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Abstract: Spiniferomonas represents a strictly single—celled plastid—bearing genus of silica—scaled
chrysophytes, with a well-characterised morphology and ultrastructure, as well as a pretty known ecology
based on scale records. However, the taxonomic status of this genus remains ambiguous due to the absence of
relevant sequence data. Spiniferomonas has historically been classified in the Synurales, Paraphysomonadales,
or “Chrysosphaerellaceae” based upon interpretations of the silica scale morphology. In this study, we have
aimed to genetically characterize a newly established Spiniferomonas trioralis culture as well as culture of
unicellular Chrysosphaerella coronacircumspina to elucidate the taxonomy of Spiniferomonas and to resolve
the relationship between the two genera. Using SSU rDNA and rbcL concatenated sequences, we show that
Spiniferomonas and Chrysosphaerella are sister taxa in a well-supported monophyletic lineage of silica—scaled
chrysophytes within the order Chromulinales.
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INTRODUCTION

Chrysophytes (Chrysophyceae, Stramenopiles) rep-
resent a morphologically diverse but monophyletic
group of mainly heterokont flagellates (ANDERSEN
2004; YANG et al. 2012). They are important primary
producers or consumers of bacteria—sized microorgan-
isms commonly observed in freshwater lentic ecosys-
tems (FINLAY & ESTEBAN 1998; WOLFE & S1vEr 2013;
KRISTIANSEN & SKALOUD 2017). Chrysophytes excel in
cell shape variability. This is mostly due to the naked
character of many of their species lacking a cell wall
or any other solid cell coverings. Even species liv-
ing in loricas may produce both flagellated as well as
amoeboid stages (STARMACH 1985). It is therefore not
surprising that there are many enigmatic chrysophytes
(KRISTIANSEN 1988; KRISTIANSEN et al. 2001) with lit-
tle known ecology and no molecular data. However,
some of these naked genera were recently re—exam-
ined using molecular genetics techniques, including
heterotrophic Spumella Cienkowsky (FINDENIG et al.
2010; GrossMANN et al. 2016), and plastid—bearing
Ochromonas Vysotskii (ANDERSEN et al. 2017), Kre-

mastochrysopsis Bourrelly (REMias et al. 2020), and
Uroglena Ehrenberg encompassing a genus Eusphaer-
ella Skuja (PUSZTAI & SKALOUD 2019, 2021).

The only solid structure present in the life
cycle of all chrysophytes, is the stomatocyst (SAND-
GREN 1981, 1983), although the cysts of a number of
taxa are still unknown. Some chrysophytes additi-
onally possess surface solid structures, such as scales,
spines, and bristles. These organisms, known as sil-
ica—scaled chrysophytes, form at least three indepen-
dent lineages based on molecular genetic data. The
genera Neotessella Jo, Kim, Shin, Skaloud et Siver
(SkALOUD et al. 2013b; Jo et al. 2016), Mallomonas
Perty (Jo et al. 2011; Siver et al. 2015; CERTNEROVA
et al. 2019), and Synura Ehrenberg (SKALOUD et
al. 2020; JADRNA et al. 2021) belong to the order
Synurales. Genera Paraphysomonas De Saedeleer
and Lepidochromonas Kristiansen (SCOBLE & CAVA-
LIER—SMITH 2014; KAPUSTIN & GUIRY 2019) belong to
the Paraphysomonadales. Finally, Chrysosphaerella
Lauterborn (SKALOUD et al. 2013b; SKALOUDOVA &
SkaLoUD 2013) is a member of the order Chromuli-
nales.

The strictly single—celled plastid—bearing genus
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Spiniferomonas (TAKAHASHI 1973; NICHOLLS 1985)
has not yet been molecularly characterized and its
phylogenetic position is therefore unknown. Its scales
and bristles resemble those of Chrysosphaerella, which
encompass both multi—celled as well as single—celled
species, although the latter are very rare. NICHOLLS (1984)
distinguished Spiniferomonas and Chrysosphaerella by
the unability of Spiniferomonas to form colonies typical
for Chrysosphaerella species. Conversely, KRISTIANSEN
& ToNG (1989) transferred some single—celled species
from Spiniferomonas to Chrysosphaerella on the basis
of similar ultrastructure of silica scales. To resolve
this long—standing taxonomic bias, we established and
genetically characterized the cultures of single—celled
Spiniferomonas and Chrysosphaerella species: S. tri-
oralis Takahashi and C. coronacircumspina Wujek et
Kristiansen. By resolving the phylogenetic position of
these two taxa, we were able to elucidate the taxonomy
of the genus Spiniferomonas.

MATERIALS AND METHODS

S. trioralis and C. coronacircumspina were collected with
a plankton net with 20 pum mesh during our massive sam-
pling campaign mainly focused on Synura, Mallomonas,
and Uroglena—like taxa. More than 1,000 localities were
investigated, mainly in Europe. We have found and sampled
several single—celled Spiniferomonas—like taxa, but just
two long—term cultures were successfully established. Both
cultures originated from the mesotrophic forest ponds near
the city of Liberec, Czech Republic. S. trioralis was sampled
and isolated in autumn (13 Nov 2020) from the upper pond
of the Kunratické rybniky pond system (50°44'59.41" N,
15°6'4.85" E) with pH 7.2 and conductivity 364 uS.cm™' at
the time of sampling. C. coronacircumspina was sampled
and isolated in spring (16 Apr 2020) from the lower pond
of the Pivovarské rybniky pond system (50°45'14.37" N,
15°5'27.98" E), with pH 6.0 and conductivity 397 uS.cm™!
at the time of sampling. Standard measurements of abiotic
factors at the sampling site were carried out using a combined
pH/conductometer (WTW 340i; WTW GmbH, Weilheim,
Germany). Single—cell isolation and culture technique were
carried out as described in Pusztar et al. (2016), except
for the use of TES-buffered WC liquid medium (pH ~7.5;
ANDERSEN 2005). For both cultures, the identity of the alga
was determined by TEM (transmission electron microscopy)
examination of the scales and spines. A drop from the algal
culture was placed on a Formvar—coated copper grid and
dried. Grids were rinsed with five drops of distilled water
and dried again. Finally, the grids were examined with a
JEOL 1011 TEM equipped with a Veleta CCD camera with
acquisition software (Olympus Soft Imaging Solution GmbH,
Miinster, Germany).

DNA isolation was carried out as described in Ska-
LOUDOVA & SKALOUD (2013). Nuclear SSU rDNA and chloro-
plast rbcL loci were amplified by PCR, providing a sufficient
genus—level taxonomic resolution within the Chrysophyceae
(ANDERSEN et al. 2017; KRISTIANSEN & SKALOUD 2017). The
amplification of SSU rDNA was performed as described by
SkaLouUD et al. (2013), using the primers 18SF and 18SR
(Katana et al. 2001). The amplification of the rbcL gene

was performed according to PuszTal et al. (2019), using the
primers Chryso rbcL F4 and Chryso rbcL R7. The PCR
products were purified and sequenced at Macrogen Inc. in
Amsterdam, the Netherlands.

A concatenated SSU rDNA and rbcL alignment was
produced, processed and analysed as described in PuszTal
et al. (2019). The newly determined sequences were aligned
to other sequences of Chrysophyceae from the GenBank
database. The sequences were selected according to AN-
DERSEN et al. (2017) and KRISTIANSEN & SKALoUD (2017) to
encompass all chrysophycean lineages. This selection was
extended by all available sequences of Chrysosphaerella us-
ing BLAST (ALtscHUL et al., 1990) and by newly acquired
sequences of rare but unmistakable chrysophyte taxa Derma-
tochrysis reticulata (Meyer) Entwisle et Andersen isolated in
summer (15 Jun 2017) from the Big pond, Newfoundland
(46°59'1.97" N, 53°31'45.59" W). For each of the alignment
partitions, the most appropriate substitution model was es-
timated using the Bayesian information criterion (BIC) as
implemented in jModelTest 2.1.4 (DARRIBA et al. 2012). This
procedure selected the following models: (1) GTR +1+ G for
SSU rDNA; (2) GTR + G for the first codon position of the
rbcL gene; (3) TVM + 1 + G for the second codon position
of the rbcL gene; and (4) GTR + G for the third codon posi-
tion of the rbcL gene. The phylogenetic tree was inferred by
Bayesian inference (BI) as described in Pusztar et al. (2019).
Bootstrap analyses were performed as described in PuszTal
et al. (2016). The GenBank accession numbers of all strains
used in this study are provided in Supplementary Table S1.

RESuULTS

We successfully established long—term cultures of
Spiniferomonas trioralis and Chrysosphaerella cor-
onacircumspina (Figs 1-6). Spiniferomonas trioralis
scales were typical, consisting of oval plate—like scales
with a simple concentric ridge, and its spines had a
disc—shaped base with a shaft tapering to a pointed apex
(Fig. 1). C. coronacircumspina scale—case consisted of
typical scales and spines (Figs 2—6) but possessed sig-
nificantly higher variability (Fig. 6) than was observed
in Spiniferomonas. Scales were oval, plate—like, with
a characteristically decorated concentric ridge (Figs
5, 6). Spines were tubular in cross section, with a fun-
nel-shaped double—disc base with a hole and a shaft
tapering to a bifurcated apex (Figs 2—4).

A two—gene phylogenetic analysis based on nuclear
SSU rDNA and plastid rbcL molecular loci clearly demon-
strated S. trioralis and C. coronacircumspina represent
closely related members of the order Chromulinales (Fig.
7). S. trioralis was inferred in sister position to all, colo-
nial as well as single—celled, Chrysosphaerella species.

Chrysosphaerella coronacircumspina is the first
single—celled species of the genus to be genetically
characterized, and it is sister to all previously sequenced
colonial species, including C. brevispina Korshikov,
C. longispina Lauterborn, and C. rotundata Skaloudova et
Skaloud. Accordingly, Spiniferomonas and Chrysosphaerella
represent sister genera forming a monophyletic,
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Figs 1-6. Scale—case ultrastructure (TEM) of Spiniferomonas trioralis and Chrysosphaerella coronacircumspina: (1) S. trioralis whole scale
case consisting of characteristic scales and spines; scales oval, plate with a simple concentric ridge; spines triangular in cross section, with a
simple disc—shaped base and a shaft tapering to a pointed apex; (2) C. coronacircumspina tubular spine in cross section, with a funnel-shaped
double—disc base and a shaft tapering to a bifurcated apex; (3) C. coronacircumspina bifurcated apex of spine in detail; (4) C. coronacircum-
spina spines with well visible funnel-shaped double—disc base with a hole; (5) C. coronacircumspina oval, plate scale with a characteristically
decorated concentric ridge; (6) C. coronacircumspina scales of different size and silicification. Scale bars represent 0.5 pm (5), 1 um (6), 2 pm

(4), 3 pm (2), and 5 pm (1).

well-supported lineage.
Discussion

Silica—scaled chrysophytes represent a group that has a
reasonably good species concept based on the ultrastructure
of their scales, spines, and bristles (KRISTIANSEN & PREISIG
2007). However, molecular data are still lacking for many
of their species or even for some genera. For example,
the rather rare genera Chrysodidymus (now treated as
a member of Synura) or Neotessella were revisited by
polyphasic approach encompassing molecular genetic
techniques quite recently (SKaLoUD et al. 2013b; PuszTal
et al. 2016). For the genus Spiniferomonas, the combi-
nation of its relative infrequency together with small
cell size and subsequent oversight in samples probably
caused its unclear phylogenetic position and taxonomic
ambiguity. Considering the general fragility and difficulty
in culturing of many chrysophytes (PUSZTAI & SKALOUD
2019), it is not surprising that the genus Spiniferomonas
and the single—celled Chrysosphaerella species lacked in
culture collections worldwide. Therefore, the establish-
ment of their long—term cultures unblocked the possibility
of elucidating their taxonomy by a robust phylogenetic
framework as a standard (BOENIGK et al. 2012).

S. trioralis is a cosmopolitan, widely
distributed, and the most common species of the genus
Spiniferomonas in Europe (STARMACH 1985; SKALOUD
et al. 2013a). It has been described, together with six
other species including the type species of the genus,
S. bourrellii Takahashi, from Japan and South Aftrica

as the most widespread species within the newly
erected genus (TAKAHASHI 1973). According to the
work of PREISIG & HIBBERD (1982, 1983), there were
uncertainties as to whether or not the type species of
S. bourrellii has a plastid. This issue was resolved
by NicHoLLs (1985), who clearly demonstrated the
presence of a plastid in the cells of S. bourrellii and
confirmed the monophyly of the genus Spiniferomonas.
Conversely, C. coronacircumspina is less common
than the colonial species C. brevispina, but is still
probably the most common unicellular species within
the genus Chrysosphaerella in Europe (STARMACH
1985; SkaLOUD et al. 2013a).

Our results confirmed the separation of
Spiniferomonas and Chrysosphaerella assumed by
KRISTIANSEN & TONG (1989) based on the priority
of silica scale—case ultrastructure rather than on
unicellular or colonial habit. According to KRISTIANSEN
& ToNG (1989), species with complex spine bases of
a double—disk or at least with a septum and a nearby
hole should belong to Chrysosphaerella, regardless
of whether they are colonial or solitary. Species
of the genus Spiniferomonas never possess such
structures. Moreover, we carefully checked the original
descriptions and it seems that further characteristic,
not mentioned by KRISTIANSEN & ToNG 1989, could
be used to discriminate between Spiniferomonas and
Chrysosphaerella: species of the latter genus possess
mostly tubular spines with gently bifurcated tips. This
character is most prominently visible in the colonial
species C. brevispina, C. longispina, and C. rotundata
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Fig. 7. Phylogeny of the Chrysophyceae obtained by Bayesian inference of the concatenated SSU rDNA and rbcL dataset. The analysis was
performed under a partitioned model, using different substitution models for each partition. Values at the nodes indicate statistical support esti-
mated by two methods: MrBayes posterior node probability (left) and maximum likelihood bootstrap (right). Newly obtained Spiniferomonas
trioralis and Chrysosphaerella coronacircumspina strains are marked in bold. Scale bar represents the expected number of substitutions per site.
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(see SKALOUD et al. 2013a gallery for comparison).
However, it is also always detectable in the unicellular
species C. septispina (Nicholls) Kristiansen et Tong
(NicHoLLs 1984), C. annulata Kristiansen et Tong
(KRISTIANSEN & TONG 1989) and the newly sequenced
C. coronacircumspina (Fig. 3).

According to the simplest tubular spine with
only a septum and a nearby hole, the unicellular C. sep-
tispina and C. annulata are probably the basal species
of the genus yet genetic data are missing to support this
conclusion. On the other hand, there are several Spi-
niferomonas species possessing spines with a “transient
morphology” similar to Chrysosphaerella. S. bourrellii
and S. conica Takahashi possess tubular spines with a
funnel-shaped base, but with a single tip and no bi-
furcation. S. silverensis Nicholls have spines with a
funnel-shaped base, not tubular but mostly triangular
in cross—section, and this feature is typical of most
Spiniferomonas species. Some of these evolutionary
trends in changes in spine complexity and transitions
between the two genera were originally suggested by
NicHOLLS (1984), but without knowledge of their phy-
logeny. Such similar trends in scale ultrastructure and
size changes are only partially known for Mallomonas
and Synura silica—scaled taxa (CERTNEROVA et al. 2019;
JADRNA et al. 2021; S1vER 2022). Therefore, molecular
characterization of other Spiniferomonas and Chryso-
sphaerella species is very important as it may provide
a key to better understanding the evolution of silica—
scaled chrysophytes and their armour in general.

ACKNOWLEDGEMENTS

The study was supported by the Czech Science Foundation (project
No. 20-22346S). The authors also would like to thank the reviewers
and editor for helpful comments on the manuscript.

REFERENCES

ANDERSEN, R.A. (2004): Biology and systematics of hete-
rokont and haptophyte algae. — American Journal of
Botany 91: 1508-1522.

ANDERSEN, R.A. (2005): Algal culturing techniques. — 592
pp-, Academic Press, San Diego.

ANDERSEN, R.A.; GrAF, L.; MALAKHOV, Y. & Yoon, H.S.
(2017): Rediscovery of the Ochromonas type spe-
cies Ochromonas triangulata (Chrysophyceae) from
its type locality (Lake Veysove, Donetsk region,
Ukraine). — Phycologia 56: 591-604.

BOENIGK, J.; ERESHEFSKY, M.; HOEF-EMDEN, K.; MALLET, J.
& Bass, D. (2012): Concepts in protistology: species
definitions and boundaries. — European Journal of
Protistology 48: 96-102.

CERTNEROVA, D.; CERTNER, M. & SkaLouD, P. (2019): Mo-
lecular phylogeny and evolution of phenotype in si-
lica-scaled chrysophyte genus Mallomonas. — Jour-
nal of Phycology 55: 912-923.

DARrIBA D.; TABoADA G.L.; DOALLO R. & PosapA D. (2012):
jModelTest 2: more models, new heuristics and pa-
rallel computing. — Nature Methods 9: 772.

FINDENIG, B.M.; CHATZINOTAS, A. & BOENIGK, J. (2010):

221

Taxonomic and ecological characterization of stoma-
tocysts of Spumella-like flagellates (Chrysophyceae).
— Journal of Phycology 46: 868—881.

FinLAy, B.J. & EsteBAN, G.F. (1998): Freshwater protozoa:
biodiversity and ecological function. — Biodiversity
& Conservation 7: 1163-1186.

GROSSMANN, L.; Bock, C.; SCHWEIKERT, M. & BOENIGK,
J. (2016): Small but manifold — hidden diversity in
“Spumella-like flagellates”. — Journal of Eukaryotic
Microbiology 63: 419-439.

JADRNA, 1; SIVER, P.A. & SkaLoup, P. (2021): Morphologi-
cal evolution of silica scales in the freshwater genus
Synura (Stramenopiles). — Journal of Phycology 57:
355-369.

Jo, B.Y.; SHiN, W.; Boo, S.M.; Kim, H.S. & SIver, P.A.
(2011): Studies on ultrastructure and three—gene phy-
logeny of the genus Mallomonas (Synurophyceae).
— Journal of Phycology 47: 415-425.

Jo, B.Y.; Kim, J.1; gKALOUD, P.; Siver, P.A. & SHIN, W.
(2016): Multigene phylogeny of Synura (Synurophy-
ceae) and descriptions of four new species based on
morphological and DNA evidence. — European Jour-
nal of Phycology 51: 413—430.

KapusTIN, D. A. & Guiry, M. D. (2019): Reinstatement of
Lepidochromonas Kristiansen (Lepidochromonad-
aceae fam. nov., Chrysophyceae). — Phytotaxa 413:
049.

KaTANA, A.; KWIATOWSKI, J.; SPALIK, K.; ZAKRYS, B.; Sza-
LACHA, E. & SzymaNska, H. (2001): Phylogenetic
position of Koliella (Chlorophyta) as inferred from
nuclear and chloroplast small subunit rDNA. — Jour-
nal of Phycology 37: 443-451.

KRISTIANSEN, J. (1988): The problem of “enigmatic chryso-
phytes”. — Archiv fiir Protistenkunde 135: 9-15.

KRISTIANSEN, J. & TONG, D. (1989): Chrysosphaerella annu-
lata n. sp., a new scale-bearing chrysophyte. — Nor-
dic Journal of Botany 9: 329-332.

KRISTIANSEN, J.; PrREISIG, H.R.; BoOoTH, B.; CHRISTIANSEN,
J.; MogstrUP, O.; PrEISIG, H.R. & THRONDSEN, J.
(2001): Encyclopedia of chrysophyte genera. — 260
pp., Gebruder Borntraecger Verlagsbuchhandlung,
Berlin — Stuttgart.

KRISTIANSEN, J. & PrEIsiG, H.R. (2007): Chrysophyte und
Haptophyte Algae: 2. Teil: Synurophyceae. — 252
pp., Spektrum Akademischer Verlag, Heidelberg.

KRISTIANSEN, J. & SkaLOUD, P. (2017): Chrysophyta. — In:
ARCHIBALD J.; SiMpsON A.; Sramovits C. (eds):
Handbook of the Protists. — pp. 331-366, Springer,
Cham.

NicnoLrrs, K.H. (1984): Spiniferomonas septispina and
S. enigmata, two new algal species confusing the
distinction between Spiniferomonas and Chryso-
sphaerella (Chrysophyceae). — Plant Systematics and
Evolution 148: 103—117.

NicHoLLs, K.H. (1985): The validity of the genus Spinifero-
monas (Chrysophyceae). — Nordic Journal of Botany
5: 403-406.

PreisiG, H.R. & HiBBerD, D.J. (1982): Ultrastructure and
taxonomy of Paraphysomonas (Chrysophyceae)
and related genera l. — Nordic Journal of Botany 2:
397-420.

Preisic H.R. & HBBErD D.J. (1983): Ultrastructure and
taxonomy of Paraphysomonas (Chrysophyceae)
and related genera 3. — Nordic Journal of Botany 3:
695-723.



222 Puszrtaretal.: Taxonomy and phylogeny of Spiniferomonas (Chrysophyceae)

Pusztal, M.; CERTNEROVA, D.; SKALOUDOVA, M. & SKALOUD,
P. (2016): Elucidating the phylogeny and taxonomic
position of the genus Chrysodidymus Prowse (Chry-
sophyceae, Synurales). — Cryptogamie, Algologie
37:297-307.

Pusztal, M. & SkaLouDb, P. (2019): Elucidating the evolution
and diversity of Uroglena—like colonial flagellates
(Chrysophyceae): polyphyletic origin of the morpho-
type. — European Journal of Phycology 54: 404—416.

PuszTal, M. & SkaLoup, P. (2022): Species delimitation
within the colonial flagellates Uroglena, Uroglenop-
sis and Urostipulosphaera (Chrysophyceae). — Euro-
pean Journal of Phycology 57: 79-95.

REMIAS, D.; PROCHAZKOVA, L.; NEDBALOVA, L.; ANDER-
SEN, R.A. & VALENTIN, K. (2020): Two new Kre-
mastochrysopsis species, K. austriaca sp. nov. and
K. americana sp. nov. (Chrysophyceae). — Journal of
Phycology 56: 135-145.

SANDGREN, C.D. (1981): Characteristics of sexual and asex-
ual resting cyst (statospore) formation in Dinobryon
cylindricum Imhof (Chrysophyta). — Journal of Phy-
cology 17: 199-210.

SANDGREN, C.D. (1983): Morphological variability in pop-
ulations of chrysophycean resting cysts. 1. Genetic
(interclonal) and encystment temperature effects on
morphology. — Journal of Phycology 19: 64-70.

SCOBLE, J.M. & CAVALIER—SMITH, T. (2014): Scale evolution
in Paraphysomonadida (Chrysophyceae): sequence
phylogeny and revised taxonomy of Paraphys-
omonas, new genus Clathromonas, and 25 new spe-
cies. — European Journal of Protistology 50: 551-592.

Siver, P.A.; Jo, B.Y.; Kim, J.I.; SHIN, W.; LoTT, AM. &
WorLrg, A.P. (2015): Assessing the evolutionary
history of the class Synurophyceae (Heterokonta)
using molecular, morphometric, and paleobiologi-
cal approaches. — American Journal of Botany 102:
921-941.

SIvER, P.A.; KAPUSTIN, D. & GUSEY, E. (2018): Investigations
of two—celled colonies of Synura formerly described
as Chrysodidymus with descriptions of two new spe-
cies. — European Journal of Phycology 53: 245-255.

SIVER, P.A. (2022): The downsizing of gigantic scales and
large cells in the genus Mallomonas (Synurales,
Chrysophyceae). — Scientific Reports 12: 1-10.

STARMACH, K. (1985): Chrysophyceae and Haptophyceae. —
In: ETTL, H.; GERLOFF, J.; HEYNIG, H. & MOLLEN-
HAUER, D. (eds): SiiBwasserflora von Mitteleuropa,
Band 1. — pp. 1-322, Gustav Fischer Verlag, Stutt-
gart.

SKALOUD, P.; SKALOUDOVA, M.; PICHRTOVA, M.; NEMCOVA,
Y.; KREIDLOVA, J. & Pusztai, M. (2013a): www.
chrysophytes.eu — a database on distribution and
ecology of silica—scaled chrysophytes in Europe. —
Nova Hedwigia, Beiheft 142: 141-146.

SKALOUD, P.; KRISTIANSEN, J. & SKALOUDOVA, M. (2013b):
Developments in the taxonomy of silica-scaled
chrysophytes — from morphological and ultrastruc-
tural to molecular approaches. — Nordic Journal of
Botany 31: 385-402.

SkaLOUD, P.; SKALOUDOVA, M.; JADRNA, I.; BEstova, H.;
Pusztal, M.; KapusTiN, D. & Siver, P. A. (2020):
Comparing morphological and molecular estimates
of species diversity in the freshwater genus Synura
(Stramenopiles): a model for understanding diversity
of eukaryotic microorganisms. — Journal of Phycol-

ogy 56: 574-591.

SKALOUDOVA, M. & SKALOUD, P. (2013): A new species of
Chrysosphaerella (Chrysophyceae: Chromulinales),
Chrysosphaerella rotundata sp. nov., from Finland.
— Phytotaxa 130: 34-42.

TakaHAsHI, E. (1973): Studies on genera Mallomonas and
Synura, and other plankton in freshwater with the
electron microscope VII. New genus Spiniferomonas
of the Synuraceae (Chrysophyceae). — The Botanical
Magazine 86: 75-88.

WoLrg, A.P. & Sivir, P.A. (2013): A hypothesis linking
chrysophyte microfossils to lake carbon dynamics on
ecological and evolutionary time scales. — Global and
Planetary Change 111: 189-198.

Yang, E.C.; Boo, G.H.; Kim, H.J.; CHO, S.M.; Boo, SM.;
ANDERSEN, R.A. & Yoon, H.S. (2012): Supermatrix
data highlight the phylogenetic relationships of pho-
tosynthetic stramenopiles. — Protist 163: 217-231.

Supplementary material
The following supplementary material is available for this article:

Table S1. Taxa selected according to ANDERSEN et al. (2017)
and KRISTIANSEN & SKALOUD (2017) used in current Chrysophy-
ceae phylogeny. Outgroup taxa selected according to YANG et al.
(2012). Newly acquired strains are highlighted in bold.

This material is available as part of the online article (http://fottea.
czechphycology.cz/contents)

© Czech Phycological Society (2023)
Received October 4, 2022
Accepted February 3, 2023



