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Fensomea setacea, gen. & sp. nov. 
(Cladopyxidaceae, Dinophyceae), 
is neither gonyaulacoid 
nor peridinioid as inferred 
from morphological and molecular 
data
Marc Gottschling1, Maria Consuelo Carbonell‑Moore2, Kenneth Neil Mertens3, 
Monika Kirsch4, Malte Elbrächter5 & Urban Tillmann6*

Dinophyte evolution is essentially inferred from the pattern of thecal plates, and two different 
labelling systems are used for the important subgroups Gonyaulacales and Peridiniales. The partiform 
hypotheca of cladopyxidoid dinophytes fits into the morphological concepts of neither group, 
although they are assigned to the Gonyaulacales. Here, we describe the thecate dinophyte Fensomea 
setacea, gen. & sp. nov., which has a cladopyxidoid tabulation. The cells displayed a Kofoidean 
plate formula APC, 3′, 4a, 7″, 7C, 6S, 6′′′, 2′′′′, and slender processes were randomly distributed 
over the echinate or baculate surface. In addition, we obtained rRNA sequences of F. setacea, gen. 
& sp. nov., but dinophytes that exhibit a partiform hypotheca did not show a close relationship to 
Gonyaulacales. Character evolution of thecate dinophytes may have progressed from the ancestral 
state of six postcingular plates, and two more or less symmetrically arranged antapical plates, 
towards patterns of only five postcingular plates (Peridiniales) or more asymmetrical configurations 
(Gonyaulacales). Based on our phylogenetic reconsiderations the contact between the posterior 
sulcal plate and the first postcingular plate, as well as the contact between an antapical plate and the 
distalmost postcingular plate, do not represent a rare, specialized gonyaulacoid plate configuration 
(i.e., the partiform hypotheca of cladopyxidoid dinophytes). Instead, these contacts correspond to the 
common and regular configuration of peridinioid (and other) dinophytes.

Over time, evolution has produced impressive biodiversity in the world’s oceans, including multicellular organ-
isms, such as animals, and unicellular organisms that make significant ecological  contributions1,2. Diatoms, 
foraminifers, and radiolarians are iconic unicellular groups, in which our knowledge of their biodiversity is far 
from complete. Another key group of planktonic organisms are the Dinophyceae, which have great ecological 
and economic importance because of their different nutrition types and the toxicity of a considerable number 
of  species3–5. During their life-history, many dinophytes undergo different developmental stages that usually 
include a motile, flagellated stage and a coccoid stage broadly interpreted as resting and/or dormancy cells (or 
‘cysts’)6–8. Many dinophytes also have a cell wall made up of cellulose plates (collectively, the theca) that has a 
pattern that may be group or species specific.
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Many Dinophyceae are more or less spherical and have a smooth surface, but there are exceptions, including 
groups that form wings (e.g., Dinophysales) or thorny processes (e.g., Ceratiaceae)9. One particular species, 
Cladopyxis brachiolata F.Stein, is a dinophyte with exceptional morphology because of the presence of long and 
robust thecal  processes10–12. The original species description by Friedrich von  Stein10 was accompanied by draw-
ings (here reproduced as Fig. S1). These drawings illustrate cells with heterogeneous morphologies and thecal 
processes that vary in number and shape, which can be either long or short and distally undivided, bifurcate, or 
multi-branching. This morphological distinctiveness is at the base of the early recognition of Cladopyxis F.Stein 
as a taxon at the family  rank10. The Cladopyxidaceae (Dinophyceae) comprise small microalgae distributed in 
marine, (sub)tropical  habitats8,13. They are morphologically well circumscribed but to this day, knowledge of 
their life-history and molecular characteristics is still very limited. Cladopyxidoid dinophytes are an important 
presence in the fossil record (including groups such as †Lotharingiaceae, †Mancodiniaceae, †Pareodiniaceae, 
and †Scriniocassiaceae), particularly during the Jurassic–Cretaceous, but are uncommon in the  Neogene8,14–16. 
No unequivocal fossils are known from the Quaternary.

During the 1970s, detailed studies of the thecal plate patterns of dinophytes were carried out, which resulted 
in the erection of the Gonyaulacales and its systematic delimitation from the  Peridiniales17. The most conserved 
diagnostic characteristic is the presence of six postcingular plates in Gonyaulacales versus five such plates in 
Peridiniales. Relative to the flagellar insertion, the hypotheca shows an ‘A’-shaped arrangement of antapical plates 
in gonyaulacoid ancestors and a ‘Y’-shaped arrangement in hypothetical peridinioid  ancestors3,8,17,18 (Fig. 1B,C). 
Both groups exhibit two plates in the antapical region of the cell; one of these plates is considered the posterior 
intercalary plate for Gonyaulacales by  some19,20. Moreover, the posterior sulcal plate abuts the first postcingular 
plate in Peridiniales, whilst this contact is usually absent in Gonyaulacales.

Four basic types of hypothecal plate arrangements are readily distinguished in Gonyaulacales: corniform; 
sexiform (Fig. 1C); quinqueform; and partiform (Fig. 1A)8,18. The corniform and quinqueform types represent 
internally derived character states in the  Gonyaulacales21 and were not considered in this study. The sexiform 
hypotheca represents the ancestral character state for Gonyaulacales present in a paraphyletic grade, but it is 
the partiform hypotheca that was considered rare and exclusive to the Cladopyxidaceae in extant  dinophytes8,18.

Using  Kofoidean22 and Taylor-Evitt3,8,17,18 notations, two alternative plate labelling systems were developed 
for dinophytes with each claiming to account for plate homologies. Using the Taylor-Evitt notation (relevant 
particularly for gonyaulacoid dinophytes), the partiform hypotheca can be described by the Y plate adjacent 
to the most distal postcingular homologue (VI plate) and by the Z plate consistently located within the sulcus. 
The Z plate is commonly omegaform (i.e., broader towards its antapical end). It reaches further anterior than 
the X plate (or assumed posterior intercalary plate), consequently contacting the first postcingular homologue 
(Iu plate). The large size of the Z plate, and its anterior extension, is reciprocated by the small size of the left and 
right sulcal plates (i.e., Ii, Im).

A considerable number of previous studies did not follow the Taylor-Evitt notation and applied Kofoidean 
labelling to peridiniod and gonyaulacoid dinophytes. The plates of the hypotheca adjacent to the sulcus but that 
do not contact the cingulum are defined as antapical  plates23. Based on this definition, and in accordance with 
Kofoidean labelling, a partiform arrangement of the hypotheca is circumscribed by (a) the presence of six postcin-
gular plates, (b) the second antapical plate (2′′′′) contacting six adjacent plates and, in particular, the most distal 
postcingular plate (6′′′), and (c) the contact between the large posterior sulcal plate (Sp) and the first postcingular 
plate (1′′′). In this circumscription, a partiform hypotheca (Fig. 1C) is certainly present in Cladopyxis12. Other 

Figure 1.  Schematics of hypothecae in armoured dinophytes. (A) Cladopyxidoid, (B) peridinialean, (C) 
gonyaulacalean: sexiform  (modified8). Putatively homologous plates are color-coded, using the AY-model 
 system17. For plate labelling, we followed Kofoidean  notation23 (black lettering), while the Taylor-Evitt notation 
is in grey. Thus, our first antapical plate corresponds to a posterior intercalary plate, and our second antapical 
plate corresponds to the only antapical  plate3,8,17,18. Note the (putatively ancestral) connection between the 
posterior sulcal plate and the first postcingular plate (red triple bar in A and B). The reduction from six to five 
postcingular plates in Peridiniales may result from a fusion of the third and fourth postcingular plates as they 
are present today in cladopyxidoid dinophytes including Fensomea setacea, gen. & sp. nov. 



3

Vol.:(0123456789)

Scientific Reports |        (2021) 11:12824  | https://doi.org/10.1038/s41598-021-92107-0

www.nature.com/scientificreports/

extant dinophytes exhibiting partiform hypotheca are the  Amphidomataceae24, but their possible relationship 
to Cladopyxidaceae has not been clearly worked out at present.

The distinctiveness between Gonyaulacales and Peridiniales lineages has been confirmed by molecular 
 phylogenetics25–29. However, taxa with available DNA sequence information and a partiform hypotheca (i.e., 
Amphidomataceae) do not show clear phylogenetic proximity to either of these two major dinophyte lineages. 
Thus, extant Cladopyxidaceae may provide a missing link of thecate dinophytes that would enable a better 
understanding of the first evolutionary transformations from ancestral configurations towards the more abun-
dant and derived patterns in Gonyaulacales and  Peridiniales15,26,30–32. To investigate this potential link, as well 
as the taxonomy of the constituent elements of the Cladopyxidaceae, the morphology of the thecal plate pattern 
and phylogenetic placement must be determined. In this study, we elucidate new steps towards achieving this 
integrative goal and describe a new cladopyxidoid dinophyte. We present light and scanning electron microscopy 
(LM and SEM, respectively) results of cultivated material and discuss our findings with regards to previous SEM 
studies of  Cladopyxidaceae33,34. We combine these morphological data with the first DNA sequence data of a 
cladopyxidoid dinophyte.

Results
Strain GeoB*184 morphology. Phototrophic cells of GeoB*184 were brownish in colour and subspheri-
cal through oval in outline, without dorsoventral compression (Fig. 2). The hyposome was slightly longer than 
the episome and therefore, the broad cingulum (ca 2–4 µm in width) was pre-median in position. The descend-
ing cingulum was displaced by half of its width (Fig. 2A,B), scarcely incised, and had a distinct cingular list 
present only along its apical suture (Fig. 2). Cell size (as estimated from SEM images) was 19.8 µm in length 
(± 1.9 SD, range 13.8–23.3 µm, n = 32) and 18.0 µm in width (± 1.4 SD, range 13.5–21.2 µm, n = 32). The surface 
of all plates, except for some small sulcal plates, was echinate through baculate (i.e., densely covered by acumi-
nate, elongate spines; density: 6.1 ± 0.1 spines µm−2, range 5.0–7.5, n = 21). Spine length was variable and usually 
ranged between 0.3 and 0.8 µm (mean 0.4 ± 0.1, n = 20). Plate sutures were difficult to ascertain but for some cells, 
spines were exceptionally reduced to small pimples (i.e., rounded elements), which allowed for a clearer view of 
the cell’s surface (Fig. 4A,G–I).

The plate formula was APC, 3′, 4a, 7″, 7C, 6S, 6′′′, 2′′′′ and is schematically drawn in Fig. 3. The epitheca 
(Fig. 4A,B) consisted of three apical plates, four anterior intercalary plates, seven precingular plates, and an api-
cal pore complex (APC). The first apical plate was broad, heptagonal, and rectangular in the centre. The second 

Figure 2.  Scanning electron micrographs of Fensomea setacea, gen. & sp. nov. (GeoB*184) in (A, B) ventral 
view, (C) left lateral view, (D) right lateral view, (E) dorsal view, and (F) ventral apical view. Scale bars = 5 µm.
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apical plate was heptagonal and larger than the hexagonal plate 3′. The four anterior intercalary plates formed a 
series (dorsal to ventral) on the cell’s right side. Plate 1a was square, whereas the larger and irregularly shaped 
plate 2a was heptagonal. Both plates 3a and 4a were pentagonal, with plate 4a being more elongated and located 
ventrally next to plate 1′. Each of the precingular plates was in contact with four other epithecal plates (including 
plate Sa), except for plate 4″, which was adjacent to three other epithecal plates. The first two precingular plates 
were slightly broader compared to the remaining plates of the series; plate 7″ was the smallest precingular plate 
(Fig. 4A,B). The APC (Fig. 4C–F) consisted of a rounded pore plate with a straight or slightly curved ventral 
suture with plate 1′. The pore plate was bordered on its dorsal and lateral sides by a minute elevated rim formed 
by the sutures of plates 2′ and 3′. In the centre of the pore plate, there was a small and slightly raised tubular or 
globular structure with a horseshoe-shaped cover plate (cp), which was generally obscured by mucus and difficult 
to observe. Internal views of the pore plate (Fig. 4F) revealed a crescent-shaped apical pore opening.

Figure 3.  Schematic thecal plate pattern of Fensomea setacea, gen. & sp. nov. (A) Ventral, (B) dorsal, (C) apical, 
and (D) antapical views, and (E) details of the sulcal area. Plate labels according to the Kofoidean system. The 
grey-shading in (A) and (B) denote cingular and sulcal lists. The dark shading in the central part in (A) and 
(E) denote the presumed area from which both flagella emerge. The arrowheads in (C) and (D) indicate the 
direction of plate overlap. Abbreviation of sulcal plates: Sa anterior sulcal, Sda right anterior sulcal, Sdp right 
posterior sulcal, Sp posterior sulcal, Ssa left anterior sulcal, Ssp left posterior sulcal.
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When disregarding the sulcal plates, the partiform hypotheca consisted of six postcingular and two antapical 
plates (Fig. 4G). Each postcingular plate was in contact with three other hypothecal plates, with the exception 
of plate 3′′′ that was adjacent to both antapical plates and thus to four other hypothecal plates. All postcingular 
plates were similar in width, except for plate 1′′′, which was narrower. The right side of this plate bore a dis-
tinct, curved flange that partly covered the sulcal area. The antapical plates were dissimilar in size; plate 1′′′′ 
was smaller, pentagonal, and positioned slightly more ventral compared to the hexagonal plate 2′′′′ (Fig. 4G). 

Figure 4.  Scanning electron micrographs of Fensomea setacea, gen. & sp. nov. (GeoB*184). (A, B) Epitheca 
from (A) external and (B) internal views, (C–F) detailed view of the apical pore complex externally (C–E) or 
internally (F), (G) hypotheca in antapical view, (H–I) hypotheca in (H) ventral lateral view or (I) in dorsal view 
to indicate cingular plates. Scale bars = 2 µm (A, B, G–I) or 1 µm (C–F).



6

Vol:.(1234567890)

Scientific Reports |        (2021) 11:12824  | https://doi.org/10.1038/s41598-021-92107-0

www.nature.com/scientificreports/

The cingulum (Fig. 4H,I) was composed of seven cingular plates of almost equal size; plate C7 was distinctly 
smaller. The posterior cingular suture was zigzag-shaped (most obvious on pentagonal dorsal plates C3 and C4, 
less distinctive on plate C1).

Six sulcal plates were identified (Figs. 3E, 5). The anterior sulcal plate (Sa) was part of the epitheca (Fig. 4A,B). 
The posterior sulcal plate (Sp) was large, at least twice as long as wide, and extended posteriorly almost to the 
antapex (Figs. 2, 4G). Anterior to plate Sp, there were two small sulcal plates (right and left posterior sulcal plates: 
Sdp and Ssp, respectively). Plate Ssp formed the posterior, emarginate area, where presumably both flagella 
emerged (Fig. 3E), and was adjacent to both the first (C1) and last (C7) cingular plates. Two small anterior plates 
(Sda and Ssa) were arranged lateral to the flagellar opening. These two plates as well as plate Ssp (but not plate 
Sdp) did not bear ornamentation (Fig. 5). In strain GeoB*184, deviations from this plate pattern were occasion-
ally observed, including the fusion or subdivision of epithecal and/or hypothecal plates (Fig. S2).

In SEM preparations of strain GeoB*184, slender processes (‘setae’) were scattered over the cell’s surface. 
The setae proximal surfaces were striate, and distal surfaces were glabrous (Figs. 2, 6A–E). Their diameter was 
consistent (0.36 ± 0.02 µm, n = 32), but length varied from 1.9 to 6.3 µm (mean 3.8 ± 1.2, n = 27). In most cases, 
these structures seemed to be randomly arranged and not regularly attached to the cells but occasionally, they 
appeared to be attached to small pores (Fig. 6C,D). Moreover, depressions with round outer edges were visible 
on both epithecal (including the pore plate) and hypothecal plates, which were characteristically surrounded by 
three or four tiny granules (Fig. 6B,E,F). It was unclear whether these structures penetrated the plates like true 
pores. Internally, the position of these structures in the hypo- and epitheca (Figs. 4F, 6G,H) was visible not as 

Figure 5.  Scanning electron micrographs of Fensomea setacea, gen. & sp. nov. (GeoB*184). (A–E) Detailed 
view of the sulcal area. Abbreviation of sulcal plates: Sa anterior sulcal, Sda right anterior sulcal, Sdp right 
posterior sulcal, Sp posterior sulcal, Ssa left anterior sulcal, Ssp left posterior sulcal. Scale bars = 1 µm.
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openings but as small bumps or margined by minute granular depositions. The slender processes and the echinate 
cell surface were also seen under LM (Fig. 7).

The presence of growth bands, interior thecal views (e.g., Figs. 4B, 5G,H), and thecate cells with slightly dis-
arranged plates allowed for identification regarding the overlap pattern of plate margins (Fig. 3C,D). Keystone 
plates (i.e., those plates overlapping all of their neighbours) from the cingular, precingular, and postcingular series 

Figure 6.  Scanning electron micrographs of Fensomea setacea, gen. & sp. nov. (GeoB*184), showing detailed 
views of (A–E) slender processes and (E–H) pore-like structures (black arrows) in the plates. Note the bipolar 
differentiation of the processes, which have striate proximal ends and glabrous distal ends. Scale bars = 2 µm.

Figure 7.  Light microscopy images of Fensomea setacea, gen. & sp. nov. (GeoB*184), that illustrate the echinate 
through baculate ornamentation and the slender processes. (A–C) Different focal planes of a cell in ventral 
(A), median (B) or dorsal view (C). (D) Cell in ventral view; note that the epitheca has broken up. (E, F) Two 
different focal planes of a cell in dorsal view. (G, H) Two focal planes of a cell in ventral-lateral view. Scale 
bars = 5 µm.
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were plates C3, 3″, and 4′′′, respectively. Plate 2a was overlapped by all adjacent plates, which was a notable trait 
of the epitheca. However, the overlap pattern of the sulcal plates could not be elucidated.

Molecular phylogenetics. The rRNA (i.e., SSU + ITS + LSU) reference alignment was 1871 + 2076 + 3753 bp 
long and comprised 825 + 1044 + 1763 parsimony informative sites (42.0%, mean of 22.6 per terminal taxon) and 
5498 distinct RAxML alignment patterns. Tree topologies were largely congruent, irrespective of whether the 
Bayesian or ML algorithm was applied. Figure 8 shows the best-scoring ML tree (− ln = 186,512.02), with the 
internal topology not fully resolved. However, Dinophyceae were monophyletic (99LBS, 1.00BPP) and many 
nodes were statistically well, if not maximally, supported. A number of lineages at high taxonomic level, such as 
Dinophysales (100LBS, 1.00BPP), Gonyaulacales, Gymnodiniales (excl. Bispinodinium N.Yamada & T.Horig.: 
100LBS, 1.00BPP), Peridiniales, Prorocentrales (0.97BPP), and †Suessiales (99LBS, 1.00BPP), as well as Amphi-

Figure 8.  A molecular reference tree recognizing major groups of dinophytes. Maximum Likelihood (ML) 
tree of 161 systematically representative dinophyte sequences (with strain number information) inferred from 
a rRNA nucleotide alignment (3632 parsimony-informative positions). The numbers on the branches are ML 
bootstrap (above the branch line) and Bayesian probabilities (below the branch line) for the clusters (asterisks 
indicate maximal support values; values under 50 for the ML bootstrap and 0.90 for Bayesian probability are not 
shown). Note the phylogenetic position of Fensomea setacea, gen. & sp. nov., which indicates it cannot be clearly 
assigned to Gonyaulacales or Peridiniales.
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domataceae (97LBS, 0.97BPP), Brachydiniaceae, Ceratoperidiniaceae (100LBS, 1.00BPP), Gyrodiniaceae 
(100LBS, 1.00BPP), and Tovelliaceae (79LBS, 1.00BPP) were recognized. Only 17 of 161 dinophyte accessions 
(10.6%), scattered over the tree, were not assigned to any of those lineages, including F. setacea, gen. & sp. nov., 
which had an unresolved phylogenetic position (seemingly close to the Amphidomataceae, but without sup-
port).

Discussion
Diversity of thecal processes. Planktonic cells with elongated processes are rare among extant dino-
phytes, and three types can be readily distinguished: (a) delicate, unbranched, and filiform setae of Micracan-
thodinium Deflandre; (b) robust, striated, and intratabular (unbranched and branched) processes present in 
Acanthodinium Kof. and Cladopyxis; (c) slender processes (visible even under LM) that are randomly distributed 
over the cell surface and not associated with particular thecal plates. To the best of our knowledge, F. setacea, gen. 
& sp. nov., is unique in exhibiting this final characteristic (c), but whether these setae are present in all stages of 
life-history, as well as their precise function, remains to be determined.

The setae described here were present on cells derived from cultivated material, but they have previously 
been documented in field  samples34; thus, a culture artefact appears unlikely. In a few cases, ambient conditions, 
such as temperature, salinity, or turbulence, have been shown to modify surface features and process length in 
coccoid cells of extant  dinophytes35–37. However, this has not been demonstrated in thecate cells. Additionally, 
there are no data that show long, robust, and divided processes can become short, fine, and unbranched as a 
result of culture conditions. Thus, we consider the slender processes of F. setacea, gen. & sp. nov., to be a stable 
feature and the most striking diagnostic trait to delimit our new taxon from previously described species (see 
“Taxonomic activity”). This characteristic also delimits F. setacea, gen. & sp. nov., from other extant cladopyxi-
doid taxa without processes, such as Palaeophalacroma J.Schiller (= Epiperidinium Gaarder) and Sinodinium 
D.S.Nie12,38 (which also have no partiform hypotheca).

The presence of thecal plates was not noted in any of the original descriptions of species currently assigned 
to Micracanthodinium. In a subsequent SEM  study34 that claimed to illustrate the tabulation pattern of Micra-
canthodinium for the first time, no rigorous explanation for the identification of Micracanthodinium setiferum 
(Lohmann) Deflandre was provided, and two different organisms may have been studied (compare his Figs. 2 and 
6). As a result, there is still no published study that reliably shows the filiform setae of true Micracantho-dinium 
together with a dinophyte plate pattern. Thus, it remains unclear whether the SEM plates of John D.  Dodge34 
include cells assignable to F. setacea, gen. & sp. nov.

There is an open question whether all such setae and processes that are variously slender, robust, or branched 
are homologous among dinophytes. In particular, it is not even known at present whether the setae of true  
Micracantho-dinium (distributed mainly along the cingulum margins) conform with ‘skeleton’-based structures 
(as in Acanthodinium and Cladopyxis, in which they appear associated with specific thecal plates) or ‘membrane’-
based structures, such as pseudopodia. It is likely that at least the robust and smaller processes of C. hemibrachiata 
and Balech F. setacea, gen. & sp. nov., respectively, are homologous because their plate patterns are very similar 
(see “Epithecal configurations”). Thus, Acanthodinium, Cladopyxis, and F. setacea, gen. & sp. nov., may appear 
as integral elements of the Cladopyxidaceae, but the taxonomic identity of Micracanthodinium from its type 
locality in  Sicily39, and its relationship to  cladopyxidoid40,41 or other (last not least unarmoured) dinophytes, 
remains elusive.

Hypothecal configurations. The two major branches of dinophytes, Gonyaulacales and Peridiniales, pre-
sent a mosaic combination of ancestral and derived character states. Despite the small number of extant species, 
cladopyxidoid protists are important for evolutionary interpretations because their seemingly rare plate pattern 
allows character polarity to be  identified15,26,31,32. The precise systematic position of Cladopyxidaceae within the 
Dinophyceae, their internal taxonomic delimitations, and the phylogenetic relationships between their constitu-
ent elements have not sufficiently worked out. Accurate interpretations of the thecal plate pattern, and homolo-
gies between plates, are key to the development of a consistent evolutionary scenario. Charles A. Kofoid was 
the first person to interpret a cladopyxidoid tabulation for Acanthodinium spinosum Kof. and C. brachiolata 
(= Acanthodinium caryophyllum Kof.)42, but the plates were not yet labelled using his Kofoidean system because 
he developed that  later22. However, the drawings show good congruence with later interpretations, particularly 
C. brachiolata12. Based on such studies Cladopyxis and putative relatives, including F. setacea, gen. & sp. nov., 
have thecal series comprising three apical, three or four anterior  intercalary12, seven precingular, six postcingu-
lar, and two antapical plates.

Despite his erection of the Gonyaulacales, Frank J.R. ‘Max’ Taylor regarded Cladopyxidaceae as phyloge-
netically closer to peridinioid  dinophytes17. In contrast, William R. Evitt considered their plate pattern to be 
derived from sexiform gonyaulacoids rather than  peridinioids18. However, F. setacea, gen. & sp. nov., is not an 
integral part of the Gonyaulacales based on the DNA tree and instead represents an independent lineage within 
the dinophytes whose closest relatives cannot be ascertained reliably at present. This agrees with phylogenetic 
sketches (Fig.  1928, Fig.  2230), in which cladopyxidoid dinophytes are not part of the Gonyaulacales. In any case, 
the inferred phylogenetic position of F. setacea, gen. & sp. nov., challenges the assumption that a partiform 
hypotheca would be a distinctive configuration of gonyaulacoid  dinophytes8,18. Thus, contacts between plates 
Sp and 1′′′ (Z and Iu in Taylor-Evitt notation), as well as between plates 2′′′′ and 6′′′ (Y and VI in Taylor-Evitt 
notation), do not represent a rare, specialized gonyaulacoid plate pattern, but correspond to the common and 
regular configuration of peridinioid  dinophytes31. It should be noted that while the peridinioids display only five 
postcingular plates, this is probably a derived character state. Furthermore, this combination of plate contacts 
and six postcingular plates has also been found in thecate suessialean  dinophytes43–45.
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Similar conclusions about homologies in the hypothecal plate pattern have already been drawn for 
 Amphidomataceae24,46, which were, like Cladopyxidaceae, formerly included within  Gonyaulacales8,14,33. Dino-
phytes with a partiform hypotheca exhibit a combination of ancestral conditions, such as six postcingular plates 
(traditionally associated with Gonyaulacales) and the symmetrical arrangement of plates (traditionally associated 
with Peridiniales). Plesiomorphic traits are unsuitable to support close relationships and thus, the assemblage of 
dinophytes with a partiform hypotheca does not represent a monophylum in the DNA tree.

Character evolution of thecate dinophytes may take place (in a top-down approach, not considering fossils) 
from ancestral conditions towards thecal patterns with only five postcingular plates (in Peridiniales) and more 
asymmetrical arrangements (in Gonyaulacales) as derived character states, respectively (Fig. 9). The reduction 
of postcingular plates in Peridiniales (probably a fusion of plates 3′′′ and 4′′′ that are still present in extant clado-
pyxidoid dinophytes; Fig. 1) is most likely an independent evolution of some gonyaulacalean  dinophytes47–49, 
in which size reduction of the proximate postcingular plate may also lead to fewer elements in this series. In 
any case, there is no such thing as a newly created posterior intercalary plate in Gonyaulacales, but there are 
rather two antapical plates (one of which is shifted towards the ventral  side50) that appear homologous to those 
of the  Peridiniales23 (Fig. 1B). The continuous but incorrect systematic placement of dinophytes exhibiting the 
partiform hypotheca into the Gonyaulacales may have prevented an easier but even more parsimonious inter-
pretation of the data.

Epithecal configurations. If a symmetrical hypotheca configuration is an ancestral character state in the-
cate dinophytes, then the question arises whether the epitheca also displays ancestral characters. The almost 
symmetrical epithecal plate pattern of Acanthodinium42 and C. brachiolata12 that have three anterior intercalary 
plates is reminiscent of the Peridiniales and likely plesiomorphic. Cladopyxis hemibrachiata12 shares an asym-
metric epithecal plate pattern and four anterior epithecal plates with F. setacea, gen. & sp. nov., which are prob-
ably derived states, but the species differ in their thecal processes (see “Diversity of thecal processes”).

In the APC, F. setacea, gen. & sp. nov., only has a pore platelet and no canal plate X, whereas other dinophytes 
with a partiform hypotheca, such as Amphidoma F.Stein and Azadinium Elbr. & Tillmann, show the peridinioid 
configuration with both plates  present24. One of the most intriguing traits is the presence of anterior intercalary 
plates in many Peridiniales that are notably rare in Gonyaulacales; if present, they are in unusual dinophytes, such 
as Pyrophacus F.Stein, or in early lineages, such as †Lingulodiniaceae21. Fensomea setacea, gen. & sp. nov., also 
has intercalary plates, which is reminiscent of the Peridiniales. The topology may provide evidence of homology 
between the intercalary plates of F. setacea, gen. & sp. nov., Amphidomataceae, and Peridiniales, but whether 
they correspond to small and rare plates in  Gonyaulacales8,21 is an area for future research.

Fossils assigned to Cladopyxidaceae are found in Early Jurassic through Palaeocene marine  strata8,16,30 and 
had the highest diversity in the Mesozoic. Notably, no representative fossils are known from the Quaternary, 
including modern  deposits14. The asymmetric plate pattern equivalent of the late Palaeocene †Cladopyxidium 
saeptum (P.Morgenr.) Stover & Evitt (= †Cladopyxidium septatum D.M.McLean) is very similar to F. setacea, 

Figure 9.  Summary cladogram of thecate dinophytes, excluding specialized forms such as dinophysalean, 
prorocentralean and suessialean dinophytes, with apomorphies indicated as red boxes and ancestral state 
as a grey box. Note that only the ancestral sexiform stage is considered here from which the corniform and 
quinqueform states derived within  Gonyaulacales21.
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gen. & sp. nov.  cells51. †Cladopyxidium 
saeptum has elevated crests, an archaeopyle, and is presumably composed of dinosporin; all of this is not known 
from F. setacea, gen. & sp. nov., as studied here. Fensomea setacea, gen. & sp. nov., is also similar to the Toarcian 
†Cladopyxidium svalbardense (Below) Lentin & G.L.Williams; however, this Jurassic species shows contacts 
between plates 3′ and 1a as well as between plates 3a and 4″30 (and not the contacts between plates 2′ and 2a as 
well as 2a and 5″ of F. setacea F. setacea, gen. & sp. nov., and 
the Maastrichtian †Cladopyxidium marheineckei G.L.Williams, Lentin & Fensome, but the latter has four apical 
 plates52, which has not yet been documented in extant cladopyxidoid  dinophytes12. More research is necessary 
to disentangle the diverse biology and complex taxonomy of both extant and fossil cladopyxidoid dinophytes.

Taxonomic activity. We cannot discount that the original  drawings10

species, and F. von Stein himself tentatively associated his new species C. brachiolata with Xanthidium furcatum 
Ehrenb. and †Xanthidium ramosum
desmidiacean green algae, namely Staurastrum furcatum (Ehrenb.) Bréb., to which Christian G. Ehrenberg erro-
neously assigned also Cretaceous  fossils53 (the misinterpretation of the name was sustained over a long period 
of  time54  1310 may in fact represent the gonyaulacacean †Spiniferites mirabilis (M. Ros-
signol) Sarjeant or a similar species.

Below, we lectotypify C. brachiolata -
nomic act corresponds to the most widely applied concept of the  species8,12,33

methods, such as electron microscopy and molecular sequence diagnostics, to ensure unambiguity of the name’s 
application.

It is noteworthy that F. von Stein found algal remnants assigned to Cladopyxis in the digestive tracts of thali-
acean tunicates from the Atlantic Ocean and the South Seas. Additionally, F. von Stein considered Cladopyxis 
(and other dinophytes such as Heterocapsa F.Stein55) to be an animal, so its publication falls under the rules of 
the International Code of Zoological Nomenclature56. No restrictions are conceivable in this case, and the name 
is, therefore, validly published under Art. 45.1 of the International Code of Nomenclature for algae, fungi, and 
plants (Shenzhen Code)57.

Cladopyxis brachiolata F.Stein                       ,   Der Organismus der Flagellaten nach eigenen Forschungen in system-
atischer Reihenfolge bearbeitet 3.2: 19, pl. II 7–13. 1883. Xanthidium brachiolatum (F.Stein) K.Möbius, Wis-

-
Anonymous 

s.n.—Lectotype (designated here): [illustration] Der Organismus der Flagellaten nach eigenen Forschungen 
in systematischer Reihenfolge bearbeitet 3.2: pl. II 7.—Other original elements may comprise other species of 
dinophytes (pl. II 9: Cladopyxis quadrispina Pavill., pl. II 11: Cladopyxis steinii O.Zacharias) and/or protists from 

http:// phyco bank. org/ 102641.

Fensomea setacea Tillmann & Gottschling, gen. & sp. nov.  —Type [SEM-stub with non-fossil 

2000: [Meteor 46/4] [M. Kirsch GeoB*184] 3/7/a (holotype, designated here: CEDiT-2020H121!, isotype, des-
ignated here 2–6
http:// phyco bank. org/ 102642.

′, 4a, 7″, 7C, 6S, 6′′′, 2′′′′; plates 
Sp and 1′′′ adjacent, plates Sp and 5′′′ separated; epithecal keystone plate 3″, hypothecal keystone plate 4′′′, plate 
2a overlapped by all adjacent plates. No ventral pore present. Coccoid cells unknown.

Notes: Delimitation from other cladopyxidoid dinophytes (i.e., a diagnosis) is provided in the “Discussion” 
(particularly “Diversity of thecal processes”). We consider the slender processes (here referred to as setae) to be 

honours Robert A. Fensome, who contributed enormously to the knowledge of extant and fossil dinophytes and 
who accentuated the phylogenetic importance of cladopyxidoid dinophytes as a link between the Gonyaulacales 
and the  Peridiniales15.

Methods
Collection, strain establishment, and morphology. Strain GeoB*184 was established from a single 
cell recovered from material from the South Atlantic (R/V Meteor cruise 46/458; wheel pump 3/7/a; ca 31° 25′ 
S, 37° 31′

 m−2  s−1  silicate59 -
60
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SEM observations, cells were collected on polycarbonate filters (Millipore, 25 mm diameter, 3 µm pore size) 
in a filter funnel, in which all subsequent washing and dehydration steps were carried out. Eight washing steps 
(2 ml of MilliQ-deionized water each) were followed by a series of dehydration steps in ethanol (30%, 50%, 70%, 
80%, 95%, and 100% at 10 min for each step). Filters were dehydrated with hexamethyldisilazane (HMDS) in 
1:1 HMDS:EtOH and then twice in 100% HMDS and stored in a desiccator under a vacuum. Finally, the filters 
were mounted on stubs, sputter-coated (SC500, Emscope, Ashford, UK) with gold–palladium and viewed with 
a Quanta FEG 200 SEM (FEI, Eindhoven, Netherlands). Some SEM micrographs were presented on a black 
background using Adobe Photoshop 6.0 (Adobe Systems, San Jose, California, USA). The labelling of dinophyte 
thecal plates was performed according to the Kofoidean  system22,23.

Molecular phylogenetics. For DNA isolation, fresh material was processed using the the Nucleo Spin 
Plant II Kit (Machery-Nagel; Düren, Germany). Various loci of the rRNA operon (i.e., SSU, ITS, LSU) were 
amplified using primer pairs specified previously and following standard  protocols18,49. Gel electrophoresis 
yielded single bands that were purified. PCR products were sequenced directly in both directions using the 
ABI Big-Dye dye-terminator technique (Applied Biosystems; Foster City, USA‒CA), according to the manu-
facturer’s recommendations, and a ABI 3730 capillary sequencer (Applied Biosystems). Sequences were edited 
and assembled using Sequencher™v5.1 (Gene Codes; Ann Arbor, USA‒MI). For visual comparison of the edited 
sequences, the alignment editor ‘Se-Al’ (http:// tree. bio. ed. ac. uk/ softw are/ seal/) was used.

To compute a dinophyte reference tree inferred from a concatenated rRNA  alignment29,61, we compiled a 
systematically representative set comprising 152 dinophytes (plus nine outgroup accessions; Table S1). For align-
ment constitution, separate matrices of the rRNA operon were constructed, aligned using ‘MAFFT’ v6.502a62, 
and the −qinsi option to consider the secondary structure, and concatenated afterwards. The aligned matrices 
are available as Fensomea.nex file in the supplement.

Phylogenetic analyses were carried out using Maximum Likelihood (ML) and Bayesian approaches, as 
 described63, using the resources available from the CIPRES Science  Gateway64. Briefly, the Bayesian analysis 
was performed using ‘MrBayes’ v3.2.7a65 (freely available at http:// mrbay es. sourc eforge. net/ downl oad. php) 
under the GTR + Γ substitution model and the random-addition-sequence method with 10 replicates. We ran 
two independent analyses of four chains (one cold and three heated) with 20,000,000 generations, sampled 
every 1000th cycle, with an appropriate burn-in (10%) inferred from evaluation of the trace files using Tracer 
v1.7.166. For the ML calculations, the MPI version of ‘RAxML’ v8.2.467 (freely available at http:// www. exeli xis- 
lab. org/) was applied using the GTR + Γ substitution model under the CAT approximation. We determined the 
best-scoring ML tree and performed 1000 non-parametric bootstrap replicates (rapid analysis) in a single step. 
Statistical support values (LBS: ML bootstrap support; BPP: Bayesian posterior probabilities) were drawn on 
the resulting, best-scoring tree.
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Figure S1:  Friedrich v. Stein’s original material of Cladopyxis brachiolata                    

(reproduction of pl. II 7–13).  Note that pl. II 7 is chosen as lectotype.  Furthermore, pl. II 13 

is likely gonyaulacean †Spiniferites mirabilis (M.Rossignol) Matsuoka and pl. II 12 possibly 

also a species of †Spiniferites Mantell. 

  



 

Figure S2:  Variability in plate pattern and arrangement of Fensomea setacea, gen & sp. 

nov., (GeoB*184) regarding (A–E) epithecal plates and (F–I) hypothecal plates. (A) 

Presence of only six precingular plates. (B) Loss of one epithecal plate interpreted here as 

a fusion of plates 3' and 4a. (C) Basic plate pattern, but unusually plates 2' and 3' are of 

equal size and in lateral position. (D) Loss of one epithecal plate interpreted here as 

fusion of apical plates 2' and 3'. (E) Presence of one additional epithecal plate interpreted 

here as a subdivison of plate 3'. (F) Basic plate pattern, but unusually plates 1'''' and 2'''' 

are of equal size and symmetrically arranged.  Note that the list of plate 1''' towards plate 

Sp is missing. (G) Loss of two hypothecal plates, only 5 precingular plates and one 
antapical plate present. (H–I) Presence of three antapical plates, interpreted here as a 

subdivision of plate 2''''. Scale bars = 5 µm. 

 



Tables 

Table S1:  Voucher list.  All names are given under the rules of the ICN, the author standard forms follow (Brummitt and Powell 1992).  Abbreviation: n. inf., no 

information.  If ‘holotype’ or ‘epitype’ is noted for a species name, then it refers to material, from which the type was prepared. 

 

Species name with author Strain No. Locality Date Collector(s) GenBankNo(s) Reference 

outgroup       

Amoebophrya sp. [isolated 
from Levanderina fissa 
(Levander) Moestrup, 
Hakanen, Gert Hansen, 
Daugbjerg & M.Ellegaard] 

n.inf. western North Atlantic, 
off USA–MD: Chesapeake 
Bay 

n.inf. n.inf. HM483394 
(SSU+ITS+LSU) 

Coats et al. (2010) 

Amoebophrya sp. [isolated 
from Akashiwo sanguinea 
(K.Hirasaka) Gert Hansen & 
Moestrup] 

n.inf. western North Atlantic, 
off USA–MD: Chesapeake 
Bay 

n.inf. n.inf. HM483395 
(SSU+ITS+LSU) 

Coats et al. (2010) 

Besnoitia besnoiti (E.E.Franco 
& I.Borges, 1916) 

 
Israel n.inf. n.inf. DQ227420 (rRNA) Cortes et al. (unpubl. 

2005) 

Euduboscquella sp. [isolated 
from Favella arcuata 
(K.Brandt, 1906)] 

OC20 USA–MD: Ocean City, 
Assawoman Bay (38°20'N, 
75°06W) 

Aug 
11, 
2010 

n.inf. JN934989 
(SSU+ITS+LSU) 

Bachvaroff et al. (2012) 

marine alveolate FBB25 USA–MA: Boston, Blanes 
Bay Microbial Observatory 

n.inf. n.inf. EU304548 (rRNA) Massana et al. (2008) 



Perkinsus andrewsi Coss, 
J.Robledo, G.Ruiz & Vasta, 
2001 [isolated from Macoma 
balthica (Linnaeus, 1758)] 

ATCC50807 (≡ 
PAND-A8–4a) 

USA–MD: Rhode River n.inf. n.inf. AY305326 (rRNA) Pecher et al. (2004) 

Perkinsus atlanticus 
C.Azevedo, 1989 (isolated 
from Venerupis decussata 
Linnaeus, 1758) 

ALG1 Portugal n.inf. n.inf. AF509333 (rRNA) Robledo et al. (2002) 

Toxoplasma gondii (Nicolle & 
Manceaux, 1908) (isolated 
from Homo sapiens Linnaeus, 
1758) 

P n.inf. n.inf. n.inf. X75453 
(SSU+ITS+LSU) 

Ding et al. (unpubl. 
1993) 

Vitrella brassicaformis 
Oborník, D.Modrý, M.Lukeš, 
Cernotíková-Stříbrná, Cihlář, 
Tesařová, Kotabová, Vancová, 
Prášil & J.Lukeš (isolated from 
an anthozoan species) 

NCMA3155  (≡ 
RM11) 

off Australia: Great Barrier 
Reef (23°30'S, 152°00'E) 

Jan 12, 
2001 

K. Miller & C. Mundy 
[R.A. Andersen & R. 
Moore] s.n. 

HM245049 (rRNA) Janouškovec et al. 
(2010) 

unplaced dinophytes       

Akashiwo sanguinea 
(K.Hirasaka) Gert Hansen & 
Moestrup 

GnSg02 western North Pacific, 
East China Sea, off South 
Korea: Jangmok 

n.inf. M. Chang s.n. AY831410 (rRNA) Ki and Han (2005) 

Akashiwo sanguinea 
(K.Hirasaka) Gert Hansen & 
Moestrup 

NCMA1837 (≡ 
CCCM885) 

western North Atlantic, 
Sargasso Sea, off UK, the 
Bermudas: Harington 
Sound off Rabbitt Island 
(32°20'N, 64°44'W) 

Sep 23, 
1997 

S. Sarkis s.n. DQ779988 (rRNA) Ki and Han (2007a) 



Amphidinium carterae Hulburt NCMA124 (≡ 
CCCM439, 
UW380) 

eastern North Pacific, off 
Mexico: Sonora, Puerto 
Penasco (31°19'N, 
113°34'W) 

Jun 20, 
1966 

R. Norris s.n. AF274255 (SSU), 
EU927575 (ITS), 
AY460584 (LSU) 

Saldarriaga Echavarría et 
al. (2001), Murray et al. 
(2004) Ferrell & Beaton 
(unpubl. 2008) 

Amphidoma languida 
Tillmann, R.Salas & Elbr. 

2A11 North Atlantic, off Iceland 
(65°27'N, 24°39'W) 

Aug, 
2012 

U. Tillmann [Maria 
S. Merian] [U. 
Tillmann] s.n. 

KR362880 (SSU), 
KR362882 (ITS), 
KR362885 (LSU) 

Tillmann et al. (2015) 

Ankistrodinium armigerum 
K.Watanabe, Miyoshi, F.Kubo, 
Sh.Murray & T.Horig. 

n.inf. western North Pacific, Sea 
of Japan, off Japan: 
Hokkaidō, Ishikari Beach 
(43°15'N, 141°21'E) 

n.inf. n.inf. AB858349 (SSU), 
AB858350 (LSU) 

Watanabe et al. (2014) 

Apicoporus glaber 
(Hoppenrath & Okolodkov) 
Sparmann, B.S.Leander & 
Hoppenrath 

n.inf. (chimeric) Germany: Sylt Mar, 
2009 

n.inf. EU293235 (SSU), 
JQ179867 (LSU) 

Sparmann et al. (2008), 
Hoppenrath et al. (2012) 

Azadinium caudatum var. 
caudatum (Halldal) Nézan et 
Chomérat 

IFR1191 [IFR10-
332, IFR10-330, 
IFR11-033] 

eastern North Atlantic, 
Celtic Sea, off France: 
Brittany, Finistère, 
Concarneau (47°50'N, 
3°57'W) 

Dec 
15, 
2009 

[E. Nézan] s.n. JQ247701 (SSU), 
JQ247700 (ITS), 
JQ247702 (LSU) 

Nézan et al. (2012) 

Azadinium concinnum 
Tillmann & Nézan (holotype) 

1C6 (single and 
multiple cells, LSU 
clone 4) 

North Atlantic, Irminger 
Sea, off Greenland 
(62°14'N, 37°27'W) 

Aug, 
2012 

U. Tillmann [Maria 
S. Merian] [U. 
Tillmann] s.n. 

KJ481826 (SSU), 
KJ481827 (ITS), 
KJ481831 (LSU) 

Tillmann et al. (2014) 

Azadinium poporum Tillmann 
& Elbr. 

TIO256 Mediterranean, off 
France: Corsica (42°08'N, 
9°32'E) 

Jan 18, 
2016 

n.inf. MF033112 (SSU), 
MF033116 (ITS), 
MF033123 (LSU) 

Luo et al. (2017) 

Azadinium spinosum Elbr. & 
Tillmann 

SHETF6 North Sea, off Shetland 
Islands (60°13'N, 1°00'W) 

May, 
2011 

U. Tillmann 
[Heincke] [U. 
Tillmann] s.n. 

JX559885 
(SSU+ITS+LSU) 

Tillmann et al. (2012) 



Bernardinium sp. CCP2 USA–NC: Pond near 
Cashiers (35°08'N, 
83°05'W) 

Jul, 
2009 

n.inf. JQ439940 (rRNA) Fawcett and Parrow 
(2012) 

Bispinodinium angelaceum 
N.Yam. & T.Horig. (holotype) 

HG236 western North Pacific, off 
Japan: Kyūshū, 
Kagoshima, off 
Mageshima (30°41' N, 
130°50'E) 

May 
15, 
2008 

R. Terada s.n. AB762397 (SSU), 
AB762398 (LSU) 

Yamada et al. (2013) 

Brachidiniaceae sp. GrAr01 western North Pacific, Sea 
of Japan, off South Korea: 
Chilchondo 

n.inf. n.inf. DQ779991 (rRNA) Ki and Han (2007a) 

Bysmatrum subsalsum 
(Ostenf.) M.A.Faust & Steid. 

KC32CCAUTH off Greece, North Aegean 
Sea: Thessaloniki, Porto-
Lagos (40°58'N, 25°07'E) 

n.nf. N. Nikolaidis s.n. HQ845326 
(SSU+ITS+LSU) 

Gottschling et al. (2012) 

Ceratoperidinium falcatum 
(Kof. & Swezy) A.Reñé & de 
Salas 

IFR1100 eastern North Atlantic, 
Celtic Sea, off France: 
Brittany, Finistère, 
Douarnenez (48°10'N, 
4°24'W) 

Oct 5, 
2009 

REPHY KJ508394 (LSU) Nézan et al. (2014) 

Fensomea setacea Tillmann & 
Gottschling (holotype) 

GeoB*184 western South Atlantic 
(31°25'S, 37°31'W, ‒5m) 

Mar 7, 
2000 

K.J.S. Meier & M. 
Streng [Meteor 
46/4] [M. Kirsch] WP 
3/7/a 

MW267274 
(SSU+ITS+LSU), 
MW267282 
(LSUd8d10) 

this study 

Gertia stigmatica K.Takahashi, 
G.Benico, Wai Mun Lum & 
M.Iwataki 

mdd472-kt western North Pacific, off 
Japan, Sagami Bay: 
Honshū, Kantō, Kanagawa, 
Manazuru (35°09'N, 
139°10'E) 

Oct 20, 
2016 

K. Takahashi s.n. LC490696 (rRNA) Takahashi et al. (in 
press) 



Glenodiniopsis steinii Wołosz. 
(reference material) 

NIES463 (≡ 
TM3D6) 

Japan: Iwate, Shizukuishi Sep 10, 
1984 

[T. Sawaguchi] s.n. AF274257 (SSU), 
EF058255 (LSU) 

Saldarriaga Echavarría et 
al. (2001), Logares et al. 
(2007b) 

“Gymnodinium” impatiens 
Skuja 

CCAC0025 (≡ 
M0925) 

Germany: Brandenburg, 
Neuglobsow 

1992 [B. Marin] s.n. EF058239 (SSU), 
EF058259 (LSU) 

Logares et al. (2007b) 

Gyrodinium dominans Hulburt GDMS0704YD western North Pacific, 
East China Sea, off South 
Korea: Gyeongsangnam-
do, Masan Bay 

Apr 1, 
2007 

Y.D. Yoo s.n. FN669510 
(SSU+ITS+LSU) 

Yoon et al. (2012) 

Gyrodinium helveticum 
(Penard) Y.Takano & T.Horig. 
(reference material) 

K1 Russia, Lake Baikal: 
Irkutsk, between 
Listvyanka and Bolshie 
Koty 

2012 n.inf. MG493227 (SSU), 
MG255302 
(ITS+LSU) 

Annenkova (2018) 

Hemidinium nasutum F.Stein 
(reference material) 

NIES471 (≡ 
87SPD1) 

Japan: Honshū, Ibaraki, 
Tsuchiura 

Aug 
27, 
1987 

[T. Sawaguchi s.n.] AY443016 (SSU), 
EF058260 (LSU) 

Saldarriaga Echavarría et 
al. (2004), Logares et al. 
(2007b) 

Jadwigia applanata Moestrup, 
K.Lindb. & Daugbjerg 
(holotype) 

CCAC0021 (≡ 
SCCAP K-1115) 

Germany: Hessen, 
Biebergemünd, near 
Lochmühle 

1991 [A. Schilke] s.n. EF058240 (SSU), 
AY950447 (LSU) 

Lindberg et al. (2005), 
Logares et al. (2007b) 

Karenia mikimotoi (Miyake & 
Komin. ex M.Oda) Gert 
Hansen & Moestrup 

NCMA429 (≡ 
CCAP1127/1, G1, 
PLY497a) 

UK: England, Devon, 
Plymouth, Sutton Harbour 
(50°22'N, 4°10'W) 

Aug 
23, 
1980 

D. Harbour s.n. FJ587220 (SSU), 
HM807318 (ITS), 
AF200678 (LSU) 

Hansen et al. (2000), 
Garces et al. (2006), Hou 
et al. (unpubl. 2008), 
Stern et al. (2010), Al-
Kandari et al. (2011) 

Kirithra asteri Boutrup, 
Tillmann, Daugbjerg & 
Moestrup 

H-1-A6 western South Atlantic, 
off Argentina (41°11'S, 
57°52'W, ‒5m) 

Sep 9, 
2015 

U. Tillmann 
[Houssay] [U. 
Tillmann] s.n. 

MW267281 (SSU), 
MW267275 (ITS), 
MF666674 (LSU) 

Boutrup et al. (2017), 
this study 



Levanderina fissa (Levander) 
Moestrup, Hakanen, Gert 
Hansen, Daugbjerg & 
M.Ellegaard 

NCMA431 (≡ 
CCCM796, 
LISBOA176) 

Portugal: near Santiago do 
Cacem, Santo Andre 
lagoon (38°03'N, 8°48'W) 

Nov 1, 
1980 

E. Silva s.n. AY443015 (SSU), 
JQ972685 (ITS), 
EF205007 (LSU) 

Saldarriaga Echavarría et 
al. (2004), Moestrup and 
Daugbjerg (2007), Stern 
et al. (2012) 

Moestrupia sp. AW22-12 western North Pacific, off 
Japan: Okinawa, Awase 
(26°19'N, 127°50'E) 

Apr 22, 
2013 

S. Suda s.n. LC025890 (SSU), 
LC025909 (ITS), 
LC025928 (LSU) 

Prabowo et al. (2016) 

Moestrupia sp. AW22-15 western North Pacific, off 
Japan: Okinawa, Awase 
(26°19'N, 127°50'E) 

Apr 22, 
2013 

S. Suda s.n. LC025892 (SSU), 
LC025911 (ITS), 
LC025930 (LSU) 

Prabowo et al. (2016) 

Moestrupia sp. G4M4 western North Pacific, 
East China Sea, off Japan: 
Okinawa, Onna, Maeda 
(26°26'N, 127°46'E) 

Apr 3, 
2013 

S. Suda s.n. LC025882 (SSU), 
LC025901 (ITS), 
LC025920 (LSU) 

Prabowo et al. (2016) 

Noctiluca scintillans 
(Macartney) Kof. & Swezy 

n.inf. off China: Hong Kong, 
Clear Water Bay (22°20'N, 
114°16'E) 

Mar 
26, 
2006 

J.-S. Ki s.n. GQ380592 
(SSU+ITS+LSU) 

Ki (2010) 

Nottbeckia ochracea 
(Levander) Gert Hansen, 
Daugbjerg & Moestrup 
(reference material) 

GH957 Finland: Uusimaa, 
Raseborg, Tvärminne, 
Brännskär 

Jun 19, 
2011 

n.inf. MG754078 (SSU), 
MG754079 (LSU) 

Hansen et al. (2018) 

Peridiniella catenata 
(Levander) Balech 

SCCAP K-0543 n.inf. n.inf. n.inf. AF260398 (LSU) Daugbjerg et al. (2000) 

Peridiniella sp. NC-2011 eastern West Atlantic, off 
France: Brittany, Finistère, 
Brest 

Jun 7, 
2010 

n.inf. ### (SSU), 
JQ247714 (LSU) 

Nézan et al. (2012) 

Pseliodinium pirum (F.Schütt) 
F.Gómez 

PHJZB1 western North Pacific, 
Yellow Sea, off China, 
Jiaozhou Bay: Qingdao 
(36°06'N, 120°15'E) 

Aug 
11, 
2015 

n.inf. MH469533 (SSU), 
MH469535 (LSU) 

Hu et al. (2020) 



Takayama acrotrocha 
(J.Larsen) de Salas, Bolch & 
Hallegr. 

MC728-D5 Mediterranean Sea, 
Tyrrhenian Sea, off Italy: 
Campania, Naples 

Aug 
22, 
2006 

n.inf. HM067010 (SSU), 
HM067011 (ITS), 
FJ024703 (LSU) 

Henrichs et al. (2011), 
Siano et al. (2009) 

Togula jolla M.F.Jørg., 
Sh.Murray & Daugbjerg 
(holotype) 

UTEX1562 eastern North Pacific, off 
USA–CA: San Diego, La 
Jolla 

n.inf. A.R. Loeblich s.n. AF274252 (SSU), 
AY455680 (LSU), 
AF482405 (tub) 

Saldarriaga Echavarría et 
al. (2001, 2003), 
Jørgensen et al. (2004) 

Tovellia cf. aveirensis Pandeir., 
Craveiro, Daugbjerg, Moestrup 
& Calado 

TSJL01 China: Fujian, Jiulong Jiang Apr 28, 
2013 

n.inf. KU359052 (SSU), 
KU359051 (ITS), 
KU359050 (LSU) 

Luo et al. (2016) 

Tovellia sp. HBI:SC201101a n.inf. n.inf. n.inf. JQ639766 (SSU), 
JQ639774 (ITS), 
JQ639756 (LSU) 

Zhang et al. (unpubl. 
2012) 

Gymnodiniales       

Barrufeta resplendens 
(Hulburt) H.Gu, Z.Luo & 
K.N.Mert. 

GM17 western North Atlantic, 
Gulf of Mexico, off 
USA‒LA (28°52'N, 
90°29'W) 

Jul 29, 
2014 

n.inf. KY688183 (SSU), 
KT203384 (ITS), 
KT203382 (LSU) 

Gu et al. (2015), Wang et 
al. (2017) 

Chytriodinium sp. (isolated 
from a copepod egg sac) 

Atlantic isolate 7 South Atlantic, off Brazil: 
São Paulo, Sao Sebastiao 
Channel (23°50'S, 
45°24'W) 

Apr 30, 
2013 

n.inf. KM245128 
(SSU+ITS+LSU) 

Gómez and Skovgaard 
(2014) 

Gymnodinium aureolum 
(Hulburt) Gert Hansen 

GeoB 232 Mediterranean Sea, Ionian 
Sea, off Italy: Gulf of 
Taranto (40°07'N, 17°19'E) 

Oct 26, 
2002 

D. Saracino [M. 
Kirsch] s.n. 

KJ481834 
(SSU+ITS+LSU) 

Tillmann et al. (2014) 

“Gymnodinium” catenatum 
H.W.Graham 

GnCt01 eastern Indian Ocean, East 
China See, off South 
Korea: Nanpo, Jinhae Bay 

n.inf. n.inf. DQ785882 (rRNA) Ki and Han (2007b) 



Gymnodinium fuscum var. 
rubrum Baumeister ex 
Romeikat, Knechtel & 
Gottschling (epitype) 

GeoM*864 (≡ 
CCAC9044B) 

Germany: Bavaria, 
Traunstein, Seeon, peat 
pit (47°59'N, 12°26'E, 
536m) 

Jun 28, 
2017 

C. Romeikat, M. 
Gottschling & H. 
Reich [C. Romeikat] 
D099 

MK405489 
(SSU+ITS+LSU) 

Romeikat et al. (2020) 

Gymnodinium plasticum Na 
Wang, Z.Luo, K.N.Mert., 
F.M.G.McCarthy & H.Gu 
(holotype) 

TIO826 Canada: Ontario, Plastic 
Lake (45°18'N, 79°23'E) 

n.inf. n.inf. KY688188 (SSU), 
KY688186 (ITS), 
KY688184 (LSU) 

Wang et al. (2017) 

Gymnoxanthella sp. (isolated 
from Spongotrochus glacialis 
Popofsky, 1908) 

n.inf. North Pacific fall, 
2010 

n.inf. AB860180 (rRNA) Ishitani et al. (2014) 

Gyrodiniellum shiwhaense 
N.S.Kang, H.J.Jeong & 
Moestrup (holotype) 

n.inf. western North Pacific, 
Yellow Sea, off South 
Korea: Shiwha Bay 
(37°07'N, 126°08'E) 

Sep 1, 
2009 

N.S. Kang s.n. FR720082 
(SSU+ITS+LSU) 

Kang et al. (2011) 

“Gyrodinium” impudicum 
S.Fraga & I.Bravo 

Gi-1cp eastern Indian Ocean, East 
China See, off South 
Korea: Yeosu 

n.inf. n.inf. DQ779992 (rRNA) Ki and Han (2007a) 

Lepidodinium viride M.Watan., 
S.Suda, I.Inouye, Sawaguchi & 
Chihara 

n.inf. South Africa n.inf. R.N. Pienaar s.n. DQ499645 
(SSU+ITS+LSU) 

Grzebyk et al. (unpubl. 
2008) 

Nematodinium sp. UBC3 (chimeric) eastern North Pacific, off 
Canada: British Columbia, 
Vancouver Island 
(48°50'N, 125°08'W) 

April, 
2006; 
April 
28, 
2007 

Anonymous BSL-
2009a 

FJ947038 (SSU), 
FJ947041 (LSU) 

Hoppenrath et al. (2009) 

Nusuttodinium aeruginosum 
(F.Stein) Y.Takano & T.Horig. 

Gaer-Japan #1 Japan: Kagawa, Uto-ike 
Pond 

Feb 9, 
2001 

Y. Takano s.n. AB921311 (rRNA) Takano et al. (2014) 



Spiniferodinium limneticum 
(Wołosz.) Kretschmann & 
Gottschling 

GeoM 517 (≡ 
CCAC5092B, CCBA 
AA-276) 

Poland: Lesser Poland, 
Tatra, Zakopane (49°17'N, 
19°57'E) 

Sep 11, 
2012 

M. Gottschling, C. 
Zinßmeister, N.H. 
Filipowicz & P.M. 
Owsianny [J. 
Kretschmann P6] 
PL002 

KR362900 
(SSU+ITS+LSU) 

Kretschmann et al. 
(2015) 

Spiniferodinium palustre 
(A.J.Schill.) Kretschmann & 
Gottschling (reference 
material) 

GeoM*719 Poland: Lesser Poland, 
Tatra, Litworowy Staw 
Gąsienicowy (49°14'N, 
20°00'E, 1618m) 

Sep 22, 
2015 

P.M. Owsianny [J. 
Kretschmann] PL018 

MH497023 
(SSU+ITS+LSU), 
MH497042 
(LSUd8d10) 

Žerdoner Čalasan et al. 
(2019) 

Warnowia sp. BC eastern North Pacific, off 
Canada: British Columbia, 
Vancouver Island 
(48°50'N, 125°08'W) 

May 2, 
2007 

Anonymous BSL-
2009a 

FJ947040 (SSU), 
FJ947042 (LSU) 

Hoppenrath et al. (2009) 

†Suessiales       

Ansanella granifera H.J.Jeong, 
S.H.Jang, Moestrup & 
N.S.Kang (holotype) 

AGSW10 western North Pacific, 
Yellow Sea, off South 
Korea: (37°18'N, 126°36'E) 

Sep, 
2010 

n.inf. HG529978 (SSU), 
HG529979 (ITS), 
HG529980 (LSU) 

Jeong et al. (2014a) 

Asulcocephalium miricentonis 
K.Takahashi, Moestrup & 
M.Iwataki 

mi11-8kt (≡ 
NIES3775) 

Japan: Yamagata, Kenmin-
no-Mori, Mikokubo pond 
(38°15'N, 140°12'E)  

Jul, 
2011 

K. Takahashi s.n. LC068836 (rRNA) Takahashi et al. (2015) 

Baldinia anauniensis Gert 
Hansen & Daugbjerg 
(holotype) 

greenGS Italy, Trentino, Lake Tovel Jul 29, 
2003 

n.inf. EF052682 (SSU), 
EF052683 (LSU) 

Hansen et al. (2007) 

Borghiella sp. CCAC0075 (≡ 
M0698, SAG 
42.80, SCCAP K-
1119) 

Germany: Lower Saxony, 
Göttingen, Botanical 
Garden of the university 

1965 W. Koch s.n. EF058253 (SSU), 
MG851594 (LSU) 

Logares et al. (2007b), 
Moestrup et al. (2018) 



Breviolum minutum 
(T.C.LaJeunesse, J.E. Parkinson 
& J.D.Reimer) J.E. Parkinson & 
T.C.LaJeunesse [isolated from 
Orbicella faveolata (J.Ellis & 
Sol., 1786)] 

Mf 1.05b.01 western North Atlantic, 
Gulf of Mexico, off USA‒FL 

n.inf. n.inf. BASF01015284 
(rRNA) 

Shoguchi et al. (2013) 

Cladocopium goreaui 
LaJeunesse & H.J.Jeong 
[isolated from Discosoma 
sanctithomae (Duchass. & 
Michelotti, 1860)] (holotype) 

NCMA2466 (≡ 152) western North Atlantic, 
Caribbean Sea, off Jamaica 
(18°00'N, 77°00'W) 

Jan 1, 
1980 

S. Chang s.n. EF036539 (SSU), 
FJ823600 (ITS), 
FJ939581(LSU) 

Zhang et al. (2008), Stern 
et al. (2012), Yu et al. 
(unpubl. 2009) 

Dactylodinium pterobelotum 
K.Takahashi, Moestrup & 
M.Iwataki (holotype) 

vnd255-kt western North Pacific, 
South China Sea, off 
Vietnam: Bạc Liêu, Nhà 
Mát (9°12'N, 105°45'E) 

Mar 6, 
2013 

K. Takahashi s.n. LC272997 
(SSU+ITS+LSU) 

Takahashi et al. (2017) 

Durusdinium sp. (isolated from 
Haliclona koremella de Laub., 
1954) 

PSP1-05 western North Pacific, 
Mirconesia, off Palau: 
Carp Island 

Sep, 
1997 

n.inf. AB016578 (SSU), 
JN558081 
(ITS+LSU), 
AJ308899 (LSU) 

Carlos et al. (1999), 
Pochon et al. (2001, 
2012) 

Effremium voratum (H.J.Jeong, 
S.Y.Lee, N.S.Kang & 
LaJeunesse) LaJeunesse & 
H.J.Jeong (holotype) 

SvFL1 western North Pacific, 
East China Sea, off 
Republic of South Korea: 
Jeju (33°28'N, 126°19'E) 

2008 H.J. Jeong s.n. HF568830 
(SSU+ITS+LSU) 

Jeong et al. (2014b) 

Fugatium kawagutii 
LaJeunesse [isolated from 
Montipora verrucosa (Lam., 
1816)] (holotype) 

NCMA2468 (≡ 135) North Pacific, off US–HI 
(21°15'N, 158°00'W) 

n.inf. R. York [R. York] s.n. LK934666 (rRNA) Stern et al. (2012), Lee et 
al. (unpubl. 2014) 

Polarella glacialis Montresor, 
Procaccini & Stoecker 
(holotype) 

NCMA1383 Southern Ocean, Ross Sea, 
off Antarctica: McMurdo 
Sound (77°50'S, 163°00'E) 

Jun 1, 
1991 

D. Stoecker, M. Putt 
& T. Moisan s.n. 

EF417317 (SSU), 
EU445333 (ITS), 
AY036080 (LSU) 

Thomson et al. (2004), 
Logares et al. (2008, 
2009) 



Symbiodinium sp. [isolated 
from Plexaura homomalla 
(Esper, 1792)] 

NCMA2456  (≡ 
379) 

western North Atlantic, 
Sargasso Sea, off UK, the 
Bermudas (32°23'N, 
64°41'W) 

Jul 29, 
2004 

R. Iglesias-P. [R. 
Iglesias-P.] s.n. 

LK934674 
(SSU+ITS+LSU) 

Lee et al. (unpubl. 2014) 

Peridiniales       

Aduncodinium glandulum 
(Herdman) N.S.Kang, H.J.Jeong 
& Moestrup 

n.inf. western North Pacific, 
East China Sea, off South 
Korea: Gyeongsangnam-
do, Masan Bay (35°11'N, 
128°35'E) 

2013 N.S. Kang s.n. LK934662 
(SSU+ITS+LSU) 

Kang et al. (2015) 

Amyloodinium ocellatum (E.-
M.Br.) E.-M.Br. & Hovasse 

Ningde1412 China: Ningde n.inf. n.inf. KU761581 
(SSU+ITS+LSU) 

Huang et al. (unpubl. 
2016) 

Amphidiniopsis uroensis 
Toriumi, Yoshimatsu & 
J.D.Dodge 

uro8 western North Pacific, off 
Japan: Kōchi (33°19'N, 
134°10'E) 

Apr 18, 
2014 

A. Yamaguchi s.n. LC191235 (SSU), 
LC191250 (LSU) 

Yamaguchi et al. (2016) 

Apocalathium malmogiense 
(G.Sjöstedt) Craveiro, 
Daugbjerg, Moestrup & Calado 
(reference material) 

SHTV1 Baltic Sea, off Finland: 
Uusimaa, Raseborg, 
Tvärminne (59°50'N, 
23°15'E) 

2002 A. Kremp s.n. KF751923 
(SSU+ITS+LSU) 

Gottschling et al. (2005), 
Kremp et al. (2005), 
Logares et al. (2007a, 
2008), Zinßmeister et al. 
(2012), Gottschling and 
Söhner (2013) 

Archaeperidinium minutum 
(Kof.) Jørg. 

n.inf. eastern North Pacific, off 
Canada: British Columbia, 
Victoria 

Mar 
21, 
2006 

n.inf. AB564309 (SSU), 
AB564310 (LSU) 

Yamaguchi et al. (2011) 

Blastodinium contortum 
Chatton [isolated from 
Paracalanus cf. parvus (Claus, 
1863)] 

n.inf. eastern North Pacific, off 
USA–CA: Gulf of 
California, station 3 
(24°14'N, 110°20'W) 

Jun 11, 
2008 

n.inf. FJ228701 
(SSU+ITS+LSU) 

Coats et al. (2008) 



Blastodinium crassum Chatton 
[isolated from Paracalanus cf. 
parvus (Claus, 1863)] 

n.inf. eastern North Pacific, off 
USA–CA: Gulf of 
California, station 2 
(24°13'N, 110°20'W) 

Jun 10, 
2008 

n.inf. FJ228702 
(SSU+ITS+LSU) 

Coats et al. (2008) 

Caladoa arcachonensis Z.Luo, 
K.N.Mert. & H.Gu (holotype) 

TIO278 eastern North Atlantic, 
Bay of Biscay, off France, 
Arcachon Bay (44°38'N, 
1°04'W) 

Apr, 
2016 

n.inf. MK012071 (SSU), 
MK012081 (ITS), 
MK012076 (LSU) 

Luo et al. (2019) 

†Calciodinellum operosum 
Deflandre 

SZN74 Mediterranean Sea, 
Tyrrhenian Sea, off Italy: 
Campania, Naples 
(40°43'N, 14°10'W) 

n.inf. M. Montresor KF751922 
(SSU+ITS+LSU) 

D´Onofrio et al. (1999), 
Montresor et al. (2003), 
Gottschling and Plötner 
(2004), Kremp et al. 
(2005), Zinßmeister et al. 
(2012), Gottschling and 
Söhner (2013) 

Duboscquodinium collinii 
Grassé [isolated from 
Eutintinnus fraknoii (Daday, 
1887)] 

VSM11 western Mediterranean 
Sea, off France: Alpes-
Maritimes, Nice, 
Villefranche-sur-Mer 
(43°41'N, 7°19'E) 

Sep 10, 
2009 

n.inf. HM483399 
(SSU+ITS+LSU) 

Coats et al. (2010) 

Durinskia oculata (F.Stein) 
Gert Hansen & Flaim (epitype) 

GeoM*662 (≡ 
CCAC6039B, 
CCCM6005) 

Czech Republic: Prague, 
Hlavní město Praha, 
Vltava (50°08'N, 14°23'E) 

Sep, 
2015 

J. Kretschmann & M. 
Gottschling [J. 
Kretschmann] D043 

KY693722 
(SSU+ITS+LSU), 
KY693725 
(LSUd8d10) 

Kretschmann et al. 
(2018b), Žerdoner 
Čalasan et al. (2018) 

Ensiculifera tyrrhenica (Balech) 
Zhun Li, K.N.Mert., H.Gu, 
Gottschling & H.H.Shin 

GeoB*230 Mediterranean Sea, Ionian 
Sea, off Italy: Gulf of 
Taranto (40°07'N, 17°19'E) 

Oct 26, 
2002 

D. Saracino [M. 
Kirsch] s.n. 

HQ845329 
(SSU+ITS+LSU) 

Gottschling et al. (2005, 
2008, 2012) 

Gloeodinium montanum Klebs CCAC0066 Germany: Hessen, 
Marburg, Nordeck 

n.inf. n.inf. EF058238 (SSU), 
EF058258 (LSU) 

Logares et al. (2007a), 
Moestrup and Daugbjerg 
(2007) 



Herdmania litoralis J.D.Dodge 
 

eastern North Pacific, off 
Canada, Boundary Bay: 
British Columbia, 
Centennial Beach 

Mar 
19, 
2009 

n.inf. AB564300 (SSU), 
AB564306 (LSU) 

Yamaguchi et al. (2011) 

Heterocapsa arctica T.Horig. 
(holotype) 

NCMA445 (≡ 
NCMA35) 

North Atlantic, Baffin Bay 
(76°15'N, 82°33'W) 

Jun 3, 
1986 
[Jul 28, 
1989] 

R. Selvin s.n. KF925338 (SSU), 
JQ972677 (ITS), 
AY571372 (LSU) 

Yoshida et al. (2003), 
Hansen and Daugbjerg 
(2004), Stern et al. 
(2012), Keeling et al. 
(2014), Preston & Gilg 
(unpubl. 2014) 

Heterocapsa pseudotriquetra 
Iwataki, Gert Hansen & 
Fukuyo 

GeoB 222 eastern North Atlantic, off 
Canary Islands (24°25'N, 
17°11'W) 

2003 [Meteor 58] [M. 
Kirsch] 

AY499509 (ITS), 
MF423367 (LSU), 
MF423369 
(LSUd8d10) 

Gottschling et al. (2005), 
Tillmann et al. (2017) 

Heterocapsa steinii Tillmann, 
Gottschling, Hoppenrath, 
Kusber & Elbr. (epitype) 

UTKG7 (ITS clones 
7, 9→14, LSU 
clones 14→15) 

Baltic Sea, off Germany: 
Schleswig-Holstein, Kiel 
(54°19'N, 10°09'E) 

Aug 7, 
2013 

A. Tillmann [U. 
Tillmann] s.n. 

MF423350 (SSU), 
MF423353 (ITS), 
MF423362 (LSU) 

Tillmann et al. (2017) 

Islandinium minutum (Harland 
& P.C.Reid) Head 

IMINCS2 Arctic Ocean (75°22'N, 
176°19'E) 

Aug 
31, 
2015 

n.inf. KY129807 (rRNA) Potvin et al. (2018) 

Johsia chumphonensis Z.Luo, 
Na Wang, K.N.Mert. & H.Gu 

IshiMM4 Japan: Okinawa, Ishigaki 
Island, Nosoko (24.48N, 
124.23E) 

Jul 26, 
2010 

n.inf. AB999980 (SSU), 
AB999984 (ITS), 
AB999988 (LSU) 

Prabowo et al. (2017 
unpubl.) 

Kryptoperidinium cf. 
triquetrum (Ehrenb.) Tillmann, 
Gottschling, Elbr., Kusber & 
Hoppenrath 

GeoB 459 (≡ 
CCAC4765B, 
CCCM327) 
(ribotype A) 

Mediterranean Sea, 
Aegean Sea, off Greece: 
Peloponnese, Argolis, 
Nafplio, Nea Kios 
(37°35'N, 22°45'E) 

Mar, 
2010 

C. Zinßmeister & S. 
Söhner [M. Kirsch] 
GRI00027 

KY693721 
(SSU+ITS+LSU), 
KY693724 
(LSUd8d10) 

Kretschmann et al. 
(2018b), Žerdoner 
Čalasan et al. (2018) 



Matsuokea aff. loeblichii 
(El.R.Cox & H.J.Arn.) Zhun Li, 
K.N.Mert., H.Gu & H.H.Shin 

GeoB*220 eastern South Atlantic, off 
Namibia (30°30'S, 13°22'E) 

2003 [Meteor 57] [M. 
Kirsch] 

HQ845328 
(SSU+ITS+LSU) 

Gottschling et al. (2005, 
2008, 2012) 

Naiadinium polonicum 
(Wołosz.) Carty (reference 
material) 

HBI:MG200823a n.inf. n.inf. n.inf. JQ639764 (SSU), 
JQ639772 (ITS), 
JQ639754 (LSU) 

Zhang et al. (unpubl. 
2012) 

Pachena abriliae A.Reñé, Satta 
& Hoppenrath 

Castelldefels westren Mediterranean 
Sea, off Spain: Barcelona, 
Castelldefels (41°16'N, 
1°56'E) 

2017 A. Reñé s.n. MN707940 (SSU), 
MN703810 (LSU) 

Hoppenrath et al. (2020) 

Palatinus apiculatus (Ehrenb.) 
Craveiro, Calado, Daugbjerg & 
Moestrup (epitype) 

GeoM*762 (≡ 
CCAC6788B) 

Germany: Berlin, Mitte, 
Tiergarten (52°31'N, 
13°21'E) 

Mar 
28, 
2016 

M. Gottschling [J. 
Kretschmann] D047 

KY996787 
(SSU+ITS+LSU), 
MG255412 
(LSUd8d10) 

Kretschmann et al. 
(2018c) 

Parvodinium trawinskii 
Kretschmann, Owsianny, 
Zerdoner & Gottschling 
(holotype) 

GeoM*753 (≡ 
CCAC6787B) 

Poland: Lesser Poland, 
Tatra, Długi Staw 
Gąsienicowy (49°14'N, 
20°01'E, 1784m) 

Sep 22, 
2015 

P.M. Owsianny, K. 
Trawiński & G. 
Marciniak [J. 
Kretschmann] PL019 

MG255427 
(SSU+ITS+LSU), 
MG255419 
(LSUd8d10) 

Kretschmann et al. 
(2018a) 

Parvodinium cf. umbonatum 
(F.Stein) Carty 

GeoM*795 (≡ 
CCAC6789B) 

Poland: Lesser Poland, 
Tatra, Toporowy Staw 
Niżni (49°17'N, 20°02'E) 

Aug 4, 
2016 

J. Kretschmann & 
P.M. Owsianny [J. 
Kretschmann] PL069 

MG255428 
(SSU+ITS+LSU), 
MG255420 
(LSUd8d10) 

Kretschmann et al. 
(2018a) 

Pentapharsodinium cf. 
imariense (S.Kobayashi & 
Matsuoka) Zhun Li, K.N. Mert., 
H. Gu, Gottschling & H.H. Shin 

GeoB 284 (≡ 
CCAC4747B, 
CCAP1111/1) 

North Sea, off Norway: 
Sør-Trøndelag, Snillfjord, 
Åstfjorden, Mjønos 
(harbour) (63°28'N, 
9°25'E) 

Oct 27, 
2003 

M. Gottschling & M. 
Petersen [M. Kirsch] 
SCA00010 

KR362906 (SSU), 
AY728076 (ITS), 
DQ167856 (LSU) 

Gottschling et al. (2005, 
2008), Gottschling and 
Söhner (2013) 



Peridiniopsis borgei Lemmerm. 
(reference material) 

PBSK-A Sweden: Skåne, St. 
Kalkbrottsdammen 
(55°31'N, 12°55'E) 

2005 n.inf. EF058241 (SSU), 
EU445295 (ITS), 
EF058261 (LSU), 
FJ236464 (LSU) 

Logares et al. (2007b, 
2009), Craveiro et al. 
(2009) 

“Peridinium” americanum 
Gran & Braarud 

080218-12 western North Pacific, 
East China Sea, off Japan: 
Kyūshū, Nagasaki, Sasebo 

n.inf. n.inf. AB716911 (SSU), 
AB716925 (LSU) 

Matsuoka and Kawami 
(2013) 

Peridinium bipes forma 
globosum Er.Lindem. 

NIES495 (≡ 
LOND9) 

Japan: Fukushima, Lake 
Onogawa 

Jul 30, 
1985 

[T. Sawaguchi s.n.] GU046392 
(SSU+ITS+LSU) 

Ki et al. (2011), Ki and 
Han (2007c) 

Peridinium bipes forma 
occultatum (Er.Lindem.) 
M.Lefèvre 

HYJA0310 eastern Indian Ocean, off 
South Korea: Juam 

n.inf. n.inf. GU046390 
(SSU+ITS+LSU) 

Ki et al. (2011), Ki and 
Han (2007c) 

Peridinium cinctum (O.F.Müll.) 
Ehrenb. 

CCAC0102 (≡ 
M1576/1) 

Germany: Lower Saxony, 
Wittmund, Spiekeroog 

1998 [D. Hille s.n.] EF058244 (SSU), 
KF751925 
(SSU+ITS+LSU), 
MF423370 
(LSUd8d10) 

Gottschling et al. (2005, 
2017), Logares et al. 
(2007b), Zinßmeister et 
al. (2012), Gottschling 
and Söhner (2013)  

Peridinium willei Huitf.-Kaas TK007 Japan: Hokkaidō, 
Kiritappu-shitsugen 

n.inf. n.inf. AB232669 
(SSU+ITS+LSU) 

Takano and Horiguchi 
(2006) 

†Pernambugia tuberosa 
(Kamptner) Janofske & 
Karwath 

GeoB*61 (≡ 
CCAC4752B, 
CCAP1141/1) 

western South Atlantic 
(11°32'S, 28°35'W, 
‒100m) 

Feb 27, 
1997 

[Meteor 38/1] [M. 
Kirsch] 4321-9 

KR362907 (SSU), 
JN982372 
(ITS+LSU), 
MF423371 
(LSUd8d10) 

Gottschling et al. (2005, 
2008, 2017), Zinßmeister 
et al. (2012), Gottschling 
and Söhner (2013)  

Pfiesteria piscicida Steid. & 
J.M.Burkh. 

n.inf. USA–MD: Chicamacomico 
River 

1997 K.A. Steidinger & 
J.M. Burkholder s.n. 

AY112746 (rRNA) Saito et al. (2002) 

†Posoniella tricarinelloides 
(G.Versteegh) Streng, 
Banasová, Reháková & 
H.Willems 

PTLY01 western North Pacific, 
Yellow Sea, off China: 
Jiangsu, Lianyungang 
(34°49'N, 119°32E, ‒15m) 

May 9, 
2011 

H. Gu s.n. KC511790 (SSU), 
KC511792 (ITS), 
KC511794 (LSU) 

Gu et al. (2013) 



Preperidinium meunieri 
(Pavill.) Elbr. 

cell1_3clones western North Atlantic, 
off USA–MA: Salt Pond 

n.inf. n.inf. EF152930 (LSU) Gribble and Anderson 
(2007) 

Protoperidinium bipes 
(Paulsen) Balech 

n.inf. western North Pacific, Sea 
of Japan, off Japan: 
Hokkaidō, Ishikari 

n.inf. n.inf. AB284159 (SSU), 
AB284160 (LSU) 

Yamaguchi et al. (2007) 

Protoperidinium pellucidum 
Bergh 

#28 western North Pacific, Sea 
of Japan, off Japan: 
Hokkaidō, Shiribeshi, 
Otaru (43°10'N, 141°01'E) 

Oct 31, 
2002 

n.inf. AB181903 (SSU), 
AB255862 (LSU) 

Yamaguchi and 
Horiguchi (2005), 
Yamaguchi et al. (2006) 

Scrippsiella bicarinata 
Zinssmeister, S.Soehner, 
S.Meier & Gottschling 

GeoB 411 (≡ 
CCAC5106B, 
CCCM324) 

Mediterranean Sea, 
Tyrrhenian Sea, off Italy: 
Formia (41°15'N, 13°36'E) 

Apr, 
2009 

M. Gottschling, C. 
Zinßmeister, S. 
Söhner [M. Kirsch] 
ITA00044 

MH497031 (SSU), 
KF751927 
(SSU+ITS+LSU) 

Zinßmeister et al. (2012), 
Gottschling and Söhner 
(2013), Kretschmann et 
al. (2018a) 

“Scrippsiella” donghaienis 
H.Gu 

CS-168 eastern Indian Ocean, off 
Australia (33°S, 138°E) 

1983 J.L. Stauber s.n. JN982374 
(ITS+LSU), 
MH497032 
(LSUd8d10) 

Gottschling et al. (2005), 
Stern et al. (2012), 
Zinßmeister et al. (2012), 
Žerdoner Čalasan et al. 
(2019) 

Scrippsiella sweeneyae Balech CCCM280 n.inf. n.inf. A. Chan s.n. HQ845331 
(SSU+ITS+LSU) 

Gottschling et al. (2005, 
2012), Kremp et al. 
(2005) 

Theleodinium calcisporum 
Craveiro, Pandeirada, 
Daugbjerg, Moestrup & Calado 
(holotype) 

MP69 Portugal: Aveiro, Ílhavo, 
Gafanha da Boavista 
(40°36'N, 8°42'W) 

Mar 2, 
2011 

n.inf. KC699492 
(SSU+ITS+LSU) 

Craveiro et al. (2013) 

Thoracosphaera heimii 
(Lohmann) Kamptner 

CCCM670 western North Atlantic, 
Gulf of Mexico 

Apr 23, 
1980 

L. Brand s.n. HQ845327 
(SSU+ITS+LSU) 

Saldarriaga Echavarría et 
al. (2001), Gottschling et 
al. (2012), Zinßmeister et 
al. (2012) 



Tintinnophagus acutus Coats 
(isolated from Tintinnopsis 
cylindrica Daday, 1887) 
(holotype) 

n.inf. western North Atlantic, 
off USA–MD: Rhode River, 
Chesapeake Bay (38°53'N, 
76°33'W) 

n.inf. n.inf. HM483397 
(SSU+ITS+LSU) 

Coats et al. (2010) 

Unruhdinium penardii 
(Lemmerm.) Gottschling 
(reference material) 

Jiulongjiang China: Fujian, Zhangzhou, 
Jiulongjiang River 
(24°35'N, 117°41'E) 

Feb, 
2009 

n.inf. HM596543 (SSU), 
HM596551 (ITS), 
HM596556 (LSU) 

Zhang et al. (2011) 

Vulcanodinium rugosum 
Nézan & Chomérat 

G France n.inf. n.inf. MG826115 (SSU), 
MG826367 (ITS), 
MG826107 (LSU) 

Luo et al. (2018) 

Zooxanthella nutricula 
K.Brandt (isolated from 
Thalassicolla nucleata Huxley, 
1851) 

BBSR323 western North Atlantic, 
Sargasso Sea, off UK, the 
Bermudas: 3-5 miles SE of 
Bermuda 

n.nf. n.nf. U52356 (SSU), 
KC511788 
(ITS+LSU) 

Gast and Caron (1996), 
Gottschling and McLean 
(2013) 

Gonyaulacales       

Alexandrium affine (H.Inoue & 
Fukuyo) Balech 

AC-1 western North Pacific, 
South China Sea 

n.inf. n.inf. JF906996 (rRNA) Tang et al. (2012) 

Alexandrium lusitanicum 
Balech 

NCMA113 (≡ AL, 
AL1V) 

eastern North Atlantic, off 
Spain: Ria de Vigo 
(42°14'N, 8°48'W) 

Sep 1, 
1987 

I. Bravo [I. Bravo] 
s.n. 

AY831408 (rRNA) Ki and Han (2005), 
Rogers et al. (2006), 
McCauley et al. (2009) 

Alexandrium pacificum Litaker Axsp-K05  eastern Indian Ocean, off 
southern South Korea 

n.inf. n.inf. DQ785887 (rRNA) Ki and Han (2007b) 

Ceratium furcoides (Levander) 
Langhans 

HBI:SC201002a n.inf. n.inf. n.inf. JQ639757 (SSU), 
JQ639769 (ITS), 
JQ639748 (LSU) 

Zhang et al. (unpubl. 
2012) 

Ceratocorys horrida F.Stein GeoB 183 western South Atlantic 
(26°22'S, 38°53'W, ‒5m) 

Mar 9, 
2000 

K.J.S. Meier & M. 
Streng  [Meteor 
46/4] [M. Kirsch] WP 
3/9/b 

MK405481 
(SSU+ITS+LSU), 
MK405482 
(LSUd8d10) 

Gottschling et al. (2020) 



Gonyaulax elongata (P.C.Reid) 
Ellegaard, Daugbjerg, Rochon, 
Jane Lewis & I.Harding 

cyst 6 Arctic Ocean, off Canada 
(70°17'N, 135°28'W) 

Sep 1, 
2014 

n.inf. KU358947 
(SSU+ITS+LSU) 

Van Nieuwenhove 
(unpubl. 2015) 

Gonyaulax cf. membranacea 
(M.Rossignol) Ellegaard, 
Daugbjerg, Rochon, Jane Lewis 
& I.Harding 

NCMA409 (≡ W1) western North Atlantic, 
off USA‒ME: West 
Boothbay Harbor, Bigelow 
(43°51'N, 69°38'W) 

Oct 10, 
1986 

R. Lande [R. Lande] 
s.n. 

AF022155 (SSU), 
EU532487 (ITS), 
EU532478 (LSU) 

Saunders et al. (1997), 
Howard et al. (2009) 

Impagidinium caspienense 
Marret 

KC18 Caspian Sea, off Iran: 
Gilan (37°31'N, 49°55'E) 

Dec 3, 
2011 

S. Bagheri s.n. LC222300 (SSU), 
LC222301 (ITS), 
LC222302 (LSU) 

Mertens et al. (2017) 

Lingulodinium cf. polyedra 
(F.Stein) J.D.Dodge 

LPCQ1 eastern North Pacific, Gulf 
of California, Bahía 
Concepción, off Mexico 

2000 [L. Morquecho] s.n. JQ616824 
(SSU+ITS+LSU), 
JQ616830 (LSU) 

Herrera Sepúlveda et al. 
(2013) 

Protoceratium reticulatum 
(Clap. & J.Lachm.) Buetschli 

n.inf. North Sea, Kattegat, off 
Sweden (57°30'N, 11°48'E) 

May, 
2010 

n.inf. AB727655 
(SSU+ITS+LSU) 

Mertens et al. (2012) 

Pyrodinium bahamense L.Plate  Mas9603-Pbc western North Pacific, 
South China Sea, off 
Philippines, Masinloc Bay 

Mar, 
1996 

n.inf. AB936751 (SSU), 
AB936755 (LSU) 

Iwataki & Matsuoka 
(unpubl. 2014) 

Pyrrhotriadinium polyedricum 
(C.H.G.Pouchet) Nakada 

G1 western South Atlantic, 
off Brazil: São Paulo, 
Ubatuba (23°33'S, 
45°07'W) 

Feb 28, 
2014 

F. Gómez s.n. KM886380 
(SSU+ITS+LSU) 

Gómez et al. (2015b) 

†Pyxidinopsis psilata (D.Wall & 
B.Dale) M.J.Head 

LH3 Caspian Sea, off Iran 
(37°31N, 49°55'E, ‒25m) 

Sep 3, 
2011 

S. Bagheri s.n. KY681700 (SSU), 
MT041629 (ITS), 
MT039439 (LSU) 

Mertens et al. (2017), 
Zhang et al. (2020) 

Sourniaea diacantha 
(Meunier) H.Gu, K.N.Mert., 
Zhun Li & H.H.Shin 

TIO492 eastern North Pacific, off 
Canada, Boundary Bay: 
British Columbia (48°26'N, 
123°28'W) 

Apr 20, 
2017 

n.inf. MT039422 (SSU), 
MT041622 (ITS), 
MT039429 (LSU) 

Zhang et al. (2020) 



Spiniferites belerius P.C.Reid KC58 Japan: Hokkaidō, Abashiri, 
Lake Saroma (44°07'N, 
143°52'E, ‒18m) 

Jul 22, 
2011 

Y. Takano & K.N. 
Mertens s.n. 

LC222309 (SSU), 
LC222310 (LSU) 

Mertens et al. (2017) 

†Spiniferites ramosus 
(Ehrenb.) Mantell 

KC51 eastern North Pacific, 
Strait of Georgia, off 
Canada (49°02'N, 
123°26'W, ‒300m) 

Oct 2, 
2011 

V. Pospelova s.n. LC222307 (SSU), 
LC222308 (LSU) 

Mertens et al. (2017) 

Thecadinium kofoidii 
(Herdman) J.Larsen 

SCCAP K-1504 North Sea, off Germany: 
Helgoland (54°12'N, 
7°54'E) 

Aug, 
2002 

M.Hoppenrath [M. 
Hoppenrath] s.n, 

GU295204 (SSU), 
JX262497 (ITS), 
GU295207 (LSU) 

Hoppenrath and Leander 
(2010), Orr et al. (2012) 

Thecadinium cf. kofoidii 
(Herdman) J.Larsen 

Th.cf.k-2 western North Pacific, Sea 
of Japan, Vostok Bay, Reef 
Bay, off  Russia (42°51'N, 
132°37'E) 

Aug 9, 
2016 

n.inf. KY575447 (SSU), 
KY575448 (ITS), 
KY575445 (LSU), 
KY575446 
(LSUd8d10) 

Selina et al. (2019) 

"Thecadinium" yashimaense 
Yoshimatsu, Toriumi & 
J.D.Dodge 

NCMA1890 (≡ 
CCCM682) 

eastern North Pacific, 
Boundary Bay, off Canada, 
Boundary Bay: British 
Columbia (49°00'N, 
123°00'W) 

Apr, 
1988 

D. Jacobsen [E. 
Simons] s.n. 

AY238477 (SSU), 
FJ823640 (ITS), 
GU295209 (LSU) 

Hoppenrath et al. 
(2004), Lin et al. (2006a), 
Hoppenrath and Leander 
(2010), Leblond et al. 
(2010), Stern et al. 
(2012) 

Tripos furca (Ehrenb.) 
F.Gómez 

n.inf. western North Pacific, 
Yellow Sea, off China: 
Liaoling, Huludao 

n.inf. n.inf. AJ276699 (SSU), 
AJ276700 (ITS) 

Zhuang et al. (2001) 

Tripos longipes (Bailey) 
F.Gómez 

NCMA1770 western North Atlantic, 
off USA‒ME: West 
Boothbay Harbor, Bigelow 
(43°51'N, 69°38'W) 

Jan 9, 
1997 

S.L. Morton [S.L. 
Morton] s.n. 

DQ388462 (SSU), 
EU927566 (ITS), 
EU165305 (LSU) 

Lin et al. (2006a), 
Scorzetti et al. (2009) 
Ferrell & Beaton 
(unpubl. 2008) 

Dinophysales       



Amphisolenia bidentata 
Schröd. (chimeric as used in 
Orr et al. 2012) 

LE392 Indian Ocean, off Australia 
(16°02'S, 119°20'E) 

fall 
2006 

n.inf. GU196149 (SSU), 
FJ808682 (LSU) 

Jensen and Daugbjerg 
(2009), Daugbjerg et al. 
(2013) 

Dinophysis caudata Kent FTL69 western North Atlantic, 
off USA–FL: Ft. Lauderdale 
(26°05'N, 80°03'W) 

Feb 26, 
2008 

n.inf. EU780644 
(SSU+ITS+LSU) 

Handy et al. (2009) 

Histioneis sp. FTL62 western North Atlantic, 
off USA–FL: Ft. Lauderdale 
(26°05'N, 80°03'W) 

Feb 26, 
2008 

n.inf. EU780646 
(SSU+ITS+LSU) 

Handy et al. (2009) 

Ornithocercus magnificus 
F.Stein 

CBC4L7 western North Atlantic, 
off USA–VA: shelf break 
off lower Chesapeake Bay 
(36°20'N, 74°44'W) 

Oct 15, 
2007 

n.inf. EU780649 
(SSU+ITS+LSU) 

Handy et al. (2009) 

Phalacroma rapa Jørg. CBC4L5 western North Atlantic, 
off USA–VA: shelf break 
off lower Chesapeake Bay 
(36°20'N, 74°44'W) 

Oct 15, 
2007 

n.inf. EU780655 
(SSU+ITS+LSU) 

Handy et al. (2009) 

Phalacroma cf. rotundatum 
(Clap. & J.Lachm.) Kof. & 
J.R.Michener 

FTL121 western North Atlantic, 
off USA–FL: Ft. Lauderdale 
(26°05'N, 80°03'W) 

Feb 26, 
2008 

n.inf. EU780657 
(SSU+ITS+LSU) 

Handy et al. (2009) 

Prorocentrales       

Adenoides eludens (Herdman) 
Balech 

ADE2 eastern North Atlantic, off 
France: Hauts-de-France, 
Wimereux (50º46'N, 
1º37'E) 

Jun, 
2011 

n.inf. LC002839 (SSU), 
LC002844 
(ITS+LSU) 

Gómez et al. (2015a) 

Prorocentrum donghaiense 
D.D.Lu (chimeric) 

n.inf. western North Pacific, 
East China Sea 

2002 S. Lin s.n. DQ336054 (SSU), 
AY465116 (ITS), 
AY822610 (LSU), 
DQ336055 (cyb) 

Zhang et al. (2004), Lin 
et al. (2006b) 



Prorocentrum hoffmannianum 
M.A.Faust 

NCMA683 (≡ 
PL200A) 

western North Atlantic, 
off USA–FL: Knight Key 
(24°42'N, 81°08'W)   

Nov 1, 
1985 

J. Bomber [J. 
Bomber] s.n. 

KF885225 
(SSU+ITS+LSU), 
KC622310 
(SSU+ITS+LSU) 

Lee (unpubl. 2013), 
Herrera Sepúlveda et al. 
(2015) 

Prorocentrum leve M.A.Faust, 
Kibler, Vandersea, P.A.Tester 
& Litaker (holotype) 

NCMA2634 western North Atlantic, 
Caribbean Sea, off Belize: 
Stann Creek, Twin Cays 
(16°50N, 88°06'W) 

May 
21, 
2002 

S. Kibler [S. Kibler] 
s.n. 

DQ238043 
(SSU+ITS+LSU) 

Faust et al. (2008) 

Prorocentrum lima (Ehrenb.) 
F.Stein 

NCMA685 (≡ PL2V) eastern North Atlantic, off 
Spain: Ria de Vigo 
(42°14'N, 8°48'W) 

n.inf. I. Bravo s.n. AB189765 (ITS), 
DQ336179 (LSU) 

Nagahama et al. (2011) 

Prorocentrum lima (Ehrenb.) 
F.Stein 

NCMA1370 (≡ 
FIT#69) 

western North Atlantic, 
off USA–FL: Knight Key 
(24°42'N, 81°08'W)   

n.inf. J. Bomber s.n. EU927507 (ITS), 
DQ336180 (LSU) 

Ferrell & Beaton 
(unpubl. 2008), Murray 
et al. (2009) 

Prorocentrum cf. ima 
(Ehrenb.) F.Stein 

SKLMP_W074 western North Pacific, 
South China Sea 

  
MK547120 (SSU), 
MK605056 (ITS), 
MK544035 
(LSUd8d10) 

Yiu et al. (unpubl. 2020) 

Prorocentrum micans Ehrenb. NCMA1589 (≡ 
992M3) 

USA–RI: Narragansett Bay 
(41°36'N, 71°24'W) 

Sep 19, 
1992 

P. Hargraves [P. 
Hargraves] s.n. 

EU780638 
(SSU+ITS+LSU) 

Zhang et al. (2008), 
Handy et al. (2009) 

Prorocentrum minimum 
(Pavill.) J.Schiller 

D-127 eastern Indian Ocean, off 
South Korea: Tongyeong 

n.inf. n.inf. JX402086 (rRNA) Cheon & Ki (unpubl. 
2013) 

Pseudadenoides kofoidii 
(Herdman) F.Gómez, 
R.Onuma, Artigas & T.Horig. 

PSE6 eastern North Atlantic, off 
France: Hauts-de-France, 
Wimereux (50°46'N, 
1°37'E) 

Jun, 
2011 

n.inf. LC002843 (SSU), 
LC002848 
(ITS+LSU) 

Gómez et al. (2015a) 
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