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Dear Colleague:

Beginning with this issue we are pleased to present our journal Acta
Protozoologica in a new form: bigger, with a more convenient format, with
better paper. so that publication of photographs occurs with the text, as well
as a shorter time for the publication of articles, which will be, we hope, our
regular performance.

We want to establish the position of Acta Protozoologica as an international
journal and, moreover, to join in the mainstream of European and World
cooperation in developing science. We hope to accomplish these goals through
a broader composition of the Editorial Board, to which we invite specialists.,
working in different fields of protistology in many countries. We are
deeply appreciative to those colleagues, who agree to assist members of the
Board, to aid editors, and take responsibility for the high scientific level of our
journal. We are mainly indebted to them for taking on the heavy
responsibility of critical reviews of works sent for publication

in Acta Protozoologica. We thank all past members of the Board, and first of
all Professor Stanistaw Dryl, Editor in Chief of Acta Protozoologica for
many years, for the hard work performed previously, in what were
sometimes difficult periods.

We will remain, as in the past. a journal publishing original works from all
fields of protistology, except papers of restricted interest or confined

to limited subjects. At the same time, we also wish, as before, to be specialized
in our traditional topics — morphology and morphogenesis — and
experimental disciplines — physiology of movement and excitability of cells.

We will, as before, publish Acta Protozoologica as a multilanguage journal,
printed in English, French and German. For technical and economical
reasons we are not able to publish in Russian. We hope, however, that in the
future we will publish many valuable papers from that language area.

We now have the possibility of freely modifying our journal both concerning
the contents and also in form. In our opinion, the time has come for the

realization of previous publishing plans, including, besides original works, also
review articles and short reports. Self invited or solicited review articles sent
by authors should aim to be a recapitulation of a definite stage of investigation

http://rcin.org.pl



as would be published to some extent in increasing authoritative journals.
Short reports should intend to present information about recent results of
investigation. If the short reports are well prepared and do not need author’s
corrections, they could be published rather quickly — between a few weeks
up to three months from the time of accepting the work to its publication.

We are introducing new procedures for receiving Acta Protozoologica. Now it
will be possible to order our journal directly from the Nencki Institute of
Experimental Biology. For individual scientists, members of protozoological
or protistological societies, we predict a low price. At the same time, one
can order our journal through existing agencies as in the past.

We hope that the journal thus improved will increase the numbers of those
interested, as well as among authors and current readers, and will serve
still better the science.

Editors
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Physical Factors Effecting the Excystment of the Heterotrichous Ciliate

Fabrea salina (Henneguy)

Stephen D. DESIMONE and Arthur J. REPAK

Department of Biological Sciences, Quinnipiac College, Hamden, Connecticut, USA.

Summary. Cysts of the heterotrich ciliate Fabrea salina were subjected to a pH range of 411, salinity variations of 0-66%e, and temperature
changes from 16 to 44°C to determine the effect on the percentage of excystment. Two barley kernels were added to all trails to maintain
a bacterial food source. One to 2 month-old cysts were used. Empty cysts were counted after 48 h as an indication of excystment. Excystment
was highest at pH 7.0-9.0, 26- 52%e salinity. and 28, 34 - 38°C. Conclusions were supported by subjecting the data to statistical analysis using
ANOVA. Excystment did not occur without bacteria or in the control medium.

Key words. Fabrea salina, excystment, physical factors.

INTRODUCTION

Fabrea salina Henneguy was first described by
Stepanow (1885, 1886) and later named by Henneguy
(1890), who also first described the cysts. Found in salt
marshes and isolated puddles around intertidal zones
(Kirby 1934, Ellis 1937, Fenchel 1968), the ciliate
derives nourishment from bacteria and algae (Repak
1983, Repak 1986). The ciliate is a major food source
for zooplankton and fish larvae (Fenchel 1968, Kahan
1975).

Excystment of various ciliates has been well studied
(e.g. Garnjobst 1928, Strickland and Haagen-Smit
1947, van Wagtendonk 1955, Jefferies 1959, Butzel
and Horowitz 1965, Beers 1966). Investigations of
physical factors affecting excystment have been under-
taken with other ciliates e.g. Vorticella microstoma

Address for correspondence: A. J. Repak, Box 158, Departament
of Biological Sciences, Quinnipiac College, Hamden, Connecticut
06518-069, USA

(Finley and Lewis 1960) and Blepharisma stoltei (Re-
pak 1968). A study of the temperature and biochemical
aspects of excystment in F. salina was accomplished by
Demark-Gervais and Genermont (1971). However,
the details of the effects of temperature, pH, and
salinity on excystment in this marine ciliate have not
been revealed. The purpose of this study is to inves-
tigate the effect, if any, that these physical factors have
on excystment in F. salina.

MATERIALS AND METHODS

Stock solutions consisted of 200 ml millipore sterilized, charcoal
filtered sea water (CHSW) obtained from Masquamequet, RI.
Initially, newly made sterile CHSW was used with little to no
excystment in solutions with bacteria. After the solution was aged
for 1 month excystment occurred.

The cultures were contained within finger bowls at pH 8 and
a salinity of 32%.. Ten barley kernels were added to provide an
infusion food source. The cultures were incubated at 26°C in the
dark. Encystment usually occurred within 2-3 weeks.

Cysts were washed three times with sterile CHSW before use. Ten
mililiters of CHSW was added to sterile Falcon Multiwell wells.
Approximately 100-200 cysts were then introduced. Two barley kemels
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2 S. D. Desimone and A. J. Repak

were added to each well to provide infusion as the food source. Trials
were repeated twice in triplicate for 24 and 48 h at 37°C (Thirty seven
degrees was chosen because of the studies of Demar-Gervais and
Genermont (1971)). To avoid outside contamination aseptic tech-
nique was stringently adhered to. Each factor was studied under the
condition specified for 24 and 48 h. The temperature effects were
tested at 48h only. Empty cysts were counted, averaged, and
statistically analyzed. Trophozoites were not counted because their
numbers would have been increased by division during the trial
period.

For salinity studies, 108 g Sigma sea salt was dissolved in distilled
water, filtered and adjusted to pH 8.0. The fina! sulinity was 66%
(The original Fabrea culture obtained from Andrzej Kubalski
arrived in a culture at this salinity level). With the exception of
a salinity of 93%., the starter solution (66%s) was diluted by 25 %
in series with glass-distilled water and millipore filtered (See
Table 2).

Studies involving temperatures of 16 to 27°C were undertaken in
a low temperature incubator. Temperatures from 28-44°C were
studied using a high temperature bacteriological incubator. In either
case sterile CHSW at pH 8.0, and a salinity of 32%. was employed.
Temperature studies were conducted at two degree increments in
triplicate. Results were read after 48 h. The controls were the
unaltered CHSW minus the barley kernels. Control samples were
spread plated onto sea water agar (SWA) to test for sterility at 37°C,
24 h (Repak 1983). API strip-20E for gram negative rod fermentors
was used to speciate the bacteria in the infusions.

In studies involving pH, CHSW was used and adjusted. The pH was
tested before the experiment was undertaken, again at 24 and 48 h.
A microelectrode was used to determine the pH in each well.

All data was subjected to statistical analysis using ANOVA,

RESULTS AND DISCUSSION

Escherichia coli was found to be the predominate
bacterium in the barley fed cultures. After 24 h the
starting pH >4 and <11 was shifted to a range from
7.0-7.8. See Table 1. The change in pH is probably
caused by the buffering action of the growth of the

Table 1

Effect of pH Excystment of Fabrea salina*

Initial Final Total No.  Number %
pH pH Cysts Excysted Excystment
4.0 4.0 150 0 0
5.0 7.0 148 6 31
6.0 7.1 197 6 31
7.0 4 200 I8 9.0
8.0 72 192 13 6.8
9.0 74 197 12 6.1
10.0 7.5 199 13 6.5

* Studies were accomplished in cultures at 37°C and salinity of
32%e and run 48h with barley infusion as a food source. The
average % excystment + one standard deviation per trial = 2.42
T lg< ) pe

naturally occurring bacterium with some contribu-
tions made from the metabolism of the ciliate. Excyst-
ment reached a maximum value of 9% at an initial
pH 7.0 (see Table 1). This might have been expected
since Fabrea cultures thrive at this pH range. Excyst-
ment is marginal (0.68%) at an initial pH 5.0 and did
not occur at pH 4.0 or 11.0. Statistical analysis showed
the results dealing with pH along with time to be
significant with p < 0.01.

As seen in Table 2, the greatest percentage of
excystment occurred at 25-53%e salinity. The data for
salinity were found also to be significant at 0.99 +
confidence level using ANOVA. These results reflect
the fact that the ciliate is found in estuarian salt
marshes where large salinity changes (Burt and Queen
1957, Hoese 1960) occur daily. The excystment rate
declines at salinities below 27%o. No excystment occur-
red at a salinity of or less than 11%o while few (2%)
excysted at 66%o. In nature, F. salina is exposed to
changing salinity due to evaporation, rain fall, and the
ebb and flow of the intertidal zone (Kirby 1934).

Table 2

Effect of Salinity on Excystment of Fabrea salina®

Salinity Total No. Number %
Yoo Cysts Excysted Excystment
93.0 101 0 0
66.0 98 2 2.04
52.8 98 I 1.2
422 101 12 11.9
40.0 100 7 7.0
337 100 10 10.0
27.0 100 1 11.0
21.6 104 3 29
21.0 99 S 5.1
17.3 XN 6 6.7
138 90 6 6.7
11.0 93 0 0
10.0 100 0 0
5.0 88 0 0
2.5 101 0 0
0 103 0 0

* Studies performed in cultures at 37°C for 48h, initial pH 8 with
barley infusion as a food source. Average % excystment + one
standard deviation per trial = 15.2% + 16.1.

The % excystment peaked at 28°C, and again at
36°C. Here again the results were statistically sig-
nificant at a level greater than or equal to 0.99. There
was no excystment recorded below 18°C orabove 40°C
(Table 3). The ability of Fabrea to excyst at high
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Table 3

Effect of temperature on Excystment of Fabrea salina®

Temperature Total No. Number Yo
1 95 Cysts Excysted Excystment
16 150 0 0
I8 149 3 2.0
20 148 6 4.1
22 299 17 5.7
23 299 30 10,03
26 300 16 53
28 100 46 46.0
30 301 14 4.7
32 199 24 12.1
M 149 i3 222
36 149 48 322
38 301 93 309
40 148 8 54
42 301 0 0
44 302 0 0

* Studies were Erformcd in cultures at a salinity of 32% and an
initial pH 8 with barley infusion as a food source. The .ncm%c
% excystment + one standard deviation per trial = 15.5% + 14.2

temperatures has been previously noted (Demar

Gervais and Genermont 1971). However, 28 C sho-
wed a higher percentage in contrast to that reported by
Demar Gervais and Genermont without the addition
of trypsin, a suspected excysting agent. The tem-
perature peaks may also reflect the age of the cyst. One
month old cysts easily excysted at lower temperatures
(18-30°C) than one week old ones. On the other hand,
young cysts, which were noted to not fully complete
encystment, were able to reverse the process and excyst
at 36-40°C. Since excystment did not occur in the
controls and the controls were devoid of any bacteria,
it is believed that an environment harbouring bacteria
is necessary for the excystment of F. salina. Demar

Gervais and Genermont (1971) used Enterobacter
aerogenes in their cultures. Without E. coli from the
barley kernels in our trials, there was no excystment.
Other ciliates also require bacteria to excyst (Beers
1946, Beers 1966, Singh 1965). Might some microbial
by-product trigger excystment? Perhaps excystment
follows the bacterial modification of a given medium.
Barley kernels were not added to initial trials and the
initial pH did not change after 48 h. There are no studies
to date exploring the bacterial relationship in F. salina

Excystment factors in Fabrea salina 3

excystment. Only a suspected inducing agent is in-
dicated thus far (Demar Gervais and Genermont
1971).

Acknowledgements. Special thanks and appreciation to Dr. Mi-
chael Nable, Professor of Mathematics, Quinnipiac College for his
help in statistical analysis of our data.
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AGTA
PROTOZODLOGICA

Die Strassenverkehrseinwirkung auf die im Boden lebenden
Testaceenzonosen (Rhizopoda, Testacea) in Warschau (Polen)

The Effect of the Road Traffic Pollution on the Communities of Testate Amoebae
(Rhizopoda, Testacea) in Warsaw (Poland)

Vladimir BALIK
Institut fiir Bodenbiologie der Tschechoslowakischen Akademie der Wissenschaften, Ceské Budéjovice, Tschechoslowakei

Zusammenfassung. Es wurde eine Analyse der zonologischen Charaktenstiken von Gemeinschaftem der Bodentestaceen auf 10
Lokalitiatem mit verschiedenen Grad der Strassenverkehrseinwirkung in der stadtischen Agglomeration der Hauptstadt Polens (Warschau)
durchgefuhrt. Es wurden Unterschiede zwischen den Testaceenzonosen der beschiadigten und relativ unbeschidigten Lokalititen festgestellt.
Diese Unterschiede zeigten in Abundanz, Artenzahl, Artenspektrum, Artendiversititsindex und Equitabilitatsindex. Die Auswertung auf
Grund des Indexes der faunistischen Ahnlichkeit, Cluster- und Ordinationsanalysen bestidigte die Verschiedenheit der Testaceengemeins-
chaften aus den beschatigten und relativ unbeschiadigten Lokalititen.

Stichworter. Rhizopoda, Strassenverkehreseinwirkung, stadtischen Agglomeration.

Summary. The analysis of the coenological charactenistics of the testacean communities from soil in 10 localities with different level of the
road traffic pollution in the urban agglomeration of Warsaw (Poland) was carried out in September 1989. The differences of these
characteristics between damaged and undamaged localities were found. These differences was shown in the abundance, the number of
species, the species composition, the index of species diversity, and the index of equitability. These parameters on the domaged localities were
lower than on the undamaged ones. Further results evaluated on the basis of Sorensen’s index of faunistical similarity, cluster and ordination
analyses confirmed the differences of testate amoebae communities on the domaged and undamaged localities. The effect of the road traffic
on the testacean communities was therefore negative,

Key words. Rhizopoda, rood traffic pollution, urban agglomeration.

EINFUHRUNG

In den letzten Jahrzehnten werden die negativen
antropogenen Auswirkungen im Boden stindig stir-
ker (sauere Regen, Erddlstoffe, schwere Metalle, Pes-
tiziden, usw.). Der Strassenverkehr beeinflusst auch

Address for correspondence: Institut fiir Bodenbiologie der
Tschechoslowakischen Akademie der Wissenschaften. Na sadkach
7, CS - 370 07 Ceske Budéjovice, Tschechoslowakei.

die Boden in nachster Nihe der Strassen, und zwar
durch Kumulation schwerer Metalle (z. B. Blei, Kad-
mium, Zink), durch Einsalzung der Boden durch Reste
von Winterstreumitteln, durch Einstaubung und
durch Moglichkeit der Durchdringung von Erdélstof-
fen in die Boden nach den Verkehrsunfillen usw. Die
negativen Strassenverkehrseinwirkungen auf den Zo-
oedaphon beobachten schon einige Jahre die Mitar-
beiter der Abteilung der Bodenzoologie des Zoologi-
schen Institutes der Polnischen Akademie der Wissens-

V. Balik Die Strassenverkehrseinwirkung auf die Testaceenzonosen
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6 V. Balik

chaften in Warschau. Im September 1989 beschaftigte
ich mich mit der einmaligen Untersuchung der Tes-
tacenzonosen im Boden auf ihren experimentellen
Flichen. Die vorliegende Arbeit bringt die Ergebnisse
von den Testaceenzonosen aus diesem mit dem Stras-
senverkehr beeintrachtigten experimentellen Flischen.

MATERIAL UND METHODEN
Beschreibung der Lokalitaten

Im September 1989 wurden auf den langfristig studierten
Flichen des Zoologischen Institutes der Polnischen Akademie der
Wissenschaften in Warschau und ithrer Umgebung 10 Kollektionen
von Bodenproben abgenommen. Alle studierten Lokalititen liegen
auf den linken Ufer des Wisla Flusses im Bereich einer dichten
Stadtbesiedlung und eines intensiven Strassenverkehrs. Die Kont-
rollokalitit ,,Chylice™ liegt im landwirtschaftlichen Gebiet bei
Warschau und ist ohne ausdruckvolle Strassenverkehrseinwirkung.
Es geht, mit der Ausnahme der Lokalitit ,.Naturschutzgebict
Bielany™ (Laubwald), um die Natur- und Kunstgrasflichen mit dem
Bestand vom Bidumen und Striuchern. Detaillierte geologische,
pedologische, klimatische und phytozonologische Charaktenistiken
fur fast alle folgenden Lokalititaten sind in der Arbeit von Nowako-
wski (1981) angegeben.

Verzechnisen der Lokalititen (Abb, 1):

. Warschau, Plac Zbawiciela (Zbawiciela Platz). ein kleiner Platz
im Stadtzentrum, grober Sandboden, eine gepflegte Grasfliche in
der Mitte einer stark frekventierten Strassenkreuzung, 4. 9. 1989,

WARSZ AWA

Abb. 1. Situationsschema beobachteter Lokalititen in Warschau.
IZ - Institut fir die Zoologie der Polnischen Akademie der
Wissenschaften, 1 - Zbawiciela Platz, 2 -~ Sichsischte Garten,
3 - Ujazdowskie Allee, 4 - Lazienki Park (in nichster Nihe der
Strasse), 5 - Lazienki Park (Zentrum), 6 - Grabstitte der sowietis-
chen Soldaten (Zwirki i Wigury Strasse), 7 - Grabstitte der
sowietischen Soldaten (Randteil), 8 - Marszalowska Strasse, 9 - Na-
turschutzgebiet Biclany., 10 - Dorf Chylice.

2. Warschau, Ogrod Saski (Sichsische Garten), ein Park im Aus-
mass von 16 ha, auf der linken Uferterrasse des Wisla Flusses,
phytozonologisch Tilio Carpinetum, sehr feiner Sandboden mit
dem Schotter und Ziegelsplitt vermischt, schwer von Blei verun-
reinigt, eine gepflegte Grasfliche mit dem Bestand von Striuchern
und Linden, etwa 50 m von einer stark frekventierten Strasse
entfernt, 5. 9. 1989.
3. Warschau, Aleje Ujazdowskie (Ujazdowskie Allee), eine schr
stark frekventierte Strasse im Stadtzentrum, sandtoniger bis toniger
Boden, ¢in gepflegter Grasstreifen bei der Strasse unter einer
Lindenailee, 5. 9. 1989.
4. Warschau, Lazienki Park, ¢in Park im Ausmass von 86 ha. aul
der linken Uferterrasse des Wisla Flusses. phytozonologisch Ar-
rhenatherion, toniger bis sandtoniger Boden, eine gepflegte Grast-
liche mit den Strauchern und niedrigen Koniferen, etwa 400 m von
der nihsten Strasse, 5. 9. 1989,
5. Warschau, Lazienki Park, wie die Lokalitit Nummer 4. ein
regelmiissig gemihter Rasen im Zentrum des Parks mit dem Bestand
von niedrigen Koniferen und Rhododendronen, ohne direkte Stras-
senverkehrseinwirkung, 5. 9. 1989,
6. Warschau, Cmentarz Zolnierzy Radzieckich (Grabstitte der
sowietischen Soldaten), Zwirki 1 Wigury Strasse, eine Strasse am
Rande des Parks, feiner bis sehr feiner Sandboden, phytozonolo-
gisch Cynosurion, ein gepflegter Grasstreifen in der Mitte einer schr
frekventierten Strasse, 6. 9. 1989.
7. Warschau, Cmentarz Zolnierzy Radzieckich (Grabstiitte der
sowietischen Soldaten), Rand eines Parks, feiner Sandboden. ein
gepflegter Rasen, etwa 20 m von Zwirki i Wigury Strasse, 6. 9. 1989,
8. Warschau, Marszalkowska Strasse, eine sehr frekventierte Stras-
se im Stadtzentrum, mittelgrober bis feiner Sandboden, ein gepfleg-
ter Grasstreifen in der Mitte der Strasse, 5. 9. 1989.
9. Warschau, Rezerwat Biclany (Naturschutzgebiet Biclany), ein
Mischwald am Rande der Stadt im Ausmass von 130 ha, auf der
linken Uferterrasse des Wisla Flusses, phytozonologisch Tilio
Carpinetum. ein Sandboden, der Boden mit dem Laubabfall aus
dem Zentrum des Waldes, ohne direkte Strassenverkehrseinwir-
kung, 7. 9. 1989,
10. Chylice, kleines Dorf etwa 40 km siidwestlich von Warschau,
cine geweidete Wiese, phytozonologisch Arrhenatherion mediocu-
ropeum, brauner Wiesenboden mild vergleyt, Wiesenboden aus der
Mitte der Wiese, 11. 9. 1989,

Probenabnahmenmethode

Die Bodenproben wurden mit einer Bodensonde (1 cm® Arbeitsf-
liche) bis 5 cm Tiefe abgenommen. Auf jeder Lokalitdt wurden 10
Bodenstickproblem abgenommen (in 2 Reihen je 5 Proben. die
Enfernung der Proben in einer Reihe war 1 m, die Entfernung
zwischen den Reihen war 5 m). Die abgenommen Proben wurden in
Polyethylenbeuteln autbewahrt und bis zur Bearbeitung wurden diese
Beutel mit den Bodenproben im Kihischrank bei 4°C deponiert

Die Isolation der Testaceen aus den Bodenproben wurde mit der
Schwemmenmethode durchgefiihrt (Foissner et al. 1982),

Bearbeitung der Ergebnisse

Auf Grund der Angaben aus den Analysen der Bodenproben
wurden die gesamte Abundanz der Testaceenzonosen und die
Abundanz einzelner Testaceenarten (in ex. cm ~ bis 5 cm Tiefe) und
Dominanz berechnet. Weiter wurden die Werte des Indexes der
Artendiversitit (Shanon und Weawer 1963) und Equitabilitit
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(Sheldon 1969) berechnet. Die Werte der faunistischen Ahnlichkeit
der Testaceenzonosen wurden nach Sorensen (1948) Kalkuliert. Die
zonotische Verwandschaft der Testaceenzonosen von c¢inzelnen
Fliachen wurde auf Grund der Cluster- und Ordinationsanalysen
(Transformation der Angaben log (x 4+ 1)) bewertet (Computerp-
rogramm CANOCO nach Ter Braak 1987).

ERGEBNISSE

Insgesamt wurden in allen untersuchten Lokaliti-
ten 42 Arten, Varietiten und Formen von Testaceen
aus 9 Familien gefunden (Tab. 1).

Die Lokalititen mit der grossen anthropogenen
Belastung (Lokalitaten Nr 1, 2, 3.6, 7. 8) wurden durch
cine kleine Anzahl der Testaceenarten (6-9 Arten) und
durch eine niedriege Gesamtabundanz (3 600-13 800
ex. em-?) charakterisiert. In den Testaceengemeins-
chaften hatten die ..Besiedler der beschidigten Bio-
topen™ (d. h. kleine curyvalente Arten mit kosmo-
politischer Verbreitung aus den Familien Centropyxi-
dae, Cryptodifflugiidae, Euglyphidae und Trinemati-
dae) eine ausdruckvolle Uberlegenheit. Die Werte des
Artendiversititsindexes waren sehr niedrig (unter 2,0)
und die Werte des Equitabilitatsindexes bewegten sich
in ¢iner relativ breiten Spannweite (0,72-0.95).

Auf den Lokalititen ohne ausdruckvolle anthropo-
gene Belastung (Lokalititen Nr 4, 5.9, 10) wurden die
Testaceengemeinschaften durch eine hohere Artenzahl
(13-28 Arten) und durch eine hohere Abundanz
(13 800-55 200 ex. cm=?) charakterisiert. Auch in diesen
Testaceengemeinschaften hatten curyvalente Arten
cinen ausdruckvollen Anteil, es wurden jedoch hier
auch die Bodenarten und dic Arten aus ausgetrock-
neten Moosen vertreten. Die Werte des Artendiver-
sititsindexes waren hier hoher als auf den Lokalititen
mit grosser anthropogener Belastung (2.1-2.5). Die
Werte des Equitabilititsindexes bewegten sich in einer
engeren Spannweite als auf den gestorten Lokalitiaten
(0,72-0.82).

Auf allen Lokalititen waren die Vertriter der
Familien Cryprodifflugiidae ( Difflugiella oviformis und
D. oviformis var. fusca), Euglyphidae (Euglypha laevis
und E. rotunda). Phryganellidae (Phryganella acropo-
dia), Plagiopyxidae ( Plagiopyxis callida ), Trigonopyxi-
dae (Trigonopyxis arcula) und Trinematidae (Coryi-
hion dubium, C. dubium var. terricola, Trinema en-
chelys. T. lineare und T. lineare var. minuscula ) eudo-
minant (Tab. 2).

Die Zusammensetzung der Testaceengemeinschaf-
ten wurde wahrscheinlich auch durch die Bodentextur
und die Bodenstruktur beeinflusst. Es handelte sich
hier tiberwiegend um mittelfeine und feine Sandboden

Tabelle |

Artenverzeichnis der festgestellten Testaceenarten, Varietdten und
Formen auf studierten Lokalititen.
(1-10 - Lokalititsnummern)

An

Arcella catinus Penard, 1890 - 9

Arcella vulgaris Ehrenberg 1832 - 2,9

Assulina muscorum Greeff, 1888 - 4, 5,9, 10

Assulina seminulum (Ehrenberg) Leidy, - 1879 - §

Bulinullaria indica (Penard) Deflandre, 1953 - 2

Centropyxis aerophila Deflandre, 1929 - 4, 5.6, 7.

Centropyxis aerophila var. sphagnicola Deflandre, 1929 - 4, 5

Centropyxis aerophila var. svlvatica Deflandre, 1929 - 3, 7, 10

Centropyxis cassis (Wallich) Deflandre, 1929 - 5, 10

Centropyxis constricta (Ehrenberg) Penard. 1902 - 10

Centropyxis minuta Deflandre, 1929 - 7

Corythion delamarei Bonnet et Thomas, 1960

Corythion dubim Taranck, 1881 - 5,8, 9

Cyrythion dubim var. aerophila Decloitre, 1950 - 9

Corvihion dubim var. minima Chardez, 1969 - 6

Corvithion dubim var. terricola Schonborn, 1969 - 9

Corythion pulchellum Penard, 1390 - 4, 5.9, 10

Cyclopyxis eurvsioma Deflandre, 1929 5.9, 10

Cyelopyxis eurvstoma var. parvula Bonnet et Thomas, 1960 - §

Cyclopyxis kahli Deflandre, 1929 - §

Difflugiella oviformis (Penard) Bounet et Thomas, 1955 - §, 8. 10

Difflugiella oviformis var. fusca (Penard) Bonnet et Thomas, 1955

(g B

Euglvpha compressa var. glabra Wailes, 1915 - 5,9

Euglvpha laevis (Ehrenberg) Perty, 1849 - 3.4, 5.6, 7. 8.9, 10

Euglvpha polviepis Bonnet et Thomas, 1960 - 4, 5, 9, 10

Euglypha rotunda Wailes et Penard. 1911 - 1,3, 4, 5.6, 7.8, 9,10

Euglypha tberculata Dujardin, 1841 - 4, 5,9, 10

Heleopera picta Leidy, 1879 - 1.9

Nebela dentistoma Penard, 1890 -~ 5

Phryganella acropodia (Hertwig et Lesser) Hopkinson, 1909
5.6,8.9

5,6, 10

15223,

Plagiopyxis callida Penard, 1910 - 2, 5, 6,9
Plagiopyxis declivis Thomas, 1955 1.4, 5, 6,7, 9
Plagiopyxis panardi Thomas, 1955 - 4, 5, 10

Sphenoderia quadritesta Stépanek, 1967

Trigonopyxis arcula Penard. 1912 - 1,2, §

Trinema complanatum Penard, 1890 - 4, 5,9, 10

Trinema complanatum var. elongara Decloitre, 1973 - 10
Trinema enchelys (Ehrenberg) Leidy, 1878 - 1, 4.5.6, 7.8, 9, 10
Trinema enchelys var. nasurticola Decloitre, 1962 - §

Trinema lineare Penard, 1890 - 1. 2,3, 4.5,6.7,8.9. 10
Trinema lineare var. minuscula Chardez, 1971 - 8.9

Trinema lineare var. truncarum Chardez, 1964 - 7, 10

mit schwankendem Wasserregime. Deswegen wurden
die Testaceengemeinschaften auf den relativ anth-
ropogen ungestorten Lokalititen uberwiegend aus
curyvalenten Testaceenarten zusammengesetzt.
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Tabelle 2

Elementare zonologische Charakteristiken studierter Testaceengemeinschaften auf 10 Lokalititen. AZ - Artenzahl, GA - gesamte
Abundanz (in ex. cm— in 5 cm Tiefe), H' - Artendiversititsindex nach Shannon und Weawer, E - Equitabilititsindex nach Sheldon,
EA - eudominante Arten, AEA - Abundanz der eudominanten Arten, DEA - Dominantz der eudominanten Arten.

Nr. Lokalitit AZ GA H’ E EA AEA DEA
1 8 6300 i,565 0,753 T. lineare 3000 479
D. oviformis v. fusca 1500 238

2 6 4200 1,574 0,879 Ph. acropodia 1 800 429
Pl. callida 600 143

Trig. arcula 600 14,3

T. lineare 600 143

3 6 3600 1,705 0,951 T. lineare 900 25,0
E. laevis 600 16,7

E. rotunda 600 16,7

Bl 13 13800 2,121 0,827 T. lineare 4500 32.6
T. enchelys 2400 174

5 28 55200 2421 0,727 T. lineare 16 800 304
T. enchelys 11400 20,6

6 10 4500 1,206 0,958 T. lineare 900 20,0
T. laevis 600 133

Ph. acropodia 600 13,3

T. enchelys 600 13.3

7 9 13200 1,652 0,752 T. enchelys 6000 434
E. rotunda 2400 174

T. lineare 2400 17.4

8 9 6600 1,937 0,882 T. lineare 1 800 27,3
T. lineare v. minuscula 1 500 22,7

D. oviformis 900 13,6

T. enchelys 900 13.6

9 21 40 500 2,521 0,828 T. lineare 10 500 259
T. dubium v. terricola 6 600 16,3

C. dubium 5700 14,1

10 18 19 200 2,337 0,808 T. enchelys 4200 219
T. lineare 4200 219

E. rotunda 2400 12,5

E. laevis 2100 109

Auf Abbildung 2 ist graphisch die Abudnanz einzel-
ner Arten auf studierten Lokalititen demonstriert.
Aus dieser Abbildung geht hervor, dass nur 11 Arten
aus gesamten 42 Arten die hochste Abundanz haben.
Nur bei der Art Trinema lineare konnten hohere
Abundanzwerte auf allen Lokalititen festgestellt wer-
den. Alle Arten mit grosser Abundanz gehoren zu den
,,Besiedlern der beschadigten Biotopen™.

Zur Erklarung der faunistischen Identitit der Testace-
engemeinschaften aus einzelnen Lokalititen wur-

de der Index der faunistischen Ahnlichkeit nach Soren-
sen angewandt (Abb. 3). Die faunistisch dhnlichsten
sind die Testaceengemeinschaften aus den Lokalititen
Nr | und 6 (66,66 %), 5 und 9 (65,31 %), 4 und 10
(64,52%).4 und 5 (63,41%), 6 und 7 (63,16%) und 5
und 10 (60,87%). Die geringste faunistische Identitit
wurde unter den Testaceengemeinschaften der Lokaliti-
ten Nr 2 und 10 (8,33%), 2 und 4 (10,53%), 2 und
7 (13,33%), 2 und 5 (17,67%) festgestellt. Dieser Verg-
leich driickt die Unterschiede in der Zusammenstzung
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Die Strassenverkehreseinwirkung auf die Testaceenzonosen 9

von Testaceengemeinschaften auf durch den Strassenver-
kehr gestorten und ungestorten Lokalitidten deutlich aus.

Die Clusteranalyse (Abb. 4) teilte 10 studierte
Testaceenzonosen in zwei Gruppen schon im ersten
Niveau der dichotomischen Zweiglinie. Die erste
Gruppe ist aus den Testaceengemeinschaften aus den
durch Strassenverkehr gestorten Lokalititen (Nr 1, 2,
3, 6. 7. 8) zusammengestellt. Weitere Teilung dieser
Gruppe unterschied noch zwei Untergruppen. Die
erste Untergruppe ist aus den Testaceengemeinschaf-
ten aus den Lokalititen Nr | und 3 gebildet. was die
meistbeschadigten Lokalititen sind. Die zweite Unter-
gruppe (Lokalititen Nr 6 und 7) umfasst die Testace-
engemeinschaften aus einem spezifischen Ort (Grabs-
tatte der sowietischen Soldaten). Hier ist nur ein
kleiner Unterschied zwischen dem Teil in nidchster

Nihe der Strasse (Lokalitdt Nr 6) und im Zentrum des
Parks (Lokalititen Nr 7). Die zweite Gruppe der
Testaceengemeinschaften (Lokalitaten Nr. 4, 5,9, 10)
ist aus den Gemeinschaften aus den Lokalititen ohne
ausdruckvolle Strassenverkehrseinwirkung zusam-
mengestelit. Innerhalb dieser Gruppe ist eine Unterg-
ruppe (Lokalitdten Nr4 und 10) aus typischen Wiesen-
lokalititen. Von dieser Untergruppe sind zwei weitere
Testaceengemeinschaften deutlich zu erkennen. Loka-
litdit Nr 5 ist praktisch ein uneingeschalteter Kultur-
mischwald mit zusammenhidngendem Grasbestand
und Lokalitat Nr 9 ist ein nattirlicher Laubmischwald
ohne zusammenhidngenden Grasbstand.

Bei der Anwendung der Ordinationsanalyse wur-
den die Testaceengemeinschaften der gestérten und
ungestorten Lokalititen sehr deutlich abgesondert.

LOKALITAT LOKALITAT

0BB0B0E00: I oDB0ananas
:ullzl;ﬁx; # 2 - Difflugielia o;‘i!omus fusca - -
Arcella vulgaris - 3] Euglypha compressa glabea = L
Assuling muscorum - - - Euglypha laevis m o R
Assulina seminulum - Euglypha polylepis - L L
Bulinullana indica - Euglypha rotunda - mEl~=E-ul
Centropyxis aerophila -l - - Euglypha tuberculata - )]
Centropyxis aerophila sphagnico'a - Heleopera picla - |
Centropyxis aerophila syivatica - - - Nebela dentistoma -
Centropyxis cassis - = Phryganella acropodia =lm iim =}
Centropyxis constricta - Plagiopyxis callida B - L
Centropyxis minuta - Plagropyxis declivis - A== =
Corythion delamarei L =) Plagiopyxis penardi ! o~
Corythion dubium - - N Sphenoderia quadtitesta (!
Corythion dubium aerophila - Trigonopyxis arcula - -
Corythion dubium minima - Trinema complanatum = B~
Corythion dubium terricola B Trinema enchelys - o l mE=EE
Corythion pulchefium A= R Trinema enchelys nasurticola W
Cyclopyxis eurystoma & -~ Trinema lineare .-........
Cyclopyxis eurystoma parvula i Trinema lineare elongata — % =
Cyclopyxis kahli o Trinema lineare minuscula . .
Difflugielia oviformis o . . Trinema lineare truncatum - =

Abb. 2. Abundanzvergleich ber einzelnen gefundenen Testaceenarten aul studierten Lokalititen (1-10
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Abb. 4. Clusteranalyse der Testaceenzonosen aus studierten Lo-

kalititen.

Im dreidimensionalen Ordinationsraum wurden die
Testaceengemeinschaften aus gestorten und ungestor-
ten Stellen sehr gut und deutlich abgegrenzt. Die
Darstellungen der Testaceengemeinschaften aus unge-
storten Lokalititen belegen einer kleineren Teil des
Ordinationsraumes als die Darstellungen der Gemein-
schaften aus gestorten Lokalititen. Diese Erscheinung
weisst darauf hin, dass die Testaceengemeinschaften
aus den ungestorten Lokalititen hohere Verwands-
chaft als die aus den gestorten Stellen haben (Abb. 5).

DISKUSSION

In der Literatur existieren keine Angaben tiber den
Einfliiss des Strassenverkehrs auf die Testaceenzono-
sen aus den Boden. Niedrige Abundanzwerte, niedrige
Artenzahl und spezifische Artenstruktur sind wahrs-
cheinlich ein Resultat kombinierter Einwirkungen des
Strassenverkehrs (Konzentration von schweren Met-
allen im Boden und in oberiridischen Pflanzenor-
ganen, Erhohung der Bodeneinsalzung, Erhéhung der
Einstaubung, Auspuffgase, usw.) auf die Boden in
nachster Nihe der Strasse. Diese Einwirkungen beein-
trichtigen entweder nicht unmittelbar oder nicht stark
genung die Testaceen, sie wirken jedoch vermittelt
durch Nahrungsquellen. In beobachteten Biotopen
gibt es auch grosse Wasser- nd Temperaturregimesch-
wankungen im Boden. Auch diese Erscheinung kann
auf die Testaceenzonosen ungtinstig wirken. Es be-
wirkt, dass die anspruchslosen und wiederstandfihi-
gen Testaceenarten (besonders Bakteriophage) in den
Testaceenzonosen in den so beeinflussten Boden tiber-
wiegen. Durch diese Tatsache erinnert die Zusammen-
setzung der Testaceengemeinschaften in den Agro-
zonosen, wo andere ungunstige Einfliisse wirksam sind
(Agrotechnik, Chemisation, physikalische Bodenin-
derungen, Mangel den organischen Resten, usw.) (z B.
Balik 1990; Foissner 1987). Die Testaceengemeins-
chaften auf relativ unbeschidigten Lokalititen haben
in Prinzip die typische Zusammensetzung fiir einzelne
Biotopen, d. h. Wiese und Laubwald (z. B. Balik 1990;
Foissner und Adam 1980; Laminger 1980; Schonborn
1982). Bestimmte Unterschiede gab es nur zwischen
den akzidentalen und akzesorischen Testaceenarten
und diese Unterschiede wurden durch das Klima der
Region und den tiberwiegenden Bodentyp vewrusacht,

SCHLUSS FOLGERUNGEN

1. Auf 10 Lokalitidten mit unterschiedlichem Grad
der Strassenverkehrseinwirkung in Warschau (Polen)
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Abb.S. Ordinationsanalyse von Ergebnissen im dreidimensionalen

Ordinationsraum (I - beeinflusste Lokalititen, 11 - unbeeinflusste

Lokalitaten).

wurden insgesamt 42 Testaceenarten, Varietiten und
Formen gefunden.

2. Auf den Lokalititen mit der hoéheren anth-
ropogenen Belastung waren Artenzahl, Abundanz und
Artendiverititsindex niedrig. Auf den unbeeinflussten
Lokalititen waren alle diese Parameter horen.

3. Index der faunistischen Ahnlichkeit nach Soren-
sen zeigt die hohere Ahnlichkeit zwischen den Testace-
enzonosen aus den Lokalititen mit dhnlichem Grade
der anthropogenen Belastung und niedrige Ahnlich-
keit zwischen den Lokalititen mit verschiedenem
Grade der anthropogenen Belastung.

4. Die Cluster- und Ordinationsanalysen sonderten
die Testaceengemeinschaften aus den beschadigten und
relativ unbeschidigten Lokalititen ab.

5. Die Strassenverkehrseinwirkung auf die Zéno-
sen der Bodentestaceen ist wahrscheinlich indirekt.
Dienegativen Strassenverkehrseinwirkungen (Bleiku-
mulation, Einsalzung, Einstaubung, usw.) wirken auf
die Testaceen durch die Nahrungskette.
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Phototactic and Polarotactic Responses of the Photosynthetic Flagellate,

Euglena gracilis

Donat-P. HADER and Elke REINECKE

Institut fur Botanik and Pharmazeutische Biologie der Friedrich Alexander Universitat, Erlangen, Germany

Summary. Action spectra of the phototactic orientation have been calculated from fluence rate response curves for green and dark bleached
Euglena gracilis. Instead of assaying cell populations, the spectra are based on cell tracking of individual flagellates using a fully automatic,
real time image analysis system. Both spectra show the activity of a typical blue light receptor. In a horizontal cuvette under polarized
irradiation from above the cells orient perpendicular to the E-vector at low fluence rates (6000 Ix) and parallel at high fluence rates (30000 Ix).
The low fluence rate response was also found in monochromatic radiation both at 380 and 460 nm.

Key words. Euglena gracilis, phototaxis, polarotaxis, orientation

INTRODUCTION

The unicellular photosynthetic flagellate, Euglena
gracilis, uses a number of external chemical and
physical parameters (Hader 1988, Nultsch and Hider
1988) to orient in its environment. While some motile
microorganisms have been found to orient in the water
column with the aid of thermal (Mizuno et al. 1984,
Poff 1985) and chemical (Berg 1985, Macnab 1985)
gradients, the magnetic field of the earth (Frankel
1984, Esquivel and de Barros 1986) and even electrical
currents (Mast 1911), Euglena mainly orients with
respect to light (Dichn et al. 1977, Hader et al. 1981,
1986, Colombetti et al. 1982, Lenci et al. 1983) and
gravity (Brinkmann 1968, Hider 1987).

In addition to a weak photokinetic effect (Wolken
and Shin 1958) and both step-up and step-down

Address for correspondence: Donat-P, Hider, Institut fur
Botanik and Pharmazeutische Biologie, Friedrich-Alexander-Uni-
versitat, Staudtstr. 5, D-8520 Erlangend, Germany

r

photophobic responses (Shimmen 1981, Doughty and
Dichn 1983, 1984). the most important light response is
phototaxis in this organism (Mast 1911, Hader et al.
1981), defined as directed movement with respect to the
direction of the incident light beam. Negative phototaxis
(away from the light source) was found at fluence rates
above 12.65 W m~? and was extremly precise above
126.5W m % Atlow fluence rates (< 1.4 Wm ™ ?)aless
pronounced positive phototaxis (toward the light source)
was observed (Dichn 1973a.b, Colombetti et al. 1982,
Hider et al. 1981).

A number of action spectra have been published for
the phototactic orientation of Euglena: however, some
of them have been measured using a so-called photota-
xigraph (Bound and Tollin 1967, Dichn 1969) which

despite of its name - measures photoaccumulations
of cells in a light beam which can be brought about by
photokinesis, phobic responses, preferential settling
on the glass wall in light and also phototaxis. All action
spectra determined so far are based on mass movement
techniques, assaying the behavior of a population
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14 D.-P. Hader and E. Reinecke

rather than individual cells (Gossel 1957, Checcucci et
al. 1975,1976).

The photoreceptor is thought to be a flavoprotein
arranged in a paracrystalline array in the paraflagellar
body (PFB), a swelling of the emerging flagellum
inside the reservoir (Ghetti et al. 1985, Doughty and
Dichn 1980, Benedetti and Checcucci 1975). This is
supported by fluorometric studies which have in-
dicated the presence of flavin type chromophores in
the PFB (Benedetti and Lenci 1977). Spectroscopic
analysis of isolated flagella with the PFB still attached
indicated that in addition to flavins one or more
pterins are present in the PFB (Galland et al. 1990).
This finding was further supported by biochemical
analysis of the PFB proteins and their chromophoric
groups (Brodhun and Hader 1990). During the last
years pterins have been found several times in Euglena
gracilis (Bohme et al. 1980, Juknac et al. 1988).

According to the shading hypothesis the detection of
light direction was explained by a periodic shading of
the photoreceptor when a lateral light beam is intercep-
ted by the stigma during rotation. However, several
pieces of evidence contradict a periodic shading mecha-
nism in Euglena (Héder et al. 1986, Hiader 1987). An
alternative explanation is that the cells detect the light
direction using a dichroic arrangement of their photore-
ceptor pigments. Diehn (1969) concluded from measu-
rements of the phobic response in polarized light, that
the pigments in the shading device are dichroically
oriented. Creutz and Diehn (1976) found that Euglena
moved perpendicular to the polarization plane. The
three-dimensional orientation of the absorbing vectors
of the photoreceptor pigments within the PFB was
illustrated with respect to the cell’s axes (Hader 1987).
The vector of maximal absorption of the chromophore
deviates clockwise 30° off the long axis of the cell. Seen
from the front end, the plane of maximal absorption
deviates 60° counterclockwise from the flagellar plane.
The aims of this paper are to characterize the wave-
length dependence of phototaxis on a single cell basis
and to analyze the polarotactic reaction of green and
dark bleached Euglena under monochromatic and
white light of different fluence rates.

MATERIALS AND METHODS

Cultures of the unicellular green flagellate Euglena gracilis strain
Z were grown in 100 ml Erlenmeyer flasks in 40 ml of a medium
described previously (Checcucci et al. 1976). The cells were kept in
a temperature-controlled room (20° C) under constant white light
from Osram L36W/32 fluorescent lamps (600 Ix). Dark bleached
cells were grown under the same conditions but in flasks wrapped

light tight in aluminum foil. Normally the behavior was analyzed
with cells in their original medium and at their normal concent-
ration. If it was necessary to concentrate the organisms a technique
modified from Kessler (1985) was used: the cells were kept in a test
tube with a loose cotton wool plug submerged at the top end. Due to
their negative gravitactic orientation the cells moved upwards and
through the plug so that motile, responsive organisms concentrated
at the top. Too dense cultures were diluted with fresh sterile medium.

The swimming behavior was studied in a glass cuvette (40 x 40 x
0.17 mm? inner dimensions) located on the stage of an inverted
microscope (Leitz Labovert) with monitoring infrared light produ-
ced with a cut-off filter. A real time image analysis system described
by Hider and Lebert (1985) was used to track the organisms and
analyze their direction of movement. The image of the organisms
was recorded by an infrared sensitive video camera (Sony
AV(C3250), digitized in real time and stored in a RAM (read and
write memory) with a resolution of 512 x 256 picture points (pixels)
with 64 possible grey levels. A Z80-based microcomputer had access
to the video memory and was used for further processing. A program
writtenin ASSEMBLY language for real time execution was capable
to find an organism at random, determine its outline (Grant and
Reid 1981, Berns and Berns 1982) and calculate its center of gravity
(centroid). This process was repeated for a predetermined number of
times in consecutive images to follow one organism at a time. The
deviation angles from the light direction were calculated and the data
stored in a disk file for further statistical analysis (Batschelet 1965,
1981, Mardia 1972). From these raw data histograms were cal-
culated with a resolution of 64 bins using PASCAL programs.

The actinic white light was produced with a 250 W quartz
halogen slide projector (Prado, Leitz, Wetzlar, FRG). The beam was
collimated with a 200 mm focal length lens. The fluence rate was
varied by inserting absorptive neutral density filters (Schott and
Gen.) and measured with a thermophile (Kipp and Zonen, CA 1)
connected to a microvoltmeter (Keithley, type 155). Monochromatic
light was obtained with interference filters with 8 - 14 nm halfband
widths (Schott and Gen., Mainz, FRG). Polarized light was
produced by using polarizing film filters.

RESULTS

The action spectrum for positive phototactic orien-
tation was measured by determining the tracks of
individual cells. It is based on fluence rate response
curves at individual wavelengths. In a random orien-
tation 50% of the cells move in the two quadrants
towards the light source while in perfect orientation
100% of all cells move within these two quadrants;
therefore a medium value of 75% was chosen to
calculate the action spectrum (Fig. 1). It has a major
maximum at 380 nm and a second at 450 nm. Two
additional maxima are found at 420 and 495 nm. In
order to determine the role of the chloroplast pigments
in photoperception or shading, the action spectrum
was also measured for dark bleached cells (Fig. 2). Itis
similar to the one for green Euglena cells, but there is
a striking difference: dark grown cells need lower
fluence rates for the same response in the visible part of
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Fig. 1. Action spectrum of phototactic orientation in green Euglena
igracilis based on fluence rate response curves measured in in-
dividual cells
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Fig. 2. Action spectrum of phototactic onentation in dark grown

(bleached) Euglena gracilis based on fluence rate response curves
measured in individual cells

the spectrum. This does not hold for the ultraviolet
region, where the cells need the same fluence rates as
green Euglena.

The polarotactic orientation was measured by ir-
radiating the cells coaxially with the measurement
beam using a half silvered mirror. In white actinic light
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at about 6000 Ix Euglena showed a strong orientation
perpendicular to the polarization plane (Fig. 3). At
higher fluence rates (30000 Ix) the organisms moved
parallel to the polarization plane (Fig. 4). The cross-
over point between low and high intensity reactions
was at about 10000 Ix, but differed between different
cultures. In the intermediate range between parallel
and perpendicular orientation the cells moved at some
angle between the two extremes, often 30°.

270°

180°

Fig. 3. Circular histogram of the polarotactic orientation ol green
Euglena gracilis in polarized white light (6000 Ix) irradiated from
above

270°

180°

Fig. 4. Circular histogram of the polarotactic orientation of green
Euglena gracilis in polarized white light (30000 Ix) irradiated from
above
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l ;
270

Fig. 5. Circular histogram of the polarotactic onientation of dark
grown (bleached) Euglena gracilis in polanzed white light (3000 Ix)
irradiated from above

In addition to green cells, the polarotactic orien-
tation of dark bleached Euglena was determined, The
cells oriented perpendicular to the polarization plane
of the actinic light at low fluence rates (3000 Ix, Fig. 5)
and parallel to the polarization plane of light of higher
fluence rates (6000 Ix, Fig. 6). It is interesting to note
that the orientation is much more precise than in the
green cells and that the fluence rate necessary to induce
the responses are significantly lower. Polarotactic
orientation was also determined in green cells at 380
and 460 nm, since at these wavelengths maxima were
found in the action spectra of the phototactic reaction.
At both wavelengths a polarotactic orientation per-
pendicular to the E-vector was found (Fig. 7, 8).

270

180°

Fig. 6. Circular histogram ol the polarotactic onentation of dark
grown (bleached) Euglena gracilis in polanized white light (6000 Ix)
irradiated from above

180°

Fig. 7. Circular hustogram ol the polarotactic onentation of green
Euglena gracilis in polanized monochromatic irradiation (380 nm)
irradiated from above

DISCUSSION

The action spectra for positive phototaxis based on
fluence rate response curves in green and dark grown
(bleached) Euglena gracilis were measured using in-
dividual cell tracks. They are similar to those deter-
mined previously using population techniques (Gossel
1957, Bound and Tollin 1967, Dichn 1969). They are
also similar to the action spectra of step-up and
step-down photophobic responses (Diehn 1979) and
represent a typical blue light receptor with a major peak
in the UV-A region and a triple maximum in the blue
range of the spectrum (Senger 1984).

This action spectrum is compatible with the spectro-

270 -

|

1
180

Fig. 8. Circular histogram of the polarotacuc orientation of green

Euglena gracilis in polarized monochromatic irradiation (460 nm)
irradiated from above



scopic and biochemical characterization of the PFB
which has been isolated together with the flagellum after
osmotic swelling of the cell (Gualtieri et al. 1986). The
PFB contains four polypeptides in the range of 27 to
33 kDa, three of which carry one or more pterin
chromophores while the fourth carries a flavin. The
pterins absorb in the UV-A region with a maximum at
about 360 nm and show a fluorescence emission at
about 450 nm; the flavin absorbs maximally at about
450 nm and emits at about 520 nm. The observed
absorpt‘on maxima agree well with the action spectra
for positive phototaxis.

Dark bleached Euglena cells contain a stigma but
have only traces of the chlorophylls. Since these cells
need less light for both phototactic and polarotactic
orientation, it has to be concluded that the chloroplasts
exert a shading action in green cells not only in negative
phototaxis diminishing the fluence rate received by the
photoreceptor.

Since the cells respond to polarized light, the
chromophores in the photoreceptor molecules need to
be oriented dichroically. At an intermediate fluence
rate the cells were found to orient 30° clockwise from
the E-vector of the polarized light (Hader 1987). In
this report we show that at low fluence rates the
orientation is perpendicular and at high fluence rates
parallel to the E-vector of the incident light beam,
indicating that the earlier reported angular deviation is
intermediate between the two extremes. The notion of
dichroically oriented photoreceptor molecules is sup-
ported by the paracrystalline structure of the PFB seen
in electron microscope studies (Leedale 1967, Kivic
and Vesk 1972). while Bound and Tollin (1967)
suggested a differential absorption of the carotenoid
molecules in the stigma dependent on their orientation.
The results described above could be explained by the
existence of two different photoreceptor systems re-
sponsible for the high and low fluence rate response,
respectively. Another explanation is that the two
polarotactic reactions are caused by two different
absorbing vectors within the receptor molecules as
suggested by Johansson and coworkers (1979). How-
ever, the two absorption vectors in the isoalloxazine
ring differ by 30° which is not compatible with the
parallel and perpendicular orientation, respectively, of
the cells found during the two light regimes. In
addition, the vectors absorbing at 380 and 450 nm
should also differ by about 30", which our results with
monochromatic radiation indicate is not the case. The
results also indicate that the two photoreceptor mole-
cules involved - flavins and pterins - are not oriented
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perpendicular to each other and that both mediate the
two different polarotactic responses.
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Phototactic Orientation in Dictyostelium discoideum Amoebae

Donat-P. HADER and Birbl VOLLERTSEN
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Summary. Amoebae of Dictyostelium discoideum strain AX-2 have been found to show a precise phototactic orientation only during the
stationary phase of the growth while they did not respond to light in the early logarithmic phase. The sensitivity was not as high as in slugs and
the threshold in white light was found at about 10™*W m ™~ *. The cells show a positive phototaxis at low fluence rates and a negative one at
higher fluence rates; the cross over point was found at about 10~ "W m ~*, Toward the end of the stationary phase the negative phototaxis to
a high irradiance (62 W m ™ %) reversed into a positive phototaxis, while the positive phototaxis (1.6 x 10 * W m ™ ?) remained stable during the
whole stationary phase. Artificial ultraviolet radiation (from a transilluminator) drastically affected photoornientation and motility in

Dictyostelium discoideum amoebae within about 15 min.

Key words. Dictyostelium discoidewm, amoebae, phototaxis, orientation.

INTRODUCTION

The cellular slime mold Dictyostelium discoideum
undergoes a pronounced life cycle alternating between
a unicellular amoebal and a multicellular pseudoplas-
modium (slug) stage (Bonner 1982). As many other
motile microorganisms (Hader 1987, Nultsch and
Hider 1988) both stages of the organism responds to
a number of external stimuli in order to find and stay in
a microhabitat of suitable conditions for growth and
spore discharge.

In its slug stage Dictyostelium discoideum has been
found to respond exclusively positive phototactically
(Bonner et al. 1950). The action spectrum extends
throughout most of the visible spectrum (Francis 1964,
Poffetal. 1974, Poff and Hader 1984). The mechanism
of slug phototaxis is based on a lens effect: the

Address for correspondence: Donat-P. Hider, Institut fiir
Botanik and Pharmazeutische Biologie der Friedrich-Alexan-
der-Universitat, Staudtstr. 5, D-8520 Erlangen, Germany.

cylindrical multicellular organism has a refractory
index sufficient to result in an efficient focusing of
a parallel light beam to the rear side (Francis 1964,
Hider and Burkart 1983). This lens effect is destroyed
in the ultraviolet region below 300 nm due to a high
internal absorption so that the slugs show a negative
phototaxis in this spectral region (Hader 1985). Fisher
and Williams (1981) assume that the focused light at
the far side of the slug results in the production of
a slug turning factor, an unknown molecule of low
molecular weight, to which the organism responds
negative chemotactically. A model by Poff and cowor-
kers (1986) tries to explain the mechanism of phototac-
tic orientation by the optical properties of the slug tip
which is the only photosensitive portion of the or-
ganism. This model also accounts for the bimodal
orientation right and left of the light beam found in
some strains (Fisher and Williams 1982, Poff et al.
1986). In addition, Dictyostelium discoideum slugs are
extremely temperature sensitive and respond either
positive or negative thermotactically in a temperature
gradient (Poff and Skokut 1977, Bonner 1982).
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Amoebae of Dictyostelium discoideum are also
phototactic (Hong et al. 1981) but the direction of
movement depends on the fluence rate of the incident
light beam. In analogy to the bimodal orientation in
slugs, some Dictyostelium discoidewm amoebae strains
show a pronounced multimodal orientation (Hider et
al. 1983b, Fisher et al. 1985). In addition to phototaxis,
amoebal Dictyostelium discoideum show also ther-
motaxis (Hong 1983) and two types of chemotaxis
using cAMP (Gerisch 1982, Raven et al. 1985) and
folate (Pan et al. 1972, Konijn 1975) as attractants.

Ultraviolet radiation has been found to affect
a number of developmental steps in Dictyostelium
discoideum (Ford and Deering 1979, Ohnishi et al.
1982, Hider 1983a). In addition, motility in slugs is
drastically affected by artificial ultraviolet radiation as
well as phototactic orientation (Hider 1983b). These
phenomena have also been found under solar ultra-
violet radiation (Hider and Hader 1989). The aim of
this paper is to characterize the degree of phototactic
orientation during the amoebal development and to
demonstrate that also amoebal phototaxis and motili-
ty are prone to ultraviolet inhibition.

MATERIALS AND METHODS

All experiments were carried out with the unicellular amoebae of
Dictyostelium discoideum stain AX-2. The cells grew in rotary shake
cultures at 100 rpm at about 23°C in a peptone-yeast extract-glucose
medium as previously described (Hiader and Poff 1979a) with added
streptomycin (250 ug /ml). For the irradiation experiments the cells
were harvested and resuspended in fresh medium at a density of
2.5 x 107 cells per milliliter, Aliquots of 10 ml were transferred into
open Petri dishes (90 mm in diameter) which were placed on the stage
of a light microscope (BH-2, Olympus. Japan). The movement of the
organisms was observed using dark field infrared irradiation in order
not to disturb the photoorientation of the cells (Hader et al. 1987).

The image of the moving cells was recorded by a CCD camera
and the video signal was digitized at a spatial resolution of 512x512
pixels with 256 possible grey levels each (Matrox digitizer card
PIP-1024, Quebec, Canada) which was plugged into an IBM AT
compatible microcomputer (Tatung 7000, Taipei, Taiwan). The
software developed to track motile microorganisms allows real time
digitization with an A/D conversion of all pixels every 40 ms. Since
the organisms move far slower than flagellates, for which the
tracking routine was originally developed, delay periods of 60 s were
inserted between digitization of individual snapshots. Four images
were taken in sequence, stored in a dedicated video memory and
displayed on an analog monitor in pseudocolor graphics. The
computer had access to the image in memory and could both read
and write pixels at random.

The software package had been written in the computer language C
(Héder and Vogel in press). All time consuming procedures such as
manipulation of image pixels, outline detection and calculation of
centroid were written in ASSEMBLY Language (80286). The
algorithm starts by scanning the first image from the top left corner.

The outline routine is based on the chain code algorithm (Freeman
1961) which allows each cell position to be described uniquely by its
edge vectors; it is very fast and allows to reduce the amount of
information drastically. Several algorithms for calculating the
circumference, area and centroid have been developed (Freeman
1974, 1980). The search is continued until all organisms in the whole
frame have been analyzed. The centroids and areas of all organisms
are stored in an array. In the next frame (60 s later) the positions of
all organisms are determined as described above; however the stored
centroids from the previous frame are used as starting points. If the
previous centroid is found not to be within the area of the organism'’s
new position or the close surrounding the cell is regarded as lost.
Equally all organisms leaving the field of view are discarded. The
positions and areas of all found organisms are stored in a second
array and the process is repeated for the third and fourth digitized
image. overwriting the second array. When two organisms meet, the
direction of movement is no longer defined; therefore, when
a sudden increase in the area of an organism is encountered this
organism is discarded. Upper and lower limits for the area allow to
distinguish cells from debris in the image.

The movement vector can be calculated for each individual
organism from the raw data stored in the two arrays, and the value
can be stored in terms of the deviation angle from a predetermined
stimulation direction (defined as 0°). Since the time elapsed between
the first and final frame is known from the built-in hardware clock of
the computer, the individual speed of movement of all cells can be
calculated from the individual distances moved.

Circular histograms for the direction distribution as well as the
velocity distribution with a resolution of 64 sectors of 5.6° each are
calculated using subsequent programs written in a higher level
language (Turbo Pascal, Borland) (Hader 1988). Rayleigh tests are
performed to analyze the directedness of the moving organisms
(Batschelet 1965, 1981, Mardia 1972). The direction of movement is
determined using a Fast Fourier Analysis which also allows
smoothing of the raw histograms and Inverse Fourier Analysis
reconstructs the smoothed histograms (Hider and Lipson 1986).

The actinic white light irradiation was produced using a 250
W slide projector equipped with a 24V quartz halogen bulb
(Kindermann, Universal). The fluence rates were adjusted using
neutral density filters (Schott and Gen., Mainz, FRG). The fluence
rates were measured with a luxmeter (Gossen, Mavolux digital,
Erlangen). Ultraviolet radiation was produced from an inverted
transilluminator (312 nm filter, Bachofer. Reutlingen, FRG) and
measured using an Optronics (model 742) double monochromator
spectroradiometer,

RESULTS

Histograms of the direction of movement of Dic-
tvostelium  discoidewm amoebae in the stationary
growth phase show a pronounced positive phototactic
effect. The precision of orientation has been quantified
using the Rayleigh test (Batschelet 1965, 1981) which
yields an r-value: a value close to zero describes
a random orientation and a value close to one signals
an almost perfect orientation. At an irradiance of
10 *W m ? an r-value of 043 was found for
D. discoideum amoebae (Fig. 1a). At an irradiance of
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Fig. I. Histogram of the direction of movement of Dictyostelium
discoideum amoebae in the stationary stage at a white light
irradiance of 10-* W m~? (a) and 10° W m"* (b) with respect to
a lateral light beam impinging from 0
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Fig. 2. Dependence of the phototatic orientation (r-value, ordinate)
on the white light fluence rate (W m™2, abscissa) of Dictvostelium
discoidewm amoebae in the stationary stage
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Fig. 3. Dependence of the degree of positive (closed circles) and
negative (crosses) phototactic orientation (r-value, left ordinate) on
the culture age (abscissa, days) in companson to the concentration
of cells (right ordinate)

9 l

10> W m~? a negative phototaxis was determined
(Fig. 1b) and the orientation was less pronounced,
quantified with an r-value of about 0.18. The fluence
rate-response curve measured using white light shows
athresholdatabout 10" *Wm * (Fig. 2). At10 *Wm™?
the positive phototactic orientation was maximal and
reversed into a negative one at about 10" 'Wm ™2, The
negative phototactic orientation reached a plateau at
about 10°W m~?. When measured in the logarithmic
phase, the orientation was almost random (data not
shown). The dependence of the degree of orientation
on the culture age is shown in figure 3: The comparison
with the cell concentration indicates that the onset of
positive (at 1.6 x 10~ ?W m ~?) phototactic orientation
slightly lags after the beginning of the stationary
growth phase. This is also true for the negative
phototaxis. It even stays high, when the cell density
starts to decline. The motility of the cells is equally high
during the logarithmic and most of the stationary
phases and decreases only when the cell density
declines (Fig. 4).

When exposed to ultraviolet radiation, motility was
found to decrease even after short exposure times (data
not shown). In order to quantify this behavior, the
percentage of motile cells was determined using the
real time automatic image analysis which is also
capable of determining whether an organism is motile
or not during the predetermined observation period.
Under the influence of ultraviolet radiation motility of
Dictyostelium discoideum amoebae decreased drasti-
cally within 15 min (Fig. 5). Simultaneously, the degree
of orientation was also affected (histograms not
shown). When quantified using the Rayleigh test
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Fig. 4. Percentage (ordinate) ol moule Dictyostelium discoideum
amoebae in dependence of the culture age (abscissa, days)
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Fig. 5. Percentage of motile Dictyosteliunm amoebae (ordinate) in
dependence of the exposure time to ultraviolet radiation (abscissa,
min)
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Fig. 6. Degree of phototactic orientation ol Dictyostelium dis-
coideum amoebae (r-value, ordinate) in dependence of the exposure
time to ultraviolet radiation (abscissa, min)

a significant reduction in the r-values was found even
after very short exposure times. Phototactic orien-
tation declined even faster than motility (Fig. 6).

DISCUSSION

In the past the phototactic orientation of amoebae
was determined with an indirect method based on light
trap experiments: cells are attracted by the light
scattered from cells and agar particles within the
irradiated field from outside (Hader and Poff 1979a.b).
This method does not allow to determine the fluence
rates easily which induce positive or negative photota-
xis. The results obtained with the direct measurement
of cell tracks indicates that the amoebae are as sensitive
as slugs in white light (Poff and Hader 1984).

The phototaxis experiments performed with the
light trap method described above used AX-2 amoebae
in their early stationary phase. At fluence rates below
0.1 Wm ™ ? the cells showed a positive phototaxis and
at higher fluence rates a negative one (Héider and Poff
1979a.b). The mechanism of phototactic orientation
seems to be based on a comparison of different
photoreceptor readings at the circumference of the
cells as indicated by experiments using small light
beams (Héder et al. 1983a). Similar results were found
in Amoeba proteus (Grebecki 1981).

The notion that amoebae use a different photorece-
ptor than slugs is supported by the facts that the action
spectra are different and that a nonphototactic slug
mutant has an almost normal amoebal phototaxis
(Hader et al. 1980). Action spectra for amoebal
phototaxis of several, genetically different strains
indicated that multiple photoreceptors are involved in
the light response (Héder et al. 1988). The action
spectrum clearly differs from those found for photo-
movement responses in green and colorless flagellates
(Mikolajczyk and Kuznicki 1984, Mikolajczyk and
Walne 1990).

After being transferred into starvation conditions
(on water agar) the cells showed a good phototactic
orientation for about 2 h. After that time the chemo-
tactic mechanism took over and started the develop-
mental cycle with the formation of aggregates. It is
interesting to note that the phototactic orientation is
non-existent during the logarithmic growth phase
indicating that the cells do not orient with respect to
light as long as they find sufficient bacteria to feed on.
Only when subjected to starvation light guides the cells
toward the surface; but they are prevented from
moving into the too bright sunlight by the negative
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phototaxis. Shortly afterwards chemotaxis toward
cAMP takes over and the single amoebae start to
aggregate.

The sensitivity toward ultraviolet radiation is even
more pronounced in amoebae than in slugs which may
be due to the fact that in the multicellular pseudoplas-
modia there is a massive mutual shading while the
single amoebae are fully exposed. Phototactic orien-
tation is even faster affected by ultraviolet radiation
than motility indicating that it is a direct effect perhaps
affecting the photoreceptor molecule or an element in
the sensory transduction chain rather than an indirect
effect mediated by a decreased motility.
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Changes in the Structure and Nutrition Preference of the Protozoa
Community in Standing Water Developed from Running Water

Magdolna Cs. BERECZKY

Hungarian Danube Research Station, G6d, Hungary.

Summary. The development of Ciliara communities was investigated under running water and standing water conditions. The composition
of a community changes as a result of discharge changes. Changes are the most significant in the increase of the biomass quantity.

Key words. Protozoa community, running water

INTRODUCTION

Though most protozoologists agree with the em-
pirical observation that protozoa are mostly eurytopic
according to their ecological demands, opinions differ
on the distribution of water discharges. This must be
the reason why specialists pay relatively little attention
to investigations of Protozoa, which live in running
water. During the last three years | have been tracing,
with the help of the ASCA program, to what extent this
topic has been investigated. In almost one and a half
million papers examined by ASCA only 378 dealt with
free living Ciliata from freshwater. That this topic has
become the focus of interest is shown by the fact, that
last year the number of publications on running waters
has doubled. Unfortunately, the majority of inves-
tigations on the level of supraindividual organizations
do not make use of numerical data, but hypothesis.

Address for correspondence: Hungarian Danube Research Sta-

tion, Hungarian Academy of Sciences, God, Javorka Sandor str. 14,
H-2131, Hungary.

standing water, biomass.

Most of the papers I know (in manuscript), dealing
with the environmentally damaging effects of the Bos
(1819 riv. km) hydro- electric power plant - which is
planned to be built on the Danube - are based only on
hypothesis. This fact has prompted me to deal with the
question numerically in my investigation on what is
bound to happen to the organisms when the water flow
slows down and stops. These investigations, as shown
by the title, aim to examine the changes in the structure
and nutrition preference of the Protozoa community in
standing water developed from running water.

There is a branch of the Danube near to our institute,
which was found suitable for my short-term inves-
tigations (Fig.1). The sidebranch at God, as a hydro-
logical unit, has already been amply investigated. Seve-
ral papers have been concerned with its water chemistry,
hydrology and its comparison with the main stream
(Bothar 1972, Dvihally 1962, Dvihally and Kozma 1964,
Nosek and Bereczky 1981, Oertel 1982). The aim of our
investigations was not, therefore to reveal the hydro-
logical conditions of the branch, but to observe the
formation of the planktonic Ciliata community, which
has been disconnected from the main stream.
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Q=cross dam
e=sampling site

HUNGARY

Budapest x=1669. riv.km

Fig. 1. Location of the sampling sit¢ i & sidebranch of the niver
Danube at God

MATERIALS AND METHODS

The sidebranch of Gad, which is nearly 900 m long (1668.9-1669.8
river kmy), is isolated from the main stream by a crosswise dam. This
dam has become rather damaged in recent years, so the connection
with the main stream which occurred earlier at 370 cm water level has
today been brought about at 200 ¢cm. Just behind the dam a 2.7 m
deep dip has been formed (Oertel 1982). This field was selected as
a sampling site, because the effects of the disconnection from the
main stream were the earliest to appear here (Fig.1).

The investigations have disclosed that the time of sampling could
not be unequivocally planned in advance. The samples were
collected on the basis of water level forecasts on the period between
September 14 and October 4,1988. Water was filtered from Septem-
ber 14 to October 4 from the side branch seven times, each time 100 ]
water through a net of 20u mesh size. Both living and fixed matenials
were studied by our own method (Bereczky 1985) and by protargol
impregnation as modified by Wilbert (1974). Focussing on our main
task, only the process of disconnection was observed without paying
any attention to environmental factors. Changes of the Ciliata
community were measured statistically (Southwood 1978) as follows:

Constancy K, (A,/M).100

A, - number of samples in which the species i occurs
M - total number of samples
Dominance D, (n,/N).100

n, - individual number of species
N - total individual number in the sample

Diversity (Shannon-Weaver)

- n n;

H'= — —log —

N N
Evenness - H”
~ log,s

s — number of species

Similarity index (Sorensen) for species
Cs = 25,/(5,S)
Sj - sum of the smaller individual numbers of the common
species

N, - total individual number in sample a

N, - total individual number in sample b
Similarity index (Sorensen) for abundance

Cy= ZN' (N, + N,

sum of the smaller individual numbers of the
common species

N, - total individual number in sample a
N, - total individual number in sample b

N,

The biomass value of species not known to us from the tables of
Czorik (1968) were calculated by the following formula;

Ve 2”" +4b, +by)
V- volume
h - body length
b, - lower area
b, ~ area of the middle cross-section
by - upper area

In our investigations the constancy values are related to period.
Since Ciliata of short generation time are able to spread considerab-
ly, it was thought reasonable to calculate constancy for 21 days.

The dominance relationship was studied because of the changes in
nutrition types. The dynamics of changes were traced by examining
diversity, evenness, the two types of similarity index and biomass
values. The investigations were begun on September 14, but were,
however, stopped two days later for 10 days because a smaller flood
created a relatively intensive connection between the main stream
and the sidebranch. Examinations could finally be accomplished
during the period between September 26 and October 4 when water
level sank (Fig.2).

-‘/sc: cm
— WAlEr discharge -
4000 - water level L <00
! \
= 300
P~ 200
N,
~
N,
N,
1000 _I, 1 J. 100
Septesber ll.J_ 26. g,J. &, October
16. 28.30.

Fig. 2. Water level and water discharge and the time of sampling
(1988)
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were collected from the sidebranch. The number of
common species was 26. The taxa were mostly euplan-
ktonic, eurytopic. Neither Amoeba nor Testacea play-

Samples were taken for control from the main ed a significant role in forming the plankton, as
stream three times. They contained 43 Protozoa spe-
cies, the majority being Ciliata. A total of 62 species dominance values (Table 1).

indicated by their low constancy and similarly low

Table |
Constancy and dominance in the sidebranch at Géd
(14.09-04.10,1988)
Species Constancy Dominance

14.09 16.09 26.09 28.09 29.09 30.09 4.10

Amaoeba proteus (Pallas, 1766)

Amoeba sp.

Arcella discoides (Ehrenberg, 1843)

A. hemisphaerica (Perty, 1852)

A. vulgaris (Ehrenberg, 1832)

A. vulgaris 1. undulata (Deflandre, 1928)
Cyphoderia ampulla (Ehrenberg, 1940)
Difflugia limnetica (Levander, 1900)

D. lobostoma (Leidy, 1879)

Actinobolina radians (Stein, 1867)
Aspadisca lynceus (O. F. Miller, 1773
Astylozoon fallax (Engelmann, 1862)

A. vagans (Stiller, 1941)

Codonella cratera (Leidy, 1877)

Coleps hirtus (0. F. Miiller, 1876)

C. hirtus v. lacustris (Fauré-Fremiet, 1924)
Condylostoma vorticella (Ehrenberg, 1883)
Cyclidium sp.

Didinium nasutum (O. F. Miiller, 1773)
Enchelys simplex (Kahl, 1929)

Epistylis pyriformis (Perty. 1852)

E. rotans (Sves, 1897)

Euplotes patelia f. planctonicus (Kahl, 1932)
Frontonia atra (Ehrenberg, 1833)
Gonostonmum affine (Stein) Sterki, 1878)
Halieria cirrifera (Kahl, 1932)

Hastatella radians (Erlanger, 1890)
Holophrya nigricans (Lauterborn, 1894)
H. simplex (Schewiakoff, 1893

Holophrya sp.

Monodinium balbianii (Fabre-Domergue, 1888)
Nassula ornata (Ehrenberg, 1833)

Nassula sp.

Onychodromus grandis (Stein, 1859)
Oxytricha fallax (Stein, 1859)
Phascolodon vorticella (Stein, 1859)
Prorodon reres (Ehrenberg, 1833)
Pseudochilodonopsis algivora (Kahl, 1931)
Stentor niger (0. F. Miller, 1773)

S. polymorphus (O. F. Miiller, 1773)
Stokesia vernalis (Wenrich, 1929)
Strobilidium conicum (Kahl, 1932)
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Table 1 (cont.)

S. gyrans (Stokes, 1887)

1
S. humile (Penard, 1922) 5 4. 148 16.7 54 9.0 1.2 04
S. velox (Fauré-Fremiet, 1924) 5 1. 5.1 - 233 12.1 6.9 23
Strobilidium sp. 1 0.3 - - — — — —
Strombidium viride (Stein, 1859) 4 — 1.7 — 4.1 6.5 44 04
Strombidium sp. 2 — — — — 0.8 1.2 -
Stylonychia mytilus complex 2 - — 04 — 0.3 — —
Tintinnidium fluviatile (Stein, 1863) 5 328 36.0 352 16.1 03 - 14
Tintinnopsis cylindrata (Kofoid ¢t Campbell. 1929) | — — 04 — — — —
Tintinnopsis sp. 3 339 4.0 09 - - — -
Uroleptus piscis (O. F. Miller, 1773) | — 0.3 — — -
Urocentrum turbo (O. F. Miiller, 1786) | — — — — 03 — —
Urotricha farcta (Clap. et Lachm., 1859) K 0.3 — — 0.3 34 28 4.6
Vorticella convallaria (Linnaeus, 1758) | — — — — 0.3 — —
V. incisa (Stiller, 1932) 3 0.8 — 1.8 1.6 53 — —
V. margaritata (Fromentel, 1874) 4 — - 04 0.3 0.6 20 13.2
V. mayeri (Fauré-Fremiet, 1920) 1 — - 04 — - - —
V. microscopica (Fromentel, 1874) 3 - 0.6 04 — 14 - —
V. nebulitera (0. F. Miller, 1773) 5 0.6 1.7 9.7 3.5 il 32 7.8
V. similis (Stokes, 1887) 5 2.6 4.6 53 31 5.1 44 2.3
Zoothamnium ramosissimum (Sommer, 1950 I — — — — — — 09
Constancy = occurence of species (%)  0- 20% constancy | 41- 60% 3 81-100% K 5
21- 40% = 2 61- 80% 4

Dominance = individual number (%)

Among Ciliata the high constancy value often coincided
with high dominance. In the process of running water
becoming standing water, the dominance relationships of
species change. This must be particularly emphasized in
the euplanktonic Strobilidium species and Tintinnidium
Sfluviatile. The latter is the dominant species of the main
stream, mostly feeding on Diatoma. During this time
65-70% of the phytoplankton was made up by Diatoma
in the main stream (15—19 million/l; personal com-
munication by Kiss). At the beginning of investigations the
abundant Tintinnidium decreased after having been totally
disconnected from the main stream and was replaced,
surely because of the changes in the competitive con-
ditions, by Epistylis rotans and Stentor polymorphus.

A similar change occurred in the individual number
of other planktonic organisms, e.g., of Strobilidium
humile, which earlier was constant. Urotricha farcia,
however, which is known as a typical inhabitant of
dammed waters, was characterized by an increase in
individual numbers, when disconnected from the side-
branch. The community, formed after a flood, was
composed of many accessory species, showing the
unstable state. Earlier similar values were found for the
entire year, when carrying out investigations in the
sidebranch (Nosek and Bereczky 1981). Changes in the
individual number of dominant species clearly suggest
the direct effects of minor floods and also modifica-
tions after a rise in water level (Table 2).

Table 2

Individual number changes of dominant species in the sidebranch (10* ind/m?)

14.09 16.09 26.09 28.09 29.09 30.09 04.10
Tintinnidium fluviatile 460 252 320 204 6 — 18
Monodinium balbianii 8 20 16 196 390 162 174
Phascolodon vorticella — — 9 378 306 102
Strobilidium velox 16 36 296 258 102 30
Stokesia vernalis 32 32 16 136 114 240 24
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Table 3

Changes of similarity values regarding Protozoa species during the study period (Serensen)

14.09. 16.09. 26.09. 28.09. 29.09. 30.09. 04.10.
14.09. — 0.68 0.48 0.56 0.53 0.53 0.54
16.09. — — 0.44 0.56 0.56 0.56 0.49
26.09. - - - 0.50 0.57 0.41 0.39
28.09. — - — 0.70 0.63 0.63
29.09. — - — - — 0.55 0.53
30.09. — — — - - 0.81
04.10. —_ - — — — — —

Table 4
Changes of similarity values regarding the abundancy of Protozoa during the study period (Serensen)

14.09. 16.09, 26.09. 28.09. 29.09. 30.09. 04.10
14.09. — 0.55 0.46 0.32 0.15 0.13 0.15
16.09. — — 0.61 0.46 0.22 0.19 0.18
26.09. - - 0.42 0.28 0.17 0.21
28.09. - — - — 0.56 0.50 0.39
29.09. - — — —_ — 0.59 0.38
30.09. - — — — — 0.53
04.10. - - - — — —

It is possible to compare two habitats by the
coefficients of similarity. Similarity was calculated
between the dates of calculating constancy. The num-
ber of species (Table 3) does not express the rate of
changes or of abundance (Table 4). The similarity
index which refers to September 14 and September 26
(the starting dates) shows the essential changes of the
community as the result of disconnection from the
main stream. However, the Protozoa community can
change not only due to the effects of the chemical and
physical components of the environment, but as
suggested by Cairns (1962), also due to the direct,
mutual effect of species. This mutual effect, as it is
known, involves competition, predation and produc-
tion of such materials, by which given species can
control the growth of others. It is highly probable that
these materials under standing water conditions exert
more effect than those in running water.

Though the composition of species changes, the

number of taxa which can be collected remains on
a relatively constant level. This is demonstrated in
Table 5, listing not only the diversity and evenness
values, but also the changes in the number of species
and that of individuals. Although the effect of a minor
flood can be detected in the composition of a com-
munity, as regards the number either of species or
individuals, regeneration very soon occurs.

Shortly after disconnection a high number of species
was accompanied by a still higher number of in-
dividuals. On September 26 thehigh species number
detected was shown by those species which had drifted
from the sediment and from the periphyton. The
impact of the flood is shown by the relatively low (0.69)
evenness index.

The increase of biomass can best characterize the
effects of changes having occurred due to disconnec-
tion on September 29. This increase took place betwe-
en September 30 and October 4, i.e. in only four days
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Table §

Changes of diversity (H), evenness (E), number of species (S) and individualis (N), as weil the biomass in the sidebranch at Géd in the period
of 1988 Sept. 14-Oct. 4. (Amoeba, Testacea, Heliozoa, Ciliata, Suctoria)

14.09. 16.09. 26.09. 28.09. 29.09. 30.09. 04.10.
H 2,75 319 3.58 342 37 3.58 4.20
E 0.62 0.75 0.69 0.75 0.78 0.81 0.86
S 22 19 36 24 27 27 30
N (10 ind/m?) 1404 700 908 1268 2130 1482 1314
biomass (mg/m?) 0.8182 0.3758 0.6827 0.7307 0,9858 0.6215 4.0316

Table 6
Percentage distribution of nutrition types in the study penod

14.09. 16.09. 26.09. 28.09. 29.09. 30.09. 04.10,
A% 45.60 72.00 72.20 75.40 64.50 69.20 39.70
A+B % 43.80 16.00 7.90 2.50 9.00 4.00 4.10
B % 0.60 0.00 3.50 0.60 2.50 9.70 16.90
P % 9.70 11.40 7.00 19.90 22.20 16.20 34.20
0% 0.30 0.60 9.20 1.60 * 1.70 0.80 5.00

A = alga, A+B = alga+bacterium, B = bacterium, P = predatory, O = omnivorous.

and became more than sixfold. It can be particularly
attributed to the increase in the individual number of
Stentor polymorphus and to the development of Epi-
stylis colonies. The latter does not show such changes
in the number of individuals, because such colonies are
regarded only as a single individual in protozoological
practice. Naturally, this is not the way of evaluating
biomass, because a well-developed Epistylis colony
sometimes contains 10-50 individuals. So such colo-
nies can practically form even half of the estimated
biomass. Suddenly increased biomass - living or-
ganisms - on stored retained waters can pose manifold
problems in the oxygen balance of the water. On the
one hand, there is an increase in the oxygen demand
used for respiration, while on the other, there is need of
additional oxygen to eliminate the dead organic mate-
rial damaged by the mechanical effect of turbines in
water power plants.

Table 6 shows the percentage rate of nutrition
types. During the investigation algae, algae and
bacteria, bacteriavorous, predatoryand omnivorous

Protozoa were found to be present in the sideb-ranch.
Until disconnection practically only algal and al-
givorous and bacteriavorous dominance was noted.
A rearrangement in nutrition preference occurred
simultaneously with the change in the standing water
character and the increase of the biomass. While in
the adjoining part of the main stream and the
sidebranch, according to available nutriments, the
preferred nutrition unanimously included algae, then
as sampling ended the rate of bacterium eaters and
predators increased at the expense of the latter.

Acknowledgement. | wish to thank J. N. Nosek for his math-
ematical and M. Kopasz for her technical assistance.

REFERENCES

Bereczky M.Cs. (1985) Fixations- und Fa =rbungsschnellverfahren
bei quantitativen o =kologischen U mcrsuchungcn von Protozo-
en in Binnengewa =ssern. Arch. Protistenk. 129; 187-190.

Bothar A. (1972) Hydrobiologische Untersuchungen im Nebenarm
der Donau bei Go=d. Danub. Hung. LXII. Ann. Univ. Sci.
Budapest, Sect.Biol. 14:9-23.

Cairns 1. Jr. (1962) The environmental requirements of fresh - water
protozoa. In: Biological problems in water pollution. Third
seminar. PHS, Publ. No.999 WP 251965 48 -52.

http://rcin.org.pl



Czonk F, P. (1968) Swobodnoshiwuschischie infusorii wodoemow
Moldavii. Kischinov.

Dvihally S. T. (1962) Der geloste Sauerstoff. die Schwebstoffmenge
und die Triibung im Oberflichenwasser der Donau ahrend des
Jahre 1959. Danub. Hung. XV. Arch. Hydrobiol. Suppl. 27:72-84,

Dvihally S. T., Kozma E. (1964) Jahresuntersuchungen der chemis-
chen Milierfaktoren des Donauwasser im Bereich der ungans-
chen Donauforschungsstation Alsogod. Danub. Hung. XXL
Arch. Hydrobiol, Suppl. 27:365-380.

Nosek J. N.. Bereczky M. Cs. (1981) Untersuchungen der Bestands-
struktur des Ciliatenplanktons im Haupt- und in einem Nebe-
narm der Donau mit Hilfe der Produki-Moment-Korrelations-
und der Pladanalyse. Arch, Protistenk. 124: 173192,

Protozoa community in standing water 31

Oertel N. (1982) A Duna fo-es mellekiginak kapesolata Godnel
nchany vizkémiai komponens vizsgalata alapan. Hidrologiai
Kozlony 10: 469-474,

Southwood T. R. E. (1978) Ecological methods with particular
reference to the study of insect populations. (Sec. ed.). Chapman
and Hall, London.

Wilbert N. (1974) Eine verbesserte Technik der Protargol- impreg-
nation fur Ciliaten. Mikrokosmos 6: 171-178

Received on 17th February, 1990, revised on 11th September, 1990

http://rcin.org.pl



y -I‘ :'H.-.A "h_‘ll"'

LA %

Pl

_ _ mvm Y N
= 582 " i f‘-‘ﬂ— Bo I.-Hﬂ-p,f/rcm org. pI

)

) - m -



Acta Protozoologica (1991) 30: 33-37

ACHTA
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Some Enzymes of the Starch Degradation Pathway
in Rumen Protozoa with Special Reference to Ophryoscolex caudatus

FrantiSek GYULAI and Geoffrey S. COLEMAN#*

Institute of Animal Physiology, Slovak Academy of Sciences, Kodice, Czechoslovakia; * Biochemistry Department, Agricultural
and Food Research Council, Institute of Animal Physiology, Babraham, Cambridge, U. K.

Summary. Amylase and maltase activity of enzyme preparations from Entodinium caudarum, Ophryoscolex caudatus, Ostracodinium obtusum
bilobum and large rumen protozoa fraction were compared. The enzyme preparation from O. caudarus had the highest amylase activity but the
maltase activity of this preparation was very low. Maltose phosphorylase and hexokinase activity of the preparation from 0. caudatus were
examined. The production of glucose phosphates and glucose from maltose by the action of maltose phosphorylase markedly increased in the
presence of inorganic phosphate. The production of glucose phosphates from glucose by action of hexokinase markedly increased in the

presence of ATP. O. caudatus gets its energy probably directly by maltose phosphorylation.

Key words. Rumen Protozoa. Ophiryoscolex caudatus, enzymes.

INTRODUCTION

The degradation of starch is an important feature of
the rumen metabolism and several species of bacteria
(Marounek and Barto$ 1986) and protozoa (Coleman
1986) are active in this fermentation. One function of the
Entodiniomorphid protozoa is to remove starch grains
from the fluid phase in the rumen and make them
unavailable for bacterial attack (Coleman 1980). Micha-
lovski et al. (1986) found a loss of ingested starch of 52 to
65% from the cells of Entodinium caudatum 24 h
after feeding the cultures. All the protozoal species
tested including Ophryoscolex caudatus contain
2 -amylase (Coleman 1986) and - D-glucosidase
(Williams et al. 1984).

Address for corespondence: F. Gyulai, Institute of Animal Physio-
logy, Slovak Academy of Siences, Dukelskych hrdinov 1B, 040 01
Kosice, Czechoslovakia,

The purpose of the present investigation is to
compare the activity of amylase and maltase (an
z - D-glucosidase) in enzyme preparations from some
rumen protozoa including O. caudatus and to examine
the activity of maltose phosphorylase and hexokinase
in O. caudatus.

MATERIAL AND METHODS

Preparation of Protozoa Suspensions
and Enzyme Preparations

E. caudatum and O. caudatus were grown in vitro as described by
Coleman (1978a) and washed by centrifugation (Coleman 1978b) in
salt solution D (containing, g/l K,HPO_, 6.3;: KH,PO,, 5.0;: NaCl,
0.65; dried CaCl,, 0.045: MgSO,. TH,0. 0.09; pH 6.8) or in 0.5%
NaCl (0. caudarus for phosphorylase assay). The large protozoa
fraction was prepared from ovine rumen content by the procedure of
Coleman and Sandford (1979). Ostracodinium obtusum bilobum was
grown as monoculture in the ovine rumen as described by Coleman
and Sandford (1979). Protozoal suspensions from the rumen were
washed in salt solution D as described by Coleman and Sandford
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(1979, 1980). The protozoa were finally resuspended in salt solution
D or distilled water (for phosphorylase assay) so that a high
protozoal concentration was obtained. Concentrated protozoal
suspensions were disrupted by sonication (Coleman 1978b) and the
particulate matter and any unbroken cell material was removed by
centrifugation (7000 g, 20 min, 4°C). The supernatant was used as the
enzyme preparation. If necessary it was stored under N, at -20° C.

Amylase and Maltase Assay

Amylase was assayed by following the appearance of reducing
sugars during incubation a1 39°C using soluble starch as substrate. In
an introductory study of suitable conditions the reaction mixture
contained 0.8 ml 0.1M ff"- dimethylglutarate buffer (DMG), 0.07 to
0.5 ml 0.2 or 2% starch solution, 0.05 to 0.1 ml of the enzyme
preparation from large rumen protozoa and distilled water to give
a final volume of 1.5 or 1.6 ml. Controls containing distilled water
instead of starch solution or enzyme preparation were used in the
incubations. Samples (0.1 ml) were removed initially and at intervals
(10 to 30 min) for reducing sugars estimation (Nelson 1944) and for
glucose estimation by the glucose oxidase method (Huggett and
Nixon 1957). Results were corrected for values obtained initially and
in absence of enzyme. The rate of the reaction was measured at eight
substrate concentrations and the kinetic constants (V,,.. K_) were
determined from a double reciprocal plot of rate against substrate
concentration. In the comparative experiment the reaction mixture
contained 0.8 ml DMG (pH 5.5), 0.5 ml 2% starch solution, 0.1 ml of
the enzyme preparation and 0.2 ml distilled water. The reaction
continued for 60 min. The results were calculated as though all the
reducing sugar was maltose.

The reaction mixture for maltose assay contained 0.8 ml DMG
(pH 5.5), 0.1 ml 0.1M maltose, 0.1 ml enzyme preparation or distilled
water (so that final volume was 1.0 ml). Samples (0.1 ml) were taken
initially and after 30, 60, 90 and 186 min incubation at 39°C for
glucose estimation.

Experiment on Maltose Phosphorylase
and Hexokinase Assay

The reaction mixture for maltose phosphorylase assay contained
0.1 ml [U-"*C] maltose (10 xCi/ml), 0.1 ml DMG (pH 6.5), 0.1 ml
enzyme preparation from O. caudatus, 0.05 ml0.1M KH, PO, or 0.05
ml 0.1M ATP or distilled water to the final volume of 0.4 ml. The
reaction mixture for hexokinase assay contained 0.05 ml [U-'4C)
glucose (25 uCi/ml), 0.1 ml DMG (pH 65). 0.1 ml enzyme
preparation from O. caudatus, 0.05 ml 0.1M ATP or distilled water to
the final volume of 0.4 ml Samples of approximately the same
volume were taken with Pasteur pipettes initially and after 1, 3 and
6 h of incubation at 39°C. The removed samples were heated
immediately to 100°C for 2 min and then were spotted at 2.5 cm
intervals along the origin of a Whatman No. | filter paper. The
material was chromatographed in solvent system B for 24 h (Coleman
1969) which separated glucose, maltose and glucose phosphates,
The samples were chromatographed together with radioactive
markers: [U-'*C] glucose, [U-'*C] maltose, [U-'*C] gluco-
se-1-phosphate and [U-"*C] glucose-6-phosphate. The radioac-
tivity content of the identified spots was determined by a multi-
ple-flow chromatogram scanner (Baird and Tatlock, Chadwell
Heath, Essex. U.K.). The results were expressed as the relative
percentage of the "*C content of the spots of glucose phosphates or

glucose from the "*C content of all identified spots from a single
sample.

Experiment on Maltose Phosphorylase Assay

The reaction mixture contained 0.1 ml [U-'*C] maltose
(10uCi [ ml) 0.1 ml DMG (ph 6.5), 0.05 ml 10% K-phosphate buffer
(pH 6.5) or distilled water and 0.1 ml enzyme preparation from O.
caudatus. The reaction was allowed to continue for 5.5h at 39°C and
then it was stopped by heating to 100°C for 2 min. The incubation
medium was added on the top of a column containing Dowex
2 [acetate]. Sugars were cluted with distilled water and then the
glucose phosphates were eluted with IN HCL The radioactivity
present in eluates of 1 ml volume was quantified in an automatic flow
counter (Nuclear Chicago Corp.) as described by Coleman (1969). The
eluate containing the highest quantity of glucose phosphates was
evaporated by vacuum exsiccation. The dry content of the tube was
dissolved in 2 drops of distilled water and then spotted on a Whatman
No. 1 filter paper impregnated with 0.01M Na,B,0, (Coleman 1969).
The sample was chromatographed together with radioactive markers:
[U-'*C] glucose-1-phosphate and [U-"*C] glucose-6-phosphate in
solvent system C for 96 h (Coleman 1969). The results were expressed
as the relative percentage of '*C determined in the eluates containing
glucose phosphates from the **C content of all eluates.

Other Procedures

The number of protozoa was estimated by the method of Coleman
(1958). The protein content of the enzyme preparations was es-
timated by the method of Lowry et al. (1951).

Chemicals

'*C compounds were supplied by Amersham International plc,
Amersham, Bucks, UK. The following substrates were used: soluble
starch (Hopkin and Williams, Chadwell Heath, U.K.); maltose (BDH
Chemicals, Poole, UK.).

RESULTS

Suitable conditions for the amylase assay were
examined using th2 enzyme preparation from the large
rumen protozoa fraction. This fraction contained
Isotricha intestinalis, Polyplastron multivesicula-
tum, O. caudatus, Diploplastron affine and a few
protozoa of the genus Entodinium. A linear increase

Table 1

Protozoal number (x 10°/ml) and protein content (m/ml)
of the enzyme preparations

Species Protozoal  Protein
number content

Entodinium caudatum 1.72 481
Ophryoscolex caudatum 0.191 3.14
Ostracodinium obtusum bilobum 1,38 17.96
Large rumen protozoa 0.545 798
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Fig. 1. Comparison of amylase and maltase activity of enzyme preparations from rumen protoza: A. production of reducing sugars from
soluble starch, B. production of glucose from soluble starch, C. production of glucose from maltose. Entodinium caudatum (EN), Ophryoscolex
caudatus (OP), Ostracodinium obtusum bilobum (OS), large rumen protozoa fraction (LP)

of reducing sugars concentration was observed during
1 h incubation with soluble starch. The optimal pH for
the release of reducing sugars was 5.5 and oxygen had
not an influence on amylolytic activity (results not
shown). The Kinetic constants of amylase in this
preparation were: K, = 1.06 g starch /1, V, , =
= 0.885 umol maltose / h /mg protein.

In the comparative experiment the production of
reducing sugars and glucose from soluble starch by
four different enzyme preparations was followed. The
protozoal number and protein content of the com-
pared preparations were estimated (Table 1). The
highest concentration of reducing sugars per mg
protozoal protein was liberated after 1 h incubation by
the enzyme preparation from O. caudatus. However,
the preparation from Q. caudatus liberated less glucose
from starch than the preparation from E. caudatum
(Fig. 1 A.B). These results suggested the absence of
maltase activity in O. caudatus. This suggestion was
examined in the following comparative experiment by
using maltose as substrate. Fig. 1 C shows that
0. caudatus and Ostracodinium obtusum bilobum had
a very low activity of maltase but E. caudatum had
a comparatively high maltase activity. The low activity
of maltase and the high amylolytic activity suggested
a direct utilisation of maltose as a source of energy by
O. caudatus.

The phosphorylation of malttose by maltose phos-
phorylase is accompanied with the liberation of gluco-

se according the equation: maltose + orthophosphate
= fi-D-glucose-l-phosphate + D-glucose (Barman
1969a). The released glucose could be phosphorylated
by hexokinase (glucokinase) according the equation:
ATP + D-glucose = ADP + D-glucose-6-phosp-
hate (Barman 1969a).

In an attempt to obtain evidence on possible
presence of maltose phosphorylase and hexokinase
activity in O. caudatus ['*C) maltose was incubated
with the enzyme preparation and the amount of [**C]
glucose and ['*C] glucose phosphates produced was
determined. The amount of glucose liberated increased
markedly from almost nothing in the presence of added
phosphate suggesting the presence of maltose phos-
phorylase in the protozoal preparation (Fig. 2 A).
Fig. 2 A shows that ['*C] glucose could not be detected
after 3 h incubation in the presence of ATP suggesting
that the glucose was rapidly phosphorylated by hexo-
kinase. To confirm the presence of hexokinase activity
['*C] glucose was incubated with the preparation
from O. caudatus and the production of [ **C] glucose
phosphates in the presence and absence of added ATP
was compared. Fig. 2B shows that there was a marked
increase in production of glucose phosphates in the
presence of added ATP. In the presence of ATP less
[**C] glucose phosphates were produced from ['*C]
maltose than from ['*C] glucose (Fig. 2). Probably
ATP was first degraded to phosphate which was used
then in the phosphorylation of maltose.
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Fig. 2. Effect of inorganic phosphate and ATP on maltose phosphorylase and hexokmase activity of the enzyme preparation from
¥ ' N 1

Ophryoscolex caudatus: A. production of ['*C] glucose from [“("] maltose, B. production of [**C] glucose phosphates from [
phosphate (- P), presence of ATP (+ ATP), absence of ATP (—ATP)

and [**C] maltose (2). Presence of phosphate (+ P), absence of

The following experiment made by incubating the O.
caudatus preparation with [**C] maltose in the absence
and presence of inorganic phosphate resulted in the
production of 1.0 and 10.2 relative % of [ '*C] glucose
phosphates, respectively. The marked increase of the
production of glucose phosphates in this experiment
and of glucose in the other experiment (Fig. 2A)
in the presence of phosphate confirm the presence of
maltose phosphorylase in the protozoal preparation.
The glucose phosphates produced in the presence of
phosphate were shown to be a mixture of gluco-
se-1-phosphate and glucose-6-phosphate showing
that phosphoglucomutase was present.

DISCUSSION

In the present experiment O. caudatus had a very
low activity of maltase although Williams et al. (1984)
have found a higher x-D-glucosidase activity in
0. caudatus than in E. caudatum. x-Glucosidase cataly-
zes the hydrolysis of a variety of x-D-glucopyranosi-
des (Barman 1969b). The enzymes of Dasytricha rumi-
nantium, Epidinium ecaudatum and E. caudatum which
hydrolyze maltose appear to be true maltases and not
general x-glucosidases (Bailey and Howard 1963). The
difference between the results of Wiliams et al. (1984)
and those obtained in the present experiment can be
explained by the use of different protozoal strains or by
the specificity of maltases in rumen protozoa. Coleman
(1986) showed that the concentration of amylase varied
more than 20-fold between 12 species of rumen
protozoa. Differences between values of enzyme ac-
tivity in the present paper and those given by Williams

C] glucose (1)

et al. (1984) and Coleman (1986) could be due to assay
or strain differences.

The finding of the comparatively high activity of
amylase and the low activity of maltase in O. caudatus
suggested that this ciliate may get its energy by maltose
phosphorylation. The pathway of starch degradation
in a few species of rumen protozoa has been studied in
more detailed. Although there is some -glucan phos-
phorylase and maltose phosphorylase activity in
E. caudatum the major route of starch utilisation is by
hydrolysis to maltose and then glucose followed by
phosphorylation of the latter to glucose-6-phosphate
(Coleman 1969). In Epidinium ecaudatum caudatum the
two phosphorylases are more active than in E. cauda-
tum. Glucose phosphates are probably produced from
starch by the action of the phosphorylase and from
glucose in the presence of hexokinase (Coleman and
Laurie 1976). In F. multivesiculatum the phosphorylase
pathway is the more important. Starch is degraded
probably to glucose-1- phosphate, which is isomerized
to glucose-6-phosphate (Coleman and Laurie 1977).
The glucose-6-phosphate is in rumen protozoa syn-
thesized into polysaccharide or broken down by
glycolysis (Coleman 1986).

The present investigation has shown a high activity
of amylase, maltose phosphorylase and hexokinase in
0. caudatus. These results suggest that most of the
starch is probably hydrolysed to maltose followed by
its phosphorylation by maltose phosphorylase to
glucose-1-phosphate which is probably isomerized to
glucose-6-phosphate. Glucose liberated from maltose
is phosphorylated in the presence of hexokinase to
glucose-6-phosphate. The proposed pathway of
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starch degradation in O. caudatus needs further inves-
tigation e.g. optimum pH and kinetic constants of
maltose phosphorylase, hexokinase, phosphogluco-
mutase and xz-glucan phosphorylase.
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The Small Intestine in Experimental Giardiasis of Rats.
Morphological Changes and Mast Cell Response
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Summary. Three-week old rats were orally infected with 10.000 Giardia muris cysts. The elimination of the parasite and the histological
changes in the jejunum were studied for an observation period of 56 days. During the whole period the parasites could be observed in an
intraluminar position in the jejunum (trophozoites) and in the feces (cysts). The morphological changes in the jejunum were only minor,
consisting in a transient change in villus-crypt ratio, goblet cell increase, focal infiltration with lymphocyte like cells and plasma cells. Of
particular interest was the proliferation of mucosal mast cells observed from 28 to 56 days post infection. It was concluded that the rat might
serve as a model for longstanding Giardia infections accompanied by minor pathological changes in the gut and proliferation of mucosal mast
cells. In addition to the well documented mucosal mast cell proliferation during a helminth infection, this study indicates that also

a protozoan parasite is capable of inducing a mucosal mast cell response.

Key words. Giardia muris, giardiasis, small intestine, mast cells response.

INTRODUCTION

Giardiasis is endemic in every country in the world
and recently the clinical and epidemiological evidences
for a marked pathogenicity of Giardia intestinalis in
man have increased. Despite recent investigations on
G. intestinalis and giardiasis many aspects of the
pathophysiology remain to be answered. The clinical
spectrum of giardiasis varies widely, including varying
degrees of malabsorption. There is evidence that this
disorder is not due to the villous atrophy (Tewari and
Tandon 1974, Levinson and Nastro 1978, Hartong et
al. 1979) and that the morphological changes of the

Adress for correspondence: W. Kasprzak, Departament of
Biology and Medical Parasitology. Karol Marcinkowski Academy
of Medecine, 10 Fredry Street, 61-701 Poznan, Poland.

jejunal mucosa may be slight and nonspecific. On the
other hand it is unknown why some patients remain
asymptomatic. A correlation of symptoms with the
parasite’s infecting dose, parasite strain variability,
host susceptibility, and host-related factors has been
suggested.

To study these problems experimental models have
been developed in mice and Mongolian gerbils (Ro-
berts-Thompson et al. 1976, Craft 1982, Belosevic et
al. 1983). We found that the rat model of giardia-
sis induced experimentally is characterized by
a long-term chronic infection without negative stools
and spontaneous elimination of the parasite (Majew-
ska and Kasprzak 1983, Majewska 1985).

The aim of the present study was to observe the
morphological changes of the small intestine of rats
infected experimentally with Giardia and to further
define the G. muris-rat model.
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MATERIALS AND METHODS

P arasite Giardia muris cysts were obtained from the same
source as in the previous investigations, 1. ¢. from fresh feces of
cyst--passing rats infected experimentally with cysts (Majewska and
Kasprzak 1983). In brief, Giardia cysts were purified by a slight
modified procedure of Meyer (1979) and described elsewhere
(Majewska and Kasprzak 1983). The final pellet was resuspended in
tap water and cysts were counted in a hematocytometer chamber.
The volume of the inoculum was 0.1 ml and the number of cysts was
10.000. The number of viable cysts calculated using the Bingham and
Meyer excystation procedure (1979) was about 1000 (10%) and
determined by the cosin-exclusion method was about 9500 (95%).

A nimals. Three week-old weanling outbred Wistar rats of
either sex, weighing 25-30 g, from the sixth Giardia-free generation
were used, The non-infected and infected animals were housed in
separate cages and fed on standard pellet diet and water ad hb.

Parasitological examination. Fresh feces were
collected daily and suspended in tap water. A representative number
of smears examined microscopically (at least 21 per time after
infection) was prepared. The number of cysts was estimated
semiquantitatively as + (few cysts in whole preparation), or + +
and + + + (1 to 5 cysts and over 5 cyst per microscopic field at total
magnification 300x respectively).

A utopsy. Ten-centimeter segments of jejunum were removed,
dissected longitudinally and rolled on a stick (“Swiss roll” method
by Mollenbeek and Ruitenberg 1981).

Histological examination.One " "Swiss-roll" was fixed
in Carnoy’s solution and embedded in paraffine. The sections were
stained with haematoxylin and ¢osin for conventional histological
assessment. The cellular infiltrations were differentiated by using the
Unna-Pappenheim method. The Periodic Acid Schiff (PAS) stain
was used to demonstrate goblet cells and mucus. Another

25|
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g
1
-1
[] mesative
fev cysts in vhole microscopic preparation

m I to 5 cysts
per alcroscopic field at
total sagnification of 300 x
- over 3 cysts

Fig. 1. Cyst excretion rate at the authopsy days of rats infected with
G. muris; *the percentage of preparations in particular classification
( = cyst excretion rate) was calculated from a representative number
of preparations.

“Swiss roll” of the jejunum was fixed in formalin acetic acid
(Enerbiick 1966a,) and embedded in paraffine. The sections were
stained with toluidine blue to demonstrate both the mucosal mast
cells and connective tissue mast cells as well as the intraepithelially
located globular leucocytes. In  haematoxyline-osin  stained,
well-oriented sections the intestinal architecture was assessed by
measurements of the villus crypt ratio, the villus configuration and
the cellular infiltration in the lamina propria.

Experimental design. The animals were inoculated
intragastrically by the inoculation of 10.000 cysts each. The rats were
divided in five groups each consisting of three infected and two
non-infected animals, and killed on day 7, 14, 28, 42 and 56 post
infection (p. i.).

RESULTS

Parasitological examinations

Daily microscopic control of feces revealed that the
infection was of long duration; all the rats were
infected throughout the whole observation period. The
pattern of cysts excretion showed little variability:
after a 4 to 8 days period all the rats were persistently
excreting cysts. The number of cysts in the feces was
not high (in most samples designated as "+ ), but it
rose by the second week and remained so through the
whole observation period. In Fig. | the data obtained
at the autopsy days are given to allow a direct
comparison with the histological results.

Histological examinations

The histopathological changes of jejunum are sur-
veyed in Table 1. In the groups of rats killed on day 7 p. 1.
the intestinal architecture of the jejunum was normal
(Fig. 2). The villi were mostly finger-shaped and
covered with a single layer of epithelium. Also the
lamina propria was normal (Fig. 2); there was little
infiltration with only few lymphocytes and with mast
cells of the connective tissue mast cells type. The PAS
stained sections demonstrated a normal number of
goblet cells in a characteristic position. In the Peyer’s
patches the germinal centers were of low activity. In
contrast to the lack of abnormalities in the intestinal
architecture, a significant PAS- positive reaction of the
mucus at the apical side of the epithelial cells (Fig. 5)
and some morphological signs of a hyperplasia of the
crypts — which were equal in length with the villus
height - were observed. In the mucus over the villi
many Giardia trophozoites could be observed.

At day 14 p. 1. slight changes in a few villi, which
were broadened, and some hyperplasia of the intestinal
glands - deeper with flattening of the epithelial cells
~ were found. Furthermore, marked activation of the
germinal centers in the Peyer’s patches was observed.
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Table |

Survey of changes in the jejunum of rats infected experimentally with Giardia muris

Days Giardia
post- Villi Intestinal glands Lamina propria Payper’s patches trophozoites
infection (intraluminar)

7 Finger-like. Goblet cells Hyperplasia No changes Low activity of Numerous
normal in location and germinal centres (GC)
number
14 Few villi broadened Hyperplasia Shight increase of mucosal  Activation of GC Numerous
Increased number of mast cells (MMC)
goblet cells near crypts numbers
28 Some villi shortened. Hyperplasia Slight infiltration of Prominent activation Single
Proliferation of entero- lymphocyte-like cells and of GC
cytes. Goblet cells located plasma-cells. Numbers of
near the crypts MMC the same as on day
14 p. 1
42 Some villi broadened, Normal, only few Slight infiltration of Prominent  activation Single
shortened. Gobled cells with sings of lymphocyte - like cells and  of GC
accumulated  near  the hyperplasia plasma-cells. Significant
crypts increase in numbers of
MMC
56 Most villi of normal Normal Slight fibrosis. Single Low activity of GC Very few

architecture

cellular mfiltration with
lymphocyte-like cells and
plasma-cells. Significant
increase in MMC
numbers

Figs. 2+, Preparations of jejunum, staned with haematoxylin-cosin. 2

micus.

O0x

3 - Day

lymphozyte-like cells and plasma-cells and slight fibrosis. 50x

28 p. 1.; focal infiltration with lymphocyte-like cells (arrow). 80x. 4
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Adjacent to the Peyer’s patches mast cells with the
morphological characteristics of mucosal mast cells
were observed (Fig. 8). In the lamina propria small

Figs. 5-7. Preparations of jejunum, Peniodic Aad Schull stain
5 Day 7 p. i.; marked PAS-positive reaction of mucus (arrow. ) 60x.
6 - Day 28 p. i.; marked PAS-positive reaction of goblet cells
(arrow). 80x. 7 - Day 56 p. i.: marked PAS-positive reaction of the
goblet cells located also in crypts (arrow). 60x

infiltrations composed of lymphocyte-like cells were
present. Many trophozoites of Giardia were found
between the villi.

In the group of rats sacrificed on day 28 p. 1. slight focal
changes were observed: the changes concerned mainly
a shortening of individual villi and the hyperplasia of
the intestinal glands (Fig. 3). The goblet cells were
agglomerated chiefly at the base of the villi, close to the
intestinal crypts. The PAS-positive reaction of the
goblet cells were very marked (Fig. 6). Focal infilt-
ration of lymphocyte-like cells (Fig. 3) and some
cosinophils were observed. In the number of mucosal
mast cells, aggregated mainly close to the Peyer's
patches the germinal centers were prominently ac-
tvated, and close to the patches the numbers of
mucosal mast cells were increased (Fig. 9). Some
trophozoites were observed between the villi.

On day 42 p. i. most of the villi were finger-shaped but
a few showed some deformation (they were shorter and
broader). In the lamina propria focal infiltrations of
lymphocyte-like cells and plasma cells were present.
The intestinal glands were smaller and of more regular
shape. The goblet cells showed a very marked PAS
reaction. In the jejunum a significant increase in the
number of mucosal mast cells, aggregated mainly close
to the Peyer’s patches, was observed. In the patches the
germinal centers were clearly activated. Single trop-
hozoites were present in the lumen between the villi.
In rats killed on day 56 p. i. most villi were of normal
architecture, and only a few showed deformation and
were shortened. The intestinal glands were of normal
shape and size. The goblet cells were also located near
the crypts and showed a marked PAS-positive reac-
tion (Fig. 7). In the lamina propria a small cellular
infiltration (lymphocyte like cells and plasma cells)
and a slight fibrosis were seen (Fig. 4). Also. at that
observation day the number of mucosal mast cells was
increased (Fig. 10). Intraluminar Giardia trophozoites
were only occasionally seen.

DISCUSSION

The experimental infection with G. muris in rats under
Giardia free conditions is, contrary to the infection of
conventionally reared animals, characterized by
a long duration; the infection persisted throughout
the whole observation period. The number of parasite
cysts in the feces was not high but rose by the
second week and remained so thereafter. We found
a similar pattern of infection in the previous ex-
periments (Majewska and Kasprzak 1983, Majewska
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Figs. 8-10. Preparations of jejunum, stained with toluidine blue. 8 - Day 7 p. i.; single musocal mast cells (arrows), 60x. Insert 300x. 9 - Day 28 p. i.;

increased number of mucosal mast cells (arrow). 80x. 10

1985). Snider et al. (1982) observed a prolonged
infection with G. mueris in mice of the C3H/He lincage
and found that the ability to clear the infection was
dependent on the sex, the age at infection time, and the
environmental conditions during rearing of the young
mice (SPF vs conventional). Roberts- Thomson et al.
(1980) and Belosevic et al. (1982) also found that the
course of a G. muris infection in various strains of mice
differed in intensity and duration of cysts excretion.

In experiments conducted hitherto by other authors, the
peak of cyst excretion was in the initial period of
infection, the cysts being undetectable after several weeks
(Bemrick 1962, Roberts-Thomson 1976, 1980, Nair et al.
1981, Gillon et al. 1982, Craft 1982). The experimental
rat model described in the present study is characterized
by a prolonged parasite infection, without spontaneous
climination of the parasite or even gradual decrease in
cyst excretion. In spite of the fact that the cyst excretion
remained high until the end of the observation period, the
number of intraluminar trophozoites based on assess-
ment in histological sections of the small intestine
decreased rapidly at 28 days post-infection.

The changes in the small intestine observed in this
experiment differ from those in man (Yardley et al.
1964. Nath et al. 1974, Ridley and Ridley 1976,
Hartong et al. 1979) or mice (Roberts-Thomson et al.
1976, Ferguson et al. 1980, Gillon et al. 1982). In our
studies the changes were slight and focal, the lining
epithelium was normal. and the cellular infiltrations in
the lamina propria were slight and focal.

Day 56 p. i.; numerous mucosal mast cells. 80x.

The intrinsic observation in this study was the sig-
nificant increase in numbers of mast cells with morp-
hological characteristics of mucosal mast cells after
prolonged parasite infection. In the study of jejunum
biopsies from patients with giardiasis Kociecka et al.
(1984) observed that the numbers of mucosal mast cells
and their locations were normal although the jejunum
morphology was abnormal.

Mucosal mast cells form a subpopulation of thy-
mus-dependent mast cells (Ruitenberg and Elgersma
1976): in the rat they lack heparine (Tas and Berndsen
1977). So far mucosal mast cells have been observed in
both experimental and clinical infections with hel-
minths. In a patient with trichinellosis a marked
increase of mucosal mast cells in the jejunum was
described (Gustowska et al. 1983). The observation
authenticates the data from experimental Trichinella
infections in rats (Ruitenberg et al. 1979, Vos et al.
1983). mice (Ruitenberg and Elgersma 1976) and
monkeys (Teppema et al. 1981) as well as Nippostron-
gvlus infections in rats (Befus and Bienenstock 1979,
Nawa and Miller 1979) and Hymenolepis infections in
rats (Hindsbo et al. 1982) and mice (Andreassen et al.
1978).

In the tissue invading nematodes Trichinella
(Ruitenberg et al. 1979) and Nippostrongylus (Nawa
and Miller 1979) mucosal mast cells were observed both
in the stroma and the epithelial lining, the latter ones
being referred to as globule leucocytes (Ruitenberg et al.
1979). In the lumen-dwelling cestode Hymenolepis.
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however, an increase of mucosal mast cells was
observed in the rat without an increase in globule
leucocytes (Hindsbo et al. 1982). Until now it is not
clear whether the globule leucocytes represents a sepa-
rate population of metachromatic cells or whether they
are derived from mucosal mast cells (Vos et al. 1983).
The present study shows that mucosal mast cells can
also proliferate during a non-helminth infection. Fur-
thermore, this mucosal mast cell proliferation is not
accompanied by an increase in globule leucocytes. The
possibility that this mucosal mast cell response was due
to a accidental infection with helminths present in the
animal house can be ruled out.

Our studies indicate that also the rat may be used as
a model in studying intestinal pathomorphology of
Giardia infections. In contrast to the murine model the
rat may be used for observation of host -parasite relation-
ship in long-standing infections. Of particular interest is
the observation that this protozoan infection is accom-
panied by the proliferation of mucosal mast cells.

Acknowledgement. This work was supported partly by a grant
MR 114 from the Stefanski Institute of Parasitology, Polish
Academy of Sciences.

REFERENCES

Andreassen J., Hindsbo O., Ruitenberg E. J. (1978) Hymenolepis
diminuta infections in congenitally athymic (nude) mice. Worm
kinetics and intestinal histopathology. Immunology 34: 105 113,
Befus A. D., Bienenstock J. (1979) Immunologically mediated
intestinal mastocytosis in Nippostrongyvius brasiliensis infected
rats. Immunology 38: 95-101.

Belosevic M., Faubert G. M., MacLeanJ. D., Law C., Croll N. A,
(1983) Giardia lamblia infections in Mongolian gerbils: An animal
model. J. Inf. Dis. 147: 222 226.

Belosevic M., Faubert G. M., Skamene E. (1982) Experimental
infections with Giardia muris in different inbred strains of mice,
Mol. Biochem. Parasitol. Suppl. 77.
Bemrick W. J. (1962) The Eosl specificity of Giardia from
laboratory strains of Mus musculus and Rattus norvegicus. J.
Parasit. 48: 287290,

Bingham A. K., Meyer E. A. (1979) Giardia excystation can be
induced in vitro in acidic solutions. Nature 277: 301 302,
Craft J. C. (1982) Experimental infection with Giardia lamblia in
rats. J. Inf. Dis. 145:495-498.

Enerbick L. (1966a) Mast cells in rat gastrointestinal mucosa. 1.
Fixation. Acta Path. Microbiol. Scand. 66: 289-302.

Enerbick L. (1966b) Mast cells in rat gastrointestinal mucosa. 2.
Dyebinding and metachromatic properties. Acta Path. Mic-
robiol. Scand. 66: 303 312

Ferguson A, Gillon J.. Al Thamery D. (1980) Intestinal abnor-
malities in murine giardiasis. Trans. Roy. Soc. Trop. Med. Hyg.
74: 445 448.

Gillon J., Al Thamery D., Ferguson A. (1982) Features of small
intestinal pathology (epithelial cell Kinetics, intra-epithelial lym-
[:hocytcs. disaccharides) in a primary Giardia muris infection, Gut
23: 498-506.

Gustowska L., Ruitenberg E. J., Elgersma A., Kociecka W.
(1983) Increase of mucosal mast cells in the jejunum of patients
infected with Trichinella spiralis. Int. Archs. Allergy Appl.
Immunol. 71: 304308,

Hartong W. A.. Gourley W. K., Arvanitakis C. (1979) Giardiasis:
Clinical spectrum and functional-structural abnormalities of the
small intestinal mucosa, Gastroenterology 77: 61-69.
Hindsbo O:, Andreassen J., Ruitenberg E. J. (1982) Immunological
and histopathological reactions of the rat against the tapeworm
Hymenolepis diminuta and the effect of anti-thymocyte serum.
Parasit. Immunol. 4: 59 76.
Kociecka W., Gustowska L., Gawronski M., Blotna M., Knapow-
ska M. (1984) Evaluation of jejunal mucosa biopsy in patients with
iardiasis. Wiad. Parazytol. 30: 311-319.
evinson J. D., Nastro L. J. (1978) Giardiasis with total villous
atrophy. Gastroenterology 74: 271-275.
Majewska A. C. (1985) Giardia muris u szczura jako model
giardiazy. Wiad. Parazytol. 31: 27-49.
Majewska A. C., Kasprzak W. (1983) The rat as an animal model
of giardiasis. Acta Protozool. 22: 71 -77.
Meyer E. A. (1979) Determination of Giardia cyst viability. In:
Environmental Protection Technology, Research Report. US
EPA, Cincinnati, Ohio, 27.
Moolenbeck C., Ruitenberg E. J. (1981) The “swiss roll™": A simple
technique for histological studies of the rodent intestine. Lab.
Animals 15: 57-59.
Nair K. V., Gillon J., Ferguson A. (1981) Corticosteroid treatment
increase parasite numbers in murine giardiasis. Gut 22: 475 480,
Nath S., Sehgal A. K., Chawla L. S., Chhuttani P. N, Broor S. L.
(1974) Histopathological and radiological appearance of duode-
num in giardiasis. Indian Med. J. Res. 62: 719 725,
Nawa Y.. Miller H. R, P. (1979) Adoptive transfer of the intestinal
mast cell responce in rats infected with Nippostrongylus brasiliensis.
Cell Immunol. 42:225 239,
Ridley M. J., Ridley D. S, (1976) Serum antibodies and jejunal
histology in giardiasis associated with malabsorption. J. Clin.
Path. 29: 30-34,
Roberts-Thomson 1. C.. Mitchell G. F., Anders R. F., Rait B. D,
Kerlin P,, Kerr-Grant A., Cavanagh P. (1980) Genetic studies in
human and murine giardiasis. Gut 21: 397 401.
Roberts-Thomson . C.. Stevens D. P., Mahmoud A. A. F,,
Warren K. S. (1976) Giardiasis in the mouse: An animal model.
Gastroenterology 71: 57-61.
Ruitenberg E. 1., Elgersma A (1976) Absence of intestinal mast cell
responce in congenital athymic mice during Trichinella spiralis
infection. Nature 264: 258 260.
Ruitenberg E. J., Elgersma A, Kruizinga W. (1979) Intestinal mast
cells and globule leucocytes: Role of the thymus on their presence
and proliferation during a Trichinella spiralis infection in the rat.
Int. Archs, Allergy Appl. Immun. 60: 302 309.
Snider D. P.. Roberts - Thomson 1. C.. McGhee J. R., Underdown
B. J. (1982) Factors involved in chronic murine giardiasis: Sex, age
and rearing environment affects susceptibility of C3H mice. Mol.
Biochem. Parasitol. Suppl. 644.
Tas J.. Berndsen R. G. (1977) Does heparin occur in mucosal mast
cells of the rat small intestine ? J. Histochem. Cytochem. 25:
10581062,
Teppema J. S.. Blomjous F. J. E. M., Elgersma A., Ruitenberg E. J.
(1981) Trichinella pseudospiralis and T. spiralis infections in
monkeys. [1. Pathological aspects. In: Proc. 5th Int. Conf. on
Trichinellosis. (Eds. C. W. Kim, E. J. Ruitenberg and J. S.
Teppema), Reedbooks Chertsey, 209-214.
Tewan S. G.. Tandon B. N. (1974) Functional and histological
changes of small bowel in patients with Giardia lamblia infestation.
Indian J. Med. Res. 62: 689-695.
Vos J. G., Ruitenberg E. J., Van Basten N., Buys 1., Elgersma A.,
Kruizinga W. (1983) The athymic nude rat. IV. Immunocytoche-
mical study to detect T-cells and immunological and histopat-
l;olugicu,l reactions against Trichinella spiralis. Parasit, Immunol.
3: 195- 215.
Yardley J. H., Takano J., Hendrix T. R. (1964) Epithelial and other
mucosal lesions of the jejunum in giardiasis. Jejunal biopsy studies.
Bull. Johns Hopkins Hosp. 115: 389 406.

Received on 23rd May, 1990

http://rcin.org.pl



AGHA
PROTOZ0OLOGICA

Acta Protozoologica (1991) 30: 45-47

Note sur Difflugia humilis sp. n. (Protozoa: Rhizopoda: Testacea)

Note on Difflugia humilis sp. n. (Protozoa: Rhizopoda: Testacea)

Didier CHARDEZ

Unité de Zoologie Geénérale et Faunistique (Prof. Ch. Gaspar), Faculté des Sciences Agronomiques de I'Etat, Gembloux, Belgique.

Résumé. Dans cette note, nous décrivons unee spéce nouvelle de Thecamoebien Difflugia lumilis sp. n. observé parmi les plantes aquatiques

et les Sphainges en Irlande et en Belgique.

Mots clés. Difflugia humilis sp. n., les plantes aquatiques, Sphaignes, Irlande, Belgique.

Summary. In this note, we describe a new species of Testate Amoeba Difflugia humilis sp. n. from Aquastic plant and Sphagnum from

Ireland aad Belgium.

Key words. Difflugia humilis sp. n., aquastics plant, Sphagnum, Ireland. Belgium.

Au cours d'une étude sur les Thecamoebiens
d’Irlance (Beyens et Chardez 1984), dans un préléve-
ment de sapropéle fixé au formol, nous avions observe
une espzce particuliere. Vue en trop peu d'exemplaires
sous forme de théques vides, nous ne l'avions pas
retenue dans nos listes, nous I'avions toutefois consig-
née dars nos cahier as de laboratoire.

Depuis, nous avons retrouve cette espéce parmi des
Sphaignes immergées en Belgique, ce qui nous a permi
d’en faire une étude plus compléte, objet de cette note.

Difflugia humilis sp.n. (Fig. 1 b, 2-9).

Cette espéce trés petite, semble habiter de préféren-
ce des niches écologiques riches en Diatomeées, dans
des eaux claires, a faible pH: variant de 4.3 a 5.

Address for correspondence: Unité de Zoologie Générale et
Faunisticue (Prof. Ch. Gaspar) Faculte des Sciences Agronomiques
de I'Etat. Gembloux. Belgique.

Fig. |

a) Difflugia
bacillifera Penard
b) Difflugia humilis
sp. n. (X 200)

Fig. | Diagnose: Theque allongée ou ovale, section
transversale plus ou moins circulaire, transparente, les
flancs convergent vers le pseudostome et forme un col
plus ou moins net, ou brusqument tronqués, sans col
apparent. Le pseudostome est circulaire et étroit,
souvent irréguilier dans ses contours.
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Fig. 2 & 8. D. humilis sp. n. (X 400)

La théque est formée d'un vernis organique
d’origine endogéne, consolidée par un revétement
externe constituté de Diatomées, qui la recouvrent
entiérement, lui conférent un contour irrégulier, con-
séquence d'une certaine variation intraspecrfique.
(Fig. 2-8).

Fig. 2-8. Dimensions: Hauteur = 40-60 ym, Diameé-
tre = 22- 36,5, pseudostome = 8-15 um

Moyennes (N = 10): H = 46,98 um, D = 2745,
pseudostome = 9,37 um.

Fig. 9. Le cytoplasme est trés claire, finement
ponctug, les pseudopodes de type ..Lobé™ consistent le
plus souvent en une émission formant un seul pseudo-
pode (Fig. 9).

Le corps du Rhizopode, est souvent massé au
niveau du col ou du pseudostome et n'accupe que les
2/3 du volume interne de la théque.

Une pulsole située généralement vers le milieu du
corps. La progression par reptation est lente.

Fig. 9. D. humalis sp. n.: émissions pseudopodiques. (Les figures
9 b et 5, montrent des exemples de specimens dont le col est absent,
Oou peu apparent)

http://rcin.org.pl



Un seul noyau, sphérique d'un diametre de 9,5 a
10 pm.

Ecologie: Dépos de fond parmi les plantes aquati-
ques et parmi les mares a Sphaignes les toubiéres et les
sédiments riches en Diatomées.

Répartition: Irlande, Région d’Allihies; Sapropéle
d'une zone marécageuse d'un étang. parmi une flore
principalement constituée de Juncus acutiflorus, Ra-
nunculus flammula et Eleocharys sp. pH 4.5. (Leg.
Beyens).

Belgique: Plusicurs stations en Hautes Fagnes;
Fanges Wallones: mares & Sphaignes immergées
pH 5.

Préparation Type: n® V20, Cotypes: n° Y15 et M18;
déposeées dans les collections de la Faculté des Sciences
Agronomiques de I'Etat, Gembloux.

DISCUSSION

L’extréme petite taille de cette nouvelle espéce, ne
nous permet pas de lassimiler a Difflugia bacillifera
Penard avec qui elle présente certaines affinités telles
que: le revément de la théque et 1'écologie.

En effet la différence de taille est absolument trop
importante D. bacillifera a une hauteur variant de 90
a 160 um (Fig. la, b). L'étude du noyau, montre
¢galament une différence de diamétre considérable 30 yum
chez D. bacillifera et 9,5 a 10 um chez D. humilis.

Difflugia humilis sp. n. 47

Outre les dimensions qui varient quelque-peu chez
D. humilis, les principales variations intraspécifiques se
situent au niveau du col, qui n'est pas toujours présent
ou visible. Ce phénoméne est di a la présence de
Diatomeées, souvent de grande taille masquant quel-
quefois I'ouverture du pseudostome.

Les Diatomées utilisées par D. hwmilis, sont
d’espéces et de genres variés, toujours nombreux dans
les tourbiéres et parmi les plantes aquatiques.

D. humilis utilise uniquement des valves ou des
frustules non remaniées.

Cette nouvelle espéce, n'est certainement pas rare,
mais sa taille réduite et souvent dissimulée par son
revétement la rend peu visible, elle apparait comme
une espéce typique des biotopes riches en Diatomées,
ot on la rencontre a coté d'espéces caractéristiques de
ces milieux: Difflugia rubescens, Difflugia bacillifera,
Difflugia dujardini, Centropyxis aculeata et ses variétés,
Netzelia oviformis, ainsi que de nombreuses espéces de
Nebela, Quardulella et Euglypha.

Avec Difflugia pulex Penard, c’est certainement une
des plus petites espéces du genre.

REFERENCE
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Le Genre Cyphoderina Schlumberger, 1845 (Protozoa: Rhizopoda: Testacea)

The Genus Cyphoderia Schlumberger, 1845 (Protozoa: Rhizopoda: Testacea)

Didier CHARDEZ

Unite de Zoologie Genérale et Faunistique (Prof. Ch. Gaspar). Faculté des Sciences Agronomiques de I'Etat, Gembloux, Belgique

Résumé. Dans cette note monographiques, nous proposons une révision des espéces du Genre Cyphoderia, basée sur-la forme générale et la
disposition des écailles de la théque Nous décrivons également deux espéces nouvelles pour la Science: Cyphoderia venustus sp. n. et

C. ventricosa sp. n.

Most clés. Genre Cyphoderia, C. venustus sp. n. C. ventricosa sp. n., Testacea, Révision taxonomigue.

Summary. In this monographical note a revision ot species of the genus Cyphoderina Kind is proposed. The differenciation characters
between them are pointed, such as morphology of tests disposition of scales, measurements and ecology. Two new species Cyphoderia

venustus sp. n. and C. ventricosa sp. n. are also described.

Key words. Genus Cyphoderia, C. venustus sp. n. C. venricosa sp. n. Testacea, taxonomic revision

Depuis 1845, date de la création du Genre Cyp-
hoderia par Schlumberger et I'importante étude sur les
Rhizopodes par Leidy en 1879, de nombreux auteurs
ont singalé et étudié beaucoup d’espéces de ce genre
important;

Plusieurs classifications ont ¢té établies ou propose-
es, Husnot (1942), changeant le nom de I'espéce la plus
commune ,.ampulla” en ,,communis”, divise le Genre
en deux ,sous-genres’ Parvialveolata et Latialveolata;
comportant cing espéces et dix variétés. Cette fagon de
voir trop artificielle, ne fut pas retenue.

Address for correspondence: Unite de Zoologie Générale et
Faunistique (Prof. Ch. Gaspar) Faculté des Sciences Agronomiques
de I'Etat, Gembloux, Belgique.

D’une fagon plus simple et plus judicieuse, Wailes
et Penard (1911), avainet divisé¢ I'ensemble des es-
péces en trois groupes basés sur la morphologie
générale et les types de structure de la théque,
distinguant les theques de section circulaire, com-
posées d’écailles imbriquées ou non et les théques de
section circulaire, composées d'écailles imbriquées ou
non et les théques de section plus ou moins trian-
gulaires ou irréguliéres.

Nous basant en grande partie sur ce principe, nous
proposons une révision des espéces existantes, avec la
description de deux espéces nouvelles.

Diagnose de Genre

Le Genre Cyphoderia est caractérisé par une théque
allongée dont le col est recourbé suivant I'axe lon-

http://rcin.org.pl
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gitudinal a la partie antérieure. Le fond est arrondi,
acuminé ou mammeloné suivant I'especce.

Le revétement est constitué¢ de petites écailles sili-
ceuses circulaires ou elliptiques biconvexes, réguliére-
ment imbriquées suivant 'espéce. Ces écailles sont
incrustées dans un vernis organique transparent, jau-
natre ou brundtre suivant I'age.

La disposition des écailles présente plusieurs types
d’imbrication:

a) jointives; les écailles se recouvrent particilement
par les bords,

b) non jointives; les écailles sont plus ou moins
espacees.

Le pseudostome ne posséde pas de lévre.

Les caractéres descriptifs d'une espéce doivent étre
aussi simple que possible. c'est pourquoi il nous
semble important, sans refaire les diagnoses des
espéces décrites, d'en résumer simplement les critéres
essentiels qui caractérisent chaque espéce: Ces carac-
téres sont les suivants: Section transversale de la
théque, forme du fond et du col, forme des écailles et
leur disposition, enfin, la longueur totale moyenne
(les dimensions extrémes sont reprises dans le Tab-
leau 1.)

Systématiquement, le Genre Cyphoderia se place
dans la Classe des Filosea Leidy, 1879, Sous-classe des
Testaceafilosia De Saedeleer, 1934, Ordre des Gromii-
da Claparede et Lachmann, 1859, Sous-orde des
Euglyphina Bovée, 1985.

Le Genre comporte 11 especes, 9 variétés etl forme
actuellement décrites, rassemblées dans la Famille des
Cyphoderiidae De Saedeleer.

L'espéce type est Cyphoderia ampulla (Ehrenberg)
Leidy. 1879.

Dans son ensemble, le Genre est essentiellement
aquatique au sens large. la majorité des espéces sc
rencontrent dans le sapropéle, la vase et les sédiments
du fond des étangs, lacs, mares et ruisseaux, également
dans les Sphaignes et les Mousses humides. Certaines
especes semblent plus fréquentes dans les Mousses et le
périphyton des plantes aquatiques. Quelques espéces
sont psammophiles ou psammobiontes strictes et
vivent dans le mésopsammon supralittoral des Mers et
Océans.

Les especes

Groupe I: Sections transversale de la théque
circulaire. Ecailles jointives.

Tableau |

Genre Cyphoderia Schlumberger, 1845, Dimensions exstrémes des especes

L D Ps E
Cyphoderia ampulla 80-130 40-80 16-28 1.2-2
Cyphoderia ampulla v. major 180-260 65-90 16-30 34
Cyphoderia ampulla v. vitrae 87-120 32-50 12-18 2
Cyphoderia ampulla v. vitrae . papillosa 67-120 32-50 12-18 2
Cyphoderia ampulla v. papillatd 110-120 43-49 14-16 2
Cyphoderia ampulla v. crassa 100-120 38-75 16-28 1.5-2
Cyphoderia ampulla v. thomassi 80-100 38-50 14-16 1.5-2
Cyphoderia ampulla v. bicornis 140 90 20 ?
Cyphoderia loevis 35-50 21-25 8-10 ?
Cyphoderia myosorus 125-130 ? ? 2.3-3
Cyphoderia perlucidus 50-58 25-27 10-11 0.6-0.9
Cyphoderia schonborni 123-144 81-91 21-23 7
Cyphoderia venustus 45-58 20-24 8-10 0.8-1
Cyphoderia veniricosa 70-80 40-43 12-14 0,12-0.6
Cyphoderia trochus 100-115 45-55 18-20 2.5-3
Cyphoderia trochus v. imbricata 100-125 30-40 15-18 2.5-3
Cyphoderia trochus v. amphoralis 87-153 38.52 13-17 35
Cyphoderia trochus v. palustris 100-125 30-40 15-18 33
Cyphoderia calceolus 150-185 65-80 19-32 2-3
Cyphoderia compressa 82-112 30-46 10-18 1.5
Cyphaoderia littoralis 38-51 18-26 7-12 2
Cyphoderia littoralis v. shimodensis 38-51 ? ? ?
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Fig. 1. Ensenble de silhouettes vues de profil. A -~ C.ampulia, B - C. ampullav. major, C. ampullav. vitrae,D - C. ampulla v. papillata, E - C.

ampullav. crassa, F - C. ampulla v. thomasi, G - C. ampulla v. bicornis,
C. trochus v. amphoralis, O — C. trochus v. palustris, P - C. littoralis, Q - C. venustus, R - C. ventricosa.

perlucidus M C. trochus, N

Cyphoderia ampulla (Ehrenberg) Leidy. 1879

Syn.: Difflugia ampula Ehrenberg, 1840, Cyphoderia
margaitacea Schlumberger 1845 Cyphoderia communis
Husnot, 1943, Euglypha curvata Perty, 1852

Caractéristiques: Fond de la théque arrondi, col
plus ou moins recourb¢, écailles circulaires, longuer
120 um. Aquatique au sens large. Cosmopolite.

Cyphoderia ampulla v. major Penard, 1902

Caractéristiques: Fond de la théque arrondi, col
plus ou moins recoubé, écailles circulaires, Longueur
220 pm. Aquatique principalement dans les grands
fonds.

Cyphoderia ampulla v. vitrae Wailes et Penard, 1911

Caractéristiques: Fond de la théque arrondi ou
mammeloné, col plus ou moins recoubé, écailles non
visibles, longueur 90 Um, principalement dans les
Mouses et les Sphaignes.

Cyphoderia ampulla v. vitrae f. papillosa Wailes,
1915

Caractenistiques: Différe de la variété par la présen-
ce d'un prolongement caudal, pointu ou arrondi.
Longueur 95 um.

Cyphoderia ampulla v. papillata Wailes et Penard,
1911

Caractéristiques: Fond de la théque arrondi mam-
meloné, col plus ou moins recourbé, écailles cir-
culaires, longueur 120 um. Principalement dans les
Mousses et les Sphaignes.

C. calceus, 1 - C.compressa, ) - C. schonborni, K — C. loevis, L. - C.

Cyphoderia ampulla v. crassa (Husnot) Thomas,
1955

Caracteristiques: Cette variété se distigue de I'espéc
e par les flances de la théque, qui suivent une courbure
presque paralléle lui donnat un aspect plus trapu, le col
est généralement assez peu recourb¢. Longueur 110
um,

Cyphoderia ampulla v. thomasi Chardez, 1956
Caracténstiques: Le fond de la théque est plat, col
peu recoubé, aquatique au sens large. Longueur 90 um.
Cyphoderia ampulla v. bicornis Stepanek, 1963
Caracteristiques: Fond de la théque possédant deux
prolongements en forme de cornes creuses, col for-
tement recourbé, longeur 140 um. Aquatique.

Cyphoderia loevis Penard, 1902

Caracteristiques: Fond de la theque arrondi, parfois
muni de quelques particules minérales, col trés peu
recourbe, Lonqueur 40 um. Aquatique.

Cyphoderia myosorus Penard, 1908

Caractéristique: Fond de la théque acuminé en
pointe creuse, col peu recourbé, écailles ovales ou
elliptiques, longuer 125 um. Aquatique.

Cyphoderia perlucidus Beyens et Chardez, 1986

Caracténstiques: Fond de la théque arrondi. col
fortement recourbe, longuer 54 um. Théque toujourst
rés transparente. Principalement dans les Mousses et le
periphyton des plantes aquatiques.
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Figs. 218, Les especes du geure Cyphoderia. 2A - C. ampullav. major, 2B - C. ampulla (X100), 3 - C. ampulla v. major (X400), 4 - C. ampulla
(X400), 5 - C. ampulla (vue de face (X400), 6 - C. ampulla v. crassa (X400), 7 et 8 - C. ampulla v, vitrae (X400). 9 - C. ventricosa (X400), 10 - C.

ampullav. thomasi (X400), 11
(X400), 16 - C. compressa (vue de face X400), 17

Cyphoderia venustus: sp. n.

Diagnose: Théque allongée, de section transversale
circulaire, le fond est plus ou poins ogival, terminé par
un prolongement mammelliforme quelquefols assez
long et étroit. Le col est court, fortement recourbé et
bien net. Le revétement est classique, constiué
d’écailles circulaires jointives plus grandes sur le corps
qu'au niveau du col et fond de la théque.

Dimensions moyennes: longuer 53 um, diamétre
22 um, hauteur du col 9,5 um diamétre du pseudo-
stome 8.5 um, écailles 0,9 um. Cette nouvelle espéce est
actuellement connue de Mousses épigées humides de la
région d’Olafsik (alt 324 m) Islande. et du sapropéle de

C. venustus (X600), 12 - C. venustus (X400), 13 - C. perlucidus (X400), 14 - C. loevis (X400), 15 - C. compressa
Ecailles juinitives (X1000), 18

Ecailles superposées. (X1000)

I'¢tang de Virelle, Belgique. Dans une premiére étude
(1969). nous avions figureé cette espéce sans la nommer
(fig. 38 pl. 7).

Cyphoderia ventricosa sp. n.

Diagnose: Théque trapue, ventrue, de section trans-
versale circulaire a fond arrondi. Le col est cours,
fortement recourbé, présentant un pseudostome cir-
culaire situé sur le méme plan que la face ventrale. La
structure de la théque est constitutée de petites écailles
elliptiques non jointives, disposéed sans orde.

Dimensions moyennes: longuer 75 um, diamétre
42 pom, pséudostome 13 um, ecailles 0,12 X 0.6 um. Cette
nouvelle espéce a été observée dans le sapropéle vaseux
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du fond des étangs Epioux et Stavelot (Belgique).

Groupe I1: Section transversale de la théque
circulaire. Ecailles superposées.

Cyphoderia trochus Penard, 1890

Caractéristiques: Fond de la théque acuminé ou
mammeloné, col ovalisé latéralement Pseudostome
ovale, longueur 100 um. Aquatique. Cette espéce est
susceptible de comporter 3 variétés.

Cyphoderia trochus v. imbricata (Penard) Defland-
re-Riguaud, 1958

Syn.: Cyphoderia ampulla v. imbricata Penard, 1905

Caractéristiques: Fond de la théque acuming, col
peu recoubé, longuer 110 um. Aquatique.

Cyphoderia trochus v. amphoralis Wailes et Penard,
1911

Caractéristiques: Fond de la théque arrondi, col peu
recourbe, longuer 120 um. Aquatique.

Cyphoderia trochus v. palustris Penard, 1902

Caractéristiques: Fond de la théque mammeloné,
col plus ou moins recourbé, longueur 110 um. Aquati-
que et dans les Sphaignes.

Groupe I11: Section transversale de la théque
non circulaire plus ou moins irréguliére. Ecailles
jontives.

Cyphoderia calceolus Penard, 1902

Caractéristiques: Fond de la théque acuminée en
pointe, section plus ou moins triangulaire, col peu
recourbe¢, longueur 170 um. Aquatique.

Cyphoderia compressa Golemansky, 1979

Caractéristiques: Fond de la théque arrondi, section
ovale, comprimée latéralement col peu recourbé pseu-
dostome ovale, longueur 45 ym. Espéce psammobiota-
ne stricte.

Cyphoderia littoralis v. shimodensis Sudzuki, 1979

Les dimensions et écailles n'ont pas été décrites,
cette variété proche de I'espéce devrait étre revue.

Species incertea

Cyphoderia ampulla v. penardi Kourov, 1925

Cyphoderia truncata Schulze, 1875
Cyphoderia euglyphoides Husnot, 1943

Le Genre Cyphoderia Schlumberger, 1845 53

Species excludendae

Cyphoderia communis Husnot, 1943

Cyphoderia communis v. tubulosa Husnot, 1943
Cyphoderia communis v. strangulata Husnot, 1943
Cyphoderia communis v. mamillaria Husnot, 1943
Cyphoderia communis v. magna Husnot, 1943
Cyphoderia communis v. acuminata Husnot, 1943
Cyphoderia communis v. acuminata f. flexa Husnot, 1943
Cyphoderia trochus v. longicollis Husnot, 1943
Cyphoderia trochus v. longicollis Husnot, 1943
Cyphoderia trochus v. umbonata Husnot, 1943
Cyphoderia ampula v. minor Chardez, 1972
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Urostyla thompsoni Jankowski, 1979 a Little Known Marine Ciliate

(Ciliophora, Hypotrichida)

Krzysztof WIACKOWSKI

Department of Hydrobiology, Institute of Environmental Biology, Jagiellonian University, Krakow, Poland.

Summary. The morphology and some basic morphogenetic characteristics of a little-known marine hypotrich of the genus Urost yla from the
Baltic coast are presented. The species corresponds to the brief description of an antarctic hypotrich given by Thompson (1972) and named as

Urostyla thompsoni by Jankowski (1979)

Key words. Urostyla thompsoni, marine ciliate.

INTRODUCTION

Urostyla fhomsoni has been includet into a numeri-
cal taxonomic study of Urostylina presented earlier in
the same journal (Wiackowski 1988). Now, a detailed
description of the species based on protargol stained
specimens is given.

MATERIALS AND METHODS

The ciliate was found in a culture of Prorodon rabbei Czapik, 1965
which had been maintained for many years in the Department of
Hydrobiology, Jagicllonian University. The culture was originally
established from a sample of psammon of the brackish Lake Ptasi
Raj (Baltic coast near Gdansk). See Czapik and Jordan (1976) for
a description of the site.

Prorodon rabbei, a histophagous ciliate, was fed with pieces of
living Enchytreidae once a week. The small Urostyla living in the
same Petri dishes fed on an unidentified colourless flagellate and

Address for correspondence: Department of Hydrobiology,
Institute of Environmental Biology, Jagiello University, 2a Oleandry
Street, 30-063 Krakéw, Poland

bacteria growing on the remains of the worm tissue. Since tentative
clonal cultures were not successful, study was based on the prepara-
tions made with the specimens tak directily from the ,wild” culture.

The ciliates were stained with protargol according to the method
of Wilbert (1975). A mixture of Bouin's fluid with saturated mercuric
chloride (1:1) was used as fixative. The terminology of Borror and
Wicklow (1983) was adopted for the description of ciliary structures.

RESULTS

General body form

The morphology of an interphase specimen is
shown in Figs. 1-5. The width to length ratio is about
1:2. The cell has an elliptical shape. The ciliate is
distinctly dorso-ventrally flattened with the ventral
side somewhat concave. The macronucleus (Ma) con-
sists of about 40 oval fragments 9-18 um long. From
5 to 8 micronuclei (Mi) per cell could be seen.
A diameter of a single micronucleus is about 3 yum. The
contractile vacuole is typically located on the left side
of the cell. The cytoplasm of the living ciliates is
transparent with a slight yellowish shade.
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20 pm

Fig. 1. General picture of Urestyla thompsoni based on live and
protargol stained preparations.

Fig. 2. Corucal anatomy of Urostyla thompsoni. Camera lucida
drawings of potargol impregnated specimen as seen from the ventral
(a) and dorsal (b) sides.

Ciliary structures

The buccal ciliature has the form typical of the
majority of hypotrichs (Fig. 4). The adoral zone of
membranelles (AZM) extends along the left side of the
peristome and curves around the anterior border of the
organism. It does not extend onto the right side of the
cell. The longest adoral membranelles are located in
the middle of the peristome length. The undulating
membrane system (UM) consists of two relatively long
paroral membranelles. The inner paroral membranelle
(IPM) consists of a single row and the outer (OPM) of
a double row of kinetosomes. There is a single malar
cirrus (m) close to the OPM.

The midventral cirri (MV) have a typical form:
a double row of cirri organized in a zigzag line (Figs.
2 and 3) in the anterior half of the organism. The MV
are distinctly shortened. They end with a single row
of 4-5 cirri just below the midpoint of the cell. A row
of about 4-5 fronto-terminal (FT) or "migratory”
cirri can be seen on the right side of the MV close to
the AZM. There are 3 slightly enlarged (hypertrop-
hied) frontal cirri (FC) in the anterior region (Fig. 4).
The row of transverse cirri (TC) consists of about
6 cirri.

Most of the specimens have three marginal rows
of cirri on the left and right sides (LMC and RMC).
The dorsal surface ciliature (Dc) usually consists of
three kineties. However, three specimens with 5 and
two with 4 dorsal kineties were noted among 30
specimens studied (Fig. 6). Caudal cirri are absent.

Cortical morphogenesis

The most important features of the morphogenetic
process are as follows:

1. The origin of the oral primordium is typical of
most urostyline hypotrichs. The new kinetosomes
appear in patches on the left side of some MV cirri in
the central part of the ventral surface (Fig. 7).

2. The old AZM is completely disorganized and the
new one reproduced "de novo™ at least during physio-
logical reorganization morphogenesis (Fig. 11).

3. The new marginal rows develop from primordia
formed in each of the old marginal row on both sides of
the cell. Thus, each of the existing marginal rows
participates directly in the development of a new one
(Figs. 8, 11).

4. Dorsal primordia develop within each of the
existing dorsal kineties on two levels for proter and
opisthe respectively.
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Figs. 3-7. Urostyla thompsoni. 3 - General aspect of the ventral side of protorgol-impregnated specimen. Scale, 20 uym. 4 - Peristome
and frontal region of the ventral sufrace of protargol-impregnated specimen, Scale. 20 um. 5 - Dorsal side of a typical specimen. Note
three kineties of dorsal cilia (Dc.) Scale, 20 pm. 6 - A specimen with 5 dorsal Kineties. Scale, 20 um. 7 - The first sign of cortical
morphogenesis: new Kinetosomes appear in patches on the left side of some MV cirri in the middie of the cell (arrow). Scale. 20 um.
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Table 1.

Basic biometric characteristics of Urostyla thompsoni Jankowski, 1979

X MD SD Ccv Min Max N
Distances (pm):
Total length 899 89.9 9.99 0.11 69.0 106.1 30
Maximal width 46.3 46.6 5.57 0.12 35.0 60.0 30
Peristome length 37.2 38.0 298 0.08 30.0 41.5 30
Distance between anterior end of
the OPM and cytosystome 28.5 28.8 2.25 0.08 240 33.0 30
Length of the longest adoral
membranelle 6.7 6.8 0.60 0.09 6.1 8.2 10
Number of:
Adoral membranelles 26.0 26.0 1.72 0.07 22 29 30
Fronto-terminal cirri 43 4.0 0.61 0.14 3 5 29
Transverse cirri 6.1 6.0 0.70 0.11 5 8 27
Left marginal rows 35 3.0 0.73 0.21 3 5 30
Right marginal rows 3.l 3.0 0.31 0.10 3 4 30
Dorsal kineties 33 30 0.64 0.20 3 5 30
FVT streaks 11.8 12,0 1.19 0.10 10 14 30
Cirni in the posterior MV row 42 4.0 0.96 0.23 3 7 30
Macronoclear fragments 408 41.5 8.18 0.20 30 54 6
AZM  adoral zone of membranelles LMC  left marginal cirri N number of specimens
CV  coefficient of variation m  malar cirrus OPM  outer paroral membranelle
D¢ dorsal cilia Ma macronucleus RMC  right marginal cirri
FC  frontal cirri Max  maximum value R right side
FT fronto-terminal cirri MD  median SD  standard deviation
FVT fronto-ventro-transverse complex Mi  micronucleus TC  transverse cirni
IPM  inner garoml membranelle Min  minimum value X arithmetic mean
L left side MV midventral cirri UM  undulating membrane

5. The reorganization of the ventral surface ciliature
is regularly accompanied by that of dorsal kineties.

DISCUSSION

The ciliate presented above is almost identical with
the picture of an antarctic Urostyla published by
Thompson (1972). Thompson did not name his spe-
cies, presenting it as an unidentified (probably new)
Urostyla from the Antarctic. Jankowski (1979), on the
basis of Thompson's communication exclusively, pre-
sented a formal taxonomic description of the species,
giving it the name Metaurostyla thompsoni. Genus
Metaurostyla being no longer valid (Jankowski 1980),
the species should be referred to as Urostyla thompsoni
Jankowski, 1979. It was mentioned neither by
Hemberger (1982) nor by Borror and Wicklow (1983).

The ciliate described in the present paper is
strikingly similar to the antarctic Urestyla. The
differences between the two forms concern the
number of left and right rows of marginal cirri.
Thompson's species has 45 rows on cach side. The
number of dorsal kineties is different, too. Here the
difference is more pronounced, since Thompson
(1972) reported about 7 dorsal kineties in the
antarctic species. However, taking into account the
observed variation in the two characters (Table 1),
and on the basis of the only available morphological
criteria, the species presented here is identified as
Urostyla thompsoni Jankowski, 1979.

The ciliate resembles Urostyla marina Kahl, 1932
redescribed by Borror (1979). The absence of fron-
to-terminal cirri in U. marina is the main difference
between these two forms.
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Figs. 8- 11. Urostyla thompsoni. 8 - A late stage of divisional morpogenesis: the two sets of cortical structures for proter and opisthe are
ready. Note that each new marginal row is formed inside the previously existing one (arrows). Scale, 20 pm. 9 - An carly stage of
reorganizational morphogenesis: asingle anarchic field of Kinetosomes (oral primordium) is formed in the central region of the ventral
surface. A row of kinetosomes in the nght anterior corner of the oral primordium is the future fronto-ventro-transverse primordium
(FVT). Scale, 20 um. 10 - An intermediate stage during reorganization: development of dorsal primordia. The primordium of a new
dorsal kinety is formed inside each previously existing dorsal kinety. Scale, 20 um. 11 - Ventral side of the same specimen as in fig. 10.
A new AZM is formed parallel to the old one, which is gradually resorbed. Marginal primordia develop in each previously existing row
(arrow). Scale, 20 pm.
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Summary. In a total of 288 goats examined 146 (50.69%) were positive for sarcocysts, involving the musculature of oesophageal, cardiac, skeletal,
ocular and diaphragm. of these samples, two types of cysts, morphologically distinct in their shape and size were recorded. The oesophageal cysts
which were isolated frequently were thinner, clongated with one end pointed and the other rounded and measured 550 - 615 um
in length and 55 - 85 pm in with suggesting their similarity with Sarcocystis hircicanis. Another type of cysts which were mostly observed in the
cardiac muscle were thick-walled, maggot- like to spindle shaped with both ends rounded and measured 225 to 285 pm in length and 75 to 135 ym
in width with the cyst wall showing distinct stniations. These were indistinguishable with the descriptions of S. capracanis. This appears to be

the first report of the occurrence of S. hircicanis in India.

Key words: Sarcocystis capracanis, S. hircicanis, goat, parasite,

INTRODUCTION

Srivastava et al. (1985) described two types of
morphologically distinct cysts which were isolated
from muscle samples of heart and oesophagus of
naturally infected indigenous goats. Although the
morphological differentiation was quite distinct but
due to the fact that dogs acted as the final host for both
the types of sarcocysts the authors concluded those to
be the two forms of Sarcocystis capracanis. However,
the detail descriptions of S. hircicanis reported by
Aryeetey et al. (1980) and Heydorn and Holzner (1983)
has now become available and therefore, it was
thought to be of interest to re-examine the results of
Srivastava et al. (1985) in the light of the new infor-
mations on S. hircicanis.

Address for correspondence: P. S. Srivastava, Departament of
Parasitology, Bihar Veterinary College, Rajendra Agnicultural Uni-
versity, Patna - 800014, Bihar, India

During the recent years caprine sarcocystosis has
generated a great deal of interest amongst the parasito-
logists which led to the speciation of various species of
Sarcocystis infecting goats. The first attempt in this
direction was made by Fischer (1979) who described
the caprine Sarcocystis species as S. capracanis causing
a very severe morbidity and mortality in experimental-
ly infected goats.

Subsequently, Aryeetey et al. (1980) described
a three layered pellicle in the schizonts and also the
presence of two types of cysts viz. the sarcosysts with
primary cyst wall having protrusion which were
mostly straight and forming thick striated cyst wall
and a thin—-walled cyst without striated cyst wall and
protrusions. The later form was thought to be second
Sarcocystis species which was later designated as the
Sarcocystis hircicanis by Heydorn and Holzner (1983)
with dogs as the final hosts for the both the species.
They further opined that S. capracanis and S. hircicanis
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were thus morphologically distinct on the basis of their
dimension, shape and size at various stages of the
development.

Recently, Srivastava at al. (1985) also observed two
distinct types of sarcocysts from cardiac and oesop-
hageal musculature of goats with distinct variations in
their shape and size but owing to the non-availability
of the morphological details of S. hircicanis considered
these to be S. capracanis.

MATERIALS AND METHODS

The materials and methods of Srivastava et al. (1985) was
following throughout the present study. Interamuscular cysts isola-
ted from various organs of autopsied goats were washed thrice with
physiological saline solution and examined unstained in the watch
glasses for the study of their shapes and sizes. The morphological
variations of sarcocysts isolated from different organs recorded and
measurements of freshly isolated unstained cysts were done with the
ocular micrometer.

RESULTS AND DISCUSSION

Detailed morphological studies of Sarcocystis isola-
ted from musculature of different organs revealed two
distinct types of cysts having detectable variations in
their morphology. The first category of cysts were
thick-walled in the majority some what spherical or
maggot-like in appearance but few cysts were spindls-
haped with rounded tips at one end or on both the
ends. The cyst wall was thick, white opaque in colour
when examined fresh was found lying on the long axis
of muscle fibres measuring 225 — 285 um in length and
75~ 195 um in width. The cyst wall was striated, septate
and inside the sarcocystis cavity there was a distinct
septation. The cystic compartments were filled with
metrocytes and mature bradyzoites. Morphological
features were identical to the descriptions of S. cap-
racanis (Fescher, 1979). Such cysts were isolated from
the cardiac musculature and were shown in the photo-
micrographs No. 1-3 of Srivastave et al., (1985).

Carpinea Sarcocystis in India

The second type of sarcocysts were thinner and
elongated, their cyst wall was opaque white in colour
with only one end pointed, and filamentous, while the
other end was rounded. The cyst wall in such samples
were thin, faintly striated, and the septation was not
distinct in the sarcocystis cavity which was found
completely filled up with mature merozoites and
metrocytes. Such sarcocysts measured 550 - 615 um in
length and 55-85 um in width and were comparatively
more fragile in nature than the thick walled cysts. The
morphological features were identical to those of
S. hicricanis described by Heydorn and Holzner (1983).

The presence of these two distinct types of cysts with
detectable morphological variations observed in the
present study suggested the occurrence for prevalence
of both the species of caprine Sarcocystis in India.
Through this report the authors attempted to correct
the earlier findings of Srivastava et al., (1985) in which
the presence of two morphologically distinct types of
sarcocysts from the cardiac and oesophageal mus-
culature was described and illustrated as two forms of
S. capracanis.
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