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Abstract. Isolates of Mesanophrys cf. carcini Small & Lynn in Aescht, 2001 and Parauronema cf.
longum Song, 1995 infected a freshwater mussel (bleufer, Potamilus purpuratus (Lamarck, 1819))
collected from Chewacla Creek, Auburn, Alabama, USA. Free-living specimens of Metanophrys similis
(Song, Shang, Chen & Ma, 2002) 2002, Uronema marinum Dujardin, 1841, Uronemita filificum Kabhl,
1931, Pleuronema setigerum Calkins, 1902 and Pseudocohnilembus hargisi Evans & Thompson, 1964,
were collected from estuarine waters near Orange beach, Alabama. Based on observations of living and
silver-impregnated cells, we provide redescriptions as well as comparisons with original descriptions
for the seven species. We also comment on the geographic distributions of known populations of these
aquatic ciliate species and provide a table reporting some aquatic scuticociliates of the eastern US Gulf
Coast.

Keywords. Ciliates, scuticociliates, morphology, freshwater mussel, Alabama, USA.

Pan X. 2016. Seven scuticociliates (Protozoa, Ciliophora) from Alabama, USA, with descriptions of two parasitic
species isolated from a freshwater mussel Potamilus purpuratus. European Journal of Taxonomy 249: 1-19. http://
dx.doi.org/10.5852/ejt.2016.249

Introduction

Ciliates of the subclass Scuticociliatia are common inhabitants of freshwater, brackish, and marine
environments (Foissner & Wilbert 1981; Parker 1981; Wiackowski et al. 1999; Wang et al. 2008a, 2008b,
2009; Foissner et al. 2009; Gao et al. 2010, 2012a, 2012b, 2013; Foissner et al. 2014; Mallo et al. 2014;
Ofelio et al. 2014), wherein they may be free-living, commensals, benign symbionts, or likely pathogens
of fishes and invertebrates (Puytorac ef al. 1974; Kaneshiro & Holz 1976; Al-Marzouk & Azad 2007,
Castro et al. 2014; Gao et al. 2016, 2016; Gao & Katz2014; Zhan et al. 2014; Pan et al. 2016). Because of
their small size and the high degree of similarity in the infraciliature, many scuticociliates are identified
based upon a combination of characters observed in vivo and after silver staining (Foissner et al. 1994;
Song & Wilbert 2002; Ma et al. 2004; Miao et al. 2008, 2009; Wilbert & Song 2008; Song et al. 2009;
Fan et al. 2011a, 2011b, 2014; Lobban et al. 2011; Pan et al. 2011, 2013, 2015a, 2015b, 2015¢, 2016).
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Many new species and populations probably have yet to be discovered in the eastern US Gulf Coast, and
many species reported from the region are insufficiently described (Calkins 1902; Noland 1925, 1937;
Bovee 1960; Borror 1963a, 1963b, 1973; Jones 1974). More specifically, little information is available
on the biodiversity and distribution of parasitic and free-living ciliates in Alabama’s streams, rivers, and
coastal environments, however, there are many reports about distribution and morphology of freshwater
mussel Potamilus purpuratus Lamarck, 1819 (Hopkins 1934; Haag et al. 1993; Haggerty et al. 2005;
Gangloff et al. 2006; Garner et al. 2009; McElwain & Bullard 2014). However, very little information
exists on the specific identities of mussel ciliates (Grizzle & Brunner 2007). Similarly, collections of
ciliates from rivers and streams of Alabama are infrequently reported, thus little is known about levels
of ciliate biodiversity and endemnicity in these aquatic habitats.

Herein, we provide supplemental morphological information on seven nominal scuticociliate species
based on microscopy of living and silver-impregnated specimens collected in Alabama. Records of
aquatic scuticociliates of the eastern US Gulf Coast are given in Table 1.

Material and methods

Invertebrates and environmental samples were collected during October through December 2013 in
rivers or earthen aquaculture ponds in central Alabama as well as along the Gulf Coast of Alabama and
Florida (Fig. 1). Specimens of Mesanophrys cf. carcini Small & Lynn in Aescht, 2001 and Parauronema
cf. longum Song, 1995 were isolated from a bleufer, Potamilus purpuratus (Lamarck, 1819) collected
from Chewacla Creek, Auburn, Alabama, USA (32°36'56" N, 85°28'58" E) on 8 Oct. 2013. Specimens of
Metanophrys similis (Song, Shang, Chen & Ma, 2002), Uronema marinum Dujardin, 1841, Uronemita
filificum Kahl, 1931, Pleuronema setigerum Calkins, 1902 and Pseudocohnilembus hargisi Evans &
Thompson, 1964 were collected from Orange beach, Alabama (30°16'44" N, 87°33'35” E) on 24 Oct.
2013. Only one of the seven ciliates, Mesanophrys cf. carcini, was previously reported as parasitic.
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Fig. 1. Sampling map. A. Chewacla Creek, Auburn, Alabama (32°36'56" N, 85°28'58" E). B. Orange
Beach, Alabama (30°16'44" N, 87°33'35" E).
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Samples were examined after being maintained in a plastic container filled with site water from the
original sample locality and exchanged weekly. Ciliates were detached with a pipette and maintained as
pure or raw cultures in Petri dishes in the laboratory for days to weeks, with ciliate-free animal tissues
as a food source to enrich bacteria for ciliate maintenance. The freshwater mussel Potamilus purpuratus
(Lamarck, 1819), commonly known as bluefer or purpleshell, was identified according to Williams
et al. (2008) (having 150 mm shell length; outline subtriangular; anterior margin rounded; dorsal margin
with low wing; umbo broad; pseudocardinal teeth triangular, two divergent teeth in left valve, one tooth
in right valve; lateral teeth moderately long and slightly curved, two in left valve, one in right valve;
nacre purple). The freshwater mussel was released into Chewacla Creek after observation. Observations
of living specimens were conducted with the aid of light microscopy. Silver carbonate impregnation
was performed according to Ma ef al. (2003). Specimens were photographed and measured using a
compound microscope equipped with a digital camera. Systematics of ciliates follows Lynn (2008).

Abbreviations in the text are list in the following :
M1 = Membranelle 1
M2 = Membranelle 2
M3 = Membranelle 3

Ma = macronucleus
PM = paroral membrane
Sc = scutica
Results

Two parasitic species isolated from freshwater mussel Potamilus purpuratus

Subclass Scuticociliatia Small, 1967
Order Philasterida Small, 1967
Family Orchitophryidae Cépede, 1910
Genus Mesanophrys Small & Lynn, 1985

Mesanophrys cf. carcini Small & Lynn in Aescht, 2001
Fig. 2A—C; Table 1

Description

Description based on Alabama population: body (in vivo) 35-55 x 15-25 pm, spindle-shaped (Fig. 2A)
or pyriform (Fig. 2B), having sharply pointed anterior end and narrowly rounded caudal end (Fig. 2A);
variability in shape likely attributable to nutritional conditions (Fig. 2A-B) or division (Fig. 2C).
Buccal field 10-15 um in length or 25-30% of body length. Somatic cilia distributed in a dense lateral
field, 5-8 um long (Fig. 2A). Extrusomes undetectable (Fig. 2A—C). Cytoplasm transparent or grey,
granulated; cytoplasmic granules 3—5 um long, 1-1.5 pm wide, refractive. Macronucleus single, large,
8-13 pm long or 20-30% of body length, 8—12 um wide or 40-50% of body width, spheroid, centrally
located. One micronucleus attached to macronucleus. Locomotion by moving on substrate or swimming
in water. Somatic cilia 7 to 10 um long, ten somatic kineties composed of dikinetids in anterior % of
cell. Membranelle 1 (M1) slightly separated from apex of anterior end, comprising two rows of kinetids
each with seven to nine basal bodies (Fig. 2D). M2 bearing three to five longitudinal rows of cilia, with
each longitudinal row having six to eight basal bodies (Fig. 2D). M3 posterior to M2, comprising three
rows of kinetids (Fig. 2D).
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Family Parauronematidae Small & Lynn, 1985
Genus Parauronema Thompson, 1967

Parauronema cf. longum Song, 1995
Fig. 3E-J; Table 1

Description

Description based on Alabama population: body 60—85 x 25-35 um in vivo, elongate oval with a large,
truncated apical plate (Fig. 3E-G). Body shape generally constant. Posterior end rounded, ventral side
straight, dorsal side convex (Fig. 2E—F). Buccal field 35-40% of body length. Pellicle slightly indented
at bases of cilia. Extrusomes rod-shaped, ca 2—3 pm long. Cytoplasm colourless to grayish, containing
several to many large (ca 5 um across) food vacuoles and dumbbell-shaped crystals (ca 1-2 um long)
concentrated in anterior and posterior ends of body (Fig. 3H). Single ellipsoid to spherical macronucleus,
10 um in diameter, micronucleus not identified. Single contractile vacuole, 8 pm across during diastole,
at posterior end of cell. Somatic cilia 6 um- long, densely arranged (Fig. 3F, arrows); single caudal cilium

Fig. 2. A-D. Mesanophrys cf. carcini Small & Lynn in Aescht, 2001. E-G. Metanophrys similis
Song et al., 2002. A-C, E-F. In vivo. D, G. After silver impregnation. A, E. Ventral views of typical
individuals, arrow in (E) shows caudal cilia. B, F. Different individuals, showing different body shapes.
C. Individual in morphogenesis. D, G. Detailed structure of the buccal area. Abbreviations: M1, 2, 3 =
membranelle 1, 2 and 3; Ma = macronucleus; PM = paroral membrane. Scale bars: 30 um.
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Table 1. Morphometric characterization of seven species from Alabama populations. Data based on
silver carbonate-impregnated specimens. Measurements in pm. Abbreviations: CV = coefficient of
variation in %; n = number of specimens investigated; Max = maximum; Mean = arithmetic mean;

Min = minimum; SD = standard deviation.

Character Species Min Max Mean SD CV n
Body length Mesanophrys cf. carcini 43 74 612 119 163 15
Uronema marinum 21 32 27.8 9.6 52 15
Metanophrys similis 48 56 512 58 6.7 15
Uronemita filificum 40 46 438 3.7 56 15
Pleuronema setigerum 72 80 76.0 73 8.0 15
Pseudocohnilembus hargisi 43 57 49.1 6.7 89 15
Parauronema cf. longum 86 92 89.1 93 7.5 15
Body width Mesanophrys cf. carcini 20 31 232 164 102 15
Uronema marinum 12 18 154 7.2 37 15
Metanophrys similis 31 38 335 109 7.1 15
Uronemita filificum 27 30 281 79 21 15
Pleuronema setigerum 35 45 413 6.5 72 15
Pseudocohnilembus hargisi 11 16 144 33 56 15
Parauronema cf. longum 38 47 447 7.1 43 15
Number of somatic kineties Mesanophrys cf. carcini 10 10 10.0 0 0 13
Uronema marinum 12 13 123 52 47 14
Metanophrys similis 12 12 12.0 0 0 15
Uronemita filificum 23 24 232 29 2.8 13
Pleuronema setigerum 13 14 13.7 85 34 12
Pseudocohnilembus hargisi 6 7 6.4 6.7 7.1 14
Parauronema cf. longum 18 21 20.1 24 56 13
Macronucleus length Mesanophrys cf. carcini 8 13 10.7 193 165 15
Uronema marinum 8 10 92 125 147 15
Metanophrys similis 12 15 132 32 1.3 15
Uronemita filificum 15 17 159 72 39 15
Pleuronema setigerum 15 18 16.6 4.5 7.6 15
Pseudocohnilembus hargisi 6 8 7.3 6.1 26 15
Parauronema cf. longum 15 18 162 43 46 15
Macronucleus width Mesanophrys cf. carcini 8 12 1.1 147 11.7 15
Uronema marinum 10 11 10.7 5.1 25 15
Metanophrys similis 14 153 43 5.7 15 16
Uronemita filificum 16 18 17.8 4.1 36 15
Pleuronema setigerum 15 17 157 7.8 6.7 15
Pseudocohnilembus hargisi 6 7 64 113 134 15
Parauronema cf. longum 14 17 159 5.0 4.1 15
Kinetosomes in kinety 1, number* Mesanophrys cf. carcini 27 31 288 5.7 20 15
Uronema marinum 17 22 202 24 1.2 15
Metanophrys similis 24 26 252 9.8 39 15
Uronemita filificum 18 24 224 64 2.8 15
Pleuronema setigerum - - - - - 15
Pseudocohnilembus hargisi 16 19 184 10.1 56 15
Parauronema cf. longum 22 25 234 1.2 05 15

* Basal body pairs counted as single ones
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approximately 15 um long (Fig. 3I). Swims straight ahead in slightly helical path. Crawls slowly with
frequent changes of direction when feeding on surface of debris or stays quiet for long period. Eighteen
to 24 somatic kineties, somatic kinety 1 with about 32 basal bodies. Somatic cilia about 5 to 7 um
long. M1 long, consisting of two longitudinal rows of kinetids, each with seven to ten kinetosomes
(Fig. 3J). M2 well-separated from M1, composed of three rows of kinetosomes, each row containing
six kinetosomes (Fig. 3J). M3 much shorter than M1 and M2, comprising two or three short, irregularly
arranged rows of kinetosomes (Fig. 3J). PM on right of buccal cavity, terminating anteriorly at level of
mid-region of M2. Scutica Y-shaped comprising four pairs of kinetosomes (Fig. 3J).

Five free-living scuticociliates

Family Orchitophryidae Cépede, 1910
Genus Metanophrys de Puytorac, Groliére, Roque & Detcheva, 1974

Metanophrys similis (Song, Shang, Chen & Ma, 2002)
Fig. 2E-G; Table 1

Description

Description based on Alabama population: body in vivo 3540 x 20-25 um, plump pyriform, anteriorly
tapering, posteriorly rounded; no apical plate formed (Fig. 2E). Ventral side slightly straight, dorsal side
slightly convex (Fig. 2E-F). Somatic cilia 7-8 pm long, densely arranged (Fig. 2F). Single caudal cilium
approximately 10 um in length (Fig. 2E). Extrusoms bar-shaped, approximately 2 pm in length, arranged
in rows between the somatic kineties. Endoplasm colourless to grayish, and contained abundant food
vacuoles (2—5 pm in across) and many bar- or dumbbell-shaped crystals 1-2 pm in length (Fig. 2E).
One large, spherical to ovoid macronucleus, approximately 10 pm in length and 12 pm in width,
centrally located. Swimming aimlessly, without pause, or sometimes crawling on substrates. Twelve
somatic kineties. M1 near apex, comprising three longitudinal rows of kinetids with six basal bodies
each (Fig. 2G). M2 three-rowed, as long as M1, composed of six basal bodies in each longitudinal row
(Fig. 2G). M3 located close to M2, usually comprises three short arranged rows of basal bodies.

Family Pseudocohnilembidae Evans & Thompson, 1964
Genus Pseudocohnilembus Evans & Thompson, 1964

Pseudocohnilembus hargisi Evans & Thompson, 1964
Fig. 3A-D; Table 1

Description

Description based on Alabama population: Size in vivo 20-30 x 8§—12 pm, elongate-elliptical in outline,
with cell width becoming wider toward posterior end (Fig. 3A—C). Cytoplasm colourless to grayish,
containing several to many shining granules (Fig. 3A—B). Extrusomes not observed. One caudal cilium
10 um long or approximately 30% of body length. Single macronucleus. Somatic cilia approximately
5 um long. Twelve to 13 somatic kineties. M1 and 2 parallel to the cell’s longitudinal axis, each formed
by a single row of kinetosomes (Fig. 3D). M2 started anteriorly near the second paired kinetids of
somatic kinety 1, terminated posteriorly near the mid-body region (Fig. 3D). Length of M2 80% of
buccal field; M3 consisting of three rows of kinetids.
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Family Uronematidae Thompson, 1964
Genus Uronemita Song & Wilbert, 2002

Uronemita filificum Kahl, 1931
Fig. 4A—E; Table 1

Description

Description based on Alabama population: body 30—45 x 15-20 um in vivo, inverted pear-shaped with
large, conspicuous apical plate (Fig 4A—B). Dorsal side conspicuously convex. Length of buccal field
60% of body. Extrusomes appromately 2 um long, rod-shaped, closely beneath pellicle. Cytoplasm
colourless to grayish, containing several (ca 3 um across) food vacuoles and dumbbell-shaped crystals
(ca 1-2 um long) often concentrated in anterior end of body (Fig. 4C). Single macronucleus larg
(Fig. 4E). Locomotion by swimming aimlessly, sometimes rotates while attached to substratum by
caudal cilium. Eighteen or 19 somatic kineties, anterior third of each composed of dikinetids (Fig. 4E).
M1 single-rowed with five or six kinetosomes (Fig. 4D); M2 three-rowed; M3 smaller and close to M2
(Fig. 4D). PM on right of shallow buccal cavity, with zigzag row of basal bodies, extending anteriorly
to the middle of M2. Scutica consisting of three or four basal body pairs (Fig. 4D).

Fig. 3. A-D. Pseudocohnilembus hargisi Evans & Thompson, 1964. E-J. Parauronema ct. longum
Song, 1995. A-C, E-1. In vivo. D, J. After silver impregnation. A, E. Ventral views of typical individuals,
arrow in (A) shows caudal cilia. B-C, F—G. Different individuals, showing varying body shapes,
arrowheads in (F) mark somatic kineties. D, J. Detailed structure of the buccal area. H. Ventral view,
arrow refers to dumbbell-shaped crystals. I. Posterior end, arrow marks caudal cilium. Abbreviations:
M1, 2, 3 = membranelle 1, 2 and 3; PM = paroral membrane; Sc = scutica. Scale bars: A—B =15 um; C,
E =40 pm; G =60 um.
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Family Uronematidae Thompson, 1964
Genus Uronema Dujardin, 1841

Uronema marinum Dujardin, 1841
Fig. 4F—I; Table 1

Description

Description based on Alabama population: Size in vivo 10-25 x 6-10 um, elongate-elliptical in outline

Fig. 4. A—E. Uronemita filificum Kahl, 1931. F-1. Uronema marinum Dujardin, 1841. J-N. Pleuronema
setigerum Calkins, 1902. A—C, F-H, J-L. In vivo. D-E, M—N. After silver impregnation. A, F, J. Ventral
views of typical individuals. B-C, G-H, K-L. Different individuals, showing variation in body
shape, arrow in (B) shows the conspicuous apical plate, arrows in (C, H) mark contractile vacuoles.
D, I, M-N. Detailed structures of buccal area, arrow in (M) indicates the ring-like posterior end of
M2a, arrowheads in (M) mark preoral kineties. E. Ventral view, arrowheads show somatic kineties.
Abbreviations: M1, 2, 3 = membranelle 1, 2 and 3; M2a = the anterior part of membranelle 2; M2b =
the posterior part of membranelle 2; Ma = macronucleus; PM = paroral membrane. Scale bars: A-B =
20 um; F, H, N =10 um; G =5 pm, J-L =30 um.
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(Fig. 4F). Anterior end flat, with an apical plate, dorsal posterior area slightly rounded (Fig. 4F—H).
Buccal field 50% of body length. Pellicle smooth (Fig. 4F—I). Extrusomes approximately 1 wm long, rod-
shaped, closely beneath pellicle. One large globular to ellipsoidal macronucleus centrally located with
numerous tiny (approximately 1x1 pm) irregularly-shaped peripheral nucleoli (Fig. 4F-I). Contractile
vacuole about 3 um in diameter at posterior end of cell (Fig. 4H). Movement unremarkable, either
swimming continuously or resting on the bottom. Twelve to 13 ciliary rows. Buccal apparatus typical of
genus: M1 positioned near apical plate and composed of 5—7 kinetosomes; M2 slightly longer than M1;
M3 very short (Fig. 4I). PM on right of shallow buccal cavity, composed zigzaging row of basal bodies,
extending anteriorly to middle of M2 (Fig. 31).

Family Pleuronematidae Kent, 1881
Genus Pleuronema Dujardin, 1836

Pleuronema setigerum Calkins, 1902
Fig. 4J-N, Table 1

Description

Description of present specimens: Size in vivo 50-70 x 25-35 um, slender oval in outline, widest at /5
posterior end of body (Fig. 4J-L). Ventral side almost flat, dorsal side conspicuously convex. Buccal
field 80% of body length (Fig. 4J-L). Extrusomes 4-5 pm long, closely beneath pellicle. Cytoplasm
colourless to grayish containing numerous granules (3—6 um across) and cytoplasmic crystals of varying
size and shape (Fig. 4J-L). One spherical macronucleus. Thirteen to 15 elongated caudal cilia about
25 um in length (Fig. 4J-L). Locomotion by swimming while rotating on main body axis, or briefly
lying motionless on debris. Twelve to fifteen somatic kineties. Five preoral kineties to left of buccal field
(Fig. 4AM—N). Oral apparatus similar to congeners: M1 with one short and two longer rows; M2a mostly
two-rowed but with a middle section that is single-rowed in a ‘zigzag’ pattern, with its posterior end
characteristically ring-like. M2b V-shaped, distinctly separated from M2a; M3 three-rowed (Fig. 4M—
N). PM 80% of body length.

Discussion
Remarks on Mesanophrys cf. carcini and Parauronema cf. longum

Infection sites and pathogenic effects

In the case of Mesanophrys cf. carcini and Parauronema cf. longum, they were isolated from the surface
of'an old live mussel’s gut. To be specific, epithelia of the gut were scraped with a glass-slide or a glass-
pipette, and then the scrape content was left in a petri dish, in which adding a small amount of distilled
water. Two species were observed attached to the epithelia of the gut or surrounded by mucus or debris.
Given no ciliates were found in other parts of the mussel, we concluded that the mussel might have been
lightly infected with the ciliates only occurring in some areas of the gut.

Differences in morphology of free-living vs parasitic forms of Mesanophrys carcini and Parauronema
longum

Mesanophrys cf. carcini Small & Lynn in Aescht, 2001

The newly observed specimens resemble those of free-living forms of Mesanophrys carcini Small &
Lynn in Aescht, 2001 in all respects except: numbers of somatic kineties (10 in parasitic forms vs 11 in
free-living forms) and body shapes (variable in parasitic forms vs constant slim and spindle-shaped to
long fusiform in free-living forms) (Groliére & Leglise 1977; Song & Wilbert 2000). These differences
may be due to different life-styles and abundance of food sources.
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Parauronema cf. longum Song, 1995

The morphological characters of parasitic Parauronema cf. longum correspond well with free-living
P. longum except the body size (60—85 % 25-35 um in vivo in parasitic forms vs 30-55 x 12-25 um in
in free-living forms), proportion of buccal field length to body length (35-40% in parasitic forms vs
almost 50% in free-living forms) and extrusomes (present in parasitic forms vs absent in free-living
forms) (Song 1995). Characters of larger body size and smaller cytostome may be consistent with its
parasitic life-style.

Remarks on five free-living species

Metanophrys similis Song et al., 2002

The specimens described herein generally resemble those of the original species description (Song et al.
2002b) except: a slight, possibly insignificant, difference in shape (plump pyriform vs more slender).

Pseudocohnilembus hargisi Evans & Thompson, 1964

Our specimens are similar to those of Song & Wilbert (2002) except: the specimens in Song & Wilbert
(2002) have a smaller body (20-30 x 812 um in vivo vs 35-55 x 10—-15 pm) and fewer somatic kineties
(12—13 somatic kineties vs 13—14 somatic kineties).

Uronemita filificum Kahl, 1931
Fig. 4A—E; Table 1

Subsequent to Kahl’s (1931) original description, Pérez-Uz et al. (1996), Song & Wilbert (2002), and
Song et al. (2002a) have provided supplemental information on the species. The Alabama population is
identical to that of Kahl (1931) and Pérez-Uz et al. (1996) but differs from that of Song & Wilbert (2002)
and Song et al. (2002a) in the number of somatic kineties (18 or 19 vs 20-23).

Uronema marinum Dujardin, 1841

Remarks and comparison

Kahl’s (1931) original illustrations of Uronema marinum, based on live cells, showed that the cell
shape is pyriform and elongate-elliptical in outline. Specimens detailed by Kahl (1931) apparently have
distinctive, long extrusomes rather than short and inconspicuous extrusomes as in our specimens. Borror
(1963a) first gave a simple illustration of infraciliature of U. marinum, showing more variability (12—15)
in the number of somatic kineties than observed in the present study (12—13). Thompson (1964) reported
a small marine ciliate, identified as U. marinum, with an even wider range (13—16). Czapik (1964)
reported a form named U. marinum, with body dimensions 30-40 pum long vs 10-25 pm long in our
population. Our specimens are nearly identical with those of the type population described by Pan et
al. (2010) regarding body size (approximately 20 x10 pm in length), and shape (elongate-elliptical in
outline; anterior end flat, with an apical plate, dorsal posterior area slightly rounded).

Pleuronema setigerum Calkins, 1902

Remarks and comparison

Kahl (1931) redescribed this species, and Borror (1963a) described its infraciliature but gave only a
diagram of the buccal morphology. Pan et al. (2010) offered improved diagnoses of this species based
on a Chinese population. Cells of the North American population matched previous descriptions of
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the species in all morphological characters, except body size in vivo (50-70 x 25-35 pm vs 30-50 x
15-30 pm).

Conclusion

All populations having been reported for each species and records of scuticociliates of the eastern US
Gulf Coast (Fig. 5; Table 2)

There is much evidence to reveal that ciliates thrive wherever they find a specific combination of
environmental conditions, that the same species will be discovered wherever this combination occurs,
and that ciliates appear therefore to be cosmopolitan (Finlay 1997; Finlay & Esteban 1998; Foissner
et al. 2009; Lobban et al. 2011). More specifically, an individual species is perhaps represented by
only a few individuals, or even as cysts in similar combinations of environmental conditions, but when
appropriate conditions are supplied, that species flourishes and becomes abundant. Similarly, species
may be present in very thin populations in particular circumstances of space and time or even only be
represented by dormant stages (Fenchel et al. 1997; Finlay 1997; Finlay & Esteban 1998). Scuticociliates
are common members of ecosystems in habitats worldwide and they often act as symbionts or even
pathogens of aquatic animals (Wang et al. 2009a, 2009b not in ref maybe 2009; Fan ef al. 2011a, 2011b;

Dragesco & Dragesco-Kernéis 1986

Cheung et al. 198! # Ma et al. 2004
Thompson 196 X o i @ 'Song &Packroff 1997
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Fig. 5. All reported populations for the following species. A. Uronema marinum Dujardin, 1841.
B. Pseudocohnilembus hargisi Evans & Thompson, 1964. C. Metanophrys similis Song et al., 2002.
D. Pleuronema setigerum Calkins, 1902. E. Uronemita filificum Kahl, 1931.
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Table 2 (continued on next page). Records of aquatic scuticociliates of the eastern US Gulf Coast.

Species Family Order Locality References
Cohnilembus verminus (Miiller, 1786) Cohnilembidae Philasterida A tidal marsh in New Hampshire ~ Borror 1972
Mobile Bay, Alabama Jones 1974
Virginia Borror 1973
Conchophthirus anodontae Cattaneo, 1889 Conchophthiridae Thigmotrichida Mountain lake region, Giles Bovee 1960
County, Virginia
Cristigera sp. Pleuronematidae ~ Pleuronematida Mountain lake region, Giles Bovee 1960
County, Virginia
Ctedoctema acanthocrypta Stokes, 1884 Ctedoctematidae ~ Pleuronematida Mountain lake region, Giles Bovee 1960
County, Virginia
- Stokes 1988
Protocyclidium citrullus Cohn, 1886 Pleuronematidae ~ Pleuronematida Mountain lake region, Giles Bovee 1960
County, Virginia
Wisconsin Noland 1925
Cyclidium glaucoma Miiller, 1786 Pleuronematidae ~ Pleuronematida Mountain lake region, Giles Bovee 1960
County, Virginia
Wisconsin Noland 1925
Cyclidium litomasum Stokes, 1884 Pleuronematidae  Pleuronematida Mountain lake region, Giles Bovee 1960
County, Virginia
- Stokes 1988
Cyclidium marinum Borror, 1963 Pleuronematidae  Pleuronematida A tidal marsh in New Hampshire ~Borror 1963a
Cyclidium oblongum Kahl, 1926 Pleuronematidae ~ Pleuronematida Mountain lake region, Giles Bovee 1960
County, Virginia
Cyclidium plouneouri Dragesco, 1963 Pleuronematidae  Pleuronematida A tidal marsh in New Hampshire =~ Borror 1972
Glauconema trilymene Thompson, 1966 Parauronematidae Philasterida Virginia coast Thompson 1966
Histiobalantium semisetatum Noland, 1937 Histiobalantiidae ~ Pleuronematida Lemon Bay, Florida Noland 1937
Histiobalantium agile Stokes, 1886 Histiobalantiidae ~ Pleuronematida ---- Stokes 1988
Miamiensis avidus Thompson, 1964 Parauronematidae Philasterida Virginia Thompson 1964
Paralembus hargisi Evans & Thompson, 1964 Paralembidae Philasterida A tidal marsh in New Hampshire ~ Borror 1972
Paralembus marinus (Thompson, 1966) Paralembidae Philasterida A tidal marsh in New Hampshire ~ Borror 1972
Paranophrys magna Borror, 1972 Orchitophryidae ~ Philasterida A tidal marsh in New Hampshire ~ Borror 1972
Paranophrys marina Thompson, 1965 Orchitophryidae ~ Philasterida San Juan Archipelago, Washington Thompson 1965
Pleuronema chrysalis Perty, 1852 Pleuronematidae ~ Pleuronematida Mountain lake region, Giles Bovee 1960
County, Virginia
Pleuronema coronatum Kent, 1881 Pleuronematidae ~ Pleuronematida Alligator Harbor, Florida Borror 1963a
Lemon Bay, Florida Noland 1937
Pleuronema marinum Borror,1963 Pleuronematidae ~ Pleuronematida Alligator Harbor, Florida Borror 1963a
Pleuronema marinum Noland, 1937 Pleuronematidae  Pleuronematida Lemon Bay, Florida Noland 1937
Pleuronema setigerum Calkins, 1902 Pleuronematidae ~ Pleuronematida Alligator Harbor, Florida Borror 1963a
Lemon Bay, Florida Noland 1937
Woods Hole Calkins 1902
Pleuronema smalli Dragesco, 1968 Pleuronematidae ~ Pleuronematida A tidal marsh in New Hampshire ~ Borror 1972
Paranophrys magna Borror, 1972 Uronematidae Philasterida A tidal marsh in New Hampshire ~ Borror 1972
Pseudoconilembus longisetus Tompson, 1965 Uronematidae Philasterida A tidal marsh in New Hampshire ~ Borror 1972
Uronema acutum Buddenbrock, 1920 Uronematidae Philasterida A tidal marsh in New Hampshire ~ Borror 1963b
Uronema filificum Kahl, 1931 Uronematidae Philasterida A tidal marsh in New Hampshire ~ Borror 1965
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Species Family Order Locality References

Uronema marinum Dujardin, 1841 Uronematidae Philasterida A tidal marsh in New Hampshire ~ Borror 1963a
Woods Hole Calkins 1902
Cedar river, Virginia Thompson 1964

A tidal marsh in New Hampshire ~ Borror 1972

Uronema pluricaudatum Noland, 1937 Uronematidae Philasterida Lemon Bay, Florida Noland 1937
Uronema filificum Kahl, 1931 Uronematidae Philasterida Sipperwisett Marsh, Massachusetts Kaneshiro & Holz
1976
Uronema sp. Uronematidae Philasterida Barnstable Town beach, Kaneshiro & Holz
Massachusetts 1976
Uropedalium pyriforme Kahl, 1928 Uronematidae Philasterida A tidal marsh in New Hampshire  Borror 1972

Pan et al. 2011, 2014 not in ref, 2015 a,b or ¢). In our present work, records from investigations of all
populations of seven scuticociliates (Mesanophrys cf. carcini, Metanophrys similis, Parauronema cf.
longum, Pleuronema setigerum, Pseudocohnilembus hargisi, Uronema marinum, Uronemita filificum)
are highlighted in Fig. 5, with emphasis on the generally cosmopolitan distribution of scuticociliates.
As shown in Fig. 4, Uronema marinum ranges in coastal areas of the southern and eastern parts of the
North America, Europe, southern and eastern China, Korea and Antarctica, mainly between 20° N and
60° N. Pseudocohnilembus hargisi occurs in coastal areas of southern China, the Gulf of Mexico and the
Great Salt Lake. Metanophrys similis occurs in coastal areas of northern China and the Gulf of Mexico.
Pleuronema setigerum occurs in the coastal areas of China, off European and eastern North America
and the Gulf of Mexico. Uronemita filificum ranges in the coastal areas of China, off northern Europe
and the Americas. The distributions of the last four species include the northeastern Pacific Ocean and
northeast Atlantic Ocean, which also indicates a similar combination of environmental conditions in
certain regions of northern hemisphere.

In our work, seven scuticociliates were isolated from aquaculture ponds in central Alabama as well
as along the Gulf Coast of Alabama and Florida, the results, as an additional contribution to the
knowledge of protozoan fauna in the eastern US Gulf Coast. All records of scuticociliates of the eastern
US Gulf Coast are listed in Table 1. Based on the information shown, Cyclidium sp., Pleuronema sp.
and Uronema sp. can be considered as common/dominant groups among scuticociliates having been
reported. Four species (Mesanophrys cf. carcini, Metanophrys similis, Parauronema cf. longum and
Pseudocohnilembus hargisi), described in the current work, are reported in the eastern US Gulf Coast
for the first time. Additionally, many species in Table 1 (including the four species mentioned above)
were also isolated from coastal areas of eastern China, which indicates a most similar biological or
geographical environment existing in two regions (Wang ef al. 2009; Fan et al. 2011a, 2011b; Pan ef al.
2011, 2014 not in ref, 2015).
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