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Splitting of Micrasterias fimbriata (Desmidiales, Viridiplantae) into two
monophyletic species and description of Micrasterias compereana sp. nov.
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Background — Micrasterias fimbriata, a conspicuous desmid species, has recently been shown to be
composed of two clearly delimited monophyletic clades within the genus Micrasterias, closely related
to several other well-defined Micrasterias species (M. brachyptera, M. rotata, M. torreyi). The members
of both clades can also be unambiguously recognized by careful morphological analysis. In addition,
their distribution areas in Europe and North America are largely vicariant. Interestingly, morphological
features of one of the clades do not correspond with any of the previously described infraspecific taxa of
M. fimbriata.

Material and methods — The study was based on a combination of morphological and molecular
phylogenetic analyses of the clonal strains and natural populations.

Key results and conclusions — In this study, we present formal taxonomic description of Micrasterias
compereana for specimens formerly included within traditional M. fimbriata, but differring in their
phylogenetic position and discriminative morphological characteristics. Phylogenetic analysis was based
on the nuclear 18S rDNA and the plastid-encoded #7nGUC intron sequence data. Morphological differences
between species were illustrated by light and scanning electron microscopy. The analysis of natural
samples, strains and published records showed that M. compereana occurs in North America and western
Europe. Conversely, M. fimbriata sensu stricto probably only occurs in temperate and boreal regions of

Europe and Asia.
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INTRODUCTION

The freshwater microalgal genus Micrasterias C.Agardh
ex Ralfs represents a monophyletic lineage of the Desmi-
diaceae (Skaloud et al. 2011). Besides the species tradition-
ally included in this genus on the basis of the morphologi-
cal data (see e.g. Prescott et al. 1977, Ruzicka 1981, Coesel
& Meesters 2007), the Micrasterias lineage also includes
several morphologically dissimilar taxa, such as Micraste-
rias ralfsii (Brébisson ex Ralfs) Skaloud, Nemjova, Vesela,
Cerna & Neustupa and M. dickiei (Ralfs) Skaloud, Nemjova,
Vesela, Cerna & Neustupa. These species were previously
classified into other desmid genera, but proved to be includ-
ed within the phylogenetically defined genus Micrasterias on
the basis of the multigenic molecular data (Gontcharov 2008,
Hall et al. 2008, Gontcharov & Melkonian 2011, Skaloud et
al. 2011).

The morphological species concepts within the genus
turned out to be relatively well supported by molecular data
(Nemjova et al. 2011, Neustupa et al. 2010, 2011). While dif-
ferent populations of individual traditional species, such as

M. rotata, typically formed monophyletic or closely related
lineages (Neustupa et al. 2011), the phylogenetic species
diversity of several other taxa, such as M. truncata Brébis-
son ex Ralfs, M. crux-melitensis Ralfs, or M. fimbriata Ralfs,
proved to be higher than what was expected solely from the
morphological data (Nemjova et al. 2011, Neustupa et al.
2010). The infraspecific phylogenetic clades of traditional
M. crux-melitensis and M. truncata often could not be un-
ambiguously delimited by morphological methods, and their
separate species status remains uncertain. On the contrary,
phylogenetic structure of the traditional M. fimbriata proved
to be considerably less complicated (Neustupa et al. 2011).
The natural populations and strains of this species, originat-
ing from various European and North American localities,
turned out to belong to two well delimited and homogenous
phylogenetic lineages on the basis of the group II intron se-
quences of the plastid encoded #7nGY“ gene. Both lineages
were firmly placed into the clade C of the genus Micraste-
rias sensu Skaloud et al. (2011). Interestingly, the members
of the M. fimbriata lineages were clearly morphologically
delimited and could be unambiguously recognized, either
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by detailed light microscopy of cells, or by their geometric
morphometric analysis. In addition, subsequent analysis of
the published M. fimbriata records revealed that geographic
distribution of both lineages in Europe and in North America
is largely vicariant (Neustupa et al. 2011).

In this study we supplemented the distribution records of
both clades from additional European and North American
localities. Additional molecular analyses of the combined
18S rDNA gene and t#rnGY“C intron sequences as well as
morphological comparison of strains and natural samples
supported the previously suggested taxonomic structure of
the clade C of the genus Micrasterias, including both clad-
es with populations traditionally identified as M. fimbriata.
Consequently, this traditional taxon is formally split into two
species, with newly described M. compereana for specimens
differing from the holotype published by Ralfs (1848).

MATERIAL AND METHODS

Strains of traditionally defined M. fimbriata were obtained
from three culture collections (CAUP — our own isolates,
SVCK, and SAG). They were complemented with material
and single-cell isolates from natural populations (electronic
appendix 1). The strains for molecular analyses and scanning
electron microscopy (SEM) were cultured for eight weeks
in 100 mL Erlenmeyer flasks in liquid DY IV medium (An-
dersen et al. 2005). They were maintained at temperatures
of 22°C and illuminated at 40 mmol m? s from 18 W cool
fluorescent tubes (Philips TLD 18W/33). Microphotographs
were taken under an Olympus BX51 light microscope with
an Olympus Z5060 camera. The samples for SEM were
placed on acetone-washed coverslips and dehydrated by an
acetone series. Then, they were dried to a critical point with
liquid CO,, sputter coated with gold, and examined with a
JEOL 6380 LV.

To illustrate the phylogenetic position of both M. fim-
briata lineages, we inferred the concatenated phylogeny
of SSU rDNA and #nGY“C intron sequences selected from
the DDBJ/EMBL/GenBank databases. The alignment was
manually built using MEGA 4 (Kumar et al. 2008), and then
optimized using MAFFT, version 6, applying the Q-INS-i
strategy (electronic appendix 2). Suitable substitution mod-
els for both analyzed genes were selected using jModelTest
2.1.4. This BIC-based model selection procedure selected
the TrNef + I model for the SSU rDNA partition, and the TP-
MT1uf + I model for the trnGY¢C partition. The phylogenetic
tree was inferred by Bayesian inference (BI) using MrBayes
version 3.2.1 (Ronquist & Huelsenbeck 2003). The analysis
was carried out on a partitioned dataset using different sub-
stitution models selected using jModelTest 2.1.4. The gen-
eral structure of each substitution model was determined by
‘Iset’ command, and the model parameters were set using the
prior Dirichlet distributions defining the frequencies of nu-
cleotides (statefreqpr) and nucleotide sbstitution rates (rev-
matpr). All parameters were unlinked among partitions. Two
parallel MCMC runs were carried out for five million gener-
ations, each with one cold and three heated chains. Trees and
parameters were sampled every 100 generations. Conver-
gence of the two cold chains was assessed during the run by
calculating the average standard deviation of split frequen-
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cies (SDSF). The SDSF value between simultaneous runs
was 0.000505. The burn-in was determined using the ‘sump’
command. Bootstrap analyses were performed by maximum
likelihood (ML) and weighted parsimony (WMP) criteria us-
ing GARLI, version 0.951 (Zwickl 2006) and PAUP*, ver-
sion 4.0b10 (Swofford 2002), respectively. Both analyses
were performed as described in Stastny et al. (2013).

RESULTS AND DISCUSSION

Micrasterias compereana Neustupa, Stastny & Skaloud,
Sp. nov.

Figs 1A-E & 2A-B

Type: France, Aquitaine (department no. 40: Landes), oli-
gotrophic peaty pools near Etang Hardy, 43°43°08.60”N
01°22°09.42”W, alt. 35 m, 24 May 2011, Neustupa K608
(holo-: PRC). Living strain CAUP K608 (fig. 1A-E, fig. 2A—
B) and sequences FR852604 (18S rDNA) and FR691070
(trnGUCC intron) were acquired from the type material.

Description — Cells in frontal view 185-255 pum long and
170-225 pum broad, circular or broadly elliptical in outline.
Sinus deep, closed from isthmus to about two thirds of its
length, then gradually opening. Isthmus 25-35 pm broad,
cell thickness 40-50 pm. Polar lobes gradually broadening
towards apex, which is 45-60 pm broad. Apex with four
emergent subapical spines. Apical edges bidentate, gradu-
ally tapered to acute projections, often eyelash-like bended.
Incisions between polar and lateral lobes narrow, usually
more than half of the semicell length. Lateral lobes incised
to lobules of the 3 or 4™ order. First order lateral lobules
asymmetric; the lower lobule distinctly narrower. Terminal
lobules gradually tapered toward the apices, terminated by
acute projections. Rows of minute spines usually present
along sinus and major incisions. Differing from other taxa of
the genus Micrasterias by the 18S rDNA and t#rnGYC intron
sequences.

Etymology — The specific epithet was chosen in honour to
Pierre Compere, one of the leading scientists in desmid re-
search.

Phylogenetic analysis

The Bayesian unrooted phylogenetic tree was based on 2469
characters of the 18S rDNA gene and #7nGY“€ intron sequenc-
es (fig. 3). The monophyletic C clade of the genus Micraste-
rias (originally defined by Skaloud et al. 2011) was strongly
supported by the phylogenetic analyses (1.00/100/100).
The clade encompassed five species forming two lineages.
The species pair of M. brachyptera and M. compereana
(1.00/81/99) was separated from a group of three species, M.
torreyi and a pair of M. rotata and M. fimbriata (0.96/74/94).
Neustupa et al. (2011) showed that the #nGU“C intron se-
quences were identical within the lineage representing six
strains of M. compereana, as well as within ten strains of
M. fimbriata sensu stricto. Conversely, the #7nGYcC intron
sequences between these taxa differed by 11 nucleotides
(electronic appendix 2). The #rnGYcC intron sequences of the
strains, morphologically corresponding to the type of M. fim-
briata Ralfs (Ralfs 1848: plate VIII, fig. 2), were identical
with the sequence FR731997 (Neustupa et al. 2011). These
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Figure 1 — Micrographs of Micrasterias compereana and related taxa: A—E, Micrasterias compereana; F—G, Micrasterias fimbriata; H,
Micrasterias brachyptera; 1, Micrasterias rotata. A-D, F & H-1, front view; C-D, focus on surface spines; E & G, details of terminal lobules.
Scale bars represent 30 pm (A-D, F & I), 20 um (E), 15 pm (G) or 35 um (H).

strains also invariably possessed rounded terminal lobules
ending with abruptly protruding spines (fimbriae) (figs 1F-G
& 2C-D), instead of gradually tapering projections, typical
for M. compereana (fig. 1E). In addition, they differed from
M. compereana also by shallower incisions. The main inci-
sions between the polar and lateral lobes of M. fimbriata usu-
ally did not exceed one half of the semicell length. Neustupa
et al. (2011) also illustrated unambiguous separation of M.
fimbriata from populations attributable to M. compereana by
quantitative geometric morphometrics of the cell shape.

Morphological characteristics

Morphological characteristics of M. compereana did not cor-
respond with any of the previously described infraspecific
taxa of M. fimbriata. Next to the nominate variety, Krieger
(1939) recognized four additional varieties of M. fimbriata.
However, most of these infraspecific taxa were only rarely
recorded and their separate taxonomic status is highly un-
certain. Two of the varieties, M. fimbriata var. brasiliensis
W.Krieger and M. fimbriata var. elephanta Wolle, are poorly
known, and clearly differ from the nominate variety, as well
as from M. compereana, by considerably larger cells, ex-
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Figure 2 — SEM micrographs of Micrasterias compereana and Micrasterias fimbriata: A—B, Micrasterias compereana; C-D, Micrasterias
fimbriata. A & C, front view; B & D, focus on terminal lobules. Scale bars represent 30 um (A & C) or 10 um (B & D).

ceeding 300 pm in length and width. Micrasterias fimbriata
var. obtusiloba Raciborski is more similar to the nominate
variety, especially by the shape of the terminal lobules,
and probably only represents an anomalous form (Rizicka
1981). Micrasterias fimbriata var. spinosa Bisset is the only
infraspecific taxon of M. fimbriata that was also recognized
by Ruzicka (1981). It differs from the nominate variety by
rows of spines along sinus and major incisions. This char-
acter can be found both in M. compereana, as well as on the
cells of M. fimbriata. However, the iconotype of M. fimbriata
var. spinosa (Roy & Bisset 1893: plate 1V, fig. 3) clearly be-
longs to M. fimbriata by the shape of the terminal lobules.

408

Therefore, M. fimbriata var. spinosa cannot be related to M.
compereana.

The strains and natural populations of M. compereana
also differ from other closely related species of the clades
B and C of the genus Micrasterias (table 1). These clear-cut
differences in cell shape and size typically allow instanta-
neous discrimination between cells of individual taxa, in-
cluding M. brachyptera (fig. 1H), the closest phylogenetic
relative of M. compereana, as well as M. rotata (fig. 11).
In addition, M. compereana and other taxa of the clade C
proved to be phylogenetically unrelated to other morphologi-
cally vaguely similar Micrasterias taxa, such as M. radiosa
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M. truncata SVCK 412 (Fre52620, EN689471)

0,0'_05| M. semiradiata CAUP K606 (am419211 FN562173)
M. dickiei ASW 07056 (Fres2623, FN562172)
M. zeylanica SVCK 291 (Fres2599, FR691068)
M. ‘pusilla’ NIES 784 (Fres2621, FN689468)
0.97/84/94

M. decemdentata ASW 07023 (Frs52602, FR691069)

M. crux-melitensis CAUP K602 (am419206, FN424428)

M. radians var. bogoriensis SVCK 389 (Fres2613, FN424432)
M. crux-melitensis NIES 152 (Frss2601, FN562171)

M. radians var. evoluta SVCK 518 (Fres2614, FN424430)

M. apiculata SVCK 247 (Fres2596, FR731998)

1.00/81/99 1 M. brachyptera SVCK 65 (Fres2597, FR731996)

M. compereana CAUP K608 (Frss2604, FR691070)

M. rotata CAUP K604 (am419209, FR691071)

M. fimbriata ASW 07026, C1 (rs428098, FR731997)
M. torreyi SVCK 369 (Fres261s, -)

0.96/74/94

Figure 3 — Phylogenetic tree based on the Bayesian analysis of the combined SSU rDNA and #1nGY“C intron sequences, showing the position
of Micrasterias compereana, M. fimbriata and their relatives. Values at the nodes indicate statistical support estimated by MrBayes posterior
node probability (left), maximum likelihood bootstrap (in the middle) and maximum parsimony bootstrap (right). Full statistical support
(1.00/100/100) is marked with an asterisk. Thick branches represent nodes receiving the highest PP support (1.00). Species affiliation to three
Micrasterias clades (A, B, C) established by Skaloud et al. (2011) is indicated. Scale bar represents the estimated number of substitutions
per site.
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Figure 4 — Records of Micrasterias compereana (A) and Micrasterias fimbriata () in Europe and North America. Smaller symbols
correspond to published literature records (for a complete list see Neustupa et al. 2011), larger symbols relate to our own observations of
natural populations or strains.
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Table 1 — Morphological differences among selected Micrasterias taxa.

surface

incisions between

dimensions . . subapical spines fimbriae on
. lobation ~ ornamentation . polar and lateral
(length x width, um) . on polar lobes terminal lobules
(spines) lobes
M. compereana 185-255 x 170-225 (3-)4 present present absent closed to semi-open
M. fimbriata
var. fimbriata 190-275 x 190-250 3-)4 often present present present usually closed
M. brachyptera 190-235 x 125-180 3 present present present or absent open
var. brachyptera
M. apiculata .
. 175-280 x 140-230 3 present present present semi-open to open
var. apiculata
M. rotata .
220-330 x 175275 4-5 absent absent absent closed to semi-open
var. rotata
M. torrey g 225-345 x 170-250 3 absent absent absent semi-open to open
var. doveri

and M. papillifera, which belong to the well-supported clade
G sensu Skaloud et al. (2011). In conclusion, M. compereana
represents a well-defined species, both on the basis of molec-
ular and morphological data. However, the overall cell shape
with multiple lobes and lobules, typical for the large Micras-
terias taxa, coupled with the presence of conspicuous sub-
apical spines on the apex of the polar lobe, led earlier authors
to identification of the natural populations of this species as
M. fimbriata. Earlier recognition of the separate taxonomic
status of M. compereana and M. fimbriata was also compli-
cated by their largely vicariant geographic distribution. The
analysis of the natural samples, strains from the culture col-
lections, as well as the numerous published records of the
traditional M. fimbriata (for a complete list see Neustupa et
al. 2011) illustrated that the North American specimens and
published records (e.g. Croasdale 1956, Forster 1972, Smith
1924) invariably corresponded to M. compereana (fig. 4). As
far as could be traced, M. fimbriata sensu stricto has not been
encountered on this continent. M. compereana also rela-
tively frequently occurs and has been repeatedly reported (as
M. fimbriata) from various localities in the western Europe,
including France, Belgium, southern parts of the Netherlands
and Britain (e.g. Comére 1901, Kouwets 1987, Desmids in
the Netherlands 2003). Its typical habitat is in oligotrophic
bogs at low pH values, as well as in phytobenthos of acidic
lakes. Conversely, M. fimbriata sensu stricto is more fre-
quently encountered in mesotrophic, slightly acidic fens.
Interestingly, we did not find any specimens or published il-
lustration of M. fimbriata sensu stricto from the above men-
tioned parts of the continental Europe. The British Isles seem
to be the only region where M. compereana occurs sympatri-
cally with M. fimbriata sensu stricto (including Ralfs’ (1848)
type locality of M. fimbriata near Dolgellau, Wales). Be-
sides the localities in Britain and Ireland, M. fimbriata sensu
stricto occurs in continental Europe and (possibly) Asia. In
Europe it has never been found south of the Alps and west
of the Rhine river. In central and eastern Europe, it is a rare
species of mesotrophic fens or bogs (Lenzenweger 1996,
Stastny 2010). It is more common in Scandinavia, but it is
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rarely encountered in higher cell quantities. Traditionally de-
fined M. fimbriata has also been reported from northern Asia
(Kossinskaya 1960, Medvedeva 2001), but we did not find
any original figures that could be used for a tentative evalua-
tion of its taxonomic identity.

Micrasterias compereana undoubtedly belongs to one
of the most conspicuous microalgae inhabiting moderately
acidic freshwater wetlands. It can be relatively easily rec-
ognized and identified by light microscopy. Therefore, we
believe that its separation from M. fimbriata and formal tax-
onomic description, presented in this paper, will lead to ad-
ditional records of this peculiar desmid species from various
European and American localities. This could significantly
increase our present knowledge of its geographic distribu-
tion. It should also be noted that in microalgae the observed
eastern distribution limit of M. compereana in Europe possi-
bly represents one of the rare examples of a restricted distri-
bution area that is in want of any obvious underlying ecolog-
ical factor or geographic barrier. Therefore, any additional
records of M. compereana from continental Europe should
be regarded most valuable.

SUPPLEMENTARY DATA

Supplementary data are available at Plant Ecology and Evo-
lution, Supplementary Data Site (http://www.ingentaconnect.
com/content/botbel/plecevo.supp-data), and consist of: (1)
natural samples and strains of Micrasterias compereana and
M. fimbriata investigated in this study (pdf); and (2) sequen-
ce alignment used for the phylogenetic analyses (FAS file).
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