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Integrative taxonomic description of two new species of the
Cocconeis placentula group (Bacillariophyceae) from Korea based
on unialgal strains

Regine Jahn", Nélida Abarca, Wolf-Henning Kusber, Oliver Skibbe, Jonas Zimmermann
and Demetrio Mora®

Botanischer Garten und Botanisches Museum Berlin, Freie Universitdt Berlin, Konigin-Luise-Str. 6-8, 14195 Berlin,
Germany

Cocconeis coreana and C. sijunghoensis are described as new based on micromorphological and molecular data. C.
coreana is represented by five unialgal cultures from four different freshwater bodies, two from North Korea and three
from South Korea. C. sijunghoensis is represented by two unialgal cultures from a brackish water body in North Korea.
Except for one, all of the strains auxosporulated and showed an almost quadrupling of size in length and width. Mor-
phologically, these species with their two different elliptical valves belong to the Cocconeis placentula group. The raphe
valve has striae with uniseriate areolae continuing across a pronounced submarginal hyaline rim to the edge of the valve.
The sternum valve has uniseriate dash-like areolae continuously from the valve face until the valve edge. Micromorpho-
logically, these species possess two different open valvocopulae: only the raphe valvocopula has fimbriae; the sternum
valvocopula has none. Based on p-distances of currently available DNA sequence data, i.e., rbcL and 185V4, both species
are pronouncedly different from the epitype strain of C. placentula, with C. coreana closest to the published molecular
data of the strain UTEX FD23 named C. placentula from Iowa, USA, while C. sijunghoensis is closest but not the same as
the published molecular data of strain D36_012, the epitype strain of C. placentula from Berlin, Germany. Based on scan-
ning electron microscope observations, differentiating features are discussed concerning valvocopula fimbriae, central
area, areolation of the sternum valve and on the raphe valve especially between the submarginal hyaline rim and edge.
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INTRODUCTION

The most ubiquitous and cosmopolitan freshwater
diatom seems to be Cocconeis placentula Ehrenberg
sensu lato; this taxon and its varieties are cited in almost
every floristic study of fresh waters or water quality as-
sessment from all over the world often occurring in large
numbers and as pioneers on substrates (to cite just a few
recent: Kobayasi et al. 2006, Gari and Corigliano 2007,

Plenkovi¢-Moraj et al. 2008, Metzeltin et al. 2009, Leterme
et al. 2010, Joh 2012, Hofmann et al. 2013, Potapova and
Spaulding 2013, Abdel-Rahman and Sinada 2016, Ouy-
ang et al. 2016, Taylor and Cocquyt 2016, Amutha and
Muralidharan 2017, Lange-Bertalot et al. 2017, Mora et al.
2017, Toudjani et al. 2017, Pumas et al. 2018, Al-Handal
and Al-Shaheen 2019, Chen et al. 2019, Heinrich et al.
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2019, Jittner et al. 2020).

In the Algal Flora of Korea, which is a compendium of
all taxa from South Korea compiled until 2012, the au-
thor writes (Joh 2012, p. 108): “Cocconeis placentula and
its neighboring diatoms are the most common in fresh-
water bodies and are to be cosmopolitan in lotic waters
as rivers and streams, lentic ones of lakes, reservoirs and
ponds in both freshwaters and estuarine waters.” These
three neighboring diatoms are treated as varieties of Coc-
coneis placentula: C. placentula var. euglypta (Ehrenberg)
Grunow, C. placentula var. lineata (Ehrenberg) Van Heu-
rck, and C. placentula var. klinoraphis Geitler. Especially
these four taxa are very difficult to differentiate by their
morphology since features such as outline and striae
counts overlap and true differentiating features are ei-
ther not existing, or only visible in the scanning electron
microscope (SEM).

The cells of Cocconeis placentula s.. are monoraphid,
having one thin valve with a raphe (termed raphe valve
[RV]) and one thick valve with a sternum which in older
literature used to be called pseudoraphe (termed ster-
num valve [SV]). Besides the raphe, uniseriate striae, and
open valvocopulae which connect the valves, both valves
are morphologically very different from each other. Until
now, the morphology of the RV was understood to show
no significant features to differentiate species. The striae
of the RV consist of small circular areolae occluded by
hymenes internally. The RV has a submarginal silicified
hyaline rim towards the valve mantle; between this rim
and the edge of the valve, areolae of different numbers
and arrangements are placed; these details can only be
seen in SEM. The SV have differentiating numbers of
striae which are more or less densely punctated or dash-
like, some more or less regularly separated from each
other, sometimes producing longitudinal lines visible in
the light microscope (LM). Only discernible in SEM, the
punctae of the SV turn out to be deep areolae covered
by hymenes externally, whereas the areolae are open to
the inside and roundish in internal view. The raphe val-
vocopula has more or less simple fimbriae; there are no
fimbriae at the sternum valvocopula (Jahn et al. 2009,
Romero and Jahn 2013, plus further own observations;
some of these features were already shown in the first
electron microscopic study on Cocconeis by Holmes et al.
1982).

In diatom preparations from environmental samples
when the two valves are separated, it is very difficult to
differentiate these taxa. But unialgal cultures provide
sufficient numbers of both valve types (SV and RV) of
the same species to study the variability of features and
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evaluate their consistency. Thus, clonal cultures not only
provide molecular data but also reveal some of the phe-
notypic plasticity of a single genotype. Molecular data are
playing an important role in the discovery and delimita-
tion of diatom species and are revealing a hidden diversi-
ty, cryptic taxa, resulting in the description of many new
species (Mann et al. 2004, Alverson 2008, Kaczmarska et
al. 2009, Pouli¢kova et al. 2010, Abarca et al. 2014, Jahn
et al. 2017, 2019). There is also evidence that molecular
sequence datasets yield not only significantly increased
levels of taxonomic differentiation but also biogeograph-
ical resolution compared to analyses of morphologi-
cal data alone (Wortley and Scotland 2006, Abarca et al.
2014, 2020, Skibbe et al. 2018).

In this paper we studied the morphological and mo-
lecular data of Cocconeis placentula s.1. strains which we
had established from waters of the Korean Peninsula in
the last 15 years.

The lectotypes of Ehrenberg’s Cocconeis species, C. pla-
centula (Jahn et al. 2009), C. lineata, C. euglypta (Romero
and Jahn 2013) and their epitype strains with their mo-
lecular and morphological data, serve as calibration
reference for the new species from Korean waters. They
are compared to further strain data available through
the International Nucleotide Sequence Database Col-
laboration (INSDC) named C. placentula (Supplemen-
tary Table S1). Their micromorphologies and molecular
data (18SV4, rbcL) plus morphometrics of seven strains
and some information on auxospore formation have led
to the description of two new species presented in this

paper.

MATERIALS AND METHODS
Field collection and data of strains

Environmental brackish and freshwater samples were
collected from North and South Korea between 2004-
2014 (details in Supplementary Table S1). Seven mono-
clonal strains of Cocconeis specimens were established.
Some data has been published before but under a differ-
ent name (C. placentula or Cocconeis sp.): 185V4 for five
strains (Zimmermann et al. 2011); unfortunately, the mo-
lecular data of one of these strains (D26_016) is inaccu-
rate and lack of reserve material prohibits resequencing
but the morphological data is accurate. For calibration,
molecular and morphological data of the epitype strains
of C. placentula (Jahn et al. 2009), C. lineata, and C. eug-
lypta (Romero and Jahn 2013) are used as reference. Six



additional strains named Cocconeis placentula were re-
trieved from NCBI (e.g., Keck et al. 2016). All sequences
available through the INSDC were compared in BLAST
to infer similarity among sequences and to test for taxo-
nomic consistency.

Cultivation

The process of establishing our unialgal cultures was
described in Zimmermann et al. (2014): water samples
were observed under a SZH zoom stereo microscope
(Olympus K.K., Tokyo, Japan) and single diatom cells
were manually isolated by using capillary glass pipettes.
Cells were then transferred to 5 cm diameter plastic Pe-
tri dishes containing culture medium (WC, Chu, and
AlgaGrow). In order to separate cells and to remove at-
tached particles, this treatment was repeated several
times until microscopic inspection confirmed that pure
cultures had been established. Cultures were kept at an
ambient temperature of 18-22°C. Lumilux daylight 39 W
T5 fluorescent tubes (OSRAM Licht AG, Munich, Germa-
ny) from a distance of 1 m were used for illumination, ex-
cept for strain D119_029 which was illuminated by 5000K
LED panels.

Documentation of morphology

For all newly established strains, the frustule prepara-
tion and morphological documentation were executed
following Abarca et al. (2014). LM pictures were taken
with a Axioscope or Axio Imager M2 plus AxioCam (Carl
Zeiss AG, Oberkochen, Germany). Images of living cells
were taken with a RED-1 digital motion camera on a Zeiss
Photomicroscope III applying differential interference
contrast. SEM pictures were taken with SEM 515 (Phil-
ips N.V,, Amsterdam, Netherlands) (strain D26_016), Fei
Quanta 200 (Thermo Fisher Scientific, Waltham, USA)
(strains NK8_32) or SU810 FE-SEM (Hitachi, Tokyo, Ja-
pan) (all the other strains). Valve length, width, and den-
sity of striae and areolae of at least 20 valves per strain
were measured using AxioVision Rel. 4.8 and Image]J
1.47v software (Rasband 1997-2016) (see Table 1).

Curation

Vouchers and DNA of all strains are deposited in the
collections at Botanischer Garten und Botanisches Mu-
seum Berlin, Freie Universitdt Berlin (B). DNA samples
are stored in the Berlin DNA bank and are available via
the Genome Biodiversity Network (GGBN)(Droege et al.
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2014); nomenclatural acts are registered (Art. 42 of the
International Code of Nomenclature for algae, fungi, and
plants) (Turland et al. 2018) in PhycoBank (2017). Data
are available through AlgaTerra (Jahn and Kusber 2005).
Final DNA sequences were submitted to the ENA (http://
www.ebi.ac.uk/ena/) using the software tool annonex-
2embl (Gruenstaeudl 2020).

DNA extraction, sequencing, and alignment

Cultured material was transferred to 1.5 mL tubes.
DNA was isolated using the NucleoSpin Plant II Mini Kit
(Macherey and Nagel, Diiren, Germany) following the
manufacturer’s instructions. DNA fragment size and con-
centrations were measured via gel electrophoresis (1.5%
agarose gel) and Nanodrop (PeqLab Biotechnology, Er-
langen, Germany), respectively. The DNA samples were
stored at -20°C for future use and finally deposited in the
Berlin collection of the DNA bank network (Droege et
al. 2014). Amplification of the gene rbcL was conducted
via polymerase chain reaction (PCR) following Abarca et
al. (2014). The V4 region of the 18S small subunit rRNA
gene (18SV4) was amplified following Zimmermann et
al. (2011). PCR products were visualized in a 1.5% aga-
rose gel and cleaned with MSB SpinPCRapace (Invitek
LLC, Berlin, Germany) following standard procedures.
DNA concentrations were measured using Nanodrop
(PeqLab Biotechnology) and samples were normalized to
a total DNA content >100 ng pnL! for sequencing. Sanger
sequencing was conducted by Starseq (GENterprise,
Mainz, Germany). The rbcL gene was sequenced accord-
ing to Abarca et al. (2014) and 18SV4 was sequenced fol-
lowing Zimmermann et al. (2011). In both cases the same
primers were used for amplification and sequencing. The
editing, as well as the quality control of the pherograms
for the new sequences, were done in Phyde (Miiller et al.
2010). The evaluated sequences were aligned using MUS-
CLE (Edgar 2010), as implemented in MEGA X (Kumar et
al. 2018). The alignments also included sequences from
INSDC (Supplementary Table S1). Uncorrected p-dis-
tances were calculated for each marker individually us-
ing the default settings implemented in MEGA X (Kumar
et al. 2018). Those parts of the alignment where data are
missing were excluded from the analysis as missing data
affect the comparability when calculating uncorrected
p-distances from sequences with different informative
content (Tables 2 & 3).
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RESULTS

Voucher and geographic data of our studied strains are
summarized in Supplementary Table S1; morphometric
data in Table 1; data of p-distances for rbcL and 18SV4
markers in Tables 2 & 3. Pictures of alive cells including
auxospore formation of both species are shown in Fig. 1,
of valves in LM in Figs 2-6 & 12, and of valve details in
SEM in Figs 7-11, 13 & 14. The molecular and morpho-

metric results from our epitype strains published earlier
have been included for comparison: C. placentula sensu
stricto strain D36_012 (Jahn et al. 2009) as well as C. eug-
lypta strain WiCoc2a and C. lineata strain D17_011 (for
C. lineata strain D17_011 the striae counts per 10 ym are
here corrected to 22-28 and 24.5 average) (Romero and
Jahn 2013). Comparable data from INSDC for strains
named C. placentula and its varieties have also been in-
cluded.

Table 1. Taxon name, strain ID, and morphometric data of studied Cocconeis strains

Taxon Strain Valve Valve Length Width Ratio L/'W Striae Areolae n
size type (mean) (mean) (mean) (mean) (mean)

Cocconeis D26_016 Small RV  24.8-28.5(26.7) 13.3-16.8 (14.9) 1.6-2.0(1.8) 20-24 (22.1) 18-24(22.1) 20

coreana SV 25.9-28.6(26.9) 14.4-16.3(15.3) 1.7-1.9(1.8) 20-24 (22.1) 12-16(13.4) 20

Large RV 45.4-55.9(52.1) 25.3-31.3(29.2) 1.6-2.1(1.8) 19-22(20.8) 16-20(17.9) 10

SV 49.4-55.8(52.9) 26.3-32.8(29.9) 1.6-2.0(1.8) 19-21(20.1) 10-13(11.1) 12

Cocconeis D119.029 Small RV  26.6-28.7 (27.7)  14.9-16.5(15.6) 1.7-1.8(1.8) 22-24(22.9) 24-24 (24) 7

coreana SV 25.5-29.2(27.2) 14.1-16.3 (15.0) 1.7-1.9(1.8) 22-24 (22.5) 10-12(11.8) 8

Large RV 43.9-59.3 (52.7)  29.1-33.4(31.1) 1.5-2.0(1.7) 18-21(19.4) 15-20(17.0) 11

SV 49.8-59.0 (54.5)  29.1-36.6 (31.9) 1.5-1.9(1.7)  18-20(18.8) 9-10 (9.8) 8

Cocconeis K13rj7.9  Small RV  23.6-27.0 (25.8) 14.2-15.5(15.0) 1.6-1.8(1.7)  22-24 (22.6) 12-21(18.6) 10

coreana SV 23.5-27.6 (25.8) 14.2-16.2 (15.2) 1.5-1.8 (1.7) 22-24(22.2) 8-12 (9.6) 11

Large RV 46.7-50.9 (48.9)  25.7-29.1 (28.0) 1.7-1.8(1.7)  18-21(19.7)  10-16 (14.0) 6

SV 46.7-50.9 (48.3)  25.7-29.1 (27.8) 1.7-1.8(1.7)  19-20 (19.5) 8-12 (10.0) 6

Cocconeis KCocl2_1 Small RV  22.2-28.4(25.5) 12.6-15.8(14.2) 1.7-1.9(1.8) 22-24(23.0) 18-24(20.8) 10

coreana SV 22.2-28.6(25.6) 12.4-152(14.2) 1.7-1.9(1.8) 22-24(22.7) 12-15(12.5) 11

Large RV 43.4-46.7 (44.5) 27.4-35.4(31.6) 1.3-1.6(1.4) 19-20(19.3) 16-18(17.0) 3

SV 43.1-51.6 (46.4)  27.1-43.1(34.3) 1.2-1.6(1.4) 17-20(18.5) 9-11(10.2) 17

Cocconeis KCocl2_2 - RV  15.4-21.2 (18.0) 9.9-12.9 (11.7) 1.4-1.6 (1.5) 24-26 (24.4) 21-24(23.5) 11

coreana SV 17.6-21.1 (19.0) 10.6-12.9(11.8) 1.4-1.7(1.6) 24-26 (24.4) 10-16(12.2) 11

Cocconeis ~ NK8 32a  Small RV 15.0-17.4(16.3) 10.5-12.0(11.2) 1.4-1.5(1.4) 24-28(25.9) - 11

sijunghoensis SV 11.5-17.9 (16.0) 7.6-12.7 (10.8) 1.4-1.7(1.5) 26-30(27.3) 12-20(15.9) 12

Large RV 30.9-34.4 (32.6) 20.4-24.7 (22.2) 1.4-1.6(1.5) 22-24(23.2) 19-23(20.7) 11

SV 31.1-35.4(32.9) 19.6-25.4 (22.1) 1.4-1.6(1.5) 22-27(23.9) 10-16(11.9) 10

Cocconeis NK8_32b  Small RV  14.0-17.2 (15.4) 9.5-12.2(10.7) 1.3-1.5(1.4) 24-28(26.6) 20-25(22.1)" 23

sijunghoensis SV 12.9-17.6 (15.7) 8.9-12.1(10.7) 1.3-1.6(1.5) 26-30(28.1) 13-19(15.7) 16

Large RV 29.3-35.6(32.1)  20.0-23.6 (22.2) 1.3-1.6(1.4) 22-25(23.2) 18-21(20.0) 11

SV 30.6-35.6 (31.8)  20.0-27.4 (23.2) 1.1-1.6(1.4) 21-24(22.8) 10-16(12.8) 13

Cocconeis D36_012  Small SV 9.9-13.7 (12.3) 7.5-9.5 (8.8) 1.3-1.5(1.4)  20-26 (23.6) 7-14 (8.7) 7

placentula Large RV  26.5-32.1(28.7) 17.5-23.8(19.5) 1.3-1.6(1.5) 21-24(22.2) 19-24(20.9) 14

SV 27.5-35.6(30.7) 18.0-23.7 (20.3) 1.5-1.6(1.5)  18-21(19.9) 4-6 (4.7) 12

Cocconeis D17_011 - RV  19.5-22.8(21.0) 10.1-12.6 (11.5) 1.6-2.1 (1.8)  18-24 (21.4)  25-28 (26.4)° 19

lineata SV 19.1-22.4 (20.9) 9.4-11.7 (10.9) 1.8-2.2(1.9) 22-28 (24.5)* 12-18(15.0) 12

Cocconeis WiCoc02b - RV 14.9-18.5 (16.5) 8.7-11.3 (10.2) 1.5-1.8(1.7) 22-24(22.7) 27-29 (28.0)* 15

euglypta SV 13.7-27.8(17.1) 8.2-16.2 (10.5) 1.5-1.8(1.6) 20-24 (22.6) 10-12(11.5) 20

Cocconeissp.  WiCoc01 ~ Small RV 15.7-19.5 (17.5) 7.9-11.2 (9.3) 1.7-2.0 (1.9)  20-24 (22.8) - 10

SV 14.8-20.3 (18.6) 7.6-11.4 (9.8) 1.8-2.0 (1.9)  18-24 (20.8) 9-16 (11.3) 12

Large RV 37.1-39.4 (38.4) 21.6-25.5(22.7) 1.5-1.8(1.7) 16-20 (18.5) - 4

SV 35.5-42.2(37.7) 23.3-31.2(26.0) 1.4-1.6(1.5) 16-20(16.8) 7-10 (8.6) 11

Length and width given in um. Striae and areolae density are given per 10 um.
RV, raphe valve; SV, sternum valve; SEM, scanning electron microscope.

’Corrected data of Romero and Jahn (2013).
°Counted in SEM: n = 4.
‘Counted in SEM: n =7.
dCounted in SEM: n = 3.
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Fig, 1. Cocconeis coreana and Cocconeis sijunghoensis, living cells, differential interference contrast microscope. (A-G) C. coreana. (A-C) Three
focal planes of a small cell before auxosporulation. C-shaped plastid with serrated edges and single pyrenoid (Py). (D) Side view of early mono-
parental auxospore with attached sternum valve (SV) on top and raphe valve (RV) below. Inside the auxospore the initial cell's dome-shaped SV is
formed (arrowheads). (E-G) Three focal planes of fully developed auxospore surrounded by incunabula (arrows). (H-O) C. sijunghoensis. (H-J) Three
focal planes of small cells before auxosporulation. C-shaped plastid (Pl) and nucleus (Nu) visible. (K) Side view of developed auxospore containing
initial cell and first post-initial cell. Initial cell with dome-shaped SV (SV1), SV of post-initial cell (SV2) only slightly convex. RVs of initial and post-
initial cells (RV1 + RV2) are face to face. (L-N) Development of mono-parental auxospore. (O) Post-initial cell released from auxospore. (A-D), strain
K13rj7_9; (E-G), strain KCoc12_1; (H-0), strain NK8_32. Scale bars represent: A-J & L-O, 10 pm.
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Strains D119_029, K13rj7_9, D26_016,
KCoc12_1, and KCoc12_2 (Figs 1A-G & 2-11)

Morphologically, four strains (D119_029, K13rj7_9,
D26_016, and KCocl2_1), produced auxospores which
means that the morphometric measures represent the
entire size range from the smallest to the largest with only
a few intermediate sized valves present; striae counts de-
viate conspicuously between small and large valves with
lower counts on the large valves. The summarized mor-
phometric data for the five strains D119_029 (Figs 2, 7A,
B, D, E, 8, 9B-G, 10A, B & 11), K131j7_9 (Figs 1A-D, 3, 7C,
9A, 10D & E), D26_016 (Figs 4, 10C & F), KCoc12_1 (Figs
1E-G & 5) and KCocl2_2 (Fig. 6) are as follows: length
(AA) 15.4-59.3 pm, width (TA) 9.9-43.1 pm; with a broad
length to width ratio i.e., 1.32-2.7. The number of striae
is similar but the number of areolae is different on each
valve, 18-26 striae per 10 pm on the RV; 17-26 striae per

10 pm on the SV. The striae on the RV are punctate and
regularly spaced with 10-24 areolae in 10 pm. The striae
on the SV are very short dash-like with 8-16 areolae per
10 pm (for morphometric details of each strain) (Table 1).

Molecularly, there are some discrepancies of two
strains to the other three. The data for D26_016 (18SV4)
has been published before (Zimmermann et al. 2011) but
is incomplete, rbcL data is not available because there is
no more DNA material; therefore, this strain will be ex-
cluded from the molecular discussion. The other four
strains have quality data for the markers 18SV4 and rbcL.
Three show the exact same sequence data in the respec-
tive markers; strain KCocl2_2 has only one base-pair
difference in rbcL (0.2%) but 1.1% in 18SV4. Comparing
these data with the INSDC data of the strains named C.
placentula for 185V4 and rbcL (see Supplementary Table
S1; our rbcL newly submitted), the strain UTEX FD23
named Cocconeis placentula from Iowa, USA, is the clos-

Table 2. Genetic distances (uncorrected p-distances) between rbclL sequences of Cocconeis taxa

1 2 3 4 5 6 7 8 9 10 11 12 13
1. WiCoc01 Cocconeis sp. -
2.WiCoc02b Cocconeis euglypta 0.002 -
3. UTEX FD23 Cocconeis placentula 0.081 0.083 -
4.D119_029 Cocconeis coreana 0.079 0.081 0.028 -
5.K13rj7_9 Cocconeis coreana 0.079 0.081 0.028 0.000 -
6. KCoc12_1 Cocconeis coreana 0.079 0.081 0.028 0.000 0.000 -
7.KCocl12_2 Cocconeis coreana 0.080 0.083 0.026 0.001 0.001 0.001 -
8.D17_011 Cocconeis lineata 0.080 0.083 0.041 0.041 0.041 0.041 0.040 -
9. D36_012 Cocconeis placentula 0.084 0.086 0.043 0.041 0.041 0.041 0.040 0.029 -
10. NK8_32a Cocconeis sijunghoensis 0.087 0.089 0.043 0.047 0.047 0.047 0.046 0.038 0.019 -
11.NK8_32b Cocconeis sijunghoensis 0.087 0.089 0.043 0.047 0.047 0.047 0.046 0.038 0.019 0.000 -
12. TCC449 Cocconeis placentula var. euglypta 0.080 0.083 0.042 0.042 0.042 0.042 0.043 0.033 0.019 0.022 0.022 -
13. TCC501 Cocconeis placentula 0.080 0.083 0.042 0.042 0.042 0.042 0.043 0.033 0.019 0.022 0.022 0.000 -
The two new species described here are in bold.
Table 3. Genetic distances (uncorrected p-distances) between 185V4 sequences of Cocconeis taxa
1 2 3 4 5 6 7 8 9 10 11 12 13 14
1.D119_029 Cocconeis coreana -
2.K13rj7_9 Cocconeis coreana 0.000 -
3.KCoc12_1 Cocconeis coreana 0.000 0.000 -
4,KCocl12_2 Cocconeis coreana 0.011 0.011 0.011 -
5. UTEX FD23 Cocconeis placentula 0.061 0.061 0.061 0.061 -
6. WiCoc02b Cocconeis euglypta 0.080 0.080 0.080 0.085 0.069 -
7.WiCoc01 Cocconeis sp. 0.069 0.069 0.069 0.069 0.061 0.045 -
8. AT_212Gell1 Cocconeis placentula 0.069 0.069 0.069 0.069 0.061 0.045 0.000 -
9.D17_011 Cocconeis lineata 0.101 0.101 0.101 0.101 0.079 0.071 0.066 0.066 -
10. D36_012 Cocconeis placentula 0.074 0.074 0.074 0.074 0.058 0.045 0.045 0.045 0.042 -
11. NK8_32b Cocconeis sijunghoensis  0.088 0.088 0.088 0.088 0.061 0.061 0.050 0.050 0.048 0.026 -
12.NK8_32a Cocconeis sijunghoensis  0.088 0.088 0.088 0.088 0.061 0.061 0.050 0.050 0.048 0.026 0.000 -
13. TCC501 Cocconeis placentula 0.088 0.088 0.088 0.088 0.063 0.050 0.040 0.040 0.047 0.019 0.026 0.026 -
14. TCC518 Cocconeis placentula 0.088 0.088 0.088 0.088 0.063 0.050 0.040 0.040 0.047 0.019 0.026 0.026 0.000 -
The two new species described here are in bold.
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Fig. 2. Cocconeis coreana, strain D119_029 (type strain), light microscopy. (A-D) Raphe valve (RV). (B & C) Note the valvocopula with irregular
fimbriae. (E-H) Sternum valve (SV). (F) (SV; Fig. B RV) represents the holotype. Scale bar represents: A-H, 10 pm.

est with 2.6-2.8% p-distances for rbcL (Table 2) and 6.1%
for 18SV4 (Table 3). The p-distances to the other Cocco-
neis strains are higher, ranging between 4.0-8.3% for rbcL
(Table 2) and between 6.9-10.1% for 18SV4 (Table 3).

Cocconeis coreana R. Jahn & B. M. Suh sp. nov.
Holotype. Slide B 40 0041501a, Botanic Garden and

Botanical Museum Berlin, from the strain D119_029. Fig.
2F (SV; Fig. 2B RV) represents the holotype. SEM-stub

deposited as B 40 0041501b. For molecular material and
data see “Materials and Methods” and Supplementary
Table S1.

Type locality. DPR Korea, Myohyangsan, Hyangsan
waterfalls, Sep 17, 2014, collected by Byung Moon Suh &
Regine Jahn.

Registration. http://phycobank.org/102187.

Etymology. We are referring to the entire Korean Pen-
insula since this taxon was found in clean freshwaters in
North and South Korea.

http://e-algae.org
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Fig, 3. Cocconeis coreana, strain K13rj7_9, light microscope. (A-C & G-I) Raphe valve. (B) Note the lopsided raphe in contrast to the sternum be-

hind. (D-F & J-L) Sternum valve. Scale bar represents: A-L, 10 um.
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Fig, 4, Cocconeis coreana, strain D26_016, light microscope. (A-D) Raphe valve. (E-H) Sternum valve. Scale bar represents: A-H, 10 um.

Description by LM (type strain only, Fig. 2). Valve out-
line is generally slender elliptical (Fig. 2A) but sometimes
round elliptical (Fig. 2B), apices are obtusely rounded
(length [AA]: 25.5-59.3 pm; width [TA]: 14.1-36.6 pm [n =
34]). The number of striae on both valves are similar but
the individual punctae are different. The RV shows punc-
tate striae with 18-24 rows per 10 pym and 15-24 areolae
in 10 pm. The SV shows short dash-like striae with 18-24
rows per 10 pm and 9-12 areolae per 10 pm. The striae
on both valves are parallel at the center and radiate near
the apices; the striae of the SV seem to be in bundles of
2-5 striae (Fig. 2E-H). The RV shows a pronounced round

central area (Fig. 2A-D). Only the RV has a rim of several
rows of areolae at the valve mantle as a continuation of
the striae separated by a submarginal hyaline rim (for
details see SEM). In addition, the RV has a conspicuous
valvocopula with irregular spaced clamp-like fimbriae
(for details see SEM). Raphe is filiform and straight, axial
area very narrow; sternum axial area very narrow. Con-
cerning alive cells, in one strain we documented a single
c-shaped plastid with serrated edges and a pyrenoid (Fig.
1A-C) and in two strains we observed auxospore forma-
tion (Fig. 1D-G) (not for the type strain).

Description by SEM (Figs 7-11). RV: The valve face is

http://e-algae.org
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Fig. 5. Cocconeis coreana, strain KCoc12_1, light microscope. (A-D) Raphe valve. (E-H) Sternum valve. Scale bar represents: A-H, 10 um.

flat with a concave mantle separated by a pronounced
hyaline rim, well visible externally (Fig. 7A-C) and inter-
nally (Fig. 8A & C). Striae are made up of round to slightly
elliptical uniseriate areolae which are small (about 0.25
pm) and regularly spaced, increasing in size from the
axial area towards the valve margin and the apices (Fig.
7E), forming a pronounced central area of about 6 rows
of areolae length (AA) and 3 areolae wide on each side
of the raphe ends (TA) (Fig. 7A-C). Internally, the areolae
are occluded by round lattice-structured hymenes with
short slits around the margin and tiny perforations in
the middle (Figs 7D, 8B & D). On the mantle, the uniseri-
ate valve face striae continue as uniseriate rows of two

https://doi.org/10.4490/algae.2020.35.8.1 312

to four, generally three areolae (Fig. 7A-C); at each pole
there is a gap of these mantle areolae (Fig. 7E). Externally,
the raphe is straight, filiform, proximal raphe endings
are slightly drop-like expanded (Fig. 7A-C). Internally,
the proximal raphe fissures are bent to opposite sides
(Fig. 8A & C); distal raphe endings are straight and end in
weakly elevated helictoglossae on the hyaline rim (Fig. 8A
& C).Valvocopula is open; long, slender and heavily silici-
fied clamp-like fimbriae (without papillae and furrows)
seem to be attached to the hyaline rim and are irregularly
spaced at every 4th to 7th stria, or 3 to 5 clamps per 10 um
(Figs 8A & 10F).

SV:The valves are thicker than the RV (compare Figs 7D
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Fig. 6. Cocconeis coreana, strain KCoc12_2, light microscope. (A-F) Raphe valve. (G-L) Sternum valve. Scale bar represents: A-L, 10 pm.

& 9G). The valve face is flat to slightly convex with a short
mantle (Fig. 9A). Striae are made up of dash-like regular
uniseriate areolae, undifferentiated unto the valve edge
(Fig. 10A & D); internally they are rounded (Fig. 9D & F)
whereas externally they are slit-like of different openness
(Fig. 10B & E). Areolae are occluded by elongated lattice-
structured hymenes of about 0.7 pm length by 0.13 pm
width with marginal slits and tiny holes in the center; the
hymenes lie towards the outer side but not completely
externally (Figs 9E, G & 10B). The sternum is very thin
and sometimes shows the mark of a ghost raphe (Fig.
10A). The valvocopula is open with no visible fimbriae
(Figs 9B & 10C; the fimbriae and valvocopula seen in Fig.
9C are from the RV).

We also observed auxospore formation in SEM (Fig.
11) with remnants of incunabula (Fig. 11A & B) but ap-
parently no perizonium.

Comparison to related taxa. With its largest length of
almost 60 pm and width of up to a 43 pum C. coreana is

generally bigger than C. placentula var. placentula (sec.
Jahn et al. 2009, figs 28-43). Nevertheless, their length to
width ratios overlap, with C. coreana having a broader
ratio (see morphometric values in Table 1). The RV of C.
coreanalooks like a replica of C. placentula with generally
similar numbers of striae and areolae, becoming larger
towards the pronounced hyaline rim; also the numbers
of areolae of the mantle below the hyaline rim are similar
with about 3 (2-4 for C. coreana and 3-4 for C. placentula)
per row but there is a gap at both poles in C. coreana (Fig.
7A-C) in contrast to continuing areolae in C. placentula
(Jahn et al. 2009, figs 37 & 39). Further, in C. coreana the
numbers and spacing of the longer clamp-like fimbriae
of the raphe valvocopula are similar but there seem to be
no small fimbriae in C. coreana (Figs 8A & 9C) in contrast
to C. placentula (Jahn et al. 2009, fig. 42). The size of the
central area around the drop-like proximal raphe ends is
pronouncedly bigger in C. coreana (Fig. 7A-C) than in C.
placentula (Jahn et al. 2009, figs 37 & 39). As expected for

http://e-algae.org
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Fig, 7. Cocconeis coreana, scanning electron microscope. (A-E) Raphe valve external views of different sizes. (A-C) Uniseriate striae continue
as round areolae across the hyaline rim unto the mantle; note the enlarged round central area and the slim axial area. (D) The areolae are open
externally and covered with a (here broken) hymen internally. (E) Note the numbers of areolae in the striae between rim and edge and the gap of
areolae at the apices. (A, B, D & E), strain D119_029; (C), strain K13rj7_9. Scale bars represent: A-C&E, 10 pm; D, 1 um.

the genus Cocconeis, the biggest differences are found in
the SV concerning numbers of the dash-like striae, size
of the areolae and size of the sternum: C. coreana has a
narrow sternum and closely spaced areolae of the size
0.6 um by 0.2 pm externally (Fig. 10C); C. placentula has
a broad sternum and widely spaced long and very thin
areolae of the size of up to 1.5 pm by 0.05 pm externally
(Jahn et al. 2009, figs 40 & 41).

Comparing C. coreana to C. lineata (sec. Romero and
Jahn 2013, figs 2-8) is problematic since the only avail-
able data is from one strain without auxospores. C. linea-
ta has a higher length to width ratio (see morphometric
values in Table 1) which means that C. lineata is smaller

https://doi.org/10.4490/algae.2020.35.8.1

and slenderer in comparison to C. coreana. The mantle of
the RV of C. lineata shows 2-3 rows of areolae with a gap
at the poles as C. coreana. The length to width ratios and
the numbers and density of the SV areolae are similar in
C. coreana and C. euglypta (sec. Romero and Jahn 2013,
figs 9-18) (see morphometric values in Table 1). In C. eug-
lypta the hyaline rim is barely visible externally and the
raphe mantle areolae rows are only 2 in C. euglypta.

With 2.6-2.87% for rbcL and 6.1% for 18SV4 C. coreana
has the lowest p-distance with the strain UTEX FD23
named C. placentula, but 4.0-4.1% for rbcL and 7.4% for
18SV4 to the epitype of C. placentula var. placentula (see
detailed values in Tables 2 & 3).
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Fig. 8. Cocconeis coreana, strain D119_029, scanning electron microscope. Raphe valve (RV) internal view. (A) RV with open valvocopula and ir-
regularly spaced clamp-like fimbriae seemingly attached to the hyaline rim, and the proximal raphe ends bent to opposite directions; underneath
this valve lies a sternum valve (SV) internal view. (B & D) Details of round areolae with a diameter of about 0.25 pm and round lattice-structured
hymenes. (C) Large RV without valvocopula, note the heavily silicified hyaline rim; underneath this valve lies a small SV external view. Scale bars

represent: A& C, 10 um; B, 1 um; D, 0.5 um.

Strains NK8_32a and NK8_32b (Figs TH-O & 12-14)

Morphologically, both strains produced auxospores,
representing the smallest and the largest size ranges with
only a few intermediate sized valves observed. Striae
counts deviate conspicuously between small and large
valves with lower counts on the large valves. The sum-
marized morphometric data for the two strains NK8_32a
(no Figs) and NK8_32b (Figs 1H-O & 12-14) are as follows:
length (AA) 11.5-35.6 pm, width (TA) 7.6-27.4 pm; with a
narrow length to width ratio, i.e., 1.13-1.6 (for morpho-
metric details of each strain, see Table 1).

Molecularly, the two strains show the same sequence
data for the marker 185V4 as well as for rbcL; the 18SV4
data has been published before (Zimmermann et al.
2011). Comparing these data with the available data of
C. placentula strains for 18SV4 and rbcL (see Supplemen-
tary Table S1; rbcL newly submitted), our epitype strain
D36_012 Cocconeis placentula from Berlin, Germany, is
the closest with only a p-distance of 1.9% for rbcL (Table
2) and of 2.6% for 18SV4 (Table 3); for 18SV4, it also has
a distance of 2.6% to TCC501 and TCC518 (both named
Cocconeis placentula in INSDC). All the other strains
named Cocconeis placentula have higher p-distances be-

http://e-algae.org
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Fig, 9. Cocconeis coreana, scanning electron microscope. Sternum valve (SV) internal views. (A) With no valvocopula. (B) With attached smooth
open sternum valvocopula. (C) With attached open fimbriated valvocopula of the raphe valve. (D-G) Details of areolae, open internally and cov-
ered by a dash-like hymen externally. (D) Overview. (E) Broken SV with view unto the elongated lattice-structured hymen. (F) Look into the open
areolae to the hymen close to the exterior of the valve. (G) Broken areolae with remnants of hymenes. (A), strain K13rj7_9; (B-G), strain D119_029.

Scale bars represent: A-C, 10 um; D-G, 1 um.

tween 2.2-8.9% for rbcL (Table 2) and between 4.8-8.8%
for 18SV4 (Table 3).

Cocconeis sijunghoensis R. Jahn & B. M. Suh sp. nov.

Holotype. Slide B 40 0040811a, Botanic Garden and
Botanical Museum Berlin, from the strain NK8_32b. Fig.
12F (SV; Fig. 12A RV) represents the holotype. SEM-stub
deposited as B 40 004081 1b. For molecular material and
data see Materials and Methods and Supplementary Ta-
ble S1.

Type locality. DPR Korea, Lagoon Si Jung Ho, collected
by Byung Moon Suh & Regine Jahn on Apr 24, 2011.

https://doi.org/10.4490/algae.2020.35.8.1

Registration. Http://phycobank.org/102188.

Etymology. We are referring to the beautiful Lagoon Si
Jung Ho which is situated very close to the East Sea in
North Korea.

Description by LM (Figs 1H-O & 12). Valve outline is
round elliptical (Fig. 12G) but mostly just elliptical and
somewhat lopsided (Fig. 12F), apices are round or ob-
tusely rounded (length [AA]: 12.9-35.6 pum; width [TA]:
8.9-27.4 um [n = 60]). The number of striae is similar
but the number of punctae in the stria are different on
each valve. The RV has punctate striae with 22-28 rows
per 10 pm and 18-25 areolae in 10 pm which are barely
resolvable in LM. The SV has very short dash-like striae
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Fig. 10. Cocconeis coreana, scanning electron microscope. (A, B, D & E) Sternum valve (SV) external view with dash-like areolae. Note the differ-
ent slit sizes in (A) and (D). (A) Note the raphe like imprints on the sternum. (B) Areolae with elongated lattice-structured hymenes (0.7 um length
by 0.13 um width) close to the exterior of the valve. (C) Smooth open (top) valvocopulae of SV. (F) Fimbriated open (top) valvocopula of raphe
valve. (A & B), strain D119_029; (C & F), strain D26_016; (D & E), strain K13rj7_9. Scale bars represent: A, C, D &F, 10 um; B, 0.5 um; E, T um.

with 21-30 rows per 10 pm and 10-19 areolae per 10 pm.
The striae on both valves are slightly radiate at the cen-
ter and strongly radiate near the apices; the striae of the
SV seem to be in fascia of up to 7 striae; the RV shows a
very small round central area (Fig. 12A). Only the RV has
arim of several areolae at the valve mantle as a continu-
ation of the striae separated by a hyaline ring (for details
see SEM). In addition, the RV has a conspicuous valvo-
copula with finger-like fimbriae irregularly spaced (for

details see SEM). Raphe filiform and straight, axial area
very narrow; sternum axial area pronounced and narrow.
We observed auxospore formation in the alive strain (Fig.
1H-0) and documented one chloroplast in u-form.
Description by SEM (Figs 13 & 14).RV: The valve face is
flat with a weakly concave mantle separated by a hyaline
rim (Fig. 13A, B, D & E), visible externally and internally.
Striae are made up of round to slightly elliptical uniseriate
areolae which are small and regularly spaced, increasing

http://e-algae.org
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Fig. 11. Cocconeis coreana, strain D119_029, scanning electron microscope. (A-D) Different stages in auxospore formation. (A) Remnants of
early auxospore surrounded by incunabula. (B) Domed initial sternum valve, external view with remnants of incunabula still attached. (C) Precur-
sor of initial valve external view. (D) Precursor of initial valve internal view. Scale bars represent: A-D, 10 um.
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Fig. 12. Cocconeis sijunghoensis, strain NK8_32b (type strain), light microscopy. (A-E) Raphe valve (RV). (F-J) Sternum valve (SV). (F) (SV; Fig. A
RV) represents the holotype. Scale bar represents: A-J, 10 um.
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Fig, 13. Cocconeis sijunghoensis, strain NK8_32b, scanning electron microscope. (A-F) Raphe valve (RV). (A & B) External view, note the hyaline
rim with only 1-3 areolae between rim and edge. (B) Partly girdle view of complete valve with main view unto the RV. (C) Fimbriated raphe valvo-
copula. (D-F) RV internal view, note the hyaline rim. (F) Hymenes in the areolae. Scale bars represent: A-E, 10 um; F, T pm.

slightly in size from the axial area towards the valve mar-
gin and the apices (Fig. 13A), forming a small lopsided
central area of about 2 rows of areolae length (AA) and 1
areola wide on each side of the raphe ends (TA). Internal-
ly, the areolae are occluded by round lattice-structured
hymenes of about 0.25 pm (Fig. 13F). On the mantle, the
uniseriate valve face striae continue as uniseriate rows of
one to three areolae (Fig. 13A & C); at the poles there are
no real gaps of these mantle areolae (Fig. 13A). Externally,
the raphe is straight, filiform, proximal raphe endings are
very slightly expanded (Fig. 13A). Internally, the raphe
lies in a slightly elevated silicified rim and the proximal
raphe fissures are slightly bent to opposite sides (Fig. 13D
& E); distal raphe endings are straight and lie in weakly

elevated helictoglossae just short of the hyaline rim (Fig.
13D & E). Valvocopula is open; irregular spaced finger-
like fimbriae can be noted (Fig. 13C).

SV: The valve face is flat to slightly convex with a short
mantle (Fig. 14A). Striae are made up of short dash-like
regular uniseriate areolae (Fig. 14A); internally they are
roundish (Fig. 14C) whereas externally they are slit-like
(Fig. 14B). Areolae are occluded by elongated lattice-
structured hymenes of 0.55 pym length by 0.1 pm width
with marginal slits and tiny holes; the hymenes lie to-
wards the outer side (Fig. 14B). The sternum is pro-
nounced (Fig. 14C). The valvocopula is open and has no
visible fimbriae (Fig. 14C; the fimbriae seen on the left
side in Fig. 14C are from the RV).

http://e-algae.org
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Fig. 14. Cocconeis sijunghoensis, strain NK8_32b, scanning electron microscope. (A-C) Sternum valve (SV). (A & B) External view, note the dash-
like areolae covered by elongated hymenes. (C) Internal view, note the lopsidedness of the sternum, and the smooth valvocopula of the SV, on
the left side covered by a broken and fimbriated valvocopula of the raphe valve. Scale bars represent: A& C, 10 um; B, 1 pm.

Comparison to related taxa. C. sijunghoensis and C.
placentula var. placentula (sec. Jahn et al. 2009, figs 28-
43) show an almost complete overlap in size with C. si-
junghoensis being pronouncedly wider which is reflected
in lower length to width ratios. The numbers and density
of the SV areolae are much higher in C. sijunghoensis (see
morphometric values in Table 1). In addition, on the RV
the raphe mantle areolae are only 1-3 rows in C. sijung-
hoensis in contrast to 3-4 rows for C. placentula and both
are continuous at the poles (without a gap). Both species
have irregular spaced finger-like fimbriae on the raphe
valvocopula but there seem to be no short fimbriae in C.
sijunghoensis.

For C. lineata (sec. Romero and Jahn 2013, figs 2-8)
length to width ratios do not overlap with C. sijunghoen-
sis which means that C. sijunghoensis is much rounder
and broader than C. lineata (see morphometric values in
Table 1).

C. sijunghoensis is smaller and wider than C. euglypta
(sec. Romero and Jahn 2013, figs 9-18) with length to
width ratios overlapping only little (see morphometric
values in Table 1). In C. euglypta the hyaline rim of the RV
is thin and barely visible externally, with 2-3 rows of are-
olae at the raphe mantle.

With 1.9% and 2.6% C. sijunghoensis is closest to the
epitype of C. placentula var. placentula but not to C. eug-
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lypta and Cocconeis sp. (strain WiCoc01) which live in a
similar brackish water habitat but have the highest p-
distance of 8.7-8.9% for rbcL (Table 2) and of 5.0-6.1% for
18SV4 (Table 3).

DISCUSSION

The Algal Flora of Korea (Joh 2012) lists C. placentula
plus three neighboring taxa as its varieties: var. euglypta,
var. lineata, and var. klinoraphis. Some of the many LM
pictures of these taxa with their very different outlines
and striation could represent both new species described
here, C. coreana and C. sijunghoensis. But their true dif-
ferentiating features can only be discerned by SEM. Nev-
ertheless, two SEM pictures (Joh 2012, fig. 112A & B) show
size, outline, expanded central area, hyaline rim with 2-3
areolae plus gap at the poles, which are features that
could represent C. coreana. Concerning C. sijunghoen-
sis, most of its cells are somewhat lopsided resembling
C. placentula var. klinoraphis (Fig. 12F) but their striae
numbers on the SV are higher than the pooled data for C.
placentula including its varieties sec. Joh (2012). We also
noticed this unregular match, —inclination— of raphe to
sternum axial area, in a few valves of C. coreana (Fig. 3B).

Comparing C. coreana and C. sijunghoensis to other



morphologically similar taxa is difficult because, on the
one hand, our study provides no data on the morpho-
logical variability of the newly described species in the
environment before undergoing cultivation. On the
other hand, no material derived from clonal culturing
is available in current studies on freshwater Cocconeis
taxa (e.g., Stancheva 2019, Wetzel et al. 2019, Costa et al.
2020). For this reason, molecular data are missing and
morphological changes during the life cycle have not
been documented. The presumed single species popula-
tions in environmental samples do not give us the cer-
tainty that we are using morphologically stable features
for the differentiation of species. For example, in the pa-
per by Costa et al. (2020) the high quality SEM figs 25-28
of C. amerieuglypta L. E Costa, C. E. Wetzel & Ector are,
in our understanding, more than one species (but which
valve represents C. amerieuglypta?) indicated by the dif-
ferentiating feature numbers of areolae plus gap below
the hyaline rim. In addition, further important features
such as valvocopula structure (open or closed, with or
without fimbriae), and occlusion structures (hymenes or
vela) of the areolae (Holmes et al. 1982) are missing as
in many other publications including some of our own
(i.e., Romero and Jahn 2013). A recent paper lectotypifies
an old taxon named C. rouxii Héribaud & Brun with an
apparently restricted occurrence in the Massif Centrale,
France, which also used to be regarded as a variety of C.
placentula; the SEM pictures with details on valvocopu-
lae, fimbriae, and hymenes of RV and SV demonstrate
that detailed SEM studies can support the differentiation
of taxa in this group (Wetzel et al. 2019). Another recent
paper describes a new species from California, C. cas-
cadensis Stancheva, and detailed SEM findings show that
this differentiation seems justified (Stancheva 2019).
Neither many Cocconeis taxa have been cultivated nor
the related molecular data have been published yet. Be-
sides our own studies on four Ehrenberg taxa (Jahn et al.
2009, Romero and Jahn 2013), epitypified with strains
from the River Spree in Berlin (C. placentula, C. pedicu-
lus), from a freshwater creek on the Faroe Islands (C. lin-
eata), from the coast of the brackish Baltic Sea at Wismar
(C. euglypta, Cocconeis sp.), molecular data of five strains
are available (see Supplementary Table S1) which are one
strain from an inland water in Iowa, USA (Ruck and The-
riot 2011), and four from inland waters of the Island May-
otte, Indian Ocean, France (Kermarrec et al. 2013, Keck et
al. 2016). According to these presently available rbcL and
18SV4 sequence data, C. coreana and C. sijunghoensis
do not coincide with any published Cocconeis taxa. The
p-distances between both species are 4.6-4.7% for rbcL
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and as high as 8.8% for 18SV4, respectively (for details
see Tables 2 & 3). All the other similar looking taxa have
at least p-distances of 1.9% for rbcL and 2.6% for 18SV4,
respectively. The significantly different p-distances indi-
cate that the two Korean species needed to be described
as new, which is confirmed by micromorphological dif-
ferences observed under the SEM. Even though there
are some base-pair differences of KCoc12_2 (p-distances
of 0.2% for rbcL and 1.1% for 18SV4) to the other three
strains of C. coreana, we treated all as the same species
since no morphological differences were obvious.

The here presented SEM and molecular data are fur-
ther evidence that the C. placentula complex contains
many different species even though in LM they all look
similar with differences only in outline and striation of
the SV. Concerning their typical, mostly elliptical out-
line, the size series of each strain from the smallest to the
first valves after auxosporulation show an almost qua-
drupling of the valve size as well as decisive changes of
valve outline, with the largest being most different and
the smallest most similar to all the other species from the
C. placentula complex. The typical striation of the SV is
produced by the striae number and areolae density but
its counting also depends on the focus either on the inte-
rior or the exterior of the heavily silicified valve. Even the
RV which is generally understood of being the same in all
species, shows decisive differences especially concerning
the numbers of areolae per striae, the rows of areolae be-
tween the more or less pronounced submarginal hyaline
rim and the edge of the valve, and the valvocopula.

Six of our seven strains auxosporulated so that we were
able to document small and large valves (Figs 2-6 & 12)
plus initial valves and auxospores plus incunabula but
apparently no perizonium (Figs 1 & 11). Since our prior-
ity was on cultivation for molecular and micromorpho-
logical data, we did not conduct cytological studies and
nuclear staining. Therefore, we cannot compare our in-
complete auxospore data to the published observations
of Geitler (1973) or Mizuno (1998) but used Kaczmarska
et al. (2013) for orientation. Nevertheless, our live and
SEM observations provide valuable information as refer-
ence for future studies.

Concerning their distribution, we found C. coreana
five times in four different water bodies in North and
South Korea in four different years (2004, 2012, 2013,
2014) which shows that this species must be widely dis-
tributed on the Korean Peninsula. This is in contrast to
the new species C. sijunghoensis which we found only in
one year in one water body in North Korea and for which
we could find no real match in the presented data and
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taxa of South Korea (Joh 2012).

As we have demonstrated in previous papers on taxa
in the genera Planothidium, where we described four
new species for Korea (Jahn et al. 2017), Gomphonema,
where we described one new species for Korea (Abarca
et al. 2014, 2020), Gomphonella (Jahn et al. 2019), and in
this paper, many more micromorphological differentiat-
ing features can be established, which are supported by
molecular data, when strains of target species are culti-
vated. With more Cocconeis placentula s.1. strains from a
broader set of types of waters from all over the world, we
will be able to better understand the biogeography and
phylogeny of these taxa.
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