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Abstract. The morphology and infraciliature of four marine scuticociliates, Pleuronema elegans spec. nov., P. setigerum Calkins, 1902, P. gro-
lierei Wang et al., 2008 and Uronema orientalis spec. nov., collected from China seas, were investigated through live observation and protargol 
staining methods. Pleuronema elegans spec. nov. can be recognized by the combination of the following characters: size in vivo 90–115 × 45–60 
µm, slender oval in outline with a distinctly pointed posterior end; about 10 prolonged caudal cilia; consistently two preoral kineties and 18 or 19 
somatic kineties; membranelle 2a double-rowed with its posterior end straight; membranelle 3 three-rowed; one macronucleus; marine habitat. 
Uronema orientalis spec. nov. is distinguished by the following features: in vivo about 40–55 × 20–30 μm with a truncated apical plate; consis-
tently twenty somatic kineties; membranelle 1 single-rowed and divided into two parts which comprise four and three basal bodies respectively; 
contractile vacuole pore positioned at the end of the second somatic kinety; marine habitat. We also provide improved diagnoses for P. grolierei 
Wang et al., 2008 and P. setigerum Calkins, 1902 based on current and previous reports. The small subunit rRNA gene of U. orientalis, P. el-
egans, P. grolierei and P. puytoraci were sequenced. Phylogenetic analyses indicate that Uronema and Pleuronema are not monophyletic.
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INTRODUCTION

Investigations into scuticociliates have demonstrat-
ed that this assemblage is much more diverse than was 

previously assumed (Thompson and Kaneshiro 1968; 
Foissner and Wilbert 1981; Foissner et al. 1994, 2013; 
Song and Wilbert 2002; Long et al. 2007; Song et al. 
2007; Miao et al. 2008, 2009; Wilbert and Song 2008; 
Yi et al. 2009; Budiño et al. 2011; Fan et al. 2011a, b; 
Lobban et al. 2011; Pan et al. 2011, 2013d; Salinas et 
al. 2011; Seo et al. 2013; Whang et al. 2013). Many 
nominal species are insufficiently described and/or lack 
gene sequence data, and, consequently, further investi-
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gations of this group are needed using a combination 
of morphological and molecular data (Gao et al. 2010, 
2012a, b, 2013, 2014).

Of the scuticociliates, Pleuronema comprises tens of 
nominal species, at least 20 of which have been studied 
using silver staining techniques (Grolière and Detcheva 
1974; Small and Lynn 1985; Dragesco and Dragesco-
Kernéis 1986; Agatha et al. 1993; Fernandez-Leborans 
and Novillo 1994; Wang et al. 2008a, b, 2009). Out 
of these, 18 have been described using silver staining 
techniques, notwithstanding this, some studies pro-
vide insufficient information to validate these species 
(Grolière and Detcheva 1974, Czapik and Jordan 1977, 
Foissner et al. 1994).

Uronema Dujardin, 1841, is another very common 
genus of scuticociliate, comprising many nominal spe-
cies which are found worldwide in both freshwater and 
marine habitats (Kahl 1931; Czapik 1964; Thompson 
1964, 1972; Perez-Uz and Song 1995; Song 2000). 
A number of new or little-known Uronema species 
have been isolated and reported since the end of the 
last century during faunistic surveys which have been 
conducted in the marine waters of China (Song et al. 
2002, Pan et al. 2010). 

Overall, many scuticociliates have been identified 
and described during studies of the ciliate fauna in 
both the north and south China seas (Song and Wilbert 
2000, Song et al. 2002, Ma and Song 2003; Fan et al. 
2011a, b; Pan et al. 2013d). As a new contribution, this 
study presents the morphology and phylogeny of four 
scuticociliate species.

MATERIALS AND METHODS 

Ciliate collection and identification: Pleuronema elegans 
spec. nov. was collected on 15 May 2012 from No. 1 swimming 
beach, Qingdao, northern China (36°06′N; 120°32′E), when the 
water temperature was about 19°C, pH 7.6 and salinity 31‰. A 10 
cm-deep hole was dug in the sand into which seawater gradually 
seeped. The sample comprised a mixture of seawater and sand from 
the bottom of the hole (Fig. 1A).

Uronema orientalis spec. nov. was collected on 13 April 2012 
from the beach near Sculpture Garden (36°4′N; 120°29′E), Qing-
dao, when the water temperature was about 15°C, pH 7.8 and salin-
ity 29‰. The method of collection was the same as that for Pleuro-
nema elegans spec. nov. (Fig. 1B).

Pleuronema setigerum Calkins, 1902 was collected from 
a mangrove wetland in Shenzhen, Guangdong Province (22°30′N; 
114°37′E) on 1 December 2010 when the water temperature was 
21°C, salinity 19‰, and pH 8.0 (Fig. 1D). Pleuronema grolierei 
Wang et al., 2008 was collected from No. 1 swimming beach at 

the site that is further into the sea than that of P. elegans, Qingdao 
(36°06′N; 120°32′E) on 6 May 2010 when the water temperature 
was 14°C, salinity 30‰, and pH 7.4. In both of these latter cases, 
sand (top 5 cm layer), or sediment, plus seawater were taken from 
the site (Fig. 1C).

Individuals were observed in vivo using differential interference 
contrast microscopy. Protargol staining was used in order to reveal 
the infraciliature (Pan et al. 2013a, b, c). Counts and measurements 
of stained specimens were performed at magnifications of 100–
1250 ×. Drawings were carried out with the help of a camera lucida. 
Systematics and terminology are mainly according to Lynn (2008).

DNA extraction, PCR amplification and sequencing: Ge-
nomic DNA of the species Uronema orientalis spec. nov., Pleu-
ronema elegans spec. nov., P. grolierei, and P. puytoraci were ex-
tracted from cells using the DNeasy Tissue kit (Qiagen, CA). The 
species P. puytoraci is from the Hong Kong population described in 
Pan et al. (2011). We failed to extract DNA from P. setigerum due 
to the low number of specimens of this species. The PCR amplifi-
cations of SSU-rDNA were performed with the universal primers 
(Medlin et al., 1988). Purified PCR product of the appropriate size 
was inserted into the pMD™18-T vector (Takara Biotechnology, 
Dalian Co., Ltd.) and sequenced on an ABI-PRISM 3730 automatic 
sequencer (Applied Biosystems).

Sequence availability and phylogenetic analyses: With the 
exception of the four newly characterized SSU rRNA gene se-
quences (Pleuronema elegans spec. nov., P. grolierei Wang et 
al., 2008, P. puytoraci Grolière & Detcheva, 1974 and Uronema 
orientalis spec. nov.), the rest of the sequences used in the study 
were obtained from the GenBank database. Sequences were aligned 
using Clustal W implemented in BioEdit 7.0 (Hall 1999). Bayes-
ian inference (BI) analyses were performed with MrBayes v.3.1.2 
(Ronquist and Huelsenbeck 2003) using the GTR + I + G model 
selected by MrModeltest v.2.2 (Nylander 2004) according to the 
AIC criterion. Markov Chain Monte Carlo (MCMC) simulations 
were run with two sets of four chains for 2,500,000 generations, 
with trees sampled every 100 generations. The first 25% of sampled 
trees were discarded as burn in. All remaining trees were used to 
calculate posterior probabilities using a majority rule consensus. 
Maximum likelihood (ML) trees were constructed with PhyML 
v.2.4.4 (Guindon and Gascuel 2003) using the best model selected 
by Modeltest v.3.4 (Posada and Crandall 1998). The reliability of 
internal branches was assessed using nonparametric bootstrapping 
with 1000 replicates. Phylogenetic trees were visualized with Tree-
View v.1.6.6 and MEGA v.4 (Tamura et al. 2007).

RESULTS AND DISCUSSION

Subclass Scuticociliatia Small, 1967 
Family Pleuronematidae Kent, 1881
Genus Pleuronema Dujardin, 1836
Pleuronema elegans spec. nov. (Fig. 2, Table 1)

Diagnosis: Size in vivo 90–115 × 45–60 µm with 
a distinctly pointed posterior end; contractile vacuole 
located dorsally near posterior end; about 10 prolonged 
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Fig. 1. Map and photographs of biotopes (A–D) in which the samples were collected. A – no. 1 swimming beach, Qingdao (36°06′N; 
120°32′E); B – beach near Sculpture Garden, Qingdao (36°4′N; 120°29′E); C – coastal area of no. 1 swimming beach, Qingdao (36°06′N; 
120°32′E), the site that is further into the sea than that of (A); D – a mangrove wetland in Shenzhen, Guangdong Province (22°30′N; 
114°37′E).

caudal cilia; consistently two preoral and 18 or 19 so-
matic kineties; membranelle 1 with a length about 50% 
that of the anterior part of membranelle 2 which is dou-
ble-rowed with its posterior end straight but not hook-
shaped; marine habitat.

Type locality: Swimming beach, Qingdao, northern 
China (36°06′N; 120°32′E).

Type slides: The holotype slide (registration 
number: PXM-20120515) and one paratype slide (reg-
istration number: NHMUK 2013.8.15.1) with protargol 
stained-specimens are deposited in the Laboratory of 
Protozoology, Ocean University of China (OUC) and 
the Natural History Museum, London, respectively.

Etymology: This new form named ‘elegans’ refers 
to its elegant body shape.

Description: The body is about 100 × 50 µm in 
vivo, slender oval in outline, with a distinctly pointed 
posterior end (Figs 2A, H, I). Buccal field cavity is 
about 70% of body length with a conspicuous, sail-
like, undulating membrane (Fig. 2I). Pellicle is rigid 
and slightly notched with closely arranged extrusomes, 
which is about 3 µm long (Fig. 2B). Cytoplasm is col-
ourless to slightly grayish, packed with large amounts 
of green ingested algae and shining globules of varying 
size, food vacuoles which are usually large and filled 
with bacteria, and blue irregularly-shaped crystals 
(< 6 μm in diameter) (Figs 2A, H, I). One spherical ma-
cronucleus, about 32 × 32 µm, located in anterior half 
of cell. No micronucleus is observed (Fig. 2P). Single 
contractile vacuole is about 10 µm in diameter, located 
slightly dorsally near posterior end of cell (Fig. 2A). 
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Table 1. Morphometric characterization of Pleuronema elegans spec. nov. (upper row), P. setigerum Calkins, 1902 (second row), P. gro-
lierei Wang et al., 2008 (third row) and Uronema orientalis spec. nov. (lower row). Data based on protargol stained specimens. All measure-
ments in µm. Abbreviations: CV – coefficient of variation in %; Max – maximum; Mean – arithmetic mean; Min – minimum; n – number 
of individuals examined; SD – standard deviation.

Character Min Max Mean SD CV n

Body length 104 122 111.7 4.8 4.3 21

42 58 50.2 5.1 10.2 19

32 45 38.4 7.1 3.7 21

74 82 80.3 5.3 6.2 21

Body width 58 66 62.4 2.7 4.3 21

26 35 30.4 2.9 9.5 19

18 24 21.1 4.3 4.6 21

28 39 34.2 6.1 5.6 21

Number of somatic kineties 18 19 18.2 0.4 2.2 20

20 20 20.0 0 0 18

12 14 12.8 3.2 2.7 18

18 22 20.2 6.2 2.6 19

Number of preoral kineties 2 2 2.0 0 0 15

– – – – – –

5 6 5.2 3.6 2.7 16

1 1 1.0 0 0 12

Number of kinety rows in M3 3 3 0 0 0 15

3 3 0 0 0 14

3 3 0 0 0 14

2 2 0 0 0 13

Length of macronucleus 29 36 32.4 2 6.2 21

16 19 16.5 0.9 5.5 19

9 12 11.2 0.8 4.9 21

14 17 14.8 7.1 6.2 21

Width of macronucleus 28 32 31 1.6 5.2 21

14 16 14.7 0.7 4.8 19

10 13 8.5 3.1 5.7 21

14 18 15.9 2.7 4.8 21

Fig. 2. Pleuronema elegans spec. nov. in vivo (A, B, D, H–L), after protargol (E–G, M–Q) and silver nitrate staining (C). A, H – ventral 
view of a representative individual; B – detailed view of cortex to demonstrate arrangement of extrusomes; C – part of silverline system; 
D – swimming trace; E, F – ventral (E) and dorsal (F) views of the same specimen, showing infraciliature and nuclear apparatus; G – de-
tailed structure of the buccal area, arrow shows the straight posterior end of M2a; I – ventral view, arrow marks paroral membrane and 
arrowhead shows ingested algae; J – ventral view, arrow shows membranelle 1, arrowheads mark the anterior part of membranelle 2; 
K – ventral view, arrowheads point to caudal cilia; L – ventral view, arrowheads mark somatic cilia; M – infraciliature of ventral side, 
arrow indicates membranelle 1, arrowhead refers to paired basal bodies; N – posterior region, arrow shows V-shaped posterior part of 
membranelle 2, arrowheads point to preoral kineties, double-arrowhead indicates membranelle 3; O – anterior region, arrowhead shows 
the anterior part of membranelle 2; P – macronucleus; Q – detailed view of membranelle 3 (arrowhead). M1, 3 – membranelles 1 and 3; 
M2a – the anterior part of membranelle 2; M2b – the posterior part of membranelle 2; Ma – macronucleus; PK – preoral kinety; PM – paroral 
membrane. Scale bars: A, E, F, H, I = 50 μm, J = 20 μm.
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Somatic cilia is about 12 µm long (Figs 2A, L). There 
are about ten prolonged caudal cilia, each is about 30 
µm in length (Fig. 2K). 

The cell swims moderately fast while rotating about 
main body axis, sometimes lying motionless along sub-
strate such as bottom of Petri dish or detritus (Fig. 2D). 

There are eighteen or 19 somatic kineties, which 
are composed of dikinetids in anterior 60% of body 
and monokinetids in posterior third, extending almost 
the entire length of the cell, terminating anteriorly at 
a small glabrous apical plate (Figs 2E, F). There are 
consistently two preoral kineties to the left of the buccal 
field (Figs 2G, N).

Oral apparatus is typical for genus: M1 comprises 
two longitudinal rows of basal bodies, the length of 
which is about 50% that of the anterior part of M2a 
(Figs 2G, M, O). M2a is double-rowed with its poste-
rior end straight; posterior part of M2b is V-shaped, and 
is distinctly separated from M2a (Figs 2G, N). M3 is 
three-rowed with a similar length to that of M1 (Figs 
2G, Q). Length of paroral membrane is about 70% of 
body length. Silverline system is typical for the genus 
with a near-hexagonal honeycomb pattern (Fig. 2C).

SSU rRNA gene sequence: The SSU rRNA gene 
sequence of Pleuronema elegans spec. nov. has been 
deposited in the GenBank database with the accession 
number, length and G+C content as follows: KF840518, 
1661 bp, 42.75%.

Remarks and comparison: Based on its conspicu-
ously pointed posterior end and marine habitat, Pleu-
ronema elegans spec. nov. most resembles two nominal 
species: P. czapikae Wang et al., 2008 and P. tardum 
Czapik & Jordan, 1977 and can be readily separated 
from other congeners.

Pleuronema elegans spec. nov. can be clearly dis-
tinguished from P. czapikae Wang et al., 2008 through 
its different body shape (slender oval in outline, with 
a distinctly pointed posterior end in P. elegans vs. 
elongate-elliptical in outline, almost parallel-sided with 
both ends slightly pointed in P. czapikae), fewer somat-
ic kineties (18–19 vs. 29–35 in P. czapikae) and M2a 
double-rowed with its posterior end straight (vs. mostly 
two-rowed but with a short section that is single-rowed, 
posterior end invariably hook-shaped in P. czapikae) 
(Wang et al. 2008b).

Pleuronema elegans spec. nov. differs from P. tar-
dum in having more preoral kineties (two vs. one in 
P. tardum), less somatic kineties (18–19 vs. 40–50) and 
a different ratio of M1 and M3 to the anterior part of 

M2a (50% vs. M1 and M3 very short and M2a extreme-
ly long in P. tardum) (Czapik and Jordan 1977). 

Pleuronema setigerum Calkins, 1902 (Figs 3 I–M; 
Table 1)

Since first reported, this species has been rede-
scribed on four occasions (Kahl 1931, Noland 1937, 
Borror 1963, Pan et al. 2010). Some new characters 
were found in the Shenzhen population and hence an 
improved diagnosis of this species is supplied here 
based on both previous and present studies.

Improved diagnosis: In vivo 25–50 × 10–30 μm 
in size, slender oval in outline; buccal field occupying 
four-fifths of body length; about 9–13 prolonged caudal 
cilia; three to five preoral kineties and 12–22 somatic 
kineties; M1 about 20% of the anterior part of M2a in 
length, consisting of three longitudinal rows of basal 
bodies; posterior end of M2a ring-like; contractile vac-
uole subcaudally positioned; one macronucleus; marine 
habitat.

Description of the Shenzhen population: In vivo 
25–40 × 10–20 µm, slender oval in outline, widest at 
mid-body (Fig. 3I). Ventral side almost flat, dorsal side 
convex. Buccal field cavity about four-fifths of body 
length (Fig. 3I). Extrusomes 3 μm long, lying beneath 
notched pellicle and closely arranged between ciliary 
rows (Fig. 3J). Cytoplasm colourless to slightly gray-
ish, containing many shining globules of varying size 
(3–5 μm across), food vacuoles (4–6 μm across) and 
irregularly-shaped crystals (mostly 3–4 μm across) 
(Fig. 3I, J). One spherical macronucleus, about 16 × 15 
µm, located in anterior 1/3 of cell, usually with many 
globular nucleoli. Single contractile vacuole about 10 
µm in diameter, located subcaudally near dorsal cell 
margin (Fig. 3K). Somatic cilia about 8 µm long (Fig. 
3I). About thirteen prolonged caudal cilia, each about 
20 µm in length (Fig. 3K). 

Swims moderately fast while rotating about main 
body axis, sometimes drifting or lying motionless on 
debris for short periods (Fig. 3M). 

Twelve to 14 somatic kineties, composed of paired 
basal bodies in anterior three-quarters of the body and 
monokinetids in the posterior quarter, extending almost 
the entire length of the cell (Fig. 3M). Five or six pre-
oral kineties to left of buccal field.

Oral apparatus typical for genus: M1 with one short 
and two longer rows of basal bodies; M2a mostly two-
rowed but with a middle section that is single-rowed 
in a ‘zigzag’ pattern, with its posterior end character-
istically ring-like (Fig. 3L). M2b V-shaped, distinctly 
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Fig. 3. Pleuronema grolierei Wang et al., 2008 (A–H) and P. setigerum Calkins, 1902 (I–M) in vivo (A–D, I–K) and after protargol (E–H, L, 
M). A, I – ventral views of typical individuals, arrow in (A) shows contractile vacuole, arrowheads in (I) mark paroral membrane; B –  ven-
tral view, arrowheads mark oral cilia; C, K – ventral views, arrowheads point to caudal cilia; D – ventral view, arrow marks ingested algae, 
arrowhead shows irregularly-shaped crystals; E – anterior region, arrow shows the anterior part of membranelle 2; F – detailed structure of 
the buccal area; G – posterior region, arrowhead points to membranelle 3; H – macronucleus; J – ventral view, arrowheads show irregular-
ly-shaped crystals; L – posterior region, arrowhead indicates the ring-like posterior end of M2a; M – detailed structure of the buccal area, 
arrow marks membranelle 3, arrowheads show preoral kineties. M1 – membranelle 1; M2a – the anterior part of membranelle 2; M2b – the 
posterior part of membranelle 2; Ma – macronucleus. Scale bars: A, I = 20 μm, M = 5 μm.

separated from M2a; M3 three-rowed (Fig. 3M). Paro-
ral membrane about 80% of cell length.

Comparison and remarks: Pleuronema setigerum 
was first reported by Calkins in 1902 and then rede-
scribed by Kahl (1931) who cited Calkins’s drawing. 
Borror (1963) described its infraciliatrue but gave only 
a diagram of the buccal morphology, then Small (1964) 

provided a detailed line drawing based on Borror’s pro-
targol stained specimen. Pan et al. (2010) redescribed 
this form and provided an improved diagnosis based 
both on the Qingdao population and the previous stud-
ies. The Shenzhen population is very similar to the pre-
vious ones in both living and infraciliature data, except 
for having a smaller body size (25–40 × 10–20 µm vs. 
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30–50 × 15–30 µm), fewer somatic kineties (12–14 vs. 
14–22) and more preoral kineties (five or six vs. three 
or five). We consider these variations to be population-
dependent, and thus treat the Shenzhen population as 
conspecific with other populations of P. setigerum.

Pleuronema grolierei Wang et al., 2008 (Figs 3A–H; 
Table 1)

Pleuronema grolierei was originally described by 
Wang et al. (2008b), but the molecular information of 
this form was absent in his study. Based on the current 
study, an improved diagnosis of this species is provided, 
with new characters and SSU rRNA gene sequence data.

Improved diagnosis: Size in vivo 60–80 × 20–40 
µm with an oval to elliptical body shape; buccal field 
occupying two-thirds of body length; single contractile 
vacuole located slightly ventrally in the posterior fourth; 
ten to fifteen prolonged caudal cilia in posterior half of 
body; cilia in PM uniquely short and inconspicuous; one 
preoral and 18 to 32 somatic kineties; all membranelles 
consisting of two rows of basal bodies; the posterior 
end of the anterior fragment of M2a straight; M2a about 
twice as long as M3; PM about two-thirds of cell length; 
single spherical macronucleus and marine habitat.

Description of the Qingdao population: In vivo 
about 60–70 × 25–35 µm, elongate oval to elliptical in 
outline, both ends broadly rounded (Fig. 3A). Buccal 
field large with shallow buccal cavity, occupying about 
two-thirds of body length and almost one-third of body 
width (Fig. 3A). Cilia in both PM and membranelles 
obviously short (about 20 µm long) (Fig. 3B). Pellicle 
rigid and slightly notched with extrusomes about 3 µm 
long, closely arranged beneath. Cytoplasm colourless 
to slightly grayish, packed with many shining globules 
of varying size, food vacuoles which are usually large 
and filled with indefinable contents (Fig. 3D). Single 
spherical macronucleus, about 15 µm in diameter (Fig. 
3H). Contractile vacuole about 20 µm in diameter, lo-
cated slightly ventrally in posterior quarter of the cell 
(Fig. 3A). Somatic cilia usually about 10 µm long; 
about ten caudal cilia, approximately 20 µm long (Fig. 
3C). Movement moderately fast, rotating about main 
body axis, somewhat drifting and wobbling and then 
motionless for short periods. 

Eighteen to 22 somatic kineties, extending over the 
entire length of the cell and terminating at the apical 
end around a large glabrous apical plate. All kineties 
composed of dikinetids in anterior half of the body and 
monokinetids in posterior half. One preoral kinety to 
the left of the buccal field. Oral apparatus as shown in 

Figs 3E–G; the anterior M1 about the same length as 
M3; M2a double-rowed with its posterior end straight 
(Figs 3E, G). All the membranelles composed of two 
longitudinal rows of basal bodies. PM about two-thirds 
of cell length with its posterior end strongly curved 
around the posterior margin of buccal area.

SSU rRNA gene sequence: The SSU rRNA gene 
sequence of Pleuronema grolierei Wang et al., 2008 
has been deposited in the GenBank database with the 
accession number, length and G+C content as follows: 
KF840519, 1738 bp, 43.44%.

Comparison and remarks: Our population is very 
similar to previous populations (Wang et al. 2008a) in 
both living and infraciliature data, except for minor dif-
ferences in the number of somatic kineties (18–22 in 
the present study vs. 24–32) and the number of caudal 
cilia (ten in the present population vs. 15). Consequent-
ly, these two forms are conspecific.

Family Uronematidae Thompson, 1964
Genus Uronema Dujardin, 1841
Uronema orientalis spec. nov. (Fig. 4; Table 1)

Diagnosis: In vivo about 40–55 × 20–30 μm with 
a truncated apical plate; buccal field about 50% of body 
length; consistently twenty somatic kineties; mem-
branelle 1 (M1) one-rowed, divided into two parts: the 
anterior part (M1a) and the posterior part (M1b), com-
prising four and three basal bodies, respectively; con-
tractile vacuole caudally positioned near ventral mar-
gin; contractile vacuole pore (CVP) positioned at end 
of the second somatic kinety; marine habitat.

Type locality: A beach near Sculpture Garden 
(36°4′N; 120°29′E), Qingdao, China.

Type slides: The holotype slide (registration 
number: PXM-2012041301) and one paratype slide 
(registration number: NHMUK 2013.8.15.2) with pro-
targol stained-specimens are deposited in the Labora-
tory of Protozoology, OUC and the Natural History 
Museum, London, respectively.

Dedication and etymology: The species receives 
its name ‘orientalis’ from the locality where it was 
isolated.

Description: Size in vivo about 40–55 × 20–30 
μm, elongate-elliptical in outline (Figs 4A, E). An-
terior end flat, with an apical plate, dorsal posterior 
area broadly rounded (Figs 4A, E). Buccal field about 
50% of body length (Fig. 4A). Pellicle smooth, with-
out ridges (Figs 4E–G). Extrusomes bar-shaped, about 
4 μm long, and sparsely arranged beneath pellicle. 
Cytoplasm colourless to grayish, containing several to 
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Fig. 4. Uronema orientalis spec. nov. in vivo (A, E–J), after protargol (B–D, K) and silver nitrate staining (L). A, E – ventral views of 
a typical cell; B, C – ventral (B) and dorsal (C) views of the same specimen, showing infraciliature and nuclear apparatus; D, K – detailed 
infraciliature of buccal area, arrowhead in (K) shows the gap between the anterior part and posterior parts of membranelle 1; F, G – ventral 
views, to show different body shapes; H – posterior region of cell, arrow points to caudal cilia, arrowheads show somatic cilia; I – ventral 
view, arrow refers to blue irregularly-shaped crystal, arrowhead indicates dumbbell-shaped crystal; J – ventral view, arrow shows con-
tractile vacuole, arrowhead marks buccal field; L – ventral view, arrow shows contractile vacuole pore. M1, 2, 3 – membranelles 1, 2 and 
3; M1a – the anterior part of membranelle 1; M1b – the posterior part of membranelle 1; Ma – macronucleus; PM – paroral membrane; 
Sc – scutica. Scale bars: A, B, C = 50 μm; E–G, J, K = 80 μm.
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many large (ca 5 μm across) food vacuoles and dumb-
bell-shaped crystals, which are usually 4 μm long 
(Figs 4A, I, J). Single macronucleus oval to spherical, 
centrally located (Fig. 4C). Contractile vacuole mod-
erately large, 5 μm in diameter, caudally positioned 
(Figs 4A, J). Somatic cilia about 10 μm long, densely 
arranged; single caudal cilium approximately 20 μm 
long (Figs 4G, H). Swimming moderately fast while 
rotating about main body axis, sometimes crawling on 
debris, or resting on the bottom. 

Consistently twenty somatic kineties arranged lon-
gitudinally, which usually have monokinetids in the 
entire length of each row (Figs 4B, C, K). Buccal ap-
paratus as shown in Figs 4D, K: M1 one-rowed, divided 
into two parts: the anterior part (M1a) and the posterior 
part (M1b) comprising four and three basal bodies, re-
spectively. M2 composed of two longitudinal rows of 
basal bodies; M3 comprising three longitudinal rows 
(Figs 4D, K). Paroral membrane on right of buccal cav-
ity terminating halfway along M2 (Figs 4D, K). Scutica 
consisting of four pairs of basal bodies (Figs 4D, K). 
Contractile vacuole pore positioned at the end of sec-
ond somatic kinety (Fig. 4L).

SSU rRNA gene sequence: The SSU rRNA gene 
sequence of Uronema orientalis spec. nov. has been 
deposited in the GenBank database with the accession 
number, length and G+C content as follows: KF840517, 
1657 bp, 42.37%. 

Remarks and comparison: Considering the mor-
phology, infraciliature and habitat, three species have 
similarities with our new species: Uronema mari-
num Dujardin, 1841, U. elegans Maupas, 1883 and 
U. hetero marinum Pan et al., 2010.

Though Uronema marinum is similar to U. orien-
talis in body shape and the conspicuous extrusomes, it 
can be distinguished by the patterns of M1 (one row 
with 3–6 basal bodies in U. marinum vs. divided into 
two parts and comprising four and three basal bodies, 
respectively in U. orientalis), the number of somatic 
kineties (12–14 vs. 20 in U. orientalis), and the loca-
tion of the contractile vacuole pore (at posterior end of 
kinety 2 in U. marinum vs. at posterior end of kinety 1 
in U. orientalis) (Pan et al. 2010).

Compared with Uronema orientalis, U. elegans is 
distinguished by the ratio of body length to width (1.5: 
1 vs. 2.5: 1 in U. orientalis) and more somatic kineties 
(23–26 vs. 20) (Song et al. 2002).

Uronema heteromarinum differs from U. orienta-
lis in having reticulate ridges on a notched pellicle and 

fewer somatic kineties (15–16 vs. 20 in U. orientalis) 
(Pan et al. 2010).

Phylogenetic analyses (Fig. 5)

The topologies of the SSU rRNA gene trees con-
structed using Bayesian inference and maximum-
likelihood analyses are similar and therefore a single 
topology is presented here with support values from 
both algorithms (Fig. 5). Our phylogenetic trees show 
that all the Pleuronema species included in the anal-
yses fall into two clades, which are separated by the 
genus Schizocalyptra. Pleuronema elegans spec. nov., 
P. grolierei, and P. puytoraci are unambiguously placed 
in the “core” Pleuronema clade. The new form P. ele-
gans spec. nov. clusters with P. coronatum (JX310014) 
with full support while P. puytoraci groups with P. seti-
gerum (FJ848874) (1.00 BI, 99 % ML). Pleuronema 
grolierei shows a close relationship with P. setigerum 
(JX310015) and P. cf. setigerum (FJ848875). With 
three more sequences added, Pleuronema is still not 
monophyletic, being interrupted by the genus Schizo-
calyptra, which concords with previous studies (Gao et 
al. 2013). However, the support values for the branch-
ing of pattern of Pleuronema and Schizocalyptra are 
very low and the hypothesis that all Pleuronema spp. 
cluster together is not rejected by the AU test in Gao 
et al. (2013). As the phylogenetic trees show, Uronema 
orientalis spec. nov. clusters in the clade containing the 
type species U. marinum with moderate support (0.81 
BI, 89 % ML), which reinforces the assignment of this 
species in the genus Uronema. However, Uronema, 
Parauronema virginianum and Entodiscus borealis 
always group together, which is concordant with pre-
vious studies (Lynn and Strüder-Kypke 2005, Gao et 
al. 2012a). Parauronema and Uronema have been sug-
gested as junior synonym based on both the morpho-
logical and molecular data (Foissner 1971, Gao et al. 
2012a). The plausible explanations for the grouping of 
the species Entodiscus borealis are that either this se-
quence is a contamination or the characters for the clas-
sification of scuticociliates are not reliable (Lynn and 
Strüder-Kypke 2005).
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Fig. 5. Phylogenetic tree inferred from the small subunit ribosomal RNA (SSU rRNA) gene sequences, showing the positions of Pleuro-
nema elegans spec. nov., P. grolierei, P. puytoraci, and Uronema orientalis spec. nov. (in bold). Numbers at nodes represent the bootstrap 
values of maximum likelihood (ML) out of 1,000 replicates and the posterior probability of Bayesian analysis (BI). The scale bar corre-
sponds to five substitutions per 100 nucleotide positions.

REFERENCES 

Agatha S., Spindler M., Wilbert N. (1993) Ciliated protozoa (Cili-
ophora) from Arctic Sea Ice. Acta Protozool. 32: 261–268

Borror A. C. (1963) Morphology and ecology of some uncommon 
ciliates from Alligator Harbour, Florida. Trans. Am. Microsc. 
Soc. 82: 125–131

Budiño B., Lamas J., Pata M., Arranz J., Sanmartín M., Leiro J. 
(2011) Intraspecific variability in several isolates of Philaste-

rides dicentrarchi (syn. Miamiensis avidus), a scuticociliate 
parasite of farmed turbot. Veterinary Parasitology 175: 260–
272

Czapik A. (1964) La stomatogénčse du Cilié Uronema marinum 
Dujardin (Hymenostomatida, Tetrahymenina). Acta Protozool. 
2: 207–211

Czapik A., Jordan A. (1977) Two new psammobiotic ciliates Hippo-
comos loricatus gen. n. sp. and Pleuronema tardum n. sp. (Hy-
menostomata, Pleuronematina). Acta Protozool. 16: 157–164



X. Pan et al.42

Dragesco J., Dragesco-Kernéis A. (1986) Ciliés libres de l’Afrique 
intertropicale. Introduction à la connaissance et à l’étude des Cil-
iés. Faune. Trop. Orstom. 24: 1–559 

Fan X., Hu X., Al-Farraj S. A., Clamp J. C., Song W. (2011a) Mor-
phological description of three marine ciliates (Ciliophora, Scu-
ticociliatia), with establishment of a new genus and two new 
species. Eur. J. Protistol. 47: 186–196

Fan X., Lin X., Al-Rasheid K. A. S., Warren A., Song W. (2011b) 
The diversity of scuticociliates (Protozoa, Ciliophora): a report 
on eight marine forms found in coastal waters of China, with 
a description of one new species. Acta Protozool. 50: 219–234

Fernandez-Leborans G., Novillo A. (1994) Morphology and taxo-
nomic position of two marine pleuronematine species: Pleuro-
nema lynni and Schizocalyptra marina (Protozoa, Ciliophora). 
J. Zool. Lond. 233: 259–275

Foissner W. (1971) Das silberliniensystem von Uronema parduczi 
sp. n. (Ciliata, Hymenostomatida, Uronematidae). Arch. Pro-
tistenkd 113: 34–50

Foissner W., Berger H., Kohmann F. (1994) Taxonomische und 
ökologische Revision der Ciliaten des Saprobiensystems. Band 
III: Hymenostomata, Prostomatida, Nassulida. Inform.-ber. 
Bayer. Land. Wasserwirt. 1/94, 1–548

Foissner W., Jung J., Filker S., Rudolph J., Stoeck T. (2013) Mor-
phology, ontogenesis and molecular phylogeny of Platynema-
tum salinarum nov. spec., a new scuticociliate (Ciliophora, 
Scuticociliatia) from a solar saltern. Eur. J. Protistol. (in press).

Foissner W., Wilbert N. (1981) A comparative study of the infra-
ciliature and silverline system of the freshwater scuticociliates 
Pseudocohnilembus putrinus (Kahl, 1928) nov. comb., P. pu-
sillus (Quennerstedt, 1869) nov. comb., and the marine forms  
P. marinus Thompson, 1966. J. Protozool., 28: 291–297

Gao F., Fan X., Yi Z., Strüder-Kypke M., Song W. (2010) Phyloge-
netic consideration of two scuticociliate genera, Philasterides 
and Boveria (Protozoa, Ciliophora) based on 18S rRNA gene 
sequences. Parasitol. Internat. 59: 549–555

Gao F., Katz L. A. (2014) Phylogenomic analyses support the bifur-
cation of ciliates into two major clades that differ in properties 
of nuclear division. Mol. Phylogenet. Evol., 70: 240–243

Gao F., Katz L. A., Song W. (2012a) Insights into the phylogenetic 
and taxonomy of philasterid ciliates (Protozoa, Ciliophora, Scu-
ticociliatia) based on analyses of multiple molecular markers. 
Mol. Phylogenet. Evol. 64: 308–317

Gao F., Katz L. A., Song W. (2013) Multigene-based analyses on 
evolutionary phylogeny of two controversial ciliate orders: 
Pleuronematida and Loxocephalida (Protista, Ciliophora, Oli-
gohymenophorea). Mol. Phylogenet. Evol. 68: 55–63

Gao F., Strüder-Kypke M., Yi Z., Miao M., Al-Farraj S. A., Song W. 
(2012b) Phylogenetic analysis and taxonomic distinction of six 
genera of pathogenic scuticociliates (Protozoa, Ciliophora) in-
ferred from small-subunit rRNA gene sequences. Inter. J. Syst. 
Evol. Microbiol. 62: 246–256

Grolière C. A. (1974) Étude comparée de la stomatogenèse chez 
quelques cilies hymenostomes des genres Paralembus Kahl, 
1933, Philaster Fabre-Domergue, 1885, Parauronema Thomp-
son, 1967, Tetrahymena Furgasson, 1940. Protistologica 10: 
319–331

Guindon S., Gascuel O. (2003) A simple, fast and accurate algo-
rithm to estimate large phylogenies by maximum likelihood. 
Syst. Biol. 52: 696–704

Hall T. A. (1999) BioEdit: a user-friendly biological sequence align-
ment editor and analysis program for Windows 95/98/NT. Nu-
cleic Acids Symp. Ser. 41: 95–98

Kahl A. (1931) Urtiere oder Protozoa I: Wimpertiere oder Ciliata 
(Infusoria). 2. Holosticha Tierwelt Dtl. 21: 181–398

Lobban C. S., Raymundo L. M., Montagnes D. J. S. (2011) Porpos-
toma guamensis n. sp., a philasterine scuticociliate associated 
with brown band disease of corals. J. Eukaryot. Microbiol. 58: 
103–113

Long H., Song W., Wang Y., Li J. (2007) Morphological redescrip-
tion of two endocommensal ciliates, Entorhipidium fukuii Uy-
emura, 1934 and Madsenia indomita (Madsen, 1931) Kahl, 
1934 from digestive tracts of sea urchins of the Yellow Sea, Chi-
na (Ciliophora; Scuticociliatida). Eur. J. Protistol. 43: 101–114

Lynn D. H. (2008) The Ciliated Protozoa. Characterization, clas-
sification and guide to the literature. Springer Verlag, Dordrecht 

Lynn D. H., Strüder-Kypke M. (2005) Scuticociliate endosymbionts 
of echinoids (phylum Echinodermata): phylogenetic relation-
ships among species in the genera Entodiscus, Plagiopyliella, 
Thyrophylax, and Entorhipidium (phylum Ciliophora). J. Para-
sitol. 91: 1190–1199

Ma H., Song W. (2003) Stomatogenesis of the marine ciliate Meta-
nophrys sinensis (Protozoa: Ciliophora: Scuticociliatida). 
J. Mar. Biol. Ass. U. K. 83: 407–410

Medlin L., Elwood H. J., Stickel S., Sogin M. L. (1988) The char-
acterization of enzymatically amplified eukaryotic 16S-like 
rRNA-coding regions. Gene 71: 491–499

Miao M., Wang Y., Li L., Al-Rasheid K. A. S., Song W. (2009) Mo-
lecular phylogeny of the scuticociliate Philaster (Protozoa, Cili-
ophora) based on SSU rRNA gene sequences information, with 
description of a new species P. apodigitiformis sp. n. Syst. Biodiv-
ers. 7: 381–388

Miao M., Warren A., Song W., Wang S., Shang H., Chen Z. (2008) 
Analysis of the internal transcribed spacer 2 (ITS2) region of 
scuticociliates and related taxa (Ciliophora, Oligohymenopho-
rea) to infer their evolution and phylogeny. Protist 159: 519–533 

Noland L. E. (1937) Observations on marine ciliates of the gulf 
coast of Florida. Trans. Am. Micros. Soc. 56: 160–171

Nylander J. A. A. (2004) MrModeltest version 2. Distributed by the 
author. Department of Systematic Zoology, Evolutionary Biol-
ogy Centre, Uppsala University, Uppsala 

Pan H., Huang J., Hu X., Fan X., Al-Rasheid K. A. S., Song W. 
(2010) Morphology and SSU rRNA gene sequences of three 
marine ciliates from Yellow Sea, China, including one new spe-
cies, Uronema heteromarinum nov. spec. (Ciliophora, Scutico-
ciliatida). Acta Protozool. 49: 45–49

Pan X., Bourland W., Song W. (2013a) Protargol Synthesis: An in-
house protocol. J. Eukaryot. Microbiol. 60: 609–614

Pan X., Gao F., Liu W., Fan X., Warren A., Song W. (2013b) Mor-
phology and SSU rRNA gene sequences of three Frontonia spe-
cies, including a description of F. subtropica spec. nov. (Cili-
ophora, Peniculida). Eur. J. Protistol. 49: 67–77

Pan X., Liu W., Yi Z., Fan X., Al-Rasheid K., Lin X. (2013c) Stud-
ies on three diverse Frontonia species (Ciliophora, Peniculida), 
with brief notes on 14 marine or brackish congeners. Acta Pro-
tozool. 52: 35–49

Pan X., Shao C., Ma H., Fan X., Al-Rasheid K. A. S., Al-Farraj S. A., 
Hu X. (2011) Redescriptions of two marine scuticociliates from 
China, with notes on stomatogenesis in Parauronema longum 
(Ciliophora, Scuticociliatida). Acta Protozool. 50: 301–310

Pan X., Zhu M., Ma H., Al-Rasheid K. A. S., Hu X. (2013d) Mor-
phology and small-subunit rRNA gene sequences of two new 
marine ciliates, Metanophrys orientalis spec. nov. and Urone-
mella sinensis spec. nov. (Protista, Ciliophora, Scuticociliatia), 



Descriptions of Four Marine Scuticociliates 43

with an improved diagnosis of the genus Uronemella. Inter.  
J. Syst. Evol. Microbiol. 63: 3513–3523

Perez-Uz, B., Song W. (1995) Uronema gallicum sp. n. (Proto-
zoa: Ciliophora) a new marine scuticociliate from the coast-
al area of Calais. Acta Protozool. 34: 143–149

Posada D., Crandall K. A. (1998) Modeltest: testing the model of 
DNA substitution. Bioinformatics 14: 817–818

Ronquist F., Huelsenbeck J. P. (2003) Mrbayes 3: Bayesian phy-
logenetic inference under mixed models. Bioinformatics 19: 
1572–1574

Salinas I., Maas E. W., Muñoz P. (2011) Characterization of acid 
phosphatases from marine scuticociliate parasites and their acti-
vation by host’s factors. Parasitology 138: 836–847

Seo J., Jeon E., Jung S., Park M., Kim J., Kim K., Woo S., Lee E. 
(2013) Molecular cloning and expression analysis of peptidase 
genes in the fish-pathogenic scuticociliate Miamiensis avidus. 
BMC Veterinary Research 9: 10

Small E. B. (1964) An analysis of morphology and ontogenesis in 
the genus Pleuronema Dujardin, 1841, a description of two new 
species and a new genus, and a comparative analysis of sto-
matogenesis. Ph. D. Dissertation. Univ. California, Los Ange-
les, 297 pp.

Small E. B., Lynn D. H. (1985) Phylum Ciliophora Doflein, 1901. 
In: An illustrated guide to the Protozoa, (Eds. J. J. Lee, S. H. 
Hunter, E. C. Bovee). Society of Protozoologist, Lawrence, 
Kansas, 393–575 

Song W. (2000) Morphological and taxonomical studies on some 
marine scuticociliates from China Sea, with description of two 
new species, Philasterides armatalis sp. n. and Cyclidium vari-
bonneti sp. n. (Protozoa: Ciliophora: Scuticociliatida). Acta 
Protozool. 39: 295–322

Song W., Shang H., Chen Z., Ma H. (2002) Comparison of some 
closely-related Metanophrys-taxa with description of a new 
species Metanophrys similis nov. spec. (Ciliophora, Scuticocili-
atida). Eur. J. Protistol. 38: 45–53

Song W., Warren A., Hu X. (2007) Free-living ciliates in Bohai and 
Yellow Sea, China. Science Press, Beijing

Song W., Wilbert N. (2000) Redefinition and redescription of some 
marine scuticociliates from China, with report of a new species, 
Metanophrys sinensis nov. spec. (Ciliophora, Scuticociliatida). 
Zool. Anz. 239: 45–74

Song W., Wilbert N. (2002) Reinvestigations of three “well-known” 
marine scuticociliates: Uronemella filificum (Kahl, 1931) nov. 
gen., nov. comb., Pseudocohnilembus hargisi Evans & Thomp-
son, 1964 and Cyclidium citrullus Cohn 1865, with description 

of the new genus Uronemella (Protozoa, Ciliophora, Scutico-
ciliatida). Zool. Anz. 241: 317–331

Tamura K., Dudley J., Nei M., Kumar S. (2007) MEGA4: Molecu-
lar evolutionary genetics analysis (MEGA) software version 
4.0. Mol. Biol. Evol. 24: 1596–1599

Thompson J. C. (1964) A redescription of Uronema marinum, and 
a proposed new family Uronematidae. Virginia J. Sci. 15: 80–87

Thompson J. C. (1972) Ciliated protozoa of the Antarctic Peninsu-
la. In: Antarctic terrestrial biology, (Ed. G. A. Llano). Antarctic 
Res. Ser. 20: 261–288

Thompson J. C., Kaneshiro E. S. (1968) Redescriptions of Uronema 
filificum and Uronema elegans. J. Protozool. 15: 141–144

Wang Y., Hu X., Long H., Al-Rasheid K. A. S., Al-Farraj S., Song 
W. (2008a) Morphological studies indicate that Pleuronema 
grolierei nov. spec. and P. coronatum Kent, 1881 represent dif-
ferent sections of the genus Pleuronema (Ciliophora: Scutico-
ciliatida). Eur. J. Protistol. 44: 131–140

Wang Y., Song W., Hu X., Warren A., Chen X., Al-Rasheid K. A. S.  
(2008b) Descriptions of two new marine species of Pleurone-
ma, P. czapikae sp. n. and P. wiackowskii sp. n. (Ciliophora: 
Scuticociliatida), from the Yellow Sea, North China. Acta Pro-
tozool. 47: 35–45

Wang Y., Song W., Warren A., Al-Rasheid K. S., Al-Quraishy S., 
Al-Farraj S. A., Hu X., Pan H. (2009) Descriptions of two new 
marine scuticociliates, Pleuronema sinica n. sp. and P. wilberti 
n. sp. (Ciliophora: Scuticociliatida), from the Yellow Sea, China. 
Eur. J. Protistol. 45: 29–37

Whang I., Kang H. S., Lee J. (2013) Identification of scuticocili-
ates (Pseudocohnilembus persalinus, P. longisetus, Uronema 
marinum and Miamiensis avidus) based on the cox1 sequence. 
Parasitol. Int. 62: 7–13

Wilbert N., Song W. (2008) A further study on littoral ciliates (Pro-
tozoa, Ciliophora) near King George Island, Antarctica, with 
description of a new genus and seven new species. J. Nat. Hist. 
42: 979–1012 

Yi Z., Song W., Gong J., Warren A., Al-Rasheid K.A.S., Al-Arifi S., 
Al-Khedhairy A.A. (2009) Phylogeny of six oligohymenopho-
reans (Protozoa, Ciliophora) inferred from small subunit rRNA 
gene sequences. Zool. Scr. 38: 323–331

Received on 2nd December, 2013; revised on 6th February, 2014; ac-
cepted on 26th March, 2014


