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Planeticovorticella finleyi n.g., n.sp. (Peritrichia, Vorticellidae),
a planktonic ciliate with a polymorphic life cycle
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Abstract. Free-swimming trophonts of a sessiline peritrich ciliate were discovered in plankton
samples from the Rhode River, Maryland, and main-stem Chesapeake Bay. Cultures revealed
that the species comprises both free trophonts that swim with their peristomial cilia and sessile
trophonts that attach to substrates with a contractile, helically-twisted stalk. Trophonts with a
short, rigid stalk or no definite stalk also were seen in culture. Binary fission of free-swimming
trophonts usually produced a pair of trophonts attached scopula to scopula by a short, rigid
stalk. These persisted for some time as distinctive, spinning doublets before their stalks broke
and they separated. Binary fission of free-swimming trophonts also yielded trophont-telotroch
pairs that stayed together for only a short time. Telotrochs from these pairs were presumably
the source of attached trophonts. Conjugation occurred in both free and attached trophonts.
Formation of microconjugants involved at least 2 successive divisions of a trophont. Possession
of a helically-twisted, contractile stalk placed the peritrich in the family Vorticellidae, but its
unique combination of life-cycle stages marks it as a new genus and species, Planeticovorticella
finleyi. The morphology and life cycle of P. finleyi raise questions about the present classifi
cation of sessiline peritrichs and suggest that it may be at least partly artificial. Stalkless plank
tonic peritrichs that swim with their oral cilia as do trophonts of P. finleyi may have evolved
from sessile ancestors by an alteration in the life cycle that created unstable clusters of trophonts
on a single parental stalk. Free-swimming trophonts would originate from breakup of these
clusters.

Additional key words: conjugation, Chesapeake Bay

Most species of peritrich ciliates in the order Ses
silinida have a dimorphic life cycle that is temporally
dominated by a sessile, suspension-feeding trophont,
with a motile telotroch functioning as a dispersal stage
of brief duration. Typically, trophonts of these sessi
lines lack somatic ciliation and adhere to inanimate
substrates or to aquatic organisms by means of an ab
oral adhesive disk (scopula), a stalk secreted by a
scopula, or some other specialized attachment structure
such as the cinctum of ellobiophryids (Clamp 1982).
The peristome (enlarged oral face) of sessile trophonts
is encircled by bands of long cilia that create powerful
currents for collecting particulate food from the sur
rounding water. Telotrochs are formed either by dif
ferentiation after binary fission or by direct transfor
mation of trophonts forced to abandon their substrate
under adverse environmental conditions. In either case,
telotrochs develop a single, aboral girdle of somatic
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cilia, the trochal band, that serves as their means of
swimming when dispersing to new substrates. In con
trast to trophonts, telotrochs partially resorb their oral
cilia and do not feed until after settling and metamor
phosis.

A handful of sessiline species scattered among 4
families have been reported to have a life cycle con
sisting partially or totally of free-swimming trophonts.
Some of these appear to be neotenic forms (family
Opisthonectidae) in which trophonts swim with a ful
ly-developed trochal band and feed with their peri
stome (Faure-Fremiet 1906, 1950; Foissner 1976,
1978). The majority, however, resemble trophonts of
typical sessilines in lacking a ciliated trochal band and
must use their peristomial cilia for both swimming and
feeding simultaneously (Engelmann 1862; Erlanger
1890; Du Plessis 1891; Schewiakoff 1893; Zacharias
1897; Faure-Fremiet 1920, 1924; Jarocki & Jaku
bowska 1927; Kahl 1935; Stiller 1939; Foissner 1977,
1981).

In this paper, we describe a sessiline peritrich, Pla-
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neticovorticella finleyi n.g., n.sp., that commonly oc
curred in the plankton of Chesapeake Bay as stalkless,
free-swimming trophonts lacking a ciliated trochal
band but capable in culture of producing sessile tro
phonts with either a short, rigid stalk lacking a spas
moneme or a helically twisted, contractile stalk with a
spasmoneme typical of the genus Vorticella. Charac
teristics of the morphology, life cycle, and ecology of
this unusual peritrich justify its inclusion within the
family Vorticellidae but exclude it from previously de
scribed genera in that taxon. In addition, a hypothesis
for the evolution of free-swimming, stalkless sessiline
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Fig. 1. Sampling stations in Chesapeake Bay. These are
standard stations used by SERC, and their numbers relate to
latitude. Latitudes and longitudes of stations are as follows:
858, 38°58'N, 76°23'W; 845, 38°45'N, 76°26W; 834,
38°34N, 76°26W; 818, 38°18N, 76°17W; 804, 38°04N,
76°13'W; 744, 37°44'N, 76°11'W; 724, 37°24'N, 76°05'W;
707, 37°07'N, 76°07'W. Inset (arrow) shows location of
Rhode River sampling stations depicted in Fig. 2.

Fig. 2. Sampling stations on Rhode River (see inset, Fig. 1).

peritrichs is suggested by the complex life cycle of P.
finleyi.

Methods

Collections and localities

Data on the occurrence of Planeticovorticellafinleyi
n.g., n.sp. and associated environmental factors were
obtained at 8 stations along the main-stem of Chesa
peake Bay, USA (Fig. 1) during 15 cruises in 1988
1989 and from 6 stations along the axis of the Rhode
River subestuary (Fig. 2) on 66 dates in 1991-1993.
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Vertical CTD (conductivity-temperature-depth) Niskin
bottle casts were taken at each Bay station, with the
number and vertical position of Niskin samples de
pending on the depth and stratification of the water
column; 6-8 samples were taken at most stations with
the upper 4-5 positioned at intervals of 2-3 m be
tween the surface and the pycnocline... For Rhode River
stations, integrated water-column samples were ob
tained by steadily lowering a 2-liter Labline Teflon
sampler to just above the sediment-water interface and
then gradually returning the device to the surface be
fore the sample reservoir was completely filled. A sub
sample (150-500 ml) was taken from each Niskin or
Labline bottle and preserved with modified Bouin's
solution (Coats & Heinbokel 1982) at a final concen
tration of 5%.

Culture

Monospecific, but non-clonal, cultures of P. finleyi
were established using motile, stalkless trophonts col
lected from the Rhode River subestuary of Chesapeake
Bay adjacent to the Smithsonian Environmental Re
search Center (SERC). Cells were pipetted into a 15:
1 v/v mixture of filtered habitat water (Whatman® OF/
F; 15%0 salinity) and stock Cerophyl; TM solution ~2.5

g/liter; 15%0 salinity), to promote growth of ambIent
bacteria as food. Isolates were maintained in an incu
bator at 20-22°C. Cultures of P. finleyi were trans
ported to North Carolina Central University (NCCU)
and grown on ambient bacteria in Cerophyl-based me
dia at room temperature (18°-29°C). Ciliate stocks at
NCCU were maintained on an 8: 1 mixture of artificial
seawater and Cerophyl at 18%0 salinity to approximate
that of the original habitat, with a wide range of media
formulations (3:1-31:1 seawater-Cerophyl mixtures at
0-36%0 salinity) used to examine growth responses of
P. finleyi. Cultures were kept in a variety of. vessels,
including small stender dishes, glass fingerbowls (38
89 mm diameter), plastic petri dishes, and screw-cap
culture tubes.

Cultures were maintained from June 1990 to May
1991 and from October 1992 to May 1993. The 1990
1991 cultures flourished until early December 1990,
declining afterward in vigor and failing to reproduce
when the culture medium was refreshed or when sub
cultured into new culture vessels. All efforts to revive
old cultures or start new ones failed, and all individ
uals in the last few surviving cultures were dead by
the end of May 1991. The 1992-1993 cultures were
lost during the months of April and May 1993 follow
ing a period of senescence similar to that seen in cul
tures duri.ng the last part of the 1990-1991 culture
period.
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Staining and microscopy

Quantitative protargol stains (QPS) (Montagnes &
Lynn 1993) were done on material from Bouin's-fixed
field samples and cultures. Samples of material from
NCCU cultures also were stained with Heidenhain's
hematoxylin, and methylene blue was applied to wet
mounts of living material to visualize nuclei. Stained
specimens were photographed using a Zeiss W~ ~

croscope equipped with a Leitz MP-35 camera. LIvIng
ciliates were photographed and videotaped using a
Zeiss Axioscope outfitted with an Olympus OM2n
camera and a Sony DXC-760MD video camera linked
to a Magnavox VHS recorder (Model VR9630ATOl).
Video images of living specimens frozen on a monitor
screen were measured with a vernier caliper calibrated
against the videotaped image of a stage micrometer
scale. Organisms were slowed for photography and
videotaping without distortion of shape by introducing
a relaxation solution underneath the coverglass to che
late calcium ions until locomotion was inhibited to a
significant degree (10 mM ethylene glycol tetracetic
acid, 50 mM Tris base, 10 mM K-phosphate buffer,
and 7.5 mM NH4CI made up in half strength Ca-free
artificial seawater: 204 mM NaCI, 4.88 mM KCI, 26.4
mM MgCI2·6H20, 13.95 mM Na2S04·10H20, 1.25
mM NaHC03). Stained specimens were measured with
a filar micrometer. Drawings were made using a grid
reticle mounted in the ocular of a microscope with a
rotating stage for convenient positioning.

Population densities of P. finleyi were estimated
when making routine counts of Rhode River and Ches
apeake Bay ciliate communities. For these counts, QPS
of field samples were scanned at a total magnification
of 1250X, with ciliates present in arbitrarily selected
fields tallied by species until at least 100 cells or a
filter area equivalent to 4 ml of sample had been ex
amined. This approach provided a lower threshold for
detection of P. finleyi in the range of 0.25-0.85 cells/
ml for Bay samples and 0.25-2.0 cells/ml for the
Rhode River.

Results

Family Vorticellidae EHRENBERG 1838
Planeticovorticella finleyi n.g., n.sp.

Distribution

Motile trophonts of Planeticovorticella finleyi, oc
curring as single cells (Figs. 5-7, 15, 20) or as "dou
blets" of 2 cells joined aborally at their scopulas (Figs.
9, 16, 24, 25), were encountered at all but the 2 south
ernmost stations in Chesapeake Bay (Fig. 1) and at all
6 stations in the Rhode River (Fig. 2). Free-swimming
individuals were present in the plankton from spring
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Fig. 3. Effects of temperature and salinity on abundance of Planeticovorticella finleyi. Data were obtained from the Rhode
River during 1991-1993 and from Chesapeake Bay during 1988.

Fig. 4. Seasonal abundance of Planeticovorticella finleyi in Chesapeake Bay and the Rhode River. Bars indicate the standard
error of the mean. Numbers in parentheses are numbers of samples taken from the Rhode River and Chesapeake Bay,
respectively. Rhode River data cover the period 1991-1993 and Chesapeake Bay data are from 1988.

to early fall, with peak densities (> 10 cells/ml) oc
curring at salinities of 10-13%0 when temperature ex
ceeded 24°C (Fig. 3). P. finleyi usually represented a
minor component of the planktonic ciliate community,
forming less than 5% of total ciliate abundance on
most occasions. However, at peak densities (up to 75
cells/ml), motile trophonts of P. finleyi sometimes ac
counted for 30-60% of total ciliate numbers. Monthly
averages of abundance of P. finleyi were generally
higher for the Rhode River than for Chesapeake Bay,
with both systems showing increased population den
sities during late summer (Fig. 4). We were not able
to identify any specific cause for these abundance pat
terns, but based on studies of other peritrich species,
fluctuations in abundance and geographical disparities
are probably due to seasonal and spatial differences in
abundance of food organisms (Clamp 1973, 1982).

Examination of a variety of substrates in the Rhode
River near SERC failed to reveal stalked specimens of
P. finleyi. Likewise, stalked trophonts were not found
attached to any type of debris or live substrate in any
of the plankton samples examined.

Behavior and appearance in culture

Growth and division of cells in cultures, which were
started with small numbers of solitary, motile tro
phonts (Figs. 5-7), usually resulted in doublet forma
tion; however, some divisions produced a single motile
trophont and a telotroch (Fig. 10). Initially, cultures
consisted of only motile trophonts, with sessile mor
photypes (Figs. 11-14, 17-19) not appearing until the
ciliates had been subcultured several times at intervals

of ~3-4 d. The first sessile trophonts that appeared in
cultures had either short, non-contractile stalks, or
short stalks with a small segment of contractile spas
moneme running through the center. In later cultures,
however, sessile trophonts tended to form long, con
tractile stalks (Figs. 11-14, 17-19) that were helically
twisted in a fashion characteristic of the genus Vorti
cella. Individuals with non-contractile stalks were in
variably attached to the bottom or sides of culture
dishes, while those with contractile stalks attached to
the bottoms of culture dishes or to the surface film.
Forms with contractile stalks often aggregated in small
clumps ("pseudocolonies"); this tendency was more
evident in individuals attaching to the surface film.

In culture, motile trophonts (Figs. 5-7) used their
peristomial cilia to swim in a graceful, stately manner
that gave them a vigorous appearance despite their
slow, looping progress through the water. When paired
as doublets (Fig. 9), motile trophonts steadily revolved
around their point of attachment, while slowly drifting
through the medium. Single and doublet cells ingested
particulate food and actively formed food vacuoles
while swimming. Single cells also used their peristo
mial feeding currents to sweep bacteria from the sur
face film or from the bottom of the culture dish. When
feeding in this manner, individual trophonts skated
around in tight circles with their peristomes closely
applied to the surface film or to the wall of the culture
dish. Individuals feeding along surfaces moved much
more rapidly than when swimming through the water.
When touched, motile trophonts contracted the body
and retracted the peristome. Cells stimulated in this
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Figs. 5-8. Living trophonts from cultures of Planeticovorticella finleyi. Bars, 10 /Lm. Figs. 5, 6. Free-swimming trophonts.
Contractile vacuole (CV); peristomial cilia (arrowhead); peristomial lip (curved arrow); trochal band visible as a thin ridge
encircling the aboral end (slender straight arrow). Phase-contrast illumination. Fig. 7. Free-swimming trophont narcotized
by addition of EGTA solution beneath the coverglass. DIC illumination. Fig. 8. Stalkless, sessile trophont attached directly
to the bottom of a plastic petri dish by its scopula (solid arrow). When it was scraped from the petri dish with a glass
pipette tip, a piece of the plastic surface to which it was attached (open arrow) was also dislodged. The fibrillar material
associated with the piece of plastic is some of the bacteria that coated the bottom of the dish. Note the pellicular striae
(annular rows of alveoli) visible on the surface of the cell. Bright-field illumination.

Fig. 9. Two living, free-swimming, cultured trophonts of
Planeticovorticella finleyi connected by a rigid stalk. Such a
doublet is the most frequent outcome of binary fission of a
free-swimming trophont. The righthand individual is smaller
than the lefthand one. This size difference is a consistent
feature of doublets and may reflect a difference in devel
opmental potential between the two cells. When two daugh
ter cells differentiate into a trophont-telotroch pair (see Fig.
10), it is the smaller one that always becomes a telotroch.
Bar, 50 /Lm. DIC illumination. Fig. 10. Free-swimming tro
phont-telotroch pair of Planeticovorticella finleyi from cul
ture. The telotroch is the right-hand individual with a ciliated
trochal band (arrow). The trochal cilia are not fully devel
oped. Bar, 50 /Lm. DIC illumination.

way would stop all motion and hang in the water for
a few seconds before expanding and resuming swim
ming.

Survival, growth, and morphology of P. finleyi were
strongly influenced by culture conditions. For exam
ple, cell yield was highest in medium formulated at a
7:1 to 15:1 ratio of artificial seawater (18%0) and stock
(2.5 gIL) Cerophyl. Cultures transferred to media pro
portioned at 1: 1, 2: 1, or 31: 1 (also at 18%0) were much
more likely to fail and never reached high cell densi
ties. In addition, 7: 1, 15: 1, and 31: 1 cultures were
heavily dominated by motile trophonts; attached, ses
sile trophonts were rare. By comparison, 3: 1 cultures
had large numbers of sessile trophonts and few free
swimming cells, while transfers to 1: 1 and 2: 1 medium
produced only sessile morphotypes. On one occasion,
motile trophonts reappeared several weeks after sessile
trophonts had been established in 2: 1 culture medium.

Salinity of culture medium appeared to have little
influence on growth and survival of P. finleyi, allowing
stock cultures (18%0 salinity, 7:1 Cerophyl medium) to
be gradually acclimated to media ranging in salinity
from fresh water to 36%0 (all at 7: 1 water/Cerophyl)
and successfully maintained through many divisions
without discernible differences in cell yield or occur
rence of life-history stages. Similarly, temperature var
iations within the range experienced in the NCCU lab
(18-29°C) seemed to have little influence on cultures
of P. finleyi.
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Figs. 11-14. Living, sessile, cultured trophonts of Planeticovorticella finleyi with long, contractile, Vorticella-type stalks.
These figures show views from four different aspects. The refringent core of each stalk is the contractile spasmoneme.
Contractile vacuole (CV); peristomial cilia (arrowhead); trochal band (slender straight arrow); peristomiallip (curved arrow).
Bars, 10 fLm. Bright-field illumination.

® ®
Figs. 15-18. Protargo1 preparations of trophonts of Planeticovorticella finleyi. Bars, 10 f.Lm. Fig. 15. Free-swimming
trophont from station 5, Rhode River, Maryland. Trochal band of barren kinetosomes (arrowhead); kinetosome rows of
infundibular polykinetids (short thick arrow). Fig. 16. Trophont doublet from station 858, Chesapeake Bay. Scopula (short
curved arrow). Figs. 17, 18. Opposing views of cultured sessile trophonts with long, contractile, Vorticella-type stalks.
Macronucleus (MaN); stalk spasmoneme (open arrow); kinetosomes of infundibular part of haplokinety (long slender arrow).
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Table 1. Measurements and proportions (expressed as ratios) of cultured, stalkless, free-swimming individuals of Pla
neticovorticella finleyi n.g, n.sp. (n==25). Micronuclei were measured in fixed, hematoxylin-stained individuals. All other
measurements are from living individuals. Coefficient of variation (CV).

Attribute

Total length of body from apex of epistomial disk to aboral end
Length of body from peristomiallip to aboral end
Width of body posterior to peristomial lip
Width of body at midpoint between oral and aboral ends
Width of peristomial lip
Thickness of peristomial lip
Width of epistomial disk
Width of scopula
Length of micronucleus
Width of micronucleus
Length of body from peristomial lip to aboral end/Total length of body
Total length of body/Width of body at midpoint
Width of epistomial disk/Width of peristomial lip
Length of micronucleus/Width of micronucleus

Mean
(J.Lm)

44.3
32.1
25.3
26.1
32.0

4.3
23.2

6.6
3.0
2.2
0.72
1.71
0.73
1.39

SD
(J.Lm)

± 6.7
± 6.8
± 2.6
± 2.8
± 2.4
± 0.2
± 2.0
± 0.4
± 0.2
± 0.2
± 0.06
± 0.23
± 0.03
± 0.12

CV
(%)

15.0
21.2
10.3
10.7
7.5
4.7
8.6
6.1
7.3
8.9
8.2

13.2
4.5
8.9

Range

37.6-59.2
25.0-47.5
21.0-30.4
20.7-31.3
28.0-36.5

4.1-5.0
19.5-26.1
6.0-7.4
2.7-3.4
1.7-2.5

0.64-0.83
1.30-2.11
0.66-0.79
1.21-1.67

Morphology of living trophonts

Motile trophonts from culture and from field sam
ples were indistinguishable, with all being subconical
in shape (Figs. 5-7). The diameter of the peristomial
lip (Figs. 5-7) was greater than that of the cell body,
which was more or less uniform in diameter from the
peristomial lip to the equatorial region, gradually ta
pering subequatorially to the aboral pole (Table 1). The
peristomial lip was moderately thick and overhung the
body when everted (Fig 5). The epistomial disk was
2h to * as wide as the entire peristomial area and had
a broad, almost flat profile that was only slightly
rounded on its exposed surface (Figs. 5-7). The infun
dibulum, the passageway for food leading into the in
terior of the cell from the peristome to the cytostome
(Fig. 19), extended ---lh the length of the body. Ap
proximately 70 closely spaced, pellicular striae were
clearly visible but not exceptionally prominent. Indi
viduals cultured in water ranging from 18 to 36%0 sa
linity had striae that ranged in profile from flush with
the body surface to concave. By contrast, individuals
cultured in salinities below 18%0 had striae that were
slightly convex in profile. A single contractile vacuole
(Fig. 6) discharged into the infundibulum mid-way be
tween the peristomial lip and the cytostome. The scop
ula was invaginated into the body, making the aboral
tip of the cell smoothly rounded (Figs. 5-7). There
were no structures (e.g., aboral bristles of astylozoid
peritrichs) protruding from the scopula; however, a
short, non-contractile stalk usually connected the sco
pulas of doublet cells (Fig. 9).

The macronucleus was difficult to see in living mo
tile trophonts unless stained with methylene blue. It

was elongate and twisted into a configuration often
referred to as a "J-shape." The anterior portion of the
macronucleus formed an arc just beneath the peristome
and transversely oriented to the oral-aboral axis. The
straight middle section of the macronucleus ran par
allel to the oral-aboral axis, and its aboral region re
curved toward the oral end of the body'. The micro
nucleus was not visible in living cells.

Sessile trophonts appeared in culture as cells an
chored to the substrate via the scopula without any
recognizable stalk (Fig. 8) or as stalked individuals.
Stalked trophonts had either a helically twisted, con
tractile stalk typical of vorticellid peritrichs (Figs. 11
14, 19) or a short, non-contractile stalk similar to that
of the epistylidid genus Rhabdostyla. Contractile stalks
were highly variable in length but were usually 3-4
times as long as the cell. Stalk production seemed to
be a continuous, gradual process, as stalks of individ
ual trophonts monitored over several weeks steadily
increased in length, with moribund, non-dividing cells
sometimes having stalks more than 4 times the length
of the cell body.

The body of sessile trophonts, regardless of the type
of attachment formed to the substrate, was shorter and
wider and had a more rounded, bell-shaped profile
than that of motile trophonts (compare Figs. 8, 11-14,
19 with Figs. 5-7). In addition, the trochal band, in
conspicuous in motile trophonts (Figs. 6, 7), frequently
stood out as a slightly raised ridge encircling the sub
equatorial region of sessile trophonts (Fig. 11). In oth
er respects, morphologies of sessile and motile tro
phonts were basically identical.
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Morphology of fixed and stained trophonts

Nuclear and infraciliary structures of P. finleyi were
poorly visible or undetectable in living trophonts, but
clearly revealed by hematoxylin or protargol staining.
An ovoid micronucleus (Fig. 31) was detectable near
the aboral end of the macronucleus (Figs. 20, 25), with
the latter having a configuration as reported above for
living specimens.

The oral infraciliature of motile and sessile tro
phonts was identical (Figs. 15-18,20). The peristomial
part of the oral infraciliature consisted of two circular
bands of kinetosomes, an inner polykinety and an out
er haplokinety, having a configuration typical of that
found in sessiline peritrichs (Figs. 20, 22, 24). The oral
ends of the two peristomial bands were located on the
periphery of the epistomial disk. From there, both
bands progressed onto the inner edge of the peristo
miallip and completed '"'-'1.25 turns around the peri
stome before entering the infundibulum through the
oral opening.

The infundibular portion of the oral infraciliature
was also typical of sessiline peritrichs in most respects,
but had a distinctive pattern of kinetosome rows in the
infundibular polykinetids (Fig. 21). The infundibular
section of the haplokinety diverged from the polyki
nety a short distance inside the oral opening (Figs. 20,
24) and completed approximately one helical turn on
the wall of the infundibulum before ending at the en
trance to the ampulla, the wall of which constitutes the
cytostome. A short germinal kinety (Fig. 24) lay
alongside the haplokinety within the infundibulum, ex
tending approximately halfway from the oral opening
to the ampulla.

There were 3 infundibular polykinetids (PI, P2, P3).
PI consisted of 3 kinetosome rows, slightly unequal
in length (Fig. 21). These rows merged with the peri
stomial polykinety at their abstomal end, while ter
minating adjacent to the cytostome at their adstomal
end (Fig. 21). The cytostomal boundary was slanted
relative to the adstomal end of PI, causing row 1 of
PI to be slightly shorter than row 2, which in turn was
slightly shorter than row 3. P2 consisted of 3 kineto
some rows that were equal to one another in length
but shorter than the rows of PI (Fig. 21). The kineto
somal rows of P2 did not merge with the oral poly
kinety, leaving a noticeable gap between the abstomal
ends of PI and P2 (Fig. 21). All rows of P2 terminated
adstomally at the adstomal curvature of PI, leaving a
moderately large gap between the third row of PI
(counting toward P2) and the first row of P2. P3 con
sisted of 3 short rows of kinetosomes, the first of
which (counting away from P2) was distinctly shorter
than the other two (Fig. 21). Row 1 of P3 extended
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abstomally to a point beyond the adstomal end of P2
and stopped adstomally at the adstomal end of P2. This
made row 1 of P3 about 1h the length of the other two
rows, both of which extended abstomally to the same
position as row 1, while coursing adstomally to the
edge of the cytostome.

Binary fission

During binary fission, motile trophonts retracted
their peristomes and sank to the bottom of the culture
dish where cytokinesis (Fig. 22) continued. Dividing
cells usually produced two trophonts, one slightly larg
er than the other. Daughter trophonts remained at
tached aborally following cytokinesis to form dou
blets, with the peristomes of the two cells facing away
from one another (Figs. 9, 24, 25). The scopulas of
these doublet cells were connected by a rigid, cylin
drical, nearly transparent stalk. Such stalks were usu
ally less than 1/3 the length of either daughter cell; how
ever, in some doublets, the connecting stalk was up to
2-3 times the length of either daughter. As the peri
stomial cilia of daughter cells began to function, dou
blets started to spin around an axis running perpendic
ular to the midpoint of their common stalk. Spinning
trophont doublets swam through the culture medium
in tandem for varying lengths of time before separat
ing. Separation was a haphazard affair in which the
stalk either tore apart suddenly or first bent sharply
and then broke at the point of flexure.

Most motile trophonts divided to produce two
daughter trophonts as described above; however, a
small proportion of cells gave rise to one trophont and
one telotroch (Fig. 10). Trophont-telotroch pairs also
remained attached scopula to scopula after formation,
but were always bonded temporarily by a small
amount of amorphous material instead of a distinct,
cylindrical stalk. In such pairs, the trophont gained use
of its peristomial cilia and began to swim before the
cilia of the telotroch's trochal band were fully func
tional; consequently, developing telotrochs were towed
around behind their trophont partners for a short time
(Fig. 10). With maturation and activity of the trochal
cilia, the telotroch began to spin around its longitudi
nal axis and abruptly separated from the trophont. Tel
otrochs of P. finleyi swam in a rapid, helical fashion
typical of peritrich telotrochs but faster than telotrochs
of most other species we have observed. Teletrochs
remained motile for an undetermined length of time
before ultimately attaching to the bottom or wall of
the culture vessel where they metamorphosed into ses
sile trophonts. We never observed telotrochs trans
forming into motile trophonts.

Division of sessile trophonts usually produced a
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Figs. 19-23. Planeticovorticella fin
leyi. Bar, 5 f.1m in Fig. 20; 10 f.1m in
all other figures. Fig. 19. Living,
cultured, sessile trophont with long,
contractile, Vorticella-type stalk.
Contractile vacuole (CV); infundib
ulum (I); macronucleus (MaN);
peristomial cilia (PC); spasmoneme
(Sp). Fig. 20. Protargol preparation
of cultured, free-swimming trophont
that had remained uncontracted with
an unretracted peristome when
fixed. The peristomial ciliature (PC)
is shown in outline. Epistomial disk
(ED); peristomial lip (PL); kineto
some rows of peristomial ciliature
(PR); infundibular polykinetid 1
(PI); scopula (Sc); somatic myo
neme band (SM); barren kineto
somes of trochal band (TB). Fig. 21.
Infraciliature of infundibular poly
kinetids in individual collected at
station 5, Rhode River, Maryland.
The polykinetids are rows of kinet
osomes and associated cilia located
on the wall of the infundibulum (see
Figs. 19, 20). The rows of kineto
somes that are normally visible as
separate bodies under the light mi
croscope (see Figs. 20, 22, 23) are
shown here as solid lines for con
venience and clarity. Peristomial po
lykinety (Pk) that is continuous with
PI; infundibular polykinetids 1, 2,
and 3 (PI, P2, P3); dotted line in
dicates the boundary of the cytos
tomal area; large arrow indicates the
adstomal curvature of PI; arrow
with numerals shows the convention
for numbering polykinetids and in
dividual rows within polykinetids.
Fig. 22. Partially divided, free
swimming zooid from station 858,
Chesapeake Bay. Arrow indicates
cleavage furrow. Fig. 23. Telotroch
from culture. Note the expanded
width of the ciliated trochal band
(TB) compared with barren bands in
Figs. 20, 22. Trochal cilia (TC) are
shown in profile only. Micronucleus
(MiN).

@

®
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@

®

trophont daughter and a telotroch that detached from
the parental stalk and swam away as soon as its trochal
band cilia were completely functional; however, two
trophont daughters occasionally resulted from division

of a sessile trophont. As a result, clusters of 2-4 tro
phonts sometimes developed and remained attached to
a single parental stalk. Individuals of such clusters ap
peared unable to form their own stalks, which would
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Figs. 24, 25. Planeticovorticella finleyi. Protargol prepara
tion of trophont doublet connected by a short, rigid stalk
spanning the distance between their scopulas. Station 858,
Chesapeake Bay. Bars, 10 I-Lm. Fig. 24. Infraciliature. Hap
lokinety (Hk); polykinety (Pk); infundibular part of haplok
inety (thick arrow); germinal kinety (thin arrow). Fig. 25.
Macronuclei (MaN) are shown in outline. All other internal
structures are omitted.

have led to colony formation. Instead, clusters were
unstable aggregations that eventually broke apart. We
were never fortunate enough to witness the breakup of
one of these clusters, but presume that they are one
source of new motile trophonts.

Morphology of dividing stages and telotrochs

During division, the trophont macronucleus con
densed from its normal "J-shape" to form a wide,
transverse band spanning the oral half of the cell. The
medial region of the condensed macronucleus became
extremely attenuated as cell division proceeded, with
karyokinesis being completed as the cytoplasmic fis
sion furrow passed through an area of the macronu
cleus that had only a tiny fraction of the diameter of
the massive ends (Fig. 22).

During division of motile trophonts of P. jinleyi,
formation and subsequent movement of oral infracili
ary structures were consistent with Lorn's (1964) de
scription of the buccokinetal type of stomatogenesis
he observed in Telotrochidium sp. In our protargol
preparations of P. jinleyi, we were able to find exam~

pIes of the earliest phase of stomatogenesis, in which
kinetosomes for part of the new buccal infraciliature
are proliferated from the parental germinal kinety (Fig.
31), and the final phase, in which the two buccal in-

Clamp & Coats

fraciliatures separate before cytokinesis (see Fig. 22
for a view of the result).

The scopula and trochal band of a dividing cell were
cleaved late in division, at about the same time that
macronuclear fission occurred (Fig. 22). We could not
determine with certainty that kinetosomes of the tro
chal band and scopula had been replicated before cy
tokinesis, but the scopular kinetosomes of predivision
trophonts stained more intensely than those of non
dividing cells, suggesting that kinetosome rep.lication
was in progress before cytokinesis began.

One of the daughter trophonts resulting from binary
fission of a motile trophont was always slightly larger
than the other (Fig. 24). When division of a motile
trophont produced a trophont and a telotroch, the tro
phont was always the larger daughter.

A living telotroch of P. jinleyi has a squat, pear
shaped body (Figs. 10, 23). Its scopula stains more
intensely in protargol preparations than do those of
trophonts, and its scopular surface, a shallow cup
shaped area, is only slightly retracted into the cell
compared to that of either a motile or sessile trophont
(compare scopula of Fig. 23 vs. Fig. 20). Telotrochs
also differed from trophonts in keeping the peristome
retracted and having short, incompletely developed
oral cilia. The trochal band of telotrochs of P. jinleyi
is typical for sessilines, consisting of a wide band of
polykinetids equipped with long somatic cilia (Fig.
23). There were no discernible differences between tel
otrochs resulting from divisions of motile trophonts
and those resulting from divisions of sessile trophonts.

Conjugation

Mass conjugation of P. jinleyi was observed many
times in cultures kept in relatively large dishes (e.g.,
89 mm diameter). Such events were always associated
with dense populations that developed after subcultur
ing or partial replenishment of culture medium. Con
jugation occurred in populations of both motile tro
phonts and sessile trophonts with fully developed,
contractile stalks; however, sessile trophonts without
stalks or with short, non-contractile stalks never pro
duced or fused with microconjugants. Conjugation ap
peared to proceed in identical fashion in motile and
sessile trophonts, and they conjugated at the same time
in mixed cultures.

We present here a cytological characterization of
conjugation in motile trophonts, comparing protargol
stained specimens with observations of live cells. We
were unable to obtain comparable material for sessile
trophonts.

Differentiation of conjugants from motile trophonts
of P. jinleyi began with a sequence of two divisions
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Figs. 26-29. Protargol preparations of free-swimming conjugation stages of Planeticovorticella finleyi. Bars, 10 /Lm. Fig.
26. Microconjugant from culture. The trochal band (TB) is ciliated and composed of multiple rows of kinetosomes like
that of the telotroch in Fig. 23. Cilia of trochal band (curved arrow). Fig. 27. Microconjugant from culture. Scopula (Sc).
Fig. 28. Conjugant pair in relatively early stage of fusion. Station 3, Rhode River, Maryland. A microconjugant (thick
arrow) is in the process of being absorbed into the macroconjugant to which it is attached. Macronuclear fragment (slender
arrow). Fig. 29. Conjugant pair in which the microconjugant (thick arrow) has been almost completely absorbed into the
macroconjugant. Station 3, Rhode River.

that were clearly identifiable as differentiation divi
sions because of the unequal size of the daughters. The
first division produced a doublet of daughter cells like
ones resulting from binary fission (Fig. 24). One
daughter developed into a trophont of normal size,
while the other immediately divided to produce two
tiny daughters. The result was a heterogenous "triplet"
of trophonts that remained connected by the same sort
of short, non-contractile stalk routinely secreted be
tween members of a doublet (Fig. 30). Triplets broke
apart in much the same way as described above for
trophont doublets, with the two smaller daughters des
tined to form microconjugants and the larger cell prob
ably becoming a macroconjugant as in other peritrichs
(Finley 1939). Uncertainty about the fate of the larger
daughter reflects the difficulty of following individual
motile trophonts for extended periods. Macroconju
gants that fused with microconjugants were identical
in size and shape to the large trophonts produced by
differentiation divisions, except that the scopula of
postfusion macroconjugants (Fig. 34) was retracted
farther into the body than that of ordinary trophonts
(Fig. 20).

Each of the two smaller daughters released by the
breakup of a triplet may undergo another division be
fore differentiating into microconjugants. If so, P. fin
leyi is one of the peritrichs that forms multiple micro
conjugants by the "rosette" mechanism of successive
divisions of a single cell (Finley 1952), unlike those
species which form a single microconjugant and mac
roconjugant by a single, grossly unequal division of
one cell (Finley 1943, 1952). Figure 31 shows a small
trophont entering the initial phase of binary fission, as

evidenced by the replication of kinetosomes in the ger
minal row. This trophont was less than half the size
expected in a mature trophont before division and was
probably one of the smaller daughters from a triplet.
Its small size suggests that little, if any, growth oc
curred between its division and the time that it sepa
rated from a triplet. Figure 32 shows a pair of indi
viduals differentiating into microconjugants, as
indicated by their developing trochal cilia and their
size, similar to that of fully formed microconjugants
(Figs. 26, 27, 33). The short stalk connecting these
cells indicates that they are the products of a recently
completed division.

Developing microconjugants had partially formed
peristomial cilia and fully formed oral infraciliatures
(Fig. 32). By contrast, microconjugants (Figs. 26, 27,
33) with a fUlly developed trochal band resembled tiny
telotrochs (see Fig. 23) except that they had resorbed
their peristomial cilia completely (although the kinet
osomes were still present) and frequently were missing
kinetosomes from one or more areas of their infundib
ular polykinetids in random fashion (Fig. 33, arrows).

Conjugant fusion occurred adoral to the trochal
band of the macroconjugant (Fig. 28). The conjugants
'Were oriented with the microconjugant's aboral end
pressed against the macroconjugant's body surface and
the former's trochal band of kinetosomes touching that
of the latter (Fig. 34). After fusion, the macroconjugant
swam in an eccentric fashion, probably because the
attached microconjugant imposed a hydrodynamic im
balance.

In protargol preparations, the macronucleus of post
fusion macroconjugants stained much less intensely
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Figs. 30-34. Formation of micro
conjugants and conjugation in free
swimming cells of Planeticovorticel
la finleyi. Protargol preparations.
Bars, 10 f.Lm. Fig. 30. Triplet of tro
phonts from station 858, Chesapeake
Bay. Triplets also were seen fre
quently in cultures. Fig. 31. Predivi
sion trophont, probably one of the
small trophonts from a triplet, as it is
much smaller than most cells ap
proaching binary fission. Its impend
ing division is indicated by the pro
liferation of kinetosomes for parts of
a new buccal infraciliature from the
germinal kinety (G). New kineto
somes (K); micronucleus (MiN). Fig.
32. Pair of individuals from culture
that are differentiating into micro
conjugants after a final differentia
tion division, as evidenced by ciliat
ed trochal bands forming in both.
Fig. 33. Microconjugant from cul
tured material. Arrows indicate parts
of the infundibular infraciliature
where kinetosomes are missing. This
deterioration evidently accompanies
differentiation since it is not visible
in partially differentiated microcon
jugants like the ones in Fig. 32. Fig.
34. Conjugant pair from station 3,
Rhode River, Maryland, in early
stage of fusion. The now-barren ki
netosomes of the microconjugant's
(thick arrow) trochal band are situ
ated very close (arrowhead) to the
barren kinetosomes of the mac
roconjugant's trochal band. No oral
kinetosomes remain in the microcon
jugant, even at this early stage of fu
sion; the peristomial area has degen
erated to an amorphous, darkly
staining band. Fragments of the mac
ronuclei (slender arrows) of both
conjugants are visible. The micro
nuclei could not be identified among
the abundant nuclear debris (smaller
pieces not shown).

than that of trophonts and was fragmented into several
large pieces that disintegrated into progressively small
er spherules as conjugation proceeded. Disintegration
of the microconjugant's macronucleus accompanied
that of the macroconjugant but at a more rapid pace
(Fig. 34). Unfortunately, the fate of conjugant micro
nuclei was not discernible in protargol-stained mate
rial.

The scopula and trochal cilia of the microconjugant
disappeared at the beginning of conjugation, and the
trochal infraciliature was reduced to a single file of
kinetosomes encircling the area of cellular fusion (Fig.
34). The entire oral complex of the microconjugant
was also quickly resorbed, leaving only a darkly stain
ing remnant at the oral end of the cell (Fig. 34). With
continued breakdown of cellular structures, the micro-
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conjugant became progressively smaller, and was
eventually recognized only as a small bump on one
side of the macroconjugant (Fig. 29).

SESSILE TROPHONT
WITH

SHORT, RICID STALK
OR

WITHOUT STALK

®t !
(!ELOTROCH:>~"""""""~""

©! t

Fig. 35. Life cycle of Planeticovorticella jinleyi based most
lyon stages observed in culture. Free-swimming, stalkless
trophonts undergo binary fission, usually producing trophont
doublets that separate into more motile trophonts (A) but
occasionally producing telotrochs (B) as well as motile tro
phonts. Telotrochs attach to a substrate and metamorphose
(C, D) into sessile trophonts that form either a rigid stalk at
most (C) or a helically twisted, contractile stalk (D). Sessile
trophonts also undergo binary fission, producing either tel
otrochs that disperse and metamorphose into more sessile
trophonts or small clusters of trophonts on a common stalk,
some of which detach (E) to become free-swimming, stalk
less trophonts. Both sessile and motile trophonts are able to
conjugate (F).

Diagnosis of Planeticovorticella finleyi n.sp. Mo
tile trophonts subconical; sessile trophonts bell-shaped.
Peristome with moderately thick, overhanging lip and
broad, nearly flat epistomial disk. Infundibulum ex
tending for ---lh length of body. Pellicular striae closely
spaced, numbering ,.......,70 between peristome and scop
ula. Macronucleus " J-shaped"; micronucleus ovoid,
located near aboral end of macronucleus. Infundibular
polykinetids arranged as illustrated (Fig. 21). Telotroch
squat, pear-shaped. Microconjugant attaches immedi
ately adoral of trochal band of macroconjugant, totally
absorbed into macroconjugant.

Etymology. The root of the generic name refers to
the morphological similarity of some sessile trophonts
to species of the genus Vorticella. The prefix of the
generic name refers to the existence of most trophonts
as stalkless, motile forms (Greek: planetikos, wander
ing). The type species of the genus is named in honor
of the late Dr. Harold Finley, who devoted his life's
research to peritrich ciliates and who was one of the
principal contributors to basic knowledge about their
reproduction, nutrition, and structure. His work is truly
a model for all those who come after him.

Type material. A holotype slide (protargol prepa
ration; USNM 51461) of cultured material containing
both free-swimming and stalked cells has been depos
ited in the International Protozoan Type Slide Collec
tion of the National Museum of Natural History
(Smithsonian Institution). Six paratype slides (4 pro
targol preparations, 2 hematoxylin preparations;
USNM 51462-51467) representing material from
Chesapeake Bay and the Rhode River, as well as cul
tured material, have been deposited in the same col
lection. A videotape of living cells was also deposited
as an ancillary to type material.

Type locality. Rhode River, Maryland, USA at sta
tion 3 (Fig. 2); approximate coordinates: 38°52'N,
76°32'W.

(CONJUGATIONJ
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® • FREE-SWIMMING TROPHONT
WITHOUT STALK

SESSILE TROPHONT
WITH

CONTRACTILE STALK
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Systematic summary

Diagnosis of Planeticovorticella n.g. Sessiline per
itrichs in the family Vorticellidae, evidenced by oc
casional possession of helically twisted, contractile
stalk in solitary, sessile, trophonts. Complex, poly
morphic life cycle (Fig. 35). Trophonts typically stalk
less and free-swimming by means of peristomial cilia.
Binary fission of motile trophonts usually produces
two motile trophonts linked temporarily by non-con
tractile stalk. Alternatively, binary fission of motile
trophont can result in telotroch daughter linked tem
porarily to trophont daughter by scopula-to-scopula
adhesion. Both stalked and motile morphotypes partic
ipate in conjugation.

Discussion

Free-swimming trophonts have been reported as a
regularly occurring, usually predominant stage in the
life cycles of 20 species of sessiline peritrichs other
than Planeticovorticella finleyi n.g., n.sp. (Table 2).
Trophonts of Opisthonecta spp. and Telotrochidium
spp. resemble telotrochs in their retention of a ciliated
trochal band with which they swim aboral end fore
most and therefore are quite unlike motile trophonts
of P. finleyi. Most free-swimming members of the
families Vorticellidae and Epistylididae have stalks
and some even form colonies (Table 2), making them
also markedly different from free-swimming trophonts
of P. finleyi. Motile trophonts of P. finleyi do resemble
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Table 2. Sessiline peritrichs that live as free-swimming, unattached suspension feeders (stalked species living a planktonic
existence attached to microalgae or zooplankton are excluded). The following symbols indicate available data on habitat,
geographical distribution, and gross morphology: brackish water (BW), freshwater (FW), marine (M), Asia (A), Europe
(E), North America (NA), New Zealand (NZ), planktonic form stalked (PS), sessile form in species (SF).

SF
SF: PS
SF: PS
SF(?)

E/A/NA
E/AINA
E
NA
E/A/NA

E/A
NZ/E
E
E
E
E/A/NA
E

FW
FW
FW
FW
FW
FW
FW

family Vorticellidae: solitary or colonial with helical, contractile stalk (except in planktonic forms of two species); motile
trophonts swim oral end foremost using peristomial cilia

Vorticella mayeri FAURE-FREMIET 1920 FW
V. natans FAURE-FREMIET 1924 FW
V. astyliformis FOISSNER 1981 FW

Planeticovorticella finleyi n.g., n.sp. BW
Carchesium pectinatum (ZACHARIAS 1897) FW
Zoothamnium pelagicum Du PLEsSIS 1891 M

family Epistylididae: colonial with rigid stalk; motile trophonts swim oral end foremost using peristomial cilia

Epistylis pocumbens ZACHARIAS 1897 FW E/AINA

family Astylozoidae: solitary with no stalk; bristle-like structures project from aboral end; motile trophonts swim oral end
foremost using peristomial cilia

Astylozoon fallax ENGELMANN 1862
A. pyriforme SCHEWIAKOFF 1893
A. faurei KARL 1935
A. vagans STILLER 1939
A. enriquesi FOISSNER 1977

Hastatella radians ERLANGER 1890
H. aesculacantha JAROCKI & JAKUBOWSKA 1927

E/AINA
E
NA
E
E
E
E

FW
FW
FW
FW
FW
FW
FW

family Opisthonectidae: solitary with no stalk; motile trophonts swim aboral end foremost using somatic cilia of trochal
band

Opisthonecta hennequyi FAURE-FREMIET 1906
O. minima FOISSNER 1976
O. dubia FOISSNER 1976
O. bivacuolata FOISSNER 1978

Telotrochidium johanninae FAURE-FREMIET 1950
T. elongatum FOISSNER 1976
T. cylindricum FOISSNER 1978

species of Astylozoon in gross morphology but lack
the distinctively shaped macronucleus and scopular
bristles (Foissner 1977) of the latter. In addition, the
helically twisted, contractile stalk of the sessile tro
phont of P. finleyi is an unequivocal sign that the spe
cies is not an astylozoid but a vorticellid. Placing P.
finleyi within the Vorticellidae, rather than creating a
new family for it, seemed to be the best taxonomic
solution for a single, atypical species that shows so
much morphological resemblance to other vorticellids
(e.g., I-shaped macronucleus), even as a motile tro
phont.

The generic placement of P. finleyi was a much
harder problem to solve. Our alternatives were to cre
ate a new genus for P. finleyi or include it in Vorticella
because one of its morphotypes, even though we saw
it only in culture, allies it structurally with species of
Vorticella. The existence in V. astyliformis of a stalk
less morphotype (Foissner 1981) that swims with its
peristomial cilia, as do motile trophonts of P. finleyi,

seemed at first to support the latter solution; however,
the free-swimming individuals of V. astyliformis are
not described as being able to divide or conjugate
(Foissner 1981). By contrast, the motile trophonts of
P. finleyi undergo both binary fission and conjugation,
and the rigid stalk linking the motile daughters result
ing from binary fission is a feature unique among vor
ticellids. The dominance of the free-swimming mor
photype of P. finleyi in the life cycle, its developmental
abilities, and its unique structural features provided a
much stronger justification for placing the species in a
new genus rather than having to redefine Vorticella.

The unusual mix of characteristics in P. finleyi raises
broad doubts about the validity of the present classi
fication of sessiline peritrichs. Up to the publication of
Kahl's (1935) landmark 20th-century monograph on
peritrichs, sessiline families and genera were defined
(e.g., Kent 1880-1882; Btitschli 1887-1889) almost
entirely by external structures such as stalks or loricae
in a classification originally conceived by Ehrenberg
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Table 3. Sessiline peritrich taxa with trophont morphologies resembling morphotypes of Planeticovorticella finleyi n.g.,
n.sp.

Morphotype Family Genus

Motile; no stalk Astylozoidae Astylozoon

Sessile; contractile stalk Vorticellidae Vorticella

Sessile; rigid stalk Epistylididae Rhabdostyla
Sessile; no stalk Scyphidiidae Scyphidia

Paravorticella

Defining characteristic(s)

Free-swimming by means of peristomial
cilia; no stalk
Solitary; helically twisted stalk with con
tractile spasmoneme; no lorica
Solitary; rigid stalk; no lorica
Solitary; no stalk-attaches directly by
scopula; no lorica

(1838). Two families (Operculariidae, Usconophryi
dae) were created after 1935 at least partly on the basis
of peristomial structure (Corliss 1979; Clamp 1991).
Several genera (e.g., Orbopercularia) added to two
families (Epistylididae, Operculariidae) since 1935
have been characterized by differences in macronucle
ar shape (Lust 1950; Corliss 1977, 1979), and one ep
istylidid genus (Heteropolaria) was defined by the
asymmetry of its telotrochs (Foissner & Schubert
1977; Corliss 1979). Despite these recent departures,
however, the currently accepted classification of ses
siline peritrichs (e.g., Stiller 1971; Corliss 1979; Fois
sner et al. 1992) still generally follows the pre-1935
outline. Different morphotypes of P. finleyi could be
mistaken easily for species in 4 currently accepted
families of sessilines if only one morphotype was seen
(Table 3). A case such as this invites skepticism as to
how much phylogenetic distance actually separates
taxa such as Rhabdostyla (solitary with short, rigid
stalk; family Epistylididae), Vorticella (solitary with
long, contractile stalk; family Vorticellidae), or Asty
lozoon (solitary with no stalk; family Astylozoidae).

The polymorphic life cycle of P. finleyi also gen
erates speculation about the evolutionary origins of
free-swimming sessilines. Typical sessilines are at
tached to a solid substrate as trophonts and have a free
swimming telotroch for dispersal. Free-swimming ses
silines could be expected to evolve readily by loss of
the attached trophont from the life cycle; however,
only trophonts of the few species in Opisthonecta and
Telotrochidium (Table 2) swim with a trochal band and
appear to be paedomorphic telotrochs (Corliss 1979).

The majority of free-swimming sessilines, some
stalked (e.g., V. natans, Epistylis procumbens) and oth
ers stalkless (e.g., Astylozoon spp., motile form of P.
fin leyi), are typical trophonts with no trochal cilia.
There are at least two possible ways that such free
swimming taxa could evolve from a sessile trophont.
First, free-swimming trophonts could originate from
trophonts that were able to survive for extended pe
riods after injury (e.g., scraping of the substrate by a

predator) or stress (e.g., anoxia) detached them from
the substrate or from their stalks. A detached trophont
typically has three fates: (1) if stalkless, it swims about
for a short time before settling and secreting a new
stalk; (2) if stalked, it quickly transforms into a telo
troch that detaches and forms a new stalk when it set
tles; or (3) it swims for a while and dies.

Survival of detached individuals is a likely expla
nation for evolution of sessilines that exist as free
swimming stalked trophonts (e.g., V. natans); however,
it is less plausible as an explanation for the evolution
of free-swimming, stalkless trophonts such as those of
P. finleyi, Astylozoon, or Hastatella. Free-swimming,
stalkless trophonts could originate by means of a fail
ure of the telotroch daughter to differentiate from the
trophont daughter after binary fission. Such a mutation
in the life cycle would result essentially in colony for
mation of a sort but without the secretion of individual
stalk branches by daughters included in normal colony
formation (e.g., Epistylis, Zoothamnium, Carchesium).
Anomalous clusters of 2-4 trophonts on one stalk that
are exactly such "colonies" were occasionally seen in
cultures of P. finleyi. Such a cluster could be expected
to persist through only two or three divisions before
some individuals lose their hold on a stalk with ade
quate space for only one and become free-swimming,
stalkless trophonts. A species that has evolved to a
polymorphic state, with some populations free-swim
ming and some still sessile, would then have the fur
ther possibility of giving rise to obligate planktonic
forms like Astylozoon spp. by deletion of the attached,
benthic trophont from the life cycle. This deletion
seems to be nearly complete in P. finleyi, as evidenced
by the apparent rarity (or possibly absence) of stalked
individuals in nature and their inconsistent occurrence
in culture.
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