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ABSTRACT

As widely accepted, Euplotid ciliates, a unique mono-cellular organisms, play important roles in ecolog-
ical, environmental, evolutionary and basic biological studies. We investigate the living morphology,
infraciliature and silverline system of three new marine Euplotes found from China in this study:
Euplotes bergeri n. sp., E. weissei n. sp. and E. shini n. sp. The new species Euplotes bergeri is characterized
by its dominant adoral zone of membranelles, ten frontoventral cirri, three or four caudal cirri, 12-14
dorsal kineties with 14-20 dikinetids in the mid-dorsal row, and a dorsal silverline system of the
double-eurystomus type. Euplotes weissei can be recognized by its tiny size, having two conspicuous dor-
sal grooves, nine frontoventral cirri, one marginal cirri, six or seven dorsal kineties, ca. 10 basal bodies in
the mid-dorsal row and a mix single-double silverline system. Euplotes shini is a medium-sized form with
the ciliary and silverline pattern of the well-known E. minuta but differs from the latter mainly in SSU
rDNA gene sequences and usually different-sized marginal cirri. Phylogenetic analyses based on molec-
ular data documented the systematic positions of those new taxa and support the validity of all three
organism as distinct species.
© 2019 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

ambiguous species (e.g. Di Giuseppe et al.,, 2014, Sheng et al.,
2018, Zhao et al., 2018). Based on this information, more than

The ciliate genus Euplotes is a highly diverse and cosmopolitan
genus, with a variety of species distributed in marine, freshwater
and terrestrial biotopes (Curds, 1975, Wilbert and Song, 2008). Tra-
ditionally, Euplotes species have been identified based on the bio-
tope, the living morphology and the ciliary pattern (Kahl, 1932).
Silver staining methods have also been used to highlight the infra-
ciliature and silverline system of the Euplotes species, with these
new specific features being applied to distinguish Euplotes species
(Petz et al., 1995, Schwarz et al., 2007). Recently, molecular analy-
ses have also been widely referred to when dealing with new or
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ten new species have established in the last two decades (e.g.
Chen et al., 2019, Jiang et al., 2019, Lian et al., 2019).

Recent surveys of the ciliate fauna in around China sea have so
far revealed 18 species of Euplotes including six that are new to
science (Song et al., 2009, Liu et al,, 2017, Lian et al., 2018, Yan
et al,, 2018, Hu et al., 2019). In the present paper three forms are
documented. SSU rRNA gene sequences data are also supplied
and their phylogenetic positions in the SSU rRNA gene tree are
determined.

2. Material and methods

Euplotes bergeri n. sp. was found from off-shore water near Chiz-
hou Island (22°28'N; 114°36'E), China on 4 May 2018, when the
water temperature was 26 °C and salinity was 32%. (Fig. S1A, D,
E). Euplotes weissei n. sp. was isolated on 8 December 2017 from
a water tank in the Laboratory of Protozoology (OUC) (36°04'N;
120°20'E) (Fig. S1A, B, C), China, where the water temperature
was 19 °C and salinity was 30%.. Euplotes shini n. sp. was collected
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in off-shore water on 1 April 2018 on Baishazhou (22°40'N;
114°38’E), China, when the water temperature was 25 °C and salin-
ity was 35%o (Fig. S1A, F, G). Cells were observed in vivo, after pro-
targol (Wilbert, 1975) and silver nitrate staining (Foissner, 2014).
Terminology is according to Curds (1975).

DNA extraction, PCR amplification, sequencing (including other
73 ciliates) and data analyses are according to Luo et al. (2018) and
Lu et al. (2018).

3. Results and discussion
3.1. Euplotes bergeri n. sp. (Figs 1A-K, 6A-L; Table 1, S1)

Diagnosis: In vivo about 70-80 x 45-50 um; buccal field about
80% of body length with approximately 50 adoral membranelles;
paroral conspicuously long; ten frontoventral cirri; two marginal,
three or four caudal cirri; 12 to 14 dorsal kineties with about 17
dikinetids in mid-dorsal kinety; macronucleus C-shaped; dorsal
silverline system double-eurystomus type. Marine habitat.

Type specimens: The holotype slide (No. LCY2018050402-1)
with protargol stained holotype specimen and one paratype slide
(No. LCY2018050402-2) with a protargol stained specimen are
deposited in the Laboratory of Protozoology (OUC).

Etymology: We dedicate this new species to Dr. Helmut Berger,
Salzburg, Austria, in recognition of his great contributions to the
ciliatology studies.

ZooBank registration of Euplotes bergeri sp. n.: urn:lsid:zoobank.
org:act:0349ECA6-68D2-4179-A310-21A0254E4021

Morphological description: Cells in vivo 70-80 x 45-50 pm. Out-
line broadly D-shaped, anterior end with a distinct projection on
the right side (Fig. 1A). Ventral side with several short ridges
between transverse cirri and two longer ridges between frontoven-
tral cirri (Fig. 1A). On dorsal side, some ellipsoid granules clustered

around each dorsal cilium, forming rosettes beneath pellicle; on
ventral surface, granules packed all around cirri and adoral mem-
branelles (Fig. 1E, F, G). Cytoplasm colourless, with numerous gran-
ules and several different-sized food vacuoles, making the cell
somewhat opaque in vivo (Fig. 1A). Contractile vacuole about
10 um across, located posteriorly near right body margin
(Fig. 1A). Macronucleus mirror-inverted C-shaped; micronucleus
not recognizable (Fig. 1C, H). Locomotion typically by moderately
fast crawling or incessant jerking on substrate.

Buccal field approximately 80% of cell length with 43-57 adoral
membranelles (AZM), breadth of adoral membranelles bases up to
14 pm long (Fig. 1A, B, H). Paroral membrane thin and very long
(Fig. 1B, H, ]). Consistently ten frontoventral cirri, about 20 pum in
length; five transverse cirri, about 25 pm in length; usually three
caudal cirri (six out of 25 cells have four such cirri), about 15 pm
long; two marginal cirri about 17 pm long (Fig. 1A, B, H, K). Mostly
12 dorsal kineties and mid-dorsal kinety with 14-20 dikinetids
(Fig. 1C, 1, Table 1). Dorsal silverline system of double-eurystomus
type (Fig. 1D).

Comparison with congeners: Considering the marine habitat, the
double-eurystomus type silverline system as well as the general
morphological features, especially the conspicuous broad and
dominant adoral zone, two similar forms should be compared with
our E. bergeri, namely E. acanthodus Petz et al., 1995 and E. charon
(Miiller, 1773) Ehrenberg, 1830.

Euplotes acanthodus was first reported by Petz et al. (1995) from
the sea ice of the Weddell Sea, Antarctica. It differs from E. bergeri
in having more adoral membranelles (60-76 vs. 43-57), fewer cau-
dal cirri (2 vs. 3 or 4), and the arrangement of marginal cirri: in the
former, two marginal cirri (MC) closely together and positioned
immediately behind the proximal part of AZM, while in our new
species, two MC are far apart and away from the AZM (Fig. S2;
Petz et al., 1995).

Fig. 1. Morphology and infraciliature of Euplotes bergeri n. sp. in vivo (A, E-G), after protargol staining (B, C, H-K) and silver nitrate (D) staining. (A) Ventral view. (B, C, H, I)
Ventral (B, H) and dorsal (C, I) views, showing the infraciliature. (D) Silverline system on dorsal side. (E) Sub-pellicular rosette-like structures around dorsal cilia. (F, G)
Showing the cortical granules around the cirri (F) and adoral membranelles (G). (J) showing paroral membrane (arrows). (K) Individual with four caudal cirri (arrows). CC,
caudal cirri; FVC, frontoventral cirri; MC, marginal cirri; PM, paroral membrane; TC, transverse cirri. Scale bars: 50 pm.
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Table 1
Morphometric data of Euplotes bergeri n. sp., E. weissei n. sp. and E. shini n. sp.
species Min Max Mean Med SD cv n
Body length E. bergeri 49 82 65.6 63 7.3 11.2 25
E. weissei 34 45 38.9 38 2.7 6.9 25
E. shini 59 75 66.7 67 3.6 5.4 25
Body width E. bergeri 42 68 52.0 51 6.3 121 25
E. weissei 19 26 228 23 1.7 7.3 25
E. shini 40 54 46.2 46 33 7.2 25
No. of adoral membranelles E. bergeri 43 57 48.9 48 42 8.7 25
E. weissei 20 28 23.8 23 1.7 7.1 25
E. shini 37 46 421 43 24 5.6 25
No. of frontoventral cirri E. bergeri 10 10 10.0 10 0.0 0.0 25
E. weissei 9 9 9.0 9 0.0 0.0 25
E. shini 10 10 10 10 0.0 0.0 25
No. of marginal cirri E. bergeri 2 2 2.0 2 0.0 0.0 25
E. weissei 1 1 1.0 1 0.0 0.0 50
E. shini 2 2 2.0 2 0.0 0.0 25
No. of caudal cirri E. bergeri 3 4 3.2 3 0.4 135 25
E. weissei 2 2 2.0 2 0.0 0.0 25
E. shini 2 3 2.1 2 0.3 133 25
No. of dorsal kineties E. bergeri 12 14 12.5 12 0.6 4.7 25
E. weissei 6 7 6.0 6 0.2 33 25
E. shini 9 9 9.0 9 0.0 0.0 25
No. of dikinetids in middle kinety E. bergeri 14 20 16.5 16 20 121 25
E. weissei 7 11 8.9 9 0.9 10.2 25
E. shini 10 14 123 12 1.1 9.0 25

All data are based on protargol-impregnated specimens. Abbreviations: CV = Coefficient of variation in %, Max = Maximum, Mean = Arithmetic mean, Med = Median,

Min = Minimum, n = Number of cells measured, SD = Standard deviation.

The well-known species Euplotes charon was repeatedly
reported by numerous followers after its original report
(Table S1). Morphologically, Euplotes bergeri differs from E. charon
in smaller cell size (generally smaller than 80 pm vs. about
100 um), body shape (broadly D-shaped vs. broadly oval) and in
the appearance of adoral zone (dominantly long bases of mem-
branelles vs. no special trait), paroral membranelles (extremely
long and narrow, length-width ratio about 13:1 vs. common
shaped, 3:1) (Fig. S2B-L).

3.2. Euplotes weissei n. sp. (Figs 2A-L; Table 1)

Diagnosis: Cell size in vivo 35-40 x 20-30 um; with two deep
grooves on dorsal side, extending nearly entire length of dorsal
kinetids; buccal field about 2/3 of body length with approximately
24 adoral membranelles; nine frontoventral cirri; one marginal cir-
rus; six or seven dorsal kineties with about nine dikinetids in mid-
dorsal kinety; macronucleus C-shaped; dorsal silverline system
mix single-double type. Marine water.

Type specimens: One holotype slide (No. LCY2017120801-1)
with a protargol stained holotype specimen and two paratype
slides (No. LCY2017120801-2; LCY2017120801-3) with Chatton-
Lwoff method impregnation specimens are deposited in the Labo-
ratory of Protozoology (OUC).

Etymology: We dedicate this new species to Prof. Thomas
Weisse, University of Innsbruck, Austria, in recognition of his great
contributions to the ciliatology studies.

ZooBank registration of Euplotes weissei sp. n.: urn:lsid:zoobank.
org:act:2D43B6D5-8056-46F8-B86A-E8F349FC1909

Morphological description: Cells measuring 35-40 x 20-30 um
in vivo. Body more or less triangle-shaped, dorsoventrally flattened
about 2:1 (Fig. 2A, G, H). Three conspicuous ventral ridges and
some shorter ridges between transverse cirri (Fig. 2A). Two domi-
nant and deep grooves on dorsal side (Fig. 2D, H, I, arrows). Dor-
sally several ellipsoid granules surrounding the dorsal cilium
formed a rosette row along the dorsal kineties (Fig. 2B, I). Cyto-
plasm colourless, several different-sized lipid droplets and food

vacuoles scattered (Fig. 2A, G, H, L). Contractile vacuole located
posteriorly near right body margin (Fig. 2A). Macronucleus
typically shaped in the form of the letter C, micronucleus not
recognizable (Fig. 2F). Locomotion by crawling slowly on substrate
while, occasionally, remaining stationary for rather long periods.

Adoral zone about 66% of body length with 20-28 mem-
branelles (Fig. 2A, E, G, ]). Invariably nine frontoventral cirri, about
15 pm long; five transverse cirri about 15 pm long, two caudal and
one marginal cirri, cilia about 10 pum long (Fig. 2A, E, G, ]). Six or
seven dorsal kineties, with about ten dikinetids in the mid-dorsal
kinety (Fig. 2F). The dorsal silverline system typically single-vannus
type while in groove area the polygons are always folded and seem
to be (?) double-eurystoma type (Fig. 2C, K).

Comparison and remarks on the silverline system of E. weissei n.
sp.: As a tiny form, E. weissei can be easily recognized by having
two dominant grooves on dorsal, which are, as far as we know, spe-
cial in this species-rich genus. Regarding this feature as well as
other morphological and ecological characters, e.g. presence of
the single marginal cirrus, the small shape, the silverline system
and the marine habitat, no similar forms could be compared
(Curds, 1975; Liu et al., 2017; Song et al., 2009).

According to the pattern of silverlines, Curds (1975) defined five
types of dargyrome in Euplotes, i.e. single-vannus, double-eurysto-
mus, double-patella, multiple and complex. According to
Valbonesi and Luporini (1995), however, the varying dorsal shapes
especially the dorsal ridges might considerably affect the appear-
ance of the dargyrome, and hence the typology of the argyrome
of Euplotes should in fact be restricted to three basic types, i.e. sin-
gle, double, and multiple. This point of view was partly supported
by Foissner et al. (1991) who reported that the structures on the
dorsal side might influence the appearance (with more prominent
ridges, a double-eurystomus shifts to a double-patella type).

Euplotes weissei seems to be rather unique, that is, it presents a
“mixed mode” (combined single and double types) as mentioned.
The pattern is of more or less “double-type” (could be caused by
folding of cell surface?) while in other part, the dargyrome is
clearly in single mode. So far, no report available demonstrates a
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Fig. 2. Euplotes weissei n. sp. in vivo (A, B, D, G-I, L), after protargol (E, F, J) and silver nitrate (C, K) staining. (A, G, L) Ventral views. (B) Sub-pellicular rosette-like structures
around dorsal cilia. (C, K) Silverline system on the dorsal side, arrows indicate the fold (?) of the polygons. (D, H, I) Showing the grooves on dorsal sides (arrows in D, H) and
cortical granules (arrow in H) (E, F,J) Ventral (E, ]) and dorsal (F) views, showing the infraciliature and nuclear apparatus, ] is false-coloured. CC, caudal cirri; DK, dorsal kinety;
FVC, frontoventral cirri; MC, marginal cirri; PM, paroral membrane; TC, transverse cirri. Scale bars: 20 pm.

“mixed pattern” of the single and double types in known Euplotes.
Nevertheless, the silverline pattern of our new species wait for fur-
ther defining.

Euplotes shini n. sp. (Figs 3fig3A-L, 6 M—Z; Table 1, S2)

Diagnosis: Medium-sized marine Euplotes, in vivo 65-75 x 35—
45 pm; outline generally oval shaped, buccal field about 75% of
body length with about 40 adoral membranelles; ten frontoventral
cirri; two marginal, two or three caudal cirri; nine dorsal kineties
with about 12 dikinetids in mid-dorsal kinety; macronucleus 3-
shaped; dorsal silverline system single-vannus type. Marine water.

Type specimens: One holotype slide (No. LCY2018040103-1)
with a protargol stained holotype specimen, one paratype slide
(No. LCY2018040103-3) with Chatton-Lwoff method impregnation
specimens are deposited in the Laboratory of Protozoology (OUC).

Etymology: We dedicate this new species to Pro. Mann Kyoon
Shin, University of Ulsan, Korea, in recognition of his great contri-
butions to the ciliatology studies.

ZooBank registration of Euplotes shini sp. n.: urn:lsid:zoobank.or
g:act:77253F72-61E3-463D-B764-D062A22B4228

Morphological description: Cell size in vivo 65-75 x 35-45 um,
generally oval in outline. Both left and right margin convex, ante-
rior end narrowly rounded with a distinct projection on right side
(Fig. 3A, D). Buccal field approximately 75% of body length (Fig. 3A,
B, D, E, I). Cytoplasm colourless, transparent near cell margin, while
opaque in central (Fig. 3A, D-F). Contractile vacuole 10 pm across,
located posteriorly right (Fig. 3A). Macronucleus shaped in the
form of an inverted number 3; micronucleus not observed
(Fig. 3G, 1, ]). Locomotion by fast crawling and jerking movements.

Adoral zone prominent, composed of 37-46 membranelles,
bending sharply in the proximal part into the cystostome, bases
up to 15 um long (Fig. 3A, B, I). Paroral membrane very short
(Fig. 3B, I). Invariably ten frontoventral cirri, cilia about 17 pm
long; five transverse cirri with cilia about 27 um long; two mar-
ginal cirri, cilia about 15 pm long, the upper one usually bearing
larger basal plaque than the lower one; usually two caudal cirri
about 12 pum in length (Fig. 3A, B, I, K, L). Consistently nine dorsal
kineties, with 10-14 dikinetids in mid-dorsal kinety (Fig. 3C, ]). Sil-
verline system of regularly single-vannus type (Fig. 3G, H).

Comparison with congeners: Morphologically, two small marine
species with similar body shape and the single-vannus type silver-
line system should be compared with our new form: E. cristatus
Kahl, 1932 and E. minuta Yocum, 1930.

Euplotes cristatus Kahl, 1932, was first discovered in the Kiel
Bay, Germany (Kahl, 1932). Subsequently, this organism has been
redescribed by Tuffrau (1960), Kattar (1970), Carter (1972), Carey
(1992) and Park et al. (2010). Euplotes shini differs from E. cristatus
in (1) the appearance of the adoral zone (evenly bending vs. shar-
ply curved, nearly 90° bent in the posterior end), (2) the size of the
two marginal cirri (upper one usually obviously bigger than lower
one vs. approximately the same sized), and (3) the number of dor-
sal kineties (9 vs. 7-8) (Fig. S2U-Z). With reference to the morphol-
ogy, E. shini appears to resemble E. minuta Yocum, 1930 which was
“well-studied” after it was reported (Yocom, 1930, Borror, 1962,
Kattar, 1970, Agamaliev, 1971, Song and Wilbert, 1997, Al-
Rasheid, 1999, Park et al., 2010), and is hard to be distinguished
from the latter though it seems to have different-sized marginal
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Fig. 3. Morphology and infraciliature of Euplotes shini n. sp. from life (A, D-F) and after protargol staining (B, C, I-L) and silver nitrate (G, H) staining. (A, D) Ventral views. (B, C,
I, ]) Ventral (B, I) and dorsal (C, ]J) views showing the infraciliature and nuclear apparatus. (E, F) Showing endoplasm. (G, H) Silverline system on dorsal side. (K, L) Ventral
views, arrows indicate two marginal cirri. DK, dorsal kinety; FVC, frontoventral cirri; Ma, macronuclear nodules; MC, marginal cirri; PM, paroral membrane; TC, transverse

cirri. Scale bars: 50 pm.

cirri (vs. approximately same sized). However, it is distinctly apart
from the latter according to the molecular information (Fig. 4), that
is, the SSU rDNA sequences have a similarity of 97.1% (compared
with AJ310490, isolated from Germany rather than the type local-
ity; Bernhard et al., 2001). Thus, these two species are not conspe-
cific. We also suppose that the historical populations of E. minuta is
probably a species complex (Table S2).

4. Systematic positions of three new species based on molecular
data

All new SSU rDNA sequences have been deposited in the Gen-
Bank with accession numbers, length and GC contents as follows:
Euplotes bergeri (MN593322, 1922 bp, 43.12%), E. weissei
(MN593323, 1676 bp, 46.6%) and E. shini (MN593321, 1681 bp,
44.68%).

The topologies of the ML and BI trees were almost identical
except for some minor differences, and therefore only the ML tree
is presented here with bootstraps and posterior probabilities from
both algorithms. At the same time, we also show the different
topology of the BI tree branch including E. shini.

Euplotes bergeri did not cluster with the morphologically similar
species (i.e. E. charon Muller, 1773). In fact, it clustered with E.
qatarensis, forming a clade that was sister to the clade comprising
E. wuhanensis, E. raikovi, E. nobilii, E. estuarinus, and E. curdsi.

Euplotes weissei clustered with a large-sized species E. damma-
mensis, thereby forming a sister clade with E. parabalteatus,
together with E. sinicus and E. petzi, branching at the basal position
for all other Euplotes species.

In the ML tree, Euplotes shini is closely related with a fully-
supported assemblage including E. charon, E. parkei, E. quinquecar-
inatus and E. focardii. However, the BI tree exhibits another possible
placement for E. shini, i.e. it is placed outside a large group com-
prising E. minuta, E. antarcticus, E. cristatus, E. vannus, E. crassus, E.
charon, E. parkei, E. quinquecarinatus and E. focardii (as shown in
Fig. 4).

5. Some new consideration on the phylogeny of species related

As most previous analysis showed (Chen et al., 2018, Wang
et al.,, 2019), the phylogenetic analyses demonstrate that the order
Euplotida and its five families, i.e. Gastrocirrhidae, Certesiidae,
Uronychiidae Aspidiscidae, and Euplotidae, are all monophyletic
groups. The monophyly of the order Euplotida is also fully sup-
ported (100% ML, 1.00 BI).

According to Syberg-Olsen et al. (2016), Lian et al. (2019) and
Yan et al. (2018), E. curdsi, E. nobilii, E. raikovi, E. elegans, E. estuar-
inus, E. qatarensis and E. wuhanensis, which all have a similar dargy-
rome type, are closely related. Likewise, our new species E. bergeri,
which shares a double-eurystomus type silverline system with the
above six species, falls within a fully-supported group including E.
curdsi, E. nobilii, E. raikovi, E. elegans, E. qatarensis, E. estuarinus and
E. wuhanensis in the updated phylogeny of Euplotes. This is consis-
tent with their morphological similarities and indicates that dargy-
rome type could be a very important evolutionary characteristic in
this subclade.

The newly obtained E. weissei is closely related with E. damma-
mensis in both the ML and BI trees, however, the morphological
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Fig. 4. The Maximum likelihood (ML) tree inferred from 18S rRNA gene sequences,
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showing the position of the three new Euplotes species. Numbers at nodes represent the

bootstrap values of the ML analysis and the posterior probability of the Bayesian inference (BI) analysis. Fully supported (1.00/100) branches are marked with solid circles.
Asterisk indicates a disagreement between BI tree and the reference ML tree. Arrow indicates a species morphologically similar to E. shini. Scale bar corresponds to five

substitutions per 100 nucleotide positions.

characters of the two species were different both in vivo and after
protargol impregnation. Besides, E. weissei did not cluster between
Euplotes species with single type and double type dargyrome but
was located outside the main Euplotes clade.

Eupotes shini is closely related in both trees with the four men-
tioned morphospecies. It, however, is clustered outside of the
group of four Euplotes species with a single-vannus type silverline
system. Indeed, the phylogenetic position of E. shini is not yet
stable since it is placed in a different position in both trees.
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