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Biogeographical Differences in a Common Soil Ciliate, Gonostomum affine
(Stein), as Revealed by Morphological and RAPD-Fingerprint Analysis

Wilhelm FOISSNER!, Thorsten STOECK?, Helmut SCHMIDT? and Helmut BERGER?

"Universitiit Salzburg, Institut fiir Zoologie, Salzburg, Austria; 2Universitit Kaiserslautern, Abteilung Okologie, Kaiserslautern,
Germany; *Technisches Biiro fiir Okologie, Salzburg, Austria

Summary. Gonostomum affine is a common, hypotrichous soil ciliate showing a wide variety of more or less distinct morphologies which,
depending on the view, can be considered as taxonomic entities or variations of a single morphotype. Thus, we chose it as a model to
investigate some main questions in ciliate alpha-taxonomy and biodiversity, viz., (i) the power of morphological methods and
RAPD-fingerprints to separate two distinct morphospecies of Gonostomum; (ii) whether morphology and RAPD agree in separating the
most dissimilar morphotypes; and (iii) whether G. affine has a biogeographical population structure. Accordingly, we investigated one
G. strenuum population from Australia and compared it with six G. affine populations from Europe, Africa, and South America. Data were
analysed with classical similarity trees and two new methods combining morphological features and RAPD-fingerprints in single similarity
trees. The main results of this study were: (i) Morphology could separate the two morphospecies very clearly, while RAPD could not,
irrespective of the indices and clustering algorithms used; (ii) Morphotrees did not agree with RAPD-trees and not show a distinct
biogeographical pattern. However, a rather distinct biogeographical population structure became recognisable when morphological features
and RAPD-fingerprints were combined in a single similarity tree, indicating (iii) a certain degree of geographical uniqueness of various
genotypes. Generally, however, separation was rather weak and highly dependent on the indices and clustering algorithms used, indicating
that, at the present state of knowledge, most Gonostomum affine-like morphotypes fall into the range of natural variability of a single species.

Key words: biodiversity, biogeography, Ciliophora, Protozoa, similarity trees, soil ciliates.

INTRODUCTION

Gonostomum affine is a very common ciliate in
limnetic and terrestrial habitats, usually preferring the
latter, where it may gain high abundances. Apparently,
G. affine has a cosmopolitan distribution, although

Address for correspondence: Wilhelm Foissner, Universitét
Salzburg, Institut fiir Zoologie, Hellbrunnerstrasse 34, A-5020
Salzburg, Austria (Europe); Fax +43 (0) 662 8044-5698

many more or less distinct morphotypes exist, several of
which have Linnean names (for reviews, see Foissner
1998 and Berger 1999). Most of the variability concerns
body size (Iength 50-160 um), and number (6-22) and
pattern of the fronto-ventral-transverse cirri. Recent
authors tend to interpret these differences as part of the
natural variability of this species and thus synonymise
most of the named populations (Buitkamp 1977, Foissner
1982, Berger 1999), although different opinions exist
(Maeda and Carey 1984) and gene sequence data and
ecological specialisations indicate that, in general, mor-
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phologists heavily under-split ciliates (Nanney et al.
1998, Dini and Nyberg 1999).

It has not yet been investigated whether variability
follows a biogeographical pattern in G. affine. Generally,
such studies are rare in ciliates. The best studied
examples are the sibling species of Tetrahymena
pyriformis, Paramecium aurelia, and Stylonychia
mytilus, some of which are very likely restricted to
certain geographic regions (Nanney and McCoy 1976,
Ammermann 1985, Wichtermann 1986, Nanney et al.
1998). On the other hand, several reproductively isolated
Euplotes strains obviously lack a geographic pattern
(Dini and Gianni 1985) and a morphological analysis of
four Mesanophrys species, all described from different
hosts, strongly suggests that all belong to a single,
facultatively histophagous morphospecies (Wiackowski
et al. 1999).

RAPD-fingerprinting and riboprinting are new tools
for investigating population structures and have been
successfully used also in ciliates (Kusch and Heckmann
1996; Kusch 1998; Stoeck and Schmidt 1998; Stoeck et
al. 1998, 2000a). And even three common soil ciliate
species of the genus Colpoda have been investigated
(Bowers and Pratt 1995, Xu ef al. 1997, Bowers et al.
1998). The riboprints and some main morphometrics did
not show a biogeographical population structure in these
species. However, the conclusion is not definitive be-
cause the rRNA gene region used was probably not
informative enough (Bowers et al. 1998). Furthermore,
molecular and morphological data were not combined in
the similarity trees, so a common failure that often
makes it difficult to know the extent results are influ-
enced by incomplete data analysis. Others abandon
morphology altogether, ascribing an unfounded power to
molecular methods (Malpartida et al. 1995, Martin et al.
1997).

Our study is designed to overcome some of these
shortcomings and specifically addresses the following
matters: (i) to develop methods combining morphological
data with RAPD-fingerprints in a single similarity
(dissimilarity) tree; (ii) to compare the power of morpho-
logical methods and RAPD-fingerprints in separating
two morphospecies of Gonostomums; (iii) to investigate
whether morphology and RAPD agree in separating the
most dissimilar morphotypes; and (iv) to investigate
whether G. affine has a biogeographical population
structure. Such questions address biodiversity and con-
servation matters, both very controversially discussed in
ciliates (Finlay and Fenchel 1999, Foissner 2000a).

MATERIALS AND METHODS

Material. We investigated seven Gonostomum populations be-
longing to two morphospecies, viz., Gonostomum affine (Stein,
1859) Sterki, 1878 and G. strenuum (Engelmann, 1862) Sterki, 1878.
Identification followed the review by Berger (1999). Although
G. affine is avery common ciliate in soils worldwide (Foissner 1998),
we could establish pure cultures (on Eau de Volvic enriched with some
crashed wheat grains or baker’s yeast) only from the G. affine popu-
lation of Namibian site (31) and from the G. strenuum population of
Australia. Raw cultures were set up from air-dried soil with the non-
flooded Petri dish method, as described in Foissner (1987).

Population 1: Gonostomum affine from a beech forest
brown earth soil in the surroundings of Salzburg, Austria, Europe
(E 13°40° N 47°47").

Population 2: Gonostomum affine from a very sandy pasture soil
near the village of Alqasab, about 130 km northeast of Riyadh, Saudi
Arabia, Africa (E 47°30° N 25°).

Population 3: Gonostomum affine from Namibian site (26), that
is, from organic debris and sand collected in the Sossus Vlei of the
Namib Desert, Southwest Africa (E 15°20° S 24°40°).

Population 4: Gonostomum affine from Namibian site (31), that
is, from very sandy soil around a Welwitschia plant near Swakopmund,
Namibia, Southwest Africa (E 15°30° S 22°40°).

Population 5: Gonostomum affine from a cloud rain forest
in the Henry Pittier National Park, Venezuela, South America
(W 77° N 12°).

Population 6: Gonostomum affine from soil of the gallery forest at
the bank of the Rio Negro (Amazon floodplain), Manaus, Brazil,
South America (W 60° S 3°).

Population 7: Gonostomum strenuum from soil of the River
Murray floodplain near Albury, Australia (E 147° S 37°).

Morphological analysis. Specimens from the raw or pure cul-
tures were protargol-impregnated following the protocol A as de-
scribed in Foissner (1991). This method provides permanent slides
and shows the structures measured or counted very clearly (Fig. 4).
Measurements and counts were performed at a magnification of
X1000 (oil immersion), where a measuring unit is 1 pm in the eye
piece. Scanning electron microscopy was performed as described in
Foissner (1991), using concentrated aqueous mercuric chloride and
osmium tetroxide (10:1) as fixative. The features investigated and the
terminology used are shown in Fig. 1.

RAPD-fingerprinting. Three to five specimens each were used
for the fingerprints, either directly from the (raw) non-flooded Petri
dish cultures or the pure cultures. Specimens from the raw cultures
were identified in vivo at a magnification of X250 and in protargol
preparations (Figs. 7-9, 11, 12). Pre-treatment of specimens (three
washes in SMB medium etc.) and fingerprinting were performed as
described by Stoeck and Schmidt (1998), using primer Ro 360-04,
with the sequence: 5' CCCTCATCAC (Roth, Karlsruhe, Germany).
Furthermore, a control without any DNA-template was run with
each of the populations.

Data analysis. The morphological data (Table 1) were compared
with the Coefficient of Racial Likeness (CRL) described by Pearson
(1926). The coefficient is a scale-independent distance function,
which considers both the mean and variance of the variables (Sneath
and Sokal 1973). Invariable features (number of dorsal kineties,



Fig. 1. Terminology used and features measured (numbers) or counted
(labels) in Gonostomum populations. 1 - length of body; 2 - maximum
width of body; 3 - length of adoral zone of membranelles, that is,
distance between anterior body end and last adoral membranelle;
4 - distance between anterior body end and last frontoventral cirrus;
5+ 6 - length and width of anterior macronuclear nodule; 7+ 8 - length
and width of anterior micronucleus; AZM - number of adoral
membranelles; BC - number of buccal cirri; CC - number of caudal
cirri; FC - number of frontal cirri; FC1 - first frontal cirrus;
FT - number of frontoterminal cirri; FV - number of remaining
frontoventral cirri; LM - number of cirri in left marginal row;
MA - number of macronuclear nodules; MI - number of micronuclei;
PM - number of cilia composing paroral membrane; RM - number of
cirri in right marginal row; TC - number of pretransverse and
transverse cirri

macronuclear nodules, frontal cirri and buccal cirri) have been omit-
ted. Furthermore, features 7 and 8 were excluded because they are
difficult to measure. Thus 16 characteristics remained (Table 1).

The fingerprints were aligned by eye (Fig. 16) and analysed with
the association (band sharing) index of Simpson using the biodiversity
program of Baev and Penev (1995). This index divides the number of
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species (= DNA bands) in common (= a) by (a) plus the number of
species present in the shorter list only (b). The data were also
analysed with the computer program HENNIG 86 (Farris 1988). In
one trial, the Australian population (= G. strenuum) was defined as
outgroup, in another trial we used an artificial outgroup in which all
characteristics (= DNA bands) studied are absent (Lorenzen and Sieg
1991).

To analyse morphological and fingerprint data together two meth-
ods were developed. The first is a modification of the NNSDC
(= Number of Not Significantly Different Characters) method pro-
posed by Berger ez al. (1985). The seven populations were compared
by the nonparametric a posteriori testing procedure of Nemenyi, as
described in Sachs (1984): There are k treatment groups (= popula-
tions) with equal sample size n; in the present study, k=7 and n=21
for each feature (Table 1). Rank all (k x n) observations from smallest
to largest when pooled together into a single sample. In case of ties,
compute the average ranks. Sum the ranks separately for each popu-
lation and make all 21 possible absolute differences of these sums. If
an observed difference between two treatments is as great as a critical
value D (Table 180 in Sachs 1984) then a (real) difference exists. Only
the 5% significance level was used. The fingerprint data of Table 2
were compared in pairs as follows: +/+ and -/- became -
(=no difference); +/- and -/+ became + (= difference). Now both the
36 fingerprint bands and the 20 morphological features (Table 1;
exclusive micronucleus measurements) are arranged in a table. Then
the number of the not significantly different characteristics for each
pair of the seven populations is added. These values are converted to
percentages with 56 (36 + 20) equaling 100%, that is, “total similar-
ity”, and UPGMA (unweighted pair-group method using arithmetic
averages) clustered.

The program of Baev and Penev (1995) was used for the second
method to analyse RAPD-fingerprints and morphological data to-
gether. For this, the morphological values shown in Table 1 were
transformed to simple presence/absence data, applying the following
rule: if the arithmetic mean over all populations (n 7 x 21 =147) was
smaller than the mean of a single population (n = 21), then a minus
was assigned and vice versa. For equal means a plus was assigned. We
suggest naming the method “presence/absence transformation”. Sev-
eral indices were tried. Best results were obtained with the index of
Serensen (1948).

Dendrograms were constructed using various algorithms (Sneath
and Sokal 1973, Pielou 1984, Baev and Penev 1995). The graphs
presented were constructed by the UPGMA (unweighted pair-group
method using arithmetic averages) and the complete linkage (farthest
neighbour) method, which provided the most meaningful results.
Furthermore, all methods used do not weigh individual features, that
is, are unbiased, but the load of the fingerprints is greater in the
combined trees, where 36 fingerprint bands (= features) are opposed
to only 20 morphological features.

RESULTS

Brief description of the species investigated

Both species investigated were recently reviewed by
Berger (1999). Thus, we provide only a brief description
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Figs. 2 - 6. Ventral views of Gonostomum affine (2 - 5) and
G. strenuum (6) from life (2, 6), in the scanning electron microscope
(3, 5), and after protargol impregnation (4). Labelling of structures,
see Figs. 1 and 4.2, 3 - ordinary G. affine with few frontoventral cirri.
Arrow marks a descending food vacuole; arrowhead denotes poste-
rior buccal vertex; 4, 5 - the structures measured and counted (Table 1)
can be clearly recognised, especially after protargol impregnation (4).
These specimens are from a Venezuelan population, which is, as
concerns the number of frontoventral cirri (16 on average) and the
length of the row formed by the frontoventral cirri, between G. affine
and G. strenuum. The arrow marks the paroral membrane;
6 - Gonostomum strenuum has the same shape as G. affine (cp. Figs.
2, 6); however, it is slightly larger (usually > 100 pm vs. < 100 pm)
and has, on average, more frontoventral cirri (20 vs. 11), which form
a row terminating slightly underneath the buccal vertex (Fig. 14).
Arrows mark macronuclear nodules; asterisk denotes end of adoral
zone of membranelles, that is, the cytostome. AZM - adoral zone of
membranelles; BC - buccal cirrus; CC - three caudal cirri; DB - dorsal
bristles; DK - two of the three dorsal bristle rows are recognisable in
Fig. 4; EM - endoral membrane; F - food vacuole; FC1 - first frontal
cirrus; FC3 - third frontal cirrus; FT - frontoterminal cirri;
FV - frontoventral cirri; LM - left marginal row; MA - macronuclear
nodules; MI - micronucleus; PF - pharyngeal fibres; RM - right
marginal row; TC - transverse cirri
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Figs. 7 - 14. Ventral infraciliature (~ cirral pattern) of the Gonostomum affine (7 - 12) and G. strenuum (14) populations investigated. All
protargol-impregnated and drawn to scale. For labelling of structures, see Figs. 1 and 4. 7 - specimen from Namibian site 26, length 60 pum;
8 - specimen from Austria, length 65 pm; 9 - specimen from Brazil, length 71 um; 10 - specimen from Namibian site 31, length 75 pm;
11 - specimen from Saudi Arabia, length 78 um; 12 - specimen from Venezuela, length 79 pm; 13 - schema showing origin of the fronto-ventral-
transverse cirri (from Berger 1999, modified). Cirri originating from the same anlage (Roman numbers) are connected by broken lines;
14 - specimen from Australia, length 93 pm
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Table 1. Morphometric data on six populations of Gonostomum affine (Austria, Saudi Arabia, Namibian site 26, Namibian site 31, Venezuela,
Brazil) and a population of G. strenuum from Australia. All - all G. affine populations combined. Numbers refer to Fig. 1

Characteristics® Number  Populations X M SD SE CcvV Min Max n
Body, length 1 Austria 79.0 80.0 11.6 2.5 14.7 63 100 21
Saudi Arabia 68.8 68.0 9.4 2.1 13.7 50 85 21
Namibia 26 60.5 62.0 7.3 1.6 12.1 50 75 21
Namibia 31 75.8 74.0 7.2 1.6 9.5 67 97 21
Venezuela 72.5 71.0 6.0 1.3 8.3 60 82 21
Brazil 81.0 82.0 8.7 1.9 10.8 70 93 21
Australia 93.9 94.0 10.6 2.3 11.2 75 112 21
All 72.9 71.0 10.9 1.0 14.9 50 100 126
Body, maximum width 2 Austria 34.7 33.0 53 1.2 15.4 28 44 21
Saudi Arabia 28.6 30.0 4.1 0.9 14.2 21 35 21
Namibia 26 29.2 29.0 4.5 1.0 15.6 21 37 21
Namibia 31 31.8 31.0 3.8 0.8 12.0 26 40 21
Venezuela 29.9 32.0 54 1.2 18.0 20 40 21
Brazil 32.8 33.0 5.1 1.1 15.5 24 41 21
Australia 38.3 37.0 4.8 1.0 12.4 32 48 21
All 31.2 31.0 5.1 0.5 16.5 20 44 126
Anterior body end, 3 Austria 41.9 43.0 7.6 1.7 18.0 29 55 21
distance to posterior Saudi Arabia 332 34.0 4.1 0.9 12.4 26 40 21
end of adoral zone Namibia 26 29.2 29.0 3.7 0.8 12.5 25 42 21
of membranelles Namibia 31 36.6 37.0 1.5 0.3 4.1 34 40 21
(~ length of adoral zone) Venezuela 332 33.0 2.9 0.6 8.7 29 38 21
Brazil 39.2 39.0 1.9 0.4 4.9 36 44 21
Australia 44.5 44.0 2.7 0.6 6.0 40 50 21
All 35.5 35.0 5.8 0.5 16.4 25 55 126
Anterior body end, 4 Austria 33.6 33.0 7.3 1.6 21.6 22 49 21
distance to last Saudi Arabia 25.9 26.0 32 0.7 12.3 21 32 21
ventral cirrus Namibia 26 17.6 17.0 33 0.7 18.6 13 28 21
Namibia 31 21.7 22.0 2.1 0.5 9.7 18 25 21
Venezuela 26.5 26.0 2.6 0.6 9.9 21 30 21
Brazil 26.2 26.0 2.8 0.6 10.8 19 32 21
Australia 49.5 49.0 6.3 14 12.7 41 65 21
All 25.2 25.0 6.2 0.6 24.7 13 49 126
Macronucleus, length 5 Austria 17.1 18.0 33 0.7 19.2 11 22 21
anterior nodule Saudi Arabia 14.0 13.0 32 0.7 23.1 10 20 21
Namibia 26 11.4 12.0 1.7 0.4 14.5 9 15 21
Namibia 31 14.1 14.0 2.3 0.5 16.0 10 18 21
Venezuela 13.1 13.0 2.2 0.5 16.5 9 17 21
Brazil 14.0 14.0 2.2 0.5 15.3 11 19 21
Australia 16.7 17.0 2.9 0.6 17.5 13 25 21
All 14.0 13.5 3.0 0.3 21.5 9 22 126
Macronucleus, width 6 Austria 7.9 8.0 0.9 0.2 11.2 6 10 21
anterior nodule Saudi Arabia 7.1 7.0 1.1 0.2 14.9 5 9 21
Namibia 26 6.6 6.0 0.7 0.1 10.3 6 8 21
Namibia 31 6.8 7.0 0.9 0.2 13.1 5 9 21
Venezuela 7.9 8.0 0.9 0.2 10.9 6 10 21
Brazil 7.7 8.0 1.2 0.3 16.2 6 12 21
Australia 6.9 7.0 0.9 0.2 12.9 5 9 21
All 7.3 7.0 1.1 0.1 14.6 5 12 126
Micronucleus, length 7 Austria 3.1 3.0 0.8 0.2 25.4 2 4 21
Saudi Arabia 2.3 2.5 0.3 0.1 15.0 2 3 21
Namibia 26 2.2 2.0 0.5 0.1 20.9 2 3 21
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Namibia 31 not measured
Venezuela 2.1 2.0 0.3 0.1 13.0 1 3 21
Brazil 2.8 3.0 0.4 0.1 14.3 2 4 21
Australia 3.0 3.0 0.3 0.1 10.5 3 4 21
All 2.5 2.5 0.6 0.1 24.9 1 4 105
Micronucleus, width 8 Austria 2.3 2.5 0.5 0.1 21.9 2 3 21
Saudi Arabia 1.9 2.0 0.2 0.1 12.4 2 3 21
Namibia 26 1.4 1.5 03 0.1 21.6 1 2 21
Namibia 31 not measured
Venezuela 1.9 2.0 0.2 0.1 12.7 1 2 21
Brazil 2.0 2.0 0.2 0.0 11.2 2 3 21
Australia 2.3 2.0 0.3 0.1 13.5 2 3 21
All 1.9 2.0 0.4 0.0 22.5 1 3 105
Adoral membranelles, 9 Austria 28.8 30.0 42 0.9 14.6 23 35 21
number Saudi Arabia 21.5 22.0 2.2 0.5 10.4 17 24 21
Namibia 26 22.0 22.0 2.0 0.4 9.2 18 27 21
Namibia 31 25.9 26.0 1.0 0.2 3.8 24 28 21
Venezuela 24.7 25.0 1.6 0.4 6.6 21 27 21
Brazil 27.1 27.0 0.9 0.2 33 25 29 21
Australia 27.9 28.0 1.3 0.3 4.7 25 30 21
All 25.0 25.0 34 0.3 13.7 17 35 126
Dorsal kineties, number 10 Austria 3.0 3.0 0.0 0.0 0.0 3 3 21
Saudi Arabia 3.0 3.0 0.0 0.0 0.0 3 3 21
Namibia 26 3.0 3.0 - - - 2 3 21
Namibia 31 3.0 3.0 0.0 0.0 0.0 3 3 21
Venezuela 3.0 3.0 0.0 0.0 0.0 3 3 21
Brazil 3.0 3.0 0.0 0.0 0.0 3 3 21
Australia 3.0 3.0 0.0 0.0 0.0 3 3 21
All 3.0 3.0 - - - 2 3 126
Macronuclear nodules, 11 Austria 2.0 2.0 0.0 0.0 0.0 2 2 21
number Saudi Arabia 2.0 2.0 0.0 0.0 0.0 2 2 21
Namibia 26 2.0 2.0 0.0 0.0 0.0 2 2 21
Namibia 31 2.1 2.0 - - - 2 3 21
Venezuela 2.0 2.0 0.0 0.0 0.0 2 2 21
Brazil 2.0 2.0 0.0 0.0 0.0 2 2 21
Australia 2.0 2.0 0.0 0.0 0.0 2 2 21
All 2.0 2.0 - - - 2 3 126
Micronuclei, number 12 Austria 1.9 2.0 0.6 0.1 30.9 0 3 21
Saudi Arabia 2.3 2.0 1.0 0.2 44.1 0 4 21
Namibia 26 1.9 2.0 0.4 0.1 229 1 3 21
Namibia 31 0.0 0.0 0.0 0.0 0.0 0 0 21
Venezuela 1.9 2.0 1.0 0.2 51.9 0 4 21
Brazil 1.7 2.0 0.6 0.1 32.7 0 2 21
Australia 3.1 3.0 1.3 0.3 40.6 0 6 21
All 1.6 2.0 1.0 0.1 62.2 0 4 126
Right marginal row, 13 Austria 16.6 17.0 2.9 0.6 17.2 10 21 21
number of cirri Saudi Arabia 17.8 18.0 2.9 0.6 16.0 12 23 21
Namibia 26 16.5 16.0 2.3 0.5 13.7 11 20 21
Namibia 31 19.5 19.0 2.3 0.5 12.0 16 26 21
Venezuela 17.7 17.0 2.5 0.5 14.2 13 23 21
Brazil 18.8 18.0 1.8 0.4 9.5 15 22 21
Australia 254 24.0 42 0.9 16.5 21 33 21
All 17.8 18.0 2.6 0.2 14.8 10 26 126
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Table 1 (contd.)

Left marginal row,
number of cirri

Frontal cirri, number

Frontoterminal cirri,
number

Remaining frontoventral

ventral cirri, number

Buccal cirri, number

Transverse cirri, number

Caudal cirri, number

14

15

17

19

20

Austria
Saudi Arabia
Namibia 26
Namibia 31
Venezuela
Brazil
Australia

All

Austria
Saudi Arabia
Namibia 26
Namibia 31
Venezuela
Brazil
Australia
All

Austria
Saudi Arabia
Namibia 26
Namibia 31
Venezuela
Brazil
Australia
All

Austria
Saudi Arabia
Namibia 26
Namibia 31
Venezuela
Brazil
Australia
All

Austria
Saudi Arabia
Namibia 26
Namibia 31
Venezuela
Brazil
Australia
All

Austria
Saudi Arabia
Namibia 26
Namibia 31
Venezuela
Brazil
Australia
All

Austria
Saudi Arabia
Namibia 26
Namibia 31
Venezuela
Brazil

11.0
11.8
12.3
14.8
12.6
12.3
17.3
12.4

— e e e e e

11.0
12.0
12.0
15.0
12.0
12.0
18.0
12.0

— e s e = e

0.2
0.4
0.1
0.1

0.0
0.1

0.0
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Table 1 (contd.)
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Australia 3.0
All 2.9
Paroral, number of cilia 21 Austria 13.6
Saudi Arabia 10.6
Namibia 26 8.6
Namibia 31 10.2
Venezuela 9.0
Brazil 12.5
Australia 134
All 10.8
Fronto-ventral- 22 Austria 16.1
transverse cirri, Saudi Arabia 13.7
total number Namibia 26 12.3
Namibia 31 14.7
Venezuela 14.8
Brazil 12.9
Australia 23.8
All 14.1

3.0 0.3 0.1 10.5 2 4 21

3.0 0.5 0.0 159 0 3 126
14.0 3.1 0.7 22.8 8 19 21
11.0 2.1 0.5 19.6 5 14 21

8.0 1.8 0.4 20.6 6 12 21
10.0 2.1 0.5 20.5 6 14 21

9.0 1.7 0.4 19.3 6 11 21
13.0 1.9 0.4 14.9 6 16 21
13.0 1.8 0.4 13.2 11 17 21
11.0 2.8 0.2 25.7 5 19 126
17.0 1.2 0.3 7.7 14 18 21
14.0 1.1 0.2 8.0 11 15 21
13.0 1.2 0.3 10.0 10 15 21
15.0 0.8 0.2 5.7 13 16 21
15.0 0.7 0.2 4.7 14 17 21
13.0 0.9 0.2 7.1 10 15 21
23.0 1.2 0.3 52 22 26 21
14.0 1.6 0.1 11.6 10 18 126

“Data based on protargol-impregnated (Foissner 1991 method), mounted, randomly selected, morphostatic specimens. All measurements
in pm. CV - coefficient of variation in %, M - median, Max - maximum, Min - minimum, n - number of individuals investigated, SD - standard

deviation, SE - standard error of arithmetic mean, x - arithmetic mean

Fig. 15. RAPD-fingerprints from six Gonostomum affine populations (numbers 1- 6) and one G. strenuum population (number 7). M - pPGEM-

marker, arrowheads mark 222 and 1,605 bp

focusing on features important for the present paper.
Furthermore, all relevant structures are shown in
Figs. 1-6.

Gonostomum affine (Stein, 1859) Sterki, 1878 is a
colourless, ellipsoidal, and laterally more or less distinctly
flattened, oxytrichid ciliate having a size of about 90 x
30 um, with length ranging from about 50 to 160 um. As
it is a hypotrich, the cilia are grouped into compound
organelles, the cirri, which form a specific pattern.
Usually, there are two ellipsoidal macronuclear nodules,

each with a single micronucleus attached. The oral
apparatus extends along the left margin of the anterior
body half. It is composed of a conspicuous adoral zone
of membranelles at the left margin of the oral field and
two short, inconspicuous undulating membranes at the
right. One of the undulating membranes, the paroral, is
composed of few, comparatively widely spaced cilia, a
specific feature of gonostomoid ciliates. The buccal
cavity is small and inconspicuous. Only the right (ven-
tral) side bears cirri, the dorsal surface is bare, except
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complete gel

Austria + -+ F F + +FF -+ -+ - - - - - - - + + + + + + - - - - -

Saudi Arabia - - - - - + + - 4+ - - + + + + - - + - + = 4+ - + + F F - = = = = - - -

Namibia 26 T K N T T SR S T SR N + + -+ - 4+ - - -+ - -

Namibia 31 - - - B T T S S . B B B R I T + - +

Venezuela + -+ + + F o+ F - -+t + - -+ -+ -+ F 4+ - F o+ -+ -+

Brazil - - - -+ o+ - L L T S N e I I 5 - -

Australia - % = = + + + + + F+ + F+t -+ -+ ==+ -+ -+ - - FF - - F - -+ - -

best gel

Austria B LT T ST I S I N T T T S ST R -+ -+ -+ -+ - - -
Saudi Arabijia - - - - - - -+ -+ -+ - + + -+ - -+ - e
Namibia 26 - - - 4+ -+ -+ - F - - - == - - - + F - -+ + = = =+ = 4+ - - F - = = = - - + + -
Namibia 31 @ - - - - - + + - 4+ 4+ - = = 4 - - - - - - + - + - - -+ - F = = = e = - - - - 4 +
Venezuela + - - -+ 4+ -+ - === - - - - + - -+ - + - - - - - - + D S e A
Brazil = = - - - - - - - 4+ - % - -+ - - -+ - - - % - - + - -+ + - + - -
Australia F S A I T T T T S e e I I Lk T TR T R R S + - -

Fig. 16. Band pattern shown in Fig. 15 transformed to a presence/absence (+/-) matrix used for calculating band sharing indices. In the upper
lane, all usable fingerprints were evaluated, in the lower lane only the “best looking” fingerprint from each population was used
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Figs. 17 - 20. Similarity trees. 17 - morphological tree with the coefficient of racial likeness UPGMA clustered; 18 - RAPD-fingerprint tree
with the association (band sharing) index of Simpson complete-linkage clustered; 19 - combined morphological and RAPD-fingerprint tree
based on the “number of not significantly different characters” UPGMA clustered; 20 - combined morphological and RAPD-fingerprint tree
based on the “presence/absence transformation” data clustered with the complete-linkage method. For details on methods, see “data analysis”
in the “Materials and Methods” section



for three rows of minute bristles associated with three
caudal cirri at the posterior body end. The cirri form a
row each at the right and left margin of the cell and
several groups on the ventral surface, as shown in
Figs.1and 4. Briefly, there are a highly variable number
of fronto-ventral cirri (6-15) in the area between the
anterior body end and the oral vertex, and an also highly
variable number of transverse cirri (0-7) near the poste-
rior body end. The fronto-ventral cirri are classified in
frontal cirri (usually three at anterior body margin),
buccal cirri (usually one near paroral membrane),
frontoterminal cirri (usually two at right anterior body
margin), and ventral cirri (all other cirri in the area
mentioned above) forming a more or less distinct row
never surpassing the oral vertex. Gonostomum affine
usually feeds on bacteria, prefers terrestrial habitats, and
has been recorded from all main biogeographical regions
(Foissner 1998, Berger 1999).

Gonostomum strenuum (Engelmann, 1862) Sterki,
1878 (Figs. 6, 14) is rather similar to G. affine, but a
distinct morphospecies, although Foissner (2000b) very
recently described a population from Venezuela, which is
intermediate in all main features (Figs. 4, 5). Usually,
G. strenuum is slightly larger than G. affine (110 x 40 vs.
90 x 30 um) and has more frontoterminal (4 vs. 2) and
fronto-ventral cirri (20 vs. 11 on average). Thus, the row
formed by the ventral cirri is much more conspicuous
than in G. agffine and extends beyond the level of the oral
vertex. Gonostomum strenuum feeds mainly on bacte-
ria and is a rare species preferring limnetic habitats
(Berger 1999). Previously, it was known only from
Eurasia, our record from the Murray River floodplain is
the first from Australia.

Morphological investigations (Figs. 7-14, 17;
Table 1)

The six populations of G. affine investigated are well
within the range recorded in the literature (Berger 1999).
Thus, identification is beyond reasonable doubt. Like-
wise, the Australian G. strenuum matches the literature
data.

The smallest G. affine specimens are those from the
most extreme environment, that is, Namibian site 26, the
Namib Desert. This population is smaller also in all other
features, such as the length of the adoral zone of
membranelles, the width and length of the macronuclear
nodules, the number of adoral membranelles, and the
number of marginal and fronto-ventral-transverse cirri.
The Saudi Arabian specimens are unique in having three
frontoterminal cirri, thus bridging the gap between
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G. affine (usually 2) and G. strenuum (usually 4).
Furthermore, they usually have only a single transverse
cirrus, while all other populations have four on average
(median). The Austrian specimens are unique in having
most adoral membranelles, paroral cilia, and fronto-
ventral-transverse cirri. Furthermore, this population has
the highest average coefficient of variability. The aver-
age variation coefficient of the features 1-6, 9, 13, 14,17,
21, 22 in Table 1 is distinctly higher in the Austrian
(16.3%), Namibian site 26 (15.7%), and Saudi Arabian
(14.8%) populations than in the Namibian site 31 (11%),
Brazilian (11%), and Venezuelan (11.4%) populations.

The similarity tree (Fig. 17) shows two conspicuous
attributes: (i) the two species, G. affine and G. strenuum,
are very distinctly separated, while (ii) the G. affine
populations do not show a consistent biogeographical
pattern, although the resolution capacity of the coeffi-
cient is excellent, as shown by the two distinct G. affine
subclusters. However, at least the South American
populations are in the same subcluster. The Namibian
site 26/Saudi Arabian subcluster matches the peculiari-
ties mentioned above, but excludes the Austrian popula-
tion although it is rather peculiar, too.

RAPD - fingerprints (Figs. 15, 16, 18)

Each of the seven populations has a distinct pattern
(Fig. 15). Thus, the overall fingerprint similarity is only
64%. Within the parallel probes, those from populations
4 and 7 (both pure cultures started with one or two
specimens), but also those from population 6, a raw
culture, are very similar, indicating that each consists of
only a single genotype. In contrast, the parallel probes
from populations 1 and 3 each are very different,
indicating that most belong to distinct genotypes. This
matches the high average morphological variability coef-
ficients of these populations (see above).

The similarity trees from the RAPD-fingerprints are
all rather chaotic, irrespective of the indices and cluster
methods used. None separates the two morphospecies
as distinctly as the morphological trees do (Figs. 17, 18).
However, at least the South American and Namibian
populations each form a distinct subcluster. To improve
the tree, we tried not only various indices and cluster
methods, but also confined the analysis to the “best
looking” fingerprint from each population (Fig. 16).
Furthermore, we tried a matrix based only on the more
conspicuous bands. However, trees could not be im-
proved, that is, the two morphospecies were never
clearly separated and the three African populations
never in a single subcluster.
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Combined similarity trees

Combining the morphological and fingerprint data
should increase resolution because of the increased data
set. This is indeed the case (Figs. 19, 20). Both methods
applied can at least distinctly separate the two
morphospecies, and the complete-linkage tree even pro-
vides a meaningful geographical population structure,
that is, distributes the African and South American
G. affine populations in distinct subclusters (Fig. 20).
However, we emphasise that other indices and/or cluster
algorithms (for instance, UPGM, average-linkage) pro-
vide much less “beautiful” trees, indicating that the
differences are subtle.

DISCUSSION

Methodological problems

Methodological problems and constraints are often
underestimated in investigations of the kind we per-
formed. However, they greatly influence data interpre-
tation and conclusions, and thus they are discussed in
advance.

Correlated features: Basically, the quality of similarity
trees increases with the number of independent fea-
tures analysed. This is why we tried to combine morpho-
logical traits and RAPD-fingerprints in a single tree.
However, not only the quantity but also the quality of the
features influences the outcome. Features which depend
on each other, that is, are correlated can produce
artificial groupings simply by their numerical dominance
(Remane 1952, Mayr 1975). In hypotrichous genera, for
instance, body length is often correlated with body width
and the number of adoral membranelles is usually corre-
lated with the length of the adoral zone. Actually, two of
the four features are redundant. Unfortunately, recogni-
tion of correlated features is impossible in fingerprints
and also rather difficult for morphological traits. Thus,
“uncleared” data were used. In combined trees, numeri-
cal character equivalence is an additional source of
errors. In our trees, 20 morphological traits are some-
what outrivaled by 36 RAPD-bands.

Band-alignment: Fig.16 shows that RAPD-bands are
subject to different interpretations because the intensity
of the bands varies in parallel probes and some bands are
so faint that it depends on the classifier whether they are
used or not. Furthermore, if many probes are analysed
they become distributed over several gels, and even the

molecular marker cannot guarantee that different gels
are entirely correctly aligned.

Probably, some variation of DNA band patterns is due
to the problems with reproducibility, which are typical for
RAPD patterns (Skroch and Nienhuis 1995, Woodburn
et al. 1995). It is known, that the intensities of several
amplified bands can vary between experiments with the
template DNA (Stoeck and Schmidt 1998). Thus, it
might be possible that DNA bands, which are relatively
weak in one sample, could be missing in another sample
from the same clone. Therefore, it is necessary to study
different cells from a clone in several experiments to
obtain a reliable and specific pattern. Differences in the
patterns of populations 1 and 3 contribute to a large
extent to the relatively low overall similarity of 64%;
thus, this value is assumed to be an underestimation.

Indices and algorithms: it is well-known and con-
firmed by our experience that both the coefficient used
for estimating similarity and the algorithm applied to the
similarity matrix highly influence the similarity analysis.
The coefficient of racial likeness, the Simpson index
(and variations), and the Serensen index have simple
structures and are widely used. Thus, they are perhaps
unproblematic. The two methods for combining morpho-
logical and fingerprint data are empirical and need a
detailed mathematical investigation, which is beyond our
possibilities. We developed them because no appropriate
methods were available from the literature. In any case,
both methods are simple and provide binary data, which
can be clustered.

There is no “best” cluster algorithm because all have
some disadvantages and the structure of the data influ-
ences clustering. Specialists recommend using several
methods on the same data set (Pielou 1984, Birks 1987).
If similar results emerge, one can have more confidence
that the groups have some reality and are not simply
artifacts of any one method. However, it is widely
accepted that UPGM clustering is one of the best
methods because it represents the original data matrix
better than other algorithms (Sokal and Rohlf 1981).
Thus, our farthest-neighbour clusters are more problem-
atical than our UPGM clusters because the “represen-
tative point” is always “extreme” rather than “typical” of
the cluster it represents (Pielou 1984).

Resolution power of RAPD-fingerprints and
morphology

It is known that RAPD patterns are sometimes
difficult to interpret when applied for taxonomical ques-
tions (Stoeck et al. 2000b). Nothing is known about the



DNA sequences amplified in RAPD fingerprints (Tingey
and Tufo 1993); specific DNA bands cannot be associ-
ated with particular loci in the genome (Lynch 1991); and
difficulties arise concerning the mathematical analysis of
RAPD fingerprints (Backeljau et al. 1995, Skroch and
Nienhuis 1995, Landry and Lapointe 1997). Conse-
quently, RAPD data on their own are not sufficient to
unambiguously answer taxonomical questions. How-
ever, Stoeck et al. (2000b) were successful in combining
two molecular biological methods, RAPD and amplified
ribosomal DNA restriction analyses (ARDRA), also
known as riboprinting, to reject the hypothesis of sibling
species in Paramecium caudatum.

As concerns the present study, we have three indica-
tors that the investigations are technically correct: (i) two
of the three G. affine populations with the highest
average variability coefficients also have highly variable
fingerprints; (ii) the combined similarity trees give a
higher resolution than the individual trees; (iii) pattern
variability within the pure cultures (sites/gels 4, 7 in
Fig. 15) is much smaller than within the raw cultures,
where it is likely that several genotypes occur (sites/gels
1,2, 3,5, 6 in Fig. 15). Thus, the failure of the RAPD
method to distinguish between the two morphospecies of
Gonostomum 1is very likely not a technical artifact but
indicates high genotype variability in G. affine and/or a
lower resolution power than morphology. Furthermore,
we must not forget that other primers might have
produced clearer results.

Are the morphotypes of Gonostomum affine
distinct taxonomic entities?

Kusch and Heckmann (1996) investigated a
hypotrichous ciliate genus with RAPD-fingerprints. They
found that different Euplotes species shared 38-46% of
their fingerprint bands, while sexually recombined strains
of E. octocarinatus and E. aediculatus shared
60-70%. Within-population variability of E. daidalos
was only 3% when originating from the same pond, but
40% in populations from different ponds. Similar results
were obtained by Stoeck et al. (2000a) in Paramecium
novaurelia, a sibling species of the P. aurelia complex:
14 strains showed 85.7-97.1%, on average 92.3% band
pattern similarity. Several strains of P. pentaurelia
showed no variability at all. Kusch (1998) investigated
721 individuals of Stentor coeruleus from seven sites up
to 400 km apart. He observed four distinct genotypes,
while about 15 genotypes were recognisable in the
G. affine populations from the six sites and three
continents. Comparing these similarity values with the
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64% overall band sharing in the six G. affine popula-
tions, it becomes obvious that they are in the range of
populations, and thus should not get Linnean names. This
is emphasised by the overlapping morphologies (Table 1)
and the possibility that the 64% overall band similarity is
an underestimation caused by technical problems (see
above).

Biogeographical patterns

Euplotes spp. (Kusch and Heckmann 1996), Colpoda
spp. (Bowers et al. 1998), Stentor coeruleus (Kusch
1998), Paramecium novaurelia (Stoeck et al. 2000a),
and Gonostomum affine (this paper) agree in having
several distinct genotypes apparently lacking a geo-
graphic pattern. However, a rather distinct pattern be-
comes recognisable in G. affine when morphological
and molecular data are combined in single similarity
trees (Figs. 19, 20). Likewise, RAPD-fingerprints and
strain crossing show a restricted geographical distribu-
tion of certain genotypes of Paramecium sexaurelia,
another species of the P. aurelia complex (Stoeck et
al. 1998). Unfortunately, strain crossing was impossible
in G. affine because only one of the six populations could
be grown in pure culture.

To sum up, it seems possible that further investiga-
tions will reveal a biogeographical population structure in
G. affine and other ciliates, especially when several
methods (morphology, gene sequences, mating reaction)
are combined in single similarity trees. Such method not
only increases the number of features considered, but
possibly also reduces the bias caused by technical
problems. This suggestion is supported by the molecular
biological data which almost invariably show that mor-
phological traits are much more conservative than DNA
molecules (Nanney et al. 1998). The morphostasis of
protists is still unexplained, but recognisable in the fossil
record (Schonborn et al. 1999).
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Murine Model of Drug-induced Reactivation of Toxoplasma gondii

Olgica DJURKOVIC-DJAKOVIC and Vladimir MILENKOVIC

Toxoplasmosis Research Laboratory, Institute for Medical Research, Belgrade, Yugoslavia

Summary. A murine model of recrudescence of chronic toxoplasmosis, mimicking this life-threatening condition in immunosuppressed
humans, was developed in Swiss-Webster mice infected 6 weeks previously with 10 cysts of the Me49 strain of Toxoplasma gondii, by
treatment with dexamethasone (DXM, 2.5 mg/kgBM/day in drinking water), alone or combined with cortisone-acetate (CA, 50 mg/kg by
subcutaneous injection 3 times a week). Treatment was continued for 7 weeks. Both DXM and DXM+CA treatment significantly increased
mortality, as compared to infected untreated mice (P=0.0002 and P<10*, respectively), and to uninfected DXM-treated mice (P=0.043 and
P=0.001, respectively). In both treatment groups, mean cyst numbers were 2-9-fold increased compared with chronically infected untreated
mice. Spleen/body mass ratios and numbers of splenocytes were significantly lower (P<10+) than in untreated both infected and uninfected
mice, indicating decreased immune reactivity in treated animals. Acquired immunity too was impaired by corticoids, as shown by lower
resistance to challenge infection with the mouse-virulent RH strain of 7. gondii in mice with established chronic infection treated with DXM
than in those left untreated (P=0.038). Most importantly, 8 of the 56 treated animals (14.2%) developed clinical signs of toxoplasmic
encephalitis, which was verified histologically. In these, survival was significantly shorter (P=0.009) and cyst numbers 6-fold augmented
(P<10*) as compared to treated animals, which did not develop neurological signs. This simple model of drug-induced recrudescence of
chronic toxoplasmosis, in addition to its potential use for in vivo studies of the pathogenic mechanisms of 7. gondii reactivation, may be
particularly suitable for the evaluation of chemotherapeutics.

Key words: chronic infection, corticoid drugs, immunosuppression, Mus musculus, reactivation, Toxoplasma gondii, toxoplasmosis.

Abbreviations: AIDS - acquired immunodeficiency syndrome, BM - body mass, HIV- human immunodeficiency virus, i.p. - intraperitoneal,
s.c. - subcutaneous, TE - toxoplasmic encephalitis.

INTRODUCTION of'the parasite, primary 7. gondii infection of an immuno-

competent host is converted into latency, characterized

Toxoplasma gondii is a ubiquitous intracellular pro-
tozoan parasite capable of infecting all types of nucle-
ated mammalian host cells. Following a brief acute
stage characterized by the proliferative tachyzoite stage
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Research, Dr. Suboti¢a 4, PO Box 102, 11129 Belgrade, Yugoslavia;
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by slowly growing bradyzoites within tissue cysts mostly
found in the brain and skeletal muscles. Tissue cysts
remain viable presumably for the life of the host, con-
trolled mainly by cellular immune mechanisms (Hunter
et al. 1996). However, if the balance between the host
immune defenses and the parasite is disrupted, cyst
rupture and renewed parasite proliferation may occur
leading to clinical reactivation. The advent of AIDS and
use of intensive immunosuppressive therapies for the
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treatment of malign and systemic diseases, or pre/post
organ and tissue transplantation, have established a
population of immunocompromised individuals prone to
reactivation of opportunistic pathogens, including
T. gondii, particularly in geographic areas with a high
exposure to this protozoan. Interestingly, death due to
toxoplasmosis following renal transplantation has re-
cently been reported in pet animals as well (Bernsteen
et al. 1999).

In patients with AIDS, T. gondii has emerged as the
leading cause of focal cerebral lesions most commonly
presenting as life-threatening TE (Luft and Remington
1992). Since current therapies are unable to eliminate
the parasite from the infected host, treatment of a TE
episode must be followed by life-long maintenance
therapy. However, standard treatment is associated with
considerable toxicity (Haverkos et al. 1987, Katlama
1996). Consequently, there is an urgent need for new
therapeutics. We have shown in a murine model of acute
toxoplasmosis that the combination of clindamycin and
atovaquone may be promising (Djurkovi¢-Djakovié et
al. 1999); to further these studies an appropriate animal
model is required, resembling the natural course of
recrudescence of chronic toxoplasmosis in man.

While existing murine models have been invaluable
for studying various aspects of the host-parasite relation-
ship, many do not follow the natural history of 7. gondii
infection. A model of TE has been developed by direct
intracerebral injection of 7. gondii into mice immuno-
suppressed with cortisone acetate (Hofflin ef al. 1987),
in which TE is thus not a consequence of recrudescence
of previously established infection. Dual infection mod-
els with T gondii and a viral infection such as CMV
(Pomeroy et al. 1989) and LP-BM5 MULYV (Gazzinelli
et al. 1992, Watanabe et al. 1993, Lacroix et al. 1994),
have not had pharmacological applications due to their
complexity and potential lack of reproducibility (Lacroix
et al. 1996). In a SCID mouse model, rather than
suppressing the host, sulfadiazine treatment suppressed
infection thus allowing chronicity to develop, and its
withdrawal led to relapse (Johnson 1992). Reactivation
of the parasite was also attempted by administration of
drugs with known immunosuppressive effect. Although
Frenkel et al. (1975) have long ago induced reactivation
of latent toxoplasmosis by cortisone in hamsters infected
with the RH strain of 7. gondii, in mice, however,
Sumyuen et al. (1996) observed little reactivation fol-
lowing administration of drugs frequently used in organ
transplantation, suggesting a mild immunosuppressive
potential for cortisol acetate and azathioprine. On the

other hand, Nicoll ef al. (1997) obtained recrudescence
with dexamethasone, but it is unclear why they failed to
histologically demonstrate brain cysts in 60-70% of mice
inoculated with 7. gondii. Since corticosteroid drugs are
often used in human therapy, we considered of interest
to develop a murine model resembling the natural course
of T gondii reactivation in humans, in which consis-
tently chronically infected immunocompetent mice are
subsequently immunosuppressed with corticoid drugs.

MATERIALS AND METHODS

Mice. Female Swiss Webster mice (Medical Military Academy
Animal Research Facility, Belgrade), 5-6 weeks old, weighing 18-22 g
at the beginning of experiments were used. Mice were housed 6 per
cage, and offered drinking water and regular mouse feed ad libitum,
unless specified otherwise.

Parasites. Brain cysts of the Me49 strain of T. gondii (kindly
provided by Dr. J. P. Dubey, Beltsville, MD), regularly maintained
by passage through Swiss Webster mice twice a year, were used to
establish chronic infection. The Me49 strain was used since it belongs
to the type-2 strains, which account for 65% of cases of clinical
toxoplasmosis in AIDS (Howe and Sibley 1995). To obtain brain
cysts for experimental infections, mice infected at least 8§ weeks
previously were killed, brains removed and homogenized in a tissue
homogenizer with 1 ml saline each. For cyst enumeration, 25 ul of
the brain suspensions were placed on slides and microscopically
counted. The number of cysts per brain was calculated by multiply-
ing the number counted in 2 drops by 2 different investigators by 20,
giving a threshold sensitivity of 20 cysts per brain. For experimental
infections, mice were inoculated by intraoesophageal gavage with
250 pl brain suspensions assessed to contain 10 cysts. An inoculum
of 10 cysts was chosen since in our experience an inoculum of this
size regularly produces consistent infection without mortality, while
larger inocula (>20) result in mortality unless treated with sulfadiaz-
ine.

For challenge experiments, tachyzoites of the virulent RH strain
maintained through serial i.p. passages were used. For experimental
infections, tachyzoites were harvested from mouse peritoneal fluids
72 h post-infection and purified by filtration through 3um polycar-
bonate filters (Nuclepore [, Maidstone, UK, lot 1050308). The
parasites were counted in a haemocytometer and their numbers were
adjusted to 2 x 10°/ ml with saline. Suspensions were serially 10-fold
diluted, and 0.5 ml aliquots of 2 x 10*>/ ml dilutions were inoculated
i.p.

Drugs. Dexamethasone (DXM, dexamethasone sodium phos-
phate, ICN Galenika, Belgrade, Yugoslavia) was given at a dose of
2.5 mg/kgBM/day per mouse, obtained by dissolving 5 mg DXM per
1-liter drinking water. Treated as well as untreated water was changed
3 times a week.

Cortisone acetate (CA, hydrocortisone-21-acetate, lot 87494,
ICN Biomedicals Inc., Aurora, OH) was administered by s.c. injec-
tion 3 times a week at 50 mg/kg BM.

Amoxicillin and clavulanic acid (Panklavld, Panfarma, Belgrade,
Yugoslavia) was given in drinking water at 1g/1 throughout the experi-
ment to prevent bacterial superinfection.
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Fig. 1. Effect of DXM (2.5 mg/kg/day) alone or combined with CA
(50 mg/kg/ 3 x week) on survival (Kaplan-Meier estimates) of mice
with chronic 7. gondii infection established by peroral inoculation of
10 Me49 cysts 6 weeks prior to treatment. Survival was significantly
lower in infected DXM-treated mice than in infected untreated
(P=0.0002) and uninfected DXM-treated mice (P=0.043), and in
infected DXM+CA-treated mice than in infected untreated (P<10+)
and uninfected DXM-treated mice (P=0.001)
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Fig. 2. a - effect of corticoid drug treatment of mice with established
chronic 7. gondii infection on spleen (mg) / BM (g) ratios; b - numbers
of splenocytes. Data are presented as mean + SD. Relative spleen
size (** P=0.0004) and splenocyte numbers (¥ P=0.0072) were
significantly greater in chronically infected untreated controls than in
healthy control mice. In contrast, relative spleen size and number of
splenocytes were significantly lower in both DXM and DXM+CA
treated mice than in healthy (***P<10*) and chronically infected
untreated (*** P<10+) controls
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Fig. 3. Effect of i.p. challenge with 10> RH tachyzoites on survival of
mice with previously established chronic 7 gondii infection treated
with DXM during 7 weeks. Survival times were calculated from day
of RH challenge. Significantly lower survival is obvious in chronically
infected DXM-treated mice than in chronically infected untreated
mice (P=0.038), but longer than in uninfected untreated control mice
(P=0.008)
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Fig. 4. Numbers of brain cysts (mean + SD) in mice with established
chronic toxoplasmosis after treatment with DXM alone or combined
with CA. Compared to untreated chronically infected controls, cyst
burdens were significantly higher in DXM-treated mice (* P=0.05) in
experiment 1 and in DXM+CA-treated mice (** P=0.01) in either
experiment

The immunosuppressive drug regimens were selected on the basis
of preliminary experiments performed to assess the dosages of these
drugs resulting in the highest degree of immunosuppression without
causing lethality. For DXM, the assayed doses were 2.5 and
5 mg/kgBM/day (5 and 10 mg/I drinking water, respectively), similar
to those used by Nicoll et al. (1997). Since in contrast to their study,
the latter dose was toxic as shown by 80% mortality over a period of
6 weeks, the dose selected for this study was 2.5 mg/kg. For CA, the
dose of 50 mg/kg was selected as well tolerated in both a similar study
(Sumyuen et al. 1996) and our preliminary experiments. Since these
had also revealed that CA did not cause sufficient reactivation as
demonstrated by both little clinical signs and no mortality, the present
study was designed on the basis of administration of DXM alone or
combined with CA.
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Fig. 5. Brain of mouse infected with 10 cysts of the Me49 strain
of T. gondii 6 weeks prior to beginning of treatment with DXM
(2.5mg/kg/day), which died with clinical signs of toxoplasmic en-
cephalitis at day 32 day of treatment. Haematoxylin-eosin stain.
a - squash smear of typical 7. gondii tissue cyst. Magnification
x 1000. b - brain section showing 7. gondii tissue cyst with no
inflammatory reaction in surrounding tissue. Magnification x 1000.
¢ - brain section showing inflammatory infiltrate in meningeae and
surrounding small blood vessels (arrowheads), and a large area
of necrosis (arrow). Magnification x 200
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Fig. 6. Survival (Kaplan-Meier estimates) in mice with established
chronic toxoplasmosis treated with corticoid drugs (both regimens)
with respect to the occurrence of clinical TE. Survival was signifi-
cantly lower in mice which developed TE than in those, which did not
(P=0.009), but also lower in mice, which did not exhibit TE than in
uninfected DXM-treated mice (P=0.01)
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Fig. 7. Numbers of brain cysts (mean + SD) in mice with established
chronic toxoplasmosis treated with corticoid drugs with respect to
the occurrence of clinical TE. Significantly higher cyst burdens were
noted in mice which developed TE than in treated mice which did not
exhibit neurological signs (***P<10+), and also than in chronically
infected untreated mice (*** P<10*) in either experiment

Experimental Design. Groups of mice infected 6 weeks previ-
ously with cysts of the 7. gondii Me49 strain were arbitrarily
assigned to treatment with DXM alone or combined with CA over a
period of 7 weeks, or left untreated as controls. Treatment groups
comprised 6-12 animals each, depending on the experiment. Survival
was monitored daily, and any clinical alterations (ruffled fur, hunch-
back appearance, locomotor alterations, paralysis) and deaths were
recorded. Animals were weighed weekly. Mice dying during treat-
ment were examined as described below. At the end of the 7-week
treatment period, some survivors were challenged with RH strain
parasites to examine the effect of corticoids on acquired immunity,
and the remaining mice were killed by asphyxiation in chloroform for
further examination. Each animal was weighed and brain and spleen



removed. Brain tissue homogenates were prepared for cyst enumera-
tion. If histology was to be performed, brains were divided in halves;
one half was homogenized, while the other was fixed in 9% formalin
and paraftin-embedded, and 5 pm sections stained with haematoxylin-
eosin. The relative spleen size determined as the spleen mass
(mg)/ BM (g) ratio and total splenocyte numbers were both taken as
parameters of immune activation / suppression. Thus, the spleens
were weighed, and single cell suspensions made for enumeration of
nucleated cells. The experiments were performed at least twice, and
the results shown represent their cumulative results, unless specified
otherwise.

Statistics

Survival of mice on different drug regimens was evaluated by the
Kaplan-Meier product limit method. The difference between the
curves obtained was analysed by the Peto and Peto Wilcoxon test.
Differences in the cyst numbers, relative spleen sizes and total spleen
cell counts between groups were examined by Student’s t test. The
level of statistical significance was 0.05.

RESULTS

Mice with established chronic toxoplasmosis were
treated with DXM alone or combined with CA over a
period of 7 weeks. Two control groups were included,
comprising chronically infected untreated mice, and
uninfected mice treated with DXM. All infected un-
treated mice survived. Treated animals, irrespective of
whether infected or not, began exhibiting signs of gen-
eral weakness and loss of subcutaneous adipose tissue
as early as in the second week of treatment. In addition
to general signs, some infected animals developed neu-
rological signs compatible with the clinical presentation
of TE. Mortality began after 2 weeks of treatment and
continued throughout the treatment period. DXM and
DXM+CA treatment resulted in 61.1% and 85% mortal-
ity, respectively. However, there was a 33% mortality in
the control group of uninfected mice treated with DXM.
Analysis of the estimated probabilities of survival is
shown in Fig. 1. Both DXM and DXM+CA treatment
significantly increased mortality, as compared to infected
untreated mice (P=0.0002 and P<10*, respectively), and
to uninfected DXM-treated mice (P=0.043 and P=0.001,
respectively). Between the treatment groups, although
DXM+CA treatment resulted in higher mortality, the
difference in survival was not significant (P>0.05).

Evidence that corticoid drug treatment was actually
immunosuppressive for treated mice was obtained by
calculation of the spleen/BM ratios (Fig. 2a) and enu-
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meration of spleen cells (Fig. 2b) at the time of death or
at the end of the 7-week treatment period. Chronic
infection was associated with significant spleen enlarge-
ment (P=0.0004) and marked increase in the number of
splenocytes (P=0.0072) as compared to healthy con-
trols. In contrast, in infected mice which received corti-
coids, both parameters were dramatically lower than in
infected untreated mice (P<10) and also than in healthy
mice (P<10*). Between treatment groups, relative spleen
size and cellularity were both lower, although insignifi-
cantly (P>0.05), in mice on the combined drugs than in
mice treated with DXM alone.

To examine the effect of corticoid treatment on
established protective immunity to 7. gondii, groups of
DXM-treated 7-week survivors were challenged with
10? tachyzoites of the RH strain of 7. gondii. Infection
with this strain, irrespective of the inoculum size, is
invariably lethal for non-immunized mice. Groups of
uninfected untreated mice, uninfected DXM-treated mice,
and chronically infected untreated mice, were all in-
cluded as controls. Uninfected untreated animals all
succumbed to acute infection by day 11, as expected,
and survival of uninfected treated mice was slightly
lower (P=0.052) (Fig. 3). In contrast, mice with estab-
lished chronic infection which received immunosuppres-
sive treatment survived better than uninfected untreated
controls (P=0.008), but less well than chronically in-
fected untreated mice (P=0.038) of which, expectedly,
most were protected against challenge. Evidence that
these mice died of toxoplasmosis was provided by
demonstration of masses of extracellular 7. gondii
tachyzoites in their peritoneal fluids.

In treated mice, the mean brain cysts counts were
2-9-fold increased as compared to those in chronically
infected untreated mice killed at the end of the experi-
ment (Fig. 4). However, the numbers of cysts in these
chronically infected untreated controls varied greatly
between different experiments (130 + 122 in Expt 1 and
884 + 748 in Expt 2). Thus, the results were analysed for
each experiment separately. Compared to the cyst counts
in untreated mice, despite the broad ranges in the
numbers of cysts within each group, the increase was
significant in mice on DXM treatment in the first (P=0.05),
as well as in mice on DXM+CA treatment in either
experiment (P=0.013 and P=0.016, respectively). It should
be noted that in corticoid drug-treated mice, the cysts
varied in size and quality; thus, there were large cysts
containing numerous bradyzoites, as well as many small
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cysts; some appeared normal while others were partly
destroyed and/or degenerate. Similar as with other pa-
rameters, the numbers of cysts did not vary significantly
between the treatment groups (P>0.05).

Most importantly, clinical reactivation manifested by
decreased activity and tottering walk followed within
days by chemiparesis and paralysis, developed, as men-
tioned above, in 8 of 56 (14.2%) mice on both treatment
regimens. Evidence for these clinical observations was
obtained by pathohistological analysis of brain sections
of representative mice, which, in addition to brain cysts,
showed perivascular and meningeal infiltration consis-
tent with the diagnosis of meningoencephalitis (Fig. 5),
despite the anti-inflammatory activity of corticoids. All
animals which developed TE, died within days after the
appearance of clinical signs, and their survival was
significantly (P=0.009) shorter than that of treated mice
without clinically evident TE (Fig. 6). On the other hand,
treated mice not exhibiting neurological signs died more
rapidly than uninfected DXM-treated mice (P=0.01).
Furthermore, both spleen / BM ratios and splenocyte
numbers in the TE mice (3.65 and 1.52x107, respec-
tively) were lower, although insignificantly (P=0.32 and
P=0.21, respectively), than in mice which did not exhibit
neurological signs (3.98 and 2.08x107, respectively).
Brain cyst burdens, both per experiment (Fig. 7) and
cumulatively, were greatly (6-fold) increased compared
with treated mice, which did not develop TE (P<10*),
and (up to 27-fold) compared with chronically infected
untreated mice (P<10). The effect of the combined
corticoid treatment was more rapid since mice on
DXM+CA treatment exhibited clinical reactivation ear-
lier during the course of treatment and died after a mean
period of 18.3 days as compared to the mean survival of
29.2 days of mice treated with DXM alone.

DISCUSSION

The results presented demonstrate reactivation of
previously latent murine 7. gondii infection induced by
7-week-long administration of corticosteroid drugs DXM
and CA. High mortality of treated animals was associ-
ated with increased brain cyst burdens and markedly
lowered spleen size and cellularity, as compared to both
healthy and infected untreated mice. Furthermore, clini-
cal disease with typical locomotor signs of cerebral
toxoplasmosis was demonstrated in 14.2% of the treated
animals, associated with slightly deeper immunosuppres-

sion but significantly shorter survival and greatly in-
creased (by 6-fold) brain cyst burdens compared with
treated animals which did not exhibit TE. Since our work
did not include a detailed histological study and histologi-
cal sections were used merely for demonstration of
encephalitis in evidently ill animals, it is possible that
histologically demonstrable encephalitis existed in more
treated animals. However, infected treated mice not
displaying TE survived significantly shorter than
uninfected treated mice, which suggests that neurologi-
cal signs do not necessarily accompany death due to
T gondii reactivation. A parallel may be made with
immunosuppressed humans, in which subclinical reacti-
vation is more frequent than overt disease in transplant
patients (Dérouin et al. 1987, Gallino et al. 1996).

The effect of corticoid drugs on acquired immunity in
infected treated animals was shown by challenge with
the RH strain of 7 gondii. Between groups of mice with
established chronic infection, a more detrimental effect
of challenge infection in corticoid-treated mice than in
those untreated, indicates impairment of protective im-
munity by corticoids. These findings are similar to those
of Johnson et al. (1995), who showed that among mice
immunized with a vaccine (ts-4) strain, RH challenge
was less well tolerated by mice which received sublethal
irradiation than by those which did not. Although we did
not analyse the immunological mechanisms underlying
impairment of acquired immunity by corticoids, the de-
crease in the numbers of CD4+ and CD8+ T cells shown
to be induced by irradiation is plausible in our model too
since general cellularity was greatly diminished.

The described model imitates the natural course of
reactivation of 7. gondii infection in man in that mice
were infected with cysts of a type-2 strain responsible
for most cases of human TE (Howe and Sibley 1995),
using the peroral route which is the major route of human
infection (Dubey and Beattie 1988). After the chronic
infection was established, corticosteroid drugs often
used in human therapy induced immunosuppression.
Mice belong to a steroid sensitive species, and corticos-
teroids have long been known to cause destruction of
murine lymphoid tissues, resulting in lymphocytopenia,
monocytopenia, and shrinkage of the spleen (Antopol
1950). In addition, immunosuppression of mice by DXM
has been reported to induce release of parasites from
preexisting cysts and new cyst formation as early as
after 6-12 days of administration (Odaert et al. 1996).
Both regimens we used, DXM alone and combined with
CA, induced significant immunosuppression and subse-



quent reactivation of the parasite in infected animals, but
the effect of the combined treatment was greater,
although not significantly, than the effect of DXM alone.
While CA alone had just a mild effect, as shown by
Sumuyen et al. (1996) and in our preliminary experi-
ments, this study shows it potentiates the effect of DXM
when the 2 are combined. However, it should be noted
that a prolonged course of DXM itself causes consider-
able toxicity, since administration during 7 weeks re-
sulted in death of one third of healthy control mice.
These animals were progressively loosing weight and
died with signs of general weakness. The discrepancy
between our findings and those of Nicoll et al. (1997),
who did not observe mortality with a prolonged admin-
istration of DXM even at a dose as high as 8 mg/L, is
difficult to explain unless Swiss Webster mice are more
susceptible to negative effects of DXM than the Porton
mice used in their study.

The reproducibility of our model has been examined
in repeated experiments yielding similar results. While
parameters of immune activation varied little between
experiments, the major difference was the baseline level
of cysts formed in mouse brains following inoculation of
cysts, obviously reflecting variations in the initial cyst
content; this may vary between a few and several
hundreds (Dubey 1997). However, such broad ranges
are common in Swiss Webster mice after inoculation of
even a controlled number of bradyzoites (Dubey 1997).
On the other hand, the broad range of the numbers of
cysts induced by treatment (wide standard deviations in
Fig. 4) is easily explained since the data shown included
all treated animals of which those that developed TE
harbored dramatically greater cyst burdens. Hence, we
chose to work with intact tissue cysts as the source of
natural infection.

The presented model is simple to perform and to
interpret since it does not include as many variables as
coinfection models (Lacroix et al. 1996), and is not as
requiring in terms of precautionary measures nor as
costly as work with nude or SCID mice. In addition to
the potential use of this model in studies of the patho-
genic mechanisms of recrudescence of chronic toxo-
plasmosis, its simplicity and reproducibility recommend it
particularly for the evaluation of chemotherapeutics, for
which it is currently being used in our laboratory.
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Morphological Redescription and Morphogenesis of the Marine Ciliate,
Pseudokeronopsis rubra (Ciliophora: Hypotrichida)

Xiaozhong HU and Weibo SONG

Laboratory of Protozoology, Ocean University of Qingdao, Qingdao, P. R. China

Summary. The morphology and morphogenesis of the marine ciliate, Pseudokeronopsis rubra (Ehrenberg, 1838) isolated from shrimp
culturing water of Qingdao (Tsingtao, China), are investigated using protargol silver impregnation. The Qingdao population presents the
following characteristics: body slim and reddish, size in vivo 160-200 x 24-40 um, with longitudinal furrow on the ventral side; brick-red
pigments constituting rosettes on dorsal side and ventral arrays along the base of cirri; blood cell-like cortical granules throughout the
endoplasm. AZM consisting of 46-60 membranelles; long midventral row with 30 pairs of cirri on average; 2-4 transverse cirri and 4-6 dorsal
kineties. The overall pattern of the morphogenetic events resembles the other populations described previously: in the opisthe new basal
bodies originate close to intact left midventral cirri; the adoral membranelles primordia (AMP), undulating membranes anlagen (UMA) and
fronto-midventral-cirral anlagen (FMA) develop from the growing anarchic primordium. In the proter, the AMP and UMA generate de novo
on the surface of the buccal cavity. The FMA originate apokinetally to the right of the parental paroral membrane. The UMA generate the
first frontal cirrus, PM and EM in both daughter cells as in other hypotrichs. The AMP, UMA and FMA develop in a usual way as in
other urostylids. Marginal cirral rows and dorsal kineties occur within the parental structures. The numerous macronuclear segments divide
without prior fusion. Reorganization corresponds to the divisional processes in the opisthe. The most remarkable feature is that the old
structures do not participate in the formation of the new organelles.

Key words: Hypotrichida, marine ciliate, morphology, morphogenesis, Pseudokeronopsis rubra.

INTRODUCTION most debatable species though many studies using mod-

ern methods have been carried out (Ehrenberg 1835 a,

The genus Pseudokeronopsis is commonly found in
all different habitats with mostly overlapping characters
(cell color, size and infraciliature), which gives rise to
great confusion for species identification. Among this
genus, the marine form, P. rubra is likely one of the

Address for correspondence: Weibo Song, Laboratory of
Protozoology, Ocean University of Qingdao, Qingdao 266003, P. R.
China; Fax: +86 532 203 2283; E-mail: wsong@ouqd.edu.cn

b; Borror 1972, 1979; Borror and Wicklow 1983; Foissner
1984; Wirnsberger et al. 1987). Moreover, according to
the data obtained, all known Pseudokeronopsis studied
share similar morphogenetic characters (Wallengren 1901,
Morgan 1926, Rithmekorf 1935, Borror 1972, Ruthmann
1972, Wirnsberger 1987, Mihailowitsch and Wilbert 1990).
However, the complete morphogenetic process including
the development of new ciliature in daughters and the
evolution of macronuclear segments is still lacking.



108 Xiaozhong Hu and Weibo Song

The present study gives the results based on the
Qingdao population of P. rubra, in order to provide some
new characters for a solid redefinition of these “well-
known” ciliates at morphological and morphogenetic
level.

MATERIALS AND METHODS

Samples were isolated from a shrimp culturing water in Qingdao
(Tsingtao, 36°08’N; 120°43’E), China. Water salinity was about
12%o, water temperature about 20°C and pH ca 8.0. Specimens were
cultured in boiled seawater to which squeezed rice grains were added.

The infraciliature was revealed with the protargol staining method
according to Wilbert (1975). All drawings were made at a magnifica-
tion of x125 with the help of camera Lucida. For clarity, in the
morphogenetic stages, the parental structures were showed by out-
line, whereas the new ones were shaded. The terminology was ac-
cording to Hemberger (1982) and Wirnsberger (1987).

RESULTS

Morphological redescription of the Qingdao
population of Pseudokeronopsis rubra (Figs.la-i,
4-10; Table 1)

Body slender, intensively contractile and highly flex-
ible, size in vivo about 160-200 x 24-40 pm. Right and
left edges are slightly convex, anterior end bluntly round,
while posterior end often spoon-like. One conspicuous
longitudinal furrow present along the middle of the cell at
the ventral side. Dorsoventrally flattened (Fig.1c). Cor-
tex reddish (under low magnification), with underlying
brick-red pigment (<0.5 pm in diameter), which are
grouped along the cirral rows (Fig. 1b) and dorsal
kineties (about 6-10 granules comprise one rosette around
the cilia) (Figs. 4-6); cortical granules about 1-2 um in
diameter, blood cell shaped (Fig. 1d, arrowheads). Nu-
merous macronuclear segments, spherical to ovoid, dis-
tributed throughout the whole cell. Cytoplasm relatively
transparent, containing several food vacuoles. Move-
ment slowly. Conjugation was frequently observed under
cultural condition.

Adoral zone of membranelles (AZM) consisting of
46-60 membranelles, usually like a question mark ex-
tending onto right-ventral side, about 1/3-1/4 of body
length, apical membranelles ca 15 pm long. Buccal field
narrowed and strongly deepened; pharyngeal fibers con-
spicuous; paroral membrane rather shorter than endoral
one. Bicorona consists of about 7 anterior, slightly en-

larged frontal cirri and 5-6 posterior ones. Constantly
one buccal and two frontoterminal cirri (Fig.le, arrow-
head); midventral rows consisting of 49-77 cirri, located
at ventral concaved furrow (Fig. 1¢), cirri about 7-8 um
long; 2-4 transverse cirri about 15 um in length each,
protruding out of posterior edge.

Marginal rows posteriorly unconfluent, cirri 8§ um
long, bases composed of 2 basal body rows; 4-6 dorsal
kineties, each as long as the body; dorsal cilia about 3 um
long.

Divisional morphogenesis of Pseudokeronopsis
rubra (Figs.1j-1; 2a-h; 3a, b; 11; 14-16)

Marginal cirri and dorsal kineties develop in a usual
way, of which the anlagen appear within old structures
and stretch toward both sides to replace the old struc-
tures (Figs. 2b-h; 3a, b)

1. Stomatogenesis and development of the somatic
ciliature in the opisthe

Stomatogenesis commences with the forming of small
groups of basal bodies very close to several left midventral
cirri. With the proliferation of basal bodies, these groups
join to make a longish field, which is the anarchic
primordium (AP) of the opisthe (Fig.1j). During the
process, the left midventral cirri remain intact. When the
adoral membranelles of the opisthe organize in a poste-
riad direction in adoral membranelles primordia (AMP,
as shown in Figs.1k, 1), several oblique streaks appear at
the right-anterior position of AP, which is fronto-midventral
cirral anlagen (FMA, arrows; Figs. 1k, I; 2a); later,
undulating membranes anlagen (UMA) separate to the
right of the remaining primordia (Fig. 2a, arrow). At the
present three parts join together at the posterior portion
(Figs. 2a, b). Soon, they depart one another and develop
into new structures. With the number of adoral
membranelles increasing in AMP, a single frontal cirrus
derives from UMA and the remaining of UMA splits
longitudinally to make undulating membranes (PM, EM)
(Figs. 2b, d; arrows); meanwhile, each streak of FMA
divides into 2 segments (cirri) except for the posterior 4
streaks (3 or 4 segments/cirri) (Figs. 2d, e): the posterior
cirrus from the first streak move to PM to be buccal
cirrus (Figs. 2e, g; long arrows); the anterior two cirri
from the last streak will migrate anteriad to be FTC
(Figs. 2g, arrowheads; 3a, arrow); each of the posterior
2-4 streak contributes one cirrus (TC) to the daughter
cell; the remaining new cirri are to be FC and MVC.



Morphology and morphogenesis of Pseudokeronopsis rubra 109

08T 2

B 36%

0o, o

FEESCIRY

ERY
LT L W P

60 pm ’

A R

Figs. 1 a-1. Morphology and early stages of morphogenesis in Pseudokeronopsis rubra from living observation (a-d) and after protargol
impregnated specimens (e-1); a -ventral view in vivo; b - showing the arrangement of pigments near cirri; ¢ - transverse section; d - portion of
dorsal view, indicating dorsal cilia, pigments and cortical granules (arrowheads); e, f - ventral and dorsal views of the same individual, arrowhead
showing FTC; g, h - ventral and dorsal views of the same cell; i - ventral view; j - ventral view; arrowhead indicating dedifferentiating of old
AZM, short arrows marking FMA in the proter; k - ventral view, long arrow showing FMA in the opisthe, short arrows marking FMA in the
proter, arrowheads indicating AMP in the proter; 1 - ventral view, long arrow showing FMA in the opisthe, arrowheads indicating AMP in the

proter, AM - adoral membranelles, AMP - adoral membranelles primordium, AP - anarchic primordium, AZM - adoral zone of membranelles,
FMA - frontomidventral cirral anlagen, FTC - frontoterminal cirri
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Table 1. Morphometrical data of Pseudokeronopsis rubra. Three populations are respectively according to author (first line) and Wirnsberger
et. al. (1986) (second and third line). Data are based on protargol-impregnated specimens. Measurements in pm. CV - coefficient of variation
in %; Max - maximum; Min - minimum; n - number of individuals examined; SD - standard deviation; SE - standard error of mean;
Mean - arithmetic mean

Character Min Max Mean SD SE (0\% n
Body length 124 264 180.7 37.51 8.19 20.8 21
140 189 171.8 12.50 3.20 73 15
159 220 189.5 17.10 4.40 9.4 15
Body width 32 64 50.8 8.15 1.86 16.0 19
24 41 30.5 4.40 1.10 14.4 15
37 63 50.4 8.40 2.20 16.7 15
Buccal field length 51 76 62.2 7.23 1.62 11.6 20
48 57 52.0 2.90 0.70 5.6 15
57 80 62.7 6.20 1.60 9.9 15
Adoral membranelles, No. 46 60 51.6 3.72 0.83 7.2 20
50 65 58.0 3.90 1.00 6.7 15
66 92 78.1 7.10 1.80 9.1 15
Anterior frontal cirri, No. 11* 14* 12.6%* 1.07* 0.24* 8.4% 19%*
6 10 8.1 1.00 0.30 12.8 15
5 12 8.5 2.60 0.70 31.2 15
Posterior frontal cirri, No. - - - - - - -
4 7 5.6 1.00 0.20 17.5 15
5 13 7.7 2.10 0.60 27.9 15
Frontoterminal cirri, No. 2 2 2 0 0 0 20
Midventral cirri, No. 49%* TT** 61.6%* 8.28** 2.07%* 13.4%* 16**
2H** 47H** 36.7*** 5.20%** 1.30%%* 14.2%%* 15%%*
Buccal cirrus, No. 1 1 1 0 0 0 21
Left marginal cirri, No. 45 62 52.7 5.19 1.26 9.9 17
57 82 72.0 7.10 1.80 9.8 15
48 71 62.0 6.40 1.60 10.2 15
Right marginal cirri, No. 48 67 57.9 4.64 1.13 8.0 17
59 95 79.0 9.10 2.30 11.5 15
45 73 63.6 7.80 2.00 12.2 15
Transverse cirri, No. 2 4 3.1 0.62 0.15 19.8 16
6 9 7.2 0.90 0.20 13.0 15
4 9 7.1 1.50 0.40 21.7 15
Dorsal kineties, No. 4 7 5.1 0.72 0.18 14.0 16
5 8 6.3 - - - 15
5 8 6.4 - - - 15

* including posterior frontal cirri

** including right midventral cirri

**%* referring to number of pairs of midventral cirri
- not available

2. Stomatogenesis and development of the somatic
ciliature in the proter

Just as appearing of AP in the opisthe, groups of basal
bodies developed independently on the surface and to
the right of the buccal cavity and behind buccal fields
(Figs. 1j, k; short arrows); meanwhile, the posterior

adoral membranelles begin to dedifferentiate in an anteriad
direction (Fig. 1j, arrowhead). Lately, with the prolifera-
tion of basal bodies, a longish field forms, which will
develop into FMA (Fig. 2a); at the same time, an
anarchic field occur on the surface of buccal cavity and
to the left of the endoral membrane (Figs.1k, 1, arrow-
heads; 2a). With the joining of new basal bodies in the
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a - ventral view with

¢ - ventral and dorsal views of the same individual,

arrows showing the first frontal cirrus from UMA; d - ventral view, arrows showing the first frontal cirrus from UMA; e, f - ventral and dorsal

views of the same cell, arrows showing buccal cirri in both dividers; g, h - ventral and dorsal views of the same individual.

h. Middle and late stages of morphogenesis in Pseudokeronopsis rubra from protargol impregnated specimens;
arrows showing FMA, arrowheads indicating UMA; b,

partial macronuclear segments,

Figs. 2a-

long arrows indicating

]

buccal cirrus, arrowheads showing the migration of cirri, short arrows marking additional cirri (probably to be absorbed lately). FMA -

frontoterminal cirral anlagen, UMA - undulating membranes anlagen
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Figs. 3a-d. The daughter cell and regenerative stages of Pseudokeronopsis rubra. a, b - ventral and dorsal views of the same daughter cell, arrow
showing FTC; ¢, d - different regenerative stages, arrows showing micronuclei. FTC - frontoterminal cirri

anarchic field, the new adoral membranelles gradually
organize in a posteriad direction (Figs. 2b, d); simulta-
neously, UMA detaches and generates frontal cirrus at
its anterior end (Figs. 2b, d; short arrow). As in the
opisthe, FMA develop into FC, BC, MVC and TC
(Figs. 2b, d, e, g).

3. Evolution of nuclear apparatus

In the process of evolution of macronuclei, a striking
feature was apparently observed that the numerous
(more than 100) macronuclear segments divide without
prior fusion as in the description of Wirnsberger (1987).
The micronuclei behave like those of other hypotrichs.

Reorganization morphogenesis (Figs. 3¢, d)

Physiological regeneration normally takes place in
well-fed cultures. Regenerator possesses only one set of
primordium, which develops in the same way as in the
opisthe, as showing in Figs. 3c, d and Figs. 12, 13.
However, the old adoral membranelles dedifferentiate
and the old undulating membranes are reabsorbed. Now,
it is uncertain that the basal bodies from the old AZM join
in the forming of new adoral membranelles in reorgani-

zation, but the new adoral membranelles replace the old
AZM completely.

DISCUSSION AND CONCLUSION

Pseudokeronopsis remains one of the most com-
pound taxa because of the overlapping of many morpho-
logical characters, including body form, cell color and the
wide range of variation of the dorsal kineties (Foissner
1982, Wirnsberger ef al. 1987).

According to the descriptions by Foissner (1984),
Borror and Wicklow (1983) and Wirnsberger et al.
(1987), we identified our form mainly because of slender
body form, brick-red pigment and long midventral row.
But Qingdao-population differs from other populations
described previously in the presence of blood cell-like
cortical granules and the low number of TC and DK
(Table 1).

The color of the cell is still an arguable feature: e.g.,
at low magnification, cells seem dark red (or red-
brown?), but the cortical granules at high magnification
are only reddish. So it is evidently a character which is
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Figs. 4-16. Micrographs of morphology, morphogenesis and reorganization in Pseudokeronopsis rubra. 4 - anterior view, showing undulating
membranes; 5 - portion of dorsal view, marking rosettes and cortical granules; 6 - posterior view, indicating pigments arrays along the base of
cirri; 7, 8 - ventral views of different cells, showing infraciliature; 9 - ventral view in the anterior area of the same individual as in Fig. 7, showing
oral apparatus; 10 - ventral view in the posterior region of the same individual as in Fig. 7, arrow marking transverse cirri; 11 - ventral view of
amiddle stage in morphogenesis, showing the forming of both AZM and new cirri; 12, 13 - showing ventral views of two reorganization stages;

14-16 - early stages of morphogenesis, indicating the development of AP and the dedifferentiating of the old AZM
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highly dependent on the author’s observations and de-
scription, i.e. it is likely less reliable than respected for
species identifications.

Another thing resulting in confusion is the number of
DK. In most hypotrichs, the number of DK is rather
constant but Pseudokeronopsis seems to be very vari-
able even within the same population (Table 1), which
probably indicates a strong generic and ecological radia-
tion of this taxon (Wirnsberger et al. 1987). We agree
with Wirnsberger et al. (1987) that the population stud-
ied by Foissner (1984) could be P. carnea rather than
P. rubra because of low number of midventral cirri and
orange-red color.

While in divisional morphogenesis, the Qingdao popu-
lation of P. rubra exhibits the following characteristics:

(1) Complete replacement of the old AZM in the
proter by newly-built structures, as described in
P carnea, P. rubra, P. ignea by Wallengren (1901),
Wirnsberger (1987) and Mihailowitsch and Wilbert (1990)
respectively.

(2) Independent occurring of FMA and AMP
(Wirnsberger 1987), unlike that in P. carnea, P. pulchra
and P. ignea, in which FMA and AMP join together
posteriorly.

(3) The joined sets of primordia in the opisthe, which
is in accordance with observation in the opisthe of
P. rubra by Wirnsberger (1987).

(4) A peculiar dividing behavior of the macronuclei,
like in other congeners, a few haptorids, a scuticociliate
and the heterotrich genus Protocruzia (Raikov 1982), in
which the macronuclear segments will not confuse into
a spherical macronucleus before asexual division. Ac-
cording to Raikov (1982), this character is probably very
important in evolution (Wirnsberger 1987). However, the
whole morphogenetic process distinctly shows the par-
tial confusion of macronuclear segments before
cytogenesis, which seems to signify some kind of phylo-
genetic relationship among urostylid genus.

(5) The parental basal bodies do not participate in the
forming of ciliary structures of daughter cells, which is
confirmed by Wirnsberger (1987) and different from
other urostylids, in which fronto-ventral-transverse cirri
originate from left or right midventral cirri or from buccal
and/or frontal cirri (Jerka-Dziadosz 1972, Jerka-Dziadosz
and Janus 1972, Borror 1972, Wicklow 1981, Martin et
al. 1981, Hemberger 1982, Wiackowski 1985, Hu et al.
2000). The phenomenon of the non-involvement of the
buccal cirrus is also known in the Stylonychia mytilus
complex and Kerona polymorphum (Hemberger 1982,
Hemberger and Wilbert 1982, Wirnsberger ef al. 1986).
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Presence of Myxosporidea (Myxozoa: Myxosporea) of the Genus Henneguya
Thelohan, 1892 in Freshwater Fishes from Chad (Central Africa)

Boguyana KOSTOINGUE, Cheikhna DIEBAKATE, Ngor FAYE and Bhen Sikina TOGUEBAYE

Laboratory of Parasitology, Department of Animal Biology, Faculty of Sciences and Technologies, University C. A. DIOP of Dakar,

Dakar, Senegal

Summary. Examination of some freshwater fishes from Chari and Logone rivers of Chad (Central Africa) revealed the presence of
Myxosporidea species of the genus Henneguya Thelohan, 1892. They are: H. auchenoglanii sp. n. in Auchenoglanis occidentalis
(Valenciennes, 1840) (Bagridae), H. logonensis sp. n. in Citharinus citharus (Geoffroy Saint-Hilaire, 1809) (Citharinidae), H. mailaoensis
sp. n. in Mormyrus cashive (Linné, 1784) (Mormyridae), H. massii sp. n. in Lates niloticus (Linné, 1762) (Centropomidae), H. mormyri
sp. n. in Mormyrus cashive (Linné, 1784) (Mormyridae) and H. branchialis Ashmawy, Abu-Elwafa, Imam and El-Otifi, 1989 in Clarias
anguilaris (Linné, 1758) (Clariidae). All these species infected the gill filaments of their hosts and formed cysts.

Key words: Central Africa, Chad, freshwater fishes, Henneguya auchenoglanii sp. n., Henneguya logonensis sp. n., Henneguya mailaoensis
sp. n., Henneguya massii sp. n., Henneguya mormyri sp. n., Henneguya species, Myxosporidea.

INTRODUCTION

Myxosporidea are frequently described in fish and
have an importance in ichtyopathology (Sakiti et al.
1990, 1996; Diamant 1992; Lom and Dykova 1992;
Fomena et al. 1993; Voronin and Chernysheva 1993;
Eiras 1994). In Africa, about 135 species of these
parasites are currently known to infect freshwater,
brackish and marine fishes (Bahri and Marques 1996;
Kpatcha et al. 1996a, 1996b, 1997, 1999; Fomena and

Address for correspondence: Bhen S. Toguebaye, Department
of Animal Biology, Faculty of Sciences and Technologies, Univer-
sity C. A. DIOP of Dakar, Dakar, Senegal; Fax: (221) 825 2529 or
824 63 18; E-mail: parasito@ucad.refer.sn

Bouix 1997; Fall et al. 1997; Kabre et al. 1997,
Kostoingue et al. 1998, 1999; Diebakate et al. 1999;
Faye et al. 1999; Sakiti et al. 1999). Up to date, amongst
these species, only 13 Henneguya Thelohan, 1892 are
described in freshwater fishes. In the present paper, we
described new Henneguya species found during our
investigations in freshwater fishes from Chad (Central
Africa).

MATERIALS AND METHODS

The fishes studied were collected from Logone and Chari rivers
near Ndjamena (Chad). These fishes belong to the genera
Auchenoglanis, Citharinus, Lates, Mormyrus and Clarias. All mea-
surements based on more twenty fresh spores, were made with an
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eyepiece micrometer. Permanent preparations were fixed with metha-
nol and stained with Giemsa. For scanning electron microscopy,
spores were fixed with glutaraldehyde, dehydrated in ethanol, critical
point dried and examined with a JEOL 35 CF scanning electron
microscope.

RESULTS

The characteristics of Henneguya species found in
freshwater fishes are as follows:

Henneguya auchenoglanii sp. n.

Type host: Auchenoglanis occidentalis (Valen-
ciennes, 1840) (Bagridae).

Site of infection: primary gill lamellae.

Type locality: Chari River.

Prevalence: 36,8 % (21/57).

Type specimen: one slide deposited in the parasito-
logical collection (N° Myx0-093), Department of Animal
Biology, Faculty of Sciences and Technologies, Univer-
sity C.A. DIOP of Dakar, Senegal.

Etymology: the specific name is given after the
generic name of the host.

Description: cysts were ovoid, and their length was
1 to 1.5 mm. They were located at the base of primary
gill lamellae. The spore body (Figs. 1, 8) was lanceolate,
elongated and measured 12.0 £0.40 (11-13)x3.2+0.14
(3-4) pum. The two tails were always fused and their
length was 39.42 &+ 0.8 (37-40). The total length of the
spore was 56.4 =+ 0.9 (52-58) um. The two polar
capsules were pyriform, elongated and of equal size:
6.3£0.1(6-7)x2.1£0.1(2-3) um. Their polar filament
was not apparent. The sporoplasm was finely granular.

Discussion: up to date, 13 species of Henneguya
have been previously described in freshwater fishes
from Africa (Fomena and Bouix 1997, Kabre et al. 1997,
Kostoingue et al. 1999). These species are mentioned in
the Table 1. It appeared that by the length of its spore,
the present species is only similar to H. fusiformis, but
it is distinct from this species by the length and shape of
its spore body. Therefore, we consider it as a new
species and name it Henneguya auchenoglanii sp. n.
to remember the generic name of its type host.

Henneguya logonensis sp. n.

Type host: Citharinus citharus (Geoffroy) (Saint-
Hilaire, 1809) (Citharinidae).

Site of infection: primary gill lamellae.

Type locality: Logone River.

Prevalence: 25.8 % (16/32).

Type specimen: one slide deposited in the parasito-
logical collection (N° Myx0-094), Department of Animal
Biology, Faculty of Sciences and Technologies, Univer-
sity C.A. Diop of Dakar, Senegal.

Etymology: the specific name relates to its type
locality.

Description: cysts were ovoid, located on primary gill
lamellae and their length was 0.5 to 1.5 mm. Spore body
(Figs. 2, 7, 9) was oval with attenuated anterior end; its
length and width was 12.03 = 0.1 (11-13) x 3.2 £ 0,09
(3-4) um. The length of caudal appendages was 22.5 +
0.4 (20-25) pm and the total length of the spore was
34.6+0.9 (33-37) um. The polar capsules were pyriform
and of unequal size. The big polar capsule measured
3.7+0.09 (3-4) x 1.6 £ 0.09 (1-2) um and the smaller
measured 2.2 + 0.08 (2-3) x 1.4 + 0.09(1-2) um. The
polar filaments were not apparent and the sporoplasm
was finely granular.

Discussion: amongst the Henneguya described
in freshwater fishes from Africa, only spores of
H. nyongensis and H. clariae resemble those of the
present species by their morphology. However,
H. nyongensis is distinct by the length of its polar
capsule and H. clariae by the total length of its spores
(Table 1). For these reasons, we think that the present
species is new and we name it Henneguya logonensis
sp. n. to remember the river where it was first found.

Henneguya mailaoensis sp. n.

Type host: Mormyrus cashive (Linné, 1784)
(Mormyridae).

Site of infection: primary gill lamellae.

Type locality: Chari River.

Prevalence: 13.3 % (12/90).

Type specimen: one slide deposited in the Parasito-
logical collection (N° Myx0-095), Department of Animal
Biology, Faculty of Sciences and Technologies, Univer-
sity C.A. DIOP of Dakar, Senegal.

Etymology: the specific name is given after one
village of Chad.

Description: cysts where ovoid, fixed on the primary
gill lamellae and measured 0.5 to 1.5 mm. The spore
body (Figs. 3, 10) was lanceolate, elongated and mea-
sured 17.6 £ 0.4 (15-18) x 5.7 + 0.1 (5-6) um. The two
polar capsules were pyriform and equal size: 5.9 + 0.33
(5-7)x2.2+0.09 (2-3) pm. Their polar filament was not
apparent. The two caudal appendages were equal, sepa-
rated from their base and had 44.5 = 1.07 (41-46) um in
length. The total length of the spore was 61.7 = 1.3
(58-63) um.
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Figs. 1-7. Mature spores: 1 - Henneguya auchenoglanii sp. n. stained with Giemsa (x 1800); 2 - Henneguya logonensis sp. n. stained with
Giemsa (x 1800); 3 - living Henneguya mailaoensis sp. n. (x 1800); 4 - living Henneguya massii sp. n. (x 1800); 5 - living Henneguya mormyri
sp. n. (x 1800); 6 - living Henneguya branchialis (x 1800); 7 - Henneguya logonensis sp. n. in scanning electron microscope (x 5500)

Figs. 8-13. Line drawing of mature spores: 8 - Henneguya auchenoglanii sp. n.; 9 - Henneguya logonensis sp. n.; 10 - Henneguya mailaoensis
sp. n.; 11 - Henneguya massii sp. n., 12 - Henneguya mormyri sp. n.; 13 - Henneguya branchialis. Scale bar - 5 pm



Table 1. Henneguya species previously described in freshwater fishes from Africa. All measures in pm

Species

Hosts

Characteristics of spores

Sites of infections

H. bopeleti
Fomena & Bouix, 1987

H. branchialis Ashmawy,
Abu-Elwafa, Imam &
El-Otifi, 1989

H. camerounensis
Fomena & Bouix, 1987

H. chrysichthyi
Obickezie &
Enyenihi, 1988

H. clariae Abolarin, 1971

H. ctenopomae
Fomena & Bouix, 1997

H. dini Kabre, Sakiti,

Marques & Sawadogo, 1997

Chrysichthys nigrodogitatus

Clarias lazera

Synondontis batesii,

Utropius multitoeniatus

Chrysichthys nigrodigitatus

Clarias lazera

Ctenopoma manum

Heterotis niloticus

Spore body: ovoid, 15-19 x 5.5-7;
polar capsules: pyriform, 7-9 x 1.5-2.5;
caudal appendages: fused, 22.5-32;
total length: 41-48

Spore body: anterior end pointed, 12.5-17.5 x 4.5-6.5;
polar capsules: pyriform; 6-8.5 x 1.5-3;

caudal appendages: separated, 15.5-23.5;

total length: 28-41

Spore body: ovoid, 9-11 x 4-5.5um,;
polar capsules: pyriform, 4.5-6.5 x 1-2;
caudal appendages: fused, 4-11.5;

total length: 13.5-21.5pm

Spore body: fusiform, 13.5-16 x 4.5-6.5;

polar capsules: unequal, pyriform, 4.5 -5.5 x 1-1.5
and 4-4.5 x 1.5-2;

caudal appendages: unequal;

total length: 27-32

Spore body: ovoid, 17.5-28.5 x 5.5-8.5;
polar capsules: pyriform, 5-13.5 x 2.5- 3.5;
caudal appendages: fused;

total length: 45-107

Spore body: ovoid, anterior end rounded, 13-17 x 8-10.5;

polar capsules: pyriform, 5-5.5 x 2-3;
caudal appendages: separated from their base, 2-10;
total length: 17-25 um

Spore body: elongated, 11-12 x 3-5;

polar capsules: pyriform, 3-4 x 1-1.5;

caudal appendages: separated from their base, 16-20;
total length: 27-32 um

Gills
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Gills, intestine

Gills

Gills

Gills

Gills

Gills




Table 1. (contd.)

H. fusiformis Kostoingue,
Fall, Faye & Toguebaye, 1999

H. laterocapsulata
Obiekezie & Schmahl, 1993

H. malapteruri
Fomena & Bouix, 1997

H. ntemensis
Fomena & Bouix, 1996

H. nyongensis
Fomena & Bouix, 1996

H. odzai Fomena &
Bouix, 1996

Clarias anguilaris

Clarias lazera and
Heterobranchus bidorsalis hybrid

Malapterurus electricus

Brienomyrus brachyistus

Marcusenius moorii

Marcusenius moorii

Spore body: fusiform, 29-33 x 5-7;

polar capsules: pyriform, one located behind the other, 5-6 x 3-4;

caudal appendages: separated, curved, 28-31;
total length: 59-61 um

Spore body: fusiform, 13.8-16 x 3.7-5.3;

polar capsules: pyriform to flask-shaped,

one displaced laterally, 4.1-5.3 x 2.2-3.0;

caudal appendages: separated, curved, 15.2-20.2
total length: 29.0-36.2

Spore body: ovoid, anterior end rounded, 14-18 x 8.3-11;
polar capsules: pyriform, 5-7.3 x 2.8-4;

caudal appendages: separated, presence of bulge

at the base, 24-36.5;

total length: 42-53

Spore body: ovoid, 9-12 x 7-9;

polar capsules: pyriform, 5-7 x 3-4;
caudal appendages: sometimes fused, 3-10;
total length: 12.5-17.5 um

Spore body: ovoid, anterior end pointed, 10-14 x 4.5-6.5;
polar capsules: pyriform, with neck-like structure, 5.5-7 x 2-3;
caudal appendages: filiform, separated from their base, 20-23.5;
total length: 30.5-36.5

Spore body: elongate, anterior end rounded, 13-16 x 3.5-4.5;
polar capsules: pyriform, 3-5 x 1-1.5;

caudal appendages: filiform, separated from their base, 15-21.5;
total length: 29-36.5

Gills

Body

Muscles and skin

Kidney, spleen,
gall-bladder wall

Gills, muscles

Gills
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Discussion: the morphology of some Henneguya
species described in freshwater fishes from Africa
resemble to that of the present species. It concerns:
H. auchenoglanii sp. n., H. branchialis, H. dini and
H. bopeleti (Table 1). However, all these four species
are too small. For this reason, we think that the species
described here is new and we name it Henneguya
mailaoensis sp. n. to remember one village of Chad.

Henneguya massii sp. n.

Type host: Lates niloticus (Linné, 1762) (Centhro-
pomidae).

Site of infection: primary gill lamellae.

Type locality: Chari River.

Prevalence: 4.4 % (3/67).

Type specimen: one slide deposited in the Parasito-
logical collection (N° Myx0-096), Department of Animal
Biology, Faculty of Sciences and Technologies, Univer-
sity C.A. DIOP of Dakar, Senegal.

Etymology: the name is given after the Professor
MASSI from the University of NDjamena (Chad).

Description: cysts were spherical, small (0,5-1 mm in
diameter) and numerous on the primary gill lamellae.
The spore body (Figs. 4, 11) was oval with rounded
anterior and attenuated posterior ends. It measured
83 £0.1 (8-9) x 5.6 0.1 (5-6) um. The two caudal
appendages were short, equal and well separated. They
measured 13.6 £0.3 (12-14) um. The two polar capsules
were pyriform, small and measured 2.8 £+ 0.09 (2-3) x
1.6 £ 0.05 (1-2) pm. The polar filaments were not
apparent. The sporoplasm, finely granular, contained two
typical nuclei when stained. The total length of spores
was 22.2 + 0.4 (20-23) pm.

Discussion: by its size, the present species is similar
to Henneguya ctenopomae (Table 1). But it differs
from this species by the length of its spore body and
caudal appendages (Table 1). Paperna (1973) has re-
ported Henneguya latesi in Lates albertianus from
Ouganda without data on this species. Thus, we cannot
compare it with our finding.

For all these reasons, we think that the present
species is new and name it Henneguya massii sp. n. in
honor to the Professor MASSI from University of Chad.

Henneguya mormyri sp. n.

Type host: Mormyrus cashive (Linné, 1784)
(Mormyridae).

Site of infection: primary gill lamellae.

Type locality: Chari River.

Prevalence: 10 % (6/60).

Type specimen: one slide deposited in the Parasito-
logical collection (N° Myx0-097), Department of Animal
Biology, Faculty of Sciences and Technologies, Univer-
sity C.A. DIOP of Dakar, Senegal.

Etymology: the name is given after the generic name
of the type host.

Description: this species formed in primary gill lamel-
lae numerous small and spherical cysts measuring 0.4 to
0.8 mm in diameter. The spore body (Figs. 5, 12) was
oval with a pointed anterior end and measured 8.4 +£0.09
(8-9)x4.5+0.09 (4-5) um. The two polar capsules were
pyriform, of equal size and measured 3.3 = 0.09 (3-4) x
1.9 £ 0.08 (1-3) pm and had 3 to 4 filament coils. The
sporoplasm was small. The two caudal appendages
were equal, measured 23.1 + 0.6 (23-25) um and
separated from their base. The total length of the spore
was 32.2 = 0.7 (30-34) um.

Discussion: the present species is dissimilar to all
species previously described in freshwater fishes from
Africa (Table 1) because its small spore body. Taking
into account this difference, the present species is
considered as a new species and designated as
Henneguya mormyri sp. n. after the name of its type
host.

Henneguya branchialis Ashmawy, Abu-Elwafa,
Imam and EI-Otifi, 1989

Host: Clarias anguilaris (Linné, 1958) (Clariidae).

Site of infection: primary gill lamellae.

Locality: Chari River.

Prevalence: 9,1 % (4/44).

Specimen: one slide deposited in the Parasitological
collection (N° Myx0-098), Department of Animal Biol-
ogy, Faculty of Sciences and Technologies, University
C.A. DIOP of Dakar, Senegal.

Description: oocysts were ovoid, whitish and mea-
sured 1 to 2 mm. The spore body (Figs. 6, 13) was
lanceolate, elongated with anterior end more or less blunt
and measured 14.3 £ 0.5 (12-16) x 5.1 £ 0.2 (4-7) um.
The two polar capsules were equal, pyriform and mea-
sured 5.7 £ 0.6 (4-6) x 1.4 £ 0.2 (1-2) um. The polar
filaments were not apparent. The sporoplasm was finely
granular. The length of the two caudal appendages,
which are of equal size was 19.1 = 0.9 (18-20) um. The
total length of the spore was 33.7 + 0.8 (30-36) um.

Discussion: amongst the Henneguya species de-
scribed in freshwater fishes in Africa, only Henneguya
branchialis presented characteristics resembling those
of the present species (Table 1). Indeed, according to
Kabre et al. (1997) which have also mentioned



H. branchialis in Clarias anguilaris from Burkina
Faso, the morphometric characteristics of the spore of
this species are: total length 34.4 +1.34 (31-39); spore
body length and width 13.45+0.51 (12-16) x 5.01 £0.5
(4-7) um; polar capsules length and width 5.7 + 0.47
(4-6) x 1.35 + 0.27 (16-20) um; caudal appendages
length 18.37 £ 1.27 (16-20). The sporal body is elon-
gated, the polar capsules and the caudal appendages are
equal in size. For all these reasons, we think that the
present species is H. branchialis.
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Mpyxoproteus cheni sp. n. and Sinuolinea mai sp. n. (Myxosporea: Sinuolineidae)
Parasitic in the Urinary Bladder of Marine Fish (Thamnaconus septentrionalis
Gunther, 1877) from the Yellow Sea, off the Qingdao Coast of China

Yuanjun ZHAO"* and Weibo SONG'
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Summary. Two new species of myxosporeans (Myxosporea: Sinuolineidae), Myxoproteus cheni sp. n. and Sinuolinea mai sp. n., parasitized
in marine fishes collected from the Yellow Sea, off the Qingdao coast of China, are described. Both species, including spores and plasmodia
were found in the urinary bladder of the host, Thamnaconus septentrionalis Gunther, 1877. The diagnostic features of Myxoproteus cheni
sp. n.: trophozoites monosporous or disporous; spore inversely pyramidal or triangular to subspherical with smooth surface, fine sutural
line straight or slightly sinuous, 14.0 + 0.8 (12.8-15.3) x 12.8 £ 1.3 (11.2-15.0) x 12.5 + 1.5 (11.2-15.0) um in size; two spherical polar
capsules located anteriorly and conspicuously separated from each other, 3.6 + 0.4 (3.2 - 4.2) um in diameter; coelozic. Sinuolinea mai
sp. n.: trophozoites disporous; spore body inversely pyramidal to spherical with smooth surface, sutural line highly sinuous, 22.4 +
0.5 (21.7-23.0) x 19.5 £ 0.5 (18.8-20.2) um in size; two spherical polar capsules located anteriorly and conspicuously separated from each
other, 5.8 £ 0.4 (5.0-6.3) um in diameter; coelozic.

Key words: marine fishes, Myxoproteus cheni sp. n., Myxozoa, Sinuolinea mai sp. n., Sinuolineidae, Thamnaconus septentrionalis, urinary
bladder.

INTRODIUCTION

Protozoan parasites from the Yellow Sea have never
been paid attention until recently, although enormous
development of commercial fish farming has been
taking place in this region in last decades (Meng
Qingxian 1996, Zhao and Song 1999, Zhao et al. 2000).
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In view of the recognized pathogenicity inflicted by
many protozoan fish parasites on commercial and
aquarium fish, it is desirable to obtain data on protozoa
infecting fish in this region.

During the recent investigations on the fauna of
protozoan parasites from marine fishes off the coast of
the Yellow Sea, some myxosporean parasites were
found. Among those, compared with their known conge-
ners, some organisms obtained are believed to be new
members of the family Sinuolineidae. This communica-
tion brings description of two new myxosporean species
of the genera Sinuolinea and Myxoproteus from a
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marine fish, Thamnaconus septentrionalis Gunther,
1877.

MATERIALS AND METHODS

The host fish Thamnaconus septentrionalis Gunther, 1877 was
obtained on two occasions in March to July, 1998 and April to June,
1999 in coastal water of the Yellow Sea off the Qingdao (Tsingtao),
China. All body organs were examined in fresh mounts, and
myxosporeans were observed and measured in fresh state. Prepara-
tions of parasites were studied from air-dried smears stained with
Giemsa (1:20) after fixation in absolute methanol. The mixture of
glycerin - ethyl alcohol 70% - formalin (G. : A. : F.=12:108 : 5) was
used to show the morphological structure of mature spores and
immature spores as well as the plasmodia. All specimens were ob-
served and measured at magnification of x 1250. Illustrations were
drawn with the aid of camera Lucida and computer program Photoshop
5.0.

RESULTS AND DISCUSSION

Mpyxoproteus cheni sp. n. (Figs. 1-7)

Diagnosis: Trophozoites monosporous or disporous;
spore inversely pyramidal or triangular to subspherical
with smooth surface, sutural line fine straight or slightly
sinuous, 14.0 + 0.8 (12.8-15.3) x 12.8 £ 1.3 (11.2-15.0)
x 12.5+£ 1.5 (11.2-15.0) um in size; two spherical polar
capsules located anteriorly and conspicuously separated
from each other, 3.6 £ 0.4 (3.2 - 4.2) um in diameter;
coelozic.

Dedication: this species is named after Professor
Chen Qiliu (Chen Chihleu), who kindly instructed the
first author and who is Protozoologist and Myxosporologist
of Institute of Hydrobiology, Academy of Sciences, to
express our respects.

Trophozoites: early stage of sporogonic pseudo- plas-
modia small and irregular in shape, with hyaline ectoplas-
mic layer, about 16.5 x 13.5 um in size (Fig. 1); late stage
of plasmodia with developing mono- and di-spore, which
measure 25.9-86.7 x 15.9-56.7 um in size; in vivo cells
usually possessing two or three filament-shaped
pseudopodia at both poles like amoeba (Figs. 1, 7).

Spore: inversely pyramidal or triangular to subspherical
with smooth surface and straight or slightly curved
sutural line; two spherical polar capsules set well apart;
one binucleated sporoplasm in the spore cavity. Neither
iodinophilous vacuole in sporoplasm nor mucous enve-
lope around spore observed.

Host: Thamnaconus septentrionalis Gunther, 1877.

Site of infection: urinary bladder cavity.

Locality: coastal waters of Qingdao (36° 08’ N, 120°
43’ E) of the Yellow Sea, China.

Prevalence: one of 10 fish examined was infected
(10%).

Ecological features: salinity about 32%., water tem-
perature 11-12°C.

Date of sampling: 1998. 5. 25, 1999. 5. 23.

Pathogenicity: unknown.

Type-specimens: syntypes on slide No. qd-19980525,
deposited to the Laboratory of Protozoology, College of
Fisheries, Ocean University of Qingdao, Qingdao, China.

Taxonomic affinities

Class: Myxosporea Biitschli, 1881

Order: Bivalvulida Schulman, 1959

Family: Sinuolineidae Schulman, 1959

Genus: Myxoproteus Doflein, 1898

Doflein (1898) established Myxoproteus firstly, then
Davis (1917) emended its diagnostic characterization.
Up to now, 18 species were described (Thelohan, 1895;
Doflein, 1898; Davis, 1917; Fantham et al., 1940;
Schulman, 1953, 1966; Kabata, 1962; Yoshino and Noble,
1973; Yoshino and Moser, 1974; Evdokimova, 1977;
Moser and Noble, 1977; Sankurathri, 1977; Kovaleva
and Gayevskaya, 1979, 1982; Kovaleva, 1989; Wierzbicka,
1986; Sarkar, 1996), and majority of them always live in
the urinary bladder and urinary system of marine fishes,
except M. ambiguum (Thelohan, 1895) Doflein, 1898
and M. myoxocephali Fantham et al., 1940 in the gall
bladder of marine fishes. Species of this genus share the
following characters: spore inversely pyramidal, triangu-
lar to spherical in sutural view with rounded outline;
anterior end broad and more or less truncated; straight
or slightly sinuous sutural line; thick-walled shell with or
without projections; two spherical polar capsules well
apart; binucleated sporoplasm; trophozoites mono- and
disporic (Kudo 1920, Schulman 1966, Lom and Dykova
1992).

In the light of the morphologically similar forms,
following species should be compared with our
species: Myxoproteus elongatus Schulman, 1953,
M. meridionalis Evdokimova, 1977, and M. cujaeus
Sarkar, 1996. M. elongatus differs from our form in
having elongated inversely pyramidal spore, smaller size
in width (6.0-7.0) and in thickness (7.0-8.5) of spores as
well as relatively smaller diameter of polar capsules
(2.0-3.5). M. meridionalis appears distinctly different
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Figs. 1-10. Illustrations of Myxoproteus cheni sp. n. and Sinuolinea mai sp. n. 1-7- Myxoproteus cheni sp. n. 1- plasmodium with one
developing spore; 2, 4, 5 - mature spore from lateral view; 3, 6 - mature spore from oblique view. 7 - plasmodium with two developing spores.
8-10 - Sinuolinea mai sp. n. 8, 9 - mature spore from lateral view; 10 - plasmodium with two early-stage spore. Scale bars - 10 um (1-6,
8-10), 20 um (7)

from our species in bearing ellipsoidal spores and smaller ~ B) inversely pyramidal or triangular to spherical and
width of spore (8.0-9.3). M. cujaeus can be distin- C) straight or slightly sinuous sutural line. Furthermore,
guished by possessing strongly sinuous sutural line and  all these 4 species are from different hosts and regions:
smaller spores (9.0-12.0 x 8.0-10.0). Our new speciesis M. elongatus from Anarhichas lupus Linnaeus, 1758
distinguished by the following combined features: and Licichthys deuyiculatus of Barents Sea, White
A) larger dimension of spore (12.8-15.3 x 11.2-15.0); Sea; M. meridionalis in Merluccius hubbsi Marini,



Table 1. Comparison of the related species of Myxoproteus Doflein, 1898 with Myxoproteus cheni sp. n. L - length; W - width; T - thickness; D - diaminter (all in pm)

Species Host Locality Localization Shape of spore Size of spore Size of PC* Data resource
Myxoproteus Thamnaconus The Yellow Urinary bladder Inversely pyramidal L: 14.0+0.8 (12.8-15.3)° D:3.6+0.4(3.2-4.2) This study
cheni sp. n. septentrionalis  Sea, China or triangular W:12.8 £ 1.3 (11.2-15.0)

to spherical T: 12.5 £ 1.5 (11.2-15.0)
M. elongatus Anarhichas Barents Sea; Urinary bladder Elongated pyramidal L: 10.0-13.5 D: 2.0-3.5 Schulman,
Schulman, lupus; White Sea W: 6.0-7.0 1953
1953 Licichthys T: 7.0-8.5

deuyiculatus

M. meridionalis ~ Merluccius Southwest Urinary bladder Ellipsoidal L:10.0-11.0 L:33 Evdokimora,
Evdokimora, hubbsi Atlantic W: 8.0-9.3 W: 2.7 1977
1977
M. cujaeus Macrospinosa West Bengal, Urinary bladder Spherical L: 10.5 + 0.8 (9.0-12.0) D: 3.3 £0.4 (3.0-4.0) Sarkar, 1996
Sarkar, 1996 cuja India W:9.2 £ 0.8 (8.0-10.0)

* polar capsule; *Mean + SD (Min-Max)

Table 2. Sinuolinea mai sp. n. Characteristics of spores found in filefish Thamnaconus septentrionalis compared with other Sinuolinea spp. L - length; W - width; D - diaminter
(all in pm)

Species Spore size Polar capsule Pseudoplasmodium Infection Host Locality Data
size size locus resource
Sinuolinea L:224+0.5 D:58+0.4 L:294 Urinary Thamnaconus The Yellow This study
mai sp. n. (21.7-23.0)° (5.0-6.3) W:253 bladder septentrionalis Sea, China
W:19.5+0.5
(18.8-20.2)
S. dimorpha D: 15.0 D: 45 L:57.0 Urinary Cynoscion Beaufort region, Davis, 1917
W:90.0 bladder regalis U.S.A.
S. triangularta D: 14.0-15.0 D: 5.0-6.5 D: 20.0 Urinary Sphaeroides Sea of Japan Schulman,
bladder vermicularis 1966
S. magna D: 19.0-30.0 D: 5.0-7.5 - Urinary Coryphaenoides Southern Yoshino and
bladder acrolespis; California, U.S.A. Noble, 1973
C. pectoralis
S. indica D: 10.0-13.5 D: 3.0-4.0 L: 20.0-25.0 Urinary Pseudosciaena Hooghly estuary, Sarkar, 1997
W: 13.5-17.0 bladder coibor West Bengal,
India

* Mean + SD ( Min-Max)
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1932 of southwest Atlantic; M. cujaeus Sarkar, 1996
from Macrospinosa cuja Ham. in West Bengal, India;

M. cheni sp. n. from Thamnaconus septentrionalis
Gunther, 1877 of the Yellow Sea, China (Table 1).

Sinuolinea mai sp. n. (Figs. 8-10)

Diagnosis: trophozoites disporous; spore body in-
versely pyramidal to spherical with smooth surface,
sutural line highly sinuous, thin and slender suture ridge,
224 £ 0.5 (21.7-23.0) x 19.5 £ 0.5 (18.8-20.2) um in
size; two spherical polar capsules located anteriorly and
conspicuously separated from each other, 5.8 £ 0.4
(5.0-6.3) um in diameter; coelozic.

Dedication: this species is named after Professor Ma
Chenglun, who is Parasitologist and Myxosporologist in
the Department of Biology, Chongqing Normal College.

Trophozoites: early stage of plasmodium not ob-
served; late stage drop-like or comma-shaped; in vivo
cells usually possessing one pseudopodium like amoeba
(Fig. 10), always with disporous plasmodium, which
measures 29.4 x 25.3 um.

Spores: body of mature spores inversely pyramidal to
subspherical in shape from sutural view; sutural line very
sinuous and twisted on its axis (Figs. 8, 9); shell valves
thin-walled with smooth surface; spore cavity with
binucleated mass of sporoplasm which is often finely
granulated; two polar capsules spherical or subspherical,
about equal size and located anteriorly far away from
each other (Figs. 8, 9); neither iodinophilous vacuole in
sporoplasm nor mucous envelope around spore to spot.

Host: Thamnaconus septentrionalis Gunther, 1877

Site of infection: urinary bladder.

Locality: coastal waters off Qingdao (36° 08° N, 120°
43’ E) of the Yellow Sea, China.

Prevalence: one of 10 fish examined was infected
(10%).

Ecological features: salinity about 32%., water tem-
perature 11-13°C.

Date of sampling: 1998.6.11; 1999.5.23.

Pathogenicity: not apparent.

Type-specimens: one slide as holotype (No. qd-
19980611) is deposited in the Laboratory of Protozool-
ogy, College of Fisheries, Ocean University of Qingdao,
Qingdao, China.

Taxonomic affinities

Class: Myxosporea Biitschli, 1881
Order: Bivalvulida Schulman, 1959
Family: Sinuolineidae Schulman, 1959
Genus: Sinuolinea Davis, 1917
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Davis (1917) established Sinuolinea, in which the
spores are spherical or subspherical with 2 nearly spheri-
cal polar capsules, and sutural line forms a prominent
sinuous ridge around the spore. Since then 15 species
were identified (Davis, 1917; Basikalowa, 1932; Tripathi,
1948; Shulman, 1953, 1966; Yoshino and Noble, 1973;
Gayevskaya and Kovaleva, 1979; Karatayev and Iskov,
1984, 1985; Ibrahimov, 1988; Moser, Kent and Dennis,
1989; El-Matbouli and Hoffmann, 1994; Sarkar, 1997).
All species live in the marine fishes, except Sinuolinea
tetraodoni El-Matbouli and Hoffmann, 1994.

According to the spore shape, four species, Sinuolinea
dimorpha Davis, 1917, Sinuolinea triangularis Shulman,
1966, Sinuolinea indica Sarkar, 1997 and Sinuolinea
magna Yoshino & Noble, 1973 show similarity with the
present species. However, the spores of S. dimorpha
(Sp. 15.0 um, Pc. 4.5 um), S. triangularis (Sp. 14.0-
15.0 pm, Pc. 5.0-6.5 pm), S. indica (Sp. 12.0 um, Pc.
3.0-4.0 pm) exhibit clear difference in the dimension of
spores and the polar capsule from S. mai (Sp. 21.7-23.0
x 18.8-20.2 pm, Pc. 5.0-6.3 pm). With reference to
dimension, the spore of S. magna shows similarity to
that of our form, the former is, however, distinctly
different from the latter in the shape of spore (spherical),
and sutural ridge (thick and strong). In addition, the 4
species mentioned above are obtained from different
hosts and regions (Table 2).

Two new species of Sinuolineidae myxosporean
described in this paper, are from the same host, but they
really differ from each other in shape and size of spore.
Especially, they have different sutural line, sutural line
strongly sinuous in the spore of S. mai and sutural line
fine straight or slightly sinuous in the spore of M. cheni.
In view of such differences, the two myxosporeans
species are considered as two new species relatively.
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Two New Species of Mantoscyphidia Jankowski, 1980 (Ciliophora: Peritrichia),
Gill Symbionts of Haliotis Linnaeus, 1758 (Mollusca: Archaeogastropoda)
from the South Coast of South Africa

Heléne BOTES, Linda BASSON and Liesl L. VAN AS

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

Summary. Surveys carried out from 1995 to 1999 at the De Hoop Nature Reserve along the south coast of South Africa revealed the presence
of scyphidiid peritrichs of the genus Mantoscyphidia Jankowski, 1980, occurring in abundance on the gills of Haliotis spadicea Donovan,
1808 and H. midae Linnaeus, 1758. These species differ from all the known Mantoscyphidia species with respect to morphology of the
body and nuclear apparatus and are therefore described as two new species, Mantoscyphidia spadiceae sp. n. and Mantoscyphidia
midae sp. n.

Key words: ectosymbiont, Mantoscyphidia spadiceae sp. n., Mantoscyphidia midae sp. n., marine mollusc, sessiline ciliophoran, scyphidiid

peritrich.

INTRODUCTION

Fifteen Mantoscyphidia species have so far been
found associated with freshwater and marine gastropod
hosts. Four are from freshwater: M. physarum
(Lachmann, 1856) from Physa; M. limacina
(Lachmann, 1856) from Planorbis; M. inclinata (Lom
& Corliss, 1968) from Cincinnatia and M. capitis
(Boitsova, 1976) from an unknown host. The 11 known

Address for correspondence: Linda Basson, Department of
Zoology and Entomology, University of the Orange Free State, PO
Box 339, Bloemfontein, 9300, South Africa; Fax: (+2751) 448 8711;
E-mail: Bassonl.nw@mail.uovs.ac.za

marine species of Mantoscyphidia are the following:
Mantoscyphidia patellae (Hutton, 1878) from Patella
argentea; M. lusitana (Cuénot, 1891) emend Jankowski,
1985 from Patella vulgata; M. fischeri (Vayssiére,
1885) from Truncatella truncatula; M. littorinae (Issel,
1918) from an unknown host; M. hydrobiae (Kahl,
1933) from Hydrobia; M. ubiquita (Hirshfield, 1949)
from Acmaea pelta; M. acanthophora (Fish &
Goodwin, 1976) from Gibbula wumbilicalis,
M. bengalensis (Jamadar & Choudhury, 1988) from
Cerithidea cingulata; M. branchi Van As, Basson &
Van As, 1998 from Patella barbara; M. marioni Van
As, Basson & Van As, 1998 from Nacella delesserti
and M. fanthami Basson, Botha & Van As, 1999 from
Oxystele variegata.
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Surveys of two species of Haliotis collected at
localities on the south coast of South Africa revealed the
presence of two different scyphidiid peritrichs of the
genus Mantoscyphidia, occurring in abundance on gills
of the hosts. The two scyphidiids differ from all known
Mantoscyphidia species with respect to general body
morphology, characteristics of the nuclear apparatus,
and host preference and are described here as 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 shore and from an abalone aquaculture facility. A total of 225
haliotids were collected from the De Hoop Nature Reserve and from
an Abalone Farm at Danger Point near Gansbaai, and examined during
March and April over a five-year period from 1995 to 1999.

Haliotids were taken to a field laboratory where body dimensions
and mass of the specimens were measured. Gills were dissected,
placed on a microscope slide, smeared and examined using a com-
pound microscope. Live specimens of scyphidiid peritrichs were
observed to determine body contractility, position of contractile
vacuoles and nuclei. Photomicrographs were taken of live specimens
in various stages of contraction, for the purpose of measuring body
dimensions.

Additionally, wet smears were fixed in Bouin’s fluid, and trans-
ferred to 70% ethanol. In some cases, they were returned to the
laboratory in Bloemfontein for further processing and, in other cases,
hematoxylin staining was done in the field laboratory. Mayer’s and
Harris” Hematoxylin were used to stain the nuclear apparatus and for
measuring body dimensions. The details of the infundibulum were
studied by staining Bouin’s-fixed smears with Protargol, using a
combined method as described in Lee, Hunter and Bovee (1985) and
Lom and Dykova (1992).

For scanning electron microscopy (SEM), gills were fixed in
concentrations of 4 % and 10 % buffered, neutral formalin. In some
cases, gills were fixed in Parducz and in 2.5 % glutaraldehyde. In the
laboratory in Bloemfontein, the specimens were cleaned by washing
gills in tapwater, dehydrated in a series of ethanol concentrations, and
critical-point dried. Gills bearing ciliophorans were mounted on stubs,
sputter coated with gold, and studied at 5kV and 10kV, using a JOEL
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 was measured from the
scopula to the epistomial disc and body diameter at the widest part of
the body. Both macronuclear and micronuclear lengths were measured
from adoral to aboral. Description of pellicular striations are from
specimens viewed by SEM. The type material is in the collection of
the National Museum, Bloemfontein, South Africa.

RESULTS AND DISCUSSION

Mantoscyphidia spadiceae sp. n. (Figs. 2-9)

Type host and locality: Haliotis spadicea Donovan,
1080, on gills; De Hoop Nature Reserve, south coast of
South Africa (34°28’S, 20°30’E)

Type specimens: holotype, slide 97/04/05-04c (NMBP
235) in the collection of the National Museum,
Bloemfontein, South Africa, Paratypes, slides 97/04/07-
17 (NMBP 236), 98/04/05-06b (NMBP 237), hematoxy-
lin stained, in the collection of the authors.

Etymology: named after the South African venus ear
or siffie, Haliotis spadicea, on which the scyphidiid
peritrichs occur.

Description

Body cylindrical, widening toward peristome (Figs. 2,
3, 7), extremely contractile. Peristomial disc ranging in
shape from flattened to arched, with broad lip (Figs. 4,
6, 7) depending on body contraction. Very prominent
peristomial apex (Figs. 4, 7). Body length 70-140
(104.3 + 21.1, 43) [82-134 (100 £ 12.7, 47)], body
diameter 20-40 (31.2 £ 6.7, 43) [26-60 (42 + 6.5, 47)].
Scopula small (Figs. 3, 7), length 5-15 (9.9 = 1.7, 43)
[1-24 (10.3 £ 6.1, 47)], diameter 20-40 (31.7 + 7.1, 43)
[19-45 (30.2 £ 5.1, 47)].

Pellicular striations in expanded individuals (Figs. 3, 6)
approximately 0.3 um apart, adorning whole body, includ-
ing peristome (Figs. 5, 6) and scopula. Striations evenly
spaced and uniform. Bifurcated pattern of striations
found in some individuals on body and scopula. Bottom
half of peristomial lip with uniform striation pattern in
expanded specimens, upper half showing irregular pat-
tern (Figs. 5, 6). Edge of peristome indistinct in con-
tracted individuals, with striations forming a zig-zag
pattern (Fig. 6). Trochal band consisting of seven or
eight closely associated striations, forming slight eleva-
tions (Figs. 2, 3). Pellicular area between trochal band
and scopula forming 5-8 elevations depending on degree
of contraction.

Adoral zone describing one and one-half turns, about
540° (Figs. 4, 6), before plunging into infundibulum
(Fig. 9). Row of pores located between ciliary spiral and
peristomial lip (Fig. 6). Buccal apparatus as follows:
haplo- and polykinety starting almost at same point, first
three kinetosomes of polykinety barren. Haplo- and
polykinety divided by pellicular ridge or comb, approxi-
mately same width as a kinetosome (Fig. 6). Polykinety
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Fig. 1. Map of southern Africa showing the collection localities along
the South African coastline. EC - East Coast, SC - South Coast,
WC - West Coast, a - De Hoop Nature Reserve, b - Gansbaai

three kinetosomes wide. Polykinety separates infundibu-
lar polykinetids after entering infundibulum (Fig. 9).
Haplokinety makes one-half turn (180°), enters infundibu-
lum beyond point at which polykinety enters. Fibrillar
structure associated with polykinety. Inside infundibu-
lum, polykinety makes one half turn (180°), haplokinety
makes less than one half turn (<180°) before reaching
cytostome (Fig. 9). Cytostome not always clearly visible.

Cytoplasm homogenous to granular (Figs. 2, 7, 8).
Contractile vacuole present, mostly in adoral third of
body. Symbiotic algae occasionally found in cytoplasm,
always adoral to trochal band, varying in number and
size.

Nuclear apparatus occupies most of area below
trochal band (Figs. 2, 7, 8). Discontinuity of cytoplasmic
material (Figs. 2, 7) above nuclear apparatus, separating
nuclear apparatus from rest of cytoplasm. Nuclear
apparatus consists of single, large, spherical to ovoid
macronucleus, length 10-25 (19.3 + 3.4, 30) [11-27
(16.8 +£3.9,47)], diameter 20-40 (28.3 + 5.8, 30) [17-38
(25.8+£4.4,47)] and single, smaller, ovoid micronucleus,
length 10-20 (10.8 + 2.2, 37) [3-15 (10.2 + 2.2, 47)],
diameter 15-40 (22.2 +5.6,37) [12-30 (21.1 £ 3.5, 47)].
Macronucleus adorally broad, tapering somewhat abo-
rally, forming indentation occupied by micronucleus. The
latter always situated aboral to macronucleus.

Remarks

Mantoscyphidia spadiceae is the third species of
sessiline peritrich described from southern Africa and
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Fig. 2. Microscope projection drawing of Mantoscyphidia spadiceae
sp. n. occurring on the gills of Haliotis spadicea Donovan, 1808,
collected from the De Hoop Nature Reserve, South Africa. ad - adoral
ciliary spiral, cd - cytoplasmic discontinuity, ma - macronucleus,
mi - micronucleus, pl - peristomial lip, ps - pellicle striations,
s - scopula, sa - symbiotic algae, tb - trochal band. Scale bar - 10 um

the first recorded from the genus Haliotis Linnaeus,
1758. It can be distinguished from the other species by
differences in morphology of the nuclear apparatus,
scopula and body shape.

Mantoscyphidia fischeri and M. hydrobiae have
ribbon- and kidney-shaped macronuclei, respectively
(Kahl 1933; and, see Table in Hirshfield 1949). It
appears that M. littorinae has an oval to sausage-
shaped macronucleus, situated in the aboral part of the
body (Raabe 1952). Mantoscyphidia acanthophora
has a C-shaped macronucleus (Fish and Goodwin 1976),
which is situated, in the middle to adoral part of the body
and a small scopula with cilia, the scopula of
M. spadiceae also with short cilia, which are grouped
together, with a form similar to that of M. acanthophora.
In M. branchi, the scopula is broader with short densely
grouped cilia (Van As et al. 1998). Mantoscyphidia
bengalensis also has a small scopula but its macro-
nucleus is conspicuous, cylindrical, and sometimes coiled
(Jamadar and Choudhury 1988). In the forms with a
coiled macronucleus, the macronucleus fills the entire
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Figs. 3-8. Scanning electron micrographs (3-6) and photomicrographs (7-8) of specimens of Mantoscyphidia spadiceae sp. n. occurring on the
gills of Haliotis spadicea Donovan, 1808, collected from the De Hoop Nature Reserve, South Africa. 3 - fully expanded specimens; 4 - body
expanded, peristome arched; 5 - buccal cavity, uneven zig-zag striations indicated by arrow; 6 - adoral ciliary spiral with kinetosomes. Pores
indicated by arrows; 7 - live specimen, discontinuity in cytoplasm indicated by arrow; 8 - hematoxylin stained specimen. a - apex, ad - adoral
ciliary spiral; buc - buccal cavity; ma - macronucleus, mi - micronucleus, pr - pellicular ridge, s - scopula. Scale bars - 20 um (8); 10 um
(3,4,5,7); 1pm (6)



aboral region, and a small micronucleus is located close
to the peristome.

In one population of M. lusitana, the macronucleus
forms a band or is beaded (Cuénot 1891). Another
population of M. lusitana, described by Madrazo-Garibay
and Lopez-Ochoterena (1988) from clams, has a horse-
shoe-shaped macronucleus adoral to the trochal band.
Mantoscyphidia ubiquita has a sausage-shaped ma-
cronucleus, which is situated in the middle part of the
body in expanded and partially contracted forms.

The position and shape of the nuclear apparatus of
M. fanthami and M. spadiceae are similar, but
M. spadiceae has a much larger macro- and micro-
nucleus than those of M. fanthami. The scopula of
M. fanthami is broader than its body (Basson et al.
1999), whilst in the case of M. spadiceae, it is as broad
as the widest part of the body. As in the case of most of
the species of Mantoscyphidia, except M. littorinae,
constriction or narrowing is visible adoral to the scopula
in M. spadiceae.

Mantoscyphidia midae sp. n. (Figs. 10-19)

Type host and locality: Haliotis midae, Linnaeus,
1758, on gills; De Hoop Nature Reserve, south coast of
South Africa (34°28°S; 20°30°E)

Type-specimens: holotype, slide 97/04/07-14 (NMBP
238) in the collection of the National Museum,
Bloemfontein, South Africa, paratypes, slides 97/03/29-
02 (NMBP 239), 97/03/29-09 (NMBP 240), hematoxylin
stained, in the collection of the authors.

Etymology: named after the South African perlemoen
Haliotis midae, on which the scyphidiid peritrichs occur.

Description

Body cylindrical (Figs. 10, 11, 16-18) narrowing to-
ward peristome. Body length 65-150 (86.9 + 15.9, 81)
[81-110 (89.8 + 8.8, 19)], body diameter 18-45 (28.3 +
6.1, 81) [22-40 (29.8 = 5.4, 19)] (Table 2). Peristomial
disc ranging from flattened to arched, with broad lip
(Figs. 11, 16, 17) where width depends on degree of
body contraction. Peristomial apex prominent in ex-
panded specimens (Figs. 16, 17). Scopula broad, flat-
tened and prominent (Figs. 10, 13, 16), length 3-20
(9.1 £2.5, 81) [3-28 (10.3 £ 6.3, 19)], diameter 20-50
(34.5+9, 81) [6-50 (32.6 £ 10, 19)].

Pellicular striations in expanded individuals approxi-
mately 0.25 um apart (Figs. 14, 15), adorning whole
body, including peristome and scopula. Striations evenly
spaced and uniform. Bottom half of peristomial lip with
uniform striation pattern in expanded specimens, upper
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half showing irregular pattern. In contracted individuals,
edge of peristome indistinct with striations forming a zig-
zag pattern. Trochal band consists of four to eight closely
associated striations (Table 3), forming slight elevations
(Fig. 14). Warren (1991) refers to the trochal band as a
slight constriction just above the scopular region of
Mantoscyphidia physarum.

Adoral zone describes 450° (Fig. 12), before plunging
into infundibulum (Fig. 19). Row of pores between
ciliary spiral and peristomial lip present but not always
prominent. Small buccal cavity. Buccal apparatus as
follows: haplo- and polykinety starting almost at same
point. Haplo- and polykineties divided by pellicular ridge
or comb, approximately same width as a kinetosome.
Polykinety three kinetosomes wide. Haplokinety plunges
first into infundibulum (Fig. 19). Polykinety divides into
infundibular polykinetids after plunging into infundibu-
lum. Impregnable fibrillar structure associated with
haplokinety. Both haplo- and polykinety make one turn
(360°) inside infundibulum before reaching cytostome
(Fig. 19). Cytostome not always clearly visible.

Cytoplasm granular (Figs. 10, 16-18). Contractile
vacuole present, always in adoral part of body. Symbiotic
algae (Figs. 10, 16, 17) found throughout cytoplasm,
varying in number and size.

Nuclear apparatus situated aboral to trochal band,
very close to scopula (Figs. 10, 18). Nuclear apparatus
consists of single, large, round to ovoid macronucleus,
length 10-25 (15.8 + 4.4, 18) [9-31 (14.5 + 5.7, 19)],
diameter 13-30 (21.4 +£5.3, 18) [13-41 (20.7 £ 7.3, 19)]
and single, smaller, ovoid micronucleus, length 5-15
(8.1 £ 2.7, 25) [5-14 (7.5 + 2.7, 19)], diameter 8-25
(13.6 £ 4.9, 25) [8-23 (12.8 £ 4.2, 19)]. Micronucleus
always found aborally and closely associated with ma-
cronucleus. Macronucleus forming indentation, occupied
by micronucleus. Nuclear apparatus appear to be sur-
rounded by some granular cytoplasm and symbiotic
algae (Figs. 10,16-18).

Remarks

Mantoscyphidia midae can be distinguished from
the other species by differences in morphology of the
nuclear apparatus, scopula and body.

Mantoscyphidia midae, M. marioni and M. branchi
all have broad, prominent scopulas. Mantoscyphidia
midae and M. fischeri have similar cylindrical body
forms, but differ significantly in shape and location of the
macronucleus. The latter has a sausage-shaped macro-
nucleus situated in the adoral region of the body, com-
pared to the macronucleus of M. midae that is compact
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Fig. 9. Buccal infraciliature of Mantoscyphidia spadiceae sp. n.
occurring on the gills of Haliotis spadicea Donovan, 1808, collected
from the De Hoop Nature Reserve, South Africa. hk - haplokinety,
im - impregnable band, pe - peniculus, pk - polykinety. Scale
bar- 1 um

in shape and always found aboral to the trochal band.
According to Raabe (1952), M. littorinae also has a
prominent scopula, like that of M. midae, but its macro-
nucleus is situated farther adorally from the scopula. Its
micronucleus, however, is much smaller than its macro-
nucleus, as is also the case in M. midae. Mantoscyphidia
fanthami has the same cylindrical body form as
M. midae, but is much longer (101.3 um and 89.8 um).

The body of M. midae does not widen towards its
peristome, like that of M. spadiceae but narrows. Both
live observations and measurements of hematoxylin
stained specimens revealed M. spadiceae to have a
greater body length than M. midae (compare Table 1
and 2). Mantoscyphidia midae has a smaller body
diameter (28.3 pm), than that of M. spadiceae
(31.2 pm), and a broader and flatter scopula in relation
to body diameter. Mantoscyphidia midae also has a
vesicular cytoplasm, and has a much higher occurrence
of symbiotic algae occurring throughout the body rather

ad

buc

Fig. 10. Microscope projection drawing of Mantoscyphidia midae
sp. n. occurring on the gills of Haliotis midae Linnaeus, 1758,
collected from the De Hoop Nature Reserve, South Africa. ad - adoral
ciliary spiral, buc - buccal cavity, ma - macronucleus, mi - micro-
nucleus, pl - peristomial lip, ps - pellicle striations, s - scopula,
sa - symbiotic algae. Scale bar - 10 pm

than being restricted to the area adoral of the trochal
band, as in M. spadiceae.

There are significant differences between the in-
fundibula of M. midae and M. spadiceae, which can be
used as distinguishing taxonomic characters (Figs. 9,
19). Furthermore, M. midae has striations that are
spaced a bit closer together than those of M. spadiceae,
therefore accounting for the greater total number of
striations adorning the body (255.8 and 222.1), even
though M. spadiceae has a greater average body
length. It appears as if the trochal band of M. midae
includes more striations.

Mantoscyphidia spadiceae has a definite cytoplas-
mic discontinuity situated adoral to the nuclear appara-
tus, thus separating the nuclear apparatus from the rest
of the cytoplasm. This discontinuity is absent in
M. midae and the nuclear apparatus appears to be
surrounded with symbiotic algae and part of the granular
cytoplasm, and thus not separate from the adoral cyto-
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Figs. 11-18. Scanning electron micrographs (11-15) and photomicrographs (16-18) of specimens of Mantoscyphidia midae sp. n. occurring on
the gills of Haliotis midae Linnaeus, 1758, collected from the De Hoop Nature Reserve, South Africa. 11 - expanded specimen attached to the
gill arch; 12 - adoral zone describes 450°; 13 - broad, flattened scopula; 14 - trochal band indicated by arrow; 15 - body striations; 16, 17 - bodies
expanded, peristomial discs arched, symbiotic algae distributed throughout body; 18 - hematoxylin stained specimen. ad - adoral ciliary spiral,
ma - macronucleus, mi - micronucleus, pl - peristomial lip, s - scopula. Scale bars - 20 um (18); 10 um (11, 13, 16, 17); 1um (12, 14, 15)
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Table 1. Variation of body measurements (um) of hematoxylin stained specimens of Mantoscyphidia spadiceae sp. n. occurring on the gills
of Haliotis spadicea Donovan, 1808 from the De Hoop Nature Reserve, South Africa

Completely contracted

Partially contracted

Fully expanded

Body length

Body diameter
Scopula length

Scopula diameter
Macronucleus length
Macronucleus diameter
Micronucleus length
Micronucleus diameter

49-60 (53 = 4.7,11)
2543 (343 + 4.8,11)
3-12 (6.8 + 2.8,11)
15-38 (27.5 + 7.7,11)
8-18 (13.1 £ 3.6,11)
14-33 (20.6 + 5.1,11)
4-10 (6.7 + 1.7,11)
11-17 (12.9 + 2.3,11)

63-80 (72.9 £ 5.5,31)
23-56 (34.5 = 7.531)
2-21 (8.1 + 4.6,31)
19-41 (282 + 5.1,31)
522 (14.8 + 3.5,31)
16-31 (21.1 % 3.5,31)
4-12 (8.4 + 2.131)
10-24 (162 + 3.7.31)

82-134 (100 + 12.7,47)
26-60 (42 + 6.5,47)
1-24 (10.3 + 6.1,47)
1945 (30.2 + 5.1,47)
1127 (16.8 + 3.9.47)
17-38 (25.8 + 4.4,47)
3-15 (10.2 = 2.2,47)
1230 21.1 + 3.5,47)

Table 2. Variation of body measurements (um) of hematoxylin stained specimens of Mantoscyphidia midae sp. n. occurring on the gills of
Haliotis midae Linnaeus, 1758 from the De Hoop Nature Reserve, South Africa

Completely contracted

Partially contracted Fully expanded

Body length 45-60 (55.6 +4.3,36)
Body diameter 17-43 (23.6 £ 4.8, 36)
Scopula length 1-18 (5.1 + 3.7,36)

Scopula diameter
Macronucleus length
Macronucleus diameter
Micronucleus length
Micronucleus diameter

13-34 (24.3 + 5.3,36)
5-19 (11 + 3.1,36)
11-27 (15.5 + 3.6,36)
2-12 (5.2 + 1.8,36)
7-15 (10.5 + 2.1,36)

61-83 (69.5 + 5.9,67)
17-38 (24.9 + 4.4,67)
1-14 (5.9 + 3.4,67)
16-43 (27.5 + 5.4,67)
7-18 (11.1 + 2.2,67)
1031 (16.2 + 4.1,67)
3-10 (6 + 1.2,67)
7-16 (10.1 + 2,67)

81-110 (89.8 + 8.8,19)
22-40 (29.8 + 5.4,19)
328 (10.3 + 6.3,19)
6-50 (32.6 = 10,19)
9-31 (14.5 + 5.7,19)
13-41 (20.7 + 7.3,19)
5-14 (7.5 + 2.7,19)
8-23 (12.8 + 4.2,19)

Table 3. Body striations of Mantoscyphidia spadiceae sp. n. and M. midae sp. n. occurring on the gills of Haliotis spadicea Donovan, 1808
and H. midae Linnaeus, 1758 from the De Hoop Nature Reserve, South Africa

Number of striations

M. spadiceae

M. midae

Peristome

Peristome to trochal band
Trochal band

Trochal band to scopula

Total number of striations

19-30 (24.6 + 3.6,10)
92-136 (114.3 £13.6,10)
5-12 (7.7 £ 2.6,10)
40-103 (58.9 £ 19.5,10)
Scopula 9-22 (15.8 + 4.7,10)
188-249 (222.1 + 21.7,10)

20-42 (26.8 + 6.8,10)
127-167 (141.8% 11.6,10)
4-8 (62 £ 1.5,10)

50-83 (61.3 + 12.4,10)
14-31 (22.5 + 4.9,10)
238-312(255.8+23.7,10)

plasm as in the case of M. spadiceae. By comparison,
M. midae specimens have smaller micronuclei than
those of M. spadiceae. The sizes of their macronuclei
do not differ significantly.

Mantoscyphidia spadiceae and M. midae do share
some similarities, however. Both species have macronu-
clei that are similar in position and shape, are extremely
contractile, and attach to the arch of a gill rather than

between gill lamellae. In extremely high infestations,
however, the individuals of both species were also
observed attached to gill lamellae.

Intraspecific variation

Body measurements of the different stages of con-
traction for M. spadiceae stained material is summarised
in Table 1. The shrinkage effect on the nuclear appara-
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Fig. 19. Buccal infraciliature of Mantoscyphidia midae sp. n.
occurring on the gills of Haliotis midae Linnaeus, 1758, collected from
the De Hoop Nature Reserve, South Africa. hk - haplokinety,
im - impregnable band, pe - peniculus, pk - polykinety. Scale
bar - 1 um

tus of live specimens vs. hematoxylin stained specimens
is as follows: the arithmetic mean of the macronucleus
length and diameter of live specimens (fully expanded)
was 19.3 um and 28.3 um respectively, compared to
16.8 pm and 25.8 pm in hematoxylin stained specimens.
This amounts to shrinkage of approximately 13 % and
9 %, respectively. The micronucleus length and diameter
showed very little shrinkage between expanded hema-
toxylin stained and live specimens. Thus, macronucleus
length is more affected by shrinkage, as was found in
M. branchi (Van As et al. 1998). As in M. branchi, the
form and position of the nuclear apparatus of
M. spadiceae was consistent.

The arithmetic means of the body dimensions of
expanded live specimens of M. spadiceae (Fig. 7) are
slightly higher than those of expanded Bouin’s fixed and
hematoxylin stained specimens. This is not the case in
M. midae (Table 2). This information confirms the
necessity of including live observations in species de-
scriptions. The body of M. spadiceae is extremely
contractile, varying from 49 to 134 pum in length
(Table 1). The body length of M. spadiceae is much
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greater than that of any other species in the genus,
resembling most closely M. ubiquita, (body length
30 - 100 um), and M. fanthami (body length 80-130 pm)
(Hirshfield 1949, Basson et al. 1999).

The number of striations from different parts of the
body, counted with the aid of SEM, can be used to
describe new scyphidiid species (Van As et al. 1995).
The number of striations for M. spadiceae and
M. midae is presented in Table 3. Unfortunately this can
only be compared to data of M. branchi, M. marioni
and M. fanthami as no information on the number of
body striations of the other species of Mantoscyphidia
from marine gastropods is available. Mantoscyphidia
spadiceae, M. midae and M. fanthami have an aver-
age total number of 222.1, 255.8 and 262 striations,
respectively, whilst M. branchi and M. marioni have
106.5 and 115.6 striations respectively. This can be
ascribed to the greater body length of M. spadiceae
and M. fanthami, and the fact that in both of these
species the striations are 0.3 pm apart, whilst in the case
of M. branchi and M. marioni the striations are further
(0.5 um) apart. Mantoscyphidia midae has a shorter
average body length, but the highest number of stria-
tions. This can be attributed to the fact that the body
striations are only 0.25 um apart.

In a comprehensive survey of 19 limpet species
representing three genera along the South African coast,
the scyphidiid peritrich, M. branchi, was found attached
to the gills of specimens of all limpet species examined
(Van As et al. 1998). Similarly, seven of the limpet
species were infested with the same Licnophora
Claparede, 1867 species, namely L. limpetae Van As,
Van As & Basson, 1999. In a similar investigation of the
limpet fauna from a Sub-antarctic Island in the Southern
Ocean, one scyphidiid peritrich, M. marioni was found
associated with the only limpet, Nacella delesserti
(Phillips, 1849).

Parasitological surveys of the marine gastropod
Oxystele Philippi, 1847 revealed the occurrence of one
scyphidiid peritrich, i.e. M. fanthami on the gill fila-
ments. This topshell genus comprises five species en-
demic to and distributed along the South African coast.
Mantoscyphidia fanthami was found associated with
all five species and occurred along the southern, western
and eastern coastline (Basson et al. 1999). All the
topshells were also infested with the same mobiline
species, Trichodina oxystelis Sandon, 1965.

The two species in the genus Haliotis that were
examined, namely H. spadicea and H. midae, were
infested with two distinct species of scyphidiid peritrichs.



140 H. Botes et al.

This is contrary to what has been found in southern
Africa and can perhaps be attributed to the morphologi-
cal and ecological differences that exist between the
hosts.
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Trichodina cancilae sp. n. (Mobilina: Trichodinidae) from the Gills of a
Freshwater Gar, Xenentodon cancila (Hamilton) (Belonidae)

Ghazi S. M. ASMAT

Department of Zoology, University of Chittagong, Chittagong, Bangladesh

Summary. A population of a trichodinid ciliate (Mobilina: Trichodinidae) was found in the gills of the freshwater gar, Xenentodon cancila
(Hamilton) (Belonidae) collected from Kalyani of Nadia District, West Bengal, India and was described as a new species. The specimens
are characterized by the shape of denticles being elongated and arched blades; 1 or 2 cut-like notches in the convex side of the blade and
the presence of the single non-staining granule at the base of blades and the base of rays; moderate central part; and broad and greatly arched
rays. The body diameter ranged from 50.0-74.4 pm, whilst denticle number ranged from 28-32. Approximately 49.5% of the host fishes
(213 out 0f 430) were infested with the ciliate on their gills during September 1995 and December 1997, sometimes in concurrent infestation
with Tripartiella bursiformis (Davis, 1947) Lom, 1959. The highest percentage of infestation was recorded in December 1996 (73.3%). The

variation is recorded and discussed.

Key words: freshwater gar, gills, India, Mobilina, Trichodina cancilae sp. n., Xenentodon cancila.

INTRODUCTION

In India, studies on the trichodinid ciliates, relatively
less so far, is getting momentum in many sectors. As a
result, 10 species of trichodinid ciliates representing the
genera Trichodina Ehrenberg, 1838; Paratrichodina
Lom, 1963 and Tripartiella Lom, 1959 were identified
from different freshwater and estuarine Indian fishes
(Hagargi and Amoji 1979; Mukherjee and Haldar 1982;
Das and Haldar 1987; Das et al. 1987; Mishra and Das

Address for correspondence: Ghazi S. M. Asmat, Department
of Zoology, University of Chittagong, Chittagong 4331, Bangladesh;
Fax: 880-31-726310; E-mail: asmat@globalctg.net

1993; Saha et al. 1995 a, b; Saha and Haldar 1996, 1997;
Asmat and Haldar 1998). The primary objectives of the
present study were to identify the trichodinid ciliates
inhabiting the freshwater and estuarine fishes and to
study on the morphology and taxonomic status of these
trichodinids. During the present study, the gills of a
freshwater gar, Xenentodon cancila (Hamilton) was
found to host a dense population of trichodinids. The
ciliophoran proved to be a new species and is described
here.

MATERIALS AND METHODS

A total of 430 freshwater gars, Xenentodon cancila were examined
during September 1995 to December 1997. The host fishes
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(10-20 cm, 20-80 g) were collected by fishing nets once in each month
from different rivulets of Nadia district of West Bengal, India Gill
scrapings were made at the riverside. Air-dried gill scrapings were
transported to the laboratory. The slides with trichodinid ciliates
were impregnated with Klein’s dry silver impregnation technique
(Klein 1958). Examinations of preparations were made under the
Olympus phase-contrast microscope at x100 magnification. Mea-
surements were made according to the recommendations of Lom
(1958), Wellborn (1967), Arthur and Lom (1984) and Van As and
Basson (1992). Numerous photomicrographs were made in order to
have comprehensive morphological analyses of the ciliates.

RESULTS

Trichodina cancilae sp. n. (Figs. 1-20)

Description

This is a large trichodinid with disc-shaped body and
surrounded by a finely striated, wide border membrane.
The texture of central area is finely granular and similar
as rest of adhesive disc. The denticulate ring consists of
28-32 (29.8 £ 1.2) large denticles. There are 8-12
(10.7 £ 1.0) radial pins per denticle. The adoral cilia
described a turn of about 390-395°.

The blade of denticle is broad and curved, filling
almost the entire spaces between y+1 axis (Figs.17, 19),
sometimes angular (Figs.7, 8), which are also found in
newly born individuals (Figs. 13, 14). The tangent point
is blunt in most cases, slightly lower than distal margin.
The anterior margin is rounded with slightly flattened
apex, not touching y+1 axis in most specimens. The
apical depression is well developed and never impreg-
nated. But the anterior margin of apical region bears one
or two cut-like notches (Figs.1, 3, 7, 8). The anterior
blade apophysis is sometimes prominent. The blade
connection is well developed. The posterior margin
forms narrow, elongated, semilunar curve with deepest
point at same level (Figs.17, 18) or lower (Fig.19) than
apex. The posterior blade apophysis is not always dis-
tinctly visible. The inter-blade space is moderate and
often fills with non-impregnable matters.

The central part is moderate to robust, fitting tightly
into the preceding denticle with rounded point that
extends more than halfway to y-1 axis, sometimes
touching this line. The section of central part above and
below x-axis is similar. The indentation in lower central
part is not always seen.

The ray connection is short and thin with well-
developed ray apophysis situated high, pointed in an
anterior direction. The ray connection is very delicate
with prominent constriction just below ray apophysis.
The ray is considerably longer than blade, broad, dis-
tinctly grooved with almost same thickness, and rounded
end, rarely thin (Fig.1). Typically, ray is slightly curved
posteriorly, which is also characteristic of developing
individuals (Figs.13, 14, 16), but lying parallel to y-axes.
In between ray bases, in many trichodinids, contain non-
impregnable pearl-shaped glistening particles (Figs. 9-
12).

Intraspecific Variability

Considerable variations among the individuals of the
described species concern the shape of blade, orienta-
tion of ray, and presence of non-impregnable particles
between inter-blade space and ray bases. These varia-
tions are not related to body dimensions or seasons of the
year, but could be found in a single fish host.

Two types of blade shapes were found in the present
species. In one form, the blade is arch-shaped, but with
narrow semilunar curve (Figs.6-8), while in others, it is
rather spoon-shaped having broad distal end tapering
towards central part, giving an erect posture (Figs.4-5).
In relation to these shapes, the shape of distal margin,
tangent point and semilunar curve also differ. The orien-
tation of ray follows three district patterns. Typically,
rays are slightly curved in posterior direction (Fig.17),
but in some specimens, rays are anteriorly directed,
extending beyond y+1 axis (Fig.19), while in others, rays
are oriented posteriorly, extending beyond y-1 axis
(Fig.18). The cause of the presence of non-impregnable
particles in interblade space and in between ray bases
(Figs.9-12) in many specimens is not known. Some
developing stages of the species were also found (Figs.13-
16).

Type host: Xenentodon cancila (Hamilton)
(Belonidae).

Type locality: Kalyani of Nadia District, West Bengal,
India (23.3°N 88.4°E).

Location: gills.

Etymology: named after the specific name of the type
host fish, Xenentodon cancila (Hamilton).

Type specimens: holotype, slide XC-1 prepared on
4.3.1996; paratypes on the above mentioned slide and in
other slides prepared on different dates in the collection
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Figs. 1-8. Photomicrographs of Trichodina cancilae sp. n. from Xenentodon cancila showing the var
bar - 30 pm
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Figs. 9-16. Photomicrographs of Trichodina cancilae sp. n. from Xenentodon cancila showing the non-impregnated particles between the bases
of blade and between the bases of ray (9-12) and the developing stages (13-16). Scale bar - 30 um
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Figs.17-20. Diagrammatic drawings of denticles of trichodinids.
16-19 - Trichodina cancilae sp. n. from India; 20 - 7. magna Van As
and Basson, 1992 redrawn from Van As and Basson (1992) from
South Africa

ofthe Department of Zoology, University of Chittagong,
Chittagong 4331, Bangladesh.
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DISCUSSION

As classified by Van As and Basson (1992) the
described species falls in the category of large trichodinid
with a diameter of 50.0-74.4 (61.9 £ 5.4) um. Trichodina
cancilae sp. n. is comparable to Trichodina magna
Van As and Basson, 1989. However, Trichodina cancilae
sp. n. differs from the latter species in a number of points
of denticle shape, particularly in blade shape, orientation
of ray, by the presence of cut-like notches in the convex
side of denticle of blade and the presence of the single
non-staining granule at the base of the blades and the
base of the rays. These characters establish this ciliate
as a new species and Trichodina cancilae sp. n. is
proposed here after the specific name of the type host
fish, Xenentodon cancila (Hamilton).

The blade of T magna is uniform, regardless of host
or locality, but in the present form two types of blade
shapes namely arch-shaped and spoon-shaped were
noticed, even within a single fish host. The arch-shaped
blade forms a narrow semilunar curve rather than larger
one as in T. magna (Figs.17, 19). The spoon-shaped
blade having broad distal end, tapering towards the
central part giving an erect posture and which, unlike
T magna, have narrow and elongated crescent, at
posterior margin. In the spoon-shaped blade, the distal
margin is angular, the anterior margin never touches y+1
axis, and the tangent point is also blunt (Fig.18), whilst in
the forms having arch-shaped blade, the direction and
general blade shape is somewhat similar to those of
T magna. Although the shape of apex of blade is similar

Table 1. Morphometric comparison of Trichodina cancilae sp. n. and T. magna Van As and Basson, 1989. Measurements in pm

Species

Locality

Trichodina cancilae sp. n. (n=40)
Host Xenentodon cancila
Kalyani, West Bengal, India

T magna (n=22)
13 species of fish
Capri, South Africa

Location

Reference(s)

Diameter of body

Diameter of adhesive disc
Diameter of denticulate ring
Diameter of central area
Width of border membrane
Number of denticles

Number of radial pins/denticle

Dimensions of denticle span
length

Dimensions of denticle components ray
blade

Width of central part
Degree of adoral ciliature

Gills

Present paper
50.0-74.4 (61.9 + 5.4)
41.8-60.3 (52.0 + 5.6)
30.6-46.6 (36.9 = 4.4)
9.7-20.4 (15.3 £ 3.0)
3.1-6.1 (4.7 £ 0.7)
28-32 (29.8 £ 1.2)
8-12 (10.7 = 1.0)
12.3-23.5 (17.4 £ 2.0)
7.1-10.3 (8.7 £ 0.9)
6.1-143 (9.1 £ 1.4)
5.1-7.1 (6.1 £ 0.7)
2.0-4.6 (4.0 £3.4)
390-395°

Skin, fins

Van As and Basson (1989)

71.2-111.8 (99.1  9.5)
59.7-94.8 (81.7 + 8.2)
35.6-57.5 (50.0 = 4.8)

6.2-13.9 (8.9 + 1.4)
24-27 (25)
10-13 (11)

7.4-13.6 (10.9 + 1.4)
7.7-16.0 (13.0 = 1.7)
6.0-10.9 (8.6 % 0.8)
3.7-74 (5.6 £ 0.9)
400°
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in both species, its position in relation to the deepest point
is different. In the case of T magna, it is situated lower
than deepest point of posterior margin, while in the
present form; the apex is situated at same level (Figs.17,
18) or higher than deepest point (Fig.19). The shape and
orientation of ray in relation to y-axes also differ in the
two species. The ray is thin and of an even thickness
throughout in 7. magna (Fig. 20), but broad and massive,
rarely thin, in the presently described species. The
orientation of ray follows three patterns in the present
form, even within a single fish host. In most cases, the
rays are slightly curved posteriorly, but remain parallel to
y-axes. Some specimens possess anteriorly directed
rays, which extend beyond y+1 axis, as in 7. magna,
while in other forms; the rays are oriented in a posterior
direction, extending beyond y-1 axis. Posteriorly oriented
rays are also visible in developmental stages (Figs.13,
14). The point of rays, however, is similar in both
species. Morphometric comparison between 7. magna
and the presently described species is given in Table 1.
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Trichodina canningensis sp. n. (Ciliophora: Trichodinidae) from an Indian
Estuarine Fish, Mystus gulio (Hamilton) (Bagridae)

Ghazi S. M. ASMAT*
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Summary. During the study on the biodiversity of trichodinid ciliates from the state of West Bengal, India, the gills of the Indian estuarine
fish, Mystus gulio (Hamilton) (Bagridae) was found to be the host to a new species Trichodina canningensis sp. n. This ciliate is characterized
by reduced blade; stout and robust central part; elongated ray having parallel borders and a large clear circle at the centre containing
argentophilic particles. The body diameter ranged from 47.0-56.1 um, whilst denticle number ranged from 22-29. Approximately 3.6% of
the host fishes (6 out of 165) were infested with this ciliate, sometimes in concurrent infestation with Trichodina mystusi Asmat and Haldar,
1998 and other species of Trichodina from November to January 1996. This trichodinid closely resembles Hemitrichodina robusta Basson
and Van As, 1989 but differs with slightly developed blade having sharp tangent point and without any protrusion on the distal margin.

Key words: ciliophoran, estuarine fish, India, Trichodina canningensis sp. n., trichodinid.

INTRODUCTION

More than 200 species of trichodinid ciliophorans
have been reported from the skin, fins, gills, urinary
bladder as well as reproductive system of fishes. De-
spite the abundance of trichodinids they have been little
studied in India since the early work of Annandale
(1912). As a result, 12 species of trichodinid ciliates
representing the genera Trichodina Ehrenberg, 1838;
Paratrichodina Lom, 1963; Tripartiella Lom, 1959
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Fax: 880-31-726310; E-mail: asmat@globalctg.net
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West Bengal, India

were identified from different freshwater and estuarine
Indian fishes (Hagargi and Amoji 1979; Mukherjee and
Haldar 1982; Das and Haldar 1987; Das et al. 1987,
Mishra and Das 1993; Saha et al. 1995a, b; Saha and
Haldar 1996, 1997; Asmat and Haldar 1998; Basu and
Haldar 1998). During the course of the present investi-
gation on the biodiversity of trichodinid ciliates in various
freshwater and estuarine fishes in the state of West
Bengal, an estuarine fish, Mystus gulio (Hamilton) has
been found to be a host to a new species of Trichodina.

MATERIALS AND METHODS

The host fishes were collected from the river Matla (Latitude
21.5°N Longitude 88.5°E) at Canning, South 24-Parganas District,
about 30 km south of Calcutta, which regularly receives saline water
from the Bay of Bengal during high tide.
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A total of 165 host fishes were examined during September 1995
to December 1997. The fishes (12-16 cm x 20-120 gm) were collected
by fishing nets. Gill scrapings were made at the riverside. Air-dried
scrapings were transported to the laboratory. The slides with
trichodinid ciliates were impregnated with Klein’s dry silver impreg-
nation technique (Klein 1958). Examinations of preparations were
made under the Olympus phase-contrast microscope at x100 magni-
fication. Measurements were made according to the recommenda-
tions of Lom (1958), Wellborn (1967), Arthur and Lom (1984) and
Van As and Basson (1992). Photomicrographs were made in order to
have comprehensive morphological analyses of the ciliates.

DESCRIPTION OF THE SPECIES

Trichodina canningensis sp. n. (Figs. 1-12, Table 1)

The trichodinid is medium-sized and disc-shaped,
47.0-56.1 (51.1 £2.8). There are 7-10 (8.5 £ 0.8) radial
pins per denticle. The centre of the adhesive disc is a
clear circle, which is surrounded by an undulating or
notched heavily impregnated perimeter and somewhat
elevated from the rest of adhesive disc (Fig. 6). There
are few to many dark argentophilic particles scattered in
the circle (Figs. 1, 2, 6, 7).

The denticulate ring consists of 22-29 (25.4 + 2.1)
denticles. The blades are reduced and angular with
truncated distal margins, which are parallel to the border
membrane, sometimes slightly sloped anteriorly. In some
malformed specimens the blades appear as warts or are
absent altogether (Fig.7). The tangent point is sharp and
situated slightly lower than the distal margin. The ante-
rior surface of the blade is slightly curved and extends
more than half of the space to the y axis (Figs. 9-11).
The apex is not always prominent because of the
impregnation of the apical depression, giving a notch-like
appearance at the base of blade. The anterior blade
apophysis is not clearly visible. The posterior margin of
blade forms a narrow semilunar curve with the deepest
point at same level as anterior notch. The blade connec-
tion is short and well developed. The posterior blade
apophysis is prominent.

The central part is robust, flat and rectangularly
triangular in shape with a bluntly pointed end and wider
than the length of blade (Table 1). The point of the
central part is fitted tightly into the following denticle,
almost touching the y-1 axis (Figs. 9-11) and sometimes
extends beyond this line. The section of the central part
above the x-axis is more convex. Indentation in the
lower central part is not prominent.

The ray apophysis is present, sometimes prominent
and directed obliquely in an upward direction (Figs. 6, 7).
The ray connection is short and wide. The ray is broad
and straight with a distinct central groove (Fig.1), but
appears as whip-like filaments in younger specimens
(Fig. 8). The ray gradually tapers to a rounded point
(Figs.1, 3, 4, 6) and remains parallel to y axes (Figs.7, 9).
The tip of the ray sometimes touches the boundary of the
clear circle.

The exact turn of the adoral ciliary spiral could not be
detected.

Type host: Mystus gulio (Hamilton) (Bagridae).

Type locality: river Matla (Latitude 21.5° N Longitude
88.5° E) at Canning, South 24-Parganas District, West
Bengal, India.

Location: gills.

Etymology: named after the place of collection of the
type host fish, Mystus gulio (Hamilton).

Type specimens: holotype, slide MG-1 prepared on
15.01.1996, paratypes in the above mentioned slide and
in other slides prepared on different dates in the collec-
tion of the Protozoology Laboratory, Department of
Zoology, University of Kalyani, Kalyani 741235, West
Bengal, India.

DISCUSSION

Trichodinids are distinguished by the silver nitrate
impregnated adhesive disc. The combination of large
clear central area, reduced blade, well-developed ray
and robust central part of the trichodinid from Mystus
gulio, made it unique among the described trichodinids
The only species could be compared is the member of a
different genus, i.e. Hemitrichodina robusta Basson
and Van As, 1989 (Fig.12). The genus Hemitrichodina
with its only species H. robusta is characterized by the
denticulate ring consisting of denticles with well-devel-
oped rays and central parts, but number of blades is
reduced. The adoral ciliary spiral in Hemitrichodina
describes an arc of more than 360°, but less than two full
circles. Basson and Van As (1989) originally described
H. robusta from the host fish, Marcusenius
macrolepidotus from the Olifants River system in the
eastern Transvaal, South Africa. Later, Van As and
Basson (1992) also recorded it from two other host fish,
Hepsettus odoe from the Lake Liambesi and Micralestes
acuitidens from the Zambesi River in South Africa. The
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Figs.1-8. Photomicrographs of silver nitrate impregnated adhesive discs of Trichodina canningensis sp. n. from Mystus gulio showing variation
in appearance. Scale bar - 30 pm
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y+1 y y-1

Figs. 9-12. Diagrammatic drawings of denticles of trichodinids. 9-11 - Trichodina canningensis sp. n. from India; 12 - Hemitrichodina robusta
Basson and Van As, 1989; redrawn from Basson and Van As (1989) from South Africa

Table. 1. Morphometric comparison between Trichodina canningensis sp. n. and Hemitrichodina robusta Basson and Van As, 1989

Species Trichodina canningensis sp. n. n=14 Hemitrichodina robusta

Reference Present paper Basson and Van As (1989)

Host Mystus gulio Marcusenius macrolepidotus,
Micralestes acutidens, Hepsettus odoe

Location Gills Skin, fins, occasionally gills

Geographic Locality Matla River, Canning, Olifants River, Loskop Dam,

West Bengal, India

Diameter of:

body 47.0-56.1 (51.1 +2.8)
adhesive disc 40.8-47.9 (43.9 £ 2.1)
denticulate ring 28.6-35.7 (32.5 £ 2.1)
central area 11.2-17.8 (15.3 = 1.8)
clear area 10.2-16.3 (14.2 £ 1.5)
Width of border membrane 3.1-4.1 (3.6 £0.4)
Number of:
denticles 22-29 (25.4 £ 2.1)
radial pins/denticle 7-10 (8.5 £ 0.8)
Dimensions of denticle:
span of denticle 11.2-14.8 (12.9 £ 0.9)
length of:
denticle 7.1-8.2 (7.3 £ 0.8)
ray 5.6-8.6 (7.1 £ 0.9)
blade 1.5-3.1 (2.6 = 0.5)
width of central part 2.0-3.6 (3.1 £ 0.4)

Degree of adoral ciliature -

Eastern Transvaal, South Africa

52.3-82.7 (63.8 + 7.1)
42.9-70.1 (53.2 % 6.2)
27.3-44.9 (33.5 + 4.2)

12.4-20.0 (16.0 + 2.0)
4.5-6.8 (5.6 = 0.8)

18-24 (23.0)
8-11 (9.0)

6.9-10.9 (8.6 = 1.1)
4.9-10.0 (6.7 = 1.3)
3.0-5.3 (4.0 = 0.5)
2.4-4.1 (3.0 = 0.5)

405-450°

described trichodinid in having reduced blade; stout and
robust central part; elongated ray having parallel borders
and a large clear circle at the centre containing argen-
tophilic particles closely resembles H. robusta. How-

ever, the new species differs from H. robusta in having
blades not as reduced as recorded by Basson and Van
As (1989) but slightly developed with sharp tangent point
and without any protrusion on distal margin. The species
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under discussion is also distinct from H. robusta in
having straight and gradually tapered ray and of smaller
body dimensions (Table 1).
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Alterations of Photophobic Motile Response in Stentor by Cyclic
Guanosine 3°, 5’- Monophosphate-elevating Agents

Miroslawa WALERCZYK and Stanislaw FABCZAK

Department of Cell Biology, Nencki Institute of Experimental Biology, Polish Academy of Sciences, Warszawa, Poland

Summary. The effects of exogenous cyclic nucleotides and modulators of the cyclic nucleotide signaling pathway on the step-up
photophobic response have been studied in the ciliate Stentor coeruleus. To attain this, the latency time for the ciliary stop response and
the ciliary reversal duration has been estimated using microscope videorecording and dark-field macro-photography. Membrane-permeable,
slowly hydrolyzable analogs of cyclic GMP, 8-Br-cGMP and db-cGMP, significantly increase the latency time of ciliary stop response
and decrease the period of ciliary reversal. By contrast, cyclic AMP analogs, 8-Br-cAMP or db-cAMP, had no measurable effect on the
photophobic response parameters. The effects of the exogenous cGMP are mimicked by the application of the non-specific PDE inhibitor
IBMX or zaprinast, a specific cGMP-PDE inhibitor. These behavioral observations suggest that in vivo, the internal level of presumed
c¢GMP, but not cAMP, is possibly a limiting factor for the time course of the motile avoiding response of Stentor, and they further support
the hypothesis that cGMP metabolism may play a role in photosignal transduction in these cells.

Key words: cGMP phosphodiesterase, ciliary stop and reversal response, cyclic nucleotide analogs, cyclic nucleotide phosphodiesterase
inhibitors, photophobic response, phototransduction, Stentor coeruleus.

Abbreviations: cAMP = adenosine 3’, 5’- cyclic monophosphate; 8-Br-cAMP = 8-bromo-cAMP; db-cAMP = N¢, 2’-o-dibutyryl-cAMP;
c¢GMP = guanosine 3', 5’- cyclic monophosphate; 8-Br-cGMP = 8-bromo-cGMP; db-cGMP = N¢, 2’-o-dibutyryl-cGMP;
DMSO = dimethyl sulfoxide; PDE = cyclic nucleotide phosphodiesterase; IBMX = 3-isobutyl-l-methylxanthine; zaprinast = 1,4-dihydro-
5- [2-propoxyphenyl]-7H-1,2,3-triazolo [4,5-d]pyrimidine-7-one.

INTRODUCTION a period of ciliary reversal during which cell moves

backwards and turns to one side, and subsequent stop of

The avoidance of an illuminated area by ciliate
Stentor coeruleus results from a step-up photophobic
response (Tartar 1961). This motile response may be
elicited by a spatial or temporal increase in light intensity
and it consists of a delayed stop of forward swimming,

Address for correspondence: Stanistaw Fabczak, Department
of Cell Biology, Nencki Institute of Experimental Biology,
ul. Pasteura 3, PL-02-093 Warszawa, Poland; Fax: (4822) 822 53 42;
E-mail: sfabczak@nencki.gov.pl

movement followed by resumption of forward swimming
in a new direction (Wood 1976, Song et al. 1980,
Fabczak et al. 1993b). The ciliary reversal in Stentor is
caused, as in other ciliates, by an action potential,
triggered, in turn, by a delayed depolarizing photorecep-
tor potential (Wood 1976, Fabczak ef al. 1993b). The
generation of receptor potential is a consequence of light
absorption by numerous blue-green subpellicular pig-
ment granules, arranged in longitudinal strips between
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each pair of ciliary rows (Tartar 1961, Tao et al. 1994).
These granules contain stentorin, a hypericin derivative,
as a chromophore (Mgller 1962, Tao et al. 1994, Song
1995). At present, little is known about functional link
between photoreceptors and the bioelectrical events
preceding the observed photomotile behavior of Stentor.
In preliminary studies, we suggested an existence a
signaling chain in Stentor, which may involve cGMP as
a second messenger (Fabczak et al. 1993a). In this
paper, we have used a microscope videorecording sys-
tem and pharmacological approach to further investigate
the role of cGMP metabolism in the light-dependent
motile responses in the ciliate Stentor coeruleus.

MATERIALS AND METHODS

Stentor coeruleus ciliates were grown in 0.5 | Petri dishes in a
manner previously described (Koprowski et al. 1997). For cell har-
vesting, a chosen dish was placed on a dark or moderate illuminated
background and then it was lighted from one side. In a short time,
most ciliates collect at the side opposite to the light source (negative
photodispersal effect). Thus, accumulated cells were transferred with
a pipette to fresh culture medium devoid of nutritional components,
referred to as a control medium. The selected cell sample was then
placed in an appropriate solution filling a test chamber, located on a
microscope stage. Each recording session of cell movements was
performed usually after 60 min of cell adaptation to darkness and
applied test solution. A constant temperature of 22°C of the solution
filling recording chamber was maintained automatically throughout
the experiment by an electronic device, based on a semiconductor
Peltier element (Fabczak 1990). Test solutions containing derivatives
of cGMP or cAMP were prepared simply by its addition to control
medium, prepared daily from stock solution. Cyclic nucleotide PDE
inhibitors, IBMX and zaprinast, were first dissolved in ethanol and
DMSO, respectively, and then added to the control solution. The
maximal final concentrations of both solvents in test solutions were
0.1% and the same amount of the solvents was included in the control
solution for each series of experiments. All cyclic nucleotide analogs,
8-Br-cGMP, db-cGMP, 8-Br-cAMP and db-cAMP and IBMX were
purchased from Sigma, whereas zaprinast was obtained from Alexis.
All chemicals were of analytical reagent grade.

The photostimulation and video recordings of cell swimming
pattern were carried out with methods described elsewhere (Fabczak
et al. 1994, Fabczak 2000a). The effects of the tested substances on
cell photobehavior were achieved by measurements of photophobic
response parameters, such as latency of stop response (T, , time
between cell entry into light spot from a dark background and stop of
cell forward swimming) and duration of backward swimming (T,
time of ciliary reversal) expressed as percentage change in relation to
the control values (taken arbitrarily as 100%).

A dark-field and low-magnification photography was used for an
illustration of cell motility pattern under different experimental con-
ditions (Ferguson 1957, Dryl 1958).

RESULTS AND DISCUSSION

To test the effects of cyclic nucleotides on cell
photophobic movement, both the T, and T, param-
eters of photophobic responses were evaluated in cells
exposed to dibutyryl- or 8-bromo-substituted cyclic nucle-
otide analogs, 8-Br-cAMP and 8-Br-cGMP or db-cAMP
and db-cGMP. These compounds, being lipophilic ana-
logs of cAMP and ¢cGMP, possess considerable mem-
brane permeability and are relatively poorly hydrolyzed
by cyclic nucleotide PDEs (Braumann and Jastorff
1985, Zimmerman et al. 1985, Krass et al. 1997). When
8-Br-cGMP or db-cGMP analogs in final concentrations
between 0.25 and 2.00 mM were applied to Stentor via
bath addition, the time course of photophobic response
underwent significant alterations in a dose-dependent
manner (Fig. 1). In cells treated by 2 mM 8-Br-cGMP
for 5 min, the T ., value was increased two-fold and

Ty, reduced by about 73% compared with controls
(Fig. 1A). As illustrated in Fig. 3A-D, the inhibitory
effect of cGMP was larger with prolongation of incuba-
tion time. The influence of db-cGMP analog on the cell
response latency or ciliary reversal duration was also
very large (Fig. 1B) but somewhat lower than that of
8-Br-cGMP, probably due to differences in membrane
permeability or metabolic turnover of a particular cyclic
nucleotide analog by PDEs. In contrast, both 8-Br-
cAMP and db-cAMP analogs were ineffective at the
same applied concentrations and incubation.

These results demonstrate that application of mem-
brane-permeable cGMP analogs, which are expected to
increase intracellular cGMP levels, significantly modu-
lates the light avoiding motile behavior of Stentor cells.
The negative results obtained using membrane-perme-
able cAMP analogs serve, as a control, to evidence the
specificity of the action of cGMP on cell photobehavior.
These might indicate that, in vivo, the level of presumed
cGMP, but not cAMP, in Stentor is perhaps a limiting
factor for the cGMP signaling pathway and increased
cGMP levels might suppress the signaling chain effi-
ciency. This might demonstrate a direct or indirect
causal connection between the kinetics of the signaling
process and time course of the cell motile response to
light. A slower processing of light signals resulting from
c¢GMP accumulation could lengthen the T, and de-
crease T ., periods. On the other hand, a higher effi-
ciency of signal pathway could lead to a shortening and
prolongation of the T, and T, response parameters,
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Fig. 1. Effect of 8-Br-cGMP (A) and db-cGMP (B) analogs on
photophobic response elicited with standard white light stimuli (5 x
10* Wem?). The ciliary stop response latency (T, ) and duration of
backward swimming (T .., ) were determined in da%(-adapted cellsin
control medium and in this medium supplemented with cGMP ana-
logs at the indicated concentrations. All data (in percent) are given as
mean + S.E of measurements on 60-80 cells

respectively. This closely resembles earlier behavioral
observations on the reciprocal relationship between the
response latency and duration of ciliary reversal in
Stentor, when photophobic responses were elicited with
light stimuli of variable intensity (Fabczak et al. 1993a).
Thus, the photophobic response of prolonged T, and
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Fig. 2. Effect of IBMX (A) and zaprinast (B) on photophobic
response. The T, and T, values were estimated in control me-
dium including appropriate solvent concentrations (ethanol or DMSO)
and in medium supplemented with IBMX and zaprinast at the
indicated concentrations. Other details as for Fig. 1

decreased T, can be obtained under both experimen-
tal circumstances - when signal turnover is disturbed by
an application of cGMP-elevating agents, as found in the
present experiments, or during cell stimulation with light
stimuli of low fluence rates, as observed earlier (Fabczak

et al. 1993a).
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Fig. 3. Dark-field and low-magnification photographs of Stentor photobehavior (motility tracks) under different experimental conditions. The
photophobic response of dark-adapted cells to standard light stimulus in control medium (A) and in the presence of 3 mM 8-Br-cGMP analog
(B-D) applied for 1 min (B), 10 min (C) and 30 min (D) or in control medium supplemented with 0.1% ethanol (E) and in the presence of
25 uM IBMX (F-H) applied for 1 min (F), 10 min (G) and 30 min (H). Arrows and arrowheads in (C) or (G) indicate the onset of light stimulus
and ciliary reversal, respectively. The photographs were taken with an exposure time of 6 s

To verify whether Stenfor cells contain an endog-
enous enzymatic pathway for cGMP metabolism, we
externally applied a non-specific PDE inhibitor, IBMX
and a specific cGMP PDE inhibitor, zaprinast (Amer and
Kriegbaum 1975, Goldberg and Haddox 1977, Turko et
al. 1999). IBMX and zaprinast are known to effectively
raise the intracellular concentration of cGMP, as a
consequence of inhibition of cGMP degradation by PDE,
when cGMP synthesis catalyzed by a guanylate cyclase
remains unaffected (Goldberg and Haddox 1977, Burns
et al. 1992). Both of these agents applied at micromolar
concentrations (25-100 uM) modulated T, similarly to
the effects of cGMP analogs (Fig. 2). An application of
IBMX (Fig. 2A) or zaprinast (Fig. 2B) at a concentration

of 100 uM extended the T_,, two-fold and more than
2,2-fold, respectively, whereas T_,, was decreased
in both cases by about 46% compared with those
photoresponse parameters in appropriate control solu-
tions (Figs. 2A,B). As in the case of cGMP analogs, an
increase in the incubation time caused more pronounced
inhibitory effects of IBMX (Fig. 3E-H). No toxic effects
for either drug were observed, as judged by the continu-
ing regular cell swimming at the inhibitor concentrations
used. These observations indicate that a decrease in
PDE activity in Stentor may cause changes in cytoplas-
mic cGMP levels and, as a consequence, the photopho-
bic response coupled to the cGMP messenger might be
suppressed.



Since the inhibitory effects of the used compounds,
c¢GMP analogs and antagonists to cyclic nucleotide PDE
are presumably due to the accumulation of internal
c¢GMP in Stentor, the decrease in cellular cGMP con-
centration is considered to be implicated in the cell
phobic response to light stimuli. This supposition is
consistent with the recently reported preliminary results
of in vivo estimation of endogenous cyclic nucleotide
levels in Stentor cells using highly specific cyclic nucle-
otide radioimmunoassay (Walerczyk et al. 2000,
Walerczyk and Fabczak 2001). These experiments evi-
dently show that, in dark-adapted cells following illumi-
nation, a decrease in intracellular cGMP level occurs.
The measured alterations in cGMP levels were observed
to be suppressed strongly by cyclic nucleotide PDE
inhibitors, such as IBMX or theophylline (Darcy and
Fisher 1990). Moreover, a presence of cGMP-activated
channels and 63 kD protein that specifically bind cGMP
were confirmed in ciliate cortex fraction with an elec-
trophysiological patch-clamp and immunochemical meth-
ods, respectively (Fabczak 2000b, Walerczyk et al.
2000). Also in Stentor cells, a transducin-like G-protein
was detected using O-transducin antibody (Fabczak et
al. 1993a). Based on the presented findings, it appears
that the photosensitive unicellular organism Stenfor, as in
olfactory- and photo-receptor cells (Fesenko et al. 1985,
Nakamura and Gold 1987), possess biochemical machin-
ery that involve events from light absorption by photore-
ceptor pigments (hypericin-like stentorin) via G-protein-
coupled phosphodiesterase activation to directly modu-
late membrane cGMP-gated ion channels.
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Short Communication

Membranous Whorl Associated with the Mitochondrion of Leishmania

mexicana
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Summary. Recent studies carried out in our laboratory had shown a singular structure in the mitochondrion of Leishmania mexicana during
its in vitro development. This particular structure looks like a membranous whorl.

Key words: Leishmania mexicana, membranous whorl, mitochondrion, parasite.

We have observed that during the development of
the Trypanosomatidae (specially L. mexicana) a por-
tion of the mitochondrion proliferates, and assumes the
form of elaborated convoluted structures with rough
endoplasmic reticulum elements occupying, regularly
arranged, grooves into the mitochondrial mass. Similar
submicroscopic patterns had been described earlier.
Indeed, Vickerman and Preston (1976), suggested that
this labyrinth could be a mitochondrial system in a
compact condition, ready for expansion after multiplica-
tion. In addition, Pannese (1966) and Ghadially (1997),
had described membranous whorls in vertebrate mito-
chondria of ganglion neuroblasts and renal cells, respec-
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Chacao, Caracas 1060, Venezuela; Fax: +58(212)2645213; E-mail:
ftejero@reacciun.ve

tively. They suggested that these membranous pro-
cesses might be related to new mitochondrion formation.

In our L. mexicana samples (Deane et al. 1966), this
arrangement was found in association with the mito-
chondrial envelope (Fig. 1). Apparently, patterns in such
amanner could represent a mitochondrial transformation
related to autolytic processes. The assembly itself seems
to involve changes linked to the development of dense
osmiophilic layers, the membranous whorl formation, as
well as the transformation of such structures into lyso-
somal bodies, which eventually can be converted in
myelin-like figures. These L. mexicana whorls could be
acting like a storage area of mitochondrial envelope
derived from condensed forms. We have seen that
during the in vitro development of L. mexicana in LIT
medium (Docampo et al. 1974), organellar ultrastructure
takes different complexity arrangements. Probably, it is
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Fig. 1. This electron micrograph shows a mitocondrial membranous whorl in a Leishmania mexicana promastigote. Scale bar - 4, 2 um

consequence of the medium chemical composition, stages
of development occurring in the culture, metabolic
changes, and/or continuous series of organellar degen-
eration, among others.

Whorl formation in trypanosomatids has only been
reported in Crithidia fasciculata (Hill et al. 1968) and
Trypanosoma raiae (Vickerman and Preston 1976).
Therefore, it is necessary to continue this line of inves-
tigation in order to establish if these arrays are present
in other members of the family and/or order.
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Chloroplast Ultrastructure of Euglena cuneata Pringsheim, E. deses
Ehrenberg and E. mutabilis (Euglenophyceae): Taxonomic Significance
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Summary. For the first time the “unilateral” pyrenoids of Fuglena were studied by transmission electron microscopy in three taxa: E. deses
var. deses Ehrenberg, E. deses Ehr. var. intermedia Klebs and E. mutabilis Schmitz. The presence of pyrenoids in E. deses var. intermedia
has been uncertain. Our investigations show that these three taxa have chloroplasts with pyrenoids. Centrally or laterally located in each
plastid, the pyrenoid matrix is penetrated by a few thylakoids (E. deses) or by many (E. mutabilis).

The chloroplast morphology and ultrastructure of Euglena cuneata Pringsheim were also studied for the first time. The species has one
stellate, axial chloroplast with pyrenoid and the pyrenoid matrix forms a net-like pattern; no thylakoids penetrate the pyrenoid.

Key words: chloroplast, Euglena, E. cuneata, E. deses, E. mutabilis, pyrenoid, systematics, taxonomy, ultrastructure.

INTRODUCTION

The identification of Euglena taxa has been based
largely on morphological characters at the light-micro-
scopic level, but especially on the historically important
criterion of chloroplasts (their number, size, location;
presence or absence of pyrenoids; number, morphology
and location of paramylon grains). Many authorities
have acknowledged chloroplast characteristics as the
major criteria for the establishment of an intra-
generic classification for Fuglena (Dangeard 1901;
Lemmermann 1913; Chu 1946; Gojdics 1953; Huber-

Address for correspondence: Bozena Zakry$, Department
of Plant Systematics and Geography, Warsaw University,
Aleje Ujazdowskie 4, PL-00-478 Warszawa, Poland; E-mail:
Zakrys@mercury.ci.uw.edu.pl

Pestalozzi 1955; Pringsheim 1956; Zakry$ 1986, 1997).
For most of the species of Euglena, however, details
about the chloroplast are insufficiently known and de-
scribed, a particular concern for the taxa for which
plastid organization or pyrenoid presence are not visible
in the light microscope, thus necessitating more detailed
examination by transmission electron microscopy.

Of special interest for this investigation are three
species of the genus Euglena for which chloroplast
ultrastructure is not described: E. cuneata, E. deses
and E. mutabilis. Light-microscopic observations to
date on these organisms (Gojdics 1953, Huber-Pestalozzi
1955, Pringsheim 1956, Popova 1966, Péterfi 1986,
Zakrys 1986, Zakrys and Walne 1994, Némth 1997, Kim
et al. 1998, Zhi et al. 1999, Dillard 2000) have not
allowed definitive determinations about the number of
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the plastids (E. cumneata) or the presence and
organization of pyrenoids (E. cuneata, E. deses and
E. mutabilis).

The purpose of this investigation is thus twofold:

(1) To document chloroplast number and morphology
for E. cuneata, for which ultrastructural details have
been unreported, and to compare these data to other
known species with similar chloroplast organization:
E. geniculata, E. myxocylindracea, E. stellata,
E. tristella and E. viridis.

(2) To study the ultrastructure of unilateral” pyrenoids
and to document their presence for E. mutabilis and two
varieties of E. deses.

MATERIALS AND METHODS

Cultures

Three strains of Euglena were obtained from the Sammlung von
Algenkulturen (SAG), Gottingen, Germany: E. cuneata Pringsheim,
strain # 26.93 (authentic strain); E. deses var. deses Ehrenberg strain
# 1224-19b, E. mutabilis Schmitz, strain # 1224-9b. One strain of
E. deses var. intermedia was isolated from Poland (Warsaw Botanical
Garden). Clones derived from each strain were cultured in liquid
media (3C - Starr 1978) and under identical conditions in a growth
chamber maintained at 19°C and 16 : 8 h L/D, ca 27 pmol photons
m? s! provided by cool-white fluorescent tubes. Two-week-old
cultures were used for the electron-microscopic studies.

Transmission electron microscopy

Actively swimming cells were harvested by low-speed centrifu-
gation and fixed in 2% glutaraldehyde buffered with 0.05 M sodium
cacodylate, pH 7.2, for 1 h at 4°C. After several rinses in buffer, the
samples were post-fixed in buffered 2% OsO, also for 1 h at 4°C,
followed by dehydration in a graded ethanol/acetone series and em-
bedment in Spurr’s low-viscosity resin. Thin sections were cut with
a diamond knife on a Reichert Ultracut-E ultramicrotome and were
stained sequentially with uranyl acetate and lead citrate, prior to
examination in a Hitachi H-600 transmission electron microscope.

RESULTS

The cells of Euglena cuneata have axial chloroplasts
often obscured other cellular structures and organelles.
The plastids are not readily discernible or only faintly so
in the light microscope, thus necessitating more detailed
examination by transmission electron microscopy, as
described below.

Euglena cuneata Pringsheim. The chloroplast is a
single, stellate and elongate structure, which fills the
entire axial part of the cell displacing the nucleus from a

central position towards the periplast (light microscope
observations). The chloroplast contains a large central
pyrenoid (Figs. 1,2, 4). An integral part of the plastid, the
pyrenoid is not surrounded by a defining membrane and
is readily identifiable by its matrix, which forms a net-like
pattern, composed of areas of high and low electron
opacity (Figs. 2-6). No thylakoids penetrate the pyrenoid.

Euglena deses Ehrenberg. Since there is discrep-
ancy in the literature about the occurrence of pyrenoids
in this species, we used one strain obtained from an algal
culture collection identified as E. deses var. deses
(with small paramylon grains only - Figs. 7,11, 12, 14, 15)
and one strain isolated from Poland which has both large
and small paramylon grains in the cells (E. deses var.
intermedia - Figs. 8-10, 13). In both varieties (var.
typica and var. intermedia) the plastid organization is
identical, and each chloroplast contains a pyrenoid. The
pyrenoids are rather small and not always located in the
center of chloroplasts (Figs. 7-12). The pyrenoid matrix
is penetrated by a few thylakoid pairs that are continuous
with the typical euglenoid triplet lamellae (Figs. 13-15,
arrowheads).

Euglena mutabilis Schmitz. In cells of E. mutabilis
the chloroplasts are much larger compared with those of
E. deses, the pyrenoids are scarcely visible and then
mostly when the cells are kept in good growth condi-
tions. For this study we used only one strain of
E. mutabilis obtained from an algal culture collection.
The main part of each large chloroplast contains a
pyrenoid (Figs. 16-18). Centrally located in the plastid,
the pyrenoid matrix is penetrated by numerous thylakoid
triplets that are continuous with lamellar quadruplets in
the chloroplast stroma. The quadruplet lamellae traverse
the matrix parallel to each other at regular distances,
creating a pattern (Figs. 18-20).

DISCUSSION

Our investigation shows that Euglena cuneata
has a similar chloroplast structure to E. geniculata,
E. myxocylindracea, E. stellata, E. tristella and
E. viridis (Haller 1959; Mignot 1965, 1966; Buetow
1968; Leedale 1968; Dragos et al. 1979; Péterfi et
at.1979; Zakry$ and Walne 1998). The major difference
among these species is chloroplast number (one per cell
in E. cuneata, E. myxocylindracea, E. stellata and
E. viridis; two in E. geniculata; three in E. tristella).

Euglena cuneata differs from the rest of the taxa in
two aspects: (a) the pyrenoid is large and its matrix
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Figs. 1-6. Euglena cuneata; 1, 2, 4 - transverse sections through various levels of cell show single chloroplast (CH) with pyrenoid
(P and arrows), nucleus (N), and paramylon grains (pa); 3, 5, 6 - higher magnification of pyrenoid (P) shows net-like structure of the matrix.
Scale bars - 1 pm
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Figs. 7-15. Euglena deses; 7-12 - chloroplasts (CH) with pyrenoids (P and arrows) and paramylon cap (pa) in var. deses (7, 11, 12) and var.
intermedia (8-10), scale bars - 5 pm; 13-15 - higher magnification of pyrenoids (P) showing matrices traversed by thylakoids (arrows) in var.
intermedia (13) and var deses (14, 15), scale bars - 0.5 pm
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T T

Figs. 16-20. Fuglena mutabilis; 16-18 - transverse views of chloroplasts (CH) with pyrenoids (P) and lipid granules (L), paramylon grains
(pa), scale bars - Spm; 19, 20 - higher magnification of pyrenoids (P) showing matrices traversed by parallel thylakoids (arrows), scale
bars - 0.5 pm
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forms a net-like pattern (Figs. 1, 2, 4-6); (b) the main part
of its single chloroplast containing the pyrenoid is large
and long, displacing the nucleus from a central position
towards the periplast (light microscope observations).

Except for the original descriptions of E. cuneata
(Pringsheim 1956), and two floristic reports about its
occurrence (one from Rumania - Péterfi 1986, and one
from China - Zhi 1999), there is no written information
about the taxa. Such paucity of information is under-
standable since E. cuneata is very rare, also because it
may have been mistaken for similar species as
E. stellata or E. viridis. Fortunately the authentic strain
is still available from algal culture collections, so this
study could be carried out.

Two varieties of E. deses were also examined to
explore the existing contradictions concerning the pres-
ence or absence of pyrenoids in var. deses (with only
small paramylon grains) and in var. intermedia (with
small and large paramylon grains). Some authors (Gojdics
1953, Pringsheim 1956, Popova 1966, Németh 1997, Zhi
etal. 1999, Dillard 2000) observed pyrenoids in the cells
of the #ypical variety only. Some other authors could not
see pyrenoids in the cells of both varieties (Huber-
Pestalozzi 1955, Zakrys$ 1986, Zakry$ and Walne 1994,
Kim et al. 1998, Wotowski 1998). Both strains were
studied by light microscopy and no pyrenoids were
observed in any cell. The electron- microscopic results
however show that in both varieties the pyrenoids are
present and the plastid organization is identical. Only in
a few cases in both varieties, flat “paramylon caps” in
association with the pyrenoids were observed. The caps
were situated on one side of the chloroplasts (Fig. 10).
Such “one sided paramylon caps” are apparently formed
in good growth conditions and disappear when the
environment changes, but their presence is interpreted
as a presence of pyrenoids. It may explain the erratic
occurrence or observation of the “unilateral” pyrenoids
in the light microscope. Nevertheless, additional experi-
mental research is necessary to understand these phe-
nomena.

“Unilateral” pyrenoids also reported in E. mutabilis,
are hardly visible in the light microscope, although the
chloroplasts are much larger compared with those of
E. deses. It is not even possible to see them when the
strains are kept on synthetic media in culture for many
years, and in this study the pyrenoids were not observed
either. But their presence was confirmed by electron
microscopy. No “paramylon caps” were observed, al-
though numerous paramylon grains were noted on the
curved side of the chloroplasts (Fig. 16). The caps were

not probably formed, because the strain was kept in
culture for many years. It would be interesting to
examine a strain just taken from a natural habitat.

Our ultrastructural results thus suggest taxonomic
reassignments among some of the Fuglena species
studied here. Using the intra-generic classification pro-
posed by Zakry$ (1986) one more taxa, E. cuneata
should now be added to those presently classified in the
Subgenus Euglena, which is characterized by axial
chloroplasts with pyrenoids. Moreover, two other taxa,
E. deses var. deses and E. deses var. intermedia,
should be now classified in the Subgenus Calliglena,
which is characterized by parietal (or partly so), never
axial chloroplasts with pyrenoids (Zakrys 1986).

It is clear that additional research is essential for the
requisite taxonomic revision of Fuglena species, termed
“Euglena viridis Group, Subgenus Fuglena, in which
E. myxocylindracea, E. stellata, E. viridis, and now
E. cuneata are classified. Current proposed relation-
ships among the members of the group need to be
verified by additional approaches, especially the use of
molecular methods.

Some molecular data have been obtained recently but
only for two species - E. stellata and E. viridis,
however, the data are contradictory. Whereas the pair of
species have 82,7% of RAPD and 88,5% of RFLP
bands in common and each clustering method reveals
this two-element cluster (Zakry$ et al. 1997), their SSU
rDNA sequences are distinct, having diverged by 13%
from each other (Linton ef al. 2000). Such investigations
will be the focus of future research.
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