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A B S T R A C T . D istin c tiv e  organ ic-w alled  resting  cysts o f  a t least th re e  d ifferent types w ith  a  h ighly co n se rv a tiv e  m orpho logy  a p p ea r 
to  c h a rac te rize  specific o rd ers  o r  g roups o f  genera w ith in  th e  C lass P o ly h y m en o p h o rea  (P ro tozoa , C ilio p h o ra), co n trastin g  m arked ly  
w ith  th e  g re a t d iversity  o f  form  seen in tro p h ic  stages. P o ly h y m en o p h o re an  cilia tes hav e  been  co nsidered  in th e  p as t to  fo rm  a  cohesive  
c lass w ith in  th e  P hy lum  C ilio p h o ra  an d , possib ly , to  rep re sen t th e  p innacle  o f  cilia te  evo lu tio n . E v id en ce  from  cysts challenges the 
co h esiv e  n a tu re  o f  the class, suggesting th a t th e  h y p o tric h s sh o u ld  b e  sub d iv id ed  an d  th a t they  h av e  a d ifferen t phy logenetic  orig in  from  
th e  h e te ro trich s , t in tin n id s , an d  o ligotrichs.

A  su m m ary  o f  in fo rm atio n  on the  little  know n cysts o f  the 
P o ly h ym enophorean  su b o rd e r T in tin n in a  (26) confirm ed  

th a t th e  fo rm atio n  o f  resting cysts by tin tin n id s m ay  be m ore 
co m m o n  th a n  prev iously  believed. T he d is tinc tive  flask-shaped 
res tin g  cysts o f  th is  su b o rd e r vary  little  in  m orphology  betw een 
d ifferen t genera  in con trast to  th e  loricac o f  th e  tro p h ic  stages 
w h ich  h av e  greatly  differing shapes. T h is strik ing  co n se rv a tiv e ­
ness in  the  m orpho logy  o f  cysts from  different genera suggests 
th a t it m ay  be a  p rim itiv e  ev o lu tionary  feature and  m ay  have 
im p o rtan ce  in  de te rm in in g  phylogenetic re la tionsh ip s betw een 
d ifferen t g roups o f  ciliates. T o  assess th is  possib ility , a  b rie f 
su rvey  o f  cyst fo rm s in  the P o lyhym enophorea  is presen ted . A 
n eed  fo r such co m p ara tiv e  stud ies o f  cyst fo rm ation  an d  its 
re la tion  to  th e  ev o lu tio n  o f  the species invo lved  w as h ighlighted 
by C orliss & E sser (3) in 1974.

M A T E R IA L S  A N D  M E T H O D S
T h is  w ork  is a  p ro d u c t o f  a lite ra tu re  survey o f  encystm en t 

in all free-liv ing P ro tozoa. W ith in  th e  P o lyhym enophorea , cysts 
hav e  been d escrib ed  from  m any geographical locations in h ab ­
itats ranging from  hypersaline lakes, m arine p lankton, tida l pools, 
salt m arshes, freshw ater lakes an d  ponds, m osses, soils, an d  as 
cndo-ectocom m ensals on inverteb ra te  and  vertebrate hosts. Only 
a few o f  these  rep o rts  include details o f  the u ltrastru c tu re  o f  
cysts (1 1, 12, 33, 34, 35). T o th is end , com m en ts in  th e  tex t 
m u s t be qualified; ap p aren t hom ologies based on th e  light m i­
croscope need  to  be  confirm ed using th e  elec tron m icroscope. 
Inc lu d ed  in  th is  study  is reference to  o u r ow n o b serva tions o f  
cysts in sam p les taken  by the C on tin u o u s P lank ton  R ecorder. 
T h is  m ach ine , w h ich  is tow ed a t 10 m d ep th  by m erch an t ships,

1 T h is  w ork  fo rm s p a r t o f  th e  p ro g ram m e o f  th e  In stitu te  for M arine 
E n v iro n m e n ta l R esearch , a co m p o n e n t o f  th e  N a tu ra l E n v iro n m en t 
R e search  C ounc il. W e w ish to  th a n k  D r. M . M ulisch  fo r d raw in g  our 
a tte n tio n  to  refe rence  (13).

has been used in a m on th ly  synop tic  survey o f  th e  p lan k to n  o f  
th e  n o rth east A tlan tic  and th e  N orth  Sea since 1948 (5).

R E SU L T S
T h e  P o lyhym enophorea  (2) has one subclass, th e  S p iro trich ia , 

w hich  is d iv id ed  in to  four o rders, the H e te ro trich ida , O d o n to ­
sto m atid a , O ligotrichida, and  H yp o trich id a  in  th e  classification 
o f  th e  P ro tozoa  by  L evine e t al. (20). T he T in tin n in a  is one o f  
tw o suborders w ith in  th e  O ligo trich ida , th e  o th e r being th e  O li- 
go trich ina . R epresen ta tive  cysts a re  draw n in Fig. 1 for each o f  
th e  orders except fo r th e  o d o n to s to m atid s, cysts o f  w hich are  
p resen tly  unknow n.

Im m ed ia te ly  ap p a ren t is the  s trong  sim ilarity  betw een the 
cysts o f  he tero trichs (Figs. 1-4), tin tin n id s  (Figs. 6, 7), an oli- 
go trich  (Fig. 8) an d  the possib ly  related  cysts in th e  incertae  
sedis  group, papulifêres (22, 26, 27) (Figs. 9, 10). A ll, w ith  the 
exception  o f  the  supposed  cyst o f  P hacodin ium  (25) (Fig. 5), are 
charac terized  by d is tinc tive  oval to  spherical resting  cysts w ith 
a p ro tru sion  a t one end  m ark ing  th e  site o f  th e  excystm en t 
apertu re , w hich is closed by  a  hyaline plug (24, 26). In the 
papulifères (Figs. 9, 10) th is open ing  m ay a t tim es  be covered  
by  a  re ticu la ted  ‘bud -like’ ex tension , w hich m ay  be equ ivalen t 
to  the  ‘fro thy  p lug’ o f  S tro m b id iu m  (6) (Fig. 8).

F lask-shaped  cysts are  now  know n for at least eigh t genera o f  
tin tinn id s : A can thostom ella  (24), E u tin tin n u s  (H einbokel, pers. 
com m .). Favella  (26) (Fig. 6), H elicostom ella  (26) (Fig. 7), L ep ­
ro tin tinnus  (26), M etacylis  (R eid  & Jo h n , unpub .), Parundella  
(26), and  Tin tinnopsis  (26); one  genus o f  o ligotrich: S tro m b i­
d iu m  (6) (Fig. 8), and  five genera o f  hetero trichs: B lepharism a  
(10, 28) (Fig. 4), Fabrea  (1, 19) (Fig. 2), S ten to r  (30) (Fig. 1), 
N vclo therus  (21) (Fig. 3), and  P araclevelandia  (18) bu t a re  no t 
know n in o th e r classes o f  the  C iliophora . T he cysts range in size 
from  approx im ate ly  30 to  140 p m  an d  have sm o o th  w alls th a t 
ap p ea r to  be m ade  up  o f  tw o m ain  layers and  a th ird  fragile, a t 
tim es m em branous, ou te r layer. T he m ajo rity  o f  fo rm s are re­
s is tan t to  im m ersion  in strong acids and  alkalis (1, 24, 26, 27).
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Figs. 1 -1 7 . R e stin g  cysts o f  th e  P o ly h y m en o p h o rea  s.l. red raw n  from  th e  lis ted  au th o ritie s  o r  from  orig inal m ate ria l. Scale b a r  =  20  (im . 1. 
S ten to r  p o lym o rp h u s  (E hrenberg): e longate  m acronucleus a n d  spherica l co n trac tile  vacuole in a g ranu lar cy top lasm  w ith  a lte rn a te  green and 
co lorless lo n g itu d in a l s tripes as in th e  tro p h ic  stage (after S tein , 1867). 2. F abrea sa lina  H enncguy: rod -lik e  bacteria  ad hering  to  o u te r  gelatinous 
layer (absen t in o ld e r  cysts), S -shaped  m acronucleus, cy top lasm  w ith  a lte rn a te  light an d  d a rk  b an d s (after K irby , 1934). 3. N ycto therus ovalis 
Leidy: sph e rica l n u cleus in sp in d le -sh ap ed  ‘reserve  food b o d ies ,’ su rface striae  on  cy to p lasm  (after Lucas, 1928). 4. B lepharism a  sto /te i Isqu ith : 
section  o f  th ick -w alled  cyst, in n e r  wall enclosing  p ro to p la sm  an d  plug (after R epak , 1968). 5. P hacod in ium  m uscorum  Prow azek: g ran u la r  surface 
o rn a m e n ta tio n  on  o ne  pole, c rescen t-sh ap ed  nucleus enclosing  a yellow  m ass o f  reserve  p ro d u c ts  (after P en ard , 1922). 6. Favella  serra ta  (M öbius): 
u n sta in ed  sp e c im en , g ran u la r  cy to p lasm , cyst su rro u n d ed  by fine m e m b ra n e  (as seen  w ith in  lorica, n o t show n) (after R e id  & Jo h n , 1978). 7. 
H elicostom ella  su b u la ta  (Ehrenberg): cy lindrical cyst as seen w ith in  lo rica  (no t show n), C o n tin u o u s P lan k to n  R e corder sa m p le  32R V 4. 8. S tro m ­
b id iu m  o cu la tu m  G ru b er: ‘fro thy  p lug ’ co vering  a circu lar p y lom e, cilia  s till v is ib le  a t m arg in  o f  cy top lasm  (after F au ré-F rem ie t, 1948). 9. P apulifère  
indé te rm in é : o rn a m e n te d  by sp in es, cap p ed  by a  fro thy  plug o r p ap u la , sp h e rica l n u cleus (after M eunier, 1910). 10. C yst ty p e  R: g ran u la r cy top lasm , 
m e m b ra n o u s  p ap u la  co vering  plug. C o n tin u o u s  P lank ton  R e co rd er sa m p le  2 4 2 G 17 (after R eid  & Jo h n , 1981 ). 11. C haetospira  m u lleri L achm ann : 
cyst sta in ed  in  H e id e n h a in ’s iron  h em ato x y lin  w ith in  a lorica (a fte r F ro u d , 1949). 12. D iophrys sc u tu m  D ujard in : T E M  section  show ing  in tact 
ad o ra i zo n e  o f  m em b ran e llcs  (after W alk er & M augei, 1980). 13. E u p lo tes tay lori G arn jo b st: em p ty  cyst show ing slit th ro u g h  w h ich  organism  
escaped, th ree  w all la>ers p resen t, o u te r  layer w rink led  (after G arn jo b st, 1937). 14. G astrostyla s te in ii E ngelm ann: section , o u te r  w all fo lded  (after 
W eyer, 1930). 15. O xytr icha  fa l la x  Stein: T E M  section  show ing  fo lded  o u te r  w all, c en tra l nucleus, and  o u te r  ring  o f  m ito ch o n d ria l b an d s  (after 
G rim es, 1973b). 16. Pleurotricha lanceolata  (Ehrenberg): o u te r  cyst w all fo lded  in to  sp ine-like p ro jections (after Ilow aisky, 1926). 17. S ty lo n e th es  
ste rk ii  G arn jo b st: w rink led  o u te r  w all, w ide space betw een wall an d  p ro to p la sm  (after G arn jo b st, 1937).

S om e cysts a ttr ib u tab le  to  th e  papuliferes m ay be o rn am en ted  
by solid  sp ines o r m em b ran o u s  folds. Cytological changes during  
encystm ent h av e  only been stud ied  for a  sm all num ber o f  species; 
ded iffe ren tia tion  o f  c iliary  and  oral struc tu res appears to  take 
place (1, 28). T o  ou r know ledge, cysts have  no t so far been 
recognized in  th e  h e te ro trich  suborders: A rm orpho rina , Plagio- 
tom ina , a n d  L icnophorina . P ossib le resting  cysts in the subo rder 
C o lip h o rin a  (elongate w ith  a m em b ran o u s o u te r wall) have  only 
been reco rded  once (13); th e  type  o f  apertu re  and  m eth o d  o f  
excystm en t is n o t know n.

In m arked  co n tra s t to  the  cysts o f  th e  p rev ious groups, the

H yp o trich id a  have sim ple spherical cysts, w ith o u t any pro jec­
tion  o r pylom e, and  dehisce v ia  a sp lit in  th e  cyst w all (Figs. 
12-17). A n exception  is th e  pear-shaped  cyst o f  th e  loricate 
genus C haetospira  (8) (Fig. 11), w hich has an unknow n m ethod  
o f  excystm ent. C yst fo rm ation  is co m m o n  in the  hy p o trich s and 
is know n fo r a t least fifteen genera in eigh t o f  th e  eleven  fam ilies 
recognized in th e  classification o f  L evine et al. (20): Aspidisca  
(C urds, pers. com m .), Chaetospira  (8) (Fig. 11), D iophrys  (33) 
(Fig. 12), E uplo tes  (7, 9) (Fig. 13), G astrostyla  (35, 36) (Fig. 14), 
H istricu lus {A), K eronopsis (25), O nychodrom us  (16), O xytricha  
(11, 12) (Fig. 15), Paraholosticha  (32), Pleurotricha  (15, 17) (Fig.
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16), S trongylid ium  (23), Sty lonych ia  (15, 34), S ty lonethes  (9) 
(Fig. 17), Urostyla  (31). C ysts o f  these genera are from  15 to  70 
fim  in  d iam eter. U ltrastru c tu ra l stud ies have  show n th a t the cyst 
wall m ay  be com posed  o f  up  to  fou r layers (35). T h e  ou ter layer 
is sm oo th  o r m ay  be  fo lded to  form  ridges o r ‘sp ine-like’ p ro ­
jec tio n s w hich are m erely  ex tensions o f  the o u te r wall and  no t 
rigid structures. L ittle  is know n regarding the chem ical char­
ac teristics o f  th e  cyst wall; cysts o f  E uplotes  are resistan t to  acids 
and  alkalis (7).

H ypo trich s have  in  the p ast been considered  to  represen t the 
peak o f  ciliate d ev e lopm en t o r  m orphological d ifferentiation  
an d  to  com prise  a closely k n it assem blage o f  species (2). T his 
trad itio n a l view  has recently  been placed in  d o u b t (29), w ith 
the suggestion th a t E uplo tes  and  related  genera should  be d is­
tinguished  from  th e  hypo trich s sensu stricto. E vidence from  
cytological and  fine structu ra l stud ies o f  cysts suppo rts th is d i­
v ision ; strik ing  con trasts  are  ev id en t betw een cysts o f  th e  eu- 
p lo tid  ciliates D iophrys  an d  E uplo tes  and  o ther hypotrichs such 
as G astrostyla  a n d  S ty lone thes  (7, 9, 33, 35). T he cysts o f  D io­
phrys  and  G astrostyla  are d is tingu ishab le  on  a n u m b er o f  cri­
te ria , th e  m o s t charac te ristic  o f  w hich is w hether the  kineto- 
som es are reso rbed  o r  m a in ta in ed  w ith in  the resting  cysts; in 
hypo trichs sensu stricto  m a tu re  cysts are com pletely  dediffer­
en tia ted  and  co n ta in  no  k ine to som es o r  cilia (33).

D ISC U SS IO N
M ajo r differences in shape, excystm en t apertu re , wall s truc­

tu re  and  cytology a rc  ev id en t betw een th e  cysts o f  bo th  the 
hetero trichs and  oligo trichs com pared  to  the hypotrichs, and  in 
tw o separate  g roups w ith in  the hypotrichs. T hese sharp  co n ­
trasts , in w hat ap p ea r to  be highly conservative  m orphological 
tra its , im ply a d ifferent phylogenetic orig in  for each o f  these cyst 
groups and suggest th a t the  P o lyhym enophorea  as construed  by 
L evine et al. (20) is polyphyletic.

In the classification o f  Sm all & Lynn (29) th e  P o lyhym eno­
p h o r a  has been reduced  to  the  level o f  a subclass and  ‘te n ta ­
tive ly ’ a ttrib u ted , toge ther w ith  th e  H ypostom ia , to  a new class 
th e  N assophorea . O nly  th e  he te ro trich s and  odon to stom es are 
re ta in ed  w ith in  th e  S p iro trichea , now  raised to  th e  level o f  a 
class. T he h y p o trich s an d  o ligo trichs are  included  together in 
the P o ly h y m e n o p h o ra , b u t it w as po in ted  o u t th a t they m ay 
well be d iv id ed  in th e  fu tu re  and  in p a rt be allocated  to the 
sam e subphy lum  as th e  S p iro trichea . T h is su rvey  o f  cyst form s 
has served to  confirm  an d  s treng then  m ost o f  th e  observations 
o f  Sm all & L ynn. W e p ropose  th a t, w ith in  th e ir  classification, 
the O rd e r O ligo trich ida  shou ld  be included  in th e  S p iro trc h c a  
w ith  the H ete ro trich ida , an d  th a t th e  H ypo trich ida  should  be 
d iv id ed  w ith th e  crea tion  o f  a new  taxonom ic  group (o rder or 
suborder) to  inc lude  E uplo tes  and  related  genera.

C iliate cysts have  been largely ignored in the  p ast and  have 
only been described  fo r a sm all n u m b er o f  species, desp ite  the 
fact th a t the ir fo rm a tio n  is a co m m o n  feature o f  th e  phylum  (2, 
3). E ncystm ent appears to  be a p rim itive  feature o f  the class 
P o lyhym enophorea  an d  possib ly  also o f  th e  class V estibulifera. 
H ash im o to  ( 14) has d em o n s tra ted , fo r instance, th a t the  k ineties 
w ith in  th e  cysts o f  C o lp o d id ae  assum e w hat he  considers to  be 
a ‘p rim itiv e ’ p a tte rn  d u ring  reo rgan iza tion  on excystm ent. 
M ain tenance  o f  co nserva tive  m orphological characteristics in 
cysts m ay  be a consequence  o f  a slow ing dow n o f  selection 
pressures w ith in  cysts because o f  th e ir  reduced  m etabo lism  and 
p ro tec tion  from  th e  v ariab le  en v iro n m en ta l stresses to  w hich 
th e  troph ic  stage is sub ject. T h is  w ork has served to  em phasize 
th e  possib le  im p o rtan ce  o f  cysts as a new tool fo r de te rm in ing  
phylogenetic re lationships an d  dem onstra tes th e  need for a greater 
em phasis to  be p laced  on th e  study  o f  encystm en t in  th e  biology 
o f  ciliates.
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