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GASTROTRICHEN AUS DEM BALATON-SEE

VON

LAJOS VARGA (Sopron)

Aas dem Ung. Biol. Forschungsinstitut, Tihany, am Balaton-See 
(Eigega.ngen am 11, Mai 1949.)

Die Siissw&sser-Gastrotrichen Ungarns sind bisher fast unbe­
kannt. Diese kleinen, verborgen lebenden Organismen fanden hier kei­
nen Bearbeiter. Obwohl D aday, der bekannte Forscher der ungarischen 
Süsswasser-Mikrofauna schon im Jahre 1881, als unsere allgemeinen 
Kenntnisse über die Gastrotrichen noch sehr mangelhaft waren, eine 
neue Art: Ichthydium Entzii aus einem Tümpel von der Umgebung von 
Kolozsvár beschrieb, wurde dieser Anfang systematisch und taxon o- 
miscli nicht weiter fortgeführt. Bei seinen sehr ausgedehnten Unter­
suchungen der Süsswasser-Mikrofauna Ungarns erwähnt er wohl die von 
ihm gelegentlich beobachteten Gastrotrichen-Arten, aller der systemati­
schen Bearbeitung dieser Tierchen schenkte er keine Aufmerksamkeit. 
Bei der von ihm erwähnten einigen Arten gibt er nur den Lebensort an, 
z. B. „Uferbewohner “, „lebt im Schlamm1“, aber von den weiteren ökolo­
gischen oder morphologischen Verhältnissen dieser Tierchen sagt er 
nichts.

So kam es, dass als D aday selbst int Jahre 1918 die Liste der 
in den ungarischen Süssgewässern lebenden Gastrotrichen in der 
„Fauna Regni Hungáriáé“' zusammentstellte, insgesamt nur in zwei 
Genus gehörende vier Arten aufzählen konnte. Die G a s t r o t r i c h a  
wurden hier noch als Subclassis der Classis R o t a t o r i a  behandelt.

Im Jahre 1935. erwähnt P. Török 3 Chaetonotus-Arten aus dem 
Leitungswasser von Budapest.

Bei meinen langjährigen Untersuchungen über die R o t a  to­
r i é n  der ungarischen Süssgewässer versäumte ich nicht auch die ge­
fundenen Gastrotrichen zu bestimmen, beobachten und zu beschreiben. 
Dies war mein Zweck hauptsächlich bei den Untersuchungen, die ich 
seit langen Jahren in dem Biologischen Forschungsinstitut zu Tihany 
über die Mikrofauna des Balatonsees durchführte. Die folgende Auf­
zählung der gefundenen Gastrotrichen des Balatonsees ist das Ergebnis 
dieser Beobachtungen.

Bei der Aufzählung folge ich dem System von Remane (1928—33). ln 
seinem bekannten System bilden die Gastrotrichen eine eigene Klasse, 
abgetrennt von den Rotatorien. Sämtliche, im Balatonsee gefundenen 
Arten gehören in die Ordnung Chaetonotoidea.

Ordo: C H A E T  O N  O T  O l  D E  A.
Farn.: CH AET ONOT1DAE.
1. Genus: I c h t h y  d i u m Ehrbg.
1. Ichthydium jx>dura (). F. Müller.

(Grünspan, p. 245. Collin, p. 242).
!
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Diese Art wurde schon von Margó (1879) aus der Umgebung von 
Budapest erwähnt.

In dem Balatonsee beobachtete ich sie in den folgenden Zeiten:
11. VI.11929. im P l a n k t o n ' b e i  Tihany. Wohl passiv durch den 

starken Wellengang hineingetrieben.
16. Vfl. 1955. 17, VII. 1956. 19. VII. 1959. in der Bucht von Aszófő 

im D e t r i t u s ,  zwischen Hydrocharis und baden a Igen, sowie im 
P e r i p h y t o n .

22. VII. 1956. im Psammon bei Balatonboglár, 8. VIII. 1956. itn 
P s a m m o n bei Siófok und Szárszó.

18. II. 1939. im H y g r o p s a  m mo n  bei Zamárdi, wo das Was­
ser des Sees -}-2.8 C°, die Temperatur des Sandes +1.5 C°, aber die 
obere Schicht des Sandes gefroren war. Hier fanden sich gut ent­
wickelte Exemplare.

29. VII. 1959. im P s a m m o n  bei Zamárdi. Sommer 1959. zwi­
schen Cladophora.

Ichthydium podura ist eine sehr kleine Art, deren Körper nackt, 
unbestaehelt und mit weicher Haut ist. In den ungarischen Süssgewäs­
sern ist sie sehr häufig und verbreitet aufzufinden. Im Balatonsee kommt 
sie durch das ganze Jahr vor, lebt in allen möglichen Biotopen, haupt­
sächlich zwischen Wasserpflanzen, im Detritus und in dem Psammon. 
Sie kommt aber nie in grösseren Mengen vor. Die Hauptverbreitungs- 
zeit fällt auf Sommer und Herbst, ln dem Hygropsammon beobachtete 
ich sie auch im Februar (1939), als die obere Schicht des Sandes ge­
froren war-

Die weiche Haut bildet bei den Bewegungen breite Falten, die 
meist an dem Rumpf gebiet auf treten.

Die Körperlänge ist stark variabel, je nach dem Lebensort des 
Tierchens. In dem Detritus und zwischen Wasserpflanzen lebende 
Exemplare sind immer kleiner und breiter als die in: dem Psammon le­
benden, die länger und schmäler sind. Gesamtlänge 65—96 /<. Breite des 
Kopfes 14—17 /(, Breite des Rumpfes 18—26 fi, die Länge der Schwanz- 
gabel 7—9.5 M.

Ichthydium podura besitzt eine ziemlich hohe ökologische Valenz; 
sie ist eine eurytope und eurytherme Art.

2. Ichthydium balatonicum n. sp.
(1. u. 2. Abbildung)

ln dem Detritus von der Aszófőer Bucht fand ich am 16. VII, 
1935. einige Exemplare einer Ichthydium-Art, die von I. podura stark 
unterschied. Ich muss sie als eine neue Art betrachten und beschrei­
ben.

Sie ist viel schlanker und etwas grösser als Ichthydium podura
O. F. Müller. Der Kopf ist fünflappig und etwas weniger breit; als der 
Rumpf. Der vordere frontale Lappen springt etwas vor, eine kleine, 
bewegliche Stirnkappe bildend. Da run ten findet sich ventral die etwas 
ovale und kleine Mundöffnung. Am Munde sitzen 2—2 seitlich gerich­
teten Tasthaare, die sehr beweglich sind: daneben mehrere, viel kleinere 
Haare, die die Nahrung in die Mundöffnung strudeln. Etwas weiter 
hinten am Kopfe befinden sich zwei seitlichen Tastbüschel, die aus 
langen Haaren zusammengesetzt und sehr empfindlich sind und stän-
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dige Bewegungen ausüben. An der Ventralseite unter diesen Tast- 
hiischeln beginnen die zwei Wimperstreifen oder Flimmerbänder, die 
bis zum .Hinterende des Körpers reichen. Sie bestehen aus feinen, kur­
zen Zilien. Éhese ventralen Wimperstreifen sind mit keinem queren 
Wimperband verbunden. Es ist nämlich bekannt, dass bei Ichihydium 
podura die ventralen Flimmerbänder am Kopf ganz vorne durch ein 
queres Wimperband verbunden sind.

Der Kopf geht ziemlich plötzlich in den kurzen, breiten Hai» 
über. Fast am Beginn des Halses sitzen zwei lange Tasthaare, die etwas 
seitlich stehen. Der Hals ist kürzer als ibei Ichihydium podura. Er geht 
allmählich in den Rumpf über, der etwa in der Mitte am breitesten ist.

1

.Vbb. 1.—2.: Ichihydium ha lato nie um ». sp. Dorsailaiiisicht (I.); Seitenansicht (2.).

Von hier ab verschmälert sich der Rumpf allmählich nach rückwärt* 
bis zur Schwanzgabel, wo er in einer schmalen Abrundung endet. An 
der kaudalen Dorsalseite des Rumpfes sitzen wieder zwei Tasthaare, 
die etwas länger sind als die des Halses.

Das auffallendste und charakteristischeste Merkmal des Tier­
chens ist der schmale, kammartige Rückenkiel des Rumpfes, der eiwa 
in der Mitte des Gesamtkörpers beginnt, in der Mitte des Rumpfes am 
höchsten ist und sich ganz langsam verschmälemd vor der Schwanz­
gabel in den hintersten Teil des Rumpfes übergeht. Dieser Rückenkiel 
ist eine ziemlich starre Ausstülpung der Haut; bei der Dehnung de» 
Rumpfes wird er etwas kleiner, beim Zusammenziehen des Rumpfes 
dagegen wölbt er sich stärker hervor, bleibt aber immer sehr auffallend. 
Die Haut des Rumpfes scheint etwas dicker zu sein als die des Halses und 
des Kopfes. Biegt der Körper seitlich, so erscheinen an der inneren 
Seite des Rumpfes und Halses einige breiien und sehr seichten Falten, 
die aber nie so scharf heraustreten als es bei Ichihydium podura dec 
Fall ist. An dem Rückenkiel habe ich niemals Faltungen gesehen.

Die Schwanzgabel ist sehr kurz: die Zinken der Schwanzgabel 
stehen eng beisammen; die innere Seite der Zinken ist gerade, die
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äussere Seite dagegen etwas ausgeschnitten. Sie krümmen ventral wäris 
sichelartig und sind stark zugespitzt. Das Aussehen der Schwanzgabel 
mit den Zinken erinnert an die Zellen einiger Lecane-Arten der Rota- 
torien.

An der inneren Organisation des Tierchens konnte ich nichts 
auffallendes beobachten. Die Haut ist sehr wenig durchsichtig. Der 
Ösophagus reicht fast bis zum Beginn des Rumpfes, wo er gerade!inig 
dem Darmanfang anliegt. Der Darm ist ziemlich breit und mit dunkler 
Nahrung angefüllt, die hauptsächlich aus kleinsten Partikeln des orga­
nischen Detritus besteht.

Totallänge 110—12C p, Breite des Kopfes 15—14- p, Breite des 
Halses 9—10 f t ,  grösste Breite des Rumpfes 26—27 f t ,  grösste Höhe des 
Rückenkieles ± 5  p, Länge der Zinken 9—10 ft.

2. Genus: C h a e t o n o t u s  Ehrbg. 
t.Chaetonotus breoispinus Zklinka.

(Grünspan, p. 276.)
Diese Art aus den ungarischen Gewässern wurde bisher noch 

nicht beschrieben. Ich fand sie zum erstenmal am 17. VIII. 1936- in 
der Bucht von Aszófő zwischen Fadenalgen und später am 26. VIII- 
1936. ebenda im Periphyton von P/iragm/te.s-Stengel. Sie kam nur in 
einigen Exemplaren vor.

Der fast kreisrunde Kopf setzt sich in den wenig eingeschnürten 
Hals fort; der Rumpf ist nur etwas breiter als der Kopf. Die schwach 
nach hinten gekrümmten Rückenstacheln nehmen kaudalwärts an 
Länge zu. Die Stacheln des Rückens sind in elf Reihen angeordnet und 
entspringen kreisförmigen Schuppen, die hinten eckig ausgeschnitten 
sind. Die letzten zwei Seitenstacheln vor der Schwanzgabel sind dicker, 
länger und mehr gekrümmt als die benachbarten Stacheln. Der Zwi­
schenraum der ventralen Wimperstreifen ist mit sehr dünnen, runden 
Schuppen bedeckt. Die vor der Schwanzgabel sitzenden Vent raise hup­
pen sind 3—4-mal länger und tragen je einen langen Stachel.

Grünspan (1910) schreibt (p. 275.) über diese Art: „Am Kopfe 
fallen vier Körper auf, welche paarweise liegen. Sie erscheinen mit 
schwarzen Punkten erfüllt, die besonders dicht gegen den Rand zu 
stehen: sie können als Augen (Flecke) angesehen werden.“ Bei manchen 
Exemplaren konnte ich diese Beschreibung bestätigen; bei einigen 
Exemplaren fehlten die „schwarzen Punkte“, aber die vier Körperchen 
waren stärker lichtbrechend — vorhanden.

Gesamtlänge 132—140 ft, Breite des Kopfes 18 ft. grösste Breite 
des Rumpfes 20—22 fi, Länge der Gabelzinken 13—14,«. 2

2. Chaetonotus chuni Voigt.
(Grünspan, p. 294. C ollin p. 249.)

Beobachtet: 16. VII. 1935 in der Bucht von Aszófő. im Detritus; 
17. VIII. 1936. ebenda, an der unteren Seite von Hydrocharis-Yilätter:
19. VII. 1939. ebenda, im Periphyton.

Der breite und ziemlich flache Körper ist sehr reich bestachelt. 
Die Stacheln sind an der Dorsalseite in neun Reihen geordnet; sie sind
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kräftig, gross, gekrümmt und bei der Endkrümmung besitzen sie einen 
Nebenzahn. Sie entspringen länglichrunden Schuppen und nehmen 
nach den Seiten hin an Länge ab, während sie von dem Kopfe kaudal- 
wärts an Länge zunehmen, so dass sie am Ende des Rumpfes dreimal 
so gross sind als am Kopfe. Sehr charakteristisch sind die zwei dor­
salen, langen und dünnen, mit 'Nebenzahn versehenen Stacheln zwi­
schen der Schwanzgabel, die manchmal die Gabelzinken an Länge 
übertreffen. Zwischen den Gabelzinken sieht man oft vier kurze, ein­
fache und dünne Stacheln, die von der Ventralseite des Körpers ent­
springen. Die Gabelzinken sind gerade, ziemlich starr und ihre Enden 
sind verbreitert, bei meinen Exemplaren gerade abigeschnitten.

Der Kopf ist dreilappig, der Rumpf etwas breiter als der Kopf. 
Die Tasthaarbüschel bestehen aus einigen ziemlich kurzen Haaren. Der 
Hals ist undeutlich.

Fast bei jedem Exemplar sah ich im Körper 12—5 Eier. Die Nah­
rung besteht aus dem feinsten organischen Detritus.

Gesamtlänge 180—210 y, Kopfbreite 40 y, grösste Breite des 
Rumpfes 48—50 y, längste Stacheln am Hinterende 70—76 y , Länge 
der (jabelzinken 30—31 y.

Chaetonotus chuni wurde bisher bei uns noch nicht beobachtet.

3. Chaetonotus hystrix Mf.tschnikoff.
(Grünspan, p. 270, C cu in, p. 249.)

Gesammelt: 16. VII. 1933 in der Bucht von Aszófő im Detritus 
und Periphyton und am 19. 1939 an der Unterseite von Hydrocharis- 
Blätter, jedesmal vereinzelt.

Eine sehr kleine Art. Ihr Kopf ist länglich oval, der Hals ist 
etwas schmäler, der Rumpf bedeutend breiter. Der Rücken ist mit 
kräftigen Stacheln bewaffnet, die einen Nebenstachel besitzen: sie sind 
in '9 Längsreihen angeordnet. Die Kopf- und Halsstacheln sind sehr 
kurz, die Rückenstacheln länger: diese nehmen kaudalwärts an Länge 
zu und in der Nähe der Schwanzgabel sind sie etwa fünfmal länger 
als die des Kopfes. Jederseits vor der Schwanzgabel findet man je 
einen auffallend langen und kräftigen Seitenstachel. Charakteristisch 
ist es, dass auch an der Bauchseite ausserhalb der Zilienbänder kurze, 
zweispitzige Stacheln vorhanden sind, die in drei Längsreihen angeord- 
net erscheinen. Auch zwischen den Zilienbändem finden sich sehr 
kleine Schuppen mit feinen Borsten versehen. Die Zilienbänder sind 
vorne am Kopfe mit etwas längeren Zilien verbunden. Die Rücken­
schuppen, die die Stacheln tragen, sind spiessförmig und liegen nicht 
aneinander an.

Die Zinken der Schwanzgabel sind geteilt, sie tragen ein End­
glied. Der Ösophagus ist kurz und erweitert sich in der Nähe des 
Darmes etwa zwiebelartig.

Gesamtlänge 80—88 y . Breite des Kopfes ±11 y , Breite des 
Halses 9—-10 y. grösste Breite des Rumpfes 16— 18 y , Länge der Gabel­
zinken 12.5 y.

Chaetonotus hystrix wurde aus Ungarn bisher noch nicht nach­
gewiesen.
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4. Chaetonotus larus O. F. Müller.
(Grünspan, p. 285. Collin, p. 257.)

Diese Art ist aus Ungarn schon] lange bekannt. D aday (1897) 
hat sie schon im Jahre 1892 beschrieben. Er hat sie in den Seen von 
Katona, Czege, Mezőtóhát und Méhes (alle in Siebenbürgen), sowie im 
Tátra-Gebirge in dem 4. See von Tarpatak gefunden. Sie scheint sehr 
verbreitet zu sein. Török P. (1935) fand sie im Leitungswasser von 
Budapest. Ich selbst beobachtete sie auch im Fertő (Neusiedlersee), 
und in fast allen Teichen, wo ich die Rotatorien untersuchte.

Fundorte im Balaton: 16. VII. 1935 in der Aszófőer Bucht, zwi­
schen Fadenalgen; 17. VIII. 1956 ebenda auf der Unterseite der Blätter 
von Hydrocharis; 19. VII. 1939 ebenda zwischen Wasserpflanzen und 
im Detritus. 16. X. 1938 im Psammon von Zamárdi, 18. II. 1939 ebenda 
in Hydropsammon, als die obere Schicht des Sandes gefroren war, 
darunter aber die Sandschicht eine Temperatur von ±  1.5° C hatte. 
Sie kommt regelmässig auch zwischen XJfer-Cladophora vor (Varga, 
1941). Im Balaton lebt sie also das ganze Jahr hindurch, scheint eine 
eurytope und eurytherme Art zu sein. Ihre Nahrung besteht aus den 
feinsten Detritusteilchen und kleinen Algen.

Chaetonotus larus besitzt einen ziemlich schlanken Körper. Der 
Kopf ist schwach dreilappig, eher rundlich. Der Hals setzt sich von 
Kopf und Rumpf wenig ab; der Rumpf ist nur etwas breiter als der 
Kopf. Die Schwanzgabel ist tief eingeschnitten. Der Rücken und die 
Seiten sind mit dreikantigen Stacheln bewaffnet, die am vorderen Kör­
perdrittel sehr kurz sind und an dem mittleren und hinteren Drittel 
des Körpers ziemlich ohne Übergang an Länge stark zunehmen, so dass 
sie hier 4—5-mal länger werden. Die Stacheln entspringen dem Hin- 
Ierrand der tief parabolisch eingeschnittenen Körperschuppen. An dem 
Kopf und Hals stehen die Stacheln in neun, an dem Rumpf in sieben 
Längsreihen. In jeder Längsreihe kann man etwa 15—18 Stacheln zäh­
len, davon sind 6—8 lang. Auf der Ventralseite kann man in der Um­
gebung des Afters und auf dem Basalstück der Gabelzinken einige 
kleine Borsten finden, die aber bei den älteren, eiertragenden Tierchen 
oft fehlen können. Das Bauchfeld zwischen den Zilienbändern is sonst 
ohne Borsten.

Die Körperlänge ist ziemlich variabel: 85—130 y, die Breite des 
Kopfes 50—36 y. die des Halses 25—30 y. die des Rumpfes 32—40 y. 
Länge der Gabelzinken 10—12 y, Dinge der grössten Stacheln 18—20 y. 5

5. Chaetonotus macrochaetus Zf.linka.
(Grünspan, p. 279. C ollin, p. 257.)

Gefunden: 16. VII. 1935 in der Bucht von Aszófő, zwischen 
Wasserpflanzen; 9. IV. 1936 ebenda im Detritus, 17. VIII. 1956 im 
Aufwuchs von Phargmites-Stengeln und im Detritus. 19, VIT. 1939 auf 
der Unterseite der Hydrocharis-Blätter.

Die Form ist ähnlich Chaetonotus larus. Die Rücken- und Sei­
tenstacheln sind in 9 Längsreihen angeordnet. Die Kopf- und Halssta­
cheln sind lang, stark, sehr gekrümmt, mit Nebenspitze. Die Stacheln 
sitzen äuf pflugscharförmigen, ziemlich grossen Schuppen, die sich nur
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mit ihren Seitenspitzen berühren. Das Zwischenfeld der Zilienbänder 
der Ventralseite ist mit rundlichen, zarten, in alternierenden Reihen 
geordneten Schuppen bekleidet.

Die Gesamtlänge ist ziemlich variabel: 65—105 ß. Breite des 
Kopfes 26—50 ß ,  die des Halses 23—26 p, die des Rumpfes 29—32 ß .  
Länge der Gabelzinken 9—10 p, Länge der grössten Stacheln 19—22 p.

Diese Art vurde in Ungarn zum erstenmal von P. Török (19351 
aus dem Leitungswasser von Budapest beschrieben.

6. Chaetonotus maximus E hrbg.
(Grünspan, p. 263, Collin, p. 254.)

Diese Art ist in den ungarischen Gewässern sehr verbreitet. 
Daday (1897) erwähnt sie schon im Jahre 1883 aus dem Zenoga-See des 
Retyezát-Gebirges (Süd-Siebenbürgen). Er beschrieb sie später aus den 
Seen von Katona, Czege und Mezőt óhát (Siebenbürgen), aus dem Salz­
see von Halas, aus den Seen von Környe, Kecskéd und Velence. Sie 
lebt auch im Leitungswasser von Budapest (Török, 1935).

Ich traf sie in fast allen Teichen und Seen, die ich für Rotato- 
rien untersuchte und beschrieb sie sogar aus den Sphagnum-Polstern 
von Kőszeg (Varga, 1936). Funde im Balaton: 15. VII. 1935 in der 
Bucht von Aszófő im Detritus und zwischen Wasserpflanzen; am 3. I. 
1936 ebenda unter Eisdecke »wischen Fadenalgen; 9. IV. 1936 ebenda 
im Detritus, 19. VII. 1939 ebenda im Detritus und auf der Unterseite 
der Blätter von Hydrocharis; 22. VIII. 1936 im Psammon des Sees, ver­
breitet; 18. II. 1939 bei Zamárdiim Psammon, als die obere Schicht des 
Sandes gefroren war, 29. VII. 1939 ebenda im Psammon; sie lebt auch 
zwischen Cladophora.

Der Körper ist schlank, langgestreckt. Der fünflappige Kopf 
is von dem Hals scharf abgesetzt, der Hals ist ziemlich stark einge­
schnürt. Der Rumpf is etwas breiter als der Kopf. Die einfachen, ge­
bogenen Rückenstacheln nehmen kaudalwärts an Länge zu und am 
Ende des Körpers sind sie etwa 2—3-mal länger als am Kopfe. Die 
Seitenstacheln sind etwas kürzer als die des Rückens. Die Schuppen 
der Stacheln sind wappenschildförmig. Der Raum zwischen den Wim­
perbändern der Bauchseite ist mit kurzen, dünnen Schuppen bedeckt, 
die je einen kleinen Stachel tragen. Die Gabelzinken stehen stark 
auseinander. Auffallend lang is der Ösophagus, der in allgemeinen eine 
Länge von über ein Drittel des Körpers erreicht.

Die Gesamtlänge ist sehr variabel: t20—Í75 ß: Breite des 
Kopfes 27—32 p, Breite des Halses 22—20 ß, die des Rumpfes 33—57 ß, 
Länge der Gabelzinken 20—23 p, die des Ösophagus 50—60 y.

7. Chaetonotus multispinosus G rünspan.
(Grünspan, p. 303. C ollin, p. 255.)

Gefunden in der Aszófőer-Bucht am 3. I. 1936 zwischen Faden­
algen unter einer dünner Eisdecke; 5 Exemplare.

Eine sehr kleine Art, die eine gewisse Ähnlichkeit mit Chaeto­
notus brevispinosus Zel. besitzt. Grünspan (1910, p. 304) schreibt über 
diese Art: „Körper dick, plump Rückenfläche mit kurzen, einfachen
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Stachen bewehrt, die in 17+2 Längsreihen stehen und runden Schup­
pen entspringen. Kopf deutlich fiinlappig, dick. . . .  Hals dick, etwas 
Weniger breit.. • Ventraler Raum zwischen den Flimmerbändern mit 
zarten Schuppen, denen kurze Stacheln aufsitzen, bedeckt. An den 
Rumpfflächen seitlich von den Flimmerbändern kurze Stacheln in 
alternierenden Reihen. Fünf Stacheln an der Breitesten Stelle/1 Meine 
Exemplare zeigten mit dieser Beschreibung eine vollkommene Über­
einstimmung, nur waren sie viel kleiner. Gesamtlänge des Körpers 
85—112 y  Breite des Kopfes 50 y. Breite des Halses 27 y, die des 
Rumpfes 36 y, Länge der Schwanzgabel 14 y.

8. Chaetonotus octonarius Stokes (3. Abb.).
(Grünspan, p . 299.)

Fundorte: 17. VIII. 1936 in der Bucht von Aszófő, zwischen 
Wasserpflanzen; 19. VIII. 1939 ebenda, an der Unterseite der Blätter 
von Hydrocharis; 19- VII. 1938 Ufer von Siófok, zwischen Fadenalgen.

Das sehr kleine, interessante Tierchen ist leicht zu erkennen 
durch seine acht Stacheln, die seinen Rumpf an der Rückenseite be­
waffnen. Diese gleich langen, derben Stacheln besitzen vor ihrem 
Endteil einen ziemlich langen Nebenstachel. so dass sie deutlich gega-

Abb. 3.; Chaetonotus octonarius Stokes, ScMenasichit.

beit erscheinen. Sie sind in drei Reihen angeordnet und zwar so, dass 
zwei Stacheln in der Mittellinie des Rumpfes, je drei an der rechten 
und linken Seite desRumfes stehen. Die Schuppen, von denen sie ent­
springen. sind fast kreisrund. Ausser diesen acht Stacheln fehlt an den 
anderen Körperteilen eine Bestachelung.

Der Körper ist schlank und zart. Der Kopf ist fünflappig, all­
mählich in den schmäleren Hals übergehend. Der Rumpf ist etwas 
breiter als der Kopf. Die Schwanzgabel ist tief eingeschnitten, sonst 
zeigt sie nichts charakteristisches.

Gesamtlänge der gemessenen Exemplare: 72—85 y. Breite des 
Kopfes 24 y , Breite des Halses 21—22 y. Breite des Rumpfes 25—26 p 
Länge der Schwanzgabel 18 y, Länge der Stacheln 27—28 y.

Die Art ist aus Ungarn noch nicht bekannt I gewesen. Der nächste 
Lebensort ist in Bukowina (Czernowitz).

9. Chaetonotus scliultzei Mktschnikoff.
(Grünspan, p. 268, C ollin, p. 248.)

Gefunden: 16. VII. 1935 und 3. I. 1956 in der Bucht von Aszófő 
im Detritus und zwischen Fadenalgen: im Jahre 1939 öfters an der 
Ufer vor Tihany zwischen Cladophora.
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Diese Ari ist die grösste unter den bisher besprochenen Chae- 
tonotus-Arten. Ihr Körper ist fluschenförmig. Der Kopf ist dreilappig, 
mit dem Halse fast gleich breit, mit vier l asthaarbüscheln und zwei 
hellen, lichtbrechenden Augenflecken. Der Rumpf ist dick, am Rücken 
stark aufgewölbt. Die Schwanzgabel ist miissig eingetieft, mit starken 
Gabelzinken. Der Rücken ist mit ziemlich kurzen, starken Stacheln 
bewaffnet, die kaudalwärts an Länge zunehmen und nahe dem Kör­
perende, die doppelte Länge der Kopfstacheln erreichen. Sie entspringen 
vorne abgerundeten, hinten tief parabolisch ausgeschnittenen Schuppen, 
die am Kopfe und am Halse sehr weich und zart sind. Die Stacheln 
besitzen bei etwa 1/3 ihrer Länge zwei starke Nebenspitzen. Der Raum 
zwischen den zwei Flimmerbändern der Yentralseite ist mit sehr klei­
nen Stacheln bedeckt, die nach hinten an Länge zunehmen.

Gesamtlänge: 345—346 p, die Breite des Kopfes 42—44 
Breite des Halses 40—42 n, grösste Breite des Rumpfes 70—74 <u, Länge 
der Gabelzinken 34—-35 fi.

Chaetonotus schultzei war aus Ungarn noch nicht bekannt. Er 
scheint ein eurythermes Tierchen zu sein.

10. Chaetonotus serraticaudus Yoigt.
(Grünspan, p. 288, C ollin, p. 252.)

Gefunden: 17. VIII. 1936 in der Bucht von Aszófő, zwischen 
submersen Wasserpflanzen und an der Unterseite von Hydrocharis- 
Blättern.

Diese Art ist neben anderen schon an der Grösse erkennbar: sie 
ist unsere grösste Gastrotrichenart. Ihr fast gleichbreiter Körper ist 
auffallend schlank, planarienartig, langgestreckt. Der Kopf besitzt 
einen dreiteiligen Schild. Der Rücken und die Seiten sind liaarkleidar- 
iig mit einfachen, kurzen Stacheln bekleidet, die ventralw arts bis zu 
den Flimmerbändern reichen und kaudalwärts an Uänge zunehmen. 
Die letzten Seitenstacheln überragen etwas die Zinken der Schwanz­
gabel. Auch der Raum zwischen den Zilienbändern ist mit sehr kurzen 
Stacheln bekleidet. Charakteristisch sind am Ende des Körpers die 
6—8 langen Stacheln, die von der Ventralseite zwischen den Zinken 
der Schwanzgabel hervortreten. Die DorsaLseite ist vor der Schwan z- 
gabel ohne Stacheln, dafür aber mit Schuppen bedeckt. Eigenartig ist 
auch die Schwanzgabel gebaut: sie besteht aus zwei gekrümmten 
Röhren, mit kurzer, nach innen biegender Spitze. Die knotenartige 
Anschwellung der Röhren vor der Endspitze konnte ich (bei meinem 
Tierchen nicht beobachten.

Das Tierchen bewegt sich ziemlich schnell, biegt seinen Körper 
rasch hin und her, bleibt plötzlich stellen, um dann zwischen dem 
dichten Gewirr des Detritus leicht durchzuschlüpfen. Die Röhren der 
Schwanzgabel öffnen und schliessen sich dabei wie die Teile einer 
Zange. Die Nahrung bestellt aus sehr kleinen Grünalgen.

Gesamtlänge: 460—500 f<. Breite des Kopfes 58 (i. Breite des 
Körpers etwa in der Mitte 64 p, Länge der Scliwanzgabel 52 fi. Länge 
der Seitenstacheln bei der Scliwanzgabel 55 fi.

Diese Art ist für die Fauna Ungarns neu.
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11. Chaeíonotus similis Zeunka ,
(Grünspan, p. 266.)

Gesammelt am 17. V ili. 1936 in der Bucht von Aszófő, im Detri­
tus und Periphyton.

Diese Art ist an Gestalt, Kopfform und Grösse Chaeíonotus 
maximus ziemlich ähnlich. Die Rückenstacheln sind aber breiter und 
dicker und tragen einen sehr kurzen Nebenstachel. Merkwürdig ist aber 
— wie ich bei meinen sechs beobachteten Exemplaren gesehen habe — 
dass der Kopf und der Hals bis etwa in die Gegend der beiden 
Tasthaare stachelfrei und nur mit kleinen Schuppen besetzt waren. Es 
ist bekannt, dass diese Erscheinung bei dieser Art vorkommt, aber 
meist ausnahmsweise. Bei den Balaton-Exemplaren fand ich aber 
keinen, dessen Kopf und Hals bestachelt gewesen wäre. Der Raum 
zwischen den Flimmerbändern der Venfralseite ist mit zilienähnlichen, 
kurzen Stacheln bedeckt.

Gesamtlänge 172—180 /u. Breite des Kopfes 38 ß, Breite des 
Halses 30 ß- grösste Breite des Rumpfes 41 ß, Länge der Gabel­
zinken 25 t*

Chaeíonotus similis ist für die Fauna Ungarns neu.

12. Chaeíonotus simrothi Voigt.
(Grünspan, p. 30S, Collin, p. 255.)

Gesammelt: 16. VIII. 1935 in der Bucht von Aszófő, zwischen 
Hydrocharis, im Detritus; 19. VII. 1959 ebenda, an der Unterseite der 
Blätter von Hydrocharis.

Das ziemlich grosse Tierchen besitzt einen schlanken, langge­
streckten Körper. Der Kopf ist fünflappig, die hinteren Lappen biegen 
seitlich etwas heraus. Der Hals ist wenig ausgebildet, geht allmählich 
in den etwas breiteren Rumpf über. Die Schwanzgabel ist aus zwei 
dünnen, leicht nach innen gekrümmten Röhren gebildet. Die ganze 
Rückenseite ist mit scharf gebogenen, einfachen Stacheln bewaffnet, 
die kaudalwärts an Länge zunehmen. Die hintersten Stacheln sind 
doppelt so lang als die Kopfstacheln. Die Stacheln entspringen sehr 
dünnen, schwer wahrnehmbaren Schuppen. Auch die Ventralseite des 
Tierchens: ist mit kurzen Stacheln bedeckt.

Die Ernährung besteht hauptsächlich aus kleinsten Grünalgen, 
die den Magen grünlich färben.

Gesamtlänge 370—380 ß: Breite des Kopfes 53—58 ß, Breite 
des Halses 48—50 ß, grösste Breite des Rumpfes etwa 70 ß. Länge der 
Gabelzinken 52 ß.

Chaeíonotus simrothi wurde in Ungarn bisher noch nicht 
beobachtet.

13. Chaeíonotus spinulosus Stokes.
(Grünspan, p. 277, C ollin, p. 258.)

Gesammelt: 16. VII. 1935 in der Bucht von Aszófő, zwischen 
Hydrocharis; 9. IV. 1936 ebenda im Detritus; 17. VIII. 1936 ebenda im 
Detritus, 21. VIII. 1938 in der Bucht unter den Csúcshegy von Tihany, 
im Detritus auf Steinen.
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Das merkwürdig gestachelte Tierchen ist ein Zwerglein der 
Castrotrichen. Der gedrungene Körper besitzt einen fünf lappigen Kopf, 
der von Hals abgesetzt ist. Der Hals geht allmählich in den dorsal stark 
aufgewölbten Rumpf über. Auf dem Rücken sitzen zwei Querreihen 
von sehr langen kräftigen Stacheln. In der vorderen Querreihe waren 
bei meinen Exemplaren 4, in der hinteren Querreihe 3 gegabelte Sta­
cheln. Die hinteren Stacheln waren kürzer als die vorderen und trugen 
an ihrer Spitze nur schwer wahrnembare Nebenstachel oder Nebenzahn, 
die aber an den vorderen grossen Stacheln gut ausgebildet waren. Die 
Seiten des Tierchens sind mit kurzen, kleinen Stacheln besetzt. Die 
Oberf läche des Rückens ist mit kleinen, lichtbrechenden Körperchen 
granuliert, die wahrscheinlich Reste von ehemaligen Schuppen sind, 
die ihre Stacheln verloren haben.

Gesamtlänge 62—65 p ; Breite des Kopfes 12—15 ß , die des Hal­
ses 10 u, grösste Breite des Rumpfes 21 p. Länge der vorderen Sta­
cheln 20 ß.

Chaetonotus spinulosus beschrieb ich zum erstenmal aus einen 
Altwasser von dem Tisza-Fluss (Varga 1931).

14. Chaetonotus zelinkai G rünspan.
(Grünspan, p. 305, Collin, p. 256 )

Gefunden: 16. VII. 1925 in der Bucht von Aszófő im Detritus; 
17. VII I. 1936 ebenda im Detritus und an der Unterseite der Blätter von 
Hydrocharis.

Das ziemlich grosse, sehr schlanke Tierchen Ibesitzt einen gut ab­
gesetzten Kopf, der nach Grünspan „hammerföirmig“ ist, mit fünf Lap­
pen und gut entwickelte^ Stirnkappe. Die hinteren Kopflappen sind 
eckig. Der Hals ist schmal, lang und geht allmählich in den Rumpf 
über. Die Schwanzgabel ist ziemlich tief eingeschnitten, ihre Zinken 
biegen an ihrem Ende seitlich. Der Rücken ist mit einfachen, langen 
Stacheln bedeckt, die in 11 Längsreihen stehen und nach hinten be­
deutend länger werden. Auf fallend und charakterisch sind die, je drei, bei­
derseits stehenden sehr langen und kräftigen Endstacheln, die vor ihrem 
Ende einen gut entwickelten Nebenstachel besitzen und die Gabelzin­
ken weit überragen. Bei den Exemplaren von Balaton waren sie fast 
doppelt so lang wie die Gabelzinken.

Das Tierchen schwimmt träge, manchmal rückweise, lebhaft 
nach Nahrung suchend, die aus kleinsten Grünalgen und Diatomeen 
besteht.

Gesamtlänge: 235—250 p\ Breite des Kopfes 36 p ,  die des Hal­
ses 28 ß, grösste Breite des Rumpfes 44 p. Länge der Gabelzinken 33 p, 
Längte der hinistersten grossen Seiten stacheln 62 p.

Chaetonotus zelinkai beschrieb ich aus den Sphagnum-Polstern 
von Kőszeg (Varga, 1936).
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3. Genus: H e l e r o l e p i d o d e r m a  Rumäne.
Heterolepidoderma ocellatum Mktschnikoff.

(= Lepidoderma ocellatum Metschn.)
(Grünspan, p. 251, C ollín, p. 245)

Gefunden: 19. VII. 1939 in der Bucht von Aszófő, auf der Un­
terseite der Blätter von Hydrocharis; 16. VHI. 1939 im Detritus auf 
Steinen in der Bucht unter dem Csúcshegy4 * * 7 von Tihany7-

Diese Art besitzt auf den ersten Blick eine gewisse Ähnlichkeit 
mit den Ichihydium-Arten. Ihr Körper ist gedrungen. Der Kopf ist 
meist fast kreisrund, nur selten sieht man fünf unbedeutende Lappen. 
Seitlich im Kopf sind zwei stark lichtbrechende, ovale Körperchen, die 
als Augenflecke betrachtet werden können. Sie fehlten bei den Exem­
plaren von Balaton niemals. Der Körper ist fein gestrichelt; die Stri­
chelung besteht aus vielen Schuppenreihen. Die sehr kleinen, breiten 
Schuppen sind langgestreckt, mit Längskiel, ohne Stachel. Die Schwanz­
gabel ist tief eingeschnitten, die Gabelzinken sind verhältnissmässig 
kurz,,'mit einem dünnen Endglied.

Das Tierchen bewegt sich ziemlich schnell, ernährt sich von den 
feinsten organischen Detritusteilchen, es schluckt aber kleine Grün­
algen auch.

Gesamtlänge ziemlich variabel: 75—120 /./: Breite des Kopfes 
22—24 fi, Breite des Halses 19—20//. grösste Breite des Rumpfes 28—30 /*, 
ft, Länge der Schwanzgabel 20 u.

Diese Art ist in Ungarn bisher noch nicht beobachtet worden.

4. Genus: L e p i d o d e r m a  Zelinka.
Lepidoderma squamatum D ujarbin.
(Grünspan, p. 248; C ollín, p. 244)

Fundorte: 22- VIII. 1936 im Hydropsammon bei Balatonszárszó 
und Szántód: 19. VII. 1939 in der Bucht von Aszófő auf der Unter­
seite der Hydrocharis-Blätter; im Sommer von 1939 zwischen Clado- 
phora an den Ufern von Tihany oft beobachtet. Bei den Untersuchun­
gen. die ich über anderen Gewässern nach Rotatorien durchführte, 
fand ich sie fast immer. Sie scheint also bei uns sehr verbreitet zu sein.

Der Körper ist schlank, der Kopf schwach fünflappig, allmäh­
lich in den wenig eingeschnürten Hals übergehend. Der Rumpf ist 
schlank, so breit wie, der Kopf. Die Schwanzgabel ist in den Körper tief 
eingeschnitten. Der ganze Körper ist. die ventralen Flimmerbänder aus­
genommen, mit flachen Schuppen bedeckt, die in Längsreihen angeord­
net sind, so dass man auf den ersten Blick den Eindruck hat, dass die 
Haut des Tierchens mit winzigen Blasen bedeckt ist. Die Form der 
Schuppen ist an den einzelnen Körperteilen verschieden, meist rundlich 
und kiellos. Auch die Basalteile des Fusses sind beschuppt. Die Sch wanz­
gabel endet mit einem spitzen Glied.

Die Gesamtlänge ist ziemlich variabel: 120—160 //: Breite des 
Kopfes 26—30 //, Breite des Halses 21—24 «, grösste Breite des Rumpfes 
28—33 //, Länge der Schwanzgabel T 8—23 ß.

Lepidoderma squamatum ist für die Fauna Ungarns neu.
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ÖKOLOGISCHES
Es fanden sick also 18 G a s t r o t r i c h e  n-A r t e n im Balaton­

see. Die meisten Arten konnten in der Bucht von Aszófő gesammelt 
werden. Diese Bucht liegt an der Strasse zwischen Balatonfiired und Ti­
hany und'ist seit etwa 22 Jahre durch den Damm dieser Strasse von dem 
Balaton so abgetrennt, dass das Wasser der Bucht nur unter einer Brücke 
mit dem offenen See in Verbindung steht. Ein kleiner Bach von Westen 
kommend, mündet in die Bucht ein. Sie/ist etwa 200 m lang, 100 m breit 
und sehr seicht: 30—60 cm tief. Überall wächst üppiges Röhricht (Phra- 
gmites), das im Winter geschnitten wird. Im Wasser sind Myriophyllum. 
Utricularia und im Sommer Hydrocharis rnorsus ranae in grosser Menge 
vorhanden; die schwimmenden Blätter der letztgenannten Pflanze dek- 
ken die Oberfläche des Wassers fast vollkommen zu.

Das Wasser der Bucht ist ziemlich klar und ruhig, da die Winde 
keinen Wellengang verursachen können. Der Grund ist mit dicken 
Schlamm bedeckt, der vielerorts schon Faulschlamm ist, an seiner Ober­
fläche aber liegt eine dicke Detritus-Schicht, in der die meisten Gastro­
trichen lebten. Der Wasserstand hängt mit dem des Balatons zusammen. 
Die üppige Pflanzenwelt des Wassers verursacht,, dass d a s  W a s s e r  
n i c h t  b e l e u c h t e t  werden kann und sich im Sommer und Herbst 
sozusagen in h a l b e r  D u n k e l h e i t  befindet: auch eine günstige 
Lebensbedingung für die Gastrotrichen. Die Wassertemperatur weicht 
von der des Balatons um ±  1—2 Grad ab.

Die genaue chemische Analyse des Wassers zeigt, dass Ca- und 
CO-;- Gehalt hier höher ist als im Wasser des offenen Balatons, Mg- 
Gehalt dagegen kleiner. Die Wasserstoffionenkonzentration (pH) be- 
trägt 8.1 (im Balaton 8.6—8.8). Die Faktoren der Biozönose verursachen, 
dass die Bucht vielfach ein selbstständiger Biotop geworden ist.

Diese ökologischen Verhältnisse verursachten es, dass in dieser 
Bucht, in der ich (Varga, 1939) insgesamt Í66 Arten und 3 Varietäten 
der R o t a t  ő r i e n  nachweisen konnte, die Lebensverhältnisse auch 
für die G a s t r o t r i c h e n  sehr günstig waren.

Ich bin aber überzeugt, dass mit 'gründlicher Untersuchung im 
Balatonsee noch mehrere Gastrotrichen-Arten gefunden werden können. 
Did allgemeinen ökologischen Verhältnisse des Balatonsees und die ein­
zelnen Faktoren für seine Biocönose sind so günstig, dass in seinem 
Wasser noch viele mikroskopischen Tiere und Pflanzen entdeckt wer­
den können. Der See ist ja gai* nicht gesättigt, verschiedene Tiere wan- 
derni hinein oder werden eingeschleppt. Die Erforschung der Lebewelt 
des Sees muss deshalb ständig und gründlich sein, muss sich auf das 
ganze Jahr und möglichst auf die verschiedensten Biotopen erstrecken. 
F ü r  d ie  w e i t e r e  E r f o r s c h u n g  d e r  G a s t r o t r i c h e  n- 
Fauna müssen hauptsächlich die beschatteten Biotope berücksichtigt 
werden: L i t o r a l -  und P r o f u n d a l r e g i o n  d e r  r u h i g e n  
S t e l l e n ,  D e t r i t u s ,  A u f w u c h s  (Periphyton) des Röhrichtes 
und von anderen höheren submersen Wesserpflanzen, Unterseite der 
grösseren PflanzenMätter, Psammon, das Wasser und der Schlamm in 
den Röhricht-Inseln, ruhige Buchten, usw.
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TACTPOTPHXbl H3 03EPA EAJIATOH
AnTop: JIAflOIII BAPrA 

PE3IOME
H onHcan 18 bhaob racTpoTptixOB M3 pa3tibix Rhotohob 03epa BanaTOiia, KOTOpwx 

si HaSiuoAa.'i bo Bpe/vist HCCJieflOBanHfi rjtavin>i KonoBpaTOK :m>ro 03epa. OnncaHnwe 
racrporpHXW npiinaanOKaT k OTpflfly C haet.onotoidea a HMemio ko BTOpoii ceMbe rrroro 
OTpsi/ta, k C haotonotidae. flan (|)aynu B eurpm i 10, aust (bay mm BanaTotia 13 it?.
3THX BHflOB JtBJISOOTCSl H0BUMH. CpegH OnHCaitHUX BHAOB HMeeTCB OflEH HOBbltt 
Bit a iieiianecTHi.iH no cox nop b nayi;e (ch th y d iu m  ba la to n icu m  n . sp). 3 tot bha or.ismaeTCH 
ót c h th y d iu m  po d ian  O. P. Müll., KpOMe ap y rn x  npn3naK0B, ÖOJiee jiihhhum m fio.iec 
tohkhm TenOM. CaMuß xapaKTepubih it öpocaiomutícH b ra a 3 a  npuanaK  oniiaKO, y3KHß 
cnnHnoft KHJib ryjiOBHuia, KOTopwíí Hauimae-rcst npn6jiH3HTejtbHO b cepenitHe Bcero Tena. 
nocTitraeT MaKCHMaabiiyio Bbicory b cpeaHtte TyjtOBuma, it nocTeneono YTOHuastCb — nepe- 
xonnT riepen BHJioo6pa3HbiM xboctom b casiyio 3aaHK)io uacTb TyjiOBtima.

MecTo it BpeMH naxoaioi h ormca.i BMecTe c oTaenbHbiMii BtiaaMii. M OTMentn, 
k'po.Me Toro it riiamiwe Aiopt|K).rionmeciaie it riKoaonmecKiic aaHitbie, a TaioKe pa3Mepu 
■reiia h rn a m iu x  nacTeii Tena. Moskho CKa3aTb, ito  omicamiue racrpoTpnxw 03epa 
BajiaTona memoue no pa3Mepy, Me.vi onabi na6JnoaenHhie b apyrnx osepax. 3 tot ibaitT 
MesKfly npOMHM, aoi<a3an it OTHOCHTenbHO MHOrHx apyrnx •uienoe MHt<po-iJ)ayHbi Bana- 
TOHa.



EPIZOISCHE PERITRICHEN AUS DEM BALATON II

VON

JOLÁN STILLEK (Budapest)
’Aus dem Ung. Kiol Forschungsinstitut, Tihany, am Balaton-See. 

{Eingegangen am 29. April, 1949)

Durch die Kriegsereignisse gehindert, gelang es mir erst im Juli 
194*8. nach 8-jähriger Pause meine Untersuchungen über die epi- 
zoische Peritrichenfauna des Balaton-Sees bei Tihany fortzusetze»
(St il l e r , 1941) .

Die Witterungesverhältnisse waren zu jener Zeit sehr ungünstig. 
Heftige Stürme und andauernder Regen erschwerten das Einsammeln 
der Wirtstiere. Die Steine der Brandungszone waren, bis auf wenige 
Kieselalgen, sowie einzelne Fäden von Bangia atropurpurea und Bü­
scheln von Cladophora glommerata, welche in kleinen Vertiefungen fest 
verankert waren und ebenfalls keine Epizoen trugen, reingefegt. Unter 
den Steinen befanden sich ebenfalls keine Tiere, da sie zum Teil durch 
den heftigen Wellenschlag weggeschwemmt wurden, zum Teil aber 
in geschütztere, noch etwas feuchtliegende, tiefere Schichten der Drif­
ten sich zurückzogen. Nur1 unter jenen Steinen, welche im Schutze eines 
neuangepflanzten kleinen Röhrichtes vor dem Biologischen Institut lie­
gen, war noch etwas Leben vorhanden.

Wenn sich der Wind vorübergehend legte und das Wasser meh­
rere Stunden hindurch unbewegt oder einem nur schwachen Wellen­
schlag ausgesetzt war, dann erschienen an geschützten Stellen der Klei­
nen Bucht die bevorzugtesten Wirtstiere der Peritrichen: Asellus aqua- 
iicus, Carinogammarus Roeselii, sowie Canthocampthus minutus wie­
der in grossen Mengen. Dendrocoelum lacteum spielte in dieser Bio- 
coenose eine nur untergeordnete Rolle und hatte nie Epizoen, trotz­
dem die zu jener Zeit viel häufigere Polycelis nigra von zahl­
reichen Trichodina steini und der selteneren Urceolaria miíra befallen 
war. Versuchsweise hatte ich einigemal die Symphorionten von Poty- 
celis nigra ibsgelöst, indem ich die befallenen Körperteile des Wirtstieres 
mit Hilfe des Deckglases zerdrückte und die auf dem Objektträger nun 
frei umherkriechenden und nach einem neuen Substrat suchenden Tiere 
in ein Uhrenglas hineinwusch, welches sowohl Polycelis nigra als auch 
Dendrocoelum ladeum  enthielt, ln keinem der Fälle lies sich Urceolaria 
mitra oder Trichodina steini, wenn auch nur vorübergehend, auf Den­
drocoelum lacteum nieder. Diese beiden! Peritrichen-Arten scheinen also 
streng artspezifisch zu sein, oder sich in der Auswahl des Wirtstieres 
zu mindest an die Gattung Polycelis zu halten.

Carinogammarus und Asellus wiesen den reichsten Bewuchs auf. 
Selbst ganz junge, kleine Exemplare waren bereits von Peritrichen be­
fallen. Jene Exemplare von Asellus und Carinogammarus, welche sich
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vor dem starken Wellenschlag an geschützte Orte zurückzogen, fielen 
nach ihrem Wiedererscheinen durch ihren besonders reichen Peritri- 
chenbewuchs auf, welcher mitunter schimmelartig, auch mit freiem 
Auge sichtbar war. Die sonst meist individuenarmen Kolonien ihrer 
Epizoen erreichten bei solcher Gelegenheit die Höchstzahl der Zooiden. 
Im Schutze ihres Schlupfwinkels entziehen sich die Peritrichen der 
hydrodynamischen Wirkung, welche nicht nur die einzelnen Zooide, 
sondern oft ganze Kolonien von ihrem Wirtstiere abreisst. Nachdem 
solche Zooiden immer wieder einen neuen Stiel bilden müssen, unter­
bleibt ihre Teilung oder erfolgt nur in sehr beschränktem Masse und die 
Kolonien bleiben bei stärkerer Wasserbewegung meist individuenarm. 
Sehr häufig sind zu jener Zeit solitäre Formen kolonienbildender Arten.

Canthocampthus minutus war mit einer nicht näher bestimmten 
Nais-Art die peritrichenführende Leitform der cladophorabewachsenen 
Phragmiies-Stie\e. Weniger an der Zahl war Canthocampthus zwischen 
den Cladophora-Büscheln der Ufersteine oder in der Tierassoziation der 
Laichkrautbestände vertreten. An sämtlichen Standorten war fast jedes 
Exemplar von Canthocampthus mit Cothurnia affinis besetzt.

Als neues Wirtstier hatte ich auch den erst unlängst eingewan­
derten, heute aber bereits sehr gemeinen interessanten A m p h i p o- 
d e n  pontischer Herkunft: Corophium cuwispinum  (Entz-Sebestyén, 
1946, p. 201—302) auf seine Epizoen untersucht. Corophium findet man 
immer in grossen Mengen, wenn man Laichkraut in einen mit Wasser 
gefüllten Behälter auswäscht und den Inhalt frisch untersucht. Beson­
ders die älteren Exemplare gehen nämlich in diesem, an Zersetzungs­
stoffen reichen und nicht durchlüfteten Wasser sehr bald ein und die 
wenigen jungen Exemplare, welche man noch nach 1—2, höchstens 3 
Tagen in den abgesetzten schleimigen, selbstgebauten Röhrchen findet, 
besitzen meist keine Epizoen. An Corophium-Röhrchen sassen wieder­
holt vereinzelte Exemplare der in der Auswahl des Substrats nicht spe­
zialisierten Vorticella conoallaria. Am Körper vom Corophium sassen 
zur Zeit dieser Untersuchungen insgesamt drei Peritrichen-Arten: Zoo- 
thamnium longifilum, Z. minimum und Cothurnia anomala. O. Sebes­
tyén fand nach einer mündlichen Mitteilung ein Exemplar von Vagini- 
cola crystallina, welches nach stürmischem Wetter höchstwahrschein­
lich sekundär auf diesem sonst ungewöhnlichen Substrat sich angesie­
delt hatte.

Die schleimigen Corophium-Röhrchen bieten den Epizoen auch 
bei stürmischem Wetter guten Schutz, da sich die Wirtstiere tief in die 
Röhrchen zurückziehen und ihre Epizoen durch den Wellenschlag nicht 
abgestreift werden. Nur die Zahl der Wirtstiere selbst wird vermindert, 
denn ein grosser Teil der Röhrchen wird durch die Wasserbewegung 
vom Laichkraut losgelöst.

Das Wasser des Brandungsufers war bei stürmischem Wetter sehr- 
reich an Tripton, Avelches oft einen breiten, dunkelbraunen Spülsaum 
bildet. Dieser Spülsaum enthielt nur wenige Lebewesen, welche durch 
den Wellenschlag von ihrem ursprünglichen Standort weggerissen, dort­
hin gerieten. Einige T a r d i g r a d e  n, R o t a t  ő r i e n  und Kiesel­
algen waren regelmässig vorhanden. Von C i l i a t e n  fanden sich ver­
einzelt: Stentor coeruleus, Urocentrum turbo und ganz ausnahmsweise 
Paramecium caudatum in Gesellschaft der A ch  r o m a t o f  l a-
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g e l l a t e  Rhynchomonas nasuta, weiche sonst nur zwischen dem Det­
ritus der Laichkiiautbestände oder der beiden neuangepilanziten Röh­
richte der Kleinen Buciit zu finden waren-

Von P e r i t r i c h e n  fanden sich nur wenige Art.en an diesen 
gegen das Ufer getriebenen Partikelchen. Vereinzelte Kolonien von Epi­
stylis plicatilis, manchesmal nur deren von den Zooiden verlassenen 
Stiele, sassen an Detrituspartikelchen pflanzlichen Ursprunges. An 
Arthropodenresten sass oft in grossen Mengen eine bisher nicht (bekannte 
Art: Cothurnia clausiens, welche scheinbar ein coenobiontes Mitglied 
der Detritus-Assoziation ist. Ich hatte sämtliche, zu jener Zeit erreich- 
bare Pfanzen und Tiere, sowie leblose Substrate nach diesen Epizoen 
untersucht, doch konnte ich diese Cothurnia-Art nirgends als an den 
erwähnten Arthropodenresten im Detritus der Brandungszone finden.

Bis zum Jahre 1940 konnte ich im Balaton insgesamt 31 epizoische 
Peritrichen-Arten feststeifen. Trotz der ungünstigen Witterung stieg 
dáese Zahl im Laufe meiner im Juli 1948 vorgenommenen Untersuchun­
gen auf 45. Hiervon waren eine Gattung, 9 Arten und eine Varietät für 
die Wissenschaft neu.

Auch bei diesen Untersuchungen hielt ich die Frage der Speciali- 
sierung in der Auswahl des Wirtstieres vor Augen und es zeigte sich 
wieder, in welch hohem Masse der obligatorische Symphorismus bei den 
epizoischen Peritrichen vorherrscht. Von den im Jahre 1948 gefundenen 
25 Arten bzw. Varietäten kam nur Zoothamnium oarians auf zwei 
Wirtstieren, namentlich Asellus aquaticus und Carinogrammarus Roe- 
selii vor.

Im Juni 1948 kamen folgende Arten zum Vorschein:
Urceolaria mitra C lap. u . L. auf Polycelis nigra, selten.
Trichodina steini C lap. u . L. auf Polycelis nigra, häufig.
Rhabdostyla inclinans d‘UuEK. auf Nais sp., sehr häufig.
Epistylis carinogammari sp. n., Gelenke von Carinogammarus 

Roeselii, sehr selten.
Epistylis corollata sp. n., Fühlerbasis von Asellus aquaticus, sehr

selten.
Opercularia asellicola Kahl, Fussgelenke von Asellus aquaticus, 

sehr selten.
Intranstylum asellicola, Fussgelenke und Kopf von Asellus aqua­

ticus, massenhaft.
Intranstylum steini W rz.-Kahl, Kiemenblätter von Carinogam­

marus Roeselii, selten.
Vorticella campanula Ehrbg., Gehäuse von Dreissena polymor- 

pha, selten.
Vorticella convallaria L.. Schleimhülse von Corophium curvispi- 

num, selten.
Vorticella abbreviata Kur sek. Fussgelenke von Carinogammarus 

Roeselii, selten.
Vorticella kahlii Stiller, Thorax und Beine von Leptodora 

K indtii F ocke, sehr selten.
Zoothamnium oarians Stiller, Carinogammarus Roeselii und 

Asellus aquaticus, massenhaft
Zoothamnium oarians oar major oar. n., Abdominalsegmente von 

Asellus aquaticus, selten.
2
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Zoothamnium longifilum sp. n., Abdomen von Corophium curvi- 
spinum, selten.

Zoothamnium carinogammari sp. n., Abdominalsegmente von Ca- 
rinogammarus Roeselii, massenhaft.

Zoothamnium robustum sp. n. Beine von Carinogarnmarus Roe- 
selii, sehr selten.

Zoothamnium minimum sp. n. Abdomen und Fussgelenke von 
Corophium curvispinwn, sehr selten.

Entziella asellicola gen. n. sp. n. Beine von Asellus aquaticus, 
sehr seifen.

V or t i  c e i l  ine.  Gattung unbekannt, auf einem Asellus- Ei.
Iaginicola crystallina IOhrbg. auf Corophium c uro is pin um, ein­

mal.
Cothurnia affinis Kahl. Abdominalsegmente von Canthocamp- 

thus minutus. häufig.
Cothurina clausiens sp. n. Arijhropodenreste im Spülsaum, häufig.
Cothurina anomala sp. n., Beine von Corophium curoispinum, sehr 

häufig.
Lagenophrys aselli P late, Kiemenblätter von Asellus aquaticus,

selten.
BESPRECHUNG DER ARTEN 

Rhabdostyla inclinans Roux.

Seit ihrem ersten Entdecker: (). F. Müller (1786) wurde diese 
Art von zahlreichen Forschern wiedergefunden. D ‘U dekem beschrieb 
sie im Jahre 1864 als Gerda inclinans, K ent (1882) als Scyphidia incli­
nans, Stokes als Rhabdostyla chaeticola, Svec (1897) als Rhabdostyla 
discosiyla und Roux (1901) als Rhabdostyla inclinans. Unter diesem Na­
men fasste Pknaro (1922) die beiden Abarten: die ungestielte Scyphidia 
(Rhabdostyla) discostyla Svec und die auf den Borsten von Nais sit­
zende, kurzgestielte Rhabdostyla inclinans gesondert an, vermutet aber 
ebenfalls eine Identität dieser beiden Arten.

Diese Art wurde bisher nur auf Wasseroligochaeten gefunden. 
Ihre bevorzugtesten Wirtstiere sind verschiedene Nais-Arten. Svec fand 
sie ausserdem auf Tubifex-Arten, Kahl erwähnt und beschreibt eine 
bedeutend schlankere und etwas kleinere (40 y) Form, welche auf Pris­
tina longiseta sassí (Kahl. 1933. S. 676. 728:Fig. 6). ich fand diese Art 
überall, wo ich ihr Wirtstier, Nais fand. Sie war sowohl im Balaton- 
See, als im Flusse Tisza bei Szeged, sowie im Grossen Plöner See in 
Holstein sehr gemein. Es fanden sich zwei von P e n a r d  (1922, S. 265—266, 
Fig. 230) prächtig dargestellten Abarten: die auf den Borsten sitzende, 
dünngestielte Rh. inclinans und die der Gerda inclinans und Scyphidia 
inclinans entsprechende, ungestielte Abart mit stielartig ausgezogenem 
Hinterendc. welche unmittelbar auf der Haut des Wirtstieres zu sitzen 
pflegt.

Im Juli 1948 fand ich in den aus Cladophora glommerata und ver­
schiedenen Bacillariophyten gebildetem Aufwuchs des kleinen Röh­
richte« vor dem Biologischen Forschungsinstitut überaus viele Exem­
plare einer nicht näher bestimmten Nais-Art, welche reich mit der un­
gestielten, spärlicher mit der gestielten Form von Rhabdostyla inclinans 
besiedelt waren. Die gestielte Form sass aber nicht auf dem
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auch von P enard (1922) dargestellten dünnen kurzen Stiel. Derselbe 
war kurz, sockelartig, oft unregelmässig geformt und die Tiere bildeten 
im Schutze einer Borste selten auch kleine Kolonien von 2—4 Individuen.

Die Kolonienbildung wurde bereits bei mehreren Rhabdostyla- 
Arten beobachtet. Die Kolönienbildung von Rh. brevipes erwähnt Entz 
sen. (1902). Stiller (193Í) fand, dass auch Rh. ovum nur die meist so­
litär1 bleibende Form einer bis dahin unbekannten Epistylis-Art ist und 
führt dieselbe seither als Epistylis ovum an. Der Umstand, dass es sich 
nunmehr bei der dritten Rhubdostyla-Art: Rh. inclinans herausstellte, 
dass sie — zwar äusserst selten — zur Bildung von Kolonien bef ähigt 
ist, also eigentlich eine meist solitär bleibende Epistylis-Art darstellt, 
bringt den Gedanken nahe, dass die Gattung Rhubdostyla, wie die eben­
falls zuweilen kolonienbildende Gattung Pyxidium  möglicherweise 
überhaupt keine systematische, sondern nur eine ökologische Gruppe 
der Beritrichen darstellt, da es nicht ausgeschlossen ist, dass auch die 
übrigen Arten unter bestimmten ökologischen Yerhältnissen Kolonien 
bilden können.

Die Kolonienbildung der in Tihany gefundenen Ehabdostyla 
inclinans erinnert sehr an diejenige von Epistylis (Opercularia) humilis 
(Kellicott) Kahl. Auch die Körperform ist sehr ähnlich, sodass die 
Möglichkeit einer Identität der beiden Arten sehr nahe steht, trotzdem 
Epistylis humilis nach den literarischen Daten nur auf Gammarus und 
Entomostraken gefunden wurde, Rh. inclinans hingegen als spezifischer 
Symphoriont von Wasseroligochäten bekannt ist. Jch selbst habe Epi­
stylis humilis bisher noch nie gefunden und kann daher diese beiden 
Arten nicht miteinander vergleichen, da mir auch Kellicotts im Jahre 
1887 erschienene Arbeit, in welcher er E. humilis als Opercularia humi­
lis beschreibt, bisher nicht zugänglich war und ich bei dem Vergleich 
nur auf die sehr kurze Beschreibung und die etwas schematische Re­
produktion der Originalzeichnung von Kellicott in K ahl (1935, S. 683 
und Fig. 2 auf S. 681) angewiesen bin, auf welcher mehrere wesent­
liche Unterschiede zwischen dieser Art und Rh. inclinans zu verzeich­
nen sind.

Der Peristomsaum der in Tihany gefundenen Tiere ist zwar ver­
dickt, aber nicht so scharf wurstförmig abgesetzt wie bei Epistylis ku- 
nruilis an der Abbildung von Kellicott, welche tatsächlich keine Ähn­
lichkeit mit der Gattung Opercularia aufweist, in welche Kellicott 
seine neue Art ursprünglich einreihte. Nun hege ich aber doch Beden­
ken, ob ein so guter Beobachter wie Kellicott diese Art so ganz ohne 
ßegTiindung in die Gattung Opercularia eingereiht hätte. Wenn man 
Rh. inclinans unter dem Deckglas beobachtet, dann bleibt das Peristom 
dieser'Tiere nur ganz kurze Zeit ausgestreckt. Infolge ihrer hohen 
Dfeckglafeemp Endlichkeit ziehen die Tiere ihren gewölbten Diskus bald 
ein und der Peristomsaum zieht sich schnauzen förmig hervorspringend, 
zierlich gefaltet zusammen, ähnlich wie man es bei den Arten der 
Gattung Opercularia sieht. Es scheint also sehr wahrscheinlich, dass 
sich die sehr ähnlich gestalteten Zooiden von E. humilis ähnlich verhal­
ten und dieser Umstand mag Kellicott dazu veranlasst haben, seine 
Tiere in die Gattung Opercularia ein zu reihen. Auf Kellicotts Abbil­
dung ist der Schlund nur undeutlich und nur in seinem oberen Ab­
schnitt eingezeichnet. Die Zooiden von Rhabdostyla inclinans haben 
einen sehr langen Schlund, welcher bis zum Ende des zweiten Körper-
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driittels reicht, also bis zu jener Zone, in welcher sich beim Übergang 
zum Schwärmerzustand der aborale Cilienkranz ausbildet. Derselbe 
entsteht in einer oft ziemlich scharfen, rinnenartigen Vertiefung. Das 
stielartig verjüngte Körperende wird dabei immer etwas eingestülpt. 
Der sich darüber befindliche Körperteil ist im Verhältnis zum einge­
stülpten Teil stark verbreitert und bis zur zierlich gefalteten Schnauze 
tonnenförmig ausgebildet. Auch1 die im Übergang zum Schwärmerzu­
stand befindlichen Tiere sind meist übergeneigt, ähnlich, wie dies 
P gnard treffend darstellt (1922, S. 265, Abb. 25(>/!2), doch findet man 
häufig auch aufgerichtete Exemplare.

Mit Sublimat fixiert waren die Tierei noch mehr übergeneigt und 
bildeten noch dichtere und feinere Querfalten als im Leben.

Der Schlund wurde von den meisten Forschern bedeutend kür­
zer dargestellt. Dies mag mit dem Umstand Zusammenhängen, dass der 
letzte Abschnitt des Schlundes kanalartig verengt ist und keine deut­
lich sichtbare Wandung besitzt. Dieser Abschnitt wird daher nur gele­
gentlich der Nahrungsaufnahme sichtbar. Auch die Umgrenzung der 
Nahrungsvakuolen ist nur undeutlich. Der obere Teil des Schlundes ist 
meist so geräumig, wie bei jenen Vertretern der Gattung OpeTcularia7 
welche einen verhältnismässig engeren Schlund besitzen. Jedenfalls ge­
hört Rhabdostyln inclinans und möglicherweise auch die mit ihr even- 
tuel identische Epistylis humilis zu den Mitgliedern jener kleinen 
Gruppe, welche als Übergangsformen zwischen den Gattungen Episty­
lis und Opercularia aufgefasst werden können, welche aber auf Grund 
ihrer kennzeichnendsten Merkmale auch von Kahl mit Recht in die 
Gattung Epistylis eingereiht wurden.

Der Kern von Rhabdostyla inclinans ist bedeutend länger als 
bei Epistylis humilis. Wir wissen jedoch, dass die Grösse, oft aber auch 
die Lage der Peritrichenkeme mitunter ziemlich grosser Variabilität 
unterworfen ist, welche oft vom physiologischen Zustand des betref­
fenden Tieres abhängig ist. Vorläufig bleibt also die Frage offen, ob 
der Unterschied der Kerne dieser beiden Arten als systematischer, oder 
bloss als physiologischer Unterschied aufgefasst werden soll.

Die Länge der in Tihany gefundenen Tiere betrug 48—50 /<. 
Nach Kahl beträgt die Länge von Epistylis humilis 40—50 m- Der Un­
terschied bewegt sich also innerhalb der Grenzen der normalerweise 
auftretenden Variabilität.

EPISTYLIS CAR1NOGAMMAR1 sp. n. (Abb. 1)

Diese Art bildet meist niedrige bäumchenförmige Kolonien an 
den Fussgelenken von Carinogammarus \Roeselii. Die Kolonien sind 
oft derart ausgebreitet, dass die Zooiden den Stiel vollkommen ver­
decken und derselbe erst dann zum Vorschein kommt, wenn sieh die 
unter dem Drucke des Deckglases *rasch ablösenden Tiere entfernt ha­
ben. Dieselben irren dann mit Hilfe ihres adoralen Cilienkranzes 
unruhig bin und her, ohne richtige Schwärmer zu bilden. Mitunter 
findet man aber kleine Kolonien mit zwei Zooiden, welche dicht neben­
einander. unmittelbar auf dem stark sieb verbreiternden, unregel­
mässig gerunzeltem Hauptstiel sitzen. Die Querfalten sind kaum ver­
tieft und bilden keine so scharfen Querabsätze Vwie bei den älteren.
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individuenreicheren und bereits verzweigten Kolonien ( Abb .  1). Die 
Abzweigung erfolgt seitlich, am oberen Ende des Hauptstieles. Die 
Seitenzweige sind ungleich lang und sind ebenfalls durch Querabsätze 
gegliedert. Sämtliche Stiele nehmen nach oben an Breite zu, dock 
Ideiben sie immerhin noch schmäler als die Basis des daraufsitzende» 
Tieres. Der Basa labschnitt des Hauptstieles ist haftplattenartig ver­
breitert;. Die Ansatzfläche ist also immer gerade, da die Kolonie nicht 
in die unregelmässig geformte Vertiefung des Fussgelenkes eingepflanzt 
ist, sondern meist dicht daneben, aber bereits an das Bein selbst ange­
heftet ist.

Die Kolonien erreichen eine Höchstzahl von 8 Individuen. Die 
Stiele sind immer farblos und wasserhell, ohne merkbare liings- 
streifung.

Abb. 1. Epistylis carinogammnri sp. n. 400fach.

Die Körperform ist bilateral symmetrisch, eiförmig, etwa zweimal 
so lang wie breit. Der Peristomsaum ist verdickt, aber weder umge­
schlagen, noch scharf abgesetzt. Der Diskus ist gewölbt und legt sich 
im Ruhezustand deckelartig über den engen und kurzen Schlund. Die 
Pulsationsblase liegt unter dem Peristomsaum. Der Kern ist hufeisen­
förmig gebogen und meist, quer gelagert. Das Protoplasma ist farblos 
und durchscheinend, die Pellicula scheinbar ungestreift.

Die Grösse variiert innerhalb einer Kolonie zwischen verhältnis­
mässig weiten Grenzen. Der Lätigen-Breitenindex des grössten Indivi­
duums der auf A b b .  1 dargestellten Kolonie bertägt 50 p ,  der des 
kleinsten Zooiden 40 u-

EPISTYLIS COROLLATA sp. n. (Abb. 2)
Diese seltene Art bildet kleine rosettenartige Kolonien an der 

Fühlerbasis von Asellus aquaticus. Der niedrige Stiel der festsitzenden 
Kolonien wird von den 50—60 p langen Zooiden vollkommen verdeckt. 
Derselbe kann nur dann beobachtet werden, wenn man den betreffen­
den Körperteil des Wirtstieres derart glücklich zerlegt, dass der Stiel 
vollkommen frei wird. Gewöhnlich lösen sich die Tiere vom Stiel, die­
ser bleibt jedoch im Gelenk des nur schwer loslöbbaren Fühlers sitzen 
und kann dann nicht gut beobachtet werden.

Diese Art erinnert gewissermassen an Epistylis stammer i 
N en n in g er  und besitzt den Habitus von Intranstylum macrostylum.
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13ie Kolonie besitzt einen sehr kurzen, knorrigen Hauptstiel, 
dessen Form sich der Vertiefung an der Basis des Fühlers anpasst. 
Ungefähr in gleicher Höhe gehen die kurzen, dicken, unregelmässig 
geformten Stiele hervor, an welchen die Zooiden sitzen. Diese Stiele 
sind gewöhnlich nicht mehr verzweigt, nur selten wächst seitwärts ein 
etwas dünnerer Stielansatz hervoir, welcher aber an den beobachteten 
Kolonien kein Zooid trug.

Die Seitenwände der Stiele sind unregelmässig gewellt. In der 
Mitte verläuft ein sehr dickes Bündel feiner Fibrillen, welches gegen 
den Hauptstiel etwas konisch verschmälert ist. Diese F ibrillen scheinen 
auch in den Körper des Zooiden einzudxingen und im Kortikalplasma 
zu enden. Auffallend ist die dichte Granulation der kortikalen Plasma­
schicht im unteren Körperende, welche an der Ansatzstelle besonders

Ahb. 2. Epistylis corollata sip. u. 400fach.

dicht ist. Da das Kortikalplasma regelmässig frei von Einschlüssen ist, 
so ist die Möglichkeit nicht ausgeschlossen, dass diese Granulation mit 
der dichten Fibrillenbildung des Stieles Zusammenhängen mag. Die 
kurze Zeit meines Tihanyer Aufenthaltes und die kleine Zahl der ge­
fundenen Kolonien Hessen eine genauere cytologische Untersuchung 
nicht zu. Das zwischen den Granula sichtbare Ektoplasma ist farblos 
und hyalin. Das ebenfalls granulierte Entoplasma ist infolge der zahl­
reichen, sehr grossen Nahrungsvakuolen nicht durchscheinend. Es ist 
gegen das Ektoplasma mit einer sog. Tunica propria scharf abgegrenzt.

Der Körper ist bilateral symmetrisch, oval, unten, dem dicken 
Stiel entsprechend, breit abgestutzt. Der Peristomsaum ist schwach ver­
dickt aber nicht scharf abgesetzt. Gelegentlich der Kontraktion bildet 
das Peristom keine Schnauze. Der zusammengezogene Peristomsaum 
ist mit welliger Kontur etwas gefaltet und lässt in der Mitte eine Öff­
nung frei. Der Diskus ist etwas konisch, zeigt aber keinen nabelartigen 
Vorsprung und bildet am Rande eine Ringfurche, in welche der Cilien- 
kranz eingepflanzt ist. Die Pulsationsblase liegt im Diskus, zur Hälfte 
über dem Peristomsaum. Das Vestibulum ist ziemlich geräumig und 
geht in einen kurzen, fast rohrartig verengten Pharynx über, welcher 
aber scheinbar nur das Ende des ersten Körperdrittels erreicht. Der 
Kern ist wurstförmig, seine Lage veränderlich.
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INTRANSTYLUM ASELLICOLA KAHL.

Diese Art hatte ich zum ersten Mal im Jahre 1940 an den Beinen 
von Asellus aquatieus gefunden (Stiller, 1941, S. 218, Abb. 5). Die 
Tiere waren zu jener Zeit sehr selten und spärlich. Im Jahre 1948 fand 
sich jedoch sozusagen kein Asellus ohne diese Art, welche auch be­
züglich ihrer Individuenzahl eine der Leitformen der Symphorionten- 
Assoziation des Asellus aquatieus darstellte.

Bei windstillem Wetter sind langgestielte Kontraktilien vorherr­
schend. Zur Zeit der Stürme, bei heftigem Wellenschlag aber, ist
1. asellicola, wohl infolge der Festigkeit seines verhältnismässig kurzen 
längs- und quergestreiften Stieles die Leitform der Assoziation. Es 
könnte nun angenommen werden, dass der erhöhte Sauerstoffgehalt des 
besser durchlüfteten, stark wellenbewegten Wassers des Brandungs­
ufers die Vermehrung dieser Art bevorzugt, doch ist ihre Vor­
herrschaft eher ihrer Widerstandsfähigkeit den hydrodynamischen 
Einflüssen gegenüber zuzuschreiben. Während nämlich die übrigen 
Epizoen des im Sammelglas gehaltenen Asellus aquatieus in mehr oder 
minder kurzer Zeit verschwinden, nimmt die Zahl von 7. asellicola 
stark zu.

Das Wasser dieser Kulturen ist unbewegt und verhältnismässig 
reicher an Nährstoffen. Auch die Temperatur ist geringeren Schwan­
kungen unterworfen als das an Nährstoffen ärmere, ständig erneute 
Wasser der untersuchten Brandungszone. Sobald sich die Peritrich'en 
diesen geänderten Verhältnissen anpassen können, finden sie hier 
günstigere Lebensbedingungen als an den frei lebenden Wirtstieren. 
/. asellicola scheint von allen asellicolen Peritrichen die grösste Anpas­
sungsfähigkeit zu besitzen und erreicht hier ihre höchste Entfaltung.

Die Variationsformen sind hier ebenso mannigfaltig wie z. B. 
bei der unter saprohen Verhältnissen gezüchteten Vorücella microstoma, 
welche eine Fülle der extremsten Formen aufweist (Stiller, 1946), 
während die auf freilebenden Wasserasseln sitzenden Tiere, innerhalb 
der Population keine nennenswerte Variabilität zeigen.

Seit diesen Beobachtungen erhielt ich die grosse Peritrichenarbeit 
von N enninger, in welcher die Verfasserin über die Variationsbreite 
des Körpers von Jntranstylum asellicola berichtet, welche in verschie­
den eingestellten Kulturen gut zum Ausdruck kam (Nenninger, 1948).

Die Tihanyer Kultur war nicht künstlich eingestellt. Sie unter­
schied sich vom Lebensraum der freilebenden Tiere nur durch Aus­
schaltung der Wasserbewegung und grösserer Temperaturschwankung, 
der damit verbundenen Änderung der Durchlüftungsverhältnisse, der 
Erhöhung der Konzentration im Wege der langsamen Verdampfung 
des Kulturmediums und Anreicherung der Nahrungsstoffe infolge des 
allmählichen Absterbens der Cladop/iora-Biisch el und Exkremente der 
Wirtstiere, welche Umstände schliesslich zur Veränderung der physiko­
chemischen Verhältnisse dieses Lebensraumes führten. Die schlechtere 
Durchlüftung wurde hier zum Teil durch die Assimilationstätigkeit 
der Cladophora-Büschel rekompensiert.

Eine auffallende Eigentümlichkeit der im Jahre 1948 gefunde­
nen, freilebenden Rasse ist die abweichende Ausbildung des Stieles. 
Der Stielfaden ist immer etwas exzentrisch gelagert und auch die ein­
zelnen Zooiden sitzen gleichsam verschoben am Stiele, wodurch die eine
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Seite, etwa 1/3 der Breite des oberen Stielendes, frei hervorragt 
(A b b . 3 a). An den Verzweigungen war der Stiel gegliedert. Diese 
Gliederung trägt ebenfalls zur Festigung des Stieles bei stürmischem 
Wetter, oder rascher Bewegung des Wirtstieres bei. Die Seitenzweige 
sind nicht immer so regelmässig quergestreift und eingekerbt wie der 
nach oben sich verbreitende Hauptstiel und ihre Seitenwände haben 
mitunter einen mehr oder minder unregelmässigen welligen Verlauf. 
Ausserdem ist der Stiel nicht so drehrund, wie ihn Kahl bei Jntransty- 
lum asellicola zeichnete (1935, S. 728, Fig. 23), sondern mehr abgeflacht, 
während die querfaltigen Zweige an der von Kahl dargestellten

Ahb. 3 a, b, c, Intranstylum asellicola Kahl, a freilebende Kolonie mit exzentrisch 
ausgebütdetem Stielfaden, b solitäre Form mit abweichend ausgebildetem Stiel aus der 
Kultur, c abweichend gestaltete Kolonie vom Kopfe des Wirtstieres aus der Kultur.

LOOfaich

Stammform aus dem ebenfalls querfaltigen Hauptstiel baumartig ab- 
zweigen.

Bei den meisten Kolonien endigen die voneinander abgesonderten 
Stielfäden ungefähr in der Höhe der Abzweigung. Es finden sich aber 
nicht selten Kolonien, hei welchen der eine Stielmuskel tief in den 
Hauptstiel hineinreicht und weiter unten schliesslich in einen feinen, 
immer noch kontraktilen Fäden ausläuit, während der Stielmuskel des 
Seitenzweiges nur bis zur Abzweigung reicht. Die Kolonie weist also in 
extremsten Fällen das typische Bild einer Carchesium-Art auf. Hieraus 
folgt, dass Intranstylum asellicola eigentlich eine Carchesium-Art mit 
oft nur mangelhaft ausgebildetem Myonem ist.

Das untere Stielende ist immer etwas haftplattenartig verbrei­
tert. Die meist nur aus 2, höchstens aus 3 Individuen bestehenden klei­
nen Kolonien sitzen bei starkem Wellenschlag mit Vorliebe in den Bie­
gungen der Fussgelenke oder im Schutze einer Borste. Bei windstillem
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Wetter hingegen, wenn die Gefahr einer Abstreifung durch die Was­
serbewegung geringer ist, sitzen sie am häufigsten auf den Borsten 
selbst. Nicht selten findet man sogar solitäre Exemplare an der äusser- 
sten’Spitze einer Borste.

Wenn man Asellus aquaticus längere Zeit in Gefangenschaft hält, 
dann bleibt — wie oben bereits erwähnt — Iniranstijlum aseUicola als 
Leitform der Epizoen-Assoziation am längsten am Leben. Sowohl die 
Ausbildung des Stieles als auch die Körpergrösse und Form des Diskus 
variieren innerhalb ziemlich weiter Grenzen. Der Längen-Brei- 
tenindex der freilebenden Tiere betrug 40X20 // und die Tiere 
erreichten nur selten eine Länge von 45 Der Längen-Breitenindex 
der im Sammelglas gehaltenen Exemplare variierte zwischen 35X29 
und 50X30 ß.

A b b . 3 b veranschaulicht ein solitäres Exemplar mit treppen­
artig gegliedertem Stiel, ähnlich wie ihn P r ec h t  bei seinem Haplo- 
caulus nicolae darstellt. Diese Form führt zu jenen ganz abweichend 
ausgebildeten Kolonien über, welche mitunter massenhaft am Kopfe 
ihres Wirtstieres sitzen ( Abb .  3c).  Diese Kolonien haben einen be­
deutend längeren, längs- und quergestreiften Hauptstiei als die an den 
Füssen sitzenden Kolonien der in Gefangenschaft lebenden Wirtstiere 
oder der freilebenden Formen und die Seitenzweige sind noch abwei­
chender gestaltet. An Stelle der regelmässigen, feinen Querstreifen ist 
die Stiel wand unregelmässig gewellt, Ust ellenweise treppenartig abge­
setzt, am häufigsten aber mit flügelartigen Verbreitungen. Diese Formen 
erwecken bei flüchtiger Beobachtung den Eindruck eines Zooiharn- 
niums, doch sieht man bei stärkerer Vergrösserung, dass die so ziem­
lich in gleicher Höhe zusammentreffenden Stielfäden dicht nebenein­
ander, aber voneinander abgesondert verlaufend, ein spitz endendes 
Bündel bilden, welches schliesslich noch in einen feinen F aden aus­
läuft. Der Diskus dieser Formen war, im Gegensatz zum etwas ge­
wölbten Diskus der Normalindividuen, immer genabelt.

Die Körperform der frei lebenden 'und der im Sammelglas gehal­
tenen Tiere entspricht in ihren übrigen Merkmalen, den im Jahre 1940 
gefundenen Exemplaren (Stiller. 1941), nur ist das untere Ende oft 
etwas mehr verjüngt und die Pellicula bedeutend schwächer querge­
streift. In extremsten Fällen erscheint sie sogar vollkommen glatt.

Mit konzentriertem Sublimat fixiert zeigen die Tiere enge 
Längsfalten, wodurch sie bei schwächerer Vergrösserung scharf längs­
gestreift erscheinen. Der Rand des Peristoms ist dann tief eingekerbt. 
Die Schnauze ragt hierbei nur etwas hervor.

Das Peristom ist sehr selten etwas schräg abgestutzt.
Nicht selten findet man Exemplare, bei welchen statt der übli­

chen einen Pulsationsblase, ungefähr in der Mitte der basalen Pha- 
rynxwand, 2—3 Pulsationsblasen ausgebildet sind, ohne dass sich am 
Körper irgendwelche pathologische Veränderungen bemerkbar machen 
würden.

Intranstylum aseUicola ist nicht sehr deckglasempfindlich und 
bleibt, ohne merkliche Erhöhung des Zellturgors oft längere Zeit aus­
gestreckt. Durch den Sauerstoffmangel schliesslich zur Schwärmer­
bildung veranlasst, erhalten sie nur ausnahmsweise die auf A b b .  3 a 
dargestellte Form mit nur wenig eingezogenem Peristom und tiefer 
Einschnürung unter dem ebenfalls in einer Rinne eingepflanzten



26

aboralen Cilienkranz, wodurch ein dicker Ringwulst entsteht. Gewöhn­
lich ziehen die Schwärmer das Peristom derart ein, dass sie ein© äqua­
torial eingeschniirte Kugelform annehmen. In dieser Einschnürung 
wird der aborale Cilienkranz ausgebildet.

ZOOTHAMNIUM VARIANS STILLER, var. MAJOR var. n.
Zoothamnium varians war in diesem Jahre häufiger als im Jahre 

1931, als diese Art zum erstenmal zum Vorschein kam- Sie lebte auf 
Carinogammarus, war aber noch häufiger an Asellux zu finden.

Ausser der Stammform trat auch eine derber gebaute Variation 
dieser Art an den FussgeJenken von Asellus aquaticus auf. Die kugel­
runde Form war 50 ß lang und ebenso breit, die grösste, zweimal so 
lange als breite Form erreichte eine Länge von 90 ß.

Die Pellicula ist auch bei dieser Varietät fein, aber deutlicher 
quergestreift, als bei der Stammform und an den Seiten fein eingekerbt. 
Ein weiterer Unterschied war der sehr dicke Muskelfaden, welcher 
mitunter einen Durchmesser von 5 ß erreichte. Derselbe durchzog auch 
den ganzen Hauptstiel bis zur flachen, breiten Haftplatte. Er ist weni­
ger konkraktil als der dünne Muskelfaden der Stammform und man 
findet mitunter Kolonien, deren Muskelfaden in Stücke zerfällt. Die 
Pulsationsblase liegt im Diskus in der Höhe des Peristomsaumes, oder 
aber etwas höher.

Kontrahiert bilden die Tiere keine Schnauze. Sie lösen sich, 
ohne einen aboralen Cilienkranz auszubilden, leicht vom Stiele.

ZOOTHAMNIUM LONGIFILUM sp. n. (Abb. 4. a, b, c)
Diese Art, welche mitunter in grossen Mengen am Abdomen von 

Corophium curmspinum sitzt, fällt in erster Linie durch den auffallend

Abb, 4 a, b, c. Zoothamnium longifilum sp. n. a Diagramm, b Endteil des HauptsÜeles,
c das Zooid. 4*00fach.

langen Hauptstiel auf, welcher bis an das rundliche Stielende von 
einem sehr dicken Muskelfaden durchzogen ist. Die Se itten zweige sind 
kurz und die Endzweige oft kaum angedeutet. Die Stielwand ist oft 
uneben, bildet aber keine Querfalten. Ausnahmsweise finden sich aus 
8—12 Individuen bestehende Kolonien, aber am häufigsten sind die auf 
A b b .  4 a dargestellten individuenarmen Kolonien.
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Die Körperform ist bilateral symmetrisch, gegen unten verjüngt, 
unter dem wulstartig verdicktem Peristomsaum eingeschnürt. Der 
Durchmesser des Peristomsaumes ist etwa so lang, wie die bauchige 
Körpermitte, oder etwas länger.

Der Körper ist farblos und durchscheinend. Der Pharynx reicht 
ungefähr bis zur Körpermitte. Der Kern ist lang, wurstförmig, an bei­
den Enden gebogen und so ziemlich konstant in einer vertikalen Ebene 
gelegen. Er zerfällt oft in mehrere Teile. Die Pellicula erscheint unge­
streift.

Die Länge der Tiere beträgt 50 /j, die grösste Breite 50—35 u.

ZOOTTdAMNIUM CARINOGAMMARI sp. n. (Abb. 5)
Morphologisch steht Z. carinogammari der Meeresform Z. dupli- 

caf um Kahl und dem von N enninger als Epizoon von Carinogammarus 
Roeselii und Asellus aquaticus beschriebenen Z. procerius var. ovatum 
am nächsten.

Im Juli 1948 war diese Art das häufigste Epizoon des unter den 
Ufersstemen lebenden Carinogammarus Roeselii und bildete von allen 
epizoischen Peritrichen des Balatons mit 25—30 Zooiden die individuen­
reichsten Kolonien. Dieselben sitzen mitunter so dicht nebeneinander, 
dass ihre Stiele von den zahlreichen Zooiden ganz verdeckt sind und 
die einzelnen Kolonien nur schwer voneinander zu trennen sind. Sie 
bilden dann einen, oft auch mit freiem Auge sichtbaren schimmelarti­
gen Aufwuchs! an den Füssen, besonders aber in den Fussgelenken ihres 
Wirtstieres.

Die Kolonien erreichen eine Höhe von 300—350 u und ihre 
dichotom verzweigten Nebenstiele gehen in gleicher Höhe aus dem 
meist durch eine Gliederung abgetrennten Hauptstiel hervor. Der End­
stiel ist meist kürzer als die halbe Körperlänge des daraufsitzenden 
Tieres. Oft unterbleibt die Teilung eines der Zooiden und der Seiten­
zweig bildet gleichzeitig den vom normalen bedeutend längeren End­
stiel. Diese Tiere wachsen auf das doppelte des normalen Individuums 
an, ohne den für die typischen Makronten charakteristischen Dimor­
phismus aufzuweisen. Eine Konjugation konnte nie beobachtet werden. 
Sämtliche Stiele sind farblos und wasserhell. Die Stielwand ist derart 
dünn, dass) sie mitunter zerknittert ist und der Stiel an einzelnen Stel­
len dünner erscheint. Infolge seiner Durchsichtigkeit ist eine äusserst 
feine Längsstreifung entlang des ganzen Stieles gut sichtbar. Am Haupt­
stiel nimmt diese Längsstreifung an Stärke zu.

Das Myonem ist sehr dick, erscheint aber stellenweise gleichsam 
unterbrochen und die oft zugespitzt endenden Abschnitte sind nur 
durch einen dünnen Stielfaden miteinander verbunden ( Ab b .  5). Der 
Stielfaden durchzieht die ganze Kolonie bis zum Ende des Hauptstieles, 
welcher ebenfalls kontraktil ist.

Das obere Stielende ist immer breiter, als das verjüngte Kör­
perende des daraufsitzenden Tieres. Die Ecken des Stielendes sind 
gegen die Ansatzstelle sanft abgerundet. Das untere Stielende bildet 
keine Haftscheibe, wiel wir es bei den epiphytisch lebenden Peritrichen 
finden, oder an jenen epizoischen Formen, welche an einer geraden, 
glatten Oberfläche sitzen, sondern es ist unregelmässig abgerundet, 
stellenweise eckig, wie es ebem die Form des besetzten Körperteiles,
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1)/,vs*, die Vertiefung. in welcher die Kolonie verankert ist, bestimmt. 
Diese grossen, langgestielten Kolonien sind einer Abstreifung weit 
eher ausgesetzt, als die kurzgestielten Formen. Aus diesem 
Grunde heften sie sich immer in den Fussgelenken oder an die Basis 
einer schiefgestellten Borste an und entziehen sich durch rasches Zu­
sammenballen der Kolonie den hydrodynamischen Wirkungen., Da sich 
Carinogammarus gelegentlich starker Stürme in den Schutz der Ufer­
driften zurückzieht, wo das Wasser verhältnissmässig unbewegt ist 
kann sich diese Art ungehindert vermehren, umsomehr als sie im fein­
zerriebenen Detritus reichliche Nahrung findet. Dies erklärt die ver­
hältnismässig hohe Individuenzahl, welche. bei den übrigen Epizoen 
dieser lebhaft beweglichen Wirtstiere sonst kaum zu finden ist.

Abb. 5. Zoothamnium carinogammari sj>. n. .'irtOfach.

Die Tiere haben einen schlank urnenförmigen Körper von 
40—50 fi Länge. Die makrontenhaft angewachsenen Individuen sind 
immer etwas aufgetriebener.

Der Peristomsaum ist zweiteilig, sein Durchmesser länger als 
die grösste Breite des Körpers. Der Diskus ist sehr schwach gewölbt, 
fast flach und gelegentlich der Nahrungsaufnahme schräg aufgerichtet. 
Am Rande befindet sich eine tiefe Ringfurche für den Cilienkranz. 
Dem mehr aufgetriebenen Körper der makrontenhaften Individuen 
entsprechend, ist auch deren Diskus mehr gewölbt. Der weitgeöffnete 
Schlund ist geräumig und reicht bis etwas unter die Körpermitte.. Die 
Pulsationsblase liegt im Diskus und entleert sich durch die obere Wöl­
bung des Pharynx.

Das Protoplasma ist licht und durchscheinend. Nur die das 
Entoplasma oft dicht anfüllenden Nahrungsvakuolen erschweren die 
Lebendbeobachiung des Kernes. Das Kortikalplasma füllt fast das 
ganze verjüngte Körperende aus. Es ist farblos und wasserhell, aber
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die Grenze des Ento- und Ektoplasmas ist nicht sehr deutlich. Die Pel­
licula erscheint auch bei grösserer Vergrösserung ungestreift.

Die Form, Länge und Lage des Kernes ist verschieden. Am 
häufigsten sieht man dickere und mehr kurze, wurstartige, mitunter 
hufeisenförmig gebogene Kerne in verschiedener Lage. Selten ist der 
Kern sehr lang und S-förmig gewunden. Auf ein und'derselben Kolonie 
ist die Länge und Form des Kernes so ziemlich dieselbe. Der Unter­
schied könnte also eher auf physiologische Ursachen, bzw. auf den 
physiologischen Zustand der Zooiden zuriiekgeführt werden.

Diese Art ist decklasempfindlich und geht auch im Sammelglas 
ziemlich schnell ein. Die Kolonien werden immer individuenärmer und 
verschwinden meist schon am 2.—3. Tag.

ZOOTHAMNIUM ROBUSTUM sp. n. (Abb. 6)
Diese Art sass äusserst selten an den Beinen von Carinogramrna- 

rus Roeselii. Der breite, dicke Stiel ist höchstens 1 1/2-mal so lang wie

Abb. 6. Zoothamnium robustum sp. n. 400facli.

der Körper. Der Hauptstiel ist gegen oben etwas verbreitert, die Ab­
zweigung unregelmässig. Der Stiel ist ebenfalls unregelmässig, stellen­
weise mit etwas wulstartigen Verdickungen, stellenweise aber treppen­
artig abgesetzt und ebenfalls unregelmässig längsgestreift. Die Seiten­
zweige und ihr Myonem sind etwas dünner, als das auffallend dicke 
(etwa 5 ju), fast bis zum unteren Stielende reichende, zugespitzt en­
dende, kaum kontraktile Myonem des Haupstieles.

Der Körper ist untersetzt, unten breit abgestutzt, unter dem Pe- 
ristomsaum nur schwach eingeschnürt. Der Perisomsaum bildet die 
grösste Breite des Körpers. Es ist ebenfalls unregelmässig, an einzelnen 
Stellen durch eine Furche zweiteilig eingeschnürt. Der Diskus ist ge­
legentlich der Nahrungsaufnahme sehr schief gestellt, konisch, mit 
kleinem nabelartigen Vorsprung. Am Rande verläuft eine Ringfurche 
für den aus kräftigen Cilién gebildeten adoralen Cilienkranz. Die Pul­
sationsblase liegt im Diskus.
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Der Pharynx reicht ungefähr bis zur Körpermitte. Die sich ab- 
schnii renden Nahrungsvakuolen sind rund und nicht sehr gross. Das 
Entoplasma ist granuliert, das Kortikalplasma farblos und hyalin. Der 
Kern ist dick, hufeisenförmig und quer gerichtet.

Die Grösse beträgt 55 u.

ZOOTHAMNIUM MINIMUM sp. n. (Abb. 7)
Diese Art bildet mit Z. plectostylum und Z. nanum eine engver­

wandte Gruppe. Sie war zur Zeit dieser Untersuchungen sehr selten 
und wurde im Balaton nur auf Corophium curoispinum gefunden. Meist 
s as.se n zwei Individuen auf kurzen, dicliotom verzweigten Stielen, 
doch finden sich mitunter auch Kolonien mit 6—8 Zom'den. Dieselben 
sitzen immer tief im Gelenk oder an der Basis einer Borste an derart 
kurzen Stielen, dass die Stielbildung nur selten sichtbar wird. Die Ko­
lonienbildung erinnerti an die marine Art Z. nanum, welche Kahl als 
Epizoon nicht näher bestimmter1 Amphipoden der Kieler Bucht beschrie­
ben hat, doch war der Hauptstiel nie so lang und die ganze Kolonie der-

Abb. 7. Zoothamnium minimum sp. n. íOOfach.

art niedrig, dass der Stiel ganz verdeckt ist. Bei Z. plectostylum ist 
tier Hauptstiel bedeutend länger, deutlich längsgestreift, gegen oben 
verdickt, ohne Einschnürungen, mit unregelmässig wellig verlaufenden 
Seitenwänden.

Der Stiel ist farblos und dünnwandig, in fast regelmässigen Ab­
schnitten tief eingeschnürt. Der Hauptstiel ist immer nur ganz kurz, 
fast sockelartigi ausgebildet und zeigt eine deutliche Längsstreifung. Die 
Haftplatte ist in engen Vertiefungen nicht ausgebildet. Wenn aber die 
Kolonie mehr auf der Körperoberfläche sitzt, findet man eine etwas 
breitere, flache, farblose Haftpllatte. Das Myonem ist nicht sehr dick 
und nur schwach kontraktil.

Der Körper ist nicht so schlank wié bei Z. plectostylum, sondern 
bauchig aufgetrieben, nach unten nur selten schwach verjüngt, meist 
nahezu kugelig, doch findet sich ausnahmsweise ein bedeutend schlan­
keres. etwas füllhornartig gebogenes Individuum auf derselben Kolo­
nie. Der bei der Gattung Zoothamnium auf derselben Kolonie so häufig 
beobachtete Grössenunterschied der Individuen ist auch hier sehr häufig, 
ohne dass eine ausgesprochene Makrontenbildung zu beobachten wäre-

Der Peristomsaum ist wulstartig verdickt, aber w eder umgeschla­
gen, noch deutlich vom Körper abgesetzt. Der Diskus ist etwas gewölbt 
und bei manchen Exemplaren schwach konisch ausgeibildet. Gelegent­
lich der Nahrungsaufnahme ist er auffallend schief gestellt. Die Cilién 
sind, wohl infolge der verborgenen Lebensweise des in der Schleim­
röhre sitzenden Wirtstieres lang und kräftig ausgebildet. Die Pulsa-
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tionsblase liegt unmittelbar unter dem Peristomsaum- Die Pellicula ist 
scheinbar glatt.

Der Schlund reicht ungefähr bis zur Mitte des Körpers. Das farb­
lose, durchscheinende Entoplasma enthält zahlreiche kleine, runde 
Nahrungsvakuolen. Gegen das wasserhelle Ektoplasma des unteren 
Körperendes ist das Entoplasma stark granuliert. Der Kern befindet 
sich ungefähr in der Körpermitte. Er ist kurz, dick] und etwas hufeisen­
förmig gebogen.

Unter dem Drucke des Deckglases tritt bald eine lebhafte Schwär­
merbildung ein. Der aiborale Cilienkranz entsteht in einer Einschnürung 
etwas unter der Körpermitte. Der Körper wird nicht stark deformiert. 
Gelegentlich der Kontraktion nimmt der Körper eine regelmässige Ku­
gelform an, ohne eine Schnauze zu bilden.

Diese Art ist die kleinste der mir bekannten Zoothamnium- 
Arten. Ihre Grösse beträgt normalerweise 22—25 //, seltener, wie bei 
Z. nanum 30—35 ß.

ENTZIELLA ASELLICÖLA gen. n. sp. n. (Abb. 8)

Die Vertreter dieser Gattung vereinigen die morphologischen 
Merkmale der beiden, so grundverschiedenen Gattungen: Opercularia 
und Zoothamnium. in sich. Sie besitzen den Körper einer Opercularia und 
die charakteristische Stielbildung der Gattung Zoothamnium. Diese 
beiden Gattungen sind durch keine Übergänge miteinander verbunden.

Ich führe diese neue Gattung in dankbarer Erinnerung an Prof. 
G. Entz jun., der mich gelegentlich meiner früheren, im Biologischen 
Forschungsinstitut zu Tihany vorgenommenen Untersuchungen so tat­
kräftig unterstützte, unter dem Namen Entziella in die Wissenschaft ein.

Diese immer sehr seltene Art sitzt mit besonderer Vorliebe an der 
Fühlerbasis von Asellus aquaticus. Sie bildet Kolonien von höchstens 
4 Individuen, welche an unregelmässig ausgebildeten, nahezu in der 
gleichen Höhe abzweigenden Seitenzweigen sitzen.

Der Körper ist oft bilateral symmetrisch, oft jedoch schlanker 
und etwas füllhornartig gebogen. Der Peristomsaum ist nur äusserst 
selten sehr schwach verdickt, kaum angedeutet und zieht sich bei der 
Kontraktion, wie für die Gattung Opercularia kennzeichnend, zierlich 
gefaltet zusammen. Der Diskus ragt an einem langen halsartigen Fort­
satz schräggerichtet über den Peristomsaum. Er besitzt meist einen spit­
zen Nabel, welcher aber mitunter fehlt. Der Diskus ist dann etwas ge­
wölbt. Die Pulsationsblase befindet sich im haisartigen Fortsatz. Wenn 
sich der Diskus zurückzieht und der halsartige Teil derart kontrahiert, 
dass er sozusagen spurlos verschwindet, dann schmiegt sich die Pul- 
sationsiblase dicht an eine spitz auslaufende Ausbuchtung des für die 
Gattung Opercularia kennzeichnenden, sehr geräumigen Schlundes. Die 
sich vom Pharynx abschnürenden Nahrungsvakuolen sind auffallend 
gross und bläsciienartig. Ihre Mitte ist mit kompakter Nahrung ange­
füllt, welche durch einen lichten Hof von der Vakuolenwand abgeson­
dert ist. Oft findet man nur eine Nahrungsvakuole.

Der Kern ist im Leben trotz des nicht sehr getrübten Entoplas- 
mas unsichtbar. Er kommt auch mit Sublimat fixiert nur ziemlich un-



deutlich zum Vorschein. Seine Lage im Leben ist also unsicher. An fixier­
ten Tieren ist er wurstförmig und höchstwahrscheinlich längsgerichtet.

Das untere Körperende ist stark ver jüngt. Gelegentlich der Kon­
traktion bildes es eine wurtstförmige Querfalte. Der Hauptstielt ist dick, 
glatt und meist schwach gebogen. Das Myonem ist sehr dick und schein­
bar nicht sehr kontraktil. Wie an A b  Id. 8 ersichtlich, fallen die Ab­
zweigungen so ziemlich in die gleiche Höhe. Der Stielfaden ist hier im­
mer noch dick und nicht sehr kontraktil. Die Seitenzweige sind kurz; die 
längsten erreichen weniger als die halbe Körperlänge. Sie sind sehr un­
regelmässig ausgebildet und haben seitlich oft mehrere flügelartige 
Fortsätze. Die Stiele sind farblos, hyalin mit sehr feinen, kaum siehtba-

Abb. 8. E n tz ie lla  asellicola  gen. n, sp, n. -löOfach.

ren Längsstreifen. Das untere Stielende ist unregelmässig abgerundet. 
Es besitzt nie eine Haftplatte, sondern schmiegt sich in seiner Form der 
Vertiefung an der Basis der Fühlers an.

Die Länge des Körpers beträgt 65—75 fi. Der Hauptstiel ist 1 1/2 
bis 2mal' körperlang.

Diese Art war immer nur an ganzi frisch heimgebrachten Asellus 
zu1 finden. Im Sammelglas gehen die Tiere sehr bald ein. Sie lössen sich 
auch sehr leicht vom Stiele las. Dies mag zum Teil auch ihre Seltenheit 
erklären. Die Tiere kamen nur an windstillen Tagen zum Vorschein und 
waren auch dann nur vereinzelt zu finden.

E i n e  V o r t i c e l l i n e  u n b e k a n n t e r  s y s t e m a t i ­
s c h e r  Z u g e h ö r i g k e i t  veranschaulicht Abb 9. Das hier kam 
nur in einem Exemplar als Epizoon eines Asellus-'Eies zum Vorschein.
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Es sass auf einem ziemlich steifen Stiel von 32 ß Länge, welcher bis an 
das nur schwach haftplattenartig verbreiterte Stielende von einem nicht 
sehr kontraktilen Myonem durchzogen war. Da es sich um ein solitäres 
Exemplar handelt, welches aber ganz sicher keine Vorticella ist, konnte 
die Gattung nicht bestimmt werden.

Sehr eigenartig ist die Ausbildung des Körpers, doch konnte bei 
diesem einzigen Exemplar nicht entschieden werden, ob es sich um 
beständige systematische Markmale oder nur um eine zufällige Miss­
bildung handelt. Möglicherweise ist dieses Exemplar nur die Ent­
wicklungsform einer bischer unbekannten Gattung ähnlich wie Oper- 
cularia scyphostyla N enninger (Nenncnger 1948, S. 200, Abb. 48 b), 
welche möglicherweise ebenfalls eine neue Gattung ist.

Der Körper war 48 y  lang, bilateral symmetrisch, bis zum An­
fang des unteren Körperdrittels urnenförmig. Am Anfang des letzten 
Drittels übergeht der stark eingeschnürte Körper in einen flach teller­
artig vorspringenden Teil, welcher sich gegen den Stiel kegelförmig

1/___ V

Abb. 9. Vorticelline, unbekannte Gattung, 400fach,

verjüngt. Gelegentlich der Kontraktion legte sich dieser Teil kappen­
förmig über den kugelig zusammengezogenen urnenförmigen Körperteil 
und der vorspringende Rand bildete einen wellenförmig gefalteten Saum. 
Das eingezogene Peristom bildete eine kleine Schnauze.

Der Peristomsaum ist wurstförmig abgesetzt. Der gewölbte Dis­
kus legt sich in Ruhestellung über den Schlund. Derselbe reicht bis zum 
Anfang des unteren Drittels, also bis zur tiefen Einschnürung oberhalb 
des platenförmigen Vorsprunges. Die sich abschnürenden Nahrungs­
vakuolen waren im Moment der Abschnürung fast spindelförmig, run­
deten sich aber sofort ab. Sie waren bläschenartig, enthielten wenig ge­
formte Nahrungspartikelchen und Hessen dadurch den lichtgrauen Kör­
per ziemlich durchscheinend. Nur das untere, verkehrt kegelförmige 
Körperdrittel enthielt zahlreiche, lichtbrechende Granula. Das Korti­
kalplasma war sehr dünn und nicht scharf abgegrenzt.

Die Pulsationsblase lag tief im Körper, ungefähr am Ende des 
ersten Körperdrittels, an die innere Pharynxwand angeschmiegt.

Der Kern ist länglich bohnenförmig. Nach Fixierung mit konzent­
riertem Sublimat kam ein, an den Makronukleus dicht angeschmiegter 
Mikronukleus zum Vorschein.

3
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COTHURNI A CLAUSIENS sp. n. (Abb. 10. a, b, c)
Nach starken Stürmen war am Ufer den Kleinen Bucht immer 

ein dunkelbrauner Spülsaum ausgebildet, welcher unter anderem viele 
feinzerriohene Arthropodenreste unbestimmter Herkunft enthielt. An 
diesen Bruchstücken sass oft dicht nebeneinander eine Cothurnia, wel­
che auf den ersten Blick durch die eigentümliche Ausbildung der Hülse 
auffiel.

Systematisch steht diese Art den von P enard  beschriebenen Moos- 
formen Cothurnia elaslica und C. richtersi am nächsten.

Die/ Hülse ist glashell, farblos und sehr dünnwandig. Gegen oben 
zu, wird die Hülsenwand immer dünner, so dass der häutchenartige 
Rand in der Seitenansicht unsichtbar bleibt. In ausgestrecktem Zustand 
ragt das meist paarweise sitzende Infusor etwas über den Hülsenrand. 
Die Hülse besitzt dann eine meist bilateral symmetrische, unten breit 
abgerundete Form; selten ist die zartgebaute Hülse an der Basis flach­
gedrückt, doch ist es wahrscheinlich, dass dies erst unter dem Drucke

Abb. 10 a, b, e. Cothurnia clausiens sp. n. a geschlossene Schm,»keile, b kelchartig 
erweiterte Breitseite, c geschlossene assymmetrische Form, 4'00fach.

des Deckglases geschieht. Der obere Rand der Hülse ist gerade abge­
stutzt und weithalsig, der Querschnitt ist aber nicht ganz kreisförmig, 
sondern etwas oval. Wenn sich das Infusor in die Hülse zurückzieht, 
wird dieselbe entlang der beiden nebeneinander sitzenden Infusorien 
stark abgeflacht und der Rand schliesst sich im optischen Längsschnitt 
der Schmalseite giebelartig zusammen (Abb. 10 a), während der optische 
Längsschnitt der Breitseite einem nach oben stark verbreitetem Kelch 
gleicht (Abb.  1 0. b). Doch nicht jede Hülse wird so ganz fest ver­
schlossen. Oft bildet der obere Rand eine spaltförmige Öffnung, wel­
che, wenn sich nur ein Tier in der Hülse befindet, in der Mitte etwas 
erweitert ist.

Infolge der grossen Zartheit der Hülsen wand wird die Form der 
Hülse oft etwas deformiert, oder ist bereits urspünglich etwas assymmet- 
risch ausgelbildet. In solchen Fällen nimmt die Hülse in 3/4-Ansicht 
d. h. zwischen der Schmal- und Breitseite die auf Abb. 10. c, dar­
gestellte Form an, wobei die kürzere Seite der Hülse gerade bleibt, die 
längere hingegen stark gebogen wird. Hierdurch wird der giebelartige 
Verschluss seitwärts verschoben.

Die Tiere sitzen an einem sehr kleinen, knotenförmigen Zwi­
schenstiel, welcher leicht übersehen werden kann. Der Aussenstiel ist 
dünn und biegsam und erreicht mitunter die halbe Hülsenlänge. Er ist
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farblos und sitzt an einer ebenfalls farblossen, oft sehr dünnen Haft­
platte.

Der Körper der Tiere ist gedrungen, bilateral symmetrisch, et­
was bauchig ausgebuchtet, meist auch am unteren Ende ziemlich dick- 
Gegen das Peristom ist der Körper trichterförmig verbreitert.

Der Peristomsaum ist zweiteilig, meist, stark eingeschnürt, eine 
bei der Gattung Cothurnia meines Wissens noch nicht beoibachtette 
Erscheinung. Am Rande des flachen Diskus ist ebenfalls eine Ringfurche 
ausgebildet, in welcher der obere Umlauf des adoralen Cilienkranzes 
edngepflanzt ist. Die Cilién sind lang und kräftig.

Das Protoplasma ist farblos, aber nicht durchscheinend, so dass 
selbst die Konturen der mandelkömig sich abschnürenden Nahrungs­
vakuolen nur ganz undeutlich sichtbar sind. Dieselben stachen eher 
durch ihren, lichten, nur wenige kleingekörnelte Nahrungspartikelchen 
enthaltenden Inhalt ab. Der Kern ist ebenfalls sehr schwer sichtbar. Er 
ist lang, wurstfölrmig längsgerichtet, im öberen Körperteil hirtenstabför- 
mig gekrümmt. Das Kortikalplasma ist sehr dünn. Die Pellicula sehr 
fein quergestreift.

Der Pharynx ist weitgeöffnet, aber nicht sehr lang. Er reicht un­
gefähr bis zum Ende des ersten Körperdrittels. Ehe Pulsationsblase liegt 
unmittelbar unter dem Peristomsaum. Neben der Hauptblase Avar oben 
und unten, je eine kleine Nebenblase ausgebildet, welche alternativ pul­
sierten: die Systole der einen Nebenblase fiel mit der Diastole der an­
deren Nebenblase zusammen.

Gelegentlich der Kontraktion zieht sich der Körper eiförmig zu­
sammen und bildet eine Schnauze. Mit heissem konz. Sublimat fixiert 
entstehen am Körper in regelmässigen' Querabschnitten, zwischen tiefen 
Querfalten dicke Ringwülste. Die Schnauzenbildung wird noch aus­
geprägter.

Die Länge der Hülse beträgt 35—50 p.

COTHURNIA ANOMALA sp. n. (Abb. 11. a, b, c)

Diese Art scheint ein spezifischer Symphoriont von Corophium 
curoispinum zu sein. Sie kam vor dem Auftreten ihres Wirtstieres nie 
zum Vorschein und wurde auch seither auf keinem anderen Substrat 
gefunden.

Die Hülse ist, wie bei Cothurnia clausiens farblos und durch­
sichtig, sehr dünnwandig, am oberen Ende fast bis zur Unsichtbarkeit 
verdünnt. Ihre Form ist abgeflacht. Die Breitseite ist unregelmässig, 
auf der einen Seite oft fast geradwandig, auf der anderen stark aus­
gebuchtet, meist schief abgestutzt. Die Schnalseite ist fast bilateral sym­
metrisch. Der Breitenindex der Schmal- und Breitseite verhält sich 
wie 1:2. Infolge der Zartheit der Hülsenwand kommt es ziemlich häu­
fig zu Deformationen, welche in extremsten Fällen zu der auf A b b. 
1 1. c. dargestellten Missbildung führt. Diese Hülse ist derart zerknit­
tert, dass sie die darinnen sitzenden zwei Infusorien zusammenpresst, 
so dass der untere Teil des Körpers vom hinausragenden, et A v a s 'bauchig 
aufgetriebenen Teil stielartig abgesetzt wird. Diese beiden Infusorien 
erwecken den Eindruck von Hungerformen, welcher Umstand auf die 
gestörte Lebenstätigkeit zurückzuführen ist.
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Die Hülse besitzt einen verhältnismässig dicken, deutlich längs­
gestreiften kurzen Stiel, welcher durch Vermittlung einer breiten, aber 
sehr dünnen, Haftplatte an den Extremitäten des Abdomens des Wirt­
stieres angeheftet ist. Die Haftplatte löst sich seht leicht vom Substrat 
los, doch findet man häufig auch solche Exemplare, deren Hülse samt 
dem fibrillären Stiel losgerissen wird, während die Haftplatte selbst 
am Wirtstier bleibt. Die Tiere sitzen an einem breiten, flachen, seitlich 
abgerundeten, sockelartigen Innenstiel.

Die Körperform ist gedrungen. Die eine Seite ist meist stärker aus­
gebaucht und etwas gebogen. Das Peristom bildet die grösste Breite 
des Körpers. Der Peristomsaum ist wurstartig verdickt, abstehend, aber 
nie umgeschlagen. Der Diskus ist flach und breit, nur sehr selten 
schwach gewölbt. Im Ruhezustand legt er sich über den 1 ̂ körper- 
langen Schlund. Das farblose Protoplasma schliesst nur wenige kleine

Abb, 11 a, b, c. Cothumia anomala sp. n., a Schmalseite, b Breitseite, e zerknitterte
Hülse, Missbildung der Infusorien

Nahrungsvakuolen ein. Der längsliegende Kern ist bandartig, meist 
nicht umgebogen. Die Pellicula zeigt keine Querstreifung.

Die Körperlänge beträgt regelmässig 35—40 n, doch finden sich 
Hungerformen, welche nur 30 p lang und 15 p breit sind.

Unmittelbar nach starken Stürmen kommt Cothurnia anomala 
nur vereinzelt vor, da sie von allen Epizoen am leichtesten abgestreift 
wird. Bei windstillem Wetter war diese Art nicht nur sehr häufig, son­
dern meist auch mit hoher Individuenzahl vertreten. Auf jedem Coro- 
phium fanden sich durchnittlich 10—15 Exemplare.
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3 r í M3 0 HME C KME  I1EPMTPMXH 0 3 E P A  EAJ1ATOH
Abtop: JIp. HOJIAH CTH/I/IEF5 

PE3IOME

Ha ocHOBe naiiiHX HCCJieAOBaHHM, kojihhcctbo ii3BecTHbix HaM 3nH30HwecKnx nepirr- 
pHXOB 03epa „BaiiaTOH“a yBeaHHUBanocb c 31 ao 45. Oahh poA, 9 bhaob h oaha pa3HO- 
BHAHOCTb üB/rasoTCH Hen3P.cCTHbiMn ao chx nop B HayKe. Cneu,HaaH3aAHH b Bbiöope xosíiíma 
AOCTíiraa y sthx 3n«3oa Taxyio Bi.icoKyfo CTeneHb, mto cpCAn 25 bhaob to/ií.ko Zoothamnium 
variáns BCTpenaaca na abvx xosvimiax, xoth mm Aepwann Carinogam marus h Assellus h 
pasHbie APyrae nepHTpHXOHOCbi Rojiro b oahoíí h Toö-we ctckíihuhoh nocy/ie. Rhabdostyla 
inclinans peARO oöpasyer mcjikhc Hnaiate kojioiihh, t3khm oöpa30M OHa HBaaerca, cooctbchho 
rOBopa, bhaom Epistylis, ocTaBiniiMCH 'iam,e Bcero co/iirrepHMM. M ower őbm>, óra tow- 
AecTBeiraa c Epistylis humilis.

Intranstylum Asellicola — hbjihjich cembim BbiHOCJiHBbiM anH30HHeCKHM neparpiixOM» 
H3MeHMHB0CTb Koroporo B ycjiOBHHx cboöoam na Asellus aquaticus He3HaMHTejibHa«, b naeHy 
OAtsaKO, ocoöeHHO b KyjibTypax, öoraTMx npOAyKTaMH pa3JioweHHH, Bcn-penaerc« mhohccctbo 
pa3H00Öpa3Hbix pa3H0BHAH0CTeft. HHoraa BCTpenaiOTCH kojiohhh, creöeab Koropbix noxowe 
Ha Carchesium 3tot bha noxow Ha Carchesium co cnaöo pa3BHToä mhohbmoh.

flBHJKemie bojih nah3e r  na KOjniMecTBO hhahbhaob h Ha oopaaoBanwe creöaeS nepHT- 
pKxoB, o6pa3yiomHx kojiohhh. Ha orpawAenHbix MecTax, h Ha xoamHax, o6pa3yioui,Hx 
Tpyőbi, kojiohhh coctoht H3 öojibuioro KO.THHecxBa hhahbhaob nej* Ha Mecrax, nOABep- 
weHHbix CH.ibHOMy ABHweHHH) bojih. Ha 3THX Mecrax CTeöeaa öojiee kopotkkh, KopeHacTbiK, 
nonepenHaa h npoAOJibHaa nojiocaTOCTb erő ßojiee rycraa, Kpowe Toro creöejib Macro 
HBJMeTCH MJieHHCTblM. 0 6 iH,HH BHA KOJIOHHH HanOMHHaeT 3HH30a 6bICTpO-nOABH>KHbIX X03»eB
KaweTCH mto Ha MecTax c cmjimilim abiokchhcm boa« ,  h MHOHeMa HBjraeTCH 6ojiee KpynHoS.
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COLLOTHECA VOLUTATA N. SP. A NEW BENTHIC 
ROTIFER FROM LAKE BALATON

BY
O. SEBESTYÉN (Tihany) and L. VARGA (Sopron)

From the Hungarian Biological Research Institute, Tihany, Lake Balaton. 
(Received for publication 21slt May, 1949)

On the bottom of the Kis-öfoöl, a bay on the E shore of the Ti­
hany peninsula, on top of the inorganic sediment, a layer of organic 
detritus accumulates, made of fragments of littoral macrovegetation 
(Potamogeton, Myriopliyllum, Phragmites) and those of animal origin. 
This substance has a loose structure and is inhabited by organisms such 
as algae (mostly Diatoms) and various members of the microfauna. The 
whole mass, including detritus and living organisms, is subjected to 
wave action which disturbs the sediment layer, disperses its constitu­
ents into the water medium and occasionally throws part of it out of 
the water, thus forming detritus drifts on the shore (see S e b esty én , 
1949, in this volume).

On December 19th 1945, a tube- livig rotifer which was not 
fixed to any substratum was found in the bottom of the shallow shore 
water of the bay mentioned. When, in the late autumn of 1948, regular 
studies were begum concerning the conditions of life in the detritus sed 
imént and of the plant and animal associations inhabiting it (by S e­
besty én ), this rotifer regularly appeared in the samples in considerable 
numbers. More collections were made, and having sufficient living ma­
terial, a thorough investigation was carried out by both authors.*) 
During the course of these studies n was observed by L. \ arga that 
this Collotheca species differs markedly as to organization and mode of 
life from all other members of the genus known hitherto. We wish now 
to introduce it into the system by the name of Collotheca volutata n. sp. 
(volutare from the Latin, meaning to roll, to turn, etc.) (F i g. 1—2).

Ten species of Collotheca have hitherto been found in lake 
Balaton:

a) pelagic forms from the free waters: C. Balatonica V arga 
(V arga 1933/36), C  libera Zach ., C. mutabilis H udson , C. pelagica Rouss. 
(Varga, 1932);

b) sedentary forms from the quiet littoral (a bay with dense reed 
growth) C. ambigua H ud so n , C. cornuta D o b ié , C. coronetta C u b it t , 
C. ornata Ehrbg, C. proboscidea Ehrbg. (Varga, 1939);

c) a sedentary form from the psammon: C. wiszniewskii V arga, 
(Varga, 1938).

* Times of collections when C. v. was found: 1945: Dec. 19, under ice; winter 
of 1948/49: Nov. 10, Dec. 8. 13, Jan. 5 (temperature of water under ice 0° G, pH 
7.73—7.85), 8, 10, Febr. 21, March. 23 (onQIy resting eggs in the tubes; temperature o' 
water 5° C, pH<7.96, no ice).
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It seems tliat the detritus sediment layer exposed to wave action 
in the shallow shore water iá — at least during the cold season — the 
true habitat of this rotifer, it  was rather unexpected to find a represen­
tative of the genus in such a locality, as was the case with C. wiszni- 
ewskii found in the psammon. The adaptability of the members of this 
genus to the conditions of the milieu seems to have a wider range than

F i g .  1 . Collotheca volutata n. sp. $  extended. The tube is not shown.
F i g .  2.  Tube of Colliotheca volutata n, sp. The front of the tube left without detail, 
in order the inhabitant to be seen. About the foot three parthenogenetic eggs in different

stages of development.

was previously suspected. Both species show an intimate relation to the 
characteristics of their peculiar habitats.

D e s c r i p t i o n  o f  t h e  f e m a l e .
T h e  t u be .  The animal when withdrawn inside the tube has a 

cystlike appearance, with a rather transparent and colorless outer coat 
and a core of a pinkish shade. The shape and size of the tube vary: in
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general it has the shape of a barrel or sack, with a d/arker base and a 
narrow opening. (Fi gs .  2, 5, 12—15). The axis running through the 
center of the base of the tube and its opening is curved somewhat. It 
is made of a gelatinous substance, secreted by the roitifer, and is more 
adhesive than the cases of other members of the genus.

The substance of the base (sole) of the tube seems to be more compact 
than that of the side walls, and has a rather indefinite spiral structure. 
It continues toward the inside of the tube in a small mound, to the upper sur­
face of which the rotifer is attached. (Fi gs .  5, 12-) The more or less 
cylindrical wall is made up of a more delicate material in which empty 
valves of Diatoms are imbedded in abundance, they — very likely — 
originate from the excretum of the rotifer. Such elements are lack­
ing both in the sole and the mound. Around the opening of the tube, 
which is/ usually an irregular circle, the wall seems to be more delicate. 
The diameter of the opening is much smaller, than that of the tube or 
the base, but large enough to allow the animal a comfortable passage 
through it. Minute particles both of organic and inorganic material 
adhere to the surface of the tube. When treated with hydrochloric 
acid, the inorganic particles disappear and the valves of Diatoms be­
come visible, demonstrating their abundancy and variety. Not infre­
quently a bunch of Diatoms may be found in the cavity of the tube, 
still exhibiting the characteristic brown color of the algae. The origin 
of such masses has not as yet been discovered. A few indefinite circular 
rings on the wall might be due to periodicity tin manufacturing the 
case. (Fig. 5.)

As mentioned, the animal is attached by its foot to the upper 
surface of the mound, this being the only place of attachment. When 
drawn inside, the body is surrounded on all sides by the cavity of the 
tube, this being the case with members of the Melicerta and Limnias 
genera too. In this sense our animal differs definitely from all the other 
tube-living Collotheca species known, because, they being attached to 
the opening of the tube too, the proximal part oi the tube turns inward 
on contraction and when extending, it turns inside out. The large size 
of the tube in proportion to that of the body is also characteristic, to­
gether with the presence of empty valves of Diatoms in the substance 
of the wall. These minute but rigid particles give firmness to the tube, 
while the elasticity of the wall is due to the gelatinous secretion of 
which the tube is made. Both properties of the tube, viz. firmness and 
elasticity, have some advantage since this rotifer, being unattached to 
any firm substratum, is exposed to various disturbances caused by 
frequent wave action. It might be rolled and tossed about among the 
detrituá particles or dispersed in the water, to sink again without any 
damage being done either to the tube or to its inhabitant. The tube pro­
tects the resting egg too, after the mother’s death and provides for the 
distribution of the species, through the above-mentioned properties, 
amidst the peculiar dynamic vicissitudes of the habitat. (Fi gs .  13—15.)

T h e  b o d y .  ( F i g .  1.) As to the main features, the female 
C. volutata resembles the other members of the genus in general, though 
it seems to be more delicate. The body is slightly bent ventrallv, its 
main axis exhibiting a curve similar to the tube. The cuticle is delicate 
and transparent. Folds and creases appear in great numbers on the 
surface of the body, resulting in a warty outline. However, these wrin-
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kies are apt to disappear soon. A few ringlike folds are frequently seen 
on the neck. 'The folds and creases on the foot are permanent. The divi­
sion of the body into head, neck, trunk and foot is distinct. The pro­
portion of the head +  neck : trunk : foot is about 2.5 : 5 : 3.

F i g . 3 —' 1 5 .  Collotheca volutata n. sp. F i g .  3 . The corona with the velum from 
above. Living individual. F i g .  4.  Parts of the throphi. F i g .  5.  Sketch of a tube, 
8th. Dec. 1948, F i g .  6,  Upper part of the body; lateral view, showing the membrane 
of the dorsal coronal lobe. Living individual. F i g -  7.  The neck with the partly 
contracted corona. The bristles forming one unit; outline of the lobes showing through 
the cuticle. On the top of the neck and on the side are minute subcuticular granules, 
F i g .  8.  Parthenogenetic eggs in different phases of development: a =  within the body; 
b =  attached to the tube; c *= just before hatching. F i g .  9 . Resting egg showing both 
membranes; the projections of the inner coat but partly drawn. Surface view. 8th 
January, 1919. F i g .  9 a .  Few projections with larger magnification. F i g .  10-  Male 
specimen, alive. F i g .  11 .  Pedunculus attached to the surface of the mound by means 
of the disc. F i g .  1 2 .  Sketch of a female specimen within the tube in extended 
condition. In the tube there are parthenogenetic eggs. Detail of the corona is not 
depicted. Living individual. 8th Dec. 1948. F i g s .  13.—1 5 . Sketches of uninhabited 
tubes with resting eggs, 25th March, 1949, Explanation of signes: d =  dorsal lobe of the 
corona; e =  eye spot; f =  fulcrum; g =  granules; I =  lateral membrane of dorsal lobe; 
mo =  mound; m =  manubrium; o =  opening of the tube; pe=  parthenogenetic eggs; 

re =  resting eggs; 3 — ramus; s =  sole of the tube; u =  unci; v *= velum-
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T h e  h e a d .  (F i g s. 3, 6.) At the base, of the corona a delicate 
circular membrane, the v e l u m ,  is present. (Fi gs .  3, 6; v) The disc 
forms five semiglobular lobes arranged regularly. The dorsal one, nearly 
a complete sphere, is drawn out a bit above the others, owing this 
position ijo the presence of a very short stalk, contrary to the other ones 
which sit immediately on the disc. The dorsal lobe is hallway enveloped 
by a delicate membrane reaching only halfway lengthwise and not 
extending above the lobes into the coronal net, as in the case of 
C. cornuta. This lobelike membrane lacks both cilia and „bristles'“. 
( F i g s . 6).

The coronal lobes carry the delicate long rod-like cilia („bris­
tles“) which do not beat and are peculiar to the genus. The length of 
the longest bristles is about equal to the diameter of the disc. (F i g. 3).

The withdrawal of the corona happens quickly, and when but 
incompletely done, the bristles form one unit resembling a paint-brush. 
( F i g .  7). The upper part of the bunch remains outside and is visible, 
while the lower part, hidden in the infundibulum« could not be detected, 
though the outline of the coronal lobes shows through the cuticle. When 
in extension, which is a slow, a gradual — one might say a cautious — 
process, the situation just described recurs, very soon the disc bearing 
the lobes unfolds, the five bunches of delicate bristles spread out, and 
the appearance of the velum marks the end of the process. The velum, 
though but a very delicate membrane, seems to take part in the stiffen­
ing of the corona.

The edge of the disc between the lobes carry a row of minute 
cilia, the presence of which is characteristic of our species. On other 
members of the same genus they are missing, with the exception of 
C. coronetta. The surface of the infundibulum is also covered with cilia, 
especially the ventral part. By the beat of these cilia a current pro­
pels the food towards the mouth. The cilia covering the inner surface 
of the lobes take part in the same process.

Minute granules in' the subcuticular plasma below the corona could 
distinctly be seen through the transparent and colorless cuticle of the 
neck (F i g. 7). These granules, uniform in size, have a high degree of 
refraction and are in, constant motion. Inside the neck the cone-shaped 
infundibulum is situated, its narrow basal opening continues into the 
wide vestibulum, at the posterior end of which the mouth is located. The 
opening of the mouth falls below the neck, on the anterior part of the 
trunk.

Eyes are lacking on the adult female, though a pair of hemisphe­
rical purple-red eye-spots, without lenses, could be seen through the egg­
shell of the embryo (Fig.  8 c). The dorsal antenna with a few short 
setae is situated on a minute mound on the neck, just above the brain, 
which in turn has an elongated pear-like shape.

When the body is extended usually only the corona and part of 
the neck can seen outside the tube. (Fig.  12).

T h e  t r u n k .  The neck widens abruptly to the voluminous 
írunk, which is dorsally somewhat swollen. In its upper part — as has 
been mentioned — the mouth is located. This opens into the slender 
oesophagus. On the bottom of the mastax, the rather degenerated trophi 
are found: on the’-upper part of the fulcrum, which is minute and rod­
shaped, there are the two leaf-like rami. To the manubrium, which has
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the shape of a disc, the unci are attached. These being slightly bent, 
have the form of a dart and are joined at their base. (F ig. 4). The rigid 
valves of the Diatoms could not be ground by the delicate trophi, the 
role of the jaws being rather to push forward the food into the succeed­
ing parts of the alimentary canal. Both the mastax and the stomach lie 
immediately under the subcuticular plasma layer, and are in most cases 
stuffed to their highest capacity with Diatoms of various sizes and 
shapes, so that they extend mostly to the base of the neck, right into the 
neighbourhood of the brain. The globular salivary glands are located on 
both sides of the upper edges of the stomach, as usual.

The short and wide intestine generally contains empty valves in abun­
dance. The rectum, also ai short and wide part, presses the bulk of the 
valves through the anus out of the body into the inside of the tube. The 
anus is located dorsally above the foot as usual. The great bulk of food 
enclosed by the stomach exhibits the characteristic brown color of Dia­
toms. Through the cuticle the outline of the valves could be distinctly 
seen.

The tubules of the excretory organ! could be detected from the 
middle of the trunk on, on the ventral side. The contractile vesicle is 
rather voluminous. The excretum is expelled through the cloaca into the 
cavity of the case.

The globular ovaries with the yolk-gland lie ventral to the in­
testine. Sometimes 3—4 parthenogenetic eggs — in different phases of de­
velopment — could be seen in the body. After being discharged they keep 
the globular shape for a while (F i g. Sa-c). Their content seems to be 
compact. Since the development of the embryo begins within the moth­
er’s body, no nuclei could be seen. The eggs are attached to the wall of 
the tube, in contrast to most of the other members of the genus, where 
they are attached to the foot of the female. (Fi gs .  2, 12). The eggs soon 
assume an oval shape and their contents are no more homogeneous. It 
has been mentioned that the developing embryo has a pair of eye-spots.

The ovajl-shaped testing eggs have a deep yellow color, are envel­
oped by a thick membrane, on the surface of which minute projec­
tions with blunt ends are, scattered in regular distribution. On the outer 
surface of the resting eggs, freshly discharged, a second membrane could 
be seen,1 laying close to the projection: however the ends of the latter are 
not fixed to the membrane. (F i g. 9). Later on this membrane disap­
pears. Its role might be the protection of the oviduct, tetc., during the pas­
sage of the egg, against the injuries which might be caused by the rough 
surface. No such outer membrane has been described of any other roti­
fers. The number of resting eggs — in contrast to all other members of 
the genus — is high. This fact perhaps has something to do with the 
structure of the egg, viz. the presence of the outer membrane. From the 
sample collected on March 23th, 1949, ten tubes including only resting 
eggs were separated, their numbers being the following: 2, 2, 3, 3, 5, 5. 
7, 9. 10, 10, the mean value being 5.6! The resting eggs on most of the 
rotifers are not released by the female, but are set free after ist death. 
It has been established of this species that the female produces several 
resting eggs which find protection in the tube after the mother’s death. 
( Fi gs .  13—15).

The very slender and short foot is clearly marked off from the 
rest of the body. The upper portion has several deep folds and creases,
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the lower portion has but a few shallow ones (Fig.  Í). Two mus­
cles appear distinctly through the cuticle. The contractibility of the foot 
seems not to be very great. Several bends of the foot are. however, pos­
sible. Between the foot and the pedunculus there is a joint. The toes 
could be observed only with difficulty and rarely. On the posterior end 
of the pedunculus there is a disc which assures firm attachment of the 
organism to the base of the tube (F i g. 11). It is almost impossible to sev­
er the body from the mound. It seems that this firm attachment makec 
possible the frequent, energetic and quick contraction of the body.

T h e  m a l e  (Fig.  10).
One male specimen was found by Varga in a sample on Jan. 5th 

1949 collected from under a 20 cm thick ice-layer. It is very active, 
small in size, and thoroughly transparent. The body is nearly cylindrical, 
widening somewhat about the middle. Toward the anterior and poste­
rior ends it is slightly bent. The posterior part of the body has a few slight 
folds and creases but they disappear when the animal swims in an ex­
tended attitude. On the anterior end an uninterrupted wreath of cilia is 
present, the center of the wreath projecting forwards. Both velum and 
corona are missing. On the edge of the well-developed disc-shaped 
brain two sickle-shaped eye-spots could distincly be seen. Slight traces 
of the infundibulum might be observed. No alimentary canal. The min­
ute contractile vesicle located on the posterior end of the body represents 
vestiges of the excretory organ- The voluminous testis with its great mass 
of spermatozoa fills the whole body of the male. Penis is lacking. There 
is a bunch of1 hair at the end of the very short and cone-shaped foot. We 
could not observe the process of copulation, it very likely takes place 
within the tube. *

M e a s u r e m e n t s :  length of female, extended, 240—280 ß-, 
length of tubes 550—420 n (November—January), 400—800 ß (March, 
containing only resting eggs); length of parth. eggs 40—45 ß\ length of 
resting eggs 50—70 ß\ length of male 100—105 ß.

M o d e  o f  l i f e .
C. volutata is both a current - and filter-feeder, being monophag- 

ous too. It selects its food, which consists of various species of Diatoms 
(Navicula, Pinnularia, Cymbella etc.) some of them of considerable size. 
Such algae grow abundantly among the particles in the detritus layer. 
The food is ' consumed in great quantity, and the empty valves, to wich 
but very slight damage has been done, when passing through the alimen­
tary canal, are used to make the tube. The construction of the tube was 
not observed.

This t rotifer, as far as it could be established, is a semi-sessile or­
ganism in the sense that the body of the animal is attached exceedingly 
firmly to its self-made case, which is a non-living matter, but animal and 
tube forming one unit, are unattached to any substratum. This unit — 
as any other constituent of the detritus layer: living organisms or lifeless 
matter — moves about passively or lies quietly at the bottom, according 
to the dynamic conditions of the milieu. In favourable circumstances, 
which means quiet water, the animal emerges partially from its case, 
and with its delicate corona spread out sets to feeding. On the slightest
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mechanical disturbance the body contracts and, thus hidden in the tube, 
it finds protection against thef various unfavourable conditions of its sur­
roundings. It seems that both in organisation and mode of life C. oolu- 
tata adapts itself in a high degree to the peculiar conditions of the habi­
tat. C. volutata seems to favour cold water and is very likely a steno- 
thermous form.

L i f l e  c y c l e .
The life cycle of C .1 volutata could be only established partly be­

cause the observations were limited to the cold season (November to end 
of March). Parthenogenetic eggs are produced constantly in the first part 
of the cold season (Nov.— Jan.). Following the appearance of the males 
fertilized eggs appear late in the cold season. This last phenomenon 
marks the turn of the kinetical phases of life to the akinetical one. In 
a March collection a few tubes wem found including, beside the resting 
eggs, the extended body of a dead female, the stomach of which con­
tained Diatoms, but the corona was missing.

I n t e r r e l a t i o n s h i p  w i t h  o t h e r  m e m b e r s  o f  t h e  
g e n u s .

C. volutaia are in the closest relation to C. cornuta. However, there 
are many differences between these two forms, especially as to the struc­
ture of the corona and the proportions of the various parts of the body. 
Thö dorsal lobe of the corona of C. cornuta is long and has a long, active, 
fingerlike lateral lobe- Rudiments of such lobe are present on C. oolutata, 
but it envelops the! dorsal lobe only halfway both length - and cross­
wise. The edge of the coronal disc between the lobes is free from cilia 
on C. cornuta. The extensive corona of this latter species is nearly as 
long as the trunk. Its foot is longer than any other parts of the body 
added together. Its whole length (580—655 /x. C ollin. 1912, p. 39) is 
about twice that of C. volutaia. Its two eyes are hardly detectable. The 
tube — which is attached to varions littoral plants — is voluminous, hya­
line, and the body is attached to its upper edge.

C. volutata might be brought in some sense into interrelationship 
with the psammobiont C. wiszniewskii too. They are about of equal 
size, the structure of the corona is similar, however the lateral membrane 
on the dorsal lobe, the ciha between the lobes on the edge of the disc, 
and velum are missing on the latter species. Its neck exhibits no wrin­
kles, its foot is less delicate. The tube — being attached to grains of sand 
— is gelatinous, being free of any foreign substance, with the exception 
of a very few particles sticking to the surface.

If these three forms were arranged in order of succession, C. misz- 
niemskii with its simple organisation might be at the end, followed by 
C. volutata and C. cornuta with the most differentiated organisation, 
would take the place at the top.
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C O L L O T H E C A  V O L U T A T A  N . S P .
H O  B A H  K O J I O B P A T K A  B E H T O C A  0 3 E P A  E A J 1 A T 0 H A

A btop: O JlbrA  LUEBELUTbEH h JIAttOUI BAPrA 
PE3KDME

B ocaflKe fleTpnTa BOflbi noöepeucbH 03epa BanaTOHa oÖHapyiKeH hobmü qneH 
pofla Mollotheca h mm Ha3bißaeM ero  C. v o lu ta ta  n . sp .

3Ta KOJtOBpaTKa npHKpenneHa ko ahy CBoeft Tpyöbi nm ub nocpeflCTBOM p edun - 
eu lus, a Kpaü Tpyöbi hbiisictch cboöoahum. T pyöa coctoht H3 cxyfleuHCToro ceKpeTa, 
b KOTOpbih BKJTafli.iBaioTCii nycTbie CKOpjtynbt /tuaTOMeh.

T pyöa He npHKpenneHa hh k KaKOMy cyÖCTpaTy h MO«eT cboöorho nepeMeujaTbCH, 
COOTBeTCTBettHO RHHaMHqeCKHM yCJlOBHHM cpeflbl.

CaMan xapaKTepHan qepTa C- v . CTpyKTypa BeHua, KOTopuü CHH3y oxBauen 
He>KH0ii oöojioukoR (velum ). KyTHKYJia He»HaH, öecuBeTHan h np03paqH an. HHorfla 
otta oöpa3yer noBCiofly CKnaflKH h mopiuhhm . CKnaflKH, BCTpeqaioiuHecn Ha Höre, no- 
CTOHHHbie.

E chh nTO-HHÖyflb öecnoKOHT C. v . OHa BHe3anH0 coitpaiuaeTCH h moikct coBepuieHHO 
CKpbITbCH B OÖbeMHCTOÜ TpyÖe. B BblTHHYTOM COCTOHHHH ÖOJIbUiaH MaCTb Tena, 3a HCKHIO- 
ueHHeM ronoBM h qacTH men, ocTaeTCH CKpbiTOü. TKhbothoc BhiTHrHBaeTCH oqeiib octo-
pO>KHO.

C. v . nHTaeTca nocpeflCTBOM $HJibTHpoBaHHH TeKyiueft boah. KpOMe Toro ona 
hbahctch MOHOtJtaroM. OHa nHTaeTCH MHoroqncneHHbiMH flnaTOMeHMH pa3H0il aejinuuHbi 
h (jiopMbi, BCTpeqaioujHMHCH b OKpyjKaiouieíí cpene.

riycTbie Bi.iflejienHue CKOpnynu BKmoqaioTCH b cocTaB T pyöu. Mbt o ö n ap y >khhh 
npucyTCTBue KaK napTeHoreHeTnqecKHx, TaK h nocTOHHHbix hh r . nocneflHHx mo>kho 
onpeRejiHTb — no HCTeqeHHH Kopon<oro BpeMeHH — no Hannquio BHeuiHero enon , oky- 
TbiBatomero BHyTpeHHyio oöonoqKy, Ha kotopoü HMeioTCH Menbqaümne BbiCTyribi. 3Ta- 
» e  caMKa M0*eT BbiöpacuBaTb HecKOJibKO nocTOHHHbix h h r . 3 th Hüua noene CMepTH 
MaTepw Bce eme naxOflHT npmoT b Tpyöe. CaMRa mm HaömoflanH TOjibKO oahh pa3. HaM 
He öbiJiH oÖHapy>KeHbi hh Monoflue tjtopMbi, hh npoueccbi oöpa30BaHHH Tpyö.

Bo BpeMji xonoflHoro nepHOfla rofla öbinn HaüfleHbi HeKOTOpbte »eHCKHe 3K3eM- 
n n n p u  C. v ., no Bceü BepoHTHOCTH BHfla s ten o te rm u s. H x opraitH3M, a TaK »e h hx 0Öpa3 
JKH3HH xopom o npHCnOCOÖnHIOTCH K AHHaMHUeCKHM YCJlOBHHM OKpY »aKDltieÜ Cpeflbl.

CHCTeMaTHqecKH C. v . MOMceT öbiTb nOMemeH mokay C- w izniew skii V arga  h 
C. c o m u ta  D obié.

T E K C T  K  P H C Y H K A M
1. pnc. C ollotheca v o lu ta ta  n . sp . 2 ■ B bmthhytom coctohhhh, Tpyöbi He bhaho.
2. „  Tpyöa C ollotheca v o lu ta ta  n . sp . IlepeflHHH noßepxHOCTb Tpyöbi Öe3 fleTa;ieit,

HTOÖbi noKa3aTb ee »HTenn. O koao hoth 3 napTeHoreHeTHqecKHx hhr b p a3-
HblX CTaflHHX P33BHTHH.

3 — 15 pnc: C ollotheca v o lu ta ta  n . sp .
3. pnc. BeHeu c oöojiohkoü CBepxy. jkhboü hhahbhahym .

4. ,, nacTb tro p h i.
5. ,, HaöpocoK Tpyöbi (8. fleK. 1948 r.)
6. „  BepxHHH nacTb Tena, bha cöoKy. BnflHa oöonoqKa 3aflneü aoah BeHpa.
7. „  CTHHYTbiR BeHeu. PecHHHKH oöpa3yioT eflHHyio (JiopMy. L epe3 kythuvah bhahu

oqepTaHHH floneü. Ha mee h Ha öoky HMeeTcu MenbqaümaH noflKyTHKyjiHp- 
HaH rpHHYJTHUHH.

8 . „ napTeHOreHerauecKHe hü na b p a3 H u x  CTaflHHX pa3BHTHH. a =  bhytph T en a ,
6 =  npHKpenneHHue k Tpyöe, b =  HenocpeflCTBeHHO nepefl BbinynneHHeM.
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9. „ nocTOHHHoe flüpo c oöohmh oöojioqKaMH. BbicTynw BHYTpenHeíí oßonow H
napHCOBaHHbi TOJibKO qacTH^HO. Bhä noßepxHOCTH. 8. aHBapp 1949 r.

9/a ,, HecKOJibKO BbiCTynOB b ßojibUiOM yBejinueHHH.
10. „  5KHBOÜ caMeu.
11. „  K eduncu lus npHKperuieHO k riOBepxHOCTH pTa c nOMOinbio AHCxa.
12. „  HaÖpOCOK C3MKH BHYTpH Tpyßbl B BblTHHyTOM coctohhhh . B Tpyße bh ah u  4

naTeHOreHeTH'iecKHX «ftpa. IIoapoShocth BeHpa He HapHccmaHU. >Khboü hhah- 
bh«. 8. pßK. 1948 r.

13— 15 pnc.: HaöpocKH HeoßwTaeMbix Tpyö c nocTOHHHbiMH nüpaMH .25. MapTa 1949 r  
YcnoBHbie o6o3Ha'ieHHH:

d  =  3aflHflfl AonH Beupa 
e =  rJia3noe npTno 
f =  fu lcrum  
g =  rpaHyjiHpHH
"1 =  f)0K03a>i oßoaoqKa 3a AiieS «ojih 

m o  =  pot
O =  OTBepcTHe Tpyöbi 
j( =  napTeHOreneTHMecKne pMpa 
r  =  nocTO K H H bie sfjpa  
k =  ram us 
s =  nofloiiiBa Tpyöu 
u  — unci 
v  =  velum  

m  == m an u b riu m



STUDIES ON DETRITUS DRIFTS IN LAKE BALATON*

BY

OLGA SEBESTYÉN

From the Hungarian Biological Research 'institute, Tihany, Lake Balaton 
(Received for publication lOih March, 1949)

Results of previous investigations of the drifts on the shore of 
Lake Balaton (Entz, Sebestyén and Szabó, 1942) suggested that a 
thorough study of drifts built of detritus might help to elucidate the 
problem of organic detritus» including its role and significance in the 
cycle of organic substances within our lake.

F i g u r e  1 , A sketch of Kis-öböl bay, Tihany, Lake Balaton showing localities of
collections (section „A“—„D“).

* A report of this paper was read before the Xth International Congress of Lim­
nology, Zürich, 'August, 1948. A brief summary will be published in the Proceedings of 
the I A L.
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In the course of field observations covering several years it could 
be established that on certain sections of the shores of the Tihany penin­
sula, detritus was cast ashore frequently and in abundance. A section 
of the W shores is specially subjected to the accumulation of detritus 
(see E n t z , Seb esty én  and S zabó , 1942, Plate I. Fig. 4). On the E  shores 
of Kis-öböl, a bay located in the neighbourhood of the Biological Insti­
tute, is known for this. The shores of this bay were therefore chosen 
for the present studies (Fig.  1).

The main road running along the shores is protected from the 
waves in the bay by a stone wall and loose quarried stones (Se b e st y é n , 
1948 p. 104). A section of the SW part of the shores of the bay — about 15 
m long (section ,,A‘‘, Fi g:  1.) — located between a small reed growth and 
the gate of the Institute altogether 36 m in length (sections ,.A“—,,C‘") 
is a typical place where detritus drifts are frequent. Along this 15 m 
stretch detritus accumulates in great masses and, depending on the water 
level and wave action, it forms either a dark 'sediment belt of 2—3 m 
in width resembling „ f ö r n a “ (Sern a n d er ), the particles may be dis-
Íjersed in the turbulent water, lending a dark brown color to it, or — at 
east part of it — is cast ashore. Sooner or later this material washes into 

the water again, floating for a while before sinking. When conditions 
allow, it is washed ashore again. When the level sinks gradually, the 
detritus mass left on shore dries, because it cannot be reached by the 
waves any more. Material cast on top of big stones is especially exposed 
to that fate. At the bottom of such masses of detritus in the favourable 
season, terrestrial hygrophile forms may find refuge (E t n z , Seb esty én  
and S zabó p . 35). When the water rises the dried detritus comes under 
the rule of the water again. Such situations continue for years. This may 
be the reason that parts of the plant debris turn brown and have a turf- 
like appearance.

METHOD

Field observations have, been, carried on frequently since 1930 on the shores of 
Kis-öböl (En TZ, Se b e s t y é n  and Sz a b ó  p. 53—Ö0). Samples for quantitative analysis 
were collected between June, 1942 and April, 1944, interrupted by the winter. Most of 
the samples were taken from newly drifted material, which iay close to the water and 
was being sprinkled by the waves. From the turbulent water the floating detritus 
particles were taken with a hand-net, or some of the water was simply drawn, up. From 
the bottom of the shallow reach the „f ö r  n a“ like sediment was brought up by means 
of a hand-net or a jar. For comparison a few samples were taken from the Aszóföi-öböl, 
an extensive bay located NW of the Kis-öböl. (Sebestyén 1948, p. 100).

Following a brief study in the field, the desired material, viz. 50—100 cm3 from 
the detritus drift, was taken up in large wooden pincers and carried in a porcelain cup 
to the laboratory. The measuring of one cm3 of the substance was done as follows: using 
small metal pincers, particles of the samples were placed with care in a measuring- 
cylinder of 10 cm3 volume, which held about 4 cm3 lake water, filtered twice), till the 
contents of the cylinder increased by one cm8. This was then poured out into a watch 
glass. For microscopic investigation a binocular preparatory microscope was used (Oc, V, 
Obj. 40). All the elements which could be recognised with the lens power mentioned, 
were noted, except those of plant debris. Qualitative studies were made in a similar 
way, without measuring the volume or enumerating the elements. The material was 
always studied in a wet condition, so as to find the animal constituents alive. It 
yas no use measuring the weight considering that the amount of water adhering to 
minute objects such as an ephippium or a lower crustacean,, etc., would outweight the 
object itself.



cm

F i g u r e  2 — 2 . Level (.............. ) and temperature ( ------------ ) of lake water, Tihany,
1942. and 1943.
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THE SAMPLES.
All the samples except N o s  1 6 a b  and 17 a h  were collected in Kis-öböl 

bay. If not indicated otherwise the samples are from detritus drifts, (q =  qualitative 
analysis; Q =  quantitative analysis; F =  floating detritus).

J u n e  4t h ,  1 94 2. Unusually high water for about two months. Level now 
descending. Stormy weather a few days previously. NE wind.

N o . 1 . (q). Few pelagic species present among the plant debris (Cerativ/m, 
hirundinella, Keraielta coehlearis, Conochilus sp., alive; Melosira, Pediastrum, Keratella, 
dead). A few Bangui, filaments originate from the rich growth of algae attached to 
stones in the vicinity. A statoblast of Lophopus, a species not known hitherto in the 
lake, is found.

J u l y  1 4 t h ,  194  2. Stormy weather for days strengthening to a gale at night 
and continuing during the previous 24 hours. Part of the detritus still afloat.

N o . 2 . ( q+Q) .  The drift („A“ section) is about 2—3 days old, but washed 
constantly in and out. It consists of green and brown, that is newly broken and old 
particles of macrovegetation; Cladophora glomerata filaments, partly empty cells. 
Epistylis colonies, empty gemmules and shells of Ostracods frequent. Tardigarda 
(Macrobiotus macronyx) noted for the first time. Various animal and plant constituents.

A u g u s t  f>th, 1 9 4 2. Drifts everywhere along the shores (Sects. A B C  D). 
The previous night a heavy shower (16 mm). Raining. Off „Ä“ section there is much 
floating detritus in the water (see No 3a).

N o . 3 . („A“ section) (q +  Q). Branches of Potamogelon beneath the detritus
drift, which mingle with reed fragments 6—14 cm in length. Fewer animal constituents 
than in No, 2.

No 3a  (F, q). Most of the fragments derive from insect larvae, very likely of
Cryptochironomus sp.

A u g u s t  10 t h ,  194 2. Medium water level. Drift formed on the day of
collection, wave action had ceased when sample was taken. Much floating detritus in
the water.

N o . 4 . (Section „B“) (q +  Q). Habit of drift is similar to that of Nos 2 and 
3, very likely it is of the same material.

A u g u s t  1 7 t h ,  194 2. Level descending.
N o . 5 . (q +  Q). Fragments of most varied origin. Arthropods being represented 

mostly by ephippia and shells of Gladocera. When collection was made from the bottom 
of the open water off shore, fragments of similar origin were noted in abundance. Among 
the live constituents wheel animacules and ohironomid eggs are frequent.

O c t o b e r  23d,  194 2. Water-level about 30 cm lower than during previous 
collection, portions of the bottom of the bay emerged above waiter. Drift scarcely 
developed, consisting of sand, shells of Dreissena, LAthoglyphus, as well as of the fallen 
leaves of trees. The plant debris is brown.

N o . 6. (q +  Q). Filaments of Cladophora — with a rich coat of Diatoma 
vulgare — partly dying, from some cells swarmers broke out. Spirogyra frequent. Most 
of the plant debris made up of the most resistant elements in plant tissue.

O c t o b e r  24 t h ,  194  2. (Section „D“). Close to the edge of the water pow­
dery fine particles a continuation of the „förna“ like sediment in the shallow water. 
This latter forms a belt about 2 m wide along the Shores, beyond which the muddy 
bottom appears in a lighter colour. Here and there floating detritus. Quiet water, no 
waves. The detritus is very likely left on the shore by the descending water (not a true 
drift in s. s.).

N o . 7 . (q +  Q). Shells of Cladoeera, mostly badly damaged, very frequent, 
unsuitable for specific identification. Other chitinous fragments listed in group ,,Arthro. 
poda“ are abundant too. Diatoma vulgare frequent. The presence of this form, as well 
as the abundance of chitinous fragments seems to mark the approach of the end of the 
favourable season. This sample is distinguished by having the most various living 
animal constituents (21!).

N o v e m b e r  1 9 t h ,  1942.  Low water for over a month. The 17th was a 
a windy day, followed by a gale lasting for another 24 hours. On the 19th there was 
no wind, the water was almost quiet. Along the shores (incl, section A, B, C) fallen 
leaves of poplar frees and detritus accumulated in huge masses, forming a steep harrier 
at the water’s edge. There are sections where only mollusc shells (Dreissena, IAthogly- 
phus) are cast out without any detritus. It is an instructive demonstration of the rőle 
of various factors in the formation of drifts. Here and there detritus dispersed in the 
water.
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No 8 a  (off section „C“; Bottom Sediment; q). Structure of material shows its 
origin, which is the coating („Aufwuchs“, Ruttner) from water plants and submerged 
stones, detached and tossed about by the waves. Inorganic particles and Diatoms still 
adhere to each other. Very few live constituents, mostly infusoria, a few A lona  a ff in is  
w ith  winter eggs.

N o . 8 b . (Section „B“; q). Drift material taken from near the previous sample. 
Fragments of reed and water plants measuring about 1 cm or less, also a few larger 
pieces of reed and some poplar leaves. Detritus partly old, partly newly broken, ft 
differs from No. 8a, again showing the selective property of the waves. Filamentous 
algae and Diatoms — alive — more frequent than in No. 8a. Few forms with active 
motion. Fragments of Cladocera and other Arthropods frequent, but less than in previous 
month. Water mites and water bears move about slowly, temperature of water 4° C.

N o . 8c. (q). Floating detritus (off shore section „A“), Shells of Ostracods and 
some flat green mineral substance (muscovite?) of similar size. Shells of glochidium 
and veliger larvae. Ephippial female of A lona  a ffin is .  As to living specimens Nematoda 
(frequent), Canthocam ptus, a few Ostracods, free ephippia and the larva of D riessena  
(sphaerium phase) are to be mentioned.

N o . 8 d . Drift material from the same section (q +  Q). Many groups are repre­
sented, live specimens and fragments. Nemaltods in abundance, some eggs (?) in decaying 
plant tissues. Among the fragments, shells of Ostracods, veliger larvae and empty cases 
of Oligochaeta cocoons noted. Many more animal constituents than in No. 8a. Filamen­
tous algae.

N o v e m b e r  2 1 s t ,  194 2. Previous collections only two days earlier. Three 
samples taken from the shore, about 1—1.5 m from the water’s edge.

N o . 9 a .  (q). Finely distributed organic particles, inorganic elements missing.
No organism with active motion. A few ephippia (M onospilus) and some live gemmules. 
Dead specimen of Corophium . Cladophora  and S p irogya  alive.

N o . 9 b . (q). Sample taken at a graeter distance (1.5 m) from the water’s edge 
than the previous one. Material similar to No. 9a, with the difference that it contains 
plant debris of larger size too. No live constituents, a very monotonous sample.

N o . 9 c .  (q). Consists only of Nematods and Infusoria in a live condition. The 
material very likely originating from the coating of various substrata, still bears a 
resemblance to its typical structure. The abundance of Nematode is evidently due to 
this. The effect of wave action iß shown in the separation of the gemmules into single 
specimens.

M a r c h  2 9 t h ,  19 43. No collection during winter. Previous days with clear sky 
and warm weather. Drifts of pebbles and reed decorate this shores. Here and there 
small patches of detritus gently washed by the waves. In water floating detritus.

N o . 10. (q +  Q). The animal constituents are mostly fragments. With the ex­
ception of Nematods (25 live individuals per cm3) 12 groups are represented by a few 
living individuals.

N o . 1 0 a  (q). From section „A“ some water with floating detritus was drawn 
up. When poured into a glass cylinder, sedimentation soon began. Volume of sediment 
about 6*/o. It consists of plant debris containing epidermis particles and the other parts 
of plant tissues having the highest resistance. The following forms were found alive: 
Nematods, a few; Flagellate Protozoa and Infusoria, scarce; Diatoms, abundant. Shells 
of Ostracoda and Cladocera (M onospilus), empty gemmules and byssus thread. Green 
mineral particles mentioned above present. After the sedimentation of formed elements, 
the water seemed rather opaque, in lit a minute organism (a colourless Mastigophora?) 
was present in great numbers.

A p r i l  2 1 s t ,  194 3. Detritus drifts on the shore washed by the waves. 
(No, 11). In the water (section „A“) floating detritus (No. 11a).

N o . 11 . (q +  Q). Empty ephippia of M onospilus  in abundance. Unusually few 
shells of Ostracoda, which fact was related somewhat to the gentleness of wave action.

N o . 1 1 a  (q). A net haul from the shore water. A few living specimens of 
M icronec'ta  noted, fragments of animal origin being the same as in sample No. 11.

Comparing the spring material (Nos. 10, 11) with the ones collected during the 
previous autumn, not muoh difference could be established. Empty shells of A lona  and 
E u rycercu s  (?) are more corroded than in Nos 9 a b c, while the heavily built shell of 
M onospilus  bears no signs of such process, It is known that in this species the resting 
egg is encased in the entire shell and that „hibernation“, tabes place in this condition. 
The specific gravity of such an ephippum with a shell having several layers of chitinous 
substance, must be high enough, and may resist wave action better than an empty and 
thin shell of a species with a more advanced form of ephippium.
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M a y  2 4 t h ,  194 3. N o .  12.  (q +  Q). Plenty of E p is ty lis  partly inside empty 
cases of Oligochaeta cocoons and in gemmuies. Living animal constituents scarce. 
Fragment material is made of 21 groups, the highest number found during the course 
of this study. Chitinous particles and shells of Ostracoda are the most frequent. Speci­
mens of M acrobiotus (in mould with eggs) are smaller than the autumn examples.

J u n e  1 7 t h ,  194 3. No .  13 (q). The plant particles are rather coarse. 
E p is ty lis  abundant, some Rotators and ephippia with eggs. Free branches of Cladophora. 
Among the fragments cast skins of Insecta larvae and shells of Ostracoda noted.

J u l y  1 1 t h ,  194  3. No  14.  (q +  Q). Water above medium level. The mate­
rial cast out —I only poorly developed drifts — is wet, though it is not freshly 
washed out by the waves. Mingled with plant debris only a very few animal constituents 
are present (Rotators, Protoza, ganimules). Composition of fragment material is rather 
monotonous.

J u l y  1 9 t h ,  194 3. Water is still above the medium level. Volume of material 
cast out during the last two weeks amounts to almost nothing. At the time of collection 
a gentle wave action. A't section „A“ floating detritus in abundance. Part of the formed 
material collected from the neighbourhood of the reed growth in the bay (see No. 15 b) 
differs from this, both in structure and colour. The one originating from the reed is 
lighter in colour and has a fibrous structure.

N o . 1 5 a  (q). Newly fragmented green particles of plants mingled with the
old, brown material. Epistylis and other ínfusors found alive. Fragments of Arthropoda, 
empty gemmuies, etc., present.

N o . 1 5 b  (q +  Q), Its general aspect is similar to No. 15a. More green elements 
than in No. 15 a. Among the plant debris of usual size very fine particles are also 
present, which sink very slowly. Epistylis colonies with no more than 32 individuals are 
attached, mostly to plant debris. Of animal constituents only very few individuals aria 
present. Among the fragments, cast skins of chironomids (larvae and pupae) in abun­
dance. Some fisdi scales and a dead young fish.

J u l y  2 0 t h ,  1 94 3. The Aszófői-öböl bay, where these four samples (No«».
1(6 a b, 17 a b) were taken, is much larger than Kis-öböl, from which most of thia 
samples originate. Two samples were taken on the shore (Nos. 16 b and 17 b), one 
immediately at the water’s edge (No, 16 a) and the other (17 b) somewhat further- 
Two hauls were brought up, onjö being sediment (No. 16 a), the other floating detritus
(17 a).

N o . 16 b. (q). Old plant debris with very finely distributed particles. Hypotricha 
Ciliata, Nematoda and S p iro g yra  —. all alive — in abundance. Cast skins of chironomids 
(C ryptochironom us, and P roten thes) dominating among the fragments, the very 
resistant prothoracal horns of the pupa found separately. Shells of Cladocera 
(A cro p eru s?) abundant.

N o . 17b.  (q). The outwashed material is not reached by the waves. Many in­
organic constituents, old plant debris, some filamentous algae, pollen of Coniferae were 
noted, Nematoda only representing the animal constituents.

N o . 1 6 a  (q). A net haul taken from the water in the close neighbourhood of 
No. 16 h. It consists of the most iietsistant parts of plant tissues. Sp irogyra , Nematoda, 
Rotatoria, various forms of Infusoria (incl. E p is ty lis )  and D reissena  were found alive, 
Fragments are the same as in No. 16 b, with the addition of some dead C orophium  and 
fragments of cocoon shells.

N o . 1 7 a .  There is a wide, dark brown movable layer of detritus above the 
inorganic sediment of pale grleiy colour. I t is made up of newly broken and old 
particles^ Both animal and plant constituents — alive — are lacking. Fragments of 
Arthropoda in abundance.

J u l y  3 1, 1 9 43. Water level descending. Since the previous day, with a heavy 
Storm, a great mass of detritus floats in the Shore water, with some finely distributed 
particles. Material washed out on the shores, and a „förna“ like sediment on- the bottom.

N o . 18 (q +  Q). Section „A“. The drift material, brown in colour, is made up 
of plant debris, including the tiny branches of moss, of a turfy appearance. Newly broken 
particles less frequent. With the exception of E p is ty lis  and eggs of unknown origin the 
groups are represented by few individuals. Branches of Cladophora  and other filamen­
tous algae — niot identified — are scarce. All the gemmuies are those of Spong illa  
fra g ilis . Forming a pavement layer, the group is divided into halves along the equator 
of the gemmuies.

A u g u s t  23d.  194 3. N o .  19.  Detritus drift (section- „A“) made of the 
usual turfy material. (q +  Q). Few living organisms present, among them S p irogyra  
(scarce) and E p is ty lis  (in abundance). Shells of Ostracoda, of veliger larvae, and 
chitinous fragments are more varied than the living constituents, resembling No. 18.
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S e p t e m b e r  23d,  194 3. The water level is rising. During this month the 
shore was decorated with detritus drifts only at section „A“. Rainy wiaather. A neustom 
formation made up of chitinous fragments, mostly of Cladocera.

N o . 2 0 . (q +  Q). Plant debris in a turfy condition.. Cladophora and Spirogyra 
alive. Animals with active motion but few. (Epistylis and other Infusoria), shells of 
Ostracoda, Cladocera and skins of Arthropoda being the most frequent among the 
fragments.

O c t o b e r  16 t h ,  194  3. Water level low for threia weeks. Temperature sinks. 
The weather is windy and rainy. Much detritus lies on the shore (Section „A“) and 
because of the descending level could not be washed into the lake again by waves of 
medium strength. The drift forms a band-like barrier on the shore, built up of horizontal 
sections. The material is arranged in such a manner that the parts furthest from the water’s 
edge consist of the coarsest particles, while those immediately at the water’s edge, are 
made up of finely distributed debris. From such an arrangement the gradually decreas­
ing power of the wave action might be concluded. The shore water is full of floating 
detritus. An unusually large mass of detritus gathered in this section, in. consequence 
of the stormy season.

N o . 21 (q +  Q). Among the living constituents the water flea Iliocryptus is to 
he noted especially, it is abundantly present (23 ind./cm3) alive and nearly as many dead 
or empty skins), A few living Monospilus, ephippia of the same in abundance, but 
empty shells prevail. Fragments of Arthropoda (incl. insect larvae) very numerous. A 
year ago Macrobiotus was a very frequent constituent of the drifts, while -this year 
since May no specimens have been found till now. The sample is rich in both living 
and dead constituents.

N o v e m b e r  2 4 t h ,  1 9 43. Having reached the minimum level about two 
weeks ago, the water is rising again bul it has not yet attained medium level. Drifts 
on shore, the one (Section „A“) built of coarser material, while those near the reed- 
growth are of finer particles; this selection again is connected with the degree of wave 
action.

N o , 2 2 . (Section „A“, q —Q). Mostly plant debris, including very fine particles 
too. Diatoma vulgare, abundant, Cladophora, partly with epiphytes (Diatoma vulgare). 
With tihe exception of Epistylis there are very few animals present. One example of 
Aelosoma, badly damaged, but it moves about. Shell of Ostracoda relatively few. The 
groups represented by fragments outnumber those representing the living constituents.

N o . 2 2 a  (q). Material from the dose of the reed growth is made of finer
partielles with some fibrous structure (epidermis of reed stalk). Elements noted: 
Nematoda and Diatoms, in abundance, showing that it originated from the coating of 
various substrata (Potamogeton pectinatus in the neighbourhood, its coating consisting 
of the same constituents).

' A p r i l  2 4 t h ,  1943.  No .  23 .  A high water level. The submerged stones at 
the water’s edge have no coating. A few shells of Unionidae and of Lithoglyphus lay 
on shore. Detritus cast on shore scarce, this being only on top of large rocks (boulders) 
where it oouid not be reached by the waves. The surface of such- layers is dry, they 
are wet underneath. The material has a felt-llike structure, a brown colour, being built 
up of elements found regularly in the drifts. Cladophora, a few colonies of Cyano- 
phyoeae and Nematoda represent the living constituents. The dead material (fragments) 
much less monotonous.

RESULT OF THE ANALYSIS 

P l a n t  c o n s t i t u e n t s

As to volume, most of the material is of plant origin; bits of reed 
and submerged aquatic plants (Potamogeton perfolmtus, Myriophylium 
spicatum, etc.), all growing in the bay. In a systematical sense there is 
not much variety in the origin of the plant debris, but it differs decid­
edly according to age. Particles newly broken off could be recognised 
by the colour, etc., and in such cases even specific identification might 
be possible. Among the older fragments, however, no more could be 
established — with the lens power used — than perhaps a distinction 
of reed from other water plants (Hung, „h i n  ár“). Fresh reed debris
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could be recognised by its fibrous structure too. The old particles, frag­
ments of higher vegetation, moss leaves, minute plants (Leinna) turn to 
a brown somewhat resembling turf in appearance.

Among the fragments of higher vegetation — in a low percentage 
— other plant organisms of lower systematical standing are mingled, 
such as moss, fungi and algae. Among the algae filamentous forms are 
frequent: Cyanophyceae, Cladophora glomerata, Spirogyra occa­
sionally Bangia. Cladophora is present in almost every sample. It grows 
abundantly, attached to stones throughout the year, while the appear­
ance of Bangia depends on high water level and protracted stormy 
weather. (Entz, Sebestyén, 1946, p. 297). The cells of the Cladophora 
filaments were partly living, partly empty. Besides these species other 
forms of filamentous habit were found, but with the exception of 
Spirogyra a form of frequanili occurrence, no identification could be made. 
Pediastrum is one of the few plankton constituents (see p. 52). Frag­
ments of fungi (Saprolegnia and others) could be found quite frequently. 
Diatoms, usually alive, are the most common of the algae; there is hardly 
a sample without them. Among the forms recognised were Melosira, a 
plankton constituent, a few benthic species, Diatoma vulgare growing 
abundantly on Cladophora glomerata, appeared with the highest num­
ber of individuals among the algae. In some autumn and spring collec­
tions (Nos. 4, 6, and 10, 11.) swarmers were present, in one instance 
they were breaking out from Cladophora cells (No 6, Oct. 23).

Moss leaves and the tops of tiny branches are not infrequent. 
Identifications were not made. As to their origin, one is apt to think 
of the moss patches which decorate the stones lining the banks of the 
bay. These stones, brought here from the geyserite hills of the neigh­
bourhood, are renewed each vear.

A n i m a l s  a n d  t h e i r  f r a g m e n t s

The Table includes the data from the analysis of the animal 
constituents. An effort was made to find a grouping suitable to the 
material, that is why, although thd elements are arranged in a some­
what systematical order, the groups are not of equal systematic value.

The animal elements were in varions conditions, as follows:

A. L i v i n g

a) Adults and those in various phases of development capable of 
active motion; the following classes are represented: Flagellata, Ciliata, 
Hydrozoa, Platyhelminthes, Aschelminthes, Chaetopoda, Tardigrada, 
Crustacea, Eutracheata, Arachnomorpha, Conchifera and Pisces.

b) Resting stages: eggs, cocoons, cysts, gemmules, ephippia and 
statoblasts.

B. D e a d

Specifically the same as in A a—b. Forms where decomposition 
takes place immediately after death (Ciliata, Mastigophora, Turbellaria 
etc.) could not be found. Forms with high regenerative properties 
Hi y dr a), remain alive long after they are injured (see p. 57).



Number and frequency of animal constituents (living, dead, fragments) of tho sampies (1 cm1), Explanation of signs: S =■ sediment; F =  floating detritus; +  =  present (but no numerical data); f =  frequency in °/o; m =  highest number of live individuális or fragments present in the samples (1 cm3); 
a average number of live individuals or fragments in the samples (1 cm3) (drift material fromKis-öböl only being considered); * —data of quantitative investigations only being considered; numbers in fat type —living specimens; numbers inbrackets — dead specimens; numbers in ordinary type — fragments.

- • =  frequent, alive; o =  frequent, fragments.

TABLE I.
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Year and season 

Date of collection 

Groups No of sample

S u m m e r  o f  1 9 4 2 A u t u m n  o f  1 9 4 2 S p r i n g  o f  1 9 4 3 S u m m e r  o f  1 9 4 3 A u t u m n  o f  1 9 4 3 1944 Living material * Fragm ents *

4 VI 

1

14 VI 6 VIII 10 VII1 17 VII 23  X 24 X 19X1 21 XI 29111 21 IV 24 V 17 VI 11 VII 19 VII 20 VII A szófő i-öb ö l 
bay 31 VII 23 VII 2 3  IX 16 X 24X 1 24 IV f°/i) m a fo/o m a

2 3 3a F 4 5 6 7 8a S 8b 8c F 8d 9a 9b 9c 10 10a F 11 11a F 12 13 14 15a 15b 16a 5 16b 17a I 17b 18 19 20 21 22 22a 23
1 Mastigophora + 1 1 1 1 1 4 4 27- 4 1 5
2 Rhizopoda 1 3 2 1 1 5 4 3 1-8
3 Epistylds, zooids 1170 05 133 110 171 260 860 • 4 973 4 198 300 100 8 160 5 7 7 1170 34 6
4 Zoothamnium, colony 1 1 7-7 1 1
5 Peritricha, others 5 1 5 4 13 1 23-1 13 4-8
6 Hypotricha 4 2 3 4 4 4 4 15'4 4 3
7 Ciliata, others + 1 4 5 7 3 8 • 5 4 1 7 • 4 4 4 4 1 1 4 1 7 3 1 8 3-7
8 Spongilla, gemmules 2 40 < + ) 4 30 10 9 4 27 4 4 14 4 4 4 4 13 4 12 8 60 4 +  + 4 24 4 78 41 7 3 24 4 19 2 8 4-6 84-0 78 26T
9 Hydrozoa 1 2 1 11-6 2 1 3

10 Turbellaria 1 + 2 4 1 1 1 1 3 0 8 4 1-6
11 Nematoda + + 2 4 5 4 21 4 11 4 30 4 25 4 14 5 1 4 4 4 1 14(1) 4 4 69-2 26 10-5
12 Rotatoria +  + 5 13 + 16 19 1 15 4 1 3 1 2 4 4 6 4 4 4 1 4 69-2 19 6-7 38 1 1
13 Oligochaeta + + + 3 2 1 5 3 2 l 2 2 1 2 4 0 2 5 2-3 3-8 1 1
14 Cocoon. Olig. ( + ) 6 4 2 2 32 4 4  n 9 4 7 4 3 4 3 25 5  7 3 3 1 4 1 5 4 5 3 65-4 32 8-2
15 Cocoon, others 2 9 1 4 2 4 4 l / i 1 3 3-8 1 1 34-6 9 27T
16 Tardigrada + 9 + 8 8 3 71(1) l 8 3 2 1 4 4 4 6 2 71 11-2 3-8 1 1
17 Eggs of Tard, in moult 2 ( 1 ) 1 4 7-7 3-8 1 1
18 Iliocryptus 1 o 23(28) 1 15*4 23 6-7
19 Alona quadr. aff 8 ( 3 ) (1) 2 4 4 4 35 11-5 3 2 6 3-8 35 35
20 Cladocera, others 4 1 13 1(4)32 (1)280 11 2 O o 4 1 1 4 4 4 16 19 20 2 4 4 2 1 21 53 130 5 4 2 3 1 5 1-8 7 6 9 280 43T
21 Ephippium of Monospilus 14 4 4 14 1 2 18 17 (3) 135 1 7-7 1 1 3 0 8 135 28-7
22 Ephippium, others 3 +  5 1 30 70 2 19 4 6 3 4 5 1 1 2 1 4 4 3 7 1 2  1 4- 3 4 6 6 2-4 53-8 70 13-9

23 Üstracoda 4- (2 )4 1 H" 1 18 1 50 3 2 1 4 4  4 251 + 4 1 168 4 17 43 4 4 1 4 18 157 77 2 11 14 + 19-2 2 1-4 88-5 251 54-6

24 Cyclops + 1 1 (1 ) 1 9(10)3 1P 5 9 5-0 1 5 4 3 1-7

25 Copepoda, others 1 (1) 1 1 1 1 4 4 4  2 0 ) 4 11*5 1 1-0 23.1 2 P3

26 Nauplius + 2 3 1 2 1 23-1 3 1-8

27 Corophium 2 7 2 21 2 1 ( 4 ) 4 3 27 21 5 4

28 Crustacea, not identified 8 35 5 6 15-4 35 13-5

29 Ephemerida 1 3 5 7-7 5 3 0 3-8 3 3

30 Ghironomid, larvae and pupa 1 + 1 11 95 4 o 7*7 1 1 0 7 7 95 53

31 Prothoracal horn of Chironum, pupa + -f 12 1 7 3 2 1 1 4 2 4 4 1 2 1 57-7 12 3

32 Diptera, larva f  + 1 ( l ) 1 1 4 1 19-2 1 1 0 7 7 1 1

33 Trichoptera, larvae 4 4 1 1 1 4 3 1 9 4 + 3 7 2 1 4 7-7 1 1 0 53-8 9 3-5

34 Microneota 5 2 13 4 11 I 19-2 13 6 4

35 Insecta, larvae + 32 (2 ) 26 31 94 3 33 4 1 9 O 2 46-2 94 25-7

36 Hydracarina 1 1 2 1 1 1 1 2 3 1 2 1-2 3 8 1 1

37 „ , mass of eggs (4) 3 3 1 2 3 6 11-5 6 3-7 1 1 5 3 2-3

38 eggs, not mentioned prev. 4 + 1 25 f3) 3 42 2 1 4 66 1 1 1 4 25 4 2 1 46-2 66 14*6 1P5 2 1-3

39 Arthropoda 122 68 181 182 47 O O 4 4 17 4 49 15 4 4 4 33 4 4 3 48 42 O 37 4 84-6 182 64-9

40 Lithoglyphus, eggs 1 + 3 + 2 1 4 1 2 3 4 1 1 1 19 5 6 P 5 19 3-3

41 „ operculum 1 I 4 1 3 19-2 3 P5

42 Bythinia, eggs 4-r 1 1 1 1 3-8 1 1 15-4 1 1

43 Dreisséna, larva + 5 8 +  1 1 3 3 4  4 1 58 + 4 29 4 1 9 + 4 1 4 1 3 1 96 4 27 5 1*7 61-5 90 2

44 „ byssus + + + + + + + 4 4 4 4 4 4 4 4 4 O 4 4 4 4 76-9

2 845 Unionidae, glochidium larva + 4 l 4 3 4 l 6 4 30-8 6

46 fragments of Mollusc, shells 4 1 5 6 4 18 1 4 6 l 2 42-3 18 4-8

47 Bryozoa, fragm. of tubes 15 18 5 2 2 4 4 3 4 l 1 2 46-2 18 5-3

48 „ , statoblast + 2 4 l  l 4 2 4 3-8 1 1 23T 2 P7

49 scales of fish 1 1 4 2 3 + l 4" l 2 34-6 3 1-6

6 9 15 14 11 12 18 17 16 20 12 21 16 7 10 12 16 2 12 6 2 7 13 17 10 20 14 21 3  7 3 10 2 3 8  10 8 16 8 15 4 12 17 14 5 18 1 1 12
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C. R e s i s t a n t  p a r t s  a n d  f r a g m e n t s .

ai). In conection with development: exuviae of larvae and pupae 
of Arthropoda, Cladocera, etc., empty oases (gelatinous, chitinous, etc.) 
of eggs, cocoons; gemmules, etc. already hatched.

b). Indicating death: Any fragments of forms mentioned in A. 
a—b. For instance, the calcareous shell of Mollusk larvae of young and 
adult Mollusks, of Ostracoda etc. Shell of veliger and glochidium larvae 
and Ostracoda are not so easily broken as those of adult mussels. This 
ought to be due totthe small size as well as to the higher percentage of 
organic material in those Shells. Chitinous material and byssus thread 
have especially high resistance.

P rotozoa  (F=84.6%). Of this group Infusoria occur the most 
frequently in the samples (F == 84.6%). Flagellate Protozoa are rare, 
Rhizopoda being represented only by a few empty shells of Centropyxis 
aculeata and Difflugia sp.

Most of the Cili'afa belong to the Order Peritricha, Epistylis being 
the most frequent and abundant. Colonies with zooids up to 50—60 
drift ashore with substratum (chitinous fragments of Arthropoda). They 
also enter into empty gemmules and cocoons (Oligochaeta). Zootham- 
nium alternans, occurring on stones on the shore, is detached from the 
original substratum. This might be caused by the resistance of the 
substratum to the mechanical action of the waves. There w ere only a 
few zooids left in the colonies, while most colonies of Epistylis, with the 
exception of autumn examples, were very vigorous. Vnrticella cast 
ashore attached like Epistylis (see Group 5, Tab. I). Hypotricha Ciliata 
are frequently found inside the tubelike fragments the exuviae of Arth­
ropoda larvae, together with other Infusoria of various systematical 
standing (Group No 7). All these Infusoria seem to originate in the 
littoral, inhabiting shore waters, though the ones attached to floating 
chitinous remnants'may have drifted ashore from the open water (neu- 
stotripton).

The delicate body of most Infusoria disintegrates quickly after 
death, this being very likely the reason that all the Ciliata Protozoa 
were alive.

C o e l e n t e r a t a .  Gemmules of fresh-water sponges, were 
frequent. The majority of them belong to Spongilla fragilis, which is 
quite common on stones in the shallow water, those of1 S. Carteri being 
Tare. Most gemmules are empty, fragments seldom seen. On one occasion 
a small piece of sponge was found with a few spicules and some bind­
ing material.

Not one hydra individual was found in its typical form, only 
degenerate (?) ones: closed tubes of small size, without tentacles (autumn 
samples. 1942). fudging from the nematocysts they belong to Pelmato- 
hydra oligactis P a l l .,  a species very common in our lake. Hydra in a 
similar condition is not rare in benthos samples collected in the shore 
waters. On one occassion a freshly broken piece was found from the 
aboral part’,of the body.

T u r b e l l a r j a .  A few free living flatworms, respresenting two 
species not yet identified, found alive in about a third of the samples. 
Their cocoons are enumerated in Group 15.
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N e m a t o d a .  Live round-worms are very frequent in samples 
taken either immediately at the water’s edge or at about 1.5 m distance 
from it. They were exceedingly numerous in samples collected in the 
autumn (Nos 7, 8 d). Sometimes they are the only animals in the drift. 
Nematods inhabit the coatings on macrovegetation or on any kind of 
submerged objects („Aufwuchs“) in great abundancy. Disturbed by 
wave action, its constituents disperse throughout the water. The worms 
found ashore, might be freed in this way.

Nematoda seem to be quite resistant, surviving in drifts far from 
the water’s edge. Further investigation is, however, desirable, to decide 
whether all the forms found are truly 'aquatic or amphibiotic. Hygrophil 
terrestrial species might also bd present. The worms found in great 
abundance were about Punctodora size, with the exception of a few 
large forms (Dorylaimus?).

R o t a t o r i a .  Freely swimming forms, those crawling about 
among the debris or creeping like leeches, as well as those of sedentary 
type, were found alive. In sample No. 1, collected after stormy days, a 
lew pelagic forms (Keratella cochlearis, Conochilus} were present.

A n n e l i d a .  Oligochaeta occur in almost every other sample 
(F =  46%) though with few individuals. Among them Nais, Stylaria 
and Aelosoma could be recognised, species common among the macro­
vegetation in the littoral. The cases of their cocoons are highly resistant.

A r t h r o p o d  a. This well represented group included few live 
specimens, but there were plenty of fragments. This peculiarity is per­
haps in connection with the high resistance of chitinous material. Within 
the group Crustacea, Insecta and Hydra carina could be recognised. In 
the Crustacea a few specific identifications could also be made. On 
many occasions it was impossible to establish the proper systematical 
place of the fragments- Group 40 (,,Arthropoda‘‘) was introduced for 
such cases.

T a r d i g r a d a .  In the summer and autumn collections of 1942, 
many specimens of the water bear, Macrobiotus rruacronyx, were found, 
but during the following year it was scarce. In a sample taken at the 
end of October, 1942, there were 71 individuals/cm3, 27% of which 
were in the process of moulting with eggs. Eggs, enveloped in the cast 
skin were found separately. This species lives in great population in the 
detritus covered bottom of shore water of section ,,A‘‘. During the study 
of the mud fauna, one example with 16 eggs was found in the mud 
(January 24 th, 1947). The water was covered by a layer of ice 25 cm 
thick, the temperature of the bottom was 3 C° (inverse temperature). 
Other members of the biocoenosis of the benthos were Micronecta, 
Ectinosoma Edroardsii and Macronyx laticornis, all of them abundant, 
while Alona affinis and chironomid larvae were scarce. Plant life was 
represented chiefly by Diatoms, Schizophyceae (Oscillatoria, Gomphos- 
phaeria, Lyngbya) and Cosmarium, which were scarce. The mud, due 
to the long-lasting ice cover, had a blackish colour. (The lake was frozen 
from the middle of November, 1946).

C l a d o c e r a .  One of the most common elements in drift sam­
ples are Cladocera and their remnants. (F =  80.7%). Only 5 samples 
were negative. This material constitutes a considarable volume too. Liv­
ing (F—46%) and dead specimens (F =  11.5%) as well as ephippia
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with eggs (F=34.6%) and empty ones were found, fragments of shells 
being very common, lliocryptus (L agilis Kurz and another sp. not cast­
ing its shell when moulting), Alona quadrangularis affinis and Monos- 
pilus dispar could be identified, As to ephippia with eggs, those of 
Alona, Acroperus harpae, Monospi'us, Rhijnchoialona rostrata and 
Leydigia acanthocercoides could be distinguished. All the species men­
tioned Were reported from Kis-öböl bay, some of them inhabiting the 
muddy bottom of the open water off its shores too. These were found at 
the bottom of the shallow water among floating detritus, as well as in 
detritus cast ashore. (Sebestyén 1947, 1948). lliocryptus, Alona, Rhyn- 
chotalona and MonospUus are common in the bottom among detritus in 
shore water off section „A“ too).

During late autumn and early spring the free shells of Clado- 
cera are badly damaged, but in some cases specific indentification was 
possible. Alona affinis and some striped valves (Acroperus?, Rhyncho- 
talona?) were the most common among the remnants. A few exceedingly 
large valves in all probability belong to Eurycercus lamellatus, which 
has been recorded from the bay also (Sebestyén 1948). In the case of 
Monospilus it could not be elucidated, whether the empty shells were 
empty ephippia or the skin of dead specimens. Ephippia in general had 
been found as late as May and as early as August. The presence of dead 
specimens of Monospilus and lliocryptus in an autumn sample (No. 21, 
October 16th, 1943) might mean the end of their life cycle at the close 
of the favourable season. Of pelagic species only Leptodora (one dead 
specimen) was recorded.

O s t r a c o d a .  Living specimens scarce, empty shells — partly 
broken — very frequent and numerous. Specific identification was not 
made.

C o p e p o d a .  In this group Cyclops occurred the most fre­
quently in summer and early autumn, 1942. They were not found the 
following year. Green epizoon were attached to the October specimens. 
Group No. 26 (Copepods not classified) was made up mostly of Har- 
pacticidae, while the nauplii are enumerated separately. One dead indi­
vidual of Diaptomus was found. Both Cyclops and Harpacticidae are 
common in the shore waters, while Diaptomus is a member of the 
plankton.

Of the higher Crustaceans inhabiting the lake only Corophium 
could be recognised. Though this Amphipode is very common in the 
littoral, no alive specimens were found. This very likely has something 
to do with the fact that this form is semi-sedentarv, though it is a very 
good swimmer. Its exuviae may occasionally be found in great masses 
in the shore waters, but in the samples investigated remnants were rath­
er scarce. The tube-like case of Corophium ini a condition permitting 
recognition was found only in one sample.

Group 28, C r u s t a c e a ,  might include fragments of any of the 
groups already mentioned. In this group the Crustanceans were enumer­
ated, the systematical standing of which could not be established.

I n s e c t s .  Larvae of Ephemeridae, Diptera, Trichoptera and 
Rhynchota were recognised. The Ephemeridae are rare and not numer­
ous. The Chironomida larvae and pupae are grouped separately from 
the other Diptera. Their occurrence is rare and the individual number
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is low. Their fragments are more frequent. It must be noted though, it 
was impossible not to enumerate part of them with the Diptera (Group 
Diptera, Insects and Arthropoda, Groups 32, 35, 39). The prothoracal 
horns of the midget pupa (Protenthes and other species) are very re­
sistant and, as floating objects, they were mostly uninjured. The pre­
sence of these air sacs in drifts is known from earlier investigations (Entz 
Sebestyén, and Szabó, p. 24, 35, 47). The larval skin and fragments very 
likely belong to Cryptochironomus, and Microchironomus etc, species 
common in the bottom of the Kis-ölböl bay.

T r i c h o p t e r a .  Living „caddisworms“ were very scarce in the 
samples, empty cases more frequent (Hydroptilidae, Leptoceridae).

H e m i p t e r a .  Only dead individuals of Micronecta and a few 
of their cast skin were recorded. These minute water bugs are occasion­
ally common in shore waters, inhabiting only „deep“ waters during 
the daytime and dispersing all over at night.

H y d r a c a f i n a .  A few larvae and adult specimens of water 
mites were present, though seldom. Fragments of their egg masses were 
found, as well as remnants of the gelatinous envelope surrounding the 
eggs.

M o l l u s c a .  Shells of Dreissena larvae, both in the veliger and 
sphaeriumj phase, were very frequent. This indicates the great loss take- 
ing place at the larval stage of this mussel. The few living specimens 
were mostly in the sphaerium phase. Very frequent constituents of the 
detritus are pieces of byssus thread. The great, mechanical shock breaks 
the thread, leaving the surface undamaged. The shell of the glochidium 
larva (Unionidae) was scarce, and no living specimens were found- 
Though Gastropoda are rather well represented in the littoral, remnants 
of only two species could be recognised, viz. the corneous operculum 
and the gelatinous case of the singly laid eggs of Lithoglyphus nati- 
coides, a very common form in our lake. Fragments of the gelatinous 
envelope of the egg mass of Bythinia are scarce. With the fragments of 
mollusk shells (Group 46) twTo young Dreissena, one Lithoglyphus and 
a fragment of the terrestrial form, Cycloston'^a elegáns, were enu­
merated.

B r y o z o a .  Broken pieces of empty tubes are fairly common 
Statoblasts both free and stationary are in most cases empty. It is to be 
noted that one statoblast of Lophopus was found, a species not known 
hitherto in the lake.

Fishscales, mostly corroded, few.
In Group 38, under the title ,,eggs'1 are enumerated those which 

could not be placed with certitude in any systematical group.
About half of the groups (Nos 16—39) belong to the Arthopoda. 

Most of the elements originate from the littoral and benthos and many 
inhabit the coatings. Even the structure of the drift material occasionally 
bears some resemblence to that' of the coating. Only a few elements orig­
inate in the open water, these being constituents of the plankton and 
neuston. Plankton organisms were cast ashore after Stormy days, (see 
sample No. 1). All the elements found, originate in the lake itself (home- 
produced elements). Using the terminology introduced by Entz, 
Sebestyén and Szabó (1. c. p. 31) the great majority of the elements 
might be considered true constituents of drifts („echte Driftelemente‘s).
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T e r r e s t r i a l  e l e m e n t s -
Allochtonous elements are mostly terrestrial („secundäre Drift­

elemente“ 1. c.p. 32)., The pollen of Coniferae growing in the neigh­
bourhood is rather common. Hairs of Verbascum and Hyppnphae were 
seldom found. Fruits and seeds are of Compositae and other plants of 
mostly unknown origin. Along the shore in November, 1942, the fallen 
leaves of the poplar trees cast ashore by the waves accumulated in 
great abundance. Their fragments mingle very likely with the autoch­
tonous plant debris.

It is hard to tell whether the few feathers found are those of 
water fowl or are blown into the water and later cast ashore. The origin 
of minute scales of some Lepidoptera is also unknown.

*

Because field investigations as well as the collection of samples 
extended over one year, — judging from the condition of organisms 
washed ashore, — some idea could be gained of certain events in the 
l i f e  o f  t h e  l a ke .

The appearance of ephippial females of Alona affinis and the 
presence of quite a few dead specimens of 7Uocryptus in some of the 
autumn samples show that the life cycle of these species came to an end 
at the close of the favourable season. Macrobioius with eggs could be 
found throughout the year, showing that reproduction is not limited to 
a certain season, and that the species in question is eurythermous.

Forms distinguished by a high number of offspring, perish in 
great numbers in their early stages of development, a great loss taking 
place in the veliger phase of the Dreissena larva, somewhat less during 
the following larval phase, called sphaerium.

When' the water level is falling organisms inhabiting the organic 
sediment on flat shores are left dry. They survive as long as some water 
remains among the particles. Detritus left on shore in such way, could 
not be considered as true drift, though the destiny of its microfauna is 
similar to that of drifts. However, a difference exists between them viz. 
the construction of the original biocoenosis could be recognised in the 
first case, while in the material washed ashore, the selective power of 
the wave action might change its structure.

The most resistant animal substances seem to be chitin and spon- 
giolin, but even in the case of these, a mechanical destruction, through 
the dislodging force of the waves, prepare them for the activities of 
specific bacteria which play a role in the decomposition of such sub­
stances.

CONCLUDING REMARKS
Formation and material of detritus drifts were investigated in 

an appropriate section of the shores of the Tihany peninsula, Lake 
Balaton.

Field observations and qualitative and quantitative laboratory 
analysis of 35 samples collected from June, 1942, to April, 1944, were 
involved in the study, followed by an evaluation of the data gained 
from systematical and ecological points of view. The aim was to elu­
cidate 1) the origin of the various plant and animal constituents in the
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drifts, 2) the process of fragmentation, and 3) the role and significance 
of detritus drifts in the cycle of matter in Lake Balaton.

The bulk of the samples is made up of organic particles.
The origin of the organic particles is threefold: 1) fragments of 

macrovegetation; 2) dispersed elements of the coating of various sub­
strata detached by the waves; 3) organic debris of the bottom of the 
littoral.

With the fragments of higher vegetation other plants of low 
systematical rank mingle, such as mosses, fungi and algae, filamentous 
forms being the most frequent among the latter.

Data on animal constituents belonging to 49 groups (not of equal 
systematical value however) were united in a T a b l e  showing the pre­
sence and individual numbers of the various animal constituents (alive, 
dead, fragments) in each sample: frequency of distribution calculated in 
■%, maximal and average individual numbers of all the material in­
vestigated quantitatively are also given. About half the groups belong to 
Arthropoda. Most of the animals originate in the littoral and benthos, 
many inhabit the coating. Only a few elements are from the pelagic re- 
gion.

Beside these autochtonous ingredients some of terrestrial origin 
might also be found. The origin of seeds and fruits is largely unknown.

Condition of the bodies of plants and animals differs according 
to the length of time they have been detritus constituents. The part­
icles represent various stages of mechanical disturbance and chemical 
decomposition. Part of the plant debris is of turfy appearance.

All these constituents have come under the rule of wave action, 
which disperses them in the medium and when the dislodging force is 
sufficient, they may be washed ashore where the topography is suitable.

The selective power of wave action takes part in the gathering 
of the partiöles and their disposal on the shore, though in this process 
the shape, size and specific gravity of each ingredient plays a role too. 
The locomotion of an active organism might come into play but only in 
the case of very gentle motion of the water.

The most frequent size of the plant debris is about 0.5—5.0 mm, 
besides which finely distributed particles are also present. Sedimenta­
tion of such fine particles is exceedingly slow, and this makes the 
transportation of the fine detritus into the free waters possible.

Though fragmentation of the macrovegetation takes place grad­
ually, it seems that there is a gap in size between c o a r s e  and 
f i n e  detritus. It seems also that fine detritus may be formed at any 
stage of fragmentation. The matter of size however should be approach­
ed only by collecting many exact numerical data on the material.

The d e t r i t u s  d r i f t e d  a s h o r e  lies there for a longer 
period, it dries, becomes fragile, and may break up gradually to fine 
particles under various mechanical influences and might be carried 
away by the wind or washed into the water immediately.

Fine detritus which remains in the shore water, might be con­
sumed by members of the benthos. Most of the c o a r s e  detritus remains 
in the littoral and as bottom sediment forms a biotope for a characteris­
tic biocoenosis made up of various microorganisms. (A thorough study 
of this biocoenosis will follow in the near future.) Coarse detritus might



63

serve as food too, but this question needs special investigation. Most of 
the f i n e  particles are transported to the open water district, and 
might form an essential part of the seston from a trophical point of 
view. Benthic forms might feed upon it, when sunk.

T h r o u g h  t h e  e f f e c t  o f  w a v e  a c t i o n  p l a n t  a n d  
a n i m a l  b o d i e s  m i g h t  b e c o m e  s u b j e c t  to  f r a g m e n ­
t a t i o n  b e f o r e  r a c h i n g  t h e  e n d  of' t h e i r  l i f e  c y c l e  
a n d  t h e  o r g a n i c  s u b s t a n c e  r e p r e s e n t e d  i n  t h e m,  
b y  t h e  i n t e r v e n t i o n  o f  d e t r i t u s  f o r m a t i o n ,  d e t ­
r i t u s  f e e d e r s  a n d  t h e i r  c o n s u m e r s  e t c - ,  m a y  be  
t r a n s f o r m e d  i n t o  l i v e  m a t t e r  a g a i n ,  d e l a y i n g  t h e  
p r o c e s s  o f  c o m p l e t e  d e c o m p o s i t i o n .

July 21, 1948, Tihany.
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K B o n p o c y  0  T E M E H H H  f l E T P H T A  B 0 3 E P E
EA JIATO HE  

Abtop: OJlbrA IIIEEEIUTbEH 
PE3I0ME

Mbi HCCJiegOBajiH (jrapMauHto h coctsb geTpHTa okojio noaxogHuieü uacTH ß e p e ra  
rionyocTpoBa TnxaHb b 03epe BanaTOH.

Ochoboü gnu gaHHbix HCcnegOBaHHü nocjiywHJiH HaßmoaeHHH b none, ganee 
KauecTBeHHbiH h KOJiHMecTBeHHbiü naSopaTopHbiü aHHJiH3 35 npo6, 3a6paHHbix c hiohh 
1942 r. no anpejib 1944 r.
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Xlanee npOM3Be^eHa opeHKa AaHHbix co CHCxeMaxHqecKoií h 3KOxorHqecKOö xobck 

3 p e H H H .
Henbio HauiHX HCCAeAOBaHHfl hbahaock
1. BbííICHeHHe npOMCXO)KASHHH pa3AHqHbIX BHAOB $J10pbI H 4>ay HBl B TeqeHHHX.
2. npoueccbi (|)parMeHTanHH.
3. BblHCHHXb pojlb, 3HaqeHHH H BXHBHH6 TeueHHH AeTpHXa Ha npoueccw  B OÖMene 

BemecTB b  03epe B a J ia T O n e .
TaaBHyio qacxb npo6 cocxobahiox opraHuqecKHe qacxnubi. 3 xh qacxMutJ nponc- 

x abt M3 Tpex hctobhhkob:
1. tpparMeHTu MaKponereTaqHH.
2. ßHcnepcHbie qacTHpu, OTOpBaHHue boahamh ot nOBepxHOc™ pa3H b ix  cyßcTpaTOB.
3. OpranHqecKHÍí naHOc co Ana noö'epejKbíi.
<J)parMeHTbi Sonee pa3BHXoM BerexauHH cjvieuiMBaioTCM c pacxenHHMH öonee hh3KOü 

CHCTeMaTHBecKOíS KaTeropKH, Ka« mxh, rp n ő u  h boaopocjth. CpeAH nocAeAHHX Maine 
Bcero BCTpeqaioTCH HHTSBHAHbie (popMbi. B xaÖAHue coöpaHbi AaHHbie OTnocHTejibno 
opraHHaecKHX c o c T a B H b ix  qacxeß, npHHa,AAe>xamHX i< 49 rpynnaM  (pa3AHqHux cucxe- 
MaTMMecKHX K a x e r o p i i í l ) .  3xa xaÖAHija y K a 3 H B a e x  Ha HaAHqne h bhcao p a 3 H b i x  o p ran n - 
qecKHX cocxaBHbix qacxeií ( jkhbmx .MepxBbix, qacxHHíj) b i<a*AOft oxAeAbHOií npoöe. 
TaM-x<e npHBeAeubi qacToxa hx pacnpeAenenHH b % -ax , AaAee, MaKCHMaAbHoe n cpeAHee 
bhcao Bcex HccAeAOBaHHbix MaTepwaAOB. npH0AH3HxenbHO noAOBHHa scex  rpynn  npvi- 
HaAJiOKHx k MJieHHCxoHorsiM. Haipe Bcero x<HBOXHbie npoHcxoA«x H3 boa«  noöepexíbH 
h  öenxoca, Mnorne OAHaKO >KHByx na noBepxnocxHOíí oöonoqKe. TojibKO HeöoAbinoe 
bhcao cocxaBHbix qacxeíí, HaßAennbix nocae 6ypn , nponcxoAHX H3 nejiarHqecKOíí o6nacxn. 
KpoMe 3XHX aBXOxxOHbix cocxaBHbix qacTeü, HnorAa ncxpeqaioxcsi h qacxnubi noqBeHHoro 
npoHcxojKAeHHB. npoHCxo>KAeHHe ceMHH h iJ)pyKX0B no Bojibuiefí qacxH HeH3Becxno.

CocxoHHHe xen pacxeHHÜ h  >k h b o x h w x  pasnnqHoe b  3aBHCHinocxH ox cpoxa ripe- 
öbiBanHíi b  A6Tpnxe. Ha 3 x h x  qacxHuax naÓíiioAaxb pa3Hbie cxaAHH MexanHnecKoro 
pa3MeAbqennH h XHMHqecKoro paanoweHHH. H3BecTnaH qacxb pacTHxenbHoro p ß j p v m  
HMeeT Top^swoft cocTaB.

Bee 3th cocTaBHbie qacTH riOABepxceHbi AeKcxBHio boah, KOTOpue pacceHBaro? 
hx b cpeAe, a eenn curia pa3Meixi.eHHH AoexaxoqHa, boahu BbiMbiBaiox hx na noöepewbe, 
na Mecxa cooxBexcxByromeií xonorpa<5)nn.

ÍÍHHaMHqecKaH CHJia AeíícxBHH bojih 0Ka3UBaex BJiHHHHe Ha rpynnHpoBKy qacxHH 
h Ha hx pacnpeAeneHHe no noöepexcbio, xoxh b bxom nponecce w (})opMa, pa3Mep h yAeJib- 
HbiW Bee oxAeJibHbix cocxaBHbix qacxeü Hrpaex H3BecxHyio pojlb. r ip n  oqeHb cjiaöoM 
ABH»<eHMH BOAbi h ABH>KeHHe >KHBoro opraHH3Ma yqacxByex b 3xom npopecce.

Pa3Mep pacxMxe/ibHoro AeTpHxa KOaeßjiexcB qaipe Bcero ox 0,5—5 mm., Kpowe 
xoro Bcxpeqaroxca h öo.xee Me.iKHe qacxHUbi.

CeAeMeHxauHH xaKHX mbakhx qacxHU npoMCxoAHT KpaiÍHe mbaachho h 3xo Ae«aex 
B03M0)KHbiM nepeMemeHHe MeAxoro AeTpHxa b oxKpuxyio BOAy.

HecMOxpn na xo, qxo pa3Me.nbqeHHe MaKpoaerexaunH nponcxoAHX nocxeneHHO, 
oqeBHAHO HMeexcfl npoßeii b pa3Mepax Me>KAy oqeHb mcjikhm m KpynubiM AeTpHXOM.

OqeBHAHO MejiKHÖ AeTpwx B03HHKaex b i<a>KAOií cxaAMH pa3MenbqeHHH. Bonpoe 
o pa3Mepax, OAHaKO, moxcho pemaxb xojibKO nyxeM HCCJieAOBaHHB MHoroqHcaeHHbix 
AoexoBepHbix AaiiHbix.

JJexpHx, BbiHeceHHbift b o a o ü  Ha no6epea<be, BcneACXBHe A O J i r o r o  npeSbiBanun na 
ßep ery , B b i c w x a e x ,  cxaHOBHXca 6oaee a o m k m m  h  —  ü o a  b a m b h m c m  pa3JiHqHwx (})aKXopoB 
nocxeneHHO pa3Mejibqaexc>i a o  caMbix mc.tkmx qacxmi, oxKyAa BeTep m  b o a h  Bnocjiea c t b h k 
yAanniox erő .

MejiKHÜ AexpHX, ocxaBmHiícM b BOAe noßepejKbH, ynoxpeßjiHexcB qneHaMH 6en- 
xoca. Eojibuia« qacxb KpynHoro AeTpwxa ocxaexcn na no6epe>Kbe, hjih b b h p p  ocaana 
na Ane. Oh xaM oöpa3yex Snoxon aab xapaKTepnoro 6nou3He3a, cocxonuiero H3 pa3Hbix 
MHKpoopranH3MOB. (IlOApoÖHOe HCCJieAOBaHHe axoro 6HOU3He3a BCKOpe öyAex npoH3- 
BeAeHO.) Kpyrim.íH AeTpux mo>kct cjiyxoitb h  b Kaqecxae mnaTejibiioro Maxepnajia, 
h o  3xox Bonpoe xpeßyex AanbHeíimero H3yqeHHH.

TAaBnaH qacxb «enKHX qacTHU bhhochxch b oxKpwxyio BOAy h xaM c xpoi})HqecKoa 
ToqKH 3peHHH cocxaBAHex cyiuecxBenHyio qacxb cecxoHa. <t>opMbi öem oca  Moryx nojib- 
30BaxbCH exHMH qacxHuaMH, KorAa ohh onycKaroxe« na aho.

BcneACXBHe acíIctbhh boah, pacxHxeAbHbie h x<HBOXHue xeAa Moryx noABepraxbcji 
pa3MeAbqenHK> — euje He okohahb noAHbiH uhka CBoefi >kh3hh, a hx opraHHqecKHÜ 
MaTepnaA, BcneACXBHe (JjopMauHH A^TpnTa, aohcxbhh np0H3B0AHxeAeií h noxpeSuxeneK 
AexpHxa h x. a- MO>xex onnxb npeBpamaxbcn b opraHHqecKHe BemecxBa, oxcpoqHBaH 
TaKHM o5pa30M npouecc noAHoro pa3A0>KeHHH.

31-ro HioAH 1948 r . a- TnxaHb.



EXPERIMENTS IN THE ARTIFICIAL INCUBATION 
OF LUCIOPERCA SANDRA CUV. ET VAL. EGGS

BY
ELEK WOYNÁROVICH (Budapest) and BÉLA ENTZ (Tihany)

From the Hungarian Biological Research Institute, Tihany, Lake Balaton 
(Received for pulil'i;cati(#i 31th May, 1949)

In the aim of adding continuously to the supply of Lucioperca 
saruira Cuv. et Val. in Lake Balaton, the Alsóörs L u c i o p e r c a  I n ­
c u b a t i o n  S t a t i o n  was built, in 1949. The mission of this 
station is to hatch the Lucioperca eggs spawned on artificial nests laid 
out in the Lucioperca spawning grounds of Lake Balaton, in places pro­
tected from mud and the depredations of fish and insects. The incuba­
ting larvae stay in the nursery basins, until they are 5—7 days old. Du­
ring this time they consume most of their yolk.

The ripening of the eggs deposited in the nests takes place in 
constantly changing water. The eggs ripe for hatching are transferred 
to a basin with standing water, where they hatch out in a short time. 
The Lucioperca larvae pursue a' pelagic mode of life until they are 
about 3 days old and develop here for at least 5 days. The water in the 
nursery basins cannot be changed, because the current of water flowing 
off would press the larvae against the enclosing grills and destroy them, 
as they are very sensitive to mechanical influences.

Incubation of the eggs, as we have already said, should take 
piacéin changing water. The eggs (attached to the hairy fibres of the 
,,nests‘‘ (E n tz  and W oynárovich  1948, p . 35) get sufficient oxygen 
only if they get a generous water current. This makes the incubation 
considerably expensive, as it means pumping the water by electric 
power.

To lower these expenses and to increase the reliability and effi- 
cacity of the hatching, in 1947—1949 we worked out a process for ripe­
ning the eggs out of water. In the following pages we describe one of 
the methods, suitable for the hatching of eggs in large quantities.

Based on experiments made in 1947—48, we have communicated 
already in two papers (E n tz  and W oynárovich , 1947 and 1948) a 
practicable way of hatching Lucioperca eggs which takes place with­
out water but in a vapourous atmosphere where the surface of the 
eggs cannot dry out (Sotuvorov, 1939).

Experiments carried out at the Tihany Biological Research In­
stitute in 1948 proved that a vapour atmosphere chamber could easily be 
constructed in small dimensions up to about half a cubic meter. 
In this casé the moisture on the eggs can be controlled only by sprav- 
ing them at least three times a day with a sprinkler.
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Incubation of nests in large quantities by this method is com­
plicated and not sufficiently certain, considering that if the hatching 
chamber should lose 100% of its vapour saturation the water adhering 
to the surface of the eggs would also evaporate and the eggs would die.

In 1948 we had tried out and in 1949 we perfected a method, 
for ripening the Lucioperca eggs under a fine spray. With this 
method, nests covered with several hundred eggs could be hatched at 
a time with technical precision and precise hatching tempera­
ture, and thereby the duration of the incubation varied almost at will.

The apparatus used for this method is a sprinkler provided with 
three heads, as employed in agriculture for watering beets and other 
hoed plants. The diameter of the openings of the sprinkler heads was
0.5 mm. Water from these narrow openings is distributed in such fine, 
mist-like particles that drops of it falling on the skin can scarcely be 
felt. These three sprinkler heads spray an area of about 5—6 m3, so that 
the nets ranged in rows and one above the other get all sufficient mois­
ture. The sprinklers were connected with a rubber hose to a water tap. 
For the arrangement to work there must be a pressure of at least half 
an atmosphere in the pipes. IFthe pressure should be less, it can be in­
creased with a low-powered compressor.

The water consumption of this spray provided with a triple, very 
fine sprinkler head, did not exceed 20—40 1 an hour. This is such a 
small quantity that: no difficulties were encountered in warming it to 
the optimum of 20 C°-

We can summarise the course of ripening and hatching out the 
eggs as follows. Every second day we brought in nests covered with 
eggs from the Lucioperca spawning grounds in Lake Balaton. After their 
arrival we examined them, to establish1 the degree of development of the 
embryos. This examination takes about half a minute per nest. Group­
ing the nests according to degree of development we established 
ho(w long it would presumably take for the eggs to hatch with the tem­
perature given. We also carefully observed whether there were 
damaged or mildewed eggs among them. The nests where Lucioperca 
eggs were mixed with those of roach (Leuciscus rutilus l.) were treat­
ed separately, for during shipment, the larger roach eggs were very 
often badly injured and became extremely mouldy during the ripening.

The examined nests ( F i g u r e  1), arranged in groups as above, 
were hung on hooks beside and above one another, on a framework in 
the spraying chamber ( F i g u r e  2). On our scaffolds we could place 
120—150 nests at a time. >

The spraying was only interrupted for treatment and control 
three times daily, in each case for about 10—15 minutes- It could be 
seen that if the spraying was turned off every quarter of an hour no 
harm was done to the eggs.

When the eggs had about reached hatching time — previously 
established — we ascertained from a few samples that they were ripe. 
The nests were put into water fod hatching. This could be accelerated 
by two means: 1) by exposing the eggs to the heat of the sun for 2—4 
minutes: 2) bV putting them for half an hour info water at 20—27° C 
after which they reached their destination in the nursery basin at a 
temperature of about 20° C. In this case 90—95% of the eggs hatched
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inside 15—20 minutes. Drying- in the sun produced no after effects on 
the young.*)

In the spraying chamber with an average temperature of 15.5—16° 
C (measurements 12 times a day, max 21° C, min. 11.5° C**), the 
eggs always ripened three days sooner than the control material kept 
in an aquarium with running Balaton water, though when they were 
brought in they could have been at most 48 hours in the Balaton and 
most of them were at an entirely initial grade of development, which 
is when the germinal disc grows entirely or about 3/4ths around the 
yolk.

A certain definite amount of heat is necessary for fish eggs to 
ripen. This amount is a certain number of days multiplied by their 
average temperature (in0 C). According to U nger (1939 p. 735) in the 
case of Lucioperca this is 95—120° C (German ,,Tagesgrad:‘). This 
we controlled by aquarium hatching experiments of our own. But in 
the sprayed eggs the time of ripening is considerably shorter, compa­
red with the control hatched in an aquarium. According to our estima­
tions the acceleration amounts to 40—50%. We consider the cause of 
the speedier development to be the greater oxygen provision and the 
effect of direct sunlight. This is supported by the fact that the eggs 
at the bottom of the nest, to which no sunlight penetrated and which were 
also less favourably supphed with oxygen, remained appreciably be­
hind in development. But further experiments are necessary to estab­
lish the correctness of this supposition.

The effect of direct sunlight also manifested itself in other ways. 
In the eggs exposed to light, the eye of thd embryo is pigmented black 
and glistening; guanine crystals also appear, whereas in individuals 
hatched in water the coloration of the eyes begins only after about 12 
hours after hatching.

Hatching of the eggs; kept in the sprinkling chamber can be de­
layed for 3—4 hours. If we do not put the eggs ripe for hatching into 
the water, in 6—12 hours the larvae begin to emerge in the spraying 
chamber. They drop down in the Idrops of water which gather on the 
fibers of the nest, these larvae are also viable. Experience shows that 
it is nonetheless better if the eggs ripe for hatching are put into water 
in time.

We controlled1 the eggs several times daily, as to whether there were 
dead or mildewed ones among them. In nests in which! the eggs w e r e  
n o t  i n  j u r e d  during shipment (the small Lucioperca eggs are very 
resistant and are injured by only very rough treatment), w e  n e v e r  
o b s e r v e d  m o r t a l i t y  a n d  m i l d e w .

If an egg perished it could easily be observed by the empty 
shell remaining behind.

* By drying nearly ripened eggs for 5—10 minutes in Wie heat of the sun a 
premia tu re hatching can bis brought about. The prematurely hatched larvae are incapable 
of swknimin.g vertically as the normal1 ones do Immediately after emergence; instead 
they wriggle on the bottom amidst uncoordinated tail-flappings. The individuals which 
hatched lies® than half a day less than the normal time, grow into normal larvae without 
any greater degree of mortality (according to our 1948 observations).

** The temperature varied thus, because the hatching, for .tack of other, more 
suitable place, was carried out in a greenhouse, where it was warm by day and cool 
at night. Tiie framework needs only to be protected by a roof.
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Extensive mildew was usually seen in those nests where there 
were roaches, which are easily injured in transport, among the Lu- 
cioperca eggs. The overpowering mildew on the injured mach eggs — 
which developed abundantly under spraying — spread over the healthy 
Lucioperca eggs too.

The hatched Lucioperca larvae were put into an aquarium with 
standing water aerated with compressed air. In each 40 1 aqua­
rium we put 20—30 thousand larvae and in a 100 1 aquarium 40—60 
thousand. We calculated the number of larve by carefully stirring the 
water in the aquarium, then counting the larvae in samples of known 
content.

If no trouble occurred in the aerating system there was very 
little mortality among the larvae, scarcely to be expressed in %. Thjb 
dead larvae are white and are soon betrayed by their immobility.

At the age of 5—7 days we put the larvae into the lake. At this 
age their yolk-sacs are to a great degree absorbed. They are vigorous, 
swim like fish and are able to protect themselves. There is now hope 
for the survival of a greater percentage of them.
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OnbITbl MCKYCCTBEHHOPi HHKYBA14HH LUCIOPERCA SANDRA
CUV. ET VAL

Abtoph: 3J1EK BOflHAPOBHH h EEJIA 3HIJ 
PE3IOME

Mw BbipaSoTaJtH hobhB mctoji BbiCHiKHBaHHH, npopoAHOro ajih mm Lucioperca, 
sandra Cuv. et Val. b SojibiuoM KOJimiecTBe, h noAXOAmitero ajih ueneii pbißojiOBCTBa. 
CyutHOCTb MeTOfla cjieflyromam m u  Aep*HM nOBemeHHbie b  paMKax nRpeBbie ,,rHe3Aa" 
Ha B03Ayxe ao MOMeHTa co3peßaHHH, AeßcTByn Ha hhx tohkoü boahhoM nbuibio, TeMne- 
paTypoü b 20° C. Ilpouecc HHKyöaimii MOxteT 6biTb ycKopeH BbiCTaBJieHtteM 3pe.ribix 
hRu Ha co/iHiie b TeueHHe 2—4 MHHyT h Aepwa hx nonnaca b BOAe, TeMn. b 20—27° C. 
npe*Ae ueM KJiacTb hx b ca*ajn<y. MojiOAb TaM B b ip a u tH B a e T C H  b TeneHHH 5—7 AHeR 
h nO TO M  BbinycnaioTCH b  cboOoahvk) boay. Bo BpeMH BbipautHBaHHH kojihucctbo hx 
HHKOrAa He aojdkho npeBbimaTb 600—800 na jihtp, Aa*e b xoporno npoBeTpHBaHHOM 
aKBapnyMe.



F i g .  2 . Nests, hanging on the framework, where the ripening of the eggs takes place
under a continuous spray.

F i g .  1 . Nest with the Spawn of Lucioperca sandra.





SOME PHYSICAL AND CHEMICAL CONDITIONS OF THE 
WATER OF LAKE BALATON, INVESTIGATED FROM 
SEPTEMBER 1948, TO APRIL 1949. (TEMPERATURE, 

TRANSPARENCY, DISSOLVED OXYGEN, pH AND 
ORGANIC SUBSTANCES)

BY
BÉLA ENTZ

(Received for publication lläth May,, 1949.)

In modem limnological research the study of the physical and 
chemical conditions of the water plays a constantly growing part, as 
these conditions and1 their variations influence decisively the formation, 
continuity and changes in the living world of the water. Among these 
decisive factors are the movement of the water, its temperature, light 
conditions, total salt concentration, oxygen content, pH, organic substan­
ces, the maximum or minimum presence of numerous dissolved inorga­
nic ions etc.

Much research has been devoted to the study of these fac­
tors in Lake Balaton (E n t z , G. and S e b esty én , 1946:219—255) but this 
work was not carried out throughout all the seasons, most of it being 
done in summer, and furthermore most of it took only one of the factors 
into consideration. As the different factors and their changes do not act 
singly on the different organisms but together and even reciprocallv*) 
(ÖSTERLiND, 1947, L. D. T ow nsend  and H. C h ey n e , 1944, W e l c h , 1935), 
it seemed desirable to undertake systematic investigations along these 
lines in Lake Balaton. The first part of my investigations, from the end 
of September, 1948, to April 1949, were principally devoted to the tem­
perature, transparence, pH, dissolved oxygen and dissolved organic sub­
stances, their seasonal changes, and the possible relations existing 
among these factors.

Samples were collected in two places: 1.) In the open water in 
front of the Hungarian Biological Research Institute at about 250 m 
from the shore, in water 3 m deep; 2.) In the „K u t‘‘„ the deepest part 
of Lake Balaton, near the Tihany ferry, in water 10 m deep. We took 
the water samples at distances of 1 m, advancing from the surface to 
the bottom, with a Ruttner vessel. The collected material was brought 
to the laboratory in vessels with polished glass stoppers and worked up 
in the shortest possible time.

* T hibnemann 1939 p. £71—272: „18. Alle Einzelfaktoren eines Biotops wie auch 
des gesamten Lebensraumes stehen in enigstier Wechselwirkung mit einander; daher wirkt 
ihre Gesamtheit wiederum als übergeordneter Faktor — „lokaler Einheitsfaktor“ 
F r ied er iCHS) für Kinzelibiotop als „Holocoen“ (Fr ie d e r iCHS) für den gesamten 
Lebensraum (Weltzusiammenhamg) . . .  “
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TEMPERATURE

A thermometer with a scale marked at 0.1° C intervals, installed 
in the Ruttner vessel, indicated the temperature. As appears from 
T a b l e  I. and F i g u r e  1, the temperature of the water dropped 
gradually from 16—18° C in September, to 1—2° C at the end of No<- 
vember and oscillated thereabout until it froze. There was no appre­
ciable difference in the temperature at any distance from the surface 
to the bottom, so that we cannot speak of temperature stratification 
in either of the collecting places, in front of the Institute or in the Kút. 
Slight temporary differences in temperature occurred between surface 
and bottom in the former spot (e. g. September 28th 1.5° C and Octo­
ber 19th 0.6° C) whereas during the same time, under the same circum­
stances, the greatest difference observed in the Kút was 0,3° C. This 
is probably closely connected with the almost constant strong current 
existing in the Kút, amounting at the time of our collections to 10—20 
m/min. With the formation of ice a reversed temperature stratifica­
tion* occurred, which gradually became more pronounced with the 
warming of the water which, as we know, takes place under the ice 
(E n t z , G. and S e b esty én , 1946:239). Whereas at Collecting place I. on 
December 14th, the day it froze, the difference between surface and 
bottom water was 0.0° C, on December 29th it was 1.0° C, and by Ja­
nuary 10th had risen to 3.0° C. At the same time, a similar stratifica­
tion occurred in the Kút (on January 4th 1.5° C). On the breaking up 
of the ice the stratification diminished again, and ceased on its dis­
appearance, in booth places (January 22nd 0,1° C). In the meantime the 
water cooled to a uniform 1—2° C. After this, no similar prolonged 
temperature stratification was observed. At one time, when the lake 
froze in again there was, on March 12th, a difference in temperature 
between surface and bottom water (1.2° C) but' it ceased after a few 
days, when' the ice melted.** The conditions of temperature on March 
23rd were interesting. At that time, after* several days of blustering 
storm, the morning temperature was uniformly 2,7° C. In the after­
noon, with quiet sunny weather, a great warmth set in. It began to heat 
the surface of the very troubled water, which reached 3.1° C, while at 
the bottom the temperature remained at 2.7° C. This paradoxical condi­
tion ceased on the following day, and from then on, the water became 
gradually warmer and was at the beginning of April 10—12° C, at the 
end of April 18—20° C. This very decided and rapid heating, means 
(that'raising the temperature of the whole water volume of the lake re­
quires 36.1012 calories, which represents the consumption of 4,500,000 
tons of the best coal.

* By stratification here 'and in the following I do not mean stratification as 
generally used in the limnology, occurring in deep lakes, but merely the „nricro- 
stratificaltion“ evidenced in small differences occurring from, (time to time in the shoal 
water of Lake Balaton,.

** It is to be noted that this ice does not often break up and then form again in 
Lake Balaton (see Entz and Seb esty én , 1946 239).
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F i g .  1.  Changes in temperature, pH and dissolved oxygen content of the water of 
Lake Balaton from October 1948, to April 1949, at Tihany in front of the Biological 
Research Institute at 250 m from the shore. The pH graph (7.8—8.4) here and there 
consists of a double line, when there was an appreciable difference in the values 
measured at the same time and pllace between surface and bottom. The double line 
represents the outside values. The double line of the temperature graph T (16—0° C) 
expresses the difference on November 19, but especially from December 14 to March 13, 
again between surface (0 m) and bottom (3 m). Where there is a single line no diffe­
rence in temperature could be observed between surface and bottom. The O2 content is 

expressed in mg/1 (10—46) and in °/<ruial Saturation.

DISSOLVED OXYGEN CONTENT

Determination of the oxygen content of the water was made by 
M aucha ' s method (1945). As M ü ller  (1929), M aldura  (1931), C segezy  
(1938), D oby and J aczó (1939), S zabó (1930), and other investigators
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have shown, the water of the Balaton is saturated or super-saturated 
with oxygen. But continuous investigations extending over the whole 
year have not yet been made. During the present investigation the 
amount of dissolved oxygen was 10.5—10.7 mg/1 at the beginning of Oc­
tober. From then on, it rose with the lowering of the temperature, and 
by the;middle of December, when the lake froze, it had attained 13—14 
mg/1. This rise continued under the ice, up to 15—16 mg/1. The maxi­
mum oxygen content, like the maximum relative saturation, is reached 
just before the ice breaks up. As the ice begins to melt and then dis­
appears, the oxygen content drops again to 13—14 mg/1. This contin­
ues with the further rise in temperature and at the beginning of April 
there was only 11—12 mg/1 oxygen in the water. The relative satu­
ration in the open water in autumn, oscillated between 93 and 107%. 
When the surface was frozen, the saturation rose to 120—125% but after 
the ice I melted it again dropped to a value of about 100%. Generally in 
front of the Institute higher saturation values than 103% were only 
obtained in quiet weather, lower than 99% only in stormy weather, in 
violently agitated, water, or immediately after storms. (See Szabó 1. c. p. 
492). Apparently in the Kút the current also plays an important part 
in the formation of oxygen saturation, for here the differences appearing 
elsewhere between quiet and stormy weather are much more indistinct.

I found conditions deviating significantly from the saturation 
values, only under quite special conditions. Thus in the Kis-öböl — near 
the shore — large shoals of fish assemble in November and December. 
In their midst the saturation values were very low (85—50, or even 
30%). But here there were really „more fish than water‘% so that these 
extreme values are due to the significant oxygen consumption of the 
fish.

We can scarcely speak of oxygen stratification in the different 
depths. The whole mass of water in Lake Balaton is uniformly satura­
ted with oxygen, from surface to bottom. From December 14th 1948, 
to January 13th 1949, when the lake was entirely frozen there devel­
oped a slight stratification; the difference, however, between the sur­
face and the bottom' values in front of the Institute, scarcely amounted 
to 0.1—0.8 mg/1 of oxygen. After the ice began to break up here and 
there, but in water samples taken from under the ice, more oxygen oc­
curred near the bottom than on the surface. After the final melting of 
the ice, the oxygen distribution became again completely uniform. On two 
occasions less oxygen was found in the Kút near the bottom than on 
the surface. This, however may be considered a merely transitory state 
of affairs, because while, for example, the oxygen distribution observed 
on November 11 was on the surface: 11.52 mg/1=100%, and on the 
bottom 10-84 mg/1 =93.6%, the following day there was again a com­
pletely uniform distribution. But all these divergent values in respect to 
depth differ so little from one another, that they can have only the 
very slightest effect or none at all on the depth distribution of the living 
organisms.

Measurement of diurnal variations were made twice, on March 
12—13th, in a lively storm in cloudy weather and on April 6—7th, in 
quiet sunny weather. On Ijoth occasions the collections were made every 
4 hours and the water samples were taken from the surface. The diur­
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nal variation was less in stormy weather thanl in the quiet, sunny 
weather (See F i g u r e  4). In both cases the oxygen content decreased 
from 10 to 14 hrs. and mounted in the afternoon from 14 to 18 hrs. From 
18 hrs until morning in quiet weather there was. a gradual decrease, 
whereas in stormy weather after 22 hrs at night a slow increase set in. 
In quiet weather) in the open water with less diurnal change there 
was on an average less oxygen present than in the Kis-öböl at the 
same time. There, at a distance of 4—5 m from the shore, with greater 
changes, the values fall between those obtained in the open water and 
in the reed. The most extreme values were obtained among the broken 
stubble* of last year's reed, thickly overgrown with the organism which 
live in its coating. Peak values in all three collection places were ob­
tained at 18 hrs. in quiet weather. The daily variation Values reached, 
and even exceeded the differences existing between the different 
depths at the same times and places.

LIGHT CONDITIONS
We have at our disposition a number of literary data on the 

Sight-transmitting capacity of Balaton water, from different periods. A 
good part of these are no more than measurements with a Secchi disc. 
The other more accurate measurements’ were all made in July and 
August (G ä r tn er , 1929, L ud á n y - P á t e r , 1929, U llyott  and K n ig h t , 
1938). All the investigations showed, that the water of Lake Balaton is 
very turbid and its transparency can change radically in a very short 
time — primarily on account of the wind — so that the light conditions 
in the lake are exeptionally variable. This circumstance and the fur­
ther one that light is an essential factor in water habitats, makes a de­
tailed study of the problem desirable (B ir g e  and J uday, 1933, Sau­
r e r e r , 1941, U tter b a c k , 1941. B u r r , 1941). I myself approached the 
question in several ways. I measured the transparency with a Secchi 
disc, I also determined the turbidity indirectly with a Pulfrich photometer, 
and recently began investigations with the photoelectric method.

The transparency values as measured with the Secchi disc, from 
the end of September io the end of November varied between 70—170 
cm in a wind of less than 4 m/sec. Between November 19 and 22 there 
were three completely windless days. The transparency then reached 
almost 200 cm. A violent storm which followed, on November 24, again 
reduced the transparency to 20—50 cm. The values measured at other 
similar times of severe storms likewise moved around 20—30 cm. In the 
winter under the ice there was a constant, gradual sedimentation of the 
lfoating particles. The transparency thus gradually increased and on 
January 13 in front of the Institute extended to the bottom, (275 cm) 
and in the Kút at the same period, was 354 cm. After the ice broke up, 
the transparency again diminished. This decrease was especially strik­
ing at the beginning of April, when during 5—6 days of almost com­
pletely windless weather the water kept a milky turbidity and the 
transparency never rose above 40—60 cm.

Parallel with this I began measurements similar to G a r tn er ' s 
(1929) with a Pulfrich photometer. In this investigation I worked up 
the samples within one or at the most two hours, and to avoid as far as 
possible the settling of the sediment, reversed the bottles several times
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every 15—20 minutes. Contrary to G ä rtn er  (1929:187) I guarded 
against a „thorough shaking*1, as it is my experience that, especially in very 
turbid water, where there are large floating particles, the particles 
themselves are thus shaken to bits and we get a significantly greater 
turbidity than the actually existing one (e. g, a 5% transparency in­
stead of 20%). I used a 5 cm long cuvette for the measurements and 
distilled water as comparative fluid. I also used a yellowish-green filter 
for the measurements. (Nioi S. 57 Zeiss). The results are percentage values, 
which express what quantity of light progresses) through the water un­
der investigation, as compared with distilled water. The values obtained 
are approximately identical with the Secchi disc data ( F i g u r e  2).

F i g .  2,  In G r a p h  1 appear, in can, the transparency values as measured with a 
Secchi disc. In G r a p h  2 are given the transparency values as measured with a 
Pulfrich Stepphotometer. The curve at the bottom Shows the windl force measured 
at collecting time, in mi/sec. On windless days and, naturally, under the ice the wind 

force was O, so the curve falls within the abscissa axis.

In quiet autumn weather the surface transparency varied between 
80—88%, in winter under the ice in consequence of the constant 
settling, it rose to 96% decreased again in spring, so that at the be­
ginning of April, even in quiet weather, it was only 60—80%. From the 
surface to the bottom in quiet autumn and winter weather the trans­
parency normally decreased by 1—3%, more rarely by 7—8%, but in 
spring, during the greater turbidity, 20 and even 30% differences in 
transparency were obtained between surface and bottom. That floating 
particles subside in spring much more slowly is probably due — aside 
from chemical conditions — to the strong vertical current arising in 
consequence of the difference in density of the various layers, caused 
by the vigorous warming up in the daytime and extreme cooling at 
night, which constantly stirs the water up. In storms, during the whole 
period of the investigation, the transparency was 15—20%.
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A good deal of the particles which cause the turbidity dissolves 
in diluted hydrochloric acid. (M ü l l e r  1929 p. 151). As second measure­
ment in this investigation, I dropped 0.5 ml 10% hyrochloric acid 
into the samples. The values thus obtained were1;higher than the results 
obtained with the original samples by 5—15% in quiet antumn weath­
er, 1—5% higher than in winter under the ice, 20—50% higher in 
quiet spring weather, and in general during storms 30—50% higher. 
In the samples treated with hydrochloric acid the transparency de­
creases from surface to bottom by 1—4% in the autumn and by about 
10% in the spring.

I will not digress here to tjhe photoelectric measurements begun 
in the spring, but will discuss them in a later publication.

I carried out several sedimentation experiments during storms 
( f i g u r e  3). From these it appears that the settling of floating partic­
les, given identical turbidity, is the same in November, March and 
May. Thus, with an initial transparency of about 20%, it increased to 
52—65% in 2 hours, 64—73% in 4 hours, 74—82% in 8 hours, 
70—86% in 12 hours, and after 24 hours* settling was 86—90%. Hence 
the distribution as to size of the floating particles agrees, largely speak­
ing in all these samples.

F ii g . 3 . Result's of the sedimentation experiments. The curves show the ®/onai! values 
a t the different times, measured with a Stepphotometer. Date of samples: 1. 10—6— 

1049; 2. 25—11—1948; 3. 5—3—1949; 4. 24—111—194a

pH CONDITIONS
pH determinations were made by the M a u c h a  method (M a u c i i a , 

1940, 1945). I myself modified this method slightly. I made two meas­
urements, during which I changed the eprouvettes used for comparison. 
I took the mean value of the two measurements as final result. This 
was necessary because the diameters of the different eprouvettes, the
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thickness of their walls, differences in shade, etc., affect comparisons 
of colour differently. Thus there were differences amounting to as much 
as 0.1 pH units in the same samples. On the other hand, by twice meas­
uring the water sample, using several idifferent eprouvettes, the mean 
value obtained showed at most a difference of 0.01—0.02 pH unit. Be­
sides this I measured the pH with a Pulfrich photometer and a Sonn- 
tagh electric pH measurer. But in the present investigations the M a u c h a  
method proved the most suitable, for speed and accuracy, and is also 
best for field investigations.

Several particulars as to the pH of Balatoni water are given in the 
literature. M ü l l e r  got a  pH of 8.62 in the open water (1929:151) D o r y  
and J a c z ó  found pH values between 7.8 and 8.9 in the littoral during in­
vestigations made only in the favourable season (1939:33). According to la­
ter measurements (M aucha , S e b esty én , verbal communications) the pH 
value varies to some extent throughout the year. It likewise varies 
throughout the day (M aldura , 1931).

From the present investigations it was found that the pH of the 
water of the Balaton continuously decreases from autumn until the be­
ginning of March, till the disappearance of the last ice covering, with 
some relapses (September 27th pH=8.37, March 12th pH=7.88) and 
from then on again gradually rises (April 6 pH=8.13). (See F i g u r e  
1). The close parallel which appears between seasonal temperature va­
riations and pH changes is interesting. Thus, until the first half of No­
vember both decrease decidedly. From then on, with relatively small 
variations, we find low values in both, in fact the lowest temperature 
and pH data occur on the same day, March 12th. From then on, both 
temperature and pH values gradually rise. Another interesting rela­
tionship, when there was a fairly strong and lasting temperature strati­
fication forming under the ice there was a parallel, fairly significant 
difference in pH between surface and bottom (0.05—0.11 pH units). 
This is all the more worthy of mention as under experimental con­
ditions a rise in temperature of the water of 10 or even 30° C never 
caused a greater change in pH than 0.01—0.02 units, which is still 
within the limits o f experimental error, and only a rise in temperature 
of 40° C caused an appreciable (0.1 pH unit) difference (using M a u c h a ‘s  
method).

The diurnal pH variation in stormy weather at the end of March 
was almost completely insignificant (0-03 pH unit), whereas on April 
6th, in quiet, sunny weather, at the same place there was a difference 
of 0.11 units, in the values measured. On this occasion a close connec­
tion was shown between the amount of dissolved oxygen and the pH 
(See F i g u r e  4), a phenomenon similar to which was also observed by 
C zerny  (1948:48).

It is possible that the seasonal changes in the transparency of the 
water of the Balaton are also connected with the seasonal pH varia­
tions. (M esch k a t , 1934 p . 442). Sedimentation tests showed, that if I re­
duced the pH of settling turbid water from 8.1 to 7.8 by adding diluted 
hydrochloric acid to it, there was no significant change in the speed of 
sedimentation. But on further acidification to pH 7.4, the sedimentation 
was definitely accelerated. More detailed investigation is necessary how­
ever, to clear up this question.
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I also determined the dissolved organic contents by Mauch.V s 
method ( 1 9 4 5 ) .  They showed that the oxygen consumption of the organic 
material gave values between 1 .5 7 5 — 3 .2 3  0 2 m g  per liter, the mean 
value being about 2 .5  mg. The values changed constantly, now dimin-

13

12

11

F i g .  4.  Graphs showing the pH, O2 (mg|/l), and temperature (° C) data obtained in 
diurnal investigations on April 6—7, 11949 and March 12—13. 1. Open water. 2. Interior

of Kis-öböl. 3. Last year’s reed.

ishing, now increasing according to depth and it was impossible to show 
a possible relationship with other factors (see T a b l e  I.).

Continuation of the investigations and their extension to other 
important factors, as well as knowledge of their closer relationship to 
the biology of living organisms, is a task for the future.
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HEKOTOPbIE <t>H3HMECKHE H XHMHMECKHE YC-ZIOBHfl BOßbl 
03EPA BAJIATOHA, HCCJIEAOBAHHblE C CEHTflEPH 1948 r-a AO

AriPEJlH 1949 r-a
(TeMnepaTypa; np03paqH0CTb, coaep>KaHHe KucjiopoAa; pH h oprarowecKne

B em ecTB a)
ADTOp: B EJIA  3 H l(

PE310ME
C oceHH 1948 roRa ro eecHU 1949 roRa n HccneROBaJi TeMnepaTypy np03paMH0CTb, 

pH , coRep>KaHne KHCJiopoRa h opraHHnecKHx BeiqecTB ború b rnyönH e 3 m., okojio boc- 
TonHoro öepera  nonyocTpoBa TnxaHb h b rnyÖHHe 10 m y  „ K y ri '-a . H ct3bhji ceöe 3a- 
flany, ycTanooHTb onpeRejieHHbie ce30HHbie toMCHCMHii Him-nce n3MetieHHH cooTBeTCTByw- 
ipHe pa3HUM rny0HHaM, a TaK *e ycTanoBHTb cBH3b iweiKRy pa3JiH>iHbiMH (JmicropaMH.

Bofla 03epa ot nOBepxHOCTH ro RHa HBJianacb HacbimeHHOft hjih nepeHacbimewHOii 
KHCJiopoROM. Mhhhmym 6bui 93%  MaKCHMyM 126% . HacbimeHite ROCTnrJio HaftMeHbinyw 
CTeneHb bo BpeMH 6ypn a fiojibinyio CTeneHb b Tnxyra noroRy. CaMan BbicoKan CTeneHb 
HaCbimeHHH BCTpeuanacb 3hmoB, noR jibROM.

npo3pauHOCTb, HaRHHaH c oceHH (7 0 — 170 cm. Secchi-RHCK, 8 0 —8 8 %  Ha $ oto- 
MeTpe Pulfrich-a) nocTeneuHO yBennuHBanacb h R ocrarjia  naHBbicmyio CTeneHb noR 
JibROM (354 cm., 96% ). BecHOit, KorRa BORa CTana 6onee Tenjioii, npo3pauHOCTb pe3KO 
yMenbuiHJiacb (40—60 cm., 60—80% ). B ojibinaa uacTb nnoBynKX uacTHii, hbjijuouihxch
HpHUHHOfl MyTHOCTH paCTBOpHIOTCH B pa3Ö aB JieH H O ß COJIHHOft KHCJIOTe.

IlyTeM HeßoRbmoii MORHtjiHKauHH MeTORa onpeRejiemiH pH  npHroRHoro h b none- 
Bbix yCROBHHX Mbl MOrjIH OnpeRejIHTb pH  C TOUHOCTbK) ±  0.015.

pH  nocTeneHHO yMeHbuiHJicn c 8,38 (ceHTHÖpb) ro 7 ,88 k KOHuy 3Hm u . B Hanane 
anpejiH , Korjia BORa CTana 6onee Tennofi pH  onHTb noRHHJicn ro 8 ,10—8,15.

B oSiqeM pH  h3mchhjich b ripuMoR nponopunn c TeMnepaTypoK, a npo3pauH0CTb 
h coRepwaHHe KHcnopoRa H3MeHHJiHCb b oSpaTHOü nponopunn  c TeMnepaTypoii.

i



TABLE I.
Changes in transparency, pH, and organic mailer content of Ballaton water from Sept. 27, 1048 to April 2, 1949.

D
at

e

W
in

d
m

/s
ec

.

Transpa­
rency

Seech i disc.

Transparancy with ° /o  
in natural con d  

0 1 2  2 .75

Stufen p h otom eter %  
w ith  HCI

0 1 2  2.75 0 1

pH

2 2.75 3

O rgan ic  substance  

0 1 2 2.75*

27. 9 4 5 72 80 79 7 6 5 75 93 91 90 90 8-37 8.38 8.37 8-34
28. 9 2 1 97.5 87 85 82 79 95 9 4 92 93 8 2 7 8-28 8 2 6 8  25
29. 9 1 130 86-5 85 85 81 95 94 94 93

1 .1 0 6-4 30 24 23 23 19 5 7 5 6 5 6 57
2 .1 0 2-0 72 81 77 7 5 73 86-5 86 8 5 5 85
8.10 9-0 20 56 8-22
9.10 3-3 74 84 85 84 84 91 92 91 91 8-20 8-20 8-20 8.20

19.10 2 2 170 88 88 88 82 93 92 9 1 92 8-20 8-20 8-20 8-20
10.11 3-7 45 64 64 63 60 87 87 87 16 8 0 8 8 0 S 8-08 8-08
19.11 3 0 125 87 85 83-5 81-5 92-5 92 92 93 8 13 8-13 8 1 0 8 T 0
22.11 2-0 192 88-5 8 7 5 88 86 94-5 92 92 93 8 13 8 1 2 8.10 8  10
25.11 8-0 20 19 19 19 19 59 59 59 59 8-10 8-10 8- 0 8-10
26.11 2-2 50 56 5 6 55 53 85 85 84 60 8-10 8T 0 8 10 8 1 0

1.12 0 0 145 86-5 6 6 84.5 84-5 94-5 94 92 90 8-10 8-10 8 0 0 8-10
14.12 4 5 50 7 9 8 7-S8 7 9 8 7 9 8 8-04
27.12 — 185 91 91 90 90 96 95 94 94 8M0 8 11 8-10 8-10
29.12 — 195 91-5 91 90 90 96 96 96 94 8-10 8 1 0 8-11 8 1 1

3. 1 — 215 95 92 91 90 9 9 5 97 96 95 5 8.03 8-10 8-11 8 0 9 8-10
10. 1 — 250 96-5 94-5 90-5 90-5 97 96 96 94 7-91 7 9 7 7-98 7-98 8 0 2
13. 1 — 275 96-5 96-5 9 4 5 94 99 98 97 95-5 7 95 8 01 8-03 8 0 2 8 06 3 1 2 2-74 2-74 2 7 4
22. 1 3 0 160 94 91-5 92 8 9 5 95 95 96 94 8 0 0 7 9 5 7 9 7 8 0 3 2-76 2-49 2-29
19. 2 1 0 140 92 92 8 9 5 89 96-5 95 94 9 3 5 7-99 7 98 8 0 1 7-99 7-96 1-58 1-58 1-58 1-66
5. 3 11-0 2 0 20 68 5
9. 3 - 66 55 3 8 5 87 81 5 71-5 7.90 7-88 7-88 7-68

12. 3 — 75 73 71 72 71 89 88 88 87 7-91 7-93 7-92 7-92 7-96 2 6 9 2-84 3 0 0 3-07
23. 3 0 0 40 50 46 42 81 79 80 71 8-01 8 0 0 8-00 8 0 0 2-71 2-33 2-3J 3-08

2. 4 2 0 43 58 56 56 56 82 81 81 81-5 8 0 7 8 0 7 8 0 7 8-06 8 0 4 2-24 2-31 2-54 2-61
* dep ths of w ater in  m



TABLE II.
Changes In temperature aind oxygen saturation of Balatoni water, September 27, 1048 to ‘April 2, 1940.

D ate
W ind
m /sec. m 0

T em perature °C  

1 2 2 7 5 3 0 1

Oj mg/1 

2 2 75 3 0

o 2

1

°/o saturation .

2 2-75 3*

27. 9 4 5 16 5 1 6 4 16-4 16-4 16-4
28. 9 2 1 16-9 16-9 16-3 16-7 16-7

1.10 6-4 15-7 15-7 15-7 15-7 15-7
2.10 2-0 15 6 15-5 15-4 15-2
9.10 3-3 13 2 13-2 1 3 2 1 3 2 10-54 10-60 10-70 1 0 6 0 101-1 10T4 102-3 10T4

19.10 2 2 13-2 1 3 0 12-8 12-6
10.11 3 7 1 0 2 10 2 101 1 0 0 1T36 11-36 1T36 11-36 10T3 10T3 101-3 10T3
19.11 3-0 5-9 5-9 5 8 5 8 13-22 1 3 1 0 13 16 12-39 106-3 105-3 105-5 104-3
22.11 2 0 6 0 5 9 5-9 5-9
24.11 9 0 6 0 6 0 6 0 6.0 12-70 12-70 12-70 12-70 102-8 102*8 102 8 102-8
26.11 2 2 2-6 2-7 2-7 2-7 13-47 13-47 13-47 13-47 99-4 99-4 9 9 4 99-4

1.12 0-0 2 0 2-0 2 0 2 1 2 8 13-67 14-42 13-98 14 17 99-3 104-7 10T5 1031
14.12 4-5 2 0 2 0 2 0 2 0 13-63 13-57 1357 13-45 99-0 98-6 98-6 97-7
27.12 — TO 1 4 T4 2 2 15-26 1 5 1 4 15-02 150 8 107-8 108-1 106-7 111-4
29.12 — T1 T 2 T5 2 1 2 1 15-94 15 94 15 44 15 24 13-76 112-7 113 2 1 1 0 6 111-0 100-2

3. 1 — 0-9 T4 T5 2 0 2-1 16-13 15-79 1560 15-30 15-34 113-6 112-8 110-9 1119 116-0
10. 1 — 0 5 2 2 2-8 3 3 3-5 14-60 1 5 4 2 1550 15-71 101-7 112-6 115-0 1181
13. 1 — T4 1 5 2 0 3-6 4 0 14-79 1 6 7 8 16-40 1 6 7 0 1 6 0 9 105-5 1200 119-1 1265 123 2
22. 1 3 0 T7 T6 T6 T6 T6
29. 1 — T5 T 6 1.6 T6 15-69 15-35 15-00 15-38 112-3 110-0 107-7 110-4
19. 2 TO 2 0 2-1 2 1 2 1 14-15 14-52 14-52 14'15 102-8 105-7 1 0 5 7 1030
9. 3 — T1 T2 T2 14-39 14-84 14-58 10T9 105-1 103-8

12. 3 — 0 4 0-5 1-0 T4 T6 14-43 14-73 14-47 1 4 6 2 14 62 100-2 102-6 102 2 104-4 104 9
23. 3 0 0 3 1 2-9 2-9 2-8 2-7 13-35 13 42 13-27 13-35 12-65 99-8 6 9 8 98-7 9 9 0 93-6

2. 4 2-0 8-2 8-2 8-2 8-1 7-9 12-15 12-19 12-14 1 2 1 2 1T74 103-6 1040 103-5 1029 99-3

d ep th ) in  m.



Measurements of diurnal! variations, April 6—7, 1949.
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10'" O.W. h i 11-73 8-21 106-9 8-10 67 88-5

Reed N 55 i m 11-81 8-27 107-9 8 0 6 81-2 93

Bay 1 m/sec h i 11-81 8-27 107-9 8 0 8 82 93

14hr O.W. 1 2 8 10-90 7-63 103-2 8 0 8 78 89

Reed — 6 0 1 2 8 11-68 8 T 8 110-7 8 0 3 76-7 9 0 8

Bay 12-8 11-65 8-15 110-4 8  06 82-7 93

18hr O.W. 12-8 11-73 8-21 111-2 8-11 7 8 7 9 2 1

Reed — 55 1 3 0 1 2 8 9 9 0 2 122-8 8 1 4 84-2 9 3 1

Bay 1 3 0 12 56 8-79 119-6 8 1 3 84 94-75

22hr O.W. 1 2 5 11-73 8-21 110-4 8 0 9 72 92

Reed SW — 12-5 11 81 8-27 111-2 8-12 83-2 93

Bay 4ni/sec 1 2 5 11-64 8 1 5 109-6 8-10 89 9 8

2t>r O.W. S 12-0 11-43 8 0 1 106-5 8-06 73 91

Reed 1 m/sec — 12 5 11-43 8 0 1 10 3 1 8-05 83 95

Bay 12-5 11-15 7 8 0 106-4 8 0 4 8 9 96-5

6hr O.W. S 11-5 11-40 8 0 4 105-6 8 0 5 65T 8 8

Reed 3-5m/sec 50 11*5 11-23 7-86 103 3 8-04 7 4 2 88-7

Bay 11-5 11-10 7-69 101-1 8-07 85  5 95-5
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AUTUMN AND WINTER SHOALS OF FISH IN THE SHORE 
ZONES OF LAKE BALATON IN 1947— 1949.
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APPEARANCE OF THE AUTUMN SHOALS
According to numerous observations, fishery data and the infor­

mation of L issm ann  (1933:86—92), in the autumn in sheltered places 
along the shores of Lake Balaton, chiefly in (bays and among the reed, 
immense shoals of fish, consisting of many hundred thousands, assem­
ble. I made a study of such gigantic shoals from October 1947, to Jan­
uary 1948 and from November 1948, to January 1949. The investiga­
tions were made at Tihany in the Kis-öböl bay, near the Biological Re­
search Institute and in its immediate neighbourhood.

The first large shoals, consisting according to my observations 
almost exclusively of bleak (Alburnus lucidus), appeared in the middle 
of October 1947. This was in quiet weather, at about 3— 15 m from the 
shore. They passed in a 5—10 m wide band parallel with the shore. 
At evening in quiet weather the noise of the masses of little fish !in 
these shoals, jumping out of the water and falling back again, could be 
heard at a distance of 200 meters from the shore. At the end of October 
the shoals disappeared and reappeared towards the end of November, 
but this time in the bay, directly along the shore. The immense shoal 
remained sluggishly, in one place more or less, and the fish no longer 
jumped out of the water. It settled down in the midst of a! cca 15X15 
m patch of reed at the entrance of the Kis-öböl and in the about 80—120 
cm deep sheltered water behind it. In this area the water seemed quite 
black from above owing to the millions of small fish swarming there. 
The shoal disappeared during storms but in quiet weather reappeared 
at the same place. The fish stayed in this area, with short interrup­
tions, constantly in large quantities, until the lake froze.

From the end of November 1948, until the middle of December 
the situation was exactly the same as it had been the previous year.

In spite of its constant presence, the appearance of the shoal 
slowly but constantly changed, as many fish wandered away from it 
and other new ones joined it, so that the whole immense mass formed a 
dynamic rather than a static unit. Between November 20—30 1948, the 
huge shoal was composed almost exclusively of bleak. Between Decem­
ber 4—12 great numbers of bream had joined it (chiefly Abramis brama, 
Scardinius erithrophthalmus and Leuciscus rutilus). But after Decem­
ber 12th, with the disappearance of the other species, the whole again 
consisted almost exclusively of bleak. By the time it froze, December 
14th, the number of bleaks had also greatly diminished and only a few
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hundred specimens swam about under the ice in small groups in place 
of the immense autumn shoals. Under the ice at several kms from the 
shore I observed mighty shoals of bleak but after the ice melted they 
all dispersed and new ones appeared at spawning time only.

The purpose of the investigations was to get an insight into the 
life conditions of the great shoals. That is, to ascertain their composi­
tion as to species, the sizes and ages of the different species; to make 
observations on the distribution of the shoals and their structure, and 
to study the time of their formation, duration, disappearance.

METHODS
The collections were made partly from the shore, partly from a 

boat. A net of about 40 cm diameter was used for collecting, which on
Fig. 1.

F i g s .  1 a n d  2.  Ratio of standard length (iram) arad weight (g) of bleak for 1947/48 
( F i g .  1) and 1948/49 (F’ i g . 2). The different age groups are indicated; by the broken 
vertical lines. O =  fry of age group O, I =  two years, ÍI =  three years, III =  four-year

old specimens.
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Fig. 3.

F i g s .  3 a n d  4.  Ratio of weight (g) of bleak and horizontal diameter (mm) of 
scales. The age groups are indicated as in Figures 1 and 2. The specimens marked with 
arrows do not belong to the group where they appear, but to the next one. All data 
are averages calculated from several scales. F i g u r e  3 is for 1947/48, F i g u r e  4

for 1948/49.
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account of its size was not good for catching fish larger than 25—30 
cm. Yet it proved quite suitable, as from other data — e. g. fishing with 
finemeshed nets — it appears that fishes bigger than 15—16 cm are 
rarely found in such shoals and so play no significant part in them.

I measured the standard length of all the fish collected, i. e. from 
the closed mouth-opening to the end of the spinal column (H u g h , 1942). 
This length is given in the F i g u r e s ,  in mm. (Fdgs. 1, 2, 5—9). Be­
sides this I made several measurements of the wTeight in each group, 
arranged by length. (F igs .  1—2). 1 weighed the fish alive. I took the 
individuals to be weighed out of the water with a net and, after the 
water had trickled off them, put them according to size in a measur­
ing vessel filled with 5—50 ml water, and measured them according 
to volume. For this I supposed the fish examined to have a specific 
weight of one. At the same time with the help of tweezers 1 took a 
sample from the scales of the fish being measured, always behind the 
pectoral fin, from the region under the lateral line. I pasted the sca­
les on paper with their own slime and put them aside for further in­
vestigation, appending the data concerning them (species, length, 
weight). I worked up the scales with a 20Xmagnification by transillu- 
mination with binocular microscope. Then from its growth rings (an­
nuli) I established the age of the fish and, measuring with an exacti­
tude of ±  0.02 mm, measured the horizontal diameter of the scale and 
the growth of previous years as shown by the rings. From the latter 
data the size of the fish in the preceding years can be calculated 
(F i g s. 3—4).

In the 194?—48 investigations I worked up 4834 fish and in 
1948-49 5093.

In collecting the guiding principle was that I considered the 
shoal as an entity and took samples from dif ferent parts of it, for ex­
ample from the outside, the middle, and near the bottom. This seemed 
desirable for two reasons. On the one hand we get a more complete pic­
ture of the structure of the shoal and the distribution of the different spe­
cies of fish in it, and on the other hand because we can thus form a 
fairly general idea of the composition of the whole shoal.

COMPONENTS Of' THE SHOALS
As the investigation showed, the bulk of the shoals in both peri­

ods was made up of bleak. These formed 97.07% of the population in 
1947—48 and 61.47% in 1948—49 (See T a b l e  I). It seems that in

TABLE I.
Components of the shoai'.s, according to species.

1947/48 1948 49

B leak  . . . .  4680
Bream . . . .  33
R oach and rudd . . 101
P o p e  (A cerina) . . 2
R hodeus . . . .  2
A sp iu s . . . .  3
Perelt 
T otal

0 / 0  °/o
97-07 3131 61-47

0-70 1578 30-98
2-09 178 3-50
0 0 4  203 3  99
0 0 4  — —
0 06 2  0  04

1 002 
5093 100-CO4834 100-00
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1947—48 the role of the other species was quite subordinate to the pre­
dominating majority of bleak. The roach (Scardinius erithrophthalmus 
and Leuciscus rutilus) predominated in the minority species (101 speci­
mens—2.09%) while at the same period there were only a few speci­
mens of bream (Abramis brama). Of other species there occurred only 
sporadic Acerina cernua, Rhodeus amarus, Blicca björkna íaníd Aspius 
rapax. The shoals had a relatively more varied composition in 1948—49. 
Besides the bleak there were bream in considerable numbers (Abramis 
brama among them now and then Blicca björkna), with about 1570 
specimens (31%), roaches (Scardinius erithrophthalmus and Leuciscus 
rutilus) 1781 specimens=3.5%, and Acerina cernua, 203 specimens=4%. 
It was interesting to note that in both seasons there was a remarkable 
lack of predaceous fishes. Among almost 10,000 fish there were only 5 
young Aspius rapax of the first growing season (age group O) and one 
perch (Perea fluviatilis) to represent the predaceous.

Fig. 5—9.

5. Bleak populíution 1947/48.
F i g s ,  5 — 9 . Length of fish in the different age groups 0  — HI according to species. 
‘Abscissa: length in mm, ordinate: number of the individ/uals. Thick line: average values 
per 5 mm; thin line: average values per 2 mm. Dotted line in F i g ,  5 and 6 is the 
distribution curve of the two biotypes ($ and c f ) of bleak. For figs. 6—9 see p, 88—89
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If we investigate the age of the fishes in these populations, we 
find the following: Among the bleak, more than 94% of the inviduals 
were fry of one summer (age group O), there were only 5,5 % of sec­
ond year specimens (=age group I), and the still older comprised scar­
cely 0.3%. Conversely in 1948—49 more than a fourth of the bleaks 
were of age group I and there were even 10% of those still older.

A similar phenomenon was to be seen in the bream. In 1947—48 
scarcely 1.5% of the bream were in their second year, all the others
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8. Scardináus eritlhrophtlhallni'us and 9. Acerina cemua population
Leuciscus rutiltuis population 1948/49. 1948/49.

were young fry of age group O. In 1948—49, on the other hand, nearly 
half of1 the specimens examined were more than a year old, in their 2—4  
year (=age groups. I. and II.) ( T a b l e  II).

TABLE IL
Distribution of bleak according to age groups 0 —III.

1947/48 1948M9

°/0 u/o
0 4408 94-2 2016 64
I 258 5-5 814 26

II 14 0-3 246 8
III — — 55 2
Total 4680 10 0 0 3131 100

It is interesting to compare in the December 1948 collections the 
data for the surface and lower depths of the shoal respectively with those 
for its interior. It can be seen in T a b l e  III that the top of the shoals,

TABLE MI.
Distribution of bleak and breams in the shoal according to age groups O—IV and size.

Alburnus lucidus A bram is brama

Surface Date 0 I 11 III 0 I 11 III
of large XII. 3 138 1 — — — — — —

shoal 8 851 1 — — — — — —

14 470 12 — — 3 — — —

Interior 
of large 

shoal

XII-4 12 55 14 — 39 162 35 —

5 17
3

183
174

61
61

14
14

232
59

100
53

13 2

Length,, mm 2 5 - 6 8 69— 91 8 9 - 1 0 5 106- 4 0 - 8 5 7 5 - 1 1 0  100 - 1 3 0 130-
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at about -20—40 cm below tbe surface of the water, is from 96 to 100% 
composed of 32—60 mm young bleaks, of age group O, at which time 
there were no bream, or they occurred only in insignificant numbers. 
In the middle of the shoal, however, in the deeper strata of the water, 
there were very few young bleaks (1—4%) but masses of mixed bleaks 
and bream several years old. The largest specimens of bleak and bream 
occurred near the bottom, and those of the pope (Acerinae) near the 
shore (see F i g u r e  10). It was striking to observe the similarity with

0

F i g .  10.  Disposition of the fish in the bleak population investigated in the Kis-öböl 
(upper graph) and in tlhe aquarium (Hower graph). O W =  open water; C =  shore; 
R =  reed; W I =  water inflow, W 0  =  water outflow, 1 =  1 year bleak, 2 = 1 —i  year 
old roaches (Aibramis brama, Leuciscus rutillus, Scar dini us erithrophthalimus, eto.)

which the fish arranged themselves within the shoal, both in natural 
and under experimental aquarium conditions. Thus on December 10th 
1 put into a 50 1 aquarium 400 young bleaks, 200 bleaks of two years or 
more, 100 breams of one and two vears, and 30 Acerinae. After a few 
hours the fish took up the positions shown in F i g u r e  1. The levels 
of the 1 year old! bleaks formed a spheroid surface towards the light 
and the inflowing water, the older ones mixed with the bream were in 
the middle, and the Acerinae in the darkest part t farthest from the wa­
ter inflow. This was not a transitory situation, but was maintained for 
several weeks.

Summing up the data on bleak populations in the different col­
lections and grouping them according to year, we get F i g u r e s  1—9 
and T a b l e s  I—IV.
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F i g u r e s  1—6 and T a b l e  IV show that in the average the
TABLE IV.

Relation between age (Groups O—III), diameter of scale, weight and length of bleak- 
The last column gives the length of the individuals occurring in gnl&atest numbers.

Scale, diám, in mm W eight, in gs. Length, in mm M aximum in 
length, in mm

1947/48 194849 1647 48 1948/49 1947/48 1948,49 1647 48 1948/49
0 1-2-2 0-9-21 0-6-4-4 0-3-3-8 31-77 25-71 56 36
1 2-2-2-8 2 1 -2 -7 4 -4 -9 0 3-9-8-1 75-95 69-96 80 76

11 2 4 -3 -4 2-8-3-1 8-5-12-3 8-3-13 89-102 88-106 98 98
111 — 3 -4 -3 9 22 1 5 0 -1 8 115 106-116 112 112

bleaks were more developed and larger in 1947—48 ( F i g .  5.) than in 
1948—49 (F i g. 6). It furthermore appears that the bleaks of age group 
O are quite distinct in respect to dimensions from those of age group. I. 
The boundary between age groups 1. and II. was not so distinct and 
because of the small numbers of the data the difference between age 
groups II and III could only be approximated.

Investigating the 1948—49 Abramis population (see F i g u r e  7) 
wo find a similar distinction as to size among those of different years. 
Here toot, those of one year are in the majority as compared with the 
older ones. In the same way the young fry of one year also dominate 
among the roach (see F i g u r e  8) and the Acerinae (see f i g u r e  9).

The few young predaceous Aspius rapax occurring sporadically 
were without exception fry of age group O.

Among all the fish occurring in these immense populations, with­
out respect to species, the young fry of age group O, 3-—7 cm in 
length, dominated. The number of fish of age group I was significantly 
smaller and the number of those older still decreased still more accord­
ing to age. There were scarcely more than 250 (2.5%) specimens of 
three years or more among the nearly 10,000 fish examined.

The length of the Abramis and Acerina populations gives typical 
distribution curves (Fi gs .  7, 9). Thus, for 1948—49 in Abramis brama 
of O years M=64 m m / D=64.5 mm, u=13.7 and S=0.03, i. e. the 
distribution was almost completely symmetrical. In Acerina cernua of 
O years M=60.06, D =60 mm, ® =  6.Í and S=0.1, that is, here too the 
situation is quite similar.

In the bleak population, especially in the O group, the course of 
the curves is highly asymmetric. In 1947—48 M=55.05, D =58, o —15.47 
and S=0.1584. In 1948—49 M=41, D = 35, <r=8.36 and S=0.807. As yve 
know, one of the causes of asymmetry is that the population is not uniform 
but covers two or more biotypes. According to L issm ann ' there is a dis­
tinct difference in size between males and females of the same age 
(L issm a n n , 1933). Taking this and the data of different separate col­
lections into consideration, we can distinguish two biotypes in F i g u r e s 
5 and 6, which probably express distribution according to sex. The cur­
ves of these biotypes are entirely symmetrical and of a structure simi- *

* In the data M =  means valtue, D =  place of greatest density, o =  standard 
deviation, ft =  standard error, and S =  index of symmetry, which is positive if the curve 
is asymmetric on thia right sidle and negative if asymmetric on the left side (Webeb 
1,948:86).
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lar to the general distribution curves. If we accept the distribution of 
the sexes according to such biotypes, we get the following values:

M<f  M9
mm a mm a

1947— 48 44.4 3.48 57.5 12.2
1948— 49 35.5 4.15 53 11.6

A significative difference can be established between the two 
biotypes in the years above. In 1947—48 #=0.565 and M 9 —M d =13.1, 
In 1948—49 #=0.7146 and at that time M9—M^=17.5; i. e. the differ­
ence in both cases is a statistically significant difference. The separate 
data for the d d  and 9 $ biotypes during the two years was similar, 
that is, the o values stood close to! one another — only in the first year 
the whole population was somewhat more developed on the average 
than in the second year, probably on account of more favourable condi­
tions. From the standpoint of size, besides the great difference apparent 
between the two years, i. e., the evident difference in development, 
much can be explained by difference in the distribution of sexes. Natu­
rally in order to clear up the question completely more investigations 
on population and anatomy are necessary.

It is an interesting question how these shoals of fish come about. 
In other words, what are the causes which, on the one hand, lead to 
the formation of the immense autumn shoals and, on the other hand, 
what determines their choice of grouping places. Fundamentally we 
can distinguish internal and external factors among the causes. The in­
ternal causes, which are very important, from many standpoints of deci­
sive significance (e. g. effects of different hormones, etc.) I did not con­
sider during these studies. Among the external conditions I investigated 
first the temperature and the effect of wave action, which L issm a n n  (1. c. 
p. 87) cites as decisive factors. According to my measurements, the pro­
tection of the bay is not as important from the standpoint of tempera­
ture as L issm a n n  says, if  we consider that in the autumn all the water 
of the Balaton cools off almost uniformly from surface to bottom (E n t z , 
1949, in the press).

Protection against the strong wave action undoubtedly plays an 
important part, all the more so because the fish, massed together in the 
shoals are very inactive; they usually float sluggishly, almost motion­
less in one place in the water. According to observation, at times when 
violent waves broke into the bay, the shoal disappeared and only for­
med in the old place when the water was quiet again.

It is perhaps worthy of notice that the shoals formed and drew 
near to the shore at the time when the transparency of the water was 
greatly increased, in the autumn. It is also possible that the small fry in 
the more transparent water escaped to the neighbourhood of the shore 
and sought for safety from predatory fish by uniting in shoals. Appar­
ently confirming this hypothesis is the fact that second-vear or older 
predaceous fish do not occur at all in these immense shoals. This again 
calls attention to the possibility that the absence of the larger preda­
ceous fish may be due to some immediate cause. In order to clear up 
this problem Í began some investigations of the conditions reigning in 
ihe interior ot the shoals.
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First and foremost the immense density of the shoals was remark­
able. It was typical, for example, that when the shoal was disturbed 
and trying to escape, it often became so crowded that quantities of small 
fish were thrust completely out of the water, on to the backs of the oth­
ers, and wriggled there in the air as if they were on dry land. Owing 
to this great density the absorbed oxygen content of the water, which at 
10—15 m from the shoal was ±  100%, dropped to 80—50 or even 31% 
in the'middle of the shoal (December, 1948). In pH value too some bias 
towards the acidic occurred from the open water to the interior of the 
shoal, but it scarcely amounted to 0.02—0.05 pH unit and therefore was 
probably quite without significance. This assembling of the fish in a 
small place, over a long period is made possible, as we know, by many 
factors. For example, they feed scarcely or not at all; because of the 
low temperature and their almost complete immobility their metabolism 
is probably very low, etc.

The average annual variations in size and the distribution of 
sexes within the shoals, the effect exercised by outside conditions on the 
formation and maintenance ofl the shoals, as well as the occurrence of 
similar large shoals in other parts of the Balaton, will form the subjects 
of further investigations.
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OCEHHHE H 3HMHHE CTAH PblE B EEPETOBblX HOHCAX 03EPA
EAJIATOHAB 1947—1949 ÍT

ÄBTop: B EJIA  3 H IÍ  

PE3HDME

1. Bo BpeMH oceHHero HCcneROBaHHH CeperoBwx CTaK pu6, a  oScJieROsaíi 10 000 
pbiö B03pacr0M ót 1 roRa ro 5-th neT (B03pacTHbie rp y n n u  o t O—IV) na ochob3hhh CTaH- 
RapTHOft RJiHHbi, Beca h O0pa3ua uem yn.

2. Mernyn, npHKJieeHHbie coöcTBeHHoH cjin3bio k Gyiware, n OTKJiaRbiBan rjih 
OÖCJieROBaHHH, COBMeCTHO C OTHOCSURHMHCH K HHM RaHHblMH.

3. Ha nOBepxHOCTH h Kpasix rpoMaRHbie CTan pu6  coctoht «3 ORHOJieTHHX YKReeK, 
b cepeRHue hjih bhytph H3 2 —4 JieTHHX YKJieeK h 1—4 JieTHHX nemeil; a Ha RHe b6 jih3M 
öep era  npeoSíiaRaioT okyhh. (A cerina)

4. FIpHMeHeHHGM ReüCTBHH CBeTa h Toxa ború, Mbi nojiyuHJiH TaKoe->Ke pacnpe- 
ReaenHe b aKBapnyMe.

5. Pbiöbi oöpa3yK)T xoporno OTJinuaroiRHecB no B03pacTaM nonyjiHUHH. y  YKneeK 
BCTpenaioTCH KajKRbiö tor rbb ÖHorana, utó sepoHTHO cneRyeT othccth k hx nojiOBOMy 
RHM0p())H3My: MCHbllIHH ö" H ßOJIbUlHÖ ?  .

6 . flnHHa h Bee Tena, RHaMeTp uernyn h B03pacT nponopqHOHanbHbi h p u 6 y  
o >kho oTJiHuaTb no B03pacTy na  ochob3hhh moGoro H3 sthx RaHHbix.

7 .  n p H M e u a T e x ib H b iM H  u e p T a M H  U B a n io T c a  G o j ib i i i a n  r y c T O T a  rp O M a f lH b ix  C T a B , 
n o u T H  n o u H o e  O T C yT C T B ite xhirhux p b iö  c p e R H  hhx h c n a S o e  H a c w m e H H e  khcjioporom 
B H Y T pH  O T R e/IbH b lX  C T a ft.
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The present paper is intended to be a modest continuation of 
the biocenotic studies which are slowly gaining ground in this country; 
in it I offer a part of the results formulated from quantitative and 
qualitative collections made during the summer of 1947 on the Tihany 
peninsula (Lake Balaton, Western Hungary). My investigations are 
concerned only with a group of insects of agrobiological and bioceno- 
tical significance, with the S a l t a t o r i a  sub-order of Orthoptera. I 
published a complete list of the Orthoptera observed on the peninsula 
in Volume 18 o f ,this periodical (N agy, 1948). As the Saltatoria form 
only a small part of the animal associations here it was endeavoured 
— pursuing the aim of P alm gren  (1928) — to make the methods and 
the results in such a way that they could some day be related and 
compared with investigations bearing on other groups of the association 
and, finally, that a synthesis could be made of the detailed results 
relating to the different groups.

Of the 50 species of Saltatoria observed on the peninsula (I 
included the Mantis religiosa) 46 figure in the surveys, belonging 
almost entirely to the Acrididae family, and therefore herbivorous. The 
partially predaceous Tettigoniidae and the mixed-feeding Gryllidae 
families, though in nutrition, ecology and other respects belonging to 
other groups, are also given with the Acrididae family which form 
the great majority, more significant agrobiologically, in order to give 
a united and comprehensive picture of the role of the Saltatoria.

The starting point for my investigations — as in my research 
along similar lines in the Hortobágy puszta (N agy, 1944,1947) — was the 
vegetation, which is one of the most important factors in the habitat of 
the animal community. The vegetation — which itself is of course an or­
ganic part of the biocenosis — served as a basis in ecological and bio- 
cenotical investigations of a much more motile group of animals, the 
birds (P alm gren , 1950, L dvardy, 1947), but we also find it in the studies 
of several authors dealing with Orthoptera (V esta l , 1933, K o z m in sk i, 
1925, N efed o v , 1933, B alogh  and L oksa , 1948, etc-). In survey work de­
marcation of the habitats can most easily and practically be made on the 
basis of plant societies (associations, sub-assciations, facies). This work 
was facilitated by the floristic and plant sociological literature on the
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Tihany peninsula (Soó, 1930, 1931, 1932 I, 1934) and plant geographical 
maps (Soó, 1932, II; U dvardy, 1947), besides which the kind cooperation of 
dr. L ajos F elfö ld y  on several occasions helped in identifying the plant 
communities.

Determination of the abundancy ( =  density in individuals), which causes so much 
difficulty in animal associations, was made with the quadrate method I had already 
employed, following F. Okland  (1929), in the Hortobágy (Nagy, 1944), and which 
Balogh, (1947) applied successfully in establishing the abundance of Sanatoria
insects.

The field work schedule was as follows: in places which seemed uniform as to 
vegetation, without disturbing the animals, I placed the 10 X 1 m ( =  10 m2) squares of 
yarn, and counted the Saltatoria seen in them. In one survey area 3—6 squares 
(=  30—60 m2), at an average distance of 10—30 m from one apother, generally seemed 
enough to establish the abundance, in fact, it can be said in general that the density 
value never varied to any decisive extent after counting 1—2 squares. In some of the 
less extensive habitats I had to be satisfied with the count from two squaresi, or even one.

Because of the great motility of most of the Saltatoria, the count of the animals 
found in the squares cannot be combined with their immediate collection. To obtain 
the species composition of the Saltatoria populations (German, B e s t a n d )  
as well as the numerical relations of the species to one another, I made collections with 
an insect net. Finally I prepared more detailed notes, with numbers which corresponded 
to those on the formaline bottles, of the habitat and district (see appendix, p. 116.).

The 43 surveys and collections (of which only 6 were qualita­
tive) made from July 22nd to August 21st, 1947, produced 4625 animals, 
which means an average of 107 per survey.

The Tihany peninsula proved especially suitable for carrying out 
comparative investigations, as its ±  12 km2 area I could examine all the 
habitats which are important from the standpoint of Saltatoria, such as 
wheat fields (alreadly in stubble), pastures, slopes with „steppe“1! park 
forests, mesophile and hygrophile meadows.

In evaluating the collected and identified1 material the following characteristics 
were observed:

A b u n d a n c y  (A) means the number of specimens of Saltatoria falling to a 
unit of area (in this paper 1 hectare =  10,000 m2 =  2,471 acres), data which I obtained 
by calculating the average density of the survey squares in terms of hectares (T ab le  VI).

P r o d u c t i o n  (P) means the live weight of the animals per unit of area 
(likeweise calculated in hectares). It is to be noted that I obtained the data on the weight 
of the different species as well as the Saltatoria population per hectare by laboratory 
measurements and calculations. The animals were taken home in a fresh, living state 
and weighed according to species and sex on analytical balances. The average weight of 
several animals of the same species and siex served for the later establishment of the 
weight of the Saltatoria population surveyed, and from that the weight per hectare 
( T a b l e  VII). The larvae figured separately, and as far as possible according to species 
or sex (per genus) in the weight calculations, divided into two groups in respect to 
average weight (Development phases 'I—III and IV—V); in the absence of measurements 
(or only 1—2 measurements) the weight of some larvae is given by estimation in 
parenthesis in T a b l e  II. I believe that the above method is suitable both practically 
and in respect to accuracy.

Besides the A and P  data, which have absolute values, and from the standpoint 
of production are very important, the following characteristics of relative value throw 
light on the species constituents of the Saltatoria population, distribution of the species, 
their connections with different types of habitats, and on the ecological conditions and 
requirements of the Saltatoria populations and species in general.

1 steppe =  (Hungarian „sztyep“) xerothermous plant association of the S and 
SE slopes of the Magyarközéphegység mountains. (See Soó, 1940 p. 24).
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D o r a i n a n c y  means the species distribution, of the Sanatoria populations, 
expressed in %. The dominance based on the number of individuals (DI). is obtained 
from net-collected material ( T a b l e  III), Weight dominance (DG) means the share 
of the weight of specimens belonging to one species in the SaLtatoria population in 
question), likewise expressed in %  ( T a b l e  IV). The DG values, though they differ 
significantly from those of DI, chiefly only in the Saltatoria populations containing 
many small larvae, throw light on the comparative ecological significance of the 
Saltatoria species in the different biotopes.

The C o n s t a n c y  (K) value answers the question of the regularity of the 
occurrence of any species, the Constance in tile Saltatoria group in question. Thus all, 
or at least nearly all the species occurring in the survey, which belong to the type 
investigated (I distinguished altogether 6 types) were constant, whereas those occurring 
in only 1—,2 surveys were accessary (accidental). This interpretation of constancy 
corresponds to the idea of „local constancy“. The degree of constancy was expressed as 
in plant sociology (Fe l f ö l d  Y, 1943, p. 79—80): The species in question is present in 
SO—100%> (=  K  Grade 5); in 60—80°/» (=  Grade 4); in 40—60°/o (=  Grade 3); in 20—40% 
(—Grade 2); in 0—20°/# (=  Grade 1) of the surveys belonging to the population group.

F i d e l i t y  (F) expresses the dose or lax connection of the species in the 
Saltatoria population groups to the biotope-types, that is, in reality it gives the degree 
of ecological plasticity („eurytope“ and „stenotope“ species), I indicate the F  in the 
same way as the degree of constancy: 'ft the surveys of the Saltatoria population group 
investigated total occurrence of the species in question is 80—100%> ( = F  Grade 5); 
CO—80%  (=  Grade 4); 40—60% (=  Grade 3);20—40% (=  Grade 2); 0—20% (=  Grade 1).

The percenlual distribution of K  and F  degrees of the Saltatoria population group 
is illustrated in F i g u r e  1 diagrams K and F respectively.

For better evaluation of the relation between the population and the vegetation 
and of the characteristics noted above, and for calculating the K  and F  values, it is 
expedient to range the results of the different surveys in groups. The DI and DG data 
proved to the most suitable as basis for the grouping, but in addition to the 
Saltatoria, I took into consideration the vegetation^ as the most important constituent 
of the biocenosis, which for the Saltatoria — and certainly for all the animal populations 
as well — is the most essential part of the habitat. In classifying I naturally took into 
consideration the qualitative (species) differences among the Saltatoria. In one Saltatoria 
population group (SPG) as a result of the classification carried out in this way, were 
included the surveys made in localities with more or less similar vegetation in which, 
besides genera! qualitative (species) agreement, the dominant species (the DI or DG 
value above 10%) were the same. The SPG thus established (see below) served there­
after for various comparisons and for calculating the K and F values.
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QUALITATIVE AND RELATIVE QUANTITATIVE (DOMINANCY) 
CONDITIONS IN THE SALTATORIA POPULATIONS,

IN RELATION TO THEIR HABITATS

The SPGs established on the basis of the principles given above 
and named from their most important species are the following:

I. Stauroderus bicolor — mollis population group (on stubble).
II. Stauroderus bicolor — mollis — Omocesius petraeus popula­

tion group (on slopes with steppe and pastures formed on such 
places).

III. Stauroderus bicolor — mollis — Stenobothrus crassipes 
population group (in habitats of transitional type).

IV. Stauroderus bicolor — mollis — Gomphocerus rufus popu­
lation group (in park forests).

V. Chortippus population group (in mesophile meadows).
YI. Mecosthetus population group (in hygrophile meadows).
The habitats of the first four belong to xeroleimon areas (dry

hilly belt), the last two to hygroleimon (flat land meadows).
Looking through the surveys ( T a b l e s  III—VIII), which were 

made in the most diverse habitats, we can see that the Saltatoria PG 
therein consist in general of 8—10 species. Many species occur in 
habitats which are often quite different ecologically, others again are 
restricted to a few surveys, some form an overwhelming majority of 
the populations (dominants), others occur with only one or two speci­
mens (recedents). If we take under more minute examination the 
SPGs in which are included populations of kindred type, we can see 
that, besides the dominant species — which are naturally present in 
aU the surveys appertaining to the group, i. e. constants — other, less 
or not at all dominant species can be more or less constant. Therefore 
besides the low DI and DG%, some other species can still occur 
regularly in the SPGs, i. e. as constants, while we may also see exam­
ples where a species showing a high D l and DG% in one or two 
surveys of the SPG is merely a chance (accessory) occurrence.

The degree of F is also a typical value which can be used in 
characterising the SPG. The faithful species (locally characteristic) 
— like the characteristic species of plant societies — reflect faithfully 
the ecological characteristics of their habitats. Naturally — as Soó 
(1945) pointed out in relation to plant societies — the characteristic 
species can be determined with complete certainty only from extensive 
and thorough sociological investigations; so the so-called characteristic 
species as used in this study have only local, relative value (locally 
characteristic species), — in absence of data of such nature on other 
areas, for comparison — still they bring out the individual (species) 
and ecological character of the SPG for the type of biotope.

Using as model the „typical species combination“’ generally 
employed in the Hungarian literature on plant sociology, to character­
ise plant societies, there can be assembled from the accompanying 
T a b l e s  the typical species-combinations of Saltatoria with which we 
can characterise the 6 SPGs very well. These typical species-combi­
nations thus contain those important aind characteristic species of the 
SPGs which appear with high DI and DG valued (above 10%, in
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large type), or K  (5.4 values spaced-out type), or F (5.4 values, species 
marked with*).

In the following we turn to the characterisation of the 6 SPGs.
I. S t a u r o d e r u s  b i c o l o r - m o l l i s  population group (in 

stubble).
Even from the few surveys at our disposal, the exceptional 

poverty of species of the Saltatoria populations can be seen, the 
great constancy of the majority of the species and the enormous 
dominance of Stauroderus bicolor- mollis (average Dl: 87.4%), such 
as we never found anywhere else among the dominant species. All 
these circumstances contribute to the great monotony and homogeneity 
of this SPG. There are no locally characteristic species: the Saltatoria 
of which the population is comprised can therefore be found in the 
other SPGs, too, so that the character of this SPG is in reality of 
negative nature, in contrast to the others. It is to be noted that, due to 
the presence of species of large size (Calliptamus, Oedipoda) the DG%  
is here the most essentially modified as compared with the DI%, 'sd 
that owing to their considerable weight they count as dominant, 
though their DI%  is relatively small. Typical species combination of 
this SPG is:

S ta u ro d eru s  bic o lo r - m o llis
C a l l ipt a m u s  it a l ic u s
O ed ipo d a  c o eru lescen s
G r y l l u s  d e s e r t u s .

This SPG occurs in the stubble of harvested wheatfields. 
These biotopes spread over variously exposed and inclined slopes, 
have very sparse vegetation, for the most part Polygonum amculare 
— Stachys annua or Setaria glauca — with Stachys annua communi­
ties (from the sociological survey of L. F elfö ld y ). The average height 
of the vegetation was 5—15—20 cm, cover 60—90%, sparse in nature; 
its condition was generally good, in some localities getting a little dry.

The self-dependent, autochthonous nature of this SPG is question­
able, a thing we had already suspected in the absence of locally 
characteristic species. It is probably formed after the harvest in the 
combination we have mentioned, of Saltatoria individuals from grassy 
spaces along the neighbouring paths, from pastures, slopes with steppe 
assn., meadows, in consequence of immigration, as I was also able to 
show in the Ohat-puszta (in the middle of the Nagy-Alföld Plain) in 
localities of similar type (N agy, 1945 II).

II. S t a u r o d e r u s  b i c o l o r - m o l l i s  — O m o c e s t u s  
p e t r a e u s  population group (on1 slopes with steppe assn, and pas­
tures formed on such places).

Saltatoria populations of fairly varied composition as to species 
belonging in this group, most of them xerophile forms, as to quantity 
Stauroderus bicolor-mollis and Omocestus petraeus provide the most 
(combined DI =  75%), the other species figuring with uniformly low

* The Stauroderus bicolor and mollis species, difficult to distinguish and connect­
ed hy their transitional forms, are everywhere treated together.
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dominance. On dwarf grass pasture the tiny Gomphocerus maculatus 
gets a still significant dominance.

The Metrioptera affinis was ‘exceptionally remarkable in the 
3lst survey, DI: present in 11.1%, — unusually large for a preda­
ceous .species — which, in view of its large size is 24.3% in DG. These 
animals are very fond of habitats with tall grass — but not moist nor 
vaporous — and of small undergrowths, and in the present case 10—30 
(—40) cm vegetation was actually the highest in these surveys. The 
attraction exercised by relatively high vegetation on the large preda­
ceous Orthoptera is also seen in survey 31, from the presence of the 
praying mantis, Decticus oerruciporus and Metrioptera grisea. Thus 
the total for predaceous Orthoptera in this survey was Dl: 17.9%, 
DG:57A%, which is an uniquely high value for the peninsula. 
Considering the very low individual density ( T a b l e  Vf.) in this 
locality and the low percentage of larvae ( F i g u r e  2) as compared 
with other similar localities, the chief cause must be sought in the 
exceptionally high dominace of predaceous Orthoptera. We see similar 
conditions in the second survey.

The less constant and numerous accessory species ( F i g u r e  1) 
also show the variability of the SPGs which again means the ecological 
variety of the habitats dealt with here. The multitude of locally char­
acteristic species for conditions on the peninsula throws a sharp 
light on the comparatively closed nature, sociologically, of the SPGs 
and of the habitats located on slopes with steppe assn, of the penin­
sula. The following are typical species combinations for this SPG:

S ta u ro d eru s  bic o lo r - m o llis
* O m o cestu s  pe t r a e u s
O ed ipo d a  coeru lescen s

* S t e n o b o t h r u s  n i g r o m a c u l a t u s
* Gomphocerus maculatus
* Dociostaurus crucigerus brevicollis
* Oedaleus nigrofasciatus
* Acrida turrita
* Metrioptera affinis
* Metrioptera grisea
* Oecanthus pellucens

The occurrence of the Stauroderus bicolor-mollis — Omocestus 
petraeus population group is linked the slopes with steppe assn, on 
the Tihany peninsula, but not only in places covered with the origi­
nal plant societies (Festuca sulcata — Stipa joannis — Carex humilis 
association complex) which are now limited to fairly small and 
fragmentary growths, but everywhere in meadows, (Cynodon — 
Folium — Andropogon assn.) forming in consequence of amtkropo- 
genic-zoogenic influences. Besides these, many transitional types can 
be found between places with their original and those with secondary 
vegetation, all of them excellent habitats for the SPGs under discus­
sion. The height of the vegetation on the Festuca meadows (— Cjpio- 
don, Andropogon or — Carex) is 3—5—7 cm: in the more undisturbed 
localities (Festuca — Stipa — Carex, Festuca-Stipa assns.) 5—7—15 
(—30—40) cm, the cover being 60—95%; inclined to be dense at the
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iower turf level and of a more sparse nature in the upper; in July it 
was already half dried. These habitats are on exposed slopes, hilltops 
(generally at a height of 130—200 m above sea level).

Fig. 2. Above: Values for Abundancy I I and Production HOB Per hectare in surveys 
Nos. 1 39. — Below: Percentage of Larvae in the Sanatoria Population in habitats
Nos. 1—39. — Abscissa: Nos. of surveys (see Appendix on p. 116) ordinate: Numbers 
of individuals and fresh weights of Saltatoria per hectare and percentage of Larvae,

respectively.
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III. Stauroderus bicolor-mollis — Stenobothrus crassipes popu­
lation group (in localities of transitional type).

The Saltatoria population which belongs here — corresponding 
to the biotopes — has a varying species composition, which show 
significant differences among themselves, and in the list of SPG 
species established from a total of the population eon thin ing accessory 
species constantly appearing — together with those living on the 
mesophile meadows — are the richest on the Tihany peninsula. These 
populations aside from the fact that they are preponderantly composed 
of xerophile species, agree in that the Stauroderus bicolor-mollis, 
Stenoboihrus crassipes, Omocestus haemorrhoidalis and Chortippus 
declivus associations occur constantly and significantly . These species 
are apparently attached to localities with more reduced radiation than the 
slopes with steppe assn, (less exposed slopes, higher vegetation, sparse 
canopy foliage). Among the locally characteristic species the occur­
rence of Phaneroptera falcata and Ephippigera odium is in close rela­
tion to the higher and thicker vegetation, where bushes of various size 
are scattered about the grass stratum. Characteristic types for this 
group are:

S ta u ro d eru s  b ic o lo r - m o llis  
O m o cestu s  h a em o r r h o id a lis  
S t en o b o th r u s  crasstpes 
C h o r t i p p u s  d e c l i v u s  
O e d i p o d a  c o e r u l e s c < ' n s  
C a l l i p t a m u s  i t a l i c u s

* Phaneroptera falcata
* Ephippigera vitium
* Stenobothrus stigmaticus
* Stauroderus biguttulus

As I have already stated, the heterogeneous nature of the Salta­
toria populations listed here is closely connected with these lo­
calities, which vary in many respects as to ecological conditions. The thick 
vegetations of slopes with the Festuca sulcata — Festuca pratensis, 
or. Festuca — Melica — Agrostis tenuis vegetation, the large forest 
clearings with undisturbed Festuca — Andropogon grasses in the 
Festucetum pseudooinae of the flat land meadows of the Külső-tó, on 
the foot of the slopes with Festuca — Salvia — Ononis vegetation, the 
NE slopes with Festuca — Carex vegetation, mean, in geomorpholog- 
ical and plant sociological respects, largely differing habitats, and we 
must seek for an explanation of the ecological conditions in the reduced 
radiation (heat provision) and in the fact that the water supply and 
moisture are more abundant than in the slopes with steppe assn,, resul­
ting m the development of this SPG. In its stucture, it is of transi­
tional character, between the populations of hygroleimon and xero- 
leimon areas, Though the latter predominantly leaves its mark on the 
species composition.

IV. Stauroderus bicolor-mollis — Gomphocerus rufus popu­
lation group (in park forests).

Relatively poor in species — somewhat more abundant than in 
stubble — though it is to be expected that further investigations will
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raise the number of species. With regard to the species components 
and dominance, the Pezotettix giornae, Omocestus rufipes and, 
more particularly, Gomphocerus rufus are the most typical: the 
shadow-loving nature of the two latter appears clearly from the T a b I e. 
The presence of foliage in the structure of the biotope is of the great­
est significance to the association in general and thus to the Saltatoria 
populations here, and quite certainly the reduced radiation is the chief 
cause for the absence of several xerophile species.

I consider it probable that in localities of this type the Saltato­
ria can make fullest use of the radiation. The sunny patches — as I 
found elsewhere in respect to Stauroderus arad Chor tip pus species — 
can be sought in 1—2 minutes from the shady parts, at a distance of 
5—Í0 m. It can thus be supposed that most of the animals can follow 
the sunny parts at pleasure, constantly wandering with the sun but can 
retire into the shade or half-shade of the sparse foliage when there is ex­
cessive and therefore injurious radiation. It is hence comprehensible that 
in these biotopes species with high thermal needs (Oedipoda coerulescens, 
Sienobothrus crassipes, Chortippus declious, Mantis religiosa) occur in­
deed in quantities, while at the same time the half-shadow-loving species 
(Gomphecerus rufus, Omocestus rufipes) are also considerable in num­
ber. The reduced significance of the K  and F values given is due to the 
small number of Surveys, but even so the great homogeneity of the SPGs 
is apparent (many constants); the number of euryoecic species is very 
large, that of the locally characteristic species, however, only a fifth of all 
the species (F i g u r e 1). Typical species combination:

S ta u ro d eru s  bic o lo r - m o llis  
* G o m ph o c e r u s  r u fu s  
P e z o t e t t i x  g i o r n a e  
C h o r t i p p u s  d e c l i v u s  
S t e n o b o t h r u s  c r a s s i p e s  
* R h a c o c l e i s  g e r m a n i c a  
M a n t i s  r e l i g i o s a  
* O m o c e s t u s  r u f i p e s
This SPG occurs in park forest (Quercetum stepposum) on slopes 

gently inclining towards NE and NW situated on the SW borders 
of the Tihany peninsula. The small continuous clearings and the lack of 
shrubbery stratum make possible the development of this SPG fairly 
poor in species (but the most abundant in the whole peninsula in indi­
vidual numbers.) The grass level is 3—5 (—8—15) cm high, 100% cov­
ered, half dried. The cover of foliage canopy1 is 30—50%. This SPG 
is practically speaking of no 'consequence, as there are so few habitats 
of this kind on the peninsula.

V. Chortippus population group (mesophile meadows).
This SPG is the most abundant in species, the most varied in 

composition- The appearance of four Chortippus species gives its char­
acter, toe or another of them predominating according to the ecologi­
cal condition of the habitats and the „environmental resistance” in gener­
al. The populations of the survey can naturally be classified ecologi­
cally within the group; in the Saltatoria populations of localities with 
higher and denser vegetation, generally more moist, the more and more



104

constant presence oif Acrydium subulatum, Conoceplialus fuscus, Me- 
cosihetus grossus species takes us on to the next group to be discussed, 
the Mecostheius population group.

In investigating the dominance whether we consider the popula­
tions of the different surveys or all the SPGs combinated, it can be seen 
that in general 2—3 or even 4 species jointly have a predominant role. 
We seldom find this trait in the SPGs treated so far. This as well as the 
K data, show that this SPG — together with the Mecostheius population 
group — is more balanced than the others; the percentual participation 
of the species grows gradually towards the classes of lower constancy, 
which to a certain extent means a SPG of varied composition, but hav­
ing at the same time homogeneity — though to a smaller extent. The 
percentage of stenoecic and euryoecic species is equally low, though 
it assures a still considerable amount of locally characteristic species for 
the SPG, corresponding ix> the abundance of species. The characteristic 
type of composition is:

* C hortippus dorsatus
C hortippus elegáns
C hortippus parallelus
C hortippus declivus
* A e o l o p u s  t h a l a s s i n u s
S t a u r o d e r u s  b i c ol  o r - m ol  1 i s
* Chrysochraon dispar
* Homocoryphus nitidulus
* Conocephalus dorsalis
* Metrioptera vittata
This SPG is to be found, widely distributed in different tvpes 

of mesophile — in some cases hygrophile — meadows with medium 
high grass, primarily in localities covered with stands of Agrostis alba 
— (Deschampsia caespitosa) — Carex distans vegetation complex (Soó, 
1932 I, 1934), and in moist alkali meadows (Agrostis alba — Aster pan- 
nonicus assn.). At the time of the investigation the height of the vegetation 
was about 7—10—15 (—30—40) cm, cover (90—) 95—100%, of a dense 
bladed foliated nature, in a good green condition. These localities are 
utilized agriculturally, as they are mown.

As can be seen from T a b l e s  III and IY , the distribution of the 
Saltatoria species in these biotopes is modified, not so much by plant, 
sociological conditions as through them, by the height of the vegetation, 
its cover, density, and by local topographical conditions (contact 
with various habitats). As these localities are very extensive (marshy 
meadows and mown meadows on the Külső-tó, the Újlaki rét, Rátái 
csáva, Diósi rét), the Chortippus population group comes into more con­
siderable account, not only in agrobiological respects but also in respect 
to the effect exercised on the other Saltatoria populations through terri­
torial contact.

VI. Mecostheius population group (in hygrophile meadows).
Populations of medium species abundance, composed almost ex­

clusively of hydrophile species — mostly phytophilous, indeed phvto- 
cr lous, in which the Mecostheius grossus predominates, the Chortippus 
species also having a considerable role. The accessory species figure as
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in the Chortippus population group, hut the role of the constant ones is 
more important; this circumstance with the relatively low number of 
species means a more homogeneous population group than in the fore­
going SPG. The percentage ratio of the euryOecic is very high, coming 
after the stubble habitats.

In characterising the type of this SPG I also included as domi­
nant the three species of Chortippus (Ch. dorsatus, parallelus and 
longicornis) the D l and DG values of which did not quite reach 10%. 
But as in these populations there were very many Chortippus larvae 
which are difficult to identify as to species (D l: 13.2%, DG: 8.5%), 
these species can in practice all be treated as dominants, though cer­
tainly their larvae do not occur in equal proportions. So the typical 
species combination is:

*M ecosthetus grossus
* C hortippus longicornis
C hortippus dorsatus
C hortippus parallelus
CONOCEPHALUS FUSCUS
C h o r t i p p u s  e l e g á n s
A c r y d i u m  s u b u l a t u m
* Parapleurus alliaceus
* Metrioptera roeselii
* Pteronemobius heydeni

This SPG is linked/in its dispersal to the most moist meadows of 
die peninsula, partly to the moister points of localities' covered with an 
Ágrostic alba — Deschampsia caespitosa) — Car ex distans complex, to 
Magnocaricetum. Just as in the Chortippus population group, the for­
mation of the Saltatoria population here is regulated not so much by 
the composition of the association as by the physiognomical aspects of 
the locality, chiefly the structure of the vegetation. Thus, for example, 
in localities covered with typical communities of Schoenoplectus and 
Phragmites, except for one or two stray specimens, Saltatoria popula­
tions do not form, but none the less the Mecosthetus population group 
can be found in the habitat of the 10th survey which is covered with a 
mixed Schoenoplectus — Phragmites — Agrostis — Juncus community 
formed as a consequence of reclamation) though with low individual 
density and a dominance which contrasts to the others, for in the other­
wise relatively high (up to 120 cm) grass stratum there are parts here 
and there which are only 20—60 cm. high.

The vegetation of the habitats of the Mescosthetus population 
group is in general 7—25—40 (—60) cm. in. height, 100%, covered, of a 
dense bladed type, and due to the damp soil was still a lush green in 
ihe middle of August.



ABSOLUTE QUANTITATIVE CONDITIONS 
A b u n d a n c e

No matter how slight the reproductive force of a species may 
be, it will increase to a considerable extent under favourable circurn - 
stances. But unrestricted reproduction has biotic and abiotic limits, 
which come forward as environmental resistance. It can be seen from 
T a b l e  VI that the Saltatoria species inhabit the different localities in 
widely differing densities (abundancv). It is evident that for any spe­
cies, the greatest density will occur in the most favourable localities, 
and that in unfavourable biotopes they will occur in small numbers 
per unit of area.

The many different factors acting on the habitat have the closest 
reciprocal effect on one another (Thienemann, 1941). Factors offering op­
timum conditions can be spoilt by other, unfavourable ones, and the 
existence of any species in the habitat is determined by the factor which 
most closley approximates the pessimum (Hesse, 1924, compare Liecig 
„Gesetz vom Minimum!!). Thus, for example, it is of no avail for the 
habitat to be favourable for a species from an auto-ecological stand­
point, if at the same time the structure of the biocenisis is not propi- 
tius to it large number of enemies, parasites, competitors).

But the different factors- of the habitat act in their entirety (Frie- 
d e r ic h s : „lokaler Einheitsfaktor“); the effect of one single factor can 
be analysed only by thorough laboratory and field observation or ex­
periments, and the extent of the environmental resistance of a species 
can in practice be expressed by the density, by its A. We may there­
fore say that the environmental resistance diminishes parallel with the 
4• Naturally we can be content with these data only until we can re­
place them with others, more nearly corresponding to reality. Detailed 
and fundamental elucidation of the biotic potential, that is of the re­
productive force of the species — in connection with which there is 
still much to be investigated, in respect to the Saltatoria — can serve 
with further modifications to estimate better the environmental resistance.

The following species appear with greatest density: Stauroderus 
bicolor-mollis, Chdrltippus elegáns, Ch. parallelus, Omocestus han- 
morrhoidalis, O. petraeus, Gomphocerus rufus, Mecosthetus grossus, 
occurring in the territory of several of the surveys with more than 
5000 specimens per hectare, among them the Stauroderus bicolor-mollis, 
Omocestus haemorrhoidalis, Chortippus parallelus and Mecosthetus 
grcssus species exceeding in places 20,000 specimens per hectare. The 
species of such great abundaince are all herbivorous; the predaceous spe­
cies are present in low A, in general well below 1000 specimens per 
hectare. Surveys relatively rich in predaceous Metrioptera specimens 
(e. g. Surveys 31 and 2) have a low total density and the percentage of 
larvae is small — due certainly to their predaceous activities.

Study of the abundance of the SPGs ( T a b l e  VIII) — the 
averages calculated from the A of the surveys — does not help us 
much in clearing up the A values. Within the same SPG, and therefore 
with the same qualitative and relative quantitative composition, signifi­
cant differences in A can be observed ( T a b l e  VI). But deducting the 
relatively few extreme values, the A of two-thirds of the surveys mo-

106



107

ved around 10,000—40,000/ha at the time of the investigation. The num­
ber of specimens per hectare calculated in the average of the SPGs is 
28,875. The two chief habitat types xeroleimon and hygroleimon stand 
fairly close to one another. In the xeroleimon the A  value is 32,046/ha, 
or 23,395 if we omit the exeptionally high A data (58,000/ha) lor the 
Stauroderus bicolor-mollis — Gomphocerus rufus population group 
which is territorially of limited significance, and on hygroleimon areas 
25,705/ha.i But we must also take into consideration here that on xerolei­
mon areas the surveys were generally made about 1—2 weeks later, and 
we must credit the decrease to the xeroleimon territories.

With the advance of the vegetative period the decrease ini A is 
significant. In sandy localities near Budapest Saltatoria A was 90,000 
and 20,000/ha in July and August respectively (Balogh and Loksa, 
(1948), hence in the course of one month it diminished to less than one- 
fourth. Here, however, we must remember that Balogh and Loksa, 
restricted their investigations, though they were periodic, exclusively to 
a single biotope type and from them we get no information about the 
seasonal wanderings! taking place during the vegetation period, or about 
the possible changes of bioiope. In order to demonstrate temporal chan­
ges in A, periodical investigations extending over all the local biotope 
types are needed. 1 myself found a 63% reduction in A  in the course 
of three weeks in the Külső-tó meadow (surveys 4 and 38). Such a sig­
nificant decrease warns us that A  data taken at remote dates, can be 
compared only with reservations.

Though I have no numerical data on the other animals there, the 
above data themselves prove the uniformly significant role of the Sal­
tatoria in the types of habitat investigated. The A data for July and 
August in the sandy localities mentioned above (Fumana vulgaris — 
Festuca vaginata — Cladonia foliacea — magyarica phytosociation) 
denote 13.6 and 5.3 DJ% respectively of the Saltatoria inhabitants in 
the whole Arthropoda population (Balogh and Loksa. 1948), which 
again means 62.4 and 72.8 DG%  respectively, i. e. in weight more than 
two thirds of the whole Arthropod population.

More investigations are needed to clear Up the connection be­
tween A  and the number of species in the surveys. But on the basis of 
those existing up to now, it can be said that a relatively high number 
of species is not necessarily coupled with great A, though in surveys 
with great A  the number of species was generally large.

On the basis of the 37 quantitative surveys of the relationship 
between A and the amount (covering, height) and condition of the veg­
etation the following can be stated: in stubble i. e. in habitat type with 
the least vegetative yield — brought about by secondary artificial con­
ditions — A increases with the amount of vegetation. From this we 
cannot conclude without going any further, that the green substances 
serving for food are present as a minimum factor. In any case, this can 
also play a part, but a sparse stand of vegetation with a low degree of 
covering, still offers sufficient food for 1—3 Saltatoria individuals per 
ma. With higher and thicker vegetation on the stubble field, other eco­
logical factors besides food conditions very likely improve too, to a con­
siderable extent (microclimate, protection). To some extent this is also 
true of the A of the Saltatoria om the most xerophile steppe assn., es­
pecially in respect to the covering the vegetation offers.
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In habitat types of less exposed slopes, mesophile and hydrophile 
meadows where the vegetative covering is nearly everywhere above 
90—95%, the height of the vegetation is significant in the development 
of A. From the T a b l e s  and a list of the localities of the surveys, it 
can be said that at the time of the investigation the greatest A was found 
in those habitats, the physiognomically (analysis of the substrata) and 
floristically various plant covering of which was 3—5—7 (—15—20) 
cm on the xeroleimon areas and 7—15—20 (—40) cm on the hygrolei- 
mon, with a covering of 90—95 and 95—100% respectively (e. g. sur­
veys 23, 14, 35, 4, 5, 29, 26, 7). The greater, higher vegetation on the 
mesophile, and still more on the hygrophile meadows restricts the A of 
the Saltatoria populations (e. g. surveys 17, 10, 33 and 2). The data from 
surveys 8 and 9 are interesting in this connection. They were made in 
the same plant association, except that one of them was on a part 
which had been mown, i. e. on area with vegetation artificially lowered. 
In localities with mown grass (survey 8) with approximately the same 
maximum height of vegetation as mentioned above the A is naturally 
greater than in biotopes which are less favourable, because of their high 
and dense vegetation (survey 9), though in a floristic-soiciological sense 
the vegetation was the same im both places. The difference is also appar­
ent ini the percentage of undeveloped animals, which generally in­
creases with the A.

As I have already stated (p 105), in closed stands of Schoeno- 
plectus and Phragmites there are no Saltlatoria except a few stray and 
scattered specimens. The Saltatoria populations which may appear an 
the borders of localities wiih such vegetation /'are certainly of only 
secondary significance and are be explained as migrators from neigh­
bouring biotopes with more considerable A.

On xeroleimon areas, aside from the quantitative and qualita­
tive conditions the general state of the vegetation! — which in reality 
decisively influences the A — the direction of the slope, i. e., its ex­
position, comes in for consideration. An unfavourable exposure acts 
unfavourably on the A (e. g. survey 24), evidently because there is less 
radiation.

There is also less sun at the turf level of the sparse park forest 
(Quercetum stepposum) (surveys 35 and 35a) — as I have pointed out 
on p. 103 — but this isi due not to the exposition but to the presence of a 
canopy of foliage and therefore the motile Saltatoria can counterbalance 
it. The highest A on this type of biotope (58.00/ha) is kept at a high lev­
el by the probably retarded development which occurs in consequence 
of reduced radiation and hence later hatching of the egg, aside from 
the possible concurrence of species with different ecological require­
ments. The higher A  of the earlier months falls rapidly with the ad­
vance of the vegetation period (Balogh and Loksa, 1948). Therefore 
in park forest habitats, as compared with other types at the same period 
an early, lagging stadium may be present, though this view is not sup­
ported, more particularly by the only fairly large percentage of larvae 
(31.9 and 40.7%).

The presence of more predaceous Saltatoria also pushed the A  
to a low level (surveys 2 and 31); in these surveys the small percen­
tage of animals in an early stage of development shows that larvae are 
an easier and more convenient prey for them
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P r o d u c t i o n

The P values given here indicate the live-weight of the Saltato- 
ria per hectare, expressed in gs.

As in the A, we find large extremes in the per-hectare weight 
values of the surveys. In the localities investigated production moved 
between values of 555—8344 g/ha. But in the majority of habitats the 
live weight of the animals amounted to 2000—6000 g/ha and was less 
than 2000 g/ha in only 9 surveys, exceeding 6000 g/ha in 6 survey 
areas. P per hectare of the average SPGs was 4083 g. The average for 
the xeroleimon types of habitat was 4113 g/ha, or if we omit the Sltiu- 
roderus bicolor-mollis — Gompliocerus rufus population group which 
gives a large yield (7561 g/ha) but is of hmited significance territori­
ally: 2964 g/ha. Average P for the hygroleimon type of locality, was 
4052 g/ha, 27% more than the xeroleimon which has no park forest. 
This difference is not a true value, for the surveys in the xeroleimon 
areas were made a week or two later than in the hygroleimon, and the dif­
ference may be attributed at least partially to that — as we know the 
A  falls rapidly with the advance of the vegetation period. It should 
be noted, however, as is apparent from the Tables appended to the paper 
by Balogh and Loksa (1948) that decreased P follows reduced O only 
towards the end of the vegetation period. This can evidently be attri­
buted to the growth of the small larvae; their increasing weight replaces 
the loss in numbers.

Considering particularly the approximately uniform weight of 
the dominant species the differences in production) of the localities largely 
agree with changes in A. Therefore what has been said in respect 
to A is mostly true for P as well. But must note that both in the heavy 
(e. g. Decticus, Oedipoda, Calliptamus, etc.) and in the species of small 
wéight (Omocestus petraeus, Gomophocerus maculatus, Acrydium su- 
bulatum, etc-) shifts between A and P values occur, to their advan­
tage or disadvantage. The hygroleimon (types Y, YI) species oc­
curring in more considerable numbers (Choriippus, Mecosthetus) are on 
the average heavier and largea than the xeroleimon (types I, II, III and 
IV) Saltatoria which occur in the same proportions (Omocestus, Stau- 
voderus, Stenobothrus; T a b i d  II). Leaving type IV (park forest) out of 
consideration, the 23,395 specimens per hectare on xeroleimon arecs 
mean a P of only 2964 g/ha, as against average data of 25,705 speci- 
mens/ha=4052 g/ha in the hygroleimon.

In surveys 35 and 35/a with identical A  the P values are 7476 
and 7646 g/ha respectively, corresponding with 40.7 and 31.9% larvae. 
It is evident, that with identical A  — and Saltatoria populations — the 
habitat with the smaller percentage of larvae has greater P, but on the 
other hand it can also be said that generally within the same SPG the 
greatest P (and A) are found in those Saltatoria populations, or habi­
tats, which have the greatest percentage of undeveloped animals.

In viewing the P values of the averages for the SPGs (T a b l e  
VIII) it is seen that the average P of the SPG is parallel with the height 
oif the vegetation — and what usually accompanies it — the yield in 
plant material. To this, to a certain extent, the Stauroderus bicolor- 
mollis population group of the stubble — doubtful in any case in re-
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spect to its origin and self-dependence — is an exception. At the end of 
July and beginning of August on the shortest1 stubble (having the least 
yield) and on the slopes with steppe assn (Siauroderus bicolor-mollis, 
and Siauroderus bicolor-mollis — Omocestuá petraeus population group 
respectively) the Saltatoria population has a live weight of 2839 and 
2558 g/ha respectively. On less exposed slopes with slightly taller grass, 
in localities of transitional type (Stauroderus bicolor-mollis — Sleno- 
bathrus crassipes population group) and on mesophile meadows with 
vegetation of about the same height and quantity (Chortippus popu­
lation group) the P is also about uniform: 3494 and 3446 g/ha respec­
tively, nearly 1 kg. more than in the preceding. In the highest grass re­
latively, of the hygrophile meadows (Mecosthetus population group)P 
is 4658 gJ/ha, in park forest habitats (Stauroderus bicolor-mollis ■— Gom- 
phocerus rufus population group) 7561 g/ha. In the latter type of lo­
cality, as there is a foliage canopy here too, the vegetation is the high­
est and the yield the greatest, though the grass level to which the Sal­
tatoria are completely bound, is scarcely higher or more voluminous 
than that of the grass of slopes with steppe assn.

Whether the Saltatoria P rising parallel with the height and 
quantity of the vegetation, is a phenomenon of regular occurrence, or 
merely a coincidence, must be decided by more detailed research, ex­
tending to other regions and types of biotope, where the degree of 
vegetative yield (production) would also be considered.

NOTES ON OCCURENCE AND ABSOLUTE QUANTITATIVE 
CONDITIONS OF SOME OF THE MORE IMPORTANT SPECIES

Disregarding the dependence of the sexes on one another and 
the connection of predatory — prey in relation to the other Saltatoria 
of the few and only rarely important predaceous forms, with the density 
found on the peninsula the individuals of the Saltatoria population are 
fairly independent of one another. The species populate different types 
of habitat according to their ecological requirements. This relative inde­
pendence ceases in exceptional cases — w hen some species multiplies in 
consequence of favourable ecological conditions: its density — for the 
animals stimulate one another by their activity, due to the great A  and 
induce to still greater activity (compare U varov‘s migratory-phase theory: 
Klingstedt, 1939) which, as experimental results have also shown 
(Faure, 1932) results in considerable morphological and physiological 
changes in individuals of the population (,,gregaria‘‘ =  migratory phase). 
The Saltatoria populations are composed of the total populations of f'he 
species in the habitats, the qualitative, as well as the relative and abso­
lute quantitative conditions of which we have already surveyed in 
the foregoing. It can be seen that 1—2—3 species which copiprise 
70—90% of the population always take the leading roles. lit is there­
fore necessary in what follows to refer separately to the species 
which are the most numerous and the most important in respect to 
production-biology and agrobiology.

Omocestus petraeus. Stenoecie. An animal of slopes (and sum­
mits) exposed to much sunlight. In localities with dwarf grass of
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Festuca sulcata — Carex — Stipa (Andropogon — Cynodon) vegeta­
tion, where the sparse upper-level of the grass never exceeds 30 cm. 
Otherwise there is a correlation between its needs as to height and 
density of grass. Namely, lower grass and greater coverage have the 
same value for this species, as the higher grass offering less cover. 
The vegetation of these biotopes was half dried out. I. did not observe 
them in stubble fields. In higher grass offering more cover they were 
to be found sporadically (Survey 23) only where this was wedged in 
between the favourable biotopes noted above (territorial radiating 
effect). In the area of optimal biotopes the A  can rise to 8000—14.000 
ind.'/ha, but oiwing to their small size the P is scarcely to be taken 
into account.

Oedipoda coerulescens. A typical xeroleimon animal. Begin- 
ning with stubble fields (here sporadically) on meadows with dwarf 
grass, on slopes with steppe assn, and peaks, on through to park oak 
forests, it occurs constantly everywhere. It is a geophile species 
therefore primarily bound to dwarf grass biotopes, but it also occurs 
in small numbers (203—547 ind-/ha) in xeroleimon places having 
higher vegetation (surveys 23 and 30). In general, with its small A, 
its importance can be attributed to its large size and eurycoeic nature.

Calliptamus italicus. In its eurycoeic nature it follows Stauro- 
derus bicolor-mollis. It is primarily a xeroleimon animal; it occurs 
with great constancy but always in small numbers (between 100 and 
600 ind. ha), on stubble fields, meadows and slopes with steppe assn. 
It can also be found, still more sporadically and with less constancv, 
in some drier types of flat land meadows, chiefly where these locali­
ties adjoin xeroleimon areas (surveys 15, 15). Due particularly to the 
great weight of the female, the P is important (average 100—360 g'/ha 
in the SPGs).

StauToderus bicolor-mollis. The two species can be separated 
with difficulty for there are many transitional forms between them. 
Here and there, and principally in the moister biotopes, specimens of 
the bicolor type are found. They are xerophile animals, with great 
ecological plasticity. At the time of the investigations together they 
were the most frequent and the most numerous of Saltatoria, in some 
localities exceeding 30,000—40,000 ind. ha. In xeroleimon areas their 
constantly great abundance (averaging in the different biotopes 
9473-15, 549-19504-30.873 specimens per hectare is /interrupted in 
three surveys — Nos. 24, 25 and 31 — at which time the Omocestus 
petraeus predominates. Corresponding tol the great A on xeroleimon 
areas the Saltatoria gives a 50% P; in stubble as much as 73%. With 
a value of 1200—3860 g/ha, it is from the point of view of production 
the most important Saltatoria on the peninsula.

Omocestus haemorrhoidalis. A species of habitat of transitional 
character between xeroleimon and hygroleimon; its P is only here 
more significant (391 g/ha). Irregularly dispersed. It seems to avoid 
areas with scanty sunlight (surveys 19, 35, 35/a), as well as those 
with very short grass and scanty coverage (surveys 21 and 31); it was 
also absent in stubble fields.

Stenobothrus crassipes. In its ecological pretensions it is about 
the same as the Omocestus haemorrhoidalis species. It appears in
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transitional arteas between xeroleimon and hygroleimon, therefore in 
the more enclosed and higher grass xeroleimon habitats (surveys 
26, 22/b, 36, etc.) and in the drier types of cultivated meadows (surveys 
1,13,12, etc.) with great constancy and considerable A  (2800/ha). fn 
spite of its ecological relationship to the Omocestus haemorrhoida.lv>, 
there is one important difference, that StendJbothrus crassipes can put 
up with a good deal of shade (surveys 35, 35 a).

Gomphocerus rufus. A species fond of half-shady places, there­
fore very numerous in oak park-forest localities (surveys 35 and 35/a), 
(9213 specimens/ha =  850 g/ha average), but here too thev reach 
greater A  in the shadier parts of the borders of the woods, A steno- 
ecic species, does not occur elsewhere than in the types of habitats 
mentioned.

Pezotettix giornae. Particular in respect to vegetation. Absent 
in stubble slopes with steppe, at best occurs in grasses containing 
more luxuriant, higher plants (surveys 23, 14) and above all in Salvia. 
Salvia and lavender are its favourite foods. Equally considerable in 
the more open alnd the shadier parts of the oak park - forest (on an 
average of 3587 specimens/ha, or 361 g/ha). It reaches its greatest 
density (in some places above 5000 specimens/ha) in 10—30 cm high 
grasses affording complete cover.

Chortippus species. The combined Chortippus species are nearly 
always the most important in the Saltatoria populations of mesophile 
meadows, as I have already pointed out on another occasion (Nagy, 
1943 II). They figure in the hygrophile meadows of the peninsula 
with an average of 14.000 specimens and on mesophile meodows with 
15,000 per hectare, which — though there were great numbers of 
young larvae — represents a considerable amount of weight (1730 
and 2080 g/ha respectively). The Chortippus species are therefore 
present in the Saltatoria populations of the meadows — as A  and P 
values — in more than 50%. Exact evaluation according to species is 
difficult and uncertain, on account of the many small larvae.

Chortippus declivus. The most xerophile Chortippus species; 
very large, ecological plasticity nearly approximating that of Stau- 
roderus vicolor-mollis. On slopes with steppe assn, and hygrophile 
meadows it is scarce, but considerable in areas of transitional type, 
as well as in the drier types of mesophile meadows.

Chortippus dorsatus. Stenoecic, constant meadow species. It 
was the least important of the Chortippus species.

Chortippus parallelus. A species constant to the hygroleimon 
with slightly greater plasticity than the preceding, manifested chiefly 
ini that it also occurs in the drier types of mesophile meadows 
(surveys 14,1,2 and 13), though not regularly, in large numbers. 
In P it proved the most important of the Chortippus: 659 g/ha in 
mesophile meadows, 551 g*/ha in hygrophile.

Chortippus elegáns. A species important principally in meso­
phile meadows, with almost the same ecological plasticity as the prec­
eding. It is found particularly in localities overgrown with alkali 
vegetation (Agrostis alba — Aster pannonicus).

Chortippus longicornis. Stenoecic grasshopper, typical of 
enclosed habitats with fairly high (20—40 cm) grass, with great and
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constant moisture (land which even in August is watery, swampy, 
marshy). Surveys 8 and 9 are good examples of the effect of the 
height of the vegetation in creating A. In 7—25—30 cm grass of a 
biotope with this kind of vegetation mown previously there were 3994 
specimens per hectare; in unmown 35—40 (—50) cm grass there were 
1946. In hygrophile meadows (type YI) the average was 2558 speci- 
mens/ha =  377 g/ha.

Mecosthetus grossus. Stenoecic, constant grasshopper in hygro­
phile meadows—though showing large variations in density according 
to locality. The most important species of Saltatoria in the hygrophile 
meadows, owing to its great average A  (10,226/ha) and considerable P 
(2326 g/ha).

In the following T a b l e  are given the ecological plasticity 
and average A, also for species not described above:

TABLE I.
The Saltatoria species of the Tihany peninsula grouped according to their ecological 

plasticity and average A for 1947.

Degree of 
plasticity

Great A,
above 5000 ind./ha

Medium A, 
1000—5000 ind./ha

Small A
below 1000 ind./ha

stenoecic
species

Omoc. pert., 
Gomph. rufus, 
Mecosth.

Gomph. macul., Doc. cr. 
hrev., St. stigm., Gh. 
dors., longic., Omoc. 

rufip., Rhacocleis

Acridai, O e dalén.s, Sta. 
bigntt., S t nigrom., 
Parapleurus, Chrysoch- 

raon, Leptophyes, 
Phaneroptera, Metr. 

grisea, affinis, vittatai, 
roeselii, Con. dors., 

Homocoryphus, Oecaiv 
thus, Pteronemobius, 

Ephippigera

species svith 
fair ecol. 
plasticity.

Omoc. haemorrh. Oedipoda, Con. fuscus Acryd. bipunet., St. li- 
neatus, Liogryllus, 

Mantis

euryoecic
species

Ch. parall., eleg., 
Stat bicolor- 
mollis

Acrydl subái!., St. cras- 
sip., Aeolop. thalass-, 

Pezotettiix, Gh. deci.

Cailiptamus, Decticua, 
Gryll. desertus

CIRITICAL SUMMARY OF THE RESULTS
In habitats of different type and extent on the Tihany penin­

sula I made 43 surveys, 6 of them qualitative, lasting over one month, 
to discover the quantitative and qualitative distribution of Saltatoria 
insects. The vegetation served as basis for demarcating the habitats. 
To ascertain quantities I used the square band method covering 
10X1 m2 at a time; the data on qualitative distribution were obtained 
by identifying 4625 specimens collected with a net.

The data on density of individuals per survey is presumably 
somewhat lower than in nature, for some of the animals which remain 
motionless escape attention. The values for relative quantitative con­
ditions (dominancy) — Tables III and IV — are based on the quan­
tities of Saltatoria which got into the net in the habitat in question

8
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and it is probable that individuals of geophile species (e. g. Gryllus, 
Liogryllus) and of the most active motile-flying forms get into 
the sample only in a reduced percentage differing from their true 
distribution. This occurred noticeably and significantly in the Aelopus 
thalassinus species when the temperature rose above 30° C.

I combined the surveys, taking into consideration the dominant 
species and the biotope (primarily the vegetation), and in the 6 Sal­
tatoria groups thus obtained it became possible to establish the species 
more or less faithful to the different population groups (types of bio­
tope) and those regularly occurring in them (constant), then on this 
basis I could combine the typical combinations of species too showing 
the characteristic structure of the Saltatoria population groups.

Leaving out of consideration the interspecific relations, the 
Saltatora populations established depend strictly om time and place 
too. Periodical investigations are needed to demonstrate the reciprocal 
effect of biotopes and their Saltatoria populations in relation to time 
and place. My own investigations offer something like a static cross- 
section of the quantitative and qualitative distribution of the Salta­
toria in the middle of the vegetation period (end of July, beginning of 
August) in localites which are the most essential, or to a certain extent 
important, from the standpoint of the Saltatoria.

From my work in the summer of 1943 — fragments of which 
only have survived the war — I can state that the species and 
relative quantitative conditions (and certainly those of abundance and 
production too) under normal conditions scarcely vary essentially; 
the dominant species and the qualitative distribution of the species 
were similar in corresponding localites, for the two years.

I refer to the T a b l e s  (III andIV) concerning qualitative and 
relative quantitative conditions (dominancy), and in order to recapi­
tulate I mention only the fellowing: in xeroleimon areasi (stubble fields, 
dwarf-grass pastures, slopes with steppe assn., oak park-forests) the 
Stauroderus bicolor-mollis generally dominates, sharing dominancy 
with other species according to the type of biotope. Thus on slopes 
with steppe assn, and exposed pastures with Omocsstus petraeus and 
Oedipoda coerulescens; on less exposed slopes and in; other habitats of 
transitional type witjh Omocestus haemorhhoidalis and Stenoboihrus cras- 
sipes; in the oak park-forest (Quercetum stepposum) with the Gom- 
pfiocerus rufus species, whereas in stubble fields (Setaria-Polygonum- 
Stachys assn.) it appears almost as monarch in relation to the Callip- 
tamus and Oedipoda. Dominance of the Chortippus species and 
Mecosthetus grossus is typical in hygroleimon areas (mesophile and 
hygrophile meadows). Besides the dominant species mentioned here 
the Saltatoria population groups of xeroleimon areas (types I—1Y) as 
well as hygroleimon (types V—VI) have their own characteristic 
species — of local type — as can be seen from T a b l e  Y and from 
typical combination of species.

The data on density obtained with the square-band method (see 
appendix), measurement of the live weight of the species ( T a b l e  TI) 
and the relative quantitative data obtained by collecting with a net 
( T a b l e s  III and IV) make it possible to obtain absolute quantitative 
data per species and per Saltatoria population, then from their total
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we establish the absolute quantitative data per Saltatoria population 
giroup, i. e- the number of specimens per hectare ( T a b l e  VI) and 
the weight quantities at the time of the investigation ( T a b l e  VII)
— that is in the midst of the vegetation period. The abundance and 
production data belonging to the identical Saltatoria population group, 
as they are based on the results of surveys made at the same, or nearly 
the same time, can be compared directly: the data obtained from 
surveys at greater intervals — the original numbering of the surveys 
also refers to their chronological order — may now he compared with 
precaution, for the abundance can decline to a considerable extent in 
2—3 weeks — poduction somewhat less — as I have more fully 
reported.

We find fairly sharp differences ini the types of habitat of the 
Saltatoria population groups in regard to species and relative quanti­
tative relations, less so in abundance and production. Extreme values 
are found the Saltatoria population group within the type of habitat, 
but the average abundance and production data for most groups 
(types) are fairly near to one another and the existing 10—30—60% 
differences shown — particularly in respect to abundance — are in 
all probability less than the quantitative changes occuring during the 
vegetation period.

The abundance values established during the period of the 
investigation were the highest in the sparse oak park forest without 
undergrowth: 58,000 specimes/ha; in localities of transitional character 
and in hygrophile meadow the averages were 30,552 and 28,375/ha 
respectively, and in stubble fields, slopes with steppe assn, and meso- 
phile meadows the average density was uniformly low: 21,145 .—
*— 18,489, — 23,036 ind./ha). It is to be 'noted that these abun- 
dancy values mean only a smaller proportion of the populations con­
siderably diminishing in numbers during the vegetation period. The 
production values — as the data of Balogh and Loksa (1948) have 
shown — reach their maximum at about the same period (July 17
— August 13), for besides their still considerable abundance, the 
Saltatoria have for the most part developed already. The production 
value corresponding to the greatest abundance is also greatest in the 
Stauroderus bicolor-mollis — Gomphocerus rufus population group 
(Quercetum stepposum): 7561 gtyha; ini hygrophile meadows (type VI) 
4658 g/ha- In habitats of other types (slopes with steppe, stubble fields, 
mesophile meadows, transitional tvpes) the live weight was between 
2558—3494 g/ha.

In the surveys with great abundance and production the percen­
tage of larvae was always large too (above 30—40%). Development 
as connected with this, as well as the possibility of there being two 
generations a year, demand further periodic study.

Production rises parallel with the height (quantity) of the vege­
tation in habitats favourable to Saltatoria.

The Saltatoria populations generally achieve the greatest abun­
dance and production it those habitats with physiognomically and 
floristically varying vegetation, which was 3—5—7 (—15—20) cm in 
xeroleimon areas and 7—15—20 (—40) cm in hygroleimon areas, with 
90—95 and 95—100% coverage respectively.
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APPENDIX
N o t e s  on  t h e  p l a c e s  s u r v e y e d

All the surveys were made on the Tihany peninsula, which projects into L ate 
Balaton (western Hungary). For lack of space I can give no account of geo-morphological 
nor general climatic and vegetative, etc. conditions. A great many studies on them can 
be found in earlier volumes of this publication and elsewhere.

Omitting particulars on place and time of the surveys, I give some brief data on 
the vegetation: in parentheis ( ) the plants found in greatest quantities in the societies;; 
the height of the- vegetation in cm — with the height of the taller sublevels with less 
cover in ( ) — and the degree of cover in %>. I give the original data from the squares 
(per 10 m2) used to establish abundance (A), the number of specimens of animals taken 
by insect net and serving as a basis for data on species components and relative 
quantities, and; finally, the percentage of larvae.

The numbers of the surveys remain as given in the field, so that they correspond 
to the numbers of the material of the collection conserved separately for each survey, 
preserved in the Zoological Institute of the University of Debrecen-

1. Külső-tó, July 25, 1947 (10 hrs.) F estu ce tu m  pseudovinae (Cynodon)-, 5—-7 cm, 
95—100%, scarcely drying thick grass. In the vicinity: A g ro s tis -A s te r  assn., P astinaca  
facies of mesophile meadow (survey 2). A :  9,18,9,8,7 =  10.2 average. Collected: 80 
specimens (8.8% larvae).

2. Northern border of Külső-tó, July 25, 1947 (11 hrs.). P a stin a ca  facies of 
mesophile meadow (D aucus , T rifo lia , L o tu s  com icu lu tus); 7—10 (—50—60) cm, 100% 
— 40% green grass. In vicinity: F estu ce tu m  pseudovinae  (survey 1) ploughed fields. 
A: 6, 9, 6, 5 =  6.5 average. Collected: 48 specimens. (14.5% larvae).

4. E border of Külső-tó, July 26, 1947 (11 hours) Marshy meadow [roughly
A g ro s tis  alba —  (Descham psia caespitosa)   C arex d istans  complex], covered with
coloured, variegated grasses (C irsium  canum , brachycephalum , Cichorium , T rifolium , 
pratenso, O nonis, C entaurea  pannonica, L o tu s, LeorPodon autum nalis, A ch illea , etc.), 
in very good green condition: 7—10—15 (—25) cm. 100%. lb  vicinity: fallow land, 
A g ro tis -A s te r  assn. A :  57,44,48 =  51.5 average. Collected: 106 specimens (37.7% larvae).

5. SE border of Külső-tó, July 26, 1947 (112 hrs.) Marshy meadow; like the
preceding, only more moist, with lumpy soil; (more C arex), 10—15—20 (—35) cm, 100%; 
in exceptionally good green condition. In the vicinity: drier types of marshy meado-w. 
A :  56. Collected: 157 specimens. (51.6% larvae).

6 SE part of Külső-tó, July 26, 1947 (13 hrs.). P lan tago  m a ritim a  facies of 
A g ro s tis  a lb a .A s te r  pannonicus  assn. (C irsium , L o tu s , Carex), 3—10 cm, 90—95%, 
drying grass, an area of about 6000 m2; in the vicinity: A g ro s tis -A s te r  assn. A :  54, 34, 
33, 32 =  38.2 average. Collected: 123 specimens (32.2% larvae).

7. S part of Külső-tó; July 29, 2947 (11 hrs.). Very wet type of marshy meadow 
(E qu isetum , A ngelica , Mentha*, E p ilob ium , C irsium , T rifo liu m , A chillea), 7—20 (—40) 
cm, 100%, lush green grass, wet swampy soil. In the vicinity: drier type of marshy 
meadow, ploughed fields. A :  33, 46, 39, 40 =  39.5 average. Collected: 244 specimens 
(57.4% larvae).

8. SW part of Külső-tó, July 29, 1947 (13 hrs.). Sedgy facies of marshy meadow 
M entha , Inu la , Juncus). The same as survey 9, except with shorter grass (had been 
mown long before), 7—-25—30 cm, 100%, good green condition. Ground somewhat uneven, 
very wet. In the vicinity: the same, but not mown (survey 9), and ploughed fields. 
A :  41, 22, 41 =34.7 average. Collected: 217 specimens (70.5% larvae).

9. SW part of Külső-tó, July 29, 1947 (14 hrs.). Sedgy facies of marshy meadow 
(Juncus, M en tha , R anu n cu lu s , L y th ru m , O rchis), Sams as preceding but not mown. 
35—40 (—50) cm, 100%, thick, fibrous grass. A :  28, 30, 27 =  28.3 average. Collected: 
131 specimens (64.1% larvae).

10. Üjlaki-rét, July 30, 1947 (12 hrs.). Marsh-marsh- meadow complex (Schoen-
oplectus T abem aem ontan i, T y p h a , P h ra g m ite s , A g ro stis , Juncus). A wet strip of
ground about 30 m wide. 20—60, 80-—120 cm high mosaic of vegetation, in good green 
condition. In the vicinity: area of following survey (11) and- a highway. A: 7, 10 =  8.5 
average. Collected: 16 specimens.

11. Újlaki rét, July 40. 1947 (12 hrs.). A small marsh meadow area with homo­
geneous mown grass (about 200 m2). 20 cm, 100%, in good green condition. A narrow 
strip wedged in between the areas of surveys 10 and 12. A: 18. Collected: 51 specimens 
(18.8% larvae),

12. Üjlaki-rét, July 30, 1947 (13 hrs.). Mown meadow, homogeneous, fibrous
Graminea grass (T rifo lium ) , 7—10 (—45), 95—100%, in fairly good condition, somewhat
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írampled. Ground 50 cm higher than the preceding (reclaimed) areas (surveys 10, 11)* 
In the vicinity: drier (survey 13) and damper types of meadow (Surveys 10, 11). A: 
33, 33 =  34 average. Collected: 240 specimens (31.7% larvae).

13. Üjlaki.rét, July 30, 1947 (13 hrs.). Mown meadow, a somewhat drier part and 
with more varied vegetation (Agropyrum, Cynodon, Trifolium, Achillea, Daucus, 
Paslinaca). 5—7—10 cm, 80—00%, a drying, narrow-bladed stand. In the vicinity: 
damper meadow habitats. A: 22, 1 4 ,2 0 =  18.7 average. Collected: 114 specimens 
(6.1% larvae).

14. Diósi-rétek (neck of peninsula), August 1, 1947 (10 hrs.). Variegated mown 
meadow (Fesluca, Salvia pratensis. Ononis, Scabiosa); 15—25—40 cm, 100%, thick 
green grass. In the vicinity: ploughed fields (on the slopes of Diós-tető hill), meadow 
(survey 15). A: 51», 50=  53 average. Collected: 294 specimens (72.1% larvae).

15. Diósi-rétek, August 1, 1947 (11 hrs.). Mesophile meadow Daucus-Pastinaca- 
Cirsium aspect (Achillea, Cenlaurea, Lotus, Graminea, Ranunculus, Centaurium, 
Euphrasia); 20—30 (—40—60) cm, 100%, thick, variegated herbage, in very good con­
dition. In the vicinity: the areas of surveys 14 and 16. A : 28, 14, 31 =  24.3 average. 
Collected: 153 specimens (30.0°/» larvae).

16. Diósi-rétek (meadows), August 1, 1947 (12 hrs.). Homogeneous sedgy grass, a 
small hollow (about 160 m2) in the preceding (Ii5) habitat. 30—40 (—50) cm, 100°/», fib­
rous good green. (Only qualitative collection.) Collected: 63 specimens (14.3% larvae).

17. Diósi-rétek, August 1, 1947 (13 hrs.). Marshy meadow (Agrostis alba-Carex 
distyns complex), on lumpy, watery soil here and there with „zsombék“* (Corea:, Juncus, 
Typha, Caltha, Alisma), 40—50—70 cm, 100%, fibrous, homogeneous, green grass. In 
the vicinity: drier types of meadow (surveys 15 and 16). A : 3, 0, 7, 3 =  3.2 average. 
Collected: 32 specimens (6.2% larvae),

18. On the E slope of Echo Hill (Vilszhang-domb), 140 m above sea level. August 
3, 1947 (9 hrs.). Small clearing (about 30 m2) among tall Acer-Robinia-Sri'inbucus bushes 
(Lannium, Leonurus, Agropyrum, Rosa, Clematis) 30—50 (—70) cm, 100%, bladed- 
foliated texture. In the vicinity: a wood planted with Robinia-'A'cer-Pinus. (Only quali­
tative collection.) Collected: 19 specimens (36.8% larvae).

19. On the E slope of Viszhang-domb, 190 m above sea level. August 3, 1949 
(9 hrs.) 3—5 m fruit trees with Fesluca sulcata grass level., 5—10 cm, 80—90% (cover 
at foliage level: 20%), somewhat dry grass. 10—15° slope. A : 29. Collected: 90 speci­
mens (73.3% larvae).

20. Summit of Óvár, 200 m above sea level, August 3, 1947 (10 hrs.). Fesluca 
euloata-Carex humilis grass (Scabiosa, Salvia, Medicago, Thymus), 4—7 (—15 cm, 
95—400%, a bladed, drying stand with much moss. About 100 m2. In the vicinity: 
vineyards with hedges of fruit trees. O: 28. Collected: 71 specimens (36.6% larvae),

21. SW 20° slope of Óvár, 160—180 m above sea level, August 3, 1947 (11 hrs.). 
Festuca-Cynodon pasture (Achillea, Andropogon, Teucrium) 3—4 cm, 75—80—90%, 
half dried, fibrous grass, slightly uneven ground, with scattered stones. An extensive 
habitat. A :  11, 8, 3, 4, 5 =  7.7 average. Collected: 50 specimens (32% larvae).

22/a. Summit of Óvár, August 3, 1947 (12 hrs.). Fesluca sulcala-Stipa grass on a 
25° S slope (Xeranthemum, Artemisia); 200 m above sea level. 5—10—15 cm, 60—70%, 
drying, bunchy grass, in  the vicinity: fruit trees, vineyards, as well as other slopes with 
steppe assn, (surveys 23, 22/b). A : 11, 20, 14=15 average; Collected: 36 specimens 
(38.9% lavae).

22/b. Summit of Óvár. August 3, 1947 (12 hrs.). Same as preceding, except that 
incline is steeper (5°); 7—15 (—40) cm. 90%, drying grass, In the vicinity: areas of 
surveys 21, 22/a and 23. A :  see preceding. Collected: 49 specimens (42.8% larvae).

23. Summit of Óvár, August 3, 1947 (13 hrs.). Fesluca sulcata grass, with much 
Salvia, 7—20 (—40) cm, 95—100%, bladed-foliated, grass in good green condition, 
wedged in between the two previous habitats. All three of small extent (50—200 m!). 
The last a slope of 3—7°. A : 51. Collected: 241 specimens (62.6% larvae).

24. Kiserdő, a hill 150 m above sea level. August 6. 1947 (9 hrs.). Festuoa sulcata 
(-Stipa) grass (Andropogon. Euphorbia, Thymus. Scilla aulunnnalis, Xeranthemum, 
Eryngium), 2—-5 (7—10) cm, 85—90%, fibrous, bunchy, half dry grass. On a small 
subsidiary NW 7° slope of the principal SE slope. In the vicinity: bushes and orchards. 
A: 6, 17 =  11.5 average. Collected: 62 specimens (19.3% larvae). The collection was 
made in a strong N wind.

25. Kiserdő. E 5° slope. 150 m above sea level. 'August 6, 1047 (10 hrs.). Festuca- 
Andropogon pasture grass (Artemisia, Thymus, Scilla autumnalis); 2—4 (—7) cm,

„Zsombék“ (Hung.) =  Bunch of plants forming a hillock on swampy etc. ground.
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80—90%», three-quarters dry, bushy grass. Ground surface somewhat disturbed (grub­
bed up.) About 400 m2, in the neighbourhood fruit trees, kitchen gardens. A: 18. Collec­
ted: 107 specimens 5.6% larvae).

26. SE slope of Kiserdő, 150—180 above sea level. ’August 0, 1947 (11 hrs.) — 
Festuca (-Stipa) — Andropogon grass in an orchard (almond), (Eryngium, Euphor­
bia,, Xeranthemum, Teucrium, Linum; Scabiosa); 3—5 m almond tree foliage-level 
cover: 20°/o, 2—4—10 (—20—30) cm 90—100%. fibrous, half dry grass, uneven, stony 
ground. In the vicinity: vineyards. A: 32, 37, 32 =  34.7 average. Collected: 200 spec­
imens (40.0% larvae).

27. Apáti-hegy hill, foot of SE slope. August 10, 1947 (10 hrs.). Stubble (after 
oats-vetch: Rubus, Convolvulus, Stachys); 15—25 cm. 80—95%, homogeneous, loosely 
foliated herbage in fairly good condition. In the vicinity: pastures and ploughed 
fields. A: 38, 42, 31, 28, 21 =  32 average. Collected: 227 specimens (67.8% larvae).

28. Apáti-hegy, SE slope, 140 m above sea level, August 10, 1947 (11 hrs.) Seta- 
ria-Rubus stubble (Convolvulus, Consolida, Cvrsium, Melilotus, Chenopodium) ; 10—20 
(—30) cm, 70—80%, very sparse, fibrous-foliated drying grass. In the vicinity: stubble 
of preceding (27.) survey and pasture (survey 29). A: 18, 21, 22, 38, 22, 18 =  23.2 
average. Collected: 110 specimens (55.5% larvae).

28/a. Kiserdő, foot of S slope, 'August 10, 1947 (8 hrs.). Setariu-Erigeron-Che- 
nopodium stubble (Convolvulus, Stachys, Consolida) ; 5—10—30—40 cm, 60—50%, fib­
rous-foliated grass in fairly good condition, In the vicinity: a path (bordered by 
abundant Festuca), ploughed fields. (Only qualitative collection.) Collected: 36 »pec- 
imens (13.4% larvae).

28/h. Kiserdő, foot of S slope, August 10, 1947 (8 hrs.). Stubble vith Consolida- 
Erigeron-Stachys-Sideritis vegetation (Nigella, Convolvulus, Rubus), 5—10 cm, 60— 
75%, sparse grass. (Only qualitative collection.) Collected: 46 specimens (34.8% larvae).

29;,. Apáti-hegy hill, about 160 m above sea level, August 10, 1947 (12 hrs.). 
Festuca sulcata pasture grass (Prunus spinosa, Crataegus and Rose bushes, Thymus. 
Scabiosa, Stipa, Eryngium, Scilla autumnalis, Andropogon, Sedum, Teucrium), 5—7 
(—10) cm, 90—95%, fibrous-bunchy, drying vegetation. A very extensive habitat. 
A: 43, 40, 36 =  39.6 average. Collected: 167 specimens (38.3% larvae).

30. Nyereg_hegy hill, N slope, 190 m above sea level, August 10, 1947 (13 hrs.). 
(Festuca sulcata, Agrostis tenuis, Melioa ciliata, Agropyrum  vegetation (Eryngium; 
Oalium, Convolvulus, Sedumt Hipericum, Euphorbia; Phleum); with here and there 
bushes; 15—30 (—-50—60) cm, 95—100%, bladed, shrubby, half dried herbage, on 
disturbed (by planting) stony ground. 10° slope. In the vicinity bushy, woody slopes. 
A: 14, 9, 11 =  11.3 average. Collected: 56 specimens (33.9% larvae),

31. Summit of Nyereg-hegy hill, 225 m above sea level, August 10, 1047 (15 
hrs.). Festuca sulcata-Carex humilis-Stipa grass (Andropogon, Eryngium, Euphor­
bia, Scilla autumnalis, Iris, Artemisia, Thymus, Sedum, lichens); 10—30 (—40) cm, 
80—85% bladed-shrubby, half dried vegetation, on a S 5° slope; the ground stoniy- 
rocky. ’About 1000 m2 in extent. In the neighbourhood shurbby-woody slopes. A: 9, 7, 
6 =  7.3 average. Collected: 45 specimens (2.2% larvae).

32. Kiserdő. Foot of SW slope, August 13, 1947 (10 hrs.). Wheat stubble with 
Polygonum avieulareJStachys annua plant society (Convolvulus, Chenopodium al­
bum, Rubus); 3—15 (—20) cm, 80—90%, fibrous-foliated herbage in fairly good con­
dition. About 1 ha in area. In the vicinity the Külső-tó meadow and ploughed fields. 
A: 12., 13, 19, 7 =  12.7 average. Collected: 53 specimens (47.2% larvae).

33. Rátái csáva (a small patch of meadow in the W part of the peninsula), 
August 13, 1947 (11 hrs.). Small marshy meadow (about 100 m8). Carex p. p. Bolbo- 
schoenusl) — PotentiUa reptans society (Viciat Cirsium, Rorippa, Heleocharis);. 
15—20—30 (—40) cm, 100—95%, below a foliated, above a fibrous stand, in good 
green condition. In the vicinity: ploughed fields. A: 12, 4, 20, 10, 11 =  11.4 average. 
Collected: 155 specimens (32.2% larvae).

34. Gurbicsa-tető summit, August 13, 11947 (13 hrs.). Quercetum stepposum
(Festuca, Andropogon, Plantago, Thymus), 3—5 cm, 100%; fibrous-bushy half dry 
grass level, with very scattered small bushes. 5—7° N, NE slope. Only qualitative col­
lection. Collected: 70 specimens (25.7% larvae).

34/a. Hosszúhegy, a hill 140 m above sea level, August 13, 1947 (15 hrs.). Mixed 
broad leafed forest (chiefly Quercus sessilis), with scattered trees, small bushes. Grass 
level in variegated, good condition. Only qualitative collection. Collected: 44 speci­
mens (11.4 larvae).

35. Gurbicsa-tető, 150 m above sea level, August 13, 1947 (14 hrs.). Quercetum, 
stepposum (at grass level: Festuca, Poa, Plantago, moss); 3—5 (—7—15) cm, 100%
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fibrous, half dry, trampled grass. No shurb level. Oak and elm trees ait 5—8 m dis­
tance: foliage crown cover 30—50°/o. About 4 ha in extent, with slight NE slope, 'in 
the vicinity forest with sihrub stratum,. A: 58, 65, 51 =  58 average. Collected (principally 
in the mare open,, less shady parts): 113 specimens (40.7®/o larvae).

35/a. The same as the preceding. Collected in scattered bushes near a shady 
enclosed forest with shrub stratum: 144 specimens (31.9°/o larvae).

36. Gurbicsa-tető, 160 m above sea level. August 13, 1947 (15 hrs.). Festuca- 
Andro'pogon summit clearing surrounded by shrubs and planted pines. (Euphorbia, 
Thymus, V erbascum, Nigella, Scabiosa Cynodon, Achillea, Potentilla) 3—6 (—10— 
40) cm, 95—'100°/o, fibrous, here and there foliated, half dry grass, on flat land, about 
1000 m2. A: 28, 28, 38 =  31.3 average (16.4°/o larvae).

37. Kiserdő foot-slope, August 17, 1947 (8 hrs-). Barley stubble with Seturia
glauca-Slachys annua society (Convolvulus, Medicago, Reseda, Cirsium, Rubus).
10—15 cm, 80°/o, grass in fairly good condition. Area of about 1 ha on 3° W slope. 
In the vicinity: shrubby Kiserdő slope, fallow land, and meadow of Külső-tó. A: 15, 
10, 16 =  16.7 average. Collected: 58 specimens (36.2,% larvae).

38. Külső-tó, E border, August 17, 1947 (10 hrs.). In the vicinity of area of 
survey 4. Marshy meadow (roughly Agrostis alba-(Deschampsia caespitosa) -Ca/r\eo 
distans complex), with variegated colourful1 herbage (Centaurea pannmica, Trifo­
lium pratense, Cichorium, Cirsium„ Achillea, Ranunculus, Lotus, Inula, Plantago, 
Festuca pseudovina, Dactylis glomeraia, C-curex, etc.) about 1 ha in extent. 7—10—15 
(—30) cm, 100%, fibrous, somewhat foliated, good green herbage. In the vicinity: 
ploughed fields, atkali meadow. A: 16, 20, 21 =  10 average. Collected: 161 specimens 
(21.7%> larvae).

39. Middle of Külső-tó, August 17, 1947 (11 hrs.). Alkali marshy meadow with 
Agrostis alba-Aster pannonicus plant society (Agropyrum, Lotus, Inula, Cirsium\ 
Phragmites); 3—5—10 (—15—20) cm, 90—lOÔ /o, three-fourths dry grass. In, the vi­
cinity: marshy meadow of better quality. A: 23 (a patch of Agrostis-Agropyron vege. 
tation), 7, 6, 5, 8, 8 =  8.7 average. Collected: 18 specimens (no larvae).
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KAMECTBEHHblR W KOJIHMECTBEHHblH AHAJIH3 COCTABA 
CAJITATOPHR HA nOJlYOCTPOBE THXAHb

AB-rop: H p .  H A flb  BAPHABALU 
K P A T K O E  H 3JICO K EH H E

B xeqenHH OAHoro Mecnga MHe yAanocb CAenaTb 43 chhmk3 (h3 hhx TOJibKO 6 
niTYK KOJwqecTBeHHOro xapaw epa) he pa3AHqHbix no xapaxxepy n pa3Mepy xyjibTypax 
nonyocTpoBa TnxaHb. Chhmkh caenaHbi c nejibio BbincnnTb KOJinqecTBeHHoe n KaqecTBeH- 
Hoe pacnpefleneHHe HacexoMoro CaJixaxopHH. 3 a  ocHOBy b pasrpanHqeHKH Kynbxyp 
cny*HT pacTHTejibnocTb. J\nsí onpeAeneHHH KOJinqecxBeHHbix CBH3eö n npHMeníui 
KBaapaT cnxa nOKpwBaioinero cpa3y 10 KBaap. MexpoB; k aaHHWM KOJiHqecxBeHHoro 
pacnpeaejiennn n aoöhjich nyTeM anaJiH3a 4625 3K3eMnjiHpoB coSpamibix mhoio cctkoH 
ynoTpeSnneMOS Ha nyrax. (KOHycHan ceTKa.)

Ű0Ji>KHbi npeflnonoraTb, qxo aaHHbie o cymenHOcra ocoöeíl Ha chhm iox  hbmhopo 
HHCiune BCM b fleticTBHTejibiiocTH, noTOMy q io  qacTb HaceKOMbix, KOTOpwe no Bceví BepoHT- 
hocth ocTaoanncb HenoABHWHbiMH, ocxanncb BHe Moero Haömofleunn. 3K3eMnjinpbi 
ycTaHOBJieuHbie npH pejinxHBHO-KOJiHqecxBeHHbix ycjiobhhx (deminancialis 3 h 4 xaßnHUbi) 
H3 cocTaBa KyjibTyp CanTaTopHH nonaBUinx b ceTKy, ocHOBaHbi na KoanqecTBe nonaBUiHX 
b ceTi<y, h no Bceß BeponxnocxH 3T0 reoiJrnjibHbie n o p o au  (nanp . Gryllu3 , Liogryllus) 
w oco5h caMbix fleHTenbHbix — ABHM<yuiHX — nexaiomHX nopog, no npoueHXHbití cocTaB 
hx cpefln nonaBUinx b ceTKyHH30K, He OTBeqaromníí aetícTBHTejTbHbiM ycnoBHHM. 3aMeTHO 
h 3HaqHTe;ibH0 noBumaexcH %  nopoflbi Aeolopus thalassinus, ecnn  mlj TeMnepaTypy 
noBbiCHM AO 30° C.

FocnoACTByromne (dom ináns) nopoAbi, a TaK »e npuHjiB bo BHHMaHHe önoxori 
( b nepByio oqepeab pacxHxenbHOCXb), h cpaBHHJi chhmkh, CKOHueHxpnpoBaji Bee h b 
noayqeHHbix mhoio 6-th rp y n n a x  cocxaBa CanxaxopnH Mór ycTanOBHTb nopoAbi 6onee 
hjih Menee CBH3aHHbie (fidelis) i< HeKOTOpwM rpynnaM  cocTaBa CanxaxopHH (k xnny  
6noTon) h nopoAbi nocxOHHHO naxoanm necH  (k o n stan a) b hhx , noxoM na stoíí ocHOBe 
«  Mór cocTaBHTb h THnHqHbie KOMŐHHaiwii nopoA noKa3biBaioinHX xapaKTepHOCTb rp y n n  
cocTaBa CanTaTopnH.

He npHHHMan bo BHHMatme BnyTpeHHioio cnenHfJwqecKyio pennuHio ycxaHOBnen- 
Hbix cocTaBOB CanxaxopHH, npeanonaraeM, qxo ohh hexoahtch b CHJibHoií sebhchmocth 
ot npocTpaHCTBa h BpeMeHH. R nn  Toro, qxoßu nOKa3aTb ycnOBHH npocTpanCTBeHHbix 
h  BpeMeHHbix B33HM0ashctíhiü önoxon, Bepnce cocTaBOB CanxaxopHH, ny» hu  nepnoAH- 
qecKHe aHanH3bi.

Moh coScTBemuiie anann3i>i. Bee ao OAHoro noi<a3biBaioT KapTHHy CTaTHCTuqecKoro 
npoiJiHUH b cpeAneü qacTH nepnoAa BereTaTHBHoro pa3MHO»eHHH. ( kohbi; hiojih, naqano 
aBrycTa) b KonnqecxBeHHOM h KanecxBeHHOM pacnpeneneHHH CanxaxopHH b Tex i<ynb- 
ry p a x , Koxopue c xohkh 3peHHSi CanxaxopHH hbohiotch caMbiMH cymeCTBeHHUMH BepHee 
xoth Obi ao neKOTopoü CTeneHH HBnnnHCb 6 u  cyinecTBeHHbiMH.

T o, qro CBH3b mbäav nopoAaMH cocTaBa b CanTaTOpnü h KonnqecTBeHHOíí penn- 
THBH3auHeií ( mohcho npeanonaraT b, qro h aöyHAannoHHan CB«3b h cba3H BHyTpennelí 
npoAyKHHH) cpeAH nopManbHbix ycjiOBHií BpjiA JiH H3MeHaeTCH cyipecTBeHHO, n Mór 
vcTaHOBHTb na ocHOBe pe3yjibTaT0B aHaHH3a npOBeaeHHoro mhoio neTOM b 1943 roay, 
K coHcanenHH) ot hhx ocTanacb TOJibKO He3HaqHTenbHaH qacTb no npHBHHe soeuHbix 
AeHcTBHÜ; pacnpeAencHHe AOMHHHpysomHX h KOjmqecTBeHHbix nopoA b cooTBeTCTBennux 
Ann hhx KyjibTypax 6bino oahhekobo b TeqeHHH Aßyx jieT.

HacqeT KaqecTBeHHbix, a Taioxe KOUHqecTBennwx pennTHBUbix (dominanciális) 
OTHomenHit n ccunaiocb na TaßaHnu (3 —4 taÖJiHmbi), nOA'HTO>KHBan 3Aecb Mory hoa- 
qepKHyTb CJieAyiomee: b KcepoMOH-rpyHTe (wuHBbH, nacTGÍHu;a c KapjiHKOBOü TpaBOií, 
CKJioHbi CTeneií, AyßoBbie napKH Bceoöipe rocnOACTByioineil nopOAoií HBnneTCH stauro- 
derus bicolor-mollis, KOTOpan Kai< THn őnororia o6i,eAHHHeTcn KajKAwií pa3 c ApvrHMH 
nopoaaMH b AOMHHaHTe. Tax Ha CTenHbix CKJionax, na 3i<cnoHHpoBaHbix nacTÖmnax 
npeoßjiaAaeT Omocestus petraens, Oedipoda coerulescens, b  MeHuee 3KcnoHHpoBaHHbix 
h B A pvrnx nepexOAHoro THna iW ibTypax mu HaxoAHM Omocestus haemorrhoidalis, 
stenoí)othrus crassipes, b avSobmx n ap x ax  — Quercetum stepposum BMecTe c nopofloä 
gomphocerus rufus npeoönaAaeT, Toraa KaK Ha >khhbi,mx rocnOACTByeT Setaria-Poly- 
gonum-atachis assz. HapaBHe c Calliptanus h Oedipoda. Ha rpyHTe PHApoJieÖMOK Me3e- 
4>Híib HTHApo^Hiib-Jiyrax) xapaKTepHbi AOMKuaiiThi nopoA — Chortippus h Mecoathsthus. 
KpoMe ynOMHHyxbix 3Aecb AOMHHHpyiomHX nopoA KaK b KcepojieüMOn rpyHxe ( I —IV  
th h .), xai< h b rHAponehMOH-rpyHxe (V—VT.) rp y n n  cocxaBa CaxixaxopHfi hmcioxch 
em e CBOH-Mecxnoro xapanxepa xannaH ue nopOAu, Koxopwe mm m o m m  ysiiAexb Ha 
5-oft xaSriHue, a xaioxe b xHnnqiibix KOMÖHHHpoBaHHbix nopOAax.
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flam m e  o crymeHHOc™ nojiyqeHHbie ripn noMomn npHMeHeimn KBaapaTHoro 
CHTa (cMOTpH npnnojKeHHH) npHMeHeHHoro ajih H3MepemiH >KHBoro Beca nopofl (2 Taß- 
nnua), a TaKH<e Te flam m e KOTOpue 6 mjih coßpaubi na ocHOBe coSpanHoro jiyroBoft 
ceTKoH h ycTaHOBneHHbie tbkhm o6pa30M KOjmqecTBeHHbie flaHHbie (3 h 4 TaßjiHuu) 
fla.iH B03M0>KH0CTb ycTBHOBHTb no nopoflaM cocTaBaM CanTaTopwíí, a nocne noflne schhh 
MTOroB rp y n n  cocTasoe CaJiTaTopHit h aöcomoTHO-KOJiHqecTBeHHbie flaHHbie hjih * e  bhcjio 
3K3eMnji«poB npHxoflHmnxcH na  oflHH reKTap (6 TaÖJiHiia), a Tai<>Ke sec (7 TaßjiHiia) 
bo BpeiwH aHaJiH3a, 3HaqHT b cepeflHHe nepnofla BereTaraBHOro pa3MHO>KeHHH.

Me>Kfly TO>KflecTBeHHb!MH flaHHbiMH npoflyKUHit h aöyHflaqHil rp y n n  CHTaBa 
CanTaTopHH yqHTbisaH, hto ohh ocuoBuisaioTCH Ha pe3yabraT ax TO*aecTBeHHO npoBe- 
AeHHbix chhmkob B neflaJiCKHX flpyr ot flpyra cponax , mojkho nenocpeflCTBeHno npoH3- 
BecTH cpaBHeHne, ho Mewfly flaHHbiMH nojiyqeHHbiMH no chhmk3m nponefle hhmm b öojiee 
flaneKHx flpyr ot flpyra cponax  naflo npOBOflHTb cpaBiieuHM c cooTBeTCTBemiofl octo- 
po>KHOCTbK), nOTOMy, hto aöyHRauHH h npoflyKUHH Morna b TeqeHHH 2 —3 Heflejib b 3HaqH- 
TeabHOii Mepe yMeHbiiiHTCH, Ha bto h h  ccbuiaJicn noflpoÖHee. OcTaBiiiaHCH eme nofljiHHHaH 
nopnflKOBan HyMepaann noKa3bisaeT Ha xpoHOJiornqecKyio oqepeflHOCTb. 3aMeqaeMue 
HaMH pa3HHt(bI flOBOJIbHO pe3l<0 npOHBUHfOIflHeCH B OTHOUieHHH KOJIHqeCTBeHHOft peilH- 
THBH3aunH H nopoflHCTOCTH THHOE! KyjibTyp rp y n n  cocTaBa CaJiTaTopnH mh HaxoflHM 
b aöynAaiWH h npoflyKUHH ropa3flo b MeHbuieM KOJiHqecTBe.

B rp y n n a x  cocTasa CaJiTaTopnfí BHyTpn ranOB KyjibTyp mh HaxoflHM peHHue 
3KCTpeMU, ho b cpeflneM b ßojibiueii qacTH rp y n n  — (ran o ß ) flaHHbie aßyHflapHH h npo- 
flyKHMH OTHOCHTenbHO, flOBOJIbHO 6 jih3ko CTOsiT flpyr k flpyry; iiMeioTcn 10—30 —6 0 %  
paauHHH, 3TO ocoöeHHO othochtch k aőyHflaUHHM, no Beeil BepoHTHOcra hbjihiotch 
HeHbiiiHMH qeM KOJiHqecTBeHHbie iiepeM enn nponcxoflniflne bo BpeMH nepHOfla BereTa- 
TKBHOrO pa3MH0*eHHH.

YcTaHOBneHHaH bo BpeMH anaJiH3a ueHHOCTb aSyiiflam in ßbuia caMOii bmcokoB 
b ßesnycTapHOM, flyßoBOM napne (Quereetum ateposum 58 000 iht.) Ha r .  b Kyin.Typax 
nepexoflHoro xapaKTepa h b ßnoTonax rHflpo(Jm;ibm»ix nyroB b cpeaneM: 30 552, ToqHee 
— 28 375 uiT/r., Torfla Kai< Ha >KHHBbHx, CKJiOHax CTeneß h na Me30i})HJibHbix jiy rax  
oflHHaKOBO HH3Kan, TaM cpeflHHH eflHHHua crymeHHOCTH ocoßeH — 21 145, 18 489,23 036 
uiT/r.

HaflO 3aMeTHTb, hto 3HaqHM0CTb (oueHKa) aßytiflauMH b nepnofl BereTaTHBHoro 
pa3MH0>KeHHH 3HaqHTejibno yMenbineHnoro no KOJiHqecTsy cocTaiia cocxaBJimor TOJibKO 
MeHbuiHfl npopeHT, peHHOCTH npOflyKflHH KaK 3to noKasbiBaioT flaHHbie H. B an o ra  h 
JlOKca (1948) npnÖJin3HTeiibH0 b nepnofl (VII. 17 — VIII. 13) flncrnraioT flo hx MaKCH- 
MaJibHoá BejinqHHbi, nOTOMy qro  CajiTaTOpHH npn  Bee eme 3HaqHTeJibH0ä aßyHflapHH 
b csőéi! ßojibineM qacTH hbjihiotch 3pejibiMH. CooTBeTCTBehho caMOü ßojibmoft aßyHRaqHH 
h nemiocTb npoflymiHH t o v k b  caiwan ßojibiuan b rp y n n a x  cocrana G om phocerus ru fu s- 
S tau ro d e ru s  bioolor — m ollia — Q uereetum  s teppoaum  (7561 Ha) r .; Ha ruflpoiJmjibHbix 
Jiyrax (V I-thh): 4658 Ha/r. H a ap y rn x  thuobux i<ynbTypax (ckjiohi.i CTeneil, «HHBbH, 
Me30(|)HJii>Hbie jiy ra ), h b KyjibTypax nepexoflHoro xapaKTepa ueimocTb ß u jia  Me>Kfly 
2558—3494 Ha/r.

npoflyKUHH CajiTaTOpHH b ßjiaronpHHTHUx ajih Hee KyjibTypax napanneJibHO 
noBumaJiacb c KOJiHqecTBeiiHbiM poctom pacTHTenbiiocTH.

CocTan CajiTaTOpHH aoctht caMOft bucokoK aßyHflaflHH h npoflyi<qHH b tbkhx 
KyjibTypax, KOTOpue ßbuiH ßoraTbi bhaobhm h (JuiopncTHqecKHM pa3HOoßpa3HeM pacTH- 
TejibiiocTH b KOTOpbix BbicoTa p a cT H T e jib n o cT H  H a rpyHTe KceponeÜMOH 3 —5 —7 (15—20) 
wa rpyiiTe rHflponefÍMOH 7 — 15—20 (40) cm. npH 9 0 —95, ToqHee — 95 — 100%  nOKpbmiH.
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Fresh weight (in gs) of Sanatoria species according to sex and stadium of de­
velopment (Roman numbers), n =  number of individuals weighed; in ( ) estimated
values.

TABLE II.

S p e c i e s
i m a g o l a r v a

c? n $ n

O
fb

Acrida turrita 0,8600 2
Acrydium subulatum (0,0400) — (0,0700) — (0,0300) (0,0600)

„ bipunctatum (0,0400) — (0,0700) — (0,0300) (0,0600)
Parapleurus alliaceus 0,1165 2 0,4188 2
Chrysochraon dispar 0,1277 3 0,4800 1

Stenobothrus lineatus (0,1500) — 0,4137 2
„ crassipes 0,0518 6 0,1149 11
„ stigmaticus 0,0575 4 0,1127 6
„ nigromaculatns 0 ,11(0 5 0,2829 10

Omocestus rufipes 0,0481 7 0,2055 3
„ haemorrhoidalis 0,0700 2 0,1569 4 (0,0300) (0,1000)
„ petraeus 0,0455 7 0,0831 8

Stauroderus biguttulus (0,0869) —
„ bicolor- (mollis) 0,0869 59 0,1638 30 II— III. s ta d .:

Chortippus dorsatus 0,0938 46 0,2400 36 (0,0300) (0,0800)
„ parallelus 0,0993 59 0,2116 40
„ longicornis 0,0926 46 0,2144 39 IV—V. s ta d .:
„ elegáns 0,0648 19 0,1660 33 (0,0600) (0,1600)
„ declivus 0,0724 26 0,2100 27 ,

Gomphocerus maculatus 0,0600 1 0,0575 6
„ rufus 0,0883 3 0,2515 7 (0,0600) (0,1600)

Dociostaurus cr. brevicollis 0,0931 13 0,1859 9
Mecosthetus grossus 0,1971 17 0,6248 10 (0,08-0,15) (0,20-0.40)
Aeolopus thalassinus 0,1188 18 0,4244 11 (0,0800) (0,3600)
Oedipoda coerulescens 0,1780 2 0,5545 5
Oedaleus nigrofasciatus 0,2850 1 0,6297 3
Calliptamus italicus 0,1654 2 0,9838 15
Pezotettix giornai 0,0773 20 0,1319 16 (0,0600) (0,1000)

Leptophyes albovittata (0,1500) —
Conocephalus fuscus 0,1586 8 0,1853 7 (0,07-0,14) (0,08-0,15)

„ dorsalis 0,1772 6 0,1870 4 (0,07-0,14) (0,08-0,15)
Homocoryphus nitidulus (0,3000) — 0,3855 2

Rhacocleis germanica (0,3500) — (0,4000) —
Metrioptera grisea (0,6000) — 0,6847 3

„ affinis 0,6312 5 0,7211 3
„ vittata (0,2500) — (0,3500) —
„ roeselii (0,4000) — 0,4500 1

Deciicus verrucivorus 1,7314 3 2,4862 4

Oecanthus pellucens (0,0600)
Pteronemobius heydoni (0,0100) (0,0150)
Liogryllus campestris (0,2000) (0,2000)
Gryllus desertus 0,1252 0,2170
Mantis religiosa (0,4000) — 1,4975 4



TABLE III.
R elative quantitative occurrence ( =  DI value, in Vo) o f Sanatoria species in  the different p op u la tion s of su rveys Nos 1—3 9  (abscissa),, as fig u red  from  net co llec ted  m aterial.

S p e c i e s 28/a 28, b 27 32 37 24 25 21 31 22/a 29 26 22/b 23 19 30 1 14 36 34 20 35 35 a 3 4 /a 18 39 13 12 11 2 15 38 33 16 6 4 17 10 5 7 8 9

Acrida turrita 
Acrydium subulatum 

„ bipunctatum 
Parapleurus alliaceus 
Chrysochraon dispar

2 0
3 7

1-7
0-8 2-3 5-9

0-6

0-7

4 3 2 1 9

3-2
0-7

1-6

1-6

4-8 5-6
3 1 

12-5

6-2

6-2

2-5

1-3

3-7

0-8

7 8

Stenobothrus lineatus 
„ crassipes 
„ stigmaticus 
„ nigromaculatus + 2-8

2-2

4.4 2-8

5-4

0-6

0-5
1 0

4 0

4-1

2-1

1- 3
2- 5

0-4

6-7
12-5

5-3 8-8
+
5 4 11-7

13-3
0-8

3 2 9 31 0 7T 2-7 4.5
2 1
4 1 0-6

0 8

Omocestus rufipes
„ haemorrhoidalis 
„ petraeus 

Stauroderus biguttulus
„ bicolor-mollis 94-5 72-2 82-6 9P 2 9 4 3 89-7

75-8

3'2

77-6

2-8

24-0

32-0

56-5

8-9

22.2

55-6

14-4
7-8

70-1

4-0

82-0

4-1
2-0

59-2

3-3
0-4

86-3
11

811

5-3 

66 1

66-3 39-5

61

9-4

4 2 2

5 7

55-7

1-4

62-0

5-3

65-5

12-5

41-0

11-4

4 5 5 26-3

1-7

0-9

0-4
0- 4

1- 2

31-3

8-3 9-8 8-7 9-0 1 6 0-9 9-2

Chorlippus dorsalus 
„ parallelus 
„ longicornis 
„ elegáns 
„ declivus

1-8

2 0
2-2 5-5 0 5 2 0 2-1 7-8 1-8

8 8

3 7
1-2

3-7

8-8 7-0 2-9 1-4 2-7 3 5 6-8
7 7 8

5 6

47-4

19-3
22-8

1-3
15-4

12-1
3 3 0

1-9

23-5
66-7

3P 3

2-1
4-1

55-6
3 3

12-4

8 7
27-3

16-8
1-9

2-6
12-3

38-1

61-8
9-5
3-2

1 2 7

4-9

38-2
1-6

5-6 
33 1 
?

13 3 
1-9

31-3

15-7
9-4
3 1 6-2

5 1
44-6

3-2
11-3

0-4
5-7

18-0
3-3

0 4  
1-4 

11-5 
1 4

0 8
6 9
1-5

Gomphocerus maculatus 
„ rufus

Dociostaurus cr. brevicollis 
Mecosthetus grossus

11-3 6-5

6-5

22-0 0-8
8-9 22*9 15-9 42-1

3-7 1-9 3-2 14-2 6-2 12-6 17-8 3 0 0 51-2 72-5

Aeolopus thalassinus 
Oedipoda coerulescens 
Oedaleus nigrofasciatus 
Calliptamus italicus 
Pezotettix giornai

5-5

25-0

2-8

10-9
4-4
+

1-8

+

1-9

5-2

1-7

3-2 1 0

1-0
8-0
2 0

2-2

4-4

8-3

2-8

1.2 6-5

1-5

12-2 1-6

0- 5
1- 2

1*1

1-1

1-8

1-8

6 3

3 1

5-4

0-8

1-4

1-4

2-8 0-9

2-7 9-7

4 5

2 6 3

_L
1

5-6 1 8
15-4

2 0 41 0-7

0-7
1 5 0

0-7

12-4

+

0 7
4-8

15-4

8-1

1-9

10-4 3 1

18-8

3-2

Stenobothrus s. lat. larva 
Gomph. mac, seu Omoc, petr. 1. 
Omoc. haem, seu rufip. larva 
Staurod. seu Omoc. larva 
Chortippus larva adeterm.

6-5 0-9
0-9

8-0 2-2 0-5 12-2 31-3

8 6

1-4 2-6 2-1

4.4
1-7

2-4
17-9

2 1
0-6 7-7

1-9

3 6 1 2 4 9 18-3

Leptophyes albovittata 
Phaneroptera falcata 
Conocephalus fuscus 

„ dorsalis 
Homocoryphus nitidulus

0-4
+

04

5 3

+ 5-5 1-9

+

1-3 1-6

1-6

20-3
0-8

5-6 9-4 43-8 7-0

1-6

+

Rhacocleis germanica 
Metrioptera grisea 

„ affinis 
„ vittata 
„ roeselii 

Decticus verrucivorus 
Ephippigera vitium

-L
t

+ 1-9

2 2
111

2 3

t T
2 1

+

-f~
3*6

2 7 4-9 4-5

5.5

0-4

10-5

+ +

0- 9
1- 9

6-2 1-3
+

Oecantlius pellucens 
Pteronemobius heydeni 
Liogryllus campestris 
Gryllus desertus 
Liogr, seu Gryll. larva 
Mantis religiosa

1--------

+ G-5 0-4

0 4

1 9 3-4

2 3

2-8

+ 11 1-8

0-3 0-8

+ 0-7

2 3

2-3

+ 0-6
0-6

12'4 0-6 1-6
1- 9

2- 8

0-6
+
0-4

1-4





T ABLE 'IV.
R elative quantitative w eight conditions (=■ DG value, in  %) o f Saltatoria sp ec ies  in the d ifferen t popu lations in  surveys 1— 39 (abscissa).

S p e c i e s 28 28/a 28/b 27 32 37 24 25 21 31 22/a 29 26 22 b 23 19 30 1 14 36 34 20 35 35/a 34/a 18 39 13 12 11 2 15 38 33 16 6 4 17 10 5 7 8 9

Acrida turrita 
Acrydium subulatum

68
1-4 0-5 0.6 2-5 1-7 9-6 0-4 1-7 18 2-0 0-8 1-2 32

„ bipunctatum 1-0 08 IT
Parapleurus alliaceus 8-9 140 3-3 3-6
Chrysochraon dispar 0-6 0-6 1-4 1-3

Stenobothrus lineatus 2-9 0-5 • 1-5 21-5 4 “ 1-7 08
„ crassipes 28 0-7 2-9 1-7 51 3T 70 5-7 7-7 22‘2 19-5 4-1 1-7 2-5 1-2 0-6
„ stigmaticus 8-2
„ nigromaculatus + 9-2 4-0 5.3 1-4 6-8 36 10 1-7

Omocestus rufipes 4-5 6-4 9-7 8-5 o-i ,
„ haemorrhoidalis 16-9 2.3 31 1'9 65-5 297 7-7 0'7 1-3 0-2 148
„ petraeus 63-3 58-8 11-5 12 3 9-7 4-5 1-6 0-6 0-3

Stauroderus biguttulus 0-9
„ bicolor-mollis 756 4P7 530 74-0 61T 74-6 7-1 2-5 321 36 430 70-8 670 45-3 83.3 72-0 408 7-6 40-3 53-4 71-5 63-7 38-6 31-2 248 0-9 1-4 48 7-5 72 10-4 18 0*5 4-6

Chortippus dorsatus P0 3 4 568 11-4 3-6 64-5 5-8 27-7 3-6 0-3 07
„ parallelus 1-4 11-9 7-Ü 47-2 19-4 321 4-5 30-6 138 6-7 4-3 299 35-4 48 0-9 0 8
„ longicornis 3-4 ? 12-9 3 1 17 3 111 4-6
„ elegáns 2-2 47 592 148 11-9 188 1-9 13-5 36-3 34-3 11-2 7-2 10-2 2-2 1-2 1-3
„ declivus 15 53 0-2 2-7 2-2 8-9 1-9 20 12-4 7’2 1-7 0-7 34 4-1 5 2 20 19-9 290 73-6 32 12-6 1-4 12-4 1-5 08 3 8 5-9

Gomphocerus maculatus 71 34 7-0 0-4
„ rufus 5-9 16-5 169 41-3

Dociostaurus cr. brevicollis 
Mecosthetus grossus

12T
11-3 30 8.5 24-9 6-3 23-0 29 4 46-5 657 8P9

Aeolopus thalassinus 111
3-5

5-6 + 1-7 2-7 0-4 1-7 + 18-7 4 1 27T
Oedipoda coerulescens 443 38-4 + + 19-5 16-4 1-9 + 3-9 171 16-2 32-7 5-0 1-7 66 14-3 6 6 7 3 38 16-3
Oedaleus nigrofasciatus 24-8
Calliptamus italicus 24'4 140 112 11 7 1-9 10-7 13-3 13 9 18-5 7-0 0-6 9-5 8-9 5-9 11 6 27-4 111 4-7 50
Pezotettix giornai 08 3-1 1-9 7-6 25-4 11-7 11-0 75 3-7 5-3 4-9 2-4 2-0

Stenobothrus s. lat. larva 6-1 M 23 0-6 0 1 1.9 32-7 0-3 10 20 0-3
Gomph. mac, seu Omoc. petr. 1. 
Omoc. haem, seu rufip. larva

0-3
66

Staurod. seu Omoc. larva 3-9 2-3 08
Chortippus larva adeterm. 0-9 14-5 0-6 6-1 22-6 17*1 11 -4

Leptophyes aibovittata 0-5 90
Phaneroptera falcata 
Conocephalus fuscus

+
08 + 4-4 1-9 1-6 1-5 22T 5-4 10T 34-1 7-3 +

„ dorsalis 1-0
Homocoryphus nitidulus + 4-2 33

Rhacocleis germanica
4-9 + +

“f" 7-2 14-5 118
Metrioptera grisea

80
11-7

36-7„ affinis 24-2 + 37
„ vittata 
„ roeselii

+ 7-0 2-9
14'5 3-4

Decticus verrucivorus 
Ephippigera vitium

+ 206 17.6
+

8-5 + + +

Oecanthus pellucens 
Pteronemobius heydeni 
Liogryllus campestris

86 0-8 2-6 40

11

1-9 21
2-9 +

1-2 23 0-9
+ 0T

Gryllus desertus 
Liogr. seu Gryll. larva 
Mantis religiosa

+
10-6 4-i 1-9 3-6 + 58

10 100 IT 18
18

0-5

4-41-5





Average values of individual and weight doiminancy (DI and DG [in fat type], in %) and grades of Constancy (K) and Fidelity (F in fat type) of the species in the
TABLE V.

Sanatoria Population Groups I—VI (see text, p. 99—105).
I. 11. III. IV. V. VI.

S p e c i e s
Di D g K F D i Dg K F Di D g K F D i Dg K F Di D g K F D i Dg K F

Acrida turrita 
Acrydium subulatum

0-25 0-85 1 5
0-46 0-18 1 1 0-77 0-27 3 1 4 9 6 1-98 3 3 3-37 1-19 4 2

„ bipunctatum 0-21 0 1 3 1 2 0 0 4 0 0 2 1 2 0-52 0-18 1 2
Parapleurus alliaceus 0-40 1-10 1 2 3-33 3-48 3 4
Chrysochraon dispar 0-33 0-30 2 4 0 1 3 0-22 1 2

Stenobothrus lineatus 0-34 0-43 2 2 1-72 2-88 2 3 0-25 0-22 1 2
„ crassipes 1-31 0-81 2 1 1304 9 0 1 5 3 4-15 2-09 4 1 0-33 0 1 2 1 1
„ stigmaticus 1-66 1 0 2 1 5
„ nigromaculatus 2 0 9 3-79 5 4 0 15 0-33 2 2

Omocestus rufipes 0-71 0-56 1 2 7-30 6 0 7 4 4 0 0 3 0 0 8 1 2
„ haemorrhoidalis 2-31 2-41 2 1 15-65 13-57 4 3 2-38 1-16 2 2
„ petraeus 33-74 20 27 5 5 0 0 5 0 0 4 1 1

Stauroderus biguttulus 0-14 0 1 0 1 5
„ bicolor-mollis 87-42 63*99 5 1 39-22 83-92 5 2 49-94 4 6 1 2 5 o 44-57 39-48 5 1 3-50 3 1 2 4 2 1 0 3 0-76 1 1

Cnortippus dorsatus 13-57 14-42 4 4 6 1 5 5-38 4 2
„ parallelus 0-30 0-24 1 1 1-56 2-36 2 i 16-38 16-39 5 3 8-75 6-98 4 2
„ longicornis 0-40 0-42 1 1 9-22 8 1 6 5 5
„ elegáns 0-25 0-28 1 1 0-46 0  59 1 i 20 03 18-81 5 3 4-48 3-68 5 2
„ declivus 1-27 1-21 3 1 4-12 4-63 5 2 3-25 3 1 7 4 1 12-49 11-95 5 2 1-55 1-62 2 1

Gomphocerus maculatus 4-97 2-18 2 4 o-io 0 0 4 1 2
„ rufus 22-45 20-14 5 5

Dociostaurus cr. brevicollis 
Mecosthetus grossus

0  81 1-51 1 5
2-67 5-35 2 3 31-72 4 2 1 6 5 4

Aeolopus thalassinus 0-73 1 8 5 1 1 0 8 0 0-70 1 1 2-69 3-30 4 4 3-13 4-52 1 1
Oedipoda coerulescens 6-85 1 7 0 4 5 2 4-32 1P45 5 2 1-76 5 1 9 4 2 1-35 5 0 3 3 1
Oedaleus nigrofasciatus 1-00 3 1 0 1 5
Calliptamus italicus 2 2 8 10-54 5 2 1-46 7-92 3 2 0-70 4-56 4 2 0-67 3-70 2 2
Pezotettix giornai 0 54 0-48 2 1 9-67 8-71 4 2 5 9 6 3-90 3 3 1 0 5 0-73 2 1

Stenobothrus s. lat. larva 3-79 1-fiO 4-09 5-20 1 1 7 0-74 0-32 0 0 4
Gomph. mac. seu Omoc. petr. 1. 
Omoc. haem, seu rufip. larva 
Staurod. seu Omoc. larva

0-11 0 0 4
106 0-83

0-63 0-50
Chortippus larva adeterm. 2-40 1-90 13-22 8-51

Leptophyes albovittata 0 0 5 0-06 1 3 1-32 2-26 2 3
Phaneroptera falcata H~ + 1 5
Conocephalus fuscus 0-05 0 1 0 1 1 + + 2 1 4 1 3 4-28 3 3 10-03 8-59 4 2

„ dorsalis 0-10 0 1 2 1 5
Homocoryphus nitidulus 0-20 0-53 1 4 0-27 0-55 1 2

Rhacocleis germanica + “I“ 1 2 3 0 2 8-29 4 4
Metrioptera grisea 0-27 0-61 2 4 0-46 1-45 1 2

„ affinis 1.65 4 0 3 2 4 0-88 3-08 1 3
„ vittata + + 1 2 0-62 0-86 1 4
„ roeselii P25 3 0 0 1 5

Decticus verrucivorus 
Ephippigera vitium

0-32 3-44 2 2 0-29 2-20 1 1
+ + 1 5

0 0 3 0-60 2 3 + + 1 1

Oecanthus pellucens 
Pteronemobius heydeni

0-35 0 1 4 1 5
0-23 0 0 2 2 5

Liogryllus campestris 0-04 0-24 I 2 0-20 0 5 1 2 2 0 2 7 0-37 1 3 0 1 0 0 1 4 1 2
Gryllus desertus 2 0 3 2-66 5 3 0-57 0-73 2 1 1-20 1 1 5 3 3 0-07 0 09 1 1
Liogr, seu Gryll. larva 
Mantis religiosa 007 0-24 1 1 0-29 1 32 1 1 0-36 0-69 2 2 0-75 2-42 4 2

0-35 0-22





T A B L E  VI.
Num ber o f  individuals o f each  Sanatoria sp ec ie s  per hectare fA value) in the d ifferent habitats (surveys 1— 39) grouped  according to  the type o f population  (SPG).

S p e c i e s I it lit IV V VI
28 27 32 37 24 25 21 31 22/a 29 26 22/b 23 19 30 1 14 36 20 35 35/a 39 13 12 11 2 15 38 33 6 4 17 10 5 7 8 9

Acrida turrita 
Acrydium subulatum

155
382 510 1058 827 2501 1851 2915 527 1428 1458 2714„ bipunctatum 901 158 101Parapleurus alliaceus 368 406 527 711Chrysochraon dispar 158 74 324

Stenobothrus lineatus 163 168 632 1417 135 310„ crassipes 2138 337 612 1270 1934 607 892 2883 3672 8677 4106 1612 271 158
„ stigmaticus 4161
„ nigromaculatus 504 326 416 238 1357 306 209 244

Omocestus rufipes 3080 7250 143„ haemorrhoidalis 5700 612 1693 607 6757 20914 2939 395 327 143 2031
„ petraeus 8718 13963 1860 4073 3333 3086 1347 306 209

Stauroderus biguttulus 322
„ bicolor-mollis 21901 29178 12028 14941 371 504 2480 652 8334 27790 27606 8877 44018 23522 7488 3244 13219 17352 37984 23763 164 425 541 2385 1653 1029 484 527

Chortippus dorsatus
563 425 353 13519 1653 294 2915 1016 2850 162 159„ parallelus 892 1982 8842 5243 2031 796 5193 1398 2161 17005 24970 2267 478 215„ longicornis

155
508 1781 7122 3994 1946

„ elegáns
163 834

382 6777 3603 4107 4235 135 3186 4339 14497 6803 305 6418 1296 478 433„ declivus 168 306 1056 2256 203 127 4685 2203 395 1537 2013 484 4258 11193 12001 271 3022 353 616 973 101 527
Gomphocerus maculatus 1298 1117 1705 244

„ rufus 5133 13294
Dociostaurus cr. brevicollis 
Mecosthetus grossus

1177
709 220 1232 7287 203 1071 9985 11818 17732 20547

Aeolopus thalassinus 
Oedipoda coerulescens 
Oedaleus nigrofasciatus

1408
862

287

371 167
620

163 1250 476 2188 1836 847 322 203
637

1714 790 510
353 271 158 118 5860 973 1598

Calliptamus italicus 1263 563 241 167 155 326 416 505 209 322 203 244 484 327 158 74
Pezotettix giornai 632 1622 1537 5638 5243 3657 2360 3083 5346 101 1781
Stenobothrus s. lat. larva 742 167 620 163 238 1836 16584 395 1537 1206 1070Gomph. mac, seu Omoc. petr. 1. 
Omoc. haem, seu rufip. larva 
Staurod. seu Omoc. larva

167
2692

819 850 135
Chortippus larva adeterm. 327 6093 118 882 14248 8625 5191
Leptophyes albovittata 
Conceiphalus fuscus

209
180 484 353 147 7711 2915 305 3723 3926

„ dorsalis 310
Homocoryphus nitidulus 648
Rhacocleis germanica 
Metrioptera grisea 163 404

1537 2819
„ elegáns 
„ vittata

815 306
484

677 484
973

„ roeselii
241 203 711

Decticus verrucivorus 163 143
Oecanthus pellucens 
Pteronemobius heydeni 
Liogryllus campestris

141 241 573

416

127 510 118 973 358
478

Gryllus desertus 
Liogr. seu Gryll. larva 
Mantis religiosa 163 322 203 400

158 2360 73 616 162
141 1457

Total 23164 31994 12751 16663 11500 17993 7750 7333 14999 39666 33666 14997 50984 29000 11335 10196 52995 31332 28004 57951 57995 8713 18667 34008 18000 '3489 24327 19001 11399 38247 51500 3249 8500 55989 39505 34658 28332





TABLE VII. 4

Total weight of Saltatoria peT hectare according to species in the different habitats (surveys l—39) grouped according to the type of populations (SPG).

S p e c i e s I II Hi IV V VI
28 27 32 37 24 25 21 31 22/a 29 26 22/b 23 19 30 1 14 36 20 35 35/a 39 13 12 11 2 15 38 33 6 4 17 10 5 7 8 9

Acrida turrita 
Acrydium subulatum

77
19 36 63 53 140 99 146 37 64 71 176

„ bipunctatum 47 10 6Parapleurus alliaceus 129 78 62 298Chrysochraon dispar 20 9 81
Stenobothrus Iineatus 67 25 95 479 20 46„ crassipes 141 39 70 106 170 70 95 246 314 578 309 135 14 18

„ stigmaticus 334
„ nigromaculatus 143 92 118 67 352 87 60 69

Omocestus rufipes 478 742 7
„ haemorrhoidalis 838 57 192 42 883 1286 312 21 37 10 177
„ petraeus 461 914 131 283 214 221 80 14 18

Stauroderus biguttulus 28
„ bicolor-mollis 2255 2892 1313 1828 52 39 367 82 954 3505 3453 1093 5138 2402 911 328 1644 2120 4768 2955 27 59 57 252 218 153 43 87

Chortippus dorsatus
56

40 85 1897 345 53 486 155 298 15 39
„ parallelus 160 304 1372 807 384 150 926 201 251 2495 2917 298 48 46
„ longicornis

26
72 252 1073 603 259

„ elegáns
34

64 1027 432 495 467 22 409 531 1990 932 40 845 133 64 72
„ declivus 118 12 64 135 296 42 27 538 294 21 253 312 35 579 1204 1831 38 422 42 87 70 21 112

Gomphocerus maculatus 51 53 80 15
„ rufus 440 1261

Dociostaurus cr. brevicollis 
Mecosthetus grossus

188
341 43 492 2078 35 437 2423 2882 3572 4608

Aeolopus thalassinus 
Oedipoda coerulescens 
Oedaleus nigrofasciatus

434
478 119 30

284
90 379 174 833 788 310 57 148

76
582 216 285

42 32 13 50 1083 340 514

Calliptamus italicus 726 439 237 48 166 153 321 410 359 35 317 199 241 476 322 156 72
Pezotettix giornai 46 134 143 579 488 368 228 307 411 13 166
Stenobothrus s, lat. larva 44 17 26 13 7 46 1417 72 153 21Gomph. mac, seu Omoc. petr. 1. 
Ornoc. haem, seu rufip. larva 
Staurod. seu Omoc. larva

5
269

115 94 11
Chortippus larva adeterm. 26 601 19 89 1402 928 638

Leptophyes albovittata 
Conocephalus fuscus

31
33 77 56 23 1281 454 56 647 602

„ dorsalis 57
Homocoryphus nitidulus 266

Rhacocleis germanica 
Metrioptera grisea 112 260 * 539 1108

„ affinis 558 193 440 306
„ vittata 
„ roeselii

416

121 243
81 285

Decticus verrucivorus 405 352

Oecanthus pellucens 
Pteronemobius heydeni 
Liogryllus campestris

30 52 98

25

25 154 35 194 72
7

Gryllus deserlus 
Liogr. seu Gryll. larva 
Mantis religiosa 244 64 81 403

34 302 16 106
146

32
56

Total weight 2981 I 3908 2019 2452 728 1553 1144 2302 2218 4953 5153 2413 6167 3336 2233 1348 4333 4073 2965 7476 7646 1736 2910 4157 2488 1197 3341 3026 1459 5799 8344 559 1895 8243 6194 5435 5623





Average value of Abundancy (ind/ha) and Production (g/ha) of Saltatoria found in types of SPG I—VI. established according to habitat types.
T ABLE VIII.

S p e c i e s I. II. ------------n n : ------------ IV. V VI.
A P A P A P A P A P A P

Acrida turrita 
Acrydium subulatum

19 10
55 3 255 18 915 50 1021 58

„ bipunctatum 129 7 16 1 17 1
Parapleurus alliaceus 37 13 274 73
Chrysochraon dispar 23 3 54 14
Stenobothrus lineatus 41 12 293 82 44 7

„ crassipes 486 32 2848 225 2859 222 43 3
„ stigmaticus 594 48
„ nigromaculatus 392 107 65 18

Omocestus rufipes 5165 610 14 1
„ haemorrhoidalis 789 112 4758 391 250 23
„ petraeus 4586 290 30 3

Stauroderus biguttuius 46 4
„ bicolor-mollis 19504 2072 9573 1193 15549 1792 30873 3861 668 81 88 15

Chortippus dorsatus 1916 291 698 84
„ parallelus 141 14 411 66 4267 659 4655 551
„ longicornis

55
2558 377

„ elegáns 19 3 9 4768 631 1488 192
„ declivus 184 29 1561 193 1775 282 3317 431 105 22

Gomphocerus maculatus 522 28 35 2
„ rufus 9213 850

Dociostaurus cr. brevicollis 
Mecosthetus grossus

147 24
945 296 10226 2326

Aeolopus thalassinus 352 108 91 11 773 156 266 86
Oedipoda coerulescens 216 120 806 302 554 188 255 142
Oedaleus nigrofasciatus 77 35

142 104Calliptamus italicus 588 862 196 176 113 103
Pezotettix giornai 322 26 3587 361 1969 180 314 30
Stenobothrus s lat. larva 471 19 2425 204 1371 112 178 4
Gomph. mac, seu Omoc. petr. 1. 
Omoc. haem, seu rufip. larva 
Staurod. seu Omoc. larva

21 1
385 39

180 22
Chortippus larva adeterm. 742 74 4677 495
Leptophyes aibovittata 30 5

1161Conocephalus fuscus 26 5 189 1326 217
„ dorsalis 31 6

Homocoryphus nitidulus 108 34
Rhacocleis germanica 
Metrioptera grisea 20 14 58 37

2178 823
116 75„ affinis 140 94

„ vittata 
„ roeselii

146 36
152 61

Decticus verrucivorus 60 104 20 51 14 35
Oecanthus pellucens 
Pteronemobius heydeni

52 3
80 1

Liogryllus campestris
239 45

18 4 255 77 109 23 59 12
Gryllus desertus 
Liogr seu Gryll. larva 75 21 200 202

321
146

46
15

27 5
Mantis religiosa 35 14 20 31
Total 21145 2839 18489 2558 30552 3494 58000 7561 23036 3446 28375 4658
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COMPARATIVE STUDY ON THE PHYSIOLOGY OF NATURAL
POLYPLOIDS

I. The influence o f  various hydrogen ion concentrations upon the growth and  productivity 
o f  Puccinellia distans 2n= 42, and  P. limosa 2n= 28.

BY
LAJOS J. M. FELFÖLDY and M. MAGDA FELFÖLDY 

From the Hungarian Biological Research Institute, Tihany, Lake Balaton 
(Received for publication 1st June, 1949.)

INTRODUCTION
Results of cy tiogeographical research call our attention to contradic­

tions between the physiological characteristics of natural and artificial 
polyploids. As opposed to the dynamic, resistant, large-sized, abun­
dantly productive natural polyploids, adaptable to extremes in life con­
ditions (see the literature cited ap. F elföldy, 1948), the diminished vi­
tality of the artificially induced polyploid, with its disturbed propaga­
tion and often smaller yield than the diploids, hias been a great dis­
appointment to the practical specialists working with colchicine (Cf. 
Györffy, 1941, N oggle, 1946). Research work was hence at first obli­
ged to turn to the natural polyploids, to discover the secret of their bet­
ter quality, so as to be able to use our experiences to induce artificial 
polyploids.

The following series of experiments was also' conceived with this 
idea in mind. At the same time the solution of certain plant georgraphy 
problems could be expected from it, which we wished to make use of 
for experimental ecology.

In Hungary three species of the genus Puccinellia are to be found 
(Jávorka, 1937:34), besides the endemic and rare P. Peisonis Beck, the 
P. distans (Jacq.) Parl. and P. limosa Schur. Some authors mention the 
latter as a ssp. of P. distans, called P. distans (Jacq.) P arl. ssp. limosa 
(Schur.) Jáv. On the basis of chromosome investigations and their mor­
phological characteristics we can consider them separate species.

Three different chromosome races are given in the literature un­
der the name of Puccinellia distans :2n=i4,42 A vdulov, 1931, and 2n=  
28 Stählin, 1929, Tarnavschi, 1939. P ólya (1947) mentions a 2n=28 
ssp. limosa in plants from the Hortobágy. We found 2n=42 for P. dis­
tans at Tihany and for P. limosa 2n—28 at Hortobágy among our ex­
perimental plants.

EXPERIMENTAL PROCEDURE
Among the plants examined P. distans, with 2n=42 chomosomes, 

derived from' the alkali-soil meadow of the Tihany Külső-tó. We plan­
ted it in our experimental garden in May, 1947. Mr. L. P ólya brought 
the P. limosa from the Hortobágy in June, 1947, and it was also plan­
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ted in our garden. The plants produced a crop there and the seeds from 
it were planted out of doors in the -autumn of 1947, and from there the 
plants were transferred on April 17th, 1948, to water-culture vessels. 
Their initial weight:

Puccinellia distans 2n=42:2.26±0.l7 
P.limosa 2n=28: 2.31 ±0.08 *

We used 1 1 glass jars asi water-culture vessels, painted first with 
black, then with white Trinat enamel, and washed out with diluted 
hydrochloric acid and distilled water.

In pH experiments we may expect exact results only if we can 
assure constant hydrogen ion concentrations in the vessels for several 
weeks. This can he provided in water or sand cultures only by cons­
tantly flowing, always changing fluids (P ih s c h l e , 1939:584), which, 
however, we were obliged to disregard for technical reasons. But as the 
life processes of the roots of the plants change the pH of the nutrient 
solution, it was necessary to control it constantly and change it in case 
of need.

Composition of the initial solution:
0.2 g potassium dihydrophosphate,
0.1 g sodium chloride,
0.1 g magnesium sulphate cryst.
0.2 g potassium nitrate,
0.4 g sodium nitrate,
3 drops 5% ferric chloride,
1 ml A—Z solution according to Hoagland.

To obtain the desired pH values the following quantities of acids 
or alkalis were necessary:

To 1 liter solution:
n-HCl pH 4: 6.09 ml

„ pH 5: 5.45 „
„ pH 6: 4.54 „

n-NaOH pH 7: 1.00 „
„ pH 8: 3.59 „
„ pH 9: 6.00 „

The pH was established in each case to an exactude of ±0.1. The 
nutrient solutions were mixed from the initial solutions in an 11 liter
bucket to assure homogeneity. The pH was measured electro-metrically 
by quinhydrone electrode with calomel cell, with a S zonntágh  valve 
potentiometer. The solutions were controlled daily and if a difference of 
0.5 was found in a vessel, the solutions in all of them were changed.

Dates:
Beginning:
I. change
I*.
I'll. „
IV.
v.
VI. „
Flowering began
VII. change 
Harvested

April' 16, 1948. 
„ 23
„ 30

May 7 „ 12 
15 
18„ 20 „ 21 
2Ö
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The experiment lasted for 40 days, during which the grasses, 
with the exception of those with pH 4 solutions, grew into stalks and 
blossomed. The tetraploid P. limosa began flowering a few days iearlier, 
indeed at the end of the experiment it began to lose its anthers, which 
is a sign that blossoming is over.

There were 10 vessels in each series, each containing 2 plants, so 
the measurements and analyses were calculated from the average of 20 
plants, except when some specimens died.

On harvesting them we measured the length of the shoot the 
fresch weight, then killed them is a drying chamber, one hour at 120° 
C, and dried them to constant weight at 90—10° C, to establish dry 
weight and dry content. The powdered samples were kept in paper 
bags in an exsiccator filled with CaCl2 until analysed. The total nitro­
gen was determined by the Kjkldahl semi-micro method in a P arnass-  
W agner apparatus. For calcium determination the dry matter was re­
duced to ash in a platinum crucible in an electric oven, the ash dissol­
ved in hydrochloric acid and the Ca in it determined b y  M urer’s 
(1937) method.

The measurements and analyses proved that the optima] pH- 
values for1 the plants could be determined only by taking several char­
acteristics into consideration. The) results of the measurements must also 
be evaluated statistically, so that the real optimum can be distinguished 
from the apparent., We made the statistical calculations with the follow­
ing formulae:

M—the mean value, x —the members of the series observed or measured, 
n—the number of members.

—V?' n
'2(d2)

-1 where

o = the standard deviation, d—the deviation of the different members 
from the mean value, without regard to plus or minus, n=number of 
members.

m = a
n of which k, the significant difference:

,, M,-Ma
Vrn?+ ml ’

If k> 2 there is probably a statistical difference between the two 
mean values, if k > 5 then there is certainly a significant difference be­
tween them. j ■ \ .,!

EXPERIMENTAL RESULTS
Length of shoot

The values in respect to length of shoot are summarized in 
T a b l e  I. Analysis of variance showed that the differences in lengths 
of the shoots are very significant in the case of the tetraploid P. limosa. 
The optimum at pH 9 is probable (the k values are: 8-58, 3.2b, 5.00, 
3.21, 3.96). In the case of pH 5—8 there is no difference statistically (h =
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0.12—1.00). The hexaploid species is much more uniform; with 5—0 pH 
values there is no difference in the length of the shoot. P. distans (2n=  
42) was in all cases taller than P. limosa (2n=28). ( F i g u r e  1)

TABLE I.
L e n g t h  o f s h o o t ( c m )  .

Puccinellia limosa 2 n =  28 Puccinellia distans 2 n =  42

pH cm o m pH cm a ru
4 3 2 .8 11 .06 3 .6 8 4 3 8 .0 6 .2 2 2 .0 7
5 6 0 .2 3 .8 3 1.27 5 6 4 .8 13 .82 4 .6 0
6 5 9 .0 2 .8 2 0 .9 4 6 6 7 .0 2.61 0 .8 7
7 6 0 .5 3 .5 6 1 .18 7 6 5 .0 5 .3 2 1.77
8 6 0 .0 3 .2 8 1 .02 8 6 9 .0 7 .54 2 .51
9 6 5 ,0 2 .2 8 0 .7 6 9 65 .4 2 .4 9 0 .83

k k
pH 5  6 7 8 9 PH 5 6 7 8 9

4 7 .0 4  6 .91 7 .17 7.1 8 .5 4 5 3  12 .9 9 .9 9 .5 12 .0
5 —  0 .7 0.1 0.1 3-2 5 — 0 .4 0 .0 4 0 .8 0 .1
6 — — 1.0 0 .7 5 .0 6 ---- _ 1 .0 0 .7 1.3
7 — — — 0 .3 3 .2 7 — — —. 1.3 0 .2
8 — — — — 3 .9 8 _ ' — — — 0.1

FRESH WEIGHT
The data in T a h i é  II show two optima for fresh weight in the 

tetraploid species (pH 5 and 9). The optimum at pH 5 cannot be con­
firmed statistically (<7=1.82, k=0.43—0.95) but the optimum at pH 9 is

( 6 x )  q

D 2n=28(4x)
© ©

4 5 6 7 8 9 pH 4 5 6 7 6 9

F i g .  1 . Lenght of shoot and F i g .  2 . fresh weight of the tetraploid and hexaploid 
plants cultivated in nutrient solutions with various (pH 4—Q) hydrogen ion concentrations.
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very priobable ( a—0.67, k=13.6, 0.63 — as related to pH 5 — 2.6Í, 3.29,2.19). 
In the hexaploid species we find cases, as in the length of shoot, where 
there is no significant difference (k=0.21—1-37) between the values of 
plants raised in the pH 5—9 nutrient solutions. If is interesting that 
írom the standpoint of fresh weight the tetraploid species surpasses 
the hexaploid, which can be explained by the greater bushiness of P. 
limosa.

t a b l e  ir.
F r e s h  w e i g h t  ( g ) .

Puccinellia limosa 2n = 28 Puccinellia distorts 2a = 42
PH g o m PH g r m
4 1.16 1.03 0.34 4 1.62 0.51 0.17
& 6.10 1-82 0.60 5 4.68 1.20 0.40
6 5.51 1.03 0.34 6 4.24 1.40 0.46
7 5.48 0.76 0.25 7 5.26 1.44 0.48
8 5-82 0.76 0.25 8 4.44 1.44 0.48
0 6.50 0.67 0.22 9 5.28 1.39 0.46

k 1k
PH 5 6 7 8 9 PH 5 6 7 8 9
4 7.2 9.0 10.2 11.4 13.6 4 3.3 2.7 3.8 2.9 3.8
5 __ 0.8 0.0 0.4 0.6 5 — 0.3 0.5 0.2 0.5
6 — —. 0.7 0.7 2.6 6 ' — _ 0.8 1.7 0.9
7 — — _ 1.0 3.2 7 _ — — 0.7 0.5
8 — — — — 2.1 8 — — — — 0.7

DRY WEIGHT AND DRY CONTENT IN %
The weight of dry matter is given in T a b l e  I I I  and F i g u r e  

3 and the dry content of fresh weight (%) in T a b 1 e IY  and Fi g u r e 
4- The values in dry weight change similarly in both species, for in both 
of them the optimum pH falls at 7—8—9. But the dry weight of the tet­
raploid species is considerably greater than that or the hexaploid. In 
P. limosa (2n =28) an apparent optimum can also be observed at a pH 5 
value ( F i g u r e  3).

TABLE HI.
W e i g h t  of  d r y  m a t t e r  ( g ) .

Puccinellia limosa 2a — 28 Puccinellia distorts 2a = 42
pH g o- m pH g o m
4 0.28 0.18 0.06 4 0.33 0.10 0.03
5 1.40 0.47 0.16 & 1.00 0.20 0.06
6 1.34 0.34 0.11 6 0.96 0.19 0.06
7 1.76 0.40 0.13 7 1.20 0.18 0.06
8 1.78 0.29 0.09 8 1.16 0.22 • 0.07
9 1.62 0.24 0.08 9 1.28 0.32 0.10

k k
pH 5 6 7 8 9 pH 5 6 7 8 9

4 65 5.5 10.5 15.0 13.4 4 10.0 9.4 12.9 10.9 9.1
5 — 0.3 1.8 2.1 1.2 5 — 0.4 23 1.7 2.4
6 —  _ 2.4 3.1 2.1 6 —  — 2.8 2.1 2.7
7 _ _ — 0.1 0.9 7 —  _ — 0.4 0.6
8 _ — — — 1.3 8 —  — —i — 0.9

In respect to dry matter content the species with 2n=28 chromo­
somes had a remarkably low value at pH 9, so that the optimum occurs
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at pH 7 and 8. In P. distans we find the optimum at p H 8 and9 ( F i g ­
u r e  4).

TABLE IV.
D r y  c o n t e n t a s % o f  f r e s h  w e i g h t .

Puccinellia Ibnosa 2n =  28 Puccinellia distans 2n =  42
pH */. a m PH °/o a m
4 15.2 3.63 1.21 4 19.4 5.58 1.86
5 23.4 4.43 1.47 5 21.8 2.18 0.72
ft 26.1 2.60 0.86 6 23.5 305 1.01
7 30.0 3.16 1.05 7 21.9 095 0.31
8 29.5 4.64 1.55 8 25.7 2.08 0.69
9 25.3 3.54 1.18 9 24.5 2.26 0.75

k k
PH 5 6 7 8 9 PH 5 6 7 8 9
4 4.3 6.1 9.2 7.2 6.0 4 1.2 1.9 1.5 3.1 2.5
5 _, 1.5 4.4 2.8 1.0 5 — 4 1.3 0.1 3.9 2.5
ft — .. 2.8 1.9 0.5 6 — — 1.5 1.8 0.8
7 _ _ _  02 2.9 7 — _ — 5.0 3.2
8 — _ — — 2.1 8 — — — —■ 1.1

o  o

F i g .  3.  Dry weight, F i g .  4 . dry content and their standard deviations, in the
tetraploid and hexaploid plants.

ASH CONTENT
The percentual ash content of the dry matter is summarized in 

T a b l e  Y. In the tetraploid species an optimum can be seen (pH 9, the 
values of which, however, refer only to statistical probability: k=2.20, 
4.12, 1.96, 2.30. In the other data there is no such difference (k=0.46—
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1.06). In the hexaploid species we found the optimum at the usual places 
(pH 7—6—9). ( F i g u r e  3)

TABLE V.

A sh  c o n t e n t  o f  d r y  m a t t e r  (Vo).

Puccinellia limosa 2n =  28 Puccinellia distans 2n =  42
pH Vo a m pH Vo a m
5 8.07 1.22 0.43 5 9.27 1.15 0.47
S 8.35 0.65 0.23 6 8.65 0.44 0.22
7 7.60 0.55 0.20 7 6.86 0.86 0.32
8 7.59 0.42 0.14 8 7.49 0.83 0.37
9 6.99

k
0.61 0.25 9 7.51

k
1.06 0.35

pH 6 7 8 9 pH 6 7 8 9
5 0.5 1.0 1.0 2.2 5 1.1 4.3 3.0 4.8
e __ 25.0 29.2 4.1 6 — 4.7 2.6 2.7
7 _ _ 0.4 1.9 7 — —. 1.3 1.3
8 -- - — — 2.3 8 — — — 0.04

F i g .  5,  Ash content of dry matter. F i g .  6 . Total nitrogen content in Vo of dry matter.

TOTAL NITROGEN

The total nitrogen content of the dry matter of the two species is 
very interesting. In P. limcsa we find the most nitrogen at values of pH 
4 and pH 9, and in P. distans at pH 5 and 7. The low values of P. distans 
at pH 8 and 9 are very remarkable and may be connected with its ash 
content. Both in the case of ash and fresh weight pH 7 can be seen to be 
the apparent optimum ( F i g u r e  6).

9
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TABLE VI.
T o t a l  n i t r o g e n  c o n t e n t  o f  d r y  m a t t e r  (• /• ) .

Puccinellia d1 =  2« Puccinellia distans 2n =  42
pH ®/o a m PH •/o a m
4 2.72 0.21 0.05 4 2.33 0.54 0.16
5 2.43 0.14 0.04 5 2.57 0.11 0.03
6 2.67 0.11 0.03 6 2.43 014 0.04
7 2.72 0.12 0.04 7 2.57 0.06 0.02
8 2.72 0.14 0.04 8 2.19 0.15 0.05
9 2.80 0.05 0.01 9 236 0.27 0.09

k k
pH 5 6 7 8 9 pH 5 6 7 8 9

4 4.1 0.7 0.0 0.0 1.4 4 15.0 0.5 15.0 8.2 0.1
5 —. 4.4 5.3 4.6 7.8 5 — 2.5 0.0 7.0 22
6 — — 0.9 0.9 3.6 6 — — 2.9 3.8 7.0
7 _ — — 00 2.2 7 — — __ 7.9 2.3
8 — — — _ 1.7 8 —. _ _ _ 17.0

CALCIUM

In the percentual calcium content of the dry matter a great par­
allelism appears in both plants. The calcium content changes equally 
in both, depending on the pH. With the calcium analyses we wanted 
only as a trial, to get a glimpse into the inorganic salt metabolism of plants; 
the optima can be established only after complete ash analysis ( I u i n , 1948),

F i g .  7 .

which we were obliged to omit because our material was used up. As 
we see in F i g u r e  7, the hexaploid species exceeds the tetraploids in 
respect to Ca content.
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TABLE VII.
Ca 1c i u m co n t c n t  as «/. o f  d r y  m á t t é r .

Puccinellia limosa 2n = 28 Puccinellia distans 2n =  42
pH •/. a m pH •/o <J m
a 0.81 0.12 0.04 5 1.07 0.18 0.07
6 0.76 0.25 0.08 6 0.96 0.08 0.04
7 0.64 009 0.03 7 0.89 0.07 0.03
8 0.77 0.04 0.01 8 0.91 0.11 0.05
9 0.72 0.05 0.02 9 0.83 0.14 0.05

DISCUSSION
If we want to establish the effect of the hydrogen ion concen­

tration in the nutrient solution of the two species under investigation, 
we must sum up the optima of the characteristics observed. The simplest 
method for doing this can be seen in F i g u r e  8. In F i g u r e s  1—6 we 
marked with small circles the statistically certain or probable optima. 
I transferred these circles to F i g u r e  8: Black centers — P. distans, 
2n=42; white centers=P. limosa 2n=28. From this drawing conclusions 
can be drawn:

% 6x •  9 • o
O tx 90§ m 90

9 • mo mo 9 0
O  90 9 90 90 ' 9 0

PH  4  5 6 7  8 9
F i g .  8 . The optima of the characteristics observed. (See text p, 131.)

The ecological amplitude of the hexaploid, i. e. higher polyploid 
P. distans is wider: it exists equally well at pH 7 to 9. Its optimum at 
the lower pH value is indistinct, it cannot be proved statistically. Con­
versely, the ecological amplitude of the tetrapoid P. limosa is narrow. 
Its optimum at pH 9 is very definite. It is worthy of notice that its 
curve thus has two peaks; we do not find an optimum at pH 6. The two 
optima, very distant from one another (pH 4—5 and 9) have very likely 
some connection with the isoelectric point of the plasma (Í íu c íín ic e k , 
1946).

It is very interesting that though P. distans is a taller plant, P. 
limosa produces more, whether in fresh weight, dry weight or dry con­
tent. The nitrogen and protein contents of the tetraploid are greater 
than that of the hexaploid, which, however, may be due to different 
stages of blossoming in the flowering specimens. P. limosa had already 
begun to lose its anthers by the end of the experiment, which is an in­
dication of an advanced stage of flowering and of the seeds' being 
older.

There is no great difference in ash content between the different 
p H  series, nor between the two species. Besides the length of shoot, its 
calcium content was a characteristic in which the hexaploid exceeded 
the tetraploid.
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The ecological röle of the two species is also comprehensible from 
their behaviour respect to pH. P. limosa is a plant typical in an al­
kali meadow of variable humidity (pH=9.30—8-25, Újvárosi, 1937:Í73). 
P. distans has a much more extensive dispersal, corresponding to its 
greater degree of polyploidy, forming associations on the muddy bottom 
of the ditches in the Tihany Külső-tó (pH 8.7) but it' can be found in 
the same place in the Agrostis alba-Juncus Gerardi association ' (pH 
6.8) in alkali strata, and even beside the artificial brook of the Nagy­
erdő park at Debrecen (Soó, 1948:49, F elfü ld y , 1949:2).
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CPABHHTEJIbHOE HCCJIEßOBAHHE d>H3H0JI0rHH 
ECTECTBEHHblX nOJlHnJIOHAOB

AB-rop: JIAHOUI cpEJIb<P3JTÍlH 

PE 3IO M E

Mm BupamHBanH P uccinellia  lim osa Schur, 2n =  28 h P . d is tan s  (Jacq .) P a ri. 
2n =  42, pacTeHHH paBnoro B03pacTa, b nnTaTejibHbix pacTBopax pa3HOro pH . (4 —9). 
Copoi( flHeti en y ém , b Tenenne KOTOpbix m m  7 pa3 c.viehhjih nvrraTejibHbiíí pacTBOp, u t o G m  
noJiyqwTb nocTOBHHbiit pH , m m  H3MepHJiH: «JiHHy CTeGnn, cbcjkhM Bee pacTeHHö, cyxoií 
sec, coaepwaHHe H e o p r a m - m e c K o r o  o c T a T K a , 3 0 j i m , o ö m e r o  c o A e p H c a H H H  a 3 0 T a  h  K a n b u m í  
n e o p r a i i H 'i e c K o r o  o c T a T K a . B  p e a y j ib T a T e  b t h x  o í i m t o b  y c T a H O B J ie H o :

1. rip n  paBHbix ycjiOBHHX reKcanjiOHA P uccinellia  d is tan s  Bbime pocTa, hcm p .  
lim osa.

2. CoAepMcaHHe KanbUHH Bbime y  rencannoHAHoro bhaa, neM y  TeTpannonAnoro
BHA3.

3. C ApvroH CTOpOHbi TeTpanaoHA P- lim osa  ycTynaeT no oTHOmemiío C Be»ero 
aeca, cyxoro  neca, cyxoro  ocTaTKa n Genna.

4. HMeiomaH 42 xpoMOCOMOB P . d is ta n s  pacnonoraeT  SKOJiornnecKOü aMnuHTVAOif 
ropa3AO mnpe OTHOCHTenbHO pH nHTaTejibHoro pacTBopa, qeM HMeioman 28 xpOMOCOMOB 
P . lim osa. 3 to h mo* ho Gmjio o»HAaTb na ocHOBe unToreorpaiJmnecKHX ashhux .

5. BbincHHB nOTpeGnocTb b pH , CTaHOBiiTCH noHHTHbiM h 3KOJiorHqeci<an pojib
3THX BHAOB.

6. H a ocHOBe BbiineCKa3aHHoro oqeBHAHO, bto sth pacTennn, pa3nnqH ue c Tonen 
3penHn Mop4>o.norHqecKHX h unTonornqecKHX, pa3Jinqai0TCH h (})H3HOJiornqecKH.\íH 
KaqeCTBaMH. TannM o6pa30M nx  moxcho cnnTaTb He3aBHCHMMMH bhabmh.
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INTRODUCTION.

In the course of some work with Hungarian weed vegetation, my 
attention was drawn for the first time to the Nanocyperion type of low- 
growing weed societies. These communities are always found in silt 
or muddy places (F elfö ld y , 1942:99—102, 1947:105—106, etc-)- During 
my researches on vegetation on the Tihany peninsula I came upon so- 
cietes of Nanocy peretum in the inundation area of Lake Belső-tó which 
reccured regularly each year, research into the environment, composition 
and occurrence of which led me to interesting results meriting publi­
cation.

The area surveyed was the S and SW shore of Lake Belső-tó in 
the Tihany peninsula. The whole southern shore is pasture, there are 
even wells there for herds, and consequently cattle, geese and rooting 
pigs exert a destructive effect upon the vegetation. The SW shore was 
planted with maize, owing to which tjhe shore vegetation was protected 
from the land side, from the destructiveness of animals. Three zones are 
formed on this protected side up to October. There is a bare strip directly 
by the water without vegetation, where only little sprouting plants and 
young shoots can be found. These species are the most vigorous, the 
most resistant, the hardy species of the next vegetative zone. After this 
bare strip, a low-growing N anoc ypenon type of plant community forms, 
which, from its dominant species, can be called Pycreetum flavescentis. 
Beyond it, on the furthermost borders of the inundation area grows the 
Bidens tripartita association, which is sharply distinguished from the 
Pycreetum by its high growth and characteristic floral composition 
(See F i g u r e  1).

On the trampled grazed area, conditions are quite different. On 
the strip beside the water the animals have entirely destroyed the vege­
tation- But beyond it is a richly growing, fresh green, short turf almost 
entirely composed of Pycreus flaoescens with a very few acci­
dental species. The Bidentetum above the Pyi rectum cannot develop be­
cause of the animals, in its stead the low-cropped Pycreetum grows, in 
which, however, many sorts of weeds have taken up habitation. The

* T hrough Ihe „B első-tó“ is called a lake (tó =  lake), in  the lim nological sense 
it is a pond. (Varga , 1937: 155 and 195; Jaczó —Mann, 1940.).
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tall, prickly stalks of the Xanihium spinosum are typical for this part 
(Pycreetum Xanthiosum). (F ig . 2).

The inundation area comes to an end, both in the pasture and 
the maize field, with a low, 20—60 cm shelf on which Lolietum, a per­
manent, characteristically dry-laind plant society grows. The pasture 
itself is also composed of ;a Lolium perenne-Poa angustifolia association 
(See F i g u r e  1—2).

F i g .  2.  Plant societies of the shore vegetation influenced by animals (see p. 136.).

METHODS.

For the plant ecological survey 1 used the B raun-B lanquet  
quadrate method, ascertaining the abundance-dominance values (A—D) 
on a square of 2X2 m. I calculated the frequency from 10 or 20 surveys.

In every plant community I investigated the quantitative dis­
tribution of polyploid plants, using my own method (F e l fö l d y, 1948: 
14 and 27).

The life forms were established on the basis of R au n k ia er’s 
Excursions flora, but I also kept in mind the mutability due to environ­
ment.

I employed the areal types as given in M á t h é ’s work (1940. 
1941). As to nomenclature, I followed the „Hung. Excursions flora“ of 
J ávorka (1937).

I took samples of soils on September 10th, 1948, with a drill, 
from the root level and different depths. In every case I drilled till I 
reached ground water.

The moisture of the soils, collected on the spot in drying glasses 
with close-fitting covers, was determined by drying them at 105° C to 
constant weight.
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I carried out the mechanical analysis of the sedimentation by pi­
pette method and graphed it after P rescott, Taylor* and Marshall’s 
(1934) triangular diagram method ( F i g u r e  3).

As to the physical constants, I also determined the sticky point 
of the soils by the method of A rany. The total soluble salt content was 
ascertained by determining the specific conductivity, which was meas­
ured by means of a Wheatstone bridge, after M. Pleissner, except 
that H used a cathode ray oscillograph instead of a telephone recei­
ver. For measuring the specific conductivity I used the semi-fluid 
mass obtained in determining the sticky point according to A rany, for 
which I took the total salt concentration from Endrédy’s empirical 
Table (Ballenegger-Mados, 1944:139).

The total nitrogen was determined after Kjeldahl in a Parnass-  
W agner apparatus by semi-micro method. The ammonia N was dis­
tilled from a 1% KC1 extract after adding 3—4 g MgO. The nitrates 
were determined by P yne’s method, and following this I made the 
reduction with D evarda’s alloy.

For the physiological Ca determination I used the aliquot part 
of the clay fraction in which I determined the calcium by Murrer’s 
(1937) method. I used the hydrochloric acid extract of 5 g soil for de­
termining the total Ca, and measured the calcium oxalate precipitate as 
CaCoO* in a G4 glass-filter.

Abbreviations: P=polyploid, d=diploid, i=chromosome number 
unknown. (P)% and (d)% — polyploids and diploids exclusive of i. 
(Pm)%=polyploids, the small „m“ meaning that the values represent 
the mean valuse of the individuals of several associations, and the brack­
ets that they relate to* the sum of Pm+dm without i.

The life forms are: HH=hydro-lielophytes, G=geophytes, H =  
hemikrytophytes, TH=hemitherophytes (biannuals), Th=therophy- 
tes. The areal types are: Eua=Eurasiatic, Eu=European, Em= Cen­
tral European, Kont=Continental, M=Mediterranean, P=pontic, Cp =  
circumpolar, B=Balkan, end=endemic, Adv = Adventiv.

I. BIDENTETUM TRIPARTITAE

This community is living in the most favourable, fertile locality. 
It finds a place at the outside of the inundation area, under the ledge 
marking the actual shore. It is immediately distinguished from its en­
vironment by its tall growth. It was remarkable that its Tllm% was 
low, 44.7%.

TABLE I.
Bidentetum tripartitae.

Q =  2 X 2  m. 1948. IX. 10.
1 2 3 4 5 A—D Fr«

<i Eua Th Setaria viridis _ ____ r 1 1 1 3
p K Th Echinochloa crus galli 2 1 i 1 2 1—2 5
p Cp H Agrostis stolonifera 2 2 2 1 2 2 5
P K HH Phragmites vulgaris 1 — — 1 1 1
i K HH Bolboschoenus maritimus 3 3 2 1 2 1—3 5
d K Tli Polygonum Lapathifolium 2 1 1 2 2 2 5
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Q “ 2 X 2  m. 1948. IX. 10.
1 2 3 4 5 A—D Fr2ft

p Cp Th Chenopodium rubrum __ — — 1 — 1 3
d Cp Th Atriplex hastatum _ 1 1 1 _ 1 3
d Adv Th ’Amaranthus retroflexus _ 1 __ _ __ 1 1
P Adiv Th Medicago saliva __ __ 1 — 1 1 1
P Eua H Lotus corniculatus __ 1 1 1 _ 1 3
d Eua H Trifolium fragiferum — 1 1 1 ___ 1 3
P Eua H T. repens 1 1 1 1 1 1 5
d Eua H T. pratense — — — 1 1 1 1
d K H Verbena officinalis — 1 1 1 _ 1 3
i M Th Stachys annua __ — — 1 1 1
d Eua H Lycopus europaeus 1 1 1 1 1 t 4
P K Th Solanum nigrum ---. — — __ 1 1 2
d M Th Kickxia spuria 1 — — — __ 1 1
P Cp H Veronica anagallis-aquatica 1 —- — 1 1 1 2
d Eua H Plantago major 1 2 1 1 1 1 5
d Adv Th Erigeron canadense — — — 1 1 1 2
i Adv Th Xanthium spinosum 1 —■ — 1 1 1 2
P Eu Th X. strumarium — 1 — 1 1 1 3
P Eua Th Bidens tripartita 2 2 3 3 2 2—3 5
d Eu Th Anthemis arvensis __ — _ 1 — 1 1
P Eua Th Arctium lappa 1 — — — — 1 1
d Eu Th Carduus acanthoides 1 — — — — 1 1
i Em H Centaurea pannonica — — — — 1 1 1
d Eua H Taraxacum officinale — — — 1 1 1 2
P Eua G Sonohus arvensis —* — — — 1 1 1

Acc.: d—Eu—Th Trifolium hybridum, P—Eua—H Mentha aquatica.
Cytological analysis: P =  42.4, d =  45.5, i =  12.1%; (Pm )% =  51.4, (d„)°/o =  48.6%. 
Areal types: Eua =  36.4, Eu =  12.1, Emi =  3.0, K =  18.2, M =  6.1, Cp =  12.1, 

Adv =  12.1°/o.
Specirum of life forms: Th =  48.5, H =  39.4, HH =  6.1, TH =  3.0, G =  3.0; 

Thm °/o =  44.7, H,„ Vo =  45.7, HHm °/o=7.5, THm % =  1.9, Gm % =  1.9.
Frequency spectrum: Fr5 =  21.2, Fr4 =  3.0, Fr3 =  21.2, Fr2 =  15.1, F rl =  39.5%).

II. PYCREETUM' FLAYESCENTIS
After tlie Bidentetum comes a richly growing but short-turf ed 

strip, like the Nanocyperion-type plant communities in general. The 
dwarfism of the plants living in it is striking, as in the neighbouring 
Bidentetum they are of normal size (Echinochloa, Polygonum lapathi- 
folium, Lycopus europaeus, Plántago major, Bidens tripartita, etc.) 
(Cf. M oor , 1936:114—115, P r is z t e ii, 1947:84, Soó, 1948:53, etc.)

TABLE II.
Py erect a m flavescentis.

Q = 2X 2! m. 1948, IX. 10.
1 2 3 4 5 A—D F r;a

d K HH Typha latifolia juv. 1 — _ — — 1 1
d K HH Alisma plantago aquatica 1 — — 1 — 1 3
P K Th Echinochloa crus galli — —• —. — 1 1 1
P K u Cynodon dactylon — — —. — 1 1 1
P K HH Phragmites vulgaris 1 — 1 1 — 1 3
P K Th Poa annua 1 1 1 1 — 1 3
P Kont H Puccinellia distanS — _. — 1 2 1 1
d Ena H Lolium perenne — 1 — — — 1 1
d K Th Pycreus flavescens 2 3 5 5 4 3—6 5
P K HH Schoenoplectus lacustris —. — — — 1 1 1
P Eua G Juncus Gerardii 1 1 — 1 — 1 2
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Q = 2X 2 m. 1948. IX. 10.
1 2 3 4 5 A—D Fr»

p Cp H J. articulatus _ — _ 2 1 1 3
p Eua H Ramei crispus p. p. juv. 1 1 1 1 1 1 5
p K H Polygonum amphibium — — 1 1 1 1 2
d K Th P. lapathifolium — — 1 1 — 1 3
•P K Th P. persicaria — — 1 —• 1 1 1
P K Th P. aviculare 1 1 1 1 1 1 4
P Cp Th Chenopodium rubrum 1 — 1 1 1 1 4
d Eua Th C, glaucum 1 1 — _ 1 1 3
P K Th C. album _ _ _ 1 1 1 1
<1 Eu Th Ranunculus trichophyllus 1 1 1 — 1 1 4
P Cp Th R. sceleratus 2 1 1 1 — 1 3
P Eua Th Potentilla supina __ — —. 1 1 1 2
d Eua Th Medicago lupulina —. — —* 1 1 1 2
d Eua H Trifolium fragiferum —. — —' 1 1 1 2
P Eua H T. repens — 1 1 1 1 1 3
P K Th Lythrum hyssopifolium — 1—2 1 1 — 1 2
<1 K H Verbena officinalis — 1 1 1 1 1 2
d Eua H Lycopus europaeus — 1 1 1 1 1 3
i B H Veronica scardica _ — —■ 1 — 1 1
P Cp H V. anagallis aquatica —< — —i 1 1 1 1
d Eua H Plantago major 1 1 1 1 1 1 5
d end H Aster pannonicus — — — 1 — 1 1
d Adv Th Erigeron canadense — — — — 1 1 1
P Eua Th Ridens tripartita — 1 1 1 1 1 2
P Eua Th Senecio vulgaris — —* 1 — — 1 1
d Eua H Taraxacum officinale —• — 1 — 1 1 1

Cytological analysis: P =  56 8, d =  40.5, i =  2.7°/o; (Pm )°/o — 55.5, (d„, )°/o — 44.4%, 
Areal types: Eua =  35.2, Eu =  2.7, Kant =  2.7, K =  40.5, Cp =  10.8, B =  2.7, 

end =  2.7, Adv =  2.7%.
Biological spectrum: HH =  10.8, Th =  46:0, G =  5.4, H =  37.8%; Th„, % =  51.4, 

HH,„ % =  10.13, Hm % =  35.6, G„,% =  2.74%. K i 1
Frequency spectrum: Fr5 =  8.1, Fr4 =  8.1, Fr3 =  24.4, Fr2 =  21.6, F rl =  37.Wo.

III. PYCREETUM FLAVESCENTIS XANTHIOSUM SPINOSAE

This occupies a place corresponding to the Bidenietum in the

Earts traversed by animals, trampled and grazed. The plants are low, 
ut mutilated by the grazing and trampling. Nanism cannot be found 

among them. The usually dwarf Pycreus flavescens also has long stalks 
but is flattened on the ground; its bunches trampled to pieces. There are 
very many foreign elements intermixed with the weed plants (Fr. 1: 
45.6%).

TABLE III.
Pycreus flavescens — Xanthium spinosum assn.

Q - 2 X 2 m. 1948. IX. 10.
1 2 3 4 5 A—D Frio

P K Th Digitaria sanguinalis _ 1 — — — 1 1
P K Th Echinochloa crus galli 1 1 1 1 1—2 1 5
d Eua Th Setaria viridis 1 1 — 1 1 1 4
P Cp H Agrostis stolonifera __ _ 1 1 1 1 2
P K G Cynodon dactylon ___ 1 — 1 — 1 2
P K Th Poa annua 1 1—2 1 1 1 1 5
d Eua H Lolium perenne 1 1 — 1 1 1 4
d K Th Pycreus flavescens 2 2 2 2 1 2 5
P Eu H Carex distans ___ 1 1 — — 1 2
P Cp H Juncus articulatus 1 — — —< — 1 1
P Eua G J. Gerardii — . — 1 — 1 1 1
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Q =  2 X 2  m. 1948. IX. 10.
1 2 3 4 5 A—© Fru

d K Th Polygonum Iapathifolium 1 1 _ 1 1 1 3
P K Th P. aviculare 1 1 1 1 1 1 5
d Eua Th Chenopodium glaucum 1 _ __ _ 1 1
d Cp Th 'A'triplex hastaium _ 1 _ _ __ l 1
P Eu H Rubus caesius . _ 1 _ 1 1
P Eua Th Potentilla supina _ 1 1 _ _ 1 1
d Eua Th Medicago lupulina 1 1 1 1 1 1 5
d Eua H Trifolium fragiferum __ 1 1 1 1 3
P Eua H T. repens _ 1 1 _ — I 2
P Eua H Lotus comiculatus 1 1 _ 1 i I 3
d Eu Tli Geranium pusillum 1 _ __ _ 1 1 2
p K Th Erodium cicutarium 1 1 1 1 _ 1 o«>
p Eua Th Malva pusilla _, _ _ __ 1 I 2
p K Th Lythrum hyssopifolia 1 __ — — — J i
p K Th 'A'nagallis arvensis 1—2 1—2 1 1 —p 1 3
d K H Verbena officinalis 1 1 1 1 1 1 5
P Eua H Marrubium vulgare 1 _ — 1 —. 1 1
d Eua H Lycopus europaeus — 1 — — — 1 1
d M Th Kickxia spuria _ 1 — — — 1 1
P M Th K, elatjne _ _ _ — 1 t 1
P Cp H Veronica anagallis-aquatica 1 — 1 — — 1 1
i B H V. scardica _ _ — 1 — 1 1
d Eua H Plantago lanceolata _ 1 — — — 1 o
d Eua H P major 2 2 1 1 1—2 1—2 5
d end H Aster pannonicus — — -- - — 1 1 1
d Adv Th Erigeron canadensis 1—2 1 1 1 l l( -2 ) 5
i ’A'dv Th Xanthium spinosum 2 1—2 2 2 2 2 5
P Eua Th Bidens tripartita _ 1 — — — t 1
P Eua Th Senecio vulgare _ 1 — — — 1 1
d Eu TH Carduus acanthoides 1 _ t 1 — 1 3
d Eua G Cirsium arvense 1 _ 1 1 — 1 9tß
d Eua H Taraxacum officinale 1 1 — — 1 1 a

Acc.: P—Eua—H Potentilla reptans, P—Eu—Th Xanthium strumarium.
Cytological analysis: P=52.2, d =  43.5, i =  4.3°/o; (Pm)°/o =  47.1, (d„ )%> =  52.83%,
Areal types: Eua =  43.5, Eu =  10.9, K =  23.9 Cp =  8.7, M =  4.3, B =  2.2v end =  2.2, 

Adv =  4.3Vo.
Biological spectrum: H =  41.3, G =  6.5, Th =  50.0, TH =  2.2®/#; H„,®/o =  34.9,

G „ 0/o =  6.7, Th«, ®/o =  56.4, TH„ °/o =  1.3%.
Frequency spectrum: Fr5 =  19.6, Fr4 =  2.2, Fr3 =  15.2, Fr2 =  17.4, F rl =  45.6®/a.

IV. PYCREETUM FLAVESCENTIS PAUPERUM
Inhabits the most unfavourable strip. The trampling and grub­

bing of the animals near the water is of very great extent here, as 
can be seen from the poverty of its composition.

TABLE IV.
Pycreus flavensceos assn, (pauperum).

Q =  2 X 2  m. 101h Sept. 1948.
i 2 3 4 5 A—D Frit

p K Th Echinochloa crus galli 1 i 1 — 1 1 5
p Cp H Agrostis stolonifera — — —  — 1 1 1
p K HH Phragmites vulgaris — i — . — — 1 1
p K Th Poa annua — _, 1 1 1 1 3
p Kont H Puccinellia distans — i —  — — 1 2
d K Th Pycreus flavescens 5 3 3 3 3 3—5 5
P Eu H Carex distans 1 1 — 1 1 1 4
P Cp H Juncus articulatus — — 1 1 1 1 1
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Q =  2X 2 m. 19-48, IX. 10.
1 2 3 4 5 A—D Fru>

p Eua H Rumex crispus (pp. juv.) — — 1 _ _ 1 1
d K Th Polygonum lapaithifolium 1 1 — — 1 1 3
P K Th P. aviculare — 1 1 1 _ 1 3
P Cp Th Chenopodium rubrum 1 1 ____ _ _ 1 1 3
d Eua Th C. glaucum — ____ 1 1 ____ 1 2
P Eua H Lotus corniculatus _ _ 1 ____i ____ 1 2
P K Th Anagallis arvensis — — ____ 1 — 1 1
d K Th Verbena officinalis ------ - — 1 1 1 1 3
d Eua H Lycopus europaeus 1 1 1 1 1 1 5
P K Th Solanum nigrum — 1 1 — 1 1 2
P Cp H Veronica anagallis-aquatica ------ - 1 — 1 1 1 4
i B H V. scardica ------1 ____ 1 _ — 1 1
d Eua H Plantago major 1 1 1 1 1 1 5
d end H Aster pannonicus — — — — 1 1 1
i Adv Th Xanthium spinosum 1 — t — — 1 2
P Eua Th Bidens tripartita 1 1 1 — 1 1 3

Acc.: P—Eu—Th Xanthiium strumarium.
Cyíological analysis: P =  (HO, <1 =  28.0, i =  8.(Wo; (Pm)% =  61.6, (dM)% =  38.3%.
'Areal types: Éua =  24, Eu =  8, Konti =  4, K =  36, Cp =  16, 15 =  4, end =  4, 

Adv =  4°/o.
Biological spectrum: HH =  4, H =  48, Th =  48%; HHm% = 1 .4 , Hm % =  46.8, 

Thm % =  51.6%.
Frequency spectrum: Fr5 =  16, Fr4 =  8, Fr3 =  24, Fr2 =  20, F rl =  32%.

SOIL INVESTIGATION

According to tbe literature on plant geography, the societies of 
dwarf species of Cyperaceae and Juncaceae are of edaphic orgin, as 
they are considered to be related to the largest silt content of the soil 
(Soó, 1940:31, U b f jz s y , 1948:13, etc.). A good occasion thus offered 
itself for investigating this, for not only had three types of the same 
Pycreus flaoeocens association evolved under the same conditions on a 
small area, but one of them was a Bidentetum differing essentially from 
them in many respects. I made comparative investigations on the soils 
of four plant societies.

There was no difference in the moisture of the soil otn Septem­
ber 10th, 1948, in the four biotopes, as can be seen in. T a b l e  V.

TABLE V.
Moisture of soils of different biotopes.

0—10 10—20 20—30 30—40 cm.
Bidentetum 23.9 33.1 33.7 44.2 %
Pycreetum typ. 27.9 31.2 41.6 ground, water
Pycreeto-Xanth. 22.6 30.0 45.0 43.8%
Pycreetum paup. 20.5 29.8 42.0 ground water

Mechanical analysis of the sedimentable parts (< 2  mm) of the 
soils shows that the soils of the different plant communities resemble 
each other. F i g u r e 3 shows that all the soil, whether taken from the 
upper or the lower level, can be considered loam. No significant differ­
ence can be found in silt content between the Bidentetum and the 
Pycreetum.
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100%

CLAY

F i g .  3.  Triangular diagram showing the various textures of soils investigated. 
1. Bidentetum 0 cm; 2. Bidentetum 30 cm; 3. Pycreetum typ. 0 can; 4. Pycreet. typ. 
30 cm; 5. Pycreet.-Xanth. 0 cm. 6. Pycreet.-Xanth. 30 cm; 7. Pycreet. paup. 0 cm;

3. Pycreet. paup. 30 cm.

TABLE VI.

Results of the mechanical analysis of the sedimentable parts of 
soils and the sticky point according to A hány. (S. P.)

Sand Silt Clay S.P.
2—0.02 rom 0.02 -0.002 0.CO2 mm

Bidentetum 0—10 cm 47.7 36.0 16.3 47.4
42.5 38.2 19.3 45.2

30 cm 54.4 31.7 13.9 51.9
485 38.9 12.6 50.4

0—10 cm 46.1 33.7 20.2 50.8Pycreetum typ. 30 cm 49.5 31.3 19.2 47.6
0—10 cm 61.8 21.4 16.8 43.8

61.7 20.8 17.5 44.4Pycreetum 46.3 34.3 19 4 57.0
Xanthiosum 30 cm 43.6 37.1 19.3 57.6

0—10 cm 58.8 23.0 18.2 41.4
54.6 25.6 19.8 435

Pycreetum 30 cm 46.8 33.1 20.1 59.7
pauperum 41.6 35.2 23.2 57.4

The pH values and the buffer capacity of the soils investigated 
are as follows:
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TABLE VII.
pH values airad buffer capacity of the soils.

cm pHhjO pHaci
0'ln HC1 0’ln KOH

25 10 4 2cm8 1 4 10 25cm3

0 801 7-54 71 7-2 7-5 7-9 8-2 88 9-4 11-2
30 7-84 7-40 6.0 7-3 74 7-6 8-0 90 9-6 11-0

0 8-11 7-61 7-2 7-3 7-6 7-8 8-4 8-6 9*9 11-0Pycreetum typ. 30 7-55 760 71 7-5 7-6 77 81 90 10-3 11-2

0 8 04 790 7-2 76 7-7 7-8 8-5 9-1 9-6 10-3Pycreetum-Xanfh, 30 7 99 7-61 7-1 7‘3 7-7 7-8 82 87 96 11-3

Pycreetum paup. 0 793 7-71 7-1 7-5 77 77 83 8-8 9-5 113
30 799 7-53 71 7-5 7-6 77 8M 86 9-3 11-2

Table VIII. shows the results of the chemical analysts of the soils, 
with special reference to N and Ca content.

TABLE VIII.
Results of chemical analysis of soils.

Total-N n h 3-n n o 3-n Ca <  2,« Ca o,0 Total
cm % mg/100 g soil o/o soluble 

salts o/o

Bidentetum 0
30

0-15
016

81
81

107
7-4

2-84
2-20

203
4-69

0-09
0-07

Pycreetum typ. 0 015 62 9-1 276 8-20 0-07
30 0 05 25 186 1812 51-55 016

Pycreetum-Xanth. 0 014 1-2 180 485 15-04 008
30 008 9-3 16-2 156/ 38 35 008

Pycreetum paup. 0 0-12 3-6 5-2 4 08 13-45 008
30 008 2-5 140 15-64 40-8J o-io

DISCUSSION
All observations and the results of our measurements show that 

edaphic factors do not play a decisive role in the four biotopes, which 
differ essentially as to habitat and floristic composition, as was hitherto 
belived of the Nanocy perion type of plant; societies („vegetation of silty 
soils“). (M oor , 1936:17).

We must take other factors into consideration instead. In the case 
of Pycreetum Xanthiosum and Pycreetum pauperum, the grazing, tram­
pling and seed-dispersing activities of animals pastured there, undoubt­
edly play an important part. This explains the mixed nature of the 
weedy Pycreetum, made up of many species. But we do not get satis­
factory results in the dwarf societies formed near the water, which 
can be found both on trampled and undisturbed surfaces, and aside 
from their composition, the low stature of the plants growing in them, 
their nanism, is the most remarkable. The silt content io(f the soil is not 
the determining factor for this because we find no difference in it (Table
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VI), neither is there any difference in the moisture of the soil ( T a b l e  
V). The close proximity of the body of the lake however, reminds us 
that these strips' become dry late, usually in the middle of J uly, so that 
the life of the vegetation can only begin then for them. A definite dif­
ference thereby also develops between the Bidentetum, which begins* in 
April and the tardier Pycreetums from the photo-periodic standpoint. 
This observation is also supported by the literary* data. Societies of the 
Aanocyperetum type always form on the sites of dried-out puddles or 
on sections of the shore which become dry in the middle of the vege­
tative season (M oor , 1936:115). The investigations of T ím á r  (1947) on 
a bank of the Tisza at Szolnok show that Dichostylieto-Gnaphalietum 
can also live on sandy soil (p. 5) but the Bidentetums grow only on the 
upper crest of the bank islet which is above water by June (p. 3).jThe 
Nanocypereta can be found on places which have become dry during 
August. According to the graphs of I J brizsy  (1948:6) the Nanocyperion 
species (Schoenoplectus supinus, Heleocharis acicularis, Elatine hunga- 
rica) flower at the end of August or beginning of September, whereas 
the higher growing rice and Echinochloa crus galli reach their maxi­
mum in July.

The range of the polyploids can brought into relationship with 
photo-periodicity and on all four biotopes. From this standpoint the or­
der of the plant communities is: Pycreetum pauperum, Pycreetum typ-, 
Bidentetum, Pycretum Xanthiosum. The mixed composition of the 
weedy Pycreetum explains the low (Pm)% value which, however, is 
very similar to the 41.5% value of the dry Xanthietums F elfö ld y , 
1948:15). Gustaffson’s (1948 1—2) explanations do not hold good here, 
for the polyploid-abundancy is parallel with the increase in the num­
ber of therophytes, as the following T a b l e  proves:

TABLE IX.
(I’m)0/« and Thm °/o values of plant societies examined.

Thm“/» o * m* (Pm)»/« a m
Bidentetum 44-7 6.37 2.12 51.4 8.81 2.93
Pycreetum-typ. 51.4 58 1.9 55.5 5.3 1.7
Pycreetum paup. 51.6 7.5 2.5 61.6 6.8 2.2
Pycreetum-Xanth, 56.4 7.2 2.4 47.1 6.2 2.0

TABLE X.
k* values for (Pm)°/o and Thm %

d £ d £
d 3 a d 3 3

kThmO/0
P- X1 ( kPm)°/o &. X

u li

£ £ Pi &a. >>O. >>PU
Bidentetum 2.4 2.1 3.8 1.2 2.8 1.2
Pycreetum typ. — 0.06 1.6 — 2.2 3.2
Pycreetum paup. — -- - 1.4 — — 5.0

*) <r=+ 1psTrj* m = a ,  Á4, — Afs

" 11 n - 1 In

If k>2,  there is a significant difference between the two mean 
values. (These values are given in fat type).
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That the shore floras display a derived chromosome status 
(R ohw eder, 1937, Soó, 1947:108, F elföldy , 1948:8 and 26) can be ex­
plained by the great capacities for adaptation and dispersal of the poly­
ploids (Rohw eder, T isc h ler) by the exuberance in the vegetative 
system which polyploidy causes, permitting a dispersal by rhizomes, 
stolons and runners (G u sta fsso n , 1948:3), to which we may add the 
fact observed especially in respect to artificially produced polyploids, 
that the low osmotic pressure of their cells attaches: them to localities 
favourable as to water supply. But, as not of least importance, we 
must take into consideration the observation of L öve-L öve (1943:158) 
concerning the Nanocypertums which live in direct proximity to the 
water, that there are many factors of long day or neutral reactivity to 
the photo-period among the polyploids as compared with the diploids.

F i g .  4.  'Abscissa: Months of the year; ordinate: hours. A =  astronomically possible 
sunlight: length of days. B =  Mean values of the empirical intervals of sunlight for 

50 years. Dots =  Maximal sunlight registered1 over 50 years (Ta k á c s , 1949:4).

If we examine F i g u r e  4 we can see the yearly change in the 
sun‘s rays and it is evident from the curves that the empirical maxi­
mum (beginning!of July) does not fall together with the maximum ob­
tained astronomically (June 21th). This can be attributed to meteoro­
logical causes and can be explained by the cloudier, more hazy state of 
the sky in the spring and at the beginning of summer, as opposed to the 
drier, clearer weather in July, August and September. As we know, besi­
des the primarily significant periodicity (the length of the days) espe­
cially in the life of germinating plants, the amount of light obtained 
and its force are also important, and according to the empirical maxi­
mum undoubtedly fall into the three summer months. Neither can we 
leave out of consideration the qualitative composition of the light, 
which is also a consequence of the vapour content of the atmosphere.
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HCCJIEflOBAHHfl BErETALJHH nOEEPEJKbfl 03EPA „EE/IblIIE-T0<£
BBJ1PI3H THXAHb

Abtop: JIAHOIU OE Jlb<bEJIbHH 
PE3KDME

1. B oßjiacTH HanoflHeHHH 03epa ,,Eenbiue-To", cooTBeTCTBeHHO BKOnormieCKHM 
ycnoBHHM, paaoitBaioTCH 4 cooöm ecTBa pacTemifi: I. Bidentetum tripartitae. II. Pycree- 
tum  flavescentis. III. Pycreetum flavescentis-Xanthiosum spinosae. IV- < ycreetum  
flavescentis pauperum. 2. He roßopH o fioTanHieCKOM cocTaBe (TaßiiHUbi I —IV) HMeioTCH 
6pocarouiHecn Brna3a paauHtibi bo BHeuiHeM BHfle Mewfly othmh qeTwpMbH cooßmeCTBaMH: 
I ycreotum'bi ähbyt nenocpeflCTBenno okojio boah. 3 to nopoTKne T p a B b i,  Bcerga nn3Koro 
pocTa (Hann3M). Hepn Pycreetum Xanthiosum TaiOKC KOpOTOK, BC/ie act tute BbiTanTUBaHnn 
nacTyniHMCH TaM ci-cotom, t. e. mu HMeeiw a^ao c MexammecKHM noBpe>KAeHneM. Biden­
tetum COCTOHT H3 HOpMailbHblX paCTCHHÜ BbICOKOrO pocTa.

3 .  H M e e T C ti o q e B H A H a a  C B H 3b  Me>j<Ay b h c u ih m m  b h a o m , c p e A O ii  h  a K o n o r n n e c K H M H  
OTHOuieiiHUMH cooßmecTB pacTemiH. Bidentetum ä h b c t  b  criOKonnoß, ca m o h  BwroAHOü 
nojioce, c b o ö o a h o ü  o t  b o a u  npH6nH3H'renbHO c Havana anpejiA. EecnoKOiomee BAHHHHe 
CKOTa OTMeqaeTCH b  cnyqae Pycreetum Xanthiosum b  TaKOM >Ke pacTOimnn o t  upan 
03epa. XapaKTepHbiü a -RH npo>KHBaK>mHX no 6 j i h 3 0 c t h  b o a h  Pycreetum-OB naiiH3M, 
nx ßoraTCTBO nojinruiOHAaMH n ycnoBHH cpeAbi roßopHT 3a t o , a t o  b  h x  pasBMTHH $ o t o -  
nepHOAHqecKue (JiaKTOpu nrpaioT 6o;ibuiyio poiib, qeM 3Aa(J)HAHbie (JiaKTOpu.

4. 3 to noATBepjKAaeTCH h HCCJieAOBaHHeM noABbi (BAawHOCTb, MexaHHuecKiiü 
aHanvt3, TOAKa oca>KA6HHH poew, oßman KOimeHTpaiiHH coneft, coAepwaHHe HaTpHA, 
KaribUHH, pH, 6y$epHaH CHJia h t. a-). KOTOpue yKa3HBaioT Ha to, ato c toakh 3penHH 
nayKH o noqBe, m t  cyinecTBeHHUx pa3HHii M e t K p y  AeTbipbMA ÖHOTonaMH.

5. CaMbiM ueHHUM pe3ynbTaT0M Moeö paöoTu jiBnueTcu paßoAHü rHnoTe3, na ochobc 
KOTopcro noeneAveT Bbincuenne Bonpoca nyTeM (J)H3HOJ7orHqecKHX oriuTOB, c npHMene- 
HneM tl>0T0-nepn0AHAecKHX nccneAOBaHHÜ HaA npeoönaAaiomHMH 3Aecb pacrenHamh.



HEREDITARY TUMOUR FORMATION IN AMICRONUCLEATE
KAHLIA

BY

JANOS HORVATH
From the Hungarian Biological' Research Institute, Tihany, Lake Balaton 

With 8 microphotographs on Plates I—11 
(Received for publication Í5tlh May, 1949.)

In earlier publications we discussed how it is possible to remove 
the micronucleus from Kahlia simplex H orváth  (1949 a) and how the 
animal behaves, when deprived of its micronucleus, during vegetative 
and germinative propagation (1947 and 1948 b). As appears from these 
papers, the amicronucleate animals show no significant difference in 
their vegetative life activities compared with those with normal nuclei. 
Then the question' naturally arose, whether any hereditary changes could 
in general be produced in the amicronucleate animals. It is well known 
that the micronuclei are the nuclei which carry the chromosomes of the 
animal, so that if they are removed it is to be supposed that the system 
becomes rigid, and no hereditary change can occur, at least this should 
be so on the basis of the chromosome theory. But after lengthy ex­
perimentation it was found possible to produce a hereditary change in 
amicronucleate Kahlia, in the way described below.

As we have already set forth in an earlier publication (1948 a), 
we likewise exposed animals with complete nuclear equipment to the 
effect of ultra-violet' irradiation, but, at the same distance at which we 
produced the amicronucleate animals, we irradiated our animals not 
6 but up to 12 minutes, which led to results. Before the irradiation we 
thoroughly examined the animals, to make sure they did not deviate 
from the normal in any morphological charcteristic. Twelve hours after 
the irradiation we isolated numerous, apparently healthy animals, to 
breed cions.

On investigating the different cion cultures it appeared that, 
though they propagated, there were very many chimeras among them. 
On investigating the nuclear state of these cions we also found that the 
micronucleus was missing. It was destroyed by the irradiation, We had 
previously established (see H orváth , Í948 a) that owing to the 
larger doses of ultra-violet irradiation, the transformation of the micro­
nuclei to macronuclei does not occur, but the membrane of the micronu­
cleus simply splits open and the injured micronucleus, as a foreign (body, 
disperses in the food vacuole and is digested. In the present case also only 
this! could have occurred.

From detailed investigation of the individuals in the cions con­
taining the chlmears the following was established: We found in them 
individuals which resembled the normal, and double forms, i. e. twins. 
It is typical of these twins that they grow together at the back, other-
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wise each twin-half has all its own organelli (motile and feeding organs, 
contractile ivacuoles, macronuclei). There were furthermore many mem­
bers of the cion which exceeded several times the normal size, with nu­
merous macronuclei. Finally,'we also found monsters which had several 
mouths and irregular, abnormal motile organs. There were many side 
protrusions from their bodies, each corresponding to an animal. The di­
mensions of these monsters were abnormally large. I measured some 
which were 10—12 times the size of the normal animal.

In the following we illustrate in detail the different irregular 
types within the cion: In microphotograph No. 1, which is taken of 
living animals, we see that, besides the normal-sized twins which are 
grown together at the back, there are monsters of deformed shape sever­
al times bigger than the normal, Again ini microphotograph No. 2 we 
see a monster of this sort (from a fixated preparation) but at the same 
time we also see that the twins grown together at the back are separa­
ting from the monster. In microphotograph No. 3, we see besides the 
large deformity a smaller one, but also with an irregular form. Mi­
crophotograph No. 4 shows a deformed shape from which extend appar­
ently normal individuals. Microphotographs Nos. 5—8 show the number 
and condition of the micronuclei of such deformed shapes, dyed with 
carminic acid. This photograph proves that 5—10 animals remain to­
gether in such deformed shapes.

We took under thorough investigation the possibility of elimina­
ting changes in shape, by forming cions of those individuals which had 
normal shapes and cultivating them further, the result of which was the 
creation of a progeny part of which were apparently normal, some being 
twins and some the most diversely shaped monsters.

Another characteristic of these cions is that they are capable of 
breeding only between relatively small temperature ranges, at a tempera­
ture of 16—18 C°, though at this temperature we also found that those 
among the animals which had exceedingly many; macronuclei and were 
at the same time of large dimensions, died successively. With a rise or 
drop in temperature, the mortality extended to the simpler forms as 
well, indeed total mortality occurred with a relatively slight rise in tem­
perature. Investigating the activity of the contractile vacuoles, I obser­
ved that with a rise in temperature the pulsation tempo did not change 
essentially; on the other hand, the body of the animal becomes full of 
holes filled with water, then these unite, the animal becomes' spherical 
at the same time and death ensues. At lower temperatures the contrary 
occurs: the activity of the contractile vacuoles is gradually arrested and 
then, here too, the body becomes round and the animal dies.

The percentual relations of the different types in one culture 
cannot be established, in view of the causes mentioned above, for they 
change constantly in the culture.

After revealing the condition of amicronucleate cions treated by 
ultra-violet irradiation, changes of form and detail, the question of 
the significance of the variations in form still remains open. In view 
of their characteristics, it seems natural to state that we have to do with 
iumours. We also saw that this tumefaction extended to all the progeny; 
even among the progeny of the apparently simple shapes, there always 
occurred the irregular ones described above. Our statement, that we
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are dealing with a tumour, is confirmed by an experiment carried out by 
M ottram  (1940) on Paramaecium with the carcinogenic 3:4 benz pyrene. 
M ottram  added 3:4 benz pyrene tom Paramaecium culture and after a  
long time found abnormal specimens which he afterwards isolated and 
cultivated and found among the progeny the varied forms which ap­
peared in our results. He also established that among the apparently 
normal progeny there always were twins and varied monstrosities 
which differ from them. The same emerges from our expe­
riments as from those o f íM o tta rm , i. e. that the tumour is hereditary: 
our experimental observations extended over 400 generations, but the 
tumour always occurred in the above described way.

DISCUSSION
In evaluating the results, we must emphasise that we1 produced in 

Kahlia hereditary tumours in the absence of the chromosome nucleus. 
The objection might be raised that just the lack of the micronucleus 
would cause this hereditary tumour, or that by its removal the divi­
sion of the animal became labile. In reply to this we can only remark 
that the removal of the micronucleus by the method described in other 
cases led just to an increase in vitality (see H orváth , 1949) and in nu­
merous amicronucleate experiments of ours we found no tumefaction. 
Though it is true that we are at any time able to produce twin animals 
by ultra-violet radiation, among them both amicronucleate and those 
with complete nuclear equipment, these divide for a certain time regularly, 
then successively take on the normal shapes again, i. e., the twins sepa­
rate. The irregular* division artificially produced is therefore not always 
inherited; it can be a modification only, which the animal eliminates 
after the slightest shock, such as changes in salt concentration or pH va­
riation, effect of bacterial metabolism, etc., and it again reproduces 
itself normally by vegetative multiplication. But in the experiments de­
scribed above, it is not a question of this, as, in complete uniformity 
with the experiments of M ottram , we are confronted here by heredi­
tary tumour, as we see proved through 400 generations.

The absence of the extirpated choromosome nucleus, the micro­
nucleus, at the same time excludes the possibility that this hereditary 
tumour might be connected with the chomosome from a hereditary stand­
point. But the somatic nucleus, the macronucleus, is left behind which, 
though it does not produce chromosomes, can, as a supposed enzyme-ac­
tivating center, also be held potentiallv responsible for the hereditary 
tumour. Let us also investigate this possibility. The macronucleus in the 
vegetative life and in the quiescent state is a double body. These two 
bodies without chromosomes ard of very large dimensions, compared to 
the micronucleus. If, in the interest of solving thd question raised, we take 
into consideration the following, then we also get the question answered: 
when by micro-operation, we cut off part of the animal, so that only a 
part of one macronucleus remains, the macronucleus regenerates with 
the cytoplasm and we get a progeny of complete value (the regenerated 
animal is of smaller dimensions, naturally, than the average normal ani­
mal). From this it follows that the macronucleus has a polyploid value. 
For this reason we cannot believe that we have been able to influence 
all the macronuclei by irradiation, but much rather that we have inter-
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fered with the enzyme-system of the protoplasm with an irreversible 
effect, and so it has become hereditary. Further explanations can be of 
only completely hypothetical value, such as whether it is possible, that 
such extensive transformation of the protoplasm can act on the macro- 
nucleus considered as physiological center We have not dealt with this 
or with other such possibilities, because our animals proved to be so 
sensitive! to changes in temperature and in salt concentration that we 
could not carry out crossing experiments with them (compare S o n n e -  
b o r n , 194-7).
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EXPLANATION OF FIGURES ON PLATES I—II.
F i g u r e  1 . Photograph of a group of living tum orous am icronucleate Kahlin. 

T he double, tw in form s can weil be distinguished, as well as the large-sized m onsters. 
M agnification: 60 x. F i g u r e  2 .  A group of tw in  an d  m onster form s in  ai division 
of largo dim ensions, fixed in form ol-osm ium . The quan tity  of m acronuclei can  well be 
seen in  th e  d ifferent anim als. Magra.: 136 x. F i g u r e  3 .  M icrophotograph of fixation 
in form al osm ium of a small and  a large-sized m onster. In  the larger ones the sim ple 
animiaffi w anting to separate is well apparent. Magra.: 137 x. F i g u r e  4.  M onster fixed 
in formod-osmium in one extension o f w hich a  tw in  form  can be  seen, and  in (tie o ther 
a  sim ple shape. Magn.: 140 x. F i g u r e s  5,  6 ,  7 and  8 .  T um orous am icronucleate 
anim als of d ifferent sizes w ith num erous m acronuclei. Garminic acid stain . Magn.: 210 x.

O B P A 3 0  B A H H E  H A C  J l E f l C T B E H H O f ?  O n  Y  X  0  J1 H  
B  A M H K P O H f f E P H b l X  K A H L I A

A btop: HHOLU TO PB A T 

PE 3IO M E

1. FlocpegCTBOM yjibTpa$HOReTpa())HoneTOBOti MppagHaiweft mm np0H3B0gnJiH 
aMHKpoRgepHHX K ah lia , KOTOpwe riOKa3a,™ nacneACTBenHue onyxORH b BercTaTHUHOM 
pa3MH0>KenHH.

2. HacnegcTBeHHati onyxojib  npoHBJUUiacb b kjiohobmx pa3BOgKax; iiotomctbo 
BbiHBiuiocb BcaMbix pa3HOo6pa3Hbix ypogjiHBbix (JiopMax, cepegH kotopmx oflHaKO Bcerga 
BCTpeuaJiHCb h HOpMajibiibie Ha bha o(5pa3M.

3. E cjih mm pa3flejiHiiH b kjiohm 3thx Ha bha nopMaJibHbix aMHKponAepHMx 
5KHBOTHMX, TOT AR HX nOTOMCTBO BejlO CeÖH TaK, KaK MJieHM HCXOAHOrO KAOHa.

4. HaMH ycTaHOBneno, m o  b tom cayqae HacAeACTBeHHOCTb TecHO CBsmtia c 
npoTon.'ia3Moil.
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CONTRIBUTIONS TO STUDIES ON SOIL PROTOZOA OF THE 
CILIATA GROUP, WITH SPECIAL REGARD TO THEIR 

ADAPTATION TO SOIL CONDITIONS.

BY

JÁNOS HORVÁTH
From {he Hungarian Biological Research Institute, Tihany, Lake Balaton.

During investigation of ciliate soil protozoa the question arose 
whether these animals, which have relatively large bodies in comparison 
with the other protozoa, are occasional visitors in the soil, or whether,, in 
spite of its varying water content, they could be considered permanent 
inhabitants. The question became of still greater interest from the sur­
prising discovery that, most of the ciliaté species observed in the soil 
were originally described as inhabitants of puddles, moss and running 
water, that is to say, from areas where there is much more water than in 
the soil. If I had based my investigations on this alone, then the reply to 
the question would already have been that the ciliate protozoa in the soil 
are only occasional visitors in areas with little sub-soil water — capillary 
and adhering water as well as seepage. But other points of view had also 
to be taken into consideration, on the basis of which the soil-dweljiing 
propensities of a certain group of ciliates could not easily be denied. The 
question had to be approached from a different angle, for instance, be­
cause identical species of Ciliata could be found in soils! of different 
consistencies, provided they had the same hydrogen ion concentration. 
If it had been a question merely of the protozoa brought to the soil by 
the wind, the species found here would have had to be of very heteroge­
neous character. But the truth was that the dimensions, shape, move­
ment, food, as well as, in many cases, the propagation also seemed to 
conform in accomodating themselves to the small water volume of the 
soil.

Ini what follows, therefore, I wish to record to what extent ciliates 
were found in my investigations to be constant inhabitants of the soil.

QUESTIONS OF METHOD
In the literature no good method for demonstrating the ciliate pro­

tozoa which interest us is given. 'The methods used in investigating free­
water creatures are available first of all. But, though the ciliates live 
in the soil as aquatic animals, they cannot be studied by these methods, 
for the water in the soil is never so abundant that the ciliates in (it can 
be drawn up with a pipette and studied under a microscope. It seemed indi­
cated to use a process whereby water was poured on the soil (tap or rain
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water), and to try to take up tlie ciliates from this solution with a pi­
pette. This method was not satisfactory, however, far in must of the 
soils the part suspended was so great that the field of vision under the 
microscope was no longer transparent. It is true, of course, that after a 
day or two the water on the soil becomes clearer, but imi the meantime many 
animals could emerge from their cysts (which they would not have done 
in soil with little water volume) thus including the inhabitants of cysts 
brought by the wind as well.

In preliminary investigations I used the following method (D em e ­
t e r , 1936) to some extent: Small clods of the soil under investigation are 
put on the object glass, with a glass) cover, then water is rapidly released 
from a pipette on to the bits of soil. The water streams in under the co­
ver glass and carries part of the soil protozoa with it. We thus get an 
ide|i of! the ciliates present in the soil in an active state. But as this meth­
od was not sufficient for closer identification, we remedied the defect 
by comparing the animals thus found with those found after a day or 
two with the soil diluted with well water to twice its volume (when the 
water on the soil was already fairly clear), taking into consideration 
among the latter only those which could also be seen under the cover 
glass.

This method has) several defects, however: In the case of muddier 
soil, grains of earth also get under the glass on flooding it with water 
and often impede the view. Conversely, we cannot be sure that the more 
adherent animals will get in under the glass. It fallows that this method 
is only partly suitable for qualitative determinations, and not at all for 
quantitative.

For both qualitative and quantitative investigations I employed a 
new method, which was, briefly, that I iattached the two poles of an elec­
tric torch biattery to two, opposite sides of a Boveri cup. I put 1 g of the 
soil under investigation into this cup, previously emulsified with 10 ml 
filtered and sterilized, 20-times diluted soil solution. Attracted by the 
electric current, the animals assemble at one pole. I gathered them up 
with a pipette, then, using the same electric method, washed them sever­
al times in a 20-times diluted soil solution and thus got them into good con­
dition for examination. The animals so prepared were then investigated 
by the microtechnical method of the Gelei school (V. Recapitulation, 
G e l e i J. and J. H orváth , 1934, 1937, 1940). For rapid staining Breslau 
opal-blue was used.

During the investigation it became necessary to cultivate cions of 
the different species of ciliates, to determine exactly which seemed la­
bile For this purpose I prepared a soil extract of the) soil from which I 
had isolated the animals in question, diluting it suitably to make an en­
vironment favourable to them (a dilution of from ten to twenty times 
always served the purpose). I dissolved a little gelatine in this nutrient 
solution and adjusted it to the original pH value with HCL or NaOH. 
The ciliates preferring bacterial diet were fed on soil bacteria cultivated 
on gelatine and agar; the carnivorous ones were given suitable ciliates.
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SOILS INVESTIGATED
Two essentially contrasting kinds of soil were chosen for these in­

vestigations. The one was garden earth, the other sandy soil which had 
never been subjected to agricultural cultivation. Investigation of garden 
earth was also made upon two areas. One of them was the flower garden 
of a university building in Ady Square, the other farm garden belong­
ing to the Szeged Teachers“ Seminary. The sandy soil derived from the 
flood area of the Tisza beach at Szeged, an area inundated by the Tisza 
floods at most once a year. I wanted to ascertain from study of the latter 
area whether the proximity of the Tisza, or the yearly inundations 
influenced the occurrence of active protozoa in the soil.

The chief Constituent in the two garden soils was marshy loess; 
the sandy soil contained ordinary loess as well as sand. There was a 
great difference in humus content in these soils. That from the Ady 
Square garden had the richest humus content, about 9%, that of the 
farm garden of the Teachers’ Seminary had 2%, and the average humus 
value of the Tisza flood area was 1%. The high CaCO* content assured 
approximately uniform pH values to all three soils.

From now on, for simplicity, the Ady Square soil will he called 
Area No- I. the farm garden II, and the food area soil III.)

SPECIES FOUND ON THE AREAS INVESTIGATED, AND THEIR 
ADAPTATION TO THE SOIL

Systematic research on Area I was begun in November 1938, 
when the humidity of the soil leapt up to 17% as effect of rainfall. 
From the Boil samples then taken all the species given in Table A  were 
found. From the middle of December of that year until the middle of 
March no active ciliates were found ini the soil samples. From then till 
June 1939 the same species were again found, then from the first days 
in June till October no Ciliata in an active state were to be demon­
strated. In these spring and autumn months, with about 13% greater 
soil moisture, ciliates in an active state could still be demonstrated, 
though they appeared in largest quantity at 17—18% or even greater 
humidity.

In Table A are summarized the characteristics typical of the 
animals found in area I, data on their size, movements, possible body 
changes, nutriment, as well as the places so far known from the 
literature to be their habitats.

We see that of the 22 species found the length of 13 was 50 ß 
or less, but none was less than 25 ß. There is only 1 species between 50 
and 100 //, whereas between 100 and 150 there are 8, yet none exceeding 
150 //. It is true that, according to the literature, the Gastostyla sleini 
can attain to 350 ju, though I never isolated any of such dimensions 
from the soil.

From the standpoint of locomotion, among these species only 
Halteria decemsulcaia requires great water volume, though according 
to my observations this species thanks to its small size (25 u) is also 
capable of living in areas with less, such as the capillary, adherent and 
seepage water of the soil. It is remarkable that in 18 of the 22 species
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we find a sliding or walking movement, which adduces a great degree 
of adaptation to the small water volume, or to the. detours occasioned 
by the particles of earth. Four species are not thus provided for 
(2 Cyclidium, 1 llalic-riu and 1 Vorticella species) but one of these 
(Vorticella) was senile and two (the Cyclidium) were inclined tot be. 
Furthermore all these four species were of very small proportions 
compared with the others.

A still more interesting connection between the size of the body 
and the animal‘s flexibility was discovered: The animals longer than 
100 ß were all flexible. They had adapted themselves in this way to the 
small water areas in the soil. Only two of the species smaller than 
100 ß were flexible, the others having the regular body form. Their 
small size apparently allowed them ease of locomotion in the small 
water areas, so that pliancy of body was superfluous.

In the matter of nutriment it is interesting that the animals with 
large bodies were generally carnivorous, 6 in number, whereas the 
smaller ones fed on bacteria, fungi, detritus and algae. In some groups 
in the animal world the larger-sized of a species are herbivorous and 
the smaller carnivorous.! This also applies to the ciliates living in free­
water areas. Neither is it a case in our biotopes of the carnivorous 
growing to be larger than the herbivorous, for — with a few excep­
tions — these species are of the same sizes as the average specimens 
present in free water areas. Here we can merely state that the herbi­
vorous animals living in the soil are smaller than the carnivorous. 
Apparently the environment does not suit the larger-sized herbivorous 
animals. I also see characteristic adaptation in the fact that bacteria 
and fungi form the principal food of the herbivorous, i. e., the nutri­
ment in the soil corresponds to their needs.

The literary data on the habitats of these animals are assembled 
in a separate column in Table A. Kohl’s (1935) summarizing work has 
been the principal source for this. According to hi® showing there are 
only 4 species which are expressly earth and mud dwellers. Seven 
species are recorded in mosses. Five are shown to be from water 
containing putrifying plant material, and research so far has produced 
6 of our animals in fresh water. A great many of the moss-dwellers, 
however, were demonstrated by pouring water on collected moss, letting 
the ,,raw‘‘ culture thus produced stand for a while and then describ­
ing the animals present in the culture as moss-dwellers. But with this 
method it is not in the least certain that these Ciliata really live in the 
moss, for there is no question but that, in collecting earth mosses, for 
example, bits of earth also get into the culture and with them the 
cysts of soil-dwelling ciliates. Let us suppose, however, that ciliates also 
live in an active state in water adhering to moss. The question of how 
they got there still remains. It seems beyond doubt, from the soil. This 
naturally applies only to earth mosses. The species described as inhab­
iting water were also shown from mos®! infusions and, as we see in 
the Table from notes on their distribution, they are not frequent in 
these environments — whereas, as I have already mentioned, I always 
found them, given the necessary soil humidity. We can therefore confi­
dently state that the soil is the original habitat of the moss-dwellers.



155

TABLE A
Ciliata Protozoa found in Area I

(Explanation of signs: R =  regular (=  having constant shape); F =  flexible; 
B =  Bacteria; Fu =  fungus; A =  alTgae; C =  predaceous; S =  swimmer; Si =  slider; 
W ~ walker; Cr =  creepier).

N a m e Length, shape Food L o c o ­
motion

Habitat, distribution, 
fo o d

1. Holophrya simplex 32 F A C S SI Frequemt in fresh water. 
Oahu island. Feeds c>n: 
Bodo, Monas and small 
Ciliates.

2. Platyorphrya llata 105 ft F C S SI From moss infusions; 
Wide-spread; feeds on: 
Algae, Ciliates.

3. Prorodon terres

4. Prorodon (Hoiophrya)
discolor

120 f t  F 

60-80 f t  F

A C 

A C

S S! 

S SI

In earth and saline pools; 
feeds on: diatoms. Rho- 
dobacteria, Ciliates.
Frequents inland waters; 
feeds on: Algae, Ciliates.

5. Spthidium amphoriforme 120 ft F B A C S SI In Mitterwald and Zitter- 
tal, among mosses.

6. ChilodoneTla algivora 50 70 ft R B A S Cr Among grasses and al­
gae; very wide-spread.

7. Colpoda maupasi 35-70 ft R B Fu S SI From straw infusions.

8. Colpoda steini 25-30 ft R B Fu S SI In decaying water plants.

9. Colpoda fastigata 55-60 ft R B Fu S SI Fresh water; frequent.

10. Colpoda inflata ? 30-40 ft R B Fu S SI From moss infusions.

11» Colpodia Aspera 30-50  f t  R B Fu S SI In> mud.

12. Glaucoma myrnophilli 100 ft F A B S SI In Myriophyllum.

13. Cyclidium terricola 30-40 ft R ß S In earth-moss at Ham­
burg, in Alpine mosses; 
rare.

14. Cyclidium glaucoma 25-30 ft R B S Among decaying plants.

15. HaKeria decemsulcalia 25 /(  R B Fu S From soil.
16. Kahlia simplex 120 f t  F B Fu S W From soil.
17. AmphisieMa milnleli 100 ft F A Fu s w From sand, at Kiel. 

Falls: diatoms, Ciliates.
18. Gastrostyla Eteini 150-350,» F B F u C S w Frequent in fresh water.
19. Opistrotricha similis 100 ft F B Fu S w Frequent in fresh water.
20. Gonostomum affine 50 / .  F A B Fu s w Detritus feecter. 

In moss.
21. Euplotes muscicola 40-70 ft R B Fu s w In European and1 Amer­

ican mosses; European 
soil.

22. Vorticofla microstoma 35 ft R B S ess ile IP water containing de­
caying plants.
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TABLE B

Cilia.ta Protozoa found in Area II 
(For abbreviations see Table A)

N a me Length, shape, 
locomotion Food

In ac tiv e  s ta te  in  th e  sam p le s , 
1°39 May—N o v em b er

V V( VII VIII IX X XI

1 . Holophrya simplex 34 ft F S SI A C + + + + +

2. Platyophrya lata 105 ft F S SI Cu + + + + +

3. Prorodon terres 120 ft F S SI A C + + + + +

4. Prorodon (Holophrya 
discolor 60-80 ft F S SI A C + + + + +

5. Enchelys agjricoLa 
nov. sp. 60-70 ft F S Cr C + + + + 4-

6. Spafhidium spatula 150-163 ft F S Cr B C ■f + + + + +

7. Spathidium sp. 100-120 ft F S Cr ABC + + + + +

8. NassuLa sp. 65-70 R S A B + + + +

9. Cihil/odonellla aligivora 50-70 ft R S Cr B A + + +

10. Colpoda aspera 30-50 ft R S Cr B Fu + + + + + + +

11. Colpoda maupasi 35-70 ft R A Cr B Fu + + + + 4- + +

12. Colpoda steini 25-30 ft R S Cr B Fu + + + + + +

13. Colpodla fatigata 55-60 ft R S Cr B Fu + + + + + 4- +

14. Colpoda inflata? 30-40 ft R S B Fu + + + + + + +

15. Glaucoma myriophylli 100 ft F S S A B + + + + + + +

16. Glaucoma sc int ilia ns 40-75 ft R S SI B Fu 4- +

17. Halteria decemsulcaia 25 ft R S B Fu + + + + + + +

18. Kahlia simplex 120 ft F S W B Fu + +

19. Gastrostyla steini 150-350 ft F S W BFuC + + + +

20. Opistotricha similis 100 ft F S W B Fu + + + +

21. Opistotricha ter rest rife' 
nov. sp. 80 ft F S W B Fu + + + + + + +

22. Gonostomum affina 50 ft F S W A B Fu + + + + + + +

23. Euplotes muscicola 40-70 f tRSW B Fu + + + + + +
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In Not. 1 soil I found five species which the literature recognizes 
as being from „putrifying water“, or from water which contains 
decaying plant material. It is known, however, that in damp soil, under 
partially anaerobic conditions, there is a certain degree of putrifaction. 
Here in the soil we also find the bacterial food which experience has 
shown to satisfy the optimum requirements of the ciliates preferring 
such putrifying water. Indeed the soil is really the primary biotope of 
bacteria, which effect mineralization in this way. If we classify the 
five species in question as soil-dwellers on the basis of what has been 
said, this does not in the least imply that every ciliate preferring 
„putrifying water*' is at the same time a soil-dweller, for many such 
species are limited by the small area offered by the soil and by their 
size, shape and state of movement, favourable or unfavourable to it. 
Paramecium caudatum can be cited as an example of this. This species 
was found at Szeged at all seasons in the section of the city’s sewers 
which empties into the Tisza, and J. Gelei (verbal communication) 
found Paramecium in a very vigorous form and in great quantities in 
the septic tank of the Tihany Biological Institute. In this environment, 
therefore, the actively rotting anaerobic bacteria flourish, as well as in 
moist soil. Conversely, Paramecium caudatum was never found in the 
soil, as its size, molvement and shape prohibit its living in such a habitat. 
Indeed its complicated and prolonged way of encysting and excysting 
would have prevented it. (The encystment is known only experi­
mentally; Paramecium cysts have never yet been seen free in nature.)

In Table A, finally, we find 6 species which are known in the 
literature as being fresh water inhabitants. It has been demonstrated of 
three of these that they are unquestionably ubiquists and hence can 
also be regular inhabitants of the soil, given the other necessary mor­
phological conditions. The other three species, on the other hand, as we 
have seen in the foregoing, are capable of adapting themselves to the 
environment provided by the soil.

The ciliate protozoa on experimental area No. II. were studied 
for what was essentially a different purpose (see Horodth, 1943), but 
during the investigations I naturally kept in mind the considerations 
stated at the beginning of this paper. This garden was constantly 
watered, so that it had albout 16% moisture from June till October 
1939, and during the rest of the period of investigation — in October 
and November —1 this percentage was at times greater, due to rainfall, 
at times slightly less.

The results of this experiment are summarized in Table B. It 
appears first of all from this that in habitats thus artificially assured 
Ciliata in an active state were also found during the summer months. 
During the six months of the experiment (from May to December) I 
collected altogether 23 species of Ciliata from this area. If this list of 
ciliates is compared with those in Table A, we see that, with the 
exception of six species, they are the same on areas I and II. But two 
of the six occurred in such small numbers that — as can be seen — we 
could not identify them more exactly. (They are: Spathidium sp. and 
Nassula sp.) Two new species were also found: Enchelys agricola and 
Opisthotricha terrestris. Spathidium spatula and Glaucoma scintillans
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are also new species not found in area No. I. How do these four 
species adapt themselves to the environment offered by the soil? 
Enchelys agricola nov. sp. is a carnivorous species, 60—70 ß in size. 
Because of its small dimensions we might think it adapted to the small 
water water areas i® the soii, and even more so because of its very pliant 
shape, which can really be said to be contractile. This characteristic 
makes it capable of slipping through the small clods of earth and thus 
always capable of getting about and finding its food, the ciliata re­
quired by its carnivorous nature.

The other new specie51, Opisthotricha ierrestris, is a small-sized 
Hypotrichus (80 ,u in length): its shape differs nowise from the other 
local representatives of its order. Thus on the whole it adapts itself well 
to the environment offered by the soil in question.

Spathidium spatula is a 160—170 ß, very flexible, carnivorous 
Hymenostomata protOzoön. Besides being carnivorous it was also, 
according to my observations, capable of'feeding on bacteria and fungi. 
These qualities enable it to live in the water volume provided by the 
soil.

Glaucoma scintillans, with a length of 40—60 ß, is characterised 
chiefly by its huge mouth, which enables it to whirl'masses of bacteria 
into its gullet. According to previous literary data, it occurs in large 
numbers chiefly where there are bits of rotting plant material in the 
water, a thing obviously related to its preference far bacterial diet. 
These requirements are to be found in garden soil also.

Though these four latter species seem regular soil dwellers, they 
could not be found in soil No. I. I can give no other reason for it than 
that the pH of investigative area II, though it rose to 8 during my 
investigations, was also round about 6, whereas soil No. I more regularly 
gave about an 8 pH value. The differences in humus content mentioned 
above may also have had an influence on the differences in the occur­
rence of this fauna in the two areas, which can be said in any case to 
be insignificant.

In Table B the monthly occurrence of the different species is 
noted separately. On scrutinizing this it is apparent that all the species 
are chiefly in an active state ini the autumn. Touching on this problem, 
I reported in another work ( see Horoath, 1943) that the herbivorous 
ciliates are the first to appear in the soil in an active state, the carni­
vorous only later. But it is possible that there is some other cause for 
the differing presence of the species: In connection with research area 
No. I we have said that in autumn and spring all the species in Table 
A were always found there, whereas on area No. II this was the situa­
tion only in autumn. The amount of soil humidity, examined each 
month, could not be the cause of the difference, for we get nearly the 
same percentage throughout the whole investigation. It seems likely 
that the effect of the temperature ought to be taken into consideration 
as acting on this phenomenon, or as one of the factors bringing it about. 
Varga (1936), for example, found in connection with the protozoa in 
forest soil that they generally occur in) an active state in cold weather, 
and showed that forest-soil protozoa are cold-stenothermous forms. From 
the data in Table B this could not be said to be generally true of garden
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TABLE C
CiELata Protozoa found Ln Area III 

(For explanation of signs see Table A)

N a me Length,
shape Food Locomotion Habitat, distribution, 

food*

1. Rhopatophrya etevans 16-20 y  R A B S
nov. sp.

2. H'atyophrya tala 105 y  F C S SI
3. Cyclogr»mima sorex 55 y  R B S SI In fresh water, Geneva, 

Berchtesgaden, Werra dis-
trict, California, Feeds 
on: large bacteria.

4. ChilodonlEälia Ilabiata 35 y  K A B S Cr Among Utriicularia.
5. Cofpoda steini 25-30 y  R B Fu S SI
6. Colpoda fastigata 55-60 y  R B Fu S SI
7. Colpoda afipera 30-50 y  R B Fu S SI
8. Glaucoma reniiformis 50 y  F A B s Fresh water, near Sid­

ney.
9. Colpildium campiiilum 50-15) y  R B Fu S SI Among decaying water 

pliant*.
10. Cinetochilum margari-

taceum 15-45 y  R B Fu S SI Fres'h water, moss-infu­
sion«.

11. Cycfidium gltvucoma

12. Pseudocristigera hymen.

25-30 y R 

30-35 y  R

B s

ofera nov. gen. nov. sp. B Fu S Cr W
13. Balte riof orma caudate

15-20 y  Rnov. gen. noy. sp. B Fu S
14. HalDeria decemsulcata 25 y  R B Fu S
15. Kabl.ta simplex 120 y  F B Fu s w
16. Gastrostyla stein! 150 3 5 0 F B Fu C s w
17. Paruroleptus lacteuS 110-120 F A B s w Fresh water. Botanical 

Garden. Hamburg.
18. Tachysoma peliionella 95-85 y  R B Fu s w ■i\'> fralsh water, frequent; 

feeds on: bacteria.
19. Oxytrichia hymenostomata 80-100 y F A B s w Among Lemna.
20. Urosoma macrostya 120-150 F A B s w Among Lemna.

21.. Histrio complianatus 80 y  R A B s w In puddles, in spring­
time.

22. Histrio muscorum 100-150 j«F ABFu s w In moss infusions, E. 
Germany, California.

23. Aspidisca costata 25-40 y  R B s w In decaying water plants, 
very wide-spread.

24. Astylozoa pyriforme 50 y  R B Fu Sessile In New Zealand, in hol­
lows in forests.

25. Vorlicella microstoma 35 y  R B n
* Notes only on species not in previous Tables.



160

soil. As we see, there are species which are present both at warm and cold 
temperatures. They can therefore bear changeable temperatures, i. e., are 
eurythermous, e. g., the Colpoda species, Opisthotricha terrestris and 
Gonostomum affine. As the other species in the soil live an active life 
in cool weather, they can be classified as cold-stenothermous. Other of 
my observations, however, do not altogether confirm so simple a clas­
sification of the phenomenon. For example, I found Kahlia in an 
active condition on area No. II. in October aind November. It might there­
fore be concluded that this species was a cold-stenothermous creature. 
The truth is, on the contrary, that it thrives best at 25—30° C room 
temperature. Furthermore, I found Glaucoma scintillans in an active 
state in May and June, but not during the dog days notr in the colder 
autumn, yet Varga (1935) found them in the winter fauna of forest 
soil. From these examples it is evident that the presence of active 
ciliates in the soil here is not due merely to the temperature. It is to be 
supposed that many other factors are involved in the phenomena (such 
as the water-content of the soil) which, however, my observations failed 
to elucidate.

Area No. I ll was the high sandy beanch of the Tisza flood 
regions near Szeged. As I have already mentioned, this area was 
inundated on an average of once a year, usually during the early 
spring floods. Systematic investigations were carried out on this area 
from April to December of 1939, and from March to June! 1940. Material 
for investigation was collected every two weeks and always from places 
where the sand was still wet. Active protozoa were generally found 
where the soil had a 16% water content, hence chiefly only in the 
spring and autumn months. The pH value of the soil at such times was 
7-8 in the damp soils, i. e., slightly alkaline, and the drier soils con­
taining no active protozoa had a 6.6 value.

In Table C are given the 25 species of ciliates which I succeeded 
in identifying oni the third area investigated. Seven of these 25 also live 
in the two garden soils of territories I and II, and two, Vorticella 
microstoma and Cyclidum glaucoma, only ini No, I. If now we take into 
consideration that the soil of area III was loose, sandy and permeable, 
and therefore in severe contrast with the soils of areas I and II (only 
in the pH reaction was there no sharp difference between them), then 
we must conclude that these seven species — by name Platyophrya 
lata, Colpoda steini, C. fastigata, C. aspera, Halteria decemsulcata, 
Kahlia simplex, Gastrostyla steini — are soil-ubiquist creatures. Of 
the other 17! species, the Table shows eight to be of 50 a or less we find 
five between 50—100 ß, and three between 100 and 150 ß. Most of the 
species found here belong, therefore, to the small-sized ciliates. Here 
too the rule is valid that the animals with larger bodies are flexible, 
whereas the smaller ones have regular bodies and thus both accomodate 
themselves to their environment in the tortuous little water fields. In 
general it can be said that on experimental area No. I ll there were 
no open-water forms at all. Previous researchers had found 8 of these 
species in fresh water, two in moss or moss infusions, three in water 
containing constituents of rotting plants, while I myself isolated three 
new species from the soil. This habitat seems in interesting contrast to
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areas I and II, in that there only two carnivores among the ciliates 
found here, the others feeding on bacteria, fungi and algae.

This territory is particularly worthy of interest as contrasted 
with the two previous, because here there is the possibility for water 
ciliates to change into soil ciliates. How does this occur? In the begin­
ning my idea of it was that after the withdrawal of the floods, the 
ciliate fauna characteristic of this soil develop in the remaining little 
puddles and afterwards simply i get into the soil with the water seeping 
through. I investigated numerous small puddles containing little water. 
I found only 1—2 pelagic protozoa, and not one of the species given in 
Taible C. It is therefore evident that in this soil it is mot a question of a 
simple, seasonal faunal emigration. Hence the only remaining pos­
sibility is that the majority of the species remain attached to the soil 
even during floods. Whether they are encysted or in an active form 
I was unable to establish, as I could not avoid getting free water along 
with the sand taken from under water. We can therefore get an answer 
to the question only from general biological knowledge. It is known, 
for instance, that/where any ciliate species lives an active life, there we 
should usually also find their cysts. (It is only in the laboratory that 
we can produce conditions ulnider which the animals always live an 
active life). It is therefore probable that this soil-fauna develops from 
cysts remaining in the inundated soil after the water has withdrawn. 
That is to say, it is evident that the ciliates living an active life in the 
soil during floods drift into the upper regions of the water and that the 
flood carries them along. This applies only to the flood-area soil, lying 
high and evenly, for in excavations and deep flood areas we should 
inJ all probability find an entirely different state of affairs.
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h c c j i e ä o b a h h h  n p o T 0 3 0 A ,  n o M B b i  r p y n n b i  
P E C H H M H b I X  H B O C O B E H H O C T H  B o n P O C O B H X  

n P H C n O C O E J I E H H H  K Y C J I O B H J í M n O M B b l
Abtop: flHOUI TOPBAT 

PE3IOME
M u  HCCJiesonaJiH ijiayíiy pecHHRHux HH({)y30pHeB b OKpecTHOCTH ropofla Cereft 

(BeHrpHH) C TORKE 3peHHS npHCITOCOÖJieHHH 3THX np0T0300a K WH3HeHHbIM yCJIOBHHM 
pa3IIHRHWX BHAOB I10RBU.

Mm HccneflOBaJin: 1. rioRBy cafla, opomeHHoro rnaBHUM o5pa30M TOJibKO rokusm. 
2. noRBy cafla, nocTOHHHO opouiaeMoro. 3. 3aTonjienHyio boaoK noRoy.

H am u pe3y.ibTaTbi tnm ecneAyioinHe:
1. IIpH6nn3ETeRbHO neftTpajibHaH nORBa AO-aiKHa coflepwaTb b cpesneM 16%  

noAnoRBeHHOíi boau, arh toto rto5u pecHHRHue momh pa3BHTb b neH aKTHBHOe cyipe- 
C T B O B a H H e .

2. PecHHRHbie npHcnocoSbiBatomnecfl k yciiOBHHM HenocTaTORnoro yBJiaweHHH 
nORBbl RBOHKOrO BHRa: a) peCHHRHbie nOCTORHHblX (J)OpM H HeÖOJIblUHX pa3MepOB. 6) 
Sojxee Kpynubix pa3Mepoa, no HMeiomHx rn0Koe Teno h TaKwe cnocoőnbix H3MeHHTb 
CBOH) (JiopMy.

3. Maipe Bcero flnHna bhaob, BCTpeqarouiHXCH b noRBe, He flOCTHraeT 100 m.
4. ŰBH>KeHHe pecHHRHbix, npowHBaiouiHx b noRBe, nponcxoAHT rnaBHUM o0pa3OM 

riyTeM CKOJibiKeHHH xowabhhh h noji3aHHH b noRBe. Cpe^H pecHHRHux, HCCJieAOBaHHbix 
b nauiHX noRBax, oßnapyiKeHu, xoth h pe^KO, oceanue hjih nony-oceAJiue thbu , ho 
HMKOrfta He BCTpeRajJHCb (JjopMbi, npoxcHBaiomHe b OTKpbiToti BOfle.

5. BonbmaH RacTb bhaob, npoiKHBaiomHX b  onHcauHbix Bbime noRBax 1 h 2 BCTpe- 
RaeTCH, no MHeHino npeiKHHX asTopoB, b HacTOHx Mxa, hjih b  Boae coAepiKameß niHio- 
njHe pacTennH. Bojiee Memaie 3K3eMnnnpu, no mhchhio 9thx aBTOpoB, npOHCxoAHT H3 
OTKpblTOM boau.

>KH3HeHHbie ycnoBHH b cpeAax, yno.MHHyTux Bbime, TOwAecTBeHHU c ycnoBHHMH, 
HMesouiHMHCH B noRBax 1 h 2 noTOMy, rto h TaM moikho onpeAemiTb nepnOAHRecKoe 
rnneHHe b noRBe. (naB03.)

B noRBe 3 mm BCTpeqaJiH TaK»e h $opMbi, xapaKTepubie a-oh CBejKeö boau, b 
cooTBeTCTBHH c xapaKTepo.M noRBbi b oSjiacTH 3aTon;ieHHH, HBJiHramefiicH nepexOAHOü 
craAiieií ot *H3HenHUX ycnoBufí cyxoíí noRBbi ao boau.

6. Eojibinan qacTb pecHHRHbix, HaKAeHHux b noRBe caAOB, HBJUieTCH BBpnTepMH- 
RecKHMH cyipecTBaMH.) 3 to yCTaHOBJieHHe eipe Hejib3H oSoSipaTb, Tax KaK HineioTCH 
npoTHBopeRaiAHecH HaSmoASHHU.)

7. CpaBHHBan pe3ynbTaxbi HCCJieAOBaHHH ncex Tpex bhaob noRBbi, mu Haumn 
BHAU pecHHRHbix, BCTpeqaiomHecH b paBHOÍÍ CTeneHH bo Bcex Tpex bhaax noRBbi. T an  
KaK ABa H3 3THX BHAOB nORBbl CyiReCTBeHHO OTJIHRaHITCH APVr OT Apyra — nORBa CaAOBaH 
h necRaHaH — mu Ha3Bann pecHHRHux, BCTpeqaiomHXCH b oöohx bharx noRBbi: ,,Be3Ae 
cyiuHMH noRBbi". H a ocHOBe Hauinx HCCJieAOBaHHÜ mohcho ycTaHOBHTb, rto b noRBe 
HMeeTCH nocTOHHHan, npHCnocoöneHHaH k noRBe (JiayHa pecHHRHux.



ÜBER MIKROBIOLOGISCHE UMGESTALTUNG 
VON STERINEN

II. Oxydation von Cholesterin durch Proactinomyces roseus

Von

JÁNOS HORVATH und ANDRÁS KRÄMLI
Aus dam Ung. Biot. Forschung institut, Tihany am Iraiaton-See 

(Eingegangen am 30 Mai, 1948)

In unserer ersten Abbhandlung (Í) haben wir die auf Cholesterin 
ausgeüibltie oxydative Wirkung eines von uns isolierten Azo to bacters 
besprochen, den wir Azotobacter oxydans n. sp.benant hatten. Es er­
gab sich, dass Azotobacter oxydans das Cholesterinmolekül aus drei 
Richtungen angreift, und zwar es oxydiert am 3. Kohlenstoff-Atom wo­
durch Cholestenon ensteht; dehydriert zwischen dem 7. und 8. Kohlen­
stoff-Atom, was durch das Erscheinen des 7-Dehydrocholesterins im 
Oxydationsprodukt zum Ausdruck kommt; endlich trennt sich die 
Seitenkette ab, was durch die Entstehung von Isokapronsäure und 
2-Methylheptanon bestätigt wird:

O

Die Ergebnisse unserer Versuche wurden, besonders in Bezug 
auf die Entstehung von Cholestenon und auf die Abtrennung der Sei-
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tenkette, durch eine in der letzten Zeit erschienene Abhandlung von 
T u r f it t  (2.) bestätigt, indem die Abtrennung der Seitenkette auf die 
Wirkung Ton Proactinomyces erythropolis ebenfalls eintrifft und die zwei 
genannten Verbildungen in erwähnten Oxydationsprodukt gleichfalls 
erscheinen.

Wir haben die erwähnten Versuche mit wenigen Ausnahmen 
mittels Durchlüftung der Kulturen durchgeführt. Bei der Durchlüf­
tung war aber die Gefahr vorhanden, dass die Kulturen durch andere 
Bakterien infiziert werden, welcher Umstand deshalb gefährlich ist 
weil unser Azotobacter auf die Stoffwechselprodukte anderer Bakte­
rien ausserordentlich empfindlich reagiert und rasch zugrunde geht. 
Wir haben uns deshalb bemüht, unsere Versuche mit einer solchen cho­
lesterinoxydierenden Bakterienart durchzufiiliren, die gleichzeitig auch 
selektiv gezüchtet werden kann. So verwendeten wir dazu die Gruppe 
der Proactinomyces, deren eine Art: Proactinomyces roseus Pyridin 
zu zersetzen und sich in solchen Nährböden zu vermehren vermag, in 
welchen Pyridin die einzige Kohlen- und Stickstoffquelle ist.

Von diesem Bakterium wurde durch frühere Versuche nachge­
wiesen (3.), dass bei seiner Züchtung während der Zersetzung des Pyri­
dins überschüssiger Stickstoff auftritt. Diese Umstände wirkten sich 
bei unserem! mit Proactimomyces roseus durchgeführten Versuche sehr 
vorteilhaft aus: gegen die bei der Durchlüftung erfolgte Infektion 
wurde die Kultur durch die Anwesenheit des Pyridins geschützt, der 
Mangel an Kohlenstoff dagegegen wurde durch den Cholesterins ersetzt.

Bei diesen Versuchen haben wir als Oxydationsprodukte zwei 
Verbindungen erhalten: Cholestenon und 7-Oxycholesterin, und zwar 
die erste Verbindung bei niedereren r»H-Werten (5—7), die letztere da­
gegen bei höheren pH-Werten (8—8.5).

Aus den Kontroll versuchen über die Entstehung des 7 -0  xy Cho­
lesterins gelang es uns festzustellen, dass diese Verbindung — unter 
gleichen Verhältnissen — ohne Bakterien nur bei pH 11 und in kaum 
nachweisbarer Menge enstand.

Die Methodik kann wie folgt zusammengefasst werden:
Azotobacter wurde auf Agar in Colle-Schalen vorgezüchtet (4.) 

und dann bei sterilen Verhältnissen in einen flüssigen Nährboden ei­
gewaschen, welcher Glyzerin. Mannit, Ammoniumphosphat, Pepton, so­
wie 5% Rübenzucker enthielt. Darauf wurde zu der Kultur pulveri­
siertes kristallisches Cholesterin in einer Memre von 0.5% steril bei­
gemischt. Die so vorbereitete Kultur wurde 2 Wochenlang im Thermo­
stat bei 34° gehalten. Die Spaltung des Zuckers war durch die in grossen 
Mengen vorhandenen Bakterien innerhalb 4—5 Tagen beendigt. Ob­
wohl der zu Beginn auf pH 7 eingestellten Kultur auch Kalziumkarbo­
nat zugefügt wurde, sank natürlich der pH-Wert infolge Zersetzung 
grosser Mengen organischer Stoffe nach Ablauf der Inkubationszeit 
bis 5.

Unser Verfahren bei der Züchtung des Proactinomyces kenn­
zeichnet sich dadurch, dass wir in einem 2°/„„ Pyrdin enthaltenden 
synthetischen Nährboden die Proactinomyces solange vorzüchteten, bis 
Pyridin im Nährboden nicht mehr nachweisbar war. Dann mischten 
wir einem ebenfalls 2°/00 Prvdin enthaltenden synthetischen Nähr­
boden °/o„ 0.5% pulverisiertes kristallisches Cholesterin bei, stellten den 
pH-Wert der Kultur entsprechend ein (siehe oben) und wuschen die
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vorgezüichtete Proactinomyces-KuUur dazu. Diese Kulturen wur­
den hernach im Thermastat mit, oder ohne Durchlüftung 2 Wochen lang 
bei 34 C° gehalten.

Die Oxydationsprodukte wurden aus der Kultur extrahiert. Mit 
Rücksicht darauf, dass die untersuchten Bakterien das Cholesterin 
durch ihre Ektoenzyme oxydieren, braucht man die Kultur vor der 
Extraktion' nicht gesondert aufzuschlissen. Aus dem meist mittel Petrol- 
aether erhaltenen Extrakt haben wir zwecks Identifizierung, die ein­
zelnen Produkte mit der üblichen Methode durch fraktionierte Kris­
tallisation, durch Ausscheiden mit Semikarbazid und bei Uviolbelich- 
tung an A120 3 ablaufende chromatographische Adsorption getrennt.

Endlich haben wir mit Proactinomyces roseus auch Kontroll- 
versuche durchgeführt und es gelang uns nachzuweisen, dass dieser 
Sterine in nachweisbarer Menge nicht produziert.

Unsere Resultate zusammenfassend können wir folgendes fest­
stellen:

Die mikrobiologische Umgestaltung des Cholesterins hängt von 
der Oxydationsfähigkeit der Arten ab und sie ändert sich je nach den 
Arten mit den Umständen der Züchtung.

Betreffs der Reaktionstypus, sind nach unseren bisherigen Er­
gebnissen an Cholesterin mit Mikroorganismen die folgenden Oxyda­
tionsreaktionen nachgewiesen:

1. Oxydation von sekundären Alkoholgruppen zu Keton.
2. Die Entstehung ungesättigter Bindung im hydrierten Ring.
3. Oxydation der Methylengruppe zu sekundärem Alkohol.
4. Desoxydation der gesättigten Kohlenwasserstoff-Kette.
Zum Schuluss möchten wir noch diejenigen Versuche erwähnen, 

die wir jetzt zur Entscheidung der Frage durchführen, ob etwa aus 
Sterinen durch Wirkung der Bakterien karzinogene Stoffe entstehen 
können. Diese Annahme fusst nähmlich eben auf der Entstehung der 
ungesättigten Bindung. Bezüglich dieser Frage besitzten wir aber noch 
keine endültigen Ergebnisse.
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II. 0KHCJ1EHHE XOJ1ECTEPHHA riOCPEflCTBOM 
PROACTINOMYCES ROSEUS

( H 3  B e H re p c K o ro  E n o jio rH q e c K o ro  M ccjiefl. HHCTHTYTa)

A btop: f l H O I U  T O P B A T  h A H f l P A I l l  K P A M J I H  

PE310ME

Mbi HccíienoBaJTH OKHCJWTejibHoe ^eftcTBHe „A zobacter o x y d an s“ -a  h pacmenJinio- 
mee ReficTBHe nnpHAHHa Ha xonecTepHH.

Pa3BO«Ka öaKTepHÜ npoH3BOflHJiacb b  CHHTeTHnecKott cpeae, k KOTopoft xonecTepHH 
n p H Ö a B H J i c H  b  $ o p M e  n y j i b B e p H 3 H p o B a H H b i x  K p H C T a j n i o B .  K y a b T y p u  n p o B e T p u B a J i H C b  

bo BpeMH HHKyßauHH, npH qeM „A zobacter o x y d an s“  b  CTepHJibHbix ycaoBHjix a y  ,,j ro - 
ac tinom yces ro seu s"-a  npH HaJiHMHH nHpnflHHa, KOTOpbifi npenflTCTByeT pa3Mno>Kennio 
ApyrHx, BpeAHbix flJia xyjibTyp 6aKTepnß.

H3 OKHCjiHTejibHOro npoflyKTa, nojiyqeHHoro nyTeM „A zobacter o x y d a n s"  mu 
H30JiHpoBaJiH xoaecTeHOM, 7-AernApoxoiiecTepHH, a Taioxe 2-MeTHJirenTaHOH, o6pa30B- 
iHHÖCH OTD^enaeHHeM no 6okoboH jihhhh, h H30xanpoHOByio KHCJiOTy.

f l e i i c T B H e M  jl r o a c t i n o m y c e s  r o s e u s  0 6 p a 3 0 B a J i H C b  n p w  p H  5 — 7  X o n e c T e H O H  h  

n p H  p H  8 — 8 , 5 . 7 O K C H X O J ie c T e p H H .

n o  HauiHM onuTaM MHKpoCHOJiornnecKoe OKHCJieHHe xonecTepHHa 3aBHCHT o r 
B H f lO B  cnocoÖHbix npoH3BOAHTb OKHcneuHe, h Kpojwe 3Toro oho noflBepraeTca h 3 m c H e h h k > 

h oßcTOHTenbCTBaMH pa3BefleHHH.
HaKOHeu npoH3B0AHTcn onbiTu ajih peuieHHíi Bonpoca, He MoryT-nn o6pa30BaTbC3 

KappHHoreHHbie BemecTBa H3 cTepwHOB AcftcTBueM MHKpoopranH3M0B. OAHaxo 3th Hccne- 
AOBaHHH iioxa nojioacHTejibHbix pe3vabTaTOB He AaaH.



EXPERIMENTS IN THE PREPARATION OF PENICILLIN FROM 
LOCAL RAW MATERIALS

BY
.JÁNOS HORVÁTH and ANDRÁS KRÁMLI 

From the Hungáriám Biological Research Institute, Tihanyi, Lake Bafatiom 
With 1 photograph in the text 

(Received for publication 30lh May, 1949.)

The purpose of these experiments was to make use of cheap local 
raw materials for cultivating Penicillium, and producing penicillin. It 
was our idea to seek first of all a complex organic material which, besides

Peniciliftum cufiture.

being a source of nitrogen, possessed substances which stimulate growth. 
The most expedient for this purpose seemed to be sertamin, which is 
manufactured in this country for cheap alimentation and which is in 
reality nothing hut a strain of beer yeast further cultivated with a top 
ferment, characterised by its high vitamin and protein content- To pre­
pare it, the yeast suspension) heated to 90° C, is dried on a vapour» ro­
tary dryer. Aside from the standpoints given above, we turned to this 
material especially, because we wanted a liquid culture, for which ser- 
tamin is particularly suitable, as it is a substance which suspends well. 
Fo assure a source of carbon we emplayed buckwheat as chief mass in
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the culture medium. To liquify the medium we fermented the milled 
buckwheat with 5% malt in the presence of a few drops of HC1 
at 80° C.

The composition of the culture medium was as follows: To a 
water solution of 05% NaNOs, 0.2% KH2P 0 4, 0.05% KC1, and 0.05% 
MgS04.7H20 , which also contained traces of FeS04, we added 10% 
buckwheat flour which had previously been fermented with 2% malt. 
2% sertamin was finally suspended in the solution thus prepared. The 
medium was then fixed at pH 7 with NaOH and decanted into 1-liter 
slope culture retorts. The amount of culture medium was 500 ml. We 
sterilized the medium at 1.5 Atm. and inoculated it with Penicillium, 
from a solid medium prepared for spore formation. In the first phase 
of our experiments we kept in evidence to what extent the Penicillium 
strain breeds without aeration in the medium described. The accompa- 
nyig photograph (Fig. I) shows the increase of the Penicillium cul­
tivated for 10 days. Its colour was a homogeneous apple-green. The fil­
trate contained 25 Oxford U/ml penicillin. Further experiments are in 
progress.



EXPERIMENTELLE BESTIMMUNG DES THROMBININAKTIVIE­
RUNGSPROZESSES

Von

M. GERENDÁS
Ung. Riol, FoTschungsmstihit. Tihany, am Balaton-See 

Milt 7 Abbildungen undl 3 Tabellen im Text 
(Einigegamigen am 31. Mai 1949.)

Es kann experimentell festgesteltwerden, dass ein dem Blute oder 
dem Serum zugesetztes aktives Thrombinpräparat binnen kurzem sein 
Gerinnungsvermögen einbüssk Da das das Thrombin zum Verschwinden 
bringende System des Blutes sehr stark ist und auf seine Wirkung hin 
nicht allein das dem Blute zugefügtem, sondern gleicherweise auch Has 
in ihm entstehende Thrombin rasch verschwindet, ist es unzweifelhaft, 
dass dieser Erscheinung auch vom Gesichtspunkte der Blutgerinnung 
aus eine wichtige Rolle zukommt.

Im Laufe unserer Versuche (1, 2) haben wir nachgewiesen, dass 
das Verschwinden des Thrombins im Blute sich aus 2; Prozessen zusam­
mensetzt: 1. aus einer raschen Adsorption, mit der wir uns diesmal 
nicht eingehender befassen und 2 aus einer auf Wirkung leiines Inakti­
vierungssystems hin mit der Zeit ständig fortschreitenden Inaktivierung. 
Nach Feststellung der Gesetzmässigkeiten von Adsorption und Ferment­
wirkung gelang es uns beide Faktoren auf chemischem Wege auszu­
schalten. Als Ergebnis davon lassen sich aus 1 ccm Blut etwa 300 E 
Thrombin herstellen. (Enter 1 Thrombineinheit verstehen wir dié Throm­
binmenge, die 1 ccm Oxalatplasma binnen 1 minute bei Zimmertempe­
ratur zur Gerinnung bringt.)

Da im Blute im Laufe der normalen Gerinnung nur 3—6 E 
Thrombin pro ccm nachweisbar sind, so ist es möglich festzustellen, 
dass 98—99% des entstehenden Thrombins bereits während des Gerin­
nungsprozesses inaktiviert werden. Das Blut verfügt demnach über 
eine wesentlich grössere Thrombinreserve als allgemein bekannt ist, 
doch verschwindet ein bedeutender Teil derselben im Blute selbst, noch 
bevor sie ihre Gerinnungswirkung auszuüben vermag. Diese Feststel­
lung schafft einen völlig neuen Gesichtspunkt für die Beurteilung der 
Blutgerinnungsanomalien.

Der bei der Blutgerinnung zustandekommende Thrombinspie­
gel, also eigentlich das Blutgerinnungsvermögen, wird von 2 Prozessen, 
den Geschwindigkeiten von Thrombienentstehung und — verschwin­
den. gemeinsam bestimmt. Da die Thrombininaktivierung nach obener­
wähntem einen sehr starken Einfluss auf das entstehende Thrombin aus­
übt, ist leicht einzusehen, dass unter den Blutgerinnungsstörungen die 
Störungen der Thrombininaktivierung (gesteigerte oder verminderte In­
aktivierung) ebensowohl eine Rolle spielen können, wie die Thrombinent­
stehungsstörungen. Diese Annahme wird auch durch unsere klinischen 
Beobachtungen bekräftigt. Im Falle herabgeminderter Inaktivierung
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wird der Gerinnungszustand des Blutes in Richtung einer gesteigerten 
Gerinnbarkeit, bei gesteigerter Inaktivierung jedoch in Richtung einer 
reduzierten Gerinnbarkeit verschoben.

Auf die klinische Bedeutung des Thrombinabbaues bei postope­
rativen Thrombosen hat zuerst L enggenhager (3) die Aufmerksamkeit 
wadigerufen. Er arbeitete auch ein Untersuchungsverfahren für den 
Thrombinabbau aus. Nach seiner Methode erfolgt indessen die Inakti­
vierungsuntersuchung mit dem im Blute des zu untersuchenden Indivi­
duums entstehenden Thrombin, deshalb spielt im Versuche auch das 
Thrombinerzeugungsvermögen des untersuchten Blutes eine Rolle. Das 
so erhaltene Ergebnis ist das einer zusammengesetzten Wirkung, wes­
halb denn diese Untersuchung kein vollständiges Bild der Thrombin- 
inakftivierung selbst liefert. Soll demgegenüber ein Einblick in 
den Mechanismus der Blutgerinnungsstörungen gewonnen werden, so 
müssen gerade die diese hervorrufenden Prozesse voneinander abgeson­
dert werden.

Da bereits Standard-Thrombinpräparate entsprechender Aktivi­
tät zur Verfügung stehen, so besteht die Möglichkeit einer einfachen 
und raschen Untersuchung, die in eindeutiger Weise über die Thrombin- 
linaktivierung Aufschluss erteilt.

Mit einem solchen Standard-Thrombinpräparate arbeiten z. B. 
A strup u . D arling (4) bei der Untersuchung der einzelnen Glieder des 
Thrombiniriaktivierungssystems. Diese Verfasser bestimmen aber die 
Menge des verschwindenden Thrombins, wogegen nach unserer Auf­
fassung für die obenerwähnte Erscheinung nicht die Menge des zum 
Verschwinden gebrachten Thrombins, sondern die Geschwindigkeit des 
Prozesses charakteristisch ist.

Wir haben in unseren Versuchen nachgewiesen, dass die zufolge 
Einwirkung des Inaktivierungssystems erfolgende Thrombininaktivie­
rung kinetisch gemüss einem Reaktionstypus I. Ordnung verläuft. Dem­
zufolge ist der Prozess durch den Reaktionsgeschwindigkeitsfaktor k 
gut charakterisierbar. Beim gesunden Menschen befindet sich der Reak- 
tionsegeschwindigkeitsfaktor um 0,5, in pathologischen Fällen lassen 
sich indessen sehr starke Abweichungen in beiden Richtungen 
beobachten. So ist z. B. bei Sclerosis multiplex (5) k = O, 22, bei Hämo-

Jhylie (6) k —2,2. Ausserdem zeigt der Wert des Reaktionsgeschwindig- 
eitsfaktors auch bei unterschiedlichen Versuchsbedingungen sehr cha­

rakteristische Veränderungen und seine Untersuchung bietet gute Mög­
lichkeiten, einen 'Einblick in den Mechanismus der Blutgerinnungsano­
malien zu gewinnen.

In letzter Zeit sind zahlreiche Publikationen erschienen, die sich 
auf unsere Thrombininaktivierungsuntersuchungen beziehen und unsere 
Methode hat bereits in weiten Kreisen Interesse erregt, teils in Verbin­
dung mit pathologischen und klinischen Fällen (5, 6, 7, 8, 9, 10), teils 
in solcher mit Tierversuchen (11, 12, 13, 14, 15, 16, 17, 18, 19,
20, 21, 22, 23). So erschien es als erwünscht, unser Verfahren auch in 
einer methodischen Mitteilung zusammenzufassen.
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EXPERIMENTELLER TEIL

Das Prinzip der experimetellen Bestimmung der Thrombinin­
aktivierung nach meiner Methode besteht darin, dass dem Serum des 
abgenommenen Blutes eine Thrombinlösung, bekannter Aktivität zuge­
setzt und deren Aktioitätsverminderung in non der Zugabe gerechneten 
tnteroallen von 1—2 Minuten auf Grund des Gerinnungsoermögens be­
stimmt wird. Zur Feststellung des GerinnungsVermögens der Proben, 
wird Oxalatplasma oder eine Fibrinogenlösung verwendet.

Vorwegnehmend sei bemerkt, dass die Thrombininaktivierungs­
bestimmung —i hauptsächlich bei klinischen Untersuchungen — im all­
gemeinen auch mittels Oxalatplasma gut durchführbar ist. Es ist in­
dessen richtiger, dafür eine Fibrinogenlösung zu verwenden. Pur exak­
tere Bestimmungen empfehle ieb entschieden die Verwendung einer 
reinen Fibrinogenlösung, was umso leichter möglich ist, als eine ent­
sprechende Filbrinogenlösung im allgemeinen bereits fertig zu haben 
ist, beziehungsweise ihre Selbstherstellung auf keine besondere Schwie­
rigkeit stösst. Nachfolgend bespreche ich beide Methoden und teile die 
Bereitungsweise des Fibrinogens mit.

Zu den Inaktivierungsversuchen werden folgende Lösungen vor­
bereitet :

1. Bereitung der Thrombin-Standurdlösung. Hierfür ist Jedes ion Handel1 befind­
liche ThrombinpuIVeir verwendbar. (Wir seihst haben teils ein selbsfbereitetes Throm- 
biinpräparat, telis Thrombin pulvis von H opfmann La Rochb verwendet) Mit dem 
verfügbaren Pulver wird mit dest. Wasser zweckmässig soviel Lösung bereitet wie sie zu 
Versuchen für einen Tag ausreichend ist. Die reine, wässerige Thrombinl'ösung zerfällt 
nämlich ohne Konservierungginittoll verhältnismässig rasch, ist aiteo nicht längere Zeit 
haltbar. Der Zusatz von Konservierungsmitteln ist hingegen nicht empfehlenswert, weil 
sie einem starken Einfluss auf die Inaktivierung ausüben. So reduziert z- B. Trikresol 
die Inaktivierungsgeschwindigkeit sehr stark.

Da die Aktivitäten der erhältlichen Thrombinpulver sehr verschieden sind, stellt 
man die Konzentration der Lösung auf Grund der Gerinnungszeit ein. Zwecks Bestim­
mung des Gerinnungsvermögens werden der bereiteten Standlösung 0,2 ccm entnommen 
und mit 0,2 ccm dest. Wasser auf das Doppelte verdünnt (Diese Verdünnung des Throm_ 
bins ist deshalb erforderlich, damit es die Konzentration erreiche, auf die es sich 
späterhin im noch zu besprechenden Inkubationsgemisch verdünnen wird). Diesem 
verdünnten Thrombin werden sodann 0,1 ccm entnommen und dessen Gerinnuiigs- 
wirkung in folgenden Zusammenstellungen untersucht:

0,1 ccm Oxalatplasma oder 0,1 ccm Fibrinogen,
0,1 ccm dest. Wasser 0,1 ccm dest. Wasser,
0,1 ccm verdünntes Thrombin 0,1 ccm verünntes Thrombin.

Natürlich wird für die Thrombinlösungseinstellung diejenige dieser beiden Zu­
sammenstellungen gewählt, die auch bei den späteren Untersuchungen benützt werden 
soll. Die für die Bestimmung der Gerinnungszeit dienenden Gemische, d. h. Wasser und 
Plasma, bzw. Wasser und Fibrinogenlösung, werden zweckmässig vorher in die Ver­
tiefungen einer Farbenplatte pipettiert. Beim Hinzufügen der Thrombinlösung wird 
die Stopphur in Gang gesetzt und die Gerinnungszeit mit Hilfe des Glashakens fest­
gestellt. Die Stoppuhr wird abgestellt, sobald mit dem Haken der erste massive Gerin- 
selknoten herausgehoben wird.

Zur Bereitung der Standardlösung wird soviel Thrombin angewendet, als zur 
Gerinnung der Proben obiger Zusammensetzung binnen 10 Sek. erforderlich ist. Die so 
erhaltene Gerinnungszeit dient als Ausgangswert und sie ist eigentlich die der Thrombin­
aktivität vor Inaktivierung entsprechende Gerinnungszeit. Die zum Hervorbringen der 
Gerinnungszeit von 10 Sek. erforderliche Thrombinkonzentration lässt sich durch Ver­
dünnung oder Thrombinzusatz nach einigem Versuchen leicht einstellen.

2. Bereitung von Oxalatplasrma. Auf 1 Teil 2 °/oiger Na-Oxalatlösung werden 9 
Teile Blut genommen. Das Blut kann einem gesunden Menschen entnommen werden, im
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Falle des Gebrauchs gösserer Mengen hingegen — wenn z. B. mehrere Versuchsreihen 
zur Durchführung gelangen — ist es zweckmässig z. B. Kaninchenblut, Bzw. im Sch!achíl. 
hofe genommenes Rinder — oder Schweineblut zu benützen. Die Blutzellen werden 
sodann abzentrifugiert und das oben befindliche Plasma abgesaugt. Das auf diese weise 
gewonnene Plasma, ist im Eisschranke gehalten etwa 1 Woche benützbar. Zur Unter­
suchung der Throrobinaktivität kann dieses Plasma unmittelbar verwendet oder — 
falls man in obigem Sinne mit Fibrinogen zu arbeiten wünscht — auch zur Bereitung 
der Fibrinogenlösung benützt werden.

3. Bereitung der Fibrinogenlösung. Bereitet die Beschaffung der fertigen Fibrino­
genlösung Schweiergkeiten, so ist es zweckmässig, sie aus dem vorhergenden Punkte 
gemiiss hergestellten Rinder — oder Schweineoxaiatplama selbst zu erzeugen, Methoden 
für die Herstellung einer Lösung kristallisierten Fibrinogens sind von Laki (24, 25) 
mitgöteilt worden.

Auf Grund dieses Verfahrens zubereiitete Fibrinogenlösung enthält ungefähr 12 
mg/ccm Fibrinogen. Wir benützen diese Lösung mit einer im Verhältnis 1 :3 verdünnten 
physiologischen Kochsalzlösung.

DER INAKTIVIERUNGSVERSUCH

Von der zu untersuchenden Person werden aus der Vena cubita- 
lis 2—3 ccm Blut durch die Nadel hindurch rinnend in einem Zentri­
fugierröhrchen gesammelt. Bei Versuchstieren wird das Blut aus der 
Ohrvene oder dem Schwänze tropfen gelassen bzw. eventuell durch 
Herzpunktion gewonnen. Das abgenommene Blut wird 20 Min. bei 
Zimmertemperatur stehen gelassen, das entstandene Gerinsel wird so­
dann mittels Glasstab von der Röhrchenwand abgelöst und 5—7 Min. 
bei etwa 2000 Umdrehungen pro Minute zentrifugiert. Vom Gerinnsel 
wird das Serum mittels Pasteur-Pipette abgesaugt und davon 0.4 ccm 
in die zum Inkubieren benutzte Embriumschale oder in eine Wasser­
mannröhre pipettiert.

Die Untersuchung ist genau in der 30. Min. nach Blutentnahme 
zu beginnen. In dieser Zeit ist nämlich das eigene Thrombin des Blutes 
aus dem Serum bereits verschwunden, zumindest aber in einem Masse 
inaktiviert, dass die noch vorhandene Menge neben der hinzu gegebenen 
Thrombinlösung von 10 sek. Gerinnungsvermögen vernachlässigt wer­
den kann. In der 30-sten1 Min. werden 0.4 ccm der auf beschriebene Weise 
bestimmten Thrombinlösung von 10 Sek. Gerinnungsvermögen zu dem 
vorbereiteten Serum hinzu pipettiert. Die Zusammensetzung des Inku­
bationsgemisches wird somit die folgende sein:

0,4 ccm zu untersuchendes Serum,
0,4 „ Thrombin-Standardlösung.

Hier sei noch bemerkt, dass in Fällen, in denen der Thrombinin­
aktivierungsprozess im in-vitro-Versuche durch einen Wirkungsstoff 
beeinflusst wird, dem Kontrollgemische auch 0,1 ccm dest. Wasser zu­
gesetzt wird, Versuchsgemisch aber wird anstatt des Wassers die Lösung 
des fraglichen Stoffes hizugefügt- So wird z. B. bei Untersuchung der 
Heparinwirkung die Zusammenstellung der Inkubationsgemische fol­
gende sein:

0,4 ccm zu untersuchendes Serum
0,1 „ dest. Wasser,
0,4 „ Thrombin-Standardlösung bzw.
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0,4 ccm zu untersuchendes Serum,
0,1 „ Heparinlösung,
0,4 „ Thrombin-Standardlösung.
Zweckmässig ist die Benützung von zwei Stoppuhren beim Ver­

suche. Im Momente des Hinzufügens des Thrombins wird che die In­
kubationszeit messende Stoppuhr in Gang gesetzt und das Gemisch kräf­
tig durchgerührt.

Nach Verlauf von 1 Min. wird dem Gemische eine Probe von 
0.1 ccm entnomen und der bereitgestellten Fibrinogenlösung oder dem 
Oxaltatplasma zugesetzt die die Gerinnungszeit messende Stoppuhr in 
Bewegung gebracht und die Gerinnungszeit auf oben beschriebene 
Weise bestimmt. Die Zusammensetzung des Gerinnungsgemisches ist 
also folgende:

0,1 ccm Oxalatplasma oder 0,1 ccm Fibrinogenlösung 
0,1 „ dest. Wasser, 0,1 „ dest. Wasser,
0,1 „ Inkubationsgemisch. 0,1 „ Inkubationsgemisch.
Dem Inkubationsgemisch wird sodann auch in der 2., 3. bzw. 5. 

Minute je eine Probe entnommen und notiert in welcher Zeit diese das 
Probegemisch zur Gerinnung (bringen. Die so gewonnenen Gerinung- 
zeiten werden immer länger, ein Zeichen dafür, dass das im Inkuln*- 
tionsgemisch befindliche, zu untersuchende Serum die Thrombinakli- 
x i tä t  von Minute zu Minute vermindert. Diese Äktivitätsverminderung 
ist gleichbedeutend mit der Thrombininaktivierung.

Abb. 1. Für der Versuch erforderliche Geräte.

FÜR DIE DURCHFÜHRUNG DES VERSUCHS ERFORDERLICHE
GERÄTE

1. Zur Bereitung des Inkubationsgemisches lässt sich die sog. Embriumschale 
(Abb. 1. a) gut verwenden, weil das Pipettieren aus dieser bequem und rasch vonstatten 
geht. Natürlich entsprechen auch Reagenzgläser oder andere Glasgefässchen,

2. Für die Bestimmung der Gerinnungszeiten hat sich die TüpfeLplatte Jena Nr. 
5250 bewährt. Gut brauchbar ist indessen auch die Porzellanschale laut Abb 1. b. Das 
der ^Bestimmung der Gerinnungszeiten dienende Gemisch wird in die Vertiefungen 
dieser Geräte pipettiert.

3. Für die Feststellung des Momentes der Gerinnselbildung wird ein kleiner 
Glashaken mit 8—10 cm langem Stiel verwendet. Dieser lässt sich aus einem Glassfabe 
leicht anfertigen (Abb, J. c).

4. Für die Zusammenstellung und Vermengung der Gemische werden eingeteilte 
Pipetten gebraucht. Es empfiehlt sich für dest. Wasser, Fibrinogenlösung, zu unter­
suchendes Serum und Thrombinlösung je eine 1,0-ccm-Pipette miti 0,1-ccm-Einteilung 
zu verwenden, für das Inkubationsgemisch aber eine 0.1 -ccm-Pipette.

5. Es ist am bequemsten, — und Irrtümer werden am sichersten vermieden .—, 
wenn zum Messen der Inkubations- und der Gerinnungszeiten je eine besondere Stoppuhr 
gebraucht, wird. Mangels solcher tut es aber auch eine Uhr mit Sekundenzeiger.

/  / /  /  ----
ágin kubalionsschale b.) Schale für Gerinnungsproben

c.) Glashaken
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WERTUNG DER VERSUCHSDATEN
Die erhaltenen Gerinnungszeiten können zu Charakterisierung 

des Thrombininaktivierungsprozesses auf folgende Arten benützt 
werden:

a) Tabellarische Zusammenstellung. In dieser werden die Inkubationszeiten, die 
dazugehörenden Gerinnungszeiten sowie die den einzelnen Gerinnungszeiten entspre­
chenden Thrombinaktivitäten dargestellt (Tab. II). Letztere werden wie folgt bestimmt:

Throm binak iiviia /
Abb. 2. Zusammenhang zwischen Gerinnungszeit und Thrombinaktivitätz

Bei der Umrechnung der Gerinnungszeiten auf in Einheiten ausgedrückte Throm­
binaktivität gehen wir von einem empirisch festgestellten Zusammenhang aus (Abb. 2).

TABELLE I
Berechnung der Throm binaktivität auf Grund der G erinnungszeit

Sek. Einheit/ccra Sek. Einheit/ccm Sek. Einheit/ccm Sek. Einheit/ccm

9 35 S2 3,4 55 1,22 96 0,435
10 29 33 3,2 56 1,20 98 0,42
11 24 34 3,0 57 1 ,'4 100 0,40
12 20 35 2,8 £8 1,10 105 0,38
13 17,8 36 2,7 59 1,06 110 0,35
14 15,5 37 2,6 60 1,00 115 0,32
15 13,5 38 2,4 62 0,97 120 0,29
16 12,0 39 2 3 64 0,94 125 0,27
17 11,0 40 2,2 66 0,90 130 0,25
18 10,0 41 2,1 68 0,85 135 0,23
19 8,8 42 2,0 70 0.80 140 0,21
20 8,0 43 1,9 72 0,76 145 0,20
21 7,4 44 1,85 74 0,72 150 0,19
22 6,6 45 1,8 76 0,69 155 0,175
23 6,2 46 1,7 78 0,66 160 0,17
24 5,6 47 1,65 80 0,63 165 0,16
25 5,2 48 1,6 82 0,60 170 0,15
26 4,8 49 1,5 84 0,56 175 0,14
27 4,5 50 1,45 86 0,54 180 0,135
28 4,3 51 1,4 88 0,51 185 0,125
29 4,0 52 1,35 90 0,49 190 0,12
30 3,8 53 1,3 92 0,47 195 0,115
31 3,6 54 1,25 94 0,45 200 0.110
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Bei diesem wählten wir die in 60 Sek. zur Gerinnung bringende Thrombinlösung als 
1 Elccm, die übrigen Werte aber bestimmten wir einerseits durch Verdünnung der 
Lösung, andrerseits durch Steigerung der Thrombinkonzentration- Die erzielten Punkte 
ergeben in dem angewandten Iogarithmischen Masstabe eine gute 'Annäherung an die 
auf der Abbildung dargestellte Gerade, mit deren Hilfe innerhalb des dargesfiellten 
Interwalls die der Gerinnungszeit entsprechende Aktivität werden kann. Des leichteren 
Verständnisses halber, haben wir die auf Grund von Abb. 2 gewonnenen Daten auch 
tabellarisch zusammengestellt (Tab. I). Hier haben wir neben den Gerinnungszeiten die 
Thrombinaktivitäten in Elccm angeführt. Auf dieser Grundlage stellten wir auch bei 
den Beispielen der Tab. II die Thrombinaktivitäten fest.

TABELLE II
Die Veränderung der Thrombinaktivität bei normaler gesteigerter, bzw. verminderter

Inakiivierung

Inkubationszeit in Minuten r 2' 3' 5'

Normales Kaninchen- Gerinnungszeit in Sek. 21" 25" 30" 44"
blut Thrombinaktivität (E ccm) 7,4 5,2 3,8 1,85

Gesteigerte inaktivi- 
erung (Heparin 0,005 
mg'ccm)

Gerinnungszeit in Sek. 25" 35" 49" 94"
Thrombinaktivität (E ccm) 5,2 2,8 1,5 0,45

Verminderte inak- 
tivierung (Toluidin­
blau 0,05 mg/ccm

Gerinnungszeit in Sek. 18" 20" 22" 26"
Thrombinaktivität (E ccm) 10 8,0 6,6 4,9

Auf Tab II führen wir als Beispiel die Inaktivierung eines normalen Kanin­
chenserums vor, weiters die durch Heparin gesteigerte bzw. durch Toluidinblau her­
abgesetzte Inaklivität des gleichen Serums,

Inkubationszeit
Abb. 3. Darstellung der 'Ihaktivierungskurven (Gerinnungszeitkurven).
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b) Graphische Darstellung. Über die Inaktivierung kann ein übersichtliches Bild 
auf Grund der Inaktivierungskurven gewonnen werden. Die Daten lassen sich auf drei 
Arten aufzeichnen:

1. Die Gerinnungszeiten werden auf Millimeterpapier dargestellt (Abb. 3). 
Auf diese Weise erhalten wir steigende Kurven. Je steiler diese sind, umso stärker ist 
die Inaktivierung. Bei dieser Darstellung läuft die mit Heparin erzielte Kurve zu oberst 
(stärkste Inaktivierung), die mit Toluidinblau erhaltene zu unterst (schwächste Inakti­
vierung).

Inlwbafionszeii
Abb. 4. Darstellung der Thrombinaktivitätsverminderung.

2. Die in Einheiten ausgedrückten Thrombinaktivitäten werden auf Millimeter­
papier überfragen. (Abb. 4). Wir erhalten von; oben nach unten laufende Kurven, die 
die Herabminderung der Thrombinaktivität gut zum 'Ausdruck bringen. Hier läuft die 
mit Heparin erhaltene Kurve zu unterst, die durch Toluidinblau erzeugte zu oberst.

3. Nach unserer Erfahrung ist es am zweckmässigsten, die Ge­
rinnungszeitwerte in logarithmischem Masstabe darzustellen (Abb. 5). 
In diesem Falle erhalten wir steigende Geraden, bei denen der Nei­
gungswinkel der Geraden charakteristisch für die Inaktivierungsstärke 
ist. Die so erhaltene Gerade lässt sich auf Grund der späteren Beschrei­
bung für die graphische Bestimmung des Reaktionsgeschwiudigkeitsfak- 
tors trefflich verwerten.

Die auf die normale Kurve bezogene Lage der Kurven ist im 
allgemeinen bereits charakteristisch für den Inaktivierungszustand des 
Blutes. Wird die Inaktivierung in Zusammenhang mit einer Blutgerin­
nungsanomalie durchgeführt, so wird deren Inaktivierung gewöhnlich 
mit der des Blutes eines normalen Individuums verglichen, wird dage­
gen ein Versuch durchgeführt, in dem die Inaktivierung — wie im vor­
liegenden Beispiele — experimentell beeinflusst wird, so betrachtet 
man die Inaktivierungen vor Versuchsbeginn bzw. vor Zusetzen der 
fraglichen Stoffe zum Serum als Grundzustand und vergleicht mit die­
sem die im Laufe des Versuchs späterhin gewonnenen Inaktivierungs-
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werte. Auf Grund dieser Werte lässt sich feststellen, ob die Kurve in 
einem gegebenen Falle einem Blute gesteigerter, oder verminderter ln- 
aktivität angehört.

Abb. 5, Darstellung der 'Inaktivierungskurven (Gerinnungszeitkurven) in logariUimischen
Masstabe.

Trotzdem erweist es sich in zahlreichen Fällen als erforderlich, 
die Iinaktivierungsstärke auch zahlenmässig auszudriicken. Dies lässt 
sich nach der Methode von P álos (8) bewerkstelligen, nach der die 
mit dem Kontrolltiere gewonnenen Gerinnungszeiten durch die ent­
sprechenden Zahlenwerte des Versuchstieres dividiert werden, und der 
Mittelwert der so erhaltenen Daten der Koagulationsfaktor (Cf) ist.

Prinzipiell ist es indessen am richtigsten, wenn aus den beim 
Versuche gewonnenen Daten der Reaktionsgeschwindigkeitsfaktor be­
rechnet wird. Dies ist ein wohldefinierter Wert und mit seiner Hilfe 
lassen sich auch mehrere wichtige Daten des lnaktivierungsp.roz'esses 
(Veränderung der Reaktionsgeschwindigkeit durch die Temperatur, Ak­
tivierungsenergie usw.) berechnen. Da die Inaktivierung kinetisch ge­
mäss einer Reaktion I. Ordnung verläuft, dient zur Berechnung des 
Geschwindigkeitsfaktors die Gleichung:

Darin sind k=Reaktionsgeschwindigkeitsfaktor der Reaktion I. Ord­
nung, /^Intervall der Probeentnahmen, a== Anfangskonzentration, x =  
Konzentrationsveränderung während des Intervalls t. Die Berechnung 
der Reaktionsgeschwindigkeitskonstante bringe ich auf Grund der Da­
ten von Tab.  II. (normale Inaktivierung) in T a.b. III. Der k-Wert 
ist auf grand der Berechnung gleich 0,34. Wegen der Einzelheiten

12
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der Berechnung verweise ich auf ein meiner älteren Mitteilungen, (2) 
sowie auf die zusammenfassende Arbeit von E . E ic h w a l d  (26).

Unstreitibar ist die Berechnung der Reaktionsgeschwindigkeits­
konstante auf diese Weise so mühsam und langwierig, dass das Ver­
fahren besonders bei klinischen Untersuchungen völlig unbrauchbar er­
scheint. Dies hat mich zur Ausarbeitung einer raschen und sehr ein­
fachen Methode veranlasst.

TABELLE III
Die berechnung des Reaktionsgeschwindigkeitsfaktors

Inkubationszeit in Minuten 0' r 2' 3' 5'

Geriiinungsze.it von Proben (Sekl 17,5"** 21" 25" 30" 44"

Thrombinaktivität E/ccm* 10,5 7,4 5,2 3,8 1,85

a — 10,4 7,4 5,2 3,8

a —• x — 7,4 5,2 3,8 1,85

a
a — x

— 1,42 1,42 1,37 2,06

lo g  ------- --------
a — x

— 0,152 0,152 0,138 0,315

2.3 . lo g  a
a — x

— 0,35 0,35 0,32 0,73

t Zeitintervall (Minuten) — 1 1 1 2

V«
— 1 1 1 0,5

k -  _ L  .2 .3  . lo g  a
t a x

— 0,35 0,35 0,32 0,36

Reaktionsgeschwindigkeits 
faktor (Mittelwert) k =  0,34

* Auf Grund von Abb. 2. berechnete Werte. ** Extrapolierte Date.

d. Graphische Bestimmung des ‘ Reaktionsgeschmindigkeitsfak- 
tors. Wenn für die graphische Darstellung laut A bb 5. Papier mit einer 
Einteilung benützt wird, in der die logarithmische Einheitslänge der ei­
nen Achse 100 m m  beträgt, die andere Achse aber eine einfache Milli­
metereinteilung haiti1, so lässt sich der Wert des Geschwindigkeitsfak­
tors durch einen einfachen Kniff, ohne jede Berechnung unmittelbar 
ablesen (Abb. 6). Unser Verfahren besteht darin, dass wir die über die 
Punkte gelegte Gerade bis zur Ordinate extrapolieren (gestrichelte Li­
nie), sodann an den 45. mm der Abszisse eine Senkrechte legen und an

1 Solchermassen ein geteilte Papiere sind z. B, Schleicher u. Schüll Nr, 365 
oder Aerni-Leuch (Bern) Nr. 535.
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dieser die Länge des zum Öffnungswinkel Alpha gehörenden Linien­
stückes messen. Wird die gemessene Länge in Dezimeter ausgedrückt, 
so ist deren Zahlenwert gleich dem Reaktionsgeschmindigkeitsfaktor. In 
unserem Falle beträgt die Länge des Linienstückes 0,34 dm. danach ist 
also k = 0,34, was identisch ist mit dem Ergebnis der in Tab.  III mit­
geteilten langwierigen Berechnung. Das Gesagte wird von den Daten 
der Abb.  6 noch besser beleuchtet. Ich'bemerke, dass einzelne Forscher, 
die meine Methode übernommen haben, leichterer Ausdrückbarkeit hal­
ber den k-Wert öfters durch die abgelesene mm-Zahl ausdrücken

Abb. 6. Graphische Bestimmung des Reaktionsgeschwindigkeitsfaktors (fc).

(kmm) also im Falle unseres Beispiels kmm =34 schreiben. Durch 
Dividierung dieses Wertes mit 100 erhält man den wirklichen Wert des 
Reaktionsgeschwindigkeitsfaktors.

Erwähnt sei noch, dass der extrapolierte Anfangspunkt der er­
haltenen Geraden bei obiger Darstellung des Inaktivierungsprozesses im 
allgemeinen eine längere Gerinnungszeit aufweist, als wir solche zu 
Beginn unseres Versuches auf die Anfangsaktivität des Thrombins b e­
kamen, d. h. dass die Gerade meistens von höher als 10 Sek. ausgeht. 
Die Differenz zwischen den beiden Werten (Linienstück a) wird durch 
Adsorptin eines Teils des Thrombins an das Serum im Augenblicke 
des Vermischens verursacht (2). Es empfiehlt sich bei den Versuchen 
auch deren Grösse zu beachten, denn in manchen krankhaften Fällen 
ist auch die Adsorptionsstärke charakteristisch.

Andrerseits beobachteten wir auch, dass bei einzelnen Sera die 
in der 3., 5. Min. erhaltenen Gerinnungszeitwerte sich nicht auf der Ge­
raden befinden, sondern etwas nach oben, in anderen Fällen nach unten
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zu liegen kommen, dass also eine konvexe oder konkave Kurve erzielt wird. 
Wir haben festgestellt, dass diese Erscheinung eine Eigenheit des Blu­
tes einzelner Tierarten ist: so biegt z- B. Tnaktivierungskiirvd des Batten­
blutserums stark nach unten. Auf die Erklärung dieser Erscheinung 
will ich jetzt nicht eingeh en. In solchen Fällen ist die Linie streng über 
die erhaltenen Punkte zu legen und der k-Wert zu dieser Kurve gra­
phisch zu berechnen.

Als praktische Modifikation sei erwähnt, dass die angewandte 
Blutmenge nötigenfalls noch weiter reduziert werden kann. Bei der 
Blutuntersuchung von Säuglingen, von Individuen mit schlechten 
Venen, besteht die Möglichkeit, in unserem für die Bestimmung der Ge­
rinnungszeit benützten Systeme anstatt je 0,1 ccm nur je 0,05 ccm 
Plasma bzw. Fibrinogen anzuwenden. So werden auch bei der Zusam­
menstellung des Inkubationsgemisches nur die halben Mengen ge-

Abb. 7. Veränderung der &-Werte bei experimentellem Peptonschock.

braucht, und kann die Inaktivierung auch mit einigen Blutstropfen be­
stimmt werden, also sogar auch mit aus der Fingerspitze genommenem 
Blute gearbeitet werden. Dann hat der Versuch auch den Vorteil, selbst 
10 minu ten weise wiederholbar zu sein, wodurch die Zustandsveränder- 
ungen des Blutes gut verfolgbar sind. Dies ist besonders dann von Wert, 
wenn das Inaktivierungsvermögen des Blutes bei in-vivo oder in-vitro- 
Versuchen durch Wirkstoffe beeinflusst wird und der Wirkungsver­
lauf beobachtet werden soll.

Im Laufe unserer Untersuchungen benutzten wir früher die auf 
A b b. 3 angegebene Art der Charakterisierung der Thrombininaktivie­
rung. Seit Ausarbeitung der graphischen Berechnungsweise des fc-Wer­
tes zeichnen wir indessen die Gerinnungszeiten ausschliesslich in A b b-
5. entsprechender Art auf und bestimmen gleichzeitig die zu den Ge­
raden gehörenden k -Werte. Auf diese Weise ist es möglich, bereits in 
1-—2 Min. nach Beendigung des Versuches den genauen und wohl defi­
nierten Reaktionsgeschwindigkeitsfaktor in der Hand zu haben.
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Schliesslich sei erwähnt, dass in Fällen, in denen im Laufe eines 
Versuches die Veränderung der Thrombininaktivierung fortlaufend 
verfolgt werden, die zeitliche Veränderung der k-Werte mittels der in 
unseren Abbildungen figurierenden Werte festgestellt werden können. 
Ein solches Beispiel führen wir in Abb.  7 vor, wo wir auf Grund ei­
nes älteren Versuches (20) die Veränderungen des Reaktionschwindig- 
keitsfaktors auf Wirkung intravenösen Peptons hin darstellten. Diese 
Darstellungsart ist sehr geeignet, den zeitlichen Verlauf der im Blute 
vor sich gehenden Prozesse zu veranschaulichen.

Auf Grund unserer bisherigen Erfahrungen hoffen wir, dass un­
sere oben beschriebene Methode bei der Untersuchung der Anomalien 
der Blutgerinnung und bei der Aufklärung der Detailfragen ihres Me­
chanismus gute Dienste leisten wird.
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Bekanntlich verschwindet in frisch genommenem Blute entste­
hendes Thrombin alsbald aus dem Serum, desgleichen büsst auch Blut, 
Plasma oder Serum zugesetztes fertiges Thrombin binnen kurzem seine 
Wirkung ein. Wir haben nachgewiesen, dass diese mit der Zeit pro­
gressiv vor sich gehende Inaktivierung des Thrombins wie eine Re­
aktion I. Ordnung verläuft (1, 2). Die Grösse des nach der Gleichung 
k=i/t .  log. nat. edle berechneten Rieaktionsgesch windigkeitsfaktors (3.) 
fällt im algemeinen zwischen 0,1 und 1,5, sein Wert ist jedoch auch je 
nach Herkunft des Blutes sehr verschieden. Bei Tauben beträgt er — wie 
wir beobachteten — 0,1—0,2, bei Ratten 0,3, beim Rinde 0,2—0,4 beim Ka­
ninchen 0,4—0,6, beim Schwein 0,8—0,7, beim Meerschweinchen 0,3— 
1,5. Im allgemeinen konnte auch festgestellt werden, dass die Gerin­
nung umso rascher erfolgt, je geringer die Inaktivierung ist. Der Throm­
bininaktivierungsfaktor k des Blutes gesunder Menschen bewegt sicli 
um 0,5 in pathologischen Fällen sind indessen sehr erhebliche 
Abweichungen zu beobachten, sö beträgt er z. B. bei Sclerosis mul­
tiplex 0,22, (4.) bei Hämophylie 2,2 (5.) Dabei lag die Blutgerinnungs­
zeit der ScJerosis-multiplex-Fälle um etwa 1 Min. herum, die der Hä- 
mophyliefälle bei ungefähr 20 Min.

Im Laufe unserer Versuche stellten wir auch fest, dass Heparin 
die Reaktionsgeschwindigkeit dieses Prozesses erhöht (6.), wogegen die 
Steigerungswirkung des Heparins und die Thrombininaktivierung durch 
Kinase überhaupt verhindert werden kann (7.).

Demzufolge führt das Erschienen von Heparin im Blute zur 
Steigerung der Inaktivierung und somit zur Verminderung des Gerin­
nungsvermögens, das Auftreten von Kinase dagegen zur Reduktion der 
Inaktivierung und diedurch zur Erhöhung des Gerinnungsvermögens.

Da wir unsere bisherigen Versuche lediglich im Zeitpunkte des 
Zusetzens von Heparin bzw. Kinase durchführten, untersuchten wir in 
vorliegender!Arbeit, auf welche Wiese der Entwicklung von in vivo ge­
gebenem Heparin ausgelöste Prozess sich im Laufe der Zeit abspielt, 
bzw. inwieweit dieser Prozess durch Untersuchung der Inaktivierung 
verfolgbar ist. Unsere Versuche vervollständigten wir des Vergleiches 
halber durch eine Untersuchung der Wirkung des dem Serum in vitro 
zugefügten Heparins bzw. von Kinase.
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EXPERIMENTELLER TEIL
Das zu den Versuchen verwendete Heparin war ein Erzeugnis 

der Firma! V it r u m  (Stockholm), d a s  Thrombin stammte das H o ffm a n n - I .  a 
R o che  (Basel), als Kinase benützten wir von uns selbst hergestelltes, 
durch Aceton getrocknetes Kaninchenhirnpulver. Zu den Versuchen ge­
brauchten wir 1 Tag altes Kaninchenserum, zu den Gerinnungsproiben 
nach dem Verfahren von L aki (8, 9) hergestellte Fibrinogenlösung. Hin­
sichtlich der Versuchsmethode verweisen wir auf unsere bereits ange­
führten Veröffentlichungen (2., 3.).

I. IN-VITRO-VERSL CHE
a. Zunächst stellten wir fest, in welcher Weise das Inaktivie­

rungsvermögen des Kaninchenserums der in-viitro-Untersuchung von 
der Konzentration des zugesetzten Heparins abhängt. Wir fanden dass 
der Grundwert der Inaktivierung (heparinloser Wert) k—0,4 beträgt. 
Der Wert des Reaktionsgeschwindigkeitsfaktors nimmt nach Zusatz von 
Heparin und Steigerung der Heparinkonzentration innerhalb des un­
tersuchten Intervalles exponentiel zu (Abb. 1.).

F i g . 1. Die Wirkung von Heparin auf die Reaktionsgeschwindigkeiiskonstanite der 
Thrombininaklivierung. in  vitro Versuch,

b. Sodann untersuchen wir, wie die inaktivierungssteigernde 
Wirkung des dem Serum in vitro zugesetzten Heparins sich im Verlaufe 
der Zeit verändert, d. h. wir bestimmten die Inaktivierung im Momente
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der Vermengung von Heparin und Serum, sodann auch nach einer von 
da ab gerechneten Inkubationszeit von 5, 10, 20, 30 Min. und 1, 2, 4, 8 
Stunden.

Aus den in A b b- 2 dargestellten Versuchsergebnissen geht hervor, 
dass die Inaktivierungsgeschwindigkeit im Augenblicke des Heparin­
zusatzes plötzlich emporschnellt, um dann anfänglich rascher, späterhin 
in nur allmählicher Senkung gegen den Ursprungswert hin zurückzu­
kehren (Heparinkurve in Abb.  2.). Eine je grössere Heparinkonzentra­
tion wir anwandten, einen desto grösseren Sprung nach oben machte 
der Wert des Inaktivierungsfaktors, doch kehrte er auch desto rascher
Segen den Ausgangswert hin zurück wobei jedoch, die Rückkehr auf 

en Ursprungswert erst nach Stunden erfolgte.

F i g . 2. Die zeitliche Veränderung der Wirkung van Heparin, bzw. Kinase, In vitro
Versuch.

Es sei erwähnt dass die auf Heparinwirkung hin erhöhte Inakti­
vierung — wenn das Serum auch Blutzellen enthielt — rascher, ohne 
BlutzeRen hingegen (reines Serum) langsamer auf den Originalwert 
zurückkehrte. Daraus kann gefolgert werden, dass die Blutzellen den 
die Heparinkompensation hervorbringeden Stoff in grösserer Menge 
enthalten.

c. Den zeitlichen Verlauf des Kinaseeffektes untersuchten wir 
auf die Weise, dass wir Kaninchenhimpulver in dest. Wasser suspen­
dierten und es dem Serum zusetzten. Nach dem Hinzufügen der Sus­
pension verminderte sich sofort die Thrombininaktivierungsgeschwin- 
digkeit, um dann allmählich wieder zuzunehmen (Abb. 2.). Der 
k-Faktor erreichte nach 1 Stunde bereits den Ausgangswert und weiter 
steigend nach etwa 2 Stunden sein Maximum. Von da ab fiel er wieder 
allmählich auf den Grundwert zurück.

II. IN-VIVO-VERSUCHE
Bei den in-vivo-Versuchen spritzten wir das Heparin in die Ohr­

vene der Kaninchen, entnahmen nachher Proben aus dem anderen Ohr 
und intersuchten deren Thrombininaktivierung. Beim Einspritzen lösten
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wir soviel Heparin in 2 ccm dest. Wasser, dass es auf die annähernd 
berechnete Menge des kreisenden Blutes (1/12 des Körpergewichts) ver­
teilt die gewünschte Konzentration ergab. An den erzielten Ergebnissen 
(A b b. 3.) lässt sich erkennen, dass die Inaktivierungsgeschwindigkeit 
— während sie in den in-vitro-Versuchen bei Heparinzusatz sofort hoch­
geht — bei in-vivo-Gabe erst in etwa 10 Min. ihr Maximum erreicht und 
dann sofort sehr stark zurückfällt, Bei der geringeren Konzentration 
(10 x Heparin/ccm Blut) (Kurve a) sinkt die Inaktivierungsgeschwindig­
keit sogar unter die Anfangskonzentration, selbst bei der Konzentration 
20 y/ccm (Kurve b) fällt sie auf den Ausgangswert. Sodann sieht man 
bei beiden Kurven eine neuere Steigung. Bei der höheren Heparinkon-

F i g . 3 • Die zeitliche Veränderung der Wirkung von Heparin, In vivo Versuch.

zentration (30/'/ccm) (Kurve c) ist der Spitzenwert Inaktivierung k—-i,9. 
Nach dem Sinken kehrt die Inaktivierungskurve nicht bis zum Grund­
werte zurück, sondern bleibt verhältnismässig hoch bei k = 0,9 stehen 
und beginnt nach einer geringen Erhöhung sich aufs neue dem Aus­
gangswerte zu nähern.

Bei mehrmaligem Wiederholen der Versuche erhielten wir änliche 
Ergebnisse.
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Auf Grund der im Vorhergehenden besprochenen Versuche lässt 
sich feststellen, dass die durch Heparin gesteigerte Inaktivierung in 
den in-vitro-Versuchen im Laufe der Vermengung von Heparin und 
Serum fortg'ehend abnimmt, also gegen die tiefere Gleichgewichtslage 
hin verläuft. Infolgedessen ist es möglich festzusteifen, dass der auf die 
Kompensation des Heparins gerichtete Prozess — wenn auch nur in 
geringem Masse — bereits im abgenommenen Blute selbst in Erschei­
nung tritt.

Zugleich beweisen unsere mit Kinase durchgeführten in-vitro- 
Versuche, dass die auf Kinasewirkung hin verminderte Inaktivierung 
nach einer gewissen Zeit fortlaufend zuzunehmen beginnt. Also rückt 
die Inaktivierung aus dem reduzierten Zustande der Gleichgewichtslage, 
in diesem Falle einem höheren Inaktivierungswert zu. Beachtenswer­
terweise erfolgt dies auch in vitro, also bereits bei der Untersuchung 
des vom Organismus separierten Blutes.

11. In-vioo-Versuche
Werden die in den in-vivo-Versuchen erhaltenen Inaktivierungs­

werte mit den in-vitro-Werten verglichen, so lässt, sich in erster Linie 
feststellen, dass es in den in-vivo-Versuchen zur Erzielung des gleichen 
InaktfivierungsfaktOrs einer wesentlich stärkeren Heparinkonzentration 
bedarf als im in-vitro-Versuche. So kann im in-vitro-Versuche z. B. bei 
5ylccm Heparin die gleiche Inaktivierungssteigerung beobachtet werden, 
wie bei in vivo gegebenen 20 y/ccm- Daraus lässt sich der Schluss ziehen, 
dass der Organismus das in ihm auftrendende Heparin auf irgendeine 
Weise stärker kompensiert und dass infolgedessen Wirkung nicht in vol­
lem Masse zur Geltung zu kommen vermag.

Ein Ergebnis dieses Kompensationseffektes ist es auch, dass die 
Inaktivierungsstärke in den in-vivo-Versuchen plötzlich zurückstürzt, 
in gewissen Fällen sogar unter den Ausgangswert fällt. Dies bedeutet, 
dass das Blut gerinnbarer wird als es ursprünglich war, d. h. es kommt 
eine Überkompensation zustande. Dies kann sich im Tierversuche darin 
äussern, dass die Gerinnbarkeit des Blutes im Falle einer geringen He­
paringabe — obgleich sie vorübergehend abnimmt — nach eine gewissen 
Zeit so sehr zunimmt, dass z. B. die eingebundenen Kanülen miteinkoagu- 
lieren. Dies ist eine sehr häufige Erscheinung und sie pflegt sich in der 
Regel 1/2—1 Stunde nach der Heparingabe zu melden, also zu dem 
Zeitpunkte, in dem die Uberkompensationsphase an der Inaktivierungs­
kurve wahrgenommen wird. Nunmehr kann die Erscheinung auf Grund 
der Kurve gut erklärt werden und aus dem erzielten Ergebnis kann die 
Nutzanwendung gezogen werden, dass wenn die Heparin Wirkung noch 
über 1/2—1 Stunde hinaus aufrecht erhalten werden soll, eine Heparin­
konzentration anzuwenden ist, die die Inaktivierung auch nach erfolg­
ter Kompensation auf einem Niveau erhält, das die Blutgerinnung noch 
zu verhindern vermag. Des weitem unterstreicht das erhaltene Ergeb­
nis auch klar den Vorteil der Heparininfusion bei der Prophylaxe der 
Thrombose.
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Im Laufe unserer älteren Versuche sahen wir einen ähnlichen, 
doch gegensätzlichen Kompensationseffekt auf die Wirkung intrave­
nös gegebenem Thrombins hin (10). Das allmählich eingespritze Throm­
bin verursachte anstatt der erwarteten Gerinnungssteigerung oder intra­
vasalen 'Gerinnungswirkung eine Erhöhung der Thrombininaktivierung 
und so eine Streckung der Gerinnungszeit. Somit kam auch hier eigent­
lich eine Überkompensation zustande, nach der die Inaktivierungsge­
schwindigkeit sich schliesslich auf dem Ausgangsniveau retablierte. 
(Natürlich beobachten wir parallel mit dieser Erscheinung-ähnlich Jür­
gens u. S t u d e r  (11.) — auch eine Verminderung des Blutfibrinogen- 
gehaltes).

Es kann also festgestellt werden, dass der Organismus die Ge­
rinnbarkeit des Blutes regelt. Diese Regelung erfolgt durch die Inakti­
vierung, die eine Gleichgewichtszustand hervorruft den der Organis­
mus mittels Kompensationsprozesse aufrechterhält. Natürlich bleibt das 
Blut durch überstarkes Heparin in ungeronnenem Zustande. Durch 
überstarkes Thrombin aber entsteht intravenöse Gerinnung und das 
Tier verendet. Wird dagegen nicht extrem hohe (also aphysiologische) 
Konzentrationen angewendet und die Blutgerinnung durch intravenöses 
Heparin verhindert oder soll dieselbe durch intravenöses Thrombin 
gesteigert werden, so ist in beiden Fällen eine Kompensation zu beobach­
ten. Dies ist das Ergebnis der im Organismus vor sich gehenden, das 
Gleichgewicht aufrecht erhaltenden Abwehrprozesse, in deren Verlauf 
auch eine sehr erhebliche Überkompensation zustandezukommen vermag.

Es kann noch festgestellt werden, dass dass Gleichgewicht, also 
das Streben nach Zustandebringen eines normalen Inakiioierungs- 
spiegels sich im Blute sowohl in vioo wie in vitro gleicherweise äussert. 
Dass Thrombininaktivierungsoer mögen des Blutes stellt sich in jedem 
einzelnen Falle auf normales Niveau ein, gleichviel ob es im Laufe der 
Versuche in Richtung der gesteigerten oder verminderten (Inaktivierung 
verschoben wird.

Erwänt sei noch, dass wir unsere Versuche auch an Tieren durch­
führten, die einen extrem geringen (Taube k=0,15) oder extrem hohen 
(Meerschweinchen fc=l,2) Inaktivierungswert aufweisen. Auch in die­
sen Fällen kehrte die durch Heparin gesteigerte bzw, Kinase vermin­
derte Inaktivierung stets auf das für die betreffende Tiergattung cha- 
rakterische Niveau zurück. Für diese Tiere bedeutet also dieser nied­
rige, bzw. hohe k-Wert das Gleichgewichtsniveau und ihr Organismus 
ist bestrebt, durch Kompensationsprozesse das für sie physiologische 
Niveau aufrecht zu erhalten, gleichviel ob dasselbe tief oder hoch liegt.

Demgegenüber bezweifeln wir auf Grund unserer Versuche 
nicht, dass beim Menschen in pathologischen Fällen gefundene, extreme 
Inakitivierungswerte auf Störungen dieses Gleichgewichtssystems zu­
rückzuführen sind und diese F eststellung bezeichnet zugleich die wei­
tere Richtung unserer Versuche.



189

L I T E R A T U R

1. G e r e n d á s  M .: I n a c t i v a t i o n  o f  T h r o m b i n .  N a tu re .  1 5 7 . (1946) 837 .
2 . G er end á s  M : I n a c t i v a t i o n  a n d  S t a b i l i s a t i o n  o f  T h r o m b i n ,  Hung. Acta Physiol 1 .

(1948) 97 .
3. Gerendás M : E x p e r i m e n t e l l e  B e s t i m m u n g  d e s  T h r o m b i n i n a k t i v i e r u n g s p r o z e s s e s .

A n n . I n s t .  B io l .  P e r v e s t .  H u n g .  1. (1 9 4 9 — 5 0 ) .  169.
4. Böszörményi Z. und I. C se f k ó : ThrombiniinactivierungseTscheinung bei Sclerosis-

M u H ip ’e x -K  r a n  k e r t ,  Orvosi Hetilap, 8 9 . (1948) 5 2 9 . ( U n g a r i s c h ) .
5 .  RÁNCOS F . ,  E .  Tomory u n d  M Gerendás: I n c r e a s e d  T h r o m b im in a c t iv a t io n  in  a  C a s e

o f  S p o r a d ic  H a ie m o p h y i ia .  Pediatria Danubiana, 3 . (1948) N °  6 .
6. Gerendás M -, Á. L. Pálos u n d  I. Csefko: H e p a r i n  E f f e c t  a n d  T h r o m b i n  I n a c t i v a t i o n .

A n n .  I n s t .  B io l .  P e r v e s t .  H u n g .  1. (1 9 4 9 — 6 0 ) .  190.
7 . Horn Z ., M . Gerendás u n d  L , Bcrsody : D ie  W i r k u n g  d e s  T o l u id ä n b la u s  u n d  d e r

K in a s e  a u f  d e n  V o r g a n g  d e r  T h r o m b i n i n a k t i v i e r u n g .  Experientia, 4. (1948) 
4 0 2 .

8 . Laky K .: I s o l i e r u n g  u n d  K r y s ta ü l i s i e r u n g  d e s  F i b r i n o g e n s  a u s  S c h w e in e b l u t .  H o p p e -
Seyler’s Zeitschr. f. physiol. Chem. 273. (1942) 95.

9. Lak K .: Ü b e r  d i a  F i.bri n og e n - F i h r  i n u m w a n d Iu n g .  Studies from the Inst. Med.
Chem. Univ. Szeged. 2 . (4942) 27.

10. Gerendás M. u n d  Á. Csapó : I n t r a v e n ö s e  T h r o m b i n w i r k u n g .  Arch. Biol. Hung I S .
(1948) 181 .

11 . Jürgens R . u n d  ’A'. Stud e r : Z u r  W i r k u n g  d e s  T h r o m b i n s .  Hclv. physiol. Acic., 6 .
(1948) 130,

yCJlOBHfl PABHOBECHfl CnOCOBHOCTH 
KPOBH HHAKTMBH3HP0BATb TPOMBHH

Abtop: M K X A J l b  r E P E H H A U I  

P E 3 Í O M E

1. CKOpocTb unaKTHBH3np0BaHHH TpOMÖmia yBejiHHHBaeTcu „in vitro" nocpegcT- 
bom renapnna npuöaBJieHHoro CbiBopOTKe, a ecjiu oßa BMecTe geflcTByioT, Toraa cuopocTb 
nocTeneHHO na^aeT Ha Hcxoßuyio BejiHTOHy.

2. M e p e 3  A eücT BH e K H H a3binpH 6aB .neH H O ftC biB opoT K e „ i n  v i t r o "  H H aK T H BH 3H pO B anne 
T poM Ö H na y M e H b iu a e T c a  h  nocT eneH H O  B 0 3 B p a u ja e T c u  k  H o p M a J ib n o ö  B ejiH nH w e.

3 .  B n y T p H B e H 0 3 H b lß  r e n a p H H  npOH3BOflHT ÖblCTpblil nO flbeM  HHaKTHBH3Hp0BaHHH, 
KOTopOM y T aiO K e c n e g y e T  ö w c T p a u  h  C H Jib n a n  K O M nencaiiH H , n o  s eß c T B H io  KOTOpoii c k o -  
pOCTb HHaKTHBH3HpOBaHHH M O * eT  H CHH/KaTbCH HH)Ke HCXORHOß BejIHUHHhl, T. e .  HM eeTCH  
BC3M0>KH0CTb B03HHKH0BeHHH n e p eK O M n en c a u H H .

4 .  H a  OCHOB3HHH HaUIHX OnblTOB yCTaHOBJieHO, HTO CnOCOÖHOCTb KpOBH HHaKTHBH- 
s n p o B a H H Ji TpoM ÖHH, n o B b im e H H a n  re n a p iiH O M , h j ih  n o H n * e H H a n  K H H a3 eö , b  onuT ax 
T a g  i n  v i v o  KaK h  „ i n  v i t r o " ,  B cneflC T B ue KOwneHcauHOHHt>ix n p o p e c c o B ,  n o  h c t c h c h h io  
o n p e A e n e H H o ro  BpeM eHH CHOBa B o a B p a m a e T c n  k  H O pM anbH oft B en n u H H e .
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In previous communications we have dealt with investigations as 
to the disappearance of thrombin generating in blood during clotting, 
respectively as to the disappearance of manufactured thrombin prepa­
rations added to the blood. We have established — on the basis of our 
experiments — that the disappearance of thrombin is to be attributed 
to two processes: a suddenly occurring adsorption and a progressive 
inactivation following type of a monomolecular reactions. (Gerendán, 
1946, 1948.) In these communications we dealt in the first place with 
the physical and chemical laws and properties of these processes, and 
also with the effect of substances inhibiting inactivation.

It is known that heparin produced by the organism or admi­
nistered into the blood prolongs clotting time of the blood. However 
till now no uniform theory has been formed on the mechanism of 
the heparin effect.

Some of the authors see the role of the heparin in the inhibition 
of the formation of thrombin (Howell and Holt 1918). According to later 
researches it is however beyond doubt that the disappearance of the 
thrombin is partly also caused by heparin (Astrup. 1943, Jorpest, 1946, 
Quick, 1938, and others), whereas according to Seegers and his colla­
borators (1942), heparin does not increase the quantity of the disap­
pearing thrombin, but intensifies the velocity of its disappearance.

In experiments described below we have investigated what kind 
of connection exists between heparin and the above-mentioned ad­
sorptive thrombin inhibition and progressive inactivating process.

METHODS
The principle of experimental determination of the thrombin 

inactivation consists — according to our method — in adding a solution 
of connection exists between heparin and the above-mentioned ad- 
the oxalate-blood, plasma torbserum to be examined, and to observe 
on samples taken from it repeatedly the diminution of its activity du­
ring 10 minutes.

A standard solution from powdered thrombin is prepared, and 
diluted with distilled water in the proportion required for each experi­
ment. 0,1 ml of this solution was taken and investigated in the follow­
ing combination as to its clotting capacity:

'Fibrinogen solution ..............  0.1 ml.
Distilled water .....................   0.1 ml.
Thrombin solution ....................  0.1 ml.
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The period between adding of the thrombin solution to the so­
lution to be examined and the appearance of the first agglutinated clot 
which may be lifted with a glass-book, was considered as the clotting 
time. The experiments were carried out at room temperature.

For the preparation of the standard solution a quantity of throm­
bin was used, which showed in the above-mentioned solution with dis­
tilled water a clotting time of 12 seconds. This time serving as starting 
point corresponds to the time of activity at the beginning before the 
setting in of the thrombin inactivation.

To the blood, plasma or serum to be examined we added suc­
cessively and in quantities detailed in the description of the experi­
ments the activating ingredients in a glass-dish, and at last, the stan­
dard thrombin solution. After a lapse of 1, 2, 3, 5, 7, & 10 \minu'tes roll 
incubation time, samples were taken from the thrombin inactivating 
mixture and their thrombin activity in combinations similar to the above- 
mentioned samples was determined.

Fibrinogen solution .................  0.1 ml
Distilled water .......................  0.1 „
Sample of mixture .................  0.1 „

The obtained clotting periods gradually lengthened indicating 
that the activity of the thrombin in the inactivating mixture gradually 
decreased as time progressed. The obtainer time-data were graphically 
recorded on a logarithmic scale and a straight line was drawn between 
them. Thus it was made possibile to interpolate the clotting times and 
we were able to establisch, the thrombin activity by the help of an 
empirical relation. From the reduction of thrombin inactivation we then 
calculated by the help of the formula concerning monomolecular reac­
tions, (k=ljt. log. nat. c0/c) the reaction velocity constant of the inactiva­
tion. It must be mentioned, that in order to simplify calculations a 
graphic method has been worked out, which will be dealt with more 
minutely elsewhere. (Gerendás, 1949, 1948 b.).

1. ROLE OF HEPARIN IN THROMBIN INACTIVATION
In the first place, the inactivating effect of the added heparin 

on thrombin inactivation was investigated through in vitro experiments. 
The thrombin inactivating capacity of a fresh rabbit-serum was es­
tablished according to the following combination:

Serum ......................................  05 ml
Distilled water .......................  0.2 „
Standard thrombin solution ......  0.5 „

The clotting times are shown by the normal curve of F i g. 1. The 
k value, calculated from the curve was: k=0.531.

It has been investigated subsequently in what proportion the 
velocity of inactivation changed if heparin was added to the inactivar- 
ting solution.

The experiments were undertaken in the following combination:
Serum .......................................  0.5 ml
Distilled water ......................  0.1 „
Heparin solution ......................  0.1 „
Standard thrombin solution —  0.5 ,,
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The heparin solutions used for the mixture were chosen so that 
t.h e heparine concentrations relative to the mixtures amounted to 
0.3125, 0.625, 1.25, 2.50, 3.50, 5.0 and 10 ug/m\ respectively.

After experiments were completed it has been established that 
the inactivation curves obtained by heparin concentrations of 0.3125, 
0.625 and 125 ug/ml, did not differ from the normal curves obtained 
without the addition of heparin. After these values however the curves

F i g u r e  N o .  1.  Increase of the thrombin inactivating capacity of rabbitserum on 
the influence of heparin, respectively its decrease on the effect of toluidine blue. The 
curve at the bottom shows that heparin does not produce thrombin-inactivating effect 

in a pure thrombin-fibrinogen system.

became steeper as the heparin concentration of the solution increased. 
(F i g. No. 1.). This means Ihat with the increase of the- concentration of 
heparin velocity of the inactivation also gradually increases. The ve­
locity constants Calculated from the data (the values of /c) show a 
steeply rising curve. (F i g. No. 2. Heparin curve).

As the time-curves of clotting (F ig. No. 1.) start from approximately 
identical clotting time values, it follows that there is no change in the 
adsorption. Consequently it may he established, that the effect of hepa-

13
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rin consists in the acceleration of the reaction-oelocity the process of 
thrombin inactioation which follows the laws of d progressive, monomo- 
lecular reaction-type.

According to our investigations the inactivation-increasing effect 
of heparin takes place in oxalat-blood, oxalat-piasma and also in oxa­
late1 serum obatined through cogulation by thrombin. We got similar re­
sults from the blood of man and of various animals, (ox, pig, hen, 
pigeon).

After these experimental results it seemed possible that the blood‘s 
own heparin contents are also playing a part in the normal inacti­
vating process of plasma or serum (the velocity of which has been fixed 
in the previous experiments with k =  0.5).

In order to prove this we looked for' substances with whose help 
the heparin could be chemically bound and its effect1 thus eliminated. 
We investigated the effect of toluidine blue dye used for the histological 
demonstration of heparin (Holmgren and WMarnier, 1937) on the throm­
bin inactivation of heparinised serum. (See also Gerendás, Horn and 
Borsody, 1948).

Heparin in a concentration of 5 /^g/nd was used for these ex­
periments, i. e. a concentration strongly increasing inactivation in our 
previous experiments. In spite of this, we succeeded in finding a com­
bination with toluidineblue, neutralising totally the effect of the he­
parin emplayed. The combination was as follws:

Rabbit serum ...............................  0.5 ml
Heparin solution, 60 f*glm\. .........0.1
Toluidine blue solution, in various

cone ................................... 0.1 „
Standard thrombin-solution —  0.5 „

In this ootmbination the reaction velocity amounted to k —0.546, 
with a toluidine-blue concentration of 40 ,ug/ml (which is expressed in 
a figure corresponding to the system; at a concentration of 50 //ghnl 
it amounted to fc=0,522. Fnotm interpolated values it results that at -a 
concentration of approximately 44 /jglm 1 of toluidine blue, the velocity 
of inactivation is corresponding tja the normal inactivation, (being 
k=r0.531). According to this, a concentration of 44 pglml of toluidine- 
blue neutralizes the effect of 6 fig ml heparin so ihat the effect of he­
parin in increasing inactivation is completely neutralized.

In the subsequent experiments we investigated whether the in­
activation effected by the blood itself, — in which process a part was 
attributed to the heparin contents of the blood — has also been influ­
enced (decreased) by the effect of toluidine-blue.

The combination used was as follows:
Serum ......................................  0.5 ml
Distilled water .....................  0.1 „
Toluidine blue in varying cone. 0.1 „
Standard thrombin solution —  0.5 „

We employed toluidine-blue in a concentration of 0.00125, 0.0052, 
0,021, 0 042, 0.081, 1,25 and 2.50 ml per system, in the successive ex­
periments.
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After finishing and evaluating the experiments it has been es­
tablished that velocity of inactivation was greatly reduced below the 
normal value by toluidine-blue. Toluidine-blue used in a very diluted 
solution proved effectless. Some of the curves demonstrating concentra­
tions which diminish velocity of inactivation are shown on F i g. No. Í ; 
the change of the reaction constant is shown by the toluidine-blue 
curve of F ig .  No. 2.

As toluidine-blue also reduces in a large degree the inactivating 
capacity of the serum, it seemed beyond doubt that the heparin con­
tents of the blood must have a part in it. Although inactivation could

F i g u r e  No .  2 . Change of value of the reactionveiocity constant of thrombin- 
inactivation as the effect of heparin, respectively toluidiine-blue.

not be stopped entirely by toluidine-blue, the remaining slight inacti­
vating effect was attributed to heparin liberated from the heparin — 
toluidinebluei compound by dissociation. Thus it may be established that 
the fermentative thrombin inactivation does not occur without hepa­
rin or only on a very small scale.

In connection with experiments on other subjects we also made 
the observation that in adding histamine to a  violet coloured heparin- 
toluidine blue solution the original blue colour of the toluidine-blue re­
appears; consequently, histamine is also bound by heparine, the bond 
between bistamin and toluidine-blue being even stronger than that
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between histamin .and heparin. (Gerendás, Csefkó and Udvardy, 
1948 a). Based up on this observation the effect «of histamin has been 
examined on normal serum and on serum treated with heparin, and an 
effect similar to that of the toluidine-blue has Ibeen observed. (Csefkó, 
Gerendás und Udvardy 1948, a) These experiments also prove that the 
fermentative inactivator does not work without heparin. It seems 
possible, that also the reciprocal heparin-kinase effect —• investigated by 
Fischer and Astrup, (1935) Horn and Borsody (1948) — manifests itself 
in heparin being bound by kinase diminishing thus the effect of heparin 
on inactivation. (Csefkó, Gerendás, Udvardy, 1948).

2. ROLE OF INACTIVATOR IN HEPARIN-EFFECT
We have also tried to investigate the connection between hepa­

rin and the inactivator from another point of view and made investi­
gations to prove whether the presence of an inactivator is necessary to 
produce the thrombin-inactivating effect of heparin?

In case we combined thrombin with heparin similar to the prer- 
vious experiments, but added to the inactivating mixture distilled wa­
ter instead of serum, the experiment appeared as follows:

Control:
Distilled water .............................  0.7 ml
Thrombin solution ....................  0.5 „

Clotting time in fibrinogen tests 18 seconds.
Experiment:

Distilled water .............................  0.6 ml
Heparin sol. of 5 pg/inl. .............. 0.1 „
Thrombin solution.......................... 0.5 „

Incubating times: 1’, 2, 3, 5, 10 minutes.
Clotting times: 19, 18, 18, 8, 18 seconds.
On the Figure the time data shows a horizontal line (F i g. No. 1) 

demonstrating, that heparin has no direct thrombin inactivating effect. 
This is also a consequence of the wellknown observation according to 
which heparin does not inhibit the clotting in a pure thrombin-fibri­
nogen system.

We have established in previous experiments that the inacti­
vating ferment is thermoljabile, and loses its entire!activity when heated 
to 60° C (Gerendás, 1948). We now tried to determine, whether heparin 
had an inactivating effect on such heated plasma.

We kept ox serum for 10 minutes at a temperature of 60° C, 
cooled it subsequently to room-temperature, and undertook inactivating 
experiments in the following combination:

Heated, cooled and filtered serum 0.3 ml
Heparin solution, 100 /tg/ml ......  01 „
Distilled water ............................. 0.1 „
Standard thrombin solution ...... 0.3 .,

Incubating time: 1, 2, 5, 10 minutes.
Clotting time of test: 24, 24, 25, 24 seconds.
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This experiment proves that heparin does not develop its in­
activating effect, if the thermolabile inactivating substance the plasma 
has been destroyed by heating.

DISCUSSION

The experiments described are proving that heparin only exer- 
cies thrombin inactivating effect, respectively effect of increasing in­
activation when inactivating ferment of the plasma is able to rvorlc.

It now follows from our experiments that the inactivating fer­
ment, discussed in detail in our above-cited publications — and heparin 
are closely connected with one another, and that the inactivator is 
needing heparin for its action, just1 as heparin cannot exercise its inac­
tivating effect without the presence of the inactivator.

It consequently follows that the delay of thrombin-clotting in 
the plasma treated with heparin is due to the fact that thrombin has 
been inactivated during the clotting by the influence of heparin added 
to the plasma, and only fractions of it remained to take part in the 
clotting.

Homell and Holt have already demonstrated (1918), that hepa- 
rinei did not impede coagulation in a pure thrombin-fibrinogen system. 
According to them a plasma-factor is necessary for producing the clotting 
inhibition effect of heparin. This problem since the above-mentioned 
statement of Howell and Holt has had an extensive literature (Jor- 
pes, 1946) yet without a uni form opinion having been reached by the 
authors.

In the course of our researches we have formed the opinion that 
inactivation of thrombin is effected by a thermolabile, fermentlike 
substance, equally present in the plasma and in the serum. The acti­
vity of this substance is increased as the effect of heparin and de­
creased as the effect of heparin-binding substances (toluidine-blue, 
histamine, kinase). From this we may conclude, that the thermolabile 
substance corresponds to the protein part, of the thrombin-inactivating 
ferment, whereas heparin might be regarded as the prosthetic group 
of this ferment, or possibly as its activator.

After the conclusion of the experimental series as above, one 
of our collaborators (Pálos, 1949) observed, that heparin is protecting 
thrombin against oxydative- and heat inactivation. This protective 
effect of heparin is in an appearent contrast to our previous experi­
mental results. It must however, be taken into consideration, that the 
results of Pálos were obtained in a pure heparin-thrombin system, 
whereas our experiments were performed in serum. This is possibly 
the explication of the effect of heparin accelerating inactivation of 
thrombin in presence of the thermolabile factor, whereas it seems to 
protect thrombin against inactivation in the absence of this factor.

In physiological conditions, of course, only the previous action 
is possible.



198

REFERENCES

A s t r u p  T.: Acta Physiol, Scand. 5/1. (1943) 30.
Csefkó I., Gerendás M. and Udvárdy M. D. F.: Arch. Biol. Hung, 18. (948) 188, 
F isc h er  A. and Astrup T.: Biochiem. Z. 278. (1935) 326.
G e r e n d á s  M.: Nature. 157. (1 9 4 6 )  8 3 7 .
G erendás M.: Hung. Acta Physiol. 1. (1948) 97.
G erendás M,: Ann. Inst. Biol. Pervest. Hung, 1. (1949—50). 169.
Holmgren  H. and W ilander  O.: Z. mikir. nn a t. Forsch. 43. (1937) 242.
H orn Z. and Borsody L-: Orvosi Hetilap 89. (1946) 41. (Hung.).
Horn Z , Gerendás M. and .Borsody L.: Experientia 4. (1948) 402.
Howel W. II, and Holt E.: Amer. J. Physiol. 47. (1918) 328.
Jorpes E.: Heparin in the treatment of thrombosis Monograph. Oxford. Univ. Press. 

2nd ed'. (1946) 260.
P á lo s  L. Á.: Experientia. 5. (1949) 207.
QUICK A. J.: Am°r, J. Physiol. 123. (1938) 712.
S e e g e r s  W. M., W a r n e r  E. D., B r i n k h a u s  K. M. and S m i t h  H. P.: Science 96. (1942) 

300.

JJEflCTBHE rEriAPHHA H HHAKTHBAUHfl TP0MEHHA
Ä B T o p : MXAHJI TEPEHHAIH 

PE3IOME
O nbiT b i i n  v i t r o  H a n  cnocoÖ H O C T bio  r e n a p i m a  k  HHaKTHBaiiHH TpoM ÖHHa h  k  n p e a -  

O T B pam enH H ) C B epT H B anH H  n o i< a3 aJiH , qTO n o c n eA H H ii He B Jin n e T  n a  a n co p r iT H B H o e  
H C ae3H O B anH e T pO M O m ia, ho  yB enH U H B aeT  b  3 n a q H T e jib H 0 ß  C T enenH  O b ic rp o T y  n u aK T H - 
B am tH  TpoM Ö H H a. ( n p o r p e c c H B u a n  peaK R H R  n e p s o M  cT en eH K ).

JIjIH OCyuteCTBneHHH HHaKTHBaRHH TpOMÖHHa B KPOBH Tpe5yeTCH COBMeCTHOe 
neücTBHe nsyx  (JjaioropoB: Oflmi H3 sthx (JiaKTopoB TepMOiiaßHJibHOe BeipecTBO BCTpeqaio- 
meecu b paBnoii CTenenH b cuBopoTKe h b nna3Me, npyroR (jiaKTOp — re n a p u n .

H h  t o t , h h  npyroK ( J i a n r o p  caM no c e 5 e  H e M O » e T  H H a K T H B H p o B aT b  Tpojw Ö H H  6 e s  
eonehcTBHH co C T o p o n b i  npy ro ro  <})aK T opa.

M u cqHTaeM, hto TepMonaÖHnbHoe bcuicctbo cooTBeTCTByeT OenKOBoH cocTasnotl 
qacTH (Jiep.MeiiTa, a b TOxce upeMti renapHH cooTBeTCTByeT iipencraTejibHOil rp y n n e  (jtper- 
ateHTa.
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In case rats or mice are administered intravenously large quan­
tities of colloid solutions, — :and this colloid solution is sufficiently 
labile — the animals show simptoms similar to anaphylactic shocks. 
This condition was called by Lumiére an anaphylactoid shock. Jancsó 
has dealt with this question more intensively later (1928), in connec­
tion with his chemotherapeutic investigations on salvarsan derivates, 
and demostrated that also in the case of salvarsan an anaphylactoid 
shock was caused by the precipitation of the drug in the inner blood­
stream, a supposition, which he was able io prove subsequently through 
jin-vitro experiments. He observed that arsenobenzol derivates cau­
sing a very strong shock and being very toxic in therapy precipitate 
in the moment of their mixing with blood-plasma, or eventually 
shortly after it. It has however (been established at the same time that 
salvarsan derivates are accumulated in the reticuloendothel (RES) 
cells according to their degree of intravasal precipitation. Lately Jancsó 
(1947) has established the connection between RES accumulation and 
histamine effect. The characteristic of the Jancsó phenomenon consists 
in the fact that on the effect of histamine the vesselwall of the 
endothel is transformed into RES and becomes capable of adsorbing 
and retaining Indian ink whether histamine is rubbed into the skin otr 
administered subcutaneously, intraperitoneallv or intravenously. Jancsó 
concludes from this fact that the hormone of the RES which introduces 
the accumulation is: histamine.

We found in our own, earlier investigations concerning this 
subject (Csefkó, Gerendás, JJdpardy, 1948) that as the effect of hista­
mine administered intravenously, the thrombin inactivating capacity 
of blood is temporarily shocklike, diminished, which means, that the 
inner substrate of the blood is tending towards clotting. Whereas the 
latest investigations of Gerendás, Pálos and Csefkó (1948) have estab­
lished, that the heparin contained in the organism plays an important 
part in the raising of thrombin inactivation.

Based on these results we began the investigation as to the 
nature of anaphylactiod shock and as to the connection between the 
effects of histamine and heparin. We chose Indian ink as model- 
colloid.

Jancsó in his paper calls our attention to the fact, which has 
been also observed !by us in our previous investigations, that in the 
production of the Jancsó phenomenon only defectless Indian ink 
protected by gelatine, and causing no anaphylactoid shock may be
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used, liiere are, very great differences between Indian inks: some 
are of very labile construction, forming immediately thrombosis in 
the blood thus killing the animal, and therefore unutilizable for our 
purposes. We found, however, after elaborate researches certain prepa­
rations which precipitate in the small lungvessels only m form of 
small particles. This precipitation is so small that it does‘nt cause any 
grave symptoms on the animal: difficult breathing is to be per­
ceived for some minutesl only. This Indian ink is at a critical point 
between stability and lability, and has been used in our subsequent 
experiments.

Our experiments were carried out on rats. The injection was 
administered — for the purpose of indisturbed operation — under a 
light aether anaesthesis which lasted no longer than the injection 
itself.

a. In case the rat is administred per 100 g of its body weight 
1 ml of Indian ink of 10%, the animal wakes easily from its torpor 
only its respiration being slightly increased. From the Indian ink, and 
which after 15 minutes may only be observed in the eyes, and disap­
pears entirely in 45 minutes. The animal moves lightly, reacts vigo- 
pously to pain, and defends itself. After 45 minutes it is bled to death 
by throat cutting. At the dissection spleen and liver are blackcoloured, 
saturated wiht Indian ink, the lungs are of a lightgrey colour, and 
there are no inky thromboses to be perceived anywhere else in the 
vessels. Other deformation are not observed.

b. In case the animals are administered! three minutes before 
the above injection 2 mg of histamine per 100 g of body-weight intra­
venously, and thereafter given the Indian ink injection, they show at 
their awakening from the ether-torpor heavy, difficult respiration, 
they collapse, stay leaning to one side, and sometimes small spasms 
occur in their limbs. They do not mpfve about actively, and do not 
defend themselves when pinched or seized. The initial grey colouring 
disappears only with great difficulty from the skin, and is still 
visible in the eyes after 45 minutes. At their bleeding to death — after 
45 minutes — only very little blood is let out. At the dissection, the 
lungs are of a slate grey colour, the liver and spleen brownishblack, 
there is a great dilatation and stagnation in the big vessels of abdomen 
and intestines, and the Indian ink is to be found in the large blood­
vessels in thrombotic clots. Gomsequently, the Indian ink causing no 
anaphylactoid shock is precipitated in the large vessels by histamine 
administered intravenously, liiere this precipitation effect thrombosis 
and general stagnation and in the moment of the administration of 
Indian ink the animals show symptoms of an anaphylaeibid shock, 
whereas, the Jancsó phenomenon is characterized bq the non-throm- 
buslike intracellular accumulation of Indian ink in the post-and 
praecapillary vessels. The difference is based on the different stabi­
lity of the administered Indian ink. The Jancsó phenomenon is only 
to be observed in the perithoneum, in the1 soft connecting tissue under 
the skin in some parts of the small venes of the skin and in the 
m esentherium.

c. In case the animals are given three minutes before the admi­
nistration of histamine at least the threefold quantity of heparin, fat
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Jeast 6 mu of heparin per Í00 g of bodvweight, dissolved in distilled 
water) and histamine in the above dosis is injected subsequently, we 
may observe, that after the receiving of Indian ink the animals wake 
easily from the ether-torpor, the grey colouring disappears very 
quickly (in 10 minutes) from their skins, and the eyes too become 
colourless in 20 minutes. There is no sign of an anaphylactoid shock 
on the animals, — as contrasted with the animals of group b. When 
bled, to death 45 minutes later, bleeding is abundant. At the dissection 
liver and spleen are of a coal-black colour, the lungs are of a normal 
rose colour and conditions of the abdomen are entirely normal. Indian 
ink thromhuses are not to be found in the vessels, and there appears 
not even the Jancsó phenomenon, which is observed at group b). 
(With the exception of the duodenum, where it appears even when 
histamine is not administered).

d. In case histamine is given 3 minutes before the aministration 
of heparin both in the above doses and lastly Indian ink, there is no 
external difference to be seen, as compared with the animals of groupe
c). At the dissection, however, a difference between the two groups 
can be observed in as much as there is a very slight greyish tint in the 
colouring of the lungs which proves that Indian ink was precipitated 
in the small vessels.

The following conclusions may be drawn from our investi­
gations: Histamine, or histaminelike substances are causing precipi­
tation of the colloids (in the present case of Indian ink) in the blood. 
In the case of using Indian ink which is on the critical point between 
stability and lability it happens therefore, that the colloid, effecting 
no precipitation in normal circumstances, is precipitated never­
theless in small/ particles in the lungs. It is a well known fact that the 
lungs are, under normal condition, the organs with the highest histamine 
content, consequently histamine added to the organism is adsorbed 
most rapidly by the lungs. This is probably also the reason why the 
Indian ink in the critical condition between stability and lability, pre­
cipitates in small particles in the lungs even when it does not preci­
pitate in the other organs. The action of histamine in promoting throm­
bosis or, as in our present experiments, in expressly producing it, 
appears, after the experimental results, to be proved. Thus it seems 
natural that, at the effect of heparin, this thrombotic process did not 
occur.

The suspending effect of heparin on thrombosis, and on the 
accumulation of RES, is therefore, beyond doubt, based on the 'anta­
gonism between histamine and heparin.

It seemed therefore, probable that on basis of the above-said 
there occurs some chemical association between heparin and histamine, 
which could be eventually proved optically. It is known, that heparin 
gets a violet colouring with toluidine-blue. (Jorpes. 1936.). We there­
fore investigated, whether this dye-reaction is influenced by hista­
mine. We added a solution of toluidine blue to heparin which effected 
the characteristic violet colouring of the solution. If we repeated the 
same experiment — with the only change of giving previously his­
tamine to the solution — the violet colouring did not take place, the 
solution kept its toluidine-blue colour unchanged; this means, that in
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this case heparine was already associated to histamine and gave, conse­
quently, no reaction with toluidine-blue. On farther investigations 
of the question it has also been proved, that the linkage between 
heparin and histamine was stronger than that between heparin and 
toluidiine-blue. This was established by adding first toluidine-blue to 
heparin and obtaining thus the violet colour-reaction. In adding subse­
quently histamine to this solution the colour reaction was undone, 
and toluidine-blue colouring reappeared.

In order to investigate the proportions of the (bond thorouhly, 
we have undertaken the following experiment:

F i g u r e  No .  1.  Changes of the spectrum of the heparin-toluidine-blue solution at 
the effect of histamine. Dates of the curves shown oil Table No. 1.

We added to heparin solutions of equal quantities, histamine 
solution in gradually increasing quantities, and added to each sample 
an identical quantity, i. e. 0.05 °/00 °/ toluidine-blue solution. (Table 
No. 1.) We obtained thus a colour-series which showed according to 
the quantity of the histamine employed, beginning with the violet 
colour V)f heparin-toluidine-blue, gradually the transition from violet 
into toluidine-blue colour. The absorption spectra of the solutions 
were then determined by a Pulfrich-photometer, (F ig .  No. 1.) which 
showed, distinctly the transition of the two basic spectra into each other 
(On the Figure the absorption spectra of samples 1, 5, 7, 8, and 9 are 
shown.) The biggest change between the two spectra was observed at 
610 m ß. The extinction variations obtained at this wavelength are
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given; on figure No. 2. It may he established from this curve, that the 
transition between the two modifications occurs at a histamine concen­
tration of 10 mg/ml, which is approximately equivalent to molecule 
proportion of 2 : 1 between histamine and heparin; it seems, conse­
quently, that for the neutralisation of one molecule of heparin two 
molecules of histamine were needed in this experiment. We are very 
well aware of the fact that this reaction is not specific in in vitro 
conditions, and a good many compounds are turning the violet colour 
of heparin-toluidine-hlue into toluidine-blue again, and that a heat- 
effect, or the change of the pH decomposes also the heparin-toluidine- 
blue bond. Nevertheless the colour-reaction made the calculation of 
the molecule proportions possible — in the case of histamine. — The 
chemical investigation of the details of reaction are pendent.

F i g u r e  No .  2.  The variations of the extinction of the heparin-toluidine-blue 
solution at the effect of histamine at 610 mjt.

All the sings indicate consequently that the precipitation of 
the labile colloids in the blood is caused by the histamine circulating 
in the blood, or is at least in a great measure facilitated by its associ­
ating with the heparin present in the blood, and by increasing thus 
the coagulability of the blood. This is also proved by the observation 
that Indian ink on the critical point between stability find lability- 
causes severe thrombosis in rats at the effect of histamine adminis­
tered intravenously. Our opinion was already at the animal experi­
ments, that the antagonistic effect of heparin is actually directed 
against histamine, and was not the consequence of the increase of 
stability of the colloids. This was also proved by the in vitro experi­
ments described above. In this connection we also succeeded in clearing 
up the approximate quantitative proportions between histamine and 
heparin.

We established by our previously described experiments, that 
Indian ink of a sufficiently labile construction precipitates in the 
whole circulatory system, as the effect of histamine administered
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intravenously and that thrombin, containing Indian ink may be observed 
in the big bloodvessels. This precipitation can be prevented by heparin.

We further investigated whether if animaSs were administered 
Indian ink, which subsequetly accumulated by the RES, there were 
to be observed any signs in thrombin-inactivation and coagulation of 
the blood indicating the liberation of heparin. We wanted to elucidate 
by this, whether the organism defends itself on such occasions by 
mobilisation of heparin against precipitation and against thrombus 
formation.

In these experiments rabbits were given 5 ml of Indian ink of 
15% per lOOOg bodyweight, protected by gelatine, (Indian ink Weber). 
Changs of the inactivation and coagulation of the blood were observed 
immediately after the administration.

Time
Figure No. 3.

Figure No. 3. shows the graphic demonstration of our experi­
ments. (The medium values of the data of 8 experiments on animals.) 
The inactivation curve shows the percentual changes of the k values, 
expressing the velocity of the reaction, compared as to the initial 
values. The percentual changes of the clotting times expressed in 
seconds are demonstrated on the figure.

These experiments prove that inactivation is suddenly decreasing 
immediately after the injection of Indian ink, when Indian ink gets 
precipitated in the bloodstream on the surface of the RES cellules. 
Shortly hfterwards, however, thei inactivation jis powerfully accele­
rated, and remains for a long time on a high level. The clotting times 
aire undergoing a correspoding change, the coagulation is conse­
quently accelerated at first, but later falls back beyond the initial 
value.

We succeeded, therefore, to/ demonstrate through these experi­
ments that in the first phase of the accumulation when the precipi-
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falion of the Indian ink is dominating, — and according to literary 
data — histamine gets liberated, inactivation suddenly decreases and 
clotting times are shortened. Immediately aftedwards, however the 
action of a compensating phase may be observed which appears as 
well in the coagulation as in the inactivation. This compensation is 
evidently brought about by the liberation of heparin.

If we observe also the duration of the circulation of Indian ink in 
the blood, we can see that in the 25-th minute after the injection there 
is no more Indian ink to be proved in the circulation. These tests were 
undertaken with the blood-drop method, described by Jancsó. During 
this time, the Indian ink got partly stored by the RES, and partly pre- 
cipited on the walls of the cells. According to our opinion, the origina­
ting small thrombuses of Indian ink are causing the prolonged mobili­
sation of heparin as a defence action of the organism.

TABLE I.
Composition of the histamine- heparin- toluidine-bluo solutions for the examination 

of the absorption spectra. Dates are given, in ml.

No. of the samples 1 2 3 4 5 6 7 8 9

10 mg/ml heparin 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 _
10 mg/ml histamine — 0.2 0.4 0.8 1.2 1.6 2.0 3.0 30
Distilled water 3.0 2.8 2.6 2.2 1.8 1.4 1.0 -- . 2.0
0.05 mg/ml tohiidine blue 2.0 2.0 2.0 2.0 2.0 2.0 2.0 20 2.0
Volumen 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0
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AHTArOHH3M THCTAMHHA H TEnAPHHA IN VIVO H IN VITRO
A b t o p : MHXAHJ1 rEPEH^AO.1 

PE3KDME
f l e j i a a  BMBOflbi H 3  H a i u H X  o n w T O B ,  m o >k h o  y c T a H O B H T b ,  m t o  n o «  a e  B e r n n é  m  r n c r a -  

M H H a o c a > K A e H H e  k o ^ jtoH a o b , A o C a s a e n H u x  k  k p o b h  y c K o p a e T c a .  3 t o t  n p o q e c c  3 a f l e p -  
>KHBaeT r e n a p H H .  H 3 o t o t o  c a e A y e T ,  u t ó  renapHH h  r u c r a M H H  A O ö a B a e n H u e  Hapy>KHO, 
K O M n e H C u p y i o T  c s ő é  f l e ö c T B H e  c  t o m k h  3 p e H H H  H n a K T H B a p H H  h  K O a r y a n p u H  k p o b h .

Bo B T o p o S  u a c T H  H a n i H x  oru>rroB Mbi H 3 y q a B H  Bonpoc 0  tóm, h t o  c a y q a e T C H ,  eciiH 
n - iC T aM H H  o c B o 6 o > K a a e T c n  b  t o k  k d o 3H b  H a a a a e  n a K o n a e n H H .  B 3 t o m  c a y q a e  h h 3 k t h -  
a a u H H  y M e n b m a e T C H  h  K O a r y a n u H H  y c K o p a e r c a .  H o  n o c a e  3 T o r o  o p r a n n 3 M  H e M e a a e H H O  
M O 0 n a H 3 H p y e T  r e n a p H H ,  a  n e f i c T B H e  3 T o r o  r e n a p H n a  n p o n o a H e T C H  h  b  H i i a K T u n a u M H ,  

h  b  K O a r y a n n u H .

H a  ocHOBe H a r n n x  o n u T O B  mu npHinan k B b iB O fly ,  bto r e n a p u n  h r n c T a M H H  kom- 
n e n c n p y i O T  cbob A eiiCTBH e b o p r a n H 3 M e  otkbcth n y T e M  C B o e r o  bjihhhhh 11a  K O a r y a a u H i o  
kpobh, a  O TK acTH  n O T O M y ,  kto o p r a H H 3 M  O T B e a a e T  n a  BCK Koe f l e S c T B H e  r H C T a w H u a  mo6h- 
j i i m u n e f t  r e n a p H H a ,  a  —  c  f l p y r o H  C T O p o H U  —  H a  b c a k y r ) M o 6 H a H 3 a p H i o  r e n a p H H a  
o p r a H H 3 M  O T B e q a e T  f leM cTBH eM  r w c T a M H H a .

A H T a r o H H 3 M  M e * f l y  rH C T aM H H O M  h  r e n a p H H O M  m o >k h o  f l 0 K a 3 a T b  h  A e K c T B H e w  
T H C T a M H H a n a  u n e T n y i o  p e a K U H i o  T o a y H A H H O B O i i  c n u b K H  c  r e n a p H H O M .  H a  o c h o b c  o n T H -  
n e c K o r o  H C c a e a o B a H U H  u b b t h o H p e a K U H H  m u  c  n p H 6 a H 3 i i T e a b H O i i  T o m i o c T b i o  y c T a n o B H H H ,  
< r ro  b  3 t o m  n p o u e c c e  2  M o a e n y a a  r n c T a M m i a  c o e f lH H H io T C H  c  o a h h m  M O n e K y n O M  r e n a p H H a .

F l o  H a r n e M y  m h c h h i o  r n c T a M H H  h  r e n a p H H  O K a 3 U B a r o T  a n a K H T e a b H o e  h  a i r r a r o H H C T H -  
q e c K o e  B a n a H n e  H a  ( j ) o p M a m - n o  h  n a  n p e A O T B p a m e u H e  T p o M 5 o 3 a  h  n a  n p o p e c c  H a K o n a e H H H  
( B  p e T H K y a o - 3 H A O T e .T H H J i i ,H O H  c h c t c m c . )



HISTAMINE EFFECT AND TR0MB1N INACTIVATION
BY

I. CSEFKÓ and M. GERENDÁS
From the Hungarian Biological Research Institute, Tihany, Lake Balaton 

Received Nov. 30, 1948

Pharmacological investigations in connection with histamine have 
been carried out for a long time in order to establish, whether hista­
mine had any influence on blood-clotting. The investigations, however, 
undertaken on experimental animals have led to very contradictory 
results.

Some authors, as for instance Dale and Laidlam, (1910) did not 
observe any changes, whereas Barger and Dale (1922) found later, that 
histamine was able to produce intravasal blood-clotting. In experiments 
on dogs Biedl and Kraus (1912) found a clotting inhibitory effect, where­
as M o d r a k o w s k y  1912) found an accelerating one. In the more 
recent literature on this subject there are not te be found either uniform- 
or satisfactory dates, (f. i. Guggenheim, 1940). On investigations on 
humans Dzsinich and Pély (1934) made the observation, that blood-clot- 
ting at the highest degree of the histamine effect is very much protrac­
ted, but that it turns normal again after discharge of the reaction. Ac­
cording to Howell (1924) the quantity of heparin — the physiological 
substance of the organism preventing blood-clotting — increases to a 
great extent at the end of the peptone-shock-effect in dogs.

According to him this effect has to be attributed to the protec­
ting mechanism of the organism trying to eliminate the shock-producing 
substance from the body. It follows from the above-said that the dif­
ference between histamine effect and pepton-shock can be defined as 
follows: the clotting of the blood is uncertain at the effect of hista­
mine, whereas it becomes definitely retarded as the effect of a peptone- 
shock.

Jancsó (1931) established that the primary condition and intro­
duction of the accumulation of the reticuloendothel-system (RES) con- 
sits in the precipitation of the colloids circulating in the blood or 
brought into it in the course of the experiments — because there is fine 
fibrinnetwork formed around them, and accumulation is already brought 
about through the fibrin-colloid complex.

The further elucidation of the question has been considerably 
promoted (by JancscVs observation, (1947) according to wich histamine 
is to be considered as the activator and the directing hormone of the 
RES.

Thus, according to Jancsó, the preliminary condition of the ac­
cumulation of RES by the cells is■ that a colloid-fibrin precipitation has 
to be effected in the blood and on the other hand, that the stimulant 
of this accumulation in the organism is histamine.

In consequence we had to accept the data of the literature esta- 
blishang the accelerating effect of histamine in blood-clotting which
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permits to assume that appearance of histamine in the blood leads to 
the precipitation of fibrin. We tried to clear up in our researches the 
coming about and the mechanism of this process.

The investigations on thrombin inactivation served as a further 
help in our experiments. According to recent investigations the throm­
bin inactivating capacity of blood is a very significant factor from the 
point of view of coagulability, (Lenggenhager 1941, Gerendás, 1946 and 
1948.) and the shift in the formation or disappearance of thrombin as 
related to one-another promotes or inhibits the process of fibrinpreci- 
pitation. It was observed, that in case of a thrombin injection into the 
bloodstream, the organism protected itself against intravasal clotting 
by increased inactivation. (Gerendás and Csapó 1948). In opposition to 
this theory, it could be supposed, that histamine effects just a contra­
dictory influence on inactivator decreasing its activity and promoting 
the coagulability of the blood, as well as the appearance of intravasal 
fibrin traces.

It has to be emphasized, that we have already established in our 
previos experiments that decreased inactivation is generally followed 
by increased coagulability (a shorter clotting time) and increased inac­
tivation by decreased coagulability ,(a longer clotting time). This can be 
easily understood, as by diminution of inactivation the formation of 
thrombin is facilitated, and it remains longer in an active condition 
which means that its efficacy is increased.

EXPERIMENTS
In the first part of our investigations we studied in invivo experi­

ments the effects of histamine on thrombin inactivation of the circula­
ting blood. In the second part of our experiments our observations were 
supported by experiments in vitro.

EXPERIMENTS IN VIVO
We used rabbits for our in vivo experiments. Tn the thrombin 

inactivation fests 1 ccm of blood was extracted from the vene of the 
ear, or of the opened thigh vene of the anaesthetised animal.

The blood was left to clot and centrifuged 20 minutes subse­
quently. We examined thereafter the thrombin inactivating capacity of 
the serum separated from the coagulum. The principle of the thrombin 
inactivating test consists in our method to add thrombin of an exactly 
known activity to the serum, and to observe the decrease of its activity 
during 10 minutes.

We used for our investigations mixtures of the following Com­
position:

Incubating mixture at 20 C°
Serum of the experimental animal —  • 0.4 ml
Distilled water .........................................  0.1 „
Standard thrombin solution ....................  0.4

After stirring the incubating mixture, samples were taken from 
it in the subsequent 1, 2, 3, 5, and 10 minutes, and their activity was 
examined on the following clotting-test:

at 20 C°



209

Clotting test
Oxalat plasma o f ox ..................................... 0.1 ml
Distilled water ....................................... 0.1 „
Sample from incubating mixture ...........  0.1 ,.

We put the mixture serving for the determination of the clotting 
time into the cavities of a china dish. The occurrence of the clotting 
was established by the help of a small glass loop. We measured the 
rime elapsing from the adding of the thrombin till the formation of the 
first massive fibrin clot with a stop-watch. As a result of inactivation 
we obtained gradually increasing clotting times. From the clotting 
times we defined by the help of an empiric relation, their correspon­
ding thrombin-activity and calculated, base on the dates thus obtained, 
the factor of the velocity of reaction, according to the following for­
mula:

2. 3 .  log

For further details as to this method we refer to our previous 
publications. (Gerendás, 1949, 1950.).

F i g u r e  No .  1. Change in the thrombin inactivating capacity of rabbit serum after
intravenous infusion of hist amine.

In one part of the experiments histamine was administered in­
travenously in infusions, in other cases by simple intravenous injections.

In case of infusions, 12mg of histamine dissolve in 12 ml. of dis­
tilled water were infused in a space of time of 20 minutes. Preseding 
the experiment, the thrombin inactivating capacity of the blood-serum 
of the rabbit has been established. The curve thus obtained ( F i g u r e  
No. 1, curve a) represent the control curve before the administration of

14
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histamine. Then also measured the inactivation after the first and the 
second hou r following to the administration of the histamine ( F i g u r e  
JNo. 1, curves b and c.)

The figure shows that the clotting times were prolonged i. e. the 
velocity of inactivation was increased. This phenomenon seemed to be 
contrary to the effect expected as it showed that histamine applied 
intravenously increased the effect of inactivation.

This phenomenon seems to be similar to that, described by 
Gerendás and Csapó (1. c.) occuring after the intravenous administration 
of -thrombin. These authors found, that as the effect of the administra-

0 60 120 180 240 300 Min
Time

F i g u r e  No .  2.  Change in the thrombin inacllivating capacity of rabbit serum after 
an intravenous injection of 1.5 g of histamine.

tion of thrombin the organism in defence increased inactivation and retar­
ded clotting. If increased clotting is effected by histamine, it oan be just 
as well expected that the organism will eliminate it after a certain 
time, by some compensatory mechanism, and will even probably, over­
compensate it. It seemed therefore probable that the primary histamine 
effect occurred during the hour following the puncture, and that have 
only observed a compensatory phenomenon instead. We therefore, re­
peated the experiment but instead of infusion we administred hista­
mine intravenously (lmg per 1000 gr body weight), in 30 seconds.

Blood was drawn in the 3rd, 13th. 30th. 60th, 90th, 180th, 240th, 
and 360th minute after the injection and the thrombin inactivating ca-
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pacity was determined by the above-described method. The reaction- 
velocity constants, calculated from these data, are shown on F i g u r e
2. It can be observed that the administration of histamine is followed 
by a prompt decrease of the inactivation. This decrease of the inac­
tivation continues for 60 minutes subsequently to the administration of 
histamine, then the speed of inactivation accelerates rapidly, and in the 
100th minute it already exceeds the normal inactivation velocity. A 
maximum speed value is reached in about 130 minutes, which is follo­
wed again by a decrease of speed. The curve reaches, after several 
fluctuations, its normal value.

Also in case the animal was given a large dose of histamine, so 
that it perished in a histamine shock, thrombin inactivation of the 
blood-serum has been determined before the injection and after the 
death of the animal. We observed that the inaction of the later 
blood-sample was considerably weaker and that the coagulation of the 
blood tended decidedly towards the thrombotic direction.

We got similar results at the repetition of the experiments.
From the results of our investigations it becomes comprehen­

sible why literary data about the effect of histamine on the blood-clot­
ting are so contradictory. The authors were not aware of the fact, that 
they have been faced with phenomenon taking place periodically where 
it depended on the time sample-taking whether they obtained inactiva­
tion or increasing of the clotting.

It can be established as a consequence of the results of our ex­
periments, that as the effect of histamine, the succession of two pheno­
mena is determining the events taking place in the blood-stream. The 
primary effect, — which lasts 0.5—1 hour — after the administration 
of histamine, is a decided thrombin inactivation, and a tendency of the 
coagulability of the blood towards increased clotting.

The secondary effect, on the other hand, manifests itself in an 
increased thrombin inactivation, This can be considered as a compensa­
tory activity of the organism, and leads to prevention of coagulation.

Our opinion concerning the observed phenomenon is resumed, as 
follows: The decrease of thrombin inactivation occurs in each case, 
wheni histamine gets suddenly, shock-like into the blood. In consequence 
of diminished! inactivation the equilibrium of the coagulating system is 
altered, the quantity of thrombin increases, and fibrin is formed. Our 
investigations are thus explaining the observations of Jancsó (loc. cit.) 
as the fibrin generating in consequence of the above described process 
draws the ahen colloids to be found in the circulation to itself, just as 
Jancsó has observed it in his experiments as the effect of histamine.

In consequence of this process however, the blood is getting into 
an over-coagulated condition and therefore the defensive phase is 
instantly setting in. Which increases inactivation and prevents throm­
bosis.

We however consider it possible that while the histamine takes 
such part in the introduction of accumulation, the coagulability of the 
blood is in certain cases directed in a too large degree into a thrombo­
tic direction. This may lead not only to the precipitation of the falién 
colloids, but also to that of the thrombocytes, and may thus effect 
thrombosis.
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The organism, tending constantly towards the maintenance of the 
inner equilibrium, is compensating the shift of the coagulation when it 
tends in a thrombotic direction. It is very probable that a greater quantity 
of heparin — the clotting inhibiting substance of the organism — 
is produced in these cases, and carried into the circulation. Histamine 
effect gets thus compensated by the heparine effect.

The above-said present a new aspect of RES accumulation, and 
thrombin is given also a part in its mechanism.

EXPERIMENTS IN VITRO
We carried out experiments in order to determine, wether the 

influence of histamine in increasing coagulation and inhibiting inacti­
vation could also be demonstrated by experiments in vitro.

These experiments may be summarized in four points.
1. We investigated, whether histamine is influencing the clotting 

time of recalcinated rabbit-plasma containing oxalate. We used for 
the experiments rabbitblood, containing 2°f/0o of Natriumoxalate and from 
it obtained the plasma by centrifugating. The clotting times after the 
recalcination were obtained with the folio wing combinations:

i. a.
Rabbit plasma containing oxalate ........  0.1 ml 0.1 ml
Distilled water ........................................ 0.1 „ 0.0 „
Histamine of various concentrations. 0.0 „ 0.1 „ Water bath
m/40 CaCI solution ....................................  0.1 „ 0.1 „ 37 C°

F i g u r e  No .  3.  Changes in the clotting times of reoalcinated oxalate plasma unde*
the action of histamine.
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By system No. 1. (control test, without histamine) the starting 
point of the curve has been established, whereas by system No. 11-in 
using histamine solutions of various concentrations the dependence of 
the clotting time from the histamine concentration has been determi­
ned. (F i g. No. 3.). The histamine concentrations of the above systems 
are given in mg/ml.

No histamine effect has been observed at concentrations bet­
ween 0,003—0,01 mg/ml. Beginning at a concentration of 0.01 mg/ml till 
0,1 mg/1 an increasing clotting-effect has been tested. (On the figure 
the clotting times get shorter). At a farther increase of the concent­
ration its accelerating effect on the clotting begins to decrease. From a 
concentration of 2,66 mg/ml of histamine a considerable increase of the 
clotting time could be observed, which means, a coagulation inhibiting 
effect.

It can be established from the results of these experiments that 
histamine is effecting an accelarting influence on the cUMting of recal­
cinated rabbitplasma at concentrations of 0,01—2,66 mg[ml and there 
is to be observed a shortening of the clotting time of about 60% at the 
optimum concentration (0.1 mg/ml).

2. We examined subsequently, whether histamine is influencing 
the clotting time of the oxalated rabbit plasma, when coagulation is 
effected with thrombin.

The following combination was used to determine the clotting
times:

i .  li.

Rabbit plasma oxalate containing ..............  0.1 ml 0.1 ml
Distilled water.................................................. 0.1 „ 0.0 „
Histamine sol. of various concentrations —  0.0 „ 0.1 „
Thrombin sol. of various concentrations ........0.1 „ 0.1 „

This series of experiments, as well as the further experiments 
were carried out at a room temperature (20 C°). Thrombin solutions 
in six different concentrations were used in the experiments. These so­
lutions produced coagulation in the first series of experiments (control 
experiments, without histamine) in 15, 22, 30, 60, 100 and 150 secs, res­
pectively. Subsequently the clotting times were determined in varying 
the concentration of the histamine solutions, and the curves of the coa­
gulation were constructed thereafter based on these results. (F i g. No. 
4.). The concentrations of histamine in the used conbinations are given 
in mg/ml. .,

The curves are very similar to those obtained at the recalcina- 
tion tests. The concentration of the thrombin solution employed was 
proportionate to the dotting increasing effect of histamine which means 
the weaker the concentration of the applied thrombin solution, the less 
quantity of histamine was need to produce a clotting increasing effect. 
The increasing effect of histamine was already observed at the weakest 
concentration (=0,003 mg/ml), in which coagulation was effected in 
150 secs. (Curve No. I). The optimum effect of this curve appears at a 
histamine concenlration of 0,66 mg/ml. whereas the inhibiting effect of 
histamine starts from concentrations of 2,5 mg/ml. onwards.

At the other curves the effect of histamine could only be observed 
at greater concentrations.
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In comparing the curves it can be established that the clotting 
increasing effect of histamine is most developped in curve No. L 
(smallest thrombin concentration) where the clotting time diminishes 
by 66% at the optimum concentration.

F i g u r e  N o .  4.  Changes in the clotting times at the effect of histamine on oxalate
plasma clotted with thrombin.

3. After the accelerating effect of histamine on the coagulation 
of recalcinated plasma as well as at cotagulation with thrombin was 
already established investigated subsquently, whether the accelera­
ting effect of histamine appeared also in the clotting of pure fibrinogen 
by pure thrombin.

The following combination was used for the experiment:
i. ii.

Fibrinogen (3 mg/ml ...........  0.1 ml 0.1 ml
Histamine sol. in var. cone. —  0.0 „ 0.1 „
Distilled water .......................  0.1 ., 0.0 „
Thrombin sol. in var. cone. ........  0.1 „ 0.1

The fibrinogen solution was prepared according to L a k i‘s me­
thod. (Laki 1942). We prepared histamine solutions in concentrations of 
0.0125, 0,05, 0,3125, 0,625, 1,25, 2,5 and 5,0 mg/ml. Thrombin solutions 
were chosen to clot system No. I in 13, 20, 30, 60, 120 seconds respectively. 
The diata of the clotting are shown on F i g. No. 5.
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The curves show that histamine has no clotting-accelerating effect 
in this system, but inhibiting effect at greater concentrations may be 
observed here too.

F i g u r e  No .  5.  Changes in the clotting times effected by histamine on fibrinogen 
coaguluted with thrombin. Histamine has no accelating effect.

Thus we see that histamine in itself has no accelerating effect on 
the action of thrombin, and it may be concluded from the results of 
the experiments that for producing the accelerating effect of histamine 
some other factor or factors too are need in the plasma. There 
seem to be two possibilities: histamine hlas either an accelerating 
effect on the thrombin producing system, or it inhibits the action of 
the thrombin in activating system, Our subsequent experiments prove 
the latért supposition.

4. We worked with the following combinations:
Inactivation of the serum without histamine (Control)

Serum, (ox) ............................
Distilled water ........................ ... 0.1
Stanard thrombin solution ... 04 „

Inactivation of histamine serum

Serum, (ox) ............................
Histamine sol. var. cone........ .... 0.1 „
Standard thrombin sol. ........ .... 0.4 „
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The activity of the samples was determined by the following

test:
Fibrinogen solution ..............  0.1 ml.
Sample taken from mixture-. 0.1 „

The clotting times obtined by above experiments are shown on 
figure No. 6. The histamine concentrations corresponding to system 
given in mg/ml.

F i g u r e  No .  6 . Decrease in the thrombin inactivating capacity of serum at the 
effect of increasing concentrations of histamine.

The curves are showing a diminishing inactivation in proportion 
to the increase of histamine concentration.

Histamine, consequently, reduces the velocity of ihe thrombin 
inactivating process. In order to elucidate this connection, we have cal­
culated the velocity constant of the ina cti vating-r eact fern of the curves 
as obtained with each hisamine concentration. The changes of the 
k values thus dbtained are shown otn F i g. No. 7. It is evident from the 
curve that the inactivation inhibiting effect of histamine begins at a con­
centration of 0,1 mg/ml. and that greater quantities of histamine are 
inhibiting inactivation almost entirely.

From these experiments in vitro it may also be seen that hista­
mine is producing its clotting-accelerating effect by inhibiting the action 
of the thrombin-inactivating system of the blood. Thus throm­
bin generating in blood, or added to it, remains in greater quantities 
and for longer periods active and may consequently better produce 
its effect.
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We cannot however explain the fact that according to our ex­
perimental results, a larger concentration of histamine is needed in vitro, 
than in vivo.We have injected at the intravenous histamine administration. 
1/mg histamine per kg. of body weight, which corresponds approxima­
tely to a concentration of 0,01 mg/ml in the blood. This quantity of his­
tamine reduces the thrombin-inactivation in the blood of the animal 
from k = 0.52 to fc=0.33. (F ig. No. 2.). The diminishing effect of hista­
mine inactivation at in vitro experiments begins at a concentration of 
0.1 mg/ml. only i. e. at an approximately tenfold concentration.

F i g u r e  No .  7.  Diminution of the velocity constant: of the thrombin inactivating 
reaction at the effect of histamine.

As an explanation of this difference it might be supposed, that 
activity of histamine is greater in circulating blood, than in serum, in 
which the humoral and cellular factors have already undergone a big 
change during the process of coagulation.

It might be further assumed as a consequence of our experi­
mental results that histamine in itself is not responsible for the influ­
ence on the inactivation, but it liberates probably some substance or 
substances in the organism, producing a histamine like effect, or increa­
sing the effect of histamine. This our opinion is based on the fact that 
the maximum effect of histamine is observed an hour after its admi­
nistration, whereas the well known pharmacological effects of hista­
mine manifest themselves already some minutes after injection. It might 
be consequently assumed that the effect of histamine on blood-coagu- 
laticm is to a certain degree an indirect effect, and this explains also 
the big differences between the in vivo and in vitro experiments. In 
spite of these facts it seems beyond doubt that histamine exercises a 
significant effect on the thrombin inactivating capacity of the blood.
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ä e Rc t b h e  t h c t a m h h a  h h h a k t h b a u h h  t p o m e h h a

A b t o p : r E P E H H A U I  M A X A H J l  

P E 3 H D M E

Mbl YCTaHOBHJIH, 9T0 THCTaMHH BHyTpHBSHHO BHanaJie yMeHbtnaeT CnOCOÖHOCTb 
K HHaKTHBaUHH TpOMÖHHa CblBOpOTKH npoß, B3HTWX H3 KpOBH. (cnOCOÖHOCTb KpOBH 
k CBepTbiBatiHio pacTeT.) Ho3anee cnocoÖHOCTb k HHaKTHBaUHH CTaHOBHTCH Bume HOp- 
Majibitoro ypoBHH (cnocoÖHOCTb KpOBH k CBepTbiBatiHio onagaeT) h TOJtbKO necKOnbKO 
HacoB cnycTH, (noene HeKOTopux KOMriencaTopHux KoneSannß) KpOBb CHOBa npnoßpe- 
TaeT HopManbHyra cnocoönocTb k coepTbiBaHHto.

Ha o c H O B e  B b i u i e y K a 3 a H H b i x  Mbi o ö b H C H n e M  M e x a H H 3 M  i t a K O n n e H H H  b  p e T H i < y j i o -  
B H f lO T e n H H / ib H O ß  cttcTeMe c n e g y t o u t H M  o ö p a 3 0 M :  F l o g  a e ß c T B u e M  r n c T a M H H a  o c B o 6 o x < a a K ) -  
m e r O C H  B (})H3H0.rT0rHUeCKHX y CJIOBH H X, CnOCOÖHOCTb K pOBH  K H H a K T H B a U H H  K pOBH  
n a g a e T ,  y p O B e H b  T p O M Ö H H a  b  k p o b h  B 0 3 p a c T e T ,  a  B H y T p n  cocygOB B 0 3 H H K a e T  n p e u n n i r r a T  
(J tH ÖpH H a.  3 t o t  n p e u n n H T a T  T H H e T  k  ceße H H o p o g H b i e  K o n n o H f l b i .

Mbi ycTaHOBHJTH TaK>Ke, c n o M O t u b i o  ortbiTOB in c i t r o  h t o  rttCTaMHH T0pM03ttT 
CBepTUBaHHe nna3Mbi riyTe*t peKaJibttHHauHH huh we c noMOinbto TpoMßwHa, a npnaHHOft 
3T0r0 geftCTBHH HBRiteTCH OCJiaÖJieHHe HHaKTHBaUHH TpOMÖHHa.
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