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Simple Summary

Microscopic aquatic organisms are vital components of freshwater ecosystems, yet accu-
rately identifying specific groups, such as tintinnids, remains challenging. Historically,
identification relied solely on their diverse lorica, which can change shape and lead to
misclassification. This study conducted a detailed morphological study on two species of
freshwater tintinnids collected from a lake in China. The results revealed the previously
unknown ciliary pattern of one species and confirmed the structural stability of the other.
Furthermore, this study found that among the currently known freshwater ciliates with
a ciliary pattern, species possessing a posterior kinety are all composed of monokinetids,
which clearly differs from marine ciliates. Accurately documenting information about
these microscopic organisms is crucial for monitoring water environment changes, as they
are highly sensitive to environmental variations. This enhanced understanding provides
a more reliable foundation for monitoring water quality, evaluating aquatic health, and
supporting biodiversity conservation efforts in freshwater environments.

Abstract

As a dominant group of microzooplankton, the tintinnid ciliates (Ciliophora: Tintinnida)
play a crucial role in aquatic ecosystems by linking the microbial food loop with the classical
planktonic food web. However, taxonomic understanding has been greatly hindered by
lorica polymorphism, combined with limited data on living cells and infraciliature, which
in turn constrains progress in related fields such as ecology and physiology. In the present
study, two freshwater tintinnids, namely Tintinnopsis wangi Nie, 1933, and T. tubuformis
Chiang, 1956, collected from the Weishan Lake Basin, China, were redescribed based on
living observation and protargol staining. Furthermore, the ciliary pattern of T. wangi is
first reported, while that of another species corresponds well with its Shanghai population,
indicating relatively high intraspecific stability of ciliary patterns in Tintinnida. In addition,
based on the comparison of morphological characteristics, T. anhuiensis Nie, 1933, and
T. sinensis Chiang, 1956, are considered synonyms of T. wangi. The characteristics of all
species were compared with their original descriptions and further studies.
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1. Introduction

As a key numerical component of microzooplankton, planktonic ciliates are recog-
nized as pivotal contributors to the microbial food loops for aquatic ecosystems such as
oceans, lakes, and rivers, forming an essential trophic link between primary producers
and higher-level consumers [1-5]. Among these, tintinnid ciliates are characterized by
their highly diverse loricae and have attracted considerable attention due to several fac-
tors: (1) their community structure and geographical distribution exhibit distinct patterns,
providing important cases for biogeographical studies [6-8]; (2) they are sensitive to envi-
ronmental changes and can serve as bioindicators for water quality assessment and tracing
hydrological circulation [9,10]; (3) within food webs, they provide a food source for fish
larvae and other small planktonic metazoans [11,12]; and (4) their loricae can be preserved
as fossil records, offering valuable materials for evolutionary biology research [13,14].

To date, approximately 1200 nominal tintinnid species have been described, with
the majority of species identifications (over 90%) relying solely on morphological char-
acteristics of their loricae [15-18]. However, the laboratory culture of a limited number
of species have demonstrated that their lorica morphology had obvious polymorphism
within the same species under both natural and cultured conditions [19], highlighting
the limitations of using lorica features alone for accurate taxonomic classification [20]. In
response, Santoferrara et al. [21] proposed updated identification protocols for loricate
protists, emphasizing the necessity of integrating lorica morphology and cytological traits
to advance research on tintinnids. Encouragingly, efforts to combine these approaches have
increased in recent years [4,22-27]. Despite this progress, comprehensive data on ciliary
structures remain available for only about 5% of described tintinnid morphospecies [20].
Subsequently, relevant studies have focused primarily on marine habitat, and merely eight
freshwater species have their ciliary patterns documented [28-31], which underscore sig-
nificant gaps, particularly within freshwater groups, in the taxonomic characterization
of tintinnids.

The genus Tintinnopsis was originally erected by Stein [32], with Tintinnopsis beroidea as
its type species. After more than a century of research, over 140 species have been described
to date, making it the most species-rich genus within the order Tintinnida [16-18]. Due to
insufficient taxonomic studies, their systematics developed slowly.

In the present study, two freshwater tintinnid ciliates, namely Tintinnopsis wangi
Nie, 1933, and T. tubuformis Chiang, 1956, collected from a fishpond of Weishan Lake,
China, were morphologically examined based on live and protargol-stained materials. This
study aims to expand the database and understanding about the diversity of this group of
eukaryotic microorganisms.

2. Material and Methods

All samples were collected on 20 February 2023 from the surface water (0-2 m depth)
of a fishpond in the Weishan Lake Wetland, China (34°46'14” N, 117°12'56" E), using
a plankton net with a mesh size of 25 pm (Figure 1A-C). The water samples were de-
posited in Petri dishes (200 mm in diameter, approximately 5 mm deep) and maintained
at room temperature (25 °C) prior to processing. The cells were isolated under a stereo
microscope (Olympus SZX2-TR30, Tokyo, Japan) at 45x magnification using micropipettes.
Observations of live cells were carried out employing bright-field and differential inter-
ference contrast microscopy (Olympus BX53, Tokyo, Japan) across a magnification range
of 100-1000x. Lorica dimensions were measured from living cells at magnifications of
100-400x. Subsequent to fixation in Bouin’s solution, an eyebrow brush was used to
dissociate the cell body from the lorica. With the powder manually synthesized as per
Pan et al. [33], protargol staining following Wilbert’s [34] protocol enabled observation of
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the infraciliature and nuclear apparatus. All measurements and camera lucida drawings of
protargol-impregnated specimens were performed under 1000 x magnification. Taxonomic
identification was conducted with reference to original descriptions and the established
tintinnid literature, while the terminology and systematics adopted are those of Agatha
and Riedel-Lorjé [35] and Santoferrara et al. [36], respectively.

Figure 1. (A) Map and photographs of the localities. (A,B) Map of China and Weishan Lake, where
the orange cycle and red arrow indicate the sampling site. (C) Photograph of the sampling site.

3. Results

Phylum Ciliophora Doflein, 1901

Class Oligotrichea Biitschli, 1887

Subclass Choreotrichia Small & Lynn, 1985

Order Tintinnida Kofoid & Campbell, 1929

Genus Tintinnopsis Stein, 1867

Tintinnopsis wangi Nie, 1933 (Figures 2 and 3; Table 1)

Table 1. Morphometric data of Tintinnopsis wangi and T. tubuformis (measurements in um). Lorica data
are based on live specimens, and other data are based on protargol-stained specimens. Abbreviations:
CV, coefficient of variation in %; M, median; Max, maximum; Mean, arithmetic mean; Min, minimum;
N, number of specimens examined; SD, standard deviation.

Characters Species Min Max Mean M SD CvV N
Lotica. leneth T. wangi 42 71 556 56 95 171 9
/eng T. tubuformis 62 111 91.8 96 140 153 12
Lorica. opening diameter T. wangi 27 34 303 31 269 89 9
» Opeming T. tubuformis 20 29 233 2 27 116 12

Cell. leneth T. wangi 47 72 641 67 762 119 15
eng T. tubuformis 66 9 783 79 715 91 15

. T. wangi 27 37 323 33 318 98 15

Cell, width T. tubuformis 31 46 365 36 436 119 15
T. wangi 15 19 169 17 103 61 15

Macronuclear nodules, length T. tubuformis 20 3 268 26 457 171 15
. T. wangi 10 4 119 12 122 103 15

Macronuclear nodules, width T. tubuformis 13 2 169 17 26 154 15
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Characters Species Min Max Mean M SO Cv N
N A T B TR
GEE, I o2 omomomoor
(Lem 0 Bomomoiw o
gty it LS Dl B a1
Shortest kinety in left field, length T Zuljit L}Zfiis 120 154 132'?3 }; }gg 2; '57 }g
gty et LS 9h 01w
Shortest kinety in right field, length T Z;J;; [}Zi;is 130 157 14403 {44 (1);? 122 }g
Lateral ciliary field, number of kineties T ful?it L}Zf;iiis g ;Z }gg }Z ;;g 19i.79 }g
Collar membranelles, number T. wangi . 16 18 17.10 17 0.7 4.1 15
’ T. tubuformis 13 15 14.10 14 052 37 15

Prolonged membranelles, number T Zuliit L}Zléi;is g g 288 g 8 88 ig
Buccal membranelles, number T fulzit ufor;is } } 188 1 8 88 }g
Adoral zone of membranelles, diameter T Z;;; I}Zi;is gé gg éggg gg 22861 Z;L ig
Macronuclei number T. wangi ' 2 2 2.0 2 0.00 0.0 15
¢ T. tubuformis 2 2 2.0 2 0.00 0.0 15
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Figure 2. Specimens of Tintinnopsis wangi Nie, 1933, in vivo (A) and after protargol staining (B-D);

(A) lateral view of a representative individual. (B,C) Ventral (B) and dorsal (C) views of the same

specimen; (D) kinetal map of a morphostatic specimen. BM, buccal membranelles; CM, collar

membranelles; DK, dorsal kineties; EM, endoral membrane; LA, lateral ciliary field; LF, left ciliary

field; PCM, prolonged collar membranelles; PK, posterior kineties; RF, right ciliary field; VK, ventral
kinety. Scale bars: 30 pm (A), 15 um (B,C).
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Figure 3. Photomicrographs of Tintinnopsis wangi Nie, 1933, in vivo (A-E) and after protargol staining
(F-K). (A) Lateral view of a representative individual, where arrowheads indicate the annular striaes.
(B) Cell body extends from lorica. (C) Lorica surface with agglutinated particles. (D) Annular striae.
(E) Apical view, showing the collar membranelles. (F,G) Ventral (F) and dorsal (G) views of the same
individual after protargol staining. (H) Ventral kinety, right and lateral ciliary field. (I) Lateral ciliary
field and posterior kinety. (J) Collar membranelles and endoral membrane. (K) Left ciliary field.
CM, collar membranelles; DK, dorsal kinety; EM, endoral membrane; LA, lateral ciliary field; LF, left
ciliary field; Ma, macronucleus; PCM, prolonged collar membranelles; PK, posterior kinety; RF, right
ciliary field; VK, ventral kineties. Scale bars: 30 um (A-C).

Improved diagnosis about Tintinnopsis wangi Nie, 1933 (based on original descrip-
tion and this study). Lorica is vase-shaped, comprising a cylindrical collar and an ovoid
bowl, 42-71 um long and 3240 pm wide. Collar possesses 3—6 annular constrictions, with
opening 27-34 pm in diameter. Two macronuclear nodules. The collar membranelles
number on average 17, comprising three that extend into the buccal cavity, in addition to a
single buccal membranelle. The ventral kinety comprises approximately 20 monokinetids,
while the right, lateral, and left ciliary fields contain about nine, 15, and eight kineties,
respectively. The dorsal kinety consists of about 19 dikinetids, whereas the posterior kinety
is composed of around 6 monokinetids.

Deposition of neotype material. A protargol slide containing the neotype speci-
men was deposited in the Laboratory of Protozoology, Institute of Evolution and Marine
Biodiversity, Ocean University of China, with the registration number BY202302200101.

Habitat. Water temperature 9 °C.

Zoobank registration: LSID: F4063D27-18FD-433D-9518-12CB8A160D32.

Morphological description.
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The vase-shaped lorica measured 42-71 um in length, comprising a cylindrical col-
lar and an ovoid bowl, with an opening 27-34 pm in diameter (Figures 2A and 3A-D).
The collar, which accounted for 1/3-1/2 of the total length and displayed 3-6 annular
constrictions, had a wall that was parallel to the central axis (Figures 2A and 3A-E). The
convex bowl measured 32—40 pm in width at its broadest (anterior) part and narrowed
gradually posteriorly (Figures 2A and 3A-D). Posterior end usually rounded to bluntly
tapered (Figures 2A and 3A-D). Densely packed mineral particles of various sizes were
agglomerated on the lorica wall (Figures 2A and 3A-D).

When fully extended, the living cell body measured approximately 40-60 x 20-35 pm
and 47-72 x 27-37 um after protargol staining (Figures 2A and 3A). The posterior region
of the cell tapered gradually into a peduncle approximately 10-20 pm in length, which
was anchored to the base of the lorica. Two ovoid macronuclei, each about 15-19 um
long and 10-14 pm wide after protargol staining (Figures 2C and 3I). Micronuclei, striae,
tentaculoids, accessory combs, contractile vacuole, cytopyge, and capsules not observed. A
colorless and transparent cytoplasm, with food vacuoles commonly containing microalgae
or unidentified particles (Figures 2A and 3A). While rotating forward around its central axis
in water, the cell often had one-fifth to one-quarter of its body extended out of the lorica.

Somatic ciliary pattern consisted of ventral, dorsal, and posterior kineties and right, left,
and lateral ciliary fields (Figures 2B-D and 3F-K). The ventral kinety commenced above the
second kinety of the right ciliary field, 1-2 pm posterior to the collar membranelles, curved
around the right ciliary field from the left side and extended posteriorly parallel to the
lateral ciliary field; 17-26 um in length, composed of 16-24 densely arranged monokinetids
(Figures 2B,D and 3FH). The kineties of the right ciliary field numbered 7 to 11, spaced
2-5 um apart from each other.; most kineties originated about 5-10 um posterior to the
collar membranelles, while the first kinety began about 2 pm posterior to the others; each
kinety comprised approximately 2-10 widely spaced monokinetids and a single anterior
dikinetid (Figures 2B-D and 3FH). The left ciliary field comprised 7-9 kineties, with an
interkinety distance of about 2-5 pm; originating approximately 5-10 pm posterior to the
collar membranelles, each kinety composed of about 1-12 widely spaced monokinetids
and a single anterior dikinetid (Figures 2B-D and 3EK). In protargol-stained specimens,
each basal body in the ciliary fields possessed a cilium, with the anterior cilium of each
dikinetid measuring about 10 um in length, whereas all other cilia (from monokinetids
and the posterior cilium of dikinetids) were approximately 5 um long (Figure 3EG K).
Lateral ciliary field composed of 12-17 closely arranged monokineties with similar length;
cilia about 2-5 um after protargol staining (Figures 2B,D and 3EH,I). The dorsal kinety,
37-52 um in length and composed of 16-24 dikinetids, originated approximately 2 pm
posterior to the collar membranelles and about 5 um from the right and left ciliary fields,
respectively; after protargol staining, only the posterior basal body of each dikinetid bore a
cilium about 10 um long (Figures 2C,D and 3G). Posterior kinety 10-15 um long, consisted
of 5-7 sparsely arranged monokinetids with a long cilium on each monokinetid about
10 um after protargol staining, commenced posterior to the second to 4th kineties of the left
ciliary field (Figures 2C,D and 3E]).

Oral apparatus occupying anterior portion of cell (Figures 2A and 3E). The adoral
zone of membranelles formed a closed loop composed of 16-18 collar membranelles,
three of which extended into the buccal cavity; the polykinetids measured approximately
15 um in length (Figures 2B-D and 3G). Cilia of membranelles about 15-25 pm long
(Figures 2A and 3B). A single buccal membranelle, approximately 10 um long at its base,
was located within the buccal cavity. The endoral membrane consisted of a single row of
basal bodies, curving around the dorsal side of the buccal cavity and extending toward the
right side (Figures 2B and 3G)).
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Neotypification.

A neotype of Tintinnopsis wangi is designated for the following reasons: (1) no type
material is known to have been preserved; (2) the original species description relies solely
on lorica morphology; (3) the genus Tintinnopsis is currently recognized as paraphyletic;
and (4) Nanjing, the type locality of the initial population, is situated near Weishan Lake,
China [37], and therefore satisfies the requirement of Article 75.3.6 of the International Code
of Zoological Nomenclature, which states that “the neotype came as nearly as practicable
from the original type locality” [38]. Above a full description of the new type locality is
presented, i.e., the sampling site from which the neotype population was obtained.

A protargol slide of the neotype specimen, along with a slide carrying voucher speci-
mens, has been deposited in the collection of the Ocean University of China (see ‘Deposition
of neotype material” for details). This deposition satisfies the stipulations of Article 75.3.7
of the ICZN [38].

Tintinnopsis tubuformis Chiang, 1956 (Figures 4 and 5; Table 1)

C

B NN\N\Noeem L

RF

5 129 18 17 11 10 D

Figure 4. Specimen of Tintinnopsis tubuformis Chiang, 1956, in vivo (A) and after protargol staining
(B-D); (A) lateral view of a representative individual. (B,C) Ventral (B) and dorsal (C) views of the
same specimen; (D) kinetal map of a morphostatic specimen. BM, buccal membranelles; CM, collar
membranelles; DK, dorsal kineties; EM, endoral membrane; LA, lateral ciliary field; LF, left ciliary
field; PCM, prolonged collar membranelles; PK, posterior kineties; RF, right ciliary field; VK, ventral
kinety; Ma, macronucleus. Scale bars: 35 um (A), 20 um (B,C).
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Figure 5. Photomicrographs of Tintinnopsis tubuformis Chiang, 1956, in vivo (A-E) and after protargol
staining (F-I). (A) Lateral view of a representative individual. (B,C) Individuals with different lorica
morphologies. (D) The lorica surface of posterior end. (E) Anterior portion of lorica. (F,G) Ventral
(F) and dorsal (G) views of the same individual after protargol staining. (H) Left ciliary field.
(I) Dorsal kinety and posterior kinety. (J) Ventral view of an early divider, showing oral primordium.
(K) Buccal membranelle and prolonged collar membranelles. (L) Dorsal view of a middle divider,
showing the fragmentations of dorsal kinety. BM, buccal membranelle; DK, dorsal kinety; EM,
endoral membrane; LA, lateral ciliary field; LF, left ciliary field; Ma, macronucleus; Mi, micronucleus;
OP, oral primordium; PCM, prolonged collar membranelles; PK, posterior kinety; RF, right ciliary
field; VK, ventral kineties. Scale bars: 35 um (A), 30 um (B,C), 15 um (D,E), 20 um (F).

Deposition of voucher material.

A protargol slide with voucher specimens was deposited in the Laboratory of Protozo-
ology, Institute of Evolution and Marine Biodiversity, Ocean University of China, with the
registration number BY202302200201.

Habitat. Water Temperature 7 °C.

Zoobank registration: LSID: 52D8BF64-09C9-48BD-838D-C7789767F618.

Morphological Description.

The tubular lorica was 62-111 pm long and possessed a rounded end and a few
posterior intumescentiae, with an opening diameter of 20-29 um (Figures 4A and 5A-E).
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The ratio between lorica length and opening diameter was about 2.9-3.2:1. The boundary
between bowl and collar was indistinct, while the lorica width was slightly wider than the
opening diameter (Figures 4A and 5A-E). No annular striae, pores or windows on lorica
surface; lorica wall was heavily agglutinated with mineral grains approximately 1-10 um
in diameter (Figures 4A and 5A-E).

Cell body 30-70 x 15-30 um in vivo when extended and 66-90 um x 31-46 um after
protargol staining (Figures 4A and 5A-C). The posterior region of the cell tapered gradually
into a peduncle approximately 55-70 um in length, which was anchored to the base of
the lorica (Figure 5A). Two ovoid macronuclei, invisible in living cells, 20-36 x 13-22 ym
after protargol staining, with 13-19 um between anterior-most macronucleus and collar
membranelles (Figure 5F). Two ovoid micronuclei about 3-5 um after protargol staining,
located at lateral side of macronuclei (Figures 4C and 5FE,G). No tentaculoids, contractile
vacuoles, cytopyge, or capsules observed. Colorless and transparent cytoplasm, rotational
forward movement around central axis in water (Figure 5A).

Somatic ciliary pattern consisted of ventral, dorsal, and posterior kineties and right,
left, and lateral ciliary fields (Figures 4B-D and 5F-L). Ventral kinety 24-37 um in length,
contained 26-38 monokinetids, and exhibited variable spacing between the monokinetids;
commencing above the second or third kinety of the right ciliary field, about 2-3 pm poste-
rior to the collar membranelles, curved around the left side of the right ciliary field and then
followed a course parallel to the kineties of the lateral ciliary field (Figures 4B,D and 5E]).
Right ciliary field consisted of 7-10 kineties, about 5 pm between adjacent kineties; each
kinety with one anterior dikinetid and 3-14 posterior monokinetids; while the first kinety
commenced about 2 um posterior to the others, all remaining kineties began approx-
imately 5-10 um posterior to the collar membranelles (Figures 4B-D and 5F],L). Left
ciliary field comprising 7-10 kineties, about 5 pm apart and 8 pm posterior to collar
membranelles; each kinety with one anterior dikinetid and 1-8 subsequent monokinetids
(Figures 4B-D and 5G,H,],L). In protargol-stained specimens, all basal bodies in the ciliary
fields possessed cilia, with the anterior cilium of each dikinetid measuring about 10 pm
and all other cilia measuring approximately 4 um in length (Figure 5F,H,]). Lateral ciliary
field consisted of 17-24 monokineties with kinetid densely arranged; protargol staining
revealed cilia approximately 3 um in length (Figures 4B-D and 5E]). Dorsal kinety was
62-77 um long and consisted of 3347 dikinetids, originating about 3 um posterior to the
collar membranelles and about 8 pm and 9 um from the right and left ciliary fields, respec-
tively; in protargol-stained specimens, a cilium approximately 10 um long associated solely
with the posterior basal body of each dikinetid (Figures 4C,D and 5G,I). Posterior kinety
24-35 um long, consisted of 7-12 sparsely arranged monokinetids with a long cilium on
each monokinetid about 8-10 um after protargol staining (Figures 4C,D and 5G,I).

Oral apparatus occupying anterior portion of cell (Figures 4A and 5A). Adoral zone of
membranelles consisted of 13-15 collar membranelles, three of which extended into the
buccal cavity; polykinetids of membranelles about 15 um long (Figures 4B-D and 5K). Cilia
of membranelles about 10-15 um long (Figures 4A and 5A). One buccal membranelle inside
the buccal cavity, with about 10 um of base. The endoral membrane comprised a single
basal body row, encircling the dorsal side of the buccal cavity and extending to the right
side (Figure 4B).

4. Discussion

Tintinnopsis wangi Nie, 1933

Tintinnopsis wangi was first discovered in a lake in Nanjing, China, by Nie [37].
The lorica length of the original population ranges from 35 to 61.1 um. Although the
opening diameter was not provided, the illustration suggests a length-to-diameter ratio
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of approximately 2.2:1, as seen in a typical individual measuring about 30 um. The lorica
comprises two parts: a cylindrical collar bearing 3-6 annular constrictions and an ovate
bowl with a rounded base. The morphology of the Weishan Lake population reported
in the present study resembles that of the original population, although the lorica length
is slightly greater (42-71 um vs. 35-61.1 um). Since this variation falls within the range
of intraspecific differences, the Weishan Lake population is identified as T. wangi. The
further population was collected in the lakes of Jiangsu and Nanjing, China [39]. The
present population also resembles the Jiangsu and Nanjing populations in lorica features
(42-71 pm vs. 42-65 um in length and 20-29 um vs. 27-35 um in opening diameter). The
live morphology and ciliary pattern of T, wangi was first revealed in present study.

Several freshwater Tintinnopsis species reported from Chinese lakes share similar
lorica features to those of T. wangi, e.g., T. anhuiensis Nie, 1933, T. sinensis Chiang, 1956,
T. leidiyi Chiang, 1956, and T. potiformis Chiang, 1956. T. anhuiensis and T. sinensis closely
resemble T. wangi in lorica morphology, i.e., all possessing a cylindrical collar with annular
constrictions and an ovate bowl with a rounded end. Differences are limited to lorica
length (25-71 pm in T. wangi, 20.2-86 um in T. sinensis, 70-84 ym in T. anhuiensis) and the
distribution of attached particles, which vary depending on particle adhesion and environ-
mental conditions and thus cannot serve as reliable interspecific diagnostic features [37,39].
Therefore, both T. anhuiensis and T. sinensis should be considered synonyms of T. wangi. In
contrast, T. leidiyi and T. potiformis can be distinguished from T. wangi by their flared collars
(the collar of T. wangi is not flared), and, additionally, T. leidiyi exhibits a tapered, inverted
conical bowl (whereas that of T. wangi is ovate with a rounded end) [39].

It is noteworthy that the posterior kinety of T. wangi and T. tubuformis are both
monokinetids, while all posterior kineties of marine Tintinnopsis species with known ciliary
patterns are dikineties [28-31]. This difference may indicate a synapomorphy for freshwater
Tintinnopsis species, which may be related to the differences in lorica construction between
freshwater and marine environments and requires support from molecular data and more
ciliature pattern information from freshwater species.

Tintinnopsis tubuformis Chiang, 1956

Tintinnopsis tubuformis Chiang, 1956, was first discovered in Wuli Lake, China, by
Chiang [39]. The original population closely resembles the Weishan Lake population in its
test-tube-shaped lorica, length (50-92 um vs. 62-111 um), and absence of annular striae.
Although the original population has a slightly larger aperture diameter (29-35 pm vs.
20-29 um), this difference is also considered intraspecific.

He et al. [30] provided a redescription of a Shanghai population of Tintinnopsis tubu-
formis, including the first report of its ciliary pattern. The ciliary pattern observed in the
Weishan Lake population is generally similar to that of the Shanghai population, though
the number of somatic kineties is significantly higher (17-24 vs. 11-13). In addition, He
et al. [30] also noted considerable variation in lorica length and regarded Tintinnopsis
longa as a synonym of T. tubuformis, which was also obtained by the lorica data in the
present study.

5. Conclusions

In this study, two freshwater tintinnid ciliates, Tintinnopsis wangi and T. tubuformis,
collected from the Weishan Lake Basin in China, were redescribed utilizing living ob-
servation and protargol staining. By integrating lorica features, living morphology, and
infraciliature details revealed via protargol staining, the taxonomic diagnosis of T. wangi
was updated. Notably, the findings also emphasize the intraspecific stability of ciliary pat-
terns within Tintinnida, as the infraciliature of the T. tubuformis Weishan Lake population
corresponded well with previously reported populations. Interestingly, the discovery that
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both investigated freshwater species possess monokinetid posterior kineties (in contrast
to the dikinetids found in known marine Tintinnopsis species) suggests a distinct evolu-
tionary pathway for freshwater tintinnids. Ultimately, this research effectively bridges
critical gaps in the morphological database of freshwater ciliates, providing a reliable and
essential reference for future phylogenetic analyses, water quality assessment, and lake
biodiversity conservation.
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