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» 600-700 are unarmoured (naked),

e.g. Amphidinium, Cochlodinium, %
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> 1000 armoured species, e.g.
Dinophysis, Prorocentrum,
Protoperidinium, Alexandrium,
Gonyaulax.
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The terms armoured/thecate vs. unarmoured/naked are descriptive terms, and do not carry
any taxonomic meaning



Background

unarmoured/naked dinoflagellates

Gomez et al. (2011).



Background

Classic athecate genus

(based on cingulum, articifical)

Amphidinium, 76 spp
Cochlodinium, 35 spp
Gymnodinium, 173 spp
Gyrodinium, 87 spp
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Katodinium, 11 spp

Fig. 1.Main genera of Gymnodiniaceae

A: Amphicinium  B: Gymnodinium  C: Katodiniwn
D: Gymnodinium  E: Gyrodinium  F. Cochlodinium
dp:displacement oh:overhanging

Gomez 2005 Kofoid & Swezy 1921



Gymnodiniales Lemmermann 1910

Gymnodinium Stein 1878

- comprises 268 spp.
- 103 have not been observed since their
original description (38%)

» Poorly described with ambiguous identity

Gymnodinium atomatum

Thessen et al. 2012 Larsen 1994



Background

Apical grooves of unarmored dinoflagellates

Takayama 1985



Gymnodinium Stein
emend. Hansen et Moestrup 2000

Type species : Gymnodinium fuscum (Ehrenberg) Stein 1878
© Gert Hansen

» Apical groove horseshoe-shaped, anti-clockwise
» Nuclear envelope with vesicular chambers

» Nuclear or dorsal fibrous connective present

Hansen et al. 2001



Gymnodinium Stein
emend. Hansen et Moestrup 2000
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Background

Emended definitions:
Gymnodinium nolleri
E Gymnodinium catenatum

Gymnodinium fuscum
100 e o
- mnodinium :
= -EGymnodmum palustre Gy odiniu 1. counterclockwise horseshoeshaped

apical groove

Gymnodinium cfr placidum
2. nuclear chambers

100
100
100 Gymnodinium aureolum (USA)
3. nuclear fibrous connective
66 Gymnodinium aureolum (Denmark)
Gymnodinium chlorophorum
|

Gymnodinium impudicum [Gyrodinium impudicum]

100 Karenia brevis [Gymnodinium breve]
1. straight apical groove
o Karenia mikimotoi (Denmark) [Gyrodinium aureolum]
2. major caretonoid pigments fucoxanthin and
100 Karenia mikimotoi (Japan) [Gymnodinium mikimotoi] fucoxanthin derivatives
Karlodinium micrum  [Gymnodinium galatheanumi] 1. amphiesmal plugs 2. ventral pore
100 Akashiwo sanguinea (USA) [Gymnodinium sanguineum]
I 1. apical groove clockwise and loop-shaped
Akashiwo sanguinea (Canada) [Gymnodinium sanguineum]

Akashiwo

Many Gymnodinium species has been moved to new genera
Daugbjerg et al. 2000



Gymnodiniales sensu stricto

Noctiuca scintiians GOIB0E92
Gyrodinivm spirale AB120001 AYET1371

i e Type of Gymnodinium
Gymnodinium sp. 2 KPTO0100
Paragymnodinium shiwhaenze AMA0BEES

0.96/83 Gymnodiniin sp. 1 KPT90185

* . | Lepidoginium chlorophorum AY331681 Lepldodlnlum
» Lepidodinium viride DQ439645
! Gymnodinium litoralis KP790152 KT359532
I Barufeta respiendens KYGBE183 KT203383 KT203381 BarrufEta

Gymnodinium dorsalisuicum DOAITSI4 DO3IET0
Gymnodinium impudicum AFD22197 AF131074 JN4000TS
Gymnodimum corolladum FJ211386
| Gymnadinium baicalense FI024297 FI0243501
<10 Phacpolykrikos beauchampii DOST 1295 EFG16463

Dissodinfum pseudolunula FJAT3378 AYS526523 'g'
+  Gymnodinium plasticum KYEE8188 KYES8186 KYSES184 E
Gymnodinium plasticum KYEE3180 KYES818T KYEES185 a
100 Gymnodinium aureolum AYISH0B2 2
L Chytripelinium sp, KM245128 3
= Gymnadinium smapdee HE005135 -
Gymnoxanthala radiclanae ABE2BA51 E
Musuttodinium amphidimoldes LOO2F040 LCO27069 - ini
* ) | & Wusuttodinium acldotum ABS21309 5 NUSUttOdln’um
= L Nusultodinium seruginosum ABS21316 2
. Eallucidodinium psammophilim LEIETEE2 LOO27050
Nusultodinium poecfochroum LEOZTO45 KT3T1447
. Spiniferodinium palustre ABA21 250 AFIH0382 s o s e
|T Spintferodinium moeticum KR362900 Sp’n’ferOd’n’um
| o7 Spiniferodinium galeiorme GU2S5203 GUZIS206
— Polykrikos hartmanni AY421789 AY526521
10083 | 098 © Polykrikos labouras DOIT1293 FJS47044
Polyknikas herdmanae DOBZ24581 KPTH0225 .
. Pﬂdyknkusykamfd.if 00371291 EF192411 POkal' ikos
Palykrikos schwartzi ABAGGZRES ABAGRE2E2
100 I Fualykrikos lanit KFROBEDE KFROSE00

Polykrikos geminatum JXSET2T0
Gyrodinielum shiwhaense FRT20082
Wamowia sp. FJS47040 FJ947042
Mematodinium sp, F947038 F1a47044
— Gymnodinium catenatum DOTTI%00
* - Gymnodinium cf. nolleri AB2E5963 AM3DA5E35 FNG43409
G, misroreliculalum ABZE5964 KF 234056 AYO3E0TE
l, Karindinium micrum AY245602
L Marania mikimofol KU314856
Corafoperdinim falcatum KPTH0150 AY 320048
Akashiwo sanguinea KJT2Z8657 FJE23504 EFG13348

*

087100089205

1 0.98100 Levandsrina fissa KPT30163 JNOZ0162 KF87E335
"Gymnodinium” impaliens EFDSB238 EFDG8259
- w Biecheleria cincla FRES0459
196 * Protodinium simpiex LG 189087 JNS58103
0.96M00 Biechelariopsis adriatica LCOEB843

01

The genus Gymnodinium is still polyphyletic
Wang et al. 2017
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Gymnodinium fissum ... )
y f Levanderina fissa Apical structure complex

Gyrodinium instriatum
Gyrodinium uncatenum

New genus for old Gymnodinium species

Levander (1894). Moestrup et al. 2014



Background

Apical structure complex

Gyrodinium resplendens Barrufeta resplendens

New genus for old Gymnodinium species

Hulburt 1957 Gu et al. 2015



Question

* More genera for naked species?



-

Six sediment samples were collected



Wangodinium sinense gen. et. sp. nov.

* Ftymology. ‘Wangodinium’ honours the
Chinese protozoologist Jiaji Wang (also spelled
as Chia Chi Wang; ‘sinense’ refers to the type
locality, the coasts of China.

* Type locality. Xiamen Harbour (24° 29'49"N,
118° 3'42" E), East China Sea.



Wangodinium sinense

Chloroplasts

Nucleus Cysts

LM images of motile cells and cysts



Wangodinium sinense

Type Il Apical Structure complex

SEM images of motile cells



Wangodinium sinense

Line drawing of motile cells



Why a new genus?

T EEEEEEE T E s

Apical structure complex of different genera



Wangodinium sinense

Two membranes of chloroplast

Without nuclear chambers

TEM images of motile cells



Wangodinium sinense
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Pigment chromatogram of Wangodinium sinense

1: Chlorophyll c3; 2: Chlorophyllide a; 3: Chlorophyll c2; 4: Peridinin; 5:

Diadinoxanthin; 6: Antheraxanthin; 7: Diatoxanthin; 8: Chlorophyll a; 9:

Pheophorbide; 10: 8, 8-carotene  No Chlorophyll b



Gymnodinium dorsalisulcum

8

Katodinium dorsalisulcum Gymnodinium dorsalisulcum

New genus for old species?
Hulburt et al. 1960 Murray et al. 2007



Gymnodinium dorsalisulcum

Type | Apical Structure complex

LM and SEM images of motile cells



Gymnodinium dorsalisulcum

pyrenoid

extrusomes pusule

nuclear chambers

TEM images of motile cells



Gymnodinium impudicum

Gyrodinium impudicum m——)  Gymnodinium impudicum

Is it a true Gymnodinium?

Fraga et al. 1995 Sampedro et al. 2011



Gymnodinium impudicum

Type | Apical Structure complex

LM and SEM images of motile cells



Gymnodinium impudicum

Two membranes of chloroplast Nuclear chambers Extrusomes

TEM images of motile cells
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“Lepidodinium viride” KT389888

|— “Gymnodinium” impatiens EF058259

+ [ Biecheleria cincta FR690459

Lt Biecheleriopsis adriatica LC068843
Protodiniumpsim lex JIN558103

_Ceratoperidinium falcatum AY320049
Karenia mikimotoi KU314866
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Barrufeta?
two new genera?

LSU based phylogeny
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“Lepidodinium viride” JF791033

-kl—_Warnowia sp. FJ947040

Nematodinium sp. FJ947039

— Gyrodiniellum shiwhaense FR720082

Gymnodinium catenatum DQ779990
Gymnodinium cf. nolleri AB265963
Gymnodinium microreticulatum AB265964

Barrufeta bravensis DAGS8

Barrufeta resplendens KY688183

Gymnodinium dorsalisulcum LC054930
Gymnodlnlum dorsalisulcum DQ837534
Gymnodinium dorsalisulcum SS10H1
Gymnodinium dorsalisulcum TIO09
Gymnodinium impudicum DQ779993
Gymnodinium impudicum DQ785884
Gymnodinium impudicum DQ779992
Gymnodinium impudicum EU418974
Gymnodinium impudicum TIO335
Gymnodinium impudicum AF022197
Gymnodinium impudicum TIO251
““““““““ Chytriodinium sp. KM245128
Nusuttodinium poecilochroum LC027045
Nusuttodinium amphidinioides LC027040
Pellucidodinium psammophilum LC027032
Nusuttodinium aeruginosum AB921316

* Spiniferodinium galeiforme GU295203
I: Gymnodinium smaydae HG005135
Gymnoxanthella radiolariae AB698451

Gymnodinium litoralis KP790152
Lepidodinium viride DQ499645
Lepidodinium chlorophorum AY331681

Lepidodinium sp. AB686255

Lepidodinium viride AB686256

Lepidodinium chlorophorum AB686253

Lepidodinium chlorophorum AB686254
Lepidodinium viride AF022199

Lepidodinium chlorophorum AM184122

_*_LWangodmmm sinense GBHO03
Wangodinium sinense G27

Gymnodinium fuscum AF022194

Polykrikos geminatum JX967270
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|

Polykrikos tanit KF806598
Polykrikos hartmannii AY421789

* —— Polykrikos herdmaniae DQ822481

SSU based phylogeny

Barrufeta?
One new genus?



Conclusions

* A new genus, Wangodinium, was erected to
incorporate strains with a loop-shaped apical
structure complex (ASC) comprising two rows of
amphiesmal vesicles.

* Our results support the close relationship among
G. dorsalisulcum, G. impudicum and Barrufeta.

* Further research is needed to assign these
Gymnodinium species to Barrufeta or to erect
new genera.



THANKS!



