEEICET 5 TV A (Zhang et al. 1999),
BB ORI TR L - TR St b0
T, TORBRIAEHETHZ EEL LN TS (Ishida
& Green 2002). Shicid Lz &k Sic, RMEEEEOEB X
FRHBTERAEE S LR WIEBREETH B4, 2O
O R IRINICEREZEEL72& D 5 L (Saldarri-
aga et al. 2001). R¥EEEIIRBHEANICIE, MEBEDE 7
vavsry s RZHEEREREEEL, Thb 3Fh

51 ABEEEEAE T LA 5 — ¥ EMEE (Alveolata) Z R
9 5 (Adl et al. 2005).

IR T A REIC b 2T, SR oo
b7 s oL o, BEOROBRICAR
T AEAEMOREP, HECEYICESE U TRIET 2 AE)
WoOBHH SN B (Taylor 1987), 7z, HGEEMEHER)
YioAEE LTi <AL NS [HBhRE ] 0% < 3R
EBETH . MHEREAAKC RO h 2 KEEIER
ZHTH Y, TRIMVKERE, EEXEMDEZIERE
EHTAEOPICOHAELZITY bord s (RAEKE).
S50, MEWEEEO I oYL REAY IS E
TE2HLDOHHONTBY, TNoBEPOTETH 5.

SEEREEEHEOSEFR

Z T T, Fensomeetal. (1998) DFZRICHE » THE
VERRFEEBHO R E N T 5. FHAMORMERE
BRELSDWTCIZOD I V—F, THLBETIA b5«
= v . #f Blastodiniphyceae & ¥ v ¥ 4+ = 7 4
Syndiniophyceae iZ/75H& 113 (Table 1), TO"HD
M TN CHEEP OB ANEHTH S, BIHR, EE
Bo—#ic hRoBEREEEET A & SililEE
HiFY Dinokaryota i/ 8 x 1 3 23, %513, FAEMIZIZ
TR BT O B 2 TR T 2 R EREL L b o s
Wi, MHOHMTHE S v v F 4 =9 LMY
Syndinea i N FEE N D, BILAIGEE OB BAEEER
TR0 T - V2B L CREREE A
LT GREEREFY), 752 b7 s 2w ook d
CHEERO—HO A THBEREZELZ - b0, fucy
Y F A v OMNH DA TH S (REEETFT - ¥
2 v F 2 9l Noctiluciphyceae) (Fensome et al. 1993).

TI5ANFs 2 s3I IR T o=y aH1H



T VI B BHAE  HE—Z ORI L BB

23

Table 1. Classification of parasitic dinoflagellates (after Fensome et al. 1993).

Subdivision Class Order Family Diagnosis Genera included

Dinokaryota Possessing dinokaryon at least
in one stage of life cycle.

Blastodiniphyceae Parasitic dinoflagellates having
a dinokaryon during part of
the life cycle only.
Blastodiniales Same as above

Blastodiniaceae Parasitic stage is unattached. Blastodinium

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

Qodiniaceae Parasitic stage is invasive and Oodinium,
does not show typical dino- Amyloodinium,
flagellate morphology. Sporo- Bargoniella,
genesis is palintomy type. Crepidoodinium,

Piscinoodinium

Apodiniaceae Parasitic cell is attached by a Apodinium
stalk and does not have typical
dinoflagellate mophology. Sporo-
genesis is palisporogenesis.

Cachonellaceae Possessing two or more suc- Cachonella,
cessive independent vegetative Dissodinium
cyst stages. Sporogenesis is
palintomy.

Haplozoaceae Parasitic stage possesses ribbon- Haplozoon
like, multicellular form. Sporo-
genesis is palisporogenesis.

Syndinea Dinoflagellates  with  motile
cells with a dinoflagellate type
of flagellar arrangement and
the nucleus possesses histones.

Syndiniophyceae Same as above
Syndiniales Same as above

Syndiniaceae Trophont consists of a mul- Syndinium,
tinucleate plasmodium of no Hematodinium,
fixed shape and with no cavity. Ichthyodinium,

Merodinium,
Solenodinium,
Trypanodinium

Amoebophryaceae Having highly organized multi- Amoebophrya
nuclear trophont. The f{rophont
develops into beehive shaped
cavity (mastigocoel), then into
worm-like multifiagellate swim-
ming stage (vermiform).

Sphaeriparaceae Multinucleate trophont isorga- Sphaeripara,
nized into an anterior, episome- Atlanticellodinium
like region and a posterior
basal disc.

Duboscquellaceae Intracelllular parasites with Duboscquella,
syndinialean nuclear features. Dogelodinium,
The trophont is uninucleate. Duboscquodinium,

Keppenodinium

Z&H, COHOTIIIE, 6 BBEREXTNT VWS (Table IET 2nEmDh, & 20 IdEEALEOREE M palisporo-

). Chookhd, FAEMERTORREL RN 22 R
BBREOERERRT pEL, FEAT — VHEIICHEIC

genesis ¥ 4 7 & palintomy ¥ 4 i LWk - TH
x5 (Table 1), B AWK, MEEHO_>D4 147
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i, BIEREEEIL 20 6 RS E B s
HIOIH L, BREGKBEBIDTE T L O b laTk%E
79 94 7oL TH A (Fensome et al. 1993), ~
vE4 =AY yF o2 sH L BEEA, £OT
K-> OB A&, o OB, FEMA (trophont) ®
el &ic & - THEES TV B (Tablel).

BEMBEERBAOSFREFHME

VLA, RHIEEEER O BALBIRIC & 5 F R PR T
o AtLoh, REER2AOREREGR (AL Saun-
ders et al. 1997, Daugbjerg et al. 2000, Saldarriaga et
al. 2001, 2004) {EEE L~ v 0BENZ R (Guil-
lou et al. 2002, Lilly et al. 2005) & K3~ TH
%, BHAGEORBESEICET 2 &, SEEoR
HEEBRH O A TR SRR E O LRI > v
fidh LEABRNTH S, B, GenBank iCB#H
ENTVAEFEROREEEIEZ, 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) ® 5 BIC@E V. L
Mo T, ZNE N ORISR B AR
DOIRHEERE L ORMBERK VT TSI EER s N
TWEWVWOLBEIRTS 5,

EZ 0 bOh o TN, B Gk, e
O DNA ZHH LT, £ IREWVWE S0 2EEFRYH»
o % OBENICERT 2 BRI ET 5 LV O HEND
308, B OB DNA EEKA O cldEEO v o
ISy rvEEILONLbOORUL, TINE T —F
HEMERICRE T 2 —TEOEYNH 2 6 L LA S
KENTWVE, INSREBT>ORKELEEThENE
NIZN—=71ETN=T1 EZD TN TWS (Lopez-
Garcia et al. 2001, Moon-Van der Staay et al. 2001).
INSOEY?OEREREZEAEDL TV WY, F
HEOREERETSH 3 Amoebophrya (Moon-Van der
Staay et al. 2001, Moreira & Loépez-Garcia 2002) &
Hematodinium sp. (Saldarriaga et al. 2004) 257 v — =7
NeEdso LW EBHLAENL > TW B,
Skovgaard et al. (2005) & Syndinium gD ¥ 1 7T
& % S. turbo 1% Hematodinium ELB T, 230 7 n—
FINIBT A EARLTVWAS, Fi, Bk Thalas-
sicolla DFHEWRMERBOTREEL S 2 LD LT
BHREEABARENTWV D &DOMH 55 (Gast 2006)
FEEOVTEAHTH 3. WIFhic L ASFEERRERE
OB RET bbb OBEBIIVELIZL

<, THEM] HREEREEO & o oMEEE s Lk
D E OIS HOBBETH 2. £, 6%, HH
BB L S T0RFESEEYIC DWW T T b MNEKR
BIEEEECBT 20T > W TR 2ET 284 b
HAH9,

HARRICE T 2HEMBHEEROHEFHHE

A PEIRSEE B O ZRE MR 1 R I K & TPl @
Bl & T &2 (B2 1F Chatton 1920, Cachon & Cachon
1987, Shields 1994, Coats 1999). % DR, 2000 7@
PLEDST O N 5 BMEEED 5 b, 8L 7 140 Bhsgt:
HORTH B LS I > TE TV DS (Shields
1994). —7, FAEIC B W T, BEERTEEOWH
RREEALITOATESY, EHELOMARL TR
Kofoid (1931) 23BERE M & Blastodinium spinurosum
& Oodinium pouchetii ZHE L1cOBEYITHY (K
WoREN TV, 0%, Horiguchi & Ohtsuka
(2001) 12 & % F TEHAEHRE BEAEE O YR
BEALTObNTHRWL, K (B8R bbb LD
i, FEEBORBESEBEBE ST v 7 b viEd 54
YNy MK EL, FOERERNTERE EbiIcE TR,
EDEIBENED LS WHEFRICHFALTVWEDhEWL
IR DOERELHO NI LTV BENH S, TDOX
SUHEL SEELHFRADERECBY S v 7 b
VEBEELT 2 HAEERBETEEOSEFNHR L ED
TWa, FREMFEARPEBECTCE LN, 5FETIREAL
ZFOEESHONTVED - BROSEREIC 2
AR R LT WA Z EMIS T D oo
HBEOTTHRCHNTE T & & L,

TSR MF 4= LR

Blastodinium (75 X b5 4 =9 LE) . Blastodinium
WBHEEED B 1 7 VEHOEILEN AT 5, R
R LCB 0, FEEEMET otz 3
(Fig. 1A). HEF T 12 s 1 #HE T AT
5., FHEBTED 2PWEREEET L EPMEENT
B Y (Chatton 1920, Sewell 1951), TOI EiFHFEEDS
OFEBMEFEHMEIC L 2HE»S BERSNA TV S
(Fig. 1By UglH « KIZ « O RFER). KEOEYH,
BETHZNA 7 VHHILEZ ZEBIC>0TE, R0
Skovgaard (2005) Tk AWFFEMEH 5. —f%ic, Blas-
todintum WRER L TE T CIKBIEMFRIREL L0 b
izt n, #lAE, B mangint WEERSNch A7
VO —FE Oncaea sp. DETFRIIBESEKICH AT
BTFT5E0S, $£7z, Oncaea sp. DIEREIAIZ, 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.

todinium \ZIRGEE N 5 L REE Y, R L L
55 EPREIN TV S (Skovgaard 2005). FAE
T, Kofoid (1931) 25fEBREH» & B. spinulosum (F8
X Paracalanus parvus) ERICEIE L 72 b DAHRE S
nTRYy, Tk, FEHEOSWWEFNED S, Paracalanus
parvus s.l. CHEETEI2ARABORBOELE.XHR LTV S
(Fig. 1A). BEITBVTIE, FERIIEFEIED - 72,

Oodinium (9 —5 4 =D LR TOPERETIE, 2718
@ Oodinium MBHEZE ENTW 3. Oodinium FFHD DV
fEME T, BEEMEOKERRICHERSRITIECHA
T5. B, TRCBEFOMIIAEST S, 54 7E
@ Oodinium pouchetii \34 ¥ = R¥ERICEFEL, B
B4/ (Kofoid 1931), ki@ HAMER, WA N#EL L (]
He+KRZE-HO KELR »SLREROP->TV3 (Fig 2
A). —7, EFRNED» SEFNCEEE SN 0. inlandi-
cum &= ¥ b ¥ & ¥ Sagitta crassa DIERICHET B
(Fig. 2B) (Horiguchi & Ohtsuka 2001). A3, HER
Eh S & HoHh - TWa (Horiguchi et al. 2004). O.
pouchetii, O. inlandicum & b ICHHREEREICIIBER O
WEREICEEOBIRE b DT EBMONTVWS, TOL
L3, NS OEMEIRE D - o HBEEN O RHFTEEE

4 @mmm

Fig. 2. Two species of Oodinium. A: Oodinium
pouchetii from the Seto Inland Sea, infecting an
appendicularia. B: Oodinium 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.

HOoEELTELTLERBLTEY, RHEOMRI,
EEH O OTF MRS FREFNLEHRICL > THREN
TWw3 (HH <« KE - O RER.

Dissodinium (#1y ¥ 358 Dissodinium \3EERF
% bOEMEET, HREo—Kkv 2 rBLXUC=ZHARE
DRy A P RS B (Fig. 3). BREKT Uikt
RS & SRS 2 OB —IRY X b T, —IR¥Y X b D
KRS NZON IRV R NTH B, IRV R MHITHE
EflE (BNTREEEORELZRT) MEKsNn S
(Fig. 3). fxH s n/oEEMIZR, H4 7 VHOIICETE
4 % (Elbriachter & Drebes 1978). EKEIcEE (DIP)
LEL TWA DR, EEMEASINCED TR
BYERCERSEILZGTENLUBRO—RY R b, ZIRY
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Fig. 4. Syndinium sp. from the Seto Inland Sea,
infecting a copepod, Paracalanus parvus s.l. 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.

2 N OEHRBEHREFEEEATVS., LEMB-T, X
OEAFAEMOBMEREELE L Tik) T &IC3EMMNHD
3. EWE, EFELESOWEZTOHTFREFNFT LN
3, HHAEEOEREAE b OREEREO 7 L - NIt
ENETEBOL-TEY, 759AMTFT 1= o, v
V4= AT NICBBT B DO TR,

DUF4 VLB

Syndinium (V5 4 =9 L8 Syndinium 3 HhA 7
VE EOEEERICEET S, h A T VAR TSRO
ERACHZEL, BRERNICRBEEEZZRLTLE S, BK#
T3 EHE olaFEEKT % (Fig. 4A). FERKEh 3
BFeZRNsRoNE I EhD, pOTIRINGIIEIE
KBT20TREVHEZEZIONIEbH -1, &
it Skovgaard & (2005) iZ =2 DFEEED R 15 % #EEHM

553% %15 (2006)

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

Fig. 5. Amoebophrya  sp. harbor,

Bo/N 72=y b)) KXY — ARNAEIRET (SSU
rDNA) 2 Z N ENEFIREL, ThoMBel FA—0i
F|2EF$ A EEB S MIC L7 (Skovgaard et al
2005). EE S IMWEEANBT, #H 4T VI Paracalanus
parvus sl ICHET ZABOEEER L /2 (Fig. 4). *
to, BREETHBEOBEER, O, AEMNHREA
(=¥, #=) OFEAEYTH 5 Hematodinium \ZFEY
L7 MiES %2 &> C E MBS DTS - o (Fig. 4B). &£
2 Skovgaard et al. (2005) iZ K i, Hematodinium
& Syndinium 3G TH 5. 1z, EE S O FRHEE
Wi ki, BENE» > OFEEYZ, Syndinium O
Y4 FETHB S turbo LHVWT— R LTy T TS
V- FEHEGCEMNBEShELoTVWE, 221, S
turbo & BIEHE OB NI H B0 T, HIEETIIHE
FN#EDE % Syndinium sp. EFEE L1 (BH « K
BelEO £EBD.

Amoebophrya (7 *—R7YUT7ED): Amoebophrya iZ
HEEE O REEYICHE T 2 EMIEET, ot
EEOMIMNICEET 5 2 & THEHREY., RBEOAETER
bEET, BEMETICBAT S LEFOMEEEHEE
LENLEE L THWVWEOE % & - 72 mastigocoel &
FRiE N 3 F OHIR (beehive-like) DRBIFICHKET 5
(Fig. 5). T DW, Amoebophrya \wHAE S NI IRHIER
AR 2RI a4 VIROBESRZ 3 2 & b —f
ORFEMBETOIFEOFEL W cEE, T, #E
BEEE T TH G (450~490 nm) 2B L TEHE T 2
LHEEYBREOHNERT 5G5S H 5 (Park et
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al. 2004). AT vermiform & FEEH 2 LHEE Dbk
AR L, T OWEkEIIEEDOMIZERRE L Tk EH
T 3. Amoebophrya WEHET 2 iRHIEEREEE L T3,
Alexandrium, Ceratium, Gonyaulax, Prorocentrum,
Karlodinium, Gymnodinium, Akashiwo, Diplopsalis,
Oblea, Kryptoperidinium, Heterocapsa, Scrippsiella,
Oxytoxum, Plectodinium, Dinophysis 15 & [E\NEEFH D%
HEEENSH SN TH Y (Gunderson et al. 2002, Park
et al. 2004), & 51T D I3H OIRIE W EIFH O IREEE &L
WCOHFET AN D 5. Fh, REEBREICHEAT
5T EHD0DWBEYFENERICMHEA 2 DTV
EHEZ SN TWA (Taylor 1968). EAERETIE,
B & iE M © Protoperidinium (Fig. 5), Dinophysis,
Oodinium pouchetii \CABDOTEHAEE L TV B D %]t
WHEDBAEREERKLEEPOHEAEL TV, KBIC
3, HEF I TEMSAIONS, HHAEHRHEREE
Akashiwo sanguinea, Gymnodinium instriatum, Kar-
lodinium micrum 7> & 538k U 72 Amoebophrya DRI %
nE N HRRME, EEMREOAEFL SITEVWERSH,
FLEVOEFICRBETE UL - OBEEHR
Whid B EEZ 5N TWA (Coats & Park 2002). —4,
FE o Mg EERE O Dinophysis norvegica H 54y
Bt L 72 Amoebophrya 1, 7NV b #gH> 5 @ D. norvegica
558 L 72 Amoebophrya & DR TEREHZERNRS
hiclenb, BTFLOGBEERRERIFEZEL TV
fetEb» 2 (HH - KE - O KFEFH). Gunderson
et al. (2002) b E X 2AMWERBE»SWMOE L
Amoebophrya I THEREMAZERMRONZ L LTED,
ERRICIBEERH SN2 L0 6Z2 0 [FE] 25ATL
AN B 0, KBOEE R CHEIRHFREEICEAL T
i, LOEVERATOSF LIV TORASLETDH
5.

Duboscquella (5 2 RZX T TS5E) . Duboscquella (31
EOFEMERFICHEAT 5. FEHBREROMICTE
L, BlazN L TREEZRINT 5. KEEIHRLICKE
Y, RPTHRAT 3 LMMEANRERD, LB
FWEDO L ST DN - JEREE & B (T OIS TIIHE
EESIITV), COFORHOEEIZNITD R, P
T, HEELOMETEIKT 225, Bick- T3 DM
A B IR EE S A TERIBV I ED D,

ABHPEICEHEERNLEMICOWVWTIIER I H 3 (Fen-
some et al. 1993). £, EFFE OO TFHAIEHTFRHFE
HI7SHRFETIE, ABD 1 % (Duboscquella aspida) |37
WRF 5 —EMECHBT 5 b0, HEEREEL

20

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.

POEENTVS LV EREBTVS (FH - KK - H
O RER. BEPEBETRE BHEMBRER Favella
ehrenbergii \CEHET 3 D. aspida ALEERE EEF
Wilg» SR s T 3 (Fig. 6).

SHOEE

I IHEOMET, ROERREICSFEMORHEERE
BN OBEELTVEL LW EMBAOMEE > TE
o, L LSS, 5 TiceHATHMON TV A EE
TR L Tlid z OIIRER DRV, 58S, &Y
ZRHEOBED S OMAEHEL TOSBEDVH S, &
FREFMIFRIHRANCRTHDEL, SSKHRBS
TV BEND . ZRFNREE» SOHFTRE L S
I, BERFEESEORIEIC OO TFT— 7 IBTERE
T5ThAS. FEMORHEEEHOES, BESKEE
BEPRZEALTHD, S FRRFENPRIC B
PCR OFENAAIRTH 5. COFEOFHMII>WVT
(¥, Takano & Horiguchi (2004), Yamaguchi & Ho-
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riguchi (2005) 7 Fx S E Lz 0,

HHEEREEEHOT TIFIEENCERER D &
LT, BHOH =% v IKHET 2 Hemalodinium Dfif
MI28H1 5 T 3 (Stentiford & Shields 2005). Hema-
todinium '@ £ BEE I, HANICIHREORER
BORELHAF[O—o2 & LTHEHBsh, XvAN
= Chionoecetes opilip, * 4 X7 A4 = C. bairdi, T
# = Callinectes sapidus, / V7 = A 17 RZ% — Neph-
rops norvegicus, ¥ v T ¥ Pandalus platyceros 15 &
TR EE S 2 hic X 3RO LRI HE SN T
W3, Hematodinium (%, EITEA « IV v-¥ « FFEEL
LIHFEL, FEEZYLBETEERICE ST 5,
Zh 5 DfERIE [ Bitter Crab Disease), [Pink Crab
Disease | EFFIZN TV 5. sgWRDBED & 3 T 04
LAWEOME R VLI TH I 2 KO
LRAE LT, F/OKEVMOWMADOELMEDE D & BN
2L TBLBERDA ).

Eo F3

T O BRI SCE B B U 5 B R B & (No.
16370039: TH) 3 & ¥ (No. 14560151: SO) %8 TERE
LIcbDThH 5.
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