J. Prolosooi., 30(4), 1983, pp. 710-713
4 1983 by the Society of Protozoologists

Resting Cysts in the Ciliate Class Polyhymenophorea:
Phylogenetic Implications]

P. C. REID and A. W. G. JOHN

Natural Environment Research Council, Institutefor Marine Environmental Research,
Prospect Place, The Hoe, Plymouth PLI 3DH, England

ABSTRACT.

Distinctive organic-walled resting cysts ofat least three different types with a highly conservative morphology appear

to characterize specific orders or groups of genera within the Class Polyhymenophorea (Protozoa, Ciliophora), contrasting markedly
with the great diversity of form seen in trophic stages. Polyhymenophorean ciliates have been considered in the pastto form a cohesive
class within the Phylum Ciliophora and, possibly, to represent the pinnacle of ciliate evolution. Evidence from cysts challenges the
cohesive nature of the class, suggesting that the hypotrichs should be subdivided and that they have a different phylogenetic origin from

the heterotrichs, tintinnids, and oligotrichs.

summary of information on the little known cysts of the
Polyhymenophorean suborder Tintinnina (26) confirmed
that the formation of resting cysts by tintinnids may be more
common than previously believed. The distinctive flask-shaped
resting cysts of this suborder vary little in morphology between
different genera in contrast to the loricac of the trophic stages
which have greatly differing shapes. This striking conservative-
ness in the morphology of cysts from different genera suggests
that it may be a primitive evolutionary feature and may have
importance in determining phylogenetic relationships between
different groups of ciliates. To assess this possibility, a brief
survey of cyst forms in the Polyhymenophorea is presented. A
need for such comparative studies of cyst formation and its
relation to the evolution ofthe species involved was highlighted
by Corliss & Esser (3) in 1974.

MATERIALS AND METHODS

This work is a product of a literature survey of encystment
in all free-living Protozoa. Within the Polyhymenophorea, cysts
have been described from many geographical locations in hab-
itats ranging from hypersaline lakes, marine plankton, tidal pools,
salt marshes, freshwater lakes and ponds, mosses, soils, and as
cndo-ectocommensals on invertebrate and vertebrate hosts. Only
a few of these reports include details of the ultrastructure of
cysts (11, 12, 33, 34, 35). To this end, comments in the text
must be qualified; apparent homologies based on the light mi-
croscope need to be confirmed using the electron microscope.
Included in this study is reference to our own observations of
cysts in samples taken by the Continuous Plankton Recorder.
This machine, which is towed at 10 m depth by merchant ships,

1This work forms part ofthe programme of the Institute for Marine
Environmental Research, a component of the Natural Environment
Research Council. We wish to thank Dr. M. Mulisch for drawing our
attention to reference (13).

has been used in a monthly synoptic survey ofthe plankton of
the northeast Atlantic and the North Sea since 1948 (5).

RESULTS

The Polyhymenophorea (2) has one subclass, the Spirotrichia,
which is divided into four orders, the Heterotrichida, Odonto-
stomatida, Oligotrichida, and Hypotrichida in the classification
ofthe Protozoa by Levine et al. (20). The Tintinnina is one of
two suborders within the Oligotrichida, the other being the Oli-
gotrichina. Representative cysts are drawn in Fig. 1 for each of
the orders except for the odontostomatids, cysts of which are
presently unknown.

Immediately apparent is the strong similarity between the
cysts of heterotrichs (Figs. 1-4), tintinnids (Figs. 6, 7), an oli-
gotrich (Fig. 8) and the possibly related cysts in the incertae
sedis group, papuliféres (22, 26, 27) (Figs. 9, 10). All, with the
exception ofthe supposed cyst of Phacodinium (25) (Fig. 5), are
characterized by distinctive oval to spherical resting cysts with
a protrusion at one end marking the site of the excystment
aperture, which is closed by a hyaline plug (24, 26). In the
papuliféres (Figs. 9, 10) this opening may at times be covered
by a reticulated ‘bud-like’ extension, which may be equivalent
to the ‘frothy plug’ of Strombidium (6) (Fig. 8).

Flask-shaped cysts are now known for at least eight genera of
tintinnids: Acanthostomella (24), Eutintinnus (Heinbokel, pers.
comm.). Favella (26) (Fig. 6), Helicostomella (26) (Fig. 7), Lep-
rotintinnus (26), Metacylis (Reid & John, unpub.), Parundella
(26), and Tintinnopsis (26); one genus of oligotrich: Strombi-
dium (6) (Fig. 8), and five genera of heterotrichs: Blepharisma
(10, 28) (Fig. 4), Fabrea (1, 19) (Fig. 2), Stentor (30) (Fig. 1),
Nvclotherus (21) (Fig. 3), and Paraclevelandia (18) but are not
known in other classes ofthe Ciliophora. The cysts range in size
from approximately 30 to 140 pm and have smooth walls that
appear to be made up oftwo main layers and a third fragile, at
times membranous, outer layer. The majority of forms are re-
sistant to immersion in strong acids and alkalis (1, 24, 26, 27).
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Figs. 1-17. Resting cysts of the Polyhymenophorea s.l. redrawn from the listed authorities or from original material. Scale bar = 20 (im. 1.
Stentor polymorphus (Ehrenberg): elongate macronucleus and spherical contractile vacuole in a granular cytoplasm with alternate green and
colorless longitudinal stripes as in the trophic stage (after Stein, 1867). 2. Fabrea salina Henncguy: rod-like bacteria adhering to outer gelatinous
layer (absent in older cysts), S-shaped macronucleus, cytoplasm with alternate light and dark bands (after Kirby, 1934). 3. Nyctotherus ovalis
Leidy: spherical nucleus in spindle-shaped ‘reserve food bodies,” surface striae on cytoplasm (after Lucas, 1928). 4. Blepharisma sto/tei Isquith:
section ofthick-walled cyst, inner wall enclosing protoplasm and plug (after Repak, 1968). 5. Phacodinium muscorum Prowazek: granular surface
ornamentation on one pole, crescent-shaped nucleus enclosing a yellow mass ofreserve products (after Penard, 1922). 6. Favella serrata (Mdbius):
unstained specimen, granular cytoplasm, cyst surrounded by fine membrane (as seen within lorica, not shown) (after Reid & John, 1978). 7.
Helicostomella subulata (Ehrenberg): cylindrical cyst as seen within lorica (not shown), Continuous Plankton Recorder sample 32RV4. 8. Strom-
bidium oculatum Gruber: ‘frothy plug’covering a circular pylome, cilia still visible at margin ofcytoplasm (after Fauré-Fremiet, 1948). 9. Papulifere
indéterminé: ornamented by spines, capped by a frothy plug or papula, spherical nucleus (after Meunier, 1910). 10. Cysttype R: granular cytoplasm,
membranous papula covering plug. Continuous Plankton Recorder sample 242G 17 (after Reid & John, 1981). 11. Chaetospira mulleri Lachmann:
cyst stained in Heidenhain’s iron hematoxylin within a lorica (after Froud, 1949). 12. Diophrys scutum Dujardin: TEM section showing intact
adorai zone of membranellcs (after Walker & Maugei, 1980). 13. Euplotes taylori Garnjobst: empty cyst showing slit through which organism
escaped, three wall la>ers present, outer layer wrinkled (after Garnjobst, 1937). 14. Gastrostyla steinii Engelmann: section, outer wall folded (after
Weyer, 1930). 15. Oxytricha fallax Stein: TEM section showing folded outer wall, central nucleus, and outer ring of mitochondrial bands (after
Grimes, 1973b). 16. Pleurotricha lanceolata (Ehrenberg): outer cyst wall folded into spine-like projections (after Ilowaisky, 1926). 17. Stylonethes
sterkii Garnjobst: wrinkled outer wall, wide space between wall and protoplasm (after Garnjobst, 1937).

Some cysts attributable to the papuliferes may be ornamented
by solid spines ormembranous folds. Cytological changes during
encystment have only been studied for a small number ofspecies;
dedifferentiation of ciliary and oral structures appears to take
place (1, 28). To our knowledge, cysts have not so far been
recognized in the heterotrich suborders: Armorphorina, Plagio-
tomina, and Licnophorina. Possible resting cysts in the suborder
Coliphorina (elongate with a membranous outer wall) have only
been recorded once (13); the type of aperture and method of
excystment is not known.

In marked contrast to the cysts of the previous groups, the

Hypotrichida have simple spherical cysts, without any projec-
tion or pylome, and dehisce via a split in the cyst wall (Figs.
12-17). An exception is the pear-shaped cyst of the loricate
genus Chaetospira (8) (Fig. 11), which has an unknown method
ofexcystment. Cyst formation is common in the hypotrichs and
is known for at least fifteen genera in eight ofthe eleven families
recognized in the classification of Levine et al. (20): Aspidisca
(Curds, pers. comm.), Chaetospira (8) (Fig. 11), Diophrys (33)
(Fig. 12), Euplotes (7, 9) (Fig. 13), Gastrostyla (35, 36) (Fig. 14),
Histriculus {A), Keronopsis (25), Onychodromus (16), Oxytricha
(11, 12) (Fig. 15), Paraholosticha (32), Pleurotricha (15, 17) (Fig.
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16), Strongylidium (23), Stylonychia (15, 34), Stylonethes (9)
(Fig. 17), Urostyla (31). Cysts ofthese genera are from 15 to 70
fim in diameter. Ultrastructural studies have shown that the cyst
wall may be composed ofup to four layers (35). The outer layer
is smooth or may be folded to form ridges or ‘spine-like’ pro-
jections which are merely extensions ofthe outer wall and not
rigid structures. Little is known regarding the chemical char-
acteristics ofthe cyst wall; cysts of Euplotes are resistant to acids
and alkalis (7).

Hypotrichs have in the past been considered to represent the
peak of ciliate development or morphological differentiation
and to comprise a closely knit assemblage of species (2). This
traditional view has recently been placed in doubt (29), with
the suggestion that Fuplotes and related genera should be dis-
tinguished from the hypotrichs sensu stricto. Evidence from
cytological and fine structural studies ofcysts supports this di-
vision; striking contrasts are evident between cysts of the eu-
plotid ciliates Diophrys and Euplotes and other hypotrichs such
as Gastrostyla and Stylonethes (7, 9, 33, 35). The cysts of Dio-
phrys and Gastrostyla are distinguishable on a number of cri-
teria, the most characteristic of which is whether the kineto-
somes are resorbed or maintained within the resting cysts; in
hypotrichs sensu stricto mature cysts are completely dediffer-
entiated and contain no kinetosomes or cilia (33).

DISCUSSION

Major differences in shape, excystment aperture, wall struc-
ture and cytology arc evident between the cysts of both the
heterotrichs and oligotrichs compared to the hypotrichs, and in
two separate groups within the hypotrichs. These sharp con-
trasts, in what appear to be highly conservative morphological
traits, imply a different phylogenetic origin for each ofthese cyst
groups and suggest that the Polyhymenophorea as construed by
Levine et al. (20) is polyphyletic.

In the classification of Small & Lynn (29) the Polyhymeno-
phora has been reduced to the level of a subclass and ‘tenta-
tively’ attributed, together with the Hypostomia, to a new class
the Nassophorea. Only the heterotrichs and odontostomes are
retained within the Spirotrichea, now raised to the level of a
class. The hypotrichs and oligotrichs are included together in
the Polyhymenophora, but it was pointed out that they may
well be divided in the future and in part be allocated to the
same subphylum as the Spirotrichea. This survey of cyst forms
has served to confirm and strengthen most of the observations
of Small & Lynn. We propose that, within their classification,
the Order Oligotrichida should be included in the Spirotrchca
with the Heterotrichida, and that the Hypotrichida should be
divided with the creation of a new taxonomic group (order or
suborder) to include Euplotes and related genera.

Ciliate cysts have been largely ignored in the past and have
only been described for a small number of species, despite the
fact that their formation is a common feature ofthe phylum (2,
3). Encystment appears to be a primitive feature of the class
Polyhymenophorea and possibly also ofthe class Vestibulifera.
Hashimoto (14) has demonstrated, for instance, that the kineties
within the cysts of Colpodidae assume what he considers to be
a ‘primitive’ pattern during reorganization on excystment.
Maintenance of conservative morphological characteristics in
cysts may be a consequence of a slowing down of selection
pressures within cysts because oftheir reduced metabolism and
protection from the variable environmental stresses to which
the trophic stage is subject. This work has served to emphasize
the possible importance of cysts as a new tool for determining
phylogenetic relationships and demonstrates the need fora greater
emphasis to be placed on the study ofencystment in the biology
of ciliates.

J.PROTOZOOL., VOL. 30, NO. 4, NOVEMBER 1983

LITERATURE CITED

1. Bussers, J. C. 1976. Structure et composition du kyste de résis-
tance de 4 Protozoaires ciliés. Protistologica, 12: 87-100.

2. Corliss, J. O. 1979. The Ciliated Protozoa, Characterization,
Classification and Guide to the Literature. 2nd. ed. Pergamon Press,
Oxford.

3. Corliss, J. O. & Esser, S. C. 1974. Comments on the role of the
cyst in the life cycle and survival of free-living Protozoa. Trans. Am.
Microsc. Soc., 93: 578-593.

4. Curds, C. R. 1966. Endogenous bud formation in Histriculus
vorax, a new asexual reproductive process in the Hypotrichida. J. Pro-
tozool., 13: 155-164.

5. Edinburgh Oceanographic Laboratory. 1973. Continuous plank-
ton records: a plankton atlas ofthe North Atlantic and the North Sea.
Bull. Mar. Eco!., 7: 1-174.

6. Fauré-Fremiet, E. 1948. Le rythme de marée du Strombidium
oculatum Gruber. Bull. Biol. Fr. Belg., 82: 3-23.

7. Fauré-Fremiet, E., Gauchery, M. & Tuffrau, M. 1954. Les pro-
cessus d’enkystement chez Euplotes muscicola Kahl. Bull. Biol. Fr. Belg.,
88: 154-167.

8. Froud,J. 1949. Observations on hypotrichous ciliates: the genera
Stichotricha and Chaetospira. Q. J. Microsc. Sei., 90: 141-158.

9. Garnjobst, L. 1937. A comparative study of protoplasmic re-
organization in two hypotrichous ciliates Stylonethes sterkii and Eu-
plotes taylori, with special reference to cystment. Arch. Protislenkd., 89:
317-381.

10. Giese, A. C. 1973. Blepharisma, The Biology ofa Light-Sen-
sitive Protozoan. Stanford University Press, Stanford, California.

11. Grimes, G. W, 1973a. Morphological discontinuity of kineto-
somes during the life cycle of Oxytricha fallax. J. Cell. Biol., 57: 229-
232.

12, - 1973b. Differentiation during encystment and excyst-
ment in Oxytricha fallax. J. Protozool., 20: 92-104.

13. Hadzi, J. 1951. Studien iiber Folliculiniden. Dela Slovensk.
Acad., 1V, 3-4: 1-350.

14. Hashimoto, K. 1966. Stomatogenesis in resting cysts of Col-
podidae. .7. Protozool., 13: 383-390.

15. Ilowaisky, S. A. 1926. Material zum Studium der Cysten der
Hypotrichen. Arch. Protislenkd., 54: 92-136.

16. Jareno, M. A. & Tuffrau, M. 1979.
primordiums cinétosomiens et la morphogenese sous kyste chez le cilié
hypotriche Onychodromus acuminatus. Protistologica, 15: 597-605.

17. Jeffries, W. B. 1956. Studies on excystmentin the hypotrichous
ciliate Pleurotricha lanceolata. J. Protozool., 3: 136-144.

18. Kidder, G. W. 1937. The intestinal Protozoa of the wood-
feeding roach Panesthia. Parasitology, 29: 163-205.

19. Kirby, H. 1934. Some ciliates from salt marshes in California.
Arch. Protistenkd., 82: 114-133.

20. Levine, N. D., Corliss, J. O., Cox, F. E. G., Deroux, G., Grain,
J., Honigberg, B. M., Leedale, G. F., Locblich, A. R., III, Lorn, J., Lynn,
D., Merinfeld, E. G., Page, F. C., Poljansky, G., Sprague, V., Vavra, J.
& Wallace, F. G. 1980. A newl> revised classification ofthe Protozoa.
J. Protozool., 27: 37-58.

21. Lucas, C. L. T. 1928. A study of excystation in Nyctotherus
ovalis with notes on other intestinal Protozoa ofthe cockroach. J. Par-
asito/., 14: 161-177.

22. Meunier, A. 1910. Microplancton des mers de Barents et de
Kara, in Bulens, C., ed.. Duc d Orleans: Campagne Arctique de 1907,
Brussels, pp. 1-355.

23. Pack, D. A. 1919. Two ciliata of Great Salt Lake. Biol. Bull.
Mar. Biol. Lab., Woods Hole, 36: 273-282.

24. Paranjape, M. 1980. Occurrence and significance o fresting cysts
in a hyaline tintinnid. Helicostomella subulata (Ehr.) Jorgensen. J. Exp.
Mar. Biol. Eco!., 48: 23-33.

25. Pénard, E. 1922. Etudes sur les infusoires d eau douce. George
& Cie, Geneva.

26. Reid, P. C. & John, A. W. G.
Biol. Assoc. UK, 58: 551-557.

27. 1981. A possible relationship between chitinozoa and
tintinnids. Rev. Palaeobot. Palynol., 34: 251-262.

28. Repak, A.J. 1968. Encystment and excystment of the hetero-
trichous ciliate Blepharisma sto/tei Isquith. J. Protozool., 15: 407-412.

Le positionnement des

1978. Tintinnid cysts. J. Mar.



REID & JOHN-POLYHYMENOPHOREA: RESTING CYSTS

29. Small, E. B. & Lynn, D. H. 1981. A new macrosystcm for the
Phylum Ciliophora Doflcin, 1901. BioSystems, 14: 387-401.

30. Stein, F. 1867. Der Organismus der Infusionsthiere nach eige-
nen Forschungen in systematischer Reihenfolge bearbeitet. Abt. II: (1)
Darstellung der Neusten Forschungsergebnisse iiber Bau, Fortpflanzung
und Entwicklung der Infusionsthicre (2) Naturgeschichte der Hetero-
trichen Infusorien. W. Engelmann, Leipzig. 355 pp.

31. Tittler, I. A. 1935. Division, encystment and endomixis in
Urostyla grandis Ehrenberg with an account ofan amicronucleate race.
Cellule, 44: 187-218.

32. Tuffrau, M. & Fryd-Versavel, G. 1977.
morphogenese chez les ciliés Flypotriches: la bipartition sous kyste de
Paraholosticha muscicola. Protistologica, 13: 321-328.

Un nouveau type de

713

33. Walker, G. K. & Maugei, T. K. 1980. Encystment and excyst-
ment in hypotrich ciliates II. Diophrys scutum and remarks on com -
parative features. Protistologica, 16: 525-531.

34. Walker, G. K., Maugei, T. K. & Goode, D. 1975.
structural observations on encystment in Stylonychia mytilus (Cili-
ophora: Hypotrichida). Trans. Am. Microsc. Soc., 94: 147-154.

35, mmeeeee- 1980. Encystment and excystment in hypotrich ciliates
1. Gastrostyla steinii. Protistologica. 16: 511-524.

36. Weycer, G. 1930. Untersuchungen iiber die Morphologie und
Physiologie des Formweschels der Gastrostyla steinii Engelmann. Arch.
Protistenkd., 71: 139-228.

Some ultra-

Received 8 1V 83, accepted 27 VI 83






