
Vol.:(0123456789)1 3

Marine Life Science & Technology (2020) 2:209–221 
https://doi.org/10.1007/s42995-020-00034-2

                    RESEARCH PAPER 

 Redescription of fi ve tintinnine ciliates (Alveolata: Ciliophora: 
Oligotrichea) from coastal waters of Qingdao, China 

                                                       Yang     Bai   1   ·  Rui     Wang   1,3   ·  Wen     Song   2   ·  Toshikazu     Suzuki   3   ·  Xiaozhong     Hu   1  

 Received: 23 December 2019 / Accepted: 13 February 2020   / Published online: 4 May 2020
©   Ocean University of China      2020  

                     Abstract 
 Tintinnine ciliates are widely distributed around the world and are characterized by the possession of a lorica that is highly 

diverse in structure and morphology. In the present study, fi ve tintinnines, namely  Tintinnopsis  cf.  radix ,  T. everta  Kofoid 

and Campbell, 1929,  T. mulctrella  Kofoid and Campbell, 1929,  Eutintinnus infl atus  Marshall, 1969, and  Favella ehrenbergii  
(Claparède and Lachmann, 1858) Jörgensen, 1924, were collected from coastal waters of Qingdao, China. Three are newly 

recorded from China, i.e.,  T. everta ,  T. mulctrella , and  E. infl atus . The morphology of the lorica and cell proper of all fi ve 

species are described and compared with original and subsequent descriptions. The morphology in vivo of the lorica and 

cell proper of all fi ve species are described and compared with original and subsequent descriptions. In addition, the ciliary 

patterns of  F. ehrenbergii  and  T.  cf.  radix  are revealed based on protargol-stained specimens. 

   Keywords     Cell proper    ·  Lorica    ·  New record    ·  Tintinnina  

      Introduction 

 Planktonic ciliates are among the most diverse and numeri-

cally important members of microzooplankton and act as a 

trophic link in the microbial food web of aquatic ecosystems 

(Agatha  2011 ; Countway et al.  2005 ; Doherty et al.  2010 ; 

Dolan  2010 ; Orsi et al.  2011 ; Santoferrara et al.  2013 ; Song 

et al.  2009 ,  2018a ,  b ,  2019a ,  b ; Wang et al.  2019a ,  b ; Worden 

et al.  2015 ; Xu et al.  2017 ). Within planktonic ciliates, tintin-

nines are easily recognized by possessing an agglomerated 

or hyaline lorica with divergent confi guration (Agatha and 

Strüder-Kypke  2012 ). Up to now, at least 1000 tintinnine 

morphospecies have been discovered and their classifi cation 

is based almost entirely on lorica features (e.g., Agatha and 

Strüder-Kypke  2012 ; Kofoid and Campbell  1929 ,  1939 ). 

However, in recent years, it is widely recognized that lorica 

features alone are insuffi  cient for species circumscription 

and identifi cation in this group of ciliates because of cryptic 

diversity and the polymorphic nature of the lorica (Laval-

Peuto  1981 ; Santoferrara et al.  2015 ,  2017 ; Xu et al.  2013 ; 

Zhang et al.  2017 ). Recent studies have suggested that the 

tintinnine taxonomy is jointly determined by the characters 

of lorica, cell proper and ciliature (Agatha  2008 ,  2010a ,  b ; 

Agatha and Tsai  2008 ; Gruber et al.  2018 ; Hu et al.  2019 ; 

Jiang et al.  2012 ; Santoferrara et al.  2016 ,  2017 ; Smith et al. 

 2018 ). Unfortunately, the ciliary and cytological data are 

available for only about 5% of known tintinnine morphos-

pecies (e.g., Agatha and Strüder-Kypke  2012 ; Foissner and 

Wilbert  1979 ; Gruber et al.  2018 ; Jiang et al.  2012 ; Smith 

et al.  2018 ). 

 The Chinese coastal zone includes a large number of dif-

ferent ecological environments (e.g. mangroves, aquacul-

ture ponds, and beaches) that support a high biodiversity of 

tintinnines, i.e., about 150 species have been reported from 

Chinese coastal waters (Hu et al.  2019 ; Liu  2008 ; Xu et al. 

 2001 ; Xu and Song  2005 ; Zhang et al.  2012 ). In the present 

study, fi ve tintinnine species, namely  Eutintinnus infl atus , 
 Favella ehrenbergii ,  Tintinnopsis everta, T. mulctrella  and 

 T.  cf.  radix,  collected from coastal waters of Qingdao, China, 
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  Table 1       Morphometric data of 

fi ve species  
  Characters    Species    Min    Max    Mean    SD    CV    N  

  Lorica, total length    Tr    190    310    243.1    41.8    17.2    8  

  Te    65    95    81.6    11.4    14.0    8  

  Tm    70    85    80.0    5.8    7.2    7  

  Ei    95    125    111.3    9.5    8.6    8  

  Fe    230    300    270.3    34.3    12.7    10  

  Lorica, anterior opening diameter    Tr    35    60    45.6    7.8    17.0    8  

  Te    75    110    92.1    12.8    13.9    8  

  Tm    25    35    30.7    4.5    14.6    7  

  Ei    30    35    31.9    2.6    8.1    8  

  Fe    70    105    83.6    12.5    14.9    7  

  Lorica, posterior opening diameter    Ei    5    15    11.3    2.3    20.6    8  

  Lorica, collar length    Te    35    50    44.9    6.1    13.6    8  

  Tm    15    25    20.7    3.5    16.7    7  

  Lorica, bowl width    Te    40    55    46.8    5.1    10.9    8  

  Tm    30    50    40.7    7.9    19.3    7  

  Ei    30    45    36.9    5.3    14.4    8  

  Lorica, ratio of total length: opening diameter    Tr    4.8    6.3    5.3    0.5    9.0    8  

  Te    0.8    0.9    0.9    0.1    11.1    8  

  Tm    2.4    3.2    2.6    0.3    10.9    7  

  Ei    3.2    3.8    3.5    0.3    7.5    8  

  Fe    2.4    2.8    2.6    0.2    7.7    8  

  Cell proper, length    Tr    53    112    79.6    20.8    26.2    8  

  Fe    71    124    85.2    6.2    7.3    9  

  Cell proper, width    Tr    38    51    43.3    4.4    10.2    8  

  Fe    79    108    93.1    6.2    6.7    7  

  Macronuclear nodules, number    Tr    2    2    2.0    0.0    0.0    8  

  Fe    2    2    2.0    0.0    0.0    8  

  Anterior cell end to anterior macronucleus nodule, distance    Tr    13    22    16.1    3.3    20.3    8  

  Fe    9    21    14.6    4.0    27.3    9  

  Ventral kinety, length    Tr    20    49    30.0    11.5    38.4    8  

  Fe    29    47    35.7    6.4    1.8    9  

  Ventral kinety, number of kinetids    Tr    37    46    41.8    3.2    7.8    8  

  Fe    33    49    39.5    3.1    7.8    8  

  Ventral kinety, distance to collar membranelles    Tr    4    5    4.8    0.5    9.7    8  

  Fe    2    2    2.0    0.0    0.0    8  

  Dorsal kinety1, length    Tr    44    84    58.5    14.6    24.9    8  

  Fe    58    80    71.1    15.2    21.4    9  

  Dorsal kinety1, number of kinetids    Tr    41    54    46.6    4.4    9.4    8  

  Fe    72    85    78.3    8.5    10.9    9  

  Dorsal kinety2, length    Fe    70    90    82.3    13.2    16.0    8  

  Dorsal kinety2, number of kinetids    Fe    80    92    85.5    6.3    7.4    8  

  Posterior kinety, length    Tr    15    23    18.6    2.6    14.0    8  

  Posterior kinety, number of kinetids    Tr    14    17    15.4    1.3    8.5    8  

  Right ciliary fi eld, number of kineties    Tr    9    12    10.0    1.2    12.0    8  

  Fe    40    58    49.0    5.4    11.0    7  

  Lateral ciliary fi eld, number of kineties    Tr    17    24    20.4    2.1    10.5    8  

  Fe    7    14    12.0    1.7    14.2    7  

  Left ciliary fi eld, number of kineties    Tr    10    13    11.4    9.2    8.1    8  

  Fe    27    40    33.5    3.1    9.3    9  

  Adoral zone of membranelles, diameter    Tr    38    51    43.3    4.4    10.2    8  

  Fe    92    114    102.5    3.1    3.0    6  
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were morphologically investigated using observations of live 

and, where possible, protargol-stained specimens. This study 

aims to expand knowledge and understanding of the diver-

sity of this group of eukaryotic microorganisms (Table  1 ).  

    Results and comparison 

  Order Choreotrichida Small and Lynn, 1985  

  Genus   Tintinnopsis   Stein, 1867  

  Tintinnopsis   cf.   radix   (Fig.     1   a-l; Table    1   )          

   Description 

 Lorica conspicuously elongated and narrow, 190–310 μm 

long (Fig.   1 a, e, f). Opening is widest portion of lorica, 

35–60 μm in diameter (Fig.  1 a, e–g). Anterior 2/3 of lorica 

cylindrical, posterior 1/3 cone-shaped narrow gradually to 

posterior end, which often has an irregular hole near tip, 

about 20–50 μm across (Fig.   1 a, e–h). Lorica wall thin, 

agglomerated with mineral particles about 2–10 μm in size 

(Fig.  1 a, e, f). 

 Cell proper obconical (Fig.  1 a, e–g), measures 40–95 

μm × 40–65 μm in vivo, and 53–112 μm × 38–51 μm after 

protargol staining, posterior portion progressively narrows 

into a peduncle that is about 150 μm long and attaches to 

bottom of lorica. Two macronuclear nodules, each about 

15 μm × 10 μm in size after protargol staining (Fig.   1 j). 

Micronuclei diffi  cult to recognize, because they were insuf-

fi ciently stained with protargol. Tentaculoids, striae, acces-

sory comb, cytopyge, contractile vacuole, and capsules not 

recognized. Cell proper retracts quickly into lorica using its 

contractile peduncle and posterior portion after being dis-

turbed; when motionless oral membranelles bend towards 

centre of peristomial fi eld. Cytoplasm colorless, with food 

vacuoles contains microalgae (Fig.  1 e, g). Locomotion by 

rotating about main cell axis and irregular swimming. 

 Somatic ciliary pattern complex, comprises a ventral, dor-

sal, and posterior kinety and right, left, and lateral ciliary 

fi elds (Fig.  1 b–d, i–l). Kinetids of each ciliary row osten-

sibly connected by argyrophilic fi bers. Ventral kinety com-

mences about 5 μm anteriorly to left two or three kineties 

of right ciliary fi eld, about 5 μm posteriorly to collar mem-

branelles, 20–49 μm long, and composed of 37–46 monoki-

netids, densely spaced in anterior portion and progressively 

more widely spaced in posterior portion (Fig.  1 b, d). Right 

ciliary fi eld mostly commences about 5 μm posteriorly to 

collar membranelles, comprises 9–12 kineties, neighboring 

kineties about 3 μm apart, each composed of 4–11 widely 

spaced monokinetids and one anterior dikinetid; two left-

most kineties commence about 1 and 2 μm, respectively, 

below anterior end of remaining right kineties (Fig.  1 b, d, 

i). Left ciliary fi eld commences about 5 μm posteriorly to 

collar membranelles, comprises 10–13 kineties, neighbor-

ing kineties about 5 μm apart; kineties in left portion always 

obviously shorter than remaining kineties; each kinety com-

posed of a single anterior dikinetid and zero to nine widely 

spaced monokinetids (Fig.  1 b–d). Each basal body in left 

and right ciliary fi elds bears a cilium, anteriormost one in 

each kinety about 8–10 μm in length and others about 2 μm 

in length after protargol staining. Lateral ciliary fi eld starts 

about 5 μm posteriorly to collar membranelles, with 17–24 

monokinetidal kineties of similar length, kineties in right 

portion usually more closely spaced than those in left por-

tion (Fig.  1 b, d, i). Dorsal kinety 44–84 μm long, commences 

at same level as lateral ciliary fi eld, about 5–10 μm away 

from left and right ciliary fi elds, and curves leftwards, ter-

minating near posterior 1/6 of cell proper; comprises 41–54 

dikinetids, and only posterior basal body of each dikinetid 

bears a cilium that is about 8–10 μm long after protargol 

staining (Fig.  1 c, d, j, k). Posterior kinety, 15–23 μm long, 

Table 1    (continued)
  Characters    Species    Min    Max    Mean    SD    CV    N  

  Collar membranelles, number    Tr    16    19    16.5    1.2    7.0    8  

  Fe    16    16    16.0    0.0    0.0    8  

  Collar membranelles, number of elongated ones    Tr    4    4    4.0    0.0    0.0    8  

  Fe    5    5    5.0    0.0    0.0    8  

  Buccal membranelles, number    Tr    1    1    1.0    0.0    0.0    8  

  Fe    1    1    1.0    0.0    0.0    8  

 Lorica data are based on living observations, cell data are based on protargol-stained specimens 

 The lorica measurements were calculated from micrographs taken at × 100–400 magnifi cations and are 

accurate to ± 5 μm. Measurements are in μm 

  CV  coeffi  cient of variation in %,  Max  maximum,  Mean  arithmetic mean,  Min  minimum,  N  number of spec-

imens examined,  SD  standard deviation,  Tm Tintinnopsis mulctrella ,  Tr Tintinnopsis  cf.  radix ,  Te Tintin-
nopsis everta ,  Ei Eutintinnus infl atus ,  Fe Favella ehrenbergii  



212 Marine Life Science & Technology (2020) 2:209–221

1 3

commences below ventral kinety and extends to posterior 

end of cell proper, comprises 14–17 dikinetids; only poste-

rior basal body of each dikinetid bears a cilium that is about 

8–10 μm long (Fig.  1 b, d, i). 

 Adoral zone of membranelles closed, composed of 16–19 

collar membranelles, of which four extend into buccal cavity, 

and 1 buccal membranelle (Fig.  1 a–d, g), and cilia of mem-

branelles up to 30–40 μm long, structure of polykinetids 

not recognized. Endoral membrane not recognized. A mid-

dle divider was observed, which showed oral primordium 

of opisthe positioned left of ventral kinety and posterior to 

lateral ciliary fi eld (Fig.  1 l). 

  Fig. 1        a–l  Drawings ( a – d ) and photomicrographs ( e – l ) of  Tintinnop-
sis  cf.  radix  in vivo ( a ,  e – h ) and after protargol staining ( b – d ,  i – l ). 
 a  Representative specimen, arrow indicates posterior opening.  b ,  c  
Ciliary pattern of ventral ( b ) and dorsal ( c ) sides of same specimen.  d  
Kinetal map of a morphostatic specimen.  e  Representative specimen. 

 f  Contracted specimen.  g  Anterior region of lorica and cell proper.  h  
Posterior opening (arrow).  i  Ventral side, showing the ventral kinety, 

right ciliary fi eld, and lateral ciliary fi eld.  j  Anterior portion of dor-

sal kinety.  k  Dorsal kinety (arrowhead).  l  A middle divider.  BM  buc-

cal membranelle,  CM  collar membranelles,  DK  dorsal kinety,  LA  
lateral ciliary fi eld,  LF  left ciliary fi eld,  OP  oral primordium,  PCM  
prolonged collar membranelles,  PK  posterior kinety,  RF  right ciliary 

fi eld,  VK  ventral kinety. Scale bars: 120 μm ( a ), 30 μm ( b ,  c ), 100 μm 

( e ,  f )  
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    Comparison of lorica features with original 
and subsequent descriptions 

  Tintinnopsis radix  has been recorded on many occasions 

worldwide (e.g., Durán  1953 ; Imhof  1886 ; Jiang et  al. 

 2012 ; Kofoid and Campbell  1929 ; Marshall  1969 ). It was 

fi rst described in Imhof ( 1886 ) as  Codonella radix , and 

redescribed by Brandt ( 1907 ) who transferred it into genus 

 Tintinnopsis . The ciliature was fi rst revealed by Jiang et al. 

( 2012 ). Our specimens resemble original description in 

lorica shape (i.e., elongated cylindrical with a narrowed 

posterior portion and a small posterior opening) and the 

diameter of the opening (35–60 μm vs. 48 μm), but diff ers 

in its shorter length (190–310 μm vs. 480 μm). Compared 

with other descriptions, its size falls well within the recorded 

range (e.g., lorica length 182–524 μm and opening diameter 

30–72 μm) (Balech  1959 ; Brandt  1907 ; Imhof  1886 ; Jiang 

et al.  2012 ; Kofoid and Campbell  1929 ; Marshall  1969 ; 

Paulmier  1997 ). 

    Comparison of ciliature 

 In terms of its ciliature, our specimens closely resemble 

the population of  Tintinnopsis radix  described by Jiang 

et al. ( 2012 ), i.e., ventral kinety 32–48 μm in length (vs. 

20–49 μm), with 34–68 (vs. 37–46) monokinetids; dorsal 

kinety 44–88 μm (vs. 44–84 μm) long; right ciliary fi eld 

comprises 9–14 kineties (vs. 9–12); left ciliary fi eld com-

prises 12–14 (vs. 10–13) kineties; lateral ciliary fi eld com-

prises 19–24 (vs. 17–24) kineties. However, the latter has 

several distinct characters compared to ours: (i) the position 

of the posterior kinety (below left ciliary fi eld vs. below ven-

tral kinety in our specimens); (ii) the length of the kineties 

in the lateral ciliary fi eld (only about 1/3 to 1/2 length of the 

ventral kinety vs. similar in length); (iii) the commencement 

of the ventral kinety about 25 μm (vs. 5 μm) anteriorly to the 

other somatic kineties. Given the similarities and diff erences 

mentioned above, we are not sure that these two forms are 

conspecifi c and tentatively consider our form as  T.  cf.  radix  
pending further data (including DNA sequences, and data 

on its autoecology). 

  Tintinnopsis everta   Kofoid and Campbell, 1929   (Fig.  2 a–

l; Table  1 )         

    Description 

 Lorica campanulate, 65–95 μm long, composed of a sub-

spherical bowl and a funnel-shaped collar that is tilted at 

an angle of 30° to the long axis (Fig.  2 a–e, g, h ) . Open-

ing 75–110 μm across with irregular rim, ratio of length 

to opening diameter 0.8–0.9 (Fig.  2 a–e, g, h ) . Collar about 

35–50 μm in length, with 4–6 annuli on surface (Fig.  2 a–e, 

g, h ) . Bowl 40–55 μm in width with posterior end broadly 

rounded (Fig.   2 a–e, g, h ) . Lorica wall densely aggluti-

nated with refractile particles about 1–10 μm in diameter 

(Fig.  2 a–e, g, h ) . During cell division, the new lorica is pro-

duced before the separation of proter and opisthe (Fig.  2 c, h). 

 Cell proper elongates obconical, about 50–60 μm 

× 20–30 μm in size when fully extended, posterior portion 

narrows progressively forming a peduncle that is about 

45 μm long and attaches to the bottom of lorica (Fig.  2 a–e, 

g, h ) . Cilia of collar membranelles about 25 μm long; ante-

riormost cilia of kineties in right and left ciliary fi elds about 

30 μm long, remaining cilia about 8 μm long (Fig.  2 f, l, i). 

Kineties in right ciliary fi eld commence progressively more 

posteriorly from left to right, rightmost kinety commences 

about half-way down length of cell (Fig.  2 g, l; see Gruber 

et al.  2018 ). Macronuclear nodules and micronuclei not rec-

ognizable in live cells. Cytoplasm colorless, with food vacu-

oles of various sizes containing ingested ovoidal microalgae 

(Fig.  2 f). Tentaculoids, pin-shaped, about 7 μm × 2 μm in 

size, commencing from outer portions of intermembranellar 

ridges (Fig.  2 f, k ) . Contractile vacuole, cytopyge, striae, and 

accessory combs not recognized in live cells. Cell rotates 

about longitudinal axis while swimming. When disturbed, 

peduncle contracts and cell proper retracts into lorica with 

membranelles motionless; on cessation of disturbance, cell 

proper slowly extends through lorica opening and resumes 

swimming. 

    Comparison with original and subsequent 
descriptions 

 This species was fi rst reported as  Tintinnopsis baltica  
var.  rotundata  by Laackmann ( 1908 ) and raised to rank 

of a species with a new name,  T. everta,  by Kofoid and 

Campbell ( 1929 ). Our specimens resemble the original 

description in most lorica features, e.g., 65–95 μm vs. 

65–81 μm in length with a posteriorly rounded bowl and 

a funnel-shaped collar. Hence, we identifi ed our speci-

mens as  T. everta , although our population has a larger 

opening diameter (75–110 μm vs. 50–52 μm) and more 

annuli (4–6 vs. 3–5), which we consider to be population-

dependent variations. Gruber et al. ( 2018 ) revealed the 

cytological features and gave an improved diagnosis of 

this species. Our population lacks ciliature data, because 

individuals were insuffi  ciently stained. Nevertheless, our 

specimens match those of Gruber et al. ( 2018 ) in terms 

of lorica features other than the size of the opening (e.g., 

lorica campanulate, length 80 μm on average, four annuli 

on average) and certain cell features (e.g., tentaculoids 

conspicuous, anterior cilia of left and right ciliary fi elds 

extremely elongated). 
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  Tintinnopsis mulctrella   Kofoid and Campbell, 1929  
(Fig.  3 a–k; Table  1 ).         

    Description 

 Lorica about 70–85 μm × 35–50 μm in size, main part globu-

lar, part of collar protrudes obliquely approximately 20 μm 

above lorica opening (Fig.  3 a, d). Lorica opening tilted at an 

angle of 40° to the long axis, about 25–35 μm in diameter. 

Posterior end pointed or with an irregular process (Fig.  3 a, 

d, f, i). Hard lorica wall densely agglomerated with mineral 

and organic particles, about 1–10 μm in diameter causing an 

irregular outline (Fig.  3 a, c–k). 

 Cell proper obconical, about 40–60 μm × 30–40 μm in 

size, protrudes almost entirely through lorica opening when 

fully extended, its posterior end progressively narrows to 

form a peduncle that is up to 40 μm long and attaches to 

bottom of lorica (Fig.  3 a, b, d). Cilia of collar membranelles 

15–20 μm long (Fig.  3 a–h); most somatic cilia about 2 μm 

long, although those in anterior cell portion are about 10 μm 

long (Fig.  3 a, d, h). Macronuclear nodules and micronu-

clei not recognizable in living cells. Cytoplasm colorless, 

  Fig. 2        a–l  Photomicrographs ( a – l ) of  Tintinnopsis everta  in  vivo.  a  
Lateral view of a representative individual.  b–d ,  g ,  h  Lateral views, 

to show variation in shape and size among diff erent individuals ( b , 
 d ,  g ) and during morphogenesis ( c ,  h ), to show the new lorica of pro-

ter (arrowhead).  e  Ventral view of a fully extended cell, arrowhead 

marks the collar annuli.  f  Details of a cell removed from the lorica, 

arrowheads show anteriormost cilia of the right and left ciliary 

fi elds, arrows indicate tentaculoids.  i  Ventral view of oral portion of 

cell, arrow shows the endoral membrane.  j  Subapical view of lorica. 

 k  Detail of the peristomial rim, showing the clavate tentaculoids 

(arrowhead).  l  Ventral side, showing the somatic cilia in vivo, arrow-

head indicates the elongated anteriormost cilia of the right ciliary 

fi eld. Scale bars: 30 μm  
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with food vacuoles of various sizes, which contain ingested 

ovoidal microalgae (Fig.  3 b, e). Tentaculoids not recognized. 

Cytoplasmic ridges between collar membranelles, about 

3–5 μm high (Fig.  3 a–c). Accessory combs and cytopyge 

not recognized. Locomotion by rotating about main cell 

axis. When disturbed, peduncle contracts and cell proper 

retracts inside the lorica; on cessation of disturbance, cell 

proper slowly extends through lorica opening and resumes 

swimming. 

    Comparison with original description 

  Tintinnopsis mulctrella  is a rare species that previously 

has been reported only once, i.e., by Kofoid and Campbell 

( 1929 ) who described it as having a “milk pitcher-like” 

lorica. The specimens from Qingdao match the origi-

nal population in the lorica size (length 70–85 μm vs. 

77 μm), bowl width (30–40 μm vs. about 35 μm, inferred 

from the original illustration), and especially the oblique 

  Fig. 3        a–k  Drawings ( a ,  b ) and photomicrographs ( c – k ) of  Tintin-
nopsis mulctrella  in  vivo.  a  Representative specimen; arrowhead 

denotes the oblique collar protrusion.  b  Three collar membranelles, 

arrowhead denotes the cytoplasmic ridges.  c  Apical-lateral view of 

cell, arrowheads mark the cytoplasmic ridges.  d  Representative speci-

men; arrowhead denotes the long cilia located in anterior cell portion. 

 e ,  f  Contraction process of same specimen.  g  Apical view, showing 

the cytostome.  h  Details of cell proper, arrowhead shows a long cil-

ium.  i  Posterior lorica projection.  j  Empty lorica, arrowhead shows 

the oblique collar protrusion.  k  Cell removed from the lorica.  CM  
collar membranelles. Scale bars: 25 μm ( a ,  d ,  f ,  g ), 40 μm ( e )  
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collar protrusion, which is unique to this species. Thus, 

we identified our Qingdao population as  T. mulctrella , 
although it differs from the type population in smaller 

opening diameter (25–35  μm vs. 44–77  μm), slightly 

bigger ratio of length to opening diameter (2.4–3.2 vs. 

1–2.26), and shorter collar protrusion (15–25  μm vs. 

35–40 μm, inferred from the original illustration) (Kofoid 

and Campbell  1929 ). 

  Family Eutintinnidae Bachy et al., 2012  

  Genus   Eutintinnus   Kofoid and Campbell, 1939  

  Eutintinnus infl atus   Marshall, 1969  (Fig.  4 a–h; Table  1 ) 

    Description 

 Lorica goblet-like, about 95–125 μm × 30–45 μm in size. 

Anterior opening about 30–35 μm across with inconspicu-

ous trumpet-shaped rim, posterior opening not or slightly 

fl ared, about 5–15 μm across (Fig.  4 a–f). Middle portion 

slightly swollen. Posterior portion narrowed at an angle of 

about 15–30° to main axis. Widest portion of bowl about 

30–45  μm across, narrowest portion about 10–15  μm 

(Fig.  4 a–f, h). Two asymmetric notches were visible only 

when viewed from lateral aspect near widest portion of bowl, 

about 15–30 μm long and 5–10 μm depth (Fig.  4 d, e).         

 Cell proper obconical, about 30–55 μm × 20–40  μm 

in vivo when fully extended, narrowing posteriorly to form 

a peduncle (about 40 μm long) that attaches to posterior 1/5 

of inner lorica wall (Fig.  4 a–f, h). Cytoplasm colorless, full 

of food vacuoles of various sizes containing ingested ovoidal 

  Fig. 4        a–h  Drawings ( a ) and photomicrographs ( b – h ) of  Euintin-
nus infl atus  in vivo.  a  Lateral view of representative specimen.  b, d  
Diff erent views of a representative individual, arrowheads show the 

asymmetric notches in the lorica (lateral view).  c ,  e  Lateral view of 

another individual, arrowhead shows a notch in the lorica.  f  A wider 

lorica.  g  Cell proper, arrowhead shows the somatic cilia.  h  Peduncle. 

 P  peduncle. Scale bars: 50 μm ( a – e ), 30 μm ( f )  
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microalgae (Fig.  4 a–g). Cilia of collar membranelles about 

15–25 μm long (Fig.  4 a–f); no elongated somatic cilia were 

observed in living cells; lateral ciliary fi eld with densely 

arranged cilia, about 1–2 μm long (Fig.  4 g). Macronuclear 

nodules, micronuclei, tentaculoids, striae, accessory combs, 

contractile vacuole, cytopyge, and extrusomes not recog-

nized. Locomotion by swimming slowly while rotating about 

main cell axis. 

     Comparison of lorica features with original 
description 

  Eutintinnus infl atus  was fi rst discovered by Silva ( 1953 ) 

from coastal waters of southern Europe and recorded as 

an unidentifi ed form  E.  sp., Marshall ( 1969 ) named it  E. 
infl atus  but failed to supply a detailed redescription. The 

present population closely matches the original specimens in 

terms of its lorica length (95–125 μm vs. 100 μm), diameter 

of posterior opening (5–15 μm vs. 14 μm), and the bowl 

slightly wider than anterior opening. However, it diff ers from 

the original population in having a wider anterior opening 

(30–35 μm vs. 21 μm), which is assumed to refl ect intraspe-

cifi c polymorphism. Neither of the previous reports men-

tion the asymmetric notches on the bowl. This feature was, 

however, conspicuous in all specimens of our study so we 

do not consider it to be an artifact but possibly a population-

dependent character. 

   Comparison with congeners 

  Eutintinnus angustatus  (Daday  1887 ) Kofoid and Campbell 

 1939  has similar lorica size, swollen bowl, and narrowed 

posterior end to but diff ers from  E. infl atus  in having a 

longer lorica (135–144 μm vs. 95–125 μm), a wider anterior 

opening (42–48 μm vs. 30–35 μm), anterior portion of the 

bowl straight-walled (vs. with slightly curving walls), and 

the commencement of the narrowing of the posterior portion 

bowl about 4/5 (vs. 2/3) down length of lorica (Daday  1887 ). 

  Family Ptychocylididae Kofoid and Campbell, 1929  

  Genus   Favella   Jörgensen, 1924  

  Favella ehrenbergii   (Claparède and Lachmann, 1858) 
Jörgensen, 1924  (Fig.  5 a–m; Table  1 ).         

 Lorica hyaline, 230–300 μm long, bowl mostly cylindrical 

rounded posteriorly and with a slender spine-like projec-

tion, mono-laminar alveoli on lorica surface (Fig.  5 a–e, h). 

Opening is widest portion of lorica, 70–105 μm in diameter; 

spiraled annulus about 8 μm below opening (Fig.  5 a–e). 

Posterior spine-like projection about 30–60 μm long and 

15–30 μm wide (Fig.  5 a–e). 

 Cell proper obconical, measuring 70–110 μm 

× 70–105 μm in size in vivo, posterior region narrowing 

gradually to form a peduncle that is 90–150 μm long, occa-

sionally with one or two bulges, and is attached to bottom 

of lorica (Fig.  5 a–g). Two irregular macronuclear nodules, 

each about 30–60 μm × 15–25 μm in size after protargol 

staining were recognized (Fig.  5 i–k). Micronuclei, tentacu-

loids, striae, accessory comb, cytopyge, contractile vacu-

ole, and capsules not recognized. Cytoplasm colorless, with 

numerous lipid droplets and food vacuoles of various sizes 

containing ingested ovoid microalgae, sometimes diatoms 

(Fig.  5 a–g). Diff erent parasites usually attached to the cell 

proper or peduncle, spheroidal or arch shape, ca. 30–80 μm 

in diameter (Fig.  5 a–f). Cell movement occurs slowly by 

rotating about the cell main axis, twitching back when meet-

ing obstacles. When disturbed, cell proper retracts quickly 

into lorica due to contraction of peduncle and posterior por-

tion; membranelles bend towards centre of peristomial fi eld. 

 Somatic ciliature comprises a right, left, and lateral 

ciliary fi eld as well as a ventral and two dorsal kineties 

(Fig.  5 i–k). Length of kineties and numbers of kinetids usu-

ally highly variable. Kinetids of each ciliary row ostensibly 

connected by an argyrophilic fi ber. Ventral kinety about 

29–47 μm long, composed of 33–46 monokinetids (Fig.  5 i, 

j). Right ciliary fi eld commences about 8 μm posteriorly to 

collar membranelles, composed of 40–58 kineties, neigh-

boring kineties about 3 μm apart, each of which consists of 

about ten monokinetids and one anterior dikinetid (Fig.  5 i, 

j). Left ciliary fi eld commences at same level as right fi eld, 

composed of 27–40 kineties, each kinety comprises about 

eight monokinetids and one anterior dikinetid; cilia about 

3 μm long after protargol staining (Fig.   5 k). Each basal 

body in left and right ciliary fi elds bears a cilium; anterior 

cilium in each dikinetid about 15 μm long after protargol 

staining; all other cilia are about 3 μm long after protargol 

staining (Fig.  5 i–k). Lateral ciliary fi eld lies between ven-

tral kinety and left ciliary fi eld commences at same level as 

right and left fi elds, composed of 7–14 monokinetidal kine-

ties; monokinetids in anterior portion packed signifi cantly 

densely than those in posterior portion (Fig.  5 j). Two dorsal 

kineties commence about 10 μm posteriorly to collar mem-

branelles, 58–80 μm and 62–90 μm in length, composed 

of 72–85 and 80–92 monokinetids, respectively (Fig.  5 k). 

Posterior kinety absent. 

 Oral apparatus occupies anterior portion of cell proper. 

Collar zone closed, composed of 16 membranelles with 

cilia about 30–40 μm long, fi ve of which notably extend 

into buccal cavity; bases of collar membranelles about 

40 μm wide; kinetal structures of membranelles could not 
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be recognized (Fig.  5 f, g, m, l). Single buccal membranelle 

located within buccal cavity (Fig.  5 g). Endoral membrane 

encircles oral cavity, composed of a single row of basal 

bodies (Fig.  5 l, m). Argyrophilic fi bers associated with 

oral apparatus insuffi  ciently impregnated to be observed 

in protargol preparations. 

  Fig. 5        a–m  Photomicrographs of  Favella ehrenbergii  in  vivo ( a – h ) 
and after protargol staining ( i – m ).  a  Fully extended cell, double 

arrowhead indicates an unidentifi ed parasite, arrowhead marks poste-

rior projection.  b–d  Diff erent contracted forms of a same individual, 

arrowheads show the spiraled annulus.  e  Another individual with a 

bulge on the peduncle (arrowhead), arrow indicates an unidentifi ed 

parasite.  f  Cell proper.  g  Collar membranelles (arrowhead) and buccal 

membranelle within the buccal cavity.  h  Alveolar structure of lorica 

in × 1000 magnifi cation.  i ,  j  Ventral views of diff erent specimens.  k  
Dorsal view, arrowhead indicates the fi rst dorsal kinety.  l  Apical view. 

 m  Endoral membrane.  n  Kinetal map of a morphostatic specimen. 

 CM  collar membranelles,  DK  dorsal kinety,  DK2  the second dorsal 

kinety,  EM  endoral membrane,  LA  lateral ciliary fi eld,  LF  left ciliary 

fi eld,  Ma  macronuclear nodule,  P  parasite,  RF  right ciliary fi eld,  VK  
ventral kinety. Scale bars: 50 μm  
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    Comparison with original and subsequent 
descriptions 

  Favella ehrenbergii  is a neritic form and has been described 

many times. It was originally described under the name  Tin-
tinnus ehrenbergii  (Claparède and Lachmann  1858 ). Jör-

gensen ( 1924 ) transferred it to the newly established genus 

 Favella , and Kofoid and Campbell ( 1929 ) designated  F. 
ehrenbergii  as the type species of this genus. The Jiaozhou 

Bay population closely resembles the original description in 

terms of its lorica shape and the presence of a spine-like pos-

terior projection, although it has a larger size (230–300 μm 

vs. about 190 μm in length). Laval-Peuto ( 1981 ) revealed 

polymorphism of the lorica during the life cycle in cultures of 

 F. ehrenbergii.  However, we did not observe signifi cant poly-

morphism of the lorica in the present study. Kim et al. ( 2010 ) 

fi rst revealed the ciliature of  F. ehrenbergii  and improved the 

species diagnosis. The Jiaozhou Bay population matches well 

with the emended diagnosis of Kim et al. ( 2010 ) in terms of 

both its lorica features and the pattern of its ciliature. 

     Materials and methods 

   Sample collection and environmental factor 
measurement 

 All samples were collected from the surface water (0–2 m 

water depth) in coastal waters of the Yellow Sea at Qing-

dao, China using a plankton net (mesh size 25 μm) (Fig.  1 ). 

 Tintinnopsis mulctrella  and  T.  cf.  radix  were found near 

Zhanqiao Pier (36° 03′ 36′′ N, 120° 18′ 54′′ E) in Septem-

ber, 2018 (Site 2 in Fig.  6 ).  Tintinnopsis everta, Eutintinnus 
infl atus , and  Favella ehrenbergii  were found in Jiaozhou Bay 

(36° 07′ 46′′ N, 120° 15′ 18′′ E) in November, 2018 (Site 

1 in Fig.  6 ). Water temperature, salinity, pH and dissolved 

oxygen concentration (DO) were measured in situ using a 

water quality-measuring instrument (YSI Professional Plus, 

America). Concentrations of nitrate nitrogen  (NO 3 -N), 

nitrite nitrogen  (NO 2 -N), ammonium nitrogen  (NH 4 -N), 

and phosphate phosphorus  (PO 4 -P) were measured with a 

water quality analyser (YSI-9500, America). Chlorophyll-a 

concentration was measured on a 10-AU fi eld fl uorimeter 

(Turner Design, America), calibrated with purifi ed Chloro-

phyll-a standard (Sigma). A list of the environmental factors 

measured is given in Table  2 .          

    Observation and identifi cation 

 The water subsamples were transferred into Petri dishes of 

200 mm in diameter with about 5 mm water depth. The tin-

tinnines were isolated by micropipettes under a stereo micro-

scope (Guiguang XTL-200, China) at a × 45 magnifi cation. 

Cells were observed with bright-fi eld and diff erential inter-

ference contrast microscope in vivo. Lorica measurements 

were calculated from the photomicrographs of live cells 

taken at × 100–400 magnifi cations, and estimated to accu-

racy of ± 5 μm. To examine the infraciliature and nuclear 

apparatus, specimens were fi xed in Bouin’s solution, the cell 

proper was removed from its lorica using an eyebrow brush 

  Fig. 6        a–d  Sampling sites and surrounding areas.  a  Map of China with sampling area (yellow circle).  b  Map of Jiaozhou Bay and surrounding 

area, red circle 1 depicts the location of ( c ), red circle 2 depicts the location of ( d ).  c ,  d  Part of Jiaozhou Bay ( c ) and coastal area around Zhan-

qiao Pier, Qingdao ( d )  
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after fi xation, and stained using the protargol method (Song 

et al.  1999 ). The ciliary patterns of only two of the fi ve spe-

cies, i.e.,  Tintinnopsis  cf.  radix  and  Favella ehrenbergii , 
were suffi  ciently stained to reveal the infraciliature. The pro-

targol powder was manually synthesized following Pan et al. 

( 2013 ). Measurements of protargol-stained specimens were 

performed at a × 1000 magnifi cation. Drawings were made 

at a × 1000 magnifi cation with the aid of a camera lucida. 

Identifi cations were based on original species descriptions 

(Brandt  1907 ; Claparède and Lachmann  1858 ; Imhof  1886 ; 

Kofoid and Campbell  1929 ; Silva  1953 ). Terminology and 

classifi cation follow Agatha and Riedel-Lorjé ( 2006 ) and 

Adl et al. ( 2019 ), respectively. 

        Acknowledgements     This work was supported by the National Natural 

Science Foundation of China (Nos: 41776133, 31801955, 31702009). 

We thank Prof. Weibo Song, Ocean University of China for his com-

ments on the manuscript. We are also grateful to the editor and anony-

mous reviewers for their constructive suggestions.  

  Author contributions     XH conceived and guided the study. YB and RW 

conducted sampling and performed laboratory work. XH, YB, and RW 

identifi ed the species. YB drafted the manuscript, and TS, WS, and 

XH made further revisions. All authors read and approved the fi nal 

version of manuscript.  

  Compliance with ethical standards    

   Conflict of interest     The authors declare no confl icts of interests. 

    Animal and human rights statement     No animal and human rights are 

involved in this article.   

  References 

                                                                                                                                                                                            Adl SM, Bass D, Lane CE, Lukes J, Schoch CL, Smirnov A, Agatha S, 

Berney C, Brown MW, Burki F, Cardenas P, Cepicka I, Chistya-

kova L, del Campo J, Dunthorn M, Edvardsen B, Eglit Y, Guillou 

L, Hampl V, Heiss AA et al (2019) Revisions to the classifi cation, 

nomenclature, and diversity of eukaryotes. J Eukaryot Microbiol 

66:4–119  

                               Agatha S (2008) Redescription of the tintinnid ciliate  Tintinnopsis fi m-
briata  Meunier 1919 (Spirotricha, Choreotrichida) from coastal 

waters of northern Germany. Denisia 23:261–272  

                               Agatha S (2010a) Redescription of  Tintinnopsis parvula  Jörgensen, 

1912 (Ciliophora: Spirotrichea: Tintinnina), including a novel 

lorica matrix. Acta Protozool 49:213–234  

                               Agatha S (2010b) A light and scanning electron microscopic study of 

the closing apparatus in tintinnid ciliates (Ciliophora, Spirotri-

cha, Tintinnina): a forgotten synapomorphy. J Eukaryot Microbiol 

57:297–307  

                               Agatha S (2011) Updated hypothesis on the evolution of oligotrichid 

ciliates (Ciliophora, Spirotricha, Oligotrichida) based on somatic 

ciliary patterns and ontogenetic data. Eur J Protistol 47:51–56  

                                       Agatha S, Riedel-Lorjé JC (2006) Redescription of  Tintinnopsis cylin-
drica  Daday, 1887 (Ciliophora: Spirotricha) and unifi cation of 

tintinnid terminology. Acta Protozool 45:137–151  

                                                                                    Agatha S, Strüder-Kypke MC (2012) Systematics and evolution of 

tintinnid ciliates. In: Dolan JR, Montagnes DJS, Agatha S, Coats 

WD, Stoecker DK (eds) The biology and ecology of tintinnid 

ciliates: models for marine plankton. Wiley, Oxford, pp 42–84  

                                       Agatha S, Tsai SF (2008) Redescription of the tintinnid  Stenosemella 
pacifi ca  Kofoid and Campbell 1929 (Ciliophora, Spirotricha) 

based on live observation, protargol impregnation, and scanning 

electron microscopy. J Eukaryot Microbiol 55:75–85  

                               Balech E (1959) Tintinnoinea del Mediterraneo. Trabajos del Instituto 

Espanol de Oceanografi a 28:1–88  

   Brandt K (1907) Die Tintinnodeen del Plankton-Expedition. Systema-

tischer Teil. Ergebn Plankton-Exp Humboldt-Stiftung, 3 La:1–488  

   Claparède E, Lachmann J (1858) Études sur les infusoires et les rhizo-

podes. Pts 1 and 2  

                                                       Countway PD, Gast RJ, Savai P, Caron DA (2005) Protistan diversity 

estimates based on 18S rDNA from seawater incubations in the 

western North Atlantic 1. J Eukaryot Microbiol 52:95–106  

                               Daday E (1887) Monographie der Familie der Tintinnodeen. Mitt Zool 

Sta Neapel 7:473–591  

                                                                       Doherty M, Tamura M, Costas BA, Ritchie ME, McManus GB, Katz 

LA (2010) Ciliate diversity and distribution across an environ-

mental and depth gradient in Long Island Sound, USA. Environ 

Microbiol 12:886–898  

                               Durán M (1953) Contribución al estudio de los Tintinnidos delplancton 

de las costas de Castellón (Mediterráneo occidental). Nota II Publ 

Inst Biol Appl 12:79–95  

                               Dolan JR (2010) Morphology and ecology in tintinnid ciliates of the 

marine plankton: correlates of lorica dimensions. Acta Protozool 

49:235–244  

                                       Foissner W, Wilbert N (1979) Morphologie, Infraciliatur und Ökologie 

der limnischen Tintinnina:  Tintinnidium fuviatile  Stein,  Tintinnid-
ium pusillum  Entz,  Tintinnopsis cylindrata  Daday und  Codonella 
cratera  (Leidy) (Ciliophora, Polyhymenophora). J Protozool 

26:90–103  

                                               Gruber MS, Strüder-Kypke M, Agatha S (2018) Redescription of  Tin-
tinnopsis everta  Kofoid & Campbell, 1929 (Alveolata, Ciliophora, 

Tintinnina) based on taxonomic and genetic analyses–discovery of 

a new complex ciliary pattern. J Eukaryot Microbiol 65:484–504  

  Table 2       Environmental factors of the sampling sites  

 Site 1 refers to sample site in Jiaozhou Bay, and 2 to sample site near Zhanqiao Pier, Qingdao 

  Si  site,  T  temperature,  S  salinity,  DO  dissolved oxygen,  Chl-a  chlorophyll-a 

  Si    Locations    T ( )    S (psu)    pH    DO (mg/L)    Chl-a (μg/L)    NO 2 -N (mg/L)    NO 3 -N (mg/L)    NH 4 -N (mg/L)    PO 4 -P (mg/L)  

  1    36° 07′ 46′′ N 

 120° 15′ 18′′ E  

  18.3    31.85    8.2    4.88    0.673    0.021    0.415    0.07    0.51  

  2    36° 03′ 36′′ N 

 120° 18′ 52′′ E  

  21.7    32.06    8.2    5.14    0.452    0.046    0.528    0.18    0.16  



221Marine Life Science & Technology (2020) 2:209–221 

1 3

                                         Hu XZ, Lin XF, Song WB (2019) Ciliate atlas: species found in the 

South China Sea. Science Press, Beijing  

                               Imhof OE (1886) Über microscopische pelagische Thiere aus den 

Lagunen von Venedig. Zool Anz 9:101–104  

                                                               Jiang Y, Yang JP, Al-Farraj S, Warren A, Lin XF (2012) Redescriptions 

of three tintinnid ciliates,  Tintinnopsis tocantinensis ,  T. radix , and 

 T. cylindrica  (Ciliophora, Spirotrichea), from coastal waters off  

China. Eur J Protistol 48:314–325  

                               Jörgensen E (1924) Mediterranean Tintinnidae. Report on the danish 

oceanographical expeditions 1908–10 to the Mediterranean and 

adjacent seas. Biology 2:1–110  

                                                       Kim SY, Yang EJ, Gong J, Choi JK (2010) Redescription of  Favella 
ehrenbergii  (Claparède and Lachmann, 1858) Jörgensen, 1924 

(Ciliophora: Choreotrichia), with phylogenetic analyses based 

on small subunit rRNA gene sequences. J Eukaryot Microbiol 

57:460–467  

                                       Kofoid CA, Campbell AS (1929) A conspectus of the marine and 

fresh-water ciliata belonging to the suborder Tintinnoinea, with 

descriptions of new species principally from the Agassiz Expedi-

tion to the eastern tropical Pacifi c 1904–1905. Univ Calif Publ 

Zool 34:1–403  

                                       Kofoid CA, Campbell AS (1939) Reports on the scientifi c results of the 

expedition to the eastern tropical Pacifi c, in charge of Alexander 

Agassiz, by the U. S. Fish Commission Steamer “Albatross”, from 

October, 1904, to March, 1905, Lieut. Commander L M Garrett, 

U S N Commanding XXXVII. The Ciliata: the Tintinnoinea. Bull 

Mus Comp Zool Harv 8:1–473  

                               Laackmann H (1908) Ungeschlechtliche und geschlechtliche Fortp-

fl anzung der Tintinnen. Wiss. Meeresunters. Abt Kiel 10:13–38  

                               Laval-Peuto M (1981) Construction of the lorica in Ciliata Tintinnina. 

In vivo study of  Favella ehrenbergii : variability of the pheno-

types during the cycle, biology, statistics, biometry. Protistologica 

17:249–272  

                         Liu LR (2008) Checklist of marine biota of China seas. Science Press, 

Beijing  

                                                    Marshall SM (1969) Protozoa: order tintinnida, zooplankton. In: Fraser 

JH, Hensen VK (eds) Fiches d’identifi cation du zooplancton. Den-

mark, Conseil International pour l’Exploration de la Mer, Copen-

hagen, pp 117–127  

                                                                                       Orsi W, Edgcomb V, Jeon S, Leslin C, Bunge J, Taylor GT, Varela R, 

Epstein S (2011) Protistan microbial observatory in the Cariaco 

Basin Caribbean. II. Habitat Specialization. ISME J 5:1357–1373  

                                               Pan XM, Bourland W, Song WB (2013) Protargol synthesis: an in-

house protocol. J Eukaryot Microbiol 60:609–614  

   Paulmier G (1997) Tintinnides (Ciliophora, Oligotrichida, Tintinnina) 

de l’Atlantique Boréal, de l’Océan Indien et quelques mersad-

jactentes: Méditerranée, Mer Caraibe, Mer Rouge. Inventaireet 

distribution. Observations basée sur les loricas. DRV/RH/RST/97-

17.   https ://archi mer.ifrem er.fr/doc/00424 /53609 /      

                                               Santoferrara LF, McManus GB, Alder VA (2013) Utility of genetic 

markers and morphology for species discrimination within the 

order tintinninea (Ciliophora, Spirotrichea). Protist 164:24–36  

                                                       Santoferrara LF, Tian M, Alder VA, McManus GB (2015) Discrimina-

tion of closely related species in tintinnid ciliates: new insights on 

crypticity and polymorphism in the genus  Helicostomella . Protist 

166:78–92  

                                                                                                                       Santoferrara LF, Bachy C, Alder VA, Gong J, Kim YO, Saccà A, Silva-

Neto ID, Strüder-Kypke MC, Warren A, Xu DP, Yi ZZ, Agatha S 

(2016) Updating biodiversity studies in loricate protists: the case 

of the tintinnids (Alveolata, Ciliophora, Spirotrichea). J Eukaryot 

Microbiol 63:651–656  

                                               Santoferrara LF, Alder VV, McManus GB (2017) Phylogeny, classifi ca-

tion and diversity of Choreotrichia and Oligotrichia (Ciliophora, 

Spirotrichea). Mol Phylogenet Evol 112:12–22  

                               Silva ES (1953) Estudos de plancton na Lagoa de Obidos II. Tintin-

noinea. Revista Fac Cienc Univ Lisb 2:97–116  

                                                                                       Smith SA, Song W, Gavrilova NA, Kurilov AV, Liu WW, McManus 

GB, Luciana F, Santoferrara LF (2018)  Dartintinnus alderae  n. g., 

n. sp., a brackish water tintinnid (Ciliophora, Spirotrichea) with 

dual-ended lorica collapsibility. J Eukaryot Microbiol 65:400–411  

                                                                                         Song WB, Xu KD, Shi XL, Hu XZ, Lei YL, Wei J, Chen ZG, Shi 

XB, Wang M (1999) Progress in Protozoology. Qingdao Ocean 

University Press, Qingdao  

                                         Song WB, Warren A, Hu XZ (2009) Free-living ciliates in the Bohai 

and Yellow Seas. Science Press, Beijing  

                                                                               Song W, Li J, Huang Y, Hu XZ, Liu W, Al-Rasheid KAS, Miao M 

(2018a) Morphology of three aloricate choreotrich ciliates, includ-

ing description of a new species  Parastrombidinopsis costalis  sp. 

n. (Ciliophora, Choreotrichia), and phylogeny of the genus  Par-
astrombidinopsis . Acta Protozool 57:153–167  

                                                                               Song W, Wang L, Li LF, Al-Farraj SA, Aleidan A, Smith S, Hu XZ 

(2018b) Morphological characterizations of four species of  Par-
allelostrombidium  (Ciliophora, Oligotrichia), with a note on the 

phylogeny of the genus. J Eukaryot Microbiol 65:679–693  

                                                                       Song W, Xu DP, Zhang QQ, Liu WW, Warren A, Song WB (2019a) 

Taxonomy and phylogeny of two poorly studied genera of marine 

oligotrich ciliates including descriptions of two new species:  Cyr-
tostrombidium paraboreale  sp. n. and  Apostrombidium orientale  
sp. n. (Ciliophora: Spirotrichea). Eur J Protistol 70:1–16  

                                                                       Song Y, Liu YQ, Pan B, Luo XT, Song W, Warren A (2019b) Morpho-

logical studies on four brackish water ciliates of the class Spiro-

trichea (Protista, Ciliophora). J Ocean Univ China 18:663–674  

                                                                       Wang CD, Yan Y, Chen X, Al-Farraj SA, El-Serehy HA, Gao F 

(2019a) Further analyses on the evolutionary “key-protist”  Hal-
teria  (Protista, Ciliophora) based on transcriptomic data. Zool 

Scr 48:813–825  

                                                                       Wang YR, Wang CD, Jiang YH, Katz LA, Gao F, Yan Y (2019b) Fur-

ther analyses of variation of ribosome DNA copy number and pol-

ymorphism in ciliates provide insights relevant to studies of both 

molecular ecology and phylogeny. Sci China Life Sci 62:203–214  

                                                                    Worden A, Follows M, Giovannoni S, Wilken S, Zimmerman A, Keel-

ing P (2015) Rethinking the marine carbon cycle: factoring in the 

multifarious lifestyles of microbes. Science 347:1257594  

                                                               Xu KD, Hong HS, Song WB, Ke L, Ma HG (2001) Studies on tintin-

nine ciliates in the Taiwan Strait (Ciliophora: Tintinnina). Acta 

Zootaxonom Sin 26:454–466  

                                          Xu DP, Song WB (2005) Tintinnid ciliates from Qingdao (Protozoa, 

Ciliophora, Tintinnida). Acta Zootaxonom Sin 30:501–508  (in 
Chinese with English abstract)   

                                                                               Xu DP, Sun P, Warren A, Noh J, Choi D, Shin M, Kim Y (2013) Phy-

logenetic investigations on ten genera of tintinnine ciliates (Cili-

ophora: Spirotrichea: Tintinninea), based on small subunit ribo-

somal RNA gene sequences. J Eukaryot Microbiol 60:192–202  

                                                       Xu DP, Jiao NZ, Ren R, Warren A (2017) Distribution and diversity of 

microbial eukaryotes in bathypelagic waters of the South China 

Sea. J Eukaryot Microbiol 64:370–382  

                                                         Zhang WC, Feng MP, Yu Y, Zhang CX, Xiao T (2012) An illustrated 

guide to contemporary tintinnids in the world. Science Press, 

Beijing  

                                                                               Zhang QQ, Agatha S, Zhang WC, Dong J, Yu Y, Jiao NZ, Gong J 

(2017) Three rDNA loci-based phylogenies of tintinnid ciliates 

(Ciliophora, Spirotrichea, Choreotrichida). J Eukaryot Microbiol 

64:226–241    


