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Abstract

Determining the actual phylogenetic diversity of unicellular coccoid algae, and developing a biologically appropriate
classification system for them, pose challenges. We studied the phylogenetic and morphological diversity of a series of
algal strains identified as Nephrodiella spp., Ellipsoidion parvum, and Neocystis spp. By determining sequences of the
18S-I1TS1-5.8S-1TS2 rDNA region we showed that the strains studied represent just two genotypes; differences in the
ITS2 region of the two genotypes, including one compensatory base change (CBC) in the helix 11, suggested that they
may be considered as two separate species. We then employed geometric morphometrics to evaluate the extent of
morphological differences among the strains. This analysis revealed that the degree of morphological variability is higher
among strains of the same genotype than between the genotypes. Our results thus suggest that all the strains represent
only two closely related cryptic species of trebouxiophycean algae, which may be identified as Neocystis brevis and
Neocystis mucosa. Two previously described species, Ellipsoidion parvum, originally described as a heterokont alga, and
Neocystis vischeri, are revealed as junior synonyms of N. brevis. We discuss our findings as a case of taxonomic inflation
that may be a general, yet somewhat neglected, aspect of the current taxonomy of unicellular algae.
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Introduction

The advent of molecular taxonomy has revealed that the classification of eukaryotic microbes as developed
during the era of traditional (morphology-centred) systematics grossly underestimated the real diversity
existing in nature (Adl et al. 2007, 2012, Medlin et al. 2007, Epstein & Lépez-Garcia 2008). The poor
reflection of actual microbial diversity is mainly caused by the paucity of discriminating morphological
characters, which may result in polyphyletic taxa lumping together distantly related organisms. Consequently,
traditional species concepts often include multiple cryptic or semicryptic species. These problems can now be
reassessed with the aid of appropriately variable genetic markers, such as the internal transcribed spacer 2
(ITS2) in the rRNA operon, the plastid rbcL gene, or the mitochondrial cox1 gene, although the question of
actual species delimitation often persists due to the ambiguous nature of species concepts (Fenchel & Finlay
2006, Medlin et al. 2007, Coleman 2009, Edwards 2009, Boenigk et al. 2012). The traditional genus
Chlorella is a prototypical case of a failure to distinguish the actual extent of phylogenetic diversity behind a
single morphotype, as the use of molecular markers, primarily 18S rDNA and the ITS2 region, has led to its
separation into several genera, often very distantly related and collectively comprising many more species
than distinguished before (Huss et al. 1999, Luo et al. 2010, Bock et al. 2011, Fu¢ikova & Lewis 2012).
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Much less attention has been paid to an opposite form of disparity between traditional taxonomic schemes
and real protist diversity, i.e. taxonomic inflation. The most trivial cases include independent description of
the same species by different authorities due to ignorance, or difficulties with identification of taxa resulting
from poor or inadequate description by the original author. However, the varying extent of intraspecific
morphological plasticity stemming from slightly different genetic or epigenetic constitutions of individuals or
clones within the species may be a more important source of taxonomic inflation in protists. To properly
explore such possible cases, molecular characterization must be combined with rigorous assessment of the
morphological variability of the organisms studied, which can be achieved by employing various methods,
such as geometric morphometrics (e.g. McManus et al. 2011, Nemjova et al. 2011).

Here we combine a geometric morphometric approach with DNA sequencing to clarify the
taxonomy of several species of coccoid algae originally placed in “Heterokonten” as conceived by
Adolf Pascher (largely corresponding to the modern class Xanthophyceae within heterokont algae).
Nephrodiella brevis Vischer (1945: 489) was described as a new species of the genus Nephrodiella
Pascher (1937-1939: 428). However, analyses of pigment composition of the authentic strain of N.
brevis revealed the presence of chlorophyll b, suggesting that this species is actually a green alga
rather than a xanthophycean (Sestak 1963, Whittle & Casselton 1969). Later, this species was
transferred into Chlorophyta, specifically into the genus Coccomyxa Schmidle (1901: 23) as a new
combination Coccomyxa brevis (Vischer) Gartner & Schragl (1988: 513), but the strain studied by
Gartner & Schragl (1988), although also isolated by Vischer and determined by him as N. brevis, was
not the authentic strain of the species. Reinvestigation of both strains suggested that they represent
two distinct, albeit related, species; they were transferred into the green algal genus Neocystis
Hindak (1988: 65) as a new combination Neocystis brevis (Vischer) Kostikov & Hoffmann (2002:
10) and as a new species Neocystis vischeri Kostikov & Hoffmann (2002: 14). All these revisions
relied solely on pigment data and morphological features without employing molecular characters.
Most recently, based on a phylogenetic analysis of 18S rDNA sequences, N. brevisand a new species
Neocystis mucosa Krienitz, C. Bock, Nozaki & Wolf in Krienitz et al. (2011a: 887) were shown to
occupy a deep lineage within the green algal class Trebouxiophyceae (Krienitz et al. 2011a).

The genus Nephrodiella has been classified in the family Pleurochloridaceae (order
Mischococcales in the class Xanthophyceae; Ettl 1978), which has been demonstrated as
polyphyletic with many of its former members now placed elsewhere (Hibberd 1981, Darienko et al.
2010, Ptibyl et al. 2012). Algae morphologically similar to some Nephrodiella species are also
included in the genus Ellipsoidion Pascher (1937-1939: 326, 407, 408), likewise classified in
Pleurochloridaceae. No species of the latter genus has been characterised by molecular methods and
its real identity and affinity remain obscure. Here we provide 18S rDNA and ITS sequences of the
species Ellipsoidion parvum Reisigl (1964: 441) and of N. vischeri and demonstrate that these two
species cannot be distinguished from N. brevis. We also show that some other strains maintained in
public culture collections under the labels Nephrodiella minor Pascher (1937-1939: 431) or
Nephrodiella sp. are conspecific with either N. brevis or N. mucosa (Krienitz et al. 2011a). Finally,
we have employed a recently developed geometric morphometric analysis based on a combination of
fixed and sliding landmarks placed along the outline of individual cells (Neustupa 2005, Neustupa &
Nemjova 2008) to rigorously assess the morphological variability of the algal strains subject to
molecular characterization.
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Material & methods

Algal culturing and microscopic observations

Seven algal strains were obtained from public culture collections (Table 1). N. mucosa KR 1989/14 (= CCAP
204/1) was kindly provided by Lothar Krienitz (Leibniz-Institute of Freshwater Ecology and Inland Fisheries,
Stechlin-Neuglobsow). The strains were cultivated on BBM agar medium (Bischoff & Bold 1963) at 15°C with
continuous illumination of 20 umol m? s™ provided by 18W cool fluorescent tubes (Philips TLD 18W/33). The
cultures were observed after 30 days of cultivation using an Olympus BX51 light microscope (Olympus
Corporation, Tokyo, Japan) with differential contrast and Olympus Z5060 microphotographic equipment.

TABLE 1. Attributes of algal strains investigated in this study.

Strain Origin’ Original identification” Taxonomic 18SITS5.851TS2
identity as rDNA sequence
redefined in this  (GenBank
study accession number)

CAUPD 802 Vischer, 1941/267. Soil. Nephrodiella brevis (Vischer, Neocystisbrevis  JQ920360

Switzerland, Unterengadin. authentic strain)
CCALA 393 Vischer, 1941/267. Acid humus Nephrodiella minor (CCALA Neocystis brevis Q920362
layer in soil near Fuorn. staff?)
Switzerland, Unterengadin.

ASIBBS319 Vischer, 1941/319. Material Neocystis vischeri (Kostikov and Neocystisbrevis  JQ920361
unknown. Switzerland, Hoffmann, authentic strain)
Unterengadin .

SAG 40.86 Reisigl (about 1960). Soil from Ellipsoidion parvum (Reisigl, Neocystisbrevis  JQ920364
Kreuzspitze, 3457 m. Austria, authentic strain)
Otztaler Alpen.

CCALA 341  Vischer, 1940/241. Material and Ellipsoidion parvum (CCALA Neocystis brevis  JQ920363

locality unknown. staff?)

KR 1989/14  Krientz, 1989/14. Material Neocystis mucosa (Krienitz et al.,  Neocystis mucosa JQ920365

unknown. Germany, Lake authentic strain)
Feldberger Haussee.
CAUPD 801 Flint, 1964/3. Soil. Antarctica, Nephrodiella sp. Neocystis mucosa JQ920366
probably from theMcMurdo Sound
region.
SAG 40.88 Broady, ca. 1973. Material Ellipsoidion sp. (Broady), Neocystis mucosa JQ920367
unknown. Antarctica, Signy Nephrodiella minor (SAG staff?)
Island.

“Information on the origin of the strains and their original identification comes from the literature (ASIB BS 319—Kostikov &
Hoffmann 2002; KR 1989/14—Kcrienitz et al. 2011a), from personal communication with P.A. Broady, and from strain-specific
web pages at the Internet sites of respective culture collections: CAUP—nhttp://botany.natur.cuni.cz/algo/caup.html, CCALA—
http://lwww.butbn.cas.cz/ccala/index.php, SAG—http://www.epsag.uni-goettingen.de.

DNA isolation, PCR and sequencing

DNA extraction, PCR reactions and sequencing essentially followed Pribyl et al. (2012). Sequences of the
18S rDNA-ITS1-5.8S rDNA-ITS2 region were obtained via amplification of two overlapping segments. The
first segment was amplified using the forward (F) primer of Katana et al. (2001) or the forward 34F primer
(PaZoutova et al. 2010) in combination with the reverse (R) primer of Katana et al. (2001) or the reverse
1650Rvivi primer (Kipp 2004). Sequencing of the first segment was done using the amplification primers and
the sequencing primers according to Katana et al. (2001). The second segment was amplified using the green
algal-specific forward primer 1500af (Helms et al. 2001) in combination with the reverse primer ITS4 (White
et al. 1990); it was sequenced using the amplification primers plus the ITS1 (White et al. 1990) primer.
Sequences were assembled and edited using SeqAssem (version 09/2004; Hepperle 2004). GenBank
accession numbers of the newly obtained sequences are provided in Table 1.

TAXONOMIC INFLATION WITHIN NEOCYSTIS (CHLOROPHYTA) Phytotaxa 76 (2) © 2013 Magnolia Press ® 17


http://botany.natur.cuni.cz/algo/caup.html
http://botany.natur.cuni.cz/algo/caup.html
http://www.butbn.cas.cz/ccala/index.php
http://www.epsag.uni-goettingen.de

Modelling the secondary structure of the I TS2 region
The secondary structures of the ITS2 rRNA regions were initially modelled using the mfold computer
program (version 2.3; Zuker 2003) on a minimum free energy basis, with folding temperature set to 25°C. The
final secondary structures were obtained by homology modelling (Selig et al. 2008) in the ITS2 Database
v.3.0.5 (Koetschan et al. 2010). The predicted ITS2 structure was drawn using VARNA (Darty et al. 2009)
and used to identify compensatory base changes (CBCs).

M or phometric analyses

In total, twelve landmarks spanning the outline of individual cells were analysed by means of morphometric
methods. Thirty randomly chosen cells of each strain were digitised for the morphometric analysis.
Landmarks at the poles of cells were in fixed positions, whereas the other ten points were semi-landmarks, i.e.
they were allowed to slide along the cell outlines (Bookstein 1997, Zelditch et al. 2004). Morphometric
analyses were conducted using the TPS software package for geometric morphometrics (Rohlf 2011).
Subsequent statistical analyses were done in PAST, ver. 2.10 (Hammer et al. 2001). Individual cells were
superimposed using generalised Procrustes analysis (Zelditch et al. 2004). Cell size was evaluated using the
centroid size measure, i.e. by the square root of the sum of squared distances from the landmarks to their
centroid (Zelditch et al. 2004). The centroid size acquired from landmarks placed along cell outlines was
recently shown to be closely correlated with the traditional linear measurements of oval-shaped green coccoid
algae (Neustupa & Nemjova 2008). The relation of cell shape and size was evaluated by multivariate
regression of geometric morphometric data on the centroid size measure in TpsRegr, ver. 1.37. Similarly,
TpsRegr was used for multivariate regression analyses separately evaluating effects of strain and species
affiliation of individual cells on their shape. Significance of the regression models was assessed by the
permutation tests on Wilk’s & with 9999 randomizations. A principal component analysis (PCA) of the
geometric morphometric data was performed in TpsRelw, ver. 1.49, and the theoretical cell shapes of different
morpho-space positions were reconstructed in TpsSuper, ver. 1.14. Shape differences between all pairs of
strains were evaluated using two-group permutation tests on the Mahalanobis distance with 999 permutations,
whereas the differences in cell size between pairs of individual strains were evaluated using permutation t-
tests (9999 permutations).

Results

Molecular diversity of Neocystis spp., Nephrodiella spp. and Ellipsoidion parvum strains
We investigated eight algal cultures that are thought to represent seven independently isolated strains (Table 1).
In order to assess the genetic diversity of these strains, we sequenced the 18S-1TS2-5.8S-1TS2 rDNA region of
all strains. Differences were found from previously determined 18S rDNA sequences for strains CAUP D 802
(N. brevis) and KR 1989/14 (N. mucosa) (Krienitz et al. 2011a; GenBank accession numbers HQ287929.1 and
HM565928.1, respectively). HQ287929.1 has a deletion of one nucleotide close to the 5° end and a single
nucleotide substitution close to the 3’ end. HM565928.1 (erroneously maintained in GenBank with the species
name “Kirchneriella phaseoliformis”) differs from our sequence by several single-nucleotide indels and by
several undetermined nucleotides (specified by “N”). We checked our raw sequencing data and confirmed that
our assembled 18S rDNA sequences are correct, suggesting that the previously published sequences most likely
suffer from sequencing errors (particularly HM565928.1 appears to be of rather low quality). Despite these
differences, the phylogenetic position of the two updated 18S rDNA sequences remained essentially the same
as reported by Krienitz et al. (2011a), i.e. they formed (together with a sequence from the “Uncultured
Dunaliellaceae clone Amb_18S_930”, GenBank accession number EF023670.1) a tight cluster in an
unresolved position within the radiation of the Trebouxiophyceae (not shown).

According to the 18S-1TS2-5.8S-1TS2 rDNA sequences, the eight strains could be partitioned into two
distinctly different genotypes (Table 1, column “Taxonomic identity as redefined in this study”). The first
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genotype, characterised by identical sequences without apparent intragenomic heterogeneity, included the
authentic strain of N. brevis (CAUP D 802) plus the following strains: CCALA 393 (Nephrodiella minor),
ASIB BS 319 (Neocystis vischeri), SAG 40.86 (Ellipsoidion parvum), and CCALA 341 (Ellipsoidion
parvum). The second genotype comprised the authentic strain of N. mucosa (KR 1989/14) plus the strains
CAUP D 801 (Nephrodiella sp.) and SAG 40.88 (Nephrodiella minor). Two of the strains, KR 1989/14 and
CAUP D 801, exhibit an apparent intragenomic heterogeneity in the 18S-1TS2-5.8S-1TS2 rDNA region,
sharing one A/G site, one G/T site, and three C/T sites, whereas SAG 40.88 has just one of the two alternative
nucleotides at the homologous positions. KR 1989/14 has three additional unique C/T sites (occupied by C in
both CAUP D 801 and SAG 40.88 strains) and CAUP D 801 has one more unique C/T site (occupied by T in
both KR 1989/14 and SAG 40.88 strains). All three strains of the second genotype thus exhibit effectively
identical 18S-1TS2-5.8S-1TS2 rDNA sequences. When the heterogeneity is not taken into account, the
sequences of the first and the second genotype differ by one substitution in the 18S rDNA region, 15
substitutions and a one-nucleotide indel in the ITS1 region, and 13 substitutions and 2 two-nucleotide indels
in the ITS2 region (while the 5.8S rDNA regions are identical).

To further evaluate the degree of genetic separation of the two genotypes, we mapped the differences in
the 1TS2 sequence on a predicted ITS2 secondary structure (Fig. 1). Most of the differences were located in
terminal loops or in unpaired (“bubble™) regions within the helices, with the exception of a difference in two
opposite nucleotides in the helix I implying a mismatch in the first genotype, and except a single
compensatory base change (CBC) in helix I1.

FIGURE 1: Comparison of the ITS2 sequences and predicted secondary structures of Neocystis brevis and Neocystis mucosa. Base
numbering is indicated every 10 bases, and the four helices are numbered with Roman numerals. The structure shown corresponds to
N. brevis; positions conserved in N. mucosa are portrayed in green, bases substituted in N. mucosa are shown by the structure and
connected to the respective position by a short line, insertions and deletions are indicated with plus and minus symbols, respectively.
The base pair marked in a grey box is a compensatory base change (CBC). The highly conserved U-U mismatch in the helix Il and
UGGU motif in the helix 111 (Schultz et al. 2005) are marked by arrows.
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FIGURE 2: Morphometric characteristics of Neocystis strains. a) Visualisation of the multivariate regression model illustrating the
relation of the shape and size of cells in the entire investigated dataset. b) The PCA ordination plot based on geometric morphometric
data illustrating mean positions of individual strains and their standard deviations on PC1 (spanning 65.9% of the variation) and PC2
(23.2%). The theoretical cell shapes of marginal morphospace positions were reconstructed from the landmark coordinates of the
original data.

Mor phometric and mor phological reassessment of the strains

The strains investigated shared a common ontogenetic pattern of asexual reproduction via autospores. Mature
vegetative cells, embedded in amorphous mucilage, transformed into autosporangia. Typically, there were
4-16 autospores in individual sporangia (Fig. 3). They were 5.5-9.5 um in length and 3.0-5.0 um in width.
The cell walls of mature autosporangia ruptured and their remnants then gradually dissolved to form mucilage
surrounding the freshly released autospores. Mature cells were mostly about 9.5-15.0 um in diameter (Fig. 3).
Significant differences in cell size among individual strains were observed (Fig. 4, Table 2), but they did not
correlate with the assignment of the strain into the two separate genotypes. The cells of all strains uniformly
possessed a single plastid, which was multiplied before autospore formation. A pyrenoid was not observed in
any of the strains.

In parallel to the size change during the life cycle, the shape of the cells also depended on the ontogenetic
stage of the cells. This allometric change in the shape of the cells related to their growth was strongly
significant (Wilk’s 1 = 0.7, p = 0.0001, 10.9% of the total variation explained by the regression model of the
entire dataset). According to this model the autospores freshly released from maternal autosporangia were
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mostly elongated and bean-shaped, whereas mature cells had almost circular outlines with only slight shape
heteropolarity (Fig. 2). This allometric trend was highly significant and it was almost identical in all
investigated strains (data not shown).

The allometric morphological trend was apparently closely related to the shape change spanned by the first
principal component that described 65.9% of the total variation (Fig. 2). Clonal variability in cell shape within
individual strains accounted for most of the total morphological variation. The multivariate regression model of
shape variability explained by strain affiliation was highly significant (Wilk’s A = 0.28, p = 0.0001) and it
spanned 18.3% of the total variation. On the other hand, shape variation was clearly less related to genotype
affiliation (Wilk’s A = 0.84, p = 0.0068) and this multivariate regression model only accounted for 2.8% of cell
shape variation. Hence, significant differences in cell shape were observed among many pairs of strains (Table
2). However, these pair differences mostly did not correlate with separation into the two genotypes. The most
pronounced cross-strain morphological differences were identified between strains CCALA 393 and SAG
40.86, and between CAUP D 802 and SAG 40.86 (Table 2), which belong to the same genotype.

FIGURE 3: Representative images of Neocystis mucosa (A—C) and Neocydtis brevis (D-I) strains. A: CAUP D 801. B: KR 1989/14.
C: SAG 40.88. D: CAUP D 802. E: ASIB BS 319. F: CCALA 393. G: CALA 341. H, I: SAG 40.86. Scale bar = 10 um.
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FIGURE 4: Unit-less centroid size values of strains of Neocystis spp.
Boxplots with a dashed outline represent strains of N. brevis.

TABLE 2. The results of statistical tests on differentiation between strains. Size: the permutation t-tests on centroid size
difference (CS); differences in mean centroid size values are depicted. Shape: the two-group multivariate permutation
tests on the difference in the cell shape; Mahalanobis distances between groups are depicted. ***: p value < 0.001, **: p
value between 0.001 and 0.01, *: p value between 0.01 and 0.05, - : not significant.

KR 1989/14 SAG40.88 CAUPDB802 ASIBBS319 CCALA 393 CCALA341 SAG 40.86

CAUP D 801 CS:24.2™ CS:422™ CS: 135" CS:5.73" CS:17.3™ CS:12.2° CS:50.7 ™
shape: 3.17°  shape: 1.16 "~ shape: 2.74"  shape: 3.89"  shape: 4.28" shape: 5.63"  shape: 3.48"

KR 1989/14 CS: 18.0° CS: 377 CS: 185" CS:415™ CS: 12.0° CS:265™
shape: 3.76 ©  shape: 1.95°  shape: 4.75™  shape: 426"  shape: 12.29  shape: 6.60

SAG 40.88 CS:55.7™ CS:36.5™ CS:59.5™ CS:30.0° CS: 85"

shape: 3.19°  shape: 3.50°  shape: 2.93" shape: 2.13°  shape: 2.35°

CAUP D 802 CS:19.2™ CS: 3.8 CS:25.7™ CS:64.2™
shape: 5.03  shape: 5.04"  shape: 7.58 shape: 8.40

ASIBBS 319 CS:23.0™ CS:6.5° CS:45.0™
shape: 3.86°  shape: 7.49  shape: 3.67 "

CCALA 393 CS: 295" CS:68.0"
shape: 6.72  shape: 4.06 "

CCALA 341 CS: 385"
shape: 3.03 "
Discussion

We provide both molecular genetic and morphological evidence for taxonomic inflation in a group of coccoid
green algae currently classified in Neocystis. Based on the 18S-1TS1-5.8S-1TS2 rDNA region, all eight strains
are closely related and belong to two distinct genotypes despite having been previously assigned to five
different species. The first genotype comprises four original strains with identical sequences without apparent
intragenomic heterogeneity. These strains were all isolated from a restricted area in Switzerland and Austria.
In contrast, the second genotype comprises three isolates coming from widely separated locations—a lake in
Germany (KR 1989/14) and the Antarctic region (CAUP D 801 and SAG 40.88, see Table 1). Two of the
latter three strains exhibit slight intragenomic heterogeneity in the 18S-1TS1-5.8S-1TS2 rDNA region, but
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otherwise their sequences are identical. This degree of similarity within the relatively rapidly evolving ITS1
and ITS2 regions indicates a recent common origin of the strains in each genotype. Following a practice that
has been widely adopted by green algal taxonomists (Proschold & Leliaert 2007, Darienko et al. 2010,
Krienitz et al. 2011b), our strains within each genotype represent the same species. At the same time, the
degree of difference in the ITS2 region between the first and the second genotype, including the presence of
one CBC in the helix 1, and the sharp distinction of the two genotypes, may be interpreted as evidence for
their existence as two different, yet possibly cryptic, species (Muller et al. 2007). However, with the apparent
absence of sexual reproduction in Neocystis spp., it is impossible to apply the most widely accepted criterion
for species delimitation in eukaryotes, i.e. the “biological species” concept by Mayr (1942), and the
interpretation of N. brevis and N. mucosa as two separate species must be viewed as tentative and requiring
further studies of their biological properties.

Of the species names that have been applied to either of these strains, Nephrodiella minor has priority
over Nephrodiella brevis, Ellipsoidion parvum and Neocystis vischeri. However, the strain CCALA 393,
maintained in the respective culture collection as Neph. minor, is apparently a subculture of Vischer’s original
strain 1941/267 that he regarded (together with the strain 1941/319, i.e. ASIB BS 319) as representing the new
species Neph. brevis (Vischer 1945). It was no longer possible to find out when and how Vischer’s original
identification of the CCALA 393 strain changed to Neph. minor in CCALA. Vischer discriminated Neph.
brevis from the previously described Neph. minor on the basis of a different number of chloroplasts (one in
Neph. brevis, one or two in Neph. minor) and by a less pronounced incurvation of Neph. brevis cells (but note
that Vischer could compare his isolates only with Pascher’s verbal description and a simple line drawing, not
directly with biological material observed by Pascher). Vischer also pointed to possibly different habitat
preferences of the two species — Neph. brevis was isolated from soil, whereas Neph. minor was reported by
Pascher from freshwater (Vischer 1945). If we accept that these differences are significant enough to base
delimitation of two separate species, CCALA 393 has to be treated as a strain of Neph. brevis rather than of
Neph. minor. It follows that the first genotype represents a species with the basionym Neph. brevisand that the
species names E. parvum and Neph. vischeri are its junior synonyms. However, this basionym itself is now
treated as a synonym of the name Neocystis brevis (Vischer) 1.Kostikov & L.Hoffmann (see below).

Kostikov & Hoffmann (2002) made a careful light microscopic observation of SAG 850-1, a subculture of
Vischer’s original strain 1941/267, and of INSIB BS-319, a subculture of Vischer’s original strain 1941/319,
and they were able to define some minor morphological differences (in cell shape and the number of
autospores formed in autosporangia) that they interpreted as differentiating two separate species (N. brevis
and N. vischeri), even though Vischer considered both strains to represent the same species (N. brevis). We
studied different subcultures of Vischer’s original strains (CAUP D 802 and ASIB BS 319) and within the
limit of our approach we found essentially no difference in the shape of the two strains (Fig. 2), which is in
accord with the identity of their 18S-1TS1-5.8S-1TS2 rDNA regions. Therefore, we conclude that there is no
evidence that could support the existence of N. vischeri as a separate species.

The demonstration that Ellipsoidion parvum, currently classified in the ochrophyte class Xanthophyceae
(Ettl 1978; Ettl & Gartner 1995), actually belongs to green algae, should not be considered surprising. The
current circumscription of the Xanthophyceae stems from Pascher’s concept of “Heterokonten” that has
proven to be a very heterogeneous assemblage with some of its members subsequently moved to other groups,
e.g. to Chlorarachniophyta (Hibberd & Norris 1984), Eustigmatophyceae (Hibberd 1981, Pribyl et al. 2012),
or green algae (Géartner & Schragl 1988, Darienko et al. 2010, this study). Most of the nominal xanthophycean
species remain to be reinvestigated by modern methods and it is very likely that there will be many additional
cases of “xanthophyceans” that need to be transferred into other algal classes. An alternative classification of
E. parvum in the class Eustigmatophyceae by Guiry & Guiry (2012) apparently follows the fact that an alga
originally identified as another species of the genus Ellipsoidion, E. acuminatum Pascher (1937-1939: 1064),
was recognised as a eustigmatophycean alga (Hibberd & Leedale 1972). However, this alga is currently
known as Pseudocharaciopsis ovalis (Braun) Hibberd (1981: 110), whereas the taxonomic identities and
phylogenetic affiliations of the other described Ellipsoidion species remain effectively unknown.
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As in the case of the first genotype, the taxonomic identity of the second genotype is not completely clear.
KR 1989/14 is the authentic strain of Neocystis mucosa, but SAG 40.88 has been determined (by an unknown
authority) as Neph. minor. The possibility that the second genotype represents Pascher’s Neph. minor cannot
be excluded: both Neph. minor and KR 1989/14 were found in a freshwater body and both were described to
have a higher number of chloroplasts than Neph. brevis. If this was true, N. mucosa would be a junior
synonym of Neph. minor. Unfortunately, the documentation available for the original Neph. minor is so
uninformative that doubts will always remain about its identification. In addition, we could not confirm the
description of N. mucosa by Krienitz et al. (2011a) as having 2-8 chloroplasts; instead, vegetative cells seem
to typically have only one, deeply segmented, chloroplast that divides into several separate chloroplasts only
before autosporogenesis. Hence, we refrain from formally proposing the synonymy of N. mucosa and Neph.
minor at this point.

With this framework established on the basis of molecular genetic data, how should the results of the
geometric morphometric analysis of the strain morphology be interpreted? The substantial shape variation
observed in our cultures mostly did not correlate with their species assignment. There was over six times more
morphological variation within strains of the same genotype than between the two species. The most
morphologically dissimilar pair of strains even belonged to the same genetically defined species. Neither
individual cells, nor strains of the two Neocystis species could be unambiguously identified to a species on the
basis of cell shape. Krienitz et al. (2011a) differentiated N. brevis and N. mucosa by cell size and by the
number of plastids in vegetative cells, but this has not been supported by our observations. Further analyses
are needed to test whether there are any well-defined morphological features that can distinguish the two
species.

Despite being restricted in scope, our study provides a clear-cut case of taxonomic inflation that might be a
reflection of a general aspect of current taxonomic schemes of coccoid green algae. The rate of description of
new species in recent literature dealing with the taxonomy of coccoid green algae (aided primarily by molecular
sequence data) hugely overshadows the cases of proposed synonymy of previously described species (rare recent
examples being: Skaloud & Peksa 2010; Proschold et al. 2011—but see Hoshina 2011, Fug¢ikova & Lewis 2012).
We predict that the degree of taxonomic redundancy associated with the traditional taxonomic schemes for
coccoid green algae is much higher than currently acknowledged, which has unfortunate consequences for
disciplines relying on accurate species delimitations, such as ecology (Isaac et al. 2004), biogeography (Foissner
2006, Sharma & Rai 2011), or estimations of global species richness (Mora et al. 2011).

An open issue that could not be resolved by our study is the actual generic assignment of the two species
re-defined here. Assigning them to a genus other than Nephrodiella rests on the assumption that the type
species of this genus, designated to be Nephrodiella phaseolus Pascher (1937-1939: 429) by Starmach
(1968), is an unrelated entity. This may indeed be the case, given the observation of zoospores with typical
heterokont morphology by Pascher (1937-1939), which would place his organism in the ochrophytes (most
likely xanthophyceans) rather than in the green algae. However, it is important to note that Pascher made his
observations on mixed natural samples only (hence the identity of the alleged zoospores may be doubtful),
that Neph. phaseolus has (to our best knowledge) not been observed since Pascher’s report, and that two more
strains identified by different authorities as Nephrodiella spp. (CAUP D 801 and SAG 40.88, see Table 1)
both belong to green algae and even to the same lineage as Neph. brevis (albeit to a different species). One
more former Nephrodiella species, Neph. nana Ettl (1977: 559), was transferred as a new combination to the
green algal genus Monoraphidium by Hindak (1980), although this revision has yet to be confirmed by DNA
data. Hence, the identity and taxonomic status of the genus Nephrodiella remain uncertain. The classification
of N. brevis and N. mucosa in the genus Neocystis is no less questionable, as it is based on their putative
relationship to the type of the genus Neocystis, N. ovalis Hindak (1988: 68), deduced from morphological
characters only (Kostikov & Hoffmann 2002, Kostikov et al. 2002, Krienitz et al. 2011a). Sequence data are
lacking from N. ovalis and no strain is available to make a direct morphological and molecular comparison
with N. brevis and N. mucosa; hence the position of these species in the genus Neocystis should be viewed as
tentative and awaiting additional studies.

24 e Phytotaxa 76 (2) © 2013 Magnolia Press ELIASETAL.



Acknowledgements

We thank Lothar Krienitz for sharing data on Neocystis mucosa and for providing the authentic strain of N.
mucosa. We are furthermore indebted to Georg Gartner for sending the ASIB BS 319 strain, to Pavel Pribyl
(Institute of Botany, Czech Academy of Sciences, T¥eboii, Czech Republic) for the information on the
CCALA strains, and to Lenka Flaskovéa for technical help. Comments and corrections by reviewers of the
original manuscript (particularly of Paul A. Broady) are gratefully acknowledged. This work was supported
by grant no. P506/10/0705 from the Czech Science Foundation, project no. CZ.1.05/2.1.00/03.0100
(Operational Program Research and Development for Innovations), and an internal grant of the University of
South Bohemia in Ceské Budgjovice (146/2010/P).

References

Adl, S.M., Leander, B.S., Simpson, A.G,, Archibald, J.M., Anderson, O.R., Bass, D., Bowser, S.S., Brugerolle, G,
Farmer, M.A., Karpov, S., Kolisko, M., Lane, C.E., Lodge, D.J., Mann, D.G, Meisterfeld, R., Mendoza, L.,
Moestrup, &., Mozley-Standridge, S.E., Smirnov, A.V. & Spiegel, F. (2007) Diversity, nomenclature, and taxonomy
of protists. Systematic Biology 56: 684-689. http://dx.doi.org/10.1080/10635150701494127

Adl, S.M., Simpson, A.G, Lane, C.E., Lukes, J., Bass, D., Bowser, S.S., Brown, M.W., Burki, F., Dunthorn, M., Hampl,
V., Heiss, A., Hoppenrath, M., Lara, E., le Gall, L., Lynn, D.H., McManus, H., Mitchell, E.A., Mozley-Stanridge,
S.E., Parfrey, L.W., Pawlowski, J., Rueckert, S., Shadwick, L., Schoch, C.L., Smirnov, A. & Spiegel, F.W. (2012)
The revised classification of eukaryotes. Journal of Eukaryotic Microbiology 59: 429-514. http://dx.doi.org/
10.1111/j.1550-7408.2012.00644.x

Bischoff, H.W. & Bold, H.C. (1963) Phycological studies. IV. Some soil algae from Enchanted Rock and related algal
species. University of Texas Publications 6318: 1-95.

Bock, C., Krienitz, L. & Proschold, T. (2011) Taxonomic reassessment of the genus Chlorella (Trebouxiophyceae) using
molecular signatures (barcodes), including description of seven new species. Fottea 11: 293-312.

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. http://dx.doi.org/10.1016/j.ejop.2011.11.004

Bookstein, F.L. (1997) Landmark methods for forms without landmarks: morphometrics of group differences in outline
shape. Medical Image Analysis 1: 225-243. http://dx.doi.org/10.1016/S1361-8415(97)85012-8

Coleman, A.W. (2009) Is there a molecular key to the level of "biological species” in eukaryotes? A DNA guide.
Molecular Phylogenetics and Evolution 50: 197-203. http://dx.doi.org/10.1016/j.ympev.2008.10.008

Darienko, T., Gustavs, L., Mudimu, O., Menendez, C. R., Schumann, R., Karsten, U., Friedl, T. & Proschold, T. (2010)
Chloroidium, a common terrestrial coccoid green alga previously assigned to Chlorella (Trebouxiophyceae,
Chlorophyta). European Journal of Phycology 45: 79-95. http://dx.doi.org/10.1080/09670260903362820

Darty, K., Denise, A. & Ponty, Y. (2009) VARNA: Interactive drawing and editing of the RNA secondary structure.
Bioinformatics 25: 1974-1975. http://dx.doi.org/10.1093/bioinformatics/btp250

Edwards, S.V. (2009) Is a new and general theory of molecular systematics emerging? Evolution 63: 1-19. http://
dx.doi.org/10.1111/j.1558-5646.2008.00549.x

Epstein, S. & Lopez-Garcia, P. (2008) “Missing” protists: a molecular prospective. Biodiversity and Conservation 17:
261-276. http://dx.doi.org/10.1007/s10531-007-9250-y

Ettl, H. (1977) Taxonomische Bemerkungen zu den Xanthophyceen. Nova Hedwigia 28: 555-568.

Ettl, H. (1978) Xanthophyceae. 1. Teil. In: Ettl, H., Gerloff, J., Heynig, H. & Mollenhauer, D. (eds.) Suf3wasserflora von
Mitteleuropa, Band 3/1. Gustav Fischer Verlag, Jena, pp. 107-245.

Ettl, H. & Gértner, G. (1995) Syllabus der Boden-, Luft- und Flechtenalgen. G. Fischer, Stuttgart, 721 pp.

Fenchel, T. & Finlay, B.J. (2006) The diversity of microbes: resurgence of the phenotype. Philosophical Transactions of
the Royal Society B: Biological Sciences361: 1965-1973. http://dx.doi.org/10.1098/rsth.2006.1924

Foissner, W. (2006) Biogeography and dispersal of micro-organisms: A review emphasizing protists. Acta
Protozoologica 45: 111-136.

Fucikova, K. & Lewis, L.A. (2012) Intersection of Chlorella, Muriella and Bracteacoccus: Resurrecting the genus
Chromochloris Kol et Chodat (Chlorophyceae, Chlorophyta). Fottea 12: 83-93.

Gartner, G. & Schragl, A. (1988) Zur Taxonomie von Coccomyxa brevis nov. comb. (Chlorophyceae, Chlorococcales),
fuher Nephrodiella brevis Vischer (Xanthophyceae, Mischococcales). Nova Hedwigia 46: 511-517.

Guiry, M.D. & Guiry, G.M. (2012) AlgaeBase. National University of Ireland, Galway. Available from: http://
www.algaebase.org (accessed: 24 February 2012).

TAXONOMIC INFLATION WITHIN NEOCYSTIS (CHLOROPHYTA) Phytotaxa 76 (2) © 2013 Magnolia Press ® 25


http://dx.doi.org/10.1080/10635150701494127
http://dx.doi.org/10.1111/j.1550-7408.2012.00644.x
http://dx.doi.org/10.1111/j.1550-7408.2012.00644.x
http://dx.doi.org/10.1016/j.ejop.2011.11.004
http://dx.doi.org/10.1016/S1361-8415(97)85012-8
http://dx.doi.org/10.1016/j.ympev.2008.10.008
http://dx.doi.org/10.1080/09670260903362820
http://dx.doi.org/10.1093/bioinformatics/btp250
http://dx.doi.org/10.1111/j.1558-5646.2008.00549.x
http://dx.doi.org/10.1111/j.1558-5646.2008.00549.x
http://dx.doi.org/10.1007/s10531-007-9250-y
http://dx.doi.org/10.1007/s10531-007-9250-y
http://dx.doi.org/10.1098/rstb.2006.1924

Hammer, @., Harper, D.A.T. & Ryan, P.D. (2001) PAST: Paleontological Statistics Software Package for Education and
Data Analysis. Palaeontologica Electronica 4: 1-9.

Helms, G., Friedl, T., Rambold, G. & Mayrhofer, H. (2001) ldentification of photobionts from the lichen family
Physciaceae using algal-specific ITS rDNA sequencing. Lichenologist 33: 73-86. http://dx.doi.org/10.1006/
lich.2000.0298

Hepperle, D. (2004) SegAssem. A sequence analysis tool, contig assembler and trace data visualization tool for
molecular sequences. Win32-Version. Sequentix-Digital DNA Processing, Germany. Available from: http:/
www.sequentix.de.

Hibberd, D.J. (1981) Notes on the taxonomy and nomenclature of the algal classes Eustigmatophyceae and Tribophyceae
(synonym Xanthophyceae). Botanical Journal of the Linnean Society 82: 93-119. http://dx.doi.org/10.1111/j.1095-
8339.1981.th00954.x

Hibberd, D.J. & Leedale, GF. (1972) Observations on the cytology and ultrastructure of the new algal class,
Eustigmatophyceae. Annals of Botany 36: 49-71.

Hibberd, D.J. & Norris, R.E. (1984) Cytology and ultrastructure of Chlorarachnion reptans (Chlorarachniophyta divisio
nova, Chlorarachniophyceae classis nova). Journal of Phycology 20: 310-330. http://dx.doi.org/10.1111/].0022-
3646.1984.00310.x

Hindak, F. (1980) Studies on the chlorococcal algae (Chlorophyceae). Il. Biologické Prace 26: 1-195.

Hindak, F. (1988) Studies on the chlorococcal algae (Chlorophyceae). IV. Biologicke Prace 34: 1-264.

Hoshina, R. (2011) Comments on the taxonomic treatment of Micractinium reisseri (Chlorellaceae, Trebouxiophyceae),
a common endosymbiont in Paramecium. Phycological Research 59: 269-272. http://dx.doi.org/10.1111/j.1440-
1835.2011.00625.x

Huss, V.A.R., Frank, C., Hartmann, E.C., Hirmer, M., Kloboucek, A., Seidel, B.M., Wenzeler, P. & Kessler, E. (1999)
Biochemical taxonomy and molecular phylogeny of the genus Chlorella sensu lato (Chlorophyta). Journal of
Phycology 35: 587-598. http://dx.doi.org/10.1046/j.1529-8817.1999.3530587.x

Isaac, N.J.B., Mallet, J., & Mace, G.M. (2004) Taxonomic inflation: its influence on macroecology and conservation.
Trends in Ecology and Evolution 19: 464-469. http://dx.doi.org/10.1016/j.tree.2004.06.004

Katana, A., Kwiatowski, J., Spalik, K., Zakrys, B., Szalacha, E. & Szymanska, H. (2001) Phylogenetic position of
Koaliella (Chlorophyta) as inferred from nuclear and chloroplast small subunit rDNA. Journal of Phycology 37:
443-451. http://dx.doi.org/10.1046/j.1529-8817.2001.037003443.x

Kipp, V. (2004) Biodiversitat und phylogenetische Sellung eukaryotischer Algen in kalzfizierenden Biofilmen. Diploma
thesis. Universitat Gottingen, Gottingen, 100 pp.

Koetschan, C., Forster, F., Keller, A., Schleicher, T., Ruderisch, B., Schwarz, R., Miller, T., Wolf, M. & Schultz, J.
(2010) The ITS2 Database Ill-sequences and structures for phylogeny. Nucleic Acids Research 38: D275-D279.
http://dx.doi.org/10.1093/nar/gkp966

Kostikov, I. & Hoffmann, L. (2002) What is Nephrodiella brevis? Algological Sudies 104: 1-21.

Kostikov, I., Darienko, T., LukeSova, A. & Hoffmann, L. (2002) Revision of the classification system of Radiococcaceae
Fott ex Komarek (except the family Dictyochlorelloideae) (Chlorophyta). Algological Sudies 104: 23-58.

Krienitz, L., Bock, C., Nozaki, H. & Wolf, M. (2011a) SSU rRNA gene phylogeny of morphospecies affiliated to the
bioassay alga “Selenastrum capricornutum” recovered the polyphyletic origin of crescent-shaped Chlorophyta.
Journal of Phycology 47: 880-893. http://dx.doi.org/10.1111/j.1529-8817.2011.01010.x

Krienitz, L., Bock, C., Dadheech, P.K. & Proschold, T. (2011b) Taxonomic reassessment of the genus Mychonastes
(Chlorophyceae, Chlorophyta) including the description of eight new species. Phycologia 50: 89-106. http://
dx.doi.org/10.2216/10-15.1

Luo, W., Préschold, T., Bock, C., Krienitz, L. (2010) Generic concept in Chlorella-related coccoid green algae
(Chlorophyta, Trebouxiophyceae). Plant Biology 12: 545-553. http://dx.doi.org/10.1111/j.1438-8677.2009.00221.x

Mayr, E. (1942) Systematics and the origin of species from the viewpoint of a zoologist. Harvard University Press,
Cambridge, Massachusetts, 372 pp.

McManus, H.A., Lewis, L.A. & Schultz, E.T. (2011) Distinguishing multiple lineages of Pediastrum duplex with
morphometrics and a proposal for Lacunastrum gen. nov. Journal of Phycology 47: 123-130. http://dx.doi.org/
10.1111/j.1529-8817.2010.00941.x

Medlin, L.K, Metfies, K., John, U. & Olsen, J.L. (2007) Algal molecular systematics: a review of the past and prospects
for the future. In: Brodie, J. & Lewis, J. (eds.) Unravelling the algae. The past, present and future of algal
systematics. CRC Press, Taylor & Francis Group, Boca Raton, London, New York, pp. 341-353.

Mora, C., Tittensor, D.P., Adl, S., Simpson, A.G. & Worm, B. (2011) How many species are there on Earth and in the
ocean? PLoSBiology 9: €1001127. http://dx.doi.org/10.1371/journal.pbio.1001127

Mdiller, T., Philippi, N., Dandekar, T., Schultz, J. & Wolf, M. (2007) Distinguishing species. RNA 13: 1469-1472. http://
dx.doi.org/10.1261/rna.617107

Nemjova, K., Neustupa, J., Stastny, J., Skaloud, P., Vesel4, J. (2011) Species concept and morphological differentiation
of strains traditionally assigned to Micrasterias truncata. Phycological Research 59: 208-220. http://dx.doi.org/

26 * Phytotaxa 76 (2) © 2013 Magnolia Press ELIAS ET AL.


http://dx.doi.org/10.1006/lich.2000.0298
http://dx.doi.org/10.1006/lich.2000.0298
http://dx.doi.org/10.1111/j.1095-8339.1981.tb00954.x
http://dx.doi.org/10.1111/j.1095-8339.1981.tb00954.x
http://dx.doi.org/10.1111/j.0022-3646.1984.00310.x
http://dx.doi.org/10.1111/j.0022-3646.1984.00310.x
http://dx.doi.org/10.1111/j.1440-1835.2011.00625.x
http://dx.doi.org/10.1111/j.1440-1835.2011.00625.x
http://dx.doi.org/10.1046/j.1529-8817.1999.3530587.x
http://dx.doi.org/10.1016/j.tree.2004.06.004
http://dx.doi.org/10.1046/j.1529-8817.2001.037003443.x
http://dx.doi.org/10.1046/j.1529-8817.2001.037003443.x
http://dx.doi.org/10.1093/nar/gkp966
http://dx.doi.org/10.1093/nar/gkp966
http://dx.doi.org/10.1111/j.1529-8817.2011.01010.x
http://dx.doi.org/10.2216/10-15.1
http://dx.doi.org/10.2216/10-15.1
http://dx.doi.org/10.1111/j.1438-8677.2009.00221.x
http://dx.doi.org/10.1111/j.1529-8817.2010.00941.x
http://dx.doi.org/10.1111/j.1529-8817.2010.00941.x
http://dx.doi.org/10.1371/journal.pbio.1001127
http://dx.doi.org/10.1261/rna.617107
http://dx.doi.org/10.1111/j.1440-1835.2011.00619.x

10.1111/j.1440-1835.2011.00619.x

Neustupa, J. (2005) Phenotypic plasticity of microalgal cultures in culture collections: a geometric morphometric
approach. Oceanological and Hydrobiological Sudies 34: 97-107.

Neustupa, J. & Nemjova, K. (2008) Quantitative assessment of morphological variation of six Pseudococcomyxa strains
by geometric morphometric descriptors. Fottea 8: 111-116.

Pascher, A. (1937-1939) Heterokonten. In: Rabenhorst, L. & Grunow, A. Dr. L. Rabenhorst's Kryptogamen-Flora von
Deutschland, Osterreich und der Schweiz, 2. Auflage,. Band XI. Akademische Verlagsgesellschaft, Leipzig, 1092 pp.

Pazoutové4, M., Skaloud, P. & Nemjova, K. (2010) Phylogenetic position of Ooplanctella planoconvexa gen. et comb.
nova and Echinocoleum elegans (Oocystaceae, Trebouxiophyceae, Chlorophyta). Fottea 10: 75-82.

Pribyl, P., ElidS, M., Cepdk, V., Lukavsky, J. & Kastanek, P. (2012) Zoosporogenesis, morphology, ultrastructure,
pigment composition, and phylogenetic position of Trachydiscus minutus (Eustigmatophyceae, Heterokontophyta).
Journal of Phycology 48: 231-242. http://dx.doi.org/10.1111/j.1529-8817.2011.01109.x

Proschold, T., Darienko, T., Silva, P.C., Reisser, W. & Krienitz, L. (2011) The systematics of Zoochlorella revisited
employing an integrative approach. Environmental Microbiology 13: 350-364. http://dx.doi.org/10.1111/j.1462-
2920.2010.02333.x

Proschold, T. & Leliaert, F. (2007) Systematics of the green algae: conflict of classic and modern approaches. In: Brodie,
J. & Lewis, J. (eds.) Unravelling the algae. The past, present and future of algal systematics. CRC Press, Taylor &
Francis Group, Boca Raton London New York, pp. 123-154.

Reisigl, H. (1964) Zur Systematik und Okologie alpiner Bodenalgen. Osterreichische Botanische Zeitschrift 111:
402-499. http://dx.doi.org/10.1007/BF01372910

Rohlf, F.J. (2011) TPS Series. Department of Ecology and Evolution, State University of New York, Stony Brook, New
York. Available from: http://life.bio.sunysb.edu/morph/.

Schmidle, W. (1901) Uber drei Algengenera. Berichte der Deutschen Botanischen Gessellschaft 19: 10-24.

Schultz, J., Maisel, S., Gerlach, D., Miller, T. & Wolf, M. (2005) A common core of secondary structure of the internal
transcribed spacer 2 (ITS2) throughout the Eukaryota. RNA 11: 361-364. http://dx.doi.org/10.1261/rna.7204505
Selig, C., Wolf, M., Miller, T., Dandekar, T. & Schultz, J. (2008) The ITS2 Database II: homology modelling RNA

structure for molecular systematics. Nucleic Acids Research 36: D377-D380. http://dx.doi.org/10.1093/nar/gkm827

Sesték, Y. (1963) PouZiti papirové chromatografie chlorofyli a karotenoidi v algologii. Preslia 35: 123-134. (in Czech)

Sharma, N.K. & Rai, A.K. (2011) Biodiversity and biogeography of microalgae: progress and pitfalls. Environmental
Reviews 19: 1-15. http://dx.doi.org/10.1139/a10-020

Skaloud, P. & Peksa, O. (2010) Evolutionary inferences based on ITS rDNA and actin sequences reveal extensive
diversity of the common lichen alga Asterochloris (Trebouxiophyceae, Chlorophyta). Molecular Phylogenetics and
Evolution 54: 36-46. http://dx.doi.org/10.1016/j.ympev.2009.09.035

Starmach, K. (1968) Xanthophyceae—ro6znowiciowe. In; Starmach, K. & Sieminska J. (eds.) Flora slodkovodna Polski,
tom 7. Warszawa—Krakéw, 393 pp. (in Polish)

Vischer, W. (1945) Heterokonten aus Alpinen Bdden, speziell dem Schweizerischen Nationalpark. Ergebnisse der
wissenschaftlichen Unter suchung des schweizerischen Nationalparks, Neue Folge 1: 481-512.

White, T.J., Bruns, T., Lee, S. & Taylor, J.W. (1990) Amplification and direct sequencing of fungal ribosomal RNA
genes for phylogenetics. In: Innis, M.A., Gelfand, D.H. Sninsky, J.J. & White, T.J. (eds.) PCR Protocals. A guide to
methods and applications. Academic Press, Inc., New York, pp. 315-322.

Whittle, S.J. & Casselton, P.J. (1969) The chloroplast pigments of some green and yellow-green algae. British
Phycological Journal 4: 55-64. http://dx.doi.org/10.1080/00071616900650041

Zelditch, M.L., Swiderski, D.L., Sheets, D.H. & Fink, W.L. (2004) Geometric morphometrics for biologists. a primer.
Elsevier Academic Press, London, 452 pp.

Zuker, M. (2003) Mfold web server for nucleic acid folding and hybridization prediction. Nucleic Acids Research 31:
3406-3415. http://dx.doi.org/10.1093/nar/gkg595

TAXONOMIC INFLATION WITHIN NEOCYSTIS (CHLOROPHYTA) Phytotaxa 76 (2) © 2013 Magnolia Press ® 27


http://life.bio.sunysb.edu/morph/
http://dx.doi.org/10.1111/j.1440-1835.2011.00619.x
http://dx.doi.org/10.1111/j.1529-8817.2011.01109.x
http://dx.doi.org/10.1111/j.1462-2920.2010.02333.x
http://dx.doi.org/10.1111/j.1462-2920.2010.02333.x
http://dx.doi.org/10.1007/BF01372910
http://dx.doi.org/10.1007/BF01372910
http://dx.doi.org/10.1261/rna.7204505
http://dx.doi.org/10.1093/nar/gkm827
http://dx.doi.org/10.1139/a10-020
http://dx.doi.org/10.1016/j.ympev.2009.09.035
http://dx.doi.org/10.1080/00071616900650041
http://dx.doi.org/10.1093/nar/gkg595
http://dx.doi.org/10.1093/nar/gkg595

	Abstract
	Introduction
	Material & methods
	Results
	Discussion
	Acknowledgements
	References

