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GEORGE I. POLJANSKY (1904-1993)
100 Anniversary of Birthday

Professor George I vanovich Poljansky wasbornin March 15, 1904 in St. Petersburg, Russia. The biologists and
protozoologistsall over theworld have still remembered him asasplendid researcher and man. The 100 anniversary
of his birthday was celebrated in March 2004 at the Institute of Cytology, Russian Academy of Sciences, in St.
Petersburg. Workers of the Ingtitute, very often previous students of Professor, organized of a day session. The
organization of the meeting at this place is of special significance. Professor Poljansky, more than a half of the
century before, was actively engaged in organizing the Institute of Cytology. For 30 years he headed the L aboratory
of Cytology of Unicédlular Organisms, holding simultaneously the post of Vice-Director of the Institute. He was
emotionally connected with this place working as a scientist, but especially as ateacher. He had over 60 graduated
students and was the author or co-author of over 300 scientific papers, cooperating with scientists from Russiaand
other countries.

Moreover hewas actively engaged in the activities of different societies and organizationsin Russiaand abroad.
He was the honorary member of The Zoological Society and The Protozoological Society in France, the American
Society of Protozoology and Czechoslovak Zoological Society. Very often his activity was awarded; he obtained
a bronze medal of the France Zoological Society, Rudolph Luckart Medal of The Parasitological Society in
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Germany, the Mikota) Kopernik Medal of Polish Academy of Sciences. His contributionsto biological sciencesand
especialy to protozoology was a so noticed and awarded in Russia.

Professor Poljansky was the editor and member of the Editorial Boards of many scientific journalsin Russiaand
in other countries, including Polish Acta Protozoologica. We, as the editors and biologists, very often availed
ourselves of his help and advice. His knowledge and additionally the fancy to our journal were for us of a specia
value.

Professor Poljansky participated in many congresses, symposia and scientific meetings. Last time he attended
Warsaw in October 1987 as the honorary guest of the session organized on the 100 anniversary of L eon Cienkowski
death. Professor Poljansky, during his appearance, presented a lot of interesting facts concerning Cienkowski’s
activity in Russia. The picture, which begins this recollection, derived exactly from this meeting.

The death of Professor Poljansky, of note biologist and friendly and gallant men was a severe loss. It was a
splendid idea to recollect, on the occasion of Professor Poljansky 100 anniversary of birthday, himself and his
achievements.

Anna Wasik
Nencki Institute of Experimental Biology
Warszawa, Poland
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Effects of Salt Concentration and Bacteria on Encystment Induction in

Ciliated Protozoan Colpoda sp.

Masahito YAMAOKA, Tomoko WATOH and Tatsuomi MATSUOKA

Institute of Biological Science, Faculty of Science, Kochi University, Kochi, Japan

Summary. The promoting or suppressing elements for cyst formation (encystment) of Colpoda sp. was examined. Encystment was
promoted by an increase in concentration of ions such as Ca?*, Na* and K* contained in the surrounding medium, which may be detected
by ciliates as an environmental signal for forthcoming desiccation, and was suppressed by the presence of bacteriain the surrounding media.
When the surrounding media contained both low concentrations (1 mM) of salts and bacteria (107 cellsyml), encystment triggered by cations
was completely canceled. However, a gradual increase up to finally 8 mM in salt concentration accomplished by a natural evaporation of
the surrounding saline solutions invalidated the encystment-suppression effect by bacteria

Key words: Colpoda, encystment, environmental signals, desiccation.

INTRODUCTION

During the processes of cyst formation (encystment)
and excystment in protozoans, overall morphogenetic
reconstruction of the cell occurs (Grimes 1973,
Matsusaka 1979, Delgado et al. 1987, Foissner and
Foissner 1987, Matsusakaet al. 1989, M artin-Gonzalez
et al. 1992, Delmonte Corrado et al. 1996). These
processes are believed to be controlled by unknown
intracellular signaling chainsleading to gene expression
initiated by environmental signals (Hirukawa et al.

Address for correspondence: Tatsuomi Matsuoka, Institute
of Biologica Science, Faculty of Science, Kochi University,
Kochi 780-8520, Japan; Fax: +81-88-844-8356; E-mail:
tmatsuok @cc.kochi-u.ac.jp

1998, Suizu and Matsuoka 1998, Villalobo et al. 2001),
and these processes are excellent model systems for
elucidating the molecular mechanism of cellular-level
morphogenesis. One of the strategies for the molecular
mechanism of the encystment or excystment isto isolate
and characterize receptors that are activated by environ-
mental signals. To date, only a certain receptor-like
moleculeresponsiblefor encystment hasbeenisolated in
a soil amoeba and named “ encystment-stimulating pro-
tein” (ESP) (Yang and Villemez 1994). However, the
kind of environmental signal actually activating the re-
ceptor (ESP) has not been determined. The environmen-
tal signalsthat directly activate the receptorsare till not
understood, although in many protozoans, several envi-
ronmental changes (desiccation, starvation, accumula-
tion of metabolic wastes) inducing encystment or ex-
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cystment have beenlisted (Rastogi et al. 1973, Yonezawa
and Takahashi 1990, Gutiérrez et al. 2001, Tomaru
2002); for example, in the case of encystment induced
by starvation, several factors including (1) discontinua-
tion of nutrient supply, (2) absence of food vacuoles, (3)
absence of substances released from bacteria in sur-
rounding medium are candidates for signals to activate
certain receptors.

In the case of Colpoda employed in the present
study, most of the cells suspended in a fresh saline
solution (1 mM CaCIZ, 1 mM KCI, 0.1 mM Tris-HCI,
pH 7.1) without bacteria are transformed into cysts,
although a simple starvation of the cells suspended in
0.1 mM Tris-HCI buffer without any other salts does not
induce a prominent cyst formation (Watoh et al. 2003).
Increased osmolality of the surrounding medium result-
ing from the addition of 5 mM mannitol (corresponding
to the osmolality of the solution containing 1 mM CaCl,
and 1 mM KCI) does not induce encystment (Watoh
et al. 2003). Colpoda cells that are transferred from
culture medium into the saline solution probably detect
an increased ionic concentration as a signa for forth-
coming desiccation. On the other hand, such aninduction
of encystment is completely invalidated by the presence
of bacteria (107 cellgml) in the surrounding medium
(Watoh et al. 2003). A desiccation signal should have
precedence over other environmental signals, because
desiccation isinvariably lethal for vegetative cells. Pre-
sumably much higher concentrations of salts are needed
to overcome the encystment-suppression effect by bac-
teria. The present study demonstrated that a gradual
concentration of the surrounding media containing salts
invalidated the encystment-suppression effect by bacte-
ria

MATERIALS AND METHODS

Colpoda sp. was isolated from cysts adhered to dried fallen
leavesin thefield, and cultured in an infusion of dried cereal leaves
(0.1 %) inoculated with bacteria (Enterobacter aerogenes) at 23°C
in the dark. Bacteria were cultured on agar plates containing 1.5%
agar, 0.5% polypeptone, 1% meat extract and 0.5% NaCl. Prior to
encystment induction, cultured vegetative cellswererinsed 3timesin
each test solution by transferring the cells into fresh test solutions
using a thin glass pipette, and 50-60 cells were subsequently sus-
pended in 1.5 ml of each test solution. The rate of encystment was
expressed as the percentage of total number of tested cells (50-
60 cells). Columns and attached bars shown in Figs. 1- 4 correspond
to the means of 4 identical measurements (50-60 cells per measure-
ment) and standard errors. Each series of measurements was per-
formed using the cells obtained from each batch culture at about 25°C

under fluorescent room lighting (0.1~ 0.5 W/m?). The density of
bacteriawas spectroscopically determined in a diluted bacterial sus-
pension, the val ue of which had been calibrated by comparing the cell
density obtained by counting the colonies on plates and the value of
optica density at 600 nm (OD,,).

RESULTS AND DISCUSSION

Encystment induction

Effect of TrissHCI: When cultured Colpoda cells
were suspended in saline solution containing 1 mM
CaCl,, 1 mM KCl and 0.1 mM Tris-HCI (pH 7.2), most
of the cells encysted. This implies that certain ions
contained in this saline solution may have induced en-
cystment. Therefore, we examined first whether Tris-
HCI is effective for initiating cyst formation (Fig. 1).
When the cells were transferred into 0.1 mM Tris-HCI
buffer (pH 7.2), a few of the cells encysted (Fig. 1).
Such aslight induction of encystment may not have been
due to Tris* or Cl-, because some of the cells also
encysted even when the cellswere suspended in distilled
water (Fig. 4d). Although at concentrations of Tris-HCI
greater than 1 mM, the mean values of encystment rates
tended to increase, there was no significant difference
among the 3 series of different concentrations of Tris-
HCI ranging from 0.1 mM to 5 mM (p > 0.05, Kruskal-
Wallistest) (Fig. 1). In consequence, Tris-HCl does not
have a prominent effect on the induction of encystment
at least below 5 mM.

Effects of low concentrations of Ca?: Among
several saline solutions at 1 mM concentration, the
solutions containing CaCl, showed prominent encyst-
ment induction (Fig. 2); in this experiment, only the
encystment rateinduced in the sol ution containing CaCl,,
issignificantly different fromthat induced inthe medium
containing only 0.1 mM Tris-HCI (Fig. 2; seethe column
labeled “None”) (p < 0.05, Mann-Whitney test). The
fact that 5 mM Tris-HCI buffer (containing 4.5 mM
Cl") (Fig. 1) and 1 mM MgCl, solution were not effective
(Fig. 2) implies that the effect of CaCl, may be not
attributed to CI- but to C&?* at least in these concentra-
tions.

Itispossiblethat encystment induction in some of the
cells suspended in Tris-HCI buffer without other any
salts or suspended in distilled water is mediated by Ca*
contamination inthe solution. If so, theencystment of the
cells should be completely suppressed in medium in
which free C&* is eliminated by EGTA. If the concen-
tration of free Ca&* contaminating the medium is as-
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Fig. 1. Effects of various Tris-HCI concentrations on the induction of Colpoda encystment. a - typical time course of encystment; b - therate
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Fig. 2. Effectsof variousions(salts) on theinduction of Colpoda encystment. Every solution contained 0.1 mM Tris-HCI (pH 7.2) and various
sdts. a - typica time course of encystment; b - the rate of encystment (%) at 8 h after induction.

sumed to be 10 M, the addition of 0.1 mM EGTA (fina
concentration) reduces the free Ca?* concentration to
about 10°M. A few cellsencysted in spite of theaddition
of 0.1 mM EGTA (Fig. 3); there is no significant

difference between Ca?*-free medium (without addition
of CaCl,) and the medium containing EGTA (p > 0.05,
Mann-Whitney test). It is likely that, in the solution
containing no promoting or suppressing factor for en-
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Fig. 3. Effect of elimination of Ca2* contamination in the surrounding medium on encystment of Colpoda. Every solution contained 0.1 mM
TrissHCI (pH 7.2). a - typical time course of encystment; b - the rate of encystment (%) at 8 h after induction.

cystment, the determination of whether encystment is
triggered is unsettled.

Encystment induction and suppression

Effects of ions concentrations and bacteria: In
the saline solutions containing CaCl,, KCI or NaCl
gradually concentrated up to 8 mM by natural evapora-
tion, encystment was prominently promoted (Fig. 4). The
results indicate that Colpoda cells detect the rise of
concentration of cations or anions in the surrounding
medium as the signal to encyst because of forthcoming
desiccation. The induction of cyst formation by 1 mM
salt concentration was severely repressed by the pres-
ence of bacteria (107 cells/ml) in the surrounding me-
dium (Fig. 4); however, agradual rise in the concentra-
tion of CaCl, overcame the bacteria effect (Fig. 44),
despite the fact that the bacterial density increased
concomitantly with the increase in concentration of the
CaCl, solution. There was a significant difference be-
tween the encystment rate of the cells suspended in the
solution containing both 1 mM CaCl, and bacteria, and
the rate in the concentrated medium (8 mM CaCl,) with
bacteria (p < 0.05, Mann-Whitney test). Concentrated
NaCl solution also overcame the bacterial effect (Fig.
4c); there was a significant difference between the
solution containing both 1 mM NaCl and bacteria, and

the concentrated solution with bacteria (p < 0.05, Mann-
Whitney test). In the case of KCI solution (Fig. 4b), no
marked effect was observed (p > 0.05, Mann-Whitney
test). As shown in Fig. 4d, the evaporation of distilled
water suspending the cells up to /8 volume had no
effect. Thisresult suggests that the encystment-promot-
ing effect of concentrated NaCl or KCl solution is not
attributabl e to the concentration of contaminated Ca* in
the solutions. In concentrated MgCl, solution, a large
number of cells were killed.

Tris-HCI buffer at 2.2 mM (pH 7.2) contains 2 mM
ClI- (identical molar concentration with CI- produced by
ionization of 1 mM CaCl,), and the buffer concentrated
up to /8 volume (17.6 mM Tris-HCI) contains 16 mM
Cl-. Concentration of Tris-HCI up to 1/8 volume did not
have a marked encystment-promoting effect (Fig. 4e).
Thisresult suggeststhat neither Cl- nor Tris" isinvolved
inthe promation of encystment, and that the encystment-
promoting effect of salts such as CaCl,, NaCl or KCI
might be attributed to cations produced by ionization of
these salts.

Mannitol solution at 5 mM whose osmolality is ap-
proximately equivalent to that (5 mOsm) containing
1 mM CaCl, and 1 mM KClI did not promote encystment
(Watoh et al. 2003). In addition, the fact that Tris-HCI
buffer concentrated up to 17.6 mM equivalent to ca 33.6
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Fig. 4. Encystment-promoting effect by concentrated media and dominancy between these effects and the encystment-suppressing effect by
bacteria (107 cells/ml). The rate of encystment was expressed as the percentage of total number of tested cells (50-60 cells at ca 7 h after the
Colpoda cells were suspended in the solutions. a-c - the 1 mM saline solutions; d - distilled water (DW); e - 2.2 mM Tris-HCI (pH 7.2);
f - 3 mM mannitol. Solutions with or without bacteria (107 cellsml) were gradually concentrated up to 1/8 volume for ca 7 h at room
temperature by natural evaporation to finally produce concentrations of 8 mM saline solutions (a-c), 17.6 mM Tris" and 16 mM Cl- (e) and
24 mM mannitol solution (f), respectively. The mediadid not contain Tris-HCI buffer except for the solution used in Fig. 4 (€).

mOsm does not have an encystment-promoting effect
(Fig. 4e) impliesthat the encystment-promoting effect of
concentrated saline solutions may not be responsiblefor
the increased osmolality of the surrounding media. In
order to confirm that, we examined the effect of highly
concentrated mannitol solution. As shown in Fig. 4f, a
gradual concentration of 3 mM mannitol solution to
produce a final molar concentration of 24 mM whose
osmolality is approximately equivaent to that of 8 mM
CaCl, solution did not induce a number of cyst forma-
tion. However, there was a significant difference be-
tween the encystment rate of the cells suspended in 3
mM mannitol and the rate in its concentrated medium

(24 mM mannitol) (p < 0.05, Mann-Whitney test).
Judging from the statistical analysis, we cannot com-
pletely eliminate the effect of osmolality on the promo-
tion of encystment.

The use of some concentrated saline solutions such
as CaCl,, or NaCl solution invalidated the encystment-
suppressing effect of bacteria (Figs4a, ). Thisisnot an
issue of the viability of bacteria in such concentrated
media, because bacteria were still alive even in the
highly concentrated saline solution (Fig. 5); therewasno
significant difference between low concentration of
sadlinesolution (1 mM CaCl,, 1 mM KCl and 5mM Tris-
HCI, pH 7.2) and highly concentrated solution (50 mM
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Fig. 5. Effect of concentration of saline solution on viability of
bacteria. Living bacteria (107 cellsyml) were suspended overnight in
saline solution containing 5 mM Tris-HCI (pH 7.2), 1 mM CaCl, and
1 mM KCI (open column) or solution containing 5mM Tris-HCI (pH
7.2), 50 mM CaCl, and 50 mM KCI (shaded column). The bacterial
suspensions were then 1000-times diluted, and 50 pl of the suspen-
sion was transferred onto the agar plate to spread. After 1-day
incubation at room temperature, the colonies of each plate were
counted. Columns and attached bars correspond to the means of 4
identical measurements and standard errors.

CaCl,, 50 mM KCl and 5 mM Tris-HCI, pH 7.2)
(p > 0.05, Mann-Whitney test).

In conclusion, Colpoda detects increased concentra-
tion of cations such as Ca?*, Na* or K* in the external
medium as the environmental signal for forthcoming
desiccation and promptly initiates cyst formation, and
Ca* is most effective among these cations. Such a
desiccation signal would have precedence over other
encystment-suppressing elements derived from bacte-
ria
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Uroleptopsis Kahl, 1932 (Ciliophora: Hypotricha): Morphology and Cell
Division of Type Species, Redefinition, and Phylogenetic Relationships

Helmut BERGER

Consulting Engineering Office for Ecology, Salzburg, Austria

Summary. The morphology and the morphogenesis of the marine hypotrich Uroleptopsis citrina Kahl, type of Uroleptopsis Kahl, were
investigated using live observation and protargol impregnation. The results are used for a redefinition of Uroleptopsis and a phylogenetic
analysis of the Pseudokeronopsidae. Each of the many macronuclear nodules of U. citrina dividesindividually asin Pseudokeronopsis spp.,
that is, the nodules do not fuse to a single mass. Consequently, Uroleptopsis, Pseudokeronopsis, and Thigmokeronopsis - which shows
an intermediate type of macronuclear division - are united to the Pseudokeronopsidae. Uroleptopsis has three autapomorphies, namely the
lack of transverse cirri, the formation of two cirri from the undulating membrane anlage, and a gap in the adoral zone. Uroleptopsis ignea
has midventral rows which are the autapomorphy for the new subgenus Uroleptopsis (Plesiouroleptopsis). Uroleptopsis (Uroleptopsis),
which contains the four other Uroleptopsis species, lacks a buccal cirrus in the ordinary position right of the paroral; in non-dividers this
cirrus is part of the posterior bow of the bicorona. In U. citrina some cirral anlagen of the middle portion of the midventral complex do
not form an ordinary cirral pair, but only asingle midventral cirrus. Keronopsistannaensis Shigematsu istransferred to Urol eptopsis because
it lacks transverse cirri and has likely a bicorona. Keronopsis multiplex Ozaki and Yagiu is synonymized with U. roscoviana (Maupas).
A key to the five Uroleptopsis species is provided and the terminology for urostylids is actualized. The Uroleptopsis citrina population
from the Adriatic Seais designated as neotype because (i) no preparations are available of the original type population, and (ii) synonymy
with Pseudokeronopsis rubra and some other species was proposed by Borror (1979) and Borror and Wicklow (1983).

Key words: Adriatic Sea, key to species, neotypification, phylogeny, Protozoa, Pseudokeronopsidae, revision, terminology, Uroleptopsis
(Plesiouroleptopsis) subgen. n., Uroleptopsis tannaensis comb. n., Urostylidae.

INTRODUCTION

Kahl (1932) established Uroleptopsis because the
lack of transverse cirri in some holostichid species
prevailedtheir classificationin Hol osticha (Keronopsis).
Uroleptopsis was accepted until 1979, when Borror
has put it - together with Trichototaxis - into the

Address for correspondence: Helmut Berger, Consulting Engi-
neering Office for Ecology, Radetzkystrasse 10, 5020 Salzburg,
Austria; Fax: +43 (0)662 443139; E-mail: office@protozool ogy.com

synonymy of Keronopsis sensu lato. Later, he synony-
mized it with Pseudokeronopsis (Borror and Wicklow
1983). In 1990, Mihailowitsch and Wilbert described
P. ignea which lacks transverse cirri. Thus, Foissner
(1995) transferred it to Uroleptopsis. However, the
resurrection of Kahl’'s genus by Foissner was not ac-
cepted by Eigner (2001).

Recently | found the type species U. citrina in the
Adriatic Sea and could study its morphology and mor-
phogenesis. The data indicate that Uroleptopsis is as
well defined as many other genera of hypotrichs. Thus,
it should not be synonymized with Pseudokeronopsis
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which is very likely the sister group of Uroleptopsis
according to Hennigian argumentation.

MATERIALS AND METHODS

Sampling and culture. Uroleptopsis citrina was found in a
samplewhich| collected onthe sandy littoral of the northern Adriatic
Sea ahead the campground Pra’ delle Torri (45°34’'N 12°49'E) near
the Italian village of Duna Verde on 25.05.2002. The sample con-
tained mainly sand and seagrass run ashore. It was transported to
Sazburg in a 1-litre bottle. In the laboratory raw cultures were
established using Petri dishes 15 cm acrossfilled with seawater from
the sample site. Some squashed wheat grains were added to support
microbia growth. The species grew also well in artificial seawater
(30%o; Biosal, Aqualine Buschke, Berg, Germany).

Mor phological methods. Cells were studied in life using, inter
alia, ahigh-power oil immersion objectiveand differential interference
contrast optics. Live measurements were made at magnifications
of 125-1250x. Although live valuesare more or lessrough estimates,
it is worth giving such data as specimens usually contract during
fixation or shrink in preparations. The infraciliature was revealed
with the protargol method according to protocol A in Foissner et al.
(1999). Counts and measurements on prepared specimens were per-
formed at amagnification of 1250x. |llustrationsof live specimensare
based on micrographs and freehand sketches, whilethose of prepared
cellswere made with acameralucida. Five neotype slides (accession
nos. 2004/301-305) of protargol preparations are deposited in the
Oberdsterreichische Landesmuseum in Linz (LI), Austria. Since the
slides contain ahigh number of individua sonly specimensillustrated
have been marked by a ring. Further specimens from the neotype
population arein the 5 neotype dlides of Amphisiella annulata which
are deposited in the same museum (accession nos. 2003/146-150).

The morphometric data shown in Table 1 are repeated only as
needed for clarity. All observations are from specimens of raw cul-
tures, that is, not from cloned individuals. Consequently it cannot be
excluded that similar speciesaremixed, althoughthisisvery unlikely
because specimens which deviate in at least one important character
are excluded. Certainly, this can generate some bias in the data if
applied to uncritically. However, | usually excluded only such indi-
viduals which have, for example, adistinctly deviating cirral pattern
(very likely often injured, regenerating, or malformed specimens) or

anunusually small size(very likely often degenerating or just divided
specimens). The inclusion of such specimens would artificialy in-
creasevariability.

Specimens of the neotype population have been sent to Prof.
Martin Schlegel (Leipzig University, Germany) for molecular biology
analysis. Results will be published elsewhere.

Terminology and nomenclature. The terminology for the sup-
posed autapomorphy of the urostylids, the midventral cirri, is rather
confusing sincetheterm has not been used uniformly. Theexpression
midventral cirri was introduced by Borror (1972) as follows: “Be-
tween theright and left marginal cirri in membersof theHolostichidae
isadoublerow of cirri that often isarranged in azigzag position. The
midventral cirri arisefrom alongitudinal seriesof transversestreaksin
Urostyla cristata, ...". However, this term was not used in all subse-
guent papers on urostylids. For example, Buitkamp (1977) desig-
nated the two rows formed by the zigzagging cirri as ventral rows.
Hemberger (1982) and Foissner (1982) basically accepted Borror’s
expression and designated the two rows as right and left midventral
row (note, that each of these two midventral rows originates from
many anlagen wheresas, for example, amarginal row originatesfroma
singleanlage!). Inseveral urostylid genera(e.g., Bakuella, Keronella)
not only cirral pairsbut also moreor lesslong rows areformed by the
midventral anlagen. Wiackowski (1985) summarized both the cirral
pairsand the cirral rowsunder theterm midventral cirri. By contrast,
Song et al. (1992) confined the expression midventral row to the
zigzagging arranged cirra pairs and designated the cirral rowsin the
posterior body portion as ventral rows. In 1994, Eigner introduced
two termsfor these cirral rowsin the posterior body portion of some
taxa, namely (i) short midventral row composed of 3-4 cirri, and (ii)
long midventral row composed of more than four cirri. According to
Eigner's terminology, for example, a Bakuella species has (i) a
“midventral row” (composed of zigzagging cirra pairs), (ii) one or
more* short midventral rows’, and (iii) oneor more*“long midventral
rows’. Sincethemidventral row mentioned under (i) can also beeither
short or long, the termsintroduced by Eigner are somewhat mislead-
ing. In addition, theleft cirrusof several cirral pairsislacking in non-
dividersof Uroleptopsiscitrinafurther complicating theterminology
(seebelow). To overcometheseterminological problems, thevarious
structures are designated as shown in Figs 1-4. The new generic term
is “midventral complex” which can be composed of various struc-
tures. For example, in Holosticha species the complex consists of
midventral pairsonly, whereasin Bakuella it iscomposed of midventra
pairsand midventral rows. In specieswith threeenlarged frontal cirri,

Figs 1-4. Terminology of urostylid ciliates. 1 - infraciliature of ventral side of a species with a bicorona. Arrow marks approximate border e
between distal and proximal portion of adoral zone of membranelles where in some taxa, for example, Uroleptopsis citrina, a more or less
distinct break (gap) occurs. Frontal-midventral -transversecirri which originate from the same anlage are connected by abrokenline(for the sake
of clarity only the leftmost transverse cirrus and the two rightmost transverse cirri are connected with the corresponding midventral pair,
respectively, midventral rows); 2 - infraciliature of ventral side of aspecieswiththreefrontal cirri. Arrow marksproximal end, arrow head distal
end of adoral zone of membranelles. Asterisks mark anlagen which eventually produce only a single midventral cirrus; 3 - schematic cross
section showing dorsoventral flattening. 4 - infraciliature of dorsal side, nuclear apparatus, and contractile vacuole. Arrow marksproximal end
of adoral zoneof membranelles. AZM - adoral zoneof membranelles; BC - buccal cirrus; CC - caudal cirri; CV - contractilevacuole; E - endoral;
FC - fronta cirri; FT - frontoterminal cirri (= migratory cirri); LMR - left marginal row; MA - macronuclear nodule with nucleoli;
MC - midventral complex; M1 - micronucleus, MP - midventral pairs, MV - midventral rows; P - paroral; PP - pseudo-pair (composed of rear
[= Ieft] cirrus of an anlage and front [= right] cirrus of next anlage, that is, the cirri of a pseudo-pair do not originate from the same anlage);
PT - pretransverseventra cirri; RMR - right marginal row; TC- transversecirri; | - first (= leftmost) frontal-midventral-transversecirral anlage;
I11/2 - cirrus behind right frontal cirrus (according to Wallengren’s 1900 terminology); IV - this anlage produces the first midventral pair in
specieswith threefrontal cirri; X111 - thirteenth anlage; XX XI1 - last (= rightmost) frontal-midventral-transverse cirral anlage (number varies
among species and often within species); 1, 2, 3, ... - dorsal kineties (kinety 1 is the leftmost one).
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thedistinction between thefrontal cirri and the midventral complexis
straightforward (Fig. 2). In taxa with a bicorona - for example,
Keronella and Uroleptopsis - it is sometimes difficult to define
the beginning of the midventral complex (Fig. 1). However, usually
the cirri of the anterior corona and even those of the posterior are
slightly to distinctly larger than the midventral cirri and often at
least dightly set off from them. The dorsoventral flattening of a
hypotrich is expressed as the ratio of body width to body height

(Fig.3).

For authorship and date of scientific names, see Berger (2001).
Usually, the taxa Pseudokeronopsinae and Pseudokeronopsidae dis-
cussed inthe chapter on phylogenetic rel ationshipsare categorized as
subfamily and family, asindicated by the defined endings -inae and -
idae (for example, Borror and Wicklow 1983, Lynn and Small 2002).
| do not use categories above the obligatory genus because they are
useless in phylogenetic analysis (for details on this matter and the
resulting conflictswith nomenclature, see Ax 1995, 1999 and Wégele
2001). However, to avoid inflation, | retain these names.

RESULTS AND DISCUSSION

Morphology and morphogenesis of type species

Uroleptopsis citrina Kahl, 1932 (Figs 5-28, 35-42;
Table 1)

1932 Uroleptopsis citrina sp. n. - Kahl, Tierwelt Dtl., 25: 543,
Fig. 87 (Fig. 13; origina description; no type material available).

1933 Uroleptopsis citrina Kahl 1932 - Kahl, Tierwelt N.- u.
Ostsee, 23: 107, Fig. 16.12 (guide to marine ciliates).

1950 Uroleptopsis citrina K. - Kudo, Protozoology, p. 672
(textbook).

1972 Uroleptopsis citrina Kahl, 1932 - Borror, J. Protozool.,

19: 11 (revision).

Nomenclature: No derivation of the name is given
in the original description. The species-group hame
citrina (Latin adjective; lemon-yellow) obvioudly refers
to the yellow colour of this species.

Improved diagnosis (based on origina data only):
Size around 200 x 40 um in life. Body outline elongate.
Cortical granules yellow, ring-shaped arranged around
dorsal bristles and scattered. Underneath cell surface a
2-3 um wide seam formed by ring-shaped structures. On
average 39 adoral membranelles (29 proximal, 10 distal);
each 7 cirri in anterior and posterior corona; anterior and
posterior portion of midventral complex each composed
of about 7 cirral pairs, middle portion composed of about
10 right cirri only; 39 left and 48 right marginal cirri.
Usually 2 frontoterminal cirri and invariably 3 dorsal
kineties. Marine.

Morphology (Figs 5-12, 14-19, 35-42; Table 1): At
first datafrom the Adriatic population are provided. For

a brief characterization of Kahl's population, see last
paragraph of the morphology chapter.

Size of Adriatic population usualy 160-220 x 30-
50 um, body length : width ratio about 5 : 1 in life,
3.8 : 1 on average in protargol preparations (Table 1).
Body outline elongate-€lliptical to almost band-shaped;
at left anterior corner a minute process likely causing
break in adoral zone (Figs 5, 35). Body about 1.5-2.0: 1
flattened dorso-ventraly, very flexible, rather resistant
against cover-glass pressure, not distinctly contractile.
Pellicledightly todistinctly crenulated along cirral rows.
Nuclear apparatus masked by cytoplasmic inclusions,
thereforevery difficult to recognizein lifewithout stain-
ing (Figs 5, 35, 38). Macronuclear nodules scattered
throughout cytoplasm, usually ellipsoidal (Iength: width
ratio about 2 : 1 on average in protargol preparations,
Table 1), sometimes globular or dumbbell-shaped, with
oneor few nucleoli (Figs9, 10); specimen showninFigs
14-16 with about 100 macronuclear nodules. Micronu-
clei globular, difficult to distinguish from globular macro-
nuclear nodules in protargol preparations and therefore
difficult to count; number likely around five. Contractile
vacuoledifficult to recognizein freely motile specimens;
dlightly squeezed cells show distinct lacunar system with
several dilatations near left body margin (Figs 5, 6).
Cortical granulesdifficult to recognize, although of ordi-
nary size (0.8-1.2 um across) and yellow colour; variable
number of granules ring-shaped arranged around dorsal
bristles, but also scattered over whole cell (Figs 6-8, 36,
37). Yellow colour of specimens basically not caused by
cortical granules but due to diffuse colour of cytoplasm.
Anterior and posterior body end often more distinctly
yellow than remaining body portions. Underneath cell
surface a distinct, about 2-3 um wide seam formed by
numerous ring-shaped structures of unknown function;
individual structures colourless, 1.5-2.0 um across (Figs
7,8, 11, 12, 36-38). Cytoplasm usually packed with fatty-
shining globules 2-4 um across (Figs 5, 8, 35, 38). Food
vacuoles 3-10 um across, contain bacteria. Movement
without peculiarities, that is, moderately fast gliding
showing great flexibility.

Adoral zone of membranelles occupies 30% of body
length on average (Table 1), bipartite by inconspicuous
break (gap) about there where zone turns from ventral
body surfaceto dorsal side of frontal scutum (Figs5, 14,
17-19, 39, 41). Gap usually distinct in protargol prepara-
tions, on average 3 um wide, separates zone into about
10distal and about 30 proximal membranelles. Proximal
portion of adoral zone in most specimens roughly in



&

SNS

==

SN
S

SINETND

Y

N

- L -

Figs 5-13. Uroleptopsis citrina. Neotype population (5-12) and
Kahl's population (13) from life (5-8, 11-13) and after protargol
impregnation (9, 10). 5 - ventral view of a representative specimen;
6 - ventral view of aslightly squeezed specimen showing contractile
vacuole system and arrangement of cortical granules; 7 - top-view
showing ring-shaped structures(1.5-2.0 pum across) and cortical gran-
ules (0.8-1.0 um across) which form more or less distinct circles
around base of dorsal bristles; 8 - 2-3 um wide seam formed by the
ring-shaped structures; 9, 10 - macronuclear nodules havefew or one
nucleoli; 11, 12 - the ring-shaped structures are reminiscent of the
erythrocytes of mammals; 13 - ventral view (from Kahl 1932),
individual size not indicated. Scale bar 30 um.

Gonostomum pattern, that is, extends along left body
margin, performs more or less abrupt right bend and
dlight clockwiserotation to plungeinto the buccal cavity;
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four-rowed portion of middle membranellesoften dlightly
set off which is sometimes even recognizable in lifein
that this right portion (or only some cilia) forms a
separate ciliary bundle (Fig. 14); width of membranelles
increasesrapidly up to 10 um from proximal endto level
where left marginal row commences. Distal portion of
adoral zone extends onto right body margin to 7% of
body length on average (Table 1). In severa specimens
proximal portion of adoral zone sigmoidally curved
(Fig. 19), amost asillustrated by Kahl (1932; Fig. 13).
Buccal area very narrow in life, of ordinary size in
protargol preparations possibly dueto inflation of buccal
cavity (Figs 5, 14, 35). Bucca lip distinctly curved and
thickened at vertex (Figs 5, 41). Paroral and endoral
begin about at same level, that is, at about 14% of body
length (Figs 14, 41; Table 1). Paroral short (9 um on
average in protargol preparations; Table 1), straight,
composed of 6-8 um long, likely zigzagging arranged
cilia, on anterior portion of buccal lip, opticaly not
intersecting with endoral which is also more or less
straight, but about twice as long as paroral. Pharyngeal
fibres inconspicuous in life, clearly recognizable after
protargol impregnation, of ordinary length and structure,
extend obliquely backwards, with long, fine structures
(ciliaof endoral?) beating inside.

Cirral pattern and number of cirri of usual variability,
except for number of cirral pairsin anterior and posterior
portion and number of single midventral cirri in middle
portion of midventral complex which vary rather strong
(Figs 14, 17-19; Table 1). Cirri of bicorona 12-15 pm
long, remaining cirri about 12 um. Frontal ciliature con-
spicuous because of the bicorona type; anterior and
posterior corona composed of each seven cirri on aver-
age dueto two peculiarities, namely (i) the formation of
two cirri fromanlagel, and (ii) thebuccal cirrus(=cirrus
11/2) isformed, but does not migrate posteriorly into the
ordinary position (for details, see morphogenesis). Only
one out of at least 31 specimens with eight cirri in
anterior and only seven cirri in posterior corona. Cirri of
anterior corona dlightly larger than those of posterior,
base of most (all?) coronal cirri of polygona outline.
Bicorona not very distinctly set off from anteriormost
cirral pair of midventral complex. No cirrusimmediately
right of paroral, that is, “buccal cirrus’ lacking. Usually
two, rarely threefrontoterminal cirri in ordinary position,
namely near distal end of adoral zone (Figs 14, 17-19).
Midventral complex composed of 39 cirri on average;
due to a morphogenetic peculiarity separated in three
more or less clearly recognizable portions (Figs 14, 17-
19): (i) anterior portion composed of seven midventral
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Figs 14-17. Uroleptopsiscitrina. Neotype popul ation after protargol impregnation. 14-16 - infraciliature of ventral and dorsal side and nuclear
apparatus of neotype specimen. Long arrow marks gap in adoral zone, short arrow marks cirrus 11/2 (= “buccal cirrus’) which isnot right of
the paroral in non-dividers. Arrowhead denotes anterior end of right marginal row. Broken lines connect cirra pairs of bicorona.
17 - infraciliature of ventral side of a specimen with 3 frontoterminal cirri. The short cirral row left of theleft marginal row islikely aremnant
of the parental | eft marginal row. Middle portion of midventral complex, whichiscomposed of singlemidventral cirri, isencircled. D1- distance
between anterior body end and last midventral cirral pair of anterior portion of midventral complex; D2 - distance between anterior body end
and first midventral pair of posterior portion of midventral complex; FT - frontoterminal cirri; LMR - left marginal row; P- parora; X - length

of adoral zone of membranelles; 1-3 - dorsal kineties. Scale bars 30 pm.

pairs on average; (ii) middle portion made of about 10
single cirri forming a more or less continuous (not
Zigzagging) row; and (iii) posterior portion composed of
around seven cirral pairs whose cirri are usually wider
separated than those of the anterior portion; length of
thesethree portionshighly variable. Midventral complex
terminates at 84% of body length on average; rearmost
cirri must not be misinterpreted astransverse cirri which

arelacking (checked in many hundred specimens). Right
cirri of midventral pairsusually composed of 2 x 4 basal
bodies, |eft cirri often made of 2 x 3 basal bodies. Right
marginal row commences close to frontoterminal cirri,
curves leftwards to about cell midline at posterior end,
and usually terminates about 4 um ahead rear cell end.
Left marginal row begins in ordinary position, that is,
dlightly ahead proximal end of adoral zone, extends onto



Table 1. Morphometric data on Uroleptopsis citrina®

Uroleptopsis Kahl, 1932 105

Characteristics X M sD E cv Min  Max n
Body, length 1550 1540 199 36 129 990 1880 31
Body, width 410 420 72 13 175 260 570 31
Body length : width, ratio 38 38 06 01 14.6 3.0 52 31
Adoral zone of membranelles, length® 46.2 46.0 5.0 0.9 10.9 32.0 540 31
Adoral zone, relative length (%) 299 293 19 03 65 270 350 31
Anterior body end to distal end of adoral zone, distance 11.3 110 26 05 22.8 5.0 180 31
Anterior body end to rear end of gap in adoral zone, distance 4.0 40 19 03 47.3 1.0 90 31
Gap in adora zone, length 31 30 11 02 341 0.8 60 31
Anterior body end to paroral, distance 223 220 33 06 148 150 290 31
Paroral, length 8.9 90 16 03 17.7 6.0 120 31
Anterior body end to first midventral cirra pair, distance 184 185 33 06 179 110 240 30
Distance 1° 415 40.0 7.6 14 184 24.0 68.0 31
Distance 2¢ 728 720 172 31 236 460 1120 31
End of midventral complex to rear body end, distance 256 240 63 11 246 140 380 31
Anterior body end to right marginal row, distance 147 150 35 06 23.6 8.0 21.0 29
End of right marginal row to rear body end, distance 4.0 40 16 03 40.4 1.0 60 31
Anteriormost macronuclear nodule, length 4.7 4.0 1.3 0.2 27.3 3.0 80 31
Anteriormost macronuclear nodule, width 24 25 05 01 21.7 15 30 31
Anteriormost micronucleus, diameter 25 25 0.3 0.1 13.1 1.5 30 28
Adoral membranelles, total number 39.4 39.0 4.0 0.7 10.2 29.0 470 31
Proximal adoral membranelles, number 295 200 28 05 95 220 350 31
Distal adoral membranelles, number 9.9 10.0 1.4 0.2 13.8 7.0 120 31
Anterior corona, number of cirri 75 7.0 1.2 0.2 15.2 6.0 100 31
Posterior corona, number of cirri 75 70 12 02 15.3 6.0 100 31
Frontoterminal cirri, number 2.3 2.0 0.5 0.1 20.5 2.0 30 31
Midventral pairs in anterior portion of midventral complex, number 7.1 70 20 04 27.6 4.0 150 31
Singlemidventral cirri, number 103 110 45 08 435 4.0 180 31
Midventral pairs in posterior portion of midventral complex, number 6.8 55 33 06 48.2 25 140 31
Midventral cirri, total number 39.2 38.0 6.4 1.2 16.4 26.0 53.0 31
Left marginal cirri, number 389 380 61 11 157 280 490 31
Right marginal cirri, number 477 480 63 11 133 340 630 31
Dorsal kineties, number 3.0 3.0 0.0 0.0 0.0 3.0 30 31
Dorsal kinety 1, number of bristles 252 250 43 038 169 140 320 30

a Measurements in um. Data based on mounted, protargol-impregnated, and randomly selected specimens. CV - coefficient of variation in
%, M - median, Max - maximum, Min - minimum, n - number of specimens investigated, SD - standard deviation, SE - standard error of
arithmetic mean, X - arithmetic mean.? See Fig. 17.¢ Distance 1 and 2, see Fig. 17.

dorsolateral surface posteriorly where it ends about in
midline; marginal rows thus optically more or less
confluent (Figs 14, 16). Dorsal cilia2-3 um long in life,
arranged in three bipolar kineties (Figs 16, 40; Table 1).
Caudal cirri lacking.

Brief description of Kahl’spopulation (Fig. 13): body
150-250 ym long; body length : width ratio 5-6 : 1;
anteriorly flattened, very flexible, moreor lessacontractile.
Many macronuclear nodules. Invariably a single large
globular to ellipsoidal mass in cell centre, stains with
methy| green; according to Kahl (1932) thisisakind of
mycetom, that is, cytoplasm packed with bacteria; Kahl
stated that the constancy of this feature has to be

checked. Contractile vacuole near left margin at about
33% of body length, rarely visible; at about 66% obvi-
ously a second vacuole, which, however, isnot contrac-
tile. Cortex packed with pale yellow oval ring-shaped
protrichocystsabout 1.5 pm across; smaller, solid, lemon-
yellow protrichocysts (= cortical granules) near thecirral
and bristlerows, form difficult-to-recognizeringsaround
dorsal bristles; these lemon-yellow granules cause the
colour of the cell. Oral apparatus occupies 16-20% of
body length; adoral zone curiously shaped, narrow, turns
rightwards proximally and ends in a short cytopharynx.
Distinct buccal lip aswell as buccal field and undulating
membrane (paroral) lacking; however, sometimes the
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oral seam extends dlightly rightwards. Marginal rows
separated posteriorly; left row commences near middle
portion of proximal part of adoral zone. Cirri of ventral
rows (= midventral complex) finer than those of bicorona,
making the impression of a single row.

Cell division (Figs 20-28, 42): This part of the life
cycle proceeds basically as in Pseudokeronopsis
(Wirnsberger 1987) and in some details aso as in
Thigmokeronopsis (Petz 1995). Consequently | men-
tion only relevant deviations from Pseudokeronopsis
which is very likely the sister group of Uroleptopsis. A
very early stage and one or two stages between those
shown in Figs 20, 22 are lacking in the sequence
presented (Figs 20-28).

Figs 18-21. Uroleptopsis citrina. Neotype
population after protargol impregnation.
18, 19- infraciliature of ventral side of speci-
menswithashort portion of singlemidventral
cirri (encircled by dotted line in 18) and a
long portion (19); cirri of bicorona, which
originatefrom sameanlage, areconnected by
brokenlines. 20, 21 - infraciliature of ventral
side and nuclear apparatus of a very early
divider. Short arrow marksabasal body field
in the buccal cavity, large arrow denotes an
anlagenear thebuccal vertex. Noteindividu-
ally dividing macronuclear nodules.
OP - oral primordium. Scale bars 30 um.
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Stomatogenesis: As in Thigmokeronopsis and
Pseudokeronopsis, the anlage for the new adoral zone
of the proter is formed left of the endoral, likely on the
“roof” of the buccal cavity (Fig. 20). Distinctly later, the
newly formed adoral zone with many differentiated
membranelles, the undulating membranes anlage, and
the many oblique frontal-midventral cirral anlagen are
recognizable (Fig. 22). In this and some later stages the
new adoral zoneismore or lesslongitudinally arranged
about in cell midline (Figs 22, 23). Meanwhile, the
parental adoral zone is successively resorbed. In the
stages shown in Figs 22, 23 the disintegrating proximal
portion of the parental adoral zone is divided with one
part near the anterior cell end and the second about in
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mid-body. The break in the new adoral zone occurs
obviously rather late, that is, shortly before or after the
separation of the proter and the opisthe (Fig. 27).

The oral primordium of the opisthe originatesimme-
diately left of themidventral complex about inthemiddie
body region (Fig. 20). Obviously no parental midventral
cirrusisincorporated intheformation of the primordium,
which agrees with the data on Pseudokeronopsis and
Thigmokeronopsis. Later, the adoral membranelles or-
ganizein aposteriad direction and the primordium for the
undulating membranes splitsinto the endoral and paroral
(Figs 22, 23, 25-27).
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Figs 22-24. Uroleptopsis citrina. Neotype population
after protargol impregnation. Parental structures white,
new black. 22, 23 - infraciliature of ventral side of early
to middle dividers. Arrows mark the rear portion of the
parental, proximal part of the adoral zone of
membranelles, arrow heads denote the anterior portion
of the parental proximal portion. 24 - infraciliature of
dorsal sideof amiddledivider. Each macronuclear nodule
dividesindividually which isthe main autapomorphy of
the Pseudokeronopsinae (only 2 of the about 100 macro-
nuclear nodules and only 1 micronucleus illustrated).
Division of the invariably 3 dorsal kineties proceeds in
ordinary manner, that is, each kinety produces two
anlagen. MA - macronuclear nodules, M1 - micronucleus,
23  1-3-dorsal kineties. Scale bars 30 um.
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Development of frontal, midventral, and
frontoterminal cirri: Since some early stages are
lacking, the origin of thefrontal-midventral cirral anlagen
of both the proter and the opisthe remains unknown. In
the stage shown in Fig. 22, almost the complete number
of anlagenisclearly recognizablein bothfilial products.
In early to middle dividers the differentiation of cirri
begins (Figs 22, 23). From anlage |, which forms the
undulating membranes, two cirri originate (Figs 25-27).
This is an important difference to Pseudokeronopsis
and Thigmokeronopsis where, as usual, only one cirrus
is formed. In the stage shown in Fig. 25, the full set of
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Figs25-27. Uroleptopsiscitrina, neotype population. Infraciliature of ventral side after protargol impregnation. Parental structureswhite, new
black. 25 - middledivider. Notethat all frontal-midventral cirral anlagen haveproduced at least two cirri, including anlagen | and 11; 26 - middle
to late divider. Note that in some midventral cirral anlagen the left cirrus of the pairs is resorbed (arrows). Arrowheads denote new
frontoterminal cirri which start to migrate anteriorly; 27 - very late divider (dorsal side, see Fig. 28). Arrows mark site where the gap in the
adoral zoneisformed. Note that the number of single midventral cirri israther different in proter (5) and opisthe (about 13). Cirri of bicorona,

which originate from same anlage, are connected by broken line. Scale bars 30 um.

frontal cirri, which form the bicorona, and midventral (= posteriormost) anlage begin with the migration to near
cirri, which form the midventral complex, isrecogniz- the distal end of the adora zone where they form the
able. However, a somewhat later stage showsthat about  frontoterminal cirri (Figs 26, 27).
in the third quarter of the midventral complex the left
cirrus of each pair disappears (Fig. 26). This loss
explainsthe curiouspattern of the midventral complex of
interphasic specimens (Figs 14, 17-19). More or less
simultaneoudly the anterior two cirri of the rightmost

Development of marginal rows and dorsal
kineties: The new margina rows and dorsal kineties
originatein ordinary manner, that is, two primordiaeach
develop within the parental rows and kineties (Figs 22-
28). No caudal cirri are formed (Figs 16, 28).



Nuclear apparatus. The nuclear apparatus divides
as in Pseudokeronopsis (for example, Wirnsberger
1987), that is, the many macronuclear nodules divide
individually (Figs 21, 24). The micronuclei behave like
those of other hypotrichs (Fig. 28).

Occurrence and ecology: Uroleptopsis citrina is
a benthic, marine species. Kahl (1932) found it in the
German city of Kiel “not rare” in an aguarium where it
was sluggishly borrowing in the mesosaprobic debris.
Kahl (1932) did not state from where the material in the
aquarium was. However, in his guide to marine ciliates
(Kahl 1933) he wrote “in aten Kieler Kulturen und
Aquarien nicht selten” (= not rare in old cultures from
Kiel and in aguaria) so that we can conclude that he
found it (inter alia? exclusively?) in the Baltic Seaat the
coast of which the city of Kiel is located.

| found U. citrina in the littoral of the northern
Adriatic Sea at a water temperature of about 20°C
(further details, see materials and methods). Due to the
neotypification (see below), thissample site becomesthe
new type locality. It occurred, inter alia, together
with Amphisiella annulata (see Berger 2004),
Pseudoamphisiella sp., and some euplotids. There exist
some records from the Bulgarian coast of the Black Sea
which are, however, not substantiated by illustrations or
morphological data (for review, see Detcheva 1992).

Systematics. Kahl (1932) described U. citrina, type
of Uroleptopsis, rather detailed from life (Fig. 13).
Subsequently it was listed in severa reviews, but no
additional datahave been provided. Borror and Wicklow
(1983) classified it as one of several junior synonyms of
Pseudokeronopsis rubra which is hardly comprehen-
sible because U. citrina is yellow, has no buccal cirrus
right of the paroral, lacks transverse cirri, and
has invariably three dorsal kineties; in contrast,
Pseudokeronopsis rubra is red, has an ordinary buccal
cirrusand distinct transversecirri, and usually six dorsal
kineties (Wirnsberger et al. 1987).

The population from the northern Adriatic Sea very
closely resembles the type population from the Baltic.
They agree in the following features: (i) marine habitat;
(i) size; (iii) nuclear apparatus; (iv) contractile vacuoles,
(v) yellow cortical granules and ring-shaped structures
underneath cell surface; (vi) narrow buccal field; (vii)
bicorona and long midventral complex basically com-
posed of cirra pairs (the lack of some left cirri in the
middleregion of themidventral complex isvery difficult
to recognize without silver impregnation and was there-
forepossibly overlooked by Kahl although heevenwrote
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that the two ventral rows nearly make the impression of
asingle row); (viii) lack of a buccal cirrus in ordinary
position; (ix) lack of transverse cirri; (x) three dorsal
kineties.

Differences concern (i) the oral apparatus; (ii) a so-
caled “Mycetom” (a plasma-region containing many
bacteria) described by Kahl (1932); (iii) the distance
between the rear end of the marginal rows; (iv) the body
shape; and (V) the colour. The gap in the adoral zone of
the Adriatic population is clearly recognisable only in
protargol preparations; thus, it is unknown whether or
not thisfeaturewas present in Kahl’spopul ation who did
not have the advantage of silver impregnation. Further,
Kahl did not see abuccal field and aparoral. The buccal
field isobviously very narrow in Kahl’s population and
therefore one can also say that it islacking. The lack of
the paroral in his specimens is much more difficult to
explain because he described this structure in many
other hypotrichs; possibly he overlooked it becauseitis
indeed rather inconspicuous. The mycetom was obvi-
ously presentin all specimensstudied by Kahl; however,
he wrote that the constancy of this feature has to be
checked. Possibly it was a kind of parasitism. In the
specimens of Kahl’s population the marginal rows are
distinctly separated posteriorly (Fig. 13). In contrast,
they optically almost overlap in the specimens from the
Adriatic Sea (Figs 14, 16, 18). Since this feature is
difficult to recognize in life it must not be over-inter-
preted. Kahl’s specimen is more or less band-shaped
wheresas the specimens from the Adriatic Sea are usu-
aly elongatedliptical in outline. Possibly, Kahl’s speci-
mens did not have their natural outline due to the
mycetom (see above) whose effect on the cell is not
known. According to Kahl, the yellow colour of
U. citrina is due to the yellow cortical granules. How-
ever, in my population the number of these granulesis
usualy too low to cause such a distinct colour. In
contrast, the yellow colour of the Adriatic population is
mainly caused by a diffuse colour of the cytoplasm
which is often very distinct in the marginal areas.

Neotypification: No type or voucher slides are
available from any U. citrina population. As mentioned
above, Borror and Wicklow (1983) have synonymized it
with Pseudokeronopsis rubra, a proposal which is
certainly incorrect (see also chapter History of
Uroleptopsis). To avoid such a misclassification in
future it seems wise to define U. citrina objectively by
the designation of a neotype (ICZN 1999, Foissner
2002). The neotypification of P. rubrawasalready done
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by Wirnsberger et al. (1987). According to Article 75.3
of the ICZN (1999), the designation of aneotypeisonly
valid when seven particulars are published: (i) as men-
tioned above, the systematic status of U. citrina is
somewhat unclear because it was synonymized with the
rather common Pseudokeronopsis rubra in the last
revision onurostylids(Borror and Wicklow 1983). (ii) for
adifferentiation of U. citrina from related taxa, see next
chapter. (iii) the neotype specimen (Figs 14-16), respec-
tively, neotype population from the Adriatic Seais de-
scribed in detail (see above); thus, recognition of the
neotype designated isensured. (iv) it isgenerally known
that no type material isavailable from species described
by Kahl. Further, there is no indication that Detcheva,
who recorded it from the Black Sea, made permanent
preparations, let aone designated a neotype. (v) thereis
strong evidence that the neotype is consistent with
U. citrina as originally described by Kahl (1932). For a
detailed comparison, see previous chapter. The differ-
ences discussed must not be over-interpreted and are
possibly due to some minor misobservations by Kahl
(1932). Further, it cannot be excluded that Kahl’s speci-
men were slightly influenced by the so-called mycetom,
which was possibly a kind of parasitism. (vi) unfortu-
nately, the neotype does not come from very near the
original typelocality (northern Adriatic Seaagainst Bal-
tic Sea near the German city of Kiel; distance about
1000 km). However, both sites are marine habitats from
the Holarctic region. As generally known, many ciliates
- especially marine ones which live in a comparatively
homogenous medium - are cosmopolitans (Patterson et
al. 1989) so that this point should not be over-inter-
preted. For a more detailed discussion of this problem,
see Foissner et al. (2002, p. 44) and Foissner (2002).
A detailed description of the new typelocality, that is, the
sample site of the neotype population, is given in the
chapter materials and methods. (vii) the slide containing
the neotype specimen and nine slides containing
some further specimens, including those depicted in the
present paper, of the neotype population are deposited
in the Biologiezentrum des Oberdsterreichischen
Landesmuseumsin Linz (L1), Austria.

Comparison with similar species. For a separa
tion of U. citrina from the other Uroleptopsis species,
see the key below. According to Kahl (1932) and my
experience, Uroleptopsis citrina is very easily con-
fused with Pseudokeronopsis flava which is aso yel-
low. However, this species has usually two transverse
cirri, four dorsal kineties, one buccal cirrusin ordinary
position, and lacksabreak intheadoral zone (Wirnsberger

et al. 1987). Protargol impregnation is therefore recom-
mended to check these features.

Redefinition of Uroleptopsis Kahl, 1932

1932 Uroleptopsis gen. n. - Kahl, Tierwelt Dtl., 25: 543 (original
description). Type species (by original designation on p. 543):
Uroleptopsis citrina Kahl, 1932.

1933 Uroleptopsis Kahl 1932 - Kahl, Tierwelt N.- u. Ostsee, 23:
107 (guide to marine ciliates).

1950 Uroleptopsis Kahl - Kudo, Protozool ogy, p. 672 (textbook).

1972 Uroleptopsis Kahl, 1932 - Borror, J. Protozool., 19: 11
(revision).

1974b Uroleptopsis Kahl - Stiller, Fauna Hung., 115: 62 (revi-
sion).

1)982 Uroleptopsis Kahl, 1932 - Hemberger, Dissertation, p. 120
(revision).

1992 Uroleptopsis Kahl, 1930-5 - Carey, Marine interstitial
ciliates, p. 187 (guide).

Redefinition: Basing on the new data on the type
species and the data on U. ignea (Mihailowitsch and
Wilbert 1990; see below), Uroleptopsis can be rede-
fined by the combination of the following three
autapomorphies (A) and several more or less young
plesiomorphies: gap in adoral zone (A). Transverse cirri
absent (A). Frontal-midventral cirral anlage| formstwo
cirri (A). Two arched rows (= bicorona) of frontal cirri.
Buccal cirrusinordinary position, that is, right of paroral.
2 or morefrontoterminal cirri. Midventral complex basi-
cally composed of midventral pairs. 1 left and 1 right
marginal row. Caudal cirri absent. Many macronuclear
nodules which divide individually. Parental adoral zone
completely replaced during morphogenesis, that is, proter
gets totally new adoral zone. Living in saline waters.

For a discussion of the autapomorphies, see chapter
phylogenetic relationships. Possibly thisground plan has
to be changed when new data on the other Uroleptopsis
species became available.

Nomenclature: No derivation of the genus-group
nameisgivenintheoriginal description. Uroleptopsisis
likely a composite of the name of the hypotrich genus
Uroleptus and the Greek suffix -opsis (looking like).
Probably, the name should indicate the resemblance of
Uroleptus and Uroleptopsis species. Feminine gender
because ending with -opsis (ICZN 1999, Article 30.1.2).
Uroleptosisin Borror and Wicklow (1983, p. 123) isan
incorrect subsequent spelling.

History of Uroleptopsis. Kahl (1932) established
Uroleptopsis because the lack of transverse cirri in
some speciesprevailed their classification in Holosticha
(Keronopsis) (nowadays most species of this subgenus
are classified in Pseudokeronopsis). Kahl described



one new species, the type U. citrina, and transferred
two species to Uroleptopsis, namely Oxytricha viridis
and Uroleptus roscovianus. Uroleptopsis was ac-
cepted - beside the workers listed in the synonymy - for
example, by Corliss (1977, 1979), Tuffrau (1979, 1987),
and Tuffrau and Fleury (1994). By contrast, Borror
(1979) has put it - together with Trichototaxis - into the
synonymy of Keronopsis (sensu lato). Later, he syn-
onymized it with Pseudokeronopsis because he classi-
fied the type species U. citrina as junior synonym of
P. rubra, the type species of Pseudokeronopsis (Borror
and Wicklow 1983). Borror argued - however, without
convincing evidence - that some P. rubra populations
also lack transverse cirri so that the presence or absence
of these cirri cannot be used to define groups. | suggest
that he mixed, certainly erroneously, species with and
without transversecirri. In addition, Borror and Wicklow
(1983) obviously overlooked that due to this synonymy
Pseudokeronopsis Borror and Wicklow, 1983 would
become invalid, or better its establishment would have
been superfluousbecauseit would be thejunior synonym
of Uroleptopsis Kahl, 1932.

In 1990, Mihailowitsch and Wilbert described
Pseudokeronopsis ignea which lacks transverse cirri.
Thus, Foissner (1995) transferred this species to
Uroleptopsis. However, this resurrection of Kahl’s ge-
nus by Foissner was not accepted by Eigner (2001) who
distinguished two patterns of transverse cirri formation.
According to Eigner, Pseudokeronopsis ignea has
transversecirri (Figs29, 30). However, hisinterpretation
of the morphogenetic data of P. ignea is not comprehen-
sible for me. | agree with Mihailowitsch and Wilbert
(1990) and Foissner (1995) that this species does not
have transverse cirri as defined usually. Thus | accept
the decision of Foissner to exclude Mihailowitsch and
Wilbert's species from Pseudokeronopsis and to put it
into Uroleptopsis.

The presence or absence of distinct cirral groups is
widely used to establish genera or subgenera. Examples
are Tachysoma (caudal cirri absent against present in
many 18-cirri oxytrichids; for review, see Berger 1999)
and Austral othrix (transversecirri lacking against present
in many urostylids; Blatterer and Foissner 1988). Conse-
guently it seems logically to accept Uroleptopsis, inas-
much as it shows - beside the lack of transverse cirri -
two further apomorphies, namely (i) two frontal cirri
originating from the frontal-midventral anlage | against
singlecirrusinamost al other hypotrichs, and (ii) agap
in the adoral zone of membranelles. Uroleptopsis is
therefore as well defined as many other genera of
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hypotrichs and should not be synonymized with
Pseudokeronopsis.

Species included in Uroleptopsis: (i) Uroleptopsis
citrinaKahl, 1932 (Figs 5-28, 35-42); (ii) U. roscoviana
(Maupas, 1883) Kahl, 1932 (Fig. 31); (iii) U. viridis
(Pereyaslawzewa, 1886) Kahl, 1932 (Fig. 32); (iv)
U. tannaensis (Shigematsu, 1953) comb. nov. (Fig. 33);
(v) U. ignea (Mihailowitsch and Wilbert, 1990) Foissner,
1995 (Figs 29, 30).

As aready mentioned in the history section, Kahl
(1932) transferred Oxytricha viridis and Uroleptus
roscovianus to Uroleptopsis. Both species, which need
detailed redescription, have a more or less distinct
bicorona and lack transverse cirri and a buccal cirrus
whichisin the ordinary position. Thus Kahl’s combina-
tions can be accepted. Holosticha (Keronopsis) multi-
plex Ozaki and Yagiu, 1943 isvery similar to Uroleptopsis
roscoviana in shape, colour, and cirral pattern (Figs 31,
34). Although H. multiplex is smaller (body length 70-
160 um against 190-220 um) | suppose that they are
synonymous. Ozaki and Yagiu described their speciesin
the subgenus Keronopsis without mentioning the corre-
sponding genus. | suspect that they used Kahl’s (1932)
system where Keronopsis is classified as subgenus of
Holosticha.

Keronopsis tannaensis is described after
Haidenhain’s haematoxylin preparations (Fig. 33).
Shigematsu (1953) stated that this species lacks trans-
verse cirri. A bicorona s neither mentioned nor clearly
illustrated. However, the original classification in
Keronopsisimpliesthat thefrontal cirral pattern must be
more or less of the bicorona type. Jankowski (1979)
transferred it to Holosticha. However, this genus has,
inter alia, three enlarged frontal cirri and distinct trans-
verse cirri. Borror and Wicklow (1983) synonymized
K. tannaensis with Pseudokeronopsis decolor which
has - like its congeners - transverse cirri. All combina-
tions proposed so far would makethesetaxa (Keronopsis,
Holosticha, Pseudokeronopsis) in-homogenous. | trans-
fer it to Uroleptopsis because this results in the lowest
number of contradictions: Uroleptopsis tannaensis
(Shigematsu, 1953) comb. nov. (basionym: Keronopsis
tannaensis Shigematsu, 1953). Detailed redescription
needed.

Mihailowitsch and Wilbert (1990) recognised themain
features of Pseudokeronopsis ignea which separate it
from other Pseudokeronopsis species, namely the pres-
ence of midventral rows and the lack of transverse cirri.
They argued that these characters could be used to
establish agenus. However, they refrained from this act
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Figs 28-34. Uroleptopsis citrina (28, neotype population) and other Uroleptopsis species (29-34) after protargol impregnation (28-30), from
life(31, 32, 34), and Haidenhain' shaematoxylin preparation (33). 28 - infraciliature of dorsal sideand nuclear apparatusof alatedivider (ventral

side of same specimen, see Fig. 27); 29, 30 - Uroleptopsis ignea (from Mihailowitsch and Wilbert 1990), infraciliature of ventral side of a
morphostatic specimen (body length 405 um according to scale bar; 262-353 um according to their Tabele 6) and a late divider (parental

structures white, new black). Long arrow in (29) marks gap in adoral zone, short arrow marks buccal cirrus; arrowhead denotes contractile
vacuole. Broken lines connect cirri of anlagen |, whichalsoforms2 cirri, and I1. Arrow in (30) marks new frontoterminal cirri of opisthe. Note
that the major portion of the midventral complex is composed of midventral rows each made of usually 3 cirri (anteriormost row marked by
brokenline). 31 - Uroleptopsisroscoviana (after Maupas 1883 from Kahl 1932), ventral view; 32 - Uroleptopsisviridis (after Pereyaslawzewa
1886 from Kahl 1932), ventral view, size not indicated. 33 - Uroleptopsis tannaensis (from Shigematsu 1953), dorsal view showing nuclear
apparatus, contractilevacuoles, cirral pattern and dorsal kineties, and adoral zone of membranelles (individual size not indicated). Shigematsu
wrote “ventral view” explaining that he did not distinguish between the infraciliature of the ventral and dorsal side; 34 - Keronopsis multiplex
(from Ozaki and Yagiu 1943), ventral view, 70-160 um. | suppose that this is a synonym of U. roscoviana. FT - frontoterminal cirri;
MA - macronuclear nodules; MI - dividing micronuclei. Scale bars 30 um.

because Borror and Wicklow (1983) stated a high Uroleptopsis. As already mentioned, Eigner (2001) did
variability of thefeaturetransversecirri inmany urostylid  not accept the resurrection.

genera. Foissner (1995) discussed Borror and Wicklow's Species misplaced in Uroleptopsis. Three further
(1983) decision to reject Uroleptopsis. He resurrected  species have been assigned to Uroleptopsis. However,
Kahl’s genus and simultaneoudly transferred P. igneato  as discussed below, they do not fit into the ground plan



of Uroleptopsis and therefore belong elsewhere.
Uroleptopsis multiseta Dragesco, 1970 has around
seven cirral rows. They are longitudinally arranged and
widely spaced and therefore do not form a midventral
pattern. Dragesco (1970) himself suggested that this
species possibly belongs to a new genus, Plesiotricha;
however, hedid not formally transfer it to hisown genus.
Later, he classified it in Kahliella (Dragesco and
Dragesco-Kernéis 1986). Due to this act it became a
secondary homonym of Kahliella multiseta Dragesco,
1970 and therefore the species-group name of
U. multiseta had to be replaced: Kahliella microstoma
Dragesco and Dragesco-Kernéis, 1986. For a more
detailed discussion of this nomenclatural problem, see
Foissner (19874).

Borror (1972) transferred Paraholosticha ovata to
Uroleptopsis. Stiller (1974a) obviously overlooked this
act because she transferred it to Uroleptopsis too. This
species has, inter dia, only two macronuclear nodules,
lacksadistinct midventral complex, andlivesin freshwa-
ter. All these features strongly indicate that it does not
belong to Uroleptopsis. Probably it isajunior synonym
of Paraholosticha muscicola (Berger 2001).
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. Figs35-38. Uroleptopsiscitrina. Neotype popu-
lation from life (differentia interference con-
trast). 35 - ventra view of freely motile speci-
men; 36, 37 - ring-shaped structures (arrow-
.+ heads) and cortical granules(arrows) intopview;
38 - the ring-shaped structures, whose shape
is reminiscent of erythrocytes of mammals,
form a distinct, 2-3 pm wide seam (arrows).
AZM - adoral zone of membranelles. Scale
bar 30 um.

A further species transferred to Uroleptopsis is
Uroleptuskahli Groliere, 1975 because Jankowski (1979)
mentioned “ Uroleptopsiskahli, ibidem” under the head-
ing Perisincirra Yankowskij, 1978 for which Groliére's
speciesisthetype. | do not understand the word ibidem
(“the same reference” or “in the same place”) in this
context because neither Groliére (1975) nor Yankowskij
(1978) mentioned a combination of Uroleptus kahli
with Uroleptopsis. | therefore assume that Jankowski
(1979) made the combination with Uroleptopsis, possi-
bly par lapsus. Anyhow, the classification of Groliere's
species in Uroleptopsis is incorrect because recently
we found that Perisincirra is a valid group (Foissner
et al. 2002).

Comparison of Uroleptopsis citrina and U. ignea:
Uroleptopsis citrina and U. ignea are the sole
Uroleptopsis species whose morphology and morpho-
genesis are described by modern methods. Thus they
can be compared thoroughly. They share the following
synapomorphies: lack of transversecirri, two frontal cirri
originatefromanlagel, gapinadoral zone. Thefollowing
two conspicuous differences exist: (i) the type species
lacksabuccal cirrusintheordinary position, that is, right
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of the paroral (present in U. ignea), and (ii) the pattern
of the midventral complex. In U. citrina the middle
portion of the midventral complex is composed of the
right cirri of the cirral pairs only (Fig. 14); the anterior
and posterior portion consist of ordinary midventral pairs
athough, very rarely, short midventral rows occur at the
end of the complex. In contrast, the anterior portion of
the midventral complex of U. ignea is composed of
midventral pairs, while the middle and posterior portion
consist of midventral rows(Figs29, 30). A more detailed
analysis of the first difference shows that the buccal
cirrusisnot lacking in U. citrina, but it does not migrate
posteriorly into the ordinary position; itis- in contrast to
U. ignea - part of the bicorona even in non-dividers.
This difference is of course very conspicuous and
sufficient to establish anew subgenus or even genus. As
mentioned above, all other species assigned to
Uroleptopsis are not described by modern methods.
However, the data available indicate that they lack a
buccal cirrus in the ordinary position, that is, they are
obviously more similar to U. citrina than to U. ignea.
Thus, | establish a new subgenus for U. ignea (see
below). A subgenus has the advantage that the binomen
including the authorship of the species does not change
again.

Interestingly, the speciesnow assigned to Uroleptopsis
(Uroleptopsis) are from marine habitats, whereas
U. ignea - the sole species belonging to the other
subgenus - was discovered in an inland saltwater. Fur-
ther studieswill show whether thisecological separation
is confirmed or not.

Uroleptopsis (Uroleptopsis) Kahl, 1932 stat. n.

1932 Uroleptopsis gen. n. - Kahl, Tierwelt Dtl., 25: 543 (original
description). Type species (by original designation on p. 543):
Uroleptopsis citrina Kahl, 1932.

Diagnosis. Uroleptopsis with cirrus 11/2 (= buccal
cirrus) notin ordinary positionright of paroral, butinline
with cirri of posterior corona.

Nomenclature: For genus-group names the prin-
ciple of co-ordination applies. Thus, a name established
for ataxon at either rank in the genus-group is deemed
to have been simultaneously established by the same
author for anominal taxon at the other rank in the group;
both nominal taxa have the same type species (ICZN
1999, Article 43.1). Consequently, Kahl (1932) is the
author and U. citrina Kahl, 1932 the type species of the
present subgenus, which isal so termed the nominotypical
subgenus (ICZN 1999, Article 44.1).

Remarks: At least in the type species, cirrus 11/2
(= buccal cirrus) is formed during cell division and
present in interphasic specimens; however, it does not
migrate posteriorly in the ordinary positionimmediately
right of the paroral (Figs 14, 27). Uroleptopsis citrina
has a further highly interesting feature, namely the lack
of theleft cirrusin somecirra pairs of the middleregion
of the midventral complex. Unfortunately, we do not
know whether or not this character is also present in the
other species assigned to U. (Uroleptopsis). Thus, this
feature - which could be a second autapomorphy for
U. (Uroleptopsis) - is not included in the characteriza-
tion.

Species included: Uroleptopsis (Uroleptopsis)
citrina Kahl, 1932; U. (Uroleptopsis) viridis
(Pereyad awzewa, 1886) Kahl, 1932; U. (Uroleptopsis)
roscoviana (Maupas, 1883) Kahl, 1932,
U. (Uroleptopsis) tannaensis (Shigematsu, 1953) comb.
nov. (foundation of new combination, see above).

Uroleptopsis (Plesiouroleptopsis) subgen. n.

Diagnosis. Uroleptopsis with midventral complex
composed of midventral pairs and midventral rows.

Type species. Pseudokeronopsis ignea Mihailo-
witsch et Wilbert, 1990.

Nomenclature: Plesiouroleptopsis is a composite
of the Greek plesid (near, neighbouring; Hentschel
and Wagner 1996) and the existing generic
name Uroleptopsis (see there for derivation).
Plesiouroleptopsis alludes to the fact that the type
species, Pseudokeronopsis ignea, has a buccal cirrus
inordinary position whichisthe plesiomorphic character
state. In contrast, the type species of U. (Uroleptopsis),
Uroleptopsis citrina, has no cirrus immediately right of
the undulating membranes which is interpreted as
apomorphic state. The subgenus Plesiouroleptopsis
has, like Uroleptopsis, feminine gender because ending
with -opsis (ICZN 1999, Article 30.1.2).

Remarks: As aready mentioned, Pseudokeronopsis
ignea was transferred to Uroleptopsis by Foissner
(1995). It is the sole species in Uroleptopsis with a
buccal cirrusintheordinary positionwhichisvery likely
the plesiomorphic state. By contrast, the midventral
rows are a novelty within the Pseudokeronopsidae and
therefore the autapomorphy for this species/subgenus.
Midventral rows are not a very complex feature. They
originateinthat simply morethan two cirri per streak are
produced. Consequently, their convergent evolution in
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Figs 39-42. Uroleptopsis citrina. Infraciliature of neotype population after protargol impregnation. 39, 40 - ventral and dorsal side. Arrow
marks gap in adoral zone of membranelles. 41 - |eft lateral view of oral apparatus showing adoral zone with gap (arrowhead), undulating
membranes, buccal lip (black arrow), nuclear apparatus, and dorsal kinety 1. White arrow marks proximal end of adoral zone of membranelles;
42 -ventra sideof avery latedivider. At thisstagethegap intheadoral zoneisnot yet recognizable (arrow). E - endoral; P- paroral; 1-3 - dorsal

kineties. Scale bars 30 um (39, 40, 42) and 10 pm (41).

other urostylids - for example, Bakuella and
Holostichides - is not a great surprise.

Species included: Only the type species -
Uroleptopsis (Plesiourol eptopsis) ignea (Mihailowitsch
and Wilbert, 1990) Foissner, 1995 - is included. For
further discussion, see same chapter at genus section.

Key to Uroleptopsis species

Notethat only two of the five specieslisted below are
described after protargol preparations. Thus, for the
remaining three species the features concerning the
cirral pattern are rather uncertain. Further, size and
shape as well as the nuclear apparatus do not allow a
clear separation. Consequently, | use the colour of the
cells as key character, which is admittedly a difficult
feature, especially for beginners. Please be sure that the
colour of your specimensisareal colour and not due to
a badly adjusted optics of your microscope! However,
before you use the key, you must be sure that your

specimens belong to an Uroleptopsis population. Thus,
identification needs both protargol impregnation (cirral
pattern) and live observation (colour). Only very expe-
rienced workers have a chance to identify these species
correctly exclusively after live observation.

1. Buccal cirrus present, that is, cirrus arranged right of
paroral (Fig. 29).....cccceieiiiinieieeniesieeeeee s
.................... Uroleptopsis (Plesiouroleptopsis) ignea
- Buccal cirrus lacking, that is, no cirrus immediately
right of paroral (€.9., Fig. 14)...ccccoveveieiieeceeece e
.................................... Uroleptopsis (Uroleptopsis) 2
2. Cells more or less colourless (Fig. 33)......ccccceruennne
............................................ Uroleptopsis tannaensis
- Cdllslight green, rose-carmine, or yellow.................. 3
3. Célls rose-carmine (Figs 31, 34)....ccccecvvviverenrnne.
............................................. Uroleptopsis roscoviana
- Cells yellow or light green.......ccccceecvvvveecencceeenn, 4
4. Cells yellow (Figs 5, 13)........... Uroleptopsis citrina
- Cdlls light green (Fig. 32)........... Uroleptopsis viridis
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Phylogenetic relationships

Borror and Wicklow (1983) - basically using
the system proposed by Wicklow (1981) - united
Pseudokeronopsis (including Uroleptopsis as
synonym; see above) and Thigmokeronopsis in the
Pseudokeronopsidae. As unifying features they men-
tioned the presence of a bicorona and the far posteriorly
extending distal end of the adoral zone of membranelles.
Eigner and Foissner (1992) also considered Thigmo-
keronopsis and Pseudokeronopsis as sister groups.
However, they could not provide a synapomorphy be-
cause of the lack of appropriate data on Thigmo-
keronopsis.

| agree with this grouping but provide adifferent and
more detailed foundation of the relationships (Fig. 43).
The diagram proposed is the most parsimonious one of
three possible arrangements of Pseudokeronopsis,
Thigmokeronopsis, and Uroleptopsis.

Pseudokeronopsidae (Fig. 43, autapomorphy 1)

(i) Themany macronuclear nodulesfuseto some parts
duringdivison.

Remarks: Thisstateisrealized in Thigmokeronopsis,
a least in T. crystallis and T. antarctica, where the
many nodules fuse to several parts during morphogen-
esis (Petz 1995). Unfortunately, nothing is known about
the fate of the macronucleus during this part of the life
cycle in the type species Thigmokeronopsis jahodai
(Wicklow 1981). The plesiomorphic state of thisfeature
isthat all (two to many) nodules fuse to a single mass
during division. This state is present in all non-euplotid
hypotrichs, except the pseudokeronopsids. In
Metaurostylopsis marina the macronuclear nodules
fuse to a single mass too (Song et al. 2001). However,
the mass is not globular or has another compact shape
asin most species, but is a strongly branched structure.
Interestingly, the formation of the proter’s adoral
zone proceeds very similar (identical?) as in the
pseudokeronopsids (see next paragraph). Thus,
Metaurostylopsis could be the sister group of the
Pseudokeronopsidae because the macronucleus already
shows the tendency not to fuse to a compact, globular
mass.

So far | do not know a second autapomorphy for the
Pseudokeronopsidae. The formation of a new adora
zone for the proter, as described for Thigmokeronopsis,
Uroleptopsis, and Pseudokeronopsis, is possibly a
candidate. However, a more or less identical mode is

_——Pseudokeronopsidae —
Thigmokeronopsis _——Pseudokeronopsinae ~
— Uroleptopsis —
Uroleptopsis Uroleptopsis
(Plesiouroleptopsis) (Uroleptopsis)

Pseudokeronopsis

Fig. 43. Diagram of phylogenetic relationships within the
Pseudokeronopsidae. Autapomorphies (black squares 1-7): 1 - the
many macronuclear nodules fuse to some parts during division.
2 - thigmotactic field of cirri; anlagen of margina rows and dorsal
kinetiesoriginatedenovo. 3 - each of the many macronuclear nodules
dividesindividualy. 4 - four or moredorsal kineties. 5- cirral anlagel
formstwo cirri; transverse cirri lacking; gap in adoral zone. 6 - some
midventral cirral anlagen produce midventral rows. 7 - buccal cirrus
not in ordinary position; some midventral cirral anlagen produce
finally only one cirrus. For detailed description and discussion of
autapomorphies, see text.

described for Metaurostylopsis marina (Song et al.
2001) and Holosticha multistilata (Hemberger 1982).
In both species, the macronuclear nodules fuse to a
single mass so that they cannot be included in the
Pseudokeronopsidae (see, however, previous paragraph
for Metaurostylopsis). Consequently this type of
stomatogenesis is either a plesiomorphy in the ground
plan of the Pseudokeronopsidae or this feature evolved
convergently. Song et al. (1997) aso described a total
new formation of the proter's adoral zone for
Pseudoamphisiella lacazei. However, in this species
the corresponding oral primordium originates obviously
behind the parental adoral zone and not in the buccal
cavity asin the pseudokeronopsids. Further, the macro-
nuclear nodules fuse to asingle mass so that it cannot be
included inthe Pseudokeronopsidae. Intheother urostylids,
few parental adoral membranelles (for example,
Bakuella; Song et al. 1992, Eigner and Foissner 1992)
to many (for example, in Urostyla grandis, Ganner
1991) are reorganized. This partial reorganisation is
obviougly distinctly different from the total new forma-
tion discussed above.

Pseudokeronopsid species have a bicorona, atype of
frontal ciliature also present in other urostylid taxa, for
example, Bicoronella (Foissner 1995), Keronella



(Wiackowski 1985), Pseudourostyla (Jerka-Dziadosz
1964, Borror 1972), and Neokeronopsis (Warren et al.
2002). This distribution indicates that the bicoronais a
plesiomorphy for the Pseudokeronopsidae, although one
cannot exclude that such a frontal ciliature evolved
convergently.

Borror and Wicklow (1983) characterized the
Pseudokeronopsidae, inter alia, by the far posteriorly
extending distal end of the adoral zone. In fact,
this feature applies to Pseudokeronopsis and
Thigmokeronopsis, and to a somewhat smaller extant
also to Uroleptopsis (Figs 17-19). However, this char-
acteristic is also known from other urostylids, for ex-
ample, Notocephalus (Petz et al. 1995) and
Pseudoamphisiella (Song et al. 1997), which certainly
do not belong to the Pseudokeronopsidae. Since the
branching pattern outside the Pseudokeronopsidae is
unknown, we do not know whether thisdistal elongation
is a symplesiomorphy or a convergence.

Thigmokeronopsis (Fig. 43, autapomorphies 2)

(i) Thigmotactic field of cirri.

Remarks. Thigmokeronopsis species have a more
or less large field of thigmotactic cirri (= left postoral
ventral files according to Petz 1995) between the
midventral complex and theleft marginal row (Wicklow
1981, Petz 1995). Such agroup of cirri islackingin other
hypotrichsstrongly indicating that thisisan autapomorphy
of Thigmokeronopsis (Wicklow 1981, Eigner and
Foissner 1992).

(ii) Anlagen of marginal rows and dorsal kineties
originate de novo.

Remarks: Generally, new marginal rows and dorsal
kineties originate within the parental structures. By
contrast, in al three Thigmokeronopsis species the new
marginal rowsand dorsal kinetiesoccur distinctly left or
right of the parental structures (Wicklow 1981, Petz
1995).

Pseudokeronopsinae (Fig. 43, autapomorphy 3)

(i) More or less each of the many macronuclear
nodulesdividesindividually.

Remarks: So far, this feature is only described for
several Pseudokeronopsis populations (for example,
Gruber 1884, Ruhmekorf 1935, Wirnsberger 1987) and
for Uroleptopsis citrina and U. ignea (present paper,
Mihailowitsch and Wilbert 1990). The plesiomorphic
stateisthepartial fusion till present in Thigmokeronopsis
(see Pseudokeronopsidae). It is more parsimonious to
assume that the individual division has evolved via the
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intermediate state till realized in Thigmokeronopsis
than directly from the common mode where all nodules
fuse to a single mass.

Here the ring-shaped structures, which form a dis-
tinct seam in U. citrina, have to be discussed (Figs 7, 8,
11, 12, 36-38). These structures have also been de-
scribed for some Pseudokeronopsis populations
(Prowazek 1900, Hu and Song 2001, Song et al. 2002),
but not for Thigmokeronopsis (Wicklow 1981, Petz
1995). Thus, one could suggest that this feature is an
autapomorphy for the Pseudokeronopsinae. However,
these structures are also described for two holostichid
species(Song and Wilbert 1997, Gong et al. 2001) which
certainly are not members of the Pseudokeronopsidae.
Thus, thisfeature cannot be used as phyl ogenetic marker
at the present state of knowledge.

Interestingly enough, many Uroleptopsis and
Pseudokeronopsis species have a more or less distinct
colour whereas all three Thigmokeronopsis species are
colourless. However, currently too few data are avail-
able to assess the meaning of this feature for phyloge-
netic analysis.

Pseudokeronopsis (Fig. 43, autapomor phy 4)

(i) Four or more dorsal kineties present.

Remarks: | do not know if the increase of the
number of dorsal kineties from three to four or moreis
in fact a good autapomorphy for Pseudokeronopsis.
Anyhow, it is interesting that all Thigmokeronopsis
species and both Uroleptopsis species investigated in
detail haveinvariably threedorsal kineties. Thisindicates
that three kineties is the plesiomorphic state within the
Pseudokeronopsidae. In contrast, Pseudokeronopsis
species have four or more bristle rows (Foissner 1984,
Wirnsberger et al. 1987, Hu and Song 2001, Song et al.
2002). Only P. flava has very rarely three kineties
(Wirnsberger et al. 1987), which, however, must not be
over-interpreted.

Eigner and Foissner (1992) used the feature “ Paren-
tal basal bodies not involved in formation of ciliary
structures of daughters’. Likely they meant the frontal-
midventral-transverse-cirri because the formation of the
marginal rows and dorsal kineties proceeds in ordinary
manner in Pseudokeronopsis, that is, within the paren-
tal structures (Wirnsberger 1987). In contrast,
the parental midventral complex isobvioudy notinvolved
in primordia formation. However, the data on
Thigmokeronopsis (Petz 1995) and Uroleptopsis
(Mihailowitsch and Wilbert 1990, present paper) indicate
that thisfeature also appliesto these taxa. Thus, it could
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be an autapomorphy of the Pseudokeronopsidae. How-
ever, itisvery difficult to decide whether or not parental
cirri aredefinitely involvedin primordiaformation. Con-
sequently this feature is not used further athough it
cannot be excluded that it is a useful marker in future
when more morphogenetic data on urostylids are avail-
able.

Uroleptopsis (Fig. 43, autapomor phies 5)

(i) Cirral anlage | forms two cirri.

Remarks: Within the pseudokeronopsidsthisfeature
only occurs in Uroleptopsis. In Pseudokeronopsis,
Thigmokeronopsis, and most other hypotrichs, the an-
lagel, which producesthe undulating membranes, forms
only the left frontal cirrus. This state must be therefore
considered as plesiomorphic. Bicoronella costaricana
and Caudiholosticha sylvatica have 1-7 cirri behind
theleft frontal cirrusindicating that in these two species
anlage | also produces more than one cirrus (Foissner
1982, 1995; Berger and Foissner 1989; Berger 2003).
Caudiholosticha sylvatica has three frontal cirri
indicating that it is not closely related to the pseudo-
keronopsids. In contrast, Bicoronella costaricana has
a bicorona so that it could be a near relative of the
pseudokeronopsids. However, morphogenetic data are
needed to show the fate of the macronuclear nodules
and the origin of the supernumerary cirri behind the | eft
frontal cirrus.

(i) Transversecirri lacking.

Remarks: This feature was the main reason for
Kahl (1932) to separate U. citrina from Holosticha
(Keronopsis) species (now Pseudokeronopsis). The
loss of the transverse cirri occurred undoubtedly several
timesindependently within the hypotrichs. Other urostylid
taxa which lack transverse cirri are, for example,
Australothrix spp. (Blatterer and Foissner 1988),
Eschaneustyla (Eigner 1994, Foissner et al. 2002), and
Holostichides spp. (Foissner 1987b). However, in
Eschaneustyla the macronuclear nodules fuse to a
single mass during cell division and Australothrix and
Holostichides lack, in addition, a bicorona strongly
indicating that none of them is a member of the
Pseudokeronopsidae.

(iii) Gap in adoral zone.

Remarks: Within the pseudokeronopsids,
Uroleptopsis citrina and U. ignea are the sole species
which have a distinct break in the adoral zone. The gap

is not very distinct in life and therefore | assume that it
has been overlooked in the three other Uroleptopsis
species which are not yet described after protargol
impregnation. This break, which islikely the site where
the zoneturnsfrom ventral to dorsal, ispossibly homolo-
gous with the interruption separating the anterior
(= outer, = collar) membranelles from the ventral
(= inner, = buccal) membranelles of the oligotrichs (Petz
and Foissner 1992, Foissner et al. 1999). In most
hypotrichs, this transition site isinconspicuous because
not marked by agap. Very likely such adistinct division
evolved severa times independently, for instance, in
Holosticha (e.g., Petz et al. 1995, Berger 2003),
Afrothrix, Erniella, Etoschothrix (for review, see
Foissner et al. 2002), or Parabirojimia (Hu et al. 2002).

Uroleptopsis (Plesiouroleptopsis) (Fig. 43, aut-
apomor phy 6)

(i) Some midventral cirral anlagen produce midventral
rows.

Remarks: A midventral complex composed of cirral
pairs is undoubtedly the plesiomorphic state. Conse-
quently the formation of more than two cirri within a
streak has to be interpreted as autapomorphy of
U. ignea, the sole species belonging to the present
subgenus. Midventral rows occur in other urostylid
taxa too, for example, Bakuella, Eschaneustyla,
Holostichides,  Keronella, Paragastrostyla
(Wiackowski 1985, Song and Wilbert 1988, Song 1990,
Song et al. 1992, Eigner 1994). However, in none of
these taxa the macronuclear nodules divide individually
so that we must postulate the convergent evolution of
midventral rows. A midventral row isnot avery complex
feature because it is produced by a simple increase of
the number of cirri formed within an anlage. Thus, the
convergent evolution of midventral rows is nothing un-
usual.

Uroleptopsis (Uroleptopsis) (Fig. 43, autapomor-
phies 7)

(i) Buccal cirrus not in ordinary position.

Remarks: For review on the confusing terminology
of this cirrus, see Berger and Foissner (1997) and
Berger (1999). The plesiomorphic state is the presence
of asinglecirrus (= cirrusl1/2 according to Wallengren's
1900 terminology) inordinary position whichisimmedi-
ately right of the paroral. Some taxa have two or more
buccal cirri but only few lack such acirrus, for example,



Paragastrostyla and Periholosticha (Hemberger 1985).
However, inthesetaxacirrusll/2isindeed lacking while
itispresent, but not inthe ordinary positionin U. citrina.
As already mentioned above, it is part of the posterior
coronain interphasic specimens (Figs 14, 27). A similar
situation is realized in Neokeronopsis spectabilis, a
huge urostylid freshwater species with prominent trans-
verse cirri, only two macronuclear nodules which fuse
during morphogenesis, and fragmentation of dorsa kinety
3 (Warren et al. 2002, own observations). In this species
cirrusll/2isalsoinlinewiththe posterior corona, but the
long undulating membranes are arranged more or lessas
in Cyrtohymena so that cirrus 11/2 is simultaneously
positioned immediately right of theanterior portion of the
paroral.

(ii) Some midventral cirral anlagen finally produce only
one Cirrus.

Remarks: Thisisobviously areal novelty withinthe
urostylids. The plesiomorphic state is that a frontal-
midventral anlage producesfinally two cirri, aso-called
midventral pair (the rearmost anlagen, of course, pro-
duce three to four cirri if they also form a transverse
cirrus, respectively, a pretransverse ventral cirrus and a
transverse cirrus, Figs 1, 2). At first, two cirri are
produced in U. citrina too (Fig. 25). However, some-
what later the left cirrus of the corresponding pairs is
obviously resorbed so that only the right cirrus remains
intheinterphasic specimen (Fig. 26). Interestingly enough,
this resorption is confined to the middle portion of the
midventral complex. This section of the complex there-
fore looks amost like a midventral row. It is unknown
whether or not thisfeature is present in the other species
assigned to U. (Uroleptopsis). It could be that
this feature is only an autapomorphy of U. citrina.
A very similar resorption of cirri is described for
Psammocephalus faurei by Wicklow (1982) indicating
a convergence.
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Redescription of Cryptobia helicis Leidy, 1846 (Kinetoplasta: Bodonea:
Cryptobiidae), Disposition of FlagellatesMistakenly Assigned to ThisSpecies,
and Description of a New Speciesfrom a North American Pulmonate Snail

Eugene N. KOZLOFF

Friday Harbor Laboratories, Univer sity of Washington, Friday Har bor, Washington, USA

Summary. Cryptobia helicis Leidy, 1846, the type species of the genus, is redescribed on the basis of material from the seminal receptacle
of Neohelix albolabris albolabris, the first of three host pulmonate snails mentioned by Leidy. The flagellate from Triodopsis tridentata,
the second host mentioned by Leidy, is very different, and is described as C. innominata sp. n. The Cryptobia in Anguispira alternata, the
third host designated by Leidy, is also distinct, but cannot properly be described until more material is available. The extensively studied
cryptobiasin Helix pomatia and H. aspersa aspersa, long considered to be C. helicis, arevery different fromtrue C. helicisand C. innominata.
The name C. helicogenae, originally proposed as Trypanoplasma helicogenae Kiihn, 1911, is applicable to the flagellate in H. pomatia, and

tentatively also to the one in H. aspersa aspersa.

Key words: Bodonea, Cryptobia helicis, C. innominata sp. n., C. helicogenae, Kinetoplasta, taxonomy.

INTRODUCTION

Thedescription of Cryptobia helicisby Leidy (1846)
was based on material taken from the seminal recep-
tacle of three species of terrestrial pulmonate snails
collected in the vicinity of Philadelphia, Pennsylvania,
USA. Two of the snails, Neohelix albolabrisalbolabris
and Triodopsis tridentata (referred to by Leidy
as Helix albolabris and H. tridentata), belong to
the family Polygyridae; the third, Anguispira alternata
(also referred to as a species of Helix), is a member of
thefamily Endodontidae. Soon afterward L eidy (18474)
requested the permission of the Academy of Natural

Address for correspondence: Eugene N. Kozloff, Friday
Harbor Laboratories, 620 University Road North, Friday Harbor,
Washington 98250, USA; Fax: (206) 543-1273; E-mail:
ekoz@u.washington.edu

Sciences of Philadelphia to replace Cryptobia with
Cryptoicus, because a similar name, Cryptobium, had
previously been used for a genus of beetles.

Leidy published three other papers dealing with
C. helicis, one of them (1847b) being nearly the same as
his first. In the text of this paper, however, he used
Cryptoicus in place of Cryptobia, and he enlarged the
list of hosts, mentioning Bulimus decollatus (now called
Rumina decollata) and “several other species of Helix,
viz. Helix elevata and H. thyroidus’” (now called
Mesodon elevatus and M. thyroidus). The genus
Ruminaisin the family Achatinidae, and Mesodon, like
Neohelix and Triodopsis, is in the family Polygyridae.
The next paper (Leidy 1851) gave the name of the
flagellate as Bodo helicis, achange proposed by Diesing
(1850), and listed both Cryptobia helicis and Cryptoicus
helicis as synonyms. The last mention of Cryptobia by
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Leidy (1856) again merely listed Bodo helicis with its
synonyms.

Diesing (1850) was the first author to have encoun-
tered a Cryptobia in a European snail. He found the
flagellate to which he referred as Bodo helicisin Helix
nemoralis (family Helicidag) at Vienna. Soon after-
ward, Keferstein and Ehlers (1860) reported on
“Infusorien” occurring in the seminal receptacle of
Helix pomatia. Their illustrations, like those of Leidy,
show clearly that the organisms were flagellates. After
the start of the twentieth century, various European
authorsbecameinterested in cryptobias. Friedrich (1909),
Jollos (1911), Bélar (1916, 1926), and Schindera (1922)
published accounts of the structure, division, and other
aspects of the biology of what al of them called
Trypanoplasma helicis, and which all of them obtained
from the seminal receptacle of H. pomatia. Kihn (1911)
also used Trypanoplasma in place of Cryptobia. He
examined a wide variety of terrestrial and freshwater
snails, thereby enlarging the list of known hosts. In
addition, he named and briefly described five species:
T. helicogenae (from Helix pomatia, at that time
assigned to the subgenus Helicogena); T. tachearum
(from Tachea nemoralis, T. hortensis, and
T. austriaca); T. desertorum (from H. desertorum and
H. desertorum var. hasselquitzki); T. rupestre (from
H. cingulata); and T. limnorum (from Lymnaea
stagnalis and L. palustris). He thought the species in
H. aspersa was perhaps T. helicogenae, and that the
flagellate in H. arbustorum was possibly T. tachearum.
Flagellates found in H. lactea, H. muralis, and
H. virgata var. variabilis minor were not assigned to
species. His opinion with respect to the status of the
flagellate from H. aspersa will be dealt with in a later
portion of this paper.

Khn's(1911) descriptionsand illustrations of species
aretoo sketchy tofirmly establishtheindividuality of any
of them. Matthey (1923), who studied flagellates from
several species of European snails and who also used
the genus name Trypanoplasma, took a more conserva-
tiveapproach, pointing out that the criteriaK tihn used for
distinguishing species, primarily dimensions of the body
and relative lengths of the flagella, were superficial.
Matthey had noted that these characters varied in
flagellates from one species of snail to another, but
thought the variations might be due to physiological
conditions in the seminal receptacles of different hosts.
He suggested that Kihn's species might better be
treated as subspecies of “T. helicis,” then went on to say
that even this seemed to be unnecessarily precise.

The type species of Trypanoplasma is T. borreli
Laveran and Mesnil (1901), first found in the blood of
Scardinius erythrocephalus and later in various other
freshwater fishes. At least for flagellates from the
seminal receptacle of pulmonate snails, however,
Cryptobia has priority (Crawley 1909), and it has
sometimes been applied to flagellates from the blood of
fishes and amphibians as well as to those in snails.
Brugerolle et al. (1979) pointed out that in spite of the
remarkablesimilarity of flagellatesfrom fishesand those
from snails (the similarity is evident in electron micro-
graphs as well as in intact specimens studied with the
light microscope) the blood parasites aretypically trans-
mitted by leeches, within which there are stages rather
different from those in the blood. They proposed, there-
fore, that the two generanot be synonymized. They even
went a step further, suggesting that separate subfamilies
(Cryptobiinae, Trypanoplasmatinae) be established. Woo
and Wehnert (1983), however, found that “Cryptobia”
salmositica can be transmitted from one rainbow trout
to another without involvement of an intermediate host.
Nevertheless, recent studies of kinetoplast DNA and
RNA of various bodonid flagellates, including
Trypanoplasma borreli and the Cryptobia from
Helix pomatia (LukesS et al. 1998, 2002; Dolezel et
al. 2000; Simpson et al. 2002) strongly indicate that
Trypanoplasma and Cryptobia belong at least in sepa-
rate genera.

My cytological study (Kozloff 1948) of what | as-
sumed to be Leidy’s Cryptobia helicis was based on
material from the European Helix aspersa aspersa,
now well established in some areas of North America
A Cryptobia found in Monadenia fidelis, ahelicid snail
nativeto the Pacific northwest region of North America,
appeared to be similar, but this host was not so readily
available as H. aspersa aspersa and my protargol
impregnations of itsflagellate parasiteswere not particu-
larly good. At that time | had not seen material from any
of the three snailsin which Leidy found the parasites on
which he based his description of C. helicis. Later,
however, | was able to study flagellatesfrom Triodopsis
tridentata and Anguispira alternata collected near
Ithaca, New York, and also from a snail identified as
Neohelix albolabris, collected at Chapel Hill, North
Carolina. The latter has recently been named N. solemi
(Emberton 1988), on the basis of penis morphology and
certain shell characters. The parasites in each of these
three host species were different, and none of them was
the same as the flagellate taken from H. aspersa
aspersa. Thus it became clear that the most intensively



studied cryptobias, those from Helix pomatia and
H. aspersa aspersa, must have another name. Unfor-
tunately, my attempts to make satisfactory protargol
impregnations of the cryptobias from T. tridentata
and A. alternata failed. It was not until recently that
parasitized N. albolabris albolabris and additional
T. tridentata became available to me. Attemptsto obtain
more parasitized specimens of Anguispira alternata
have not been successful.

Pyne (1959, 1960, 1967) was the first to describe the
ultrastructure of the Cryptobia from Helix pomatia.
A few years later, Brugerolle et al. (1979), for their
comprehensive ultrastructural study of flagellates be-
longing to the Bodo-Cryptobia-Trypanoplasma group,
used material from both H. pomatia and H. aspersa
(almost certainly subspecies aspersa). They reported no
differences between flagellates from these two host
snails. Another study of ultrastructure of a Cryptobiais
that of Current (1980), concerned to alarge extent with
the interesting way in which the flagellate is attached to
cells in the wall of the seminal receptacle. Current’'s
material came from a polygyrid snail collected in Ne-
braska and identified as Triadopsis multilineata (cor-
rectly Triodopsis multilineata), recently assigned to
Webbhelix (Emberton 1988). The flagellate in this snail
is probably much closer to the ones from the first two
polygyridsexamined by Leidy thanto those occurringin
H. pomatia, H. aspersa aspersa, and other European
snails of the family Helicidae.

Another complication related to the problem under
discussion here is that the genus name Cryptobia has
been used for certain flagellates parasitizing the gills or
digestive tract of fishes, and for a few other organisms
found in various vertebrate and invertebrate hosts. Not
al of them are necessarily close to flagellates of the
Cryptobia-Trypanoplasma complex. Brugerolle et al.
(1979) studied the ultrastructure of three species from
fishes, one living on the gills of a freshwater fish, two
inhabiting the digestivetract of marinefishes, and found
the morphology of these flagellates to be similar to that
of species of Cryptobia and Trypanoplasma. In recon-
structions of the ultrastructure of Cryptobia from spe-
cies of Helix, Brugerolle et al. (1979) showed the
cytostome to be located much farther posteriorly than it
is in the two fish cryptobias whose structure they also
illustrate. Current (1980), however, showed the cytostome
of the species of Cryptobia he found in Webbhelix
multilineata also to be relatively far forward.

The purposes of this paper are to establish the
identity of Cryptobia helicis from Neohelix albolabris
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albolabris, to distinguish it from the flagellate in Helix
pomatia and H. aspersa aspersa, to suggest a name by
which the flagellate in these European snails can be
called, and to describethe species parasitizing Triodopsis
tridentata. Itisnot likely that any flagellates of fishesor
of invertebrates other than pulmonate snails will have a
bearing on the systematics of C. helicis and related
flagellatesthat have been mistakenly assignedtoit, sono
further consideration will be given to them.

This study is based entirely on light-microscope ob-
servations. These, unfortunately, do not reveal details of
some important structures that can be seen in electron
micrographs. Nevertheless, techniques of staining and
impregnation bring out enough details to make dlide
preparations useful for distinguishing species that are
decidedly different, whichisthe casewith theflagell ates
that will be dealt with here

MATERIALS AND METHODS

To prepare cryptobias for light microscopy, the most useful
single method is impregnation with activated silver albumose
(protargol). When it works successfully, it brings out the flagellaand
nucleus, as well as the shape of the cell, and sometimes what
| described as the “aciculum” (Kozloff 1948). For fixation prior to
impregnation, Hollande' sfluid and 5% gl utaral dehyde (not buffered)
were used; theformer gave best results. Staining withiron hematoxy-
lin after both fixatives stained the kinetoplast, which is not impreg-
nated by protargol, and the endosomeand peripheral chromatin of the
nucleus. Phase-contrast opticswere hel pful in making measurements
of body form and flagellaof living flagell ates.

The specimens of Helix aspersa aspersa for my 1948 paper were
collected in Berkeley and Oakland, Alameda County, California,
USA; the dlide preparations are still good. Additional specimens of
H. aspersa aspersa were collected recently in El Cerrito, Alameda
County. Fixed smears of the contents of the semina receptacle of
H. pomatia were sent to me from near Ceské Budgjovice, Czech
Republic. A parasitized Neohelix albolabris albolabris was found
near Newport, Perry County, Pennsylvania, USA and specimens
similar to it, but now assigned to N. solemi, were collected in Chapel
Hill, Orange County, North Carolina, USA. Triodopsistridentatawas
found in Westmoreland County, Pennsylvania, USA.

RESULTS

Redescription of Cryptobia helicis Leidy, 1846
(Figs 1, 3-6)

Host: Neohelix albolabris albolabris (Say, 1816)
(Polygyridae).

Because Leidy listed “Helix” albolabris first among
the three hosts in which he reported the presence of
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Figs 1-2. 1 - Cryptobia helicis Leidy from Neohelix albolabris
albolabris; drawing of living specimens. 2 - Cryptobia innominata
sp. n. from Triodopsistridentata; drawings of living specimens.

C. hdlicis, the flagellate parasitizing this snail has been
chosen as the type species of the genus. There is
another good reason for doing this: Leidy’sdrawing of a
mass of flagellates showed the body of most individuals
to be comparatively plump and closer to the shape of
specimens from N. albolabris albolabris than to the
shape of those from Triodopsis tridentata and
Anguispira alternata. We do not know, however,
whether Leidy diluted the contents of the seminal recep-
tacle with water or with a saline solution, or how
accurately he intended to draw the parasites he ob-
served.

L ocality: Philadel phia, Philadel phia County, Pennsyl-
vania, USA.

Redescription: Neotypesdlidedepositedinthe United
States National Museum, Washington D. C. (USNM
no. 1021509), this is a smear preparation, impregnated
by the protargol method, containing numerousindividu-
als, considered to be syntypes, from the seminal recep-
tacle of one N. albolabris albolabris collected near
Newport, Perry County, Pennsylvania. Another slide
(USNM no. 1021510) is ahematoxylin-stained prepara-
tion from the same host snail.

Living specimensfrom thetype collection, selected to
show extremes of size, measured from 11.25 by 1.25 um
to 27 by 2.25 um. The body (Fig. 1) was usualy 10 to
12 times as long as wide, but occasionally proportion-
ately longer or shorter individuals were observed. The
anterior end was rounded and the posterior end typically
tapered to a point. Flagellates fixed in Hollande's fluid
and impregnated with protargol (Figs 3, 4) are usualy
much shorter than living specimensand only 5to 7 times
as long as wide; furthermore, the posterior end is much
like the anterior end in being rounded.

Infreshly made smears, the free flagellum of medium
and large specimensisusually about half to two-thirdsas
long asthe body, rarely aslong as or slightly longer than
the body. It is more often directed to one side or
posteriorly than anteriorly. The adherent flagellum does
not become free until it reaches the posterior end of the
body; thefreeportionisusually two-thirdstofully aslong
asthe body. Flagellar length of small specimenswas not
studied extensively, because if they were products of
recent divisionsthelengths of thetwo flagella, in propor-
tion to each other and to the length of the body, would be
atypical for at least a short time.

During binary fission of the Cryptobia from Helix
aspersa aspersa, only one of the two flagella of the
parent, either the anterior or adherent one, is conferred
upon each new individual; the complementary flagellum
is neoformed and for a time is therefore much shorter
thanit normally isinafully differentiated individual.) In
protargol-impregnated specimens (Figs 3, 4), the propor-
tionate lengths of the flagella are comparabl e to those of
living specimens. The adherent flagellum, moreover,
rarely becomesfree until it hasreached the posterior end
of the body.

Thenucleus (Figs 1, 3-6) istypically located anterior
to the middle of the body, sometimes near the middle. In
protargol preparations (Figs 3, 4), itismost commonly a
vesicular structure with a central nucleolus, but some-
times the nucleus as a whole is rather darkly impreg-
nated. Iron hematoxylin generally stainsthe entirenucleus
rather intensely (Figs 5, 6).

Thekinetoplast, as stained by hematoxylin (Figs5, 6),
isabout 2t0 2.5 umlong and usually moreor lessrodlike,
but sometimesthickest near its anterior or posterior end;
its posterior portion presumably has a mitochondrion
joined to it, but this has not been distinguished. Nothing
unequivocally comparable to the distinctive “ aciculum”
seen in protargol impregnations of the Cryptobia from
Helix pomatia and H. aspersa aspersa has been
identified, but aslightly crescentic peripheral darkening
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Figs 3-6. Cryptobia helicis Leidy, photomicrographs of specimensfixed in Hollande's fixative. 3, 4 - specimensimpregnated with protargol;
5, 6 - specimens stained with iron hematoxylin. adf - adherent flagellum, af - anterior flagellum, k - kinetoplast, n - nucleus. The arrowhead in
Fig. 4 indicates adarkened areathat may correspond to the “aciculum” of C. helicogenae.

in the same part of some specimens (Fig. 4) perhaps
indicates such a structure. The cytoplasm of living
flagellates has small granular inclusions, but these are
not conspicuous in specimens stained with hematoxylin
or impregnated by the protargol method.

Flagellates in several Neohelix solemi collected at
Chapel Hill, Orange County, North Carolina, USA ranged
in size from 12 by 1.25 ym to 25 by 2.25 ym, and the
appearanceof living, stained, and protargol -impregnated
flagellates conformed to my redescription of C. helicis.
If there is a difference that can be detected by light
microscopy, it has eluded me, and | tentatively consider
the Cryptobia in N. solemi to be morphologically iden-
tical to C. helicis from N. albolabris albolabris.

Description of Cryptobia innominata sp. n. (Figs 2,
7-12)

Host: Triodopsis tridentata.

Type locality: Powder Mill Nature Reserve,
Westmoreland County, Pennsylvania, USA.

Etymology: The name innominata, meaning “not
named,” alludes to the fact that this species, apparently
never restudied, had been assumed to be identical with
C. helicis from Neohelix albolabris albolabris.

Description: Holotype dlide deposited in the United
States National Museum, Washington D. C. (USNM
1021511); thisisasmear preparation containing numer-
ous specimens (syntypes) impregnated by the protargol
method. Another smear impregnated with protargol
(USNM 1021512) and one stained withiron hematoxylin
(USNM 1021513) have also been deposited.

This species, in general, is considerably larger than
C. helicis, and its shape is typically more slender and
more variable (Figs 2, 7-12). Numerous living speci-
mens, measured at random in fresh smears from two
snails, ranged in size from 22.4 by 1.35 um to 50.5 by
2.25 pm. Vigorous serpentine movements of the body
are characteristic. After fixation, specimens become
proportionately shorter and wider than they were when
dive.

The proportionatelength of theflagellavariesconsid-
erably, asis to be expected in view of the fact that one
or the other is retained during division and the other is
neoformed. In general, however, the anterior flagellum
ranges from about one-fourth the length of the body
(Fig. 8) to decidedly longer than the body (Fig. 7). In
smearsthat have been stained or impregnated, aswell as
infresh preparations, the proximal portion of the anterior
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Figs 7-12. Cryptobia innominata sp. n., photomicrographs of specimens fixed in Hollande's fluid. 7-10 - specimens impregnated with
protargol; 11, 12 - specimens stained with iron hematoxylin. adf - adherent flagellum, af - anterior flagellum, hc - cell from host tissue,
k - kinetoplast, n - nucleus. The arrowhead in Fig. 8 indicates a darkened area that may correspond to the “aciculum” of C. helicogenae.
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Figs13-20. Cryptobia helicogenaefrom Helix pomatia, fixedin Hollande' sfluid and impregnated with protargol . 13-16 - elongated individuals;
17-20 - somewhat rounded forms; 19, 20 - only the aciculum and nucleus are distinct, but the kinetosomesfrom which theflagellaoriginate are
so heavily impregnated that they cannot be distinguished. ac - “aciculum,” adf - adherent flagellum, af - anterior flagellum, ks - kinetosomes,
n - nucleus. The arrowhead in Fig.14 is directed at what appears to be a connective between the anterior portion of the “aciculum” and

proximalmost part of the adherent flagellum.

flagellum is often seen to be embedded in afragment of
a cell, presumably one that was part of the epithelia
lining of the seminal receptacle (Figs 7, 8). The adherent
flagellum usually extends well beyond the posterior end
of thebody (Fig. 7). Inliving specimens, it typically does
not separate from the body until it reaches the posterior
end, but fixation often causes a considerable portion of
it to become detached.

The nucleusis usually located anterior to the middle
of the body. In hematoxylin-stained smears, the chroma-
tin forms a distinct peripheral layer (Figs 11, 12);
anucleolus is rarely evident. In protargol-impregnated
preparations, the contents of the nucleus are usually
darkened rather uniformly (Figs 9, 10). The kinetoplast
of C. innominata occupies a position similar to that of
C. helicis. The cytoplasm of living specimens contains
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Figs21-24. Cryptobia cf. helicogenae from Helix asper sa asper sa, fixed in Hollande' sfluid and impregnated with protargol . 21-23 - elongated
individuas; 24, 25 - somewhat rounded forms. The arrowhead infig. 24 isdirected at what appearsto be aconnective between the anterior part
of the “aciculum” and the proximalmost part of the adherent flagellum. ac - “aciculum,” adf - adherent flagellum, af - anterior flagellum,

n - nucleus.

numerous conspicuous inclusions, and these are espe-
cialy distinct in lightly impregnated specimens (Figs 9,
10). Perhaps at least some of them correspond to the
microbodies, food vacuol es, and symbiotic bacterianoted
in other species of Cryptobia by Brugerolle et al. (1979)
and Current (1980).

In protargol preparations, a few specimens (Fig. 8)
exhibit adarkly impregnated areathat could conceivably
be comparable to the “aciculum” of the cryptobias from
Helix pomatia and H. aspersa aspersa. This will be
discussed |ater.

Names that may be applied to species of Cryptobia
in European pulmonate snails

Now that C. helicis parasitizing Neohelix albolabris
albolabris has been redefined and the flagellate ob-
served by Leidy in Triodopsis tridentata has been
described, it is necessary to decide what to call the
cryptobias found in Helix pomatia and H. aspersa
aspersa. The name C. helicogenae (Kthn, 1911) (de-
scribed as Trypanoplasma helicogenae) can confi-
dently be applied to the flagellate from H. pomatia,

which, as “C. helicis,” was the object of cytological
studies by Friedrich (1909), Jollos (1911), Bélar (1916,
1926), Schindera (1922), Pyne (1959, 1960), and
Brugerolle et al. (1979), and also used in a molecular
study of thekinetoplast (LukeSet al. 1998, 2002; Dolezel
et al. 2000; Simpson et al. 2002). Because he had not
studied flagellates from the hosts Leidy had examined,
Kihn (1911) wisely treated genuine C. helicis as a
species inquirenda. He did not designate a type speci-
men or atype locality for C. helicogenae, but stated that
parasitized specimens of H. pomatia were collected at
Gutenstein, Germany and at Budapest, Hungary.
Sofar as| have been ableto determine, the Cryptobia
from H. aspersa aspersais morphologically identical to
C. helicogenae. Protargol impregnations revea the
“aciculum” of C. helicogenae from H. pomatia (Figs
13-18) just as clearly asthey do that of specimens from
H. aspersa aspersa (Figs 21-25); in many specimens
from both hosts, infact, the aciculum, kinetosomal mass,
and nucleus are often conspicuous when the flagellaand
outlines of the cells show faintly or not at all (Figs 19,
20). Ancther digtinctive minor detail often seenin protargol



preparations of flagellates from H. pomatia and
H. aspersa aspersa is what appears to be a delicate
connective between the anterior portion of the aciculum
and the proximalmost part of the adherent flagellum
(Figs 14, 24). | am unable to reconcile this with any
elements shown in the spatial reconstruction published
by Brugerolle et al. (1979).

A neotype slide of C. helicogenae, bearing numerous
protargol -impregnated specimensthat can be considered
to be syntypes, has been deposited in the United States
National Museum, Washington D. C. (USNM no.
1021514), together with a second dlide from the same
collection (no. 1021515). The host snail was Helix
pomatia found near Ceské Budgjovice, Czech Republic.
Two dides of protargol-impregnated smears from Helix
aspersa aspersa collected in Oakland, Alameda County,
Cdifornia, USA have also been deposited (USNM nos.
10215164, 1021516b).

DISCUSSION

What | described asthe“aciculum” of C. helicogenae
from H. aspersa aspersa is aimost certainly the bundle
of microtubulesthat reinforcethe pharynx (see Brugerolle
et al. 1979, p. 202, Fig. 7). In his study of the Cryptobia
from Webbhelix multilineata, Current (1980, p. 286,
Fig.17) showed arelatively short but similar microtubular
complex. The somewhat crescentic argentophilic de-
posit seen in the anterior part of the body of some
C. hdlicis (Fig. 4) and C. innominata (Fig. 8) perhaps
indicates a comparable structure.

The systematics of flagellatesin the genus Cryptobia
is certain to become extremely difficult as more pulmo-
nate snails are examined for the presence of these
organisms. Living specimens from a single host cannot
be characterized by much more than size, shape, and
proportionate lengths of the flagella. In stained and
impregnated preparations, the position and appearance
of the nucleus and kinetoplast may be the only helpful
features, unless there are other discrete structures, such
as the “aciculum” of C. helicogenae.

Relatively few snails have, up to now, been examined
for the presence of cryptobias. These flagellates
have, however, been found in several families of
stylommatophoran and basommatophoran pulmonates.
Because they are transmitted from one host to another
during copulation, it isprobablethat cryptobiasin species
of snails that are reproductively isolated are in some
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way, morphological or molecular, distinct. Thepossibility
that C. helicogenae in H. pomatia is dightly different
from the flagellate in H. aspersa aspersa has aready
been mentioned. Because the two species of Helix do
not mate, it is likely that their flagellates have been
isolated for a long time. Even H. aspersa aspersa and
H. aspersa maxima, as recognized by Chevallier (1977)
are not likely to mate in nature, although there has been
some success with attempts to induce copulation in
captivity (Gomot-de Vaufleury and Borgo 2001).

In the literature of protozoology, it is too often as-

sumed that parasites living in closely related hosts are
identical if they appear to besimilar. Futureinvestigators
dealing with cryptobias should certainly specify, in pa-
persdealing with similar flagellates from more than one
host species, which parts of a description and which
figures apply to material from a particular host. Thus
“Cryptobia helicogenae from Helix pomatia” will
clearly designate the flagellate from the snail that has
provided material for all molecular studiesuntil now, and
also for early cytologica work and that of Brugerolle et
al. (1979); “C. cf. helicogenae from C. aspersa
aspersa”’ is the correct way to indicate the flagellate
whose cytology has been studied by Kozloff (1948)
and in part by Brugerolle et al. (1979) It isimportant,
however, to remember that C. helicis, not
C. helicogenae, is the type species of the genus. We
may perhaps assume, for the time being, that the mo-
lecular attributes of C. helicogenae are typical of all
cryptobias known to occur in pulmonate snails of North
America and Europe. Nevertheless, some of these
parasites may have evolved along different lines, and
thorough systematic work on similaritiesand differences
between genera requires that the type species be stud-
ied.
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Mor phological Variability of Testate Amoebae (Rhizopoda: Testacealobosea:
Testaceafilosea) in Natural Populations
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Summary. Morphometric investigation of 24 species of testate amoebae (Centropyxis sylvatica (Deflandre) Thomas, Cyclopyxis eurystoma
v. parvula Deflandre, C. puteus Thomas, Hyalosphenia papilio Leidy, H. elegans Leidy, Schoenbornia humicola (Schonborn) Decloitre,
Difflugia acuminata Ehrenberg, D. corona Wallich, D. gramen Penard, D. labiosa Wailes, D. lanceolata Penard, D. limnetica (L evander)
Penard, D. lithophila Penard, D. lobostoma Leidy, D. oblonga Ehrenberg, D. parva Ogden, D. pyriformis Perty, D. urceolata Carter,
Phryganella acropodia (Hertwig et L esser) Hopkinson, Assulina muscorum Greef, Trachel euglypha acolla Bonnet, Thomas, Trinemalineare
Penard, Wailesella eboracensis (Wailes) Deflandre, Difflugiella oviformis f. fusca (Penard) Bonnet et Thomas) is conducted. Variability of
natural popul ations of testate amoebae is expressed either in the changes of the shell size (correlated), or in the changes of the size of separate
parameters (non correlated), resulting in a significant broadening of phenotypic spectrum in populations. The size of shell aperture
demonstrates the greatest variability. The character of variability (its amplitude and correlativity) differs not only in different species, but
aso in different populations of the same species. Three main types of size variahility in testate amoebae populations are established. There
are monomorphic populations, polymorphic populations with correlated characters and populations with a high phenotypic plasticity, non-
correlated characters and the elements of discreteness. A scheme of the close related species analysis is proposed.

Key words: morphology, morphometry, Rhizopoda, testate amoebae.

INTRODUCTION C. delamarei) asexua binary fission is aternated with
isogamic copulation of trophozoids during thelife cycle
(Sukhanova and Yudina 1990, Yudina and Sukhanova

2000). In a testate amoeba Arcella vulgaris meiotic

Testate amoebae are unicellular predominantly
asexual organisms. At present only a minor part of

testate amoebae is known to possess different forms of
sexual reproduction (Schdnborn 1966). In some species
(Trinema lineare, Corythion dubium, C. orbicularis,

Address for correspondence: Anatoly Bobrov, 119899, Depart-
ment of Soil Science, Moscow MV Lomonosov State University,
Moscow, Russia; E-mail: Anatoly@Bobrov.soils.msu.su

stages in the reproduction cycle have been observed
(Raikov et al. 1989, Mignot and Raikov 1992).

The applicability of the “biological species’ concept
for testate amoebae, as well as for the rest predomi-
nantly asexual protists, is questionable. Delimitation of
panmyyxic reproductively isolated systemsturnsout to be
difficult. However, this does not mean that asexual
organisms are “extraspecific forms of life”. All living
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thingsin therecent biosphere are thought to be organized
in species, but there are species of various types,
differing from each other (Zavadsky 1968, Poljansky
1992). At present the species is defined not as a
genetically closed, but as a genetically stable system.
Thus, in asexua forms, a species may be considered as
asystem of close biotypes (groups of individual s pheno-
typically resembling each other), possessing closely re-
lated genotypes, inhabiting a common distribution area
and bound by acommon evolutionary fate (Yablokov and
Yusufov 1998).

In the diagnoses of testate amoebae species morpho-
logical criteria traditionally predominate. Recently a
“morphospecies’ concept has been proposed as a basic
one for protists (Finlay et al. 1996, Finlay 1998). How-
ever, in the case of testate amoebae as well as other
protists (e.g. diatoms) the difficulty in the application of
this concept liesin their great morphological variability,
which forms continuous network, which is not clearly
defined into taxonomic units.

Biometric analysis is the most important part of
phenotypic analysis of testate amoebae, as organisms
with few morphological characters. Testacean system-
aticsaswell asforaminiferan or radiolarian taxonomy is
based on morphological features of external structures.
Some protistol ogists (Couteaux 1976) consider this ap-
proach to be incorrect, postulating that systematics
should be based on the morphol ogy of cellular structures.
However, this standpoint does not agree with the dataon
genetically controlled shell construction (Netzel 19723,
b, c; Ogden 1979a, b; Anderson and Cowling 1994;
Anderson 1995). Protozool ogistsworking in thefields of
taxonomy, biology and ecology of testate amoebae con-
sider shell morphology to be asimportant asthe features
of cellular structures (Anonymous 1977). Most of the
subsequent descriptions of new species have been based
on shell morphology only. Cytological analysis, asarule,
amounted to description of pseudopodia shape (Chardez
1990, 1991, 1994). Rarely it was used in differential
diagnosis (Ogden and Meisterfeld 1989, Ogden 1991).
The investigation of clones during describing new spe-
ciesor redescribing old onesis also difficult to carry out
in practice.

The analysis of morphological variability of testate
amoebae began in the first quarter of the XX century
with the studies of morphological variability of Difflugia
corona clones (Jennings 1916), longtime modifications
and variability of testaceans from the genus Arcella
(Hegner 1919, Reynolds 1923, Jollos 1924) and
Centropyxis (Root 1918). Concurrently biometric ap-

proach to the analysis of variability of testacean natural
populationswas devel oping (Bassine 1929, Zinger 1935,
Hoogenraad and de Groot 1937). Later, the relations
between morphological features of testate amoebae and
environmental parameters were established (Schonborn
1962, 1983; Hea 1963; Chardez and Leclercq 1963).
Biometric approach has been extensively applied in the
last two decades. It yielded detailed information on the
variability of natural populationsand laboratory cultures
of some testacean species (Schénborn et al. 1983, 1987,
L Uftenegger et al. 1988; Schtnborn and Peschke 1988,
1990; Wanner 1988, 1991, 1994a, b, 1995; Schdnborn
1990, 1992; L tiftenegger and Foissner 1991; Wanner and
Meisterfeld 1994; Wanner et al. 1994). In some cases it
was used for comparative geographical analysis(Bobrov
et al. 1995) and redescription of closely related species
(Foissner and Korganova 1995, 2000).

Recently Wanner (1999) reviewed the data on vari-
ability in testate amoebae and the influence of environ-
mental conditions upon their morphology. It wasempha-
sized that for understanding the phenomenain question
a detailed biometric analysis of variability of natural
populations is necessary, as well as laboratory experi-
ments on clones. All this makes possible to revea
different aspects of adaptive mechanisms of testate
amoebae, including their reaction to environmental fac-
tors and their combinations.

The aim of the present study was to perform a
detailed analysisof intra- and interpopul ation variability
in natural populations of 24 testacean speciesinhabiting
different biotopes (soils, sphagnum bogs and freshwater
habitats) on the basis of original and literature data.

MATERIALS AND METHODS

Morphological investigation of 24 testate amoebae species has
been conducted.

The samples containing testate amoebae were taken in different
geographical areas of Russiaand from different biotopes: freshwater,
soil and bogs: Centropyxis sylvatica (Deflandre) Thomas - Central
Forest Biosphere Nature Reserve, Tverskaja province, mixed spruce
forest, podzolic brown soil. Cyclopyxis eurystoma v. parvula
Deflandre - Central Forest Biosphere Nature Reserve, Tverskaja
province, mixed spruceforest, podzolic brown soil. Cyclopyxis puteus
Thomas - Primorsky kray, Sikhote-Alin reserve, Pinus sibirica and
larch forest with Ledum, dark colored skeleton soil. Hyal osphenia
elegansLeidy - Malozemel skaia shrub tundra (PechoraRiver basin),
microcommunity Sphagnum angustifolium. Hyalopshenia papilio
Leidy Population 1 - Malozemelskaia shrub tundra (Pechora River
basin), peat, depth 330-335 cm. Hyal opshenia papilio Leidy Popula-
tion 2 - Malozemelskaia shrub tundra (Pechora River basin), peat,



depth 340-345 cm. Hyalopshenia papilio Leidy Population
3 - Malozemelskaia shrub tundra (Pechora River basin),
microcommunity Sphagnum balticum. Hyalopshenia papilio
Leidy Population 4 - Tomskaya oblast’, fen, microcommunity
Shagnum capillifolium. Hyalopshenia papilio Leidy Population
5 - Malozemelskaia shrub tundra (Pechora River basin),
microcommunity Sphagnum angustifolium. Schoenbornia humicola
(Schénborn) Decloitre Population 1 - Khabarovsky kray, coast of
Okhotsk Sea, spruce forest, brown soil. Schoenbornia humicola
(Schonborn) Decloitre Population 2 - Khabarovsky kray, coast
of Okhotsk Sea, spruce forest with Hylocomium, Dicranum,
Rhytidiadelphus, brown soil. Schoenbornia humicola (Schénborn)
Decloitre Population 3 - Novgorodskaya oblast’, pine forest, podzol
soil. Schoenbornia humicola (Schénborn) Decloitre Population
4 - Karelia, pine forest, podzol soil. Difflugiella oviformis f. fusca
(Penard) Bonnet et Thomas - Kirovskaia province, mesotrophic-
oligotrophic swamp, microcommunity Sphagnhum girgensonii.
Phryganella acropodia (Hertwig et L esser) Hopkinson - archipelago
Komandor Islands, Bering Island, dry shrub rich in herbs with heath
tundra, brown skel eton soil. Wail esella ebor acensis (Wail es) Deflandre
Population 1 - Malozemelskaia shrub tundra (Pechora River basin),
microcommunity Sphagnum flexuosum. Wailesella eboracensis
(Wailes) Deflandre Population 2 - Malozemelskaia shrub tundra
(PechoraRiver basin), microcommunity Sphagnumbalticum. Assulina
muscorum Greef - Malozemelskaia shrub tundra (Pechora River
basin), microcommunity Sphagnumnemorum. Tracheleuglyphaacolla
Bonnet et Thomas - Central Forest Biosphere Nature Reserve,
Tverskagja province, mesotrophic swamp. Trinema lineare Penard -
archipelago Komandor Islands, Bering Island, dry shrubrichin herbs
with heath tundra, brown skeleton soil. Difflugia pyriformis Perty -
Penza region, pond, debris. Difflugia oblonga Ehrenberg - Penza
region, boggy lake. Difflugia acuminata Ehrenberg - Penza region,
pond, debris. Difflugia parva Ogden - Penza region, boggy lake.
Difflugia labiosa Wailes- Penzaregion, SuraRiver, debris. Difflugia
lanceolata Penard - Penza region, pond, debris. Difflugia lithophila
Penard - Penzaregion, SuraRiver, sandy sediments. Difflugiaurceolata
Carter - Penzaregion, SuraRiver, sandy sediments. Difflugialimnetica
(Levander) Penard - Penza region, pond, debris. Difflugia corona
Wallich - Penzaregion, SuraRiver, sandy sediments. Difflugiagramen
Penard - Penzaregion, SuraRiver, sandy sediment. Difflugialobostoma
Leidy - Penzaregion, pond, debris.

Morphometrical measurements were conducted by means of a
light microscope under the magnification of 400x. Statistical analysis
was performed with the help of STATISTICA 5.5A Software.

RESULTS

Analysis of variation coefficients provides general
information on the degree of variability of charactersin
populations (Table 1). It appears to vary for different
characters in different populations. Some species
(Hyalosphenia elegans, Wailesella eboracensis,
Difflugia lithopohila, D. oblonga, Cyclopyxis puteus,
Difflugiella oviformis) are characterized by a minor
degree of variability. Others (Difflugia acuminata,
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D. labiosa, D. lanceolata, D. urceolata, Schoenbornia
humicola, Trinema lineare), on the contrary, are char-
acterized by great morphometrical variability. Thegreat-
est variation coefficients are revealed for shell aperture
diameter, lesser ones - for the shell length.

On the basis of our own results and literature data
(Schénborn et al. 1983; Wanner and Funke 1986;
Schonborn et al. 1987; Balik 1988; Luftenegger et al.
1988; Schonborn and Peschke 1988, 1990; Wanner
1988; Schdnborn 1990, 1992; L tiftenegger and Foissner
1991; Dekhtyar 1993, 1994; Bobrov et al. 1995) varia-
tion coefficients of morphometrical parameters in 75
testacean species from 133 populations have been
analysed. Results, represented in Fig. 5, show that in
some popul ations variation coefficients may reach 40 %.
However, in an overwhelming majority of cases coeffi-
cients do not exceed 20 % (for aperture size) and 15 %
(for length, breadth and depth of the shell). In generdl,
the size of the pseudostome is characterized by greatest
variability.

The results of the comparison of variation coeffi-
cients in different taxonomical testaceen groups are
shown in Table 2. It turned out that filose amoebae are
morevariablein sizethan lobose ones (Mann-Whitney U
test: p<0.001). On the other hand, there are no differ-
ences in terms of degree of morphometrical variability
between freshwater, bog and soil testate amoebae as
well as between different life forms (simple acrostomia,
compressed acrostomia, centrostomia, plagiostomia).

Characterigtics, reflecting correlation between all
morphological parameters, are more significant in
morphometrical analysis. Pearson correlation coeffi-
cients between the main morphometrical characters of
testate amoebas are represented in Table 3. It shows
that there are species with highly correlated characters.
However, there are species that possess non-correlated
characters. For some species low values of correlation
coefficients between the length and the breadth of the
shell were noted. Pseudostome diameter is very often
weakly correlated with the rest of the parameters. Low
values of correlation coefficients suggest that some of
the shell characteristics (size of the aperture, for in-
stance) change independently of others. These charac-
ters appear to serve as tools of adaptation to variable
environmental constraints. In other words, adaptation to
environmental conditions is realized rather through a
wider phenotypic spectrum than through a simple pro-
portional decrease or increasing in the size of the shell.
Such tendencies are pronounced in a greater or lesser
degree in different species.
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Table 1. Biometric characterisation of theinvestigated testacean species. Numbers designate features as described in Figs 1-4. M easurements
in um. X - arithmetic mean; M - median; SD - standard deviation; SE - standard error of mean; CV - coefficient of variation in %;
Min - minimum; Max - maximum; n - number of specimens investigated.

Character X M SD E cv Min Max n
Centropyxissylvatica
1 115.2 1195 10.14 143 8.8 78.0 128.0 50
2 124.6 128.0 10.70 151 8.6 90.0 136.0 50
3 68.8 70.0 7.77 1.10 113 48.0 95.0 50
1.2 11 11 0.10 0.01 89 1.0 17 50
Cyclopyxis eurystoma v. parvula
1 35.3 33.0 8.26 0.99 234 25.0 67.0 70
2 15.0 14.0 5.30 0.63 35.3 8.0 47.0 70
3 138 13.0 4.82 0.58 34.9 7.2 22.0 70
1.2 04 04 0.05 0.01 125 0.3 0.7 70
Cyclopyxisputeus
1 148.1 142.0 12.74 1.88 8.6 130.0 180.0 46
2 124.2 124.0 2.95 0.48 24 120.0 132.0 38
3 39.8 40.0 2.63 0.39 6.6 34.0 46.0 46
1.2 0.8 0.9 0.07 0.01 83 0.7 1.0 38
Difflugiaacuminata
1 204.9 198.0 33.32 497 16.3 150.0 294.0 43
2 79.8 775 13.89 2.07 174 585 126.0 44
3 437 2.7 8.62 1.30 19.7 33.0 75.0 a4
1.2 04 04 0.06 0.01 15.9 0.3 0.6 43
Difflugialanceolata
1 152.8 155.0 16.30 1.77 10.7 875 189.5 85
2 65.7 65.0 9.86 1.08 15.0 405 845 84
3 36.1 355 7.47 0.82 20.7 21.0 54.0 82
1.2 04 05 0.07 0.01 155 0.31 05 84
Difflugia corona
1 166.1 165.0 12.54 158 75 141.0 210.0 63
2 159.9 159.1 9.83 124 6.1 132.5 184.5 63
3 67.9 69.5 12.90 2.28 19.0 85 86.1 32
1.2 1.0 1.0 0.06 0.01 6.1 0.8 11 62
Difflugia labiosa
1 206.9 202.0 24.92 3.72 12.1 155.5 260.5 45
2 1304 1335 15.05 224 115 96.0 159.6 45
3 59.8 59.6 9.73 1.67 16.3 40.5 76.5 34
1.2 0.6 0.64 0.07 0.01 105 05 0.8 45
Difflugialimnetica
1 104.2 102.7 9.29 1.03 89 84 130.5 82
2 85.3 845 10.82 1.19 12.7 60.5 115 82
3 334 325 6.14 094 184 235 51.5 43
1.2 0.8 0.8 0.08 0.01 9.6 0.7 1.0 82
Difflugia lobostoma
1 159.0 162.5 15.81 3.10 9.9 124.5 185.5 26
2 138.3 139.1 15.50 3.04 11.2 1105 163.5 26
3 459 46.5 6.60 141 144 355 575 22
1.2 0.9 0.86 0.07 0.01 84 0.7 1.0 26
Difflugia gramen
68.8 69.0 6.92 1.09 10.1 57.0 85.5 40
2 51.5 49.9 858 1.36 16.7 39.5 775 40
3 233 25 5.40 1.08 23.2 15.9 36.0 25
1.2 0.8 0.7 0.08 0.01 10.9 0.6 09 40
Difflugialithophila
1 116.3 1145 7.23 1.75 6.2 100.5 1325 17
2 93.7 935 5.01 121 5.4 86.5 108.0 17
3 433 425 384 0.99 8.9 355 485 15

1:2 0.8 0.8 0:06 0.01 7.0 0.7 0.9 17




Table 1 (contd.)

Natural testate amoebae populations variability 137

Difflugia urceolata

1

2

3

1:2
Difflugia oblonga

1

2

3

1:2
Difflugia pyriformis

1

2

3

1.2
Difflugia parva

1

2

3

1:2
Hyalosphenia elegans

1

2
3
1.2
Hyalosphenia papilio Population 1
1

2
3
1.2
Hyalosphenia papilio Population 2
1

2
3
1.2
Hyalosphenia papilio Population 3
1

2
3
1:2
Hyalosphenia papilio Population 4
1

2
3
1.2
Hyalosphenia papilio Population 5
1

2
3
1:2
Schoenbornia humicola Population 1
1
2
3
1:2
Schoenbornia humicola Population 2
1
2
3
1:2

248.8
192.4
114.8

238.2
118.3
48.1
0.5

274.3
148.7
515

155.3
724
28.2

0.5

98.8
50.0
19.9

124.9
83.1
37.0

0.7

1241
85.8
375

0.7

103.5
67.9
29.7

0.7

99.2
65.6
278

0.7

118.3
71.4
330

0.6

57.2
34.7
18.6

0.6

35.0
21.2

0.6

125.0
86.5
38.0

0.7

102.0
67.0
230

0.7

98.0
65.0
27.0

0.7

121.0
725
35.0

56.0
35.0
18.0

0.6

35.0
220
10.0

28.43
38.06
18.11

0.11

14.82
7.87
7.32

0.03

21.95
19.28
9.80
0.07

1251
10.12
4.94
0.07

414
2.58
113
0.03

5.93
551
177
0.05

5.07
4.48
2.39
0.04

7.34
514
5.19
0.04

4.09
4.73
172
0.04

9.65
5.98
5.16
0.03

3.73
273
2.10
0.04

3.99
2.52

0.05

3.22
431
215
0.01

2.00
1.06
1.07
0.00

4.48
3.86

0.01

2.25
1.82
0.89
0.01

0.59
0.37
0.16
0.00

0.84
0.78
0.25
0.01

0.72
0.63

0.01

1.04
0.73
0.74
0.01

0.58
0.67
0.24
0.01

0.96
0.60
0.52
0.00

0.53
0.39
0.30
0.01

0.56
0.36
0.19
0.01

114
19.8
15.8
13.7

6.2
6.7
15.2
6.8

8.0
13.0
19.0
12.7

8.1
14.0

17.5
14.3

114

1.7

189.0
100.5
775

207.0
97.5
36.0

0.4

239.5
1145
335
0.4

128.5
515
185
0.4

85.0

17.0
0.4

115.0
65.0
33.0

0.5

1130
75.0
330

0.6

88.0
58.0
23.0

0.6

91.0
55.0
250

0.6

95.0

60.0

240
0.52

45.0
28.0
13.0

0.5

26.0
15.0

0.5

3411
275.5
148.5

287.5
140.5
65.5
0.6

3345
187.5
70.5

177.5
90.0
395

0.6

105.0

122.0
80.0
37.0

0.7

115.0
78.0
32.0

0.8

137.0
85.0
430

0.69
65.0
23.0

0.7
450
25.0

13.0
0.7

100
100
100
100
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Table 1 (contd.)

Schoenbornia humicola Population 3

1 38.1 38.0 174 0.25 4.6 33.0 42.0 50
2 24.6 25.0 1.05 0.15 43 22.0 27.0 50
3 10.5 10.0 131 0.19 125 7.0 14.0 50
1.2 0.7 0.7 0.03 0.01 4.3 0.6 0.7 50
Schoenbornia humicola Population 4
1 37.9 37.0 1.79 0.25 47 35.0 45.0 50
2 22.7 230 124 0.18 55 20.0 27.0 50
3 9.3 9.0 1.20 0.59 12.9 7.0 38.0 50
1.2 0.6 0.6 0.03 0.01 5.0 0.5 0.7 50
Difflugiellaoviformis
1 21.4 220 212 0.30 9.9 16.0 27.0 50
2 17.8 17.0 1.87 0.26 10.5 15.0 21.0 50
3 11.2 11.0 1.56 0.22 13.9 8.0 13.0 50
1.2 0.8 0.8 0.07 0.01 81 0.7 0.9 50
Phryganella acropodia
1 39.5 40.0 1.80 0.25 4.6 34.0 44.0 50
2 19.8 20.0 112 0.16 5.7 17.0 23.0 50
3 19.6 19.0 1.67 0.24 85 17.0 22.0 50
1.2 05 05 0.01 0.00 3.0 04 05 50
Wailesella eboracensis Population 1
1 26.4 26.0 1.60 0.23 12.6 23.0 29.0 50
2 145 14.0 0.97 0.14 12.1 12.0 17.0 50
3 55 55 0.58 0.08 23.2 5.0 7.0 50
4 55 5.0 0.58 0.08 24.0 5.0 7.0 50
5 9.7 10.0 0.56 0.08 9.3 8.0 11.0 50
6 112 11.0 0.93 0.13 84 9.0 15.0 50
Wailesella eboracensis Population 2
1 27.2 27.0 343 0.49 12.6 230 48.0 50
2 15.0 15.0 1.80 0.25 12.0 13.0 26.0 50
3 5.6 5.0 131 0.18 23.2 5.0 14.0 50
4 55 5.0 0.50 0.07 9.2 5.0 6.0 50
5 9.8 10.0 0.91 0.13 9.3 5.0 11.0 50
6 116 12.0 0.99 0.14 85 9.0 14.0 50
Assulina muscorum
1 451 45.0 353 0.35 7.8 32.0 50.0 100
2 34.0 35.0 3.47 0.35 10.2 18.0 42.0 100
3 12.9 13.0 2.10 0.21 16.3 5.0 16.0 100
1.2 0.8 0.8 0.07 0.01 9.0 05 1.0 100
Tracheleuglyphaacolla
1 41.8 42.0 2.37 0.34 5.7 38.0 46.0 50
2 26.6 27.0 3.44 0.49 129 21.0 34.0 50
3 8.8 9.0 141 0.20 16.1 6.0 11.0 50
Trinema lineare
1 28.6 30.0 5.04 0.80 17.6 21.0 40.0 40
2 11.8 11.0 2.76 0.44 235 8.0 18.0 40
3 6.8 7.0 1.68 0.26 24.8 4.0 11.0 40
1.2 0.4 0.4 0.05 0.01 13.0 0.3 0.6 40

Bivariant frequency distribution diagrams (Fig. 6)
alow usto estimate not only the degree of polymorphism
in testate amoebae popul ations, but al so the discreteness
of total variability. Inthisway itispossibleto distinguish
monomorphic populations (for example, Cyclopyxis
eurystoma v. parvula), polymorphic populations with
correlated characters (Difflugia urceolata, D.corona,
Assulina muscorum) and popul ations with ahigh pheno-

typic plasticity, non-correlated characters and the ele-
ments of discreteness (Difflugiella oviformis, Wailesella
eboracensis).

Populations of the same speciesin different biotopes
may differ from each other not only asto size (Table 4)
but also as to the degree of correlation between charac-
ters (Tables 5, 6). This phenomenon may be considered
as an adaptation mechanism in testate amoebae.
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Fig. 1. Outlineof shellsand position of measured axis. A, B - Difflugia
oblonga; C, D - D. pyriformis; E, F - D. parva; G, H - D. acuminata;
I,J-D.lancedlata; K, L - D.labiosa. 1 -shell length, 2 - shell breadth,
3 - aperture diameter. Scale bars 50 um.
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These variants of variability occur in specieswith all
types of shell (organic, with xenosomes or idiosomes),
speciesrepresenting variouslifeforms, inhabiting fresh-
water bodies, sphagnum bogs, soils, speciesfrom differ-
ent phyletic branches (Filosea, Lobosea).

DISCUSSION

The analysis of the variability of testate amoebae in
natural populations reveals several general patterns: (@)
the variability in natural populations of testate amoebae
is expressed either in the changes of the shell size
(correlated) or in the changes of the size of separate
characters (non correlated). Frequently one character
can be decreased in size, and another - to be enlarged.
This results in a significant broadening of phenotypic
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Fig. 2. Outline of shells and position of measured axis. A,
B - Difflugia urceolata; C, D - D. lithophila; E, F - D. corona;
G, H - D.limnetica; |, J - D. lobostoma; K, L - D. gramen. 1 - shell
length, 2 - shell breadth, 3 - aperture diameter. Scale bars 50 pm.

-

spectrumin populations; (b) the size of the pseudostome
is the most variable character. Moreover, this character,
asarule, changesindependently from the others. Taking
into account that the aperture of the shell isthe main way
of the organism’s interaction with the environment,
variations of its size are likely to be adaptive; (c) the
pattern of variability (degree and correlativity) differs
not only in different species but in different populations
of the same species. It might be supposed that the
variability of populations is due to the environmental
conditions of the habitat where the popul ation isformed.

A pronounced polymorphism of testate amoebae has
been recorded by many researches. For example,
Schonborn (1992) has shown the phenospectra of
Trinema complanatum in litter and humus soil horizons
of a spruce forest to include 6 morphological variations
in each horizon. Only a part of morphological variants
were common for both horizons.

The results of the analysis of variability in natural
populations of testate amoebae are supplemented by the
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Fig. 3. Outline of shells and position of measured axis.
A, B - Centropyxissylvatica; C, D - Cyclopyxiseurystomav. parvula;
E, F - Cyclopyxis puteus; G, H - Hyalosphenia elegans;
I, J - Hyalosphenia papilio; K, L - Schoenbornia humicola. 1 - shell
length, 2 - shell breadth, 3 - aperturediameter. Scalebars50um (A, B,
E-J); 20 um (C, D, K, L).

investigations of clonal cultures. The question to be
solved iswhether individual variability intestacean popu-
lations is due to genotypic features or to environmental
impact (trophic interactions, abiotic factors, etc.).

In laboratory experiments on Trinema lineare and
Euglypha laevis clones Schonborn (1992) has shown
that in stable controlled conditions the variation coeffi-
cientsof morphometrical parameters considerably grows
with the time of conducting the clonal culture. Conse-
quently, individual variability is likely to be genetically
conditioned, and it is not always directly adaptive. In
other words, in agenotype spontaneous size fluctuations
within certain intervals are incorporated. In concrete
biotopesthe selectionisfor atotal phenotypic spectrum,
i.e., fromall possible morphological and morphometrical
variations of a speciesthose individuals are represented
in the population that possess the advantages of a better
adaptation to concrete conditions. Localities being het-
erogeneous, in apopul ation there may be severa pheno-

Fig. 4. Outlineof shellsand position of measured axis. A, B - Assulina
muscorum; C, D - Tracheleuglyphaacolla; E - Phryganellaacropodia;
F, G - Difflugiella oviformis; H, | - Trinema lineare; J - Wailesella
eboracensis. A-l - 1 - shell length, 2 - shell breadth, 3 - aperture
diameter. J - 1 - shell length, 2 - shell breadth, 3 - aperture length,
4 - aperture breadth, 5 - length of “head region”, 6 - breadth of “ head”
region. Scalebars20 um.

types, adapted to different microlocalities. However,
therewill not aways be auniform sample of phenotypes
in a homogeneous locality, either. In the experiments of
Schonborn (1992), individual variability was recorded
evenin stable conditionsof clonal cultures. Thus, species
in natural populations possess an extremely complex
phenotypic spectrum. It is expressed differently in dif-
ferent species. If we take this into account, it becomes
even more surprising that individual variability in the
majority of species is rather low and the species is
stable.

The results of the experiments of Schénborn (1992)
could be aso explained in another way. Deterioration of
conditions in the culture in the course of experiments
(changes of atrophic regime, accumulation of metabo-
lites in the growing culture, an increasing population
density) could resultsin the expansion of the morphol ogi-
cal spectrum of the population. This hypothesiscould be
supported by an increase in the number of organisms of



Table 2. Variation coeffcients in different testate amoebae groups.
n - number of characters investigated, X - arithmetic mean,
Min - minimum, Max - maximum, SD - standard deviation.

Life-forms n X Min Max SD
Simple acrostomia 75 122 32 298 577
Compressed acrostomia 152 114 23 352 640
Centrostomia 38 134 24 353 0918
Plagiostomia 91 135 25 353 6.96
Biotope inhabited n X Min Max SD
Freshwater 66 120 31 26.2 578
Sphagnum 62 105 23 321 704
Sail 256 126 24 353 6.78
Class n X Min  Max SD

Lobosea 266 113 23 353 6.18
Filosea 114 140 25 353 745
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Table 4. Statistical significance (Student’s t-test) of shell measure-
ments between populations of Schoenbornia humicola and popula-
tions of Hyalosphenia papilio. P1-P4 - populations (see Materials
and Methods).

Schoenbornia humicola Hyal osphenia papilio
P1 P2 P3 P1 P2 P3
P2 xxx P2 NS
*k*k *k*k
P3 *k %k *k*k P3 *k %k *k %k
* k% * k% * k% * k%
P4 * k% *k*k NS P4 *k % * k% *k %k
*k*k *k*k *k*k *k*k *k %k *k %

1st line - shell length; 2nd line - shell width. *** P < 0.001;
NS - not significant.

Table 3. Pearson correlation coefficients between shell measurements of the investigated testate amoebae species. L - length of the shell,
B - breadth of the shell, Dp - aperture diameter; *** P < 0.001; ** 0.01 > P> 0.001; * 0.05> P> 0.01; * 0.1 > P> 0.05; ™S - not significant.

Species L-B L-Dp B-Dp
Centropyxis sylvatica 0.71*** 0.46** 0.51***
Cyclopyxis eurystoma v. parvula 0.89*** 0.74*** 0.68***
Cyclopyxisputeus 0.31* 0.42** 0.31+
Difflugia acuminata 0.47** 0.51** 0.83***
Difflugia corona 0.46** -0.05" -0.06Ns
Difflugialabiosa 0.69*** 0.60*** 0.70***
Difflugialanceolata 0.46*** 0.32** 0.78***
Difflugialimnetica 0.48** 0.29* 0.70***
Difflugia lobostoma 0.76*** 0.01Ns -0.10Ms
Difflugia gramen 0.83*** 0.51** 0.73***
Difflugialithophila 0.17ns 0.32%s -0.03Vs
Difflugia oblonga 0.40** 0.35** 0.13\s
Difflugia pyriformis 0.72%** 0.62** 0.48*
Difflugia parva 0.278s 0.40* -0.06Ns
Difflugia urceolata 0.78*** 0.79*** 0.87***
Hyal osphenia elegans 0.41** 0.04ns 0.43***
Hyalosphenia papilio Population 5 0.84*** 0.84*** 0.85***
Schoenbornia humicola Population 2 0.80*** 0.48*** 0.55***
Difflugiellaoviformis 0.67*** 0.64*** 0.57***
Phryganella acropodia 0.89*** 0.84*** 0.85***
Wailesella eboracensis Population 1 0.45** 0.26Ns 0.27"s
Assulina muscorum 0.60*** 0.49*** 0.78***
Tracheleuglypha acolla 0.82*** 0.64*** 0.66***
Trinema lineare 0.82*** 0.84*** 0.83***
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Table 5. Correlation coefficients between shell measurements of
2 populations Wailesella eboracensis from Sphagnumin Malozemel
shrubbery tundra. 1st line - Population 1, 2nd line - Population 2.
Statistical significance (Student’s t-test) between 2 populations
P < 0.05.

2 3 4 5 6  Character
0.45 0.26 0.26 0.14 0.13 1
0.86 0.89 0.09 0.51 0.00

0.27 0.33 0.29 0.29 2
0.86 0.00 0.57 -0.04
0.97 0.33 0.04 3
0.00 0.57 -0.09
0.37 0.09 4
0.45 0.36
0.26 5
0.59

smaller size closer to the end of the experiment. In the
same investigation (Schdnborn 1992), the experiments
with clona strains of large and small individuals were
carried out. Our calculations on the basis of Schénborn’s
(1992) data have shown that in clonal strains of large
individuals the average values of shell size remain the
samein the course of the experiment, and only occasion-
aly arealittlereduced. Asfor the minimum values, they
are reduced by 14.4-25.9 %, whereas the maximal ones,
by 0-17.6 %. In other words, in populations, which have
initially consisted of large individuals, the number of
smaller organism increases. In clona strains of small
testaceans the average size was increasing with timein
the mgority of experiments. Theincrease of the average
size took place first of al is due to the growth of the
number of large amoebae (in one of the clones the shell
dimensions increased more than by 50 %), and not due
to the elimination of small testate amoebae.

Thus, individual variability in experimental conditions
depends on the duration of the experiment and thus on
varying conditions of the medium, and aso on the
phenotype of the mother cell chosen for the clonal
culture.

Later Wanner (Wanner 1994a, b; Wanner and
Meisterfeld 1994; Wanner et al. 1994) in a series of
laboratory experiments with clones and natural popula-
tions of Cyclopyxis kahli, C. eurystoma v. parwula,
Euglypha strigosa, E. rotunda, Trinema lineare,

Table 6. Correlation coefficients between shell measurements of
4 populations Hyal osphenia papilio and 4 popul ations Schoenbornia
humicola from different biotopes. L - length of the shell, B - breadth
of the shell, Dp - aperture diameter.

Population L:B L:Dp
H. papilio Population 1 0.21 0.23
H. papilio Population 2 0.21 0.33
H. papilio Population 3 0.70 0.65
H. papilio Population 4 0.52 0.55
Sch. humicola Population 1 0.61 0.45
Sch. humicola Population 2 0.80 0.48
Sch. humicola Population 3 0.50 0.38
Sch. humicola Population 4 0.41 0.05
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Fig. 5. Frequency distribution of variation coefficientsin shell length
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aperture breadth (E). Mean variation coefficients of different charac-
ters (F). SD - standard deviation, SE - standard error of mean. The
differences between variation coefficients are significant (Mann-
Whitney U test: p<0.05) for all character combinations (exception B
vs. C).

T. enchelys has shown the influence of light intensity,
temperature, fertilising and pesticides, and the nature of
food upon morphometrical characteristics of testate
amoebae. The analysis of the Wanner’s data (Wanner
19944) has shown that the variability of different mor-
phological parametersin clonal culturesvaried, preserv-
ing its values practically irrespective of experimental
conditions. For example, at Cyclopyxis kahli the varia-
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tion coefficient of the pseudostome diameter inamost all
variants of experiments was almost three times higher
than the coefficient of variation of the shell diameter.
Thedegree of variability of various morphological char-
acters is most likely to be determined by the species
genotype. So the species realize its adaptive strategy by
means of the most variable characters and due to
variability of these ones the species can be polymorphic
or polytypic.

Summing up, al available data indicate to a rather
high variability of testate amoebae. The existing morpho-
logical types are grouped around a limited number of
adaptive peaks, formed under theinfluence of ecological

factors. However, these peaks are often weakly ex-
pressed, their discreteness is frequently insignificant,
there being alot of transitional forms. Thus the space of
morphometrical characters as a whole is characterized
by both continuality and discreteness. In different cases
(different biotopes or different complexes of closely
related species) itispossibleto distinguish discrete units
with avarying accuracy. Neverthel ess, the systematicists
havetraditionally tried to designate the extremeformsas
taxonomical units (subspecies or forms) irrespective of
whether there are clear boundaries between them. The
imprecision of differential diagnoses stems from the
features of the object classified (asexual protists with
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continuousvariability). All thisentailsgreat difficultiesin
the diagnostics of testacean species and in the applica
bility of the “species’ concept for them.

Recently the “morphospecies’ concept (Finlay et al.
1996, Finlay 1998) has been suggested with referenceto
protists. The morphological criterionis put forward asa
predominant one. On the one hand, this makes possible
to avoid numerous difficulties associated with the sepa-
ration of genetically isolated systems of organisms, not
differing morphologically (syngenes), and, on the other
hand, this is a rather convenient approach for the
ecologists, as morphology to a great extent reflects the
characteristics of the ecological niche occupied by an
organism. However, the problems in connection with
asexua protists are arisen. The notion of “species
aggregates’ has been offered (Finlay 1998) for clusters
of species, which are morphologically indiscernible or
form acontinuum of morphologically overlapping forms.
However, such an approachislikely to result in theloss
of some ecological information reflected in the total
morphological variability of the object or the number of
transitional forms (distinguished as subspeciesor forms).
A high level of morphological variability within the
population can indicate the heterogeneity of the biotope,
where several morphs, including transitional ones, can
exist smultaneously. A narrow phenospectrum, on the
contrary, is more likely to arise in a homogeneous
microbiotope or under severe abiotic conditions.

On the other hand, the account of all morphological
diversity, not divided into discrete units, introduces sig-
nificant difficulties into systematics and unambiguous
species diagnosis. The problem is a'so complicated by
the incompleteness of the descriptions of many taxa.

Earlier it was proposed to define the species of
testate amoebae as wide phenetic clusters in which
specimens are linked to each other through intergrada-
tion (Medioli and Scott 1983). However, there arises a
question of what value of phenotypic variability can be
accepted as infraspecific. In the work of Medioli and
Scott (1983) an extreme degree of “lumping” can be
seen. They havedivided all diversity within Arcellinida
into 14 species.

Detailed study of different species complexes pre-
sented recently by Foissner and K organova (1995, 2000)
is an excellent way of clarifying the problems outlined.

We propose the following scheme of the closerelated
speciesanalysis: () Revealing morphological variability
of populationsfrom variouslocalities, and also variability
within groups of closely related species; (b) A detailed

biometric analysis of variability within the complex of
close species studied and the eval uation of the possibility
to distinguish more or less discrete units; in case of
imposs bility of unambiguousdifferentiation of taxainthe
species complex demonstrating a high degree of poly-
morphism, the description of extreme variants and the
indication of continuity of changes; (c) Redescription or
establishing the synonymy of poorly described species,
(d) Taking in account the environmental constraints
determining morphological variability.

As aresult of such research we will obtain a clearer
understanding of the characteristics of phenotypic space
of testate amoebae natural populations at a morphologi-
cal level. Fromthe systematic point of view it would help
to outline the borders between species of testate amoe-
bae more clearly. The adaptive strategy of testate
amoebae is diverse. Its mechanisms are different at
different species, and the knowledge of its variants
realised would hel p to build the hierarchy of morphol ogi-
cal characters as to their significance in different taxa.

A research like this could increase our knowledge of
the causes and factors producing changes in shell mor-
phology inecologica and paleoecological investigations.
It would considerably expand theinterpretation possibili-
ties of rhizopode analysis, as it has already been shown
for therhizopode population of oligotrophic moors(Bobrov
et al. 1999).
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Shell Morphology, Biometry and Distribution of Some Marine I nter stitial
Testate Amoebae (Sarcodina: Rhizopoda)

Vassl GOLEMANSKY and Milcho TODOROV

Institute of Zoology, Bulgarian Academy of Sciences, Sofia, Bulgaria

Summary. The morphology and biometry of eight marine interstitial testate amoebae (Centropyxiella lucida, Cyphoderia littoralis,
Messemvriellafilosa, Ogdeniella elegans, O. maxima, Pomoriella valkanovi, Pseudocorythion acutumand Rhumbleriella filosa) were studied
by light microscopy and by scanning electron microscopy. Their size frequency distributions were analysed and all studied species was
defined as a size-monomorphic. All of them are characterized by a well-expressed main-size class and by a small size range of the shell
breadth. Regarding to the shell Iength P. acutum and O. elegans are characterized by a not well-expressed main-size class in favour of
subsidiary classes, but all species have a shell length ranges in close limits. The data about the shell ultrastructure of the species M. filosa,

O. elegans, O. maxima and R. filosa are reported for the first time in the literature.

Key words: biometry, distribution, marine testate amoebae, morphology, shell structure.

INTRODUCTION

The marine interstitial testate amoebae form a spe-
cific taxocenose in the marine sand supralittoral. They
were found and described during the last three decades.
129 species of testate amoebae from the orders
Arcellinida and Gromida have been established in the
studied seas and oceans so far. They belong to three
ecological categories: obligatory psammaobionts (79 spe-
cies), psammophiles (11 species), and psammoxenes
(39 species) (Golemansky 1969, 1980, 1994a).

Address for correspondence: Vassil Golemansky,
Milcho Todorov, Institute of Zoology, 1 Tsar Osvaoboditel Blvd.,
1000 Sofia, Bulgaria; Fax: (3592) 988-28-97; E-mail:
golemansky @zool ogy.bas.bg; mtodorov@zool ogy.bas.bg

The morphological investigations and taxonomic de-
scriptions of the marineinterstitial testate amoebae have
been accomplished mainly by using light microscopy on
limited number of specimens so far. Because of that, the
information about two important taxonomic criteria- the
ultrastructure and biometry of their tests is scanty and
incomplete. Golemansky (1979a) and Golemansky and
Ogden (1980) published the first data about the shell
ultrastructure of 3 marine psammobiotic testate amoe-
bae. Later Golemansky and Colteaux (1982), Ogden
and Co(teaux (1986, 1989), Anderson et al. (1996) and
Golemansky and Todorov (1996) enlarged thelist of the
studied interstitial testate amoebae by using SEM and
further contributed to the information about their shell
structure and morphological variability. To date, the shell
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ultrastructure of 18 species of marine interstitial testate
amoebae is studied as aresult of the cited contributions.

Theaim of the present publicationisto further enrich
the data about the shell ultrastructure of some unstudied
or little known marine interstitial testate amoebae and to
make a biometric analysis of their morphological vari-
ability. Since, there is not enough data regarding the
geographical distribution of the studied testate amoebae
in protozoological literature, we consider that more de-
tailed information about some rare and little known
species in the World Ocean will be useful.

MATERIALS AND METHODS

The material for the present study was collected from several
localitiesin sandy beaches of Black Sea (Bulgaria), North Sea (Swe-
den), and Atlantic Ocean (Brazil) during the period from November
1999 till March 2002. Samples were taken from the humid zone of
supralittoral, near the waterline, in a depth of 0-50 cm in the sand.
Information rel evant to each sampleisgiven with the species descrip-
tion.

Thebiometric characterization of the specieswasmadeaccording
to Schénborn et al. (1983). Thefollowing parameterswere cal cul ated:
arithmetic mean (X ); median (M); standard deviation (SD); standard
error of the mean (SE); coefficient of variation in % (CV); extreme
values (Min and Max); number of examined individuals (n). Size
measurements of shells were made by light microscopy at 400 x
magnification.

For scanning el ectron microscopy the shellswereisolated, cleaned
by several washeswith distilled water, mounted directly on stubsand
air-dried. The shellswere coated evenly with gold in vacuum coating
unit. Microphotographs were obtained by using Phillips SEM 515,
operating at 25 kV.

RESULTS AND DISCUSSION

Centropyxiella lucida Golemansky, 1971 (Figsl-4)

Shell morphology: The shell iscolourless, elliptical
inoutline, usually having almost paralel lateral margins
and rounded apertural and aboral regions (Figs 1, 2). It
is dlightly flattened dorso-ventrally and shell height is
about 2/3 to 3/4 of the shell breadth. By cross-section is
oval and appears to taper evenly along most of the shell
length. The aperture is normally circular, large, and
situated sub-terminally at theflattened ventral side of the
shell. The apertureis surrounded by small collar that not
reach to the maximum breadth of the shell (Figs 1, 3).

The shell is composed of small to medium flattish
pieces of quartz (xenosomes) so arranged that the shell
surface is smooth (Figs 2, 4). The flattened ventral side

ismade of smaller flat particles, whilst thedorsal surface
and apertural collar are made from larger flattish and
rarely angular xenosomes (Figs 1-4).

Biometry: Table 1 shows that the coefficients of
variation of al characters are low and shell measure-
ments are rather constant. The values of the shell
breadth and the diameter of aperture correspond well to
those of the original description of species based on a
material from Pacific (Golemansky 1971), but our speci-
mens from North Sea are smaller in length and more
flattened (62-72 pm vs. 70-81 um and 23-28 um versus
30-36 um, respectively).

The analysis of the size frequency distribution indi-
cates that C. lucida is a size-monomorphic species
characterized by a comparatively well-expressed main-
size class and by a small size range (Fig. 5). Figure 5a
shows that 98% of all specimens measured have a shell
length 62-69 um and 2% only have a shell length bigger
than 69 um. The frequency analysis of the shell breadth
shows that the specimens of our popul ation are constant
by this character (more than 55% of them have a shell
breadth 40 um, and all specimens measured arein limits
of 37-45 um).

Material: C. lucida was isolated from samples
collected at a sandy beach, 4 m above the high-water
mark gathered at Tjarno Biological station, Reserve
Saltd, North Sea (Sweden), in August 2000.

Geographical distribution: Pacific: Nanaimo
/Canada/ (Golemansky 1971); Tokyo and Tshigaki
/Japan/ (Sudzuki 1977, 1979); Black Sea: Sunny Coast
/Bulgarial (Golemansky 1974, 1980); Atlantic: Roscoff
/France/ (Golemansky 1992); North Sea: Kattegat
/Sweden/ (Golemansky 2002).

Pomoriella valkanovi Golemansky, 1970 (Figs 6-9)

Shell morphology: The shell is colourless, transpar-
ent, elongate pyriform in ventral view, and circular in
cross-section. In lateral view the anterior region is
elongated and curved, with a short neck (Figs 6-8). The
aperture is circular, bordered by organic cement and is
situated through angleto thelongitudinal axisof theshell
(Figs 8, 9).

The shell is composed of approximately forty oval
shell plates arranged without overlapping, in four longi-
tudinal rows, and joined by an abundance of organic
cement (Figs 6, 8, 9). The shell plates are of two
different types: bigger elongate-oval, about 8-10 umin
length and 5-7 pm in width in the aboral region, and
smaller oval, about 3.5-4 x 1.5-2 um in the apertural
region of the shell.
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Figs1-4. Centropyxiellalucida. 1- ventral view; 2 - dorsal view; 3 - apertural view; 4 - posterior end of theshell, covered by plate” xenosomes’.
Scalebars20 um (1, 2); 10 um (3, 4).
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Table 1. Biometric characterization of the investigated testacean species. X - arithmetic mean; M - median; SD - standard deviation;
SE - standard error of the mean; CV - coefficient of variation in %; Min - minimum; Max - maximum; n - number of examined individuals

(measurements in pm).

Character X M SD E cv Min Max n
Centropyxiellalucida
Length 65.9 66 22 0.3 33 62 72 51
Breadth 40.1 40 16 0.2 40 37 43 51
Height 25.6 26 13 0.2 49 23 28 51
Diameter of aperture 244 25 0.9 0.1 38 21 26 51
Diameter of collar 33.9 34 16 0.2 47 31 37 51
Pomoriella valkanovi
Length 434 43 21 0.2 48 39 50 75
Diameter of shell 211 21 0.8 01 39 20 23 75
Diameter of aperture 12.1 12 0.3 0.1 2.8 11 13 75
Rhumbleriellafilosa
Length 429 43 1.0 0.2 23 41 45 22
Breadth 324 32 0.7 0.1 20 31 34 22
Height 30.8 31 0.8 0.2 26 30 33 22
Large axis of aperture 135 14 0.5 0.1 37 13 14 22
Small axis of aperture 6.3 6 0.4 0.1 7.2 6 7 22
Messemvriella filosa
Length 49.6 50 21 03 43 45 52 43
Breadth 22.3 22 0.8 0.1 3.8 21 24 43
Height 20.7 21 0.9 0.1 43 19 23 43
Diameter of aperture 9.8 10 1.0 0.1 9.9 9 12 43
Diameter of collar 20.0 20 12 0.2 6.2 17 22 43
Cyphoderialittoralis
Length 49.5 50 13 0.2 26 47 53 44
Diameter of shell 225 23 14 0.2 59 20 25 44
Diameter of aperture 85 8 0.5 0.1 6.3 8 10 44
Pseudocorythion acutum
Total length 72.3 72 31 0.5 4.3 66 79 36
Diameter of shell 24.8 25 04 01 16 24 25 36
Diameter of collar 23.3 24 15 0.3 6.4 20 25 36
Length of spine 9.2 9 17 0.3 18.3 7 12 36
Ogdeniella elegans
Length 53.9 54 24 05 45 48 58 23
Breadth 24.7 25 16 0.3 6.5 21 28 23
Height 155 16 05 0.1 33 15 16 23
Large axis of aperture 11.2 11 0.4 0.1 34 11 12 23
Small axis of aperture 6.8 7 0.6 0.1 9.5 6 7 23
Diameter of collar 245 24 23 05 9.3 22 30 23
Ogdeniella maxima
Length 59.3 59 2.0 04 33 56 63 28
Breadth 437 44 17 03 38 40 46 28
Height 228 23 0.9 0.2 3.9 21 25 28
Length of neck 16.6 16 14 0.3 8.3 15 20 28
Diameter of collar 26.8 27 13 0.2 48 25 29 28

Golemansky (1970a) noted inthe original description
of the species that the shell plates are rectangular,
square or polygonal, sometimes rounded at the corners.
Later Golemansky and Ogden (1980) using SEM found
out that the shell plates are not rectangular, square or
polygonal but are usually rounded at the corners. Our

observations confirm the description of Golemansky and
Ogden (1980).

Biometry: Thestudied populationisquiteconstantin
its characters - the coefficients of variation range from
2.8 for the diameter of apertureto 4.8 for the shell length
(Table 1). The obtained values correspond to the original
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Figs6-9. Pomoriellavalkanovi. 6 - lateral view; 7 - two specimens after asexual division of theanimal; 8 - lateral view, showing different shape
and size of the organic plates and abundant organic cement between the plates; 9 - ventral view, showing well visible organic rim around the

aperture. Scale bars 10 pm.

description (Golemansky 1970a) and those of Golemansky
and Ogden (1980).

The analysis of the size frequency distribution indi-
cates that P. valkanovi is a size-monomorphic species,
characterized by amain-size classand asmall sizerange
(Fig.10). Figure 10a shows that 97% of all measured
specimens have a shell length 40-47 um. Only 1.3% has
shell length smaller than 40 um and 1.3% is bigger than
47 um. The frequency analysis of the shell diameter of
P. valkanovi shows that in all specimens measured this
character is very constant and ranges in close limits -

between 20 and 23 um (Fig. 10b). For identification at
species level it can be used as an important taxonomic
criteria.

Material: The studied specimens wereisolated from
samples collected at a sandy beach, 3-4 m above the
high-water mark gathered at Nessebar, Black Sea Coast
(Bulgaria), in March 2002.

Geographical distribution: Black Sea: Sunny Coast,
Ropotamo, Pomorie, Nessebar /Bulgarial (Golemansky
1969, 1970a, 1974, 1980); Baltic Sea: Zelenogorsk,
Komarovo, Repino/Russia, Tdin/Estonial (Golemansky
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Figs 11-14. Rhumbleriellafilosa. 11 - ventral view; 12 - view of %, with well visible aperture; 13 - lateral view in the region of the aperture,
showing the flexible organic membrane bordered aperture; 14 - detail of the dorsal structure of the shell, composed of plates oval and elliptic

idiosomes. Scale bars 10 um (11, 12); 5 um (13); 2 um (14).

1980, 1983, 1998a); Atlantic: Roscoff /France/
(Golemansky 1992); Aegean Sea: Perea /Greece/
(Golemansky 1994b); Marmora Sea: Jalova /Turkey/
(Golemansky 1998c).

Rhumbleriella filosa Golemansky, 1970 (Figs 11-14)

Shell morphology: The shell is colourless, translu-
cent, atype of simple cryptostomy, ovoid in ventral and

dorsal views. In lateral view it is hemispherical, with a
bulging dorsal side and flattened ventral side, rounded at
both ends, and with a maximum height near the middle
of the length. The aperture is sub-terminal, invaginated,
oblique, oval, easily visible, and surrounded by aflexible
endogenous membrane (Figs 11-13).

Our study by SEM shows that the shell of R. filosa
has a comparatively thin wall and is easily fragile. It is
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Figs16-19. Messemvriellafilosa. 16 - ventral view; 17- lateral view; 18 - apertural view, showing the recurved organic membrane surrounding
the aperture; 19 - shell structure, showing the overlaping silicious plates (idiosomes) on the shell surface. Scale bars 10 um (16, 17); 5 um
(18, 19).
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Figs 21-23. Cyphoderialittoralis. 21 - lateral view; 22 - lateral view; 23 - shell structure, showing the imbricated silicious plates (idiosomes)

on the shell surface. Scale bars 10 um (21, 22); 1 um (23).

composed mainly of a mixture of small to medium
circular or oval, flattened, siliceous shell plates, which
are mixed with isolated flattish pieces of quartz dorsaly
(Fig. 14). The shell surfaceis smooth, with well-defined
outline (Figs 11, 12).

Biometry: The coefficients of variation of all char-
acters are low (between 2.0 and 7.2) and show that the

shell measurements are rather constant (Table 1). Asa
wholeour values correspond well to the original descrip-
tion (Golemansky 1970b), but theindividualsof the North
Sea are smaller than those of the Black Sea population.

The analysis of the size frequency distribution indi-
cates that R. filosa is a sizemonomorphic species,
characterized by amain-size classand asmall sizerange
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Figs 25-28. Pseudocorythion acutum. 25 - ventral view; 26 - dorsal view; 27 - view of posterior end of the shell, with small spine; 28 - detail
of the shell structure, composed of round idiosomes. Scale bars 20 pm (25, 26); 5 um (27, 28).
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Figs 5, 10, 15, 20. Histograms showing the size frequency of the shell length (A) and the shell breadth (B) of: 5 - Centropyxiella lucida;
10 - Pomoriella valkanovi; 15 - Rhumbleriellafilosa; 20 - Messemvriella filosa.
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Figs 24, 29, 32, 35. Histograms showing the size frequency of the shell length (A) and diameter of shell (B) of: 24 - Cyphoderia littoralis;
29 - Pseudaocorythion acutum; 32 - Ogdeniella elegans; 35 - Ogdeniella maxima.
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Figs30-31. Ogdeniella elegans. 30 - broad lateral view of aspecimen, withirregular posterior end; 31 - detail of the shell structure. Scale bars

10 pm.

(Fig. 15). All specimens examined of our population have
ashell length 41-45 pum and a shell breadth 31-34 pm.
Material: The specimens were taken from samples
collected at a sandy beach, 4 m above the high-water
mark gathered at Tjarno Biological station, Reserve
Saltd, North Sea (Sweden), in August 2000.
Geographical distribution: Black Sea: Alepou,
Galata /Bulgaria/ (Golemansky 1970b); North Sea:
Oostende /Belgium/ (Chardez 1977) and Kattegat
/Sweden/ (Golemansky 2002); M editerranean: Var, Brusc
/France/ (Decloitre 1975); Atlantic: Gironde /France/
(Chardez and Thomas 1980) and Abidjan /Ivory Coast/
(Sudzuki 1983); Pacific: Taiwan (Sudzuki 1986).

Messemvriella filosa Golemansky, 1973 (Figs 16-19)

Shell morphology: The shell is colourless, transpar-
ent, ovoid-elongate in ventral view, and circular or
dlightly oval in cross-section. Anteriorly thereisalarge
circular collar around the aperture, and aborally the shell
is rounded (Figs 16-18). The collar has the same diam-
eter asthe maximum breadth of the shell. Inlateral view,
the shell is feebly bulging dorsally, with amost plane

ventral side (Fig. 17). The surface of the test is com-
posed of numerous small, circular shell plates that are
arranged to overlap each other and organic cement isnot
seen between the plates (Fig. 19). The diameter of the
shell plates varied between 2 and 2.5 um. The collar is
entirely organic, without shell plates and usually has a
recurved rim, formed by a flexible organic membrane
(Figs 16, 18). In the original description Golemansky
(19734a) notes that the aperture is oblique, while most of
the specimens examined in the present material have the
aperture and the apertural collar parallel tothe main axis
of the test (Fig. 17).

Biometry: The coefficients of variation of all char-
acters are less than 10% and show that shell measure-
ments of the Black Sea population are moderately
variable (Table 1). Our values correspond well to those
of theoriginal description (Golemansky 19734) and those
of the South-West Atlantic population (Golemansky
2000).

The analysis of the size frequency distribution indi-
cates that M. filosa is a size-monomorphic species
characterized by a small size range and by a compara-
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Figs 33-34. Ogdeniella maxima. 33 - broad lateral view; 34 - detail of the shell structure. Scale bars 20 pum (33); 10 pm (34).

tively well-expressed main-size class (Fig. 20). The
measurements of all specimens of our population arein
closelimits- theshell length rangesfrom 45t0 52 pmand
the shell breadth isin limits of 21-24 pym.

Material: The specimenswereisolated from samples
collected at a sandy beach, gathered at Rio de Janeiro,
“Copacabana’, Atlantic (Brazil), in November 1999.

Geographical distribution: Black Sea: Nessebar
and Sunny Coast /Bulgaria/ (Golemansky 1973a); Japan
Sea: Sidzun /North Korea/ (Golemansky 1979b); Baltic
Sea: Hanko /Finland/ (Golemansky 1998a); Mediterra
nean; Iscchia /ltaly/ (Golemansky 1998b); Atlantic:
Copacabana /Brazil/ (Golemansky 2000); North Sea:
Kattegat /Sweden/ (Golemansky 2002).

Cyphoderia littoralis Golemansky, 1973 (Figs 21-23)

Shell morphology: The shell is colourless, transpar-
ent, retort-shaped, with a characteristic enlargement in
the middle of the shell length, and tapering at both ends,
circular or ova in cross-section. Anteriorly, there is a
short curved neck, terminated by a circular or dightly
oval, oblique aperture (Figs 21, 22). A small organic

collar surrounds the aperture rarely. The shell is com-
posed of numerous circular, flattened, siliceous shell
plates, which overlap each other and are arranged in
diagonal rows. The organic cement is usually not seen
between the plates (Fig. 23).

Biometry: The coefficients of variation of all char-
acters are low (between 2.6 and 6.3) and show that the
specimens of our population are rather constant in their
characters (Table 1). Our values correspond well to the
original description of the species (Golemansky 1973b).

The analysis of the size frequency distribution indi-
cates that C. littoralis is a size-monomorphic species,
characterized by a main-size class and a small size
range. Figure 24 shows that about 90% of all specimens
measured have a shell length of 48-51 um and a shell
diameter of 21-24 pm.

Material: The specimenswereisolated from samples
collected at a sandy beach, 4 m above the high-water
mark gathered at Tjarno Biological station, Reserve
Saltd, North Sea (Sweden), in August 2000.

Geographical distribution: Cosmopolitan. Observed
by many authorsin different localities from Baltic Sea,
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Black Sea, Mediterranean, North Sea, China Sea, Aegean
Sea, Atlantic, Pacific and Indian Ocean.

Pseudocorythion acutum (Wailes, 1927) Valkanov,
1970 (Figs 25-28)

Shell morphology: The shell is colourless, transpar-
ent, ovoid-elongate, dightly flattened laterally, anteriorly
there is alarge circular collar surrounding the aperture
and posteriorly there is a small pointed spine (Figs 25-
27). Thecollar hasusually the same diameter asthe shell
body and runs smoothly into the bodyline (Figs 25, 26).
The shell is composed of numerous circular shell plates,
which overlap each other and are arranged in diagonal
rows (Figs 27, 28). The organic cement is usually not
seen between the plates. The body plates are bigger,
with diameter about 3 um, whilethe platesthat cover the
apertural collar and the posterior spine are smaler,
between 1.0 and 1.5 um in diameter (Figs 25-27).

Biometry: Coefficients of variation of the charac-
ters measured (except the length of spine) are low
(between 1.6 and 6.4) and show that shell measure-
ments are relatively constant (Table 1). The length of
spine is more variable (CV=18.3) and range between 7
and 12 um. The specimens of our population are bigger
than those of the Wailes (1927) and those of the
Antarctic population (Golemansky and Todorov 1999).

The analysis of the size frequency distribution indi-
cates that P. acutum is a size-monomorphic species
characterized by a comparatively small size range
(Fig. 29). Figure 29a shows that our specimens are
characterised by a not well-expressed main-size class of
theshell length, but all of themareinlimitsof 66-79 um.
On the other hand the specimens of our population are
very constant by the shell breadth and al of them have
shell breadth 24-25 um (Fig. 29b).

Material: The specimenswereisolated from samples
collected at a sandy beach, 4 m above the high-water
mark gathered at Tjarno Biological station, Reserve
Saltd, North Sea (Sweden), in August 2000.

Geographical distribution: Cosmopolitan. Observed
by many authors in numerous localities from Pacific,
Atlantic, Black Sea, North Sea, Mediterranean, Baltic
Sea, Japan Sea, Aegean Sea, Marmara Sea and Antarc-
tic Sea.

Ogdeniella elegans (Golemansky,
Golemansky, 1982 (Figs 30, 31)

Shell morphology: The shell is colourless, transpar-
ent, ovoid, with thin walls and exceptionally fragile.
Anteriorly there is a short neck with a large circular

1970)

collar surrounding the aperture. In ventral view the
posterior endisrounded, lanceolateor irregular (Figs 30,
31). Thecallar has the same diameter as the maximum
breadth of the body. In lateral view the shell isflattened,
about 1/2 to 3/5 of the shell breadth, lanceolate and
tapering posteriorly.

So far, the shell structure of O. elegans has not being
studied by scanning electron microscopy and light mi-
croscopy basesall available dataoninvestigation. Inthe
original description of the species (Golemansky 1970a)
andlater intherevision of thisgenus Golemansky (1982)
noted that the shell is composed of the endogenous,
polygonalesand transparent plates, rarely mixed with the
xenosomes, situated mainly on the neck and on the
anterior part of the shell. Our study on the shell structure
of O. elegans by scanning electron microscopy shows
that the whole shell surfaceis covered with amixture of
small to medium flattish pieces of quartz, so arranged to
overlap each other, and to give arelatively smooth and
regular outline. The shell hasathinwall andisextremely
fragile. It usually collapseswhenisair-dried in prepara-
tion for scanning electron microscopy.

Biometry: The coefficients of variation of all char-
acters are less than 10% and show that shell measure-
ments are moderately variable (Table 1). Our values
correspond well to those of the original description
(Golemansky 19704) but our individual sare bigger com-
pare to those from the Baltic Sea (Golemansky 1973b).

The analysis of the size frequency distribution indi-
cates that O. elegans is a size-monomorphic species,
characterized by a small size range and by a compara-
tively well-expressed main-size class (Fig. 32). Figure
32a shows that 83% of all specimens measured have a
shell length 52-57 um and al of them arein limits of 48-
58 um. Figure 32b showsthat the shell breadth of the our
specimens ranges from 21 to 28 um, and about 3/4 of
them have a shell breadth 24-26 pm.

Material: The specimenswereisolated from samples
collected at a sandy beach, 4 m above the high-water
mark gathered at Tjarno Biological station, Reserve
Saltd, North Sea (Sweden), in August 2000.

Geographical distribution: Cosmopolitan. Observed
in more than 25 localities from Black Sea, Baltic Sea,
Mediterranean, Aegean Sea, Marmara Sea, Atlantic and
Pacific Ocean.

Ogdeniella maxima (Golemansky,
Golemansky, 1982 (Figs 33, 34)

Shell morphology: The shell is colourless, robust,
ovoid or circular, with a distinct short neck, slightly

1970)



flattened laterally. Anteriorly there is a large circular
collar surrounding the aperture, and posteriorly the shell
isrounded. Thediameter of the collar isabout 2/3 of the
maximum breadth of the test (Figs 33, 34).

The shell surface is composed mainly of small to
medium pieces of quartz so arranged to give arelatively
regular outline. It is noteworthy that the characteristic
large “xenosomes’ situated in aboral region of the shell,
and mentioned by Golemansky (1970c, 1982) asatypical
feature of O. maxima, are missing in all specimens of
our population. Investigation of the shell structure by
SEM shows that the whole shell surface is covered by
mixture of small and medium pieces of quartz. Chitinous
parts (free of “xenosomes’) are missing on the shell
surface, in comparison to thoseindicated by Golemansky
(1970c) in the origina description and drawings of the
species, based on light microscopy.

Biometry: The coefficients of variation of the mea-
sured characters (except length of neck) are low (from
3.310 4.8) and show that shell measurements are rather
constant (Table 1). Our values are smaller than those of
the original description of species (Golemansky 1970c)
but correspond well to those of the Atlantic population
(Golemansky 1992).

The analysis of the size frequency distribution indi-
cates that O. maxima is a size-monomorphic species,
characterized by a well-expressed main-size class and
by a small size range. Figures 35 a, b show that in all
measured specimensthe shell length and the shell breadth
range in close limits - 56-63 pm and 40-46 pm, respec-
tively.

Material: The specimenswereisolated from samples
collected at a sandy beach, 4 m above the high-water
mark gathered at Tjarno Biological station, Reserve
Saltd, North Sea (Sweden), in August 2000.

Geographical distribution: Black Sea: Pomorie
/Bulgaria/ (Golemansky 1970c); North Sea: Douve
/England/ (Chardez 1986) and Kattegat /Sweden/
(Golemansky 2002); Pacific: Tokyo /Japan/ (Sudzuki
1977); Atlantic: Roscoff /France/ (Golemansky 1992);
Marmara Sea: Jalova /Turkey/ (Golemansky 1998c).
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A New Species of Ellobiophrya Chatton et Lwoff, 1923 (Ciliophora:
Peritrichia) Attached to Mantoscyphidia Jankowski, 1980 (Ciliophora:

Peritrichia) Species

Helene PETERS, Lied L. VAN AS, Linda BASSON and Jo G. VAN AS

Department of Zoology and Entomology, University of the Free State, Bloemfontein, South Africa

Summary. Surveys carried out along the coast of South Africa revealed the presence of a secondary symbiont of the genus Ellobiophrya
Chatton et Lwoff, 1923 found attached to the narrow basal part adoral to the scopula of Mantoscyphidia spadiceae Botes, Basson et Van
As, 2001 and M. midae Botes, Basson et Van As, 2001 occurring on the gills of Haliotis spadicea Donovan, 1808 and H. midae Linnaeus,
1758, respectively. Mantoscyphidia branchi Van As, Basson et Van As, 1998 found on the gills of Cymbula H. et A. Adams, 1854 and
Scutellastra H. et A. Adams, 1854 species respectively, had the same ell obiophryid species attached to the narrow part adoral to the scopula.
Thisellobiophryid differsfrom all the known Ellobiophrya specieswith respect to morphology of the body, features of the nuclear apparatus,
and host preference and is therefore described as a new species, Ellobiophrya maliculiformis sp. n.

Key words: Ellobiophrya maliculiformis sp. n., Mantoscyphidia, marine mollusc, scyphidiid peritrich, secondary symbiont.

INTRODUCTION

Representativesof thefamily Ellobiophryidae Chatton
et Lwoff, 1929 attach to the host by means of a scopula
that has been adapted to form a ring-like cinctum or
caudal process (Clamp 1982). Only parts of the scopula
are included in the bouton of the cinctum, as the
remainder of the scopula (the principal part) isfound in
the usual location and secretes the embryonic stalk
linking thetwo daughtersthat result from binary fission.

Address for correspondence: Liesl L. van As, Department of
Zoology and Entomology, University of the Free State, PO Box 339,
Bloemfontein, 9300, South Africa; Fax: (+2751) 448 8711; E-mail:
VANASLL.SCI@MAIL.UOVSAC.ZA

Currently the family comprises two genera, i.e.
Ellobiophrya Chatton et Lwoff, 1923 and Caliperia
Laird, 1953. All of the known species of the genus
Ellobiophrya were found associated with fish, bivalves
or bryozoan hosts from marine habitats. Ellobiophrya
donacis Chatton et Lwoff, 1923 was described from the
gill filaments of the bivalve Donax vittatus (Chatton and
Lwoff 1923, 1928, 1929). Nearly sixty yearslater Clamp
(1982) described E. conviva from the tentacles of the
ectoprocts Bugula neritina and B. turrita. Another
species, E. oblida (Naidenova et Zaika, 1969) occurson
the marine fish Proterorhinus marmoratus. It was
originaly described as Clausophrya oblida by Naidenova
and Zaika (1969), but was placed within the genus
Ellobiophrya by Clamp (1982).
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Caliperia longipes Laird, 1953 and C. brevipes
Laird, 1959 were both described from the gill filaments
of marine fishes (Laird 1953, 1959). This genus is
characterised by anon-contractile skeletal rod withinthe
arms of the cinctum and by not having the cinctal arms
bonded to one ancther at thetips. Clamp and Bradbury’s
(1997) observations, however, revealed that the cinctal
arms of C. brevipes are linked by a bouton and that the
cytoskeletal structure within them has the fine structure
of a myoneme. These characteristics place C. brevipes
in the genus Ellobiophrya. This species was renamed
as E. brevipes (Laird, 1959) with C. longipes the sole
remaining species in the genus (Clamp and Bradbury
1997). According to Clamp, the genus Caliperia may
not exist at all, and if C. longipes could be recollected
someday, it may aso turn out to be an Ellobiophrya
(Clamp, personal comm.) 1.

The ellobiophryid found in this study belongs to the
genus Ellobiophrya, based on the morphology of the
cinctum and the presence of a bouton. The same
Ellobiophrya species was attached around the body of
various scyphidiid peritrich hosts adora to the scopula.
The hosts were populations of Mantoscyphidia
spadiceae Botes, Basson et Van As, 2001, M. midae
Botes, Basson et Van As, 2001 and M. branchi Van As,
Basson et Van As, 1998, which occur on the gills of
Haliotis spadicea Donovan, 1808, H. midae Linnaeus,
1758 and different limpet species, respectively (Van As
etal. 1998, Boteset al. 2001). Thisellobiophryid differs
from the known species with respect to morphological
features of the body, characteristics of the nuclear
apparatus, and host preference and is described as a
new Species.

MATERIALS AND METHODS

South African haliotids, i.e. Haliotis spadicea (Venus Ears) and
H. midae (Perlemoen) were collected from infratidal pools on the
rocky shores along the south coast of South Africa. The haliotids
hosted two scyphidiid peritrich species, Mantoscyphidia spadiceae
and M. midae. Mantoscyphidia branchi was found on the gills of all
the limpet species collected from the rocky shore along the south,
west and east coast of South Africa. Gillswere dissected, placed ona
microscope slide, smeared, and examined using a compound micro-
scope. Live specimens of ellobiophryids were observed and photo-
micrographs were taken of ellobiophryids found associated with
Mantoscyphidia spadiceae and M. midae for the purpose of measur-

1 Dr. John C. Clamp, Department of Biology, North Carolina
Central University, Durham, North Carolina, 27704, USA.

ing body dimensions. The speciesis described from the type popula-
tion, found attached to the host Mantoscyphidia spadicea. Additional
data and measurements from the other host populations, namely
M. midae and M. branchi, aregivenin Table 1.

Additionally, wet smears were fixed in Bouin'sfluid, transferred
to 70% ethanol and stained with Heidenhain's Iron, Mayer’s and
Harris Hematoxylin for studying the nuclear apparatus and for
measuring body dimensions. In order to study details of the in-
fundibulum, Bouin’s-fixed smears were stained with protargol, ini-
tially using acombined method asdescribed by Leeet al. (1985) and
Lom and Dykova(1992). This method proved rather unsuccessful, as
the ellobiophryids had many symbiotic algae and inclusions, which
obscures the position of the infraciliature. Clamp’s “ quick method”
(Clamp, persona communication) which is an adaptation of the
method of Wicklow and Hill (1992), gave the best results. A brief
summary of the method is: Bouins-fixed smears were transferred to
70% ethanol, then 50%, 30% and distilled water: followed by bleach-
ingin 0.5% potassium permanganatefor 5 min and washed indistalled
water; transferred to 5% oxalic acid for 5 min and washed for 10 min;
some slides were placed in 1% protargol solution for 10-15 min at
67-70°C, with copper sheets and others for a period of 12-24 h at
room temperature; transferred to 1% hydroquione (in 5% sodium
sulfite) for 7-8 min, washed briefly; transferred to 0.5% gold chloride
for 15 s, washed briefly; transferred to 2% oxalic acid for upto 3min;
remove and washed for 5 min; transferred to 5% sodium thiosulfate
for 5 min and washed in distilled water for 5 min; slides were
dehydrated in 30, 50, 70, 95, 100% ethanol; transferred to xylene and
mounted using CanadaBal sam.

For scanning electron microscopy (SEM), gills were fixed in
4% and 10% buffered neutral formalin. In somecases, gillswerefixed
inParducz and 2.5% glutaraldehyde. Inthelaboratory in Bloemfontein,
the specimenswere cleaned by washing gillsin tapwater, dehydrated
in a series of ethanol concentrations and critical-point dried. Gills
bearing ellobiophryids attached to mantoscyphidians were mounted
on stubs, sputter-coated with gold and studied at 5kV and 10kV, using
aJOEL WINSEM JSM 6400 scanning electron microscope.

For measurements of live specimens, minimum and maximum
values are given, followed in parentheses by the arithmetic mean,
standard deviation and number of specimens measured. Measure-
ments based on Bouin’s-fixed specimens stained with hematoxylin
are presented in square brackets. Body length is measured from the
epistomial disc to the cinctum and body diameter at the widest part of
the body. Description of pellicular striations was done from speci-
mens viewed by SEM. The type material is in the collection of the
National Museum, Bloemfontein, South Africa

RESULTS AND DISCUSSION

Ellobiophrya maliculiformis sp. n. (Figs 1-13)

Type host and locality: Mantoscyphidia spadiceae
Botes, Basson et Van As, 2001, attachesto narrow basal
part adoral to the scopula; De Hoop Nature reserve,
south coast (34°28'S, 20°30'E) of South Africa.

Other hostsand localities: M. midae Botes, Basson
et Van As, 2001 and M. branchi Van As, Basson et Van
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Fig. 1. Microscope projection drawing of Ellobiophryamaliculiformis
sp. n. found as a secondary symbiont on Mantoscyphidia spadiceae
Botes, Basson et Van As, 2001; M. midae Botes, Basson et Van As,
2001 and M. branchi Van As, Basson et Van As, 1998 occurring onthe
gills of Haliotis spadicea Donovan, 1808; H. midae Linnaeus, 1758
and Scutellastra barbara (Linnaeus, 1758) collected along the south
coast of South Africa. ad - adoral ciliary spiral, c- cinctum, ¢j - cinctal
junction, cl - cinctal limb, ma - macronucleus, mi - micronucleus,
pl - peristomial lip, ps- pelliclestriations, sa- symbiotic algae. Scale
bar 10 pm.

As, 1998, DeHoop Naturereserve, south coast (34°28'S,
20°30'E) and Papendorp, Olifants River mouth, west
coast of South Africa (31°40'S, 18°15'E).

Type specimens. Holotype, dide98/04/11-04 (NMBP
282), Paratype slides 98/04/04-05 (NMBP 283), 97/04/
05-04c (NMBP 284), in the collection of the National
Museum, Bloemfontein, South Africa.

Etymology: Named after the mode of attachment
adoral to scopula of the hosts, which resembles hand-
cuffs.

Ellobiophrya attached to peritrichs 165

C, hk
tp,'<2
"’ —— pk

.

A

i
CS
a
cp
tb
S
\QJ c
- C
B

Fig. 2. Diagrams illustrating the infraciliature of Ellobiophrya
maliculiformis sp. n. found as a secondary symbiont on
Mantoscyphidia spadiceae Botes, Basson et Van As, 2001, M. midae
Botes, Basson et Van As, 2001 and M. branchi Van As, Basson et Van
As, 1998 occurring on the gills of Haliotis spadicea Donovan, 1808,
H. midae Linnaeus, 1758 and Scutellastra barbara (Linnaeus, 1758)
collected aong the south coast of South Africa A - haplo- and
polykinetids. B - infundibulum. a - ampulla, ¢ - cinctum,
cp - cytopharynx, cs - cytostomal sphincter, hk - haplokinety,
i - infundibulum; m - myoneme, pk - polykinety, s - scopula,
tb - telotroch band, tp - third polykinetid. Scale bars 10 um.

Description

Trophont conical, elongate, tapering aborally towards
scopular region (Figs 1, 3, 4, 9-12). Length of body
50-125um (78.5+ 15.1, 40) [60-98 um (70.2 £ 17.5, 43)],
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Table 1. Body measurements (um) of live observations (A) and hematoxylin-stained specimens (B-F) of Ellobiophrya maliculiformis
sp. n. from Mantoscyphidia midae Botes, Basson et Van As, 2001 and M. branchi Van As, Basson et Van As, 1998 occurring on the gills
of haliotid (A,B) and different limpet (C-F) species from the south coast of South Africa

Mollusc host A (Haliotis B (H. midae) C (Sutdlastra D (S argenvilli) E (S cochlear) F(Cymbula
midae) barbara) compressa)
Ciliate host M. midae M. midae M. branchi M. branchi M. branchi M. branchi
Body length 60.0-85.0 43.0-93.0 45.0-65.0 45-83 40-70 51-70
(729 + 8.4, 20) (61.9 + 13, 35) (56.5 + 6.4, 9) (62.6 + 11.9, 18) (56.5 + 9.8, 12) (60.0, 5)
Body diameter 15.0-25.0 13.0-29.0 20-31 15-30 13-26 18-39
(20.1 + 2.4, 20) (231 + 3.9, 35) (26.3 + 3.6, 9) (21.3 + 3.7, 18) (186 + 4.1, 12) (29.4, 5)
Outer cinctum 12.0-15.0 - 11 9-17 13-16 -
diameter 135+ 21, 2 (12.6, 5) (14.5, 4)
Inner cinctum - - 1 2-10 5-10 -
diameter (6, 5) (7.2, 4)
Limb diameter - 1.0-6.0 2-4 2-6 2-5 2-3
(22 + 1, 30) (2.3, 8) (31+11,17) (34009 11) (2.8, 5)

Table 2. Body striations of Ellobiophrya maliculiformis sp. n. found attached to Mantoscyphidia spadiceae Botes, Basson et Van As, 2001
and M. branchi Van As, Basson et Van As, 1997 occurring on the gill filaments of Haliotis spadicea Donovan, 1808 and Scutellastra barbara
(Linnaeus, 1758)* respectively from the south coast of South Africa

Number of striations Number of striations

Host M. spadiceae Host M. branchi
Peristome 8-22 7-9

(14.2 + 4.6, 10) (8.0, 3)
Peristome to cinctum 54-118 66-96

(86.7 + 17.3, 10) (78.6 + 8.8, 13)

66-116
(82.4 + 12.8, 13)

62-140
(100.9 + 20.5, 10)

Total number of striations

* A new phylogenetic classification for the patellid limpets was suggested by Ridgway et al. (1998), grouping the patellid limpets in four
monophy!etic genera, namely Helcion Montfort, 1810; Cymbula H. et A. Adams, 1854; ScutellastraH. et A. Adams, 1854 and Patella Linnaeus,
1758, with the latter genus not occurring in South Africa. All limpets were formerly placed in the genus Patella.

Figs 3-13. Scanning electron micrographs (4, 6-8) and photomicrographs of live (3, 13) and protargol stained specimens (5, 9-12) of
Ellobiophrya maliculiformis sp. n. occurring as asecondary symbiont on Mantoscyphidia spadiceae Botes, Basson et Van As, 2001, M. midae
Botes, Basson et Van As, 2001 and M. branchi Van As, Basson et Van As, 1998 on the gills of Haliotis spadicea Donovan, 1808, H. midae
Linnaeus, 1758 and Scutellastrabarbara (Linnaeus, 1758) collected along the south coast of South Africa. 3- live specimen of E. maliculiformis
with protruding adoral ciliaattached to M. spadiceae; 4 - detached E. maliculiformis, upper part of the body partially contracted; 5 - bifurcated
structure at thetip of the myonemein the cinctum, scopulaindicated by arrow; 6 - cinctum, scopulaindicated by arrow; 7 - onelimb of cinctum
tapers, fitting into the cinctal junction of the shorter, broader limb; 8 - attachment of cinctum around Mantoscyphidia spadiceae;
9-12 - protargol-stained specimens; 13 - microconjugant attached to ellobiophryid associated with M. spadiceae. a - ampulla, ¢ - cinctum,
cl - cinctal limb, cp - cytopharynx, cs - cytostomia sphincter, m - myoneme, mc - microconjugant, pl - peristomial lip, s - scopula,
sa- symbiotic algae, th - telotroch band. Scale bars 10 um (3, 4, 9-13), 1 um (5-8).
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Fig. 14. Comparison in the variation of body length, body diameter
and cinctal diameter of different populations of Ellobiophrya
maliculiformis sp. n. found attached to Mantoscyphidia midae Botes,
Basson et Van As, 2001 (B) and M. branchi Van As, Basson et Van As,
1998 (C-F) associated with haliotid (B) and limpet species (C-F)
collected along the south coast of South Africa.

diameter of body 15-30 um (20.5 £ 3.7, 40)
[16-37 um (23.9+ 5, 43)]. Peristomewith broad, striated
peristomia lip (Fig. 3); zig-zag striations present on
peristome in contracted specimens. Prominent peristo-
mial sphincter (Figs 10, 11). Striations on peristome not
awaysvisible. Body striated; 101 striations on average,
spaced 0.5 pum apart. Striations evenly spaced and
uniform (Fig. 4, Table 2).

Trochal band narrow, dightly elevated, one quarter
length of body from cinctum, not always clearly visible
(Figs 4, 11). Cinctum flattened with two cytoplasmic
cinctal limbs of uneven thickness forming closed circle
(Figs4-8). Onelimb tapers, fitting into cinctal junction of
shorter somewhat broader limb, both limbs terminate at
bouton (Fig. 7). Limb that tapers forms bifurcated
structure at tip of its myoneme (Fig. 5). Scopula is
typical, but nonfunctional, except when it participatesin
secretion of larval stalk that links two daughters after
fission (Figs 2B, 4-6).

Oral infraciliature of E. maliculiformis divisible into
peristomial part and infundibular part asin other sessiline
peritrichs. Adoral zone completesspiral of 360° counter-
clockwise around epistomial disc, with haplo- and
polykinety starting almost at same point. Peristomial part
consists of outer band of kinetosomes (polykinety) and
inner band of kinetosomes (haplokinety) which parallel
one another for entire length before plunging into in-
fundibulum (Fig. 2A).

Haplokinety and polykinety runtogether around peris-
tome and separate before plunging into infundibulum.
Polykinety joined by additional polykinetidsafter entering
infundibulum. P1 and P2 were positively observed in

most of the specimens. The third polykinetid, which is
normally very short, was observed only in few speci-
mens, running paralel and closely associated with
polykinety from thelip of opening up to first turn within
infundibulum. Inside infundibulum, polykinetids and
hapl okinety make oneturn (360°- 400°) each on opposite
walls, before reaching cytostome.

Conspicuous cytostomia sphincter visible at end of
infundibulum which constricts area between infundibu-
lum and cytostome (=ampulla) (Figs 9-11). Ampulla
tubular when empty and slighty bulbouswhen filled with
food (Figs 9-12). Ampullamergeswith cytopharynx that
isvery small in diameter throughout itslength, recurving
dightly just adoral to trochal band (Figs 2B, 11, 12).

Symbiotic algae present throughout cytoplasm, vary-
ing in number and size, obscuring position and shape of
nuclear apparatus (Fig. 3). Micronucleus fusiform, but
not always visible. Macronucleus coiled and sausage-
shaped, extending throughout body. Prominent sections
of nucleus visible in adoral and aboral sides (Fig. 1).

Reproduction is by means of conjugation and binary
fissionfollowed by tel otroch formation. Ellobiophryidsin
various stages of binary fission were observed aswell as
individual swith attached microconjugants (Fig. 13), which
confirms the first record of conjugation (Fig. 13) in the
genus Ellobiophrya (Botes et al. 2001). Live observa-
tions of conjugation were made in two instances in
populations on M. midae, four times in populations on
M. spadiceae (Fig. 13), and twice in populations on
M. branchi.

Binary fission and the subsequent formation of
telotrochs were observed in ellobiophryid populations
associated with all three hosts. After binary fission one
daughter individual becomes a telotroch and the other
remains a trophont attached by the parental cinctum to
the host. As in other elabiophryids, the telotroch is
attached during devel opment to the trophont daughter by
a short, rigid stalk that passes between the scopulas of
the two individuals (Bradbury and Clamp 1991). The
telotroch is dlightly asymmetric, as is the case in other
Ellobiophrya species.

A larval stalk wasidentified during an observation of
telotroch formation in a live specimen of Ellobiophrya
maliculiformis attached to M. midae. The telotroch
was attached to the trophont daughter by thisshort stalk,
and the trochal band of cilia was in the process of
differentiating, but was not beating yet. The parent’'s
peristome was open, with cilia creating a feeding cur-
rent. This telotroch was found on a gastropod host that
had been collected 8-10 h beforehand and was observed



for aperiod of 55 min beforeit separated from the parent
and swam away. The aboral end (scopula) that was
attached to the embryophore of the parent ellobiophryid
became broader after separation.

A telotroch-likeindividual wasalso observed attached
to the body of a trophont of E. maliculiformis. It was
attached to the middle region of the trophont, and it may
have been a microconjugant that had just attached in
preparation for conjugation, rather than atelotroch that
was preparing to separate from the other daughter. This
telotroch had a short, stalk-shaped structure which at-
tached it to the trophont, but it was not attached to the
scopula, as would have been the case in a developing
telotroch. The apparent stalk may have been a slender
cytoplasmic connection because a larval stalk is ex-
pected to be linked to the scopula (embryophore) of the
trophont daughter.

Intraspecific variation

Body measurements of live observations and he-
matoxylin-stained material of E. maliculiformis are
summarised in Table 1. The effect of contraction on the
body length of live specimensversushematoxylin-stained
specimensisasfollows: inthe M. spadiceae popul ations
there was a 27% body contraction between live obser-
vations and those stained with hematoxylin. The length
and diameter of the body varied among different popu-
lations of E. maliculiformis. The average body length of
ellobiophryid populationson M. midaewas61.9 um. The
average body length of populations found associated
with M. branchi, ranged between 56.5 and 62.6 pm
(Table 1).

Ellobiophryids from M. branchi, M. spadiceae and
M. midae had the same body form. The ratio of body
length to diameter in hematoxylin-stained specimens of
E. maliculiformis found on M. midae and M. branchi
isas follows: 2.68 (M. midae), 2.15 (M. branchi), 2.94
(M. branchi), 3.04 (M. branchi) and 2.04 (M. branchi).
Also no significant differences could be found in the
diameter of thecinctal limbsof different populations (see
Table 1 and Fig. 14).

Live specimens of E. maliculiformis from
M. spadiceae were extremely contractile, with body
length ranging between 50 and 125 ym. The body of
M. branchi is also extremely contractile, with fully
expanded specimens varying from 40 um to 95 pm. Van
Aset al. (1998) observed during fieldwork that the same
individual of M. branchi could achieve a reduction in
body |ength with the peristome remaining open. In these
specimens, groups of elevated striations can be seen
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abora to the telotroch band. When the peristome of
M. branchi isfully closed, the degree of contraction can
also vary. Specimens of M. branchi can be found in a
wholerange of body contractionsonasinglesmear. Live
ellobiophryids were able to contract to half of their fully
extended body length.

Although the nuclear apparatus of all the populations
were mostly obscured by algal inclusions, there were no
great differencesin the shape of the macronucleus. It is
coiled and stretchesthroughout the body, much the same
as those of E. conviva, E. oblida and E. brevipes
(Clamp and Bradbury 1997).

The only difference between the ellobiophryid popu-
lations of M. spadiceae and M. branchi was that the
latter had slightly fewer body striations (Table 2). This
could be due to the fact that E. maliculiformis speci-
mens found associated with M. spadiceae has a greater
body length. The M. spadiceae population had a preva-
lence of 35.4% of ellobiophryids associated with the
scyphidiid peritrichs, and the M. midae population had a
prevalence of 34.3%, whilst those ellobiophryids found
associated with M. branchi had a prevaence of 17%.

Remarks

Thisisthefirst record of an ellobiophryid from Africa
and the first found associated with another ciliophoran
host inthe marine environment. Other recordsof peritrichs
found in asymbiotic association with peritrichs, are that
of Epistylis Iwoffi Fauré-Fremiet, 1943 which attached
to the epistylidid Apiosoma piscicola (Blanchard), which
in turn is found on the skin of freshwater fish (Fauré-
Fremiet 1943, Clamp 1982) and E. colisarum (Foissner
et Schubert, 1977) attaching to an epistylidid which lives
symphoriontly on a freshwater fish, Colisa fasciata
(Anabantoide: Belontiidag) (Foissner and Schubert 1977).

In comparing E. maliculiformiswith other species of
Ellobiophrya, it shows the most resemblance to
E. oblida in respect to body form. In both E. oblida and
E. maliculiformis, the expanded peristome is wider in
diameter than therest of the body, and the peristomial lip
is everted. Ellobiophrya oblida is, however, a much
larger species than E. maliculiformis and has adifferent
host and site preference as it occurs on the skin of
marine fish. The position of the scopula of
E. maliculiformis differs from the other species of
Ellobiophrya in that it is located much nearer to the
cinctum. The cinctum of E. maliculiformis is also
asymmetrical, with uneven limbs. The longer thinner
limb fits into the junction of the shorter much broader
limb. The limb diameter of the populations varies be-
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tween 2.2 and 3.4 um (see Table 1). Table 3 represents
a summary of the taxonomic characteristics of al spe-
cies of the family Ellobiophryidae. This summary was
compiled from Chatton and Lwoff (1923, 1928, 1929),
Clamp (1982), Bradbury and Clamp (1991), Clamp and
Bradbury (1997), and aso includes the summarized
characteristics of E. maliculiformis.

Up to four specimens of E. maliculiformis were
observed attached adoral to the scopula of a single
scyphidiid peritrich. Some ellobiophryids were attached
to the peristomial region or even in the region of the
telotroch band of the host’s body, gripping it where the
nuclear apparatusissituated (Fig. 8). Two ellobiophryids
were observed attached between the macro- and micro-
nuclei of a single Mantoscyphidia spadiceae. In cases
where the ellobiophryids were attached to the peristo-
mial region of the host its buccal cavity was probably
obstructed. The ellobiophryids might interfere with the
host’s feeding. Ellobiophryids attached to the nuclear
region of the host’s body might have an influence on
reproductive processes, possibly interfering with divi-
son.

The present ellobiophryid hasadistinctive host situa-
tion, as al other Ellobiophrya species are found at-
tached to the gills or skin of an anima host. It is
interesting to note that the two haliotid species, namely
Haliotis spadicea and H. midae, each have a different
mantoscyphidian species occurring on the gills, namely
M. spadiceae and M. midae, whilst in contrast all
seventeen limpets species have only one species of
mantoscyphidian, i.e. M. branchi, and all three
Mantoscyphidia species had the same species of
ellobiophryid attached adoral to the scopulas, i.e.
Ellobiophrya maliculiformis.

Acknowledgement. The authors would like to express their grati-
tude to Dr. John C. Clamp of the Department of Biology, North
Carolina Central University for proofreading the manuscript.
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Trypanosoma (Herpetosoma) grosi kosewiense subsp. n., the Parasite of
the Yellow-Necked M ouse Apodemusflavicollis (M elchior, 1834)

Grzegorz KARBOWIAK and Irena WITA

Witold Stefanski Institute of Parasitology, Polish Academy of Sciences, War szawa, Poland

Summary. Yellow-necked mice, Apodemus flavicollis, were examined for the presence of Herpetosoma trypanosomes at the Mazurian
Lakeland, Poland. Bloodstream trypomastigotes were used for light microscopy investigations. In the host’s blood, slender and stout
trypomastigote stages of Trypanosoma grosi kosewiense subsp. n. were observed. The body length of the slender form ranged from 16.27
to 28.05 pm, mean 23.00 pm, and width from 0.79 to 2.56 pm, mean 1.43 um. The free flagellum is 3.66-12.79 ym long, mean 7.59 ym.
The kinetoplast is particularly large. Stout forms have a characteristic broad and short body and is 10.78-23.54 um long, mean 14.74 um,
and 1.18-2.78 pum width, mean 1.76 pum. In contrast to the slender form of T. grosi kosewiense and many other trypanosomes, the broadest
size of its body falls midway of the PN distance, not at the nuclear level. The free flagellum is 5.06-11.86 pum long. It is easy to notice
the wide range of morphometric parameters. The results of light microscopy morphological description and morphometrical values of
Trypanosoma grosi kosewiense subsp. n. were compared with those of Trypanosoma grosi Laveran et Pettit, 1909 parasitizing the wood
mouse, A. sylvaticus, and revealed that trypanosomes parasitizing the yellow-necked mouse are different in many investigated parameters.

Key words. Apodemus flavicollis, morphology, Trypanosoma (Herpetosoma) grosi kosewiense subsp. n.

INTRODUCTION

Herpetosoma trypanosomes occurring in West and
Middle Europe are not very well known. The first
recordsabout trypanosomes parasiti zing European small
rodents were made in the beginning of the 20th century
(Thiroux 1905, Laveran and Pettit 1909). Later these
trypanosomes wereinvestigated only inthe U. S. A and
in some Western-European countries (Davis 1952-53,
Krampitz 1959, Sebek 1975, Molyneux 1976, Sebek et

Addressfor correspondence: Grzegorz Karbowiak, W. Stefanski
Institute of Parasitology of the Polish Academy of Sciences,
Twarda 51/55, 00-818 Warszawa, Poland; Fax: 620 62 27;
E-mail: grzgrz@twarda.pan.pl

al. 1980, Noyes et al. 2002). The studies regarded
morphology, primarily; few publications concerned the
results of ecological and biochemical investigations. So
far, in Europe about 15 species of Herpetosoma trypa
nosomes, parasitizing rodents and insectivores have been
recorded. However, new species are constantly being
described, as well as new localities of known trypano-
somes (Karbowiak and Sinski 1996, Karbowiak et al.
1998a,b; Macdonald et al. 1999). For the description of
trypanosomes, Hoare (1972) recommended the follow-
ing criteriac the host species, the vector species, the
morphology and the biology of the trypanosome. Since
then, ultrastructural and biochemical criteriawere added.
On account of the great variability within the
Herpetosoma subspecies, and incomplete knowledge
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about these parasites, their recognition isdifficult on the
basis of morphological features only. Presently, for bio-
chemical description, isoenzyme electrophoresis
(Mohamed et al. 1987), lectin affinity (Maraghi et al.
1989) as well as 18S rRNA genotyping (Noyes et al.
2002) have been applied. Because a single criterion is
insufficient for a mgjority of trypanosomes (Maraghi et
al. 1989), the combination of various features (morpho-
logical, biological, biochemical) isrecommended for the
description and recognition of these parasites.

Until recently Herpetosoma trypanosomes were not
investigated in Poland. Only inthelast few yearsrecords
have appeared about trypanosome infections of the
bank-vole, Clethrionomys glareolus, and voles from
genus Microtus (Karbowiak and Sinski 1996, Bajer et
al. 1998, Karbowiak et al. 1998b). Trypanosomes in-
fecting yellow-necked mice Apodemus flavicollis are
practically unknown; however, Trypanosoma grosi, in-
fecting the wood mouse, Apodemus sylvaticus, is well
described in England and Germany (Krampitz 1959,
Hoare 1972, Noyes et al. 2002).

The Herpetosoma trypanosomes are not very patho-
genic and make no visual pathological effects to their
hosts. The metacyclic forms of trypanosomes infecting
mammal s penetrate the skin through, or per os-when the
host swallows the infected vector (Maraghi et al. 1995).
This way of infection with trypanosomes was showed
experimentally by Calvo et al. (1992) and Maraghi et al.
(1995).

MATERIALS AND METHODS

Animals. Yellow-necked mice Apodemusflavicolliswereinvesti-
gated in Kosewo Gorne, Mazurian Lakeland, Poland, from May 1997
until June 1998. The animals were trapped monthly, using live traps
containing oats asbait. After collection of material, the animalswere
numbered by toe clipping and released where they were trapped.
Thus, many individual s were investigated repeatedly during the fol-
lowing months. Insummary, 127 yellow-necked micewere examined.

Detection of trypanosomesinfection and mor phometric mea-
surements. Blood samples were obtained from the tail tip of inves-
tigated animals. The trypanosomes were detected by centrifugation
in microhaematocrit tubes (8 min, 6200 g). They accumulated above
the WBCsfraction, and their movements were observed using alight
microscopy, using magnifications 10 x 10 and 10 x 20 (eyepiece X
objective). Smears were made from the fraction with trypanosomes,
as well as from non-centrifuged blood. The smears were fixed in
absolute methanol (10 min) and stained with Giemsa's stain, diluted
1:15in 0.2 M phosphate buffer, pH 7.2 (60 min). Giemsa's reagent
stains the cytoplasm of Herpetosoma trypanosomes light blue, the
nucleus and kinetoplast a violet or purple-blue colour. Because the
quality of staining with Giemsa's reagent was poor in the case of

smearsmadefrom the centrifuged blood, thecommercia kit Hemacolor
(Kruszewicz 1994) was used.

For the measurements of parasites, the “Analysis’ software in
combination with avideo camera and the Olympus BX50F4 micros-
copy was used. This method allows obtaining results accurate to
0.01 ym. Stained blood smears were analyzed at a magnification of
1200x%. The nomenclature of morphometrics parameters of trypano-
somes was that commonly used by other authors (Hoare 1972,
Matthews et al. 1977, Kingston et al. 1992).

Typical trypomastigote forms were selected for measurements.
Poorly stained, damaged or deformed individual s were ignored. The
data obtained were compared with similar data given by Krampitz
(1959), for Trypanosoma grosi Laveran et Pettit, 1909, parasitizing
the Apodemus sylvaticus, related to the Apodemus flavicallis.

In vitro cultures. The blood of infected mice was obtained by
heart puncture and heparinized. Earlier the animals were anesthe-
tized. The blood was inoculated into 4 ml of Veal Infusion Medium
(VIM) and into 4 ml of Schneider’sDrosophila Medium (SDM). The
media were supplemented with 20% of foetal calf serum. Moreover,
VIM medium al'so contained 0.2 mg/ml of vitamin B,,, 100 mg/ml of
streptomycin and 100 units/ml of penicillin (Kingston 1973, Morton
and Kingston 1976, McHolland-Raymond et al. 1978). SDM con-
tained an addition of 100 mg/ml of gentamycin and 0.2 mg/ml of
vitamin B,, (Mohamed and Molyneux 1987). The cultures were
incubated at 26°C and checked every second day, using light micros-
copy, magnification 1200x.

RESULTS

Infection with Trypanosoma grosi kosewiense
subsp. n. was discovered in 6 yellow-necked mice of
the 127 caught. M orphometric measurementswere made
on 240 specimens of trypomastigotes, obtained from
4 heavily infected hosts.

M or phological characterization. Thetrypanosomes
in the blood of the yellow-necked mouse occur as
trypomastigoteforms. Two different morphologica forms
were observed. A slender form is typical for Trypano-
soma lewisi group. It has a narrow, long body, with a
sharpened posterior end. Thelength of thebody is16.27-
28.05 pm, mean 23.00 um, the width is 0.79-2.56 um,
mean 1.43 um. Thefreeflagellumis3.66-12.79 umlong,
mean 7.59 um. The undulating membrane is weakly
developed, however always visible. The nucleusis oval
in shape and is located in the middle or in the anterior
part of the body, paralldl tothelong axis. Itis1.42-3.71
pm long, mean 2.68 um. The kinetoplast is particularly
large. It isvisible on the blood smears as oval in shape,
0.35-1.46 pm in diameter, mean 0.87 um, or rod-shaped,
0.42 x 0.75 up to 1.18 x 2.07 um in size, mean 0.69 x
1.02 um. It islocated near the posterior end of the body
(Figs1, 2A). A widerange of morphometrics parameters
(Table 1) was readily noted.



Fig. 1. Photomicrographs of bloodstream trypomastigotes of Trypa-
nosoma grosi kosewiense subsp. n., from the yellow-necked mouse,
Apodemus flavicollis, in the Mazurian Lakeland, Poland. Scale
bar 10 pm.

Stout forms (Fig. 2B) have a characteristic broad and
short body. The posterior end is more or less sharp or
blunt. The cell is10.78-23.54 um long, mean 14.74 um,
and 1.18-2.78 um in width, mean 1.76 pm. In contrast to
the slender form of T. grosi kosewiense and many other
trypanosomes, the broadest size of its body occursinthe
middle of the PN distance, not at the nuclear level. The
freeflagellumis5.06-11.86 um long, mean 8.56 um. The
undulating membrane is well developed. The nucleus,
dlightly oval or round in shape, is shifted to the anterior
end of body. If the nucleusisoval, it is placed paralld,
oblique, or in extremely broad individuals, perpendicul ar
tothelong axisof the body. The nucleusis1.64-3.35 um
long, mean 2.38 um. The kinetoplast is oval or rod-
shaped, 0.25 x 0.30 um to 1.27 x 1.34 ym in size. It is
located nearer to the posterior end of the body in stout
forms, thanin the dlender forms. Similarly to the slender
forms, there is a wide range of morphometric param-
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Trypanosoma grosi kosewiense subsp. n.

Fig. 2. Drawings of Giemsa-stained typical bloodstream trypo-
mastigotes of Trypanosoma grosi kosewiense subsp. n., from the
yellow-necked mouse, Apodemus flavicollis. A - dender forms;
B - stout forms. Scale bars 10 um.

Fig. 3. The Trypanosoma grosi kosewiense subsp. n., culture forms
seen in Schneider’s medium. A - epimastigotes and promastigotes;
B - the rosettes of epimastigotes. Scale bars 10 pm.

eters visible. The data obtained for trypanosomes iso-
lated from the yellow-necked mouse Apodemus
flavicollis were compared with the same parameters of
Trypanosoma grosi, presented by Krampitz (1959) and
Hoare (1972) (Tablel).

The morphology of T. grosi kosewiense subsp. n.
in in vitro cultures. T. grosi kosewiense subsp. n.,
isolated from the blood of yellow-necked mouse, grew
well in Schneider’s medium, and weaker in VIM me-
dium. Thetrypanosomes occur ininvitro culturesin the
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Table 1. Dimensions (in um) of slender and stout forms of Trypanosoma grosi kosewiense subsp. n. from Mazurian Lakeland compared
with T. grosi Laveran et Pettit, 1909, description by Krampitz (1959).

Parameter PK KN PN NA BL FF No
T. grosi mean 3.87 + 0.65* 834+079 1221+197 1079+198 2300+231 759+135 160
kosewiense range 2.32-5.78 5.73-11.10 8.73-15.57 5.84-15.42 16.27-28.05 3.66-12.79

f. dlender

T. gros mean 2.08 + 0.66 730+ 142 937+ 167 537+ 114 1474+ 229 856 + 1.51 80
kosewiense range 0.93-4.01 3.98-11.12 5.71-15.06 3.49-8.88 10.78-23.54 5.06-11.86

f. stout

T. grosi mean 1.90 7.30 9.20 12.30 215 4.55

(Krampitz range 1.00-2.50 6.00-9.00 - 10.00-17.50 - 1576

1959)

Parameter L N w NI Kl FFBL No
T. grosi mean 30.59 + 2.23 268+ 036 143+ 0.30 117 + 0.25 1.47 + 0.09 315+ 074 160
kosewiense range 23.69-36.17 1.42-3.71 0.79-2.56 0.70-1.95 1.23-1.75 1.54-6.04

f. slender

T. grosi mean 23.33 + 2.66 238+034 176+ 0.30 1.80 + 0.39 130+ 011 177 £+ 044 80
kosewiense range 17.88-31.85 1.64-3.35 1.18-2.78 0.94-2.68 1.14-1.74 1.04-3.11

f. stout

T. grosi mean 23.80 - - 0.74 1.26 4.72 -
(Krampitz range 21.00-28.00 1.50-3.00 - - - -

1959)

Data in italic-unpublished (calculated here on the base of previous data); *-standard deviation; PK-posterior end to kinetoplast;
KN-kinetoplast to nucleus center; PN-posterior end to nucleus center; NA-nucleus centre to anterior end; BL-body length; L-total length;
FF-free flagellum length; N-nucleus length; No-number of individuals investigated; W-width of body on the nucleus level, excluding the
undulating membrane; and indices: nuclear index NI = PN / NA; kinetoplastic index KI = PN / KN; flagellar index FF:BL (= BL/FF). Index
NI = 1 demonstrates the central position of the nucleus in the body; NI < 1 demonstrates the position of the nucleus nearer the posterior
end of the body; NI > 1 demonstrates the position of the nucleus nearer anterior end of the body. Analogous-K| = 2 demonstrates the location
of the kinetoplast midway between the nucleus and the posterior end of the body; K1 < 2 thelocation of the kinetoplast nearer to the posterior
end; Kl > 2 nearer to the nucleus (Keymer 1967, Hoare 1972). Index FF:BL defines the proportion of the free flagellum to the length of

body.

epimastigote and promastigote forms. They are motile
for about 10 weeks, later symptoms of degeneration are
observed, and the cultures are lost. In the lag phase of
culture, rosettes occur. In Schneider’s medium they are
bigger and more numerous than in VIM medium. After
2-3 weeks, free epi-and promastigote forms appear. At
thispoint the density of trypanosomesreached 5 x 106 of
individualsin 1 ml of medium. After 4-5 weeksthe size
of trypanosomes diminished, the range of dimensionsis
smaller, and finally the trypanosomes disappeared.

The body length of epimastigotes (Fig. 3A) is 13.00-
25.00 pm. The nucleusis oval in shape, the distance of
the nucleus center to the anterior end of body is 3-
10 ym, and most often was no greater than 5 pm. The

distance of the nucleus center from posterior end is 8-
15 pm. The kinetoplast is oval and is easily observed
stained on dides. Thefreeflagellumis5-15 uymlong. The
epimastigotes were often connected in rosette form with
the anterior ends (Fig. 3 B).

The shape, body length of promastigotes, and length
of flagellum and organelles size are similar to those
found in epimastigotes. Some promastigotes are
characterized by a great swelling in the middle of
body (Fig. 3A).

The prevalence, seasonal dynamics and inten-
sity of infection. The infection of yellow-necked mice
with trypanosomes was detected in August, September
and October 1997. The prevalence of infection reached
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Fig. 4. Thedynamicsof infection of yellow-necked mouseA. flavicallis
with Trypanosoma grosi kosewiense subsp. n., during the period
May 1997-May 1998.

8.7% (Fig. 4). In other months the infection with trypa-
nosomes was not detected Theintensity of infection was
very variable, from 150 trypanosomes up to 300 000 in
1 ml of blood. Both morphological forms of trypano-
someswererecovered in the blood of 5 of 6 investigated
mice. Their proportions were about 20:1 (slender/stout
form), and were similar in each host. The last (sixth)
mouse had a low intensity of infection, with slender
forms only. The infected mice were caught again in the
few following months, however in noindividualswasthe
infection with trypanosomes detected for the second
time.

DISCUSSION

Morphology. So far, the trypanosomes parasitizing
in yellow-necked mouse, A. flavicollis, were seldom
found and wererecognized originally asT. grosi Laveran
et Pettit, 1909 (Krampitz 1959; Sebek 1960, 1975; Hoare
1972, Sebek et al. 1980). However, these recognitions
were supported by the similarity of hosts, because the
peculiar host of T. grosi, the wood mouse A. sylvaticus
is a close relative to A. flavicollis. Other criteria were
not considered at the time. The results of our investiga-
tions show that trypanosomes parasitizing the yellow-
necked mouse are bigger than T. grosi. This phenom-
enonis evident in every investigated parameter. Indices
NI and K1 show that the nucleusis located closer to the
body centre, and the distance between the kinetoplast
and the posterior end of the body islonger. The morpho-
logical differences between trypanosomes parasitizing
A. sylvaticus and A. flavicollis also were noted by
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Sebek (1960). Moreover, by the polyphyletic character
of Trypanosoma grosi parasitizing wood mice
(Apodemus sylvaticus) in Great Britain was demon-
strated (Noyes et al. 2002).

The characteristic feature of this parasite is the
pleomorphism of trypomastigotaformslivinginthehost’s
blood, which manifests itself with two morphological
forms. dender and stout. This pleomorphism wasn’'t
observed in ather rodent’ strypanosomes, but isknownin
T. (Herpetosoma) rangeli Tejera, 1920 and in many
trypanosomesfrom the Salivariasection, especially from
the Trypanozoon subgenus (Hoare 1972, Urdaneta-
Moraes 1983). Thereason for pleomorphism of T. grosi
kosewiense is not clear at the present. In many cases
themorphological differentiationisin correlation withthe
age of trypanosomes. However, the dividing forms,
described in T. grosi (Krampitz 1959) and in other
trypanosomes parasitizing rodents from the family
Muridae, were absent in the blood of trypanosome
infected yellow-necked mice.

Conclusions. In spite of the described differences
between T. grosi kosewiense subsp. n., parasitizing
Apodemus flavicollis, and Trypanosoma grosi Laveran
et Pettit, 1909, there are some counterarguments against
a description of a new species. The differences in the
morphology may be induced by the peculiarity of their
hosts. The variability of morphometric parameters, in-
duced by different hosts was described in other species
of trypanosomes (Mathew et al. 1992, Davila et al.
1998), however, the change of host has no influence on
the location of dividing formsin his body. It was men-
tioned above, that dividing formsof T. grosi kosewiense
subsp. n. were not revealed in the periphera blood of
A. flavicollis.

The second counterargument isthe close relationship
between A. sylvaticus and A. flavicollis, which impli-
cates the possibility of cross infections between these
hosts. It is necessary to note that the wood mouse and
the yellow-necked mouse live in different habitats. The
yellow-necked mice prefer deciduous and coniferous
forests, and choose well sheltered and moist habitats.
Wood mice favour warm and dry habitats (Pucek 1984).
In the case of overlapping areas, the wood mouse is
gradually pushed out from the areas attended by yellow-
necked mouse individuals (Hoffmeyer 1973). Conse-
guently, the interactions between individual s of the dif-
ferent species are too rare and short, for the efficient
exchange of ectoparasites and cross infections with
trypanosomes. It is also important that the wood mouse
is more numerous than the yellow-necked mouse in the
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western Europe, and the yellow-necked mouse is more
numerous in the east (Pucek 1984). These factors can
have an influence on the morphology and biology of
trypanosomes parasitizing these closely related rodents.

Inview of theaboveargumentsand counterarguments,
we can recognize trypanosomes found in the
yellow-necked mouse A. flavicollis as a new subspe-
cies, Trypanosoma (Herpetosoma) grosi kosewiense
subsp. n.
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A New Coccidian Par asite, | sospora samoaenss, from theWattled Honeyeater
(Foulehaio carunculata) from American Samoa

Kelly J. ADAMCZYK?, Thomas E. McQUISTION* and Dennis LaPOINTE?

1Department of Biology, Millikin University, Decatur, Illinois; 2Pacific | land Ecosystems Research Center, Hawaii National Park,
Hawaii, U. S. A.

Summary. A new species of 1sospora is described from the feces of the wattled honeyeater, Foulehaio carunculata from American Samoa.
Numerous oocysts of similar morphology were found in a single adult wattled honeyeater. Sporulated oocysts are ovoid, 28.9 x 26.1
(25-32 x 23-30) um, with a smooth, colorless, bilayered wall; the inner wall is dlightly thicker and darker than the outer wall. The average
shape index is 1.1. No micropyle or oocyst residuum are present but the oocyst contains one or two ovoid polar granules. Sporocysts are
ovoid, 17.1 x 10.9 (16-18 x 10-11) um with a smooth single layered wall and an average shape index of 1.6. The Stieda body is broad,
dome-likewith arather rectangul ar-shaped substieda body. Within the sporocyst is alarge amorphous residuum composed of coarse granules
and 4 randomly arranged, sausage-shaped sporozoites with a subspherical, posterior refractile body and a centrally located nucleus.

Key words: Coccidia, 1sospora samoaensis sp. n.

INTRODUCTION isamedium-sized bird with drab olive-green plumage. It

has a paler underside, which may appear scaled, afine,

As one of the most widely distributed birds of Fiji,
Tonga, and Samoa, the wattled honeyeater (Foulehaio
carunculata) may be found in any habitat from mon-
tane forest to mangroves along the seaward edge
(Watling 1982). An endemic bird to the region and
common inhabitant of suburban gardens, F. carunculata

Address for correspondence: Thomas E. McQuistion, Depart-
ment of Biology Millikin University, Decatur, I1linois 62522, USA;
Fax: (217) 362-6408; E-mail: tmcquistion@mail.millikin.edu

dightly down-curved bill, and a conspicuous yellow
wattle below its eye. Although drab in appearance, this
bird is an attractive songster. Its down-curved hill,
distinctivefeeding behavior, and voicedistinguish it from
other birds (Watling 1982).

Foulehaio carunculata eats primarily nectar but
aso fruit and a fair proportion of spiders and insects
during breeding season. It aso kills lizards and geckos,
which it sometimes eats.

No prior studies have reported coccidian parasitesin
F. carunculata or in any other speciesin the genus. This
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Figs 1, 2. Isospora samoaensis sp. n. from Foulehaio carunculata. 1 - composite line drawing of sporulated oocyst; 2 - photomicrograph of

sporulated oocyst. Scale bars 10 um.

paper describes a new coccidian species found in the
Wattled Honeyeater, F. carunculata.

MATERIALS AND METHODS

OneF. carunculata was captured and afecal samplewas obtained
on November 28, 2001 from the island of American Samoa in the
South Pacific. The sample was sent to the second author’s laboratory
for examination and was received on July 15, 2002. Procedures for
preserving fecal material and for measuring and photographing oo-
cystswere described in M cQuistion and Wilson (1989). All measure-
ments are presented in um with size ranges in parentheses following
the means. Oocysts were approximately 8 months old when exam-
ined, measured, and photographed.

RESULTS

I sospora samoaensis sp. n. (Figs 1, 2)

Description of oocysts: Oocysts ovoid, 28.9 x 26.1
(25-32, SD=2.09 x 23-30, SD=1.94) (N=26) with a
smooth, bilayered wall; theinner wall dlightly thicker and
darker than the outer wall. The shape index (length/
width) is 1.1 (1-1.3, SD=0.08). Micropyle and oocyst
residuum are absent, but one or two ovoid polar
granules are present. Sporocyst ovoid, 17.1 x 10.9 (16-
18, SD=0.59 x 10-11, SD=0.48) (N= 13) with a smooth
single layered wall; shapeindex 1.6 (1.5-1.7, SD=0.10).

The Stieda body is broad, dome-like with a rather
rectangular-shaped substieda body. The sporozoites are
sausage shaped with adlightly ovoid, posterior refractile
body and a smaller, centrally located nucleus. The
sporozoites are randomly placed in the sporocyst with a
large, amorphous residuum composed of coarse gran-
ules.

Type host: Foulehaio carunculata (Gmelin, 1788)
wattled honeyeater (Passeriformes. Meliphagidag).

Type specimens. A phototype series and buffered
formalin-preserved sporulated oocysts of Isospora
samoaensis sp. n. are deposited in the Harold
W. Manter Laboratory of Parasitology, University of
Nebraska State Museum, Lincoln, Nebraska 68588,
accession no. HWML 45410 (syntypes) and HWML
45411 (phototypes).

Typelocation: American Samoa, Tau village on Tau
Island: 14°14'01" S, 169°30' 52" W

Prevalence: 1/1 was infected with Isospora
samoaensis.

Sporulation time: Unknown, oocysts were partially
sporulated when received at the laboratory and became
fully sporulated after exposed to air for several days.

Site of infection: Unknown, oocysts found in feces.

Etymology: samoaensis means found on the island
of Samoa.

Remarks: The only bird sampled was passing hun-
dreds of oocysts. All the oocysts appeared morphol ogi-
cally similar and unique to the host.



The oocysts appeared unusually sensitive to osmotic
pressure. Many oocysts buckled within 1-2 h after
floating in Sheather’s sugar solution.

DISCUSSION

The isosporan coccidia are protozoan parasites with
a direct life cycle and no intermediate hosts. Oocysts
develop endogenously, are passed in the feces, and
sporulate in the environment. Birds become infected
when they ingest the sporulated oocysts while feeding.

It isunusual to find coccidian oocysts in the feces of
afruit eating avian host. M cQui stion (2000) sampled 655
South American passerine birds representing 190 spe-
cies and compared the prevalence of coccidian parasites
with host diet, habitat and behavior. Only 1.1% of birds
whose primary diet was fruit were passing coccidian
oocysts. However, the study also reported that hosts
whose diet included ground insects had a prevalence
rate of coccidia of 22.8%. Since wattled honeyeaters
forage on the ground for spiders and insects to supple-
ment their diet, this is most likely the mechanism for
transmission of the coccidian parasite.

Coccidian parasite Isospora samoaensis 181
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New Species of Odonaticola Sarkar et Haldar, 1981 (Apicomplexa:
Conoidasida) from Dragonflies (I nsecta: Odonata) in West Bengal, I ndia

Suhritosh BISWAS, Monali CHATTERJEE and Durga P. HALDAR

Protozoology Laboratory, Department of Zoology, University of Kalyani, Kalyani, West Bengal, India

Summary. Descriptions of four new species of the genus Odonaticola Sarkar et Haldar, 1981 (A picomplexa: Conoidasida) from dragonflies
(Insecta: Odonata) inthefamily Libellulidaein West Bengal are presented. Theseinclude: Odonaticola bradinopyga sp. n. from Bradinopyga
geminata; O. aspinosa sp. n. from Crocothemis servilia servilia; O. abhoypura sp. n. from Pantala flavescens and O. amojya sp. n. from

C. s servilia.

Key words: Apicomplexa, Conoidasida, Odonata, Odonaticola abhoypura sp. n., O. amojya sp. n.,, O. aspinosa sp. n.,

O. bradinopyga sp. n.

INTRODUCTION

Ever since Sarkar and Haldar (1981) established the
genus Odonaticola (Apicomplexa: Conoidasida) from
Brachythemis contaminata (Fabricius, 1793), it has
been a fascinating object of research to protozoan
taxonomists. The genus hasawide-ranging distribution.
It has been reported from Japan, diverselocalitiesin the
Indian subcontinent and also has been observed in
odonates of Thailand and Indonesia (personal observa-
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Laboratory, Department of Zoology, University of Kalyani, Kalyani-
741235, District Nadia, West Bengal, India. Fax: +91-33-2582-
8282; E-mail: dr_monali02@hotmail.com, monali_july@yahoo.co.in

tion D. P. Haldar). Amoji and Kori (1992) revised the
genus and listed 13 species of Odonaticola. However,
they missed the name of O. pantalae Prema et
Janardanan, 1991 from Pantala flavescens (Fabricius,
1798). Prasadan and Janardanan (1994) added another
species O. neurothemisi, and Haldar and Biswas (2002)
described three more new speciesin the genus. Hoshide
and Janovy (2002) published a SEM account of the
nucleus of O. polyhamatus. The study of gregarines
from odonates assumes further importance since the
hosts are highly beneficial and wonderful predators for
many known and unknown insect pests.

Keeping this in mind we continued our study on the
gregarine parasites of odonates and have discovered
four more new species which have been described in
thiscommunication.
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The species of gregarines placed in Odonaticola
differ principaly in: (1) the number of petaloid spineson
the epimerite; (2) length of the neck; (3) measurements
and ratios of the body parts;, (4) host species, and
(5) geographical distribution. In all casesthe body of the
host is enormously long and a heavy load of parasitesis
present in the gut of infected animals. It may be ex-
tremely difficult for the hoststo fly easily and thus they
may fall prey to a diversity of predators. Because
ecologically the odonates are powerful determining fac-
tors in preserving the balance of life in ponds, rivers,
lakes and their surroundings (Tillyard 1917), any de-
crease in their numbers may prove to be detrimental. It
is, therefore, timeto think about their gradual declinein
numbers and to carry out research on appropriate natu-
ral conservation methods so that these beautiful crea-
tures do not disappear atogether.

MATERIALS AND METHODS

Odonates do not survive in captivity, hence the digestive tracts
were examined immediately after they were collected from thefields
of Kalyani, Chandannagar, Abhoypur and Karimpur in the districts
of Nadiaand Hooghly (23-25°N and 88-89°E). Rest of the employed
methods have been followed after Haldar and Biswas (2002) as
elaborated hereunder.

Dragonflies were decapitated and then dissected under a dissect-
ing Olympus No. 1116 binocular. The entire gut was carefully taken
out and placed on a glass dide with a little drop of 0.5% saline
solution. The gut was gently teased with needles for the parasitesto
come out of the gut lumen. The presence of parasites within the gut
was observed by an Olympus CH2 phase contrast microscope in
living condition. Thin smears were prepared on glass slides and the
dlidescontaining gregarineswerefixedin Schaudinn’sfluid for 20 min.
Fixed dideswere kept in 70% al cohol overnight to removethe excess
mercuric chloride. Slides were then mordanted overnight in 3% iron
alum and stained with Heidenhain's haematoxylin for 20 min. Differ-
entiation of staining wasdonewith 1%iron alumand sideswerethen
thoroughly washed under running tap water, dehydrated in ascending
grades of alcohol, cleared in xylene and mounted in DPX.

Gametocyst were collected from faecal matter or hindgut of
infected hosts. For observing sporulation, the technique of Sprague
(1941) with slight modifications has been followed.

For normal development of eugregarine cysts, highly successful
results were obtained by incubating them at room temperature in
moist chambers constructed in the following manner.

Two pieces of blotting paperswere placed on both inner surfaces
of the chamber and cysts were placed in a drop of norma saline
(0.5%) on a glass slide and kept within moist chambers for at least
24 h. Cysts were observed from time to time under the microscope;
mode of dehiscence of cysts was observed in this condition. Cysts
ruptured to release innumerable oocysts with or without filaments;
liberated oocysts were removed from the moist chamber at regular
intervals and stages of development of sporozoites were also noted.

A drop of oocyst suspension was taken on aglass slide and adrop of
Lugol’s iodine solution was added to it; developmental stages of
sporozoites were observed under oil immersion lens. Figures of
stained specimensweredrawn with theaid of acameralucidausing a
YOMA microscope, measurements were taken using an ocular
micrometer calibrated with astage micrometer.

Thefollowing abbreviationsareused: DG - diameter of gametocy<t;
LD - length of deutomerite; LE - length of epimerite; LEN - length of
epimerite neck; LN - length of nucleus;, LO - length of oocyst;
LP - length of protomerite; TL - total length; WD - width of deu-
tomerite; WE - width of epimerite; WN - width of nucleus;
WO - width of oocyst; WP - width of protomerite. The ratios used
aretheratio of the length of protomeriteto total length (LP: TL) and
the ratio of the width of protomerite to the width of deutomerite
(WP: WD).

Primary types are deposited in the following collections: PLUK-
Protozoology L aboratory, University of Kalyani, West Bengal, India;
HWML - Harold W. Manter Laboratory of Parasitology, University
of Nebraska, Lincoln, Nebraska, USA.

RESULTS

Odonaticola Sarkar et Haldar, 1981

Diagnosis: The gregarines parasitizing odonates are
very large and are placed in the genus Odonaticola
(Actinocephalidae: Menosporinae) based on the follow-
ing diagnostic features: epimerite hat-shaped; marginal
spines petaloid; neck long; sporadins solitary; gametocysts
dehisce by simple rupture; and, oocysts smooth, boat-
shaped.

Type species: Odonaticola hexacantha Sarkar et
Haldar, 1981; by original designation.

Remarks: The septate gregarines (Apicomplexa:
Conoidasida) are endoparasitic protozoans commonly
found inthe digestive tracts of variousterrestrial arthro-
pod hosts. Previously it was believed that flying insects
such as dragonflies (Order Odonata) were less heavily
parasitized by protozoan parasites, particularly by
eugregarines, than other ground dwelling terrestrial in-
sects. However observations made during the past few
years have revealed the presence of a number of
eugregarine protozoan parasitesin their midgut (Haldar
1992).

Odonaticola bradinopyga sp. n. (Figs 1-12)

Trophozoite: Epimerite consisting with long slender
neck and hat- or umbrella-shaped knob at apex; edge of
knob drawn into 10-12 petaloid lobes, each |obe gradu-
aly tapered to sharp tip and marked with central longi-
tudinal line; protomerite conical; deutomerite cylindro-
conical or fusiform; cytoplasm densely granulated and
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Figs 1-12. Odonaticola bradinopyga sp. n. trophozoites: 1 - entire view; 2, 3 - epimerite fronto-lateral view; 4 - epimerite lateral view;
5 - epimerite attached to gut tissue of host sporadins: 6 - early stage; 7-9 - various shapes, sizes and positions; 10 - sidewise association.
11 - gametocyst, advanced stage; 12 - oocyst. Scale bars 10 pum (12); 20 pm (2, 3); 100 pm (1, 4-10); 200 pm (11).

lodgesan ovoidal nucleus; nucleusposition variablefrom
mid body to periphery.

Sporadin: Characterigtically solitary; protomeritemore
or lessbell-shaped; deutomerite cylindro-conical in shape;
cytoplasm densely granulated and with numerous trans-
verse striations of myonemefibrils; body highly flexible.

Association: Sidewise between two morphologically
variable sporadins.

Gametocyst: Colour milky white, covered by thin
ectocyst. After 88 h, ectocyst detaches from cyst wall
followed by noticeable appearance of some notches on
its surface; after 96 h cyst wall bursts by simple rupture
and oocysts liberated.

Oocyst: Boat-shaped when single; triangul ar-shaped
when in clusters of three.

Measurements (in um) (n = 20):

Trophozoite: TL = 333-1029 (595); LE = 36-246
(134.9); WE = 14-72(31.7); LP = 58-130(83.3);
WP = 65-196 (113.2); LD = 188-681(376.7); WD = 58-
188(124.1); LEN =58-217 (128.3); WN = 22-51(35.3);
LN = 36-72 (48.9)

Sporadin: TL =222-1405 (666.9); LP="71-174(113.4);
WP = 75-188 (131.9); LD = 151-1261 (553.5);
WD = 75-232 (158.4); LN = 27-72 (52.9); WN = 18-58
(40.1); DG = 656-670; LO = 12-13; WO = 6;
LP: TL = 1: 3.8-9.4; WP. WD = 1: 0.8-2.1
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Taxonomic summary

Typematerial: Catalog No.: 1-14. 13 dlides contain-
ing syntypes have been deposited at the PLUK; 1 dlide
contai ning hapantotype has been deposited at the HWML,
Lincoln, Nebraska, U.S.A; Catalog No.: HWML 45347

Type locality: India, West Bengal, Kalyani in Nadia
district, Kalyani University campus.

Host: Dragonfly Bradinopyga geminata (Rambur,
1842) (Insecta: Odonata: Anisoptera: Libellulidage)

Location in host: Midgut.

Incidence of infection: Of 100 odonate hosts exam-
ined 44 (44.5%) were found to be infected.

Etymology: The specific epithet is derived from the
genus of host from which the gregarine was collected.

Remarks: For the first time in India, Bradinopyga
geminata (Rambur, 1842) has been recorded to host a
species of the genus Odonaticola. In Odonaticola
bradinopyga the epimerite consists of a long slender
neck with a spherical hat-shaped structure at its apex.
Thetiplookslikean umbrella, inwhichtheedgeisdrawn
out into 10-12 petaloid lobes that are at the tips and
marked with a centra longitudina line. Other species
described by Sarkar and Haldar (1981) with a hat-
shaped epimerite are characterized by variable number
of petaloid spines, namely: O. hexacantha, the type
species of the genus has 6; O. longicollara has 7,
O. rodgii has 8; and O. orthetri has several petaloid
spines. Six petaloid spines also are present in
O. neurothemisi Prasadan and Janardanan, 1994 al-
though it differs from the type speciesin other features.
Oocysts are boat-shaped in all the previously described
species along with two short projections on the sidesin
O. hexacantha and triangular when in clusters of three
in the present species. The sporadins are long enough in
O. longicollara and O. rodgii and resemble the newly
described species. In addition, the hosts and the collec-
tion localities are also different in all the species. Hence
we consider this gregarine to represent a new Species.

Odonaticola aspinosa sp. n. (Figs 13-22)

Trophozoite: Epimerite blunt umbrella-likewithlong
slender neck; characteristic petaloid spines absent; pro-
tomerite hemispherical; deutomerite almost spherical;
nucleus large spherical with distinct endosome.

Spor adin: Solitary; protomeritecylindrical insmaller
forms; deutomerite almost spherical with rounded nucleus.
Association: biassociativeformsrarely found; two asso-
ciating partnersdiffer greatly in morphology. Gametocyst:
large, milky white spherical bodies; two unequal game-

tocytes covered by thin uneven ectocyst; oocysts liber-
ate by simple rupture after 48 h.

Oocyst: Boat shaped.

M easurements (in um) (n= 20):

Trophozoite: TL = 291-728 (441.7); LE = 93-198
(133.7); WE = 7-52 (24.4); LP = 43-156 (93.6);
WP =57-125 (75.8); LD = 114-374 (214.5); WD = 100-
218 (161.2); LN = 16-88 (40.2); WN = 21-43 (33.6)

Sporadin: TL =191-426 (255.7); LP=70-100 (76.0);
WP = 41-80 (54.6); LD = 92-348 (173.8); WD = 101-
165 (189.1); LN = 21-64 (41.5); WN = 21-50 (36.4);
DG=329;LO=6; WO=4;LP: TL =1: 1.9-8.0(3.7);
WP: WD = 1: 1.6-2.7 (2.2)

Taxonomic summary

Typematerial: Catalog No.: 1-14. 13 slides contain-
ing syntypes have been deposited at the PLUK; 1 slide
containing hapantotypes has been deposited at the
HWML, Lincoln, Nebraska, U.S.A; Catadlog No.: HWML
16519

Type locality: India, West Bengal, Hooghly district,
Chandannagar.

Host: Dragonfly Crocothemis servilia servilia
(Drury, 1773) (Insecta: Odonata: Anisoptera: Libellulidae)

Location in host: Midgut.

Incidence of infection: Of 958 dragonfly hosts
examined 33 (3.4 %) were found to be infected.

Etymology: Due to the absence of characteristic
petaloid spines, the name aspinosa has been proposed
for it.

Remarks: Based on having solitary sporadins, um-
brella-like epimerite with long slender neck, simplerup-
ture of gametocysts and boat-shaped oocysts, the present
speciesjustifies being placed in the genus Odonaticola.

The newly described species resembles Odonaticola
crocothemisKori et Amoji, 1983 in maximum length of
trophozoite and shape of oocysts but can be separated
based on differences in the shape of the epimerite,
gametocyst and statistical measurements. In both cases
the host insect is Crocothemis servilia servilia (Drury).
The presently described species resembles O. magnus
(Hoshide, 1958) (= Hopl orhynchus magnus) nov. comb.
in having an umbrella-like epimerite, boat-shaped oo-
cystswhichvary indimensionsbut isdissimilar in shape
and length of sporadin, diameter of gametocyst and other
morphometric values. The average length of trophozoi-
tesin O. dliptica Sarkar, 1981 and the newly described
form are nearly identical besides other similarities like
spherical shape of gametocyst with thin cyst wall and
boat-shaped oocysts; both also infect the same host.
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Figs 13-22. Odonaticola aspinosa sp. n. 13 - young trophozoite; 14 - mature trophozoite; 15-17 - early stage sporadin; 18-20 - mature
sporadin; 21 - gametocyst dehiscing by simple rupture; 22 - oocysts with eight sporozoites. Scale bars 10 um (22); 200 um (13, 14);

200 pm (15-21).

However the two species differ in the structure of
epimerite which is knob-like with 10 petaloid recurved
spines at its periphery with along neck, abell- or dome-
shaped protomerite and a long slender deutomerite in
O. dlipticaand the epimeriteisumbrella-likewith along
slender neck, devoid of any petaloid spinesin the present
form, a feature that at once distinguishes it from
O. dliptica; the shape and size of the protomerite and
deutomerite are also different in the two species.
Based on differences in a number of features with
other species inhabiting the same host, we designate
Odonaticola aspinosa as a new Species.

Odonaticola abhoypura sp. n. (Figs 23-34)

Trophozoite: Epimerite bud-like with short neck;
drawn into 7-11 petaloid recurved spines placed at
noticeabl e distancesfrom each other; protomerite globu-
lar; deutomerite cylindro-conicd ; epimeriteinfully grown
trophozoiteswith aswollen bulbous portion at themiddle
of neck; nucleus ovoid or dlightly crescentic; cytoplasm
densely granular with crosswise striations.

Spor adin: Solitary; protomeriteglobular, conical, rect-
angular or cylindrical; deutomerite ellipsoid, tubular or
cylindro-conical; nucleusovoid, ellipsoid or bilobed, posi-
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Figs 23-34. Odonaticola abhoypura sp. n. 23 - young trophozoite; 24 - maturetrophozoite; 25 - epimerite, lateral view; 26-29 - early sporadin;
30, 31 - mature sporadin; 32 - early gametocyst; 33 - single oocyst; 34 - cluster of oocysts. Scale bars 10 um (33, 34); 20 um

(23-25); 200 pm (26-32).

tion variable; larger cytoplasmic granules and crosswise
myonemmal striations present.

Association: Biassociative forms rarely found; part-
ners differ greatly in shape and size.

Gametocyst: Rounded or dlightly ovoid; double-
walled enclosing two unequal gametocytes; dehisces by
simple rupture at 72 h.

Oocyst: Boat-shaped when liberated singly, triangu-
lar-shaped when in clusters of three.

M easurements (in um) (n=20):

Trophozoite: TL = 200-404 (336.7); LE = 40-
120 (64.4); WE = 15-71 (39.6); LP = 29-89 (51.4);
WP = 44-111 (85.5); LD = 131-280 (220.9); WD = 58-
138 (108.4); LN = 33-53 (45.3); WN = 18-35 (26.6);
LEN = 15-98 (61.4)

Sporadin: TL =200-1492 (510.6); LP=49-188 (92.7);
WP = 67-362 (130.7); LD = 151-1318.0 (417.9); WD =
71-536 (200.0); LN = 35-130(58.1); WN =20-87 (37.4);
DG = 524 x 508; LO = 13; WO = 6; LP:
TL = 1: 2.7-10.5; WP: WD = 1: 0.5-3.0

Taxonomic summary

Typematerial: Catalog No.: 1-14. 13 slides contain-
ing syntypes have been deposited at the PLUK; 1 slide
containing hapantotypes has been deposited at the
HWML, Lincoln, Nebraska, U.S.A; Catadlog No.: HWML
45351

Host: Pantala flavescens (Fabricius, 1798) (In-
secta: Odonata: Anisoptera: Libellulidae)

Type locality: India, West Bengal, Nadia district,
Abhoypur (Karimpur)

Location in host: Midgut.

Incidence of infection: Of 55 dragonfly hosts ex-
amined 15 (25.4 %) were infected.

Etymology: The species is named after the locality
where the host dragonflies were obtained.

Remarks: In 1991, Prema and Janardanan reported
a new species Odonaticola pantalae from the dragon-
fly Pantala flavescens (Fabricius, 1798) in Keraa
Interestingly the gregarine under report obtained from
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Figs 35-43. Odonaticola amojya sp. n. 35 - mature trophozoite; 36 - epimerite details; 37, 38 - sporadins different shapes and sizes;
39, 40 - bending position; 41 - mature sporadin; 42 - gametocyst, freshly formed; 43 - oocyst. Scale bars 10 pm (43); 20 pm (36); 100 pm

(37, 38); 200 pm (35, 39-42).

the same host about 2000 km apart from Kerala shares
al the basic characters with O. pantalae, for which its
inclusion under the genus Odonaticola is beyond doubt.
The epimerite is hat-shaped with 7-11 petaloid spines
and a long slender neck in the gregarine under report.
The size of the trophozoite and sporadin ismuch smaller
in our new species. In O. pantalae the spherical
gametocyst is provided with a thick ectocyst and its
oocysts are boat-shaped having two short projections at
each pole, while in the present form, gametocysts are
either round or ovoid and oocystsdo not bear any spines.
Thuswe designate this gregarine as a new species of the
genus Odonaticola for which the name O. abhoypura
Sp. n is proposed.

Odonaticola amojya sp. n. (Figs 35-43)

Trophozoite: Epimerite with long slender straight or
bent neck and conical umbrella- or hat-shaped triangul ar
knob at apex; edge drawn into 10 petaloid recurved
spines at periphery by which parasites seem to stick to
gut epithelium of host; protomerite more or less dome-
shaped; deutomerite long fusiform; cytoplasm granular;

nucleusovoid at variable positions; transverse myoneme
fibrilsclearly discernable; pelliclehighly flexible.

Spor adin: Solitary; dender when young bearing scars
of just-detached epimerite at top; short rudimentary
epimerite retained in afew sporadins; protomerite bell-
or dome-shaped; deutomeritelong dender; densely granu-
lar, traversed by transverse myonemmal lines; position of
nucleus variable; very large sporadins bearing short
dender nipple-like protomerite attached with gigantic
posteriorly tapering deutomerite characteristically ob-
served. Association: rarely biassociative; partners differ
greatly in shape and size. Gametocyst: creamy white;
globular, covered by transparent ectocyst; dehisce by
simple rupture at 72 h.

Oocyst: Appear boat-shaped when in clusters of
three; with eight sporozoites.

Measurements (in um) (n=20)

Trophozoite: TL = 497-927 (758.3); LE = 71-232
(159.0); WE = 13-22 (17.8); LP = 80-116 (92.2);
WP = 130-160 (139.4); LD = 311-638 (507.0);
WD = 145-181 (163.8); LN = 65-72 (69.1); WN = 43-
51 (48.4); LEN = 55-181 (133.4)
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Table 1. Comparative characters of the four species that have been described here under the genus Odonaticola (measurements in pm).

Character O. bradinopyga sp. n. O. aspinosa sp. n. O. abhoypura sp. n. O. amojya sp. n.
Trophozoite 595 441 337 758
Epimerite umbrdlalike; umbrdlalike bud-like, conical umbrdlalike;
edgedrawn with blunt edge circular; edge edge drawn into
into 10-12 drawn into 10 petaloid spines
petaloid spines 7-11 petaloid spines
Sporadin 667 442 511 874
Protomerite bell-shaped; Protomerite Protomerite lobular, Protomerite
deutomerite cylindro- cylindrical; deutomerite rectangular, cylindrical dome-shaped,
conical amost spherical or conical; deutomerite slender or nipple-like;
ellipsoidal, tubular deutomerite slender
or cylindro-conical andgigantic
Gametocyst 663 328 524 x 508 1008
Milky-white; Milky-white; Milky-white; Creamy-white;
covered by covered by dlightly ovoidal covered by
thin ectocyst; thin ectocyst; inoutling; thin ectocyst;
dehisce by dehisce by double-walled; dehisce by
simple rupture simple rupture dehisce by simple rupture
simple rupture
Oocyst 12x6 10 x 4 13x 6 12x4
Boat-shaped Boat-shaped Boat-shaped Boat-shaped
whensingle; whensingle; whensingle; whensingle;
triangular when triangular when triangular when triangular when
in clusters in clusters in clusters in clusters
of three of three of three of three
LP: TL 17 14 1: 6.6 1:82
(Trophozoites)
WP: WD 11 1:2 11 11
(Trophozoites)
Host Bradinopyga Crocothemis Pantala Crocothemis
geminata s. servilia flavescens S. servilia

Sporadin: TL =493-2000 (873.5); LP=87-246 (134.5);
WP = 58-290 (137.6); LD = 391-1753 (739.0); WD =
101-580 (193.8); LN = 43-116 (68.8); WN = 36-72
(48.9): DG = 901-1116; LO = 12-13; WO = 4; LP:
TL = 1:35-10.0; WP, WD = 1: 0.7-3.3

Taxonomic summary

Typematerial: Catalog No.: 1-14. 13 slides contain-
ing syntypes have been deposited at the PLUK; 1 dlide

containing hapantotypes has been deposited at the
HWML, Lincoln, Nebraska, U.S.A; Catadlog No.: HWML
45349

Type locality: India, West Bengal, Nadia district,
Karimpur

Host: Dragonfly Crocothemis servilia servilia
(Drury, 1773) (Insecta: Odonata: Anisoptera: Libellulidae)

Location in host: Midgut.

Incidence of infection: Of 89 dragonfly hosts ex-
amined 25 (28.1 %) were infected.



Etymology: The species is hamed in honour of the
eminent odonatologist Prof. S. D. Amoji of Karnatak
University, India

Remarks: In the literature three species of
Odonaticola are reported from the common dragonfly
Crocothemis servilia servilia (Drury). Odonaticola
amojya sp. n differs from the others harboured by the
same host in having aconical epimeritewith 10 petaloid
recurved spines and a long neck. In O. magnus the
epimerite is umbrella-shaped with 6-7 recurved hooks
and along neck; O. elliptica hasaconical umbrella-like
epimerite with many curved spines and a neck elliptical
in outline; and O. crocothemis has a hood-shaped
epimerite with several downwardly directed laminated
filaments with a central spine and a long neck. In
addition O. amojya has a globular gametocyst with
transparent ectocyst and boat-shaped oocysts. Although
O. magnus, O. crocothemis O. elliptica and O. amojya
share a common host, the structural and morphometric
variations as well as different localities of collection of
the host insect justify the designation of a new species.

The comparative characters of Odonaticola new
species described from the dragonfly C. s. servilia have
been compiled in Table 1.
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Nicotine Affects Behaviour, Morphology and Cortical Cytoskeleton of
Amoeba proteus
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Summary. Nicotine, anatural alkaloid of tobacco |eaves and roots, isthe main factor for human tobacco addiction. To assessitstoxic effect
on motile cells we have made series of experiments on free-living Amoeba proteus. It was found that nicotine changed cell morphology,
inhibited locomotion, as well it led to degradation of actin cytoskeleton and finally to cell destruction. Obtained results suggest necrosis
not the apoptosis as the mechanism of cell death, however many phenomena concerning structure of cytoskeleton and physical cell

disintegration suggest that process might to be active.

Key words: Amoeba proteus, cytoskeleton, nicotine.

INTRODUCTION

Nicotine (C,H,N)CH(CH,),N(CH,), a natural alka-
loid of tobacco leaves and roots, is the main factor for
human tobacco addiction (Dani et al. 2001), however
other substances present in tobacco smoke may also
contribute to the damaging effects of smoking. The
result of tobacco addiction, long-term cigarette smok-
ing, isaleading cause of premature death because of its
contribution to the development of clinical cardiovascu-
lar disease and cancer, and is probably one of the most
important public health issue of our time. That iswhy a

Address for correspondence: Pawet Pomorski, Nencki Institute
of Experimental Biology Department of Molecular and Cellular
Neurobiology, Pasteur St. 3, 02-093 Warszawa, Poland; Fax: 48-22-
822-5342; E-mail: p.pomorski @nencki.gov.pl

great number of laboratories examine the effect of
nicotine on living organisms and try to clear up the
molecular bases of its activity.

Thelipophilic natureof nicotineresultsin high solubil-
ity inmembranelipidsandfast influx into cells. Itiseasily
absorbed in human airways and can affect epithelial and
blood cells. It was found that tobacco smoke may affect
the function of the immune system, first of al the
leukocyte cells. Polymorphonuclear leukocytes are the
first line of the host defence against acute bacteria
infections.

Stimulated leukocytes are highly motile and capable
of pseudopodia formation and cytoplasmic flow. In the
case of infection they migrate along the chemotactic
gradient at a rate of 10-15 pm/min to the site of
inflammation, where they phagocytose bacteria and
dead cells remnants. Both migration and phagocytosis
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require the ability for efficient and properly regulated
reorganization of the cytoskeleton.

The effect of tobacco smoke components and nico-
tine solution on the morphology and function of leuko-
cytes has been described by many authors (i.e., Eichel
and Shahrik 1969, Nouri-Shirazi and Guinet 2003, Sikora
et al. 2003). Oral leukocytes are immediately affected
by toxic agents from cigarettes. Leukocytestreated with
nicotine (pure nicotine and tobacco smoke) rounded up,
lost the ahility to form pseudopods and ceased migration
(Eichel and Shahrik 1969), however they remained
strongly attached to the surface (Blue and Janoff 1978,
Corberand et al. 1980). Their cytoplasm became mo-
tionlessand cellular organelles exhibited only Brownian
movement (Eichel and Shahrik 1969). As a result, phe-
nomena which are related to cell motility, i. e. the
chemotactic response (Bridges et al. 1977) and phago-
cytosis (Blue and Janoff 1978, Ryder 1994) were also
disturbed.

It was also found that nicotine inhibits apoptosis,
turning off well known mechanismsof protection against
pathological changes in cells (Wright et al. 1993,
Maneckjee and Minna 1994, Hakki et al. 2001).

Leukocytes crawl using a common mechanism of
locomotion, frequent for other animal tissue cells (e.g.
embryonic cdls, lymphocytes, invasivetumour cells) and
the only form of locomotion for free-living amoebae.
Thistypeof cells, contrary tofibroblastsor keratinocytes,
does not form tension-loaded cytoskeletal structures.
Unfortunately, most of the tissue cells which normally
migrate by means of amoeboid movement have to be
studied in primary cultures, sincetheirimmortal cell lines
are non-motile. Transformation strongly changes cell
physiology, and the organization of the cell cytoskeleton,
which influences the cell’s response to toxins. The
evident similarity of locomotion of leukocytes and amoe-
bae as well as data concerning morphological and cyto-
logical changesinleukocytestreated with nicotine stimu-
lated us to examine the effect of this alkaloid on
Amoeba proteus cells.

A. proteusis known for years as a perfect model for
examination of cell motility (Grebecki 1994, 20014, b)
because of its size and the rate of migration. Both cells
move relatively fast, and cover roughly a cell length
distance in a minute (300 um/min for A. proteus, 10-
15 pm/min for leukocytes) (Bray 1992).

The purpose of this study was to determine the effect
of nicotine sol ution on the morphol ogy, |ocomation, adhe-
sion, and actin cytoskeleton localization of A. proteus.

Finally wetried to define the nature of changes observed
in amoebae after treatment with nicotine; trying to
determine whether they are necrotic or apoptotic.

MATERIALS AND METHODS

Amoeba proteus of strain A (Jeon and Lorch 1973) was taken
for examination. The cellswere grown in glass dishesin Pringsheim
medium and fed twice aweek with Tetrahymena pyriformis. Experi-
ments were performed at room temperature on the third day after
feeding. Amoebae were treated with nicotine at afinal concentration
of 10*M (SigmaAldrich). After addition of nicotine the cells were
observed for 10 to 60 min under a PZO Biolar microscope equipped
with Pluta Differential Interference Contrast (DIC) and images were
recorded using a C2400 Hamamatsu camera system and NV 8051
Panasonic time-lapse recorder. For scanning electron microscopic
(SEM) observationsthe cellswerefixed in 3.5 % paraformal dehyde,
dehydrated through a graded series of ethanol and acetone, dried by
the CO, critical point technique and coated with gold. SEM observa-
tionswere performed in aJeol 1200 EX transmission electron micro-
scope with an ASID 19 scanning attachment, operating at 80 KV.

Fluorescence microscopy was used for studies of actin distribu-
tion. Amoeba proteus cells were fixed in 3.5% paraformaldehyde
solution and then actin filaments were stained with 1% FITC conju-
gated phalloidin (Sigma-Aldrich). Specimens were observed with a
Nikon Diaphot inverted microscope using x10 0.26NA and x20
0.4NA Nomarski DIC objectives. Imageswere collected withaRetiga
1300 (QImaging Inc.) cooled CCD digital cameraand transmitted via
a FireWire interface to a PC computer. For image acquisition and
processing AQM Advance 6.0 software (Kinetic Imaging plc) was
used.

The cell viability was measured with propidium iodide (Sigma-
Aldrich) according to Bielak-Zmijewska et al. 2000. To establish the
nature of cell death DNA fragmentation test was performed as de-
scribed by Bielak-Zmijewska et al. (2000) and nuclear morphology
was studied on cells stained with Hoechst 33258 (Sigma-Aldrich)
(concentration 10°3M) in fixed cells (Bielak-Zmijewskaet al. 2000).

RESULTS

L ocomoting Amoeba proteus cells were treated with
nicotine solution at afinal concentration of 103 M. This
concentration was chosen after a series of preliminary
experiments because it was the lowest concentration
that evoked morphological changes (data not shown).
The cells responded to the alkaloid immediately after
treatment. They rapidly contracted, lost polarity and
detached from the substratum (Figs 1 A-D). Asseen on
Fig. 2A, the surface of nicotine-treated A. proteus is
destitute of any adhesive structures (minipodia or ro-
sette-contacts), that are normally present on the ventral
surface of untreated migrating amoebae (Fig. 2B, ar-
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Figs 1 A-L. Consecutive stages (DI C records from 0 to 30 min) of changes evoked by nicotine action on Amoeba proteus. arrowhead - site of
autotomy; asterisks - blebs separation.

Fig. 2. A. proteus treated with nicotine solution (A) and untreated cell (B), arrowhead shows adhesive minipodia on cell surface.
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Fig. 4. Autotomic blebs on amoeba surface.

rowhead shows minipodia). During the first stage of
reaction a great variety of cell shapes were formed.

Immediately after treatment amoebae undergo in-
tenseblebbing (Fig. 3A), sometimesleading to formation
of secondary blebs on the bleb surfaces (Fig. 3B,
arrowheads). Some of the cells form large, elongated
projections (Figs 1 E-G, 3A, arrowhead). Finally cell
contraction leads to autotomy (Figs 1 H-L, site of
autotomy marked by arrowhead). Blebs gradually
separate and form numerous small vesicles (Figs 11,
asterisks; 4). Theirreversibility of these processes means
that exposure of A. proteusto this nicotine solution leads
to the total destruction of the cell.

Fig. 5. F-actin distribution in A. proteus treated with nicotine.
A - phalloidin staining; B - Nomarski DICimage (arrowheads- F-actin
concentrated in aform of contractilering).

Fig. 6. F-actin in blebbing A. proteus. A - phaloidin staining;
B - Nomarski DIC image (arrowheads - zone of blebs formation).

Staining of F-actin with fluorescently labelled phalloi-
dinin amoebae treated with nicotine sol ution shows that
the actin cytoskeleton is concentrated at sites of auto-
tomy, forming structures similar to the contractile ring of
adividing cell (Fig. 5, arrowhead). In blebbing cellsactin
filaments were localized in areas underlying zones of
bleb formation (Fig. 6, arrowheads).



The final result of treatment of A. proteus with
nicotine solution was cell death. We have performed a
series of experiments to determine the character of this
process. In vivo propidium iodide staining showed that
the membrane became perforated in nicotine, the usual
symptom of cell death. Since nicotine treatment is said
to significantly influence apoptotic death of tissue cells,
we decided to check whether the death of nicotine-
treated A. proteus is apoptotic or necrotic. We have not
noticed any differencesin morphol ogy of nuclei between
control and treated cellsand no DNA fragmentation was
seen in examined cells. These results suggest that
nicotine-induced cell death is necrotic in character.

DISCUSSION

It is well known that nicotine caused changes in the
devel opment and function of the human immune system
(Buisson and Bertrand 2002, Middlebrook et al. 2002,
Nouri-Shirazi and Guinet 2003) and leads to tumour
development. It modulated the microcirculation, cell
proliferation, membrane transport, metabolism of cyto-
toxic drugs and hormonal milieu in mammals (Berger
and Zelle 1988). It was also found that the ability of cells
to enter apoptosis is influenced by nicotine. Some au-
thors postulated (Maneckjee and Minna 1994, Hakki et
al. 2001) that this alkaloid inhibits apoptotic death of
pathologically disordered cells preventing their elimina-
tion, whilst others (Berger and Zeller 1988, Yamamuraet
al. 1998) claim the opposite, finding nicotine to be an
apoptosis promotor.

Amoeba proteus cells exposed to nicotine solution
undergo a series of behavioural and morphological
changes: cell contraction, formation of elongated protru-
sions and intensive blebbing, which finally lead to the
total destruction of the cells.

The process of blebbing is often observed as a
conseguence of the action of various extracellular fac-
tors. Blebs are hemispherical protrusions at the cell
surface, usually forming very fast and characterized by
alack of organelleswithin them. Blebbing was observed
in various cells including Walker 256 carcinosarcoma
cells(Kéller et al. 2002) or fibroblasts (Pletushkinaet al.
2001). We have observed a similar response in
A. proteus cells under the influence of nicotine. Harris
(1990) suggested that blebs in tissue cells appeared as
the consequence of plasma membrane detachment from
the cortical actin layer. He also proposed that later
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F-actin may repolymerize under the plasma membrane,
permitting bleb retraction. In A. proteus, blebbing is
irreversible and actin concentrates in the bleb base,
promoting vesicle detachment. Irreversible blebbing fol -
lowed by vesicle detachment may lead to cell membrane
loss and may be at least partially responsible for the
strong toxic effect of nicotine on A. proteus, leading to
the cell death.

It is known that the process of blebs formation was
also noticed physiologically in locomoting cells (Harris
1990, Keller 2000), during mitosis (L aster and MacKenzie
1996) and apoptosis (Laster and MacKenzie 1996). The
complexity of thiscommon process was summarized by
Keller et al. (2002) “1t can beinduced by compromising
actin polymerization (Harris 1990, Cunningham 1995) or
cross-linking of actin filaments (Cunningham 1995,
Janmey et al. 1992), by disassembly of microtubules
(Keller and Zimmermann 1986, Keller and Eggli 1998,
Pletushkina et al. 2001), by deformation or suction
pressure (Schiitz and K eller 1998), or by lysophosphatidic
acid, which induces phosphorylation of myosin light
chainsthrough activation of Rho (Hagmann et al. 1999)”.
Bleb localization might correspond to the sites of adhe-
sive structures observed in locomoting cells. Their ap-
pearance in these places may be connected to the
uneven distribution of actin prior to the experiment
(Grebecka et al. 1997). It might to be true only for the
first steps of the process because later stages of auto-
tomy are very fast and difficult to study by means of
immunocytochemistry.

We hope that this image of active cell death will
contribute to a better understanding of the response of
the body’s immune system to nicotine. This may be
especially important for leukocytesfrom the oral cavity,
the first component of the immune system coming into
contact with nicotine in the smoker’s body, which may
al so undergo strong morphological changes. The experi-
ments performed suggest necrosis rather than apoptosis
asthe mechanism of theactual cell death, although many
phenomena concerning the structure of the cytoskeleton
and physical disintegration of the cell suggest that the
process might be active. The best interpretation we can
propose for the fate of amoebae after nicotine applica-
tionisderegulation of the cell motility machinery in such
a way that, in spite of propelling cell movement, its
modified and intense contractile activity causes cell
disintegration and death.

Evenif theresults obtained do not lead to an optimis-
tic conclusion concerning the possibility to diminish toxic
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activity of nicotine in the smoker’s body, a deeper
understanding of itstoxicity can be an argument against
using any form of tobacco.
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PROT0Z0O0LOGICA

BOOK REVIEW

Protistology by Klaus Hausmann, Norbert Hilsmann and Renate Radek with contributions by Hans
Machemer, Maria Mulisch and Giinter Steinbr tick, 3“edition, E. Schweizerbart’sche Verlagsbuchhandlung
(Nagele u. Obermiller) Stuttgart, Germany; | SBN 3-510-65208-8 hardcover € 64.-/ U.S. $ 78.-, and | SBN
3-510-65209-6 € 49.-/ U.S. $ 59.- student edition.

Unicellular organisms with the eukaryaotic type of cell organization, known today as protists have been at the
forefront of biology sincetheir discovery by Anthony van Leeuwenhoek at the end of 17th century. Their seemingly
simple cellular organization, possibility of cultivation of many of them in simple media, their wide occurrence in
nature made them in the past the classical experimental material of biologists of many demoninations.

Evenin contemporary biology, preoccupied with molecular, biochemical and devel opmental aspects of organisms,
protists have not lost their standing as key organismsin many areas of biological and medical research. The origin
of the eukaryotic cell, the history of itsevolution into representatives of todays five generally recognized kingdoms
of organisms (Protozoa, Chromista, Plantae, Animalia and Fungi) is the area where protists play abasic role. The
relatively recent discovery by methods of molecular biology of nannosized protists aswidely distributed organisms
now callsfor their morphological characterization, evolutionary and taxonomic affiliation and for the evaluation of
their importance in ecosystems. These two examples (and many others could be mentioned) confirm that today
protistology isnot amereremnant of itspast glory but anintegral part of modern biology. Several animal and human
diseases caused by protists are still with usin the 21st century (malaria, toxoplasmosis, amebiasis, leishmaniasis,
trypanosomiasis, etc), a reality stressing the practical importance of protists.

Although it is evident that protists are organisms deserving study, it is paradoxically difficult to find a textbook
on protists which would be modern and comprehensive. Modern informations on protists are scattered throughout
specialized publicationsand journalsin many fieldsof biology. Thelast textbook beforethat considered inthisreview
was published nine years ago, along time if one considers the precoccious development of today’s biology. Thus
the “Protistology” by Klaus Hausmann, Norbert Hilsmann and Renate Radek and their colleagues is a very
welcomed addition to biological literature. It isin fact the only presently available textbook intended to introduce
thereader (beit astudent, an advanced scientist or an amateur in the best sense of the word) to theworld of protists.
Although the present volumeisthethird edition of ahighly succesfull textbook of the past, itisanovelty asit covers
not only protozoa dealt with in the preceeding editions (“ Protozoologi€” in 1985 and “ Protozoology” in 1995), but
also the single celled representatives of other organismal kingdoms.

The book is organized in three parts: a “genera part”, a“core part” (evolution and taxonomy of protists) and
athird part (selected topics of protistan organization, evolution, morphogenesis, molecular biology, behavior and
ecology). A glossary and an extensive list of bibliographical references to journals, textbooks, monographs and
important articles on individual protist groups are a much welcomed addition to the book.

The general part covers the cellular organization of protists and contains a short but very informative chapter
on the historical aspects of protist research and its contribution to biology in general.

When updating the former Protozoology from 1995 and transforming it into the “core part” of Protistology of
2003, the authors had a not an easy task. Not only it was necessary to include information on many unicellular
organismsnot previously covered (e.g. green algae, some chromists, fungal protists), but to arrangethemintoakind
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of system which would be “user’s friendly” and phylogeny oriented. For that purpose the authors have selected a
consensus tree based on combined protein sequences and thus having chance to reflect true relationships among
organisms. The phylogenetically related protistan groups are presented in the book as phyla of a single organismal
realm, protista. Thusthe division of organismsinto traditional kingdomsis avoided, reflecting perhaps the modern
thinking that protists, although a polyphyletic assamblage, nevertehel ess represent akind of entity by virtue of their
sizeand level of organization. Each phylumisthen presented by description of several of itsrepresentative organism,
accompanied by photomicrographs and schematic drawings.

The third part, “ Selected Topics of General Protistology” is an assamblage of diverse topics as “Comparative
Morphology and Physiology of Protists’, “Nuclei and Sexual Reproduction”, “Morphogenesis and Reproduction”,
selected molecular biology topics, “Behavior of Protists’ and Ecology of Protists.

The main character, permeating the whole book istheillustration material of high quantity and quality consisting
of photomicrographs and drawings (many of them by the authors). | consider this as an outstanding paedagogic
feature of the book, a feature perhaps reflecting the tradition of German protistology which produced in the past
some outstanding and still usabletextbooksase.g. theclassical Doflein Reichenow’s* Lehrbuch der Protozoenkunde’
and the “Protozoology” (1973) by Karl Grell.

The" Protistology” documentstheintimate knowledge of authorsof their subject and undoubtedly their fascination
with protists and their structural beauty. Because of this one can criticize only afew itemsin “Protistology”. Due
tothevery rapid progress of biology, some quite recent devel opmentsare not included in the book, ase.g. thefinding
of mitochondrial remnantsin microsporidiaand in Giardia. Also it is evident from simple enumeration of items of
the book section “Selected topics of General Protistology” that the coverage of some of these items is rather
superficial (especially as molecular biology is concerned), as each item could be well the subject of awhole book.
On the contrary, the inclusion in this part of the book of the very detailed chapter “Behavior of Protists’ seems
superfluous. Animportant monograph on microsporidia(“ The Microsporidiaand Microsporidiosis’; eds. M. Wittner
and L.M. Weiss; ASM Washington, 1999) is not included in the bibliography.

In summary, | consider the “Protistology” by Hausmann, Hllsmann and Radek as the contemporay best and
probably the only available comprehensive introductory book for those interested in the biology of unicellular
eukaryotes. It is possible in these days to be atop “speciaist” (but not a“connoisseur”!) of an organism without
actually seeing it under the microscope. However, contrary to such minimalist approach, | believe that a certain
amount of “organismal knowledge” belongs to a scientific culture and the pride of being a scientist. It is fortunate
that the “Protistology” is here, ready to open its pages to anybody interested in the realm of protists.

Jifi Véavra

Department of Parasitology
Charls University

Praha, Czech Republic
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