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Synopsis. Stegochilum schoenborni sp. nov. unterscheidet sich wvon
den anderen Arten der Gattung in der Anzahl der Somakineten und
durch die fast zentrale Lage der kontraktilen Vakuole. Die allgemeine
Kérperorganisation, der Oralapparat und das Silberliniensystem sind
tetrahymenid. Das erfordert eine Einordnung in die Unterordnung
Tetrahymenina. Das niichst verwandte Genus ist Spirozona, was durch
folgende Apomorphien belegt wird: (1) isolierte Basalkdrperpaare am
anterioren Ende der paroralen Membran; (2) Verkiirzung der beiden
rechten Basalkdrperreihen der dritten adoralen Membranelle; (3) kreis-
f6rmig angeordnete Caudalcilien. Die Genera Stegochilum Schewiakoff,
1802 und Spirozona Kahl, 1926 werden daher in der Familie Spirozo-
nidae Kahl, 1926 vereinigt. Fiir sie und die beiden Genera werden
verbesserte Diagnosen gegeben. Die Revision der Gattung Stegochilum
zeigt, daB sie bisher nur 2 sichere Arten enthilt: S. fusiforme Sche-
wiakoff, 1892 und S. schoenborni sp. nov. Unsicher ist der taxonomische
Status von 8. sphagnetorum Sramek-HuSek, 1954. Stegochilum acutum
Biirger, 1908 wird mit Tetrahymena pyriformis (Ehrenberg, 1830) Lwoff,
1947, S. ovale Ghosh, 1921 mit Colpidium colpoda (Ehrenberg, 1831)
Stein, 1860 synonymisiert. Alle Arten der Familie sind sehr selten,
freilebend und auf das SiiBwasser beschriinkt und bevorzugen stark
mesosaprobe oder sapropelische Biotope.

Schewiakoff fand am 30. August 1889 am veralgten Ufer des
Taupo-Sees in Neuseeland ein schlankes Ciliat, flir das er die Gattung
Stegochilum errichtete, weil es im Unterschied zu Glaucoma keinen
Schlund und keine adoralen Membranellen besitzen sollte. Erst Jan-
kowski (1964) stellte diesen offensichtlichen Irrtum richtig und zeigte
die tetrahymenide Struktur des Oralapparates der Typusart, Stegochi-
lum fusiforme Schewiakoff, 1892. Eine genaue Darstellung der Infra-
ciliatur findet sich jedoch weder bei Jankowski (1964) noch bei
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2 W. FOISSNER

anderen Autoren, weshalb die von Corliss (1961, 1979) vorgenom-
mene Einordnung in die Tetrahymenidae nicht als gesichert gelten konn-
te. Die Entdeckung einer neuen Art bot daher Gelegenheit, diese Ein-
ordnung mit modernen taxonomischen Methoden zu tiberpriifen und
richtig zu stellen.

Material und Methoden

Stegochilum schoenborni, Spirozona caudata, Turaniella vitrea und Colpidium
colpoda wurden am 6. 11. 1983 im Faulschlamm einer kleinen lenitischen Zone
des Drau-Flusses bei der Staustufe Amlach in Lienz, Osttirol, Osterreich ge-
funden. Die Populationen waren miiBig stark entwickelt und lebten in der mit
Diatomeen und Fadenbakterien bewachsenen oberen Zone des Faulschlammes.

Die Korperform der lebenden Tiere ist nach Préparaten gezeichnet, die nicht
mit einem Deckglas bedeckt waren. Feinere Details wurden mit dem Olimmer-
sionsobjektiv an mehr oder weniger stark gequetschten Tieren im Hellfeld und
Phasenkontrast studiert. Alle {ibrigen Zeichnungen sind mit einem Zeichenapparat
angefertigt und nur sehr wenig schematisiert. Zur Darstellung des Silberlinien-
systems und der Infraciliatur dienten die bei Corliss (1953) und Foissner
(1076, 1982) angefiihrten Silberimprégnationsmethoden. Zur Methodik der bio-
metrischen Charakterisierung sieche Foissner (1982) und Berger et al. (1984).

Die Revision der Gattung basiert auf der Durchsicht des “Zoological Record”.
Um einen ibersichtlichen Vergleich der Arten zu ermdglichen, sind alle bisher
verdffentlichten Zeichnungen aufgenommen worden.

Ergebnisse und Diskussion

(1) Beschreibung von Stegochilum schoenborni sp. nov.
(Abb. 1-7, Taf. I 16-18, Tab. 1)?

Diagnose: In vivo etwa 95X 22 um groBes, spindelformiges
Stegochilum, dessen kontraktile Vakuole dicht unterhalb der Korper-
mitte in Somakinete 7 ausmiindet. Durchschnittlich 25 Somakineten.
Am posterioren Korperende ein Kranz verldangerter Caudalcilien.

Locus typicus: Magig haufig im Faulschlamm der lenitischen
Zonen des Drau-Flusses bei der Staustufe Amlach (Lienz, Osttirol, Oster-
reich).

Aufbewahrungsort des Typenmaterials: Ein Holo-
typus- und ein Paratypuspriparat sind in der Sammlung der mikrosko-
pischen Priparate des Oberosterreichischen Landesmuseums in Linz
deponiert.

Beschreibung: GréBe in vivo etwa 80-110 X 20-30 um, sehr
schlank spindelig, nicht abgeflacht, haufig leicht S-formig gebogen und

! Diese Art widme ich Herrn Dr. habil. Wilfried Schdnborn, in Anerkennung
seiner grundlegenden Arbeiten zur Produktionsbiologie der Ciliaten.
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REVISION DER GATTUNG STEGOCHILUM 3

posterior starker zugespitzt als anterior. Nicht kontraktil, aber auffallend
wurmartig biegsam. Sehr empfindlich, die typische Korperform ver-
schwindet unmittelbar nach dem Auflegen des Deckglases. Schrumpft
bei der Praparation ziemlich stark (etwa 25%; Tab. 1). Makronucleus
zentral gelegen, meist ellipsoid, selten fast kugelférmig. Mikronucleus
dem Makronucleus dicht anliegend. Kontraktile Vakuole wenig bis deut-
lich unterhalb der Korpermitte, mit 1 Exkretionsporus, der sich meist
in der 7., selten in der 6. oder 8. Somakinete befindet. Cytopyge am
posterioren Ende der rechten postoralen Kinete. Pellicula zart, durch
die 8- 10 um langen Cilien deutlich gekerbt. Entoplasma farblos, in der
anterioren Korperhadlfte meist auffallend klar, posterior mit méBig vielen
etwa 1 um groflen, stark lichtbrechenden Granula und meist nur we-
nigen 3-5 um groBen Nahrungsvakuolen, die Bakterien enthielten. Be-
wegung sehr rasch unter Rotation um die Lingsachse.

Somakineten meridional angeordnet, stoBen praeoral entlang einer
spitzwinkeligen Nahtlinie zusammen, posterior zum Teil deutlich ver-
kiirzt, weshalb nur etwa 15 Kineten zur Bildung der ungefihr 20 um

Tabelle 1
Biometrische Charakteristik von Stegochilum schoenborni

; Merkmal R AR T T T
TR in (i 7031 670 840 233 1195 60 90 13
Breite in um 1792 170 214 059 1194 15 20 13

Distanz vom anterioren Korperende bis zum

Beginn der adoralen Membranellen in pm 838 80 077 021 916 8 10 13
Distanz vom anterioren Korperende bis zum

Ende der adoralen Membranellen in pum 21.23 210 117 032 549 20 24 13
Distanz vom anterioren Korperende bis zum

Beginn des Makronucleus in pm 2254 220 477 132 21,17 16 31 13
Distanz vom anterioren Korperende bis zum

Exkretionsporus der kontraktilen Vakuole

in pm 40.77 380 623 1.73 1529 32 50 13
Linge des Makronucleus in pm 1754 170 273 0.76 1555 13 21 13
Breite des Makronucleus in pm 1208 11.0 166 046 1371 10 15 13
Anzahl der Somakineten in Tiermitte 2523 250 093 026 367 23 27 13
Anzahl der Basalkorper in Somakinete 1 27.15 260 601 1.67 2214 20 38 13
Anzahl der Basalkorper in Somakincte 4 41.54 400 608 1.69 1463 32 52 13

Anzahl der Basalkorper in Somakinete 15 4131 410 651 1.81 1576 33 51 13
Anzahl der Basalkorper in der Kinete links

von Kinete 1 3631 360 512 142 1411 26 47 13
Lage des Exkretionsporus der kontraktilen
Vakuole in Somakinete NS 7.00 7;0_ 041 '011. 383 678 13

Alle Daten basleren auf protargolimpriignierten Individuen. M — Median, Min — Minimum,
Max — Maximum, n - Stichprobenumfang, s — Standardabweichung, sy — Standardfehler
des Mittelwertes, V — Variationskoeffizient, ¥ — arithmetisches Mittel
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REVISION DER GATTUNG STEGOCHILUM 5

langen Caudalcilien beitragen. Ciliatur rechts oberhalb des Oralappara-
tes stark verdichtet, postoral und besonders im posterioren Drittel deut-
lich aufgelockert. Rechts des Oralapparates eine kahle Zone, links 2 Ki-
netenfragmente, beim inneren stehen die Basalkorper sehr dicht, beim
auBeren dagegen so wie bei den normalen Somakineten ziemlich locker.
Rechts oberhalb des Oralapparates ebenfalls 1 Kinetenfragment, das im
Silberliniensystem keine Verbindung zu den postoralen Kineten besitzt
(Taf. I 18). Anzahl der postoralen Basalkorper in Kinete 1 betrachtlich
geringer (T = 27.1) als in der links von ihr befindlichen postoralen Ki-
nete (x = 36.3). Alle Somakineten beginnen mit einem Basalkorperpaar.

Oralapparat im anterioren Viertel, in vivo eher unscheinbar, da sich
die untere Hilfte der adoralen Membranellen in der tiefen Buccalhohle
befindet. Mundeingang klein, schrag oval. Pharynxfibrillen kurz, in vivo
kaum erkennbar. Am rechten Mundrand eine bogenformige parorale
Membran, deren Basalkorper in den hinteren Dreivierteln zickzackformig
angeordnet sind, im vorderen Viertel ist sie dagegen in 4 -6 isolierte
Basalkorperpaare aufgelost. Links 3 dreireihige adorale Membranellen,
bei der inneren sind die beiden rechten Basalkorperreihen vorne leicht
verkiirzt.

Silberliniensystem tetrahymenid, die links lateralen Auslidufer der
Meridiane 1. Ordnung sind sehr klein und fehlen im posterioren Viertel,
weshalb hier die Silberlinien fast gerade sind. Anterior und posterior
je 1 kreisformige Silberlinie, in welche die meridional verlaufenden
Silberlinien einmiinden, die Basalkorper der Somakineten verbinden.

Okologie: Stegochilum schoenborni ist nach dem Fundort als
Indikator fiir die Polysaprobie einzustufen. Auch geringe Mengen H,S
werden wohl vertragen. Sie ist aber sicher nicht an H,S gebunden, da
sie einige Tage in der Kahmhaut der Probe iberlebte. Interessant ist
die Vergesellschaftung mit Spirozona caudata und Turaniella vitrea,
beide sehr seltene Ciliaten, die ich an diesem Fundort zum ersten Mal
personlich fand.

Artvergleich: Ahnelt hinsichtlich der Kérper- und Kernform
Stegochilum fusiforme Schewiakoff, 1892, unterscheidet sich von dieser

Abb. 1-7. Stegochilum schoenborni nach Lebendbeobachtungen (1, 2), Protargol-
impriignation (3 -5), nasser Silberimpriignation (6) und trockener Silberimpréigna-
tion (7). 1, 2 — rechts laterale und ventrale Ansicht eines typischen Individuums.
3, 4 — Infraciliatur der Ventral- und Dorsalseite. Der Pfeil weist auf die Soma-
kinete 1. 5 — Infraciliatur der rechten Seite. 6 — Silberliniensystem und Infra-
ciliatur der Ventralseite. Der Pfeil weist auf die Kinetensegmente links des Oral-
apparates. 7 — Silberliniensystem und Infraciliatur in der posterioren K®&rperhilfte
stirker vergroBert. Bp — Basalkdrperpaare am Beginn der Somakineten, CC —
Caudalcilien, Cy — Cytopyge, E — Exkretionsporus der kontraktilen Vakuole,
iBk — isolierte Basalkdrperpaare am anterioren Ende der paroralen Membran,
K — kahle Region. MaBstriche: 30 um
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6 W. FOISSNER

aber durch die Lage der kontraktilen Vakuole und die Anzahl der Soma-
kineten (Schewiakoff 1893, Jankowski 1964). Stegochilum
ovale Ghosh, 1921, bei der die kontraktile Vakuole ebenfalls etwa in
Korpermitte liegt, weicht in der Gestalt so erheblich von S. schoenborni
ab, daB es sicher nicht mit ihr identifiziert werden kann (vgl. Abb. 1
mit Abb. 14).

(2) Die systematische Stellung der Gattung Stegochilum Schewiakoff,
1892

Corliss (1979) stellt Stegochilum in die Tetrahymenidae und sub-
summiert die Spirozonidae zu den Trichospiridae, deren systematische
Position aber noch unklar ist (Foissner et al. 1981).

Die vorliegenden Untersuchungen weisen mehrere Apomorphien zwi-
schen den Genera Spirozona und Stegochilum aus (Abb. 3, 8): die iso-
lierten Basalkorperpaare am anterioren Ende der paroralen Membran,
die Verkiirzung der beiden rechten Basalkorperreihen der 3. adoralen
Membranelle und die kreisformig angeordneten Caudalcilien. Die prae-
orale Verdichtung der Somakineten und die Kinetenfragmente links
des Oralapparates findet man auch bei der Gattung Colpidium (Taf. II 19
und Foissner und Schiffmann 1980). Die angefiihrten Apo-
morphien belegen nicht nur das Schwestergruppenverhiltnis zwischen
Stegochilum und Spirozona sondern auch die Eigenstandigkeit der Fa-
milie Spirozonidae Kahl, 1926, was bereits Foissner et al. (1981)
ausfiihrlich diskutiert haben.

(3) Verbesserte Diagnosen fiir die Familie Spirozonidae und die Genera
Stegochilum und Spirozona

Nach den vorliegenden und den Untersuchungen von Jankow-
ski (1964) und Foissner et al. (1981) ist eine klare Abgrenzung
der Spirozonidae und der Genera Spirozona und Stegochilum von den
Ubrigen Familien und Genera der Tetrahymenina moglich (Corliss
1979).

Familie Spirozonidae Kahl, 1926: MittelgroBe (50-100 pm) Tetra-
hymenina mit meridional bis spiralig verlaufenden, zumindest praeoral
rechts lateral sehr dicht bewimperten Somakineten, mehreren isolierten
Basalkorperpaaren am anterioren Ende der paroralen Membran, und
mehreren Kinetensegmenten auf der linken Seite des Oralapparates.
Silberliniensystem tetrahymenid.

Typusgattung: Spirozona Kahl, 1926

http://rcin.org.pl
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Abb. 8, 9. Spirozona caudata nach Protargolimprignation (8) und trockener Silber-
imprégnation (9). 8 — Infraciliatur der Oralregion in Ventralansicht (aus Fois-
sner et al. 1981). 9 — Silberliniensystem und Infraciliatur der Dorsalseite. iBk —
isolierte BasalkOrperpaare am anterioren Ende der paroralen Membran, Ks,, Ks;—
Kinetensegmente, M;-M; — adorale Membranellen, pM — parorale Membran.

MaBstrich: 15 pm

Die ndchst verwandten Familien sind die Tetrahymenidae (ohne iso-
lierte Basalkorperpaare) und die Turaniellidae (vielleicht mit isolierten
Basalkorperpaaren, jedoch mit peniculina-artigen adoralen Membranel-
len; Iftode et al. 1969, Foissner und Schiffmann 1980).

Gattung Stegochilum Schewiakoff, 1892: Spirozonidae mit meridional
verlaufenden Somakineten, bei denen die Bewimperung praeoral rechts
lateral auffallend verdichtet ist. Silberliniensystem schwach tetrahyme-
nid (Abb. 6, 7, Taf. I 16 - 18).

Typusart: Stegochilum fusiforme Schewiakoff, 1892

Gattung Spirozona Kahl, 1926: Spirozonidae mit deutlich links spi-
ralig verlaufenden Somakineten, die rechts lateral bandartig verdichtet
und sehr dicht bewimpert sind. Silberliniensystem ausgepragt tetra-

hymenid (Abb. 9, Taf. II 20).
Typusart: Spirozona caudata Kahl, 1926.
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8 W. FOISSNER

Abb. 10-15. Revision der Gattung Stegochilum. 10 — S. fusiforme (nach Sche-

wiakoff 1893). 11 — S. fusiforme (nach Jankowski 1964). 12 — Stegochilum

sp. (nach Vuxanovici 1963). 13 — S. acutum (nach Biirger 1908). Rechts

oben der Mund in Aufsicht. 14 — S. ovale (nach Ghosh 1921 aus Bhatia 1935).

15 — S. sphagnetorum (nach Srdmek-HuSek 1954). CV — kontraktile Va-
kuole, Ma — Makronucleus
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REVISION DER GATTUNG STEGOCHILUM 9

(4) Revision, Faunistik und Okologie der Gattung Stegochilum
Schewiakoff, 1892

Die erste Revision verdanken wir Kahl (1931). Er fiihrt 3 Arten an,
1 Species wurde seitdem neu beschrieben. Stegochilum gehort vermut-
lich zu den seltenen tetrahymeniden Genera, da sich in der Literatur
nur vereinzelt faunistische Daten finden und lediglich die Typusart ist
mehr als einmal gefunden worden. Bisher nur im SiiBwasser nach-
gewiesen. Alle Arten freilebend, bevorzugen stark mesosaprobe oder
sapropelische Biotope.

Stegochilum fusiforme Schewiakoff, 1892 (Abb. 10, 11). GroBe nach
Schewiakoff (1893) 63-78 X 20-27 um, nach Jankowski
(1964) 72 - 78 X 26 - 30 pm. Korper langlich, mehr oder weniger spindel-
formig, an beiden Polen verengt, anterior breiter und abgerundet, po-
sterior etwas zugespitzt. Beim Mund leicht konvex. Makronucleus an-
nihernd zentral gelegen, ellipsoid, nach Jankowski (1964) aber nur
18 X 17 um, was nicht mit seiner Zeichnung {lbereinstimmt, nach der
“er deutlicher ellipsoid ist. Nucleolen netzformig. Mikronucleus etwa
2 pm im Durchmesser, ziemlich weit vom Makronucleus entfernt. Kon-
traktile Vakuole subterminal dorsolateral. Pellicula mit deutlicher “Al-
veolarschicht”, vermutlich Mucocysten. Entoplasma klar, farblos, be-
sonders posterior mit vielen stark lichtbrechenden kristalldhnlichen Ein-
schlissen. Frifit Zooflagellaten, einzellige Algen und Nostocaceen, die
in kuge]formigen grauen bis gelblichen Nahrungsvakuolen verdaut wer-
den. Bewegung lebhaft, wobei es langsam um die Langsachse rotiert.
Zuweilen dreht es sich an einem Platze, fortwahrend hin und her
stoBend. Teilung im freischwimmenden Zustand.

18 - 20 meridional verlaufende Somakineten, die so wie bei S. schoen-
borni rechts oberhalb des Mundes besonders dicht bewimpert sind und
praeoral auf der Ventralseite spitzwinkelig zusammenstoBen (Jan-
kowski 1964). Wimpern lang, zart und dicht stehend. Am posterioren
Korperende nach Jankowski (1964) ein Schopf verlangerter Caudal-
cilien, die Schewiakoff (1893) wohl iibersehen hat. Mund nahe
dem vorderen Korperende. Mundoffnung klein, oval, vorne breiter als
hinten, rechts eine parorale Membran, links 3 lange adorale Membra-
nellen (Jankowski 1964), die Schewiakoff (1893) irrtimlich
als Fortsetzung der paroralen Membran interpretiert hat.

Faunistik und Okologie: Taupo-See in Neuseeland, zwi-
schen Uferalgen (Schewiakoff1893); Baradla-Hohle in Ungarn,
abgekratztes getrocknetes und wiederbefeuchtetes Wandmaterial (Var-
ga 1963); Faulschlammtiimpel in der Ndhe von Leningrad, haufig und
typisch fir die sapropelische Lebensgemeinschaft (Jankowski 1964);
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10 W. FOISSNER

Canale Maggiore in Parma (Italien), auf verschlammten Kieselsteinen
in 40 cm Wassertiefe bei 14°C Wassertemperatur und 40 cm/s Stromungs-
geschwindigkeit (Madoni und Ghetti 1977). Die okologische Va-
lenz dieser Species scheint also ziemlich groB zu sein, eine Vorliebe fiir
schlammige, néhrstoffreiche Biotope zeichnet sich aber klar ab.

Taxonomischer Status: Die Beschreibungen von Sche-
wiakoff (1893) und Jankowski (1964) stimmen weitgehend iiber-
ein, die Wiedererkennbarkeit der Art kann daher als gesichert gelten.
Eine Neubeschreibung ist jedoch notwendig, da die Infraciliatur noch
nicht genauer untersucht worden ist.

Stegochilum acutum Biirger, 1908 (Abb. 13). GroBe 42-53 um, sehr
metabolisch. Lanzettlich, von hinten nach vorne gleichmafBlig verjiingt,
anterior ganz spitz, posterior breit gerundet. Makronucleus leicht ellip-
soid, zentral gelegen. Kontraktile Vakuole subterminal dorsal. Oralapparat
auf dem ersten Viertel, soll ganz dem von S. fusiforme in der Beschrei-
bung von Schewiakoff (1893) entsprechen.

Faunistik und Okologie: Bisher nur vom Erstbeschreiber in
einem Makrophyten-reichen Tiimpel bei Santiago (Chile) gefunden, und'
zwar zahlreich in der Gallerte eines Arthropoden-Eierpaketes.

Taxonomischer Status: Der Habitat, die GrofSe und die all-
gemeine Korperorganisation weisen sehr darauf hin, daB8 es sich um eine
Tetrahymena-Art handelt. Man wird sie in Zukunft am besten als Syno-
nym von Tetrahymena pyriformis (Ehrenberg, 1830) Lwoff, 1947 be-
trachten. :

Stegochilum ovale Ghosh, 1921 (Abb. 14). GroBe fehlt. Korper elli-
psoid (7 : 3), vorne etwas schmiiler gerundet als hinten. Mund gro8, auf
dem anterioren Drittel, soll jenem von S. fusiforme in der Beschreibung
von Schewiakoff (1893) gleichen. Makronucleus ellipsoid, so wie
die kontraktile Vakuole zentral in der Korpermitte gelegen. Mikro-
nucleus dem Makronucleus anliegend.

Faunistik und Okologie: Bisher nur von Ghosh (1921) in
einem PflanzenaufguB bei Calcutta (Indien) gefunden.

Taxonomischer Status: Nach der Korperform, der Lage
der kontraktilen Vakuole und dem Habitat ist Identitat mit Colpidium
colpoda (Ehrenberg, 1831) Stein, 1860 als sicher anzunehmen. Sie wird
daher als synonym mit dieser Species betrachtet, zumal auch die Be-
schreibung sehr oberflachlich ist.

Stegochilum sphagnetorum Sramek-HuSek, 1954 (Abb. 15). GroBe
53-60 X 18-29 um (n = 20), wenig metabolisch. Korper spindelig, beim
Mund leicht konkav, anterior schmal gerundet, hinten fast zugespitzt,
in Opalblau-Praparaten wird die Gestalt Tetrahymena pyriformis-dhn-
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lich. Makronucleus zentral gelegen, kugelformig, 10-12 pym im Durch-
messer, in der Zeichnung von Srdmek-HuSek (1954) daher um
mindestens 3 um zu klein gezeichnet! Kontraktile Vakuole subterminal.
An jeder Korperseite etwa 9 Somakineten, die Ansatzstellen der Cilien
sollen durch perlenartige Verdickungen der Pellicula stark hervortre-
ten. Mund nahe dem anterioren Korperende, rechts mit einer undulie-
renden Membran.

Faunistik und Okologie: Bisher nur von Srdmek-H u-
Sek (1954, 1957) in einem alten Moortimpel im Lipno-Talsperrenge-
biet bei Horni Planad (obere Moldau, Bohmerwald, Tschechoslowakei) ge-
funden.

Taxonomischer Status: Hinsichtlich Gro8e und Korper-
form vielleicht eine Stegochilum-Art, dann aber vermutlich identisch mit
S. fusiforme, von der sie sich nur durch den kugelformigen Makro-
nucleus und die charakteristische “Perlung” der Pellicula unterscheidet.
Diese Perlung wird von Srdmek-HuSek (1954) sicher falsch auf-
gefalt, da die Cilien bei den Ciliaten immer in kleinen Griibchen ste-
hen. Daher handelt es sich vermutlich um Mucocysten, was darauf hin-
weist, daB S. sphagnetorum mit Tetrahymena rostrata (Kahl, 1926) Cor-
liss, 1952 synonym ist, bei der die Mucocysten ebenfalls haufig perlen-
artig hervortreten und die man meist in Moosen findet (Kahl 1931,
Corliss 1974, eig. Beob.). Das fir T. rostrata typische Caudalcilium
mag Sramek-HuSek (1954) iibersehen haben, da es sehr klein ist.
Eine Synonymisierung verbietet vorerst aber die fast terminale Lage der
kontraktilen Vakuole.

Stegochilum sp. Brodksy, 1935. Gefunden in einem Boden in Zentral-
asien. Keihe Beschreibung und Zeichnung. Vermutlich Tetrahymena ro-
strata, die man hiufig in terrestrischen Biotopen findet.

Stegochilum sp. Vuxanovici, 1963 (Abb. 12). Liange 40 -50 um, sehr
schlank zylindroid (7 :1.7), beim Mund leicht eingebuchtet, anterior fast
zugespitzt, posterior schmal gerundet. Makronucleus ellipsoid, sehr groB3,
zentral gelegen. Kontraktile Vakuole subterminal lateral. Etwa 7 Wim-
perreihen je Korperseite, kerben die Pellicula deutlich. Zwischen den
Wimperreihen kleine glanzende Kiigelchen, vermutlich Mucocysten (Verf.).
Entoplasma mit kristallinen Einschliissen und kleinen, leer erscheinen-
den nicht kontraktilen Vakuolen. Oralapparat im vorderen Viertel, gro83,
nicht genauer beobachtet. Einige Exemplare in einem AufguB mit Pflan-
zen aus einem Teich des botanischen Gartens in Bukarest (Ruminien),
vom November bis Janner.

Wabhrscheinlich auch eine Tetrahymena Species, bei der die kontrak-
tile Vakuole etwas zu weit nach hinten gezeichnet worden ist.
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SUMMARY

Stegochilum schoenborni sp. nov. differs from the other species of the genus
by the number of ciliary rows and by its contractile vacuole which is located
near the mid-region of the body. The general organization of the somatic and
oral infraciliature and the silverline system of Stegochilum are tetrahymenal.
This demands its classification in the suborder Tetrahymenina. The nearest re-
lated genus is Spirozona which is proved by the following apomorphic characters:
(1) isolated pairs of basal bodies at the anterior end of the paroral membrane;
(2) shortening of the right basal body rows of the third adoral membranelle; and
(3) a ring of caudal cilia. Thus, the genera Stegochilum Schewiakoff, 1892 and
Spirozona Kahl, 1926 are united in the family Spirozonidae Kahl, 1926, Improved
diagnoses are given for the family and the genera contained therein. The re-
vision of the genus Stegochilum show that it contains only 2 reliable species:
S. fusiforme Schewiakoff, 1892 and S. schoenborni nov. spec. Stegochilum sphagne-
torum Srémek-Husdek, 1954 is of uncertain systematic position, Stegochilum acutum
Biirger, 1908 is synonymized with Tetrahymena pyriformis (Ehrenberg, 1830) Lwoff,
1947, and S. ovale Ghosh, 1921 is synonymized with Colpidium colpoda (Ehrenberg,
1831) Stein, 1860, All species of the family are rare free-living fresh-water forms
which prefer heavy mesosaprobic or sapropelic habitats.
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Synopsis, La frange aborale chez I'Opisthonecta henneguyi c'est un
anneau ciliaire formé par cinéties obliques de six cinétosomes. De
chaque cinétosome sort une fibre cinétodesmique qui se dirige vers
le pdle aboral. De chaque cinétie, du cinetosome plus oral, sort une
fibre orale, et aussi avec de chaque cinétie, sort aboralément, une fibre
aborale qui est liée la baguette intercinétique. Oralement, la cein-
ture est limitée par un pli pelliculair et une rangée de sacs paraso-
maux, et aboralement, par deux plis et deux rangées de sacs para-
somaux. On observe le systéme mionémique au-dessous des cinétosomes.

Opisthonecta henneguyi (un cilié Péritriche) se trouve dans les eaux
douces ou il se deplace, le bout du corps orienté vers l'avant.

Des Fauré-Frémiet qui l'a decrit le premier, O. henneguyi a été
etudié par de nombreux auteurs (Lynch et Noble 1931, Kofoid
et Rosenberg 1940, Jahn e Hendrix 1969 et Foissner
1975, mais deux auteurs seulement ont observé ce cilié en microscopie
électronique (Bradbury 1965 e¢ Rosenberg e Grim 1966).

La structure la plus caractéristique de 1'0. henneguyi est la frange
ciliaire aborale (ou ceinture aborale) permanente. C'est elle qui est 'objet
essentiel de ce travail, & cause de sa signification pour la systématique
des ciliés Péritriches.

Matériel e¢ Méthodes

Opisthonecta henneguyi a été récolté dans une petite flaque non permanente
de la Dehesa de la Villa (Madrid) au mois d'avril, 1981. Aprés cette date, elle
a été cultivée dans notre laboratoire dans un milieu de laitue.
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Pour la microscopie électronique les cellules de O. henneguyi ont été fixées
pendant 20 min dans une mélange de 1 volume de glutaraldéhyde 2.5% dans un
tampon phosphate 0.05M (pH 7.4) + 1 volume du Os O 1%, dans le méme tampon.

Les ciliés ont été inclus dans I'Epon. Les coupes ont été effectuées avec de
l'ultramicrotome Reichert OMU 2, contrastées avec l'acétate d'uranyle (2%) et au
citrate de plomb selon Reynolds (1963) et examinées au microscope électro-
nique Siemens Elmiskop I (Kv 80).

Pour la microscopie photonique, on a employé le carbonate d'argent piridiné
de Fernandez-Galiano (1976).

Résultats

La bande trochale d'Opisthonecta henneguyi est une ceinture ciliée
large de 1.5 pm qui entoure la cellule dans son tiers postérieur (Pl. I
1, 2) formé par de courtes cinéties obliques de six cinétosomes. Nous
en avons observé les structures suivantes:

(1) Systémes fibrillaires

Fibres périodiques (KD). Dans la microcopie photonique
on observe ces fibres comme “fibres obliques”, perpendiculaires aux ci-
néties, qui surgissent du coéte droit de chaque cinétosome de la frange
aborale et qui se dirigent obliquement vers le pole aboral (Pl I 2).

En microscope électronique, nous pouvons constater qu'il s'agit de fi-
bres périodiques avec une périodicité de 15 nm environ, qui naissent
de l'extrémité proximale de chaque cinétosome au cote droite et se di-
rigent vers le pdle aboral, en formant un angle d’environ 90° avec les
cinéties de la ceinture (Pl. I 3 et 4, Pl. II 5 et 8) le plus souvent on
observe ces fibres formant des faisceaux de trois unités (Pl. I 3), con-
stitués des fibres de cinéties adjacentes; en outre, en raison de l'orien-
tation oblique de ces fibres, les faisceaux se forment avec les fibres
qui surgissent des cinétosomes plus aborales. Ce systéme fibrillaire ta-
pisse la ceinture aborale & niveau de l'extremité proximal de ses cinéto-
somes et s'etend aboralément & environ 1.5 um (Pl I 2 et 3).

Fibres orales (FO). Ces fibres sont observées a microscope
photonique comme petites fibres de 2 um de longueur qui surgissent
a gauche de chaque cinétie et qui se dirigent vers la zone orale (Pl I 2).

Dans la microscopie électronique nous observons que ces fibres nais-
sent a gauche du cinétosome le plus oral de chaque cinétie, de son bout
proximal et en contact avec une masse electrondense qui entoure une
grand partie du coté gauche du cinétosome (Pl. I 3 et Pl II 6). Dans
leur parcours, elles s'inclinent d’abord & gauche et aprés elles s'orientent
vers la région orale et vers la pellicule (Pl. II 6) tout en diminuant leur

épaisseur.
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Fibres aborales (FA). Elles forment un systéme que avec
notre méthode argentique, apparait beaucoup plus évident que les deux
systémes déja decrites. Il s’agit de longues fibres qui surgissent a la
suite des cinéties de la ceinture, en formant un anneau d’environ 15um
de large, autour du pdle aboral du cilié (P1. I 1 et 2).

En microscope électronique, nous observons que ces fibres sont con-
tinuation directe de la baguette dense placée a gauche de chaque cinétie.
Ces baguettes intercinétiques (B) sont des bandes minces de 0.03 ym
d'épaisseur et 0.2 um de profondeur, paralléles aux cinéties de la cein-
ture (P1. I 4 et Pl II 6). Dans la partie orale antérieure, ces baguettes
entrent en contact avec la fibre orale de chaque cinétie (P1. I 4 et Pl. II
6); Aboralément, quand elles ont depassé le dernier cinétosome, on voit
qu'elles sont formées par deux fibres paralléles: I'une d'elles, la plus
grosse, a une structure semblable a la baguette intercinétique, tandis
que l'autre, plus mince, et placée plus prés de la pellicule du cilié est
un peu plus opaque aux électrons (Pl. I 4).

(2) Autres structures en rapport avec la bande trochale

Dans cette zone existent d’autres structures qui ne sont pas toutes
visibles en microscopie photonique. Ces structures sont: les crétes et les
plis pelliculaires, 'argyrome, les sacs parasomaux et le systéme myo-
némique.

Crétes (C) et plis pelliculaires (P). On les observe a la
surface du cilié (Pl. II 7). Aux proximités de la ceinture aborale, ces
crétes deviennent plus grandes et forment des “plis pelliculaires” qui
limitent oralément et aboralément la ceinture; l'un du cbéte oral (PO)
et deux du coté aboral (PA 1 et PA 2), (Pl II 7). L'épaisseur de ces
plis est d’environ 140 nm (Pl. I 4) et dans son intérieur on vois des
microfibrilles ( P II 7).

L'argyrome (A). Les minces lignes argyrophiles qui entourent
le cilié et qui dans son ensemble forment 'argyrome (Pl. I 1) apparais-
sent dans la microscopie électronique formant l'axe des crétes pellicu-
leuses (Pl II 7).

Dans les plis pelliculaires ces axes sont remplacés par des micro-
fibrilles allongées que nous avons décrit (P1. II 7).

Sacs parasomaux (SP). On observe trois rangs de cacs para-
somaux; limitant la frange aborale, un rang dans la partie orale et deux
autres dans la région aborale. Dans la région orale on observe les sacs
parasomaux trés bien rangés avéc les cinéties de la ceinture. Ils sont
localisés exactement au devant du cinétosome plus oral de chaque ci-
nétie, avant le pli pelliculaire (Pl. I 3). Dans la région aborale on obser-

2 — Acta Protozool, 251
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ve parmi les cinéties, un rang avant le premier pli postérieur et un
autre parmi les deux plis (Pl. I 4).

Systéme myonémique (SM). Dans la microscopie optique
on observe trés nettement deux systémes myonémiques chez O. henne-
guyi: un puissant systéme myonémique antérieur et un autre, postérieur,
beaucoup plus faible et délicat. L'un et l'autre systémes se dirigent
vers la ceinture aborale. Avec l'aide du microscope électronique, nous
avons pu vérifier que la frange aborale est tapissée @ l'intérieur par des
faisceaux microfibrillaires, au niveau peu inférieur aux fibres cineto-
désmiques (P1. I 3 et 4 PL. 11 7 et 8).

Discussion

Les systémes fibrillaires annexés a la frange aborale de Opisthonecta
henneguyi ont été a peine cités par les auteurs qui ont travaillé en
microscope photonique; seulement Kofoid et Rosenberg (1940)
décrivent des “membranelles obliques connectives” et aussi des “fibres
radiales” qu'intégrent un complexe “appareil neuromoteur”.

Nous avons décrit (Guinea et Ferndndez-Galiano 1981),
les différents systémes fibrillaires de la bande trochale de O. henneguyi
visibles en microscope photonique e¢ Ferndndez-Leborans
(1982) a décrit dans Opisthonecta sp. des systémes fibrillaires qui co-
incident partiellement avec ceux que nous avons observé chez O. henne-
guyi.

Bradbury (1965), en utilisant la technique de Chatton-
Lwoff n'observe pas en microscope optique ces systémes fibrillaires,
mais & niveau électronique elle décrit en O. henneguyi une baguette
placée entre les “cinéties” de la ceinture, qui s’allonge oralément 0.2 um
et aboralément 15 um; cette auteur observe, aussi, les fibres périodiques
a niveau de l'extrémité proximale des cinétosomes; mais elle ne peut
pas préciser ni leur origine ni leur extension, et elle est d’avis que ces
fibres pourraient étre pareilles aux petites “racines” de la ceinture
ciliaire de Trichodina et Trichodinopsis.

Nous croyons que les “fibres périodiques” que nous decrivons & ni-
veau électronique (“fibres obliques” @ niveau optique) sont le méme que
les “membranes obliques connectives” que décrivent Kofoid et Ro-
senberg (1940) et les “fibres périodiques” qu'observe Bradbury
(1965). Nous avons pu constater que ces fibres ont une structure pério-
dique avec une périodicité de 15 nm environ, nous avons aussi précisé
leur origine et leur étendue, ce qui confirme notre avis, qu'il s’agit de
fibres cinétodesmiques de chaque cinétosome de la bande trochale (Text-
fig. 1).
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Text-fig. 1. Figuration schématique de la frange aborale d'Opisthonecta henneguyi

montrant son structure génerale: argyrome (A), baguette intercinétique (B), crétes

pelliculaires (C), fibres orales (FO), fibres aborales (FA), fibres cinétodesmales (KD),
plis aborales (PA1 et PA2), pli oral (PO) et sacs parasomaux (SP)

A notre avis, Fernidndez-Leborans (1982) interpréte mal
ce systéme fibrillaire, chez Opisthonecta sp. car il écrit que ces fibres
surgissent chacune de cinétie du bord aboral de la ceinture, exactement
comme il montre dans son dessin. Cependant dans une de ses photo-
graphies (Fig. 5 de son travail) on peut s'appercevoir que quelques unes
de ces fibres parcourent une partie de la ceinture aborale méme et ne
naissent pas au méme bord.

Ce systéme fibrillaire est semblable au “systéme de cinétodesmes”
(fibres F;) que Rouiller et Fauré-Fremiet (1958) décrivent
dans un autre Péritriche, Ophrydium versatile, qui forment un angle
droit avec d'autres fibres, F,, paralléles aux cinéties de la ceinture; et
aussi au systéme de “fibres cinétodesmiques” que Hausmann et
Hausmann (1981 a, b) observent dans Trichodina pediculus.

Avec la méthode de Ferndndez-Galiano nous avons pu
montrer en utilisant le microscope optique deux autres systémes fibril-
laires: un systéme oral et un autre aboral. Avec le microscope électro-
nique nous pouvons constater que les “fibres orales” ne sont pas, comme
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affirme Bradbury (1965), la prolongation orale de la baguette inter-
cinétique; elles surgissent au niveau plus profond, de la base du cinéto-
some plus oral de chaque cinétie (Text-fig. 1) et leur longueur est dix
fois supérieure a celle qui fut signalée par Bradbury (1965). Les
fibres ascendantes (ASF) qu'observe Fernidndez-Leborans dans
Opisthonecta sp. en utilisant cette méme méthode, sont un peu mois
évidentes et un peu plus courtes que celles de O. henneguyi.

Nous observons, comme Bradbury (1965), le “systéme de fibres
aborales” en connexion avec la baguette intercinétique, mais nous
y trouvons (comme nous avons décrit avant) deux fibres paralléles
(Text-fig. 1). Nous croyons que ces fibres sont celles que Kofoid et
Rosenberg (1940) décrivent comme des “fibres radiales” qui mettent
en rapport la bande trochale avee 'anneau aboral.

En ce qui concerne les pores pelliculaires, Bradbury (1965) et
Foissner (1975) décrivent chez O. henneguyi un rang qui limite
aboralément la ceinture; nous avons observé qu'il s'agit de trois rangs
de pores, et pas seulement d'un ces trois rangs limitent la bande tro-
chale: il y en a un dans la région orale et deux autres dans la région
aborale (Text-fig. 1). Nous croyons, comme Corliss (1979 p. 25),
que tous les trois doivent étre interprétés comme des “sacs parasomaux”.
Ces sacs parasomaux ne se manifestent pas avec notre méthode argen-
tique, mais on les vois en utilisant des autres méthodes d'impregnation
argentique. Les aboraux n’etant pas rangés avec les cinéties de la cein-
ture, ont été observés facilement par les auteurs, tandis que les pores
du rang oral, placés exactement au-dessus du cinétosome oral de chaque
cinétie, ont été confondus avec de cinétosomes.

Le systéme myonémique des Péritriches est connu depuis longtemps.
Lynch et Noble (1931) décrivent dans ce Protozoa un fort systéme
myonémique antérieur, Kofoid et Rosenberg (1940) ont observé,
en plus, un autre, postérieur, qui entoure la scopula. Nous avons décrit
(Guinea et Ferndndez Galiano 1981) en détail les deux sy-
stémes myonémiques au niveau optique, mais avec les grossisements
utilisés nous n’avons pas pu vérifier la présence de myonémes dans la
bande trochale du cilié. Le systéme myonémique observé par nous en
microscope optique, coincide, dans les traits généraux, avec les systémes
décrits par les dits auteurs, mais celui qu'a observé Ferndndez-Le-
borans (1982) en Opisthonecta sp. est totalement différent. Cet au-
teur décrit d'épais paquets fibrillaires ramifiés qui sortent de la bande
trochale et se dirigent oralement et aboralement (ARFB et PRFB).

Bien qu'auparavant personne n’'a décrit de paquets mionémiques
dans O. henneguyi nous avons vérifié leur existence méme a niveau
de la bande trocale, ou ils sont placés au dessous du cinétosomes a ni-
veau légérement inférieur que des fibres cinétodesmiques. Les faibles

http://rcin.org.pl



ULTRASTRUCTURE D'OPISTHONECTA 21

faisceaux microfibrillaires que nous observons dans cette zone sont
semblabes & ceux qu'ont décrit Hausmann et Hausmann (1981 a,
b) dans la bande locomotrice de Trichodina pediculus.

A notre avis, la structure de la ceinture aborale de O. henneguyi,
est semblable, dans leurs traits généraux, a le bande locomotrice de
Trichodina pediculus (Hausmann et Hausmann 1981 a et b):
une frange ciliaire, qui est limité oralement par un septum ou un pli
antérieur et aboralement par un septum basal et le disque adhésif.

En ce qui concerne la position systématique nous croyons, comme
Foissner (1977), que d’aprés leurs caractéristiques, on ne peut pas
inclure O. henneguyi ni parmi les Mobilina ni parmi les Sessilina, mais
dans un sous-ordre indépendant, peut-étre dans le sous-ordre Natantina
selon Jankowski, 1967.
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EXPLICATION DES PLANCHES I-1II

PLANCHE I

1: Microscopie photonique., Aspect général d'un indivudu d'Opisthonecta henneguyi
coloré selon la méthode de Fernandez-Galiano. X 750

2: Microscopie photonique. Détail de Yinfraciliature de la frange aborale. X 1700
3: Coupe tangentielle légérement oblique & la frange aborale, vue d'intérieur du
cilié, qui montre les differents systémes fibrillaires; fibres cinétodesmales (KD),
fibres orales (FO), et fibres aborales (FA). On observe aussi les sacs parasomaux
orales (SP) et le systéme myonémique (SM) X 21000; a et b detail des fibres ci-
nétodesmales (KD) (< 40 000)

4: Section tangentielle de la frange aborale, vue d'intérieur de la cellule, montrant
les sacs parasomaux aborales (SP) et les fibres (KD, FA, FO et B) X 29000

PLANCHE II

5: Section oblique aux cinéties de la ceinture vue d'extérieur du cilié, qui montre

les fibres périodiques (KD) et la baguette intercinétique (B) X 20 000

6: Coupe tangentielle a la frange aborale vue d'exterior de la cellule. On observe

la disposition des cinéties de la ceinture, des fibres orales (FO), qui naissent du

cinétosome orale de chaque cinétie, des baguettes intercinetiques (B) et des fibres

aborales (FA) ~ 21 000

7: Section perpendiculaire & la ceinture, qui montre les crétes (C), les plis pelli-

culaires (PO, PA 1 et PA 2), avec microfibrilles dans son intérieur, (1) le systéme

mionémique (SM) X 21 000

8: Coupe grosse tangentielle & la frange aborale, vue d'extérieur du cilié. On peft

observer les differents systémes fibrillaires: fibres cinétodesmiques (KD), fibres

::‘iales (Pg)boobalueue intercinetique (B), fibres aborales (FA) et systéme myoné-
que, X
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Synopsis. L'ultrastructure du Histriculus similis répond a celle décrite
chez les autres Hypotriches aussi bien pour l'organisation de la ZAM
et des cirres que pour l'appareil nucléaire. Les differences apparentes
signalées dans l'organisation de la membrane parorale externe (Sticho-
monade ou Polystichomonade) des Hypotriches sont attribuées a l'orien-
tation distincte de l'axe des couples de cinétosomes en rapport a l'axe
longitudinal de la parorale.

Les protozoaires ciliés appartenent a l'orde Hypotrichide se carac-
térisent par un systéme complexe des structures ciliées. La zéne adorale
de paramembranelles (ZAM) délimite le bord droit de la cavité bucale,
et dans la plupart des Ciliés Hypotriches étudiés (Albaret et Grain
1973, Bakowska and Jerka-Dziadosz 1978, Gortz 1982,
Grim 1972, Grimes 1972, Grimes and Adler 1976, Grimes
and L’Hernault 1978, Jerka-Dziadosz 1980, 1981, 1982, L u-
porini e¢t Magagnini 1970, Nobili 1971, De Puytorac et
al. 1976, Ruffolo 1976 a, b, Wicklow 1979, 1981, 1982), est con-
stitué par paramembranelles de 4 rangées des cinétosomes ciliés. Seule-
ment L. acuminata (pas publié) a des paramembranelles composées par
5 rangées de cinetosomes. A droite de la ZAM est localisée, la ciliation
parorale formée par une parorale interne (PI) et une parorale externe
(PE). Dans tous les cas etudiés la parorale interne est composé d'une
rangée de cinétosomes (Stichomonade). Cependant le nombre des ran-
gées de cinétosomes de la parorale externe varie selon les espéces. Le
reste de la ciliation de la face ventrale est constitué par des cirres,
groupements de cinétosomes ciliés formant un parallélograme. Dans
ce travail nous avons étudié l'ultrastructure de la face ventral du Cilié
Hypotriche Histriculus similis.
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Matériel et Méthodes

Comme matériel de travail nous avons utilisés le Cilié Hypotriche Histriculus
similis maintenue dans l'eau minérale & 20%1°C, comme nourriture on a utilisé
une algue verte unicellulaire, Chlorogonium sp.

Pour les observations au microscope optique nous avons réalisé des prépara-
tions colorées avec du proteinate d'argent (Nieto et al. 1981). Pour I'étude ultra-
structurelle, les ciliés furent fixés avec un meélange de glutaraldéhyde a 4% (lv)
et tétroxyde d'osmium & 2% (lv) tamponés avec du tampon cacodylate 0.1M
pH = 7.4, pendant 40 min & 4°C, deshydrates et inclues dans le Spurr.

Le matériel a été coupé dans un ultramicrotdme Ultracut Jung et contrasté
avec l'acétate d'uranyle (2 h) et citrate de plomb (7 min). Les observations ont
été effectué au microscope de transmission Siemens Elmiscop 102.

Resultats

Chez Histriculus similis la zone adorale de paramembranelle (ZAM),
qui délimite le bord gauche du peristome, présente 40 paramembranelles
(Pl. I 1) chacune d’elles étant constituée par quatre rangées de cils de
longueur différente. Dans la ZAM on peut distinguer les paramembra-
nelles ventrales qui parcourent la plupart de la moitié antérieure gauche
du cilié et les paramembranelles frontales (ou collier) qui se courbent
vers l'extréme antérieur de 'organisme.

Tous les paramembranelles sont constituées par quatre rangées pa-
ralléles de cils (Pl. I 2 et 3). Dans les paramembranelles ventrales les
deux plus larges rangées de cilies sont les rangées posterieures. On
désigne conventionellement comme rangées 1 et 2, toutes les deux pré-
sentent un nombre identique de cinétosomes. La troisiéme rangée est
un peu plus courte, et la quatriéme (la plus antérieure dans le para-
membrane ventrale) présente une réduction drastique de nombre de cils,
étant donné que normallement elle est constituée par seulement trois
ou quatre cinétosomes (PL. I 2 et 3).

Les études au microscope électronique montrent que les cinétosomes
qui constituent les paramembranelles de la ZAM présentent les carac-
téristiques générales décrites chez les autres ciliés. Les 3 ou 4 cinéto-
somes qui apparaissent dans la rangée 4 présentent 4 -5 microtubules
transverses (T) sur son c6té libre (antérieur en rapport a I'axe antérieur-
postérieur de la cellule) (Pl. I 2). Chaque cinétosome de la rangée 1
a une rangée de 4 - 6 microtubules postciliaires (Pc) (Pl. I 3). Les micro-
tubules transverses (T) et postciliaires (Pc) permettent d’assigner une
orientation a la paramembranelle. Ces fibres transverses servent donc
comme indicateurs du c6té gauche de la paramembranelle, ainsi la zone
adoral a une orientation antérieure-postérieure propre, déterminée par
la disposition des cinétosomes.
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L'orientation de la paramembranelle par rapport a la cellule est
indiquée dans la Pl. I 3. La partie antérieure correspond & la plus courte
rangée qui porte les fibres transverses, la zone postérieure & la rangée
qui porte de microtubules postciliaires (Pc), celle de droite serait, donc,
la zéne ou se trouvent linéallement ordonnés tous les cinétosomes des
4 rangées, et celle de gauche sur le coté opposé.

La seule différence entre les paramembranelles ventrales et frontales
c'est que dans ces derniéres, la rangée 4 est un peu plus longue et ne
commence pas sur la marge droite de la paramembranelle mais, au
niveau du troisiéme cinetosome de la rangée 3 (P1. I 3).

Les cinétosomes paramembranellaires sont liés par une réseau du
matériel electrodense (Pl. I 3) qui s'étend sur différents niveaux. En
sections transversales au niveau de la zone du “cartwheel” des cinéto-
somes, on a trouvé des connexions longitudinales antérieures (AC) et
postérieures (PC) et des connexions transversales (TC). Au dessous,
de cette zone, se trouvent les connexions postmembranellares (PMC),
doubles postérieures (DPC) et diagonales (DC) — @ ce niveau, la on
observe aussi le matériel electrodense (dm) associée aux microtubules
postciliaires des cinétosomes de la rangée 1. De méme que dans L. acu-
minata (pas publié) on n'a pas détecté i¢ci des connexions obliques ni
transversales gauches ni droites.

Les paramembranelles sont séparées par quelques crétes cytoplasma-
tiques ou “crétes intermembranellaires” (Pl I 2) qui sont formés par
des microtubules subpelliculaires croisés et formant une cape, et au
niveau plus profond des faisceaux de microtubules transverses et post-
ciliaires provenant de paramembranelles voisines.

On a observe une grande quantité de mitochondries approchés aux
paramembranelles.

A droite de la zone adorale des paramembranelles se trouve la cilia-
tion parorale (CP) (Pl I 1) formée par la membrane parorale interne
(PI) et la membrane parorale externe (PE) qui se insérent respective-
ment sur le c6té droit et gauche d'un plis cytoplasmatique qui délimite
le bord droit du péristome, séparant ainsi le cortex ventral de l'oral.

La parorale interne (PI), la plus proche de la ZAM est constituée par
une seule rangée de cinétosomes (Pl. II 4) chacune d’eux a une faisceau
de 6 -7 microtubules postciliaires (Pc) dans la zone gauche et 4-5 mi-
crotubules transverses (T) & droite, les cinétosomes se trouvent ras-
semblés par des connexions obliques.

La parorale externe (PE) est constituée par deux rangées de cinéto-
somes, disposées selon un pattern en zig-zag (Pl II 5, 6). Les cinétosomes
sont couplés et I'axe de chaque paire forme avec 1'dxe longitudinal de la
rangée un angle aigu. Du cinétosome gauche de chaque couple, c’est
a dire du cinétosome plus proche de la parorale interne, surgissent des
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microtubules transverses (PlL. II 5). On n’a pas détecté des fibres post-
ciliaires dans la parorale externe.

Le reste de la ciliation ventrale est constituée par les cirres, aligne-
ments de cinétosomes normalement ciliés et distribués, formant un
parallelograme (Pl. II 7-9). Le nombre de cinétosomes varie suivant
le cirre étudié, ceux de grandes tailles qui ont 7 - 8 cinéties de 6 cinéto-
somes chacune, ce sont les cirres frontaux et transversaux, pendant que
ceux de taille inférieure ou plus petite avec 6 cinéties et 3 -4 cinéto-
somes par cinétie sont les cirres marginaux.

Au microscope électronique tous les cirres présentent la méme orga-
nisation de base. Tous les cinétosomes de la rangée externe ont 8-10
microtubules postciliaires (Pc) (Pl. II 7, 9) la dite rangée peut étre
considerée comme une cinétie, et ce coté est le coté droit du cirre. Les
cinétosomes de la ligne externe opposée qui correspondent a la marge
gauche du cirre, ont des microtubules transverses (T) (Pl. II 8). Certains
cirres presentent une fibre cinétodesmale (Kd) associée au cinétosome
antérieure droit (Pl. II 7).

Tous les cinétosomes du cirre sont fermement unis par une matériel
fibrilaire electrodense (Pl. II 7-10). Les cinétosomes dans la méme
position par rapport & des cinéties voisines sont liés par les connexions
doubles et parfois triples. Il existe aussi des connexions obliques simples
et doubles. Tous les cinétosomes de la méme cinétie sont unis par des
connexions simples (Pl. II 8).

Les connexions se prolongent sur la péripherie du cirre. Les cirres
sont entourés d’un matériel fibrilaire électrodense qui est la prolongation
de la substance cimentante intercinétosomale et qui parvient a entrer
en contact avec la pellicule du protozoaire.

Des faisceaux de microtubules partent de ce matériel electrodense
et se dirigent vers la superficie du protozoaire. Au debut ces faisceaux
sont perpendiculaires, mais plus tard elles courent parallélement a la
pellicule et contribuent @ la couche microtubulaire subpelliculaire.

La pellicule de Histriculus similis, comme celle d’autres ciliés hypo-
triches, présente 3 unités de membrane (Pl III 11). En dessous de la
membrane la plus externe il existe une cape alvéolaire discontinue,
qui dans la zéne interne présente une couche de microtubules, aux bras
latéraux paralléle a la superficie (Pl. III 11, 12). Dans certains zénes
ont peut trouver des faisceaux de microtubules postciliaires et trans-
verses provenants des cirres.

L’appareil nucléaire de Histriculus similis presente 4 fragments macro-
nucléaires et 4 - 7 micronoyaux.

Les études au microscope électronique indiquent que I’enveloppe
macronucléaire présente 2 et quelquefois 3 unités de membrane (Pl. III

http://rcin.org.pl



ULTRASTRUCTURE D'HISTRICULUS 27

13) avec une grande quantité de pores (P) (Pl III 13, 14). La chromatine
est distribuée en grandes accumulations et on observe des faisceaux de
microtubules dans le nucléoplasme (Pl. III 15, 16). Ces faisceaux proba-
blement jouent un rdle important dans le processus d'elongation et de
division du macronoyaux. Les nucleoles sont trés nombreux.

Chez H. similis pendant la période de synthése d’ADN macronu-
cléaire, de méme que dans la reste des ciliés hypotriches étudiés, appa-
raissent les bandes de réplication (Pl. IV 17). Dans ces bandes on peut
distinguer clairement, deux zoénes; zone antérieure ou la chromatine
condensée se désorganise et produit des fibres, et une zone posterieure,
ou ces fibres disparaissent et ol l'on trouve seulement des trés fins
filaments. A l'extréme de la zdne supérieure de la bande, des corps
chromatiniques apparaissent de nouveau. Les nucléoles (nu) présentent
un aspect distinct suivant le c6té de la bande ou ils se recontrent. On
détecte sur le cote postérieur, des nucléoles avec une grande zbne cen-
trale granulaire, ce qui indique qu'ils sont en transcription active.

Les micronoyaux n'ont pas de nucléoles, contients de la chromatine
disperse et dans l'enveloppe, composé de deux unités de membrane —
il n'y a pas de pores pendant l'interphase.

Discussion

L'ultrastructure de l'appareil bucal de Histriculus similis est trés
similaire & celle décrite chez Gastrostyla steinii (Grim 1972), Oxy-
tricha fallex (Grimes 1972), Stylonychia mytilus (De Puytorac
et al. 1976), Paraurostyla weissei (Bagkowska et Jerka-Dzia-
dosz 1978) et Laurentiella acuminata (pas publié). Chaque paramem-
branelle est constituée par 4 rangées de cinétosomes ciliés, tous les
cinétosomes de la rangée 1 portent des microtubules postciliaires (Pc)
et ceux de la rangée 4 portent des microtubules transverses (T). Les
cinétosomes de la 2* et 3* rangée ne portent pas de microtubules
transverses, sauf chez Stylonychia mytilus (De Puytorac et al
_1976) ou on les a trouvé sur le coté libre des cinétosomes de la 3*
rangée. Il existe trés peu des informations sur l'ultrastructure des para-
membranelles frontales, on la décrits seulement chez Paraurostyla we-
issei (Bakowska et Jerka-Dziadosz 1978); ces informations
sont en rapport avec celles signalées pour Histriculus similis. Les para-
membranelles frontales sont orientées parallélement a 1'axe longitudinal
de la cellule, tandis que les paramembranelles ventrales sont orientées
perpendiculairement. D’autre part dans les paramembranelles frontales
la 4"me rangée est constituée par 4 ou 5 cinétosomes qui commencent
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au niveau du 3'me oy 4iéme cinétosome de la rangée 3. Le systéme de
connexion entre les cinétosomes des paramembranelles, chez Histriculus
similis est le méme que celui décrit chez les autres Ciliés Hypotriches.

Le complexe paroral de Histriculus similis en état végétatif, a une
parorale interne constituée par une seule rangée de cinétosomes (Sticho-
monade) et une parorale externe de deux rangées de cinétosomes (Poly-
stichomonade). Laurentiella acuminata (pas publié¢) et Histriculus similis
montrent une parorale externe constituée par deux rangées de cinéto-
somes, alors que Gastrostyle steinii (Grim 1972) a 2-4 rangées et
Paraurostyla weissei (Bakowska et Jerka-Dziadosz 1978),
Pseudourostyla cristata (Bagkowska et Jerka-Dziadosz 1978)
et Keronopsis rubra (Bakowska et Jerka-Dziadosz 1978) ont
une polystichomonade de 4 - 5 rangées de cinétosomes. Chez Stylonychia
mytilus (De Puytorac et al. 1976) la parorale externe a une rangée
de cinétosomes, mais les microtubules transverses apparaissent alternants
chaque deux cinétosomes. Cette observation jointe a la disposition en
zig-zag des cinétosomes de la parorale externe de Histriculus similis,
suggére, comme ont deja signale Bagkowska et Jerka-Dzia-
dosz (1978), que chez Stylonychia mytilus (De Puytorac et al
1976) existe aussi une polystichomonade, mais masquée par la courbe des
couples de cinétosomes. On peut donc supposer que l'organisation en
polystichomonade de la parorale externe est commune dans tous les
Hypotriches, et les seules variations dans cet groupe sont au niveau des
rangées de cinétosomes.

Dans tous les Hypotriches étudiés, la membrane parorale interne est
formée par une rangée de cinétosomes qui sont invertis dans le plan
dorsoventral, aproximativement 180° par rapport aux cinétosomes de la
membrane parorale externe. Cette inversion est provoquée par la for-
mation d'un plis cytoplasmatique entre les deux membranes parorales
(Bakowska et Jerka-Dziadosz 1978), les microtubules trans-
verses de la membrane parorale interne et la membrane parorale externe
etant dirigées vers le plis cytoplasmatique.

Le reste de la ciliation de la face ventrale est constituée par les
cirres. L'ultrastructure des cirres chez Histriculus similis est la méme .
que celle décrite chez les autres Ciliés Hypotriches. Chez Histriculus
similis nous avons trouvé, dans certains cirres marginaux, une fibre
cinétodesmale associée au cinétosome antérieur droit, pendant que chez
. Oxytricha fallax (Grimes 1972) il y a une fibre cinétodesmale asso-
ciée a chacun des cinétosomes de la cinétie externe droite dans le cirre
ventral 1, frontal 7 et dans quelques cirres marginaux. Chez Stylonychia
mytilus (De Puytorac et al. 1976) les fibres cinétodesmales sont
absents sauf dans certains cirres marginaux ou ils sont trés courts.
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L'organisation du cortex chez Histriculus similis est le méme que
celui décrit chez les autres Ciliés Hypotriches; 3 unités de membrane,
et une couche alvéolaire renforcée par un systéme de microtubules aux
bras latéraux. .

Le macronoyau est morphologiquement et ultrastructuralement pa-
reille a celui d'autres Ciliés Hypotriches. L'enveloppe macronucléaire
est compc;sée par 3 unités de membrane — une observation similaire
a ¢té deja fait par Matsusaka (1981) chez Histriculus muscorum.
Les bandes de réplication observées chez Histriculus similis ont ultra-
structurellement le méme aspect que ceux observées chez Euplotes
(Ruffolo 1978) et d'autres Hypotriches (Walker and Goode
1976, Chadha 1980) chaque bande a deux zdnes: une zone antérieure
ou la chromatine macronucléaire condensée se .désintégre produisant
des fibres de chromatine et une zdne postérieure ol la chromatine se
condense graduellement formant & nouveau des corps chromatiniques.
Prescott (1962) signalait que la synthése d’ADN a lieu sur le bord
antérieur de la zone postérieure de la bande, et que dans cette bande
il n'y a pas de synthése d’ARN. Cependant, nous avons observés chez
Histriculus similis, quelques nucléoles localisés dans la bande de réphi-
caiion comme a été signalé par Ruffolo (1978) chez Euplotes. Les
nucléoles ont un aspect différent d’'une part a 'autre de la bande, étant
doané leur activité distincte. Une fois que la bande de réplication est
passée, les nucléoles ont une grande granulaire zdne central ce qui
indique qu'il sont transcriptionellement actifs (Matsusaka and
Kimura 1981).

Dans les macronoyaux de Histriculus similis nous avons observés des
faisceaux des microtubules qui facilitent probablement 1'élongation pen-
daat la fragmentation macronucléaire comme il a été décrit chez Di-
leytus (Bohatier 1977), Paramecium (Tucker et al. 1980), Tetra-
hymena (Davidson and La Fountain 1975), Stylonychia my-
til's (Walker and Goode 1976), Gastrostyla steinii (Walker
anl Goode 1976) et Euplotes (Ruffolo 1979).
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EXPLICATIONS DES PLANCHES I-1V

1: Histriculus similis. Micrographie de la face ventrale d'un individu végetiatif,

teint suivant la technique du proteinate d'argent. (1000 x)

2: Paramembranelle ventrale. T — microtubules transverses, C — crétes imter-

membranellaires, (22500 x)

3: Paramembranelle. Chaque cinétosome de la rangée 1 porte des microtubules

postciliaires (Pc). On observe des connexions longitudinales antérieures (AC), des

connexions longitudinales postérieures (PC), des connexions transversales (TTC),

des connexions diagonales (DC), des connexions postmembranellaires (PMC), des

doubles connexions postérieures (DPC) et un matériel electrodense associé aux

microtubules postciliaires des cinétosomes de la rangée 1. A, P, D, G, indiquent

la région antérieure, postérieure, droite et gauche de la cellule. (30 000 X)

4 - 5: Ciliation parorale. PI — parorale interne, PE — parorale externe, Pc — mi-

crotubules postciliaires, T — microtubules transverses. (25 000 X), (17 000 X)

?ésl;aézon;le externe (PE) avec ses cinétosomes disposés selon un pattern en zig--zag.
>

7-9: Coupe transversale d'un cirre au niveau de la plaque basale montrant les

connexions intercinétosomales. Pc — microtubules postciliaires, T — microtubwules

transverses, Kd — fibre cinetodesmale, R — maille envelopée de matériel elecitro-

dense. (25 000 ), (30 000 ), (24 000 <)

10: Coupe longitudinale d’'un cirre. A lintérieur des cinétosomes on observe des

granules electrodenses (fléche) (20 000 )

11: Pellicule avec trois unités des membrane (fléche) m — microtubules (25000 X)

12: Microtubules (m) paralléles & la pellicule (40 000 <)

13-14: Macronoyau. L'’enveloppe présente une grande quantité de pores (P).

(60 000 ), (37500 <)

15-16: Faisceaux de microtubules (mt) a lintérieur du macronoyau. nu — nu-

cléole. (26 000 ), (24 000 )

17: Macronoyau présentant une bande de réplication. nu — nucléole (10000 X)

18: Micronoyaux. (12 000 X)
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Synopsis, Dans ce travail, nous décrivons la formation d'éléments re-
producteurs endogénes chez le Cilié Histriculus similis, Nous donnons
également le schéma de son cycle vital complet. Parallelement a la re-
production classique par bipartition, il existe aussi un autre mode
de reproduction asexuel chez certaines espéces de ce groupe.

Il semble que la formation d'éléments reproducteurs, soit répandue
chez certaines espéces d'Hypotriches, Curds (1966), I'a observé chez
Histriculus vorax, nous l'avons observé également chez Histriculus si-
milis. Ce type de reproduction asexuelle a déja fait 'objet d’études chez
d'autres groupes de Protozoaires, en particulier chez les Rhizopodes,
Bonnet (1964), Elpatiewsky (1907), Swarczewsky (1908)
et Chardez (1965).

Nous avons étudié le cycle complet en élevages, en grande partie
sur le vivant, et & l'aide de techniques cytologiques simples.

Nous préférons le terme “éléments reproducteurs” & ceux de spores
ou bourgeons qui se rapportent aux végétaux.

Généralités

D'une facon générale, I'ordre des Hypotrichida rassemble de trés
nombreuses espéces dont la détermination reste difficile par la simple
observation sur le vivant, non seulement en raison de leur grande mo-
bilité, mais surtout de la diversification structurale qui met en jeu la
disposition des différents groupes de cirres. En effet, chez les Hypo-
triches les organites vibratiles se répatissent en plusieurs groupes.

3 — Acta Protozopl. 25)
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Dans l'ensemble, on distingue les organisations suivantes: Les mem-
branelles adorales, la membrane parorale, les cirres frontaux, les cirres
frontaux ventraux, les cirres ventraux meédiants, les cirres transversaux,
les cirres marginaux droits et gauches enfin les soies ou cirres caudaux.

Certaines formations ne sont pas toujours présentes suivant les
especes.

Matériel et méthode

Cet Hypotriche a été trouvé dans un échantillon d'eau prélevé dans la ri-
viére “La Vesdre” a Verviers (Belgique) au moi de novembre 1983).

La premiére souche a été obtenue & partir de quelques individus triés & la
micropipette, et déposés dans un milieu composé & volume égal d'un bouillon de
laitue stérilisé et d'une solution de Ringer, aprés trois jours, les Ciliés ont
été rassemblés dans une solution inorganique, par la méthode de Soldo et
van Wagtendonk (1967). Les espéces ensuite réparties dans une solution
de Ringer maintenue a 18°(_3, en boites de Petri, contenant trois grains de bié
lavés et une souche bactérienne représentée par Bacillus subtilis obtenue par le
Bactisubtil sec. Des repiquages clonaux ont été pratiqués toutes les deux semaines,
des élevages mixtes ont également été entretenus avec Colpidium campylum et
Tetrahymena pyriformis.

Les études ont été faites sur le vivant et aprés anesthésie par la solution
de sulfate de Nickel a 0,60%, Cette opération se pratique en saliére, dans 1 CC
d'eau contenant les Ciliés dans laquelle on ajoute 050 CC de la solution anesthé-
siante; aprés trois minutes, les Ciliés sont immobilisés sans déformation.

La mise en évidence de lappareil nucléaire est obtenu par la coloration
directe “C1” (Vert de methyl aceto-orceine-chlorhydrique), cette coloration est
progressive et temporaire.

La formation expérimentale de kystes de protection; s'obtient par l'adjonction
de deux goutes d'une solution d'hydrate de chloral & 0,01% dans 1 CC d'eau
contenant les Ciliés,

Cette méthode rapide, rend de grands services dans ce type d'étude, qui né-
cessite de trés nombreux examens de Protozoaires dont les imprégnations sont
extrémement difficiles.

Description de l'espéce

Le genre Histriculus, est largement représenté dans les Mousses, les
Sphaignes et l'eau douce. Le genre compte actuellement neuf espéces.

Histriculus similis (Quennerstedt) Corliss 1960 mesure 85
a 95 um pour les petites formes et 100 a 130 um pour les grandes.

La forme générale du corps est ovalaire, avec un péristome assez
développé, atteignant souvent la moitier du corps (Fig. 1).

Le péristome est bordé & gauche par une série de 35 & 40 membra-
nelles adorales puissantes; la paroi droite est délimitée par une fine
membrane parorale.
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Fig. 1. Histriculus similis. a — face ventrale (individu anesthésie calqué sur écrant
de microprojection), b — vue schématique de profil, ¢ — vue schématique de profil
d'un individu contenant un élemént reproducteur (er)

L’ensemble de la ciliature est constituée par 3 cirres frontaux ro-
bustes, 5 cirres frontaux ventraux, 5 cirres ventraux médiants, 5 cirres
transversaux trés puissants, les cirres marginaux de la rangée droite sont
au nombre de 29 a 32, tandis que la gauche est contituée de 22 a 27 cir-
res. Les deux rangées se rejoignent a la partie postérieure, 3 ou 4 cirres
différents plus longs et plus minces sont implantés légérement sur la
surface dorsale, certains individus en sont dépourvus.

L’appareil nucléaire est formé de deux macronoyaux de 16 é 20 um
et par deux micronoyaux.

Une vacuole est visible sur le c6té gauche du corps.

Observé sur le vivant, H. similis nage rapidement en pleine eau en
tournant sur lui méme et en décrivant de larges spirales a l'aide des
membranelles adorales seules.

Au contact d'un substrat, il marche en se servant des cirres margi-
naux et ventraux comme pattes. Les trois cirres frontaux, généralement
courbés vers l'avant, tout en participant 4 la marche, semblent posséder
un certain pouvoir tactile.

La marche est polarisée vers I'avant trés rapide, quelquefois, le Cilié
effectue une sorte de piétinement sur place avec de brusques reculs,
cette opération est déterminée par les trois cirres frontaux qui exercent
une poussée vers l'avant.
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Le cycle vital

La premiére population obtenue en élevage, était composée d'indi-
vidus de 95 & 100 um qui se sont rapidement reproduits par le mode
classique de bipartition, aprés deux jours, les premiers kystes sont
apparus, ces kystes étaient de deux types: (a) kyste de 38 & 45 pum
& membrane épaisse bien séparée de la masse cytoplasmique granuleuse,
(b) kyste de protection sphérique de 40 & 45 ym, entouré d’une membrane
hyaline plissée entourant un cytoplasme clair contenant les deux macro-
noyau souvent bien visibles (Fig. 2). C'est ce type de kyste que nous
obtenons expérimentalement par la solution d’hydrate de chloral.

Fig. 2. Cycle vital d'Histriculus similis, A — adulte de petite taille, A 1 — kyste
d'attente, A 2 — kyste de protection, B — adulte de grande taille, C — bipartition
d'un adulte de grande taille, D — développement d'un élément reproducteur “er”,
E — adulte de grande taille aprés l'exclusion de 1'élément reproducteur, F — élé-
ment reproducteur aprés l'exclusion, G — élément reproducteur en attente en
milieu défavorable, H — élément reproducteur en développement en milieu fa-
vorable, I — élément reproducteur contenant un embryon du cilié, J — exuviation
du cilié, J1 — membrane vide de l'élément reproducteur, K — embryon libre,
I. — stade embryonaire possédant une indication de membranelle adorale, M —
H. similis de petite taille reformant le cycle, N, O — adulte de petite taille en
fission binaire
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Dans cette population, sont apparus aprés vingt jours des individus
sensiblement plus grands, plus larges et plus foncés, dont le cytoplasme
est rempli de granules, environ 20% de ces grandes formes contenaient
des embryons d'éléments reproducteurs d'un diamétre variant de 18
a 35 um, bien visibles dans la partie médiane du corps (Fig. 1 ¢ et P1. I 3).

Ces éléments grossissent jusqu'a atteindre a leur maturité 38 a 40 um
de diamétre. A ce stade, I'Hypotriche est fortement déformé et prati-
quement immobile, jusqu'a 'expulsion de 1'élément reproducteur (Pl. I 4).
Une fois expulsés, ces éléments se présentent sous la forme d'une sphére
a membrane lisse bien différenciée, contenant un cytoplasme granuleux
et opaque; au deuxieme stade trés souvent une pulsole apparait et 1'en-
semble du cytoplasme se contracte, se détachant nettement de la paroi,
rapidement, cette masse effectue un mouvement de rotation alternatif
et de contractions. Cette phase dans certains cas, peut durer plusieurs
jours, elle est suivie par la sortie de l'organisme embryonaire (Pl. I 6
et 7).

Certains H. similis, possédent deux éléments reproducteurs.

Le cycle complet, tel que nous l'avons observé en élevage clonal,
s'établit comme suit:

Les adultes de petite taille se reproduisent par bipartition, ils peuvent
former des kystes d'attente en milieu peu nutritif et des kystes de pro-
tection en milieu défavorables. Ayant atteint la grande taille, ils se re-
produisent soit par fission binaire (Pl. I 13 et 14), soit en formant des
éléments reproducteurs endogénes ces éléments une fois expulsés s'enky-
stent si le milieu est défavorable (cas d'élevages trops vieux), dans de
bonnes conditions, ils forment un embryon dont les mouvements de ro-
tation sont visibles sous I'enveloppe (Pl. I 5). Aprés un temps variable,
il perce l'enveloppe (Pl. I 6 et 7) et nage librement sous la forme d’'une
petite masse ciliée (Pl. I 8 et 9), plusieurs heures aprés l'exuviation, les
membranelles adorales et les cirres sont reconnaissables (PL I 10), il
grossit rapidement pour prendre progressivement la forme d'H. similis
de petite taille (Pl. I 12).

La durée de l'ensemble du cycle est fort variable, elle dépend cer-
tainement de différents facteurs. A ce sujet, il n’est pas possible d’extra-
poler des données obtenues par des élevages de laboratoire avec ce qui
se passe dans la nature.

Il est certain que l'abondance de la nourriture et la température
jouent un réle important dans ces phénoménes.

L’expérience nous a montré que les élevages maintenus a une tem-
pérature de 18°C, étaient plus réguliers que ceux soumis aux fluctu-
ations de la température ambiante.
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Discussion

La production d'éléments reproducteurs chez certains Protozoaires,
peut avoir plusieurs buts, mais le plus important semble étre un pouvoir
particulier de dissémination et de survie comparable 4 la sporulation
chez les végétaux.

Les résultats obtenus en élevages clonaux et en élevages mixes sont
identiques. Les grandes formes apparaissent généralement dans des
élevages a population nombreuse, ce qui signifie un appauvrissement
de la nourriture. Des repiquages trés fréquents ne favorisent pas la
prolifération des grandes formes génératrices d’éléments reproducteurs.

Dans l'ensemble, nos observations confirment celles de Curds
(1966), a savoire qu'il existe chez certains Hypotriches un cycle vital
comportant un stade embryonaire.

SUMMARY

Formation of endogenous reproductive elements in Histriculus similis is
described, as well as the entire life cycle of this ciliate.

It has been found that in some species of this group another kind of asexual
reproduction occurs parallelly with classical bipartite reproduction.
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EXPLICATION DE PLANCHE I

3: Histriculus similis, grande forme contenant un élément reproducteur
4: Elément reproducteur libéré

5: Apparition des mouvements internes

6: Début du percement de la membrane

7: Sortie de l'embryon cilié

8, 9: Petit cilié libre aprés 30 min

10: Apparition des membranelles aprés 1 h

11: H. similis aprés 12 h

12: H. similis petite forme

13: H. similis grande forme en fission binaire (fixé et coloré par C 1)

14: Le meme individu aprés deux heures de coloration par C 1

15, 16: Kystes de protection provoqués par la solution d'hydrate de chloral
17: Elément reproducteur en attente dans un milieu non nutritif

. Note: Les figures 3, 11 - 14 (< 400), les autres (< 600)
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Synopsis. The original ploidy level in Amoeba proteus is not known.
It may be assumed arbitrarily as diploid. The precise number of
chromosomes (several hundreds) in this species is difficult to count.
The enlarged nuclear DNA content in this case may be used as indirect
evidence in favour of the existence of polyploid cells in amoebae mass
culture. Clones with two- and four-fold increase of the DNA content
were grown from mass culture cells of A. proteus strain B. The pro-
portion of polyploid cells in the mass culture was no less than 1.8%.
Artificially mixed cultures with equal numbers of normal and poly-
ploid amoebae were produced. During growth of the population the
proportion of the latter steadily decreased, in some cases to the orig-
inal 1.8% and even less in others. However, the mean generation time
of polyploid amoebae remained unchanged. The phenomenon can be
explained on the assumption of a lesser probability to grow clones
from polyploid cells than from the control ones. In other words, poly-
ploid cells show a decreased probability of accomplishing the cell cycle.
The data on cloning efficiency in polyploid clones fit this hypothesis.
During cultivation the mean DNA content in polyploid B7 clone was
reduced from the octo- to tetraploid level. This kind of spontaneous
depolyploidization was described earlier in artificially produced poly-
ploid amoebae clones (Afon'kin 1984). The present results indicate
that in A. proteus mass cultures there are cells with different ploidy
levels. The study supports the hypothesis that the poly- and depoly-
ploidization of amoeba cells may occur in nature and play a role in ge-
netic variability of these asexually growing organisms.

Petolyploidy played a primary part in the evolution of some protozoan
groupps (Poljansky and Raikov 1960, 1977) and, up to now, it is
an important source of genetical variation among them. There are many
kindss of polyploidy in Protozoa, for instance such as cyclic, hyperploid
and ;generative ones (Raikov 1982). The latter is characteristic of

http://rcin.org.pl



42 S. YU. AFON'KIN

all stages in the species life cycle and is supposed to occur spontaneously.
It was shown in the case of Pandorina morum (Coleman and Zoll-
ner 1977, hypermastigida (Holomastigotoides (Cleveland 1949,
Grasse and Holland 1963), mastigophora Opalina ranarum (K a-
czanowski 1968) and some ciliata with polyploid micronuclei (see
the review Ossipov and Borchsenius 1973).

There is every reason to suppose that in asexually growing Protozoa
one may find many polyploid forms. The fresh water amoebae belong
to this category, the world-known Amoeba proteus among them. The
original ploidy level of this species is not known but there is indirect
evidence of the existence of polyploid forms in A. proteus. (1). We have
found cells with the enlarged nuclear DNA content in samples (Sopina
et al. 1982). (2). The polyploid cells induced experimentally by injecting
colchicine solution are viable and may give clones (Afon'kin 1984).

The present study demonstrates that there are viable polyploid cells
in A. proteus mass culture from which polyploid clones. are grown.
Our data provide a strong support for the possibility of a spontaneous
polyploidization in Amoeba proteus cultures. The study speaks in favour
of the hypothesis that the polyploidization may occur in nature and plays
some role in the genetic variability of asexually growing amoebae.

Materials and Methods

Culturing and cloning of amoebae. Amoeba proteus strain B were
cultured at 25°C according to Prescott and Carrier (1964). Fresh culture
medium and food (Tetrahymena pyriformis GL) were changed three times a week.
Clones were grown in microplates for immunological reaction (Afon'kin and
Yudin 1985). Each plate consists of 60 depressions; the volume of one depression
is about 0,02 ml. In this case amoebae were fed on a mixture consisting of Chilo-
monas sp. and Colpidium sp. (Ord 1979). Clones were transferred to new micro-
plates once a week. To obtain clones with a large number of cells amoebaec were
placed into microaquaria (0.2 ml) and then into glass ‘containers.

Cell samples. We used two kinds of amoebae samples. To obtain partly
synchronized samples a group of cells was taken at random from a mass culture
or a clone and cultured individually for 24 h with food. At the end .of this period
the divided cells were discarded. As a result, the sample consisted of cells in the
second half of the interphase. To obtain a synchronized sample 20 -30 dividing
amoebae were picked up from a mass culture. The whole procedure took about
10-15 min. The end of cytokinesis was regarded as the “zero” time. Taking into
account also the time needed for isolation of the nuclei the maximum age dif-
ference between nuclei in the synchronized samples was estimated to be about
30 min.
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Isolation of nuclei. Nuclei were isolated one by one from cells in the
culture medium. Amoebae were destroyed by means of a micropipette, Its dia-
meter was slightly larger than the nuclear one. Each 5 nuclei were transferred
in the tip of a pipette onto a slide. Each sample was placed onto a separate square
drawn by means of diamond pencil and fixed with a drop of 96° ethanol.

Measurement of nuclear areas. Isolated and fixed nuclei were dyed
with toluidine blue and Na;B;O; during 3 min. Then, the slides were washed off
with distilled water. The nuclear areas were measured by means of an automatic
TV device “Izmeritel-1" and were expressed in arbitrary units. In this paper
1 arb. unit is 1 X 10-% mm?® The accuracy of measurement of the same nucleus
was 0.3% (N = 25).

Measurement of nuclear DNA content. The relative DNA content
in nuclei isolated onto slides was estimated cytofluorimetrically by recording the
fluorescence of the Auramine OO bound to DNA in a Feulgen-like reaction (K u-
driavtsev and Rosanov 1974). For this purpose the slides were incubated
in 6N HCl (18-20°C, 8 min) and stained in Auramine solution (0.3%, 2-5°C,
1.5 h) with thionyl chloride (0.2%). The intensity of fluorescence was measured
with a cytofluorimeter “Lumam-IUF”. The excitation light with the waves length
of 365, 404 and 436 nm was isolated from the mercury lamp spectrum by means
of light filters FC-1 (8 mm) and CSC-24 (4 mm). The fluorescent light was
isolated with JC-18 and JSC-19 light filters. The objective ~ 20 and probes with
1 and 1.5 mm holes were used. The measurement time of une nuclei was 02 s.

To avoid systematic errors caused by drift in the instrument sensitivity in
time the intensity of nuclei fluorescence was expressed in arbitrary units. The
fluorescence intensity of rat hepatocyte tetraploid nuclei (G: phase) was assumed
for 1 arb. unit. The groups of rat and amoebae nuclei were measured in turn.

It & known that the measurements of the DNA content in the nuclei of the
same age from amoebae of one strain, fixed on different slides and stained at
different time, may differ significantly (Makhlin et al. 1979), To render the
comparison of the DNA content between different samples more reliable, we cor-
related only the data produced by the nuclei fixed on the same slide, but also
in this case the mean values (one clone and one time) could differ (Afon'kin
1983, 1984). It is likely to result from an uneven distribution of cells of different
age between the samples. To eliminate this factor, several samples from the same
clone were studied and the second order mean value calculated.

Measurement of the cell number in culture. To determine the
number. of amoebae in a culture the number of cells per 0.04 cm?® was counted.
For this purpose the amoebae in a Petri dish were thoroughly suspended and
then allowed to settle down. The procedure was repeated three times. In each
case a new area of the bottom was choosen for counting. Thereupon the average
number of amoebae in the culture and the standard error were calculated for
the whole area of the Petri dish.

Measurement of cloning efficiency. To evaluate the cloning ef-
ficiency 60 amoebae were cloned in a microplate (see above), The culture medium
contained food organisms throughout this experiment. After 168 h the proportion
of holes in which the cell divisions took place was estimated. This value was
considered as cloning efficiency.
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It may by suggested a priori that there are cells in a clone that are already
uncapable of dividing but, none the less, survive for some period of time. To
reject such cells a random sample of the clone under test was subcloned. Only
amoebae from subclones in which the cell division did occur were taken for
further experiments. So, when measuring cloning efficiency we defined the pro-
bability of completing the next cell cycle.

Results

Screening for polyploid clones. Production of poly-
ploid clones is the most convincing evidence for the existence of poly-
ploid cells in amoebae culture. To work out a schedule for screening
such clones some characteristics of normal (strain B) and tetraploid
amoebae (clone Bceol-6) were studied once again. Clone Bceol-6 was pro-
duced by injecting colchicine into dividing cells of B strain (Afon’kin
1984).

It is known now that the average DNA amount in polyploid clones
sometimes appears to be reduced after the prolonged cultivation (Afon’'-
kin 1986). The mean DNA content of B and Bcol-6 amoebae was
therefore remeasured just before the onset of the experiment (Table 1).
Seven samples of partly synchronized amoebae of each type were taken.
The second order means for Beol-6 and B amoebae were 4.57 £0.06 and
2.29 +0.07 arb. units, respectively. The ratio of these values is 1.99.
Therefore, it could be concluded that the DNA amount in Beol-6 amoe-
bae remained twice as high as the normal level at the very start of the
experiment. It must be emphasized that in B samples there were four
nuclei (2%) with two-fold increase of the DNA content (4.0-4.9 arb.

Table 1

Average DNA amount in the B and Beol-6 partly synchronized samples
at the very start of the experiments

DNA content, X+ S5 arb. units

Strain B | Clone Bcol-6
|
2.11::0.06 [ 4.53.:0.08
2234005 ! 4.76+0.10
2.24.-0.05 4.64+0.10
2.1440.04 4.35+0.12
2.25+0.05 | 4.7740.11
2.61+0.07 | 4.44+0.07
2.4540.05 | 4.48+0.08

Each sample consists of 25—3 nucle).
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units). These values do not statistically belong to other B nuclei in
samples. One such nucleus with enlarged DNA content (7.3 arb. units)
was found in Bceol-6 nuclei.

Two-fold increase of the DNA content in A. proteus is now a re-
liable index of the enhanced ploidy level. However, this criterion proved
to be inconvenient when large number of cells or clones are being
studied. In this case the nuclear size is a more suitable though indirect
index. The mean nuclear area of Beol-6 polyploid cells is 1.57-fold in-
creased in respect to the control (Table 2). None the less the size of one
single nucleus is not a good indication of ploidy level, since the maximum
B nuclear area in partly synchronized cells (61 arb. units) is greater
than the minimum Bcol-6 area (40 arb. units). The mean nuclear area
of five partly snychronized cells yields better results. This character
varies in B amoebae from 25.0 to 49.6 arb. units (123 clones were stud-
ied) and in Bcol-6 amoebae, from 50.6 to 81.2 arb. units (in 44 clones).

These figures indicate that the two distributions are not overlapping
and that the mean nuclear area of five cells may be used as a criterion
of ploidy level.

Table 2
Size of partly synchronized nuclei in B strain and in tetraploid Bcol-6 clone

Nuclea;' a:é.ﬂj’i‘g}‘ arb. units

Strain B | Clone Beol-6
39.541.4 | 64.1+1.9
383413 | 671419
39.741.0 | 57.04+1.7
363410 . $8.3+1.8
45.0+1.7 693420
38.4+1.2 618426
423412 I 631417

Each sample consists of 25-3 nuclel.

720 amoebae cells were taken from B culture at random and 660
clones were grown. Only 26 of them, consisting of large amoebae, were
chosen for further research. Recent observations have shown that the
volume of polyploid cells is to some extent greater than in the control
(Afon’kin 1984). Thus, the large cells in a clone may be considered
as a first indication of its polyploid nature.

The measurements of the mean nuclear areas in five partly synchro-
nized cells of chosen clones show that 14 of them are normal (31.4 - 44.4
arb. units) and 12 are polyploid (51.5 - 76.0 and 102 arb. units). The value
of 102.0 arb. units is not characteristic of the tetraploid Bcol-6 clone
and is typical of octoploid clones (Afon'kin, unpublished data).
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DNA content in polyploid clones. To make sure of
the polyploid nature of 12 recognized clones the nuclear DNA amount
in some of them was measured. For this purpose we chose six supposed
tetraploid clones marked Bl - B6 and one clone (B7) which was supposed
octoploid. Five partly synchronized samples of 20 - 33 nuclei were iso-
lated from each of them and the second order means of the DNA content

Table 3

DNA content in partly synchronized samples of B1-B6 clones
1 month after their isolation

DNA content Second | Ratio of second

Clone 'order mean X+ S arb., | order mean to the
units | contrpl value

Strain B 1.574£0.05 -
(control) ‘, |

Bl 326 10.10 207

B2 2.90+0.,06 1.85

B3 | 3.25:0.08 2.07

B4 3.18:0.08 2.02

BS 3.03.40.06 | 1.96

B6 2.96+0.06 | 1.88

Each second order mean was obtained as a result of
the calculations of five independent mean values.

were calculated (Table 3). In B1, B3, B4 and B5 clones these values were
two-fold increased as compared with the nuclei of the original strain.
In B2 and B6 this ratio was only 1.85 and 1.88, respectively. Taking into
consideration the confidence intervals of the second order means it
may be shown that the ratio in the case of B2 clone is between 1.62 and
2.11, and in the case of B6 clone, between 1.65 and 2.16. It means that
a deviation from the two-fold ratio in these two cases may be accident-
al. To show this, the DNA content in B2 and B6 clones was measured
for the second time in the synchronized samples of 1 h old nuclei. The
results show that the DNA content of B2 and B6 clones are two-fold
increased in respect to the original strain (Table 4).

The DNA content was also measured in partly synchronized nuclei
of B7 clone 1 month after it has been isolated. At that time the sample
consisted of two kinds of nuclei. Eleven nuclei had large amount of DNA
(5.5 - 7.3 arb. units; mean value was 6.10 £0.16) and 14 had lesser amounts
(3.20 £0.13 arb. units only). In the first group the DNA amount was
1.9-fold increased as compared to the second one and exceeded 3.9 times
that of the control. Taking into consideration the confidence intervals
it may be assumed that the ratio of the DNA amount between the two
groups of B7 clone and the control is 4:2: 1.
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It may be supposed: (1) that other clones with increased nuclear area
are also polyploid and (2) that such clones were grown from polyploid
cells present in a mass culture. In that case the proportion of the poly-
ploid individuals may be determined. In B strain it was no less than
1.8 (95%0 confidence interval was 0.9 - 2.2%).

Table 4
DNA content in synchronized nuclei of B2 and B6 clones 1 month after their isolation

DNA content XS, arb. units

Clone " In the samples j l Second order mean

Strain B (control) | 0.944-0.02 I
0.8340.02 |
| 0.8740.02 0.85£0.02
0.82.4+0.02
0.80-4-0.02

‘ 1.754.0.04

; 1.74.-0.04

B2 1.71 4003 1.70:.0.02
1.7140.03
1.61+4.0.03

’ 1.90+0.04

1.76.-0.04 |
| 1.68 -0.03 1.7340.05
1 1.6740.03

B6

1.64.:0.03

Each sample consists of 20 nuclel

Combined cultivation of normal and polyploid
cells. Polyploid clones were grown in culture. It is clear that poly-
ploid cells are viable. The question arises why the proportion of poly-
ploid amoebae in original culture is not large. The hypothesis which
has been advanced (Afon'kin 1986) that polyploid cells are less com-
petitive under laboratory conditions may be accepted as explanation.

To verify this assumption, artificially mixed cultures were produced.
In each of six glasses (the volume was 35 ml, the bottom area was
17.8 cm?) 1000 polyploid amoebae of Bl -B6 clones were placed and
then 1000 B cells were added. In this way six combined cultures were
produced with 2000 cells in each glass.

Within two months the number of cells increased rapidly to fluctuate
from 40 to 55 thousands (Fig. 1). One month after the onset of the
experiment the DNA content was measured in partly synchronized
samples (131 - 159 amoebae) taken from each combined culture.

In all the cases the distribution comprised two separate groups of
values. The typical distribution is presented in Fig. 2. Under assumption
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Fig. 1. Mean number of cells in six mixed cultures of polyploid and normal amoe-

bae. Abscissa: time in months from the beginning of the experiment, ordinate:

cell number in thousands. The vertical dashes designate the 95% confidence
intervals

Fig. 2. Distribution of values of the DNA content of nuclei in a partly synchron-
ized cell sample from a mixed culture (B4 + B) 1 month after the start of the
experiment. Abscissa: DNA content in arb. units, ordinate: number of nuclei
that cells with the lesser DNA amount are B amoebae and cells with
larger DNA content are polyploids, the proportion of the latter may
be estimated in the sample (Table 5). The ratio of polyploid and normal
amoebae in Bl + B and B4 + B cultures did not differ reliably from 1 : 1.

In all the other cases the proportion of polyploid cells was lower.

Four months later the samples (140 - 160 amoebae) were taken again
from the combined cultures. In this case only a few polyploid cells
were detected in most of the cultures. The proportion of polyploid

Table 5
Proportion of polyploid amoebae in combined cultures 1 and 5 months after the onset of the ex-
periment
X 0 - | E Proportion of pgl{p!pid amoebae (%)
Combined culture 1 seciath I & shongEs —
Bl + B 45.2 6.3
B2+ B 35.6 0.7
B3+ B 23.0 12
B4+ B 45.6 0
B5 + B 36.9 0
B6 -+ B 2.7 ' 1.4

Each sample consists of 130—160 nuclei.
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amoebae was about the control level in two cultures (1.2 - 1.4%), being
lower (0.7%) or larger (6.3%) in others. Two cultures contained no
polyploid cells.

Thus it was shown that the percent of polyploid cells decreased
during their prolonged cultivation together with normal amoebae.

Cloning efficiency and the generation time of
polyploid amoebae.

The results of three independent experiments show that the cloning
efficiency (see Material and Methods) of polyploid Bl, B2 and B3 amoe-
bae is lower than in the control (Table 6).

To take this fact into account in measurement of the mean gener-
ation time three assumptions were made. (1) The generation time in
a clone is constant. (2) At the end of this period an amoeba divides with
a probability q (g — 1). (3) Undivided amoebae further do not divide
but remain viable during the experiment (168 h).

Table 6
Cloning efficiency and the generation time of polyploid amocbae

Final number of cells .
Cloning efficiency in 60 subclones after | Calculated generation
Clone X583, % 168 h of culturing time
X+S3, % X+S3, h
Strain B (control) 9742 961 4-37 40.6+0.5
Bl 7442 401 £70 448453
B2 5643 171420 64.3413.2
B3 67+4 301425 450432

All mean values were obtained In three Independent experiments,

The assumption that the cloning efficiency means here the proba-
bility of cell division in the next cell cycle (see Material and Methods)
allows us to formulate the following: if we take into the experiment
N, cells, Nyg of them divide at the end of the first cell cycle and N,
(g — 1) remain undivided. At the end the second cell cycle 2Nq* cells
divide and Ny(q — 1) + 2Ny(q — 1)g remain undivided. After K cell ge-
nerations we may derive the equation:

(- (e

where K = —?— ; 4= 2q; N, is the number of cells at the beginning of an

experiment; N, is the final number at the end of the experiment; T is
the time of culturing; t is the generation time; q is the probability of

4 — Acta Protozool. 251
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cell division. By solving the equation one may define the generation
time. The mean value estimated in such a way for Bl - B3 clones did
not significantly differ (95% significance level) from the control one
(Table 6).

Four months later the cloning efficiency of Bl - B3 cells was estimated
for the second time. The obtained values (76 %1; 64 +3; 71:+1%) were
also lower than in the control (95+1%). Thus, during this period the
cloning efficiency of polyploid cells did not increase.

Stability of polyploid clones. As shown earlier, during
prolonged cultivation the mean DNA content in polyploid clones grown
from cells with colchicine blocked mitoses may be reduced (Afon'kin
1986). It is due to. the appearance of cells with two-fold decreased DNA
amount and a steady increase of their number in clones.

To determine the stability of polyploid clones obtained in the pre-
sent study the DNA content was measured five months after they had
been produced. One partly synchronized sample from each of the poly-
ploid clones was made (100 nuclei in each). The mean values (3.9-4.2
arb. units) were increased 1.9 - 2.0 times in respect to the control (2.0 arb.
units, N = 25). The cells with decreased DNA amount were not de-
tected.

Essentially, the sample of B7 clone consisted of nuclei with only two-
fold increased DNA content (the mean value is 4.06 £0.05 arb. units).
It must be noted that 1 month after isolation the clone was found to
consist of two kinds of nuclei, with two- and four-fold increased of the
DNA amount. Thus, it may be ascertained that within this period the
DNA content in B7 clone decreased from the octo- to tetraploidy level.
In all the other clones the ploidy level underwent no change.

Discussion

Among Amoeba proteus strains of our collection one was detected
(strain A) to have a two-fold decreased DNA content as compared to
the strain B (Afon’kin 1983). However, this is not a proof of the
existence of a polyploidy series since A. proteus have no sexual process
and we cannot apply the biological species criterion to B and A strains.
The existence of polyploid clones obtained by injecting colchicine so-
lution into divided amoebae also is not an evidence because hitherto
we knew nothing about the spontaneous polyploidization in A. proteus.

In this study the cells with unusually enlarged nuclei were succes-
sfully picked out from a mass culture of the strain B. The analysis of
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the DNA content in clones grown from such cells showed that they are
genuine polyploids. The screening method asserts that the proportion
of polyploid amoebae in the mass culture was no less than 1.8%. It
coincides with the number of nuclei with high DNA levels found in the
samples in other studies (Sopina et al. 1982 and our observations).

Strain B was imported to our laboratory from England in 1960. Since
then the B culture was recloned many times. The culturing conditions
render impossible any contamination by foreign cells (for instance by
the cells from artificially produced polyploid clones). All this leads to
the inevitable conclusion that the occasional polyploidization does occur
in the B culture. We have no information about the frequency of this
phenomenon. The octoploid amoebae in tetraploid samples and the com-
position and behaviour of B7 clone indicate that the two-step polyploidi-
zation may also take place.

In the artificially mixed cultures the polyploid cells are less com-
petitive than the control ones. The proportion of the polyploids during
cultivation decreased to the ordinary level characteristic of the B cul-
ture. This phenomenon may account for the low level of polyploid cells
in cultures where the probability of polyploidization is relatively high.
It is possible that conditions may be created under which the polyploid
amoebae would have an advantage over the normal ones (high level of
mutagenes and radiation).

The decreased competitiveness of polyploid amoebae may be depen-
dent on the reduced cloning efficiency. The ability to produce clones
is as a rule decreasing with the increase of cell ploidy level (Brod-
skij and Uryvaeva 1981). f

The decreased cloning efficiency of polyploid amoebae and their
uncompetitiveness in mixed cultures were described earlier, when arti-
ficially produced polyploid clones were studied (Afon’kin 1984, 1985).
This led to the conclusion that many of the amoebae cell characteristics
change simultaneously when the level of ploidy is increasing. The way
of polyploidization is not in this respect essential.

In the present study, as well as in the previous publications, the
mean generation time of polyploid amoebae was shown to remain un-
changed. The proposed method of its measuring in clones with decreased
cloning efficiency, however, may be inexact. The method leaves out of
account the following: (1) The generation time usually varies within
some limits. (2) Cells that die in subclones are not taken into consider-
ation. (3) The value of cloning efficiency may not precisely correspond
to the probability of the cell cycle completion by an amoeba in the clone.
The latter may be due to a kind of group effect since single cells are
less tolerant to overfeeding.
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The analysis of the nuclear size and DNA content of the nuclei shows
that originally the clone B7 isolated from mass culture was octoploid
and then its ploidy fell to the tetraploid level. A similar phenomenon
of depolyploidization has been described for “colchicine” polyploid
clones (Afon'kin 1986). It should be emphasized that it occurs also
in clones isolated from amoebae mass culture.

It is not excluded that poly- and depolyploidization of cells plays
a role in the genetic variability of amoebae. This is illustrated by the
data on the effects of mutagenes on A. proteus. N-methyl-N-nitrozo-
urethane induces in A. proteus the appearance of cells with both small
and large nuclei (Ord 1968, 1977). So called “mini-mutants” with de-
creased size of nuclei and shortened cell cycle were recently obtained
under the influence of ethylmethansulfonate on A. indica (Gango-
padhyay and Chatterjee 1984). *H-thymidine incorporation into
the “mini-nuclei” of amoebae was two-times less intense than in the
control.

A possibility of spontaneous polyploidization in amoebae should be
taken in consideration in approaching some problems of systematics.
Among others, such a character as the “nuclear size” must be handled
with care. There is no doubt that the original amoebae and the amoebae
of various ploidy degrees described in this study belong to the same
species despite their variation in the nuclear size and DNA content.
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Synopsis. The subject of this work was to define the differences and
similarities in the antigenic structure and immunogenic properties of
five Naegleria strains: two pathogenic strains of Naegleria fowleri
isolated from human fatal cases, two Naegleria fowleri strains, patho-
genic and non-pathogenic, isolated from the environment and non-
pathogenic strain of Naegleria gruberi. The results showed the close
antigenic relationship between the pathogenic strains and some simi-
larity of the non-pathogenic Naegleria fowleri strain to the strain
of Naegleria gruberi. The high virulent human strains were the weak-
est immunogens, whereas the non-pathogenic strain of Naegleria gru-
beri the strongest one. Strong immunogenicity of the non-pathogenic
strains, their antigenic similarity to pathogenic strains and frequent
occurrence in the environment may be the reason for active immuni-
zation of people and animals to the pathogenic strains.

Naegleria amoebae receive increasing attention as they have proved
dangerous to human health and life. As amphizoic organisms they can
propagate in free environment, i.e., water, soil, air or artificial water
reservoirs, as well as inside macroorganisms. Pathogenic strains enter
the central nervous system via the nosopharynx causing primary amoe-
bic meningoencephalitis (PAM). Although spontaneous infections of
Naegleria in animals have not been found, the evidence of anti-Naegleria
antibodies in animals gives rise to the assumption that such infections
may occur (Cerva 1981).

Since 1965, when Fowler and Carter described first cases
of fulminating meningoencephalitis, over 150 cases of PAM in man
have been reported (Martinez and Kasprzak 1980). In all the
cases the host reaction to the parasite invasion was rather slight. Cain
et al. (1979) and Cursons et al. (1979) observed normal or even
slightly lowered level of all classes of immunoglobulins and a lack of
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specific antibodies. In animals the existence of a factor inhibiting the
migration of macrophages and delayed hypersensitivity have been re-
ported (Cursons et al. 1980 b).

Weak and ineffective reaction of the host may be due to a rapid
course of the disease leading to death within a few days. It may also
be due to the parasite localization in the central nervous system where
the prgduction of antibodies is rather difficult; some specific antigenic
properties of these amoebae may also be the cause.

The antigenic structure of amoebae strains isolated from the fatal
cases of PAM in many countries has shown a considerable similarity.
All this strains are classified as Naegleria fowleri. It is more difficult
to determine the taxonomic position of many pathogenic and non-patho-
genic Naegleria strains isolated from the free environment. Most of the
environmental pathogenic strains because of their antigenic similarities
to the so-called human strains, are also included in the Naegleria fowleri
species. In 1981, however, De Jonckheere described Naegleria
australiensis, a pathogenic species of antigenic and biochemical properties
different from Naegleria fowleri. Environmental non-pathogenic strains
different from Naegleria gruberi, are characterized by a great variety
of their antigenic properties. They are classified as different species, i.e.,
Neaegleria fowleri — De Jonckheere and Van de Voorde
(1977), Naegleria jadini — Willaert and Le Ray (1973), Naegleria
lovaniensis — Stevens et al. (1980).

It is assumed that regardless of the classification, non-pathogenic
strains of Naegleria share in the aquisition of protective immunity to
infection for they are common and it is easy to get in contact with them
(John and Bush 1980). However, to confirm the above assumption,
further investigation concerning the antigenic relationship between these
strains and their immunogenic properties is necessary.

The aim of this study was a comparison of the antigenic structure
and immunogenic properties of some chosen Naegleria strains, isolated
from the fatal cases of PAM as well as from the environment. It is
hoped that this research will be useful in the species and strains differ-
entiation, between pathogenic and non-pathogenic strains in particular,
and may thus contribute to the epidemiology of invasion and to the
taxonomy of this group.

Material and Methods

Strains of amoebae: Naegleria fowleri, strain HB1, pathogenic for mice,
isolated by Butt (1968); Naegleria fowleri, strain Vitek, pathogenic for mice,
isolated by Cerva et al. (1969); Naegleria fowleri, strain KIV, pathogenic for
mice, isolated from the environment by Kasprzak and Mazur (1974); Nae-
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gleria fowleri, strain 5D, non-pathogenic for mice, isolated from the environment
by Kasprzak and Mazur (1978); Naegleria gruberi strain EG, non-pathogen-
ic, isolated from environment by Schuster (1961).

Culture of amoebae: Naegleria fowleri strains were cultivated axenic-
ally in a liquid medium containing sheep serum; the temperature of growth was
37°C. Naegleria gruberi strain was cultivated in a medium containing calf serum,
at 24°C. :

Preparation of antigens: 7-day-long cultures were collected, washed
with physiological saline three times, with cell sediment gathered. For soluble
antigen, the suspension of amoebae in physiological saline was freezed and thawed,
the homogenate was left out at 4°C for 18 h, then centrifugated; the sediment
was removed. The protein content in supernatant was determined by the method
of Lowry et al. (1951). For cell antigen, the washed suspension of amoebae was
diluted to obtain the required number of cells.

Preparation of antisera: the immunization process was similar to
this described by Dwyer (1972). Rabbits, each 25 kg of weight, were weekly
injected intramuscularly with 1 ml of the antigen-complete Freund adjuvant mix-
ture (1:1 vol/vol), (Table 1). Intact cells were given in the last dose according
to Cerva and Kramar (1973). During the immunization period blood was
withdrawn for the follow up antibody formation. 7-days after the last injection,
anesthetized with Brevinarcon, animals were bled by the cardiac puncture.

Table 1
The scheme of animal immunization with soluble antigen

Day of immunization |1 T2 [ w2 28 [ 35 [a2

|7 | 14
las | s | 75| os| 12 | 10scems

l_)gse of antigen in mg of protein to ml| 25

Serological tests: Indirect Immunofluorescent Test (IIF) was performed
in accordance with the technique described by Goldman (1966) on teflon
microscopical plates. Swine anti-rabbit fluorescent serum mixed with the Evans
blue was used as a conjugate. Mounted in glycerin preparates were observed
with Fluoval microscope with HBO 200 mercury lamp and with OGl and BGI12
filters. Double Immunodiffusion Test (ID) was based on the technique described
by Dwyer (1972). 0.8% agarose and 1% agar were used as the medium. Pre-
cipitates were stained with 0.1°/s Amido Black and discharged with the mixture
composed of acetic acid, ethanol and water in the ration of 1:7:2, respectively.
Disc Immunodiffusion Test was based on a modified method of Seto and Ho-
kama (1964). Soluble amoebae antigens (400-700 ug of protein) were separated
by means of poliacrylamid gel electrophoresis (PAGE) according to the method

. described by Hadas et al. (1977). The separation was performed on 7.5% poli-
acrylamid gel, at 4°C, for 60 min at 25 mA for each gel; the electrode buffer
was tris-glicine, ph 85. After electrophoresis, non-stained gel columns were cut
into slices of 2 mm and prepared into agar. Then wells were cut and filled with
antiamoebic sera. Further procedure was the same as in ID test.
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Results

The dynamism of growth of antibodies in animals immunized with
five different antigens is presented in Table 2 and Fig. 1. The highest
titres in IIF test were obtained for the group of animals immunized with
EG strain of Neaegleria gruberi, and the lowest for the group immunized
with HBI1 strain of Naegleria fowleri. In ID test no significant differences
in the number of precipitin lines have been found in particular animal
groups. The estimation of antigenic relationship was performed on the
basis of a set of cross reactions in serological tests. The results are

leje <120 cled
® @@o@o@o
J @@
@@oo
o o@ eJefe o
@@oo

Fig. 1. Double Immunodiffusion Test, The growth of serum antibodies during the

immunization period. Wells 7-49 — sera from different days of immunization,
center wells — Naegleria antigens
Table 2

Immunization of animals with five soluble Naegleria antigens. The results of Indirect Immuno-
fluorescent (IIF) and Double Immunodiffusion (ID) Tests

Dayofimmunization | 1 | 7 | 14 | 21 [ 28] 35 | 4 | 4
Antigen TR | s 32 | 64 | 128| 2% 512 s12 | 1024
KIV ID** < = = 1 2 3 4 405
Antigen IF &= 16 | 64 | 128| 2% 256 s12 | 1024
Vitek D = - | 2 3 3 7
Antigen 1 | TR D 8 | 32| 64| 128| 128| 25
HBI D = o= = |2 s 3 4 4
Antigen IF — | 32 | 26| s12| s12| 1024| 2048 | 2048
5D D - | = = 1 2 3 4 405
Antigen IIF — | 512 | 1024 | 4096 | 4096 | 32768 | 32768 | 32768
EG D = 1 1 2 3 4 4 4(6)

* serum titre in IIF-Test
** number of precipitin lines in ID-Test
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presented in Table 3 and Fig. 2. Pathogenic strains of Naegleria fowleri
KIV, HB1 and Vitek pointed to a considerable antigenic likeness. The
differences between reference and cross reactions in IIF test are com-
prised within the limits of 2 -3 dilutions of sera, whereas in precipiting
test the differences concern a single precipitin line (Fig. 2). The weakest
cross reactions occurred between pathogenic strains and the strain EG
of Naegleria gruberi (low titres in IIF — Table 3, and the lack of re-
action between the anti-pathogenic strains sera and EG antigens in ID
test — Fig. 2). Non-pathogenic strain 5D of Naegleria fowleri reacted
with both, pathogenic strains of Naegleria fowleri and EG strain of

Table 3

The cross reactions between Naegleria antigens and sera from animals immunized with soluble
antigens. The results of Indirect Immunofiuorescent (11F) and Double Immunodiffusion (ID) Tests

Antibodies Anti-KIV | Ant-HBI | Anti-vitek | AntisD Anti-EG
HF* ID** TF ID | NF ID | UF ID | NF ID
Antigens ' 1 |
KIV 1024 4(5) 128 3 si2 3 2 2 2 1
HBI 7 e Ll R g 16 2 16 1
Vitek 256 2 128 4 | 1024 4 64 2 128 1
sD 64 2 8 2 | 32 2 | 248 405 512 3
EG I | S S S 32768 4(6)

* serum titre in IIF Test
** number of precipitin lines in ID Test

0 0@
of ) oo ®

Fig. 2. Double Immunodiffusion Test. The cross reactions between antibodies
(center wells) and antigens of different Naegleria strains (outside wells)
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Naegleria gruberi. Figure 3 ilustrates the reactivity of immune sera
collected from animals in different periods of immunization. The antigens
of pathogenic strains reacted with the corresponding sera as early as
after 7 days of immunization, whereas the antigens of non-pathogenic
strains reacted with these sera much later, i.e., after 14 - 42 days. The
longest non-reaction time was between antigens and sera of EG and

HB1 strains.

ontigen HB1

onligen Vitek

ontigen KIV

serum litres

2%
S o
128 27 =
64 L =
’, - f Rl
32 l‘l—_"*l—l;u-I‘ ,"'
16 ’.'I'l-a'-—. SR
71
L] o
‘=7 » daysof immunization

y -

7 16 21 2835 4249 7 1 21 28 35 &2 49

7 1% 21 28 35 &2 49

32768 Py
» — 0Nt KIV
16384+ J i
8192 antigen SO ontigen €6/ SO Yo
g ==~ onti HB1
409 r~ 2
£ x —=xanti EG
2048 - /
= 7 . -~ —onti 50
1024 7 /
512 il s L L ’t'
256, / I - ',
128 i ! '-' ,r----" /
s{ / 7 r- /
2{ / S /
/] | :
16 / " 'I‘ e wad
4 / AR .
811 7% ? : 85 z—
) b SR S I ys of immunization

Fig. 3. The reactivity (in IIF-Test) of animal sera during the immunization period

Table 4 and Fig. 4-8 ilustrate the reactivity of amoebae protein
fractions. In reference reactions of pathogenic, 5D and EG strains, the
precipitates were formed with 8, 9 and 15 sections of gel, respectively.
There were no cross reactions between fractions of pathogenic strains

7 % 21 28 35 &2

)

7 1 21 28 35 42 &9
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and anti-5D or anti-EG sera and no reactions between EG protein frac-
tions and anti-pathogenic strains sera. Protein fractions of 5D strain
reacted faintly with sera against pathogenic strains and a little stronger
with anti-EG serum.

Table 4

The reactivity of protein fraction in Disc Immunodiffusion Test

l Fractions

Antigens i ™~ 1 2 34567 8 9101112131415
e \

| Anti-K1V 3*
Anti-Vitek
K1V Anti-HB1
Anti-5D -
Anti-EG
| Anti-KIV
| Anti-Vitek
Vitek Anti-HB1
Anti-SD
Anti-EG
Anti-KIV
Anti-Vitek
HBI Anti-HB1
Anti-SD
Anti-EG
Anti-KIV
Anti-Vitek
5D Anti-HBI
Anti-5D
Anti-EG
Anti-KIV
Anti-Vitek
EG Anti-HB1
Anti-5D
Anti-EG

‘number of precipitin lines.
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Discussion

The results of animal immunization proved that all strains under
investigation may provoke the immunological response. Out of all patho-
geaic strains the environmental strain KIV of Naegleria fowleri proved
to be the best immunogen. Environmental non-pathogenic strain 5D
of Naegleria fowleri immunized animals to a similar extent. Surprisingly
emugh, the non-pathogenic strain EG of Naegleria gruberi was found
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KIV anti Vitek
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KIV anti HB1
Fig. 4. Disc immunodiffusion of KIV antigens. x — animal serum, 1-8 — poli-
acrylamid gel slices

to cause the strongest immunological response. Similar results were re-
ported by John et al. (1977) and John and Bush (1980) who
immunized animals with different strains of Naegleria fowleri and Nae-
gleria gruberi. Equally important is that the injection of intact amoeba
cells to animals immunized with soluble antigen caused an increase
of their immunological response. Stevens et al. (1977) observed
a similar phenomenon in the related genus Acanthamoeba. They obtained
the best immune sera by injecting the non-pathogenic strain Neff of
Acanthamoeba castellani and sensitizing the animals with purified cell
membranes. This seems to be due to particularly strong immunogenic
properties of cell membranes and the presence of many surface antigens
in these amoebae.

The results of comparative investigations point to the fact that hu-
man, strains of Naegleria fowleri are considerably similar to one another.
The differences observed were so slight that they might concern inter-
species differences connected with the occurrence of particular antigens
in varying quantities. KIV, the pathogenic environmental strain, though
similar to human strains of Naegleria fowleri, shows some differences.
Apart from antigens common to those in human strains, KIV is likely
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to possess some new antigens which cannot be found in the others.
Investigating the affinity between human and environmental strains,
Willaert et al. (1974) similarly discovered among the latter, strains
that showed a complete identity with the former and others that dif-
fered only slightly. The analysis of cross reactions between the patho-
genic strains of Naegleria fowleri shows that the environmental strain
KIV is more similar to Vitek than to HB1 (both are human strains).
The above findings confirm the results of previous investigations carried
by Hada$§ et al. (1977) who pointed to a similar relationship in the
protein content of these strains. Strain EG, representing non-pathogenic
species Naegleria gruberi, proves to be definitely different from all the
other strains of Naegleria fowleri. It is striking, however, that this strain
is strongly involved in the cross reaction with the non-pathogenic en-
vironmental strain 5D of Naegleria fowleri, and relatively strongly
reacts with the antigens of human strain Vitek. Similar results obtained
by Van Dijck et al. (1974) made the authors say that there is some
antigenic relationship between Naegleria gruberi and strain Vitek of
Naegleria fowleri, which testifies to the existence of certain antigens
common to both species.

) D 0. @

OIO® O ® ¢

Vitek onti HB1

@®000O0
o®ele oo o
®®0 000

Vitek onti KIV

Fig. 5. Disc Immunodiffusion of Vitek antigens. x — animal serum, 1-8 — poli-
acrylamid gel slices
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Fig. 6. Disc Immunodiffusion of HB1 antigens. x — animal serum, 1-8 — poli-
acrylamid gel slices
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Fig. 7. Disc Immunodiffusion of 5D antigens. x — animal serum, 1-9 — poliacryl-
amid gel slices (on the right)
Fig. 8. Disc Immunodiffusion of EG antigens. x — animal serum, 1-16 — poli-
acrylamid gel slices (on the left)
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The analysis of the reactivity of immune sera from different immu-
nization periods makes the observation of mutual relationship between
strains more accurate. Boyden (1970) and Fairbrothers (1966)
state that the usefulness of serum in immunotaxonomic investigations
varies according to different injection periods and the composition of
antigens mixture. It may be assumed that in the first period of im-
munization the reaction comes from only a part of antigenic material
such as proteins with strong immunogenic properties, markers of in-
vestigated taxons. When the process of immunization is prolonged,
other proteins in thé antigenic material get involved in the immuno-
genic activity and, in consequence, the immune serum loses its specificity
and immunotaxonomical quality.

It is characteristic that the antigens of human strain HB1 of Naegle-
ria fowleri, which had previously been described as different from all
the other pathogenic strains, reacted with the anti-non-pathogenic sera
after three weeks of immunization, whereas the other two pathogenic
strains reacted with these sera immediately. Similarly, anti-HB1 serum
reacted with antigens of non-pathogenic strains as late as after 35 days
of animals immunization. That means that the greatest antigenic dif-
ferences occur between HB1 and 5D strains as well as between HBI1
and EG. Anti-EG serum, on the other hand, got immediately involved
in positive reaction with antigens of all the investigated strains with
the exception of HBI. This gives rise to the assumption that among the
antigens of EG strain of Naegleria gruberi there were strongly immuno-
genic components, common to the antigens of Naegleria fowleri strains,
which immunized the animal during the first days of immunization.

Assuming that the parasitism of Naegleria strains is of secondary
character and that they originate from free-living forms, it can be
inferred that in the process of acquiring pathogenic properties, certain
antigens were lost or replaced by new ones which are not present in
free-living strains. It can also be possible that the antigenic properties
of these proteins underwent certain modifications. Such presumption
explains the differences between the strains HB1 (typical virulent patho-
gen) and 5D or EG (non-pathogenic free-living strains). The environ-
mental strain KIV, pathogenic for animals, has the antigenic structure
much similar to that of human strains. On the other hand, it preserves
many antigenic properties common to non-pathogenic strains, so it
strongly reacts with anti-EG and anti-5D sera. Its antigens, however,
were not able to induce the synthesis of antibodies which might equally
strongly react with antigens of non-pathogenic strains. 5D, the environ-
mental non-pathogenic strain, reacted in a similar way. The immediate
reaction between its antigens and anti-EG serum supports the view that

5 — Acta Protozool. 251
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the relationship between these species is a close one. However, the anti-
5D antibodies reacted with EG antigens a little slower. The pathogenic
human strain Vitek is quite exceptional among the investigated strains
for it gets involved in strong cross reactions with strain EG immediately.
This untypical behaviour of Vitek was earlier described by other authors
(Van Dijck et al. 1974). It is possible that Vitek is a younger patho-
gen than strain HB1. Therefore, the investigated strains considered in
terms of the degree of antigenic relationship form the following series:
EG — 5D — KIV — Vitek — HB1

4 v
strong antigenic weak antigenic marker of free-
marker of free-living living mode of life, strong
mode of life antigenic new marker of parasitism

The presence of a strong antigenic marker of free environment in
free-living strains facilitates the reaction between the anti-non-patho-
genic strains sera and the pathogenic strains antigens. On the other
hand, the presence of a weak marker of free environment (a marker
of smaller immunogenicity), requires a prolonged period of time neces-
sary for the reaction between the antigens of non-pathogenic strains
and the sera obtained by immunization with pathogenic strains.

The cross reactions of the pathogenic strains protein fractions con-
firmed a close antigenic relationship between them, especially between
the human strains HB1 and Vitek. It is strange, however, that their
protein fractions did not react with anti-5D serum. In ID test there were
two precipitin lines developed by the whole soluble antigens. It is pos-
sible that there were too few antigenic protein in poliacrylamid gel
slices to react with the serum. In accordance to the previous obser-
vations the sera anti-pathogenic strains did not react with EG and only
faintly reacted with 5D protein fractions.

In disc electrophoresis on poliacrylamid gel proteins of amoebae get
separated into about 27 fractions (Hadas$§ et al. 1977). The present
study has found that a sections of gel column entering into reaction
in disc immunodiffusion contains 12 fractions in the case of Naegleria
fowleri strains. Other slices, even after elution and condensation do not
react with immune serum. In the case of Naegleria gruberi the amount
of antigenically active proteins is greater, i.e., 17. Not all protein frac-
tions of the investigated strains, then, react as antigens. It can only
be presumed that some of the antigenically active proteins common to
both Naegleria fowleri and Naegleria gruberi, are of antigenic character
and induce the protective antibody production. It seems that strong
immunogenic properties of non-pathogenic strains and species of amoe-
bae primarily deprived of the potential pathogenic properties and their
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common occurrence in the environment make possible active immuni-
zation of humans and animals against pathogenic strains. This may
be the cause of a relatively small number of cases of PAM in relation
to the frequency of contacts with potentially pathogenic strains of Nae-
gleria in the environment. The above statement finds support in experi-
mental investigations in which animals, immunized by a single dose
of amoeba, survived the intranasal invasion (Culbertson 1971,
John etal 1977, Thong et al. 1978 a, 1979, 1980, 1983). John and
Bush (1980) found that the immunity which is best expressed by the
number of surviving animals is conditioned by a particular amoebae
strain used, the number of cells in the primary (immunizing) dose and
the number of successive doses. The protection can be achieved not
only by the intravenal injection of alive Naegleria gruberi and Naegleria
fowleri amoebae (John et al. 1977), but also by the intraperitoneal
administration of cell-free culture supernatant (Thong et al. 1979)
or immune serum (Thong et al. 1978 b). These experimental data
increase in value in the light of observations made by Cursons et al.
(1980 a), who pointed. to the existence of specific antibodies IgM and IgG
to Naegleria fowleri and Naegleria gruberi in the sera of healthy humans.
The titres of these sera were relatively low, but in view of the above
experiments, it has to be noted that even a minimum level of antibodies
in the sera of healthy humans may form a protective barrier against
the Naegleria invasion.
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Stylocephalus conoides Devdhar, 1962 (Protozoa : Sporozoa)
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Synopsis. The present article describes cytochemical localization of the
hydrolytic enzyme f-glucuronidase in different stages of the life-cycle
of the gregarine Stylocephalus conoides. In the light of our findings
probable physiological roles of this enzyme in the parasite are sug-
gested.

B-glucuronidase, one of the hydrolytic enzymes associated with hydro-
lysis of acid mucopolysaccharides, steroid metabolism, etc., has been
studied cytochemically so far in only two protozoans, viz. Paramecium
caudatum (Rosenbaum and Wittner 1962) and Trichomonas
vaginalis (Sharma and Bourne 1964) and these studies are con-
fined to the trophic stages only. The present study aims at detecting,
by cytochemical methods, the presence/absence of this enzyme in dif-
ferent stages of the life-cycle of a gregarine Stylocephalus conoides, an
intestinal parasite of the beetle Opatrum sp. abundantly available in and
around Dharwar. On the basis of our findings the probable functional
significance of this enzyme to the parasite has been discussed.

Materials and Methods

Trophozoites of S. conoides were obtained from the fore-gut of a few beetles
while cysts were procured from the fecal matter of the beetles. The latter were
rinsed briefly in 0.1% formaldehyde, thoroughly washed in distilled water and
finally kept on moist paper in duly covered “embryo” cups for further development
at room temperature, i.e,, 28 - 30°C, Such cysts yield after a lapse of 24 - 30 h actively
moving gametes easily visible through the cyst wall when examined under a com-
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pound microscope. Subsequent to this zygotes, ie., freshly fertilized oocytes, are
produced. These bodies within 12 h of their formation get enveloped with a re-
sistant coat and become spores. Finally sporozoites are formed within the spores.
The entire process from the zygotes to the formation of sporozoites in S. conoides
takes about four days.

To study the activity of p-glucuronidase in the gregarine life-cycle, smears
of trophozoites from the freshly collected hosts and squash preparations of ga-
metes, zygotes and sporozoites procured from cysts developed in the laboratory
were used in the present work and post-coupling method of Seligman (see Pearse
1072) was followed. Acetone fixed above said preparations were incubated aero-
bically at 37°C for 3 h in a medium consisting of phosphate-citrate buffer (pH 4.95)
10 ml and a few drops of dimethyl formamide in which 2 mg of 6-bromo-2-na-
phthyl-B-D-glucupyrunoside was dissolved. After incubation the materials were
washed in tap water briefly and treated with Fast blue B solution prepared
in phosphate buffer (pH 7.5) at 4°C for 2 min and again were washed in cold
distilled water at 4°C. After a brief rinsing in 0.1%% acetic acid, the preparations
were mounted in glycerol jelly. Samples incubated in substrate-free medium served
as controls.

Observations

Trophozoites of S. conoides showed an intense enzyme activity as
indicated by a uniform distribution of dark purple granules in the endo-
plasm (Pl. I 1). Control preparations showed only traces of the enzyme
activity (Pl. I 2). Gametes and zygotes yielded negative results. Sporo-
zoites showed a mild activity of the enzyme as indicated by one or two
purple coloured granules in these bodies (Pl I 3).

Discussion

Perusal of the literature reveals that so far f-glucuronidase activity
has been cytochemically demonstrated in only two protozoans, viz., Para-
mecium caudatum (Rosenbaum and Wittner 1962) and Tricho-
monas vaginalis (Sharma and Bourne 1964). In both the cases
the enzyme activity is uniform throughout the body of the organisms.
In S. conoides a similar feature is observed too. Opinions regarding the
localization of f-glucuronidase at ultrastructural level are at variance.
Bimodal localization, i.e., lysosomal and endoplasmic reticular, has been
proposed by a few workers (De Duve and Beanfay 1959, Green-
baum 1965, and Herveg et al. 1966 — all cited in Pearse 1972
and Oscar 1969). On the basis of parallelism between the neutral
red stained granules and the cytochemically stained lysosomes in P. cau-
datum Rosenbaum and Wittner (1962) consider the localization
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of this enzyme as lysosomal only. In S. conoides the activities of non-
specific acid and alkaline phosphatase +ve granules (Desai 1985,
in press) and the distribution of dark blue glucuronidase -+ ve granules
show a similar parallelism suggesting the enzyme activity confined to
lysosomes. However, our results based on the cytochemical techniques
adopted, have their own limitations and do not permit us to further
elaborate this controversial matter. From functional point of view, this
enzyme has been associated with intracellular digestion in P. caudatum
(Rosenbaum and Wittner 1962) and T. vaginalis (Sharma
and Bourne 1964), with hydrolisis of acid mucopolysaccharides and
steroidoglucuronic acid (Long 1968). It is also said to be involved in
steroid metabolism, i.e., excretion (Pearse 1972). In S. conoides an
intense activity of this enzyme in all trophic stages and its almost
absence in reproductive stages, viz.,, gametes and zygotes, may indicate
an active role of this enzyme in the organism’s enabolic activities in-
cluding intracellular digestion probably. Further, acid mucopolysaccha-
rides have been demonstrated cytochemically in the gregarine Steno-
ductus penneri (Ramachandran 1976) and it may not be unreason-
able to visualize their occurrence in other gregarines too. In such a case
the enzyme B-glucuronidase may also be involved in the hydrolysis
of these polysaccharides.
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Flagellates Spironucleus mobilis sp. n. in Eel, Anguilla
anguilla (L.)
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Synopsis. A new species of flagellates, Spironucleus mobilis sp. n.,
is described. The protozoans were found in the intestine of eel, An-
guilla anguilla (L.)

The genus Spironucleus Lavier, 1936 was described from amphibians
and fishes. Einszporn-Orecka (1979) found the protozoans in
eel, Anguilla anguilla (L.) with symptoms of morbus anguillorum and
described the flagellates as S. anguillae sp. n. Hunninen and Wich-
terman (1938) encountered flagellates Hexamina sp. in the trematode
Deropristis inflata parasitizing Anguilla chryspa'. The Hexamita sp.
protozoans were also found in the intestine of Ctenopharyngodon idella
by Chen-Chin-Leu (1956). Kulda and Lom (1964 b) trans-
ferred the flagellates reported in the two latter papers to the genus
Spironucleus. Protozoans identified down to the genus level as Spiro-
nucleus were also reported by Molnar (1974) from a few fish species
(Hypophthalamichthys nobilis, Chondrostoma nasus, Barbus barbus, Cy-
prinus carpio, Pterophyllum scalare). Detailed studies on S. elegans La-
vier, 1936 and Hexamita salmonis Moore, 1923 can be found in Kul-
da and Lom (1964 a, b).

During comprehensive studies on eel in 1982 - 1983 parasites were
encountered which differed from those known from the available lite-
rature. The differences observed prompted the authors to described the
protozoans as a new species, Spironucleus mobilis sp. n.

1 Berg (1949) considers A. chrysypa Raf. to be synonymous thh A. anguilla
rostrata (Le Sueur).
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Materials and Methods

The fishes examined had been caught from various parts of the Szczecin
Lagoon (Trzebiez, Lubin, Stara Odra, Stepnica, Nowe Warpno, and Swinoujicie).
The studies were carried out in August 1982 and in July and August 1983. A total
of 190 eels were examined, their, total length and weight ranged within 34-84 cm
and 70 - 1200 g, respectively.

Parasitologic examinations were made on fresh individuals, immediately after
killing the fishes. Mounts were made of the material scraped off from the intest-
ines, the mounts were then examined under the microscope. Whenever flagellates
were found, smears were made on glass plates, dried, and May-Griinwald and
Giemsa stained (Pappenheim’s technique). Drawings and measurements were made
from stained mounts. More than 20 specimens were measured. Apart from the
intestine, the gall bladder content of live fish was examined. Additionally, for
those eels which were found to contain intestinal flagellates, smears of the per-
ipheral blood, liver, spleen, and kidney were made.

Results

Description of Spironucleus mobilis sp. n.

Morphology. Shapes of the protozoans in stained mounts differ.
Fish slime was found to contain strongly elongated, narrow individuals
of obliterated internal structure, somewhat stronger stained in their
anterior part. Their width and length were 4.0 - 5.0 um and up to 16.0 um,
respectively. The flagellates collected from places lacking slime as well
as from the intestinal content were elongated, egg-shaped to oval or
even circular (Fig. 1 and 2). The cell length and width ranged within
9.2-16.0 um and 6.8 - 12.8 um, respectively.

Two elongated nuclei are located in the anterior part of the cell
and occupy about one-third of the cell’s length. The nuclei anterior
parts are often slightly narrowed — the nuclei are then tear-shaped
(Fig. 1 and 2). Their length and width range within 3.6 -4.4 um and
1.8 - 2.4 um, respectively. -

Two oval, non-staining structures similar to vacuoles, frequently
differing in size are situated between the nuclei, tightly attached to the
nuclear membranes, or in their vicinity, depending on cell’s position
(Fig. 1 and 2). Their length and width range within 1.6-2.6 ym and
0.8-2.2 um, respectively. These structures were invisible in numerous
individuals, they might have been obscured by the nuclei or by slime.
Each of these structures has two thin canaliculi, a shorter one directed
forward and a much larger one running to the rear (Fig. 1 and 2).
The posterior canaliculi run sometimes almost parallel, more often, how-
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Fig. 1. Spironucleus mobilis sp. n.

ever, they cross at more or less half the cell's length. In the posterior
part of the cell the canaliculi do not form any funnel-like broadening
and there are no caudal apertures where the two posterior flagellae
are let out. The posterior flagellae measure about 16 -20 um. The po-
sterior flagellae basal bodies are located bétween the anterior ends of
the nuclei.

Six anterior flagellae run from basal bodies situated close to the
anterior margin of the nuclei (Fig. 1). The basal bodies are concentrat-
ed in two groups, three in each. The anterior flagellae length exceed
somewhat that of the cell, the flagellae are, however, shorter than the
posterior ones and measure about 15 -17 um.

Spironucleus mobilis sp. n. was found in the intestines of four eels,
Anguilla anguilla (L.), out of 190 individuals examined. The infested
fishes were caught in different areas of the Szczecin Lagoon. The in-
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vasion intensity was not very high, single to numerous flagellates were
observed. No flagellates were found in the gall bladder, peripheral
blood, liver, spleen, and kidney.

Qoimm

Fig. 2. Spironucleus mobilis sp. n.
Discussion

When the morphology of Spironucleus mobilis sp. n. found in eel,
A, anguilla (L.) is compared with descriptions of other closely related
protozoans, the highest similarity is assigned to the species S. anguillae
Einszporn-Orecka, 1979, described from A. anguilla, too. The two species
do show, however, certain differences.

The main character distinguishing Spironucleus mobilis sp. n. from
S. anguillae is the shape and size of the nuclei. In S. mobilis, they are
elongated, relatively wide, sometimes tear-shaped. They are 3.6 -4.4 um
long, their length being about twice their width. On the other hand,
S. anguillae has slim, sausage-shaped nuclei reaching 3.2-3.6 (4.0) um
in length. The drawings and photographs show the width: length ratio
to be about 1:3 to 4 (Einszporn-Orecka 1979). Additionally,
certain differences are noticed between the sizes of vacuole-like non-
staining structures situated between the nuclei. In S. mobilis sp. n. they
are somewhat smaller (1.6 - 2.6 ym long, 0.8 - 2.2 ym wide) than in S. an-
guillae (2.0 - 2.8 um long, 1.6 - 1.8 um wide).

The parasites’ location in fish is different, too. S. mobilis sp. n. oc-
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curred only in the intestine of A. anguilla. On the other hand, S. anguil-
lae occurred in large numbers in the internal organs (liver, kidney, and
spleen), in the peripheral blood, and in the necrotically changed (ulce-
rated) muscles of eels suffering of morbus anguillarum (Einszporn-
Orecka 1979).

Common for the two Spironucleus species is the lack of any funnel-
like broadening where the posterior flagellae are let out. Kulda and
Lom (1964 b) also pointed to the lack of any caudal aperture in their
redescription of S. elegans Lavier, 1936 occurring in Pterophyllum sca-
lare and amphibians. S. elegans differs from the species discussed in
the present paper by the shape of the cell and nuclei and by the absence
of vacuole-like non-staining structures between the nuclei.

S. mobilis sp. n. is different from the flagellates observed in the
trematode Deropristis inflata parasitizing the intestine of Anguilla chry-
spa, the flagellates were found in eggs and uterus of the trematode and
described by Hunninen and Wichterman (1938) as Hexamita
sp. Kulda and Lom (1964 b) are of the opinion that the protozoans
should be transferred to the genus Spironucleus Lavier, 1936. The cells
contain strongly elongated, sausage-shaped nuclei with a bright outline
of the membrane in the posterior part, there are no vacuole-like non-
staining structures.

According to Kulda and Lom (1964 b), the intestine of some
freshwater fish (Salmo trutta m. fario) is inhabitated by a parasitic
species Hexamita salmonis Moore, 1923). Its morphology differs com-
pletely from the newly described species Spironucleus mobilis. The pro-
tozoans belonging to H. salmonis have oval nuclei with a large caryo-
some separated from the nuclear membrane by a bright zone. Additional-
ly, the posterior end of the body shows funnel-like broadenings, i.e.,
caudal apertures, letting the posterior flagellae out. This is one of the
major generic characters (Kulda and Lom 1964 b). Moreover, Sul-
man (1984) mentions another species of the genus, found also in fish,
H. truttae Schmidt, 1920 which is morphologically close to H. salmonis.

The flagellates of this groups, occurring in fish, are rather poorly
known. Further studies will perhaps render some morphological obser-
vations more precise.
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Synopsis. Four new species from the Arctic Regions are described and
some ecological data are given: Cyclopyxis lecercqi sp. nov. and Dif-
flugiella vanhoornei sp. nov. from S. E. Greenland, Centropyxis ponti-
gulasiformis sp. nov. and Cyphoderia perlucidus sp. nov. from Edge-
oya (Svalbard). Some rare species are also discussed.

For the past few years the authors have been running a project
on the distribution, ecology and population structures of testate amoe-
bae in the Arctic Regions. So far, fieldwork has been accomplished in
S. E. Greenland (1978), Jan Mayen (1983), N. W. Spitsbergen (1983)
and Edgeoya (Svalbard 1984). This paper presents four new species,
and also mentions some rare and remarkable rhizopods. Details of cli-
mate, geology, geomorphology and the population structures will be
given in further papers.

The New Species from S. E. Greenland

The study area is situated £75 km north of the main settlement
of Angmagssalik (map 1 and 2), at the head of the Tasilagfjord (Pl. I 1).
This region has a low-arctic, oceanic climate. Topographically it is a wild
mountainous area, deeply dissected by numerous fjords.

Authors names in alphabetical order.
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Map 1. The positions of the Angmagssalik region in East-Greenland (1) and Ed-
geoya in Svalbard (2)

Map 2. The position of the Tasilag-fjord area in the Angmagssalik region. Point 1
marks the site of Centropyxis lecercqi sp. nov. on the river delta, point 2 the
locality of Difflugiella vanhoornei sp. nov.
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Cyclopyxis leclercqi sp. nov. (Pl. II 6)

Description. The shell is circular in apertural view, dorsi-ven-
trally compressed with a swollen rim. It is composed of small poly-
morphous mineral particles. The aperture is slightly invaginated, circu-
lar and central, with three of four internal extensions reaching the
dorsal part of the shell.

Measurements (in pm):

diameter of shell diameter of aperture depth of shell
116 - 118 55 - 58 33-38
n=35

The Sampling Site: Description and Ecological Data

The habitat is situated in the river delta at the head of the fjord
(PL. I 2 and 3). It is a pool (11 m long and max. 4 m wide) partly over-
grown by subaquatic mosses. The surrounding vegetation consists mainly
of Salix glauca ssp. callicarpaea (Trauty) Boch., Equisetum variegatum
Schleich., Polygonum viviparum L., Salix herbacea L. and Bartsia alpi-
na L. Sampling occurred on 20.07.1978.

The temperature of the water, in bright weather, was 16°C at the
surface, and 10°C on the bottom at 30 cm, with a pH of 6.8 to 7, and
12 mg dissolved oxygen.

The testate amoebae population consisted of only five species with
Cyclopyxis leclercqi sp. nov. comprising 53% of the individuals. Eugly-
pha tuberculata Dujardin (26.5%), Centropyxis aerophila sphagnicola
Deflandre (8.8%), Difflugia linearis (Penard) Gauthier-Liévre et Thomas
(5.8°/) and Centropyxis aerophila Deflandre (2%) were also observed.
The diversity of this population is low, with a value of 1.2 according to
the Shannon-Weiner formula, while maximum diversity (H max) equals
1.6.

Difflugiella vanhoornei sp. nov. (Pl II 7)

Description. The shell is ovoid, with a circular cross-section.
It is entirely chitinoid, with a yellowish hyaline tint. The aperture is
circular, obliquely truncated, and the border shows a slight swelling.
Measurements (in um): :
diameter of shell diameter of aperture depth of shell

13-155 38-45 8-85
n=35

The Sampling Site: Description and Ecological Data

On the east side of the fjord, small brooks intersect the heavily
hummocked tundra (Pl. II 3). These brook vary between 30 to 70 cm
in width, with the water level more than 40 cm under the soil surface.
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The moss sample (Sphagnum girgensohnii Russ.) was taken from the
steep bank of such a brook, approximately 10 m as.l The surrounding
vegetation is luxurious, reaching a height of almost 40 cm. The following
plants were noted: Salix glauca ssp. callicarpaea (Trautv.) Béch., Poly-
gonum viviparum L., Carex bigelowii Torr., Salix herbacea L., Taraxa-
cum sp., Poa alpina L., Bartsia alpina L., Veronica alpina L. Sibbaldia
procumbens L. Sphagnum girgensohnii Russ. prefers moist substrata
(Andrus 1974).

The testate amoebae fauna from this sample is fairly rich with four-
theen species in all. The composition is as follows: Centropyxis aerophila
Deflandre (22%), Euglypha rotunda Wailes (17%), E. laevis Perty (15%),
Difflugiella vanhoornei sp. nov. (12%). Trinema lineare Penard (10%),
Euglypha strigosa glabra Wailes (7%), E. tuberculata Dujardin (4%),
Trinema lineare truncatum Chardez (4%), Phryganella acropodia (Hert.
et Less.) Hopkinson (2%), Nebela penardiana Deflandre (2%), N. tincta
(Leidy) Awerintzew (2%), Trinema enchelys (Ehrenberg) Leidy (2%),
Assulina muscorum Greeff (2%), Cyclopyxis ambigua Bonnet et Tho-
mas (2%). A moderate to high diversity is apparent: 2.3; H max. 2.6.

The New Species from Edgeoya

Edgeoya is the main southeastern island of the Svalbard archipelago
(map 1 and 3). It has a high-arctic and more continental climate. Topo-
graphically, the island has mountains of the plateau-type, divided by
broad valleys.

Centropyxis pontigulasiformis sp. nov. (PL III 1-5)

Description. The shell is formed of two distinct parts: the
shell body, and a rather large semi-circular visor. The body is per-
fectly spherical and is perforated by a small circular aperture. The
shell wall is composed of an organic matrix, incorporating fine plate-
like polymorphous mineral particles. The visor which expands fan-
like above and around the aperture, is mostly embossed with more
voluminous quartz particles, in particular at the rim. Seen from an
apertural view, this visor is as large as the shell body.

Measurements (in pm):
diameter of the shell  diameter of the aperture

58-62 8-10

length of the visor total length
24-28 82-90
nmS§
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RUS/SEBUKTA J <

Map 3. The present known distribution of the discussed species on Edgeoya. One
should note that the best studied site is Rosenbergdalen/Kapp Lee, where most
of the samples have been taken

W Centropyxis pontigulasiformis sp. n.
in pools

0O Centropyxis pontigulasiformis sp. n.
in terrestric mosses

® Cyphoderia perlucidus sp. n.

A Nebela nobilis (Cash.) Deflandre
in pools

A Nebela nobilis (Cash.) Deflandre
in terrestric mosses

@® Paraguadrula madarica Valkanov

@ Centropyxis acuminata Cofiteaux et Chardez

The Sampling Site: Description and Ecological Data

Centropyxis pontigulasiformis sp. nov. has been found near the
east coast, the north-east coast and the north-west coast of Edgeeya,
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in very wet to wet terrestrial mosses and in mosses living in pools
(map 3).

The Pools. The pools are situated in the moss-tundra; one of
them (Site 45) being somewhat anomalous since it was a pool in
a cracked rock, lying in the tundra.

No. site and sample 42, W71 44, W76 45, W78
locality Semenovijella Semenovfjella Rosenbergdalen
(PL15) (Pl 1 6) CPLIY
date of sampling 16.08.84; 16.08.84; 22.08.84;
11 h 00 12 h 00 14 h 30
height as.l. 100 m 100 m 4-20m
appr. size depth ISmx4m 3.5mx2m 2mx02m
12cm 11 cm 19 cm
aquatic vegetation Calliergon stramineurmn Calliergon stramineum Calliergon giganteum
(Brid.) Kindb. a moss and Ranunculus hy-  (Schimp.) Kindb. and
species perboreus Rottb. macroscopic Chloro-
phyta
temperature (in °C) 7.5 8 3
pH 8.2 83 7.2
conductivity in
(um ho-cm~') 43 39 110

The following species have been observed in these pools (given
in percentages):

w1 W 76 W 78

Centropyxis sylvatica

(Deflandre) Thomas 238 194 —
Centropyxis aerophila

Deflandre - - 333
Centropyxis pontigulasi-

Sormis sp. nov. 3 19 13.9 26.2
Centropyxis gibba gib-

bosa (Rampi) Godeanu — 19.4 -
Difflugia globulus

(Ehrenberg) Hop-

kinson - 30.5 -
Difflugia globularis

(Wallich) Leidy - - 238
Diffiugia penardi

(Penard) Hopkinson - - 9.5
Trinema lineare Penard 57.1 16.6 7.1
Number of species 3 5 5
Diversity index (H) 0.96 1.6 1.5
Maximum diversity .

(H max) 1.1 1.6 1.6

The similarity index (according to the formula of Spatz), suggests
a separation between the eastern populations and the one from the
western part of the island:
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Samples 71-76 71-78 76-78
IS, (ranging from 0
to 100) 27.5 7.7 B

The Aerophitic Terrestric Mosses. The moss sam-
ples originate from the moss-tundra on the east coast and the north-
west coast.

No. site and sample 36, M 54 49, M 59 SIL,M75
locality Bladfjordflya Rosenbergdalen Rosenbergdalen
(PLI4) (Pl 11 2) (PLL 11 5)
date of sampling 14.08.84, 23.08.84, 24.08.84
14 h 05 14 h 30 12 h 30
height a.s.l. no data I5m 10m
moss species Drephanocladus revol-  Bryum cryophilum Calliergon giganteum
vens (sw.) Warnst, Mirt. (Shimp.) Kindb.
moisture content-class very wet wet very wet
(according to
Jung 1936) F: I F:IV F:
temperature (in °C)
<41 m above soil level 7 5.5 2
soil level 8 11 4
relative humidity
at + Im 2% 69% 2%
at soil level 72% 78% 74°,

The following populations were found living in these mosses (ex-
pressed as percentages):

M 54 M 59 M 75

Centropyxis sylvatica

(Deflandre) Thomas - 20.8 w2
Centropyxis aerophila 348 17 26

Deflandre
Centropyxis pontigulasi-

Jormis sp. nov. 26 11.3 111
Centropyxis plagiostoma

Bonnet et Thomas - 7.5 -
Difflugia dujardini

Chardez - - 1.1
Difflugia globularis
. (Wallich) Leidy - - 14.8

Diffiugia minuta Rampi 27.5 - —
Diffiugia penardi

(Penard) Hopkinson — 5.7 14.8
Nebela wailesi

Deflandre - 15 -
Trinema lineare Penard 1.6 22.6 222
Number of species 4 7 6
Diversity index (H) 1.3 1.8 1.7
Maximum diversity

(H max) 14 2 1.8
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——

In this case the similarity index also seems to indicate a difference
between the population on the east and those from the west coast.

Cyphoderia perlucidus sp. nov. (Pl. III 8 - 10)

Description. The shell is, as characteristic for the genus, re-
tort-shaped and circular in transverse section. The bent collar at the
apertural end makes an angle of 30-40° with the longitudinal axis.

The aperture is circular, the aboral region rounded. The shell is
composed of numerous very small circular shell plates, the whole being
transparent and fragile.

Measurements (in pm):

length of shell diameter of shell diameter of aperture
50-58 25-27 10-11
ne=35

. The Sampling Site: Description and Ecological Data

Cyphoderia perlucidus sp. nov. was present in three moss samples
from the moss-tundra in Rosenbergdalen.

No. site and sample 51, M 69 51, M 76 51,LM 77

locality Rosenbergdalen Rosenbergdalen Rosenbergdalen
(Pl. 11 5) (PL. 11 4)

date of sampling 24.08.84, 24.08.84, 24.08.84,

12 h 30 12 h 30 12 h 30
height a.s.l. 10m 10m 10m
moss species Distichium capil- Homalothecium Calliergon gigan-

laceum (Hedw.) nitens (Hedw.) teum (Schimp.)
BS. et G Robins Kindb.
moisture content fairly wet fairly wet wet
class (cfr. Jung 1936) F:V ) AR F:1V
temperature (in °C)
-+1 m above soil level 2 2 2
soil level 4 4 4
relative humidity
+1m 72% 74%, 74%,
s0il level 74% 74%, 74%

The following testate amoebae populations were found in these
samples (expressed as percentages):

M 69 M 76 M77
Centropyxis aerophila Deflandre 7.7 25 25
Plagiopyxis callida Penard 2.1 - 2
Plagiopyxis labiata Penard -- - 1.4
Difflugia bryophila (Penard) Jung - -- 11.6
Difflugia dujardini Chardez - - 2.7
Difflugia lucida Penard - 104 1.4
Difflugia lata Jung = - 2.7
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Difflugia paulii Ogden — — 20
Nebela dentistoma oblonga

Gauth.-Lievre et Thomas - - 7.5
Nebela penardiana Deflandre 28 6.2 13
Nebela tubulosa Penard — - 15.8
Nebela tincta (Leidy) Awerintzew - 6.2 -
Paraquadrula globulosa (Penard)

Ferlan 338 - -
Paraquadrula irregularis Archer 5 - -
Paraquadrula madarica Valkanov 12.6 - -
Euglypha rotunda Wailes 7 - —
Trinema lineare Penard 12.6 43.7 20.5
Trinema penardi Thomas

et Chardez . . 2.1 - —
Cyphoderia perlucidus sp. nov. 14.1 83 4.1
Number of species 10 6 13
Diversity index (H) 2 1.5 22
Maximum diversity (H max) 23 1.8 26

The similarity between these populations is low:
69-76 69-77 76-77

1S, 8.2 6.8 9.4

Some Rare Species Encountered in Svalbard

Nebela nobilis (Cash) Deflandre (Pl. III 7) syn.: Hyalosphenia no-
bilis Cash, 1908. In his monograph of 1936, Deflandre put this
species in the group of “Species inquirendae vel incertae”.

The shell is pyriform with a circular cross-section. The elongated
neck is cylindrical, the aperture truncated at right angles. The shell
is transparent, with small reworked scales, inlaid in an organic ma-
trix. These shell scales of different sizes are not contiguous.

Measurements (in pm):

length of shell length of neck
200-216 - 60-66
diameter of shell diameter of aperture
90-106 38-43
ne=S

Geographical distribution: This species is known from
Great Britain. Plaifair (1917) cited a variety compressa from
Australia. We observed this species in three samples from Svalbard:
one from Bockfjorden in N. W. Spitsbergen (79°27'N, 13°16'E), the
other two being collected on Edgeeya. Some information on these sam-
ples is listed below:

locality : Bockfjoren Rosenbergdalen Rosenbergdalen
(N.W. Spitsbergen)  (Edgeoya) (Edgeoya)
habitat pool pool moss:

Aulacomnium turgi-
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dum (Weihlenb.)
Schwaegr.
date of sampling 27.06.1983 22.08.1984 23.08.1984
height as.l. 40 m ~ 10m ISm
dimensions 80 cm x40 cm 20cm % 10 cm
depth max. 10cm 3cm
temperature 6°C 3.5°C
pH 78 7
conductivity in pm ho-cm-! 80 120
moisture content almost dry
(F : VI
number of species 14 10 18
dominant Difflugia pulex Difflugia bryophila Centropyxis aero-
Penard (Penard) Jung phila. Deflandre
(19.8%) (25.9%) (16.9%)
relative frequency of N. nobilis 5.89% 3.5% 2%
diversity of the population 23 2 2.5
maximum diversity 26 23 28
similarity - non existent -

Centropyxis acuminata Couteaux et Chardez, 1981 (Pl. III 6)

This species which has been described from a forest soil humus
of French Guyane, must be considered as an intermediate form bet-
ween C. aerophila and C. cassis. It is distinguished by the shape of the
aboral region of the shell which is always pointed by an accumulation
of exogenic particles. Length: 70 pm to 100 um

We have found this species in soil (pH :5) under a reindeer antler,
and in the soil (pH:5) beneath a moss species and an unidentified
mushroom (Basidiomycetes).

Paraquadrula madarica Valkanov, 1962

Amongst the numerous species of Paraquadrula we noticed the pre-
sence of P. madarica in some moss samples (Distichium capillaceum
(Hedw.) B. S. et G., Homalothecium nitens (Hedw.) Robins) from Rosen-
bergdalen (Edgeeya). Typical for this species is the obliquely truncated
aperture, but in contrast to the descriptions of Valkanov, the aperture
is only slightly ovoid, and mostly even perfectly circular.
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EXPLANATION OF PLATES I-1II

Plate I

1: Aerial view of the Taxilag-fjord, seen from the North

2: The non-tidal part of the river delta, in the Tasilag-fjord. A pool in this plain
represents the site of Cyclopyxis leclercqi sp. nov.

3: View of the delta with conspicuous Eriophorum-vegetation

4: Locality 36 on Blafjordflya. A sample of the moss Drepanocladus revolvens
(Sw.) Warnst (see arrow) contained Centropyxis pontigulasiformis sp. nov.

5: Locality 43 on Semenovfjella. Subaquatic Calliergon stramineum (Brid) Kindb.
mosses form the habitat of Centropyxis pontigulasiformis sp. nov.

6: Locality 42 on Semenovfjella (see arrow), Centropyxis pontigulasiformis sp. nov.
gd;ound in a sample of the subaquatic moss Calliergon giganteum (Schimp.)
7: Moss-tundra near Rosenbergdalen, looking towards Kapp Lee. The arrow marks
site 49, where Centropyxis pontigulasiformis sp. nov. was found

8: View from the north of the moss-tundra near Rosenbergdalen. The arrow in-
dicates site 51, where Centropyxis pontigulasiformis sp. nov. and Cyphoderia per-
lucidus sp. nov. were sampled

Plate II

1: The pool with Centropyxis pontigulasiformis sp. nov. is situated in the crack
of the rock (site 45)

2: Bryum cryophilum Mdirt., another habitat of Centropyxis pontigulasiformis sp.
nov.

3: The hummocked low-arctic tundra beside the Tasilag-fjord. Difflugielia van-
hoornei sp. nov. was found here in Sphagnum samples

4: Moss-tundra (site 51) near Rosenbergdalen. The sample of Calliergon giganteum
(Schimp.) Kindb. (arrow) contained Cyphoderia perlucidus sp. nov.

5: Moss-tundra (site 51) near Rosenbergdalen, the locality of Centropyxis ponti-
gulasiformis sp. nov. (A) and Cyphoderia perlucidus

6: Cyclopyxis leclercqi sp. nov. Apertural view

7: Difflugiella vanhoornei sp. nov. A — lateral view, B — apertural view

Plate I1I

1-5: Centropyxis pontigulasiformis sp. nov. Apertural views

2: Centropyxis pontigulasiformis sp. nov. Lateral view

5: Shows the aperture (Ap) without the visor

6: Centropyxis acuminata CoQteaux et Chardez. Apertural view
7: Nebela nobilis (Cash) Deflandre. Lateral view

8 - 10: Cyphoderia perlucidus sp. nov. Lateral views

11: Paraquadrula irregularis Archer. Lateral view
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Synopsis. This paper deals with the morphology, life history, cyto-
chemistry and seasonal intensity of two new species of septate gre-
garines (Apicomplexa : Sporozoea) in the gut of the coleopteran pest,
Tribolium castaneum collected from nuts. These are G. basiconstricto-
nea sp. n., the ratios of which are LP:TL =1:26-51 (3.85); WP:
WD=1:10-175 (1.25) and H. oxeata sp. n., the ratios of which are
LP:TL=1:33-55 (42); WP: WD = 1:0.8 - 1.75 (1.06).

The common flour beetle Tribolium castaneum (Herbst) is known
to harbour a number of protozoan parasites (Sokoloff 1972, Hal-
dar et al. 1984). Some of these protozoans produce pathological symp-
toms upon the host and as such their importance as the microbial agents
for controlling insect pests is immense. Besides flour, Tribolium casta-
neum also infests a number of other stored grains and nuts. The present
communication records two new species of septate gregarines (Apicom-
plexa : Sporozoea) in the midgut of this beetle infesting groundnuts
and walnuts.

Gregarina basiconstrictonea sp. n. has been obtained in the beetle
from groundnuts while Hirmocystis oxeata sp. n. is reported from the
beetle infesting walnuts. Descriptions of the detailed life history, local-
ization of some important cytochemical substances and seasonal intensity
of infection have been incorporated in the paper.

Material and Methods

The host insects Tribolium castaneum (Herbst) were collected from groundnuts
and walnuts from a grocer’s shop at Chinsurah, West Bengal and brought alive to
the laboratory for investigation. The insects were decapitated, their guts carefully
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dissected out under a dissecting binocular and gently pressed for the parasites
to come out from the gut lumen. Thin smear preparations were fixed in Schaudinn's
fluid and subsequently stained with Heidenhain's haematoxylin. Portions of midgut
of infected hosts were fixed in Bouin's fluid and 5 um thick sections were
stained as above for studying any intracellular stages of development of the para-
sites. Cysts were collected from the hind gut of the infected hosts and cultured
in moist chamber for sporulation (Sprague 1941). Standard cytochemical tech-
niques have been followed for detecting the patterns of localization and the degrees
of concentration of various substances like general and mucopolysaccharides, ge-
neral protein, simple lipid, alkaline phosphatase and nucleic acids (Pearse 1976).
For studying the seasonal intensity the hosts were collected and examined through-
out the year, the percentage of infection were noted and plotted in histograms.
The following abbreviations have been used:

TL — Total length: LE — Length of epimerite; LP — Length of protomerite;
LD — Length of deutomerite; LN — Length of nucleus; WE — Width of epimerite;
WP — Width of protomerite; WD — Width of deutomerite; WN — Width of nu-
cleus.

The ratios used in this paper are those of length of protomerite to total length
(LP:TL) and the width of protomerite to width of deutomerite (WP : WD). The
holotype and the paratype materials are deposited at the Department of Zoology,
University of Kalyani.

Observations

Life History

Gregarina basiconstrictonea sp. n.

Host: Tribolium castaneum from groundnuts.
Incidence: 123 out of 332 hosts examined are infected with this gregarine.
Development: Early development of this gregarine takes place
within the epithelial cells of the midgut of the insect. The earliest stage
has an ovoidal body with a spherical nucleus. The infected cell shows
a clear area around the parasite. Subsequently the parasite acquires
a protomerite and a deutomerite and leaves the infected epithelial cell.
Trophozoite: The trophozoite is an elongated organism appear-
ing opaque white in colour when viewed freshly. It measures 45.9 to
48.6 pm in total length. The body contains the usual three segments:
the epimerite, the protomerite and the deutomerite. The epimerite is
small, papilla-like (Fig. 1) and measures 3.2 um to 18.9 um in length
and 3.2 um to 16.2 um in width. Occasionally, the epimerite expands
greatly giving it a bulbous appearance (Fig. 2). The protomerite is ton-
gue-shaped measuring 8.1 ym to 135 uym X 8.1 um to 17.6 um while
the deutomerite is the largest segment of the body and is cylindrical
to obese in shape with a rounded posterior extremity. The cytoplasm is
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uniformly granulated throughout the protomerite and deutomerite. The
nucleus is variable in shape and measures 4.1 pm to 13.5 um X 5.4 um
to 9.5 um in dimension. The pellicle is thick and the epicyteal striations
cannot be observed.

Soum

Sums

Fig. 1-10 — Camera lucida drawings of Gregarina basiconstrictonea sp. n. 1-2 —
Trophozoite from stained smear, 3 — Young sporadin, 4-5 — Mature sporadins
in different shapes and sizes, 6-7 — Sporadins in syzygy, 8 — A gametocyst
with two equal gametocytes, 9 — Gametocyst with four sporoducts, 10 — Barrel-
shaped spore with eight sporozoites and two knob-like projections at each pole
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Sporadin and association: The young solitary sporadins
(Fig. 3, 4) are oval in shape and measure 21.6 ym in length and 10.8 ym
in width. The protomerite is spherical measuring 8.1 um X 9.5 pm while
the deutomerite is obese, its width being maximum at the middle.
A deeply stained elliptical nucleus is present at the posterior portion
of the body. The mature sporadins (Fig. 5) are cylindrical in shape and
measure 35.1 um to 166.1 um in total length and 13.5 um to 43.2 ym
in width. The protomerite is dome-shaped and measures 8.1 um to
32.4 ym in length and 10.3 ym to 31.1 uym in width. The deutomerite
is long cylindrical in shape with a slightly broader posterior end. The
nucleus is rounded to elliptical in shape and is situated in the posterior
portion of the deutomerite. It measures 4.1 ym to 13.5 um in length
and 5.4 pm to 13.5 pm in width.

The sporadins in syzygy are obtained in large numbers. The asso-
ciation between two sporadins is always caudo-frontal in nature (Figs. 6,
7). The posterior tip of the deutomerite of the primite fits firmly with
the protomerite of the satellite. The primite and the satellite are mor-
phologically different. The protomerite of the primite is expanded fan-
like, while the satellite is somewhat barrel-shaped. The primite is some-
times larger than the satellite (Fig. 6).

Gametocyst and spore: Gametocysts are collected from the
hindgut of infected hosts. Gametocysts are rounded in shape and enclose
two equal gametocytes. A sharp constriction is present at the junction
of two gametocytes in freshly collected cysts (Fig. 8). The cysts measure
100.8 ym X 98.6 ym in dimension in the average. Four sporoducts are
developed on the cyst surface at about 30 h of development. The sporo-
ducts are characteristically constricted at their bases and then become
broader immediately after the constriction and gradually taper towards
the free end (Fig. 9). Forty eight hours after the formation of the sporo-
ducts, spores are liberated in short chains.

The double-walled, barrel-shaped spores (Fig. 10) measure 6.3 um X
4.2 ym in the average. There are four distinct knob-like structures, two
in each pole of the spores. The eight rounded sporozoitgs are arranged
in two oblique rows inside each spore.

Measurements (in um): The summary of measurements of 20
specimens of trophozoites and sporadins with the mean within paren-
thesis is given below:

Trophozoite
TL = 45.9 - 48.6 (47.7);
LE = 32-189 (219); WE =32-162 (10.1);
LP =81-135 (108); WP =8.1-176 (12.1);
LD =203 -346 (264); WD = 13.5-20.3 (17.6);
LN =4.1-135 (6.8); WN =54-95 (6.7):.
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Sporadin
TL = 21.6 - 166.1 (54.3);
LP = 81-324 (13.8); WP = 945 - 31.1 (15.3);
LD = 135-133.6 (38.9); WD = 103 -43.2 (19.4);
LN = 41-135 (6.7); WN = 54-135 (6.9);

LP:TL = 1:26-5.1 (3.85)
WP:WD = 1:10-175 (1.25)

Details of measurements of individual specimens are given in Table 1.
Table 1

Showing details of measurements (in um) of different parts of 20 individuals of Gregarine basi-
constrictonea sp. n.

::; TL‘ LE | LP LD’ LN we’wp]wo‘ww‘w:nlwp:wo
@ | 4s9 | 324 81 |3456| 405! 324 108 | 189 ‘ s4 | 1:56 | 1:17s
@ | 486 175108 | 2025 7.56 (162 | 81 | 135 | 675 | 1:45 ' 1:16
() 486 189 135 | 243 | 675 108 |17.55 2025 | 675 | 1:36 | 1:1I
@ 351 | — | 945 2565| 7.56| — 108 | 14.85| 7.56 | 1:37 | 1:14
®) | 567 | — 1755|3945 675| — |17.55 1755 | 675 | 1:32 | 1:10
© | 350 | — |1215[2295| 675| — |1215 135 | 675 | 1:28 | 1:108
(M (486 | — |162 |324 | 405| — |1215|2295| 54 | 1:30 | 1:10
® 243 | - | 81 |162 | 54 l ~ 11026 1026 | 54 ‘ 1:30 | 1:1.0
© 864 | — 162 (702 | 81 | — [216 [243 |81 | 1:53 | 1:11
(10) 810 | — 216 9.4 9.4st — |243 |351 [o4s | 1:37 | 1:14
an [ S13 | — 1485|3645 675| — | 17.55 2025 | 8.1 | 1:345 | 1:LIS
(2 (276 — | 756[162 [ 459| — | 972|108 |54 | 1:31 | 1:11
) |94 | — |162 |42 | 675| — |1215 162 | 675 [ 1:36 | 1:13
(4 | 432 | — 1485 |2835| 486 — | 135 | 1485, 486 | 1:29 | 1:1LI
(a9 | 351 | — (108 243 | S4 | — |162 |189 | 54 | 1:32 ‘ 1:1.16
(16) 16605| — 1324 (13365135 | — |23105 432 | 55.| 1:51 | 1:13
an | 675 | — 162 [513 | 675 | — | 216(243 [ 81 | 1:40 | 1:1
08) | 729 | — | 945 | 6345| 945| — |1215(2025| 945 | 1:77 | 1:16
a9) 351 | — |1134 2376 54 | — |162 162 | 54 | 1:30 | 1:10
@) {216 | — | 81 |135 | 54| — |'oas|io8 |54 | 1:26 | 1311
Material:

(@) Holotype: Trophozoite on slide No. B/18 prepared from the contents
of the midgut of Tribolium castaneum, from groundnut at Chinsurah,
Hooghly, West Bengal, India, by S. Ghose on May 11, 1983.

(b) Paratype: Many, on the above numbered slide and on other slides;
other particulars are the same as for the holotype material.

Affinities: The characters like globular or knob-like epimerite,
caudo-frontal association, dehiscence of cysts through sporoducts and bar-
rel-shaped spores place the gregarine under the genus Gregarina. A very
careful comparison of the parasite with those enlisted by Watson
(1916), Kamm-Watson (1922) and others, however, reveals that
it has no resemblance with the earlier described species. It somewhat

7 — AcCla Protozool. 251
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comes closer with G. blattarum Siebold, G. pillinensis Watson and G. pas-
sali Lankester in the ratios of different body parts; the barrel shaped
spore is a common feature in every species. The most striking character
which separates the present one from all other species is that each of
the four sporoducts shows a distinct constriction at the base. In this
respect it can also be differentiated from the Gregarina spp. from Tri-
bolium (Ishii 1914, Lipa 1967). It is, therefore, considered as a new
species, for which the name Gregarina basiconstrictonea is given (L. ba-
sis — base; constrictan — constriction).

A comprehensive discussion on the differences between the present
form and G. minuta Ishii, 1914 has been made later in this communi-
cation.

Hirmocystis oxreata sp. n.

Host: Tribolium castaneum from walnuts.
Incidence: 120 out of 257 hosts examined are infected with this gregarine.

Development: The earliest stage of the parasite found in the
paraffin sections of epithelial cell of the host is a spherical body. Further
developmental stages could not be seen in our histological preparations.

Trophozoite: Only one trophozoite has so far been obtained
in smears. This is solitary, elongated and milky white in colour when
freshly collected. The trophozoite measures 40.5 um in total length. It
contains the usual three segments: epimerite, protomerite and deuto-
merite. The epimerite is a hyaline structure with a characteristic oxeate
shape (Fig. 11) measuring 6.6 uym in length and 4.1 ym in width. The
protomerite is elongated and broadest at the middle, measuring 9.5 um
in length and 10,8 ym in width. The deutomerite is the largest segment
of the body measuring 24.3 uym in length and 16.2 um in width. The
posterior extremity of the deutomerite is rounded. The cytoplasm is
uniformly granulated throughout the protomerite and deutomerite. The
nucleus is spherical with an indistinct nuclear membrane. It is present
at the centre of the deutomerite and measures 6.8 um in length and
54 um in width. The pellicle is thin and the epicyteal striations are
not observable.

Sporadin and Association: Solitary sporadins are elon-
gated, cylindrical or broadly ovoidal. Structurally the sporadins differ
markedly from the trophozoite. The young solitary sporadin (Figs. 12,
13) is globular in shape and measures 27.0 ym in length and 9.5 ym
in width. The protomerite of the sporadin is hemispherical measuring
8.1 um X 9.5 um. The deutomerite is somewhat barrel-shaped measuring
189 um X 9.5 um. The mature sporadin (Fig. 14) is cylindrical in shape
and measures 27.0 um to 121.5 um in total length and 8.1 uym to 24.3 ym
in width. The protomerite is hemispherical with distinct epicyteal stria-
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tions and measures 8.1 uym to 24.3 uym in length and 8.1 um to 32.4 um
in width. The deutomerite is separated from protomerite by a distinct
concave septum. The deutomerite is long, cylindrical in shape with
broader posterior end. The nucleus is rounded to elliptical in shape and
situated at the posterior portion of the deutomerite. It measures 4.1 um
to 13.5 um in length and 4.1 um to 122 um in width. The cytoplasm
is granulated and uniformly distributed in both protomerite and deuto-
merite.

" sopun

Fig. 11-19. Camera lucida drawings of Hirmocystis oxeata sp. n. 11 — A fully

grown trophozoite, 12-13 — Young sporadins in different shapes, 14 — Mature

sporadin, 15-16 — Sporadins in syzygy, 17 — Gametocyst, 18 — Showing de-

hiscence of gametocyst through simple rupture, 19 — Barrel-shaped spores with
eight sporozoites and two knob-like projections at each pole
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The sporadins in caudo-frontal syzygy are obtained in large numbers
(Fig. 15, 16). Morphologically both primite and satellite are similar.
The two sporadins in syzygy gradually bend upon themselves resulting
in a head-tail attachment. Ultimately these become enclosed in a cyst
wall.

Gametocyst and Spore: Gametocysts are collected from the
hind gut of the infected hosts. A freshly collected gametocyst is greyish
white in colour, rounded (Fig. 17) and measures 116.9 um in length and
104.0 ym in width. Cyst wall is thin and transparent. After 18 h of
development inside the moist chamber the cyst brusts by a simple rup-
ture (Fig. 18) liberating spores in short chains. The barrel-shaped,
double-walled spores (Fig. 19) measure 5.9 uym in length and 4.3 um
in width. There are four knob-like projections, two at each pole, of the
spores. These are probably made of a mucoid substance (Sprague
1941), and perhaps help spores to attach endwise and come out through
short chains. Formation of eight sporozoites is completed at 50 h inside
the moist chamber.

Measurements (in um): The summary of measurements of
20 specimens of trophozoite and sporadins with the mean within pa-

renthesis is given below*
Trophozoite

TL = 40.5;

LE = 6.6; WE = 4.1,

LP = 9.5; WP = 10.8;

LD = 243, WD = 16.2;

LN = 6.8; WN = 6.7;

Sporadin

TL = 27.0- 1215 (64.5);

LP = 81-243 (15.1); WP = 8.1-27.0 (15.9);
LD = 18.9-972 (49.0); WD = 108 - 243 (17.5);
LN = 4.1-135 (7.5); WN = 4.1-12.1 (6.5);

LP:TL =1:33-55 (4.2);
WP: WD =1:08-175 (1.06).
Details of measurements of individual specimens are given in Table 2.

Material:

(a) Holotype: Trophozoite on Slide No. AP/3 prepared from the contents
of the midgut of Tribolium casteneum, from walnuts at Chinsurah, Hooghly,
West Bengal, India by S. Ghose on June 7, 1983.

(b) Paratype: Many, on the above numbered slide and on other slides;
other particulars are the same as for the holotype material,

Affinities: This gregarine has also been obtained from Tribolium
casteneum but the hosts are collected from walnuts. Simple dehiscence
of the gametocyst of this gregarine at once separates it from the genus
Gregarina and places under the genus Hirmocystis. There are close
proximities in the ratios of different body parts of this gregarine with
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those of H. ovalis Crawley, H. theodoridesi Kundu and Haldar and
H. hoplasomae Kundu and Haldar. The shape of the epimerite is very
characteristic in the present form besides differences in measurements
of body parts. We, therefore, believe it to be a new species for which
the name Hirmocystis oxeata sp. n. is given after the oxeate shape
of the epimerite.
Table 2
Showing details of measurements (in um) of different parts of Hirmocystis oxeata sp. n.

SL.

' l
No. [/ TL | LE | LP l LD | LN : WE ’ WP | WD l WN | LP:TL WP :WD
(1) | 405 | 675 | 945|243 | 675|405 108 162 | 54 | 1:43 | 1:15
() | 3375 — | 945|243 | 675| — [108 (189 | S4 | 1:36 | 1:175
@ 1215 | — |243 |972 (108 | — (270 |243 |1215| 1:50 | 1:09
@ 67 [ — |162 |40.5 | 675| — |1485(135 | 675| 1:35 | 1:09
® |82 | — [108 |324 | 54 | - |13s [135 | 54 | 1:40 | 1:10
© | 729 | — |135 [594 | 81 | — |189 ]18.9 | 675| 1:54 | 1:10
M |02 | — (189 (513 | 81 | — (162 |216 | 675| 1:37 | 1:13
® (756 | — [189 |s67 | 81 | — |189 |162 | 54 | 1:40 | 1:09
(9 | 378 | — |108 270 | 405  — | 81 | 81 | 405| 1:35 L 1:10
(10)°| 864 | — |216 648 | 81 | — |1755/243 | 675 | 1:40 | 1:13
an 567 | — |162 |405 | 81 | — [1215]13S 6.75[ 1:35 | 1:1.08
(2 (783 | - 113.9 594 | 945| ~ (162 |162 | 675 | 1:41 | 1:10
(13) (297 | — | 81 (216 | 54 | — (108 |108 4.05‘ 1:36 | 1:10
(14) | 567 | — 135 (432 | 81 | — (162 (135 | 675| 1:42 | 1:08
(15) [ 540 | — |135 (405 | 54 | — (135 | 14385 6.75‘ 1:40 | 1:1.1
(16) | 513 | — | 108 405 ‘ 54 | — |135 (135 | 5S4 | 1:47 | 1:10
(A7) | 270 | — [ 81 [189 | 405| — | 945| 945| 405 | 1:33 | 1:1.0
(18) 1161 | — (243 |91.8 135 | — (324 (243 (108 | 1:47 | 1:085
(19) 1026 | — |189 837 | 945 | — 189 |162 | 675| 1:55 | 1:08
(20) | 783 | — [162 l621 | 81 | — |2025]|189 | 81 | 1:49 | 1:09
Cytochemistry

General Polysaccharides: Both in G. basiconstrictonea
(Fig. 20) and H. oxeata (Fig. 25) PAS-positive granules are present
throughout the protomerite and deutomerite of the sporadins. However,
in the former species the granules in the protomerite are more con-
centrated. In both the gregarines nucleus appears as a clear unstained
area.

Mucopolysaccharide: The presence of this substance is de-
tected by the metachromatic staining with toludine blue. In both the
gregarines the metachromatic substances are scattered in the proto-
merite and deutomerite; the nucleus, the pellicle and major portion
of the cytoplasm in the deutomerite stain orthochromatically indicating
the absence of mucopolysaccharides in these sites (Figs. 21 and 27).
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General Protein: Staining with Mercury bromophenol blue
has revealed intense accumulation of general protein in the cytoplasm
of protomerite and deutomerite as well as nucleus of the sporadins of
both G. basiconstrictonea (Fig. 22) and H. oxeata (Fig. 28). The pellicle
also gives a positive reactions to this stain.

21
— e ———
25 un SO,J-

27 28 8 30

T

Fig. 20-24. Camera lucida drawings of various cytochemical reactions in Grega-
rina basiconstrictonea sp. n. 20 — Showing PAS-positive reaction in the spo-
radin, 21 — Showing metachromatic granules in the sporadin, 22 — Showing
mercury bromophenol blue positive reaction in the sporadin, 23 — Exhibiting
simple-lipid reaction in the sporadin, 24 ;m Alkaline phosphatase reaction in the
spora
Fig. 25-30. Camera lucida drawings of various cytochemical reactions in Hirmo-
cystis oxeata sp. n. 25 — PAS-positive reaction in sporadin, 26 — Showing the
pattern of orientation of pyronin Y-positive substances in the cytoplasm of the
sporadin, 27 — Exhibiting metachromatic granules in the sporadin, 28 — Mercury-
bromophenol blue positive reaction in the sporadin, 29 — Showing simple lipid
reaction in the sporadin, 30 — Alkaline phosphatase reaction in the sporadin
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Simple lipid: The lipid granules are deposited in the form
of patches in case of G. basiconstrictonea (Fig. 23) while in H. oxeata
these are present throughout the cytoplasm (Fig. 29). However, the in-
tensity of positive reaction in the nucleus is more or less identical.

Nucleic Acids: Slides were stained with PMG technique for
simultaneous staining of DNA and RNA. While no concrete staining
behaviour could be detected in case of G. basiconstrictonea, the reaction
could be observed clearly in H. oxeata (Fig. 26). It has been observed
that the cytoplasm, pellicle and the endosome indicate heavy deposition
of RNA as revealed by their pink colour and very faint greenish gran-
ules are present in the nucleoplasm. This indicates that DNA materials
are very scanty in the nuclei of sporadin. This has also been confirmed
by the Feulgen technique.

Alkaline phosphatase: This enzyme is heavily concentrated
in the protomerite and below the pellicle of the deutomerite in G. basi-
constrictonea (Fig. 24). In the latter species this is present in the form
of patches and scattered granules throughout the cytoplasm (Fig. 30).

It is thus observed that there is more or less a uniformity in the
pattern of orientation and degree of concentration of various cytochem-
ical substances. This may be due to the fact that the host of these
gregarines take similar type of food.

Seasonal Intensity

The incidence of the gregarines in their hosts have been studied
throughout the year and very interesting data have been obtained from
this study. Figures 31 and 32 show the percentage of infection in G. ba-

%% OF INFECTION */s OF INFECTION
JAN JAN
fE8 FEB
MAR MAR
APR APR
MAY MAY
2 un 625 3 un 735
L 578 JuL
AUG 84 AUG
SEP sep
oct ocT
NOV NOV
oEC okc

Fig. 31. Histogram showing the seasonal Fig. 32. Histogra.m showing the seasonal
intensity of Gregarina basiconstrictonea intensity of Hirmocystis exeata sp. n.
Sp. n.
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siconstrictonea and H. oxeata respectively. In both the cases no infection
is obtained from November to March when general climatic condition
is dry. The infection begins to appear in the month of April and reaches
to a high peak in June and gradually declines from July onwards in
G. basiconstrictonea. In case of H. oxeata, however, first indication of
infection is observed in May, which reaches to a high peak in June and
continues steadily upto August after which it gradually declines. Mon-
soon is very active in this part of the country from June to September,
when humidity reaches even more than 95%. It is apparent from these
findings that the gregarines require an optimum rainfall and humidity
for sporulation.

Diagnosis

Gregarina basiconstrictonea sp. n.

Trophozoite elongated; epimerite small, papilla like; sporadins in
syzygy; gametocysts spherical; sporoducts four in number each with
a constriction at the base; spores double-walled, barrel-shaped; early
development intracellular.

LP:TL=1:26-51 (3.85);
WP:WD=1:10-175 (1.25).

Hirmocystis oxeata sp. n.

Trophozoite elongated; epimerite characteristically oxeate shaped;
sporadins in caudo-frontal association; gametocysts spherical; dehiscence
by simple rupture; spores double walled and barrel-shaped; early de-
velopment intracellular.

LP:TL=1:33-55 (42);
WP: WD =1:08-175 (1.06).

Discussion

Gregarina minuta has a worldwide distribution. It has been reported
from different species of Tribolium from Japan (Ishii 1914), USSR
(Wellmer 1911), Canada (Laird 1959), France (Théodoridés
1955), Poland (Lipa 1967) and Germany (Geus 1969). The species
of Gregarina reported in this communication was at first provisionally
identified as G. minuta Ishii, 1914 but upon detailed observations, a num-
ber of distinbtive features could be noticed for which it could not be
accommodated within the species range of G. minuta. The characters
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of G. minuta as presented by Ishii (1914), Lipa (1967) and Geus
(1969) as well those of present form have been summarised in the ac-
companying Table 3. It is clearly observed that G. basiconstrictonea
sp. n. differs conspicuously from G. minuta in several respects, like the
structure of the sporadin, general shape of the associating primite and
satellite, appearance of the gametocyst and ratios of different body parts.
Moreover, no information is available on the nature of development,
structure of epimerite, mode of dehiscence of cyst and the structure of
spore of G. minuta. Besides the differénces listed above, the most strik-
ing feature of the present form is that the sporoducts always exhibit
a sharp constriction at their bases for which the name G. basiconstric-
tonea has been suggested for it. It may be inferred from the above
discussion that the present form is altogether different from G. minuta.
Climatic variations might have produced distinct morphological changes
in the present form necessitating the separate species status for it.
However, further research in this line perhaps will answer this problem.

Watson (1916) in her monograph on the gregarines pointed out
“Ishii (1914) has evidently confused two species of polycystid grega-
rines and designated them by the same name” (p. 408). Earlier in the
same monograph the author pointed out “under the name Gregarina
minuta the author described two gregarines belonging to widely dif-
ferent families, one, the larger, being a Didymophyes (D. minuta), for
the absence of a protomerite in the satellite, and the other described
above” (p. 392) (i.e., G. minuta). The problem was explained in detail
in the Appendix in the said monograph by Watson (1916). In our
preparations of the gut contents of T. castaneum we have never en-
countered any specimen in which the satellite was devoid of any sep-
tum.

As regards the taxonomic status of Hirmocystis oxeata it may be
mentioned that the gametocyst of this species never produced any sporo-
ducts. Even development of the gametocyst of G. basiconstrictonea and
H. oxeata under simultaneous and identical laboratory conditions have
shown similar results after repeated trials. Absence of sporoducts is one
of the most diagnostic features of genus Hirmocystis. It is difficult to
establish that T. castaneum population feeding on walnuts may have
different pathogens than population feeding on groundnuts. But the
absence of sporoducts in the pathogens feeding on walnuts leads one
to the conclusion that it must belong to the separate genus other than
Gregarina. Haldar and Chakraborty (1979, 1981) and Kun-
du and Haldar (1981) described a number of new species of Hirmo-
cystis in which the sporoducts were never formed.
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Eimeria biswapati.i sp. n., a New Coccidium from the Indian
Bandicoot Rat, Bandicota indica (Bechstein)
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Synopsis. A coccidium belonging to genus Eimeria has been detected
in an Indian bandicoot rat, Bandicota indica (Bechstein), The morpho-
logy of the parasite is described and compared in detail with other
forms of Eimeria reported from different members of suborder Myo-
morpha (Rodentia : Myomorpha), to which the rats belong along with
allied rodents. The species has been found new and named Eimeria
biswapatii sp. n. after Professor Biswapati Dasgupta.

Until very recently, rat coccidiosis was a subject insignificantly dealt
with in India. Kshirsagar (1980) described Isospora aurangabaden-
sis and Isospora krishnamurthyi from rats, Rattus rattus rattus!. Sub-
sequently, Krishnamurthy and Kshirsagar (1981) reported
Eimeria levinei® and Eimeria tuberculata from rats, Rattus rattus rat-
tus'. Bandyopadhyay and Dasgupta (1982) recorded Eime-
ria bandicota from a mole rat (bandicoot rat), Bandicota bengalensis
for the first time in India.

Material and Methods

During the course of study, 22 specimens of the Indian bandicoot rat, Ban-
dicota indica (Bechstein) were collected and examined in search of protozoan para-
sites. Of these 22 specimens only one was found to be infected with a coccidium
of genus Eimeria, The faecal sample was placed in 25% potassium dichromate
solution for sporulation of the oocysts. Unsporulated as well as sporulated oocysts
were studied under low power and subsequently under oil immersion lens. Meas-

! Availability of this subspecies in India is doubtful, it is an European form.
t E. levinei is a preoccupied name (see Pellérdy 1974).
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urements were taken with ocular micrometer. Camera lucida drawing have been
made.

The type material will be deposited to the National Collection of Zoological
Survey of India, Calcutta.

Description
Eimeria biswapatii sp. n. (Fig. 1 A - B)

Type-host: Bandicota indica (Bechstein).
Type-locality: South Howrah, District-Howrah, West Bengal, India.
Site of infection: Oocysts obtained in the faeces, Life-cycle: Unknown.

Fig. 1. A-B. Camera lucida drawings of Eimeria biswapatii. A — Unsporulated
oocyst, B — Sporulated oocyst

The oocysts were ovoid in shape and scaled 16.5-19.5 um (mean
18.18 um) in length and 12-15 um (mean 13.68 um) in width. A 1 um
thick oocysts wall consisted of two layers of equal thickness. The layers
of the oocyst wall were smooth and colourless. A distinct micropyle
1 um in diameter could be seen. No polar granule or oocyst residuum
were recorded. The spherical unsporulated cytoplasmic mass measured
10 - 13 um in diameter and looked to be somewhat foamy in appearance.
The ovoid sporocysts were devoid of the Stieda body and measured 8.25 -
105 pym (mean 9.37 um) in length and 5.5-6.5 pm (mean 6.2 um) in
width. Sporocysts numbered four, each with two sporozoites. The sporo-
zoites were broad comma-shaped with the narrow end sharply pointed
and exhibiting head to tail orientation within the sporocyst. The sporo-
zoites measured 6-7.5 ym (mean 6.93 um) in length and 2.25-3 um
(mean 2.62 uym) in width. The sporocyst residuum was quite prominent
and scattered within the sporocysts in the form of fine granules, with
more accumulation in the space between the sporozoites.

Sporulation time was 24 to 36 h at room temperature, ie., at 30 -
37°C.
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Diagnosis

Ovoid oocysts measure 16.5 - 19.5 pm (18.18 um)X12 - 15 um (13.68 um).
A 1 um thick smooth and colourless oocyst wall consists of two layers
of equal thickness. Micropyle prominent. Polar granule and oocyst re-
siduum absent. Ovoid sporocysts without the Stieda body measuring
8.25-10.5 ym (9.37 um) X 55-6.5 pm (6.2 pm). Comma shaped sporo-
zoites with narrow end pointed sharply, lay head to tail and measure
6-75 um (693 pm) X 2.25-3 pum (2.62 um). Sporocyst residuum pro-
minent.

Remarks

Pellérdy (1974) listed in all 30 species of Eimeria described from
rats belonging to four genera, viz.,, Rattus, Oryzomys, Neotoma and
Cricetomys. Later Mirza (1975) recorded another Eimerian species
from a member of genus Nesokia. Krishnamurthy and Kshir-
sagar (1981) described two species of Eimeria from rats of genus
Rattus. Subsequently, Bandyopadhyay and Dasgupta (1982)
reported one Eimerian parasite from a member of genus Bandicota. The
species under report was detected in an Indian bandicoot rat, Bandicota
indica (Bechstein) and exhibited bilayered oocyst wall and a micro-
pyle; and these two morphological features were considered as key
characters for comparing the species with the described forms. During
comparison, amongst the 34 species mentioned earlier only two res-
embled the present species in the key characters. Other parasites, there-
fore, could be safely discarded. The present species was also compared
with seven other species of Eimeria having double-layered oocyst wall
with a micropyle, described so far from other members of suborder
Myomorpha (Rodentia : Myomorpha) to which the rats belong along
with allied mammals. Thus, the present species when compared elabo-
rately with those nine species of Eimeria (two of rats and seven of allied
rodents other than rats) with bilayered oocyst wall and a micropyle,
displayed certain resemblance with some of them in definite features
but there were tangible points of departure as will be evident from
the Table 1.

It is thus clear that the species under consideration does not cor-
respond to any known species and is, therefore, declared new to science
and named Eimeria biswapatii sp. n. after Professor Biswapati Dasgupta,
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Research Guide of the author. This is, however, the second report of
a coccidium occurring in the Indian bandicoot rat of genus Bandicota
and the first of its kind in this host species viz., Bandicota indica (Bech-
stein).
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On the Occurrence of a New Coccidium, Dorisa indica sp. n. in a
Common House Rat, Rattus rattus arboreus (Horsfield) from
India
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Synopsis. A species of Dorisa has been encountered in a common house
rat, Rattus rattus arboreus (Horsfield), collected from South of Howrah
town, District-Howrah, West Bengal, India. The morphology of the
oocysts is described and compared with those of earlier reported spec-
ies of Dorisa of mammals. The coccidium has been found distinet from
any known species and is designated as Dorisa indica sp. n. to mark
its occurrence India.

Only three species of Dorisa® have so far been reported from mam-
malian hosts. In the United States of America, LL e vine et al. (1955)
described D. arizonensis from a desert wood rat, Neotoma lepida. In In-
dia, Sinha and Dasgupta (1978) observed a Dorisa species in
Himalayan hairy winged bat, Harpiocephalus harpia lasyurus, which
was later designated as D. harpia by Sinha (1979). Subsequently,
Bandyopadhyay and Ray (1982) reported the occurrence of
D. bengalensis in a five-striped palm squirrel, Funambulus pennanti
Wroughton from India.

! Present address: Post Graduate Dept. of Zoology, Parasitology Laboratory,
Darjeeling Govt. College, Darjeeling 734101, India.

* Present address: Z. S. 1. Shillong, Meghalaya, India. ;

? All these species of Dorisa were actually reported under genus Dorisiella,
created by Ray (1930) after obtaining oocysts from a marine polychaete. As
Levine (1980) established Dorisa n. gen. for the coccidian parasites earlier de-
scribed under genus Dorisiella from the vertebrate hosts, the genus of the said
parasites was emended accordingly to genus Dorisa.
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Material and Methods

During the course of investigation of protozoan parasites of small mammals,
a common house rat, Rattus rattus arboreus (Horsfield) was found infected mod-
erately with a coccidiumi of genus Dorisa. The host specimen was trapped in
June, 1984 from South of Howrah town, District-Howrah, West Bengal, India.
The faecal sample was kept in 25% potassium dichromate solution. Both the
unsporulated and sporulated oocysts were studied under low power and under
oil immersion lens. Camera lucida drawing of the oocyst was made. Measurements
were taken. Sporulation time was also recorded. The mammalian specimen was
identified by the staff members of Mammal and Osteology Section of the Zoolo-
gical Survey of India, Calcutta. The type material will be deposited to the Na-
tional Collection of the Zoological Survey of India, Calcutta.

Description

Dorisa indica sp. n. (Fig. 1)

Fig. 1. Camera lucida drawing of Dorisa indica. Sporulated oocyst

Type-host: Rattus rattus arboreus (Horsfield).

Type-locality: South Howrah, District-Howrah, West Bengal, India.

Site of infection: Oocysts in faeces.

Prevalence: Of 18 rats examined only one was found to be infected with

this coccidium,

Life-cycle: Unknown.

The oocysts were almost subspherical in shape and measured 19.5 -
225 ym (mean 20.8 ym) in length and 18-19.5 pym (mean 18.6 um)
in width. The oocyst wall consisted of two equally thick, colourless
and smooth layers. The total thickness of the oocyst wall reached 1.5 um
on average. A 1.8 um wide micropyle could be seen. A polar body
could be detected but no oocyst residuum was present. Sporocysts num-
bered two, each with eight sporozoites. Bimembraneous sporocysts with
a very prominent knob-like Stieda body at the narrow end were

ovoid in shape and ranged 14.25-16.5 ym (mean 15.4 um) in length
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and 8.25-93 uym (mean 8.5 um) in width. Sporozoites were ellipsoid
in shape and measured 4.2-4.5 pm (mean 44 pm) in length and 2.7 -
3 um (mean 2.9 pm) in width. The sporozoites exhibit no definite pat-
tern of orientation though sometimes lay in pairs. Sporocyst residuum
in the form of numerous fine globules as seen to scatter throughout the
sporocyst in the space between the sporozoites.

Sporulation time to be recorded was 48 h at room temperature i.e,
at 30 - 37°C.

Diagnosis

Subspherical oocysts measure 19.5-225 pm (20.8 um) X 18 -19.5 um
(18.6 wum). The 1.5 um thick bilayered oocyst wall smooth and colour-
less. A 1.8 ym wide micropyle present. Polar body present. Oocyst re-
siduum absent. Ovoid, bimembraneous sporocysts with a knob-like Stie-
da body scaled 14.25-16.5 pym (15.4 um) X 8.25-9.3 um (8.5 um). Sporo-
zoites ellipsoid, measured 4.2 -4.5 ym (4.4 uym) X 2.7-3 um (2.9 um) and
occassionally lay in pairs. Fine globules of sporocyst residuum abun-
dant.

Remarks

Amongst the three previously recorded species of Dorisa of mam-
mals, two were reported from rodents and the third was described from
a chiropteran host. The parasite under discussion was detected in Rat-
tus rattus arboreus, ie., in a rodent. The species was compared elabo-
rately with the three earlier available species of Dorisa.

The present species is close to D. arizonensis in the shape of the
oocyst (in some cases), in the presence of smooth, colourless and bilay-
ered oocyst wall, in the absence of oocyst residuum, in the presence
of polar granule and Stieda body, but departed from it in the shape
(in some cases) and size of the oocyst, in the shape and size of the sporo-
cyst, in the presence of micropyle in the present case, in the orienta-
tion of the sporozoites and also in the morphology of sporocyst resid-
uum. It resembled D. harpia in the shape and size (to some extent)
of the oocyst, in the presence of smooth, bilayered oocyst wall, in the
presence of polar granule, refractile body and sporocyst residuum, and
in the absence of oocyst residuum, but differences were noted in the
detailed morphology of the ococyst wall, in the presence of micropyle
in the present form, in the size of the sporocysts and sporozoites. The
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present parasite exhibited similarities with D. bengalensis in the shape
(in some cases) and size (to some extent) of the oocyst, in the presence
of smooth, colourless, bilayered oocyst wall, in the absence of oocyst
residuum, in the presence of Stieda body and conspicuous sporocyst
residuum, while diversities were noticed in the shape (in some cases)
of the oocyst, in the absence of micropyle and polar granule in D. ben-
galensis, in the size of the sporocyst, in the morphology of the sporo-
zoites. Again, sporocyst residuum was granular in D. bengalensis but
it was finely globular in the present form.

Hence the parasite under report never corresponded to any known
species dealt with in this connection and declared new to science. The
species has been named Dorisa indica sp. n. as the parasite is being
reported for the first time from the Indian rat.
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Synopsis. A new protozoan species, Sphaerospora anguillae sp. n. is
described, the protozoans were found in the urinary bladder of eel,
Anguilla anguilla (L.). The generic identity of some species classified
as Sphaerospora Thélohan, 1892 is discussed. .

Protozoans of the genus Sphaerospora Thélohan, 1892 were described
by many authors. Kudo (1933) listed 14 species parasitizing marine
and freshwater fish assigned to that genus. Some of them (S. divergens
Thélohan, 1895 and S. polymorpha Davis, 1917) were by Sulman
(1966) transferred to the new created genus Ortholinea Schulman, 1962
as well as species S. orientalis described by Sulman and Sulman-
Albova (1953). In his 1984 paper, Sulman described in detail 21
Sphaerospora species parasitizing the fish. Besides, Evlanov (1981)
found in the Tinca tinca kidney canaliculi a new species which he
described as S. galinae. Meglitsch (1970) described S. undulans
sp. n. from some fishes off New Zealand. He also gives the key for
taxonomic characters of 24 species recorded in the literature and belong-
ing, in his opinion, to the genus Sphaerospora. That list includes S. ir-
regularis, described by Kabata (1962) from the urinary bladder
of Drepanopsetta platessoides from the North Sea, it also includes the
species transferred earlier to the genus Ortholinea.

The sporozoans found in Anguilla anguilla (L.) differ in their mor-
phology from the Sphaerospora species described so far. These differences
prompted the author to describe the organisms found as a new species
Sphaerospora anguillae sp. n.
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Materials and Methods

The fishes examined were caught in the Szczecin Lagoon (Stara Odra) in
August 1983, A total of 24 individuals of Anguilla anguilla (L) were examined,
their total length and weight ranged within 39-60 cm and 100 - 450 g, respectively.
Live fish were transported to the laboratory and kept in containers. Immediately
after killing a fish, the material scraped off from its urinary bladder was examined
under the microscope. Additionally, smears were made on glass slides, dried and
stained by means of Pappenheim’s technique (May-Griinwald and Giemsa). Draw-
ings of spores were made from fresh materials, the measurements were taken
from stained mounts. A total of 20 specimens were measured.

Results

Description of Sphaerospora anguillae sp. n. (Fig. 1)

Fig. 1. Sphaerospora anguillae sp. n. (drawn from fresh specimens)

Host species: Anguilla anguilla (L.)

Location in host: urinary bladder

Site: Szczecin Lagoon

Invasion incidence and intensity: the parasites were found in 21
out of 24 eels examined (87.5% incidence), invasion intensity ranged from single
to very numerous protozoans.

The shape of spores deviates substantially from spherical, the an-
terior part is somewhat sharpened, while the posterior part, in the
plane perpendicular to the seam, is somewhat flattened. The width of
spores is slightly smaller than their thickness. A thin test of a spore
consists of two parts (valves) connected by a poorly visible seam. The
spore surface is covered by delicate, longitudinal stripes parallel to the
seam, they are visible on fresh individuals only. Two pear-shaped polar
capsules, equal in size, are located in the anterior part, they extend to
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the mid-region of the spore. The posterior part gives rise to very thin
delicate processes (filaments) placed in a single row around the spore,
they are clearly seen on fresh individuals only.

The dimension of spores (stained individuals):
length 5.6-6.8 um, thickness 5.6 - 6.8 um, filament length about 3.2 -
3.6 pm, polar capsules length 2.6-3.2 pum, width 1.6-24 um, spiral
filament length 26.0-58.0 ym. The size of spores in stained mounts
was slightly reduced (by about 1.5 um). No spore arranged in the seam
plane was found in those mounts and therefore the width cannot be
given,

Vegetative stages and development of the species will be described
in a separate paper.

Discussion

One of the most characteristic features in the myxosporidians
Sphaerospora anguillae sp. n. is the presence of delicate, very thin pro-
cesses beginning in the posterior part of the spore. Filamentous pro-
cesses are observed also in four other species of the genus Sphaerospora.
The protozoans S. anguillee sp. n., however, differ clearly from those
species. S. donecae Gasimagomedov, 1970 and S. caudata Parisi, 1910
have much longer processes, their length exceeding that of the spore
(about 2 and 3 times), and the shape of spores is different (Sulman 1984).
The processes in S. dubinini Schulman, 1962 are very short (about 1 um),
while in S. anguillae sp. n. they are about three times longer and equal
to about half the spore length. Besides, the S. dubinini spores are almost
spherical. The posterior filament length in S. cyprini Fujita 1912 and
S. anguilla, sp. n. is almost the same, the shape of spores, however,
being completely different (Sulman 1966, 1984). Some of the protozoans
(S. caudata and S. cyprini) are placed by Kudo (1919) in the genus
Mitraspora Fujita, 1912. Meglitsch (1970) did not place species
possessing the filamentous processes in the Sphaerospora, either, instead,
he suggested they belong to the genus Mitraspora.

Apart from morphological differences between spores, the host spe-
cies of S. caudata,,S. cyprini, S. donecae, and S. dubinini are different,
too (Kudo 1919, Sulman 1966, 1984). No Sphaerospora parasite
has been so far described from eel.

Having read the description of S. undulans Meglitsch, 1970 from
marine fish (Caulopsetta scapha and Peltorhamphus novaezelandiae)
off New Zealand one .can see that the diagnostic characters of the
species are not compatible with the Sphaerospora generic characteristics
as given by Sulman (1966, 1984). Pear-shaped polar capsules are
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not placed in a plane perpendicular to the seam, their outlets being far
apart. The spore valves are connected with a slightly undulating seam
(Meglitsch 1970). These features place the species closer to the ge-
nus Ortholinea Schulman, 1962. The definite transfer of S. undulens
to that genus is prevented by the slightly undulating seam line. This
character, much stronger expressed, is typical of the genus Sinuolinea
Davis, 1917. Besides, the Sinuolinea species show spherical polar capsules
(Kudo 1919, Sulman 1966).

Moser and Noble (1977), when studying the Myxosporidia from
Macrourid fisi, Coelorhynchus coelorhynchus carminatus, found some
protozoans identified as Sphaerospora divergens Thélohan, 1958, this
species was transferred to the genus Ortholinea by Sulman (1966).
The authors mentioned above did not, however, follow Sulman's
(1962, 1966) classification which is convincing and clear. It is, anyway,
interesting that the sporozoans were found in the gall bladder, they
had been recorded in the kidney canaliculi and the urinary bladder
before.
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Synopsis. Three methods for the photomicrographic measurement of
live ciliates are described and evaluated. These are: a method in which
a specimen negative is superimposed over a scale negative and both
are viewed through a magnifier, a method in which an enlargement
of a stage micrometer scale is used to obtain measurements on enlarge-
ments of specimens, and an adjunct method in which negatives are
only projected onto ordinary paper and the desired distances are
marked. Additional methods for measuring ciliates are pointed out.

In the last decade we have seen an increasing application of quanti-
tative methods in the area of ciliate systematics. Quantitative study of
the characteristics of a population (the actual unit sampled) or of a spe-
cies results in a more complete description which includes the limits
of variation. Further, as Gates (1978) points out, after the variations
in ciliate populations have been measured quantitatively, the mathemat-
ical analysis of variance can be applied to these variations to get objec-
tive measures of the distinctness of populations. Thus a better basis for
differentiating species and making advances in ciliate systematics be-
comes available.

Also, the variations in populations are the basis of the evolutionary
processes in ciliates, and therefore the measurement of these variations
lays the foundation for evolutionary investigations. Berger (1978)
calls attention to the suitability of ciliates for microevolutionary studies,
and Poljansky (1982) underlines the importance of analyzing intra-
specific variation and polymorphism in protozoans in connection to their
evolution and speciation. 5
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Studies of variation and application of the techniques of numerical
taxonomy both usually require that a series of measurements be made
on each of numerous specimens. Thus Berger (1978) emphasizes the
importance of examining as many attributes as feasible in large samples
of individuals. If the species selected for investigation is distorted by
fixing, or a species is rare and individuals must take a certain position
to make a particular measurement possible, it may be preferable to
make direct measurements on living specimens with a phase-contrast
microscope. This would require the use of an ocular micrometer and
the later transformation of the ocular units to ums. However, the orga-
nisms may move too rapidly to permit effective measurement of a num-
ber of morphological characters in each of many individuals. In such
a case recourse can be taken to photomicrography. This makes methods
for measuring ciliates through photomicrographs of increasing interest.

Methods of Photomicrographic Measurement

A photograph of a stage micrometer scale at a magnification identical
to that of a specimen photograph has been used in the past to indicate
specimen dimensions. Thus at the poster sessions of scientific meetings
it was not uncommon to see a small portion of a photographic enlarge-
ment of a micrometer scale mounted in one corner of a photographic
enlargement of a specimen.

However, Kazubski (1971) first gave a complete description of

a photomicrographic technique for specimen measurement. He used
photographic prints (enlargements) in which specimens were magnified
1000, 2000 or 5000 times. It was a simple matter to measure with a mil-
limeter ruler parts of specimens magnified 1000 times, since 1 um
magnified 1000 times is equal to 1 mm. Similarly, at a magnification
of 2000 X a length of 2 mm on a ruler represents 1 um, and at 5000 X
a 5 mm distance indicates a 1 um length in a specimen. Kazubski
(1971) suggested photographing a stage micrometer scale at the start
of a film and explained how to use the resulting negative to obtain
enlargements at 1000, 2000 or 5000 X.

In the present paper three additional methods of photomicrographic
measurement are fully described. All three methods require that a stage
micrometer scale (I use a Zeiss stage micrometer with 10 um divisions)
be photographed in exactly the same way as the specimens. The photo-
micrographic measurement of living ciliates also necessitates photo-
graphing them through a phase-contrast microscope. The film exposures
should be 1/100 s or less to eliminate the effects of specimen motion.
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Such short exposures are possible if one mounts a microflash unit
beneath the phase-contrast condenser and stage of the microscope and
synchronizes this unit with the camera shutter. I employ a Zeiss Micro-
flash Device. When I take black and white dark phase-contrast photo-
graphs on Kodak Tri-X 35 mm film at 590X, I use a flash intensity
of 60Ws and an exposure of 1/125 s. The film is developed in D-76 for
about 30%o more time than is normal.

The Negative — Magnifier Method

In this simple method the negative of a specimen is superimposed
over the negative of the micrometer scale. Each negative should be
protected by a cellophane sleeve. The two negatives are viewed through
a strong magnifying lens against an illuminated background, preferably
a light source behind ground glass. The scale negative is moved in re-
lation to the specimen negative until the outer edge of a scale line lies
behind the outer edge of either the organism or a body component.
The observer, knowing the equivalent in pms of the distance between
every two scale lines, then makes an estimate of the dimension in
question.

I use an old slide viewer made by the Bausch and Lomb Optical
Company of Rochester, New York (U.S. des. patent 109, 397) for this
method. This viewer provides high magnification and has a sufficiently
large open space through which to insert and manipulate the two neg-
atives behind the lens.

The Negative — Magnifier Method yields only general size estimates.
However, it also requires the least effort. It can provide preliminary
measurements for deciding the direction of future research, or it can
be used to check results obtained by other methods.

The Measured Scale — Print Method

In this technique the micrometer scale negative is enlarged to pre-
cisely the same degree, perhaps with the exception of achieving fine
focus, as the specimen negatives. The average distance between the
scale lines on the paper enlargement of the scale is now determined
by making, under a magnifying lens on a stand, a number of measure-
ments between every two of a series of scale lines on the paper.
Averaging many measurements produces greater accuracy because the
distances between the etched lines on a stage micrometer scale are not
uniform and the etched lines have uneven and ragged edges. The aver-
age distance between the scale lines on the enlargement, in whatever
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linear units it is expressed, represents, and is mathematically equated
to, the distance which should separate the lines on the scale itself. This
equation is used to determine the length in ums which one linear unit
represents. Now the desired specimen dimensions are measured on each
specimen paper enlargement, under the magnifying lens, in the same
linear units. The values obtained are multiplied by the equivalent length
in pms of one linear unit to get the length in ums of each specimen di-
mension.

I measure with the 50 marks-per-inch scale on a triangular pearwood Henschel
Nr. 625 U.S. st'd. engineer ruler. On the micrometer scale paper enlargement I find
the distance between the right edges of adjacent scale lines. I do not use a dark
line which is visible within each scale line because these dark lines progressively
shift their position within the scale lines as one approaches either end of the
enlargement. I measure at points where the right edges of both adjacent scale
lines neither jut out or indent, I insure with a protractor that the ruler lies at
right angles to the scale lines. I make up to six measurements between every
two of the 5-11 scale lines on an enlargement. Since I position the enlarging
paper at an angle to the scale lines to include more of them, the scale lines at
each end of an enlargement are much shorter. I therefore make fewer measure-
ments (perhaps only three) between the scale lines toward the ends. However,
the values from each set of two scale lines are averaged separately. These last
averages are averaged in turn to get the average distance on the enlargement,
in 50 marks/inch engineer ruler units, which represents 10 um on my Zeiss stage
micrometer. Dividing 10 pum by this average distance yields the ums represented
by a single ruler unit.

I sometimes use a transparent plastic ruler to make certain that the greatest
extent of a subject or the distance between desired points will be measured, and
then place the engineer ruler over it. Occasionally a second transparent ruler
arranged at right angles to the first is helpful.

Curved distances on the specimen paper enlargements, such as the
lengths of curved membranelles, can be measured with a digitizer.
I make use of a Numonics 1224 Electronic Digitizer (Numonics Cor-
poration) which is normally utilized to measure nonlinear distances
on maps. I transform the digitizer units to pms by employing the scale
paper enlargement, much as the 50 marks/inch engineer ruler units
are transformed to pms.

Gates and Berger (1976) describe how they use a digitizer
directly with slides of fixed and stained specimens under a light micro-
scope. Promising for the future are image display systems, which can
view a specimen enlargement through a television camera and digitize
the picture to supply measurements. Such a system, by means of its
computer, can enhance or highlight certain areas of a picture, or break
a picture down into its detailed components. It should be possible to
connect_the television camera of an image display system to a micro-
scope and “freeze”, i.e., inactivate, an image of a living organism on
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the system’s screen to permit measurement. Books about digital image
processing and two recent articles (Cannon and Hunt 1981, Nagy
1983) cover the potential of image display systems.

A morphometric study of a variety of Mesodinium pulex (Tamar
1984), a ciliate species referred to as Species II by Tamar, provided
an opportunity to check the accuracy of the Measured Scale — Print
Method. In this study a number of living specimens were both measured
directly with a Wild-Heerbrugg 15 X SK ocular micrometer and photo-
graphed in side view for measurement by the Measured Scale — Print
Method. Table 1 gives the range of variation, between the values obtain-
ed by each of the two measuring techniques, for the group of specimens
measured for each attribute. Only four clearly-delimited cell body di-
mensions are covered in the Table (Mesodinium pulex has a body con-
striction that divides it into an anterior portion, the cone, and a pos-
terior portion, the flask). The mean of the variation is given, as is
the standard deviation of the variation within each sample
(the sum of the squares about the mean was divided by n, not by the
corrective n — 1). The mean of the direct measurements obtained for
the same group of specimens also is included for each attribute. This
permits evaluation of the variation in results in relation to each di-
mension’s extent. That the variations are not consistently greater for
the longer dimensions indicates that it is not the measurements made
on the scale paper enlargement, but rather difficulties in determining
where certain specimen body parts end, which contribute the most
to inaccuracy.

Table 1
Variations between direct and Measured Scale — Print Method results

Mean of the

of Mean of Standard
Attribute | humoer o] Plgeiv ) Flomemmp e g
(jms) (ums) | the variation (ms)
Body length 11 0.3-1.6 0.58 037 227
Cone length | 8 03-2.1 0.96 0.64 9.0
Flask length k 8 0.1-1.0 0.43 025 14.7
Width of cone base | 8 01-12° | 074 | 03 122

The accuracy of the Measured Scale — Print Method could be in-
creased by shooting some negatives at the level of focus of each of the
attributes to be measured in a cell. This would be particularly impor-
tant in the case of larger species. Also, more accurate length values
would result if one photographed only specimens oriented at a 90°
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angle to the focal axis of the microscope’s objective lens. Structures will
be more clearly delimited in living cells if exposures are made when
the organisms are inactive or show the least motion.

The Measured Scale — Print Method is the most accurate of the
three fully-described methods. It offers the advantage that a degree
of enlargement most suitable for publication can be chosen. The best
enlargements of selected negatives can then be set aside for repro-
duction while the others are measured. However, in this method exces-
sive time and effort must be devoted to making numerous satisfactory
enlargements.

The easier direct measurement of living specimens, if practical, is
to be preferred to the above procedure because the investigator can
focus up and down to better ascertain the limits of organisms and or-
ganelles. In addition, black and white phase-contrast photographs have
a gray background which makes it harder to see many organelles.

The Enlarged Negative Method

This technique differs from the previous one only in that paper
enlargements are not actually made. Instead, a separate sheet of or-
dinary white paper is placed under the enlarger for each negative, and
the distances to be measured are carefully marked on the paper with
a sharp pencil and are labeled.

The Enlarged Negative Method was developed to eliminate the ex-
penditure of time and effort needed to produce many paper enlarge-
ments. While this method is somewhat less accurate in each instance
than the previous one, it is suited to the exploitation of large numbers
of negatives. It should not be used with organelles whose boundaries
are more difficult to establish in a projection from a negative.

In the future I will make photomicrographic measurements mainly
by the Enlarged Negative Method, but I will employ the Measured
Scale — Print Method when this appears to be of value.

Gates and Curds (1979) describe a technique in which pomts
marked on acetate sheets by means of a drawing tube are projected
with a projector onto graph paper.
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Biezgce i archiwalne numery mozna nabyé lub zaméwié we Wzorcowni Osrodka
Rozpowszechniania Wydawnictw Naukowych PAN, Palac Kultury i Nauki, 00-901

Warszawa.
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