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Abstract: Three Dysteria species, D. crassipes Claparède & Lachmann, 1859; D. brasiliensis Faria et al.,
1922; and D. paracrassipes n. sp., were collected from subtropical coastal waters of the East China Sea,
near Ningbo, China. The three species were studied based on their living morphology, infraciliature,
and molecular data. The new species D. paracrassipes n. sp. is very similar to D. crassipes in most
morphological features except the preoral kinety, which is double-rowed in the new species (vs.
single-rowed in D. crassipes). The difference in the small ribosomal subunit sequences (SSU rDNA)
between these two species is 56 bases, supporting the establishment of the new species. The Ningbo
population of D. crassipes is highly similar in morphology to other known populations. Nevertheless,
the SSU rDNA sequences of these populations are very different, indicating high genetic diversity
and potentially cryptic species. Dysteria brasiliensis is cosmopolitan with many described populations
worldwide and four deposited SSU rDNA sequences. The present work supplies morphological and
molecular information from five subtropical populations of D. brasiliensis that bear identical molecular
sequences but show significant morphological differences. The findings of this study provide an
opportunity to improve understanding of the morphological and genetic diversity of ciliates.

Keywords: ciliature; molecular phylogeny; morphological diversity; new species; SSU rDNA sequence

1. Introduction

Ciliates are single-celled eukaryotes that are highly developed, ubiquitous in freshwa-
ter, marine and terrestrial as biotopes, speciose, and morphologically diverse [1–5]. Since
Antonie van Leeuwenhoek made the first descriptions of ciliates, approximately 8000 free-
living and epibiotic species have been recognized [6]. Most of them are free-living species,
and others are symbionts, either commensals or parasites, mostly on the external surfaces
of their hosts but sometimes internally [7]. In the first 200 years, the taxonomic identifica-
tions or descriptions of ciliates were mainly based on living morphology. However, their
morphological features can sometimes reflect certain aspects of prevailing environmental
conditions, such as food abundance and the presence of predators [8–11]. Consequently,
populations of the same species may present high morphological plasticity, resulting in
significant problems in taxonomic identification [5,9,10,12–15]. Over the last century, in-
troduction of silver staining methods provided recognition of ciliary patterns and nuclear
morphology; these detailed structures allowed a better taxonomy of ciliates [6,16]. In recent
years, molecular technologies have been widely used in ciliate research and have greatly
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facilitated the study of ciliate taxonomy and systematics. However, there are numerous
examples in ciliate research showing that morphological and molecular evolutions are not
always concordant [10,17]. In many cases, taxa with similar or even identical morphol-
ogy show highly divergent molecular information, while diverse morphotypes share the
same molecular information. These anomalies have brought new controversies to ciliate
research [12,17].

Cyrtophorians are highly divergent ciliates with dorsoventrally or laterally flattened
bodies. Since the beginning of the 21st century, numerous cyrtophorians have been re-
ported from various habitats, and many of these have been used as model organisms in
morphological and genetic diversity research [1,5,10,12,18–22]. Dysteria Huxley, 1857, is
a specialized cyrtophorian genus with a highly bilaterally compressed body and somatic
cilia densely arranged in kineties that are restricted to a narrow ventral groove between
two lateral plates. Other diagnostic features include the right body plate, which is arched
and is slightly larger than the flattened left plate and the podite, which is located at the
rear end of the sulcus and is an attachment organelle that enables an organism to attach to
submerged substrata, such as rocks and plants [2,5,10,19,23–26]. Relatively few morpho-
logical features of Dysteria (e.g., body shape, cell size, dorsal spine) can be used for species
identification, which has led to many misidentifications, synonyms, and the recognition of
cryptic species [5,9,10,12,24–29]. In the last two decades, the application of silver staining
methods and molecular technology has enabled several historical confusions and errors
to be resolved and for new species to be described [10,12,30]. To date, about 45 nominal
Dysteria species (including Dysteria paracrassipes n. sp.) have been recorded, 26 of which
have been investigated using staining methods including the type species D. armata [31].
The species and genetic diversity of Dysteria, therefore, remain poorly understood.

In this study, three Dysteria species (i.e., D. paracrassipes n. sp., D. crassipes, and
D. brasiliensis) were isolated from subtropical brackish wetlands in China. Their morpho-
logical features were investigated based on observations in vivo and following protargol
staining. The small subunit ribosomal DNA (SSU rDNA) of each was sequenced, and the
molecular phylogeny of the genus Dysteria was analyzed. The main aim of the study is
to improve knowledge and understanding of the morphological and molecular diversity
of Dysteria.

2. Results

Class Phyllopharyngea de Puytorac et al., 1974
Subclass Cyrtophoria Fauré-Fremiet in Corliss, 1956
Order Dysteriida Deroux, 1976
Family Dysteriidae Claparède & Lachmann, 1858
Genus Dysteria Huxley, 1857

2.1. Dysteria paracrassipes n. sp.
2.1.1. ZooBank Registration

Present work: urn:lsid:zoobank.org:pub:DD76F78C-4EB7-49F6-81DD-F855B8A65101
New species: urn:lsid:zoobank.org:act:48A6961F-11E3-4179-9712-44B37A2735F1

2.1.2. Diagnosis

Body 45–60 × 30–35 µm in vivo, oval in outline with both ends rounded; four right
kineties including two frontoventral kineties, innermost row commencing below cytostome
and terminating at level of podite; four to eight left kineties, densely arranged near equato-
rial area; two parallel circumoral kineties almost equal in length; one double-rowed preoral
kinety, kinetosomes obliquely arranged in front of cytostome; three left frontal kineties
between preoral kinety and circumoral kineties; brackish water habitat.
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2.1.3. Type Locality

A subtropical coastal wetland in Ningbo, China, East China Sea (29◦46′23′′ N,
121◦57′17′′ E), where the water temperature was about 26 ◦C and salinity was 4.5.

2.1.4. Etymology

The species-group name “paracrassipes” is a composite of the Greek adjective “para-”
(beside) and the species-group name “crassipes”, indicating its similarity to Dysteria crassipes.

2.1.5. Type Materials

Seven slides with protargol-stained specimens have been deposited in the Labora-
tory of Protozoology, Ocean University of China (OUC), including one slide (registration
number: YTT-20200528-01) with the holotype specimen circled in black ink and six slides
(registration numbers: YTT-20200528-02, 03 . . . 07) with paratype specimens.

2.1.6. Morphological Description

Body 45–60 × 30–35 µm in vivo, bilaterally compressed, oval in outline when viewed
from lateral aspect, both ends broadly rounded, ventral side straight and dorsal side
slightly convex (Figures 1A and 2A). When observed from ventral aspect, right body plate
arched and slightly larger than flattened left plate (Figures 1D and 2B). Fine equatorial
transverse stripe located at midbody on left plate (Figure 2C). Cytoplasm colorless to
grayish, filled with different-sized food vacuoles, lipid droplets, and ingested diatoms
(Figures 1A and 2A). Cytostome ventrally located in anterior 1/5 of body. Two pharyngeal
rods, each about 20 µm in length, extending to about posterior quarter of body. Two contrac-
tile vacuoles, each about 5–7 µm in diameter, ventrally positioned, one in anterior third, the
other in posterior third of body; each pulses at an interval of 1–2 min (Figures 1A,C and 2A).
Single ovoidal macronucleus, 12–27 × 12–19 µm after protargol staining, positioned in
midregion of body, characteristically heteromeric (Figures 1A,C,E and 2D). Micronucleus
not detected. Podite slender, about 8 µm long in vivo, located at rear end of ventral sulcus.
Dorsal spine not detected. Locomotion usually by crawling on substrate.

Ciliature as shown in Figure 1B,E and Figure 2D–G. Four right kineties including two
frontoventral kineties and two inner kineties, progressively shorter in length from right
to left; longest frontoventral kineties extend anteriorly to dorsal margin, each composed
of 84–110 basal bodies; two inner kineties commence near cytostome, innermost row
terminating at level of podite and composed of 46–55 basal bodies (Figures 1E and 2D,
Table 1). Cilia of right kineties about 12 µm long in vivo. Four to eight left kineties, densely
arranged near equatorial area (Figures 1E and 2G). Equatorial fragment composed of
4–18 basal bodies (Figures 1E and 2D,E, Table 1), cilia about 9 µm long in vivo. Terminal
fragment positioned near front end of frontoventral kineties and composed of 4–7 basal
bodies (Figures 1B and 2F, Table 1). Two single-rowed circumoral kineties nearly equal in
length and transversely arranged in parallel, located near cytostome (Figures 1B and 2E).
Double-rowed preoral kinety, obliquely arranged in front of cytostome (Figures 1B and 2E).
Three single-rowed left frontal kineties, transversely oriented, between preoral kinety
and circumoral kineties (Figure 1B,E and Figure 2E). Glandule visible in protargol-stained
specimens, about 3–6 µm in diameter, located near rear end of innermost right kinety
(Figure 1E, Table 1).
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Figure 1. Dysteria paracrassipes n. sp. from life (A,C,D) and after protargol staining (B,E). Dysteria
crassipes from life (F,H–J) and after protargol staining (G,K). (A) Left lateral view of a represen-
tative individual. (B) Details of anterior region of cell showing the ciliary pattern; arrow shows
double-rowed preoral kinety. (C) Showing the body shape. (D) Ventral view. (E) Left lateral view of
the holotype specimen. (F) Left lateral view of a representative individual. (G) Details of anterior
region of cell showing the ciliary pattern; arrow shows single-rowed preoral kinety. (H) Left lateral
view of typical individual. (I,J) Representative individuals after Gong et al. [9]; note that the indi-
vidual in (I) has a dorsal spine. (K) Left view showing the infraciliature. Co, circumoral kineties;
EF, equatorial fragment; FvK, frontoventral kineties; GI, glandule; Lf, left front kineties; LK, left
kineties. Ma, macronucleus; P, podite; Pr, preoral kinety; RK, right kineties; TF, terminal fragment.
Scale bars = 25 µm.
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Figure 2. Photomicrographs of Dysteria paracrassipes n. sp. (A–G) and Dysteria crassipes (H–N) from
life (A–C,H–K) and after protargol staining (D–G,L–N). (A) Left lateral view of a representative
individual; arrowheads point to contractile vacuoles. (B) Ventral view. (C) To show the equatorial
transverse stripe (arrowhead). (D) Left lateral view of the holotype specimen; arrow shows equatorial
fragment; arrowheads mark frontoventral kineties and double arrowhead points to right kineties.
(E) Oral ciliary pattern; arrow shows circumoral kineties; arrowheads mark double-rowed preoral
kinety and double arrowhead points to left front kineties. (F) Anterior end of cell; arrow shows
equatorial fragment; arrowheads mark frontoventral kineties. (G) Ciliary pattern of midbody;
arrowhead marks right kineties. (H) Left lateral view of a representative individual; arrowheads point
to contractile vacuoles. (I) Focusing on surface of left side; arrow shows one of the cytopharyngeal
rods. (J) To show the equatorial transverse stripe (arrowhead). (K) Posterior portion of cell; arrow
shows podite. (L) General view of infraciliature; arrow shows equatorial fragment; arrowhead marks
frontoventral kineties and double arrowhead points to right kineties. (M) Oral ciliary pattern; arrow
shows circumoral kineties; arrowhead marks single-rowed preoral kinety and double arrowhead
points to left front kineties. (N) Ciliary pattern of midbody; arrowhead marks right kineties; arrow
shows equatorial fragment. Ma, macronucleus. Scale bar = 25 µm.
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Table 1. Morphometric data on Dysteria paracrassipes n. sp. (par), D. crassipes (cra, Ningbo population),
and D. brasiliensis (bra1, Ningbo population-I; bra2, Ningbo population-II; bra3, Ningbo population-
III; bra4, Ningbo population-IV; bra5, Ningbo population-V).

Characters Species Max Min Mean M SD CV% n

Body length (µm)

bra1 133 87 110.9 111 2.52 2.27 25
bra2 144 104 121.2 118 9.82 8.10 25
bra3 145 101 118.2 119 10.86 9.19 25
bra4 240 177 204.1 206 16.39 8.03 16
bra5 157 96 126.5 126 13.49 10.66 25
cra 68 45 57.8 57 1.00 1.73 25
par 56 42 50.6 51 3.91 7.73 25

Body width (µm)

bra1 49 30 39.3 40 0.94 2.39 25
bra2 58 44 50.3 50 3.20 6.36 25
bra3 58 42 49.8 49 3.75 7.53 25
bra4 64 43 52.4 51.5 6.12 11.68 16
bra5 63 42 51.4 52 5.51 10.72 25
cra 68 27 33.7 32 1.49 4.41 25
par 36 24 31.2 32 2.79 8.94 25

Number of right kineties

bra1 5 5 5.0 5 0.00 0.00 25
bra2 5 5 5.0 5 0.00 0.00 25
bra3 6 5 5.2 5 0.41 7.88 25
bra4 5 5 5.0 5 0.00 0.00 16
bra5 5 5 5.0 5 0.00 0.00 25
cra 4 4 4.0 4 0.00 0.00 25
par 4 4 4.0 4 0.00 0.00 25

Number of frontoventral
kineties

bra1 2 2 2.0 2 0.00 0.00 25
bra2 2 2 2.0 2 0.00 0.00 25
bra3 2 2 2.0 2 0.00 0.00 25
bra4 2 2 2.0 2 0.00 0.00 16
bra5 2 2 2.0 2 0.00 0.00 25
cra 2 2 2.0 2 0.00 0.00 25
par 2 2 2.0 2 0.00 0.00 25

Number of left kineties

bra1 9 5 6.9 7 0.23 5.04 25
bra2 9 4 6.7 7 1.46 21.79 25
bra3 8 3 6.2 6 1.36 21.93 25
bra4 8 6 7.1 7 0.81 11.41 16
bra5 10 4 6.6 7 1.50 22.73 25
cra 9 5 6.9 7 0.23 3.28 25
par 8 4 5.8 6 0.97 16.72 25

Number of basal bodies in a
frontoventral kinety

bra1 283 182 225.8 223 5.54 2.45 25
bra2 293 206 258 253 21.40 8.30 25
bra3 271 186 217.9 217 26.17 12.01 25
bra4 353 188 272.2 288.5 50.88 18.69 25
bra5 261 189 218.3 215 22.79 10.44 25
cra 131 93 109.0 107 1.92 1.76 25
par 110 84 95.3 95 7.13 7.48 25

Number of basal bodies in
terminal fragment

bra1 17 11 14.0 14 0.29 2.06 25
bra2 17 9 13.2 13 2.07 15.68 25
bra3 16 8 12.1 12 2.30 19.01 25
bra4 17 10 14.1 14.5 2.11 14.96 16
bra5 15 9 11.6 12 1.66 14.31 25
cra 7 3 5.5 6 0.17 3.18 25
par 7 4 5.4 5 0.76 14.07 25
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Table 1. Cont.

Characters Species Max Min Mean M SD CV% n

Number of
basal

bodies in
equatorial
fragment

bra1 33 8 17.4 14 1.52 8.75 25
bra2 26 7 15.6 14 5.69 36.47 25
bra3 22 7 13 13 4.07 31.31 25
bra4 30 9 20.6 21.5 6.27 30.44 16
bra5 25 7 13.5 12 4.66 34.57 25
cra 20 5 11.6 11 1.01 8.72 25
par 18 4 11.2 12 4.37 39.02 25

Length of
macronu-

cleus
(µm)

bra1 40 24 33.6 33 0.70 2.10 25
bra2 59 31 42.96 42 6.60 15.36 25
bra3 60 23 42.2 43 9.23 21.87 25
bra4 67 44 53.1 53 6.55 12.34 16
bra5 75 40 55.6 53 9.64 17.34 25
cra 27 14 19.9 20 0.54 2.70 25
par 27 16 23.4 23 2.27 9.70 25

Width of
macronu-

cleus
(µm)

bra1 19 12 14.8 15 0.32 2.15 25
bra2 27 17 22.3 22 2.56 11.48 25
bra3 38 11 23.0 21 7.33 31.87 25
bra4 32 18 24.4 23 4.32 17.70 16
bra5 41 19 27.6 27 6.01 21.78 25
cra 11 6 8.8 9 0.27 3.08 25
par 19 12 14.9 15 2.27 15.23 25

Diameter of
glandule

bra1 10 7 8.4 8 0.13 1.53 25
bra2 8 4 7.1 7 0.91 12.81 25
bra3 12 5 7.9 8 1.82 23.04 25
bra4 11 7 8.6 9 1.15 13.37 16
bra5 11 7 8.4 8 1.35 16.07 25
cra 6 3 4.6 5 0.15 3.32 25
par 6 3 3.6 3 0.81 22.50 25

All data based on protargol-impregnated specimens. Abbreviations: CV, coefficient of variation in %; M, median; Max,
maximum; Mean, arithmetic mean; Min, minimum; n, number of specimens investigated; SD, standard deviation.

2.2. Dysteria Crassipes Claparède & Lachmann, 1859

Dysteria crassipes was briefly described in an original report by Claparède and Lach-
mann [32]. Kahl [21] provided some supplementary morphological information in his
short redescription. Gong et al. [9] supplied the first detailed description, including both
the living morphology and ciliature, and an improved diagnosis. In recent years, several
temperate and tropical populations with similar morphological characteristics to those
described previously have been reported [5,12]. Here, we supply a detailed description of
the morphology of a subtropical population.

2.2.1. Voucher Slides

Six voucher slides (registration numbers: JDD-20190226-3-01, 02 . . . 06) with protargol-
stained specimens have been deposited in the Laboratory of Protozoology, Ocean University
of China (OUC).

2.2.2. Morphological Description of Ningbo Population

Body 50–65 × 35–45 µm in vivo, bilaterally compressed, approximately rectangular in
outline with both ends rounded, right plate slightly larger than left plate (Figures 1F and 2H).
Ventral margin straight, dorsal margin slightly convex near equator. Thin, transversely ori-
ented stripe near equator on left plate (Figure 2J). Cytoplasm colorless to grayish, filled with
food vacuoles and lipid droplets (Figures 1F and 2H). Cytostome about 5 µm in diameter,
located about 25% down length of body. Two pharyngeal rods, conspicuous in vivo, each
about 20 µm in length (Figure 2I). Two contractile vacuoles each about 6–8 µm in diameter,
usually one in anterior third and the other in posterior third of body (Figures 1F,H and 2H).
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Podite about 8–10 µm long in vivo, positioned in posterior 1/5 of body (Figure 2K). Sin-
gle heteromeric macronucleus located in midbody region. Micronucleus not observed.
Locomotion by slowly crawling on substrate.

Ciliature, as shown in Figure 1G,K and Figure 2L–N. Four right kineties, including two
frontoventral kineties and two inner kineties that are progressively shorter from right to left;
innermost right kinety commences about 25% down length of body and terminates near
base of podite (Figures 1K and 2L). Two frontoventral kineties almost equal in length and ex-
tend anteriorly to dorsal margin, each composed of 93–131 basal bodies (Figures 1K and 2L).
Five to nine left kineties, densely arranged in equatorial area (Figures 1K and 2N). Equa-
torial fragment composed of 5–20 basal bodies (Figures 1K and 2L,N). Terminal fragment
short and curved, containing 3–7 basal bodies (Figures 1G and 2L). Two circumoral kineties
nearly equal in length and transversely oriented in parallel. Single-rowed preoral kinety,
obliquely arranged in front of cytostome. Three left frontal kineties transversely oriented
between preoral kinety and circumoral kineties (Figures 1G and 2M). Glandule conspicuous
after protargol staining, about 3–6 µm in diameter, located near rear end of innermost right
kinety (Figures 1K and 2L).

2.3. Dysteria Brasiliensis Faria et al., 1922

Dysteria brasiliensis has been redescribed many times since it was originally reported
by Faria et al. [33]. However, the morphological characteristics of the various populations
differ. Here, we supply details of the morphology of five populations collected from
subtropical coastal waters in China.

2.3.1. Voucher Slides

Voucher slides with protargol-stained specimens are deposited in the Laboratory of
Protozoology, Ocean University of China (OUC), with registration numbers as follows:
population-I (JDD-20190521-3-01, 02 . . . 07), population-II (YTT-20190723-3-01, 02 . . . 05),
population-III (ZXT-20200608-2-01, 02 . . . 06), population-IV (ZXT-20200612-1-01, 02 . . .
07), population-V (ZXT-20200720-1-01, 02 . . . 06).

2.3.2. Morphological Description of Ningbo Population-I

This population is mainly illustrated in Figure 3F,G and Figure 4D,G,I,M–O. Body
about 105–125× 40–55 µm in vivo, bilaterally compressed, when viewed from lateral aspect
triangular to elongate rectangular, front end blunt and round, posterior end slightly nar-
rowed, ratio of width to length about 1:3, ventral margin straight, dorsal margin slightly con-
vex at the equator, right plate slightly larger than left plate (Figures 3F and 4D). Dorsal spine
conspicuous, hook-shaped, about 10–15 µm long, located at posterior end of cell (Figure 4I).
Cytoplasm colorless, filled with numerous food vacuoles and a few lipid droplets. Cy-
tostome conspicuous in vivo, located about 20% down length of body; two strong and
conspicuous pharyngeal rods extending obliquely to posterior end of body, each about
35 µm long (Figure 3F). Two contractile vacuoles, each about 5 µm in diameter, one located
in anterior quarter and the other in posterior quarter of cell. Podite slender, 8–10 µm long
in vivo, located at rear end of ventral sulcus (Figure 4H). Macronucleus ellipsoidal and
heteromeric, micronucleus not detected (Figures 3F and 4D). Both plates densely covered
by rod-shaped bacteria (Figure 4G).

Ciliature as shown in Figures 3G and 4I,M–O. Five right kineties, including two
frontoventral kineties (Figure 3G). Two frontoventral kineties, equal in length, extending
almost entire body length, each containing about 182–293 basal bodies, cilia about 10 µm
in vivo. The other three right kineties commence near cytostome but terminate at different
levels, becoming progressively shorter from right to left, innermost kinety being shortest
(Figure 3G). Five to nine left kineties closely arranged in midregion of body. Equatorial
fragment composed of 7–33 kinetosomes (Figure 4M). Terminal fragment arc-shaped,
consisting of 9–17 basal bodies. Two circumoral kineties almost equal in length and
arranged in parallel, obliquely oriented above cytostome. Single preoral kinety, obliquely
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oriented. Three horizontal left frontal kineties orthogonal to and optically intersect the two
circumoral kineties (Figure 3G).

Figure 3. Dysteria brasiliensis from life (A,D,F,H–N) and after protargol staining (B,C,E,F). (A) Left
lateral view; note that anterior portion is distinctly wider than other parts of cell. (B,C) Left view
showing infraciliature; note that one cell has five right kineties (B) and the other has six right
kineties (C). (D) Left lateral view of an individual with a long dorsal spine. (E) Left view showing
infraciliature of an individual with a long dorsal spine. (F) Left lateral view of a representative
individual. (G) Left view showing infraciliature. (H–N) Left lateral views of differently shaped
individuals (H,I,L,M) from Gong et al. [9]. Co, circumoral kineties; EF, equatorial fragment; FvK,
frontoventral kineties; GI, glandule; Lf, left front kineties; LK, left kineties; Ma, macronucleus; P,
podite; Pr, preoral kinety; RK, right kineties; TF, terminal fragment. Scale bars = 80 µm (A–G);
30 µm (H,I); 60 µm (J–N).
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Figure 4. Photomicrographs of Dysteria brasiliensis in vivo (Ningbo population-II (A), Ningbo
population-III (B), Ningbo population-V (C,H), Ningbo population-I (D,G), Ningbo population-
IV (E,F), and after protargol staining (J–O). (A) Left lateral view of representative individual. (B) Left
lateral view, to show the absence of a dorsal spine, and that anterior portion is distinctly wider than
other parts of cell; arrowheads point to contractile vacuoles. (C–E) Left lateral view, to show the
variable cell outline and with different-length dorsal spine (arrow). (F) Ventral view. (G) Arrowheads
indicate rod-shaped bacteria on cell surface. (H,I) Left lateral view showing different-length dorsal
spine (arrows) and podite (arrowhead). (J,K) Lateral views of two different specimens showing
infraciliature; arrow shows equatorial fragment; arrowhead marks frontoventral kineties; double ar-
rowhead points to right kineties. (L) Oral ciliary pattern; arrow shows circumoral kineties; arrowhead
marks preoral kinety; double arrowhead points to left front kineties. (M) Ciliary pattern of midbody
region; arrow shows equatorial fragment; arrowhead marks right kineties; double arrowhead points
to left kineties. (N) Posterior end of ventral groove; arrow shows glandule. (O) Lateral view of oral
region; arrow shows the winding of the cyrtos. Ma, macronucleus. Scale bar = 50 µm (A–F,G,K);
20 µm (G–I,L–O).

2.3.3. Morphological Description of Ningbo Population-II

This population (Figure 4A) closely resembles Ningbo population-I except the body
size in vivo (115–135 × 45–55 µm vs. 105–125 × 40–55 µm) and the number of basal bodies
in each frontoventral kinety (206–293, mean about 249 vs. 182–283, mean about 232). In
addition, this population has no dorsal spine.
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2.3.4. Morphological Description of Ningbo Population-III

This population (Figure 3D,E and Figure 4E,F,K) is characterized by the dominant dor-
sal spine, which is 35–40 µm long in vivo. The ratio of dorsal spine length to body length is
about 30%. This population differs from Ningbo population-I in other morphological charac-
ters as follows: (1) larger body size in vivo (170–210 × 40–50 µm vs. 105–125 × 35–50 µm);
(2) more slender body, as the ratio of width to length is about 1:4 (vs. 1:3); and (3) more basal
bodies in the frontoventral kinety (188–353, mean about 270, vs. 182–283, mean about 232).

2.3.5. Morphological Description of Ningbo Population-IV

The main feature of this population (Figure 3A–C and Figure 4B,J) is the hockey-stick-
shaped body; that is, the truncated anterior end bends from ventral to dorsal, forming
a prominent right angle. The equatorial region of the body is not conspicuously bulged,
but gradually tapers from the front to the posterior end. The slender posterior end lacks
a dorsal spine. In a small number of individuals (5 out of 16), there are six right kineties,
whereas in other populations there are invariably five right kineties.

2.3.6. Morphological Description of Ningbo Population-V

This population (Figure 4C,H) agrees well with Ningbo population-I except the slightly
larger body size in vivo (120–160 × 35–55 µm vs. 105–125 × 35–50 µm) and the shorter
dorsal spine (8–11 µm vs. 9–20 µm).

2.4. SSU rRNA Gene Sequences and Phylogenetic Analyses

The SSU rDNA sequences derived from the three Dysteria species were submitted
to the NCBI database with lengths, GC contents, and GenBank accession numbers as
follows: Dysteria paracrassipes n. sp. (1523 bp, 45.04%, OL527698), D. crassipes (1560 bp,
45.07%, OL527699). D. brasiliensis: Ningbo population-I (1564 bp, 44.57%, OL527704),
Ningbo population-II (1564 bp, 44.63%, OL527703), Ningbo population-III (1563 bp, 44.59%,
OL527700), Ningbo population-IV (1648 bp, 44.17%, OL527701), Ningbo population-V
(1594 bp, 44.60%, OL527702). A BlastN analysis of the new sequences against the NCBI
database showed that the sequence of D. paracrassipes n. sp. is most similar to those of
Dysteria sp. KY922819 (99.03%) and D. cristata KC753488 (98.97%), and the sequence of
D. crassipes was most similar to those of D. crassipes KC753493 (98.93%) and D. crassipes
KC753492 (98.67%).

Comparing the SSU rDNA sequences of these populations, the Ningbo population of
D. crassipes differed by 18–25 bases from its congener populations (corresponding to 98.93%–
98.48% similarity). In contrast, the SSU rDNA sequences among the nine populations of
D. brasiliensis (five of which were derived from the present study) were more conserved
with a maximum difference of only 6 bases (Figure 5).

The maximum likelihood (ML) and Bayesian inference (BI) trees had nearly identical
topologies; therefore, only the ML tree is shown here with nodal support values from
both algorithms (Figure 6). In the SSU rDNA tree, the new sequence of D. paracrassipes
n. sp. clusters with D. cristata (KC753488) and Dysteria sp. (KY922819) with full support
(ML/BI, 100%/1.00). The new sequence of D. crassipes (Ningbo population) is sister to
a fully supported clade of D. crassipes populations (ML/BI, 97%/1.00). The five newly
sequenced D. brasiliensis populations, three known D. brasiliensis populations, and another
four unidentified Dysteria species form a strongly supported clade (ML/BI, 90%/0.96) that
is sister to the D. compressa + D. monostyla clade.
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Figure 5. Sequence comparison of the SSU rRNA gene showing the unmatched nucleotides be-
tween the Ningbo population of Dysteria crassipes and other populations of D. crassipes (A) and the
unmatched nucleotides among the Ningbo populations of D. brasiliensis and other populations of
D. brasiliensis (B). Nucleotide positions are given at the top of each column. Insertions and deletions
are compensated by introducing alignment gaps (-). Matched sites are represented by dots (·).

Figure 6. Maximum likelihood (ML) tree inferred from SSU rDNA sequences showing positions
of Dysteria paracrassipes n. sp., Dysteria crassipes, and Dysteria brasiliensis (bold font). Numbers at
nodes indicate the bootstrap values of maximum likelihood (ML) out of 1000 replicates and the
posterior probabilities of Bayesian analysis (BI). Solid circles represent full bootstrap supports from
both algorithms. The scale bar corresponds to two substitutions per 100 nucleotide positions.
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3. Discussion

Dysteria is one of the most commonly reported cyrtophorian genera, and due to con-
tinuous studies of its morphology and phylogeny, especially during the last two decades, a
high species diversity of this genus has been revealed [9,23–25,27,34]. In addition to the
establishment of new species, many poorly known species have been redescribed using
modern methods, including live observation, silver staining, and molecular analysis [5,10].
This in turn brings challenges to species circumscription and identification when there is a
discrepancy between the morphological and molecular data. Research on different popu-
lations of the same nominal morphospecies has revealed examples both of intra-specific
variations and cryptospecies among morphologically similar but molecularly different
populations [10]. The present work describes one new species and several populations
of two known species. By making detailed comparisons among species and populations
using both morphological and molecular data, we hope to improve understanding of the
species diversity in Dysteria.

3.1. Comments on Dysteria paracrassipes n. sp.

With reference to its living morphological characteristics and ciliature, Dysteria paracras-
sipes n. sp. closely resembles D. crassipes Claparède & Lachmann, 1859. However, there
is a significant difference between these two species; that is, the preoral kinety is double-
rowed in D. paracrassipes n. sp. (vs. single-rowed in D. crassipes). In previous studies, the
structure and position of the preoral kinety were largely ignored. We carefully examined
and verified this structure of many well illustrated D. crassipes populations, all of which are
single-rowed [9]. Therefore, this is a stable and reliable character for separating these two
species. In addition, the SSU rDNA sequence of D. paracrassipes n. sp. differs significantly
and shares a poor genetic similarity with the SSU rDNA sequences of the D. crassipes
populations (Ningbo population, 56 bases, 96.38%; Zhuhai population, 56 bases, 96.20%;
Haikou population, 55 bases, 96.47%; Shenzhen population, 55 bases, 96.33%; Daya Bay
population, 57 bases, 96.46%), providing further support for the validity of the new species.

3.2. Comments on Dysteria crassipes Claparède & Lachmann, 1859

Dysteria crassipes was originally reported by Claparède and Lachmann [32] and briefly
redescribed by Kahl [21]. Its morphology, however, remained poorly known with infor-
mation confined to features such as body size and shape. Gong et al. [9] provided the first
detailed morphological description using modern methods based on a population collected
from Chinese coastal waters of the Yellow Sea. Dysteria crassipes has since been reported
repeatedly in coastal waters of China, for example, by Chen et al. [17], who documented the
SSU rDNA sequences of three populations from the South China Sea but without morpho-
logical data, and Wang et al. [5], who provided morphological and molecular information
of a South China Sea population.

The Ningbo population collected from subtropical waters of East China Sea is mor-
phologically consistent both with the Qingdao populations (temperate coastal waters of the
Yellow Sea) and the Haikou populations (tropical waters of the South China Sea) [5,9,10].
However, the SSU rDNA sequences of these Chinese populations are quite different; that is,
the number of base-pair differences ranges from 5 to 25, and sequence identities among
the populations range from 98.39% to 99.71% (Table S1, Figure 5). Because of the absence
of distinct species-level morphological differences, we consider the current isolate to be
a subtropical population of D. crassipes. However, it seems likely that there are several
cryptic species within the D. crassipes complex.

3.3. Comments on Dysteria Brasiliensis Faria et al., 1922

Dysteria brasiliensis is a well-known species that has been investigated many times
since being originally described by Faria et al. [33]. Song and Packroff [34] provided the
first detailed morphological description using modern methods. In their investigation of
different Yellow Sea populations, Gong et al. [9] showed that the morphology of this species
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is highly variable, for example, in terms of the body shape and the presence/absence
of the dorsal spine. Qu et al. [10] added some morphological information based on two
populations, one collected from the Bohai Sea and the other from the South China Sea [10].
Wang et al. [12] provided morphological and molecular information based on another
tropical population, further enriching knowledge of the morphological and molecular
diversity of this species.

The present work includes a comprehensive study on the morphological and molecular
data of five subtropical populations of D. brasiliensis. A comparison of the four known
and five new SSU rDNA sequences revealed that the molecular information is highly
consistent, with a maximum difference of only six bases and sequence identities of 99.62%
to 100% (Figure 5). However, there were significant morphological variations among these
populations, mainly in body shape and dorsal spine structure (Table S2). These could
be roughly divided into three types (i.e., slim and curved (Figure 3A,K,L), slim with a
prominent dorsal spine (Figure 3D,M,N), and triangular or ellipsoidal with a curved dorsal
spine (Figure 3F,H,J). Similarly, the characteristics of the dorsal spine also vary greatly.
Among the five populations collected from Ningbo, some individuals had no dorsal spine,
some had a short hook-shaped dorsal spine, and some had a long spear-shaped dorsal
spine that was up to one-third of the body length (Figure 3D,E,N and Figure 4E,F). Some
researchers have regarded the dorsal spine structure as a species character [21,32], whereas
Gong et al. [9] did not accept this assertion, noting that the dorsal spine was not a key
feature for Dysteria identification. Based on the morphological and molecular information
of multiple populations of D. brasiliensis, we suggest that variations in the body shape
and features of the dorsal spine of Dysteria are probably responses to the environment,
including food abundance and predator pressure.

3.4. Phylogenetic Analyses Based on SSU rDNA Sequences

As shown in Figure 6, Dysteria paracrassipes n. sp. is sister to the D. cristata KC753488
+ Dysteria sp. KY922819 clade. Furthermore, most of the morphological features of the
new species are similar with Dysteria cristata (e.g., ovoidal body shape, approximately
45–60 µm × 30–35 µm in vivo, with four right kineties and four to eight left kineties), thus
supporting the phylogenetic affiliation of these two taxa. However, D. paracrassipes differs
from D. cristata in having four right kineties (vs. three in D. cristata) [10,27]. Although the five
D. brasiliensis populations investigated here differ slightly in the base differences of their SSU
rDNA (maximum difference of six bases) and cluster together in the phylogenetic tree, they
vary greatly in their morphology (i.e., significant differences in body size and shape, dorsal
spine, and ratio of dorsal spine to body length (Table S2)). Accordingly, we speculate that
the presence and shape of the dorsal spine of D. brasiliensis do not correspond to systematic
signals in the SSU rDNA sequences and are not taxonomically informative characters.

4. Materials and Methods
4.1. Sample Collection, Observation, and Identification

Three Dysteria species were collected on 28 May 2020 from subtropical brackish coastal
waters of the East China Sea at Ningbo, China (Figure 7). Dysteria paracrassipes n. sp. was
collected from a coastal wetland on Meishan Island (29◦46′23” N, 121◦57′17” E), where the
water temperature was about 26 ◦C and salinity was 4.5. Dysteria crassipes was collected
on 26 February 2019 from a brackish lake (29◦45′51” N, 121◦54′2” E) connected to the East
China Sea by channels, where the water temperature was about 12 ◦C and salinity was
20.0. Five populations of D. brasiliensis were collected from 2019 to 2020: population-I was
collected from a brackish fish-culturing pond (29◦33′50” N, 121◦42′49” E), where the water
temperature was about 28 ◦C and salinity was 26.0; populations II–V were collected from
the same brackish lake as above (29◦45′51” N, 121◦54′2” E) in different seasons, so the
water temperature varied between 28 and 34 ◦C and the salinity ranged from 17.0 to 19.0.
Samples were taken from the surface of the sediment using a sterile syringe and the dilute
with untreated water from the collection site. Clonal cultures were maintained for a few
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days in Petri dishes at room temperature using filtered habitat water. Rice grains or wheat
grass juice was added to promote the growth of bacteria as food source for the ciliates.
All cultured ciliated died within about 1 week; therefore, we were not able to maintain
either taxon for a long time. However, it was possible to isolate enough individuals of three
species to provide a detailed morphological description.

Figure 7. Maps showing the location of Ningbo and the sampling locations in Ningbo and pho-
tographs of the sampling sites. (A) Map of China showing the location of Ningbo. (B) Portion
of the map of China showing the location of sampling sites in Ningbo (colored circles and num-
bers). (B1) Sampling site for Dysteria brasiliensis (Ningbo populations II–V) and Dysteria crassipes.
(B2) Sampling site for Dysteria brasiliensis (Ningbo population-I). (B3) Sampling site for Dysteria
paracrassipes n. sp.

Cells were observed in vivo using bright field and differential interference contrast
(DIC) microscopy (Leica DM2500) at 400–1000×magnification. Protargol staining was used
to reveal the ciliature and nuclear apparatus following the method of Wilbert [35]. Counts,
measurements, and drawings of stained specimens were performed at 1000×magnification.

4.2. DNA Extraction, PCR Amplification, and Gene Sequencing

For each population, a single cell was isolated using a micropipette. Specimens were
washed three to five times using filtered habitat water and twice using ultrapure water.
Three to five parallel molecular samples of every population would be prepared. Extraction
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of genomic DNA was performed using a DNeasy Blood and Tissue Kit (Qiagen, Hilden,
Germany), following the manufacturer’s instructions. Two samples were randomly chosen
and sent for sequencing. No intraspecific variations were identified. The SSU rDNA
was amplified using the primers 18SF (5′-AAC CTG GTT GAT CCT GCCi AGT-3′) and
18SR (5′-TGA TCC TTC TGC AGG TTC ACC TAC-3′) [36]. To minimize the possibility of
amplification errors, a Q5 Hot Start High-Fidelity DNA Polymerase (New England Biolabs
Co., Ltd., M0493, Beijing) was used.

The polymerase chain reaction (PCR) conditions used in the amplification were as
follows: initial denaturation for 30 s at 98 ◦C, 35 cycles of 10 s, denaturation for 20 s at 98 ◦C,
primer annealing for 100 s at 56 ◦C, primer elongation at 72 ◦C, final primer elongation for
5 min at 72 ◦C. Sequencing was performed bidirectionally at Tsingke Biological Technology
Company (Beijing, China).

4.3. Phylogenetic Analyses

A total of 51 SSU rDNA sequences were selected for the phylogenetic analyses, in-
cluding the 7 newly obtained sequences and 44 reference sequences downloaded from the
National Center for Biotechnology Information (NCBI) database (for accession numbers,
see Figure 6). Six chlamydodontids, namely, Chlamydodon triquetrus (MG566058), C. similis
(KY496621), C. oligochaetus (KY496620), C. rectus (KT461932), C. caudatus (JQ904058), and
C. wilberti (MG566060), were assigned as the out-group. The 51 sequences were aligned
using MUSCLE [37] with default parameter settings and were then manually edited using
the program BioEdit 7.0.5.3 [38]. Maximum likelihood (ML) analysis was conducted on
the CIPRES Science Gateway server using RAxML-HPC2 located on XSEDE v8.2.9 [39],
with the GTR + I + G model. Support for the best ML tree was calculated from 1000 boot-
strap replicates. Bayesian inference (BI) analysis was performed using MrBayes on XSEDE
v3.2.6 [40]. The GTR + I + G model selected by MrModeltest v2.2 was applied in the BI
analysis [41]. The BI analysis was run for 106 generations with trees sampled every 100th
generation, with the first 2500 trees discarded as burn-in. The tree topologies were visual-
ized via MEGA v7.0 and TreeView v.1.6.6 [42,43]. Systematic classification and terminology
mainly followed Lynn [6], Gao et al. [44], and Wang et al. [12].

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/ijms23031764/s1.

Author Contributions: X.Z. carried out the experiments and phylogenetic analyses and wrote
the first draft of the manuscript; H.Z. and D.W. helped to collect samples and performed some
experiments; Q.Z., Z.Q. and A.W. helped to write the manuscript; X.C. conceived and designed the
paper, administrated the project, and acquired funding. All authors have read and agreed to the
published version of the manuscript.

Funding: This research was funded by the National Natural Science Foundation of China (31970398
for Chen, 31672251 for Zhang, 32100394 for Qu), the Youth Innovation Promotion Association, and
CAS (No. 2019216 for Zhang).

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in the study are deposited in the NCBI database
repository, accession numbers: OL527698, OL527699, OL527700, OL527701, OL527702, OL527703,
OL527704.

Conflicts of Interest: The authors declare that they have no conflict of interest.

References
1. Chen, X.; Hu, X.; Gong, J.; AL-Rasheid, K.A.S.; AL-Farraj, S.A. Morphology and infraciliature of two new marine ciliates,

Paracyrtophoron tropicum nov. gen., nov. spec. and Aegyria rostellum nov. spec. (Ciliophora, Cyrtophorida), isolated from tropical
waters in southern China. Eur. J. Protistol. 2012, 48, 63–72. [CrossRef] [PubMed]

https://www.mdpi.com/article/10.3390/ijms23031764/s1
https://www.mdpi.com/article/10.3390/ijms23031764/s1
http://doi.org/10.1016/j.ejop.2011.07.005
http://www.ncbi.nlm.nih.gov/pubmed/21930365


Int. J. Mol. Sci. 2022, 23, 1764 17 of 18

2. Deroux, G. Origine des cinéties antérieures, gauches et buccales dans le genre Dysteria Huxley. Cr. Acad. Bulg. Sci. 1965, 260,
6689–6691.

3. Song, W.; Warren, A.; Hu, X. Free-Living Ciliates in the Bohai and Yellow Seas, China; Science Press: Beijing, China, 2009.
4. Song, W.; Wilbert, N. Faunistic studies on marine ciliates from the Antarctic benthic area, including descriptions of one epizoic

form, 6 new species and, 2 new genera (Protozoa: Ciliophora). Acta Protozool. 2002, 41, 23–62.
5. Wang, C.; Qu, Z.; Hu, X. Morphology and SSU rDNA sequences of four cyrtophorian ciliates from China, with description of a

new species (Protista, Ciliophora, Phyllopharyngea). Zootaxa 2019, 4664, 206–220. [CrossRef]
6. Lynn, D.H. The Ciliated Protozoa: Characterization, Classification, and Guide to the Literature, 3rd ed.; Springer: Dordrecht, The

Netherlands, 2008; pp. 1–605.
7. Warren, A.; Patterson, D.J.; Dunthorn, M.; Clamp, J.C.; Achilles-Day, U.E.M.; Aescht, E.; Carr, M.; Day, J.G. Beyond the “Code”: A

guide to the description and documentation of biodiversity in ciliated protists (Alveolata, Ciliophora). J. Eukaryot. Microbiol. 2017,
64, 539–554. [CrossRef]

8. Dunthorn, M.; Stoeck, T.; Clamp, J.; Warren, A.; Mahe, F. Ciliates and the rare biosphere: A review. J. Eukaryot. Microbiol. 2014, 61,
404–409. [CrossRef]

9. Gong, J.; Song, W.; Warren, A.; Lin, X.; Roberts, D.M. Microscopical observations on four marine Dysteria species (Ciliophora,
Cyrtophorida). Eur. J. Protistol. 2007, 43, 147–161. [CrossRef]

10. Qu, Z.; Wang, C.; Gao, F.; Li, J.; Al-Rasheid, K.A.S.; Hu, X. Taxonomic studies on seven species of Dysteria (Ciliophora,
Cyrtophoria), including a description of Dysteria paraprocera sp. n. Eur. J. Protistol. 2015, 51, 241–258. [CrossRef]

11. Wilbert, N.; Song, W. New contributions to the marine benthic ciliates from the Antarctic area, including description of seven new
species (Protozoa, Ciliophora). J. Nat. Hist. 2005, 39, 935–973. [CrossRef]

12. Wang, C.; Jiang, L.; Qu, Z.; Al-Farraj, S.A.; Hu, X. Taxonomy and phylogeny of three species of Dysteria (Ciliophora, Phyllopha-
ryngea) including the description of a new species. Protist 2021, 172, 125831. [CrossRef]

13. Zhao, L.; Pan, H.; Ma, H.; Xu, H. Morphological redescription of five marine cyrtophorid ciliates (Protozoa, Ciliophora). Period.
Ocean Univ. China 2014, 44, 52–56. [CrossRef]

14. Wu, T.; Li, Y.; Lu, B.; Shen, Z.; Song, W.; Warren, A. Morphology, taxonomy and molecular phylogeny of three marine peritrich
ciliates, including two new species: Zoothamnium apoarbuscula n. sp. and Z. apohentscheli n. sp. (Protozoa, Ciliophora, Peritrichia).
Mar. Life Sci. Technol. 2020, 2, 334–348. [CrossRef]

15. Liu, W.; Shin, M.K.; Yi, Z.; Tan, Y. Progress in studies on the diversity and distribution of planktonic ciliates (Protista, Ciliophora)
in the South China Sea. Mar. Life Sci. Technol. 2021, 3, 28–43. [CrossRef]

16. Jankowski, A.V. Phylum Ciliophora Doflein, 1901. Review of Taxa. In Protista: Handbook on Zoology, 2nd ed.; Nauka: St. Petersburg,
Russia, 2007; pp. 415–993.

17. Chen, X.; Al-Farraj, A.; Warren, A. New considerations on the phylogeny of cyrtophorian ciliates (Protozoa, Ciliophora): Expanded
sampling to understand their evolutionary relationships. Zool. Scr. 2016, 45, 334–348. [CrossRef]

18. Gao, S.; Huang, J.; Li, J.; Song, W. Molecular phylogeny of the cyrtophorid ciliates (Protozoa, Ciliophora, Phyllopharyngea). PLoS
ONE 2012, 7, e33198. [CrossRef]

19. Hu, X.; Lin, X.; Song, W. Ciliate Atlas: Species Found in the South China Sea, China; Science Press: Beijing, China, 2019.
20. Hu, X.; Suzuki, T. Light microscopical observations on two marine dysteriid ciliates from Japan, including a description of

Dysteria yagiui nov. spec. (Ciliophora, Cyrtophorida). Eur. J. Protistol. 2005, 41, 29–36. [CrossRef]
21. Kahl, A. Urtiere oder Protozoa I: Wimpertiere oder Ciliata (Infusoria) 2. Holotricha außer den im 1. Teil behandelten Prostomata.

Tierwelt Dtl. 1931, 21, 181–398.
22. Jin, D.; Qu, Z.; Wei, B.; Montagnes, D.; Fan, X.; Chen, X. Two parasitic ciliates (Protozoa: Ciliophora: Phyllopharyngea) isolated

from respiratory-mucus of an unhealthy beluga whale: Characterization, phylogeny and an assessment of morphological
adaptations. Zool. J. Linn. Soc. 2020, 4, 1–20. [CrossRef]

23. Gong, J.; Song, W. Morphology and infraciliature of two marine benthic ciliates, Dysteria procera Kahl, 1931 and Dysteria magna
nov. spec. (Protozoa, Ciliophora, Cyrtophorida), from China. Eur. J. Protistol. 2003, 39, 301–310. [CrossRef]

24. Park, M.H.; Min, G.S. A new marine cyrtophorid ciliate, Dysteria nabia nov. spec. (Ciliophora: Phyllopharyngea: Cyrtophorida:
Dysteriidae), from South Korea. Acta Protozool. 2014, 53, 257–268. [CrossRef]

25. Pan, H.; Hu, X.; Gong, J.; Lin, X.; Al-Rasheid, K.A.S.; Al-Farraj, S.A.; Warren, A. Morphological redescriptions of four marine
ciliates (Ciliophora: Cyrtophorida: Dysteriidae) from Qingdao, China. Eur. J. Protistol. 2011, 47, 197–207. [CrossRef]

26. Gismervik, I. Podite carrying ciliates dominate the benthic ciliate community in the kelp forest. Aquat. Microb. Ecol. 2004, 36,
305–310. [CrossRef]

27. Gong, J.; Song, W.; Warren, A. Redescriptions of two marine cyrtophorid ciliates, Dysteria cristata (Gourret & Roeser, 1888) Kahl,
1931 and Dysteria monostyla (Ehrenberg, 1838) Kahl, 1931 (Protozoa, Ciliophora, Cyrtophorida), from China. Eur. J. Protistol. 2002,
38, 213–222. [CrossRef]

28. Gong, J.; Song, W. Description of a new marine cyrtophorid ciliate, Dysteria derouxi nov. spec., with an updated key to 12
well-investigated Dysteria species (Ciliophora, Cyrtophorida). Eur. J. Protistol. 2004, 40, 13–19. [CrossRef]

29. Liu, W.; Gong, J.; Lin, X.; Shen, Z.; Li, J.; Zhu, M.; Wang, M.; Song, W. Redescriptions of two cyrtophorid ciliates, Dysteria procera
Kahl, 1931 and Pseudochilodonopsis marina Song, 1991 (Protozoa, Ciliophora). Acta Hydrobiol. Sin. 2008, 32, 84–89. [CrossRef]

http://doi.org/10.11646/zootaxa.4664.2.3
http://doi.org/10.1111/jeu.12391
http://doi.org/10.1111/jeu.12121
http://doi.org/10.1016/j.ejop.2007.01.002
http://doi.org/10.1016/j.ejop.2015.04.005
http://doi.org/10.1080/00222930400001509
http://doi.org/10.1016/j.protis.2021.125831
http://doi.org/10.16441/j.cnki.hdxb.2014.01.008
http://doi.org/10.1007/s42995-020-00046-y
http://doi.org/10.1007/s42995-020-00070-y
http://doi.org/10.1111/zsc.12150
http://doi.org/10.1371/journal.pone.0033198
http://doi.org/10.1016/j.ejop.2004.08.002
http://doi.org/10.1093/zoolinnean/zlaa086
http://doi.org/10.1078/0932-4739-00918
http://doi.org/10.4467/16890027AP.14.023.1998
http://doi.org/10.1016/j.ejop.2011.03.002
http://doi.org/10.3354/ame036305
http://doi.org/10.1078/0932-4739-00862
http://doi.org/10.1016/j.ejop.2003.07.002
http://doi.org/10.3724/SP.J.0000.2008.70084


Int. J. Mol. Sci. 2022, 23, 1764 18 of 18

30. Pan, H.; Jiang, J.; Fan, X.; Al-Farraj, S.A.; Gao, S. Phylogeny and taxonomy of five poorly known species of cyrtophorian ciliates
(Protozoa: Ciliophora: Phyllopharyngea) from China Seas. Zool. J. Linn. Soc. 2017, 180, 475–492. [CrossRef]

31. Fauré-Fremiet, E. Morphologie des Dysteriidae (Ciliata Cyrtophorina). Comptes Rendus Hebd. Des Seances De L Acad. Des Sci. 1965,
260, 6679–6684.

32. Claparède, E.; Lachmann, J. Études sur les infusoires et les rhizopodes. Mém. Inst. Natn. Genèv. 1859, 5, 1–260.
33. Faria, J.G.; da Cunha, A.M.; Pinto, C. Estudos sobre protozoarios do mar. Mem. Inst. Oswaldo Cruz. 1922, 15, 186–208. [CrossRef]
34. Song, W.; Packroff, G. Taxonomische Untersuchungen an marinen Ciliaten aus China mit Beschreibungen von zwei neuen Arten,

Strombidium globosaneum nov. spec. und S. platum nov. spec. (Protozoa, Ciliophora). Arch. Protistenkd. 1997, 147, 331–360.
[CrossRef]

35. Wilbert, N. Eine verbesserte Technik der Protargolimpräg-nation für Ciliaten. Mikrokosmos 1975, 64, 171–179.
36. Medlin, L.; Elwood, H.J.; Stickel, S.; Sogin, M.L. The characterization of enzymatically amplified eukaryotic 16S-like rRNA-coding

regions. Gene 1988, 71, 491–499. [CrossRef]
37. Osnat, P.; Eyal, P.; Haim, A.; Giddy, L.; Dan, G.; Tal, P. Guidance: A web server for assessing alignment confidence scores. Nucleic

Acids Res. 2010, 38, 23–28. [CrossRef]
38. Hall, T.A. BioEdit: A user-friendly biological sequence alignment editor and analysis program for Windows 95/98/NT. Nucleic

Acids Symp. Ser. 1999, 41, 95–98. [CrossRef]
39. Stamatakis, A. RAxML version 8: A tool for phylogenetic analysis and post-analysis of large phylogenies. Bioinformatics 2014, 30,

1312–1313. [CrossRef]
40. Ronquist, F.; Huelsenbeck, J.P. MrBayes 3: Bayesian phylogenetic inference under mixed models. Bioinformatics 2003, 19, 1572–1574.

[CrossRef]
41. Nylander, J. MrModeltest V2. Program Distributed by the Author. Bioinformatics 2004, 24, 581–583. [CrossRef]
42. Kumar, S.; Stecher, G.; Tamura, K. MEGA7: Molecular evolutionary genetics analysis version 7.0 for bigger datasets. Mol. Biol.

Evol. 2016, 33, 1870–1874. [CrossRef]
43. Page, R.D.M. Tree view: An application to display phylogenetic trees on personal computers. Comput. Appl. Bio. 1996, 12, 357–358.

[CrossRef]
44. Gao, F.; Warren, A.; Zhang, Q.; Gong, J.; Miao, M.; Sun, P.; Xu, D.; Huang, J.; Yi, Z.; Song, W. The all-data-based evolutionary

hypothesis of ciliated protists with a revised classification of the phylum Ciliophora (Eukaryota, Alveolata). Sci. Rep. 2016,
6, 24874. [CrossRef]

http://doi.org/10.1093/zoolinnean/zlw006
http://doi.org/10.1590/S0074-02761922000200013
http://doi.org/10.1016/S0003-9365(97)80059-0
http://doi.org/10.1016/0378-1119(88)90066-2
http://doi.org/10.1093/nar/gkq443
http://doi.org/10.1021/bk-1999-0734.ch008
http://doi.org/10.1093/bioinformatics/btu033
http://doi.org/10.1093/bioinformatics/btg180
http://doi.org/10.1093/bioinformatics/btm388
http://doi.org/10.1093/molbev/msw054
http://doi.org/10.1093/bioinformatics/12.4.357
http://doi.org/10.1038/srep24874

	Introduction 
	Results 
	Dysteria paracrassipes n. sp. 
	ZooBank Registration 
	Diagnosis 
	Type Locality 
	Etymology 
	Type Materials 
	Morphological Description 

	Dysteria Crassipes Claparède & Lachmann, 1859 
	Voucher Slides 
	Morphological Description of Ningbo Population 

	Dysteria Brasiliensis Faria et al., 1922 
	Voucher Slides 
	Morphological Description of Ningbo Population-I 
	Morphological Description of Ningbo Population-II 
	Morphological Description of Ningbo Population-III 
	Morphological Description of Ningbo Population-IV 
	Morphological Description of Ningbo Population-V 

	SSU rRNA Gene Sequences and Phylogenetic Analyses 

	Discussion 
	Comments on Dysteria paracrassipes n. sp. 
	Comments on Dysteria crassipes Claparède & Lachmann, 1859 
	Comments on Dysteria Brasiliensis Faria et al., 1922 
	Phylogenetic Analyses Based on SSU rDNA Sequences 

	Materials and Methods 
	Sample Collection, Observation, and Identification 
	DNA Extraction, PCR Amplification, and Gene Sequencing 
	Phylogenetic Analyses 

	References

