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Ciliates are morphologically diverse and highly specialized unicellular
eukaryotes that constitute an important component of the microbial food
web. Aspidisca Ehrenberg, 1830, is a highly speciose genus that plays key
ecological roles in a wide range of environments, and its species diversity has
always been a hot spot in protozoan research. In this study, we investigate the
living morphology, infraciliature, silverline system, and ribosomal small subunit
(SSU rRNA) gene sequences of two new Aspidisca species collected from
subtropical coastal waters of China using standard methods. Aspidisca spina sp.
n. is characterized by having an obvious peristomial spur, two transparent
posterior protrusions, seven frontoventral cirri in “polystyla-arrangement”, and
six dorsal ridges. It can be distinguished from the most similar congener, A.
magna Kahl, 1932, by the presence of posterior protrusions, more
membranelles in the posterior part of adoral zone (AZM2), and different SSU
rRNA gene sequences. A. shini sp. n. is smaller in body size, only 35-40 X 25—
30 pum in vivo, with four prominent ridges on the arched dorsal side, very similar
with the “well-known" species A. steini Buddenbrock, 1920, in morphological
characteristics, but it can be distinguished by the arrangement of frontoventral
cirri and 121 nucleotide difference in the SSU rRNA gene sequences.
Phylogenetic analyses based on the SSU rRNA gene sequences revealed the
systematic positions of two new taxa and supported the validity of them as
distinct species.
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Introduction

Euplotida is a highly specialized taxon with a huge variety of
species, widely distributed in marine, freshwater, and terrestrial
biotopes (Petz et al., 1995; Song & Wilbert, 2000; Song et al.,
2009). In the recent classification, it contains five families:
Aspidiscidae, Certesiidae, Euplotidae, Gastrocirrhidae, and
Uronychiidae (Gao et al., 2016; Adl et al., 2019). The
morphological characters of these ciliates tend toward
simplicity, and ciliatures differentiate clearly, that is, the dorsal
cilia degenerate into dorsal kineties, while the cilia on the ventral
side aggregate and specialize into strong cirri (Song et al., 2009;
Shao et al, 2020). This evolutionary trend has led to few
morphological characters that can be reliably used as
taxonomic markers, making species identification more
difficult. However, the species diversity of Euplotida is much
higher than expected, and about 20 new species have been added
to this order in the past decade (Syberg-Olsen et al., 2016;
Boscaro et al., 2019; Kiippers, 2020; Lian et al., 2020; Lian
et al., 2021; Serra et al., 2020; Zhang et al., 2020; Zivaljié et al.,
2020; Abraham et al., 2021; Valbonesi et al., 2021).

The genus Aspidisca Ehrenberg, 1830, with about 60
nominal morphospecies, is the second largest genus of
Euplotida. They have highly specialized morphological
characters, such as (i) oval-shaped body; (ii) rigid, generally
flattened ventral surface; (iii) arched dorsal side (usually with
groove and/or ridges); (iv) adoral zone separated into two parts,
the anterior part highly reduced and the posterior part similar to
other Euplotida taxa; (v) five strong transverse cirri, usually
arranged in an oblique row; and (vi) seven (seldom eight)
frontoventral cirri, regularly arranged in the anterior ventral
part of the cell. With the application of silver staining in the
Aspidisca taxonomy, some important morphological features
were revealed, which greatly promoted the species description
(Plough, 1916; Kahl, 1932; Bock, 1955; Dragesco, 1960;
Dragesco, 1963; Burkovsky, 1970; Hartwig, 1973; Dragesco &
Dragesco-Kerneis, 1986). About 20 Aspidisca species have been
recognized using infraciliature as taxonomic character, and this
genus was classified into three categories according to the
number and arranged pattern of frontoventral cirri by Wu and
Curds (1979), namely, “lynceus arrangement”, “polystyla
arrangement”, and “satellite-like arrangement”. This separation
was widely accepted by later researchers (Wu & Curds, 1979;
Corliss & Snyder, 1986; Fernandez-Leborans & de Zaldumbide,
1987; Foissner et al., 1991; Song & Wilbert, 2002; Li et al., 2008;
Li et al.,, 2010; Shen et al,, 2010; Jiang et al.,, 2013; Lian et al,,
2018). In recent years, molecular information, especially the use
of the ribosomal small subunit (SSU rRNA) gene sequence, has
effectively aided species classification and identification.
However, sequence information of most Aspidisca species is
widely missing, and for only nine species reliable gene sequences
are deposited in GenBank, which not only results in a lack of
support for the species identification but also hinders the
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progress of molecular phylogenetic analysis (Li et al., 2008; Yi
etal., 2009; Li et al., 2010; Shen et al., 2010; Jiang et al., 2013; Lian
et al., 2018).

In the present paper, two new Aspidisca species collected
from the coastal waters of the East China Sea and were described
following the basic criteria proposed by Warren et al. (2017).
The living morphology, infraciliature, and silver-line system
obtained from sliver staining, SSU rRNA gene sequences, and
the phylogenetic relationships with congeners were
provided here.

Materials and methods

Sample collection, observation,
and identification

Two new species were isolated from a subtropical coastal
environment near Ningbo, China (Figures 1A, B). Aspidisca
spina sp. n. was collected from a sandy beach (29°46'27"N, 121°
56’8"E) in Meishan Bay on 3 September 2020; the water
temperature was about 32°C, and salinity was 19 PSU
(Figure 1C). Aspidisca shini sp. n. was collected on 24
December 2020, from a brackish lake (29°45'3”N, 121°54'30”
E); the water temperature was about 10°C, and salinity was 20
PSU (Figure 1D). Samples were taken back to the laboratory and
maintained as raw culture; rice grains were added to promote the
growth of bacteria as food for ciliates. A. spina sp. n. survived
only a few days under laboratory conditions. A. shini sp. n. could
be maintained for about 3-4 weeks.

The behaviors of two species were observed in Petri dishes
using a dissecting microscope. Living cells were observed under
bright field and different interference contrast (DIC) microscopy
at x400-x1,000 magnification to obtain morphological features
in vivo. The ciliary pattern and nuclear apparatus were revealed
using silver staining methods (Foissner, 2014; Wu et al,, 2021).
The protargol powder was made according to Pan et al. (2013).
Counts, measurements, and drawings of stained specimens were
performed at protargol powder 1,000 magnification. The
terminology is mainly according to Wu and Curds (1979).

DNA extraction, gene amplification,
and sequencing

The determination of the SSU rRNA gene sequences was
performed on single cells for each species. The single cells were
first washed with sterilized in situ water and distilled water, then
transferred to a 1.5-ml microfuge tube with a minimum volume
of water.

The DNeasy Blood and Tissue Kit (Qiagen, Hilden,
Germany) was used for single-cell DNA extractions, following
the manufacturer’s instructions modified by Wang et al. (2021).
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FIGURE 1
Locations and the habitats of sampling sites (A—D). (A, B) Map of China and the sampling sites. (C) The sandy beach near the Meishan Bay.
Sampling site of Aspidisca spina sp. n. (D) Chunxiao Lake. Sampling site of Aspidisca shini sp. n.

Each species has a parallel sample, and the sequencing
information of the two experiments was identical. The SSU
rRNA gene sequence was amplified with the primers 18s-F (5'-
AAC CTG GTT GAT CCT GCC AGT-3’) and 18s-R (5'-TGA
TCC TTC TGC AGG TTC ACC TAC-3") (Medlin et al,, 1988).
The cycling conditions were as follows: an initial denaturation at
98°C for 30 s, 35 cycles of 10 s at 98°C, 20 s at 56°C touchdown,
and 100 s at 72°C, and a final extension of 5 min at 72°C (Ye
etal, 2021). Q5 Hot Start High-Fidelity DNA Polymerase (New
England Biolabs Co., Ltd., M0493, Beijing) was used to minimize
the possibility of amplification errors. Sequencing was
performed bidirectionally at Tsingke Biological Technology
Company (Hangzhou, China).

Phylogenetic analyses

A phylogenetic tree was constructed by using the newly
characterized SSU rRNA gene sequences and 83 related
sequences in the NCBI GenBank database. Six Discocephalida
species, namely, Leptoamphisiella vermis (F]J865203),
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Paradiscocephalus elongatus (EU684746), Pseudoamphisiella
alveolata (DQ503583), Pseudoamphisiella quadrinucleata
(EU518416), Prodiscocephalus borrori (DQ646880), and
Discocephalus ehrenbergi (FJ196397), were selected as the
outgroup taxa. The 85 SSU rRNA gene sequences were aligned
using MUSCLE with default parameter settings on the
GUIDANCE web server (Penn et al,, 2010). BioEdit v.7.1.3.0
was used to manually trim both ends (Hall, 1999). Hypervariable
sites were masked and removed using Gblocks v.0.91b with a
default setting (Castresana, 2000; Talavera & Castresana, 2007).
Maximum likelihood (ML) and Bayesian inference (BI) analyses
were carried out online on the CIPRES Science Gateway (Edgar,
2004; Miller et al., 2010). Maximum likelihood (ML) analysis
with 1,000 bootstrap iterations was constructed with RAXML-
HPC2 v.8.2.11 on XSEDE (Stamatakis, 2014). Bayesian inference
(BI) analysis were performed with MrBayes on XSEDE v.3.2.6
(Ronquist et al., 2012) under the GTR + I + G model selected by
the program MrModeltest v.2.4 (Nylander, 2004). The chain
length was 1,000,000 generations and sampled every 100
generations, whereby the first 2,500 trees were discarded as
burn-in. Trees were visualized in MEGA v.7.0 (Kumar et al.,
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2016) and TreeView v.1.6.6 (Page, 1996). Systematic
classification and terminology mainly followed Lynn (2008);
Gao et al. (2016), and Lian et al. (2021).

Results

Class Spirotrichea Biietschli, 1889
Subclass Hypotrichia Stein, 1859
Order Euplotida Small & Lynn, 1985
Family Aspidiscidae Ehrenberg, 1830
Genus Aspidisca Ehrenberg, 1830

Aspidisca spina sp. n.

Diagnosis

Broadly oval body 75-80 x 50-55 um in vivo; arched dorsal
side with six ridges, a peristomial spur located on the left
border, two transparent protrusions positioned posteriorly;
constantly eight membranelles in the anterior portion of
adoral zone (AZM1), about 20 membranelles in the posterior
portion (AZM2); seven equally strong frontoventral cirri in
“polystyla-arrangement”; five transverse cirri; four dorsal
kineties, the left first line with about nine dikinetids, the
other three lines containing about 17, 18, and 19 dikinetids,
respectively; macronucleus horseshoe-shaped; brackish
water habitat.

Type locality
Intertidal waters from a sandy beach (29°46'27"N, 121°56'8"
E) in the Meishan Bay, Ningbo, China.

10.3389/fmars.2022.970692

Type materials

The slide (registration number: ZXT-20200903-1-01) with
the protargol-stained holotype specimen (Figures 2D, E and
Figures 3G, H) has been deposited in the Laboratory of
Protozoology, Ocean University of China (OUC); five
protargol-stained paratype slides have been deposited in the
Ningbo University (registration numbers: ZXT-20200903-1-02,
03...06).

Etymology
The Latin adjective “spina” refers to the prominent spur near
peristomial area.

ZooBank registration
urn:lsid:zoobank.org:act:A4C7A755-8A58-4DB3-
8C75-0D95A41A3884

Morphological description

Cell size 75-80 x 50-55 pm in vivo, and about 52-73 x 39—
61 um after protargol impregnation, body shape broadly oval,
right edge straight and smooth, left border with one beak-like
peristomial spur located near the posterior part of AZM2
(Figures 2A, arrow, 3A, F), the posterior cell hyaline and
margin with two transparent protrusions (Figures 2A, 3E,
arrow). Dorsoventrally flattened about 3:1. Dorsal surface
usually with six longitudinal ridges, central four more
prominent (Figures 2B, C, 3B). Buccal field ellipsoidal with
right border clearly indented formed a cambered cavity, an
obvious bulge near posterior end of oral opening (Figures 2A,
arrowhead, 3A, arrowhead). Cytoplasm colorless, transparent
around cell periphery, slightly opaque in central part due to
many inclusions (about 2 um in diameter). Contractile vacuole

FIGURE 2

Aspidisca spina sp. n. from life (A—C), and after protargol staining (D, E). (A) Ventral view of a typical individual; arrow marks spur, and arrowhead
marks the bulge. (B, C) Dorsal (B) and apical (C) views, showing the ridges. (D, E) Infraciliature of ventral (D) and dorsal (C) sides of the same
specimen. AZM1, anterior portion of adoral zone membranelles; AZM2, posterior portion of adoral zone membranelles; DK, dorsal kineties; FVC,
frontoventral cirri; Ma, macronucleus; PM, paroral membrane; TC, transverse cirri. Scale bars: 20 pm.
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FIGURE 3

Scale bars: 20 ym (A=H, K), 10 um (1, J).

Microphotographs of Aspidisca spina sp. n. in life (A—F) and after protargol impregnation (G—K). (A) Ventral view of a representative individual;
arrow marks the peristomial spur, and arrowhead marks the bulge. (B) Dorsal view, showing the ridges. (C) Dorsal view; arrow indicates the
contractile vacuole. (D) Ventral view, arrow points to the leftmost transverse cirri. (E) Dorsal view, showing the protrusions on the posterior cell
margin (arrows). (F) Ventral view; double arrowheads point to AZM1, and arrow points to AZM2. (G, H) Infraciliature of ventral and dorsal sides of
the same specimen; double arrowheads point to AZM1, arrowhead points to AZM2, and arrow points to PM. (I) Ventral view, arrows showing the
AZML1. (J) Ventral view of the posterior part of AZM2; arrow marks the paroral membrane. (K) Dorsal view, arrows showing the macronucleus.

about 6 um in diameter when fully extended, located behind
the leftmost transverse cirrus (Figure 3C, arrow).
Macronucleus horseshoe-shaped with rounded ends
(Figure 3K). Micronucleus not observed in vivo nor in
stained specimens.

Ciliary pattern as shown in Figures 2D, E, 3G, H. Invariably
seven frontoventral cirri (FVC) in “polystyla-arrangement”
rather stiff and strong, about 15 pm long. Transverse cirri
(TC) strong, tightly arranged in oblique row, about 13-17 pm
long, the leftmost one largest and composed of three cirri in
vivo (Figures 2D, 3D, G, ]). The anterior portion of adoral zone
(AZM1) always composed of eight membranelles, located in
shallow concave (Figures 3F, I; Table 1), the posterior part
(AZM2) including 19-21 membranelles, the cilia about 10-15
um long (Figures 3A, F; Table 1). Paroral membrane small,
arranged in area between the adoral zone and the leftmost
transverse cirri (Figure 2D). Four dorsal kineties (DK), each
with a relatively constant number of basal body pairs, from left
to right consisting of about 9, 17, 18, 19 bristles respectively.
Each kinety generally extends from one end to the other end of
the cell (Figures 2E, 3H; Table 1).
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Aspidisca shini sp. n.

Diagnosis

Broadly oval body 35-40 x 25-30 pm in vivo, slightly arched
dorsal side with four dorsal ridges; four membranelles in the
anterior portion of adoral zone (AZM1), 7-10 in the posterior
portion (AZM2); seven equally strong frontoventral cirri
arranged in “polystyla-arrangement”, five transverse cirri; four
dorsal kineties, from left to right every kinety with on average 5,
7,7, 6 dikinetids respectively; macronucleus typically horseshoe-
shaped; brackish water habitat.

Type locality

A brackish artificial lake, named Chunxiao Lake (29°45'3”N,
121°54'30”E), near the coast of the East China Sea, in
Ningbo, China.

Type materials

The slide (registration number: ZBH-20201224-1-03) with
the protargol-stained holotype specimen (Figures 4D, E, 51, J)
has been deposited in the Laboratory of Protozoology, Ocean
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TABLE 1 Morphometric data of Aspidisca spina sp. n. (upper line) and A. shini sp. n. (lower line) based on protargol-stained specimens.

Character Min Max M Mean SD CvV n
Body length (um) 52 73 67.5 66.8 5.0 7.5 18
23 33 28.0 28.6 2.4 8.5 25
Body width (um) 39 61 52.0 51.4 4.9 9.4 18
21 27 25.0 243 1.7 7.2 25
No. of membranelles in AZM1 8 8 8.0 8.0 0.0 0.0 18
4 4 4.0 4.0 0.0 0.0 25
No. of membranelles in AZM2 19 21 20.0 20.2 0.8 4.0 18
7 10 8.0 8.7 1.1 12.3 25
No. of frontoventral cirri 7 7 7.0 7.0 0.0 0.0 18
7 7 7.0 7.0 0.0 0.0 25
No. of transverse cirri 5 5 5.0 5.0 0.0 0.0 18
5 5 5.0 5.0 0.0 0.0 25
No. of dorsal kineties (DK) 4 4 4.0 4.0 0.0 0.0 18
4 4 4.0 4.0 0.0 0.0 25
No. of dikinetids in DK1 8 11 9.0 8.9 1.0 11.2 18
4 5 5.0 4.9 0.3 6.8 25
No. of dikinetids in DK2 15 19 17.5 17.4 1.5 8.4 18
6 8 6.0 6.5 0.6 9.0 25
No. of dikinetids in DK3 16 20 18.0 18.2 1.0 5.4 18
6 7 7.0 6.6 0.5 7.7 25
No. of dikinetids in DK4 16 21 19.0 19.0 13 6.8 18
6 7 6.0 6.0 0.2 33 25

AZM], anterior portion of adoral zone of membranelles; AZM2, posterior portion of adoral zone membranelles; CV, coefficient of variation (%); M, median; Max, maximum; Mean,
arithmetic mean; Min, minimum; n, number of individuals examined; SD, standard deviation.

FIGURE 4

Living morphology (A—C, H=J), infraciliature (D, E), and silverline system (F, G) of Aspidisca shini sp. n. (A) Ventral views of a normal individual. (B, C)
Dorsal (B) and apical (C) views, showing the ridges. (D, E) Infraciliature of ventral (D) and dorsal (E) sides of the specimens. (F, G) Silverline system on
dorsal (F) and ventral (G) sides. (H=J) Ventral view of cells with different shapes. AZM1, anterior portion of adoral zone of membranelles; AZM2, posterior
portion of adoral zone membranelles; DK, dorsal kineties; FVC, frontoventral cirri; Ma, macronucleus; PM, paroral membrane; TC, transverse cirri. Scale
bars: 20 um (B, C, F, G), 10 um (A, D, E).
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University of China (OUC); seven paratype slides have been
deposited in Ningbo University, including five protargol-stained
slides (registration numbers: ZBH-20201224-1-01, 02, 04...06)
and two silver nitrate-stained slides (registration numbers: ZBH-
20201224-1-07, 08).

Etymology
We dedicate this new species to Professor Mann Kyoon Shin,
in recognition of his great contributions to the ciliatology studies.

ZooBank registration
urn:lsid:zoobank.org:act:2804058C-588E-4096-
82B8-EC089465A441

Morphological description

Body about 35-40 x 25-30 um in vivo, and about 22-33 X
21-27 um after protargol impregnation, oval-shaped, right side
slightly arched near the oral area, left side curved in arc
(Figures 5A, B). Body shape slightly variable after cultured
several days (Figures 4H-J, 5C, D). Dorsoventrally flattened
about 5:2 (Figures 5E, F), with the ventral surface generally flat

10.3389/fmars.2022.970692

and a slightly arched dorsal surface invariably with four low
ridges (Figures 4B, C, 5E, arrow, G). Buccal field ellipsoidal, a
triangle-shaped protrusion near the posterior end of the adoral
area (Figures 5A, arrow, C, arrow). Cytoplasm colorless and
hyaline. Right part of cell usually filled with a large number of
granules and oil droplets (Figures 5A-D). Contractile vacuole
about 6 pm in diameter, located behind transverse cirri.
Horseshoe-shaped macronucleus. Micronucleus not observed
in vivo nor in stained specimens.

Ciliary pattern as shown in Figures 4D, E, 5I, J. There are
seven equally strong frontoventral cirri (FVC) in “polystyla-
arrangement”, each cilium about 9 pum long, five transverse cirri
tightly arranged in an oblique row, the leftmost cirrus always
split into two parts slightly (Figures 5A,C). Cilia of transverse
cirri about 10-15 um long. The anterior portion of adoral zone
(AZM1) composed four membranelles located in deep
depression (Figure 5H; Table 1), the posterior part of adoral
zone (AZM2) composed of 7-10 membranelles (Figures 4A, D;
Table 1), cilia about 8-11 pum long. Paroral membrane (PM)
conspicuous and big, arranged in area between the adoral zone
and the leftmost transverse cirri (Figure 5I). Invariably four

FIGURE 5

Microphotographs of Aspidisca shini sp. n. in life (A—H), after protargol impregnation (I, J) and silver nitrate impregnation (K—M). (A) Ventral view of a
representative individual; arrow indicates the protrusion. (B) Dorsal view, arrow indicates the contractile vacuole. (C, D) Cells with different shapes; arrow
indicates the protrusion. (E) Dorsal view; arrows indicate the ridges. (F, G) Lateral (F) and apical (G) views of two individuals. (H) Ventral view of the
anterior part of the cell, arrow showing the AZML1. (I, J) Infraciliature of ventral (I) and dorsal (J) sides of the specimens. (K—M) Silver nitrate impregnation
of ventral (K) and dorsal (L, M) sides. Scale bars: 20 pm (A, B, E-G, K=M), 10 pm (C, D, H=J).
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dorsal kineties with sparsely arranged basal body pairs, from left
to right consisting of about five, seven, seven, and six dikinetids,
respectively. Each kinety aligned with a dorsal ridge and
extending entire length of the cell (Figures 5], L; Table 1).
Silverline system on ventral side following typical genus
pattern (Figures 4F, 5K), dorsal argyrome simple, consisting of
four longitudinal primary meridians which connected to
dikinetids (Figures 4G, 5L, M).

Molecular data and phylogenetic analyses

The newly obtained SSU rRNA gene sequences were
submitted to the GenBank database with the length (bp), G +
C content, and accession numbers as follows: Aspidisca spina sp.
n., 1,500 bp, 48.67%, OM952922; and A. shini sp. n., 1,514 bp,
45.57%, OM952923.

The topologies of the maximum likelihood (ML) and
Bayesian inference (BI) trees were almost the same; therefore,
only the ML tree is shown here with nodal support values from
both algorithms (Figure 6). In the phylogenetic tree, the family
Aspidiscidae is monophyletic as all members grouped into one
well-supported clade (ML 96%, BI 1.00). It forms a robust sister
relationship to the cluster of Euplotidae and Certesiidae (ML
100%, BI 1.00). Within the Aspidiscidae clade, the new species A.
spina sp. n. is closely related to A. magna (EU880598) with
moderate support (ML 79%, BI 0.98). A. shini sp. n. groups with

Aspidisca steini F1876979

Aspidisca steini AF305625

Aspidisca fusca JX025168

Aspidisca hexeris 1X025169
Aspidisca hexeris JX910452

A<nidi

Aspidisca leptaspis EU880597
Aspidisca sp. MG603625

Certesia quadrinucleata DQ059581

Aspidisca magna EU880598
spina sp. n. OM952922

10.3389/fmars.2022.970692

A. aculeata (EF123704) with full support (ML 100%, BI 1.00),
followed by A. orthopogon (EU430745).

Discussion
Comments on Aspidisca spina sp. n.

The distinctive features of Aspidisca spina sp. n. are the beak-
like peristomial spur and two transparent protrusions on the
posterior end of the cell. In terms of the conspicuous peristomial
spur and the “polystyle-arrangement” of frontoventral cirri, five
species should be compared with A. spina sp. n., that is, A.
magna Kahl, 1932, A. sedigita Quennerstedt, 1867, A. hexeris
Quennerstedt, 1869, A. fusca Kahl, 1928, and A. dentata Kahl,
1928 (Table 2).

Aspidisca magna was firstly collected from Kiel by Kahl
(1932). Based on the Qingdao population, Li et al. (2010)
redescribed this species in detail using modern research
methods. It is very similar to A. spina sp. n. in the body shape,
arrangement of transverse cirri, number of membranelles in
AZM1, and dikinetids in the dorsal kineties. However, these two
species can be clearly separated by the protrusion structure
(absent in A. magna vs. two posterior marginal protrusions in
A. spina sp. n.), the number of dorsal ridges (4 in A. magna vs. 6

Euplotidae
m Certesiidae

Aspidiscidae

™ 1

99/1.00)
— -
P

Aspidisca shini sp. n.
Aspidi )

lynceus MF928799
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TABLE 2 Comparison of Aspidisca spina sp. n. with some congeners having peristomial spur and seven frontoventral cirri in “polystyla-

arrangement”.
Characters

Body shape

Body length in vivo (um)
No. of dorsal ridges

No. of AM in AZM1

No. of AM in AZM2
No. of dikinetids in DK4

Nuclear apparatus

Other special features in
vivo

Data source

A. spina sp. n.

Elliptical
75-80
6
8
19-21
16-21
Single horseshoe-shaped

Two posterior marginal
protrusions

Present work

A. magna

Broadly oval
50-160
4
7 or8
15-18
16-27

Single horseshoe-
shaped

Absent

Li et al., 2010

A. sedigita

Oval
50-100
2o0r3
6or7
12-14
ca. 16*

Single horseshoe-
shaped

Absent

‘Wu and Curds, 1979

A. hexeris

Elliptical
20-25
3or4

8
13-15
7-11

Single horseshoe-
shaped

Absent

Jiang et al,, 2013

A. fusca

Elliptical
40-70
4
4
15-19
7-19

Two oval
nodules

Absent

Jiang et al.,
2013

A. dentata

Elliptical
20-40

Single horseshoe-
shaped

One dorsal thorn

Kahl, 1928; Kahl,
1932

“~” Data not available. “*” Data from illustration. AM, adoral membranelles; AZM1, anterior portion of adoral zone of membranelles; AZM2, posterior portion of adoral zone
membranelles; DK4, the fourth dorsal kinety.

in A. spina sp. n.), and membranelles in AZM2 (15-18 in A.
magna vs. 19-21 in A. spina sp. n.) (Figures 7A-C; Table 2). In
addition, the SSU rRNA gene sequences of the two species differ

from each other by 159 nucleotides (Li et al., 2010).

FIGURE 7
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Aspidisca sedigita was initially found by Quennerstedt
(1867) in Visby, Gotland Island; Wu and Curds (1979) made a
short review of this species. A. sedigita and A. spina sp. n. share

the same nuclear apparatus (single horseshoe-shaped

09

u

23‘

Morphological characters of Aspidisca species are similar to Aspidisca spina sp. n. (A—M) and A. shini sp. n. (N-Z3). (A—C) Aspidisca magna
(redrawn after Li et al.,, 2010). (D—F) Aspidisca hexeris (redraw after Jiang et al., 2013). (G, H) Aspidisca sedigita (M, redrawn after Quennerstedt,
1867; (N), redrawn after Dragesco, 1963). (I-K) Aspidisca fusca (redrawn after Jiang et al., 2013). (L, M) Aspidisca dentata (redrawn after Kahl,
1932). (N—P) Aspidisca aculeata (redrawn after Li et al., 2008). (Q-W) Aspidisca steini (Q-S), redrawn after Song & Wilbert, 1997; (T, U), redrawn
after Buddenbrock, 1920; (V), redrawn after Kahl, 1932; (W), redrawn after Borror, 1963). (X—Z) Aspidisca polypoda (redrawn after Song &
Wilbert, 2002). (Z1-3) Aspidisca quadrilineata (redrawn after Song &Wilbert, 2002). Scale bars: 40 ym (A-C), 20 um (D-F, H-K, N-S, X-Z3).
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macronucleus) and the presence of posterior protrusion
(population of A. sedigita in Quennerstedt’s original report
also with posterior protrusions, but not obvious in other
populations). A. sedigita differs from the new species in the
number of dorsal ridges (2 or 3 vs. 6) and membranelles in
AZM1 (6 or 7 vs. 8) and in AZM2 (12-14 vs. 19-21).
(Figures 7G, H; Table 2) (Dragesco, 1963; Agamaliev, 1967;
Wu & Curds, 1979).

Aspidisca hexeris was also collected from Visby, Gotland
Island, by Quennerstedt (1869) and was regarded as synonym of
A. sedigita in the revision of Wu and Curds (1979). Jiang et al.
(2013) clarified the taxonomy position of this species based on
the comprehensive morphological and molecular information. It
resembles A. spina sp. n. in the body shape, eight membranelles
in AZM1, and the horseshoe-shaped macronucleus. However, A.
hexeris can be separated from the A. spina sp. n. by the smaller
body length (20-25 pm vs. 75-80 pum), smooth cell ends (vs. two
posterior marginal protrusions in A. spina sp. n.), fewer dorsal
ridges (3 or 4 vs. 6), fewer membranelles in AZM2 (13-15vs. 19—
21), and fewer dikinetids in the fourth dorsal kinety (7-11 vs.
16-21) (Figures 7D=F; Table 2). Furthermore, A. hexeris can be
distinguished from A. spina sp. n. by the 136-nucleotide
substitutions in the SSU rRNA gene sequences (Jiang
et al., 2013).

Aspidisca fusca was originally collected from Bad Oldesloe,
Germany, by Kahl (1928), and the infraciliature was firstly
provided by Jiang et al. based on a Chinese population (2013).
Although A. fusca also has a prominent peristomial spur, it
differs from A. spina sp. n. for the absence of posterior
protrusions, the fewer membranelles in AZM1 (4 vs. 8) and
AZM2 (15-19 vs. 19-21), and the morphology of the
macronucleus (two sausage nodules vs. single horseshoe-
shaped). (Figures 7I-K, Table 2). Additionally, A. fusca is
genetically distinct from A. spina sp. n. by 197-nucleotide
substitutions in the SSU rRNA gene sequences (Jiang
et al,, 2013).

Aspidisca dentata was firstly discovered by Kahl (1928) but
has not been studied in more detail since then. It is similar with
A. spina sp. n. in the elliptical body shape and single horseshoe-
shaped macronucleus. However, A. dentata has fewer dorsal
ridges (4 vs. 6 in A. spina sp. n.) and fewer membranelles in
AZM1 (4 vs. 8 in A. spina sp. n.) and AZM2 (6-10 vs. 19-21 in
A. spina sp. n.). Besides, A. dentata has a prominent dorsal thorn
(vs. absence in A. spina sp. n.), but A. spina sp. n. has two
posterior protrusions (absence in A. dentata) (Figures 7L, M;
Table 2) (Kahl, 1928; Kahl, 1932).

Comment on Aspidisca shini sp. n.
Aspidisca shini sp. n. is a brackish water species with a small

size. It is mainly characterized by the oval-shaped outline, the
“polystyla-arrangement” frontoventral cirri, and the horseshoe-
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shaped macronucleus. With reference to its morphological
characteristics and ciliature, it can be compared with A. steini
Buddenbrock, 1920, A. aculeata (Ehrenberg, 1838) Kahl, 1932,
A. polypoda Kahl, 1932, and A. quadrilineata Kahl, 1932.

Aspidisca steini is a well-known species first found in a
marine aquarium in Germany (Buddenbrock, 1920). Although
the original description was very brief and incomplete, the
diagrams provided the accurate arrangement of ventral cirri
(Figures 7T, U). About 10 years later, Kahl (1932) identified an
Aspidisca collected from Germany (Kiel) as this species and
presented some morphological information; however, the
arrangement of frontoventral cirri was slightly different from
the original description, that is, two lines arranged in two parallel
rows (Figure 7V) (Kahl, 1932). Borror (1963) provided the
ciliary pattern of this species for the first time based on a
population collected from USA (Figure 7W). The arrangement
of frontoventral cirri was the same as Kahl’s population (Borror,
1963). Subsequently, several populations from Africa were
investigated by Dragesco and Dragesco-Kerneis (1986) and
more taxonomic data were provided. Unfortunately, those
morphological data were unstable, including the arrangement
of the frontoventral cirri, the number of membranes in AZM1,
and the number of dorsal kineties, and even the number of
transverse cirri was not stable. Thus, we suggest that Dragesco
and Dragesco-Kernéis™ isolation is likely a complex Aspidisca
species (Dragesco & Dragesco-Kerneis, 1986). The detailed
morphological description of this species was provided by
Song and Wilbert (1997) based on a population collected from
China, and the molecular information was also supplied by the
same laboratory several years later (Chen & Song, 2002). The
arrangement of frontoventral cirri of a China population was
very similar with the original population (Figures 7Q-S). Till
now, the China population should be the most well-described
population of A. steini (Song & Wilbert, 1997; Chen & Song,
2002). Therefore, we mainly compare the new species with the
China population of A. steini in this work. It is very similar with
A. shini sp. n. in the body size, number of dorsal ridges, number
of membranelles in AZM1 and AZM2, and number of dikinetids
in the dorsal kinety. However, the former can be clearly
distinguished from the latter by the arrangement of the
frontoventral cirri (the second line arranged in curved arc,
name cirrus III/2 not in the same line as the others vs.
approximately arranged in two parallel rows) (Figures 7Q-S;
Table 3). Furthermore, A. steini is genetically distinct from A.
shini sp. n. by 121-nucleotide substitutions in the SSU rRNA
gene sequences. Based on the arrangement of frontoventral cirri,
we conclude that only the China population of A. steini is
identical to the original description; the populations from USA
and Germany (Kiel) of A. steini should be synonymized with A.
shini n. sp.

Aspidisca aculeata was discovered by Ehrenberg (1838) in
Kiel and then has been frequently reported in the later literature;
the latest comprehensive description was provided by Li et al.
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TABLE 3 Comparison of Aspidisca shini sp. n. with some related congeners.

Character A. shini A. steini A. steini A. A.
sp. n. steini  steini

Body shape Oval Reniform Oval Oval Oval

(variable)

Body length in 35-40 30-35 - 25-35 30-35

vivo (Lm)

No. of dorsal 4 4 - 3 or 4* 0

ridges

No. of AM in 4 2-4 2 - 4

AZM1

No. of AM in 7-10 8or9 - - 8 or9

AZM2

No. of dikinetids 6or7 6-8 - - Ca. 4

in DK4

Data source Present Song and Buddenbrock, ~ Kahl,  Borror,

work Wilbert, 1997 1920 1932 1963

10.3389/fmars.2022.970692

A. steini A. A. polypoda A.
aculeata quadrilineata
Oval Oval Oval Oval
20-32 30-50 20-40 30-40
- 4 7or8 4
2-5 3-5 4or5 4or5
8-12 12 or 13 10-12 12-14
Ca. 7 9-11 5-7 11-16
Dragesco and Dragesco- Li et al., Song and Song and
Kerneéis, 1986 2008 Wilbert, 2002 Wilbert, 2002

“~” Data not available. “*” Smooth dorsal side with three or four fine ridges. “**” Data from illustration. AM, adoral membranelles; AZM1, anterior portion of adoral zone of membranelles;

AZM2, posterior portion of adoral zone membranelles; DK4, the fourth dorsal kinety.

(2008). It is similar with A. shini sp. n. in cell size and number of
dorsal ridges and membranelles in AZM1. However, the former
can be separated from the latter by the number of membranelles
in AZM2 (12 or 13 vs. 7-10) and dikinetids in the fourth dorsal
kinety (9-11 vs. 6 or 7) (Figures 7N-P; Table 3). In addition, the
two species differs from each other by 95-nucleotide
substitutions in the SSU rRNA gene sequences (Li et al., 2008).

Aspidisca polypoda, originally found by Dujardin (1841), was
redescribed by Song and Wilbert (2002) and Choi et al. (2020). It
is very similar to A. shini sp. n. in body size, number of
membranelles in AZM1, and number of dikinetids in the fourth
dorsal kinety. However, these two species have a different number
of dorsal ridges (7 or 8 in A. polypoda vs. 4 in A. shini sp. n.) and
membranelles in AZM2 (10-12 in A. polypoda vs. 7-10 in A. shini
sp. n.). Moreover, the frontoventral cirri of the new species are
more stout and powerful than cirri of A. polypoda (Figures 7X-Z,
Table 3) (Song & Wilbert, 2002; Choi et al., 2020).

Aspidisca quadrilineata was firstly described by Kahl (1932);
Song and Wilbert (2002) improved the former work by
providing the detailed description and the silverline system. A.
quadrilineata shares many morphological features with A. shini
sp. 1., such as cell size, number of dorsal ridges, and number of
membranelles in AZMI1. In addition to the thin and delicate
frontoventral cirri, A. quadrilineata differs from A. shini sp. n. by
the higher number of membranelles in AZM2 (12-14 vs. 7-10)
and dikinetids in the fourth dorsal kinety (11-16 vs. 6 or 7)
(Figures 7Z1-Z3, Table 3) (Song & Wilbert, 2002).

Phylogenetic analyses based on SSU
rRNA gene sequences

As shown in Figure 6, the Order Euplotida is a well-
supported clade that contains five families, namely,
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Euplotidae, Certesiidae, Aspidiscidae, Gastrociihidae, and
Uronychiidae, which has been recognized in previous studies
(Yietal, 2009; Shen et al., 2010; Huang et al., 2011; Jiang et al.,
2013; Lian et al, 2018). The internal relationships in the
monophyletic family Aspidiscidae are far from robust, as
indicated by the low support values. The previously proposed
criteria to group members of the genus Aspidisca according to
their freshwater or marine habitat, as proposed by Kahl (1932),
or on the basis of number and pattern of frontoventral cirri, as
proposed by Wu and Curds (1979), are not supported by
molecular phylogeny. Indeed, the two new species here
described were both collected from the coastal waters of the
East China Sea and share the same frontoventral pattern of
“polystyla-arrangement” with other species as well; however,
they do not cluster together within the same clade of the
phylogenetic tree. This finding suggests that the morphology-
based classification of Aspidisca can be problematic,
particularly when species have few morphological characters
and even the use of silver staining or transmission electron
microscopy does not add useful information. Therefore, SSU
rRNA gene sequence phylogeny may represent an important
tool that, together with morphology, could help to construct a
more valuable classification system. Since only 12 SSU rRNA
gene sequences of the approximately 60 Aspidisca
morphospecies are available, the correlation between detailed
morphological data and gene sequences for a greater number of
taxa is thus required to determine more stable phylogenetic
relationships within the family Aspidiscidae.
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