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Appendix S1 

Historical account of Gymnodinium gracile and allied species names (Fig. 1, Table 1) 

 

From the coast of the Baltic Sea at Denmark, Bergh (1881, figs 68–69) described 

Gymnodinium gracile with illustrations in ventral and dorsal view. The cell body was 

elongate, twice as long as broad. The cingulum was premedian, with a low displacement. 

The episome was pyramidal with a slightly notched apex, and the hyposome drawn out 

and rounded. The sulcus was straight and extended into the antapex, and there was 

apparently a slight intrusion into the episome. The cell lacked chloroplasts and the 

cytoplasm showed a pinkish color. The nucleus was spherical and located in the 

hyposome. Contrary to other heterotrophic unarmored dinoflagellates such as G. spirale 

that continuously swims and changes direction, Bergh (1881) remarked that the cell 

moved regularly, with spasmodic jerky displacements. Bergh reported dimensions of 90 

μm long and 24/34 μm wide; although very likely, he might have underestimated the 

value of the cell width based on the relative proportions of his line drawings. 

The taxonomical confusion soon followed. From the coasts of Brittany, Pouchet 

(1883) found an abundant species that he identified as Gymnodinium gracile. The cell 

shape differed from Bergh’s G. gracile, the species was photosynthetic, the cingulum was 

median, the antapex bifurcated, and the cells were highly active (Pouchet, 1883; his fig. 
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39). Pouchet probably provided the earlier description of Akashiwo sanguinea, that was 

later described as Gymnodinium splendens Lebour in the same region (Lebour, 1925). 

Pouchet (1883, fig. 40) also described a new variety, G. gracile var. exiguum Pouchet, 

with several line drawings. Pouchet (1883, p. 447) reported this variant as a small cell of 

30 μm enclosed inside a hyaline membrane. He commented that the cells have a red 

granule, and one of his illustration showed it. This suggests the melanosome of the 

warnowiid dinoflagellate (too big to be the stigma of former Cochlodinium taxa such as 

Margalefidinium). It is uncertain why Pouchet (1883) labelled with –g- the figure 40 

because this is a source of confusion with species of the figure 37 labelled from –a- to –

g-. 

It is uncertain which species corresponds to Pouchet’s figure 40, but unequivocally it is 

unrelated to Gymnodinium gracile. Pouchet (1883, p. 448) described a new variety, 

Gymnodinium spirale var. nobilis Pouchet. He described it as « Toutefois les exemplaires 

que nous avons observés étaient plus fusiformes. La couleur de ces êtres est généralement 

la nuance chamois ; nous en avons trouvé plusieurs exemplaires offrant de fines traînées 

de carmin, aboutissant d’une part au aboral acuminé… ».  Pouchet (1883) did not provide 

any illustration, but the fusiform shape and the carmine-colored granules suggest that it 

was Gyrodinium spirale or allied species. Later Pouchet (1885, p. 69) modified his 

identifications. He considered that Gymnodinium gracile was the taxon previously 

described as Gymnodinium spirale var. nobilis. The cells identified as G. gracile in the 



3 
 

figures 32–33 by Pouchet (1885) do not fit with the description of the fusiform cells of 

Gymnodinium spirale var. nobilis in Pouchet (1883, p. 448).  

Pouchet (1885) considered G. gracile var. exiguum a new species, unrelated to G. 

gracile, but he did not propose a species name and there are no new illustrations. Pouchet 

(1885, fig. 32) reported longitudinal striae in the episome of Gymnodinium gracile and a 

higher cingular displacement than in Bergh’s original illustration. It is anomalous to find 

an unarmored dinoflagellate with longitudinal striae in the episome, while the surface of 

the hyposome is smooth. Although Pouchet’s figure 32 unequivocally corresponded to G. 

gracile, Kofoid and Swezy (1921) considered it as a distinct species and they proposed 

Gyrodinium cuneatum. After the observations by Pouchet (1885) in the coast of Brittany, 

the species name Gymnodinium gracile disappeared from the region between France and 

England. In the British waters of the English Channel, Lebour (1917) reported the new 

species Gymnodinium achromaticum from the observation of a single individual. She 

illustrated longitudinal striae along the entire cell. From her own observations, Lebour 

(1925) reported Gymnodinium abbreviatum Kofoid & Swezy 1921. In her monograph of 

the North Atlantic dinoflagellates, she cited the historical records in the Gymnodinium 

gracile by Bergh and Gyrodinium cuneatum by Pouchet (=Pouchet 1885’s G. gracile). 

Without own observations, Dodge (1982) illustrated Gymnodinium achromaticum, G. 

abbreviatum and Gyrodinium cuneatum in his book of the dinoflagellates from the British 

Isles. In the French coast of the Gulf of Biscay, Paulmier (1994) reported a line drawing 

of Gymnodinium achromaticum. The species name G. gracile disappeared from the 

English Channel and the observations were identified as Gymnodinium abbreviatum, G. 

achromaticum or Gyrodinium cuneatum. 
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Figure 1. Illustrations Gymnodinium gracile and allied taxa names from the literature 

before 1926. 

 

On the coasts of North America at Woods Hole, Calkins (1902) described a new 

variety, Gymnodinium gracile var. sphaericum. Based on his illustration, that taxon was 

unrelated to G. gracile. Based on Calkins’ description, Kofoid and Swezy (1921) ranked 

the variety at the species level as Gymnodinium sphaericum Kofoid & Swezy 1921. 

Gymnodinium sphaericum disappeared from the literature, and even Hulburt (1957) did 

not report it in his study of the unarmored dinoflagellates near Woods Hole. In the 

Canadian Atlantic waters, Wright (1907) reported an illustration Gymnodinium gracile 

that unequivocally correspond to the species described by Bergh (1881). The species was 

further reported in the same region (Béard-Therriault et al., 1999) 

At Kiel, very close to the type locality of Gymnodinium gracile, Lohmann (1908) 

described the new species Gymnodinium roseum. The color was close to the pinky 

individuals in Bergh’s original description. Lohmann illustrated cells from preserved 

material and they were consequently highly distorted. The species name Gymnodinium 
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roseum was already used for a parasitic dinoflagellate described by Dogiel (1906), and 

Paulsen (1908) renamed it as Gymnodinium lohmannii. In this monograph of the North 

Atlantic dinoflagellates. Paulsen (1908) reproduced the original illustrations of 

Gymnodinium lohmannii (=Gymnodinium roseum sensu Lohmann) and G. gracile as 

independent species. Later, Elbrächter (1979) considered Gymnodinium lohmannii as a 

junior synonym of G. gracile. 

Kofoid and Swezy (1921) published a monograph of the unarmored dinoflagellates 

from their observations from the coasts of California, and the previous species 

descriptions in the literature. Kofoid was a splitter taxonomist who proposed new species 

from the observation of a single or few individuals, admitting little intraspecific 

variability, and using diagnostic characters such as morphometric values or even cell 

coloration. Kofoid and Swezy (1921) also interpreted the illustrations of other authors as 

new species. Under the name Gymnodinium gracile, Kofoid and Swezy (1921, p. 214–

216, plate 2, fig. 19) reported cells that were larger (105–130 μm long and 50–61 wide) 

than in Bergh’s description (80 μm long and 24/32 μm wide). Kofoid and Swezy 

illustrated longitudinal striae on the cell surface, a kind of radial rodlets (ejectile bodies), 

and a marked intrusion of the sulcus in the episome that were missing in the Bergh’s 

original description. Kofoid and Swezy reported a yellow-greenish pigmentation, while 

pinky in the Bergh’s original description. There was a clear environmental and 

geographical split between the coasts of southern California, and the Baltic Sea. 

Therefore, there is doubt whether the observations by Kofoid and Swezy correspond to 

Bergh’s Gymnodinium gracile. 

Kofoid and Swezy (1921) described almost each distinct individual as a new species 

based on the shape of the episome (pyramidal or round), smooth surface, surface striation 

on the episome, or surface striation on all the cell body, differences on the cingular 
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displacement or the intrusion of the sulcus into the episome. Kofoid and Swezy (1921, 

fig. Z, 9; plate 6, fig. 63) described Gymnodinium abbreviatum. The morphology is 

similar to Bergh’s Gymnodinium gracile, including the pinky pigmentation. The main 

differences are the higher cingular displacement, and the sulcus extended into the apex 

and the longitudinal striae. For G. abbreviatum, Kofoid and Swezy (1921, p. 216) 

reported: “its nearest counterpart in G. abbreviatum sp. nov., differing from it, however, 

in its lack of a distinct alveolar layer”. The description of G. abbreviatum was more 

complete than the original description of G. gracile, and Drebes (1974) used the name G. 

abbreviatum described from California for his records in the North Sea, not far from the 

type locality of G. gracile. Elbrächter (1979) considered that these records of G. 

abbreviatum from the North Sea corresponded to G. gracile, and G. abbreviatum is a 

junior synonym. 

In Brittany, Pouchet (1885) described cells correctly identified as Gymnodinium 

gracile. Pouchet (1885, fig. 32) illustrated a cell with striae on the episome, and higher 

cingular displacement that Bergh’s original illustrations. Without additional observations, 

Kofoid and Swezy (1921) considered that Pouchet’s figure 32–33 correspond to a distinct 

species, and they proposed Gyrodinium cuneatum. As mentioned before, it is anomalous 

to find a cell with striae in the episome, while the surface of the hyposome is smooth. 

Therefore, Elbrächter (1979) considered G. cuneatum as a junior synonym of G. gracile. 

Kofoid and Swezy (1921, p. 297) from the observation of single or few individuals 

described Amphidinium vasculum, Gymnodinium amphora, G. dogielii, G. 

pachydermatum and G. situla. These species were similar to Gymnodinium gracile, with 

the spherical nucleus in the hyposome, premedian cingulum, and sometimes even the 

radial rodlets (ejectile bodies). Kofoid and Swezy (1921) used diagnostic criteria such as 

the color, position of the food vacuoles, cingular displacement and the different shape of 



7 
 

the episome to propose these new species. Years later, Loeblich and Loeblich (1968), 

based upon these descriptions, proposed the new genus Balechina for only the species 

Gymnodinium pachydermatum. The morphology of the cell in the line drawings of G. 

pachydermatum in Kofoid and Swezy (1921) differed from that in Schiller (1933). 

In the English Channel off Plymouth, Lebour (1917) described the new species 

Gymnodinium achromaticum from the observation of a single individual as a pellucid cell 

of 78 μm long covered by longitudinal striae and very low episome. Later, in her 

monograph of the dinoflagellates of the North Atlantic, Lebour (1925) reproduced the 

Bergh’s illustrations of Gymnodinium gracile and Gyrodinium cuneatum in Kofoid and 

Swezy 1921 (= Gymnodinium gracile sensu Pouchet 1885), and her illustrations of G. 

achromaticum, considering these three taxa as independent species. 

On the coasts of Florida, Steidinger and Williams (1970) presented a micrograph 

of a cell identified as Gymnodinium J that corresponds to Gymnodinium gracile. Drebes 

(1974, his figure 72) reported G. abbreviatum from the North Sea. Elbrächter (1979) 

reported line drawings of G. gracile from the subtropical Atlantic, and he commented on 

his observations from the North Sea. Elbrächter (1979, p. 7) reported for G. gracile: 

“Surface with longitudinal, equidistant striae, about 15 in ventral view, the same number 

on epicone and hypocone. The surface of the body is mamillated and this gives the 

characteristic appearance of the species”. Elbrächter (1979) reported the following 

synonyms for G. gracile: “Syn: Gymnodinium spirale var. nobilis Pouchet 1883, p. 448 

(identical with G. gracile Bergh in Pouchet 1885, p. 69, Pl. 4 fig. 32), non Gymnodinium 

spirale Bergh; Gymnodinium roseum Lohmann 1908, p. 263, Pl. 17, figs 24–28, non 

Gymnodinium roseum Dogiel 1906; Gymnodinium lohmannii Paulsen 1908, p. 99–100, 

fig. 137 = nomen novum pro G. roseum Lohmann; G. abbreviatum Kofoid & Swezy 

1921, p. 180–181, Pl. 6, fig. 63, textfig. CC, 17 = nomen novum pro Gymnodinium gracile 
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sensu Pouchet 1885, Pl. 4, fig. 32; Gymnodinium J Steidinger & Williams 1970, p. 52, 

fig. 72; Spirodinium gracile Entz jr., fide Kofoid & Swezy 1921, p. 214; – non 

Gymnodinium gracile Bergh sensu Pouchet 1883, p. 446–447, Pl. 20–21 fig. 40; non G. 

gracile Bergh sensu Kofoid & Swezy 1921, p. 214–216, Pl. 2, fig. 19 text. Z,3.W”. 

As reported above, it is doubtful whether the description of Gymnodinium spirale 

var. nobilis in Pouchet (1883) can be assigned to G. gracile. Elbrächter (1979) reported 

“G. abbreviatum Kofoid & Swezy 1921= nomen novum pro Gymnodinium gracile sensu 

Pouchet 1885, Pl. 4, fig. 32)”. However, Kofoid & Swezy (1921) did not report that G. 

abbreviatum corresponded to Gymnodinium gracile sensu Pouchet 1885’s figure 32. In 

the description of G. abbreviatum, Kofoid & Swezy (1921, p. 180–181) did not cited G. 

gracile. Kofoid and Swezy (1921) reported that the new species name Gyrodinium 

cuneatum for Gymnodinium gracile sensu Pouchet 1885’s fig. 32. Elbrächter (1979) 

omitted Gyrodinium cuneatum in the list of synonyms, but he reported in the text: 

“Gyrodinium cuneatum is a later synonym of G. gracile Bergh”. Elbrächter (1979) 

considered that Gymnodinium abbreviatum is a synonym of Bergh’s G. gracile, while G. 

gracile sensu Kofoid and Swezy (1921) is a distinct taxon from Bergh’s G. gracile. 

Elbrächter (1979) did not comment on the relationship of G. gracile with the species 

Amphidinium vasculum, Gymnodinium amphora, G. dogielii, G. pachydermatum or G. 

situla. 

From the Danish coasts, near the type locality of Gymnodinium gracile, Hansen and 

Larsen (1992, their figure 4.41a–d) reported line drawings and light micrographs of 

individuals identified as G. gracile. These images showed the variability in the shape of 

the episome (from conical to hemispherical). One the line drawings in page 85 showed 

the cell with mamillated surface, while the figure 4.43b in page 87 showed a line drawing 

of the cell with 14 longitudinal striae in ventral view. These striae were not clearly visible 
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in the light micrographs in page 85. The line drawings of G. gracile showed that the sulcus 

extended into the apex, but this feature is hardly visible in the micrographs. These 

observations explain the morphological variability reported the literature. Depending on 

the optical resources and/or physiological stage of the individuals, the cells can be 

reported as having a smooth surface, striae in the episome or striae in all the cell body, or 

the sulcus slightly invading the episome or the sulcus that reaches the apex (see figure 1 

for the original drawings in the literature). 

From the coast of Japan, Takayama (1998) reported light and scanning electron 

micrographs of Gymnodinium abbreviatum (his plate 28, figs 1–7) and light micrographs 

of Gymnodinium situla. The cell surface was of G. abbreviatum was mamillated, but the 

longitudinal striae were not visible after the preparation for electron microscopy, the 

sulcus extended into the apex, and there was an apical groove. 

From the Mediterranean Sea and Brazil, Gómez et al. (2015) reported the co-

occurrence of individuals with different shapes of the episome that corresponded to 

Amphidinium vasculum, Gymnodinium amphora, Gymnodinium dogielii and G. gracile 

sensu Kofoid and Swezy (Gómez et al. 2015, their figures 6 and 7). A single individual 

changed shape during the observations, and when the individual was disturbed it suddenly 

contracted and the episome showed other different shapes (see video at 

https://www.youtube.com/watch?v=FDytvHEJsFg ). When observed at a high 

magnification, the cells showed fine longitudinal striae (Gómez et al. 2015, their figure 

8). Gómez et al. (2015) provided the first molecular information on one individual that 

corresponded to the morphology of Gymnodinium pachydermatum (GenBank accession 

number KR139789) from the Mediterranean Sea, and several individuals with the 

morphology of G. amphora (KR139790–2) from Brazil. The sequences were almost 

identical, confirming the intraspecific morphological variability, and the wide distribution 

https://www.youtube.com/watch?v=FDytvHEJsFg
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in warm seas. Gómez et al. (2015) identified the individuals as Balechina pachydermata 

(=G. pachydermatum), and they considered Amphidinium vasculum, G. amphora, G. 

dogielii and G. gracile sensu Kofoid and Swezy as synonyms. This avoids introducing 

any taxonomical innovation because if Gymnodinium gracile is considered as a synonym 

of Balechina pachydermata, then this taxon should be transferred into Balechina (the 

earlier available genus name). However, it is not easy to make that decision because data 

on G. gracile from high latitudes in Europe is missing to assure that Bergh’s G. gracile 

from the Baltic Sea is the same species found in warm seas. Consequently, Gómez et al. 

(2015) in agreement with Elbrächter (1979) considered that G. gracile sensu Kofoid & 

Swezy from California as a distinct species from Bergh’s G. gracile from the Baltic Sea. 

Molecular data of G. gracile from high latitudes in Europe is needed to verify the 

synonymy, and to support the transfer of Gymnodinium gracile into Balechina, which is 

provided now with the present study. 

 

 

Table 1. Records of Gymnodinium gracile and allied taxa. 

Amphidinium 

vasculum 

California (Kofoid and Swezy, 1921); Australia (Wood, 1963a), 

Mediterranean Sea (Skolka et al., 1986), Mediterranean (Gómez et 

al. 2015). 

Balechina 

pachydermata 

(=Gymnodinium 

pachydermatum) 

California (Kofoid and Swezy, 1921); Gulf of Mexico (Steidinger 

et al. 2009); Mediterranean, Brazil (Gómez et al. 2015), Korea (Lee 

and Kim, 2017) 

Gymnodinium 

abbreviatum 

California (Kofoid and Swezy, 1921); Alaska (Bursa (1963), 

Canada Pacific (Wailes 1939); Russian Pacific (Konovalova 1998); 
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Japan (Kofoid, 1931; Yamaji, 1980; Takayama, 1998); Korea (Lee 

and Kim, 2017); New Zeland (Kospartov et al. 2019); North Sea 

(Drebes, 1974; Round 1986); oceanic (Steidinger and Tangen 1997) 

Chesapeake Bay, 1997; Mediterranean (Ignatiades and Gotsis-

Skretas 2013); Canary Islands (Afonso-Carrillo, 2014) 

Gymnodinium 

achromaticum 

English Channel (Lebour, 1917; Lackey & Lackey 1963)), North 

Sea (Conrad & Kufferath 1954); Woods Hole (Lackey, 1936), 

California (Lackey & Clendenning, 1965); Australia (Wood 1963), 

North Sea (van Meel, 1984), Mediterranean (Dangeard 1932; 

Margalef 1969; Gotsis-Skretas et al. 2008, 

https://doi.org/10.1594/PANGAEA.690564 ) 

Gymnodinium 

amphora 

California (Kofoid and Swezy, 1921); Australia (Wood, 1963b); 

Mediterranean Sea (Innamorati et al., 1989), Gulf of Mexico 

(Steidinger et al., 2009), Mediterranean, Brazil (Gómez et al., 2015) 

Gymnodinium 

dogielii 

California (Kofoid and Swezy, 1921); Mediterranean (Gómez et al. 

2015) 

Gymnodinium 

gracile 

Baltic Sea (Bergh, 1881; Hällfors, 2004), Brittany (Pouchet, 1885); 

Canadian Atlantic (Wright, 1907; Béard-Therriault et al. 1999), 

North Sea (Ostenfeld, 1913, Hoppenrath, 2004), California (Kofoid 

and Swezy, 1921); Pacific Mexico (Okolodkov & Gárate-Lizárraga 

2006); Arctic (Hsiao, 1963), Britain (Parke and Dixon, 1976); 

Russian Pacific (Konovalova 1998); Japan (Yamaji, 1980; Omura 

et al., 2012), Mediterranean Sea (Drira et al. (2009, Skolka et al., 

1986), Arctic (Okolodkov 1998); Korea (Lee and Kim, 2017), 

Canary Islands (Gil-Rodriguez et al., 2003; Afonso-Carrillo, 2014); 
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Pacific Russia (Bessudova et al., 2014); Baja California (Gárate-

Lizárraga, 2014); Gulf of California (Escobar-Morales and 

Hernández-Becerril, 2015); Black Sea (Gómez and Boicenco, 

2004); Brazil (Odebrecht 2010).  

G. lohmannii 

(=G. roseum 

sensu Lohmann) 

Baltic Sea (Lohmann, 1908); Japan (Yamaji, 1980); Mediterranean 

Sea (Skolka et al., 1986); Arctic (Okolodkov 1998), Mexico 

(Okolodkov & Gárate-Lizárraga, 2006); Chesapeake Bay, 1992 

Gymnodinium 

situla 

California (Kofoid and Swezy, 1921); Australia (Wood (1963), 

Mediterranean (Skolka et al., 1986); Japan (Takayama, 1998); Gulf 

of Mexico (Steidinger et al., 2009); South Africa (Marangoni et al., 

2001); Korea (Lee and Kim, 2017) 

Gyrodinium 

cuneatum (=G. 

gracile sensu 

Pouchet 1885) 

Brittany (Pouchet 1885, as G. gracile), Lebour (1925), Dodge 

1982), Mediterranean (Innamorati et al., 1989); South-Africa 

(Marangoni et al., 2001) 
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