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C yrtophorids a re  a specialized group of ciliated protozoa w ith  m u ltitud inous m orphotypes. In  the  p resen t work, the  
m orphology and  in frac ilia tu re  of two new  and  th ree  ra re ly  know n species, including two new  genera  of cyrtophorid 
ciliates, H e te r o h a r tm a n n u la  f a n g i  gen. e t sp. nov., A p o r th o t r o c h i l i a  p u le x  (D eroux, 1976) gen. e t com b, 
nov., T r o c h i l ia  a l v e o l a ta  sp. nov., Trochochilodon flavus  Deroux, 1976, and  H ypocoma acinetarum  Collin, 1907, 
are  described. H eterohartm annula  gen. nov. is m ain ly  characterized  by a com bination of fea tu res: two circum oral 
k ine ties obliquely arranged , podite not su rrounded  by som atic k ineties, and no d istinct gap betw een left and  rig h t 
ciliary field. Aporthotrochilia  gen. nov. is diagnosed m ain ly  by: podite p resen t, oral c ilia tu re  reduced to two 
fragm ents, several k ine ty  fragm ents positioned on th e  rig h t posterio r of fron toven tra l k ine ties and  several te rm in al 
fragm ents. Phylogenetic analyses based  on the  sm all su b u n it rRNA (SSU rRNA) gene sequences support the  
es tab lishm en t of two new  genera  and  ind icate th a t  H eterohartm annula  is m ost closely re la ted  to H artm annu la , 
and  A porthotrochilia  is basal to the  C yrtophoria-C honotrichia clade. Trochilia alveolata  sp. nov. differs from  its 
congeners m ain ly  by hav ing  a conspicuous alveolar layer. In  addition, detailed  live and  in frac ilia tu re  d a ta  of 
H ypocom a acinetarum  and T'ochochilodon flavus  a re  supplied.
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INTRODUCTION

T he cyrtophorid  c ilia tes u su a lly  occur in  aq u a tic  h ab i­
ta ts ,  an d  som e of th e m  are  ectocom m ensal or p a ra ­
sitic o f aq u a tic  an im als  (C orliss, 1979; H ofm ann, 
1987). C yrtophorids re p re se n t one of th e  m ost
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specialized  g roups in  th e  C iliophora, w h ich  a re  m or­
phologically  ch a rac te rized  by h a v in g  too thed  buccal 
b ask e t, som atic k in e tie s  u su a lly  re s tr ic te d  to  v e n tra l 
side an d  m acronucle i he tero m ero u s (D eroux, 1994). 
B o th  o ra l c ilia tu re  an d  som atic  k in e tie s  a re  o f g rea t 
m orphological d iversity , w h ich  gives rise  to  th e  h ig h  
species d iv e rs ity  o f th e  cyrtophorids. To d a te , th e re  
a re  over 40 g en e ra  in  th is  group, inclusive of H ypo­
co m atin a  (K ahl, 1931, 1933; F au ré -F rem ie t, 1965;
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D eroux, 1976a, b, c; Corliss, 1979; F o issner, 1979; 
Carey, 1991; Song & W ilbert, 2002; Song, 2003; G ong 
& Song, 2006). M any  in v estig a tio n s have been  
ca rrie d  o u t in  th e  la s t th re e  decades (Dragesco 
& D ragesco-K ernéis, 1986; F o issn e r et al., 1991; 
P etz , Song & W ilbert, 1995; Gong et a l., 2002, 2003, 
2007, 2008; G ong & Song, 2004a, b; Shao, Song & 
Gong, 2008; P a n  e ta l . ,  2011), how ever, som e know n 
cyrtophorids s till need  to  be redefined  an d  new  ta x a  
have y e t to  be discovered.

In  th e  p a s t tw o decades, s tu d ies  on c ilia te  b iod iver­
s ity  in  C h in a  h av e  m a in ly  focused on th e  coasta l 
w a te rs  off th e  n o r th e rn  seas (Xu & Song, 2006; Sun, 
Song & Xu, 2007; C hen  et a l., 2008; W ang et al., 2008; 
F a n  et a l., 2010; J ia n g  et al., 2010a, b; Li et al., 2010c; 
M iao e ta l .,  2010; P a n  e ta l . ,  2010a, b). Recently, 
c ilia te  fau n is tic  in v es tig a tio n s  in  th e  coasta l h a b ita ts  
off th e  S o u th  C h in a  S ea w ere  ca rrie d  ou t. T hese 
w orks d em o n s tra te d  th e  h ig h  d iv e rs ity  in  th is  su b ­
trop ica l a re a  (L iu et al., 2009, 2010; C hen  et a l., 2010; 
J ia n g  & Song, 2010; L i et al., 2010a; S h en  et al., 
2010). H ere  w e describe tw o new  an d  th re e  ra re ly  
know n species, w hich  w ere  collected from  th e  coast off 
b o th  th e  n o r th e rn  an d  so u th e rn  C h in a  seas. Two new  
g en e ra  a re  suggested .

MATERIAL AND METHODS

H etero h a rtm a n n u la  fa n g i  gen. e t sp. nov. w as col­
lected  on 7 A pril 2010 from  coasta l w a te rs  off D onghai 
Island , Z h an jian g  (21°14'N , 110°23'E), C h in a  (tem ­
p e ra tu re  24 °C, an d  sa lin ity  27 'A ).

A portho troch ilia  p u le x  (Deroux, 1976) gen. e t comb, 
nov. w as sam p led  on 15 D ecem ber 2009 from  coasta l 
w a te rs  off Z h an jian g  (21°14'N , 110°23'E), C h in a  (tem ­
p e ra tu re  24 °C, sa lin ity  25%c, pH  7.4).

Ti'ochilia a lveo la ta  sp. nov. w as iso la ted  on 7 
J a n u a r y  2010 from  C lear W ater Bay, H ong Kong 
(22°12'N , 114°117'E), w ith  w a te r  te m p e ra tu re  23 °C 
an d  sa lin ity  16%o.

Trochochilodon fla vu s  D eroux  1976 w as collected on 
3 S ep tem ber 2009 from  a  san d y  beach  a t  Q ingdao 
(36°04' N, 120°23' E), C hina. T he w a te r  te m p e ra tu re  
w as c. 25 °C an d  sa lin ity  w as 31 'A .

H ypocom a acineta rum  Collin, 1907 w as sam pled  
on 10 M ay 2010 from  coasta l w a te rs  off Q ingdao, 
C hina, u s in g  th e  slide m ethod  (Li et a l., 2010b). W ater 
te m p e ra tu re  w as c. 17 °C an d  sa lin ity  w as a round  
30%*.

L iv ing  cells w ere  observed a t  100-1000  x 
m agn ifica tions u s in g  b righ t-fie ld  an d  d iffe ren tia l 
in te rfe ren ce  c o n tra s t microscopy. T he counts, m e a­
su rem e n ts , an d  d raw in g s o f s ta in e d  specim ens 
w ere  perfo rm ed  a t  1250 x w ith  th e  aid  of a  cam era  
lucida. T he te rm ino logy  an d  sy stem a tic  schem e are

m a in ly  accord ing  to  C orliss (1979) an d  Gong e ta l .  
(2009a).

Genom ic DNA ex trac tion , P C R  am plification , and  
sm all su b u n it (SSU) rD N A  gene cloning an d  sequenc­
in g  w ere  perfo rm ed  according to  th e  m ethod  described  
by Yi et al. (2009).

O th e r th a n  th e  SSU  rR N A  gene sequences of H et­
ero h a rtm a n n u la  fa n g i an d  A portho troch ilia  p u lex , th e  
sequences u sed  in  th is  s tu d y  w ere  ob ta ined  from  
th e  N a tio n a l C en te r for B iotechnology In fo rm ation  
G enB ank  d a ta b a se  an d  all ava ilab le  SSU  rRN A  
gene sequences of th e  class P hy lloph rygea  w ere 
included . Pseudom icro thorax d u b iu s  an d  L ep to p h a r­
y n x  costa tus  w ere  se lected  as th e  ou tgroups. 
S equences w ere  f irs t a ligned  w ith  CLUSTAL W 
im p lem en ted  in  B IO E D IT  7.0 (H aii, 1999) an d  fu rth e r  
m odified m a n u a lly  u s in g  BIOEDIT. T he final a lig n ­
m e n t o f 1462 ch a ra c te rs  an d  35 ta x a  w as u sed  to 
co n s tru c t phylogenetic  trees .

T he p ro g ram  M rM odeltest v. 2.0 (N ylander, 2004) 
se lected  th e  g en e ra l tim e rev ersib le  + P ropo rtion  
In v a r ia n t (= 0.2613) + G am m a (= 0.4983) as th e  b es t 
m odel for bo th  m ax im um  likelihood (ML) an d  B aye­
s ia n  in ference (Bí). A M L tre e  w as co n s tru c ted  w ith  
th e  PhyM L v. 2 .4 .4  p ro g ram  (G uindon & G ascuel, 
2003). T he re liab ility  o f in te rn a l b ran c h es  w as 
assessed  u s in g  a  n o n p a ra m e tr ic  b o o ts tra p  m ethod  
w ith  1000 rep lica tes . A B í an a ly sis  w as perform ed 
w ith  M rB ayes 3.1.2 (R onquist & H uelsenbeck , 2003) 
u s in g  th e  M arkov  ch a in  M onte C arlo  algo rithm . The 
p rog ram  w as ru n  for 1 000 000 g en e ra tio n s w ith  a 
sam ple  frequency  of 100 g en e ra tio n s  an d  th e  firs t 
2500 tree s  w ere  d iscard ed  as b u rn -in . T he rem a in in g  
tree s  w ere  u sed  to  ca lcu la te  po ste rio r p robab ilities 
(PP) u s in g  a  m a jo rity  ru le  consensus.

T he follow ing uncom m on te rm  is u sed  in  th e  
p re se n t w ork:

P o ste rio r fragm en t: In  A portho troch ilia  gen. nov., 
severa l sh o rt k in e tie s  cau d ally  positioned  on th e  r ig h t 
of fro n to v e n tra l k ine ties .

RESULTS AND DISCUSSION
O r d e r : C y r to p h o r id a  F a u r é -F r e m ie t  

in  C o r l i s s ,  1956 

S u b o r d e r :  D y s t e r i in a  D e r o u x , 1976 

F a m ily : H a r t m a n n u lid a e  P o c h e ,  1913 

G en u s: H e t e r o h a r t m a n n u l a  g e n . n o v .

D iagnosis: D o rsoven tra lly  fla tten ed  H a rtm a n n u lid a e  
w ith  a  ta il-sh ap e d  podite; tw o c ircum oral k in e tie s  
d is tin c tly  de tached , obliquely  a rra n g e d  in  a  line w ith  
frag m en ted  p reo ra l kinety.

Type species: H ete ro h a rtm a n n u la  fa n g i sp. nov.
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T able  1. Morphometrie characteristics of H e te r o h a r tm a n n u la  fa n g i  gen . e t sp. nov. (1st line) and Trochochilodon 
flavus (2nd line) from protargol-impregnated specimens

Characters Min Max Mean SD CV N

Body length 49 89 61.0 10.04 16.5 22
32 47 40.2 4.26 10.6 24

Body Width 20 32 24.4 3.09 12.7 22
17 29 22.3 2.62 11.7 24

No. of somatic kineties 28 32 29.7 1.13 3.8 22
9 9 9.0 0 0 24

No. of FvK 6 7 6.4 0.49 7.7 22
3 3 3.0 0 0 24

No. of right kineties 10 12 10.7 0.65 6.1 22
5 5 5.0 0 0 24

No. of left kineties 11 13 11.9 0.68 5.7 22
4 4 4.0 0 0 24

No. of postoral kineties 5 9 7.0 1.05 15.0 22
3 3 3.0 0 0 24

No. of basal bodies in TF 3 8 6.0 1.14 19.0 21
5 7 5.3 0.56 10.6 24

No. of basal bodies in EF - - - - - -

5 22 13.1 6.28 47.9 24
No. of nem atodesmal rods 17 22 19.3 1.28 6.6 19

No. of preoral fragm ents 2 4 3.0 0.53 17.7 22

Length of macronucleus 13 28 18.0 3.02 16.8 22
10 16 12.6 1.79 14.2 24

Width of macronucleus 8 15 10.9 1.25 11.5 22
6 12 7.7 1.16 15.1 24

All m easurem ents in |im. Abbreviations: CV, coefficient of variation (%); EF, equatorial fragment; FvK, frontoventral 
kineties; Max, maximum; Mean, arithm etic mean; Min, minimum; N , num ber of specimens; SD, standard  deviation; TF, 
term inal fragment.

Etym ology: T he p refix  ‘h e te ro ’ in d ica tes  th a t  th e  new  
genus is d iffe ren t from  th e  w ell-know n genus H a r t­
m a n n u la ; fem in ine gender.

R em arks:  T he fam ily  H a rtm a n n u lid a e  is c h a ra c te r­
ized by: p resence o f podite, le ft k in e tie s  as a  co n tin u ­
ous field an d  m acronucleus hetero m ero u s (Deroux, 
1976c; C orliss, 1979). T he genus H etero h a rtm a n n u la  
co rresponds w ell to  th e se  fea tu re s . T h u s it  belongs to 
H artm a n n u lid a e .

C om pared  w ith  o th e r  re la te d  g en e ra  in  H a r tm a n ­
n u lid a e  (e.g. A egyriana , B rooklynella , C h lam ydonyx , 
H a r tm a n n u la , O rtho trochilia , Ti'ochilioides), th e  o ra l 
c i lia tu re  of H etero h a rtm a n n u la  gen. nov. is un ique: th e  
c ircum oral k in e tie s  a re  d e tach ed  an d  obliquely 
a r ra n g e d  in  a  line (vs. closely a rra n g e d  as eq u a l m a rk ­
like), an d  th e  p reo ra l k in e ty  is com posed o f severa l (e.g. 
tw o to  four) d is tin c tly  d e tach ed  fra g m en ts  (vs. single

an d  con tinuous) (D eroux, 1976c; Song & W ilbert, 2002; 
Song, 2003; G ong & Song, 2004b, 2006). T hese differ­
ences su p p o rt th e  e s ta b lish m e n t o f a  new  genus.

H e t e r o h a r t m a n n u l a  f a n g l  s p . n o v .
(F ig s  1, 2; T able  1)

D iagnosis: M arin e  H etero h a rtm a n n u la  c. 60 -9 0  x 2 0 -  
30 fim in  vivo, body oval-shaped  in  ou tline; pellicle of 
c ilium -free field covered by dense ly  a r ra n g e d  b ac te ria ; 
28 -32  v e n tra l k in e tie s , th e  r ig h t-m o st six  o f w hich  
ex tend  apically; abou t 19 n em ato d esm al rods; p reo ra l 
k in e ty  u su a lly  com posed of th re e  frag m en ts; ab o u t six 
con trac tile  vacuoles v e n tra lly  located; a  yellow ish 
p igm en t spo t n e a r  th e  an te r io r  tip  o f cell; podite 
su b te rm in a lly  positioned.

Type deposition: T he holotype slide of pro targo l- 
im p re g n a te d  specim ens is deposited  in  th e  L ab o ra to ry
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F ig u re  1. Morphology and infraciliature of H e te r o h a r tm a n n u la  fa n g i  gen . e t sp . nov. from life (A, B, F) and after 
protargol im pregnation (C-E, G, H). A, ventral view of a typical individual. B, dorsal view. C -E , anterior of different 
individuals, to show variants of oral kineties. F, la teral view. G, anterior portion to show infraciliature, arrow m arks 
term inal fragment. H, ventral view, arrowhead points to kinetosome-like granules near base of podite. Abbreviations: Co, 
circumoral kineties; FvK, frontoventral kineties; LK, left kineties; PoK, postoral kineties; Pr, preoral kineties; RK, right 
kineties. Scale bars = 40 |im (A, G, H), 25 |im (F).

of Protozoology, O cean U n iv ers ity  o f C h ina, C h in a  (No. 
PH B 10040701). A p a ra ty p e  slide is in  th e  N atio n al 
H isto ry  M useum , London, U K  (re g is tra tio n  nu m b er 
2010:11:7:2).

Type locality: C oasta l w a te rs  off D onghai Island , 
Z h an jian g  (21°14'N , 110°23'E), C h in a  ( tem p era tu re  
24 °C, sa lin ity  27%*).

D edication: We ded ica te  th is  new  species to  our 
resp ec ted  colleague, Prof. D r J in g y u n  F ang , P ek ing  
U niversity , C hina, in  recognition  of h is  trem en d o u s 
co n trib u tio n s to  th e  fields of b iod iversity  an d  p la n t 
ecology.

D escription: Cell size abou t 6 0 -9 0  x 20 -3 0  |im  in vivo, 
body h igh ly  flexible an d  slig h tly  con tractile , u su a lly  
long oval in  ou tline . R igh t m a rg in  m ore convex th a n

left, w ith  a n te r io r  ‘b ea k ’ p ro jec ting  to  left; u su a lly  
v e n tra l su rface  fla t an d  d o rsa l su rface  v a u lte d  in  
m idbody (Figs 1A, B, F, 2A -E ). Pellicle of cilium - 
free field conspicuously  covered w ith  densely  
a rra n g e d  b a c te r ia  (Fig. 2F). P od ite  ab o u t 7 |im  in  
leng th , su b te rm in a lly  positioned. C ytostom e s lit­
like, su rro u n d e d  by 17-22  s tra ig h t too th -tipped  
n em ato d esm al rods, ex ten d in g  p oste rio rly  sligh tly  
le ftw ard s (Figs IG , 2H). C ytoplasm  colourless or 
g rey ish , u su a lly  w ith  n u m ero u s g ran u le s  (1 -2  |im  
across), w h ich  re n d e r  th e  cell m ore or less opaque. 
O ne sm all p a tch -like  p ig m en t spot positioned  a t  a n te ­
rio r left o f cell, u su a lly  yellow ish  to  d a rk  yellow  in  
colour (Fig. 2H , arrow head). A bout six  con tractile  
vacuoles (4 |im  in  d iam eter), m ost o f w hich  are  
lo n g itu d in a lly  a rra n g e d  on v e n tra l side (Figs 1A, 2C). 
C ilia  abou t 7 |im  long. M ovem ent slow, u su a lly  craw l­
in g  on su b s tra te .
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F ig u r e  2. Photographs of H e te r o h a r tm a n n u la  fa n g i  g en . et sp . nov. from life (A-F, H) and after protargol impreg­
nation (G, I-L). A, ventral view of a typical individual, arrow points to the yellowish pigment spot. B, la teral view. C-E, 
to show shape variants, arrowheads m ark contractile vacuoles, arrow indicates the yellowish pigment spot. F, posterior 
of cell, arrow refers to podite. G, ventral view, arrowhead shows th a t two circumoral kineties converge as one. H, anterior 
portion, arrow points to cytostome and arrowhead indicates the yellowish pigment granule. I-K , anterior portion of 
different individuals. L, ventral view, arrowhead m arks the right circumoral kinety, arrow points to kinetosome-like 
granules. Scale bars = 40 |im.

In fra c ilia tu re  as show n in  F ig u re s  1C -E , G, H, 2G, 
I-L . 28 -32  som atic k ine ties , th e  r ig h t-m o st six  to 
seven  of w hich  ex tend  apically. Ten to  12 rig h t, five to 
n in e  posto ral, an d  11-13 le ft k in e tie s  su rro u n d in g  th e  
o ra l a rea ; le ft an d  po sto ra l k in e tie s  p oste rio rly  sh o rt­
ened  p rogressive ly  from  r ig h t to  le ft (Figs 1G, H, 2G, 
L). T erm inal f ra g m en t (Fig. 1G) consisting  of th re e  to 
e ig h t b a sa l bodies; eq u a to ria l f ra g m en t n o t detected . 
A bout n in e  k inetosom e-like do ts p re se n t n e a r  th e  
b ase  of pod ite  (a rrow head  in  Fig. 1H an d  arrow  in  
F ig. 2L). M acronucleus ellipsoidal, heterom erous, 
ab o u t 18 x 11 um  in  size. M icronucleus invisib le .

Two c ircum oral k in e tie s  obliquely  a rran g e d , th e  
r ig h t o f w h ich  is som etim es d iv ided in to  tw o frag ­
m e n ts  (th ree  of 22 ind iv iduals) (Figs 1C -E , 2 J-L ), 
an d  th e y  seldom  connect w ith  each  o th e r  (one o f 22 
ind iv iduals) (Fig. 2G). P re o ra l k in e tie s  u su a lly  com­
p ris in g  tw o to  four fra g m en ts  (Figs 1C -E , 2 J-L ).

C om parison: C onsidering  g en e ra l m orphology (e.g. 
cell size an d  shape, n u m b ers  o f som atic  k in e tie s  an d  
co n trac tile  vacuoles), H etero h a rtm a n n u la  fa n g i sp.

nov. resem b les  H a r tm a n n u la  angustip ilo sa . However, 
i t  can  be se p a ra te d  from  th e  la t te r  by  obliquely  (vs. in  
p ara lle l) a rra n g e d  circum oral k in e tie s , th e  n u m b e r of 
n em ato d esm a l rods (17-22  vs. te n -1 1 ) an d  th e  p re s ­
ence of b a c te r ia  on th e  pellicle (vs. absence) (Gong & 
Song, 2004b; Table 2).

H a r tm a n n u la  sin ica  S h a o  et al. 2008 is s im ila r to 
H etero h a rtm a n n u la  fa n g i sp. nov. in  te rm s  of body 
size, n u m b e rs  of som atic k ine ties , an d  n em ato d esm al 
rods (Shao e ta l . ,  2008). N everthe less , H a rtm a n n u la  
sin ica  can  be c lea rly  iden tified  by  h av in g  a n  alveo lar 
lay er on its  cell su rface  (vs. absence in  la tte r)  an d  
m ore con trac tile  vacuoles (c. 15 vs. c. six) (Table 2).

H etero h a rtm a n n u la  fa n g i  sp. nov. h a s  th e  sam e 
n u m b e r of n em ato d esm al rods as H a rtm a n n u la  acro­
bates  Poche, 1913. However, i t  d iffers from  th e  la tte r  
by  th e  ch a ra c te r  o f cell su rface  (p a rtly  covered by  
b a c te r ia  vs. by  a n  a lveo lar layer), an d  n u m b e r of 
som atic k in e tie s  (28-32  vs. 32 -37 ) (D eroux & D rag- 
esco, 1968; Table 2).

Except for differences in  oral kineties, H art­
m a n n u la  derouxi Gong e t Song, 2004, differs from
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H eterohartm annula  fang i sp. nov. m ain ly  by hav ing  m ore 
som atic k ineties (42-53 vs. 28-32), m ore contractile 
vacuoles (20-28 vs. c. six), an d  m ore nem atodesm al rods 
(27-32 vs. 17-22) (Gong & Song, 2004b; Table 2).

G e n u s : A p o r t h o t r o c h i l i a  g e n .  n o v .

D iagnosis: D o rsoven tra lly  com pressed  H a r tm a n n u l­
idae  w ith  a  podite; o ra l k in e tie s  reduced  to  tw o frag ­
m en ts; severa l k in e ta l fra g m en ts  positioned  on th e  
r ig h t p o ste rio r o f ffo n to v en tra l k ine ties; po sto ra l k in e ­
tie s  s tro n g ly  sh o rten e d  poste riad ; te rm in a l frag m en ts  
consisting  o f sev era l p a ra lle l a rra n g e d  frag m en ts .

Type species: A portho troch ilia  p u le x  (D eroux, 1976) 
comb. nov. (basionym : Trichopodiella  p u le x  D eroux, 
1976).

Etym ology: C om posite o f G reek  prefix  apo- (derived 
from ) an d  th e  generic  n am e O rtho troch ilia ; fem in ine 
gender.

C om parison: In  genera l, A portho troch ilia  gen. nov. 
resem bles O rthotrochilia  Song, 2003 in  o ra l c ilia tu re  
an d  th e  p a t te rn  of po sto ra l k in e tie s . However, th e  
new  genus can  be d is tin g u ish e d  by  th e  p resence of 
severa l e x tra  k in e ta l frag m en ts , i.e. th e  posterio r 
fra g m en ts  a re  on r ig h t po ste rio r o f fro n to v en tra l k in e ­
tie s  an d  th e  h ig h e r n u m b er of te rm in a l frag m en ts  
(m ore th a n  one vs. single) (Song, 2003).

C om pared  w ith  o th e r  closely re la te d  g en e ra  (e.g. 
M icroxysm a, T 'och ilio ides, C h lam ydonyx), A portho tro ­
ch ilia  can  be c lea rly  iden tified  by h av in g  two p erio ra l 
k in e tie s  (vs. tw o c ircum oral an d  one p reo ra l k ine ties), 
severa l te rm in a l fra g m en ts  (vs. single), an d  several 
e x tra  k in e ty  fra g m en ts  cau d ally  positioned  on r ig h t o f 
fro n to v en tra l k in e tie s  (vs. none) (Deroux, 1976c).

A p o r t h o t r o c h i l i a  p u l e x  ( D e ro u x , 1976) 
c o m b . n o v .  (F ig . 3; T a b le  3)

B asionym : T 'ichopod iella  p u le x  D eroux, 1976.

N ew  d iagnosis: Body oval in  ou tline , size in  vivo  
2 5 -4 0  x 15—20 pm ; a  sm all pod ite  su b te rm in a lly  posi­
tioned; tw o con trac tile  vacuoles s itu a te d  on r ig h t side; 
one fro n to v en tra l k in e ty  an d  th re e  to  five posterio r 
fragm en ts; n in e  to  te n  v e n tra l k in e tie s  in  posto ral 
field; four to  five te rm in a l frag m en ts; m a rin e  h a b ita t.

S lid e  deposition: O ne voucher slide w ith  p ro targo l 
specim ens is deposited  in  th e  N a tu ra l H isto ry  
M useum , London, U K  w ith  re g is tra tio n  nu m b er 
2010:11:7:3. A no ther tw o slides a re  deposited  in  th e  
L ab o ra to ry  of Protozoology, O cean U n iv ers ity  o f 
C h in a  (no. PH B 09121509).

© 2012 The Linnean Society of London, Zoological Journal of the Linnean Society, 2012, 164 , 1-17



NEW MARINE CYRTOPHORID CILIATES 7

T able  3. Morphometrie characteristics of A p o r th o tr o c h i lia  p u le x  gen . et com b. nov. from protargol-impregnated 
specimens

C haracter Min. Max. Mean SD CV N

Body length 23 31 27.7 2.35 8.5 25
Body width 11 20 16.3 2.49 15.3 25
No. of SK 14 16 14.7 0.56 3.8 25
No. of FvK 1 1 1.0 0 0 25
No. of PF 3 5 4.0 0.29 7.3 25
No. of TF 4 5 4.7 0.48 10.2 21
Length of Ma 9 15 11.6 1.58 13.6 25
Width of Ma 5 8 6.0 1.10 18.3 25

All m easurem ents in pm. CV, coefficient of variation (%); FvK, frontoventral kineties; Ma, macronucleus; Max., maximum; 
Mean, arithm etic mean; Min., minimum; N , num ber of specimens; PF, posterior fragments; SD, standard  deviation; SK, 
somatic kineties; TF, term inal fragments.

R edescrip tion:  Body size ab o u t 2 5 -4 0  x 15-20  um  in  
vivo ; cells oval sh ap ed  w ith  le ft m a rg in  som etim es 
s lig h tly  sigm oidal, b o th  en d  b lu n tly  rounded . Dors- 
o v en tra lly  fla tten ed , v e n tra l side fla t an d  d o rsa l side 
s lig h tly  v au lted  (Fig. 3A -E , I, N). C ytostom e re la ­
tive ly  sm all, su b a n te rio rly  positioned, n em ato d esm al 
rods h a rd  to detect. C ytoplasm  colourless or grey ish , 
w ith  severa l tiny, g reasily  sh in in g  g ran u le s  (1 -2  pm  
across) an d  few food vacuoles (4 -5  pm  across). Two 
co n trac tile  vacuoles (c. 3 pm  in  d iam eter)  positioned  
in  a n te r io r  an d  p o ste rio r o n e-th ird  n e a r  r ig h t m a rg in  
(Fig. 3F, arrow s). P od ite  inconspicuous, 4 pm  long, 
su b te rm in a lly  positioned  (Fig. 3H , arrow ). M acro­
nucleus ellipsoid, positioned  in  body cen tre , heter- 
om erous. M icronucleus n o t detec ted . C ilia  abou t 6 pm  
long. M ovem ent by  slow ly g lid ing  on su b s tra te .

In fra c ilia tu re  as  show n in  F ig u re  3G, J ,  K, L, M, 
P -T . T he sh o rt th re e  to  five rig h t-m o st o f th e  v e n tra l 
k in e tie s , w hich  a re  a n te r io rly  sh o rten ed  progressive ly  
from  left to  r ig h t an d  p oste rio rly  positioned , fo rm ing 
p o ste rio r fra g m en ts  (PFs); th e  longest P F  only 
ex ten d in g  fo rw ard  to  a n te r io r  o n e-th ird  of body le n g th  
(Fig. 3M, P, R). O ne fro n to v e n tra l k in e ty  (FvK) posi­
tioned  n ex t to  P F  ex ten d in g  apically. B o th  FvK  an d  
P F  te rm in a tin g  p oste rio rly  a t  th e  sam e level, an d  
b a sa l bodies dense ly  a rra n g e d  a t  th e ir  p o ste rio r ends 
(Fig. 3R, arrow heads). N ine to  te n  v e n tra l k in e tie s  
posto ra lly  positioned , s trong ly  sh o rten e d  from  r ig h t 
to  left. T erm inal fra g m en ts  consisting  of four to 
five frag m en ts  (Fig. 3G, Q). E q u a to ria l frag m en t no t 
detec ted . P e rio ra l k in e tie s  positioned  a n te r io r  to 
cytostom e, consisting  of tw o frag m en ts , b o th  d is­
tin c tly  se p a ra te d  an d  com posed o f d ik ine tid s .

M orphogenesis: O nly  tw o specim ens in  m iddle an d  
la te  s tag es  o f th e  m orphogenetic  p rocess h av e  been  
observed  (Fig. 3K, L, S, T). T hese  show ed th a t  (1) 
p e rio ra l k in e tie s  o f o p is the  w ere  developed from  th e

o ral p rim o rd iu m  in  midbody, w hich  is g e n e ra te d  from  
sections of po sto ra l k ine ties; (2) th e  p o ste rio r frag ­
m e n ts  o f b o th  p ro te r  an d  op isthe  s tem  from  th e  
p a re n ta l po ste rio r frag m en ts .

R em arks:  D eroux  (1976c) described  a  species u n d e r th e  
n am e of Ti'ichopodiella p u le x  w ith  its  in fra c ilia tu re  
(Fig. 3 0 )  in  deta il: one fro n to v e n tra l k inety, 11 posto ral 
k in e tie s  an d  th re e  or four p o ste rio r frag m en ts; th e  
posto ral k in e tie s  s trong ly  sh o rten ed . H owever, h e  did 
n o t no te  w h e th e r  th e  pod ite  is  p re se n t. O ur iso la te  
co rresponds very  w ell to  th e  o rig ina l rep o rt in  te rm s  of 
in fra c ilia tu re , except for th e  only  difference in  th e  
n u m b e r o f po sto ra l k in e tie s  (ten  vs. 11), w hich  is, 
how ever, considered  m inor. T herefore, our iso la te  
should  re p re se n t a  popu la tion  of Ti'ichopodiella pu lex .

How ever, d u rin g  our study, w e found th is  o rgan ism  
w as q u ite  d iffe ren t from  o th e r  Ti'ichopodiella  spp. by: 
th e  p resence o f podite  (vs. absence), four to  five te r ­
m in a l frag m en ts  (vs. single), th re e  to  five d is tin c t 
poste rio r fra g m en ts  (vs. none) an d  tw o p erio ra l 
k in e tie s  (vs. single) (F au ré -F rem ie t, 1957; D eroux  & 
D ragesco, 1968; D eroux, 1976c; G ong et a l., 2008). 
T herefore, w e concluded th a t  th is  sm all species 
should  re p re se n t a  d is tin c t genus, an d  assigned  it  to 
th e  new  genus A portho troch ilia  a s  A portho troch ilia  
p u le x  (Deroux, 1976) gen. e t  comb. nov.

S u b o r d e r :  D y s te r i i n a  D e ro u x , 1976 

F am ily : D y s te r i id a e  C la p a r è d e  & 
L a c h m a n n , 1858 

G e n u s : T r o c h i l ia  D u ja r d in ,  1841 

T r o c h i l i a  a l v e o l a t a  s p . n o v .
(F ig . 4, Ta ble  4)

D iagnosis: S m all-sized  Ti'ochilia  abou t 4 5 -5 5  x 1 5 - 
20 pm  in v ivo ; body o u tlin e  ellip tical, w ith  five or six 
ridges on  r ig h t side; cilium -free su rface  covered w ith

© 2012 The Linnean Society of London, Zoological Journal of the Linnean Society, 2012, 164, 1-17



8 H. PAN E T A L.

F ig u re  3. Morphology and infraciliature of A p o r th o tr o c h i lia  p u le x  gen . et com b. nov. from life (A-F, H, I, N) and 
after protargol im pregnation (G, J-M , O-T). A, ventral view of a typical individual. B -E, H, I, showing shape variants 
of different individuals, arrow in (H) points to podite. F, ventral view, arrows m ark contractile vacuoles. G, dorsal view, 
arrowhead points to term inal fragments. J, ventral view. K. ventral view, to show the infraciliature of an individual in 
middle stage of morphogenesis. L, ventral view of an individual in late stage of morphogenesis. M, posterior portion, 
arrowheads indicate posterior fragments. N, ventral view of a typical individual. O, ventral view, from Deroux (1976c). 
P, ventral view. Q, anterior portion of dorsal side. R, posterior of ventral side, arrowheads point to densely arranged basal 
bodies in caudal. S, ventral view, to show the infraciliature of an individual in middle stage of morphogenesis. T, ventral 
view of an individual in late stage of morphogenesis. Abbreviations: FvK, frontoventral kineties; Ma, macronucleus; Pe, 
perioral kineties; PF, posterior fragments; TF, term inal fragments. Scale bars = 20 pm.

a  conspicuous a lveo lar layer; four r ig h t som atic  k in e ­
ties, th e  r ig h t-m o st tw o of w hich  ex ten d  dorsoapically; 
tw o le ft fro n ta l k in e tie s  w hich  ex ten d  to  abou t one- 
th ird  of body leng th ; pod ite  cau d ally  positioned.

Type deposition: T he holotype, as a  p ro targo l- 
im p re g n a te d  slide, h a s  b een  deposited  in  th e  L ab o ra­
to ry  of Protozoology, O cean U n iv ers ity  of C h in a  (No. 
PH B 10010703). A p a ra ty p e  slide is in  th e  N atio n al 
H isto ry  M useum , London, UK, w ith  th e  re g is tra tio n  
n u m b e r 2010:11:7:1.

Type locality: C oasta l w a te rs  off C lear W ater Bay, 
H ong Kong (22°12'N , 114°117'E), w a te r  te m p e ra tu re  
23 °C an d  sa lin ity  16%c.

E tym ology: T he n am e re fe rs  to  th e  fe a tu re  of hav in g  
d is tin c t alveoli.

D escription: Cell size abou t 55 -4 5  x 15-20  pm  in vivo, 
b ila te ra lly  fla tten ed  ab o u t 1:2. F rom  side view, body 
e longated  or oval in  ou tline; left side fla tten ed  an d  
r ig h t side v a u lted  w ith  ab o u t five or six  ridges. A n te ­
rio r m a rg in  rounded  an d  poste rio r s lig h tly  ta p e r in g  
(Fig. 4A -C , F, K -M ). Pellicle o f cilium -ffee field con­
sp icuously  covered w ith  a  th ic k  a lveo lar lay er th a t  is 
com posed of m u ltip le  vacuoles an d  de tec tab le  u n d e r 
200 x m agn ifica tion  (Fig. 4F, L). P od ite  slender, abou t 
8 pm  long, cau d ally  positioned . C ytoplasm  colourless 
or g rey ish , u su a lly  w ith  m a n y  tin y  sh in in g  g ran u le s  
(1 -2  pm  across) an d  one or tw o in g ested  d ia tom s,

© 2012 The Linnean Society of London, Zoological Journal of the Linnean Society, 2012, 164 , 1-17



NEW MARINE CYRTOPHORID CILIATES 9

T able  4. Morphometrie characteristics of T ro c h ilia  a lv e o la ta  sp. nov. (upper line) and Hypocoma acinetarum  (lower 
line) from protargol-impregnated specimens

C haracter Min Max Mean SD CV N

Body length 38 56 47.3 4.96 10.5 16
35 57 46.5 5.63 12.1 19

Body width 17 29 24.8 3.47 14.0 16
18 28 21.0 2.26 10.8 19

No. of right kineties 4 4 4.0 0 0 16
9 13 11.1 1.2 10.8 19

No. of left kineties 4 5 4.7 0.48 10.2 16
6 8 6.3 0.58 9.2 19

No. of FvK 2 2 2.0 0 0 16

No. of basal bodies in FvK 124 164 147.7 11.78 8.0 11

No. of basal bodies in TF 2 4 3.1 0.74 23.9 15
9 16 13.1 2.15 16.4 17

No. of basal bodies in EF 1 9 3.1 2.13 68.7 16
17 40 27.8 6.47 23.3 16

No. of basal bodies in Lf 30 43 36.3 3.38 9.3 16

Length of macronucleus 12 20 16.4 2.28 13.9 16

Width of macronucleus 6 10 7.7 1.20 15.6 16
— — — — — —

All m easurem ents in pm. Abbreviations: CV, coefficient of variation (%); EF, equatorial fragment; FvK, frontoventral 
kineties; Lf, left frontal kineties; Max, maximum; Mean, arithm etic mean; Min, minimum; N, num ber of specimens; SD, 
standard  deviation; TF, term inal fragment.

w hich  re n d e r  th e  cell m ore or less opaque. C ytostom e 
in  an te r io r  q u a r te r  o f cell. C y topharynx  d iagonally  
o rien ta te d , ab o u t 20 pm  long, an d  ex ten d in g  to  abou t 
p o ste rio r fifth  of cell, su p p o rted  by tw o n em ato d esm al 
rods (Fig. 4E). C on trac tile  vacuole n o t detected . 
M acronucleus ellipso idal, size ab o u t 23 x 13 pm  in 
vivo, ce n tra lly  positioned, ch a rac te ris tica lly  heter- 
om erous. M icronucleus n o t detected . C ilia  8 pm  
long in  vivo. M ovem ent alw ays slow, by  craw ling  on 
su b s tra te .

In fra c ilia tu re  as show n in  F ig u re  4D, G, H, J ,  N. 
F o u r r ig h t k ine ties , th e  tw o rig h t-m o st o f w hich  a re  
a lm ost eq u a l in  le n g th  (c. 147 k inetosom es) an d  bo th  
ex ten d  an te rio rly  an d  b end  to  do rsa l side; th e  o th e r 
tw o k in e tie s  sh o rten ed  a t  b o th  ends from  r ig h t to  left 
(Fig. 4D, J ,  N). A t m idbody abou t five closely spaced, 
very  sh o rt le ft k ine ties . Two re la tiv e ly  long left 
fro n ta l k in e tie s , com posed of 3 0 -4 3  kinetosom es, posi­
tioned  a t  th e  left side o f cytostom e, ex ten d in g  to  abou t 
o n e-th ird  o f body leng th . O ne s tra ig h t te rm in a l frag ­
m e n t com prising  th re e  k inetosom es. E q u a to ria l frag ­
m e n t consisting  of ab o u t th re e  k inetosom es.

O ra l c ilia tu re  typ ical o f th e  genus Ti'ochilia  
(Fig. 4D, G, N): tw o p a ra lle l c ircum oral k in e tie s  an d  
one sh o rt p reo ra l kinety, all of w hich  a re  com posed of 
d ik ine tid s .

C om parison a n d  rem arks: T he genus Ti'ochilia  D u ja r­
d in, 1841, is ch a rac te rized  by a  com bination  o f th e  
follow ing fea tu re s: (1) la te ra l com pressed  b u t no 
v e n tra l grooves; (2) tw o n em ato d esm a l rods; (3) left 
field k in e tie s  d iv ided in to  le ft k in e tie s  an d  le ft fro n ta l 
k ine ties , th e  la t te r  g roup  alw ays com posed of two 
row s (H euss & W ilbert, 1973; D eroux, 1976c; Gong, 
W arren  & Song, 2009b).

A m ongst T 'och ilia  species th a t  have  b een  described  
u s in g  m odern  m ethods, th re e  species a re  s im ila r to 
T 'och ilia  a lveo la ta  sp. nov., T 'o ch ilia  m in u ta  (Roux, 
1899) K ah l 1931; T 'och ilia  p e tra n i D ragesco, 1966, 
an d  T 'och ilia  sigm oides  D u jard in , 1841.

T 'och ilia  p e tra n i (Fig. 5F) resem bles T. a lveolata  sp. 
nov. in  te rm s  of cell size, b u t i t  can  be d is tin g u ish e d  by  
th e  absence of b o th  th e  a lveo lar lay er an d  th e  ridges on 
r ig h t side (vs. p re se n t in  la tte r)  (Dragesco, 1966).

© 2012 The Linnean Society of London, Zoological Journal of the Linnean Society, 2012, 164 , 1-17
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F ig u r e  4. Morphology and infraciliature of T ro c h ilia  a lv e o la ta  sp . nov. from life (A-C, E, F, I, K-M) and after 
protargol im pregnation (D, G, H, J , N). A, left la teral view of a typical individual. B, C, left views of different individuals. 
D, left la teral view to show infraciliature. E, to show details of oral apparatus structure, arrowheads m ark nem atodesmal 
rods. F, right la teral view to show the alveolar layer on the cell surface, arrows point to ridges. G, anterior p art of cell. 
H, right la teral view, arrowheads refer to ridges on the surface. I, details of cell surface. J , right view of a small individual. 
K, left la teral view of a typical individual. L, right la teral view to show ridges and well-developed alveoli. M, left la teral 
view of a fat individual. N, left la teral view to show the infraciliature. Abbreviations: Co, circumoral kineties; Cy, 
cytopharynx; EF, equatorial fragment; FvK, frontoventral kineties; Lf, left frontal kineties; LK, left kineties; Ma, 
macronucleus; Pr, preoral kinety; TF, term inal fragment. Scale bars = 30 pm (A-J), 25 pm (K-N).

Ti'ochilia m in u ta  an d  T. sigm oides  a re  s im ila r to 
th e  new  species in  te rm s  of th e  p resence o f ridges on 
th e  r ig h t side. However, T. m in u ta  (Fig. 5D) can  be 
se p a ra te d  from  T. a lveo la ta  sp. nov. by  h a v in g  re la ­
tive ly  sh o r te r  le ft fro n ta l k in e tie s  (con ta in ing  c. six 
k ine tosom es vs. 3 0 -4 3  kinetosom es) an d  th e  absence

of a lveo lar lay er (vs. p re se n t in  la tte r )  (Foissner, 
1979). C om pared  w ith  th e  new  species, T. sigm oides  
(Fig. 5A, B) is sm a lle r (20-28  vs. 45 -5 5  pm  in  length), 
oval in  body ou tline  (vs. e llip tical) an d  h a s  no alveo lar 
lay er (vs. p resen t), an d  hence can  be iden tified  (Gong 
et a l., 2009b).

© 2012 The Linnean Society of London, Zoological Journal of the Linnean Society, 2012, 164 , 1-17
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F ig u r e  5. Congeners of T ro c h ilia  a lv e o la ta  sp . nov. A, B, Trochilia sigmoides, from Gong et al. (2009b). C, T'ochilia 
salina, from Kahl (1931). D, T'ochilia m inuta, from Foissner (1979). E, T'ochilia m arina, from Kahl (1931). F, T'ochilia 
petrani, from Dragesco (1966). Scale bars = 10 pm (D); 15 pm (A, B); 20 pm (C, E, F).

T 'och ilia  m a r in a  M ereschkow ski, 1881, an d  
T. sa lin a  E n tz , 1879, w hose in fra c ilia tu re s  a re  no t 
know n, a re  also  s im ila r to  T. a lveo la ta  sp. nov. in  cell 
sh ap e  an d  m a rin e  h a b ita t . T he fo rm er (Fig. 5E) is 
ch a rac te rize d  by sm a lle r size (c. 33 vs. 45 -5 5  pm  in  
leng th ) an d  th e  absence o f alveo lar lay er (vs. p re se n t 
in  la tte r) . T he la t te r  (Fig. 5C) can  be iden tified  
from  T. a lveolata  sp. nov. by  sm a lle r size (c. 20 vs. 
4 5 -5 5  pm  in  leng th ) an d  th e  absence of ridges on th e  
r ig h t side (vs. p rese n t)  (K ahl, 1931).

S u b o r d e r :  D y s te r i i n a  D e ro u x , 1976 

F am ily : P l e s i o t r i c h o p id a e  D e ro u x , 1976 

G e n u s : T r o c h o c h il o d o n  D e ro u x , 1976 

D eroux  (1976b) rep o rted  T 'ochochilodon  w ith  d e ta iled  
in fra c ilia tu re  of th e  type  species T'ochochilodon  
fla vu s  b u t no live in fo rm ation . T he genus T 'ochochilo­
don , in  ou r opinion, h a s  no t b een  c lea rly  defined yet. 
B ased  on th e  d a ta  availab le , a n  im proved  d iagnosis of 
th e  genus is  supp lied  here .

Im proved  d iagnosis  fo r  genus T 'ochochilodon:  Dors- 
o v en tra lly  com pressed  p lesio trichopids; r ig h t k in e tie s  
c lea rly  se p a ra te d  from  left k in e tie s  in  p o ste rio r region 
o f cell; left k in e tie s  p oste rio rly  sh o rten e d  from  r ig h t to 
left; o ra l c ilia tu re  consisting  o f tw o circum oral k in e ­
tie s  only; no podite.

T r o c h o c h il o d o n  f l a v u s  D e ro u x , 1976 [nom. 
CORRECT. AESCHT, 2001 (pro T. FLAVUM)]

(F ig . 6, Ta ble  1)
B ased  on c u rre n t carefu l observa tions of bo th  
m orphology an d  in fra c ilia tu re , w e supp ly  h e re  a n  
im proved d iagnosis an d  a  d e ta iled  descrip tion .

Im proved  diagnosis:  M arin e  T'ochochilodon, size 
4 0 -6 0  x 20—30 pm  in  vivo, cell oval in  ou tline; n ine  
v e n tra l k in e tie s , inc lud ing  five r ig h t an d  four left 
k ine ties; th re e  r ig h t-m o st k in e tie s  ex ten d in g  apically; 
abou t 12 n em ato d esm al rods; cortical g ran u le s
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F ig u re  6. Morphology and infraciliature of Trochochilodon flavus from life (A, C, F—I, L, N) and after protargol 
im pregnation (B, D, E, J , K, M, O). A, ventral view of a typical individual. B, ventral view, showing infraciliature, from 
Deroux (1976b). C, dorsal view, showing cortical granules. D, ventral view, arrow points to the gap between right and left 
kineties. E, dorsal view, arrowhead indicates the extra basal body in left margin. F, G, ventral views of different individuals. 
H, I, to show contractile vacuoles (arrowheads) and food vacuoles (arrows in H). J , ventral view, arrowhead m arks the gap 
between right and left kineties. K, ventral view, arrow refers to equatorial fragment, arrowhead shows circumoral kineties. 
L, dorsal view, arrow shows term inal cilia. M, anterior of dorsal side, arrowhead points to term inal fragment. N, ventral 
view. O, ventral view of an individual in a late stage of morphogenesis. Abbreviations: Co, circumoral kineties; CvP, 
contractile vacuole pore; EF, equatorial fragment; FvK, frontoventral kineties; TF, term inal fragment. Scale bars = 25 pm.

sp a rse ly  a rra n g e d  in  lines in  th e  do rsa l pellicle; two 
con trac tile  vacuoles, d iagonally  positioned.

D escription based on Q ingdao popu la tion:  Cell size c. 
45 -5 5  x 2 5 -3 0  pm  in  vivo, body sh ap e  u su a lly  oval or 
slig h tly  k idney-like w ith  b o th  ends b road ly  rounded  
(Fig. 6A, F -I ) .  Cell do rso v en tra lly  fla tten ed , v e n tra l 
su rface  flat, an d  d o rsa l side s lig h tly  v au lted . Pellicle

som ew hat rough , som e cortical g ran u le s  (c. 1 pm  
across) a rra n g e d  in  cu rved  lines on cilia-free a re a  
(Fig. 6C, L, N). C ytoplasm  colourless an d  hyaline , 
w ith  d iffe ren t sized g ran u le s  (1 -6  pm  in  d iam eter)  
an d  food vacuoles (4 -5  pm  across). C ytostom e in ­
conspicuous, positioned  in  a n te r io r  one-six th  of body 
leng th ; cy topharynx  d iagonally  o rien ta ted , suppo rted  
by 12 n em ato d esm al rods. Two co n trac tile  vacuoles,
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F ig u r e  7. Morphology and infraciliature of Hypocoma acinetarum  from life ( A-E, I, J) and after protargol impregnation 
(F-H , K, L). A, ventral view, from H u e ta l. (2003). B-E, ventral views of different individuals, arrowheads in (B) point 
to contractile vacuoles, arrow in (E) m arks macronucleus. F, G, ventral view, showing infraciliature. H, K, anterior (H) 
and posterior (K) parts  of ventral view, arrow indicates the cytostome, arrowhead m arks the gap in posterior of middle 
kineties. I, posterior part of ventral side, arrow points to depressed area. J , ventral view of a typical individual. L, dorsal 
view, arrowhead shows the term inal fragment. Scale bars = 25 pm.

ab o u t 3 um  in  d iam eter, d iagonally  positioned  
(Fig. 6A, H, I). M acronucleus he tero m ero u s an d  ellip ­
soidal, ab o u t 15 x 10 pm  in vivo, obliquely  positioned  
in  midbody. M icronuclei no t detec ted . C ilia  abou t 
12 pm  long in  vivo. M ovem ent u su a lly  by  g lid ing  on 
su b s tra te .

In fra c ilia tu re  as show n in  F ig u re  6D, E, J ,  K, M, 
O. A to ta l o f n in e  som atic  k in e tie s , w hich  a re  
d iv ided  in to  five r ig h t an d  four le ft k in e tie s  by  a 
conspicuous gap  in  p o ste rio r reg ion  (arrow  in  
F ig. 6D an d  a rro w h ead  in  Fig. 6J); th e  rig h t-m o st 
th re e  k in e tie s  ex ten d in g  ap ica lly  an d  b end ing  to 
le ft m arg in ; th e  m iddle th re e  k in e tie s  a rran g e d  
in  po sto ra l region; th e  po ste rio r ends o f le ft k in e tie s  
sh o rten e d  p rog ressive ly  from  r ig h t to  left. T erm inal 
f ra g m en t com prising  five b a sa l bodies (Fig. 6M, 
arrow head); eq u a to ria l fra g m en t consisted  o f five 
to  22 b a sa l bodies (Fig. 6D, K). U su a lly  one or two 
b a sa l bodies (a rrow head  in  F ig. 6E) recognized in  
le ft m arg in , positioned  in  a n te rio r  one-six th  o f body

leng th . A fter p ro targo l im p reg n atio n , tw o con tractile  
vacuole pores v isib le (Fig. 6D).

O ra l k in e tie s  com posed o f tw o sh o rt, p a ra lle l 
a rra n g e d  c ircum oral k ine ties . O u te r  circum oral 
k in e ty  s ligh tly  longer th a n  th e  in n e r  one (Fig. 6D, K).

R em arks: Trochochilodon fla vu s  w as o rig ina lly
described  by  D eroux  (1976b) w ith  d e ta iled  in frac ilia ­
tu re  (Fig. 6B) b u t no live ch a rac te rs . C onsidering  th a t  
th e  in fra c ilia tu re  of our pop u la tio n  is th e  sam e as  th e  
orig inal, w e confirm  th a t  our form  is T. flavus.

S u b o r d e r :  H y p o c o m a tin a  D e ro u x , 1976 

F am ily : H y p o co m id ae  B U ts c h l i ,  1889 
G e n u s : H y p o c o m a  G r u b e r ,  1884 

H yp o c o m a  a c in e t a r u m  C o l l i n ,  1907 
(F ig . 7, T a b le  4)

D eroux  (1974) revea led  th e  in fra c ilia tu re  an d  m or­
phogenesis o f H ypocom a acineta rum , an d  recen tly
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H u, G ong & Song (2003) b riefly  rep o rted  a  C hinese 
popu la tion . W ith  th e  c u rre n t popu la tion , w e h a d  th e  
o p p o rtu n ity  to  c a rry  ou t fu r th e r  in v estig a tio n s an d  so 
a n  im proved  defin ition  can  be g iven  here .

Im proved  diagnosis:  M arin e  H ypocom a, cell size in  
vivo  3 0 -6 0  x 15 -30  pm ; oval-shaped  in  ou tline; 17-20  
v e n tra l k in e tie s  consisting  of n in e  to  13 r ig h t an d  six 
to  e ig h t le ft k ine ties; abou t four con trac tile  vacuoles 
a rra n g e d  in  a  lo n g itu d in a l row  on  le ft side o f cell; one 
m acronucleus, C -shaped.

R edescrip tion: Body in vivo c. 3 5 -6 0  x 15-30  pm . Cell 
u su a lly  oval-shaped  in  ou tline , w ith  r ig h t m arg in  
convex an d  le ft m a rg in  s tra ig h t or s lig h tly  concave 
(Fig. 7A -E , J). A d ep ressed  reg ion  positioned  in  
p o ste rio r o f v e n tra l side (Fig. 71, arrow ). C ytoplasm  
colourless o r g rey ish , co n ta in in g  sev era l g ran u le s  
(3 -5  pm  across). U su a lly  four con trac tile  vacuoles, 
abou t 3 -4  pm  in  d iam eter, lo n g itu d in a lly  a rran g e d  
on le ft (Fig. 7B, arrow heads). C ytostom e sim ply  and  
inconspicuous, positioned  n e a r  th e  a n te r io r  end  of 
cell, no d is tin c t n em ato d esm a l rods detected . M acro­
nucleus C -shaped , ce n tra lly  positioned  (Fig. 7E, 
arrow ). C ilia  on v e n tra l side abou t 7 pm  long, an d  on 
d o rsa l te rm in a l fra g m en t abou t 12 pm  long. M ove­
m e n t by  sw im m ing  m o d era te ly  fast.

In fra c ilia tu re  as show n in  F ig u re  7 F -H , K, L. 
S ix teen  to  19 som atic  k in e tie s  consisting  of n in e  to  13 
r ig h t an d  six  to  e ig h t le ft k in e tie s , fo rm ing  su tu re s  
a t  b o th  a n te r io r  an d  po ste rio r ends. L eft k in e tie s  
s tra ig h t, an d  r ig h t k in e tie s  s ligh tly  curved  to  le ft 
a t  b o th  ends. A n terio r ends of a ll k in e tie s  su r ­
ro u n d in g  th e  cytostom e. T he r ig h t-m o st an d  left-m ost 
k in e tie s  converge in  cau d al region. A bout th re e  or 
four m iddle k in e tie s  in te r ru p te d  in  poste rio r p a r t, 
th e ir  po ste rio r ends positioned  in  th e  d ep ressed  
a re a  an d  form ing  a  n ak e d  reg ion  (Fig. 7K, arrow head). 
E q u a to ria l f ra g m en t com posed of 17-40  b a sa l bodies. 
T erm inal f rag m en t consisting  of n in e  to  16 b a sa l bodies 
(Fig. 7L, a rrow head). O ra l k in e tie s  n o t observed.

R em arks:  Collin (1907) firs t rep o rted  H ypocom a  
acineta rum  w ith  a  g en e ra l m orphological descrip tion . 
T he m orphom etric  d a ta  o f ou r form  correspond w ell 
w ith  th e  o rig ina l rep o rt in  te rm s  of cell sh ap e  and  
size, n u m b e r o f con trac tile  vacuoles, an d  sh ap e  of 
m acronucleus. T hus it  is confirm ed th a t  ou r iso la te  is 
H ypocom a ac inetarum .

D eroux  (1974) firs t revea led  th e  in fra c ilia tu re  of 
H ypocom a acineta rum . D ifferen tly  from  th e  p re se n t 
popu la tion , h is  form  h a s  s lig h tly  m ore k in e tie s  (20 vs. 
16-19).

H u  et al. (2003) also rep o rted  a  C h inese  popu la tion  
w ith o u t in fo rm atio n  on th e  con trac tile  vacuoles. Com ­
p a re d  w ith  th e ir  popu la tion , our iso la te  is a  little

la rg e r  in  size (35-60  x 15 -30  vs. 3 0 -5 0  x 20 -25  pm ) 
an d  h a s  few er k in e tie s  (16-19  vs. 17-20).

P hy lo g en y  o f  tw o  n e w  g e n e r a  (F ig . 8)

D eposition o f  sequences
T he new  SSU  rD N A  sequences h av e  been  deposited  in  
th e  G enB ank  d a ta b a se  w ith  th e  follow ing accession 
nu m b ers: H Q 605947 (A portho troch ilia  p u le x  gen. e t 
comb, nov.) an d  H Q 605946 (H etero h a rtm a n n u la  fa n g i  
gen. e t. sp. nov.).

P hylogenetic analyses
P hylogenetic  tre e s  by  ML an d  B í s trong ly  su p p o rt th e  
m onophyly  of S u b k in e ta lia , P hy llophryngea , Suc- 
to rid a , S ynhym en iida  an d  th e  genus D ysteria . The 
topology show n in  F ig u re  8 in d ica tes  H etero h a rtm a n ­
n u la  fa n g i gen. e t sp. nov. c lu s te rin g  w ith  H a r t­
m a n n u la  spp., th e n  form ing  a  s is te r  clade to  Tri­
chopodiella  fa u re i. F u rth e rm o re , A portho troch ilia  
p u le x  gen. e t comb. nov. occupies th e  b a sa l position  of 
th e  chon o trich id -cy rto p h o rid  clade w ith  m o d era te  
v a lu es  (ML/BI, 75/1.00).

D iscussion based on phylogenetic  trees 
In  p rev ious s tu d ies  (Snoeyenbos-W est et a l., 2004; Li 
& Song, 2006; G ong et al., 2008, 2009a), P hy llo p h ry n ­
gea an d  S u c to ria  h av e  b een  considered  as m onophyl- 
etic, w h ich  is also s trong ly  su p p o rted  by  o u r resea rch . 
H etero h a rtm a n n u la  fa n g i  gen. e t sp. nov. is p laced 
closer to  H a rtm a n n u la  th a n  to  Ti'ichopodiella, w hich  
co rresponds w ell to  m orphological com parisons th a t  
b o th  H etero h a rtm a n n u la  an d  H a rtm a n n u la  h av e  d is­
tin c t pod ites b u t Ti'ichopodiella  does not.

I t  is  s tr ik in g  th a t  A portho troch ilia  p u le x  gen. e t 
comb. nov. locates a t  th e  b ase  of th e  C yrtophoria- 
C hono trich ia  group  in  th e  m olecu lar tree s . T his re su lt  
d isag rees w ith  th e  m orphological taxonom y in  w hich  
A . p u le x  belongs to  H a rtm a n n u lid a e  an d  hence w ould 
have b een  expected  to  c lu s te r  w ith  Ti'ichopodiella, 
H etero h a rtm a n n u la , an d  H a rtm a n n u la . We have 
double-checked th e  m acronucleus o f A. pu lex , and  
confirm  th a t  i t  is ju x ta p o se d  he te ro m ero u s (vs. cen­
tra l ly  hetero m ero u s in  C hilodonellina). W h a t m orpho­
logical c h a ra c te r  m ak es th e  phylogenetic position  of 
A . p u le x  so special, an d  in  w hich  fam ily  (possibly 
new?) it  shou ld  be classified, re m a in  open  ques tions 
for fu r th e r  d iscussion.
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F ig u re  8. Phylogenetic trees based on the small subunit (SSU) rRNA sequences show the positions of two new genera, 
A p o r th o tro c h ilia  gen . nov. and H e te ro h a r tm a n n u la  gen . nov., by maximum likelihood (ML) and Bayesian inference 
(Bí). Numbers near branches are Bí posterior probability value and ML bootstrap values. The asterisk (*) reflects 
disagreem ent between phylogenies. Black dots on nodes indicate maximal (100% ML, 1.00 Bí) support in both analyses. 
Cyrtophoria is highlighted. The scale bar corresponds to ten substitutions per 100 nucleotide positions.
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