MAGYAR BIOLOGIAI KUTATOINTEZET EVKONYVE
 (ARCHIVA BIOLOGICA HUNGARICA VOL. XIX,)

ANNALES INSTITUTI BIOLOGIAE
PERVESTIGANDAE HUNGARICI

REDIGIT:

- J. HORVATH

ADIUVANTIBUS:

A. BALINT, B. ENTZ, GY. FABIAN, L. FELFOLDY, O. SEBESTYEN,
G. STOHL

FASC. 1.

TIHANY, 1949—1950.






€O N-T R NSRS

1. LIMNOLOGY 'AND ZOOLOGY,
Lajos Varga: Gastrolrichen aus dem Balalon-See — - — e -
Joldn Stiller: Epizoische Peritrichen aus dem Balaton II. — o — —
0. Sebestyén and L. Varga: Collotheca volutata n, sp, a new benthic
rotifer from Lake Balaton — o — — — — —
Olga Sebestyén: Studies on detritus drifts in Lake Balaton — —_ — —
Woynarovich—Entz: Experiments in the artificial incubation of Lucioperca
sandra Cuv. et Val. eggs — — — —_ —_ — —
Béla Entz: Some physical and chemical conditions of the water of Lake Balaton,
investigated from September, 1948, to April, 1949, (Temperature,
transparency, dissolved oxygen, pH, and onganic substances) —
Béla Entz: Autumn and winter shoals of fish in the shore zones of Lake Balaton
in 1947—49 — — — SOt — ey — = S
Nagy Barnab:is: Quantitative and qualitative investigation of the Saltatoria
on the Tihany peninsula —- —_ — — — —

2. BOTANY.

Lajos J. M. Felioldy and M. Magda Felfoldy: Comparative study on the physiology
of matural polyploids, E. The influence of various hydrogen ion
concentrations upon the growth ‘and productivity of Pue-

cinellia distans 2n=42 and P. limosa 2n=28 — —

Lajos J. M. Felfoldy: Studies on the shore vegetation of Lake Bels6-t6 at Tihany

3, MIKROBIOLOGY.

Janos Horvith: Hereditary tumour formation in amicronucleate Kahlia —
Janos Horvath: Date on studies in soil protozoa of the Ciliata group with special
regard to adaptation to soil conditions — — — — —

4. BIOCHEMISTRY.
Janos Horvith und Andrias Kramli: Uber mikrobiologische Umgestaltung von Ste-
rinen. II. Oxydation von Cholesterin durch Proactinomyces roseus
Janos Horvith and Andris Kriamli: Experiments in the preparation of penicillini
from local raw materials — — - — — == —
M. Gerendas: Experimentelle Bestimmung des Thrombininaktivierungsprozesses
M. Gerenddas und I. Csefkd: Gleichgewichtsbedingungen des Thrombininaktivie-
rungsvermogens des Blutes — — — — — — —
M. Gerendas, A. L. Pilos and I Csefké: Heparin effect and thrombin inactivation
M. Gerendds and I. Csefko: Histamine-Heparin antagonism in Vivo and in Vitro

I. Csefké and M. Gerendas: Histamine effect and thrombin inactivation — -

Oldal

15

39
49

69

83

123
135

147

151

163

167
169

183
191
199
207



Tihanyi Bioldgiai Kutat6intézet, Tihany. F.: Horvéith Jinos

MNOSz. 56015602 Délmagyarorszag Nyomda, Szeged 51 527 Felelés vezet6 : Priskin Sandor



GASTROTRICHEN AUS DEM BALATON-SEE

VON
LAJOS VARGA (Sopron)

Aus dem Ung, Biol. Forschungsinstitub, Tihany, am Balalon-See
(Eigegangen am 11, Mai 1949.)

Die Siisswasser-Gastrotrichen Ungarns sind bisher fast unbe-
kannt. Diese kleinen, verborgen lebenden Organismen fanden hier kei-
nen Bearbeiter. Obwohl Dapay, der bekannte Forscher der ungarischen
Siisswasser-Mikrofauna schon im Jahre 1881, als unsere allgemeinen
Kenntnisse iiber die Gastrotrichen noch sehr mangelhaft waren, eine
neue Art: Ichthydium Entzii aus einem Tiimpel von der Umgebung von
Kolozsvar beschrieb, wurde dieser Anfang systematisch und taxono-
misch nicht weiter fortgefiihrt. Bei seinen sehr ausgedehnten Unter-
suchungen der Siisswasser-Mikrofauna Ungarns erwiihnt er wohl die von
ihm gelegentlich beobachteten Gastrotrichen-Arten, aber der systemati-
schen Bearbeitung dieser Tierchen schenkte er keine Aufmerksamkeit.
Bei der von ihm erwiihnten einigen Arten gibt er nur den [.ebensort an,
z. B. .,Uferbewohner™, . lebt im Schlamm®, aber von den weiteren okolo-
gischen oder morphologischen Verhiilinissen dieser Tierchen sagt er
nichts.

So kam es, dass als Dapay selbst imr Jahre 1918 die Lisie der
in den ungarischen Siissgewiissern lebenden Gastrotrichen in der
Fauna Regni Hungariae“ zusammentsiellte, insgesamt nur in zwei
Genus gehorende vier Arten aufzihlen konnte. Die Gastroiricha
wurden hier noch als Subclassis der Classis Rotatoria behandeli.

Im Jahre 1935. erwiithnt P. TorOk 3 Chaetonotus-Arien aus dem
Leitungswasser von Budapest.

Bei meinen langjihrigen Untersuchungen iiber die Rotato-
rien der ungarischen Siissgewiisser versaumte ich nicht auch die ge-
fundenen Gastrotrichen zu bestimmen, beobachten. und zu beschreiben.
Dies war mein Zweck hauptsichlich bei den Untersuchungen, die ich
seit langen Jahren in dem Biologischen Forschungsinstitui zu Tihany
iiber die Mikrofauna des Balatonsees durchfiihrte. Die folgende Auf-
ziahlung der gefundenen Gastrotrichen des Balatonsees ist das rgebnis
dieser Beobachtungen.

Bei der Aufziahlung folge ich dem System von REMANF (1928--33). In
seinem bekannten System bilden die Gastrotrichen eine eigene Klasse,
abgetrennt von den Rotatorien. Simtliche, im Balatonsee gefundenen
Arien gehoren in die Ordnung Chaelonotoidea.

Ordo: CHAETONOTOIDE A.
Fam.: CHAETONOTID AE.
1. Genus: Ichthydium EHrsa.

1. Ichthydium podura O. F. MULLER,
(GRUNSPAN, p. 245. CoLLIN, p. 242).



Diese Art wurde schon von MarGo (1879) aus der Umgebung von
Budapest erwiihnt.

In dem Balatonsee beobachtete ich sie in den folgenden Zeiten:

11. V111929, im Plank t on'bei Tihany. Wohl passiv durch den
starken Wellengang hineingetrieben.

16. VII. 1935. 17, VII. 1936, 19. VII. 1939. in der Bucht von Asz6i6
im Detritus, zwischen Hydrocharis und [adenalgen, sowie im
Periphyton, '

22, VII. 1936. im Psammon bei Balatonboglar, 8. VIII. 1936. im
Psammon bei Siéfok und Széarszo.

18. I1. 1939. im Hygropsammon bei Zamardi, 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. 1939. im Psammon bei Zamardi. Sommer 1939, zwi-
schen Cladophora.

Ichthydium: podura ist eine sehr kleine Art, deren Korper nackt,
unbestachelt und mit weicher Haut ist. In den ungarischen Siissgewiis-
sern ist sie sehr hiiufig und verbreitet aufzufinden. Im Balatonsee kommt
sie durch das ganze Jahr vor, lebt in allen moglichen Biotopen, haupt-
siichlich zwischen Wasserpflanzen, im Detritus und in dem Psammon.
Sie kommt aber nie in grosseren Mengen vor. Die Hauptverbreitungs-
zeit fillt auf Sommer und Herbst. In 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 air dem Rumplgebiet auftreten.

Die Korperlinge 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 linger und schmiler sind. Gesamtliinge 65—96 . Breite des
Kopfes 14—17 4, Breite des Rumpfes 18—26 4. die Linge der Schwanz-
gabel 7—95 4.

Ichthydium podura besiizt eine ziemlich hohe okologische Valenz;
sie ist eine eurytope und eurvtherme Art.

2. Ichthydium balatonicum: n. sp.

(1. u. 2. Abbildung)

In dem Detritus von der Aszoféer Bucht fand ich am 16. VII,
1935. einige Exemplare einer Ichthydium-Art, die von I. podura stark
ix)élterschied. Ich muss sie als eine neue Art betrachten und beschrei-

n. |

Sie ist viel schlanker und etwas grosser als Ichfhydium podura
O. F. MiLLER, Der Kopf ist fiinflappig und etwas weniger breif als der
Rumpf. Der vordere froniale Lappen springt etwas vor, eine kleine,
bewegliche Stirnkappe bildend. Darunten findet sich ventral die etwas
ovale und kleine Mundoffnung. Am Munde sitzen 2—2 seitlich gerich-
ieten Tasthaare. die sehr beweglich sind: daneben mehrere. viel kleinere
Haare. die die Nahrung in die Mundoffnung strudeln. Etwas weiter
hinten am Kopfe befinden sich zwei seitlichen Tastbiischel, die aus
langen Haaren zusammengeseizt und sehr empfindlich sind und stin-
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dige Bewegungen ausiiben. An der Ventralseite unter diesen Tast-
hiischeln beginnen die zwei Wimpersireifen oder Flimmerbinder, die
bis zum Hinterende des Korpers reichen. Sie bestehen aus feinen, kur-
zen Zilien. Diese ventralen Wimperstreifen sind mit keinem queren
Wimperband verbunden. Es ist namlich bekannt, dass bei Ichthydium
podura dic ventralen Flimmerbinder am Kopf ganz vorne durch ein
queres Wimperband verbunden sind.

Der Kopf geht ziemlich plotzlich in den kurzen, breiten Hals
iiber. Fast am Beginn des Halses sitzen zwei lange Tasthaare, die etwas
seitlich stehen. Der Hals ist kiirzer als bbei Ichthydium podura. I'r geht
allmihlich in den Rumpf iiber, der etwa in der Miite am breitesten ist.

Abb. 1.—2.: Ichthydium balatonicum n. sp. Dorsalaunsicht (1.); Seitemansicht (2.).

Von hier ab verschmiilert sich der Rumpf allmihlich nach riickwirts
bis zur Schwanzgabel, wo er in einer schmalen Abrundung endet. An
der kaudalen Dorsalseite des Rumpfes sitzen wieder zwei Tasthaare,
die etwas lidnger sind als die des Halses.

Das auffallendste und charakteristischeste Merkmal des Tier-
chens ist der schmale. kammartige Riickenkiel des Rumpfes, der eiwa
in der Mitte des Gesamtkorpers beginnt, in der Mitte des Rumpfes am
hochsten ist und sich ganz langsam verschmiilernd vor der Schwanz-
gabel in den hintersten Teil des Rumpfes iibergeht. Dieser Riickenkiel
ist eine ziemlich starre Ausstiilpung der Haut: bei der Dehnung des
Rumpfes wird er etwas kleiner, beim Zusammenziehen des Rumpfes
dagegen wolbt er sich stirker hervor. bleibt aber immer sehr auffallend.
Die Haut des Rumpfes scheint etwas dicker zu sein als die des Halses und
des Koples. Biegt der Korper seitlich, so erscheinen an der inneren
Seite des Rumpfes und Halses einige breiten und sehr seichten Falten,
die aber nie so scharf herausireten als es bei Ichthydium podura dey
Fall ist. An dem Riickenkiel 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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aussere Seite dagegen etwas ausgeschnitien. Sie kriimmen ventralwiirts
sichelartig und sind stark zugespitzt. Das Aussehen der Schwanzgabel
mit den Zinken erinnert an die Zehen einiger Lecane-Arten der Rota-
torien.

An der inneren Organisation des lierchens konnte ich nichts
auffallendes beobachten. Die Haut ist sehr wenig durchsichtig. Der
Osophagus reicht fast bis zum Beginn des Rumpfes, wo er geradelinig
dem Darmanfang anliegt. Der Darm ist ziemlich breit und mit dunkler
Nahrung angefiillt, die hauptsichlich aus kleinsten Partikeln des orga-
nischen Detritus besteht.

Totallinge 110—12C w«, Breite des Kopfes 13—14 u, Breite des
Halses 9—10 u. grosste Breite des Rumpfes 26—27 u, griosste Hohe des
Riickenkieles =5 u, Liinge der Zinken 9—10 .

2. Genus: Chaetonotus LEHRBG,
1.Chaetonotus brevispinus ZELINKA,
(GRUNSPAN, p. 276.)

Diese Art aus den ungarischen Gewiissern wurde bisher noch
nicht beschrieben. Ich fand sie zum erstenmal am 17. VIII. 1936. in
der Bucht von Asz6f6 zwischen FFadenalgen und spiiter am 26. VIII.
1936. ebenda im Periphyton von Phragmites-Stengel. Sie kam nur in
einigen Exemplaren vor.

Der fast kreisrunde Kopf setzt sich in den wenig eingeschniirten
Hals fort: der Rumpf ist nur etwas breiter als der Kopf. Die schwach
nach hinten gekriimmten Riickenstacheln nehmen kaudalwiirts an
Linge zu. Die Stacheln des Riickens sind in elf Reihen angeordnet und
entspringen kreisformigen Schuppen, die hinten eckig ausgeschnitten
sind. Die letzten zwei Seitenstacheln vor der Schwanzgabel sind dicker,
linger und mehr gekriimmt als die benachbarten Stacheln. Der Zwi-
schenraum der ventralen Wimperstreifen ist mit sehr diinnen, runden
Schuppen bedeckt. Die vor der Schwanzgabel sitzenden Ventralschup-
pen sind 3—4-mal linger und tragen je einen langen Stachel.

GRiUNSPAN (1910) schreibt (p. 275.) iiber diese Art: ..,Am Kopfe
fallen vier Korper auf, welche paarweise liegen. Sie erscheinen mit
schwarzen Punkten erfiillt, die besonders dicht gegen den Rand zu
stehen: sie konnen als Augen (Flecke) angesehen werden.” Bei manchen
Exemplaren konnte ich diese Beschreibung bestiitigen; bei einigen
Exemplaren fehlten die ..schwarzen Punkte”, aber die vier Korperchen
waren stirker lichtbrechend — vorhanden.

Gesamtlinge 1352—140 p, Breite des Kopfes 18 u. grissie Breite
des Rumpfes 20—22 g, Linge der Gabelzinken 13—14w.

2. Chaetonotus chuni Voiar,
(GrUNspaN, p, 294, CoLuiN p. 249.)

Beobachtet: 16. VII. 1935 in der Bucht von Aszofd. im Detritus:
17. VIII. 1936. ebenda, an der unteren Seite von Hydrocharis-Blitter:
19. VII. 1939. ebenda, im Periphvton.

Der breite und ziemlich flache Kéorper ist sehr reich bestacheli.
Die Stacheln sind an der Dorsalseite in neun Reihen geordnet; sie sind
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kriftig, gross, gekriimmit und bei der Endkriimmung besitzen sie einen
Nebenzahn. Sie entspringen linglichrunden Schuppen und nehmen
nach den Seiten hin an Linge ab, wiihrend sie von dem Kopfe kaudal-
wirts an LiinFe zunehmen, so dass sie am Ende des Rumpfes dreimal
s0 gross sind als am Kopfe. Sehr charakteristisch sind die zwei dor-
salen, langen und diinnen. mit 'Nebenzahn versehenen Stacheln zwi-
schen der Schwanzgabel, die manchmal die Gabelzinken an Liinge
iibertreffen. Zwischen den Gabelzinken siehi man oft vier kurze, ein-
fache und diinne Stacheln, die von der Ventralseite des Korpers 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 Tasthaarbiischel bestehen aus einigen ziemlich kurzen Haaren. Der
Hals ist undeutlich.

Fast bei jedem Exemplar sah ich im Kérperi2—3 Eier. Die Nah-
rung besteht aus dem feinsten organischen Detritus.

Gesamtlinge 180—210 w, Kopfbreite 40 @, grosste Breite des
Rumpfes 48—50 u, lingste Stacheln am Hinterende 70—76 w. Linge
der Gabelzinken 30—31 p.

Chaetonotus chuni wurde bisher bei uns noch nicht beobachtet.

3. Chaelonotus hysirix METSCHNIKOFF,
(Grinspan, p. 270, Counin, p. 249.)

Gesammelt: 16. VII. 1935 in der Bucht von Aszofé im Detritus
und Periphyton und am 19. 1939 an der Unterseite von Hydrocharis-
Blitter, jedesmal vereinzelt.

Eine sehr kleine Art. Thr Kopf ist linglich oval, der Hals ist
etwas schmiler, der Rumpf bedeutend breiter. Der Riicken ist mit
krdftigen Stacheln bewaffnet. dic einen Nebenstachel besitzen: sie sind
in '9 Lingsreihen angeordnet. Die Kopf- und Halsstacheln sind sehr
kurz, die Riickenstacheln linger: diese nehmen kaudalwiirts an Liange
zu und in der Niihe der Schwanzgabel sind sie etwa fiinfmal linger
als die des Kopfes. Jederseits vor der Schwanzgabel findet man je
cinen auffallend langen und kriiftigen Seitenstachel. Charakteristisch
ist es, dass auch an der Bauchseite ausserhalb der Zilienbéinder kurze.
zweispitzige Stacheln vorhanden sind. die in drei Lingsreihen angeord-
net erschemen. Auch zwischen den Zilienbindern finden sich sehr
kleine Schuppen mit feinen Borsten versehen. Die Zilienbinder sind
vorne am Kopfe mit etwas lingeren Zilien verbunden. Die Riicken-
schuppen, die die Stacheln tragen, sind spiessformig und liegen nicht
aneinander an.

Die Zinken der Schwanzgabel sind geieilt, sie iragen ein End-
glied. Der Osophagus ist kurz und erweitert sich in der Nihe des
Darmes etwa zwiebelariig.

Gesamtliinge 80—S88 u. Breite des Kopfes =11 g, Breite des
Halses 9—10 u. griosste Breite des Rumpfes 16—18 u, Liinge der Cabel-
zinken 125 pu.

Chaetonotus hys(rix wurde aus Ungarn bisher noch nicht nach-
gewiesen.



4. Chaefonotus larus O. F. MULLER.
(GrinspaN, p. 285, CoLuiN, p. 257.)

Diese Art ist aus Ungarn schon lange bekannt. DApay (1897)
hat sie schon im Jahre 1892 beschrieben. Er hat sie in den Seen von
Katona, Czege, Mez6tohat und Méhes (alle in Siebenbiirgen), sowie im
Taira-Gebirge in dem 4. See von Tarpatak gefunden. Sie scheint sehr
verbreitet zu sein. TorROK P, (1935) fand sie im Leitungswasser von
Budapest. Ich selbst beobachtete sie auch im Fertd (Neusiedlersee),
und in fast allen Teichen, wo ich die Rotatorien untersuchte.

Fundorte im Balaton: 16. VIL. 1935 in der Asz6fGer Bucht, zwi-
schen Fadenalgen; 17. VIII. 1936 ebenda auf der Unterseite der Blatier
von Hydrocharis; 19. VII. 1939 ebenda zwischen Wasserpflanzen und
im Detritus. 16. X. 1938 im Psammon von Zamardi, 18. 1I. 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 regelmissig auch zwischen Ufer-Cladophora vor (VARGA,
1941). Im Balaton lebt sie also das ganze Jahr hindurch, scheint eine
eurytope und eurytherme Art zu sein. [hre Nahrung besteht aus den
feinsten Detritusteilchen und kleinen Algen.

Chaetonotus larus besitzt einen ziemlich schlanken Korper. 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 Riicken und die
Seiten sind mit dreikantigen Stacheln bewaffnet, die am vorderen Kor-
perdrittel sehr kurz sind und an dem mittleren und hinteren Drittel
des Kiorpers ziemlich ohne Ubergang an Linge stark zunehmen, so dass
sie hier 4—5-mal langer werden. Die Stacheln entspringen dem Hin-
terrand der tief parabolisch eingeschnittenen Korperschuppen. An dem
Kopf und Hals stehen die Stacheln in neun, an dem Rumpf in sieben
Liangsreihen. In jeder Lingsreihe kann man etwa 15—18 Stacheln zih-
len. davon sind 6—S8 lang. Auf der Ventralseite kann man in der Um-
gebung des Afters und auf dem Basalstiick der Gabelzinken einige
kleine Borsten finden, die aber bei den ilteren, eiertragenden Tierchen
oft fehlen konnen. Das Bauchfeld zwischen den Zilienbiindern is sonst
ohne Borsten.

Die Korperlinge ist ziemlich variabel: 85—130 @, die Breite des
Kopfes 30—36 u, die des Halses 2530 pu, die des Rumpfes 32—40 u.
Linge der Gabelzinken 10—12 u, Linge der grossten Stacheln 18—20 .

5. Chaetonotus macrochaetus 7ZELINKA,
(GriiNsPAN, p. 279. CoLLIN, p. 257.)

Gefunden: 16. VII. 1935 in der Bucht von Aszof6, zwischen
Wasserpflanzen; 9. IV. 1936 ebenda im Detritus, 17. VIII. 1936 im
Aufwuchs von Phargmifes-Stengeln und im Detritus, 19, VII. 1939 auf
der Unterseite der Hydrocharis-Blitter.

Die Form ist dhnlich Chaetonotus larus. Die Riicken- und Sei-
tenstacheln sind in 9 Langsreihen angeordnet. Die Kopf- und Halssta-
cheln sind lang, stark, sehr gekriimmt, mit Nebenspitze. Die Stacheln
sitzen lauf pflugscharformigen, ziemlich grossen Schuppen, die sich nur
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mit ihren Seitenspitzen beriihren. Das Zwischenfeld der Zilienbinder
der Ventralseite ist mit rundlichen, zarten, in alternierenden Reihen
geordneien Schuppen bekleidet.

Die Gesamtlange ist ziemlich variabel: 65—105 u. Breite des
Kopfes 26-—30 u, die des Halses 23—26 u, die des Rumpies 29—32 pu.
Liinge der Gabelzinken 9—10 u, Liinge der grossten Stacheln 19—22 pu.

Diese Art vurdz mm Ungarn zum erstenmal von P. TOROK (1935)
aus dem Leitungswasser von Budapest beschrieben.

6. Chaetonotus maximus [ HRBG.
(GRUNSPAN, p. 263, COLLIN, p. 254.)

Diese Art ist in den ungarischen Gewassern sehr verbreitet.
DApAY (1897) erwiihnt sie 'schon im Jahre 1883 aus dem Zenoga-See des
Retyezat-Gebirges (Siid-Siebenbiirgen). Er beschrieb sie spéter aus den
Seen von Katona, Czege und Mezdtohat (Siebenbiirgen), aus dem Salz-
see von Halas, aus den Seen von Kornye, Kecskéd und Velence. Sie
lebt auch im Leitungswasser von Budapest (TOROK, 1935).

Ich traf sie in fast allen Teichen und Seen, die ich fiir Rotato-
rien untersuchte und beschrieb sie sogar aus den Sphagnum-Polsiern
von Készeg (Vamrea, 1956). Funde im Balaton: 15." VII. 1935 in der
Bucht von Asz6fé im Detritus und zwischen Wasserpflanzen: am 3. 1.
1936 ebenda unter Fisdecke wwischen Fadenalgen: 9. 1V. 1936 ebenda
im Detritus, 19. VII. 1939 ebenda im Detritus und auf der Unterseite
der Bliatter von Hydrocharis; 22. VIII. 1936 im Psammon. des Sees, ver-
breitet; 18. I1. 1939 bei Zamardi:im Psammon, als die obere Schicht des
Sandes gefroren war, 29. VII. 1939 ebenda im Psammon; sie lebt auch
zwischen Cladophora.

Der Korper ist schlank, langgestreckt. Der fiinflappige Kopf
is von dem Hals scharf abgesetzt, der Hals ist ziemlich stark einge-
schniirt. Der Rumpf is etwas breiter als der Kopf. Die ecinfachen, ge-
bogenen Riickenstacheln nehmen kaudalwiirts an Léinge zu und am
Ende des Korpers sind sie etwa 2—3-mal lianger als am Kopfe. Die
Seitenstacheln sind etwas kiirzer als die des Riickens. Die Schuppen
der Stacheln sind wappenschildférmig. Der Raum zwischen den Wim-
perbiindern der Bauchseite ist mit kurzen, diinnen Schuppen bedeckt,
die je einen kleinen Stachel tragen. Die Gabelzinken stehen stark
auseinander. Auffallend lang is der Osophagus. der in allgemeinen eine
Linge von iiber ein Drittel des Korpers erreicht.

Die Gesamtlinge ist sehr variabel: 120—175 u: Breite des
Kopfes 27—32 u, Breite des Halses 22—20 u, die des Rumpfes 33—37 1,
Linge der Gabelzinken 20—23 u, die des Osophagus 50—60 1.

7. Chaetonotus multispinosus GRUNSPAN,
(GRUNSPAN, p. 303, CoLLIN, p. 253.)

Gefunden in der Asz6f6er-Bucht am 3. I. 1936 zwischen Faden-
algen unter einer diinner Eisdecke; 3 Exemplare.

Eine sehr kleine Art, die eine gewisse Ahnlichkeit mit Chaelo-
notus brevispinosus ZF1. besitzt. GRUNSPAN (1910, p. 304) schreibt iiber
diese Art: ,.Korper dick. plump Riickenfliiche mit kurzen, einfachen
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Stachen bewehrt, die in 17+2 Langsreihen stehen und runden Schup-
pen entspringen. Kopf deutlich fiinlappig, dick..., Hals dick, etwas
weniger breit... Ventraler Raum zwischen den Flimmerbindern mit
zarten Schuppen, denen kurze Stacheln aufsitzen. bedeckt. An den
Rumpfflichen seitlich von den Flimmerbiindern kurze Stacheln in
alternierenden Reihen. Fiinf Stacheln an der Breitesten Stelle.” Meine
Exemplare zeigten mit ‘dieser Beschreibung eine vollkommene Uber-
einstimmung, nur waren sie viel kleiner. Gesamtlinge des Korpers
85—112 u Breite des Kopfes 30 w. Breite des Halses 27 #, die des
Rumpfes 36 u. Linge der Schwanzgabel 14 w.

8. Chaetonotus octonarius SToxes (3. Abb.).
(GRUNSPAN, p. 299.)

Fundorte: 17. VIII. 1936 in der Buchi von Asz6f6, zwischen
Wasserpflanzen: 19. VIII. 1939 ebenda, an der Unterseite der Blitter
von Hydrocharis: 19. VII. 1938 Ufer von Siofok. zwischen Fadenalgen.

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

AbD, 3.: Chaetonolus octonarius Stokes, Seilenasicht.

belt 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 des:Rumfes stehen. Die Schuppen, von denen sie ent-
springen. sind fast kreisrund. Ausser diesen acht Stacheln fehlt an den
anderen Korperteilen eine Bestachelung.

Der Korper ist schlank und zart. Der Kopf ist fiinflappig, all-
mithlich in den schmileren Hals iibergehend. Der Rumpf ist etwas
breiter als der Kopf. Die Schwanzgabel ist tief eingeschnitten, sonst
zeigt sie nichts charakteristisches.

Gesamtlinge der gemessenen Exemplare: 72—85 w. Breite des
Kopfes 24 u, Breite des Halses 21—22 «. Breite des Rumpfes 25—26
Liange der Schwanzgabel 18 u. Liinge der Stacheln 27—28 u.

Die Art ist aus Ungarn noch nicht bekanntigewesen. Der niichste
Lebensort ist in Bukowina (Czernowitz).

9. Chaetonotus schulizei METSCHNIKOFF,
(GriNsPaN, p. 268, CoLLiN, p. 248))
Gefunden: 16. VII. 1935 und 3. 1. 1936 in der Bucht von Aszof6

im Detritus und zwischen Fadenalgen: im Jahre 1939 ofters an der
Ufer vor Tihany zwischen Cladophora.
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Diese Art ist die grosste unter den bisher besprochenen Chae-
tonotus-Arten. Thr Korper ist flaschentormig. Der Kopf ist dreilappig,
mit dem Halse fast gleich breit, mit vier Tasthaarbiischeln und zwei
hellen. lichtbrechenden Augenflecken. Der Rumpf ist dick, am Riicken
stark aufgewdlbt. Die Schwanzgabel ist miissig eingetieft, mit starken
Gabelzinken, Der Riicken ist mit ziemlich kurzen, starken Stacheln
bewaffnet, die kaudalwiirts an Linge zunehmen und nahe dem Kor-
perende\die doppelte Linge der Kopfstacheln erreichen. Sie entspringen
vorne abgerundeten, hinten tief parabolisch ausgeschnitienen Schuppen,
die am Kopfe und am Halse sehr weich und zart sind. Die Siacheln
besitzen ber etwa 1/3 ihrer Linge zwei starke Nebenspitzen. Der Raum
zwischen den zwei Flimmerbiindern der Ventralseite ist mit sehr klei-
nen Stacheln bedeckt, die nach hinten an Liinge zunehmen.

Gesamtliange: 7345346 u, die Breite des Kopfes 42—44 g,
Breite des Halses 40—42 u, grisste Breite des Rumpfes 70—74 4, Linge
der Gabelzinken 34—35 .

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

10. Chaelonotus serraticaudus Voicr.
(GRrUNSPAN, p. 288, CoLLIN, p. 232.)

Gefunden: 17. VIII. 1956 in der Bucht von Aszof6, zwischen
submersen Wasserpflanzen und an der Unterseite von Hydrocharis-
Blittern.

Diese Art ist neben anderen schon an der Grosse erkennbar: sie
ist unsere grosste Gastrotrichenart. lhr fast gleichbreiter Korper ist
auffallend schlank, planarienartig, langgestreckt. Der Kopf besitzt
cinen dreiteiligen Schild. Der Riicken und die Seiten sind haarkleidar-
iig mit einfachen. kurzen Stacheln bekleidet, die ventralwiirts bis zu
den Flimmerbiindern reichen und kaudalwiirts an Linge zunehmen.
Die letzten Seitenstacheln iiberragen etwas die Zinken der Schwanz-
cabel. Auch der Raum zwischen den Zilienbiindern ist mit sehr kurzen
Stacheln bekleidei. Charakteristisch sind am Ende des Korpers die
6—S8 langen Stacheln, die von der Ventralseite zwischen den Zinken
der Schwanzgabel hervorireten. Die Dorsalseite ist vor der Schwanz-
gabel ohne Stacheln, dafiir aber mit Schuppen bedeckt. Eigenartig ist
auch die Schwanzgabel gebaut: sie besteht aus zwei gekriimmiten
Réhren, mit kurzer, nach  innen bicgender Spiize. Die knotenartige
Anschwellung der Rohren vor der Endspitze konnte ich bei meinem
Tierchen nicht beobachten.

Das Tierchen bewegt sich ziemlich schnell, biegt seinen Korper
rasch hin und her, bleibt plotzlich stehen, um dann zwischen dem
dichten Gewirr des Detritus leicht durchzuschliipfen. Die Rohren der
Schwanzgabel 6ffnen und schliessen sich dabei wie die Teile einer
Zange. Die Nahrung besteht aus sehr kleinen Griinalgen.

Gesamtliinge: 460—500 ., Breite des Kopfes 58 @, DBreite des
Korpers etwa in der Mitte 64 w, Linge der Schwanzgabel 52 u, Linge
der Seitenstacheln bei der Schwanzgabel 55 .

Diese Art ist fiir die Fauna Ungarns neu.
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11. Chaelonotus similis ZELINKA,
(GRUNSPAN, p. 266.)

Gesammelt am 17. VIII. 1936 in der Bucht von Asz6fé, im Detri-
tus und Periphyton.

Diese Art ist an Gestalt, Kopfform und Grosse Chaefonofus
maximus ziemlich ahnlich. Die Riickenstacheln sind aber breiter und
dicker und tragen einen sehr kurzen Nebenstachel. Merkwiirdig 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 Erscheimung bei dieser Art vorkommt, aber
meist ausnahmsweise. Bei den Bfﬁaton-Exemplaren fand ich aber
keinen, dessen Kopf und Hals bestachelt gewesen wiire. Der Raum
zwischen den Flimmerbéindern der Ventralseite ist mit ziliendhnlichen,
kurzen Stacheln bedeckit. »

Gesamtlinge 172—180 4.  Breite des Kopfes 38 u, Breite des
Halses 30 u, grosste Breite des Rumpfes 41 u. Linge der Gabel-
zinken 25 u.

Chaeftonotus similis ist fiir die Fauna Ungarns neu.

12. Chaefonotus simrothi VOIGT.
(GriinspaN, p. 308, CoLLIN, p. 255.)

Gesammelt: 16. VII. 1935 in der Buchi von Aszofd, zwischen
Hydrocharis, im Detritus; 19. VII. 1959 cbenda, an der Unterseite der
Blétter von Huydrocharis. ,

Das ziemlich grosse Tierchen besitzt einen schlanken, langge-
streckien Korper. Der Kopf ist fiinflappig, die hinteren Lappen biegen
seitlich etwas heraus. Der Hals ist wenig ausgebildet, geht allmiihlich
in den etwas breiteren Rump{ iiber. Die Schwanzgabel ist aus zwei
diinnen, leicht nach innen gekriimmten Rohren gebildet. Die ganze
Riickenseite ist mit scharf gebogenen, einfachen Stacheln bewaffnet,
die kaudalwirts an Linge zunehmen. Die hintersten Stacheln sind
doppelt so lang als die Kopfstacheln. Die Stacheln entspringen sehr
diinnen, schwer wahrnehmbaren Schuppen. Auch die Ventralseite des
Tierchens ist mit kurzen Stacheln bedeckt.

Die Erniihrung besteht hauptsiichlich aus kleinsten Griinalgen,
die den Magen griinlich farben.

Gesamtlinge 370—380 u; Breite des Kopfes 5558 u, Breite
des Halses 48—30 w, grisste Breite des Rumpfes etwa 70 w, Linge der
Gabelzinken 52 u.

Chaetonotus simrothi wurde in Ungarn bisher noch nicht

beobachtet.
13. Chaetonotus spinulosus STOKES.
(GRrUNsSPAN, p. 277, CoLLIN, p. 238.)
Gesammelt: 16. VII. 1935 in der Bucht von Aszofs, zwischen
Hydrocharis; 9. IV. 1936 ebenda im Detritus: 17. VIII. 1936 ebenda im

Detritus, 21. VIII. 1938 in der Bucht unter den Csiicshegy von Tihany.
im Detritus auf Steinen.
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Das merkwiirdig gestachelte Tierchen ist ein Zwerglein der
Gastrotrichen. Der gedrungene Korper besitzt einen fiinflappigen Kopf,
der von Hals abgesetzt ist. Der Hals geht allmihlich in den dorsal stark
aufgewolbten Rumpf iiber. Auf dem Riicken sitzen zwei Querreihen
von sehr langen kriiftigen Stacheln. In der vorderen Querreihe waren
bei meinen Exemplaren 4, in der hinteren Querreihe 3 gegabelte Sta-
cheln. Die hinteren Stacheln waren kiirzer 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
Oberfliche des Riickensist mit kleinen, lichtbrechenden Korperchen
granuliert, die wahrscheinlich Reste von ehemaligen Schuppen sind,
die ihre Stacheln verloren haben.

Gesamtlinge 62—65 4; Breite des Kopfes 12—13 ;. die des Hal-
ses 10 u, grosste Breite des Rumpfes 21 .. Liinge der vorderen Sta-
cheln 20 4.

Chaetonotus spinulosus beschrieb ich zum erstenmal aus einen
Altwasser von dem Tisza-Fiuss (VARGA 1931). ‘

14. Chaelonotus zelinkai GRUNSPAN,
(GruNspPaN. p. 305, CoLLIN, p. 256.)

Gefunden: 16. VII. 1925 in der Bucht von Asz6fé im Detritus:
17. VI1I. 1936 ebenda im Detritus und an der Unterseite der Blitier von
Hydrocharis.

Das ziemlich grosse, sehr schlanke Tierchen |besitzt einen gut ab-
gesetzten Kopf, der nach GRUNSPAN , hammerformig® ist, mit {iinf Lap-
pen und gut entwickelieny Stirnkappe. Die hinteren Kopflappen sind
eckig. Der Hals ist schmal, lang und geht allmdhlich in den Rumpf
iiber. Die Schwanzgabel ist ziemlich tief eingeschnitten, ihre Zinken
biegen an ihrem Ende seitlich. Der Riicken ist mit einfachen, langen
Stacheln bedeckt, die in 11 Lingsreihen stehen und nach hinten be-
deutend linger werden. Auffallend und charakterisch sind die je drei, bei-
derseits stehenden sehr langen und kriiftigen Endstacheln, die vor ihrem
Ende einen gut entwickelten Nebenstachel besitzen und die Gabelzin-
ken weit iiberragen. Bei den Exemplaren von Balaton waren sie fast
doppelt so lang wie die Gabelzinken.

Das Tierchen schwimmt trige, manchmal riickweise, lebhaft
nach Nahrung suchend, die aus kleinsten Griinalgen und Diatomeen
besteht.

Gesamtliinge: 235—250 u: Breite des Kopfes 36 4, die des Hal-
ses 28 y. grosste Breite des Rumpfes 44 4, Linge der Gabelzinken 33 4,
f.inge der hinstersten grossen Seitenstacheln 62 4.

Chaetonotus zelinkai beschrieb ich aus den Sphagnum-Polstern
von Készeg (Varca, 1936).
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3. Genus: Helerolepidoderma Remang,
Heterolepidoderma ocellatum METSCHNIKOFF.
(= Lepidoderma ocellatum METSCHN.)
(GrilnspaN, p. 251, CoLuIN, p. 245)

Gefunden: 19. VII. 1939 in der Buchi von Aszof6, auf der Un-
terseite der Bliitter von Hydrocharis; 16. VI1I. 1939 im Detritus auf
Steinen in der Bucht unter dem Csicshegy von Tihany.

Diese Art besitzt auf den ersten Blick eine gewisse Ahnlichkeit
mit den Ichthydium-Arten. Thr Korper ist gedrungen. Der Kopf ist
meist fast kreisrund, nur selten sieht man fiinf unbedeutende Lappen.
Seitlich im Kopf sind zwei stark lichtbrechende, ovale Korperchen, die
als Augenflecke betrachtet werden konnen. Sie fehlten bei den Exem-
plaren von Balaton niemals. Der Korper ist fein gestrichelt: die Stri-
chelung besteht aus vielen Schuppenreihen. Die sehr kleinen, breiten
Schuppen sind langgestreckt, mit Lingskiel, ohne Stachel. Die Schwanz-
eabel ist tief eingeschnitten. die Gabelzinken sind verhiiltnissméssig
kurz,' mit einem diinnen Endglied.

Das Tierchen bewegt sich ziemlich schnell, erniihrt sich von den
feinsten organischen Detritusteilchen, es schluckt aber kleine Griin-
algen auch.

Gesamtlinge ziemlich variabel: 75—120 ,: Breite des Kopfes
22—24 4, Breite des Halses 19—20y, grosste Breite des Rumpfes 28—30 4,
. Liinge der Schwanzgabel 20 .

Diese Art ist in Ungarn bisher noch nicht beobachtet worden.

4. Genus: Lepidoderma ZELINKA,
Lepidoderma squamatum DUIARDIN,
(GriNsPAN, p. 248; CoLLIN, p. 244)

Fundorte: 22. VIII. 1936 im Hydrepsammon bei Balatonszarszé
und Szantod: 19. VII. 1939 in der Bucht von Asz6f6 auf der Unter-
seite der Hydrocharis-Blatter; im Sommer von 1939 zwischen Clado-
phora an den Ufern von Tihany oft beobachtel. Bei den Uniersuchun-
gen. die ich iiber anderen Gewiissern nach Rotatorien durchfiihrie,
fand ich sie fast immer. Sie scheint also bei uns sehr verbreitet zu sein.

Der Korper ist schlank, der Kopf schwach fiinflappig, allmiih-
lich in den wenig eingeschniirten Hals iibergehend. Der Rumpf ist
schlank, so breit wie der Kopf. Die Schwanzgabel ist in den Korper tief
eingeschnitten. Der ganze Korper ist, die ventralen Flimmerbiinder aus-
zenommen, mit flachen Schuppen bedeckt. die in Lingsreihen 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 Korperteilen verschieden, meist rundlich
und kiellos. Auch die Basalteile des Fusses sind beschuppt. Die Schwanz-
gabel endet mit einem spitzen Glied.

Die Gesamtliinge ist ziemlich variabel: 120—160 4: Breite des
Kopfes 26—30 ;. Breite des Halses 21—24 4, grisste Breite des Rumpfes
28—33 4. Liange der Schwanzgabel '18—23 4.

Lepidoderma squamatuni ist fiir die ['auna Ungarns neu.



OKOLOGISCHES

Es fanden sich also 18 Gastrotrichen-Arten im Balaton-
see. Die meisten Arten konnten in der Bucht von Aszofé 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 Briicke
mit dem offenen See in Verbindung steht. Ein kleiner Bach von Westen
kommend, miindet in die Bucht ein. Sielist etwa 200 m lang, 100 m breit
und sehr seicht: 30—60 cm tief. Uberall wiichst iippiges Rohricht (Phra-
gmites), das im Winter geschnitten wird. Im Wasser sind Myriophyllum,
Utricularia und im Sommer Hydrocharis morsus ranae in'grosser Menge
vorhanden; die schwimmenden Blitter der letztgenannten Pflanze dek-
ken die Oberfliiche des Wassers fast vollkommen zu.

Das Wasser der Bucht ist ziemlich klar und ruhig, da die Winde
keinen Wellengang verursachen konnen. Der Grund ist mit dicken
Schlamm bedeckt, der vielerorts schon Faulschlamm ist, an seiner Ober-
fliche aber liegt eine dicke Detritus-Schicht. in der die meisten Gastro-
irichen lebten. Der Wasserstand hiingt mit dem des Balatons zusammen.
Die iippige Pflanzenwelt des Wassers verursacht,, dass das Wasser
nicht beleuchtet werden kann und sich im Sommer und Herbst
sozusagen in halber Dunkelheit befindet: auch eine giinstige
l.ebensbedingung fiir 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 hoher ist als im Wasser des offenen Balatons, Mg-
Gehalt dagegen kleiner. Die Wasserstoffionenkonzentration (pH) bhe-
trigt 8.1 (im Balaton 8.6—8.8). Die Faktoren der Biozonose verursachen,
dass die Bucht vielfach ein selbststéindiger Biotop geworden ist.

Diese okologischen Verhiiltnisse verursachten es, dass in dieser
Bucht, in der ich (VArGa, 1939) insgesamt 166 Arten und 3 Varietiiten
der Rotatorien nachweisen konnte, die Lebensverhiltnisse auch
fir die Gastrotrichen sehr giinstig waren.

[ch bin aber iiberzeugt, dass mit griindlicher Untersuchung im
Balatonsee noch mehrere Gastrotrichen-Arten gefunden werden konnen.
Did allgemeinen okologischen Verhiiltnisse des Balatonsees und die ein-
zelnen [aktoren fiir seine Bioconose sind so giinstig, dass in seinem
Wasser noch viele mikroskopischen Tiere und Pflanzen entdeckt wer-
den konnen. Der See ist ja gar nicht gesiittigt, verschiedene Tiere wan-
derni hinein oder werden eingeschleppt. Die Erforschung der lebewelt
des Sees muss deshalb stiindig und griindlich sein, muss sich auf das
canze Jahr und moglichst auf die verschiedensten Biotopen erstrecken.
Fiir die weitere Erforschung der Gastrotrichen-
Fauna miissen hauptsiichlich die beschatteten Biotope beriicksichtigt
werden: litoral- und Profundalregion der ruhigen
Stellen, Detritus, Aufwuchs (Periphyton) des Rohrichtes
und von anderen hoheren submersen Wesserpflanzen, Unterseite der
grosseren Pflanzenbliitter, Psammon, das Wasser und der Schlamm in
den Rohricht-Inseln, ruhige Buchten. usw.
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I'ACTPOTPUXBI U3 O3EPA BAJIATOH
Asrop: JIAMOILU BAPIrA
PE3IOME

91 onucai 18 BHIOB racTPOTPUXOB U3 pasnbix GHOTONOB 03epa banaToHa, KOTOPLIX
st nadmojaZl BO Bpemsl wuccienoBanud (ayvibl KOJIOBPATOK 9TOro osepa. Onucadmusie
racTpoTpuxs npuHaaie}ar Kk orpsigy Chaetonotoidea a MMEHHO KO BTOPOH cémbe 3TOro
orpsina, K Chaetonotidae. [usi davuu Bewrpun 10, nns davae bBanarona 13 us
ITUX BHJOB ABJISKTCS HOBbIMU. Cpefu ONHCAHHLIX BHAOB MMEeTCS OAWH HOBLIH
B[ HEM3BECTHbIH 10 cuX nop B Havie (chthydium balatonicum n. sp). ITOT BUJ OT/IHYACTCH
oT chthydium podian O. P. Mill., kpome Apyrux npusHaxos, 0Gojee inHHbM U OoJiee
TOHKMM TenoM. Camuiii xapakrepus#i u Opocawmuiicss B riasa npusHaK OAHAKO, V3K
CMHHHON KHJIb TYJIOBHIA, KOTOPbLIH HAUHHACTCS NPHOIMSHTEILHO B CEpeiuHe BCero Tea,
AOCTHIAeT MaKCHMaJIbHY10 BLICOTY B CPEJIMHE TYJIOBHLIA, Y TOCTENEHHO YTOHYASACh — e pe-
XOAUT Tiepesl BUI00OpPasHLIM XBOCTOM B CaMyio 3aJHI0I0 4acTh TYJOBHIIA.

MecTo M BpeMsi HAXOAKH 51 ONKMCA] BMECTe C OTHAEJibHbLIMM BUAaMu. $1 OTMeTUII,
KpOMe TOr0 M riaBHble MOPGHONIOrUuecKHe W SKOJIOTHUECKHUe JaHHbe, a TAKIKE pasMephl
Tesa U riaBHbix yacteil Tena. MOMHO CKasaTb, YTO ONMCAHHLIE TaCTPOTPUXbI O3epa
Banatona mMenbmwe 1o pasmepy, yem Buiut Habmojennwe B ApPYrux osepax. 9ror Gaxr
MEM(AY NpOYMM, A0KA3aH U OTHOCHTEIIbHO MHOTHX JAPYLHX W/IEHOB MHKpO-(avuu Dana-
TOHA.



EPIZOISCHE PERITRICHEN AUS DEM BALATON II

VON
JOLAN STILLER (Budapest)
'Aus dem Ung. Biol Forschungsinstitut, Tihany, am Balaton-See.

Tingegangen am 29. April, 1949)

Durch die Kriegsereignisse gehinderi, gelang es mir erst im Juli
1948, nach 8-jahriger Pause meine Untersuchungen iiber die epi-
zoische Peritrichenfauna des Balaton-Sees bei Tihany fortzusetzen
(STILLER, 1941).

Die Witterungesverhiltnisse waren zu jener Zeit sehr ungiinstig.
Heftige Stiirme und andauernder Regen erschwerten das Einsammeln
der Wirtstiere. Die Steine der Brandungszone waren, bis anf wenige
Kieselalgen, sowie einzelne Fiden von Bangia afropurpurea und Bii-
scheln von Cladophora glommerata. welche in kleinen Vertiefungen fest
verankert waren und ebenfalls keine Epizoen trugen. reingefegi. Unter
den Steinen befanden sich ebenfalls keine Tiere, da sie zum Teil durch
den heftigen Wellenschlag weggeschwemmt wurden, zum Teil aber
in geschiitztere, noch etwas feuchtliegende. tiefere Schichten der Drif-
ten sich zuriickzogen. Nur unter jenen Steinen, welche im Schuize eines
neuangepflanzten kleinen Rohrichtes vor dem Biologischen Institut lie-
gen, war noch etwas Leben vorhanden.

Wenn sich der Wind voriibergehend legte und das Wasser meh-
rere Stunden hindurch unbewegt oder einem nur schwachen Wellen-
schlag ausgesetzt war, dann erschienen an geschiitzten Stellen der Klei-
nen Bucht die bevorzugtesien Wirtstiere der Peritrichen: Asellus aqua-
ticus, 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, irotz-
dem die zu jener Zeit viel haufigere Polycelis nigra von zahl-
reichen Trichodina steini und der selteneren Urceolaria mifra befallen
war. Versuchsweise hatte ich einigemal die Symphorionten von Poly-
celis nigra tosgelost, indem ich die befallenen Kiorperteile des Wirtstieres
mit Hilfe des Deckglases'zerdriickte und die auf dem Objekttriiger nun
frei umherkriechenden und nach einem neuen Substrat suchenden Tiere
in ein Uhrenglas hineinwusch. welches sowohl Polycelis nigra als auch
Dendrocoelum lacteum enthielt. In keinem der Fille lies sich Urceolaria
mitra oder Trichodina steini, wenn auch nur voriibergehend., auf Den-
drocoelum lacteum nieder. Diese beiden Peritrichen-Arien scheinen also
sireng artspezifisch zu sein, oder sich in der Auswahl des Wirtstieres
zu mindest an die Gattung Polycelis zu halten.

Carinogammarus und Asellus wiesen 'den veichsten 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 geschiitizte Orte zuriickzogen, fielen
nach ihrem Wiedererscheinen durch ihren besonders reichen Peritri-
chenbewuchs auf, welcher mitunter schimmelartie, auch mit freiem
Auge sichtbar war. Die sonst meist individuenarmen Kolonien ihrer
Epizoen erreichten bei solcher Gelegenheit die Hochsizahl 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 miissen, unter-
bleibt ihre Teilung oder erfolgt nur in sehr beschrinktem Masse und die
Kolonien bleiben bei stiirkerer Wasserbewegung meist individuenarm.
Sehr hiiufig sind zu jener Zeit solitiire Formen kolonienbildender Arten.

Canthocampthus minutus war mit einer nicht niither bestimmien
Nais-Art die peritrichenfiihrende Leitform der cladophorabewachsenen
Phragmiles-Stiele. Weniger an der Zahl war Canthocampthus zwischen
den Cladophora-Biischeln der Ufersteine oder in der Tierassoziation der
Laichkrautbestiinde verireten. An siimtlichen Standorten war fast jedes
Exemplar von Canthocampthus mit Cothurnia affinis besetzt.

Als neues Wirtstier hatte ich auch den erst unliingst eingewan-
derten. heute aber bereits sehr gemeinen interessanten A mphipo-
den pontischer Herkunft: Corophium curvispinum (ENTZ-SEBESTYEN,
1946, p. 201—302) auf seine Epizoen untersucht. Corophiun: findet man
immer in grossen Mengen, wenn man Laichkraut in einen mit Wasser
gefiillten Behiilter auswiischt und den Inhalt frisch untersucht. Beson-
ders die iilteren Exemplare gehen namlich in diesem, an Zersetzungs-
stoffen reichen und nicht durchliifteten Wasser sehr bald ein und die
wenigen jungen Exemplare, welche man noch nach 1—2. hochstens 3
Tagen in den abgesetzten schleimigen, selbstgebauten Rohrchen findet.
besitzen meist keine Epizoen. An Corophium-Rohrchen sassen wieder-
holt vereinzelte Exemplare der in der Auswahl des Substrats nicht spe-
zialisierten Vorficella convallaria. Am Korper vom Corophium sassen
zur Zeit dieser Untersuchungen insgesamt ‘drei Peritrichen-Arien: Zoo-
thamnium longifilum, 7. minimum vnd Cothurnia anomala. Q. SEBES-
TYEN fand nach einer miindlichen Mitteilung ein Exemplar von Vagini-
cola crystallina, welches nach stiirmischem Wetter hochstwahrschein-
lich sekundiir auf diesem sonst ungewohnlichen Substrat sich angesie-
delt hatte.

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

Das Wasser des Brandungsufers war bei stiirmischem Wetter sehr
reich an Tripton, welches oft einen breiten, dunkelbraunen Spiilsaum
bildet. Dieser Spiilsaum enthielt nur wenige Lebewesen, welche durch
den Wellenschlag von ihrem urspriinglichen Standort weggerissen. dort-
hin gerieten. Einige Tardigraden, Rotatorien und Kiesel-
algen waren regelmiissig vorhanden. Von Ciliaten fanden sich ver-
einzelt: Stenfor coeruleus, Urocentrum turbo und ganz ansnahmsweise
Paramecium  caudatum in Gesellschaft der Achromatofla-
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gellate Rhynchomonas nasuta, welche sonst nur zwischen dem Dei-
ritus der Laichkiautbestiinde oder der beiden neuangepflanzten Roh-
richte der Kleinen Bucht zu finden waren.

Von Peritrichen fanden sich nur wenige Arten 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 sdmtliche, 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
erwihnten Arthropodenresten im Detritus der Brandungszone finden.

Bis zum Jahre 1940 konnte ich im Balaton insgesamt 31 epizoische
Peritrichen-Arten feststellen. Trotz der ungiinstigen Witterung stieg
diese Zahl im Laufe meiner im Juli 1948 vorgenommenen Untersuchun-
gen auf 45. Hiervon waren eine Gattung, 9 Arten und eine Varietit fiir
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 gelundenen
25 Arten bzw. Varietiten kam  nur Zcothamnium varians auf zwei
Wirtstieren, namentlich A4sellus aquaticus und Carinogrammarus Roe-
selii vor.

Im Juni 1948 kamen folgende Arten zum Vorschein:

Urceolaria mitra Crap. u. L. auf Polycelis nigra, selten.

Trichodina steini Crar. u. L. auf Polycelis nigra. haufig.

Rhabdostyla inclinans d'UpEk, auf Nais sp., sehr hiufig.

Epistylis carinogammari sp. n., Gelenke von Carinogammarus
Roeselii, sehr selten.

Epistylis corollata sp. n., Fiihlerbasis von 4sellus aquaticus, sehr
selten.

Opercularia asellicola Kanv, Fussgelenke von Asellus aquaticus,
sehr selten.

Intranstylum asellicola, Fussgelenke und Kopf von Asellus aqua-
ticus, massenhaft.

Intranstylum steini Wrz.-Kant, Kiemenblitter von Carinogam-
marus Roeselii, selten.

Vorticella campanula Eurse., Gehiiuse von Dreissena polymor-
pha, selten.

Vorticella convallaria 1., Schleimhiilse von Corophium curvispi-
num, selten.

Vorticella abbreviata KE1sER, Fussgelenke von Carinogammarus
Roeselii, selten.

Vorticella kahlii StiLer, Thorax und Beine von Leptodora
Kindtii Fockr, sehr selten.

Zoothamnium varians STILLER, Carinogammarus Roeselii und
Asellus aquaticus, massenhaft.

Zoothamnium varians var major par. n., Abdominalsegmente von
Asellus aquaticus, selten.
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Zoothamnium longifilume sp. n., Abdomen von Corophium curvi-
spinum, selten.

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

Zoothamnium robustum sp. n. Beine von Carinogammarus Koe-
selii, sehr selten.

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

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

Vorticelline. Gattung unbekannt, auf einem Asellus-Ei.

l Vaginicola crystallina EwrsG, auf Corophium curpispinum, ein-

mal.

Cothurnia affinis Kaur. Abdominalsegmente von Canthocamp-
thus minutus. hiufig.

Cothurina clausiens sp. n. Arthropodenreste im Spiilsaum. hiufig.

Cothurina anomala sp. n., Beine von Corophium curvispinum, sehr
héufig.

| Lagenophrys aselli Prate, Kiemenblitter von Asellus aqualicus,

selten.

BESPRECHUNG DER ARTEN
Rhabdostyla inclinans Roux.

Seit ihrem ersten Entdecker: O. I'. MULLER (1786) wurde diese
Art von zahlreichen Forschern wiedergefunden. D'Ubekem beschrieb
sie im Jahre 1864 als Gerda inclinans, KNt (1882) als Scyphidia incli-
nans, STOkEs als Rhabdostyla chaeticola, Svec (1897) als Rhabdostyla
discostyla und Roux (1901) als Rhabdostyla inclinans. Unter diesem Na-
men fasste PENARD (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 Identitdt dieser beiden Arten.

Diese Art wurde bisher nur auf Wasseroligochaeten gefunden.
Thre bevorzugtesten Wirtstiere sind verschiedene Nais-Arten. Svec fand
sie ausserdem auf Tubifex-Arten. Kanrn erwithnt und beschreibt eine
bedeutend schlankere und etwas kleinere (40 #) Form, welche aul Pris-
tina longiseta sassi (KAHL, 1935, S. 676, 728:Fig. 6). Ich fand diese Art
iiberall, wo ich ihr Wirtstier, Nais fand. Sie war sowohl im Balaton-
See, als im Flusse Tisza bei Szeged. sowie im Grossen Ploner See in
Holstein sehr gemein. Es fanden sich zwei von PeNarp (1922, S. 265—266,
Fig. 250) priichtig dargestellien Abarten: die aul den Borsten sitzende,
diinngestielte Rh. inclinans und die der Gerda inclinans und Scyphidia
inclinans entsprechende, ‘ungestielte Abart mit stielartig ausgezogenem
Hilnterendc. welche unmittelbar auf der Haut des Wirtstieres zu sitzen
pflegt.

" g Juli 1948 fand ich in den aus Cladophora glommerata und ver-
schiedenen Bacillariophvten gebildetem Aufwuchs des kleinen Roh-
richtes vor dem Biologischen Forschungsinstitut iiberaus viele Exem-
plare einer nicht niiher bestimmten Nais-Art, welche reich mit der un-
cestielten, spiirlicher mit der gestielten Form von Rhabdostyla inclinans
hesiedelt waren. Die gestielte Form sass aber nicht auf dem
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auch von PENARD (1922) dargestellien diinnen kurzen Stiel. Derselbe
war kurz, sockelartig, oft unregelmiissig 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 Kolonienbildung von Rh. brevipes erwihni Entz
sen. (1902). STiLLER (1931) fand. dass auch Rh. ovum nur die meist so-
litiir' bleibende Form einer bis dahin unbekannten Epistylis-Art ist und
tiihrt dieselbe seither als Epistylis ooum an. Der Umstand, dass es sich
nunmehr bei der dritten Rhabdostyla-Art: Rh. inclinans herausstellte,
dass sie — zwar #usserst selten — zur Bildung von Kolonien befihi
ist, also eigentlich eine meist solitéir bleibende Epistylis-Art darstellt,
bringt den Gedanken nahe. dass die Gattung Khabdostyla, wie die eben-
falls zuweilen kolonienbildende Gattung Pyxidium moglicherweise
iiberhaupt keine systematische. sondern nur eine okologische Gruppe
der Peritrichen darstellt, da es nicht ausgeschlossen ist, dass auch (iie
iibrigen Arten unter bestimmten okologischen Verhiiltnissen Kolonien
bilden konnen.

Die Kolonienbildung der in Tihany gefundenen Fhabdostiyla
inclinans erinmert sehr an diejenige von ¥pistylis (Opercularia) humilis
(KeLnicort) KanL. Auch die Korperform ist sehr dhnlich, sodass die
Moglichkeit einer ldentitiit 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 Wasseroligochiiten bekannt ist. lch selbst habe Epi-
stylis humilis bisher noch nie gefunden und kann  daher diese beiden
Arten nicht miteinander vergleichen, da mir auch KerLLicorTs im Jahre
1887 erschienene Arbeit, in welcher er E. humilis als Opercularia humi-
lis beschreibt, bisher nicht zugiinglich war und ich bei dem Vergleich
nur auf die sehr kurze Beschreibung und die etwas schematische Re-
produktion der Originalzeichnung von KerricorT in Kanu (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 wurstformig abgesetzt wie bei Epistylis hu-
milis an der Abbildung von Kuruicorr, welche tatsiichlich keine Ahn-
lichkeit mit der Gattung Opercularia aufweist, in welche KgrricorT
seine neue Art urspriinglich einreihte. Nun hege ich aber doch Beden-
ken, ob ein so guter Beobachter wie KeLLicotT diese Art so ganz ohne
Begriindung in die Gattung Opercularia eingereiht hiitte. Wenn man
Rh. inclinans unter dem Deckglas beobachtet. dann bleibt das Peristom
dieser ' Tiere nur ganz kurze Zeit ausgesireckt. Infolge ihrer hohen
Deckglasempfindlichkeit ziehen die Tiere ihren gewolbten Diskus bald
ein und der Peristomsaum zieht sich schnauzenformig hervorspringend,
zierlich gefaltet zusammen. #hnlich wie man es bei den Arten der
Gattung Opercularia sieht. Es scheint also sehr wahrscheinlich, dass
sich die sehr #ihnlich gestalteten Zooiden von E. humilis ihnlich verhal-
ten und dieser Umstand mag Keruicott dazu veranlassi haben, seine
Tiere in die Gattung Opercularia einzureihen. Auf Krrricorrs 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 Korper-
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drittels reicht, also bis zu jener Zone, in welcher sich beim Ubergang
zum Schwirmerzustand der aborale Cilienkranz ausbildet. Derselbe
entsteht in einer oft ziemlich scharfen, rinnenartigen Vertiefung. Das
stielartig verjiingte Korperende wird dabei immer etwas eingestiilpt.
Der sich dariiber befindliche Korperteil ist im Verhiiltnis zum einge-
stiilpten Teil stark verbreitert und bis zur zierlich gefalteten Schnauze
tonnenformig ausgebildet. Auch die im Ubergang zum Schwirmerzu-
stand befindlichen Tiere sind meist iibergeneigt. iihnlich, wie dies
PeNARD treffend darstellt (1922, S. 265, Abb. 250/2), doch findet man
hiufig auch aufgerichtete Fxemplare.

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

Der Schlund wurde von den meisten Forschern hedeutend kiir-
zer dargestellt. Dies mag mit dem Umstand zusammenhingen, 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 Schiundes ist
meist so geriiumig, wie bei jenen Vertretern der Gattung Opercularia,
welche einen verhiilinismiissig engeren Schlund besitzen. Jedenfalls ge-
hiort Rhabdostyla inclinans und moglicherweise auch die mit ihr even-
tuel identische Epistylis humilis zu den Mitgliedern jener kleinen
Gruppe, welche als Ubergangsformen zwischen den Gattungen Episty-
lis und Opercularia aufgefasst werden konnen, welche aber auf Grund
ihrer kennzeichnendsten Merkmale auch von Kaun mit Recht in die
Gattung Epistylis eingereiht wurden.

Der Kern von Rhabdostyla 'inclinans ist bedeutend lLinger als
bei Epistylis humilis. Wir wissen jedoch, dass die Grosse, oft aber auch
die Lage der Peritrichenkerne mitunter ziemlich grosser Variabilitit
unterworfen ist, welche oft vom physiologischen Zustand des betref-
fenden Tieres abhiingig ist. Vorliufig bleibt also die Frage offen, ob
der Unterschied der Kerne dieser beiden Arten als systematischer, oder
bloss als physiologischer Unterschied aufgefasst werden soll.

Die 'Liinge der in Tihany gefundenen Tiere betrug 48—50 .
Nach KaHL betriigt die Liinge von Epistylis humilis 40—50 x. Der Un-
terschied bewegt sich also innerhalb der Grenzen der normalerweise
auftretenden Variabilitit.

EPISTYLIS CARINOGAMMARI sp. n. (Abb. 1)

Diese Art bildet meist niedrige biiumchenformige 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 sich die
unter dem Drucke des Deckglases rasch ablosenden Tiere entfernt ha-
ben. Dieselben irren dann mit Hilfe ihres adoralen Cilienkranzes
unruhig hin und her, ohne richtige Schwiirmer zu bilden. Mitunter
findet man aber kleine Kolonien mit zwei Zooiden, welche dichi neben-
einander, unmittelbar auf dem stark sich verbreiternden, unregel-
missig gerunzeltem Hauptstiel sitzen. Die Querfalten sind kaum ver-
tieft und bilden keine so scharfen Querabsiitze ‘“wie bei den ilteren,
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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 Querabsiize
regliedert. Simtliche Stiele nehmen nach oben an Breite zu, doch
sleiben sie immerhin noch schmiler als die Basis des daraufsitzendem
Tieres. Der Basalabschnitt des Haupistieles ist haftplattenartig ver-
breitert. Die Ansatzfliche ist also immer gerade, da die Kolonie nicht
in die unregelmiissig geformte Vertiefung des Fussgelenkes eingepflanzt
iSti-’ sondern meist dicht daneben, aber bereits an das Bein selbst ange-
heftet ist.

Die Kolonien erreichen eine Hochsizahl von 8 Individuen. Die
Stiele sind immer farblos und wasserhell, ohne merkbare Lings-

sireifung.

Abb. 1. Epistylis corinogammart sp, n. 400fach.

Die Korperform ist bilateral svmmetrisch, eiférmig, etwa zweimal
so lang wie breit. Der Peristomsaum  ist verdickt, aber weder umge-
schlagen, noch scharf abgesetzt. Der Diskus ist gewolbt und legt sich
im Ruhezustand deckelartig iiber den engen und kurzen Schlund. Die
Pulsationsblase liegt unter dem Peristomsaum. Der Kern ist hufeisen-
formig gebogen und meist, quer gelagert, Das Protoplasma ist farblos
und (furchsche'mend, die Pellicula scheinbar ungestreift.

Die Grosse variiert innerhalb einer Kolonie zwischen verhiilinis-
miissig weiten Grenzen. Der Lingen-Breitenindex des grossten Indivi-
duums der auf Abb. 1 dargestellten Kolonie bertigt 50 u der des
kleinsten Zooiden 40 .

EPISTYLIS COROLLATA sp. n. (Abb. 2)

Diese seltene ‘Art bildet kleine rosettenartige Kolonien an der
Fiihlerbasis von Asellus aquaticus. Der niedrige Stiel der festsitzenden
Kolonien wird von den 50—60 x langen Zooiden vollkommen verdecki.
Derselbe kann nur dann beobachtet werden, wenn man den betreffen-
den Korperteil des Wirtstieres derart gliicklich zerlegt, dass der Stiel
vollkommen frei wird. Gewohnlich 16sen sich die Tiere vom Stiel, die-
ser bleibt jedoch im Gelenk des nur schwer loslosbaren Fiihlers sitzen
und kann dann nicht gut beobachtet werden.

Diese Art erinnert gewissermassen an Epistylis stammeri
NENNINGER und besitzt den Habitus von Intranstylum macrostylum.
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Die Kolonie besitzt einen sehr kurzen, knorrigen Hauptstiel,
dessen Form sich der Vertiefung an der Basis des [iihlers anpassi.
Ungefiihr in gleicher Hohe gehen die kurzen, dicken, unregelmiissig
geformten Stiele hervor, an welchen die Zooiden sitzen. Diese Stiele
sind gewohnlich nicht mehr verzweigt, nur selten wiichst seitwiirts ein
etwas diinnerer Stielansatz hervor. welcher aber an den beobachteten
Kolonien kein Zooid trug.

Die Seitenwiinde der Stiele sind unregelmiissig gewellt. In der
Mitte verliuft ein sehr dickes Biindel feiner Fibrillen, welches gegen
den Hauptstiel etwas konisch verschmiilert ist. Diese Fibrillen scheinen
auch in den Korper des Zooiden einzudringen und im Kortikalplasma
zu enden. Auffallend ist die dichte Granulation der kortikalen Plasma-
schicht im unteren Kérperende, welche an der Ansatzstelle besonders

Abb. 2. Epistylis corollata sp, n. 400fach.

dicht ist. Da das Kortikalplasma regelmiissig frei von Einschliissen ist,
so ist die Moglichkeit nicht ausgeschlossen, dass diese Granulation mit
der dichten Fibrillenbildung des Stieles zusammenhingen mag. Die
kurze Zeit meines Tihanyer Aufenthaltes und die kleine Zahl der ge-
fundenen Kolonien liessen eine genauere cytologische Untersuchung
nicht zu. Das zwischen den Granula sichtbare Ektoplasma ist farblos
und hyalin. Das ebenfalls granulierte Entoplasma ist infolee der zahl-
reichen, sehr grossen Nahrungsvakuolen nicht durchscheinend. Es ist
gegen das Ektoplasma mit einer sog. Tunica propria scharf abgegrenzt.
; Der Korper 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 Pzrisiomsaum
ist mit welliger Kontur etwas gefaltet und liisst in der Mitte eine Off-
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 Hilfie
iitber dem Peristomsaum. Das Vestibulum ist ziemlich gerdumig und
geht in einen kurzen, fast rohrartig verengten Pharynx iiber, welcher
aber scheinbar nur das Ende des ersten Korperdrittels erreicht. Der
Kern ist wurstformig, seine Lage veranderlich.



23
INTRANSTYLUM ASELLICOLA KAHL.

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

Bei windstillem Wetter sind langgestielte Kontraktilien vorherr-
schend. Zur Zeit der Stiirme, bei heftigem Wellenschlag aber, ist
1. asellicola, wohl infolge der Festigkeit seines verhilinismissig kurzen
lings- und quergestreiften Stieles die Leitform der Assoziation. Es
konnte nun angenommen werden, dass der erhohte Sauerstoffgehalt des
besser durchliifteten, stark wellenbewegien Wassers des Brandungs-
ufers die Vermehrung dieser Art bevorzugt, doch ist ihre Vor-
herrschaft eher ihrer Widerstandsfihigkeit den hydrodynamischen
Einfliisssen gegeniiber zuzuschreiben. Wihrend niimlich die iibrigen
Epizoen des im Sammelglas gehaltenen Asellus aquaticus in mehr oder
minder kurzer Zeit verschwinden, nimmt die Zahl von 1. asellicola
stark zu.

Das Wasser dieser Kulturen ist unbewegt und verhiiltnismiissig
reicher an Nahrstoffen. Auch die Temperatur ist geringeren Schwan-
kungen unterworfen als das an Niihrstoffen idrmere, stiindig erneute
Wasser der untersuchten Brandungszone. Sobald sich die Peritrichen
diesen geiinderten Verhidltnissen anpassen konnen, finden sie hier
giinstigere Lebensbedingungen als an den frei lebenden Wirtstieren.
1. asellicola scheint von allen asellicolen Peritrichen die grosste Anpas-
sungsfihigkeit zu besitzen und erreicht hier ihre hochste Entfaltung.

Die Variationsformen sind hier ebenso maunnigfaltig wie z. B.
bei der unter saproben Verhiiltnissen geziichteten Vorficella microstoma,
welche eine Fiille der extremsten Formen aufweist (STiLLER, 1946),
withrend die auf freilebenden Wasserasseln sitzenden Tiere, innerhalb
der Population keine nennenswerte Variabilitit zeigen.

Seit diesen Beobachtungen erhielt ich die grosse Peritrichenarbeit
von NENNINGER, in welcher die Verfasserin iiber die Variationsbreite
des Korpers von Iniranstylum asellicola berichtet, welche in verschie-
den eingestellten Kulturen gut zum Ausdruck kam (NENNINGER, 1948).

Die Tihanyer Kultur war nicht kiinstlich eingestellt. Sie unter-
schied sich vom Lebensraum der freilebenden Tiere nur durch ‘Aus-
schaltung der Wasserbewegung und grosserer Temperaturschwankung,
der damit verbundenen Anderung der Durchliiftungsverhiilinisse, der
Erhohung der Konzentration im Wege der langsamen Verdampfung
des Kulturmediums und Anreicherung der Nahrungsstoffe infolge des
allmiihlichen Absterbens der Cladophora-Biischel und Exkremente der
Wirtistiere, welche Umstiinde schliesslich zur Veranderung der physiko-
chemischen Verhiltnisse dieses Lebensraumes fiihrten. Die schlechtere
Durchliiftung wurde hier zum Teil durch die Assimilationstiitigkeit
der Cladophora-Biischel rekompensiert.

Eine auffallende Eigentiimlichkeit 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
(Abb. 3a). An den Verzweigungen war der Stiel gegliedert. Diese
Gliederung tragt ebenfalls zur Festigung des Stieles bei stirmischem
Wetter, oder rascher Bewegung des Wirtstieres bei. Die Seitenzweige
sind nicht immer so regelmassig quergestreift und eingekerbt wie der
nach oben sich verbreitende Hauptstiel und ihre Seitenwénde haben
mitunter einen mehr oder minder unregelméassigen welligen Verlauf.
Ausserdem ist der Stiel nicht so drehrund, wie ihn Kahi bei Jntransty-
lum asellicola zeichnete (1935, S. 728, Fig. 23), sondern mehr abgeflacht,
wahrend die querfaltigen Zweige an der von Kahi dargestellten

Ahb. 3 a, b, ¢, Intranstylum asellicola Kahl, a freilebende Kolonie mit exzentrisch

ausgebutdetem Stielfaden, b solitdre Form mit abweichend ausgebildetem Stiel aus der

Kultur, ¢ 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
Stielfadden ungefahr in der Hohe 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 Faden auslauit, wahrend der Stielmuskel des
Seitenzweiges nur bis zur Abzweigung reicht. Die Kolonie weist also in
extremsten Féllen 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, hochstens 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 hiufigsten auf den Borsten
selbst. Nicht selten findet man sogar solitire Exemplare an der iusser-
sten'Spitze einer Borste.

Wenn man Asellus aquaticus lingere Zeit in Gefangenschaft hiilt,
dann bleibt — wie oben bereits erwihnt — Intranstylum aseilicola als
Leitform der Epizoen-Assoziation am lingsten am leben. Sowohl die
Ausbildung des Stieles als auch die Korpergrosse und Form des Diskus
variieren innerhalb  ziemlich weiter Grenzen. Der Liingen-Brei-
tenindex der freilebenden Tiere betrug 40%X20 4 und die Tiere
erreichten nur selten eine linge von 45 ;. Der Lingen-Breitenindex
der im Sammelglas gehaltenen Exemplare variierte zwischen 35X20
und 50X30 4.

Abb. 3b veranschaulicht ein solitires Exemplar mit treppen-
artig gegliedertem Stiel, dhnlich wie ihn  PReECHT bei seinem Haplo-
caulus nicolae darstellt. Diese Form fiihrt zu jenen ganz abweichend
ausgebildeten Kolonien iiber, welche mitunter massenhaft am Kopfe
thres Wiristieres sitzen (Abb. 3c¢). Diese Kolonien haben einen Ee—
deutend lingeren, lings- und quergestreiften Hauptstiel als die an den
Fiissen sitzenden Kolonien der in Gefangenschaft lebenden Wirtstiere
oder der freilebenden Formen und die Seitenzweige sind noch abwei-
chender gestaltet. An Stelle der regelmiissigen, feinen Querstreifen ist
die Stielwand unregelmiissig geweflf, jstellenweise treppenartig abge-
cetzt, am haufigsten aber mit fliigelartigen Verbreitungen. Diese Formen
erwecken bei fliichtiger Beobachtung den Eindruck eines Zootham-
niums, doch siecht man bei stirkerer Vergrosserung, dass die so ziem-
lich in gleicher Hohe zusammentreffenden Stielfaden dicht nebenein-
ander, aber voneinander abgesondert verlaufend, ein spitz endendes
Biindel bilden, welches schliesslich noch ‘in einen feinen Faden aus-
lauft. Der Diskus dieser Formen war, im Gegensatz zum etwas ge-
wolbten Diskus der Normalindividuen, immer genabelt.

Die Korperform der {rei lebenden und der im Sammelglas gehal-
tenen Tiere entspricht in ihren iibrigen Merkmalen, den im Jahre 1940
gefundenen Exemplaren (STILLER, 1941), nur ist das untere Ende oft
etwas mehr verjiingt und die Pellicula bedeutend schwiicher querge-
streift. In extremsten [illen erscheint sie sogar vollkommen glatt.

Mit konzentriertem Sublimat fixiert zeigcen die Tiere enge
Lingsfalten, wodurch sie bei schwicherer Vergrosserung scharf Lings-
gestreift erscheinen. Der Rand des Peristoms ist dann tief eingekerbt.
Die Schnauze ragt hierbei nur etwas hervor.

Das Peristom ist sehr selten etwas schrig abgestutzt.

Nicht selten findet man Exemplare, bei welchen statt der iibli-
chen einen Pulsationsblase, ungefiihr in der Mitte der basalen Pha-
rynxwand, 2—3 Pulsationsblasen ausgebildet sind, ohne dass sich am
K'dr]()ler irgendwelche pathologische Veriinderungen bemerkbar machen
wiirden.

Intranstylum asellicola ist nicht sehr deckglasempfindlich und
bleibt, ohne merkliche Erhohung des Zellturgors oft lingere Zeit aus-
gestreckt. Durch den Sauerstoffmangel schliesslich zur Schwirmer-
bildung veranlasst, erhalten sie nur ausnahmsweise die auf Abb. 3a
dargestellte 'orm mit nur wenig eingezogenem Peristom und tiefer
Einschniirung unter dem ebenfalls in eciner Rinne eingepflanzten
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aboralen Cilienkranz, wodurch ein dicker Ringwulst entsteht. Gewdhn-
lich ziehen die Schwiirmer das Peristom derart ein, dass sie eine dqua-
torial eingeschniirte Kugelform annehmen. In dieser Einschniirung
wird der aborale Cilienkranz ausgebildet.

ZOOTHAMNIUM VARIANS STILLER. var. MAJOR var. n.

Zoothamnium varians war in diesem Jahre haufiger als im Jahre
1931, als diese Art zum erstenmal zum Vorschein kam. Sie lebte auf
Carinogammarus, war aber noch hiufiger an Asellus zu finden.

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

Die Pellicula ist auch bei dieser Varietiit fein, aber deutlicher
quergestreift, als bei der Stammform und an den Seiten fein eingekerbi.
Ein weiterer Unterschied war der sehr dicke Muskelfaden, welcher
mitunter einen Durchmesser von 5 y erreichte. Derselbe durchzog auch
den ganzen Hauptstiel bis zur flachen, breiten Haftplatte, Er ist weni-
ger konkraktil als der diinne Muskelfaden der Stammform und man
findet mitunter Kolonien, deren Muskelfaden in Stiicke zerfialli, Die
Pulsationsblase liegt im Diskus ‘in der Hohe des Perisiomsaumes, oder
aber etwas hoher. )

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

ZOOTHAMNIUM LONGIFILUM sp. n. (Abb. 4. a, b, ¢)

Diese Art, welche mitunter in grossen Mengen am Abdomen von
Corophium curvispinum witzt, {illt in erster Linie durch den auffallend

Abb, 4 a, b, c. Zoothamnium longifilum sp. n, @ Diagramm, b Endteil des Ilauptstieles,
¢ das Zooid. 400fach.

langen Hauptstiel auf, welcher bis an das rundliche Stielende von
einem sehr dicken Muskelfaden durchzogen ist. Die Seitenzweige 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 haufigsten sind die auf
Abb. 4a dargestellien individuenarmen Kolonien.
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Die Korperform ist bilateral symmetrisch, gegen unten verjiingt,
unter dem wulstartig verdicktem Peristomsaum eingeschniirt. Der
Durchmesser des Peristomsaumes ist etwa so lang, wie die bauchige
Kérpermitte, oder etwas ldnger.

Der Korper ist farblos und durchscheinend. Der Pharynx reicht
ungefiihr bis zur Korpermitte. Der Kern ist lang, wurstformig, an bei-
den Enden gebogen und so ziemlich konstant in einer vertikalen Ebene
geleg{en. Er zerfiillt oft in mehrere Teile. Die Pellicula erscheint unge-
streift.

Die Liinge der Tiere betrdgt 50 u, die grosste Breite 30—35 4.

ZOOTHAMNIUM CARINOGAMMARI sp. n. (Abb. 5)

Morphologisch steht Z. carinogammari der Meeresform Z. dupli-
cafum KAHL und dem von NENNINGER als Epizoon von Carinogammarus
Roeselii und Asellus aquaticus beschriebenen Z. procerius var. ovajum
am nichsten.

Im Juli 1948 war diese Art das hidufigste Epizoon des unter den
Ufersteinen 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 Fiissen, besonders aber in den Fussgelenken ihres
Wirtstieres.

Die Kolonien erreichen eine Hohe von 300—350 ; und ihre
dichotom verzweigten Nebenstiele gehen in gleicher Hohe aus dem
meist durch eine Gliederung abgetrennten Hauptstiel hervor. Der End-
stiel ist meist kiirzer als die halbe Kérperlinge des daraufsiizenden
Tieres. Oft unterbleibt die Teilung eines der Zooiden wund der Seiten-
zweig bildet gleichzeitig den vom normalen bedeutend lingeren End-
stiel. Diese Tiere wachsen auf das doppelte des normalen Individuums
an, ohne den fiir die typischen Makronten charakteristischen Dimor-
phismus aufzuweisen. Eine Konjugation konnte nie beobachtet werden.
Samtliche Stiele sind farblos und wasserhell. Die Stielwand ist derart
diinn, dass sie mitunter zerknittert ist und der Stiiel an einzelnen Stel-
len diinner erscheint. Infolge seiner Durchsichtigkeit ist eine dusserst
feine Langsstreifung entlang des ganzen Stieles gut sichtbar. Am Haupt-
stiel nimmt diese Lingsstreifung an Stirke zu.

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

Das obere Stielende ist immer breiter, als das verjiingte Kor-
perende des daraufsitzenden Tieres. Die Ecken des Stielendes sind
gegen die Ansatzstelle sanft abgerundet. Das untere Stielende bildet
keine Haftscheibe, wie wir es bei den epiphvtisch lebenden Peritrichen
finden, oder an jenen epizoischen Formen, welche an einer geraden,
glatten Oberfliche sitzen, sondern es ist unregelmissig abgerundet,
stellenweise eckig, wie es eben die Form des besetzten Korperteiles,
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D/ws* 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 Stirme in den Schutz der Ufer-
driften zurickzient, wo das Wasser verhaltnissmassig unbewegt ist
kann sich diese Art ungehindert vermehren, umsomehr als sie im fein-
zerriebenen Detritus reichliche Nahrung findet. Dies erklart die ver-
héltnismassig hohe Individuenzahl, welche. bei den Ubrigen Epizoen
dieser lebhaft beweglichen Wirtstiere sonst kaum zu finden ist.

Abb. 5. Zoothamnium carinogammari > n. .itOfach.

Die Tiere haben einen schlank urnenférmigen Korper von
40—50 fi Lange. Die makrontenhaft angewachsenen Individuen sind
immer etwas aufgetriebener.

Der Peristomsaum ist zweiteilig, sein Durchmesser langer als
die grosste Breite des Korpers. Der Diskus ist sehr schwach gewdlbt,
fast flach und gelegentlich der Nahrungsaufnahme schrig aufgerichtet.
Am Rande befindet sich eine tiefe Ringfurche fir den Cilienkranz.
Dem mehr aufgetriebenen Korper der makrontenhaften Individuen
entsprechend, ist auch deren Diskus mehr gewdlbt. Der weitgedffnete
Schlund ist gerdumig und reicht bis etwas unter die Kdrpermitte..Die
Pulsationsblase liegt im Diskus und entleert sich durch die obere Wol-
bung des Pharynx.

Das Protoplasma ist licht und durchscheinend. Nur die das
Entoplasma oft dicht anfillenden Nahrungsvakuolen erschweren die
Lebendbeobachiung des Kernes. Das Kortikalplasma fullt fast das
ganze verjlingte Korperende 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 grosserer Vergrosserung ungestreift.

Die Form, Linge und lLage des Kernes ist verschieden. Am
hidufigsten sieht man dickere und mehr kurze, wurstartige, mitunter
hufeisenformig gebogene Kerne in verschiedener Lage. Selten ist der
Kern sehr lang und S-formig gewunden. Auf ein und‘derselben Kolonie
ist die Linge und Form des Kernes so ziemlich dieselbe. Der Unter-
schied konnte also eher auf physiologische Ursachen, bzw. auf den
physiologischen Zustand der Zooiden zuriickgefiihrt werden.

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

ZOOTHAMNIUM ROBUSTUM sp. n. (Abb. 6)

Diese Art sass dusserst selten an den Beinen von Carinogramma-
rus Roeselii. Der breite, dicke Stiel ist hochstens 1 1/2-mal so lang wie

Abb, 6. Zoothamnium robustum sp, n, 400fach.

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

Der Korper ist untersetzt, unten breit abgestutzt, unter dem Pe-
ristomsaum nur schwach eingeschniirt. Der Perisomsaum bildet die
grosste Breite des Korpers. Es ist ebenfalls unregelmiissig, an einzelnen
Stellen durch eine Furche zweiteilig eingeschniirt. Der Diskus ist ge-
legentlich der Nahrungsaufnahme sehr schief gestellt, konisch, mit
kleinem nabelartigen Vorsprung. Am Rande verlduft eine Ringfurche
fiir den aus kréftigen Cilien gebildeten adoralen Cilienkranz. Die Pul-
sationsblase liegt im Diskus.
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Der Pharynx reicht ungefahr bis zur Korpermitte. Die sich ab-
schniirenden Nahrungsvakuolen sind rund und nicht sehr gross. Das
Entoplasma ist granuliert, das Kortikalplasma farblos und hyalin. Der
Kern ist dick. hufeisenformig und quer gerichtet.

Die Grosse betriigt 55 u.

ZOOTHAMNIUM MINIMUM sp. n. (Abb. 7)

Diese Art bildet mit Z. plectostylum und Z. nanum eine engver-
wandie Gruppe. Sie war zur Zeit dieser Untersuchungen sehr selten
und wurde im Balaton nur auf Corophium curvispinum gefunden. Meist
sassen zwei Individuen auf kurzen, dichotom verzweigten Stielen,
doch finden sich mitunter auch Kolonien mit 6—8 Zooiden. 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 erinnerty an die marine Art Z. nanum, welche Kaur als
Epizoon nicht niiher bestimmter' Amphipoden der' Kieler Bucht beschrie-
ben hat. doch war der Hauptstiel nie so lang und die ganze Kolonie der-

Abb, 7. Zoothammium minimum sp. n. 400fach.

art niedrig, dass der Stiel ganz verdeckt ist. Bei Z. plectostylum ist
der Hauptstiel bedeutend Ta'nger, deutlich lingsgestreift, gegen oben
verdickt, ohne Einschniirungen, mit unregelmiissic wellig verlaufenden
Seitenwiinden.

Der Stiel ist farblos und diinnwandig, in fast regelmiissigen Ab-
schnitten tief eingeschniirt. Der Haupistiel ist immer nur ganz kurz,
fast sockelartig}ausgebildet und zeigt eine deutliche Liingsstreifung. Die
Haftplatie ist in engen Vertiefungen nicht ausgebildet. Wenn aber die
Kolonie mehr auf der Korperoberfliche sitzt. findet man eine etwas
breitere, flache, farblose Haftplatte. Das Mvonem ist nicht sehr dick
und nur schwach kontraktil.

Der Korper ist nicht so schlank wie bei Z. plectostylum, sondern
bauchig aufgetrieben, nach unten nur selten schwach verjiingt, meist
nahezu kugelig, doch findet sich ausnahmsweise ein bedeutend schlan-
keres. etwas fiillhornartig gebogenes  Individuum auf derselben Kolo-
nie. Der bei der Gattung Zoothamnium auf derselben Kolonie so hiufig
beobachtete Grossenunterschied der Individuen ist auch hier sehr hiiufig,
ohne dass eine ausgesprochene Makrontenbildung zu beobachten wiire.

Der Peristomsaum ist wulstartig verdickt, aber weder umgeschla-
gen. noch deutlich vom Kirper abgesetzt. Der Diskus ist etwas gewalbt
und bei manchen Exemplaren schwach konisch ausgdbildet. Gelegent-
lich der Nahrungsaufnahme ist er auffallend schief gestellt. Die Cilien
sind, wohl infolge der verborgenen Lebensweise des in der Schleim-
rohre sitzenden Wiristieres lang und kriiftig ausgebildet. Die Pulsa-
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tionsblase liegt unmittelbar unter dem Peristomsaum. Die Pellicula ist
scheinbar glatt.

Der Schlund reicht ungefiithr bis zur Mitte des Korpers. Das farb-
luse. durchscheinende Entoplasma enthili zahlreiche kleine, runde
Nahrungsvakuolen. Gegen das wasserhelle Ektoplasma des unteren
Korperendes ist das Entoplasma stark granuliert. Der Kern befindet
sich ungefihr in der Korpermitte. Er ist ‘kurz, dick/ und etwas hufeisen-
formig gebogen.

Unier dem Drucke des Deckglases tritt bald eine lebhafte Schwiir-
merbildung ein. Der aborale Cilienkranz entsteht in einer Einschniirung
etwas unier der Korpermitte. Der Korper wird nicht stark deformiert.
Gelegentlich der Kontraktion nimmt der Korper eine regelmiissige Ku-
gelform an. ohne eine Schnauze zu bilden.

Diese Art ist die kleinste der mir bekannten Zoothamnium-
Arten. lhre Grosse betrdgt normalerweise 22—25 4. seltener, wie bei
Z. nanum 30—735 .

ENTZIELLA ASELLICOLA 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 Korper einer Opercularia und
die charakteristische Stielbildung der Gattung Zoothamnium. Diese
beiden Gattungen sind durch keine Ubergéinge miteinander verbunden.

Ich fiihre diese neue Gattung in dankbarer Erinnerung an Prof.
G. Entz jun., der mich gelegentlich meiner friieren, im Biologischen
Forschungsinstitut zu Tihany vorgenommenen Untersuchungen so tat-
kriiftig unterstiitzte, unter dem Namen Enfziella in die Wissenschaft ein.

Diese immer sehr seltene Art sitzt mit besonderer Vorliebe an der
Fiihlerbasis von Asellus aquaticus. Sie bildet Kolonien von hochstens
4 Individuen, welche an unregelmiissig ausgebildeten, nahezu in der
gleichen Hohe abzweigenden Seitenzweigen sitzen.

Der Korper ist oft bilateral symmetrisch, oft jedoch schlanker
und etwas fiillhornartig gebogen. Der Peristomsaum ist nur dusserst
selten sehr schwach vercfickf, kaum angedeutet und zieht sich bei der
Kontraktion, wie fiir die Gattung Opercularia kennzeichnend, zierlich
gefaltet zusammen. Der Diskus ragt an einem langen halsartigen Fort-
satz schriiggerichtet iiber den Peristomsaum. I'r besitzt meist einen spit-
zen Nabel, welcher aber mitunter fehlt. Der Diskus ist dann etwas ge-
wolbt. Die Pulsationsblase befindet sich im halsarticen Fortsatz. Wenn
sich der Diskus zuriickzieht und der halsartige Teil derart kontrahiert.
dass er sozusagen spurlos verschwindet. dann schmiegt sich die Pul-
sationshlase dicht an eine spitz auslaufende Ausbuchtung des fiir die
Gattung Opercularia kennzeichnenden, sehr geriiumigen Schlundes. Die
sich vom Pharvnx abschniirenden Nahrungsvakuolen sind auffallend
eross und blischenartig. Thre Mitte ist mit kompakter Nahrung ange-
fiillt, 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 getriibten 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 wurstformig und héchstwahrscheinlich langsgerichtet.

Das untere Kodrperende ist stark verjingt. Gelegentlich der Kon-
traktion bildes es eine wurtstférmige Querfalte. Der Hauptstielt ist dick,
glatt und meist schwach gebogen. Das Myonem ist sehr dick und schein-
bar nicht sehr kontraktil. Wie an Ab Id 8 ersichtlich, fallen die Ab-
zweigungen so ziemlich in die gleiche H6he. Der Stielfaden ist hier im-
mer noch dick und nicht sehr kontraktil. Die Seitenzweige sind kurz; die
langsten erreichen weniger als die halbe Kérperlange. Sie sind sehr un-
regelméssig ausgebildet und haben seitlich oft mehrere fligelartige
Fortsatze. Die Stiele sind farblos, hyalin mit sehr feinen, kaum siehtba-

Abb. 8. Entziella asellicola gen. n, sp, n. -l6Ofach.

ren Langsstreifen. Das untere Stielende ist unregelmassig abgerundet.
Es besitzt nie eine Haftplatte, sondern schmiegt sich in seiner Form der
Vertiefung an der Basis der Fuhlers an.

Die Lange des Korpers betragt 65—75 fi. Der Hauptstiel ist 1 1/2
bis 2mal‘kdrperlang.

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

Eine Vorticelline unbekannter systemati-
scher Zugehorigkeit 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 4 Liinge, welcher bis an
das nur schwach haftplattenartig verbreiterte Stielende von einem nicht
sehr kontraktilen Myonem durchzogen war. Da es sich um ein solitiires
Exemplar handelt, welches aber ganz sicher keine Vorticella ist, konnie
die Gattung nicht bestimmt werden.

Sehr eigenartig ist die Ausbildung des Korpers, doch konnte bei
diesem einzigen Exemplar nicht entschieden werden, ob es sich um
bestiindige systematische Markmale oder nur um eine zufillige Miss-
bildung handelt. Maoglicherweise ist dieses Exemplar nur die Ent-
wicklungsform einer bischer unbekannten Gattung #hnlich wie Oper-
cularia scyphostyla NENNINGER (NENNINGER 1948, S. 200, Abb.48 b),
welche moglicherweise ebenfalls eine neue Gattung ist.

Der Korper war 48 u lang, bilateral symmetrisch, bis zum An-
fang des unteren Korperdrittels urnenformig. Am Anfang des letzten
Drittels iibergeht der stark eingeschniirte Korper in einen flach teller-
artig vorspringenden Teil, welcher sich gegen den Stiel kegelformig

N

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

verjiingt. Gelegentlich der Kontraktion legte sich dieser Teil kappen-
formig iiber den kugelig zusammengezogenen urnenformigen Korperteil
und der vorspringenge ﬁand bildete einen wellenfoérmig gefalteten Saum.
Das eingezogene Peristom bildete eine kleine Schnauze.

Der Peristomsaum ist wurstformig abgesetzt. Der gewilbte Dis-
kus legt sich in Ruhestellung iiber den Schlund. Derselbe reicht bis zum
Anfang des unteren Drittels, also bis zur tiefen Einschniirung oberhalb
des platenformigen Vorsprunges. Die sich abschniirenden Nahrungs-
vakuolen waren im Moment der Abschniirung fast spindelformig, run-
deten sich aber sofort ab. Sie waren bldschenartig, enthielten wenig ge-
formte Nahrungspartikelchen und liessen dadurch den lichtgrauen Kor-
per ziemlich durchscheinend. Nur das untere, verkehrt kegelformige
Korperdrittel enthielt zahlreiche, lichtbrechende Granula. Das Korti-

alplasma war sehr diinn und nicht scharf abgegrenzt.

Die Pulsationsblase lag tief im Korper, ungefihr am Ende des
ersten Korperdrittels, an die innere Pharynxwand angeschmiegt.

Der Kern ist linglich bohnenférmig. Nach Fixierung mit konzent-

riertem Sublimat kam ein, an den Makronukleus dicht angeschmiegtcr
Mikronukleus zum Vorschein.



COTHURNIA CLAUSIENS sp. n. (Abb. 10. a, b, ¢)

Nach starken Stiirmen war am Ufer den Kleinen Bucht immer
ein dunkelbrauner Spiilsaum ausgebildet, welcher unter anderem viele
feinzerriebene Arthropodenreste unbestimmter Herkunft enthielt. An
diesen Bruchstiicken sass oft dicht nebeneinander eine Cothurnia, wel-
ch?fglllf den ersten Blick durch die eigentiimliche Ausbildung der Hiilse
auffiel.

Systematisch steht diese Art den von PrENARD beschriebenen Moos-
formen Cothurnia elastica und C. richtersi am nichsten.

Diel Hiilse ist glashell, farblos und sehr diinnwandig. Gegen oben
zu wird die Hiilsenwand immer diinner, so dass der hautchenartige
Rand in der Seitenansicht unsichtbar bleibt. In ausgestrecktem Zustand
ragt das meist paarweise sitzende Infusor etwas iiber den Hiilsenrand.
Die Hiilse besitzt dann eine meist bilateral symmetrische, unten breit
abgerundete Form; selten ist die zartgebaute Hiilse an der Basis flach-
gedriickt, doch ist es wahrscheinlich, dass dies erst unter dem Drucke

Abb, 10 a, b, c. Colhwrnia clausiens sp, n. a geschlossene Schmalseite, b kelchartig
erweiterte Breitseite, ¢ geschlossene assymmetrische Form, 400fach,

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

Infolge der grossen Zartheit der Hiilsenwand wird die Form der
Hiilse oft etwas deformiert, oder ist bereits urspiinglich etwas assymmet-
risch ausgebildet. In solchen Fillen nimmt die Hiilse in 3/4-Ansicht
d. h. zwischen der Schmal- und Breitseite die auf Abb. 10. ¢, dar-
gestellte Form an, wobei die kiirzere Seite der Hiilse gerade bleibt, die
lingere hingegen stark gebogen wird. Hierdurch wird der giebelartige
Verschluss seitwirts verschoben.

Die Tiere sitzen an einem sehr kleinen, knotenformigen Zwi-
schenstiel, welcher leicht iibersechen werden kann. Der Aussenstiel ist
diinn und biegsam und erreicht mitunter die halbe Hiilsenliinge. Er ist
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fal.t'blos und sitzt an einer ebenfalls farblossen, oft sehr diinnen Haft-
latte.

5 Der Korper der Tiere ist gedrungen, bilateral symmetrisch, et-
was bauchig ausgebuchtet, meist auch am unteren Ende ziemlich dick.
Gegen das %eristom ist der Korper trichterformig verbreitert.

Der Peristomsaum ist zweiteilig, meist, stark eingeschniirt, eine
bei der Gattung Cothurnia meines Wissens noch nicht beobachtette
Erscheinung. Am Rande des flachen Diskus ist ebenfalls eine lﬁnifurche
ausgebildet, in welcher der obere Umlauf des adoralen Cilienkranzes
eingepflanzt ist. Die Cilien sind lang und kriiftig.

Das Protoplasma ist farblos, aber nicht durchscheinend, so dass
selbst die Konturen der mandelkornig sich abschniirenden Nahrungs-
vakuolen nur ganz undeutlich sichtbar sind. Dieselben stachen eher
durch ihren, lichten, nur wenige kleingekornelte Nahrungspartikelchen
enthaltenden Inhalt ab. Der Kern ist ebenfalls sehr schwer sichtbar. Er
ist lang, wurstfoirmig lingsgerichtet, im oberen Korperteil hirtenstabfor-
mig gekriimmt. Das Kortikalplasma ist sehr diinn. Die Pellicula sehr
fein quergestreift.

Der Pharynx ist weitgeoffnet, aber nicht sehr lang. Er reicht un-
gefihr bis zum Ende des ersten Korperdrittels. Die Pulsationsblase liegt
unmittelbar unter dem Peristomsaum. Neben der Haupiblase war 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 Korper eiformig zu-
sammen und bildet eine Schnauze. Mit heissem konz. Sublimat fixiert
entstehen am Korper in regelmiissigen Querabschnitten, zwischen tiefen
Querfalten dicke Ringwiilste. Die Schnauzenbildung wird noch aus-
geprigter.

Die Lange der Hiilse betriigt 35—50 .

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

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

Die Hiilse ist, wie bei Cothurnia clausiens farblos und durch-
sichtig, sehr diinnwandig, am oberen Ende fast bis zur Unsichtbarkeit
verdiinnt. Thre Form ist abgeflacht. Die Breitseite ist unregelmissig,
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 verhiilt sich
wie 1:2. Infolge der Zartheit der Hiilsenwand kommt es ziemlich hiu-
fig zu Deformationen, welche in extremsten Fillen zu der auf A bb.
1 1. c. dargestellten Missbildung fiihrt. Diese Hiilse ist derart zerknit-
tert, dass sie die darinnen sitzenden zwei Infusorien zusammenpresst,
so dass der untere Teil des Kérpers vom hinausragenden, etwasibauchig
aufgetriebenen Teil stielartig abgesetzt wird. Diese beiden Infusorien
erwecken den Eindruck von Hungerformen, welcher Umstand auf die
gestorte Lebenstatigkeit zuriickzufiihren ist.
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Die Hiilse besiizt einen verhiilinismiissig dicken, deutlich lings-
gestreiften kurzen Stiel, welcher durch Vermittlung einer breilen, aber
sehr diinnen, Haftplatte an den Exiremititen des Abdomens des Wirt-
stieres angeheftet ist. Die Haftplatie 1ost sich sehr leicht vom Substrat
los, doch findet man hiufig auch solche Exemplare, deren Hiilse samt
dem fibrilliren Stiel losgerissen wird, wihrend die Haftplatte selbst
am Wirtstier bleibt. Die Tiere sitzen an einem breiten, flachen, seitlich
abgerundeten, sockelartigen Innenstiel.

Die Korperform ist gedrungen. Die eine Seite ist meist stiarker aus-
ebaucht und etwas gebogen. Das Peristom bildet die grosste Breite
es Korpers. Der Peristomsaum ist wurstartig verdickt, abstehend, aber

nie umgeschlagen. Der Diskus ist flach und breit, nur sehr selten
schwach gewolbt. Im Ruhezustand legt er sich iiber den 1/4kérper-
langen Schlund. Das farblose Protoplasma schliesst nur wenige kleine

Abb, 11 a, b, ¢. Colhurnia amomala sp. n., a Schmalseite, b Breitseite, ¢ zerknitterle
Hiilse, Misshildung der Infusorien

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

Die Korperlinge betriigt regelmiissic 35—40 p, doch finden sich
Hungerformen, welche nur 30 # lang und 15 g breit sind.

Unmittelbar nach starken Stiirmen kommt Cothurnia anomala
nur vereinzelt vor, da sie von allen Epizoen am leichtesten abgestreift
wird. Bei windstillem Wetter war diese Art nicht nur sehr hiufig, son-
dern meist auch mit hoher Individuenzahl vertreten. Auf jedem Coro-
phium fanden sich durchnittlich 10—15 Exemplare.
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B3MU3OUNYECKHUE NEPUTPUXU O3EPA BAJTATOH
Astop: JIp. UOJIAH CTHJUIEP
PE3IOME

Ha ocHOBe HawMX HCCIEA0BaHMH, KOJMYECTBO H3BECTHBIX HAM SNMHB0HYECKHX MEPHT-
puxos ozepa ,Banaron“‘a yeemmumpanocs ¢ 31 o 45. Opun pos, 9 BHAOB u OAHA PAasHO-
BHJHOCTD SIBISIOTCA HEMBBECTHBIMM JI0 CHX nop B Hayke. Creuuanusauusi B BHIOOpE X03siHA
JOCTHITIA Y OTHX SIM302 TAKYIO BBICOKYIO CTENeHb, 4TO cpepu 25 BujoB ToNbKo Zoothamnium
varians BCTpedasiCsi Ha JIBVX XO3siHaX, x0T Mbl pepwamm Carinogammarus u Assellus u
pasdbie APyTHe NEPHTPUXOHOCH! RONr0 B OAHOK M TOi-ue crewnssuHOHW mocype. Rhabdostyla
inclinans pefko O0pasyeT MEJKHEe HH3KHE KOJIOHHH, TAKHM 00Da30M OHA SIBASIETCS], COOCTBEHHO
rosopsi, Bapgom Epistylis, ocraBmmmcsa uame Bcero comuTepHbiM. Mosker ObiTh, OHA TOM-
pectenna ¢ Epistylis humilis.

Intranstylum Asellicola — sBnAnCS CcaMbiM BBIHOCIHBEIM SNH30HYECKHM NEPHTPHXOM,
H3MEHYHBOCTH KOTOPOrO B yCNOBusX CB000AbI Ha Asellus aquaticus HesHauwmTeNbHAS|, B IUIEHY
0pjiaK0, OCOOEHHO B Ky/NbTypax, GOraThIX MPOJAYKTAMH PABA0NKEHHS, BCTPEYACTCA MHOMKECTBO
pasHOOOPasHBIX PASHOBHAHOCTEH. MHOrJa BCTPEYAIOTCS KOMOHUH, CTEGESNb KOTODPBHIX MHOXOME
na Carchesium aror Bup moxoxxk Ha Carchesium co cnabo pazpaTOd MHOHEMOH.

[iBIKEHHE BOJH BAMAET HA KOJIMYECTBO WHIMBHIOB M Ha 0OpasoBaHHe CTeGIIEi MepHT-
puxop, obpasyromux kononud. Ha orpakiessbix Mecrax, W Ha XO3sMHAX, OGpAsYIOLUX
TPyOrl, KOJOHHK COCTOSIT H3 OONBIIOTO KONHYECTRA HMHWBHOB YEM HA MECTax, MOJBep-
JKEHHLIX CHNLHOMY fiBKKeHHIO BOAH. Ha aTmx mecrax cre6ens Gonee KOPOTKHil, KOPEHACTHIR,
fonepeyHasl W MpOJOJLHAsl MOJOCATOCTh €ro 0onee rycrad, KpPOMEe TOro crebelb 4acTo
ABNSIETCS WNeHUCTHIM. OOLME BHJ KONOHMM HANOMMHAET 3MH30a OLICTPO-MONBIKHLIX XO35ER
Kaxercss 4T0 Ha MECTaxX C CHJIBHBIM JBIDKEHHEM BOJbI, H MUOHEMA SIBISIETCS G0see KPYMHOM.






COLLOTHECA VOLUTATA N. SP. A NEW BENTHIC
ROTIFER FROM LAKE BALATON

BY
0. SEBESTYEN (Tihany) and L. VARGA (Sopron)
From the Hungarian Biological Research Institute, Tihany, Lake Balaton.
(Received for publication 21st May, 1949)

On the bottom of the Kis-0bol, 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, Myriophyllum, Phragmites) and those of animal origin.
This substance has a loose structure and is inhabiied 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 (sece SEBESTYEN,
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 begun concerning the conditions of life in the detritus sed
iment and of the plant and animal associations inhabiting it (by Se-
BESTYEN), 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 i1 was observed by L. VARGA 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) (Fig. 1—2).

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

a) pelagic forms from the free waters: C. Balatonica VaARrcA
(VARGA 1933/36), C libera ZAcH., C. mutabilis HupsoN, C. pelagica Rouss.
(VArca, 1932);

b) sedentary forms from the quiet littoral (a bay with dense reed

owth) C. ambigua HupsoN, C. cornuta Dosie, C. coronefta Cusrrr,
%{ ornata EHRBG, C. proboscidea FurB6G, (Varga, 1939);

c) a sedentary form from the psammon: C. miszniemskii VARcaA,

(VARGA, 1938).

* Times of collections when C. v, was found: 1945: Dec. 19, under ice; wintor
of 1948/49: Nov, 10, Dec, 8 13, Jan. 5 (temperature of water under ice 0° C, pH
7.73—7.85), 8, 10, Febr. 21, March. 23 (onlly resting eggs in the tubes; temperature of
water 5° C, pH<7.96, no ice).



Rig. 2

40

It seems that the detritus sediment layer exposed to wave action
in the shallow shore water i$ — at least during the cold season — the
true habitat of this rotifer. It was rather unexpected to find a represen-.
nta’civlr‘e of the genus in such a locality, as was the case with C. miszni-

eroskii 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
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Fig. 1. Collotheca volutata n. sp. @ extended. The tube is not shown.
Tube of Collotheca 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

shages of development.

was previously suspected. Both species show an intimate relation to the

characteristics of their peculiar habitats.

Description of the female.

The tube. 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 darker base and a
narrow opening. (I"'igs. 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 rdtifer, 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, tothe upper sur-
face of which the rotifer is attached. (Figs. 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 labundancy 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 jin 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 of 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
detritud 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. (Figs. 13—15.)

The body. (Fig. 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 slichtly 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.

FIG 5 T R
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Fig. 3—15. Collotheca volutata n. sp. Fig. 3. The corona with the velum from
above. Living individual. Fig. 4. Parts of the throphi. Fig. 5. Sketch of a tube,
8th. Dec. 1948, Fig. 6, Upper part of the body; lateral view, showing the membrane
of the dorsal coronal lobe. Living individual. Fig- 7. The neck with the partlﬁ
contracted corona. The bristles forming one unit; outline of the lobes showing throug
the cuticle. On the top of the neck and on the side are minute subcuticular granules,
Fig. 8. Parthenogenetic eggs in different phases of development: a= within the body;
b = attached to the tube; c*just before hatching. Fig. 9. Resting egg showing both
membranes; the projections of the inner coat but partly drawn. Surface view. 8th
January, 1919. Fig. 9a. Few projections with larger magnification. Fig. 10- Male
specimen, alive. Fig. 11. Pedunculus attached to the surface of the mound by means
of the disc. Fig. 12. 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. Figs. 13.—15. 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; |= 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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The head. (Figs.3,6) At the base of the corona a delicate
circular membrane, the velum, is present. (Figs. 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 fo the presence lof a very short stalk, contrary to the other ones
which sit immediately on the disc. The dorsal lobe is halfway enveloped
by a delicate membrane reaching only halfway lengthwise and not
extending above the lobes into the coronal net, as in the case of
Cl;: cornuta). This lobelike membrane lacks both cilia and .bristles”.

igs. 6).
e The coronal lobes carry the delicate long rod-like cilia (,.bris-
tles) which donot beat and are peculiar to the genus. The length of
the longest bristles is about equal to the diameter of the disc. (F1g. 3)-

The withdrawal of the corona happens quickly, and when but
incompletely done, the bristles form one:unit resembling a paint-brush.
(Fig. 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 disec 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 (Fig. 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
ope;ii{ng'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 ¢). 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).

The trunk. The neck widens abruptly to the voluminous
trunk, 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 fulerum, 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 a 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 fooff 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 veniral 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 (Fig. S8a-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. (Figs. 2, 12). The eggs soon
assume an oval shape and their contents are no more homogeneous. It
has been mentioned that the developing embrvo has a pair of eve-spots,

The ovall-shaped resting 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 counld
be seeni laying close to the projection: howeverthe ends of the latter are
not fixed to the membrane. (Fig. 9). Later on this membrane disap-
pears. Iis role might be the protection of the oviduct, ete., 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 25th, 1949, ten tubes including only resting
eges 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 ezgs which find protection in the tube affier the mother’s death.
(Figs. 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. 1). 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 (I'ig. 11). It is almost impossible to sev-
er the body from the mound. It seems that this firm attachment make:
possible the frequent, energetic and quick contraction of the body.

The male (Fig. 10).

One male specimen was found by VARGA in a sample on Jan. 5th
1949 collected from under a 20 em 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 of hair at the énd of the very short and cone-shaped foot. We
could not observe the process of c0pu¥ation, it very likely takes place
within the tube. S

Measurements: length of female, extended, 240—280 4;
length of tubes 350—420 , (November— January), 400—800 . (March,
containing only resting eggs): length of parth. eggs 40—45 4 length of
resting eggs 50—70 y; length of male 100—105 4.

Mode of life.

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!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 milien. 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 the various unfavourable conditions of its sur-
roundings. It seems that both in organisation and mode of life C. volu-
tata adapts itself in a high degree to the peculiar conditions of the habi-
tat. C. volutata seems to favour cold water and lis very likely a steno-
thermous form.

Liflecycle.

The life cycle of C.ivolutata 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 were 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.

Interrelationship with other members of the
genus.

C. volutata are in the closest relation to C. cornuta. However, there
are many differences between these two forms, especially as to the strue-
ture of the corona and the proportions of the various parts of the body.
The 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'. volufata,
but it envelops thd dorsal lobe only halfway both length - and cross-
wise. The edge of the coronal disc between the lobes is free from cilia
on C. cornufa. 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
adfed together. Its whole length (580—635 ,. CoLLIN. 1912, p. 39) is
about twice that'of (. volufata. Its two eves 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. mwisznieroskii too. They are about of equal
size, the structure of the corona is similar, however the lateral membrane
on the dorsal lobe, the cilia 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
— 1is 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-
nierpskii 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 {op.
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COLLOTHECA VOLUTATA N. SP.
HOBASl KOJIOBPATKA BEHTOCA O3EPA BAJIATOHA
Aprop: OJIbI'A IIEBEIITbEH u JIAMOII BAPTA
PE3IOME

B ocapke perputa Bopasl mnofepesxbsi osepa Banarowa ofuapykes HOBbIH WieH
poaa Mollotheca ¥ Mbl HasbiBaem ero C. volutata n. sp.

Ora KONOBpaTKa NMpPUKpEnIeHa KO AHY cBOel TpPyOul JMib nocpeacTBOM pedun-
culus, a kpail Tpv6ul siBnsiercst cBo0ogHbIM. TpybGa COCTOMT U3 CTYACHUCTOrO Cexpera,
B KOTOpbIH BKJIa[bIBAIOTCS MYCTbie CKOPJIVILI AuaTomeii.

Tpv0a He npuKperneHa HU K KAaKOMY cy0OCTpaTy ¥ MOYKeT CBOOOJHO nepeMemarhesi,
COOTBETCTBEHHO JMHAMUYECKUM VCIIOBUSIM CpeJbl.

Camasi xapaxkrepHasi uepra C. v. CTPYKTYpa BEHIA, KOTOPLIH CHU3Y OXBaueH
HeKHOH oGonouxol (velum). KyTukvia wuerxuasi, GecusetHasi u npospaunas. HWuorpa
oHa o0pasver MOBCIOAY CKJIAAKH M MOpmHHbL. CKIaAKH, BCTPEYawUIMECs Ha HOre, ro-
CTOSIHHBIE.

Ecau uTo-Huby b 6ecnokouT C. v. OHa BHE3aMHO COKPAIAETCs U MO)YKET COBE PLIEHHO
CKPLITLCSI B 00beMUCcTON TpyGe. B BLITSIHYTOM COCTOSIHUM OONbIIasl yacTh Tesa, 3a UCKII0-
yeHueM I'oJIOBbI U YaCTH IIed, OCTaeTCsi CKPLITOH. YKHBOTHOE BLITSIIMBAETCSI OUeHbL OCTO-
POKHO.

C. v. nuraeTcsi nmocpeacTBOM (UILTHPOBaHMSA Texkyuied Bopbl. Kpome Toro omna
sipisieTcss MOHO(aroM. OHa NMUTAeTCs MHOT'OYMCIEHHBLIMU JUATOMESIMH DPas3HOH BeIHYMHbBI
u (Gopmbl, BCTpevaomUMICs B OKpPYiKaloumeH cpeje.

[lvcTohie Bbiie/IeHHbIE CKOPIIVIIBI BKIJIIOUATCS] B cocTas TPYOLL. Mubl 06uapyinnu
TPUCYTCTBHE KaK MapTeHOTeHETHUYECKHX, TAK M TMOCTOSHHLIX SiKl. [loCHefHUX MOIKHO
OrnpejesuTb — M0 MCTeYeHHH KOPOTKOT0 BPEMEHU — MO HAJIHYMI0 BHEUIHErO CJIOSI, OKY-
THIBAIOLIET0 BHYTPEHHVIO O000JIOUKY, HA KOTOPOH MMEIOTCS Melb4yaiiune BLICTYMLL. IJTa-
e CaMKa MO>KeT BblOpachiBaTb HECKOIbKO MOCTOSIHHBLIX SIML. ITH siilla mociie CMepTH
MaTepu BCe eme HAXOASsT npuioT B TpyOe. Camua Mol HaOM0aNU TONLKO OaUH pa3. Ham
He Obln o0HapyikeHbl HH MOOAuie Gopmbl, HM mpoueccs o6pasoBauusi TPVO.

Bo Bpemsi xonoaHOro nepuopa ropa Obinium HaHAEHbI HEKOTOPHIE KEHCKHUE DK3EM-
nisipel C. v., 110 Bceif BEPOSITHOCTH BUJA stenotermus. VX oprannsm, a Taxxe U ux obpas
HCM3HM XOPOILO TNPUCNOCOOIATCS K JUHAMUUECKUM VCIIOBUSIM OKpYIKaomeid cpejbl.

Cucrematuueckd C. v. MoxeT ObiTb nomemen mexay C. wizniewskii Varga
C. cornuta Dobie.

TEKCT K PUCYHKAM

1. puc. Collotheca volutata n. sp. & . B BbITSIHYTOM cOCTOSIHMM, TPYOLI HE BU/HO.
2. ,, Tpv0ba Collotheca volutata n. sp. Tlepegusis nopepxHocTs TpyOul Oes peraned,
yro0Obl MOKasaThb ee uTenasi. OKOJIO HOrH 3 MapTeHOreHETHYECKUX SIML B pas-
HBbIX CTausIX PasBUTHS.
3—15 puc: Collotheca volutata n. sp.
3. puc. BeHell ¢ 000JIOUKOH CBEPXY. >XHUBOH HHAUBHUIUY M.
., 4aCTb trophi.
Habpocox TpyOul (8. mex. 1948 r.)
,» BepXHsAA yacTb Tesia, B cOOKy. BupgHa obonouxa sajgHedl f0onu BeHUA.
» CTAHYTHIH BeHel. PecHHYKH 00pasvioT equuvio Gopmy. “'epes KYTHKYIIH BUAHL
ouepranusl nonei. Ha mee u nHa GOKY MMeeTcsi Melibuaiiuasi NMONKYTHKYJISp-
Hasl IPSAHYIISILUS.
,» TlapreHoreneTHyeckHe siiflla B pasHbX CTafUSIX PasSBUTHS. a = BHYTPH Teia,
06 = npukpennenHole K TpPy0e, B = HEMOCPEACTBEHHO TMEPEJ BbLUIYIIEHHEM.

Noos

%



48

p

NoCTOsAHHOe 10 ¢ o0oumH 000109KamMd. BuicTynbl BHYTpeHHEH 000JI0YKH
HapUCOBaHHbLI TOJILKO YacTMYHO. Bupa nosepxHocTH. 8. siuBaps 1949 r.
HECKOJIbKO BBHICTYNOB B 00JIBIIOM VBEIUYEHUH.

»WHUBOH camel.

Redunculus NPUKPENJEHO K MOBEPXHOCTX pTa C MOMOWIbIO AWUCKA.

Habpocoxk caMKky BHYTPU TPYObl B BHITSIHYTOM COCTOsSIHMM. B TpvOe Bupnn 4
naTeHoreHeTUueCKuX siiua. Toapo6HOCTH BeHla He HapucoBaubl. YHKUBOH HUHAM-
Buj. 8. mex. 1948 r.

uc.: Habpocku neobuTaeMbx TpvG ¢ nocTrosHHLIMM siuamu .25. mapra 1949 r
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STUDIES ON DETRITUS DRIFTS IN LAKE BALATON®*

BY
OLGA SEBESTYEN

From the Hungarian Biological Research Tnstitute, Tihany, Lake Balaton
{Received for publication 10th March, 1949.)

Results of previous investigations of the drifts on the shore of
Lake Dalaton (ENTz, SEBESTYEN and SzaBO, 1942) suggested that a
thorough study of drifis built of detritus might help to elucidate the
problem of organjc detritus, including its réle and significance in the
cycle of organic substances within our lake.
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Figure 1, A sketch of Kis-6bol 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, Ziirich, '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 vears 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 ENTZ, SEBESTYEN and SzaBO, 1942, Plate I. Fig. 4). On the E shores
of Kis-6bol, 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 (SEBESTYEN,
1948 p. 104). A section of the SW part of the shores of the bay — about 15
m long (section ,A“ Fig: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 détritus drifis 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 lsediment belt of 2—3 m
in width resembling ..f 6 rna” (SERNANDER), the particles may be dis-
sersed in the turbulent water, lending a dark brown color to it, or — at
Ieast 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 bereached by the
waves any more. Material cast on top of big stones is especially exposed
to that fate. At the boltom of such masses of detritus in the favourable
season, terrestrial hvgrophile forms may find refuge (ETNz, SEBESTYEN
and SzaB6 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-6bdl (ENTZ, SEBESTYEN and SZARG p. 53—60). 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 say 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 6 rmna“ like sediment was brought up by means
of a hand-net or a jar. For comparison a few samples were taken from the Asz6f6i-6bol,
an extensive bay located NW of the Kis-6bol, (SEBESTYEN 1948, p, 100),

Following a brief study in the field, the desired material, viz. 50—100 cm?® from
the detritus drift, was taken up in large wooden pincers and carried in a porcelain cup
to the laboratory. The measuring of one ecm® 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 cm® volume, which held about 4 cm?® lake water, filtered twice, till the
contents of the cylinder increased by one c¢m? 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 sctudied in a wet condition, so as to find the animal constituents alive. It
was 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.
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THE SAMPLES.

All the samples except Nos 16ab and 17ab were collected in Kis-6bol
bay. If not indicated otherwise the samples are from detritus drifts. (g = qualitative
analysis; Q = quantitative analysis; F = floating detritus).

June 4th, 1942 Unusuaily high water for about two months, Level now
descending. Stormy weather a few days previously. NE wind.

No. 1. (q). Few pelagic species present among the plant debris (Ceralium
hirundinella, Keratella cochlearis, Conochilus sp., alive; Melosira, Pediasirum, Keratella,
dead), A few Bangia filaments originate from the rich growth of algae attached to
stones in the vicinity. A siatoblast of Lophopus, a species noi known hitherto in the
lake, is found.

July 14th, 1942, Stormy weather for days strengthening to a gale at night
and continuing during the previous 24 hours. Part of the detritus still afloat.

No. 2, (q+ Q), The drift (,A" section) is about 2—3 days old, but washed
constantly in and out, It consisis of green amd brown, that is newly broken and old
particles of macrovegetation; Cladophora glomerata filaments, partly empty cels
Epistylis colonies, empty gemmules and shells of Ostracods frequent. Tardigarda
(Macrobiotus macronyx) noted for the first time. Various animal and plant constituenits.

August 6th, 1942 Drifts everywhere along the shores (Sects. A B C D).
The previous night a heavy shower (16 mm), Raining, Off ,A™ section there is much
floating detritus in the water (see No 3a).

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

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

August 10th, 1942 Medium water level. Drift formed on the day of
collection, wave action had ceased when sample was taken. Much floating detritus in
the water.

No. 4. (Section ,B*) (q+ Q). Habit of drift is similar to that of Nos 2 and
8, very likely it is of the same material.

August 17th, 1942, Level descending.

No. 5. (q+ Q). Fragments of most varied origin, Arthropods being represented
mostly by ephippia and shells of Cladocera, When collection was made from the botiom
of the open water off shore, fragments of similar origin were noted in abundance. Among
the live constituents wheel animacules and chironomid eggs are frequent.

October 23d, 1942, Water-level about 30 cm lower than during previous
collection, portions of the bottom of the bay emerged above water. Drift scarcely
developed, consisting of sand, shells of Dreissena, Lithoglyphus, as well as of the fallen
leaves of trees. The plant debris is brown.

No. 6. (q+Q), Filaments of Cladophora — with a rich coat of Dialoma
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.

October 24th, 1942. (Section ,D“), Close to the edge of the water pow-
dery fine particles a continuation of the ,forna“ 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 trme
drift in s. 8.).

No. 7. (@q+ Q). Shells of Cladocera, 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 (211),

November 19th, 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 irees and detritus accumulated in huge masses, forming a steep barrier
at the water’s edge. There are sections where only molluse shells (Dreissena, Lithogly-
phus) are ecast out without any detritus, It is an instructive demonstration of the réle
of various factors in the formation of drifts, Here and there detritus dispersed in the
water .



53

No 8a (off section ,,CG*; Bottom sediment; q), Struclure 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 Alona affinis
with winter eggs.

No. 8b. (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, 1Tt
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.

No. 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 Alona affinis, As to living specimens Nematoda
(frequent), Caonmthocamptus, a few Ostracods, free ephippia and the larva of Driessena
(sphaerium phase) are to be mentioned.

No. 8d. 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 emply cases
of Oligochaeta cocoons noted, Many more animal constituents than in No. 8a. Filamen-
tous algae.

November 21st, 1942, Previous collections only two days earlier. Three
samples taken from the shore, about 1—1.5 m from the water’s edge,

No. 9a, (q). Finely distributed organic particles, inorganic elements missing.
No organism with active motion, A few ephippia (Monospilus) and some live gemmules.
Dead specimen of Corophium. Cladophora and Spirogya alive,

No. 9b. (q). Sample taken at a graeter distance (1.0 m) from the water’s edge
than the previous one. Material similar 10 No. 9a, with the difference thai it contains
plant debris of larger size too, No live constituents, a very monotonous sample.

No. 9c. (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
nesemblance to its typical structure. The abundance of Nematods is evidently due to
this. The effect of wave action is shown in the separation of the gemmules into single
specimens.

March 29th, 1943. No collection during winter, Previous days with clear sky
and warm weather, Drifts of pebbles and reed decorate thie shores. Here and there
small patches of detritus gently washed by the waves, In water floating detritus,

No. 10. (q+ Q). The animal constituents are mostly fragments. With the ex-
ception of Nemateds (256 live individuals per em?®) 12 groups are represented by a few
living individuals.

No. 10a (q), From section ,A“ some water with floaling detritus was drawn
up, When poured into a glass cylinder, sedimentation soon began. Volume of sediment
about 6%, 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 (Monospilus), empty gemmules and byssus thread, Green
mineral particles mentioned above present. After the sedimentation of formed elements,
the water seemed rather opaque, in it a minute organism (a colourless Mastigophora?)
was present in great numbers.

April 21st, 1943, Detritus drifis on the shore washed by the waves.
(No, 11). In the water (section ,,A*) floating detritus (No. 1la).

No. 11. (q+Q), Empty ephippia of Monospilus in abundance, Unusually few
shells of Ostracoda, which fact was related somewhat to the gentleness of wave action.

No. 11a (q). A net haul from the shore water. A few living specimens of
Micronecla 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 much difference could be established, Empty shells of Alona and
FEurycercus (?) are more corroded than in Nos 9 a b ¢, while the heavily built sheil of
Monospilus 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®, takes 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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May 24th, 1943. No. 12, (g+ Q). Plenty of Episiylis partly inside empty
cases of Oligochaeta cocoons and in gemmules. 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 Macrobiolus (in mould with eggs) are smaller than the autumn examples.

June 17th, 1943. No. 13 (q). The plant particles are rather coarse.
Epistylis abundant, some Rotators and ephippia with eggs. Free branches of Cladophora.
Among the fragments cast skins of Insecta larvae and shells of Ostracoda noted.

July 11th, 1943 No. 14. (g+ Q). Water above medium level, The mate-
rial cast out — only poorly developed drifts — is wel, though it is not freshly
washed out by the waves. Mingled with plant debris only a very few animal constituents
are present (Rotators, Protoza, gemmules). Composition of fragment material is rather
monotonous.

July 19th, 1943, 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. At seclion ,,A“ floating detritus in abundance Part of the formid
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 structune.

No. 1ba (q). Newly fragmented green particles of plants mingled with the
old, brown material. Epistylis and other Infusors found alive, Fragments of Arthropoda,
empty gemmules, etc., present.

No. 15b (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 are
present, Among the fragments, cast skins of chironomids (larvae and pupae) in abune
dance. Some fish scales and a dead young fish.

July 20th, 1943. The Asz6f6i-6b6l bay, where these four samples (Nos
16 a b, 17 a b) were taken, is much larger than Kis-6b6l, from which most of the
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, one being sediment (No. 16 a), the other floating detritus
(17 a),

No. 16b. (q), Old plant debris with very finely distributed particles. Hypotricha
Ciliata, Nematoda and Spirogyra — all alive — in abundance. Cast skins of chironomids
(Cryptochironomus, and Prolenthes) dominating among the fragments, the very
resistant prothoracal horns of the pupa found separately. Shells of Cladocera
(Aeroperus?) abundant,

No. 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.

No. 16a (q). A net haul taken from the water in the close neighbourhood of
No. 16 b. It consists of the most nesistant parts of plant tissues, Spirogyra, Nematoda,
Rotatoria, various forms of Infusoria (incl, Epistylis) and Dreissena were found alive,
Fragments are the same as in No. 16 b, with the addition of some dead Cerophium and
fragments of cocoon shelils,

No. 17a. There is a wide, datk brown movable layer of detritus above the
inorganic sediment of pale grely colour. It is made up of newly broken and old
particles. Both animal and plant constituents — alive — are lacking, Fragments of
Arthropoda in abundance.

July 31, 1943. Water level descending, Since the previous day, with a heavy
storm, a great mass of detritus floats in the shore water, with some finely distributied
particles, Material washed out on the shores, and a , forna“ like sediment on the bottom.

No. 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 Epistylis and eggs of unknown origin the
groups are represented by few individuals, Branches of Cladophora and other filamen-
tous algae — not identified — are scarce. All the gemmules are those of Spongilla
fragilis. Forming a pavement layer, the group is divided into halves along the equator
of the gemmules,

August 23d 1943. No. 19, Detritus drift (section ,,A“) made of the
usunal turfy material. (q + Q). Few living organisms present, among them Spirogyra
(scarce) and Epistylis (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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September 23d, 1943. The water level is rising. During this month the
shore was decorated with detribus drifts only at section ,, A“. Rainy weather. A neuston
formation made up of chitinous fragments, mostly of Cladocera.

No. 20, (q+ Q). Piant debris in a turfy condition. Cladophora and Spirogyra
alive, Animals with active motion but few, (Episiylis and other Infusoria), shells of
Ostracoda, Cladocera and skins of Arthropoda being the most frequent among the
fragments.

October 16th, 1943, Water level low for three 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
miedium 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 waler’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 seclion, in consequence
of the stormy season.

No, 21 (q+ Q). Among the living constituents the water flea Iliocrypius is to
be noted especially, it is abundantly present (23 ind./cm?®) 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 mow, The sample is rich in both living
and dead constituents,

November 24th, 1943 Having reached the minimum !level about two
weeks ago, the water is rising again bul il has not yet atiained 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 conmected with the degree of wave
action.

No. 22. (Section ,,A", ¢~ Q). Mostly plant debris, including very fine particles
too. Diatoma vulgare, abundant, Cladophora, partly with epiphytes (Diatoma wvulgare).
With the exception of Episiylis there are very few animals present. One example of
Aclosoma, badly damaged, but it moves about, Shell of Ostracoda relatively few, The
groups represented by fragments oulnumber those representing the living constituents.

No. 22a (q), Material from the close of the reed growth is made of finer
particles 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 (Polamogelon pectinatus in the neighbourhood, its coating consisting
of the same constiiuents),

'April 24th, 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 Ltthoglyphus lay
on shore. Detritus cast on shore scarce, this being only on top of large rocks (boulders)
where it could not be reached by the waves. The surface of such layers 1s dry, they
are wet underneath. The material has a felt-like structure, a brown colour, being built
up of elements found regularly in the drifts. Cladophora, a few colonies of Cyano-
phyceae and Nematoda represent the living constituents, The dead material (fragments)
much less monotonous,

RESULT OF THE ANALYSIS

Plant constituents

As to volume, most of the material is of plant origin: bits:of reed
and submerged aquatic plants (Pofamogeton perfoliatus, Myriophyllum
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-
edlv 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. ,hin ar”). 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 (Lemna) 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, SEBESTYEN, 1946, p. 297). The cells of the Cladophora
filaments were partly living, pal-tlp empty. Besides these species other
forms of filamentous habit were found, but with the exception of
Spirogyra a form of frequeniti 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.

Animals and their fragments

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 the 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. Living

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, Futracheata, Arachnomorpha, Conchifera and Pisces.

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

B. Dead

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
(hydra), remain alive long after they are injured (see p. 57).



TABLE 1.
Number and frequency of animal constituents (living, dead, fragments) of tho sampies (1 cm), Explanation of signs: S-msediment; F = floating detritus; + = present (but no numerical data); f= frequency in °c; m = highest number of live individualis or fragments present in the samples (1 cm3);
average number of live individuals or fragments in the samples (1 cm3 (drift material fromKis-6bdl 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.

. Year and season Summer of 1942 Autumn of 1942 Spring of 1943 Summer of 1943 Autumn of 1943 1944 Living material * Fragments *
5 g Date of collection 4 VI 14VI  6VHI  10VI117VII 23X 24 X 19X1 21 XI 20111 20V 24V 17VI 1LV 19 VI zovi Asz‘jféi'%g‘;' 3L VI 23VII 23 IX 16 X 2ax1 24w ff) m  a  folo m a
» j’ Groups No of sample 1 2 3 3aF 4 5 6 7 8aS 8 8F 8d 9a 9  9c 10 10aF 11 1laF 12 13 14 15a 15b 16a5 16b 17al 17b 18 19 20 21 22 22a 23

Mastigophora + 1 1 1 1 1 4 4 27- 4 15

2 Rhizopoda 1 3 2 1 154 3 1-8

3 Epistylds, zooids 1170 05 133 110 171 260 860 . 4 973 4 198 300 100 8 160 577 1170 346

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 1 731 8 3-7

8 Spongilla, gemmules 240 <4y 4 30 10 9 4 27 4 4 14 4 4 4 4 13 4 12 8 60 4 + o+ 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 13

10 Turbellaria 1 ¥ 2 4 1 1 1 1 308 4 1-6
1 Nematoda ¥ + 2 4 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 + o+ 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 I 2 21 2 402 5 23 3-8 1 1
14 Cocoon. Olig. (+) 6 4 2 2 32 4 4 n 9 47 4 3 4 3 25 57 33 1 4 154 5 3 65-4 32 8-2
15 Cocoon, others 2 9 1 4 2 4 4 I / i 1 3 3-8 1 1 34-6 9 27T
16  Tardigrada + 9 + 8 8 3 71(1) I 8 3 21 4 4 462 71 112 3.8 1 1
17 Eggs of Tard, in moult 2(1)1 4 7.7 3-8 1 1
18 lliocryptus 1 0 23(28) 1 15%4 23 67
19  Alona quadr. aff 8(3) (1 2 4 4 4 35 11-5 3 26 3-8 35 35
20  Cladocera, others 4 113 1(4)32 (1280 11 2 O 0 4 11 4 4 4 16 19 20 2 4 4 21 21 53 130 5 4 231 5 18 769 280 43T
21 Ephippium of Monospilus 14 4 4 14 1 18 17 (3) 135 1 7-7 1 1 308 135 28-7
22 Ephippium, others 3 + 5 13 70 2 19 4 6 3 4 5 11 21 4 4 37 12 1 4- 346 6 2-4 53-8 70 13-9
23 Ustracoda 4- ()41 v 118 150 3 21 4 4 4 251 + 4 1168 4 17 43 4 4 1 4 18 157 77 21 14 + 19-2 2 1-4 885 251 54-6
24 Cyclops + 1 1 (1) 1 9(10)3 1P5 9 5-0 154 3 1-7
25  Copepoda, others 1 @1 1 11 4 4 4 2 0) 4 11*5 1 10 231 2 p3
26 Nauplius + 2 3 1 2 1 23-1 3 1-8
27 Corophium 2 2 21 2 1 (4) 4 3 27 21 54
28 Crustacea, not identified 8 35 5 6 15-4 35 135
29 Ephemerida 1 3 5 7-7 5 30 3-8 3 3
30 Ghironomid, larvae and pupa 1 + 1 u 95 4 77 1 10 77 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 £ o4 1 0 11 4 1 19-2 1 10 77 1 1
33 Trichoptera, larvae 4 4 1 1 1 4 3 1 9 4 " 3 7 2 1 4 7-7 1 10 53-8 9 3-5
34 Microneota 5 2 13 4 u | 19-2 13 64
35 Insecta, larvae + 32 (2) 26 31 94 3 33 4 1 9 0 2 46-2 94 257
36 Hydracarina 11 2 1 1 1 1 231 2 12 38 1 1
37 . , mass of eggs (4) 3 3 1 23 6 11-5 6 3-7 115 3 2-3
38 eggs, not mentioned prev. 4 + 1 25 f3) 3 42 2 1 4 66 1 11 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 6] 37 4 84-6 182  64-9
40 Lithoglyphus, eggs 1 . 3 + 2 1 4 1 2 3 4 1 1 1 19 5 6P5 19 3-3
41 " operculum 1 1 4 1 3 19-2 3 P5
42 Bythinia, eggs 4 1 1 1 1 3-8 1 1 15-4 1 1
43 Dreisséna, larva + 58 + 1 13 3 4 4 158 + 4 29 4 1 4 1 4 13 1096 27 5 1*7  61-5 90 2
44 »  byssus + + + + + + + 4 4 4 4 4 4 4 4 4 0 4 4 4 76-9
45 Unionidae, glochidium larva . 4 I 4 3 4 I 6 4 30-8 6 28
46 fragments of Mollusc, shells 4 1 5 6 4 18 1 4 6 | 2 42-3 18 4-8
47 Bryozoa, fragm. of tubes 15 18 5 2 2 4 3 4 | 1 2 46-2 18 5-3
48 ” , statoblast + 2 4 [ 4 2 4 3-8 1 1 23T 2 P7
49 scales of fish 1 1 4 2 + I 4" | 2 34-6 3 1-6
69 15 14 11 12 18 17 16 20 12 21 16 7 10 12 16 2 12 6 27 13 17 10 20 1421 37 310 23 8 10 8 16 8 15 4 12 17 14 5 18 1 112






57
C. Resistant parts and fragments.

a). In conection with development: exuviae of larvac and pupae
of Arthropoda, Cladocera, etc., empty cases (gelatinous, chitinous, ete.)
of eggs, cocoons; gemmules, eic. already hatched.

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

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

Most of the Ciliata 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 were only a
few zooids left in the colonies, while most colonies of Episfylis, with the
exception of autumn examples, were very vigorous. Vorticella 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.

Coelenterata. Gemmules of fresh-water sponges, were
frequent. The majority of them belong to Spongilla fragilis, which is
auite common on stones in the shallow water, those of\ S. Carteri being
rare. 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). Judging from the nematocysts they belong to Pelmato-
hydra oligactis PALL., 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
abora) part of the body.

Turbellaria. A few free living flatworms, respresenting two
species not yet identified, fonnd alive in about a third of the samples.
Their cocoons are enumerated in Group 15.
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Nematoda. 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 be present. The worms found in great
abundance were about Punctodora size, with the exception of a few
large forms (Dorylaimus?).

Rotatoria. 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
{ew pelagic forms (Keratella cochlearis, Conochilus} were present.

Annelida. 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.

Arthropoda. 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 Hydracarina 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.

Tardigrada. In the summer and autumn collections of 1942,
many specimens of the water bear, Macrobiotus macronyx, were found,
but during the following year it was scarce. In a sample taken at the
end of October, 1942, there were 71 individuals/em®, 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 Edmwardsii 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).

Cladocera. 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 ("= 11.5%) as well as ephippia
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with eggs ('==34.6%) and empty ones were found, fragments of shells
being very common. Iliocryptus (I.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, Monospilus, Rhynchotalona rostrata and
Leydigia acanthocercoides could be distinguished. All the species men-
tioned were reported from Kis-6bol 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. (SEBESTYEN 1947, 1948). Iliocryptus, Alona, Rhyn-
chotalona and Monospilus 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 (SEBESTYEN 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 Iljocryptus in an autumn sample (No. 21,
October 16th, 1943) mighi mean the end of their life cycle at the close
of the favourable season. Of pelagic species only Leptodora (one dead
specimen) was recorded.

Ostracoda. Living specimens scarce, empty shells — partly
bro(li;en — very frequent and numerous. Specific identification was not
made.

Copepoda. 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 Diapfomus was found. Both Cyclops and Harpacticidae are
common in the shore waters, while Diapfomus 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-sedentary, 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 in a condition permitting
recognition was found only in one sample.

Group 28, Crustacea, 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.

Insects. 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
SEBFSTYEN, and SzABO, p. 24, 35, 47). The larval skin and fragments very
likely belong to C'ryptochironomus, and Microchironomus etc, species
common in the bottom of the Kis-6bol bay.

Trichoptera. Living ,,caddisworms™ were very scarce in the
samples, empty cases more frequent (Hydroptilidae, Leptoceridae).

Hemiptera. 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.

Hydracarina. 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.

Mollusca. Shells of Dreissena larvae, both in the veliger and
sphaerium) 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) two young Dreissena, one Lithoglyphus and
a fragment of the terrestrial form, Cyclosfoma elegans, were enu-
merated.

Bryozoa. 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“ 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-

roduced elements). Using the terminology introduced by Enrz,
gEBESTYEN and SzaB6 (L. c. p. 31) the great majority of the elements
might be considered true constituents of drifts (,,echte Driftelemente*).
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Terrestrial elements.

Allochtonous elements are mostly terrestrial (,secundire Drift-
elemente” 1. c.p. 32). The pollen of Coniferae growing in the neigh-
bourhood is rather common. Hairs of Verbascum and Hyppophaé 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.

*

Becaus: 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
life of the lake.

The appearance of ephippial females of Alona affinis and the
presence;of quite a few dead specimens of Iliocryptus in some of the
autumn samples show that the E,ife cycle of these species came to an end
at the close of the favourable season. Macrobiofus 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 réle 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 réle 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 su
lstmta ldetached by the waves; 3) organic debris of the bottom of the
ittoral.

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

Data on animal constituents belonging to 49 groups (not of equal
svstematical value however) were united in a T able 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-
101,

g Beside these autochtonous fingredients 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 particles and their disposal on the shore, though in this process
the shape, size and specific gravity of each ingredient plays a réle 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 coarse and
fine detritus. It seems also that fine detritus may be formed at any
stage of fragmentation. The matier'of size however should be approach-
ed only by collecting many exact numerical data on the material.

The detritus drifted ashore 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 coarse 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
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serve as food too, but this question needs special investigation. Most of
the fine 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.

Through the effect of wave action plant and
animal bodies might become subject to fragmen-
tation before raching the end of their life cycle
and the organic substance represented in them,
by the intervention of detritus formation, det-
ritus feeders and their consumers etc., may be
transformed into live matter again, delaving the
process of complete decomposition.

July 21, 1948, Tihany.
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K BOIMNPOCY O TEUEHUU NETPUTA B O3EPE
BAJIATOHE
Astop: OJIbI'A NEBEUITLEH
PE3IOME

Mur uccnepnosanu Gopmauuio ¥ COCTaB [AGTPUTA OKOJIO moaxopsimed yactu Gepera
nonvocrposa Tuxaub B o3epe BanaToH.

OCHOBOM IS [JaHHLIX HCCHeaoBaHUd mnocnyikunu uHabnoaeHuss B none, nanee
KauecTBeHHLIM U KonuuecTBeHHbI nabopaTopubif ausinus 35 npob, 3a6paHHbIX C HIOHS
1942 r. no anpenn 1944 r.
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Jlanee npousBeeHa OLEHKA NAHHBLIX CO CUCTEMATUUECKO# W 3KONOruuecKoi Touex
3peHus.

Henbw Hammx uccnefoBaHu# SIBISANOCH:

1. BuisICHEHHE TNPOUCXO0XK/AEHUS PasyIdUHbLIX BUI0B (Guopbl H (avHL B TEUeHUAX.

2. TIpoueccsl (parMeHTalMM.

3. BuigcHUTb pONb, 3HAUEHUS W BIMSIHHE TEUEHMs ASTPUTA HA mpoueccw B oOmene
BemecTs B osepe Banartone.

'naBuvio yacTb npob COCTOBISIIOT OpraHHyYeCcKHe YacTHIbl. OTH YacTULHl TPOKC-
X JAT M3 TPeX MCTOYHMKOB:

1. ®parMeHTs MaKpOBereTaluu.

2. JiucriepcHble YacTHIbI, OTOPBAHHLIE BOJIHAMHU OT NIOBE PXHOCTH pasHLIX cviCTpaToB.

3. Oprannyeckuit Hanoc co ana noGepexbsl.

@parmeHTsH 00lee PasBUTOH BEreTaluy CMEIIMBAIOTCA ¢ pacTeHHsiMu Gosee HU3KOU
CHCTEMAaTUUECKOH KaTeropu, Kak MxH, rpudul ¥ Bojopocnu. Cpeid nOCAeJHUX uame
BCEro BCTPEYAlTCSA HUTEBU/IHLIE (bopmu. B Tabinuue cobpaHbl AaHHLIE OTHOCHUTEIHHO
OpraHuyeCrux COCTaBHLIX uar‘Teﬁ NpUuHaAQIe)IKAMUX K 49 rpvinam (paanulxum‘( cucre-
MaTHUYECKHX Karu“opuu) dra TaﬁllHu'l YKasniBaeT Ha Ha/IM4he W YMCJIO PasHbLiX Oprapu-
YeCKHX COCTaBHbIX dYacTei (JKMBBIX ,MEPTBbHIX, YaCTMML) B Kakho# oraenbHO# npobe.
Tam-)xe npyBeJieHbl YacTOTa UX pacrnpejenenusi B Y,-ax, gajee, MaKCUMalbHOe W CpejiHee
9UCI0 BCEX WUCCIEA0BAHHLIX MaTepuaioB. [IpubIM3UTENbHO NMOJIOBMHA BCEX T'PYNIN NpH-
HAJJIe)KUT K YIEHMHCTOHOTMM. Yauie BCero >KMBOTHLIE MPOMCXONSAT H3 BOJALI N0o0EpeIbs
u Oenroca, MHOTHE OJHAKO JXMBYT Ha NOBEPXHOCTHOH oGosiouke. ToNbKO HeGONMbmINE
9KCJIO COCTABHLIX YacTe, HaHACHHBIX nocyie OVpH, MPOMCXOANT W3 nejarnyeckoi obnacry.
Kpome 9THUX aBTOXTOHLIX COCTaBHLIX YacTed, uHoOrja BCTPEUawTCsI U 4aCTHUIbl MOYBEHHOTO
npoucxoaenusi. [IpoucxorkaeHue ceMsiH U QpykToB no Ooinbuel YyacTH HEHU3BECTHO.

Cocrosinve Teji pacTeHWH M HKMBOTHBIX PasjIMYHOE B 3aBUCHUMOCTH OT CPOKa Tmpe-
OniBaumg B peTpuTe. Ha aTuX uwactuuax HaliijofaTh pasHbie CTaAUM MEXaHWMUECKOro
pasmesibyeHusi U XMMHYECKOro pasioyxenus. MspecTHad yacTb PacTHTENLHOrO [JeTpuTa
HMeeT TopPsHOH cocTas.

Bce 9t cocraBHbie YaCTH TMOABEPIKEHL! NEeHCTBUI0 BOJIH, KOTODbLiE pacCcenBain?
HX B Cpejie, a eCJIi Cujia PasMEIeHUs] OCTATOYHA, BOJIHbI BHLIMLIBAKT HX Ha nobepejse,
Ha MecTa COOTBeTCTBYwmeH Tornorpaduu.

ﬂnuamnqecxaﬂ cuJjia ]:(eﬁCTBHSI BOJIH CKa3biBACT BJIMSIHHE HaA IPYNNHUPOBKY YacTHLL
H Ha WX pacripejesenue no nobeperxbio, XOTS B 9TOM npoiecce ¥ Gopma, pasmep U Vjelib-

Hbl BeC OTJEJIbHLIX COCTABHLIX YacTeH MrpaeT WM3BECTHYIO POJb. [IpH OueHb Ci1abom
ABMYKEHMM BOJAbI WM [BHIKEHHME >KHBOrO OpPraHMsMa VYacTBYET B 9TOM Ipouecce.

PasMep pacturenbHOro pgerpura kosieGnercss yame Bcero or 0,5—5 Mm., Kpome
TOro BCTpedanTcsl U Gojlee MeJKHUe YacCTHIbl.

CejieMEHTALMSA TAKMX MEJIKMX YaCTHIl MPOUCXOAUT KpaliHe MEeJIEHHO W 9TO [ejaer
BO3MO)XHbIM NMEpeMEIeHUe MEJIKOr0 J[eTPUTa B OTKPLITYIO BOAY.

HecMoTpsi Ha TO, YTO pasmenbueHHe MaKpOBEreTaluy MPOMCXOANT NOCTENEeHHO,
OYeBHJHO KMMeeTcsl npolen B pasmepax MeKAY OueHb MEJIKMM W KPVIHLIM [IETPUTOM.

OueBMAHO MEJIKUH ASTPUT BOSHUKAET B Ka)K/A0W cTajud pasmenbyenus. Bonpoc
0 pasMepax, OJHAKO, MOXHO pellaTb TOJIbKO NYTEM HCCIIeJOBAHHA MHOIOUYMCIIEHHBIX
JOCTOBEPHLIX JAHHbIX.

JleTput, BhiHeCeHHHIH BOJION Ha nofepeixbe, BCiieACTBUE ONToro npebuiBaHus Ha
Gepery, BuiCbIXaeT, CTAaHOBUTCS (oJiee JIOMKHM M — NOJ BIMAHMEM PasiUuHbIX GakTOpOB
NOCTENEHHO PA3MENbYaeTCsl [J0 CaMblX MEJIKMX YaCTHil, OTKY/a BETEP ¥ BO/ia BNOCHEACTBUK
YaJIdT ero.

Menkuit ieTput, ocraBmuMiicss B Boze nobeperxkbss, ynorpebiasgercss uneHamu Oen-
Toca. Bonbiasi yacTh KPVNHOrO feTpuTa ocraeTcs na nobepejkbe, WM B BUJIE OCa/iKa
Ha aHe. On Tam oOpasver OMOTON AJsI XapakTepHOro GuouvHEsa, COCTOSAMEr0 W3 PasHLIX
Mukpoopranusmos. (IMoapoduoe uccienoBanne atoro OGuousnesa Bekope OYAST npows-
BefieH0.) KpynHbili [ETPUT MOXKET CIV)KUTb M B KadyecTBe NHTaTelIbHOr0 MaTepuasia,
HO 3TOT BONpoc TpeOver AajbHEHUero MayuyeHus.

I'1aBHASl 4aCTh MENIKHMX YACTHIl BLIHOCUTCS B CTKPHLITYIO BORY M Tam ¢ Tpoduuecroi
TOUKM 3PEHHSI COCTaBIISIET CYIIECTBEHHVIO YacTb CeCTOHA. Popmbl OeHToca MOryT nojb-
30BaTbCsl €THMH YacTULAMM, KOT/la OHM ONYCKATCS Ha AHO.

Benepcrsue pelcTBus BOJIH, PaCTUTEJIbHbLIE M HCMBOTHBIE TEJla MOIYT NOJABEPraTbecs
pasMesibYeHUI0 — €LIe HE OKOHYMUB MOJHLIA LUKI CBOEH >XU3HYM, a UX OPrasuyecKuu
marepuan, BcnejcTBue (GOopMalMu JIeTpuTa, JIeHCTBUSI npousBoauTesnei u norpedureneit
JeTpuTa M T. A. MOXKET OnsTh IpeBpamaThCsd B OpPraHvyYecKHe BeuecTBa, OTCPOUMBASL
TaknM 00pasoM Npouecc NOJIHOTO PasIo)KEeHHs.

31-ro uiona 1948 r. p. Tuxaue.



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

BY

ELEK WOYNAROVICH (Budapest) and BELA ENTZ (Tihany)
From the Hungarian Biological Research Institute, Tihany, Lake Balaton
(Received for publicatign 31th May, 1949)

In the aim of adding continuously to the supply of Lucioperca
sandra Cuv, et VAL. in Lake Balafon, the Alséors Lucioperca In-
cubation Station 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
place in changing water. The eggs attached to the hairy fibres of the
,nests“ (ENtz and WoynNArovicH 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 electrie
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 (ENTZ and WoYNAROVICH, 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 (Souvorov, 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 case the moisture on the eggs can be controlled only by spray-
ing them at least three times a day with a sprinkler.

5
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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
methog, 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 m?®, 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 workthere must be a pressure of at least half
an atmosphere in the pipes. If'the 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 | an hour. This is such a
small quantity that mo 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
cggs from the Lucioperca spawning grounds in Lake Balaton. After their
arrival we examined them, to establish' 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
how 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 1.) 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 (Figure 1), arranged in groups as above,
were hung on hooks beside and above one another, on a framework in
the spraying chamber (Figure 2). On our scaffolds we could place
120—150 nests at a time. j

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 for hatching. This could be accelerated
by two means: 1) by exposing the eggs to the heat of the sun for 2—4
minutes; 2) by putting them for half an hour into 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 l\ﬁhen 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 (in° C). According to UNGER (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 supplied 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 sunFiosht also manifested itself in other ways.
In the eggs exposed to light, the eye of the embryo is pigmented black
and clistening: 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 drops 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 controlled the eggs several times daily, as to whether there were
dead or mildewed ones among them. In nests in whicl the eggs were
not injured during shipment (the small Lucioperca eggs are very
resistant and are injured by only very rough treatment), we never
observed mortality and mildew.

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 the heat of the sun a
premature hatching can bie brought about. The prematurely hatched larvae are incapable
of swimming vertically as the normal ones do immediately after emergence; instead
they wriggle on the bottom amidst uncoordinated tail-flappings. The individuals which
hatched less 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 lack of other, more
suitable place, was carried out in a greenhouse, where it was warm by day and cool
at night. The 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 roach 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.

f no trouble occurred in the aerating system there was very
little mortality among the larvae, scarcely to be expressed in %. The
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.

REFERENCES

ENTZ B, and E. WOYNAROVICH: Neue Wege zur Ausbriitung von Zander-Eiern. Schweiz.
Fischerei Z'g, 55. (1947.) No, 6. 132—133.

Entz B. and E. WOYNAROVICH : Experimentelle Beitrdge zur Biologie der Jungzander.
Arch, Biol, Hung. Ser. II. Vol. 18. (1948. 34—51.

GRIMALSCHI V.: Uber die Entwicklung der Eier und Larven des Zanders. Bull, Sect, sci.
Acad, Roum, 22. (1939.) 180—187.

HANKO B.: Biologische Beobachtungen an der Brut des Zanders. Magy, Biol. Kut. Munk.
2, (1928) 84—91.

NevuHAUS E.: Studien iiber das Stettiner Haff und seine Nebengewé#dsser. IIL Unter-
shuchungen iiber den Zander, Zischr. f. Fischerei. 32. (1935.) 599—634.

OLrpEAN V. L: Contribution to the physiological ecology of the eggs and larvae of
fishes. 1. The effect of salinity on early developmental stages of Abramis
brama L., Lucioperca lucioperca L, and Caspialosa volgensis Berg. Zool. Z.
19. (1940.) 73—97,

Souvorov E. K.: On the development of eggs of the smelt in moist atmosphere. Zool. Z.
18. (1939.) 287—290. ‘

Uxcer E.: Die Zucht des Zandiers in Karpfenteichwirtschaften und in freien Gewisserm.
In: DeEMoLL—MAIER : Hdb, d. Binnenfischerei. V. (1939, 723—748.

OTNbITbl UCKYCCTBEHHOW HWHKYBALIMU LUCIOPERCA SANDRA
CUV. ET VAL

Astops: DJIEK BOMHAPOBUY u BEJIA 9HI]
PE3IOME

Mul BbipaboTany HOBbIH METOA BLICM)XKMBAHMS, NMPOPOAHOrO Ansl siul Lucioperca
sandra Cuv. et Val. B GOIbIIOM KOJIMYCCTBE, W TMOAXOASIIEro sl uejneil pribosioBcTBa.
CyiHOCTh MeTO[a Cllefiviomasi: Mbl AeP>KMM MNMOBelleHHble B paMKaX siiueBnie ,,ruespga‘’
Ha BO3lyXe 0 MOMEHTa CO3peBaHMs, AeHCTBYS HA HUX TOHKOH BOASHON Mbliiblo, TeMne-
patvpoit B 20° C. Tlponecc MHKYOaumu MOKeT ObITb VCKOPEH BLICTABJIEHMEM 3PEJIbIX
SIMI| HA COMHLE B TeueHue 2—4 MUHYT U [iepika WX rnojyaca B BOje, Temn. B 20—27° C.
Npej) e yeM KJIacTb MX B CayaJIky. Monoab Tam BblpamuBaeTcss B TeueHUu 5—7 auei
M TMOTOM BHINYCKAWTCS B CBOOOAHVIO BOAY. BO Bpemsi BbipamMBaHUsI KOIUUECTBO WX
HUKOrla He AoMKHO npeBbimaTbe 600—800 Ha nAUTpP, Aa)ke B XOPOUIO MPOBETPHBAHHOM
aKBapuyMe.



Fig. 1. Nest with the Spawn of Lucioperca sandra.

Fig. 2. Nests, hanging on the framework, where the ripening of the eggs takes place
under a continuous spray.
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In modern limnological research the study of the physical and
chemical conditions of the water plays a constantlv growing part, as
these conditions and 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 (ENTz, G. and SEBESTYEN, 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®)
(OsTERLIND, 1947, [.. D. TownseND and H. CuevNE, 1944, WELCH, 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 Imstitute at about 250 m
from the shore, in water 3 m deep; 2.) In the ., K ut“, 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 boitom, 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.

* THIENEMANN 1939 p. £271—272: ,18. Alle Einzelfaktoren eines Biotops wie auch
des gesamten Lebensraumes stehen in engster Wechselwirkung miteinander; daher wirkt
thre Gesamtheit wiederum als iibergeordneter Faktor — ,lokaler Einheitsfaktor*
FrIEDERICHS) fiir Einzelbiotop als ,Holocoen“ (FRIEDERICHS) fiir den gesamten
Lebensraum (Weltzusammenhang) ...
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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
Table I. and Figure 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 Kut.
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 Kiat was 0,3° C. This
is probably closely connected with the almost constant strong current
existing in the Kit, amounting at the time of our collections to 10—20
m/min. With the formation of ice a reversed temperature stratifica-
fion* occurred, which gradually became more pronounced with the
warming of the water which, as we know, takes place under the ice
{ENTz, G. and SEBESTYEN, 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 Kit (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 ( fanuary 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, onx 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 36.10" calories, which represents the consumption of 4,500,000
ions of the best coal.

* By stratification here and in the following I do mnot mean stratification as
generally used in the limnology, occurring in deep lakes, but merely the ,micro-
stratification evidenced in small differences occurring from t#ime to time in the shoal
water of Lake Balatomn.

** It is {o be noted that the ice does not often break up and then form again in
Lake Balaton (see EXTZ and SEBESTYEN, 1946 239),



71

pHC® 7-0,mg/i
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Fig. 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—84) 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 Q content is
expressed in mg/l (10—46) and in ©°<wua Saturation.

DISSOLVED OXYGEN CONTENT

Determination of the oxygen content of the water was made by
M aucha's method (1945)AS Mualler (1929), Maldura (1931), Csegezy
(1938), Doby and Jacze (1939), Szabs (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/l 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/l. This rise continued under the ice, up to 15—16 mg/l. 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/l. This contin-
ues with the further rise in temperature and at the beginning of April
there was only 11—12 mg/l oxygen in the water. The relative satu-
ration in the open water in autumn, oscillated between 93 and 107%.
Wheen the surface was frozen, the saturation rose to 120—125% but after
the ice!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 SzaB6 1. c. p.
492). Apparently in the Kit 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-6bol — 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
?x’{lreme values are due to the significant oxygen consumption of the
ich.

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/l of oxvygen. 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 melfing of
the ice, the oxygen distribution became again completely uniform. On two
occasions less oxygen was found in the Kit 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: 1152 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 both 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 than| in the quiet, sunny
weather (See Figure 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-obol 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
stubblé 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 wvalues 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
light-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 (GARTNER, 1929, LUDANY-PATER, 1929, ULrLyorT and KNIGHT,
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 (BiRGE and Jupay, 1933 Sau-
BERER, 1941, UTTERBACK, 1941. BURR, 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 to 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—30 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
{loating particles. The transparency thus gradually increased and on
January 13 in front of the Institute extended to the bottom, (275 cm)
and in the Kat 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
iransparency never rose above 40—60 cm.

Parallel with this I began measurements similar to GARTNER'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 Gartner (1929:187) | guarded
against a ,,thorough shaking*1 as it is my experience that, especially invery
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%0). | used a 5 cm long cuvette for the measurements and
distilled water as comparative fluid. | 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 (Figure 2).

Fig. 2, In Graph 1 appear, in can, the transparency values as measured with a

Secchi disc. In Graph 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. (MULLER 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 were 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—30% 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 ‘the photoelectric measurements begun
in the spring, but will discuss them in a later publication.

I carried out several sedimentation experiments during storms
(Figure 3). From these it appears that the settling of floating partic-
les, given ideniical 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.

Fig. 3. Results of the sedimentation experiments. The curves show the %oual values
at the different times, measured with a Stepphotometer. Date of samples: 1, 10—6—
1949; 2, 26—11—19483; 3. 5—3—1949; 4. 24—11—1948.

pH CONDITIONS

pH determinations were made by the MAaucHA method (Maucna,
1940, 1945). I myself modified this method slightly. I made two meas-
urements, during which I changed the eprouvettes used for comparison.
1 took the mean value of the two measurements as final result. This
was necessary because the diameters of the different eprouveties, 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 | measured the pH with a Pulfrich photometer and a Sonn-
tagh electric pH measurer. But in the present investigations the M aucnha
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. Mutter got a pH of 8.62 in the open water (1929:151) b ory
and Jacze 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 (Maucha, Sebestyén, vVerbal communications) the pH
value varies to some extent throughout the year. It likewise varies
throughout the day (Maidura, 1931g).

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 Figure
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 of experimental error, and only a rise in temperature
of 40° C caused an appreciable (0.1 pH unit) difference (UsingMaucna‘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 Figure zg a phenomenon similar to which was also observed by
Czerny (1948:4 )

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. (Meschkat, 1934 p. 442). Sedimentation tests showed, that if | 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 MaucHA* g
method (1945). They showed that the oxygen consumption of the organic
material gave values between 1.575—323 O, mg per liter, the mean
value being about 2.5 mg. The values changed constantly, now dimin-
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Fig. 4. Graphs showing the pH, Oz (mg/1), and temperature (° C) data obiained in
diurnal investigations on April 6—7, 1949 and March 12—13. 1. Open water, 2. Interior
o of Kis-6bol. 3. Last year’s reed,

ishing, now increasing according to depth and it was impossible to show
a possible relationship with other factors (see Table 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 ®U3WYECKHME W XHUMHYECKHE YCJIOBHUS BOJbl
O3EPA BAJIATOHA; UCCJIEJOBAHHBIE C CEHTSBPS 1948 r-a 10
ATIPEJIA 1949 r-a

{Temnepatypa; mpospauHoOCTb; coflep>XaHue Kucjaopofa; pH u opranuyeckue
BellecTsa)
Astop: BEJIA JHI]
PE3IOME

C ocenu 1948 ropa 0 Becunl 1949 roga s1 uccrenoBan TeMrnepaTypy npospavHocTb,
pH, cofepikanue KUCIOPOJa ¥ OPraHWUECKUX BEmeCTB BOAHI B riivOune 3 M., OKOJIO BOC-
Tounoro Gepera monvocrposa Tuxaub W B riavOune 10 m v ,,Kvr“-a. §I craBun cebe sa-
Aa4dy, YCTaHOBHUTD ONPEACJICHHDIE CE30HHDIE USMEHEHUA UITH-)KE U3MEHEHHUS COOTBETCTBY 10~
e pasHuiM rIyOMHAM, a TaK)Ke VCTaHOBUTb CBSI3b MEXY PaslIMYHbIMA (PaKTOpPaMH.

Bopa o3epa OT nNOBEPXHOCTH 10 [HA ABJIAJACh HACHINEHHON UM NMEepPeHaCHIeHHOH
kucnopoaoM. Munumym Obi1 939, makcumym 1269,. Hacbiienue A0CTUrI0 HaliMeHbIIYIO
crenens BO BpemMst Ovpu a Gonbmvio cTeneHs B TUXVIO norogy. Camasi BbICOKasl CTeNneHb
HACHIMEHHS] BCTpevasiacb 3UMOH, MOJ JIbAOM.

TpospaunocTb, HauuHast ¢ oceHu (70—170 cm. Secchi-puck, 80—889, na (oTo-
merpe Pulfrich-a) nocreneHHo yseliMu¥Balach M [AOCTUrJIa HAWUBLICIIVIO CTENEHb MOJ
nbaom (354 cm., 969,). Becuo#i, xoraa Boaa crana Gosiee Temnsioif, Npo3payHOCTb PE3KO
vmenbmuiachk (4060 cm., 60—809). Bonbinas yacTh MJIOBYUMX YAaCTUL, SIBJISIIOMMXCS
TIPUYHHOW MYTHOCTH pacTBOPAWTCS B pasbanienHoH coysinoi KucioTe.

Myrtem nebonpuo mogudurauun meropa onpegenenus pH npurogxHoro u B nosne-
BbIX VCIIOBHSIX Mbl MOTJiM onpejenuts pH ¢ Touxoctbio + 0.015.

pH nocrenenno ymenpmmuiics ¢ 8,38 (centsibpn) o 7,88 k koHUY 3uMbl. B Havane
anpensi, Korjja Boja crajna Gosee Teruioi pH onsite nogusuiesi no 8,10—8,15.

B obmem pH usmenusics B npsAMOi nponopuuH ¢ temnepaTypoi, a npospayHoCTbL
U COAEp)KaHHe KHUCJIOpPOAAa HM3MEHHJIUCh B 00paTHOW nponopuMu C TeMmmnepaTypoi.



TABLE 1.
Changes in (ransparency, pH, and organic matier content of Balaton water from Sept. 27, 1948 to April 2, 1944

J _ | Transparancy with 9/ Stufen photometer /o H Organic substance

g E§ Tr,:?:c';a in %atura%, cond i vgith HCl1 ; g ’

(=} 2 E [gecchidise] 0O 1 2 ‘275 0 1 2 205 0 1 2 &5 3 0 i 2 72750
27. 9 45 72 80 1 185 .05 93 91 9 90 837 838 837 834

28. 9 21 915 | 8 8 8 19 9o 94 92 93 827 828 826 825

20. ¢ 1 1320 85 8 8 81 05 94 94 O3

1.10 64 30 T 2919 br. %6 % b7

2.10 20 72 $1. G0t 18 73 865 86 835 85

8.10 90 20 56 822

9.10 33 74 84 8 8 84 91, 2 9 81 820 820 820 8.20

19.10 ol 170 88 88 83 82 93 92 91 92 820 820 820 820

10.11 37 45 64 64 63 60 81 81 8 & 808 808 808 808

19.11 30 125 87 85 835 815 925 92 92 93 813 813 810 810

22.11 20 162 885 875 8 86 945 92 92 03 813 812 8.10 810
25.11 80 20 19 1918 19 by 59 §55. B9 810 810 8 0 810

26.11 ' 50 90 50° 55 HR 8 8 84 &0 810 810 810 810

1.12 00 145 86’5 86 845 843 945 94 92 90 810 810 810 810

14.12 45 50 798 768 798 TG8 804

27.12 — 15 91 91" 80 '9% 9% 95 94 94 810 811 810 810
29.12 - 195 91’6 91 90 90 9% 96 96 94 810 810 811 811

3.1 — 215 a5 92 91 90 995 97 96 955 8.03 810 811 809 810

10. 1 — 250 965 945 905 905 97 9% 96 94 791 797 798 798 802

13. 1 — 275 965 965 945 94 99 98 97 955 795 801 803 802 806 | 312 274 27+ 274
221 30 160 9 * 91D - 82 895 80 9y 190 =94 800 795 797 803 276 249 229

10. 2 1-0 140 92 92 895 89 965 95 94 935 799 798 801 799 1796 1'58 158 158 166
5.3 {1t 20 20 685

9.3 - 66 55 385 87 815 715 790 788 788 768

12. 8 - 75 75 R ) R B | 8 88 88 87 791 793 792 792 796 269 284 300 307
2.3 00 40 5 .46 42 8 0. 8 T1 801 800 800 800 271 233 233 308
2.4 20 43 58 <56 58 56 g2 81 8 "85 807 807 807 806 804 | 224 231 254 261

Ed

depths of water in m



Date

27. 9
28. 9

1.10

2.10
9.10
19.10
10.11
19.11
22.11
24.11
26.11

1.12
14.12
27.12
29.12

10.
13.
22.
29.
19.

12.
23.

BWWWNRERRP PP

Wind
m/sec.

45
21
6-4
2-0
3-3
22
37
3-0
20
90
22
0-0
4-5

2-0

depth) in

m 0

165
16-9
15-7
156
132
13-2
102
5-9
60
60
2-6
20
20
TO
T1
0-9
05
T4
T7
T5
20
T1
04
31
8-2

m.

1

164
16-9
15-7
15-5
13-2
130
10 2
5-9
59
60
2-7
2-0
20
14
T2
T4
22
15
T6
T6
2-1
T2
0-5
2-9
8-2

Temperature

2

16-4
16-3
15-7
15-4
132
12-8
101
58

60
2-7
20
20
T4
TS5
T5
2-8
20
T6
1.6
21
T2
1-0
2-9
8-2

°C

275

16-4
16-7
15-7
15-2
132
12-6
100
58
5-9
6.0
2-7
21
20
22
21
20
33
3-6
T6
T6
21

T4
2-8
8-1

16-4
16-7
15-7

28

21

2-1
3-5
40
T6

T6
2-7
7-9

10-54

1T36
13-22

12-70
13-47
13-67
13-63
15-26
15-94
16-13
14-60
14-79

15-69
14-15
14-39
14-43
13-35
12-15

TABLE II.

10-60

11-36
1310

12-70
13-47
14-42
13-57
1514
15 94
15-79
1542
1678

15-35
14-52
14-84
14-73
13 42
12-19

Oj mg/1

10-70

1T36
13 16

12-70
13-47
13-98
1357
15-02
15 44
1560
1550
16-40

15-00
14-52
14-58
14-47
13-27
12-14

1060

11-36
12-39

12-70
13-47
14 17

1524
15-30
15-71
1670

15-38
14'15

1462
13-35
1212

13-45
1508
13-76
15-34

1609

14 62
12-65
1T74

101-1

10T3
106-3

102-8
99-4
99-3
99-0

107-8

112-7

113-6

101-7

105-5

112-3
102-8
10T9
100-2

99-8
103-6

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

0 2 °/o saturation.

1

10T4

10T3
105-3

102*8

99-4
104-7

98-6
108-1
1132
112-8
112-6
1200

110-0
105-7
105-1
102-6

698
1040

2

102-3

101-3
105-5

102 8
994
10T5
98-6
106-7
1106
110-9
115-0
119-1

107-7
1057
103-8
102 2

98-7
103-5

2-75

10T4

10T3
104-3

102-8
99-4
1031

111-0
1119
1181
1265

110-4
1030

104-4
990
1029

3*

97-7
111-4
100-2
116-0

1232

1049
93-6
99-3
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TABLE III.
Measurements of diurnal variations, April 6—7, 1949.
Transparency
Pulfrich
g -5 b~} =
= R = =)
2 E g 2 oy ) F
5| % S | gg| & 5 g
4 E s 5 B 3 g
5 s SE | X=4 % = = i = | 5
=09 " i =) < (&
218 Eg IOl R S s d
= a &> =2 = o o (o) a. 5 R
100r [ O.W. 1 £ 1137 [o8:2) 1069 | 810 | 67 885
Reed N 55 {1101 | 11081 | 827 | 1079 | 806 | 812 | 93
Bay 1m/sec 111 11-81 827 1079 808 82 93
145 | O.W. 128 | 1090 {763 | 1032 [808 | 78 |89
Reed —_ 60 128 1168 818 1107 803 767 | 90'8
Bay 128 1165 815 11004 | 806 827 | 93
18hr | O.W. 128 1178 | 821 11122 | 811 | 787 | 921
Reed — 55 130 12:89 9:02 122-8 814 842 | 9311
Bay 130 1256 | 879 1196 813 84 9475
220t | OW. 125 11'73 | 821 11004 | 809 | 72 92
Reed SW e 12S 1181 | 827 111:2- ) 812 1832 |- 98
Bay 4m/sec 125 1164 | 815 1096 | 810 | 89 | 98
2br O.W. S 12:0 1143 801 1065 806 73 91
Reed 1m/sec — | 125 11143 | 801 1091 | 805 | 83 95
Bay 125 11115 | 780 1064 | 804 | 89 96'5
6br | O.W. S 11'5 1140 | 804 1056 | 8056 | 651 | 88
Reed 3'5m/sec 50 115 11-23 7-86 1033 804 742 | 887
Bay 11-5 11'10 769 1011 807 855 | 955
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AUTUMN AND WINTER SHOALS OF FISH IN THE SHORE
ZONES OF LAKE BALATON IN 1947—1949.

BY
BEL'A ENTZ
From the Hungarian Biological Research Instilute, Tihany, Lake Balatonm
(Received for publication 31st May, 1949)
With 10 Figures and 4 Tables in the texh

APPEARANCE OF THE AUTUMN SHOALS

According to numerous observations, fishery data and the infor-
mation of LiSSMANN (1933:86—92), in the autumn in sheltered places
along the shores of Lake Balaton, chiefly in lbays 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 I]anuaz-y 1949. The investiga-
tions were made at Tihany in the Kis-6bol 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 5—15 m from the
shore. They passed in a 5—10 m wide band parallel with the shore.
Atevening in quiet weather the noise of the masses of little fish !in
these shoals, jumping oul 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 waler. It settled down in the midst of a cca 15X15
m patch of reed at the entrance of the Kis-6bol 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 Deecem-
ber 12th, with the diseppearance 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 melied 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 ecm diameter was used for collecting, which on
Fig. 1,
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Figs, 1 and 2. Ratio of standard length (mm) and weight (g) of bleak for 1947/48
(Fig. 1) and 1948/49 (Fig. 2). The differemnit age groups are indicated by the brokem
vertical lines. O = fry of age group O, I=two years, I = three years, 1II = four-year
old specimens.
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Figs. 3 and 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. Figure 3 is for 1947/48, Figure 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 c¢m 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 (HuGH, 1942).
This length is given in the Figures, in mm. (Fligs. 1, 2, 5—9). Be-
sides this I made several measurements of the weight in each group,
arranged by length. (FFigs. 1—2). I 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-
vestication, appending the data concerning them (species, length,
weight). I worked up the scales with a 20’<magnification by transillu-
mination with binocular microscope. Then from its growth rings (an-
nuli) I established the age of the Rsh 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
(Figs. 3—4).

In the 1947—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 different 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-
aies 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 Table I). It seems that in

TABLE 1,
Components of the shoals, according to species.
1947/48 1948/49
%% 0/o
Bleak 3 . i ; 4680 97-07 3131 61-47
Bream . d : . 33 070 1578 3098
Roach and rudd . . 101 2:09 178 3'50
Pope (Acerina) . ‘ o 004 203 399
Rhodeus . = P . 2 004 — —
Aspius . 3 - 3 3 006 2 004

Perch F o o —
Total 2 2 . . 4834 10000 5093 100-CO
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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 bjorkna and Aspius
rapax. The shoals had a relatively more varied composition in 1948—49.
Besides the bleak there were bream in considerable numbers (A4bramis
brama among them now and then Blicca bjérkna), with about 1570
specimens (31%), roaches (Scardinius erithrophthalmus and Leuciscus
rutilus) 178 specimens=3.5%, and Acerina cernua, 203 specimens=4%.
It was interesting to note that in both seasons there was a remarkable
lack of Iredaceous fishes. Among almost 10,000 fish there were only 5
young Aspius rapax of the first growing season (age group O) and one
perch (Perca fluviatilis) to represent the predaceous.
Fig. 5—9.

5. Bleak population 1947/48,

Figs, 5—9. Length of fish in the different age groups O — NI according to species.
'Abscissa: length in mm, ordinate: number of the individuals. Thick line: average values
per 5 mm; thin line: average values per 2 mm. Dotted line in Fig, 5 and 6 is the
distribution curve of the two biotypes (@ andg') 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 55% 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 | and there were even 10% of those still older.

A similar phenomenon was to be seen in the bream. In 1947—48
scarcely 15% of the bream were in their second year, all the others
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were young fry of age group O. In 1948—49, on the other hand, nearly
half of the specimens examined were more than a year old, in their 2—4
year (=age groups. I. and I1.) (Table II).

TABLE IL
Distribution of bleak according to age groups O—IIL

1947/48 1948/49
0, /o
0 4408 94-2 2016 64
I 258 55 814 26
11 14 03 246 8
111 — —_ 55 2
Total 4680 1000 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 Table III that the top of the shoals,

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

Alburnus lucidus

Abramis brama

Surface  Date 0 I

of large XI.3 138 1

shoal 8 851 1

14 470 12

Interior Xll-¢ 12 55

o 17 183

of large 3 174
shoal

Length, mm 25—68 69—91

14
61
61

14
14

0 I R
3 e o
39 162 33  —

232 100 13 2
59 53 R

80—105 106- 40—85 75—110 100—130 130-
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at about 20—40 cm below the 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 Figure 10). It was striking to observe the similarity with

0

Fig. 10. Disposition of the fish in the bleak population investigated in the Kis-6bol
(upper graph) and in ihe aquarium (lower graph). O W =open water; C = shore;
R=reed; W I=water inflow, W O = water outflow, 1=1 year bieak, 2= 1—4 year
old roaches (Abramis brama, Leuciscus rutilus, Scardinius erithrophthalmus, etc,)

which the fish arranged themselves within the shoal, both in matural
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 Figure 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 partifarthest 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 Figures 1—9
and Tables I—IV.
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Figures 1—6 and Table IV show that in the average the

TABLE 1V.
Relation between age (Groups O—III), diameler of scale, weight and length of bleak.
The last column gives the length of the individuals occurring in greatest numbers.

Maximum in

Scale, diam, in mm Weight, in gs. Length, in mm length, in mm

1947/48 1948/49 1947 48 1048/49  1947/48  1948/49  1947/48 1948/49

0 1-22  09-211 06-44 03-38 31-77 25-71 56 36
I 2228 2:1-2-7 44-90 39-81 75-95 69-96 80 76
I 24-34 28-31 85-12-3 83-13 89-102  88-106 98 98
11t —_ 34-39 22 150-18 115 106-116 112 112

bleaks were more developed and larger in 1947—48 (Fig. 5.) than in
1948—49 (F'ig. 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 Il and 1II could only be approximated.

Investigating the 1948—49 Abramis population (see Figure 7)
we find a similar distinction as to size among those of different vears.
Here too, 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 Figure 8) and the Acerinae (see Figure 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 (Figs. 7, 9). Thus, for 1948—49 in Abramis brama
of O yvears M=64 mm,” D=645 mm, 0¢=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, ¢=6.1 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
ihe curves is highly asymmetric. In 1947—48 M=55.05, D=58, ¢ =15.47
and S=0.1584. In 1948—49 M=41, D=735, ¢=8.36 and S=0.807. As we
know, one of the causes of asymmetry is that the population is not uniform
but covers two or more biotvpes. According to LiSSMANN there is a dis-
tinct difference in size between males and females of the same age
(LissmaANN, 1933). Taking this and the data of different separate col-
lections into consideration, we can distinguish two biotypesin Figures
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 value, D = place of greatest density, ¢ = s'andard
deviation, s = standard error, and S = index of symmetry, which is positive if the curve
is asymmetric on the right side and negalive if asymmeiric on the left side (WEBER
1948:86).
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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:

Md M@

mm o mm o
1947—48 444 348 573 12.2
1948—49 355 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 ¢—M g"=13.1,
In 1948—49 ,=0.7146 and at that time MQ—Mg=17.5; i. e. the differ-
ence in both cases is a statistically significant difference. The separate
data for the & @ and @ @ biotypes during the two years was similar,
that is, theo values stood close tol one another — only in the first year
the whole population was somewhat more developed on the avera
than in the second year, probably on account of more favourable condi-
tions. From the standpoint of size, besides the great difference apparent
beiween 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 s:'f;nificance (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 Lissmann (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 LissMANN says, if we consider that in ‘the autumn all the water
of the Balaton cools off almost uniformly from surface to bottom (EnTz,
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
ereatly 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 dre tc some immediate cauvse. In order to clear up
this problem I began some investigations of the conditions reigning in
vhe 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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OCEHHHME W 3UMHHUE CTAHU PbIB B BEPEI'OBBIX IMOSCAX O3EPA
BAJIATOHAB 1947 —19491'T

Asrop: BEJIA 3HIJ
PE3IOME

1. Bo Bpemsi ocennero ucciepoBanusi 6eperoeux craif puib, s1 o6cnenosan 10 000
poib BospacTom oT 1 ropa go 5-tu net (Bospactube rpynnsl 0T 0—IV) Ha ocHOBaHMM CTaH-
AapTHON [IHHbLL, Beca ¥ o0pasua Yeuvu.

2. YemvH, npurieennsie cOOCTBEHHOH cnusbio K Oymare, s OTkiaabiBal AIs
oficnenoBaHusl, COBMECTHO C OTHOCSUIMMHUCSI K HUAM JaHHBIMH.

3. Ha noBepxHOCTH ¥ KpasiX 'pOMajiHbe CTaH puib COCTOSIT U3 OHONETHHX YKIIEEK,
B CEPEJMHE WIIM BHYTPH H3 2—4 JIETHUX YKJIeeK H 1 —4 JIeTHUX JieweH; a Ha aue BOIH3H
Oepera mnpeoGiafanT OkyHH. (Acerina)

4. TIpuMEHEeHHEM [IeHCTBUSA CBETa H TOKA BOAbLI, Mbl MOJYUHIIH TaKOe-Ke pacnpe-
[ieNeHyde B aKBapHYMe.

5. Ppibbl 00pasvioT XOpOUIO OTJIUYAIHECS [0 BO3pAcTam NONYIISUUH. Y YKIEeK
BCTPEUATCA KaXKAblH rof ABa 040THNA, YTO BEPOSTHO CIEAYET OTHECTH K MX NOJIOBOMY
pumophusmy: MeHbUIHH ' U Oonbuumi

6. Ilniusa ¥ BeC Tena, AMAMETP YEIIVM M BO3PAaCT MPOMOPUXMOHANbLHB M pPHOY
0 HXHO OT/IMYaTh MO BO3PACTY HA OCHOBAHHMK NOOr0 M3 3TUX [JAHHBIX.

7. TlpuMeyaTe/JbHbIMH YepPTaMH SIBIAWTCA OGonbilasi TVCTOTa TpOMajHbLIX CTai,
MOYTH TOJIHOE OTCYTCTBHE XHU{HLIX Pb0 CpeAd HHX W cial0e HACHLIEHHE KHUCIOPOAOM
BHYTPH OTAGJ/IbHBIX CTaM.
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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 ] 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 agrobioz)gical and bioceno-
tical significance, with the Saltatoria sub-order of Orthoptera. I
published a complete list of the Orthoptera observed on the peninsula
in Volume 18 of this periodical (NAGY, 1948). As the Saltatoria form
only a small part of the animal associations here it was endeavoured
— pursuing the aim of PALMGREN (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 te
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 réle of the Saltatoria.

The starting point for my investigations — as in my research
along similar lines in the Hortobagy puszta (NAGY, 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 (PALMGREN, 1930, UpvaRDY, 1947), but we also find it in the studies
of several authors dealing with Orthoptera (VEstaL, 1933, Kozminski,
1925, NEFEDOV, 1933, BALOGH and LoKsa, 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 (S00, 1930, 1931, 1932 I, 1934) and plant geographical
maps (S00, 1932, I1; UDVARDY, 1947), besides which the kind cooperation of

dr. Lajos FFELFOLDY on several occasions helped in identifying the plant
communities.

Determination of the abundancy (=densily in individuals), which causes so much
difficulty in animal associations, was made with the quadrate method I had already
employed, following F. ORKLAND (1929), in the Hortobagy (NAGY, 1944), and which
BavoeH, (1947) applied successfully in establishing the abundance of Saltatoria
insects.

The field work schedule was as follows: in places which seemed uniform as to
vegetation, without disturbing the animals, I placed the 10 X1 m (=10 m? 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 squares, 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, Bestand)
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 qualiia-
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 km? area I could examine all the
habitats which are important from the standpoint of Saltatoria, such as
wheatfields (alreadly in stubble), pastures, slopes with ,steppe™! park
forests, mesophile and hygrophile meadows.

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

Abundancy (A) means the number of specimens of Saltatoria falling to a
unit of area (in this paper 1 hectare = 10,000 m?® = 2,471 acres), data which I obtained
by calculating the average density of the survey squares in terms of hectares (Table VI).

Production (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 sex served for the later establishment of the
weight of the Saltatoria population surveyed, and from that the weight per hectare
(Table 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 T—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 Table IL 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.

! steppe = (Hungarian ,sztyep“) xerothermous plant association of the S and
SE slopes of the Magyarkozéphegység mountains. (See So6, 1940 p. 24).



97

Dominancy means the species disiribution of the Saltatoria populations,
expressed in °e. The dominance based on the number of individuals (L), is obtained
from net-collected malerial (Tabie 1lI). Weight dominance (DG) means the share
of the weight of specimens belonging to one species in the Saltatoria population im
question, likewise expressed in % (Table 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 Constancy (K) value answers the question of the regularity of the
occurrence of any species, the constance in the 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 12 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 (FELFOLDY, 1943, p. 79—S80): The species in question is present in
80—100% (= K Grade 5); in 60—80% (= Grade 4); in 40—60%0 (= Grade 3); in 20—40%
(= Grade 2); in 0—20% (= Grade 1) of the surveys belonging to the population group.

Fidelity (F) expresses the ciose 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 plasticily (,eurytope and ,stenotope” species), I indicate the F' in the
same way as the degree of constancy: It the surveys of the Saltatoria population group
_ investigated total occurrence of the species in question is 80—100% (= F Grade 5);

60—80°%0 (= Grade 4); 40—60%0 (= Grade 3);20—40% (= Grade 2); 0—20% (= Grade 1).

The percentual distribution of K and F' degrees of the Saltatoria population group

is illustrated in Figure 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 eonstituent
of the biocenosis, which for the Saltatoria — and certainly for all the animal populations
as well — is the most esseniial 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 general 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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Fig. 1. Diagram showing degrees (1—5) and percentual values of Constancy (left) and
Fidelity (right) of Saltatoria Population Groups I—VI,
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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).

I1. Stauroderus bicolor — mollis — Omocestus petracus 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).

VI. 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 (Tables 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
all 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 DI 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 Soé
(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
Tables 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 and characteristic species of the
SPGs which appear with high DI and DG values (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. Stauroderus bicolor-mollis population group (im
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 DI: 87.4%), such
as we never found anywhere else among the afominant 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%), fsa
that owing to their considerable weight they count as dominant,
ﬂlllou%lpgleir DI% is relatively small. Typical species combination of
this is:

STAURODERUS BICOLOR-MOLLIS
CALLIPTAMUS ITALICUS
OEDIPODA COERULESCENS
Gryllus desertus.

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: aviculare
— Stachys annua or Setaria glauca — with Stachys annua communi-
ties (from the sociological survey of L. FELFoLDY). 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 tc
show in the Ohat-puszta (in the middle of the Nagy-Alféld Plain) in
localities of similar type (Nacy, 1943 II).

I. Stauroderus bicolor-mollis — Omocestus
petraeus population group (on' 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 =73%), the other species figuring with uniformly low

* The Stauroderus bicolor and mollis species, difficult to distinguish and connect-
ed by 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 ‘exceplionally remarkable in fthe
3Ist 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 verruciporus and Metrioptera grisca. Thus
the total for predaceous Orthoptera in this survey was DI:17.9%,
‘DG:57.4%, which is an uniquely high value for ihe peninsula.
Considering the very low individual density (T'able VI.) in this
locality and the low percentage of larvae (Figure 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 (Figure 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 oni 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:

STAURODERUS BICOLOR-MOLLIS

* OMOCESTUS PETRAEUS

OEDIPODA COERULESCENS
*Stenobothrus nigromaculatus
* Gomphocerus maculatus

* Dociostaurus crucigerus brevicollis
* QOedaleus 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 —
Loﬁum — Andropogon assn.) forming in consequence of anthropo-
enic-zoogenic influences. Besides these, many transitional types can
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 (— Cyno-
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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lower 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 [_] and Production [l per hectare in surveys

Nos, 1—39. — Below: Percentage of Larvae in the Saltatoria Population in habitats

Nos. 1—39. — Abscissa: Nos. of surveys (see Appendix om p. 116) ordinate: Numbers

of individuals and fresh weights of Saltatoria per hectare and percentage of Larvae,
respectively,
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ITI. 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 containing accessory
species constantly appearing — together with those living on the
mesoYhile 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,
Stenobothrus 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 vitium 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: ,

STAURODERUS BICOLOR-MOLLIS

OMOCESTUS HAEMORRHOIDALIS

STENOBOTHRUS CRASSIPES

Chortippus declivus

Oedipoda coerulescens

Calliptamus italicus

* Phaneroptera falcata

* Ephippigera vitium

* Stenobothrus stigmaticus
* Stauroderus biguttulus

As 1 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 pseudovinae of the flat land meadows of the Kiilsg-t6, on
the foot of the slopes with Festuca — Salpia — 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 iis 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 Pezofettix giornae, Omocestus rufipes and,
more particularly, Gomphocerus rufus are the most {typical: the
shadow-loving nature of the two latter appears clearly from the Table.
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 tvpe the Saltato-
ria can make fullest use of the radiation. The sunny patches — as I
found elsewhere in respect to Stauroderus and Chortippus species —
can be sought in 1—2 minutes from the shady parts, at a distance of
5—10 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,
Stericbothrus 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 (Figure 1). Typical species combination:

STAURODERUS BICOLOR-MOLLIS

* (GOMPHOCERUS RUFUS

Pezotettix giornae

Chortippus declivus

Stenobothrus crassipes

*Rhacocleis germanica

Mantis religiosa

*Omocestus rufipes

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) em high, 100% cov-
ered, half dried. The cover of foliage canopy 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, one 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
bigher and denser vegetation, generally more moist, the more and more
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constant presence of Acrydium subulatum, Conocephalus fuscus, Me-
costhetus grossus species takes us on to the next group to be discussed.,
the Mecosthetus 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 traitl in the SPGs treated so far. This as well as the
K data, show that this SPG — together with the Mecosthetus 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 to the abundance of species. The characteristic
type of composition is:

* CHORTIPPUS DORSATUS

CHORTIPPUS ELEGANS

CHORTIPPUS PARALLELUS

CHORTIPPUS DECLIVUS

*Aeolopus thalassinus

Stauroderus bicolor-mollis

* Chrysochraon dispar

* Homocoryphus nitidulus

* Conocephalus dorsalis

* Metrioptera vittata

This SPG is te 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 (So9,
1932 1, 1934), and in moist alkali meadows (Agrostis alba — Aster pan-
nonicus assn.). At the time of the investigation the beight 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 Tables III and IV, 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 Kiils6-t6, the Ujlaki rét, Ratai
csava, Diosi 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. Mecosthetus population group (in hygrophile meadows).

Populations of medium species abundance, composed almost ex-
clusively of hydrophile species — mostly phytophilous, indeed phvto-
cclous, in which the Mecosthetus grossus predominates, the Chortippus
species also having a considerable role. The accessory species figure as
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in the Chortippus population group, but 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 DI and DG values of which did not quite reach 10%.
But as in these populations tthere were very many Chortippus larvae
which are difficult to identify as to species (DI: 13.2%, DG: 85%),
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:

* MECOSTHETUS GROSSUS

* CHORTIPPUS LONGICORNIS
CHORTIPPUS DORSATUS
CHORTIPPUS PARALLELUS
CONOCEPHALUS FUSCUS
Chortippus elegans
Acrydium subulatum
* Parapleurus alliaceus

* Metrioptera roeselii

* Pteronemobius heydeni

This SPG is linked, in its dispersal io the most moist meadows of
the peninsula, partly to the moister points of localities covered with an
Agrostic alba — Deschampsia caespitosa) — Carex 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 donotl 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 em) 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 tvpe, and due to the damp soil was still a lush green in
the middle of August.
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ABSOLUTE QUANTITATIVE CONDITIONS
Abundance

No matter how slight the reproductive force of a species may
be, it will increase to a considerable extent under favourable circum-
stances. But unrestricted reproduction has biotic and abiotic limits,
which come forward as environmental resistance. It can be seen from
Table VI that the Saltatoria species inhabit the different localities in
widely ‘differing densities (abundancy). It is evident that for anv spe-
cies, the greatest density will occur in the most favourable localities,

and that in unfavourable biotopes they will occur in small pumbers
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 LIEPIG
,,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 eptirety (FRre-
DERICHS: ,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 4. 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: Sfauroderus
bicolor-mollis, Chortippus elegans, Ch. parallelus, Omocestus hae-
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
gressus 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 Mefrioptera 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 (Table VIII) — the
averages calculated from the 4 of the surveys — does not help us
much in clearing up the 4 values. Within the same SPG, and therefore
with the same qualitative and relative quantitative composition, signifi-
cant differences in 4 can be observed (Table VI). But deducting the
relatively few extreme values, the 4 of two-thirds of the surveys mo-
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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
tairly close to one another. In the xeroleimon the 4 value is 32,046/ha,
or 23,395 if we omit the exeptionallv high A4 data (58,000/ha) for the
Stauroderus bicolor-mollis — Gomphocerus rufus population group
which is territorially of limited significance, and on hygroleimon areas
25,705/ha. 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 in 4 is
significant. In sandy localities near Budapest Saltatoria 4 was 90,000
and 20,000/ha in July and August respectively (BarLoGn 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 Loxsa,
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. | myself found a 63% reduction in A4 in the course
of three weeks in the Kiils6-t6 meadow (surveys 4 and 38). Such a sig-
nificant decrease warns us that 4 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 réle of the Sal-
tatoria in the types of habitat investigated. The A4 data for July and
August in the sandy localities mentioned above (Fumana oulgaris —
Festuca vaginata — Cladonia foliacea — magyarica phytosociation)
denote 13.6 and 5.3 DI% respectively of the Saltatoria inhabilants in
the whole Arthropoda population (BALOGH and Loxksa. 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 4 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 4, though in surveys
with great 4 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
m? With higher and thicker vegetation on the stubble field, other eco-
logical factors besides food conditions very likely improve toe. to a con-
siderable extent (microclimate, protection). To some extent this is also
true of the A4 of the Saltatoria on 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 hygrophile
meadows where the vegetative covering is nearly everywhere above
90—95%, the height of the vegetation 1s significant in the development
of A. From the Tables and a list of the localities of the surveys, it
can be said that at the time of the investigation the greatest 4 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) em 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 4 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 4 is naturally
greater than in biotopes which are less favourable, because of their high
and dense vegetation (survey 9), though in a floristic-sociological sense
the vegetation was the same in both places. The difference is also appar-
ent in 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 Salfiatoria except a few stray and
scattered specimens. The Saltatoria populations which may appear on
the borders of localities with such vegktation jare 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 4 — the direction of the slope, i. e., its ex-
position, comes in for consideration. An unfavourable exposure acts
unfavourably on the 4 (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 is 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 4 of the earlier months falls rapidly with the ad-
vance of the vegetation period (BALocH 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 4
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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Production

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

As in the 4, we find large exiremes in the per-hectare weight
values of the surveys. In the localities investigaied 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 Stau-
roderus bicolor-mollis — Gomphocerus rufus population group which
gives a large yield (7561 g’ha) but is of limited 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 fthan in the hygroleimon, and the dif-
terence 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 BaLocH and Loxsa (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 4. Therefore what has been said in respect
to 4 is mostly true for P as well. But must note that both in the heavy
(e. g. Decticus, Oedipoda, Calliptanus, etc.) and in the species of small
weight (Omocestus petraeus, Gomophocerus maculatus, Acrydium su-
bulatum, etc.) shifts between 4 and P values occur, to their advan-
tage or disadvantage. The hygroleimon (types V, VI) species oc-
curring in more considerable mumbers (Chortippus, Mecosthetus) are on
the average heavier and largea than the xeroleimon (types I, I, I1I and
[V) Saltatoria which occur in the same proportions (Omocestus, Stau-
roderus, Stenobothrus; T abl e II). Leaving type IV (park forest) out of
consideration, the 23,395 specimens per hectare on xeroleimon arezs
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 4 the P values are 7476
and 7646 g/ha respectively, corresponding with 40.7 and 31.9% larvae.
It is evident, that with identical 4 — 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 4) 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 (Table
VIII) it is seen that the average P of, the SPG is parallel with the height
of 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 shortest' stubble (having the least
yield) and on the slopes with sieppe assn (Stauroderus bicolor-mollis,
and Stauroderus bicolor-mollis — Omocestud 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 — Steno-
bothrus 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 glha, 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 — when some species multiplies in
consequence of favourable ecological conditions: its density — for the
animals stimulate one another by their activity, due to the great 4 and
induce tostill greater activity (compare UVAROV's migratory-phase theory:
KurinesTEDT, 1939) which, as experimental results have also shown
(FAuURE, 1932) results in considerable morphological and phvsiological
changes in individuals of the populations (,.,gregaria“=migratory phase).
The Saltatoria populations are composed of the total populations of the
species in the habitats, the qualitative, as well as the relative and abso-
fute quantitative conditions of which we have already surveyed in
the foregoing. It can be seen that 1—2—3 species which' comprise
70—90% of the population always take the leading réles. It 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 pefraeus. Stenoecic. 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 mever 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. 1. 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 §000—14.000
ind./ha, but owing 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 io 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 a[l)ways 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 13, 15). Due particularly to the
great weight of the female, the P is important (average 100—360 giha
in the SPGs).

Stauroderus 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 Omacestus
petraeus predominates. Corresponding to the great 4 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 areas beiween 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 4 (2800/ha). In
spite of its ecolog'icjrrelationship to the Omocestus haemorrhoidalis,
there is one important difference, that Stendbothrus 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 35/3{],
(9213 specimens/ha = 850 g/ha average), but here too thev reac
greater 4 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 and 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 e¢m 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 4 and P
values — in more than 50%. Exact evaluation according to species is
difficult and uncertain, on account of the many small larvae.

Chortippus declious. The most xerophile Chortippus species;
very large, ecological plasticity nearly approximating that of Stau-
roderus bicolor-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
in 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 ClZortippus: 659 g/ha in
mesophile meadows, 551 glha in hygrophile.

Chortippus elegans. 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



113

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 4. In 7—25—30 cem 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 VI) the average was 2553 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 A4 (10,226/ha) and considerable P
(2326 g/ha).

In the following Table are given the ecological plasticity
and average 4, also for species not described above:

TABLE 1,

The Saltatoria species of the Tihany peninsula grouped according to their ecological
plasticity and average A for 1947.

Degree of Great A, Medium A, Small A
plasticity above 5000 ind./ha  1000—5000 ind./ha below 1000 ind./ba
Omoc. pert,, Gomph. macul., Doc. er- Acrida, Oedalens, Sta.
stenoecic Gomph. rufus, brev.,, St. stigm., Ch. bigutt., St  nigrom,
species Mecosth. dors., longic,, Omoc. Parapleurus, Chrysoch-

tufip., Rhacocleis

raon, Leptophyes,

Phaneroptera, Metr.
grisea, affinis, vittala,
roeselii, Con, dors.,
Homocoryphus, Oecan-
thus, Pteronemobius,
Ephippigera

species with  Omoc, haemorrh. Oedipoda, Con. fuscus Acryd. bipunct., St. li-
fair ecol. neatus, Liogryllus,
plasticity. Mantis
euryoecic Ch. parall., eleg., Acryd subul, St. cras- Calliptamus, Decticus,
species Sta, bicolor- sip.,, Aeolop. thalass., Gryll. desertus

mollis Pezotettix, Ch. decl

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 m® 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 IIl 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 (tvpes 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 on 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 owm 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 Tables (III andIV) concerning qualitative and
relative quantitative conditions (dominancy), and in order to recapi-
tulate I mention only the fellowing: in xeroleimon areas (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 Omocestus pefracus and
Oedipoda coerulescens; on less exposed slopes and in other habitats of
transitional type with Omocestus haemorhhoidalis and Stenobothrus cras-
sipes; in the oak park-forest (Quercetum stepposum) with the Gom-
phocerus 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 Chorfippus 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 (tvpes I—IV) as
well as hygroleimon (types V-—VI) have their own characteristic
species — of local type — as can be seen from Table V 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 (Table TI)
and the relative quantitative data obtained by collecting with a net
(Tables IIT and 1V) make it possible to obtain absolute quaniitative
data per species and per Saltatoria population, then from their total
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we establish the absolute quantitative data per Saltatoria populatiom
group, i. e. the number of specimens per hectare (Table VI) and
the weight quantities at the time of the investigation (Table 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 be 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 in the types of habitat of the
Saltatoria population groups in regard to species and relative gquanti-
tative relations, less so in abundance and production. Exireme 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 pericd. The
production values — as the data of BALoGH and Loxsa (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 glha; in hygrophile meadows (type VI)
4658 g/ha.'In habitats of other tvpes (slopes with steppe, stubble fields,
mesophile meadows, transitional types) 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) em in hygroleimon areas, with
90—95 and 95—100% coverage respectively.
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APPENDIX
Notes on the places surveyed

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

Omitting partlculars 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 m?) used to establish abundance (A4), 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 Zooiogical Institute of the University of Debrecen.

1. Kiils6-t6, July 25, 1947 (10 hrs.) Festucetum pseudovinae (Cynodon); 5—17 cm,
95—100°/, scarcely drying thick grass. In the vicinity: Agrostis-Aster assn., Pastinace
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 Kiilsé-t6, July 25, 1947 (11 hrs.). Pastinaca facies of
mesophile meadow (Daucus, Trifolia, Lolus corniculatus); 7—10 (—50—60) cm, 100%s
— 40%o green grass, In vicinity: Festucetum pseudovinae (survey 1) ploughed fields.
A: 6,9,6,5=06.5 average. Collected: 48 specimens. (14.5%0 larvae).

4, E border of Kiils6-t6, July 26, 1947 (11 hours) Marshy meadow [roughly
Agrostis alba — (Deschampsw caespitosa) — Carex distans complex], covered with
coloured, variegated grasses (Cirsium canum, brachycephalum, Cichorium, Trifoliwim
pratense, Ononis, Centaurea pamnonica, Lotus, Leon‘odon autumnalis, Achillea, etc.),
in very good green condition: 7—10—15 (—25) cm. 100°%, Tn vicinity: fallow land,
Agrotis-Aster assn. A: 57, 44,48 = 51.5 average. Collected: 106 specimens (37.7% larvae),

5. SE border of Kiils6-t6, July 26, 1947 (12 hrs.) Marshy meadow; like the
preceding, only more moist, with lumpy soil; (more Carex), 10—15—20 (—35) cm, 100%0;
in exceptionally good green condition. In the vicinity: drier types of marshy meadow.
A: 56, Collected: 157 specimens. (51.6% larvae).

6 SE part of Kiils6-to, July 26, 1947 (13 hrs.). Planiago maritima facies of
Agrostis alba-Aster pamnowicus assn. (Cirsium, Lotus, Carex), 3—10 cm, 90—95%,
drying grass, an area of about 6000 m?; in the vicinity: Agrostis-Aster assn. A: 54, 34,
33, 32 =38.2 average. Collected: 123 specimens (32.2%/0 larvae).

7. S part of Kiilsé-té, July 29, 2947 (11 hrs.). Very web type of marshy meadow
(Equisetum, Angelica, Mentha, Emlobmm Cirsium, Trifolium, Achillea), 7—20 (—40)
cm, 100°%, lush green grass, wet swampy soil. In the vicinity: ‘drier type of marshy
meadow, plnughed fields. A: 33, 46, 39, 40 =39.5 average, Collected: 244 specimens
(567.4% larvae),

8. SW part of Kiils§-t6, July 29, 1947 (13 hrs.). Sedgy facies of marshy meadow
Mentha, Inula, 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 Kiilsé-t6, July 29, 1947 (14 hrs.), Sedgy facies of marshy meadow
(Juncus, Mentha, Ranunculus, Lythrum, Orchis), Same 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. Ujlaki-rét, July 30, 1947 (12 hrs.). Marsh-marsh meadow complex (Schoen-
oplectus Tabernaemontani, Typha, Phragmites, Agrostis, 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. Ujlaki rét, July 40. 1947 (12 hrs.). A small marsh meadow area with homo-
geneous mown grass (about 200 m?®), 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%0 larvae),

12. Ujlaki-rét, July 30, 1947 (13 hrs.). Mown meadow, homogeneous, fibrous
Graminea grass (Trifolium), 7—10 (—15), 95—100%, in fairly good condition, somewhat
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frampled. 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, Ujlaki-rét, July 30, 1947 (13 hrs.). Mown meadow, a somewhat drier part and
with more varied vegetation (Agropyrum, Cynodon, Trifolium, Achillea, Daucus,
Pasiinaca), 5—7—10 cm, 80—90%, a drying, narrow-bladed stand. In the vicinity:
"damper meadow habitats, A: 22, 14, 20=18.7 average. Collected: 114 specimens
{6.1% larvae).

14. Dibsi-rétek (neck of peninsula), August 1, 1947 (10 hrs.)). Variegated mown
meadow (Fesiuca, Salvia pratemsis, Ononis, Scabiosa); 15—25—40 cm, 100°%, thick
green grass. In the vicinity: ploughed fields (on the slopes of Diés-tetd hill), meadow
(survey 15). A: 56, 50 = 53 average. Collected: 294 specimens (72.1% larvae).

15, Diosi-rétek, August 1, 1947 (11 hrs.). Mesophile meadow Daucus-Pastinaca~
Cirstum  aspect (Achillea, Centaurea, 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, Dio6si-rétek (meadows), August 1, 1947 (12 hrs.). Homogeneous sedgy grass, a
small hollow (about 100 m?) in the preceding (15) habitat. 30—40 (—50) cm, 100%o, fib-
rous good green. (Only qualitative collection.) Collected: 63 specimens (14.3% larvae).

17. Diosi-rétek, August 1, 1947 (13 hrs.), Marshy meadow (Agrostis alba-Carex
distgns complex), on lumpy, watery soil here and there with ,zsombék** (Carex, 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=23.2 average.
Collected: 32 specimens (6.2% larvae),

18. On the E slope of Echo Hill (Viszhang-domb), 140 m above sea level, August
3, 1947 (9 hrs.). Small clearing (about 30 m®) among tall Acer-Robinia-Sambucus bushes
(Lamium, Leonurus, Agropyrum, Rosa, Clemaiis) 30—50 (—70) cm, 100°%, bladed-
foliated texture. In the vicinity: a wood planted with Robinia-Acer-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 Festuca 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 Ovar, 200 m above sea level, August 3, 1947 (10 hrs.). Festuca
sulcata-Carex humilis grass (Scabiosa, Salvia, Medicago, Thymus), 4—7 (—15 cm,
95—100%, a bladed, drying stand with much moss. About 100 m? In the vicinity:
vineyards with hedges of fruit trees. O: 28. Collected: 71 specimens (36.6%0 larvae),

21. SW 20° slope of Ovar, 160—180 m above sea level, August 3, 1947 (11 hrs.).
Festuca-Cynodon pasture (Achillea, Andropogon, Teucriwum) 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%o larvae).

22/a. Summit of Ovar, August 3, 1947 (12 hrs.). Festuca sulcata-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 Ovar, 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 Ovar, August 3, 1947 (13 hrs.), Festuca sulcala 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?2),
The last a slope of 3—7°. A: 51. Collected: 241 specimens (62.6 larvae).

24, Kiserdd, a hill 150 m above sea level. August 6, 1947 (9 hrs.), Festuca sulcata
(<Stipa) grass (Andropogon, Euphorbia, Thymus, Scilla autwmmalis, Xeranthemum,
Eryngium), 2—5 (7—10) cm, 85—90%, fibrous, bunchy, half dry grass, On a smali
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. Kiserds. E 5° slope, 150 m above sea level, 'August 6, 1047 (10 hrs.). Festuca~
Andropogon pasture grass (Artemisia, Thymus, Scilla autwmnalis); 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 m?, in the neighbourhood fruit trees, kitchen gardens. A: 18. Collec-
ted: 107 specimens 5.6% larvae).

26, SE slope of Kiserds, 150—180 above sea level. 'August 6, 1947 (11 hrs.) —
Festuca (-Stipa) — Andropogon grass in an orchard (almond), (Eryngium, Euphor-
bia, Xeramthemum, Teucrium, Linum; Scabiosa); 3—5 m almond tree foliage-level
cover: 20%, 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. Apati-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. Tn the vicinity: pastures and ploughed
fields. A: 38, 42, 31, 28, 21 = 32 average. Collected: 227 specimens (67.8% larvae).

28. Apati-hegy, SE slope, 140 m above sea level, August 10, 1947 (11 hrs.) Seta~
ria-Rubus stubble (Convolvulus, Consolida, Cirsium, Melilotus, Chenopodium); 10—20
(—30) cm, 70—80°0, very sparse, fibrous-foliated drying grass. In the vicinily: stubble
of preceding (27.) survey and pasture (survey 29). A: 18, 21 22, 38, 22, 18 = 23.2
average. Collected: 110 specimens (55,5%0 larvae).

28/a, Kiserds, foot of S slope, August 10, 1947 (8 hrs.). Setaria-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 epec-
imens (13.4%0 larvae).

28/b. Kiserdd, foot of S slope, August 10, 1947 (8 hrs.). Stubble vith Consolida-
Erigeron-Stachys-Sideritis vegetation (Nigella, Convolvulus, Rubus), 5—10 cm, 60—
75%a, sparse grass. (Only qualitative collection.) Collected: 46 specimens (34.8% larvae).

29, Apéti-hegy hill, about 160 m above sea level, August 10, 1947 (12 hrs.).
Festuca sulcata pasture grass (Prunus spinosa, Crat@egus 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.).
(Plestuca sulcata, Agrostis temuis, Melica ciliata, Agropyrum vegetation (Eryngium;
Galiwm, Convolvulus, Sedum, Hipericum, Euphorbia; Phlewm); 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, 1947 (15
hrs,). Festuca sulcata-Carex humilis-Stipa grass (Andropogon, Eryngium, Euphor-
bia, Scilla autumnalis, Iris, Artemisia, Thymus, Sedum, lichens); 10—30 (—40) cm,
80839 bladed-shrubby, half dried vegetatiom, on a S 5° slope; the ground stony-—
rocky. '‘About 1000 m? in extent, In the neighbourhood shurbby-woody slopes, A: 9, 7,
6 = 7.3 average, Collected: 45 specimens (2.2°% larvae).

32, Kiserd6. Foot of SW dlope, August 13, 1947 (10 hrs.). Wheat stubble with
Polygonum aviculare.Stachys annua plant society (Convolvulus, Chenopodium al-
bum, Rubus); 3—15 (—20) cm, 80—90%, fibrous-foliated herbage in fairly good com.
dition, About 1 ha in area. In the vicinity the Kiils6-t6 meadow and ploughed fields.
A: 12, 13, 19, 7 = 12,7 average, Collected: 53 specimens (47.2% larvae).

33. Ratai csdva (a small patch of meadow in the W part of the peninsula),
August 13, 1947 (11 hrs.), Small marshy meadow (about 100 m?). Carex p. p. Bolbo-
schoenus?) — Potentilla reptans society (Vicia, 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-tet6 summit, August 13, 1947 (13 hrs.), Quercelum 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. Hosszihegy, 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-tet§, 150 m above sea level, August 13, 1947 (14 hrs.). Quercelum,
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 irees at 5—8 m dis-
tance: foliage crown cover 30—50%. About 4 ha in extent, with slight NE slope. In
the vicinity forest with shrub stratum, A: 58, 65, 51 = 58 average. Collected (principally
in the more open, less shady parts): 113 specimens (40.7% larvae).

35/a, The same as the preceding. Collected in scattered bushes near a shady
enclosed forest with shrub stratum: 144 specimens (31.9% larvae).

36. Gurbicsa-tet5, 160 m above sea level, August 13, 1947 (15 hrs.). Flestuca-
Andropogon summit clearing surrounded by shrubs and planted pines. (Euphorbia,
Thymus, Verbascum, Nigella, Scabiosa Cynodon, Achillea, Potentilla) 3—6 (—10—
40) cm, 95—100%,, fibrous, here and there foliated, half dry grass, on flat land, about
1000 m2, A: 28, 28, 38 = 31,3 average (16.4% larvae).

37. Kiserd6 foot-slope, August 17, 1947 (8 hrs.), Barley stubble with Setaria
glauca-Stachys annua society (Convolvulus, Medicago, Reseda, Cirsium, Rubus).
10—15 cm, 80%, grass in fairly good condition. Area of about 1 ha on 3° W slope.
In the vicinity: shrubby Kiserds slope, fallow land, and meadow of Kiilsé-to. A: 15,
19, 16 = 16.7 average. Collected: 58 specimens (36.2% Ilarvae),

38, Kiils6-t6, E border, August 17, 1947 (10 hrs.). In the vicinity of area of
survey 4. Marshy meadow (roughly Agrostis alba-(Deschampsia caespilosa)-Carea
distans complex), with variegated colourful herbage (Centaurea pammonica, Trifo-
lium pratense, Cichorium, Cursium, Achillea, Ranunculus, Lotus, Inula, Plantago,
Festuca pseudovina, Dactylis glomerata, Carex, etc) about 1 ha in extent, 7—10—15
(—30) cm, 100%, fibrous, somewhat foliated, good green herbage, In the vicinity:
ploughed fields, alkali meadow, A: 16, 20, 21 = 10 average. Collected: 161 specimens
(21.7% larvae). -

39. Middle of Kiils6-t6, August 17, 1947 (11 hrs.). Alkali marshy meadow with
Agrostis alba-Aster pannonicus plant society (Agropyrwum, Lotus, Inula, Cirsium)
Phragmites); 3—5—10 (—15—20) emi, 90—100%0, 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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KAYECTBEHHBI U KOJIMUECTBEHHbIA AHAJIMU3 COCTABA
CAJITATOPUN HA TI0JIYOCTPOBE TUXAHb
Astop: Op. HAQb BAPHABAII
KPATKOE H3JIO)KEHUE

B Teuenuu OfHOTO Mecsiua MHe vaanoch caenath 43 cuumxa (M3 HMX TONBKO 6
MTYK KOJMYECTBEHHOr0 XapaKTepa) Ha PasiMuHbIX MO XapakTepy U pasMepy KYJIbTYpax
nonyocTposa TuXxanb. CHUMKU CAEMaHbI C L{eJIbl0 BbISICHUTH KOJIHMUYECTBEHHOE U KaueCTBEH-
HOE pacripefie/ieHe HacekoMoro Canratopusi. 3a OCHOBY B pasrpaHMYEHUHN KYIbTYDP
CIIV)XXUT pacTUTEIbHOCTD. ﬂﬂﬂ ONpeAeIEHNsT KOJIMYECTBEHHDbIX cBsize s NpUMEHSJ
KBajapaT CATa NOKpPLIBAWIIEro cpasy 10 KBajap. METPOB; K [MaHHLIM KOJHWYECTBEHHOr'o
pacnipejenenust st jobuics nyrem ananusa 4625 sxsemnuisipoB coGpaHHbLIX MHO0 CETKOM
ynoTpebisiemoif Ha nvrax. (xouycuasi cerxa.)

JLOJHBI MPEAoNoraTh, YTO JaHHbE O CYNEHHOCTH 0C00eH Ha CHHUMKAX HEMHOro
HUCIIHE YeM B IeHCTBUTEIbHOCTH, NOTOMY UTO YaCTh HACEKOMHKIX, KOTOpHIE N0 BCei BeposIT-
HOCTY OCTaBajiMCh HENOJBM)KHLIMM, OCTAalHUCh BHE Moero uabmoaenusi. IKseMIUISPLI
YCTAHOBIIEHHBIE MPU PEISITHBHO-KONMYECTBEHHLIX YenoBusiX (deminancialis 3 1 4 Tabnuubt)
H3 CoCTaBa KVYJIbTYD Can"ra'ropuu NnonaBMIMX B CETKY, OCHOBAHbLI HA KOJIMYECTBE MONaBUIMX
B CETKY, U MO BCeH BEPOATHOCTH 9TO reoduibHbe nopojanl (Hanp. Gryllus, Liogryllus)
M 0co0U CamblX ACATENBHBLIX — ABMIKYIMUX — JIETAIIUX NOPOJ, HO NMPOLEHTHLIA COCTaB
HX CpeM nomnasiivX B CETKYHHU30K, HE OTBellalOIan neﬁCTBMTeanHM VCIIOBUSIM. 3aMETHO
¥ SHAUMTE/LHO MOBLmMAETCA 9, nopoas Aeolopus thalassinus, ecliu Mol TeMmnepaTypy
nosoicum 10 30° C.

IocriogeTByomue (domindns) MOPOAE, @ TaKKe NPUHSIB BO BHUMaHue OUOTOM
(B mepBYi0 ouepeab PACTUTENHLHOCTb), SI CPABHMII CHUMKM, CKOHLUEHTPUPCBaj] BCE U B
NONVUEHHBIX MHOW 6-Tu rpyvamnax cocrasa Can'raTopim MOr’ VCTaHOBHUTL TMOPO/AbL! Gonee
unu meuee cessanubie (fidelis) K HEKOTOPHLIM rpvnnam cocrasa Cantatopusi (K TNy
GHOTON) M NOPOAbI NMOCTOSIHHO HaxOopsimuecsi (konstana) B HMX, MOTOM Ha 9TOH OCHOBE
A MOT' €OCTaBUTb U TUNHYHDLIC KOMGMHauHH OpoJ| NMOKasbiBaIIMUX XapaKTepHOCTb rpyvinn
cocraBa CanTaTopUH.

He npunumasi BO BHHMaH¥e BHYTPEHHIOW cneuuduueckyio pensiivio YCTaHOBIEH-
HLIX cocTasoB CasTaTopuu, NMPeAnojaraeM, 4To CHH HAXOASATCSI B CHJILHON 3aBUCHUMOCTH
OT TMPOCTPAaHCTBa M Bpemenu. Jisi TOro, yrobu MoKasaTh YCIOBUS MPOCTPAHCTBEHHbIX
¥ BpPEMEHHbLIX B3auMOJeicTBUHM OuoTomn, BepHee cocTaBoB CanTaTOPUM, HYIKHbLL 11€PHOAH-
qecKHe aHaJIu3bl.

Mou cofcTBEHHbBIE aHaJu3sl, BCE A0 OXHOI'0 NMOKa3LIBAWT KAPTHHY CTATUCTUYECKOTO
ﬂpO(bH!lSl B CPEAHEﬁ qacTH rnepuoaa BEreTaTUBHOIO PasMHOMEHHS. (koueu U015, Havyano
aBrycra) B KOJMYECTBEHHOM W Ka4YeCTBEHHOM pacrnpejesneHdd CanTaTopuil B TeX KVYJib-
YYpax, KOTOPHIE C TOUKM 3peHusi CalTaTopu# SIBAAKTCA CaMbIMHU CYIIECTBEHHBIMU BEPHEE
xoTs1 Obl /10 HEKOTOPOH CTEneHu ABISIMCH Obl CYIECTBEHHLIMH.

To, uTO CBSI3b MEMJ(Y NMOpojaMu cocTasa B CanTaTopuit M KOJMMUECTBEHHOH persi-
rvuBHsauuell (MOXXHO mpeanonarath, 4ro W abvHgauMoHHas CBsisb U CBSI3H BHYTpeHueH
NPOAVKIMKY) CPeAd HOPMAJbHLIX VCAOBHH BpPSIA JIM U3MEHSAETCS CYM[ECTBEHHO, 5 MOr
VCTAHOBUTH HA OCHOBE pPE3V/IbTATOB aHa/ju3a NMPOBEJEHHOr0 MHOI0 JieToM B 1943 roay,
K COXAaleHUI0 OT HUX O0CTajaChb TOIbKO HE3HAYMTE/IbHAsl 4YaCTb MO MPUYHHE BOCHHbLIX
peifcTBul; pacrnipeienesHue NOMUHAPYIOMUX W KOJIHUECTBEHHBLIX MOPOJ B COOTBETCTBEHHBIX
AJIsT HUX KYJIBTYpax [1185; () OJHHAKOBO B TE€YEHHH [ABVX JIET.

HacyeT KauecTBEHHBIX, & TAK)KE KOIMUYECTBEHHBIX pensiTuBHbIX (dominanciélis)
OoTHOWEHUH 51 cCuinach Ha Tadnuusl (3—4 Tabauusl), NMOAUTOKMUBASI 3[ECb MOr'Y TMOJ-
QepPKHYTh Clielyionee: B KCEPOMOH-TpYHTe (HKHMBbLSI, nmacTéuma ¢ KapJiMKOBOH TpaBoH,
cxionbl creneif, gvboBoie mapxu BceoOme rocrnojCTBYIIOMEH NOPOAOH AsBnsieTcsl stauro-
derus bicolor-mollis, KoTOpas Kak THn GuorTona o0LEeAMHSIETCS KaXKALIH pas ¢ ApYruMH
fnopogaMu B JAOMHUHAHTE. TaKk Ha CTENHBIX CKJIOHAX, Ha SKCIOHUPOBAHDIX nacrﬁumax
npeotnanaer Omocestus petraens, Oedipoda coerulescens, B MEHHEE IKCIOHMPOBAHHBIX
W B JIPYPUX [EPEXOAHOr0 TUMAa KYJIbTYpax Mbl Haxoaum Omocestus haemorrhoidalis,
stenobothrus crassipes, B Av00BuIX mapkax — Quercetum stepposum BMecTe ¢ rnoponoi
gomphocerus rufus npeofiiafjaeT, TOrfa KaK Ha >KHHBbSIX rocnofcrsver Setaria-Poly-
gonum-atachis assz. HapaBue ¢ Calliptanus u Oedipoda. Ha rpyure I'mgposiefimox mese-
®uib ¥ rAAPODUIB-TTYTaxX) XapakTepHbl AOMUHAHTH nopoa — Chortippus ¥ Mecosthathus.
Kpome VNOMSHYTBHIX 3/16Ch AOMHHUPYIOMKX MOPOA KaK B wceponeiimon rpyure (I—IV
tur.), Tak H B rugponeiimon-rpvure (V—VI.) rpyvnn cocrasa Canratopu¥i umeiorcs
€me CBOU-MECTHOI'O XapaxkTepa THUMNHYHLIE MNOPOALI, KOTOPLIE Mbi MOXEeM VYBHACTL HA
S-oti TaGnuue, a TaK)Ke B TUNUYHHIX KOMOMHMPOBaHHBIX MOpPOAAX.




121

JlaHubie O CTYDIEHHOCTH TNONYVUEHHLIE TMPHU TOMOMM MPUMEHEHUST KBaJpPaTHOro
cura (CMOTPU MPUNOIKEHUS) MPUMEHEHHOr0 JUIsi U3MEpeHus! HMBOro seca nopop (2 Ta6-
fUUA), a TaK)Ke Te [aHHbie KOTOpble Oninu cobpanpl Ha OCHOBE COOPAHHOrO NYroBOM
CeTKOW M YCTaHOBJIEHHble TaKWM 00pa3om KoiuyecTBeHHbie faHHbe (3 U 4 TaOnuubl)
A& BO3MOYKHOCTb YCTAHOBUTH IO NMOpojgaM cocraBaM CanTaTopuii, a nocle nojseaeHust
MTOr'0B rpynmn coctaoB CanraTopuit 1 abCoMOTHO-KOIUYECTBEHHbIE AHHLIE HITH Ke YHCII0
IKIEMILUISIPOB NpUXOAsuMXcss Ha ofuu rexrap (6 Tabnuna), a Taoxe pec (7 TaGnuna)
BO BpeMsl aHalu3a, SHAUMT B CepejUHEe NEepHOja BEreTATHBHOTO DPAa3MHOIKEHHS.

MeXaY TOXKASCTBEHHBIMH MAAHHBIMM TNPOAYKUMH W abyupgauu#h rpynn curasa
CanTaTtopusi YYUTHIBasl, 4TO OHY OCHOBLIBAIOTCS HA PE3YIIbTaTaX TOXAECTBEHHO MpoOBe-
AEHHBIX CHUMKOB B HEJAJEKUX APYr OT APYra CpPOKax, MO)CHO HENOCPEe/JCTBEHHO MPOU3-
BECTU CPAaBHEHME, HO MEJY AAHHBLIMH MONYVUEHHBLIMU 10 CHUMKAM NMPOBE/Ie HHLIM B GoJiee
AaNexHx JAPYr OT [pyra CPOKaxX Ha[0 MPOBOAWTL CPaBHEHUS] C COOTBETCTBEHHOH OCTO-
POXKHOCTbI0, IOTOMY, YTO a0YHAAUMS ¥ MPOAY KM MOTJIa B TEYEHUU 2—3 HEJeNb B 3HAUH-
TENbLHOR MEpe YMEHBINMTCS, HA UTO S M CcChuTascsi noapobuee. OcTaBuIasiCA €ne nogiuHHast
NOPSIAKOBAS. HYMEPALMsI MMOKA3LIBAET HA XPOHOJOIHYECKYIO OYEPEAHOCTL. 3aMeyaeMmble
HAMU DABHUUL IOBOJLHO DPE3KO TNPOSIBISIIOIMUECST B OTHOMIEHUM KOJIMUECTBEHHOM persi-
THBM3ALUMH H MOPOJUCTOCTH THUNOB KYILTVP rpyrn coctaBa CanTaTOpUM Mbl HAXOJHM
B a0yH[alM¥ ¥ NPOAYKUHUK TOPasg0 B MEHbIIEM KOJIHYECTBE.

B rpvnnax cocrasa CanaTaTOpHil BHYTPU THIOB KYJIbTYD MH HaXOAUM LEHHLIE
3KCTPeMbl, HO B cpefueM B Gonbied yactTu rpynn — (THNOB) faHHble aGvupauuu u npo-
AYKLUUM OTHOCUTEJILHO, NOBOJILHO GJIM3KO CTOAT APYL K ApYrY; umeorcss 10—30—609,
pasHuubl, 9TO OCOOCHHO OTHOCHTCS K a0vHAaudsAM, MO BCEH BEPOSTHOCTH SIBASIOTCS
MEHDIIMMH YEM KOJIMYECTBEHHbLIE IEPEMEHb INMPOMCXOASI[Me BO BPeMA MEPUO/|Aa Berera-
THUBHOIO Pa3MHOEHUS.

YcTrasoBIeHHAsI BO BpeMsl aHanusa UeHHOCTb abvupauuu Ouina camoit Buicoxoi
8 OesxycrapHom, av6osom napke (Quercetum steposum 58 000 mT.) Ha r. B kvibTypax
TIEPEX0IHOro xapaxkrepa H B GHoTonax ruapoduibHbiX nvyros B cpeauem: 30 552, Toynee
— 28 375 wT/r., TOrja Kak Ha >KHUBbSX, CKJIOHAX CTeneHd M HAa MEe30PUIbLHLIX JIYrax
OOMHAKOBO HU3KAs, TaM CPeJHsIsl €JMHMLA CrYIIEHHOCTH ocabei — 21 145, 18 489,23 036
wr/r.

! Hapo sameTuts, uT0 3HauuMOCTh (OUEHKA) abVHAALMM B MEPUOJ BEreTaTHBHOrO
PasMHOYKEHUST SHAYUTENILHO YMEHbUIEHHOrO M0 KOJMUECTBY COCTABa COCTABAAIT TOJbLKO
MCHBLIMH MPONUEHT, LEHHOCTH MPOAYKUMM KaK ITO MMOKa3uxBalT panusie M. Banora u
Jloxca (1948) npubnusurensuo B nepuopn (VIL. 17 — VIIL. 13) q4CTHIAIOT N0 UX MAaKCH-
MaribHOH BeNUUUHLl, NMOTOMY uTo CalTaTopuu MpPU BCE el[e 3HAUUTEILHOW abyHAaLUuu
B cpoeif Gonbiuel yactu siBAgw0TCS 3peibiMu. COOTBETCTBEHHO camoit Gosbmoli abyuaanumn
¥ UCHHOCTb NMPOAYKUMK TOXKE camas Gonbumasi B rpynnax cocrasa Gomphocerus rufus-
Stauroderus bicolor — mollis — Quercetum stepposum (7561 Ha) r.; Ha PHAPODUILHHX
sivrax (VI-tun): 4658 na/r. Ha gpyrux THUNOBLIX KYIbTYpaxX (CKIOHLI CTene#, HHBbLS,
Me30DHIbHbIE JIYra), U B KYJLTYPAx MepPexXO[HOr0 XapaxTepa LUEHHOCTb (uia Mexay
2558-—3494 wua/r.

IMpoavkuus Canratopuu B ONArONpusATHLIX IS HEE KYILTYpaxX MapasieibHO
TIOBBIIAJIaCh C KOJMYECTBEHHBIM POCTOM PaCTUTEJIbHOCTH.

CocraB CanraTopusi JOCTHI CamOHM BBLICOKOM aOVHJAalLlMH W TMPOAVKIUHM B TaKHX
KYJIbTYpax, KOTopble Obuln Goratsl BAOBbIM U (ropucTuueckum passoolpasueMm pacTu-
TEJNLHOCTH B KOTOPLIX BbICOTA PACTHTE/ILHOCTH HA IMpYHTE KceponeHmon 3—5-7 (15—20)
ua rpyure ruaponeimon 7—15—20 (40) cm. npu 90—95, Tounee — 95—1009, noxpuITHH.
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TABLE II.

Fresh weight (in gs) of Saltatoria species according to sex and stadium of de-

velopment (Roman numbers), n = number of individuals weighed;

in ( ) estimated

values.
ismi aag oo lLog o owa
Species
d 1859 lafes Q
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 01165 | 2 | 04188 | 2
Chrysochraon dispar 01297 . 3 |t 104800 1 1
Stenobothrus lineatus (0,1500) | — [ 04137 | 2
o crassipes 0,0518 | 6 0,1149 | 11
o stigmaticus 00575 | 4 0,1127 | 6
5 nigromaculatuos 0,110 | 5 0,2829 | 10
Omocestus rufipes 00481 | 7 | 02055 | 3
o haemorrhoidalis 0,0700 | 2 | 0,1569 | 4 (0,0300) (0,1000)
B petraeus 00455 | 7 { 0,0831 | 8
Stauroderus biguttulus (0,0869) | — l
bicolor-(mollis) 0,0869 | 59 | 0,1638 | 30 II—III. stad.:
Chortippus dorsatus 0,0938 | 46 | 0,2400 | 36 I\ (0,0300) (0,0800)
3 parallelus 0,00903 | 59 { 0,2116 | 40
5 longicornis 0,0926 | 46 | 0,2144 | 39 || IV—V. stad.:
o elegans 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 00883 | 3 | 02515 | 7 | (0,0600) (0,1600)
Dociostaurus cr. brevicollis 0,0931 | 13| 0,1859 | 9
Meccosthetus grossus 0,1971 | 17 | 0,6248 | 10 /(0,08-0,15) (0,20-0.40)
Aeolopus thalassinus 0,1188 | 18 | 04244 | 11 ] (0,0800) (0,3000)
Oedipoda coerulescens 01780 | 2 { 055545 | 5
Oedaleus nigrofasciatus 02850 | 1 | 06297 | 3
Calliptamus italicus 0,1654 | 2 | 0,9838 | 15
Pezotettix giornai 0,0773 | 20 | 0,1319 | 16 (0,0600) (0,1000)
Leptophyes alboviltata (0,1500) | —
Conocephalus fuscus 0,1586 | 8 | 0,1853 | 7 |(0’07_0,14) (0,08-0,15)
2 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
5 affinis 06312 | 5 0,7211 3
» vittata (0,2500) | — | (0,3500) | —
= roeselii (0,4000) | — | 0,4500 | 1
Decticus verrucivorus 1,7314 | 3 2,4862 | 4
Oecanthus pellucens (0,0600)
Pteronemobius heydeni (0,0100) (0,0150)
Liogryllus campestris (0,2000) (0,2000)
Gryllus deserius 0,1252 0,2170
Mantis religiosa (0,4000) | — | 1,4975 | 4




Relative quantitative occurrence (= DI value, in %) of Saltatoria species in the different populations of surveys Nos 1—39 (abscissa), as figured from net collected material.

TABLE III,

Species

28/a

28b

27

32

31

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

33

16

10

Acrida turrita
Acrydium subulatum
“ bipunctatum
Parapleurus alliaceus
Chrysochraon dispar

2:0

37

17

08

23

59

06
07

43

219

32
07

16

16

48

56

62
62

25
13

317

08

78

Stenobothrus lineatus
crassipes
stigmaticus
nigromaculatus

2:8

22

44

2:8

54
06

e
& St

>

41
21

67

88

1§
08

329

310

71

27

4.5

Ll
—

06

08

Omocestus rufipes
haemorrhoidalis
T petraeus
Stauroderus biguttulus
bicolor-mollis

2

”»

945

722

826

91-2

94:3

897

758
32

716
2:8

240
320

565
89

22.2
556

144
78

701

40
82:0

41
20

592

—
—

395

61

94

422

57

557

14

620

53

655

12'5

410

11-4

455

263

12

09

83

90

92

Chortippus dorsatus
" parallelus
" longicornis
" elegans
W declivus

18

20

2:2

55

05

20

78

-8

37

88

70

29

14

27

35

68

778

474

193
22:8

313

21
41

...
= Nl | o2
O©Ww W |3

26
12:

381

Ba o
- | ©

i
— G

313
157
94
31

Swhao
WO w

57
130

o
B GUS

=00
Gqro

Gomphocerus maculatus

" rufus
Duciostaurus cr. brevicollis
Mecosthetus grossus

11-3

65
65

08

89

229

159

421

37

1'9

32

142

62

126

178

300

512

72'5

Aeolopus thalassinus
Oedipoda coerulescens
Oedaleus nigrofasciatus
Calliptamus italicus
Pezotettix giornai

55

250
2:8

109

44

1-8

19

52
17

32

10

22
44

83
28

1.2

65
1'5

12-2

el
1’1

1-8
1-8

63

31

54
08

14
14

28

09

27

97

45

263

56

18

154

41

G
o~

07

12:4

07

48

154

119

104

31

188

32

Stenobothrus s, lat. larva
Gomph. mac, seu Omoc, petr. L
Omoc. haem. seu rufip. larva
Staurod, seu Omoc. larva
Chortippus larva adeterm.

65

c9
[{=}le}

2:2

05

122

Leptophyes albovittata
Phaneroptera falcata
Conocephalus fuscus

% dorsalis
Homocoryphus nitidulus

313

86

14

26

179

21

06

il

19

36°1

249

183

04

53

55

19

13

1'6
16

203
08

56

94

438

70

16

Rhacocleis germanica
Metrioptera grisea
affinis
vittata

¥ roeselii
Decticus verrucivorus
Ephippigera vitium

»

1)

19

-
-0

23

2'1

ne
-3

49

45

55

04

105

=
(=x%)

62

13

Oecanthus pellucens
Pteronemobius heydeni
Liogryllus campestris
Gryllus desertus
Liogr, seu Gryll. larva
Mantis religiosa

65

04
04

19

34

2:3

2:8

1"l

18

03

08

07

23
23

06

06

16

19
28

06

14
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TABLE TV.
Relative quantitative weight conditions (= DG value, in %) of Saltatoria speciesin the different populations in surveys 1—39 (abscissa).

Species 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 i2 11 2 15 38 33 16 6 4 17 10 5 il 8 9

Acrida turrita 68
Acrydium subulatum 1-4 05 0.6 25 37 96 04 17 1-8 20| 08 12| 32

o bipunctatum 1-0 03 1-1
Parapleurus alliaceus 89 140 33| 36
Chrysochraon dispar 06 06 1'4 B3

Stenobothrus lineatus 29 05

=15 08
A crassipes 28 07 29 17 51 3
0

T
=3

+
70 57 222 | 195 41 17 25 06

» stigmaticus

T nigromaculatus - 92 40| 53 1-4 68| 36 16

0oy
NI RN

Omocestus rufipes 45 64| 97| 85
-5 haemorrhoidalis 169 2.3 31 1'9 | 655 | 207 77 07 1-3
o petraeus 633| 588 | 115 | 123 97 45 16 06 03
Stauroderus biguttulus 09
5 bicolor-mollis 756 | 417 | 530 | 740 | 611 | 746 || 71 25 | 3211 36| 430 | 708 | 670 | 453 || 83.3 | 720 | 408 76| 40:3 | 534 | TI'bil 6371 386 | 312 | 243 09 14 48| TH 72 | 104 18 05 46

ot
DO

148

Chortippus dorsatus 1'0| 34 568 | 114 | 36| 645 581 2717 07
o parallelus 14 1194 70 472 | 194 321| 45| 306 | 138| 67| 43| 299 35

i longicornis 34 {7 12:9

. elegans 22 47 592 | 148 | 11'9 | 188 19 135 | 363 343 | 11" 2

5 declivus 1eBel 53 02 27 22| 89| 19 201 124.] 72 I'T| o7 344 41 52 20| 199 | 290 | 736 | 32| 126 14 124 1’610 08: 38, 59

Gomphocerus maculatus {0 BRI o R 04

5 rufus 59| 165 | 169 | 413
Dociostaurus cr. brevicollis 12:1
Mecosthetus grossus 11:3410 310 85| 249 63| 230| 294 | 465 | 6567 | 819

Aeolopus thalassinus 111 56 + 17 27 04 17| + 187 | 41 271
Oedipoda coerulescens 443 | 384 | + -+ 195 || 164 19| + 39| 171 35| 162 | 327 50 147, 66 14°3 66 73 3-8 16'3
Oedaleus nigrofasciatus ‘ 248
Calliptamus italicus | 244 | 140 12|17 19 10T 538 1895185 70 . 06| 95| 89 59 | 116 274 | 111 47 50

Pezotettix giornai | 08 31 19| 76 254 1 11:0 7 s, 37 53| 49 24 2:0

2:3 06 01 1.9 327 03 10| 20 03

111
1-2

_
SwGie
nN=
w30
nNWwoow
- O
Lo

Stenobothrus s, lat. larva 61
Gomph. mac, seu Omoc. petr. L
Omoc. haem. seu rufip. larva 66
Staurod., seu Omoc. larva
Chortippus larva adeterm.

O -
O ==

145 06 61 226 | 171 | 114

ow
©O w0

Leptophyes albovittata 05 90
FPhaneroptera falcata i
Conocephalus fuscus 08 - 44 19 16 1522 54| 101 | 341 7 e -+
5 dorsalis 1
Homocoryphus nitidulus + 42 33
Rhacocleis germanica 721 145 | 118
Metrioptera grisea 49 + - 117
i affinis 242 55 80 367
% vittata + 70
¥ roeselii 145 34

Decticus verrucivorus -+ 206 17.6 85 i i ¥
Ephippigera vitium +

S =

B

o
o~

Oecanthus pellucens 11
Pteronemobius heydeni -+ 01
Liogryllus campestris 19 21 12 2:3 09
Gryllus desertus i 86| 08| 26| 40 2-9 + 10| 100 11 18 05
Liogr, seu Gryll. larva 1-8
Mantis religiosa 15 106 + 19| 36 4 53 44







-

TABLE V,
Average values of individual and weight dominancy (DI and DG [in fat type],in %) and grades of Constancy (K) and Fidelity (F in fat type) of the species in the
Saltatoria Population Groups I—VI (see text, p. 99—105).

sh uitie 1 II. 1L V. V. VL
cie
¥ Di Dy | KiPi Oi f Dy KLE 0o b R)E Di, b By [ RIF Di Dg |K|F Di Dg |K|F
Acrida turrita 025 085 1(56
Acrydium subulatum 0-46 018 111 077 027 Sl 496 198 3|3 3:37 1:19 4|2
» bipunctatum 021 013 12 004 002 112 052 0-18 12
Parapleurus alliaceus 040 1-10 1(2 333 3:48 3|4
Chrysochraon dispar 033 030 2|4 013 022 12
Stenobothrus lineatus 0-34 043 2]2 172 2:88 2|3 025 0-22 12
% crassipes 1-31 081 211 13:04 901 538 4:15 2:09 411 033 012 111
» stigmaticus 1:66 1-02 116
» nigromaculatus 2:09 3 |54 0'15 0-33 2118
Omocestus rufipes 071 056 12 730 607 4|4 003 0-08 112
. haemorrhoidalis 231 2:41 2l 1565 13-567 43 238 116 212
. petraeus 3374 2027 55 005 004 ) 1 |
Stauroderus biguttulus 014 010 118
5 bicolor-mollis 8742 6399 (5|1 3922 83:92 52| 4994 46-12 5| 2| 4457 3948 5132 350 312 (4|2 103 076 il |
Chortippus dorsatus 1357 1442 4|4 615 538 4|2
i parallelus 0-30 024 |11 1:56 2:36 23 16:38 1639 |53 875 6+98 4|2
i longicornis 040 042 1(1 922 816 5|56
¢ elegans 025 028 P | 0-46 0°59 18 0 Y 2003 18'81 53 448 3'68 5] 2
. declivus 1-27 1-21 3 1 412 463 b {2 325 317 41| 1249 1195 |5|2 155 1:62 211
Gomphocerus maculatus 497 2:18 24 010 0'04 1|2
d rufus 22:45 2014 5|5
Decciostaurus cr. brevicollis 0-81 1-51 1156
Mecosthetus grossus 267 536 28 3172 4216 5|4
Aeolopus thalassinus 073 185 {1 10 ¢ 080 0°70 Jatik 2'69 330 4|4 313 4-52
Oedipoda coerulescens 685 17704 |52 432 11+45 o 1'76 519 4|2 1°35 503 b I §
Oedaleus nigrofasciatus 1-00 310 ) O
Calliptamus italicus 228 10564 |5 |2 1-46 02 :3]e 070 466 | 4|2 067 37 |22
Pezotettix giornai 054 048 2|1 967 871 4|2 596 39 |33 1'05 073 2 51
Stenobothrus s, lat. larva 379 150 409 520 1-17 074 032 004
Gomph. mac, seu Omoc. petr. 1. 011 004
Omoc. haem. seu rufip. larva 106 0'83
Staurod. seu Omoe. larva 063 050
Chortippus larva adeterm. 2:40 1:90 1322 8561
Leptophyes albovittata 005 006 18 132 2:26 2|3
Phaneroptera falcata -+ -+ I
Conocephalus fuscus 005 010 i ¢ “+ - 21 413 428 |3 (8| 1003 859 4|2
@ dorsalis 010 012 1156
Homocoryphus nitidulus 020 0563 1|4 027 065 12
Rhacocleis germanica -+ - 118 302 8:29 4|4
Metrioptera grisea 027 061 2|4 046 1:45 118
- affinis 1.65 4:03 214 0-88 3:08 118
" vittata + - 12 062 086 1|4
5 roeselii 1'25 300 1156
Decticus verrucivorus 0-32 344 (2|2 029 2-20 Gl 003 060 (2|3 + - J ]
Ephippigera vitium - —+- 15
Oecanthus pellucens 035 014 1156
Pteronemobius heydeni 0-23 002 21|56
Liogryllus campestris 004 024 112 020 051 2|2 027 0-37 138 010 014 12
Gryllus desertus 2:03 266 |58 057 073 | 1'20 115 | 3|8 007 009 111
Liogr, seu Gryll. larva 035 022
Mantis religiosa 007 024 |11 029 1:32 (1 s § 036 069 2|2 075 2:42 4|2







Number of individuals of each Saltatoria species per hectare (A value) in the different habitats (surveys 1—39) grouped according to the type of population (SPG).

TABLE VI,

Species

Il

v

\

VI

28

27

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

17

10

Acrida turrita
Acrydium subulatum

% bipunctatum
Parapleurus alliaceus
Chrysochraon dispar

155

382

901

510

1058

158
158

827

2501

368
74

1851

2915

101

521
527

1428
711

1458

324

2714

Stenobothrus lineatus
o crassipes
s stigmaticus
o nigromaculatus

504

= e

326

416

2138
238

168
337

1357

612
306

632
1270

209

1634

1417
607

892

2883

3672
4161
244

8677

4106

1612

135
271

158

310

Omocestus rufipes
=2 haemorrhoidalis
' petraeus
Stauroderus biguttulus
% bicolor-mollis

21501

29178

12028

14941

8718
371

13963
504

1860
2480

4073
652

3333
8334

5700
3086

27790

1347
27606

612
306

8877

1693
209

44018

322
23522

607

7488

6757

20914

3244

2939

13219

395

17352

3080

37984

7250

23763

327

164

143
143

425

2031

541

2385

1653

1029

484

527

Chortippus dorsatus
5 parallelus
- longicornis
» elegans
b declivus

563

155

163

834

168

1056

2256

203

892

382
127

1982

4685

2203

395

1537

2013

6777

3603
4258

425
5243

4107
11193

353

4235
12001

2031

135
271

13519
796

3022

1653
5193

3186
353

204
1398

4339

2161

14497
616

2915
17005

6803
973

1016

508
305
101

527

2850
24970
1781
6418

162
2267
7122
1296

159
478
3994
478

215
433

Gomphocerus maculatus

" rufus
Dociostaurus cr. brevicollis
Mecosthetus grossus

1298

1117
1177

1705

244

5133

13294

709

220

1232

7287

203

1071

9985

11818

17732

20547

Aeolopus thalassinus
Oedipoda coerulescens
Oedaleus nigrofasciatus
Calliptamus italicus
Pezotettix giornai

1263

1408

241

862
287

371

167
167

620
155

163
326

1250
416

476

2188
505

1836

847

209
632

322
322

203
203

637

1622

1714
244

790

510

1537

5638

484

327

5243

353

27

158

158
3657

118

2360

74

5860

3083

973

5346

101

1598

1781

Stenobothrus s, lat. larva

Gomph. mac, seu Omoc. petr. 1.
Omoc. haem. seu rufip. larva

Staurod, seu Omoc. larva
Chortippus larva adeterm.

742

167
167

620

163

233

1836

16584

2692

395

1537

1206

819
327

850
6093

135

118

882

1070

14248

8625

5191

Leptophyes albovittata
Concephalus fuscus

7 dorsalis
Homocoryphus nitidulus

209

180

484

353

147

7711
310

2015

305

3723

3926

Rhacocleis germanica
Metrioptera grisea

v elegans

i vittata

i roeselii
Decticus verrucivorus

241

163
815

163

1537

2819

484

143

677

973

203

711

Oecanthus pellucens
Pteronemobius heydeni
Liogryllus campestris
Gryllus desertus

Liogr, seu Gryll. larva
Mantis religiosa

141
141

241

573

163

416

322

203

127

510

158

118
2360

73

616

973
14517

358

162

478

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

24327

19001

11399

38247

51500

3249

8500

55989

39505

34658

28332






TABLE VII, =
Total weight of Saltatoria per hectare according to species in the different habitats (surveys 1—39) grouped according to the type of populations (SPG).

\ 1l 111 \ \') VI
i L et 28 27 32 37 24 25 21 31 | 2| B 26 | 22b || 23 19 30 1 14 36 20 35 | 35a | 39 13 12 11 2 15 38 33 6 4 17 10 5 7 8 9

Acrida turrita 71
Acrydium subulatum 19 36 63 83 140 99 146 37 64 71 176

s bipunctatum 47 10 6
Parapleurus alliaceus 129 78 62 208
Chrysochraon dispar 20 9 81

Stenobothrus lineatus 67 25 95 479 20 46

5 crassipes 141 39 70 106 170 70 95 246 314 578 309 135 14 18
2 stigmaticus 334

s nigromaculatus 143 92 118 67 352 87 60 69

Omocestus rufipes 478 742 7§

Al haemorrhoidalis 838 57 192 42 883 | 1286 312 21 37 10 177
5 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 40 85 1897 345 53 486 155 298 15 39
3 parallelus 56 160 304 1372 807 384 150 926 201 251 | 2495 2917 298 48 46
% longicornis ¥ 72 252 | 1073 603 259
, elegans 26 64 1027 432 495 467 22 409 531 | 1990 932 40 845 133 64 72
< declivus 34 118 12 64 135 206 42 27 538 204 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 188

Mecosthetus grossus 341 43 492 | 2078 35 437 | 2423 | 2882 | 3572 | 4608

Aeolopus thalassinus 434 76 42 32 13 50 1083 340 514
Oedipoda coerulescens - 478 119 30 90 379 174 833 788 310 57 148 582 216 285
Oedaleus nigrofasciatus 284
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 e 72 153 21
Gomph. mac, seu Omoc. petr. I 5
Omoc. haem. seu rufip. larva 269
Staurod. seu Omoec. larva 115 94 11

Chortippus larva adeterm. 26 601 19 89 1402 928 638

Leptophyes albovittata 31
Conocephalus fuscus 33 71 56 23 | 1281 454 56 647 602

ik dorsalis 57
Homocoryphus nitidulus 266

Rhacocleis germanica y 539 | 1108
Metrioptera grisea 112 260
= affinis 538 193 440 306
5 vittata 121 243

L roeselii 81 285
Decticus verrucivorus 416 405 352

Oecanthus pellucens 25
Pteronemobius heydeni 7
Liogryllus campestris 25 154 G 35 194 72
Gryllus deserlus 30 52 98 34 302 16 106 32
Liogr, seu Gryll. larva 146
Mantis religiosa 56 244 64 81 403

Total weight 2081 | 3908 | 2019 | 2452 728 | 1553 | 1144 | 2302 | 2218 | 4953 | 5153 | 2413 || 6167 | 3336 | 2233 | 1348 | 4333 | 4073 | 2065 | 7476 | 7646 | 1736 | 2010 | 4157 | 2488 | 1197 3341 | 3026 | 1459 | 5799 | 8344 559 | 1895 | 8243 | 6194 | 5435 | 5623




B

.‘ % . A v




TABLE VIIL,
Average value of Abundancy (ind/ha) and Production (g/ha) of Saltatoria found in types of SPG I—VI. established according to habitat types.

Byl L IL. I V. V. VI
. R A P A P A P A P A P
Acrida turrita 19 10
Acrydium subulatum B5 3 255 18 915 b0 1021 o8
5 bipunctatum 129 7 16 1 17 1
Parapleurus alliaceus 37 13 274 3
Chrysochraon dispar 23 3 54 14
Stenobothrus lineatus 41 12 293 82 , 44 7
o crassipes 486 32 2848 225 2859 222 43 3
= stigmaticus 594 48
- nigromaculatus 392 107 65 18
Omocestus rufipes 5165 610 14 i |
¥ haemorrhoidalis 789 112 4758 391 250 23
/i petraeus 4586 290 30 3
Stauroderus biguttulus 46 4
% bicolor-mollis 19504 2072 9573 1193 15549 1792 30873 3861 668 81 88 15
Chortippus dorsatus 1916 291 698 84
le parallelus 141 14 411 66 4267 659 4655 551
’ longicornis 2558 377
o elegans 19 3 55 9 4768 631 1488 192
o declivus 184 29 1561 193 1775 282 3317 431 105 22
Gomphocerus maculatus 522 23 35 2
iy rufus 9213 850
Dociostaurus cr. brevicollis 147 24
Mecosthetus grossus 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 migrofasciatus 77 35
Calliptamus italicus 588 362 196 176 142 113 104 103
Pezotettix giornai 322 26 3587 361 1969 180 314 30
Stenobothrus s, lat. larva 471 19 2425 204 1371 112 178 4
Gomph. maec, seu Omoc. petr. I 21 1
Omoc. haem. seu rufip. larva 385 39
Staurod. seu Omoc. larva 180 22
Chortippus larva adeterm. 742 74 4677 495
Leptophyes albovittata 30 5
Conocephalus fuscus 26 5 1161 189 1326 217
= dorsalis 31 6
Homocoryphus nitidulus 108 34
Rhacocleis germanica 2178 823
Metrioptera grisea 20 14 58 37
& affinis 140 94 116 75
o vittata 146 36
o roeselii 152 61
Decticus verrucivorus 60 104 20 b1 14 35
Oecanthus pellucens 52 3
Pteronemobius heydeni 80 1
Liogryllus campestris 18 4 255 v 109 23 59 12
Gryllus desertus 239 45 321 46 27 5
Liogr, seu Gryll. larva 146 15
Mantis religiosa 3o 14 20 31 5 21 200 202
Total 21145 2839 18489 2568 30552 3494 58000 7561 23036 3446 28375 4668
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COMPARATIVE STUDY ON THE PHYSIOLOGY OF NATURAL
POLYPLOIDS

1. The influence of various hydrogen ion concentrations upon the growth and productivity
of Puccinellia distans 2n—=42, and P. limosa 2n=28.

BY

LAJOS J, M. FELFOLDY and M. MAGDA FELFOLDY
From the Hungarian Biological Research Institute, Tihany, Lake Balaton
(Received for publication 1st June, 1949.)

INTRODUCTION

Results of cytogeographical research call our attention to contradic-
iions 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. FELFOLDY, [948), the diminished vi-
tality of the artificially induced polyploid, with' its disturbed propaga-
tion and often smaller yield than the diploids, has been a great dis-
appointment to the practical specialists working with colchicine (Cf.
GYORFFY, 1941, NOGGLE, 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.

e 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
(JAvorka, 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.) PARL. ssp. limosa
{ScHUR.) JAV. On the basis of chromosome investigations and their mer-
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—=14,42 AvouLov, 1931, and 2n=
28 STAHLIN, 1929, TARNAvscHI, 1939, P6LvA (1947) mentions a 2n=23
ssp. limosa in plants from the Hortobagy. We found 2n=42 for P. dis-
tans at Tihany and for P. limosa 2n=—28 at Hortob4dgy among our ex-
perimental plants.

EXPERIMENTAL PROCEDURE

Among the plants examined P. disians, with 2n—=42 chomosomes,
derived from' the alkali-soil meadow of the Tihany Kiils6-t6. We plan-
ted it in our experimental garden in May, 1947. Mr. L. P6LYA brought
the P. limosa from the Hortob4gy 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

fIJ_Iants were transferred on April 17th, 1948, to water-culture vessels.
heir initial weight:

Puccinellia distans 2n=42:2.26+0.17
P.limosa 2n=28: 2.31+0.08 *

We used 11 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 onlg by cons-
tantly flowing, always changing fluids (Pihschie, 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-HCI  pH 4:6.09 ml
pH 5: 545

” pH 6: 454
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 Szonntagh 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: o
Beginning: April' 16, 1948.
I. change . 23
I*. » 30
., May 7
\VA yy 12
V. 15
\Y/ - 18
Flowering began ,, 20
VII. change 5y 2L

Harvested y.0)
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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 daysearlier,
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 CaCl, until analysed. The total nitro-
gen was determined by the KIELDAHL semi-micro method in a PARNAsS-
WAGNER 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 by MURER’s
(1937) method.

The measurements and analyses proved that the optimal pH-
values for 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 =_n_x_ , where

M=the mean value, x=the members of the series observed or measured,
n—=the number of members.

3(d?)
n—I
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.

0=

, wWhere

m=-—, of which k, the significant difference:
Ml_Ma
Ymi+mi
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. L : i 3

EXPERIMENTAL RESULTS
Length of shoot

The values in respect to length of shoot are summarized in
Table 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, 3.20, 5.00,
3.21, 3.96). In the case of pH 5—8 there is no difference statistically (k=

k:
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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). (Figure 1

Puccinellia limosa 2n = 28

pH cm
4 32.8
5 60.2
6 59.0
7 60.5
8 60.0
9 65,0
pH 5

4 7.04

5 —

6 —

7 _

8 _

4

Fig. 1. Lenght of shoot and Fig.

5

Length

(0]
11.06
3.83
2.82
3.56
3.28
2.28

7
7.17
0.1
1.0

(6x)

D2n=28(4x)
©

6

7

TABLE .

of

3.68
1.27
0.94
1.18
1.02
0.76

shoot (cm

) .

Puccinellia distans 2n = 42

cm
38.0
64.8
67.0
65.0
69.0
65.4

pH
4
5
6
7
8
9
PH 5
4 53
5 _—
6 —
7 —
8

FRESH WEIGHT

The data in Tahié Il 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

8

9

pH 4

5

6

7

9.5
0.8
0.7
1.3

6 9

ru
2.07
4.60
0.87
1.77
2.51
0.83

12.0
0.1
1.3

0.1

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 probable (0=0.67, k=13.6, 0.63 — as related topH5 —2.61, 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. It is interesting that
from the standpoint of fresh. weight the tetraploid species surpasses
lt!le hexaploid, which can be explained by the greater bushiness of P.
imosa.

TABLE IL
Fresh weight (g).
Puccinellia limosa 2n =28 Puccinellia distans 2n = 42

pH g o m pH g o m
4 1.16 1.03 0.34 4 1.62 0.51 0.17
b 6.10 1.82 0.60 5 4.68 1.20 0.40
6 5.51 1.03 0.34 6 424 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 4.44 144 0.48
9 6.50 0.67 0.22 9 5.28 1.39 0.46

k k

pH 5 6 7 8 9 pH 5 G 7 8 9
4 7.2 9.0 10.2 114 136 4 3.3 27 88 2.9 3.8
5 — 0.8 09 0.4 0.6 5 — 03 05 0.2 05
6 — — 07 0.7 2.6 6 T — — 08 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 Table III and Figure
3 and the dry content of fresh weight (%) in'Table 1V and Figure
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 tei-
raploid species is considerably greater than that of the hexaploid. In
P.limosa (2n =28) an apparent optimum can also be observed at a pH 5
value (Figure 3).

TABLE IfIL
Weight of dry matter (g).

Puccinellio. limosa 2n =28 Puccinellia distans 2n =42

pH g o m pH g o m
4 0.28 0.18 0.06 4 0.33 0.10 0.03
b 1.40 0.47 0.16 5 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 1.16 022 0.07
9 1.62 0.24 0.08 9 1.28 0.32 0.10

k k

pH 6 6 7 g% PH 6 o 7 "
4 6.5 85 105 150 134 4 10.0 94 129 10.9 9.1
5 — 0.3 1.8 2.1 1.2 5 - 0sL 23 1.7 24
6 —_ - 24 3.3 21 6 —_ — 2.8 2.1 2.7
7 — — — 0.1 0.9  ; _ i —_ 04 0.6
8 e — -— —_ 1.3 8 _ — — —_ 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 pH8and9 (Fig-
ure 4.

TABLE IV.
Dry content as % of fresh weight.
Puccinellia lbnosa 2n = 28 Puccinellia distans 2n = 42
pH *. a m PH °lo a m
4 15.2 3.63 121 4 194 5.58 1.86
5 234 443 147 5 21.8 2.18 0.72
ft 26.1 2.60 0.86 6 235 305 101
7 30.0 3.16 1.05 7 219 095 0.31
8 29.5 4.64 155 8 25.7 2.08 0.69
9 25.3 3.54 118 9 245 2.26 0.75
k k
PH 5 6 7 8 9 PH 5 6 7 8 9
4 4.3 61 92 72 6.0 4 12 19 15 31 25
5 . 15 44 2.8 1.0 5 —4 13 01 39 25
ft — - 28 19 05 6 — — 15 18 08
7 _ - 02 2.9 7 — - = 50 32
8 — - — 21 8 — - - —a 11
0 0

Fig. 3. Dry weight, Fig. 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
Table 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). (Figure 5)

TABLE V.

Ash content of dry matter (%).

Puccinellia limosa 2n =28 Puccinellia distans 2n = 42

pH %0 4 m pH %0 4 m
b 8.07 1.22 0.43 5] 9.27 1.15 047
6 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 0.61 0.25 9 7.51 1.06 0.35

k k

pH 6 7 8 9 pH 6 7 8 9
5 0.5 1.0 1.0 2.2 5 ik 4.3 3.0 4.8
6 - 25.0 29.2 4,1 6 — 4.7 2.6 a7
7 % — 0.4 1.9 7 — 13 1.3
8 — —_ —_ 23 8 —_ —_— e 0.04

Fig. 5, Ash content of dry malter. Fig, 6. Total nitrogen content in % of dry matter,

TOTAL NITROGEN

The total nitrogen content of the dry matter of the two species is
very interesting. In P. limcsa we {ind the most nitrogen at values of pH
4 and pH9, 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 (Figure 6).
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TABLE VI.
Total nitrogen content of dry matter (%),

Puccinellia limosa 2n = 28 Puccinellia distans 2n = 42

pH %o 4 m pH /o 4 m
4 2.72 0.21 0.05 1 2.33 0.54 0.16
5 243 0.14 0.04 5 2.57 0.11 0.03
6 2.67 0.11 0.03 6 243 0.14 0.04
b L 2,72 0.12 0.04 e 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 2.36 0.27 0.09

k k

pH 5 6 7 8 9 pH 5 6 7 88
4 4.1 0.7 0.0 0.0 14 4 15.0 0.5 15.0 8.2 0.1
5 — 44 5.3 4.6 7.8 5 —_ 25 0.0 7.0 -2
6 — — 0.9 0.9 3.6 6 — - 2.9 3.8 7.0
7 — — 0.0 2.2 5 —— — — 7.9 2.3
8 — — — s, j i 4 8 — Se= — L

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 compleie ash analysis (ILJIN, 1948),

Fig. 7.

which we were obliged to omit because our material was used up. As
we see in Figure 7, the hexaploid species exceeds the tetraploids in
respect to Ca content.
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TABLE VIL
Calcium content as % of dry matter.
Puccinellia limosa 2n = 28 Puccinellia distans 2n = 42
pH % 4 m pH % 4 m
5 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 0.09 0.03 7 0.89 0.07 0.03
8 0.77 0.04 0.01 8 0.91 0.1t 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-
{ration 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 beseeninFigure 8. In Figures 1—6 we
marked with small circles the statistically certain or probable optima.
I transferred these circles to Figure 8: Black centers=PF. distans,
2n=42; white centers=P. limosa 2n=28. From this drawing conclusions
can be drawn:

@6x @ @O

O"‘: o §O: O§
OX SN | 000800
T N S S R . S

Fig. 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 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
sogg:) connection with the isoelectric point of the plasma (BucaNiEExk,
1946). -
It is very interesting that though P. distans is a ialler 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-
dligation of an advanced stage of flowering and of the seeds’ being
older.

There is no great difference in ash content between the different
pH 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 role 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, UivAros1, 1937:173).
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 Kiils6-t6 (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-
erdé park at Debrecen (500, 1948:49, FELFOLDY, 1949:2).

REFERENCES

Avpurov N, P.: Karyo-systematische Untersuchung der Familie Gramineen, Trudy prikl.
bot, genel. szeled. Leningrad. Suppl. 43. (1931) pp. 428,

BUCHNICEK J.: The influence of hydrogen ion and salt concentration in the nutrient
solution upon the growth of Maize roots, Publ. Fac. Sci. Univ, Masaryk,
280, (1946) pp. 47.

DemmeNko T, T, and BARINOVA R. A.: Yield of spring wheat as affected by the dose
and form of nitrogen and the pH of nutrient solution. C. R. Acad, Sci.
URSS. n.s. 21. (1940) 259—263.

FeLroérpy L. J, M.: Results and problems of cyto-geography (cyto-ecology). Acia

Agrobot. Hung. 1:2, (1948) pp, 27.

— : Futrher chromosome investigations of certain Hungarian grasses.

Agrartudomdny (Agr. Sci) 1:2, (1949).

GyOrrry B.: Physiological and chemical conditions of polyploid plants. Magy. Biol. Kul.
Munk, 13. (1941) 398,

JLiix W, S.: Der biochemische Typus der Pflanzen und die Diagnose der Krankheit,
(Kalkchlorose bei der Weinrebe.) Planta, 35. (1948) 701—749.

JAvorkA S.: A Magyar Fléra kis hatarozéja. Hung. Excursionsflora (Hung.). Budopest,
(1937) pp. 346.

Murer H. K.: The determination of calcium. Ind, a. Eng. Chem. 9. (1937) 27.

NoGgGLE G, R.: The physiology of polyploidy in plants, I. Review of the literature.
Lloydia, 9, (1946) 153—173.

PirscHLE K.: Nitrate und Ammonsalze als Stickstoffquellen fiir hohere Pflanzen bei
konstanter Wasserstoffionenkonzentrations II¥. Planta, 14. (1931) 583—676.

PoOLya 1..: Chromosome numbers of certain alkali plants. Arch, Biol, Hung, 18, (1948)
145—148.

S06 R.: Die neuesten Resultate der Pflanzenforschung im &stlichen Theissgebiete.
Borbdsia, 8. (1948) 48—59.

STAHLIN A.: Morphologische und cytologische Untersuchungen an Gramineen. Wiss.
Arch, Landw. 1. (1929) 330—398,

TarnavscHr J. T.: Karyologische Untersuchungen am Halophyten aus Rumdnien im
Lichte cyto-okologischer und cyto-geographischer Forschung. Bull. Fac. Sci.
Cernauti, 12, (1938) 68—106.

1'JvAro8I M.: Vegetation und Flora von Hajdunanas, Tisia, 2, (1937) 169—214.



133

CPABHUTEJIbHOE HWCCJIEJOBAHUE ®U3UOJIOTMH
ECTECTBEHHbIX TINOJIMITJION OB

Astop: JIAMOII ®EJIb®3JION
PE3IOME

Mut BoipamiBanu Puceinellia limosa Schur, 2n = 28 u P. distans (Jacq.) Parl.
2n = 42, pacrenusi paBHOrO BO3pacTa, B MUTATeIbHLIX pacTBopax pasuoro pH. (4—9).
Copox aHe# cnycTsi, B TEUEHUE KOTOPBIX Mbl 7 pa3 CMEHSIM NMUTATeIbHbBIK pacTBOp, YyTOO b
MOJIVUXTL NMOCTOAHHBIH pH, Mbl U3MEPSNIH: ANUHY CTe0JIsI, CBE)KUH BeC pacTeHu#, cyxoit
BeC, COAEPIXKaHWe HEOpPraHM4YeCcKoro ocraTka, 30Jbl, 06[1181‘0 COIEpPI)KaHHUS a30Ta U KallbUHE
HEOpraHuuecKoro OcCTaTka. B pesvyiibTaTe 3TUX OILITOB YCTAaHOBJIEHO:

1. Ilpu paBHbiX vcnoepusax rexcannouj, Puccinellia distans Bbime pocra, uem P.
limosa.

2. Copepxanne KanblUusl Bblllle ¥ FeKCarJIOWAHOr0 BHAA, YE€M Y TETParjioujHOro
BH/a.

3. C ppyroit cropous Terpanaouf P. limosa VCTYNaeT NnO OTHOUIEHHW CBEXEro
Beca, CYXOro peca, CvXoro ocratka u Genka.

4. Umewmast 42 xpomocomoB P. distans pacrnosnoraeT 3KOJOrHUECKOH aMIInTy Ao
ropasjao uupe OTHOCHTEJIbHO pH NHUTaTeJIbHOr0 pacteopa, 4yeM UMemas 28 XpPOMOCOMOB
P. limosa. 9TO H MOXHO OLUIO OHJAThb HAa OCHOBE LUTOreorpauuecKMx AaHHLIX.

5. BuisichuB norpe6Hocts B pH, CTAaHOBUTCH MOHSATHBIM M JKOJIOMHUECKASA DOJIb
3TUX BHUIOB.

6. Ha ocHOBe BbllIECKA3aHHOTO OYEBHJHO, YTO OTH PAaCTEHHS], PA3IHYHLIE C TOYCK
3peHHs1 MOP(OJIOTHUECKMX M  LUTOJIOFHYECKUX, PAas3JUYaTCss U (PU3HOJNIOrHUIECKHMH
KayecTBaMH. TakMM 00pa3oM MX MOXCHO CYMTATb HE3aBHCHMMBLIMH BHIaMH.
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STUDIES ON THE SHORE VEGETATION OF LAKE*
BELSO-TO AT TIHANY

BY

LAJOS J. M. FELFOLDY
From the Hungarian Biological Research Institute, Tihany, Lake Balaton
(Received for publication 31st May, 1949.)

INTRODUCTION.

In the course of some work with Hungarian weed vegetation, my
attention was drawn for the first time tc the Nanocyperion type of low-
growing weed societies. Thesz communities are always found in silt
or muddy places (FELFOLDY, 1942:99—102, 1947:105—106, etc.). During
my researches on vegetation on the Tihany peninsula I came upon so-
cietes of Narocyperetum in the inundalion area of Lake Bels6-t6 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 Bels6-t6 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 the shore vegetation was protected
from the land side, from the desiructiveness 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. Afier this
bare strip, a low-growing Nanocyperiwon 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 Figure 1).

On the trampled grazed area, conditions are quite different. On
the strip beside the water the acimals have entirely destroycd the vege-
tation. But beyond it is a richly growing, fresh green, short turf almost
entirely composed of Pycreus flavescens with a very few acci-
denial species. The Bidentctum ebove the Fycreelum 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

* Through the ,Bels6-t6“ is called a lake (t6 =1lake), in the limmological sense
it is a pond, (VARGA, 1937: 155 and 195; JACz0 —MANN, 1940.).
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tall, prickly stalks of the Xanthium spinosum are typical for this part
(Pycreetum Xanthiosum). (Fig. 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-land plant society grows. The pasture
itself is also composed of :a Lolium perenne-Poa angustifolia association
(See Figure 1—2).

L

Bidentetum Pycreetum

ground water w

Fig. 1. Plant societies on the undisturbed parts of the shore investigated, (For
explanation see the text, p. 135—136.)

& e y Y "i{' Influenced by animals
{ Ny &

Pycreeto-Xanthietum

lolietum

Loljetu

Pycreetum pauperum

Fig. 2. Plant societies of the shore vegetation influenced by animals (see p. 136.).

METHODS.

For the plant ecological survey 1 used the BRAUN-BLANQUET
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 (FELFOLDY, 1948:
14.and 27).

The life forms were established on the basis of RAUNKIAER's
Excursions flora, but I also kept in mind the mutability due to environ-
ment.

I employed the areal types as given in MATHE'S work (1940.
1941). As to nomenclature, I followed the ,Hung. Excursionsflora® of
JAvorka (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 |
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 PREscoTT, TAYLOR and MARSHALL'S
(1934) triangular diagram method (Figure 3).

As to the physical constants, I also determined the sticky point
of the soils by the method of ArRany. 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 I used a cathode ray oscillograph instead of a telephone recei-
ver. For measuring the specific conductivity, 1 used the semi-fluid
mass obtained in determining the sticky point according to ARANY, for
which I took the total salt concentration from ENDREDY’s empirical
‘Table (BALLENEGGER-MADOs, 1944:139).

The total nitrogen was determined after KJELDAHL in a PARNASS-
WAGNER apparatus by semi-micro method. The ammonia N was dis-
tilled from a 1% KCI extract after adding 3—4 g MgO. The nitrates
were determined by PYNE'S method, and following this I made the
reduction with DEvarpaA’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
CaC,0, in a G, 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-helophytes, G=geophytes, H=
hemikrytophytes, TH=hemitherophytes (biannuals), Th=therophy-
tes. The areal types are: Eua—=Eurasiatic,c, Eu=FEuropean, 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 Thm% was
low, 44.7%.

TABLE 1.
Bidentetum tripartitae.

Q=2X2 m. 1948. IX. 10,

1 2 3 4 5 A—D Frze
d Eua Th Setaria viridis s 1 1 1 1 3
PLER Th Echinochloa crus gallj 2 1 1 1 2 1—-2 5
P Cp H Agrostis stolonifera 2 2 2 1 2 2 )
{5t o HH Phragmites vulgaris 1 - — — 1 1 1
i oK HH Bolboschoenus maritimus 3 3 2 1 2 1—-8 6
d K Th Polygonum lapathifolium 2 1 1 2 2 2 5
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Q=2X2m 1948, I1X. 10.

1 9 3 4 5 A—D Frze
P Cp Th Chenopodium rubrum e o, 1 3
d Cp Th Atriplex hastatum 1 1 A 22 ' 3
d Adv Th ’'A'maranthus retroflexus fex P RIS T ST X 1
P Adv Th Medicago sativa PoRE N ) (R R 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 b
d Eua H T. pratense S ¥ e 1 1 1 1
dv i K H Verbena officinalis P 1 1 | i 3
3 . N Th Stachys annua i o 152 s ) 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 . R — 1 1
P Cp H Veronica anagallis-aquatica 1 ARGt | 1 1 2
d Eua H Plantago major PEe s o] 1551 1 &
d Adv Th Erigeron canadense — —_— - 1 1 1 2
i Adv Th Xanthium spinosum ) s R | 1 1 2
P Eu Th X, strumarium i ; b o 1 1 1 3
P Eua Th Bidens tripartita 2 2 3 3 2 2—3 b5
d Eu Th Anthemis arvensis oy e by g 1 — 1 1
P Eua Th Arctium lappa 1T - = = — 1 1
d Eu Th Carduus acanthoides 1 = e 1 1
i Em H Centaurea pannonica —_ e — ] SR |
d Eua H Taraxacum officinale e 1 1 1 2
P Eua G Sonchus 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%; (P,, )% =51.4, (d.)% = 48.6%.

Areal types: Eua=36.4, Eu=121, Em=30, K=182, M=6.1, Cp=121,
Adv = 12.1%,, .

Spectrum of life forms: Th=485, H=2394 HH=6.1, TH=3.0, G=3.0;
Th,, % = 44.7, H,, % = 45.7, HH,, % =175, TH,, % =19, G, % = 1.9,

Frequency spectrum: Frb=21.2, Fr4 =3.0, Fr3=21.2, Fr2=15.1, Frl = 39.5%.

II. PYCREETUM FLAVESCENTIS

After the Bidentefum comes a richly growing but short-turfed
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, Plantago major, Bidens tripartita, efc.)
(Cf. Moor, 1936:114—115, PRiszTER, 1947:84, S00, 1948:53, etc.)

TABLE 1I,
Pycreetum flavescentis.

Q=2X2m 1948, IX, 10.

1 2 3 4 5 A—D Frao
d K HH Typha latifolia juv, 1l - L - - 1 1
¢ HH Alisma plantago aquatica 1 — — 1 — 1 3
P K Th Echinochloa crus galli s = R (Sl 1 1 1
PeoK u  Cynodon dactylon — T Tl e 1 1 1
P K HH Phragmites vulgaris 1 — 1 1 — 3 3
A Th Poa annua 1 1 1 1 — 1 3
P Kont H Puccinellia distans s a5 I 1 2 1 1
d Fua H Lolium perenne — 1 - — — 1 1
d. 'K Th Pycreus flavescens 2 3 5 5 4 3—5 5
Pk HH Schoenoplectus lacustris —_— —_— = = 1 1 1
P Eua G Juncus Gerardii 1 1 — 1 — 1 2
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=2X2 m.

=
—
e

A—D Freo
Cp H J. articulatus

Eua H Rumex crispus p.p. juv.
K H Polygonum amphibium
K Th P. lapathifolium

K Th P. persicaria

K Th P. aviculare

Cp Th Chenopodium rubrum
Eua Th C, glaucum

K Th C. album

Eu Th Ranunculus trichophyllus
Cp Th R. sceleratus

Eua Th Potentilla supina

Eua Th Medicago lupulina
Eua H Trifolium fragiferum
Eua H T. repens

K Th Lythrum hyssopifolium
K H Verbena officinalis
Eua H Lycopus europaeus

B H  Veronica scardica

Cp H V. anagallis aquatica
Eua H Plantago major

end H Aster pannonicus

Adv Th Erigeron canadense
Eua Th Bidens tripartita

Eua Th Senecio vulgaris

Eua H Taraxacum officinale

Cytological analysis: P =568, d=40.5, i=2.7%; (P, )% =55.5, (d..)% = 44.4%.

Areal types: Eua=35.2, Eu=27, Kont=27 K=405 Cp=108 B=27
end = 2.7, Adv = 2.7%,

Biological specirum: HH = 10.8, Th=46/0, G=5.4, H=237.8%; Thy, % =514,
HH,, % = 10.13, H,, % = 35.6, G, %0 = 2.74%. Wl

Frequency specirum: Frb=8.1, Fr4 =81 Fr3 =244, Fr2=21.6, Fri = 37.8.
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I1I. PYCREETUM FLAVESCENTIS XANTHIOSUM SPINOSAE

This occupies a place corresponding to the Bidentetum in the

arts traversed by animals, trampled and grazed. The plants are low,

Eut 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

veryqn)many foreign elements intermixed with the weed plants (Fr. 1:
45.6%).

TABLE IIL
Pycreus flavescens — Xanthium spinosum assn,

Q=2X2 m. 1948. IX. 10,

1 2 3 4 5 A—D Frie
P K Th Digitaria sanguinalis — 1 = - — 1 o f
Pk Th Echinochloa crus galli 1 1 1 1 12 1 5
d Eua Th Setaria viridis 1 ) RRC=UR | 1 1 4
P Cp H Agrostis stolonifera gl e n] 1 1 1 2
P: K G Cynodon dactylon SRS 1S e 1 — 1 2
P K Th Poa annua 1 1—2 1 1 1 1 5
d Eua H Lolium perenne 2§ 1 — 1 i % 1 4
de K Th Pycreus flavescens 2 | 2 2 1 2 5
P Eu H Carex distans — 1 1 — - 1 2
P Cp H Juncus articulatus 1T - - = = 1 3|
P Eua G J. Gerardii R — 1 — 1 1 1
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Q=2X2m 1948, IX. 10,

1 2 3 4 5 A—D Fris
d K Th Polygonum lapathifolium 1 -2 1 1 1 3
P K Th P. aviculare 1 1 1 1 1 1 5
d FEua Th Chenopodium glaucum oS S i D 1 1
d Cp Th 'Atriplex hastatum O TR Rt T Lost o]
P Eu H Rubus caesius e B 2T T s 1 1
P Eua Th Potentilla supina s 1 P TERN el 1 1
d Eua Th Medicago lupulina 1 1 1 1 1 1 5
d Eua H Trifolium fragiferum St VR 1 1 1 3
P Eua H T, repens = 1 ) A £ e 1 2
P Eua H Lotus corniculatus 1 1 — 1 i 1 3
d Eu Th Geranium pusillum ; £ N e VR S 1 1 2
P K Th Erodium cicutarium 1 1 1 1 — 3 3
P Eua Th Malva pusilla = TR PR 1 1 2
P K Th Lythrum hyssopifolia 1o TR Tl g e 1 1
P K Th ‘'Anagallis arvensis 1—21-2 1 1 — 1 3
d K H Verbena officinalis 1 1 1 1 1 1 5
P Eua H Marrubium vulgare RS =2 Y | e 1 1
d Eua H Lycopus europaeus —_ 1 - - = i 1
d M Th Kickxia spuria — l] — = — 1 1
A Th K. elatine REE e = SR S 1 1 i
P Cp H Veronica anagallis-aquatica 1 — 1 - — 1 1
i B H V. scardica AR e 1 — 1 1
d Eua H Plantago lanceolata — 1 - — - 1 2
d Eua H P major 2 2 1 1 12 1—-2 5
d end H Aster pannonicus —_ — = — 1 e
d Adv Th Erigeron canadensis PR O T TR ek 1(—2) 5
i 'Adv Th Xanthium spinosum p i 50 RSN SR e - Ry
P Eua Th Bidens tripartita —_ 1 - - - L 1
P Eua Th Senecio vulgare — 1l — = - 1 1
d Eu TH Carduus acanthoides Bl 1 1 — 1 3
d Eua G Cirsium arvense ) = 1 1 — 1 3
d Eua H Taraxacum officinale 1 1 — — 1 | 2

Acc.: P—Eua—H Potentilla reptans, P—Eu—Th Xanthium strumarium.

Cytological analysis: P=52.2, d =43.5, i=4.3Y0; (Py)% = 47.1, (dm )% = 52.83%,

Areal types: Eua =43.5, Eu=109, K=23.9 Cp=8.7, M=43, B=22, end =2.2,
Adv = 4.3%.

Biological spectrum: H =413, G=6.5, Th=500 TH=22/; H,% =349,
G %0 =6.7, Thy, % =564, TH, % = 1.3%.

Frequency spectrum: Frbd =19.6, Fr4 =22, Fr3 =15.2, Fr2=174, Frl =45.6%.

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 flavenscens assn. (pauperum),

Q=2X2 m, 10t

K Th Echinochloa crus galli
Cp H Agrostis stolonifera

K HH Phragmites vulgaris
K Th Poa annua

Kont H Puccinellia distans

K Th Pycreus flavescens
Eu H Carex distans

Cp H Juncus articulatus

h
3 4 5 A—D Frie

woATTUYT
R OV O O
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Q=2X2 m. 1948, IX. 10.

L 2 3 & 5 A—D Frie
P Ewua H Rumex crispus (pp. juv.) e ; Ee . (LR 1 1
di K Th Polygonum lapathifolium 1 1 — — 3 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 s 1 1 — 1 2
P Eua H Lotus corniculatus Sl 1 — — 1 2
L L Th Anagallis arvensis —_— — - 1 — 1 1
d K Th Verbena officinalis _— — 1 1 | 4 3
d Eua H Lycopus europaeus 1 1 1 1 * 1 5
BrK Th Solanum nigrum — 1 1 — 1 1 2
P Cp H Veronica anagallis-aquatica — 1 — 1 1 1 4
i B H V. scardica _— — It 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 — 1 — - 1 2
P Eua Th Bidens tripartita 1 1 1 — 1 1 3

Acc.: P—Eu—Th Xanthium strumarium.

Cytological analysis: P =640, d =28.0, i =8.00%; (P,)% = 61.6, (d, )% = 38.3%.

'Areal types: Eua=24, Eu=8, Kont=4, K=36 Cp=16, B=4, end =4,
Adv = 4%,.

Biological spectrum: HH=4 H =48, Th=48%; HH,% =14, H, % =468,
Th,, °s=51.6%.

Frequency spectrum: Frd =16, Fr4 =38, Fr3 =24, Fr2 =20, Frl = 32%,.

SOIL INVESTIGATION

According to the 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
(S00, 1940:31, UBrizsy, 1948:13, etc.). A good occasion thus offered
itself for investigating this, for not only had three types of the same
Pycreus flavescens 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 on Septem-
ber 10th, 1948, in the four biotopes, as can be seen in. Table 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. 20.5 298 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. Figure 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 Bidenfetum and the
Pycreetum.
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100%
LAY

Fig. 3. Triangular diagram showing the various textures of soils investigated.

1. Bidentetum 0 cm; 2, Bidentetum 30 cm; 3, Pycreetum typ. 0 cm; 4. Pycreet. typ-

30 cm; 5, Pycreet.-Xanth. 0 cm: 6. Pycreet.-Xanth. 30 cm; 7, Pycreet, paup. 0 cm;
8. Pycreet, paup, 30 cm.

TABLE VI

Results of the mechanical analysis of the sedimentable parts of
soils and the sticky point according to Arany. (S. P.)

Sand Silt Clay S.P.

2—0.02 mm 0.02-0.002 0.002 mm
Bidentetum 0—10 cm 47.7 36.0 16.3 47.4
42,5 38.2 19.3 45.2
30 cm 544 31.7 13.9 51.9
48.5 38.9 12.6 50.4
0—10 cm 46.1 33.7 20.2 50.8
Pycreetum typ, 30 cm 49.5 313 19.2 47.6
0—10 cm 61.8 214 16.8 43.8
61.7 20.8 175 444
Pycreetum 46.3 34.3 194 57.0
Xanthiosum 30 cm 43.6 37.1 19.3 57.6
0—10 em 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 VIL
pH values and buffer capacity of the soils.

i i 0'1n HCI 0'1n KOH
om | PHO | PRAC 95 T10 [ 4 [scus| 1 | 4 | 10 |250me
ek 0 801 | 754 | 71| 72| 75| 79| 82| 88| 94| 112
HeShlym 30 784 | 740 | 6.0| 73| 74| 76| 80| 90| 96| 11:0
P 22 0 811 | 761 | 72| 73| 76| 78| 84| 86| 99| 110
JELSHIL LYP: 30 765 | 760 | 71| 75| 76| 77| 81| 90| 103 | 11:2
aad ot 0 804 | 790 | 72| 76| 77| 78| 85|91 96| 103
Pycreetum-Xanth, 30 | 799 | 761 | 71|73| 77| 78| 82| 87| 96| 113
P ; 0 793 | 771 | 71| 75| 77| 77| 83| 88| 95| 113
FETR A0 pauL, 30 799 | 753 | 71| 75| 76| 77| 81|86] 93| 11-2

Table VIIT. shows the results of the chemical analysis of the soils,

with special reference to N and Ca content.

TABLE VIIL
Results of chemical analysis of soils.
Total-N | NHs-N ‘ NOs-N | ca<2 “ 54 Total
it %% mg/100 g soil %o e salts o),
. 0 015 81 107 2:84 2:03 009
Bidentetum 30 | 016 81 74 220 £69 | 007
0 015 62 91 276 820 007
Pycreetum typ, 30 | 005 25 186 1812 | 5155 0-L6
0 014 12 180 485 | 1504 008
A o 30 | 008 93 | 162 | 1565 | 3835 | 008
0 012 36 52 408 | 1345 008
VIR, 30 | 008 25 | 140 | 1564 | 408) | 010
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 Nanocyperion type of plant; societies (..vegetation of silty
soils*). (Moor, 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 of 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: (Table
V). The close proximity of the body of the lake however, reminds us
that these strips'become dry late, usually in the middie of July, 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
Nanocyperetum 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 (MOOR, 1936:115). The investigations of TIMAR (1947) on
a Lank of the Tisza at Szomok 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).;The

anocypereta can be found on places which have become dry during
August. According to the graphs of 1JBRizSY (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 Pycreefum explains the low (Pm)% wvalue which, however, is
very similar to the 41.5% value of the dry Xanthiefums FELFOLDY,
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 therophvtes, as the following T able proves:

TABLE IX.
(P )%0 and Thy, % values of plant societies examined,
Thn'e o * m* (Pm )% o m
Bidentetum 44.7 6.37 2.12 51.4 8.81 2.93
Pycreetum-typ. 51.4 5.8 1.9 55.5 5.3 14
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)% and Thm %o
. & ] : & &
e = =
> s G & s G
kThxn()/o 3 v ’5_ ( “Pm)% r n: bs.
e e TEEE e
& £ > > > >
Y A~ P a8
Bidentetum 2.4 21 3.8 1.2 28 1.2
Pycreetum typ. — 0 1.6 — 22 3.2
Pycreetum paup. — — 14 — — 5.0
n—I n Vm+-m}

If k>2, there is a significant difference between the two mecan
values. (These values are given in fat type).
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That the shore floras display a derived chromosome status
(RouweDER, 1937, S00, 1947:108, FELFOLDY, 1948:8 and 26) can be ex-
plained by the great capacities for adaptation and dispersal of the poly-
ploids (Rouwepgr, TiscuHLer) by the exuberance in the vegetative
system which pelyploidy causes, permitting a dispersal by rhizomes,
stolons and runners (GUSTAFSsoN, 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 1o localities
favourable as to water supply. But, as not of least importance, we
must take into consideration the observation of LoVvE-LOVE (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.

Fig. 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 registered over 50 years (TARACS, 1949:4).

If we examine Figure 4 we can see the yearly change in the
sun's rays and it is evident from the curves that the empirical maxi-
mum (beginningiof 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 hazv state of
the sky in the spring and at the beginning of summer, as opposed to the
drier, clearer weatherin 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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WCCJIEJOBAHUS BEIETALWU MOBEPEXbSA O3EPA , BEJILIIE-TO
BBJIM3U TUXAHDb

Astop: JIANOII GEJLOEJLONU
PE3IOME

1. B obnactu nasopueuusi osepa ,,Benbuie-To‘’, COOTBETCTBEHHO 3KOIOrMUECKUM
yCcnoeusiM, passusaiTcsa 4 coolwectsa pactenuii: I. Bidentetum tripartitae. II. Pycree-
tum flavescentis. III. Pycrestum flavescentis-Xanthiosum spinosae. IV. ¥ycreetum
flavescentis pauperum. 2. He rosops o Gotanuueckom cocrase (Tabuuust I—IV) umeorcs
Gpocajomuecst B riiasa pasHulibl BO BHEIIHEM BUJIe MEMY STUMHI YEThIPMbS COODmecTBaMu:
I yereetum bl )KUBYT HENOCPEACTBEHHO OKOJIO BOAK. ITO KOPOTKUE TPaBsl, BCEria HH3KOr0
pocta (nauusm). JepH Fycreetum Xanthiosum Takike KOPOTOK, BCIEACTBHE BLITAIITHIBAHKST
NacTYIUIMMCST TaM CKOTOM, T. €. Mbl MMEeM JIeJI0 C MEXaHUUYECKMM MosperkaeHneM. Biden-
tetum COCTOUT M3 HOpPMAJBbHLIX PACTEHHH BBLICOKOrO pOCTA.

3. Umeercst oueBuaHAST CBSI3b MEXCY BHEIIHMM BU/IOM, CPEO# ¥ 9KONOrUUeCKHMH
otnowenusimu cooluwects pacrenuit. Bidentetum >xuseT B cnokoifno#, camoil BoirogHoMH
nonoce, cBo0oaHON OoT BoAbl NpubanMsKUTeIbHO ¢ Hayana anpenis. Becnoxkowmee BIUSHUE
CKOTAa OTMEuaeTCsi B ciivyae Pycreetum Xanthiosum B TakOM € pacTOSIHUM OT Kpasd
ogepa. XapaKTepHbHi ST NPOXKUBAKWIKMX 10 OAM30CTH BOAL Pycreetum-0B HAaHU3M,
ux 6orarcTseo NOJIUIIIIOUAaMU U VCIIOBUSI Cpelibl FOBOPSIT 32 TO, YTO B UX PASBUTHH lbOTO-
nepuoauveckne Gaxropu urpaoT GoNbWVIO pPonb, yeMm spaduunbie ParTOpLI.

4. OTO MOATBEP)XAACTCA M MCCIeAOBaHWEM MOUBLl (BIIa)XKHOCTb, MEXaHUUYECKHH
aHanus, TOUKA OCaKAEHMUsT pochl, o0I(as KOHUEHTpaUWsi COJiel, Cofiep)KkaHue HaTpHs,
kaipuud, pH, Ovpepunass cuna U T. A.), KOTOpLIE VKa3biBAIOT HA TO, UTO C TOYKH 3peHHs
HaVKH O nouBe, HET CVINECTBEHHLIX DPA3HHUL MEXAY YeThbIPpbMS GuoTonamu.

5. CaMbIM LIEHHLIM Pe3yIbTaTOM Moeit paGoTu siBnsiercsi pabounif runores, na ocHose
KOTOpOro noCiaeAvET BLIACHEHHE BONpPOCa NYTEM Q)HSHOHOPKHQCKKX OnbiTOB, C MpHMMECHE-
guem (OTO-nepHOAUUECKUX MCCIeJOBaHHK HajJ npeoliafawuMMd 3/Chb PAaCTeHHSIMU.



HEREDITARY TUMOUR FORMATION IN AMICRONUCLEATE
KAHLIA

BY
JANOS HORVATH
From the Hungarian Biological Research Institute, Tihany, Lake Balaton
With 8 microphotographs on Plates I-—-Il
(Received for publication 25th May, 1949.)

In earlier publications we discussed how it is possible to remove
ithe micronucleus from Kahlia simplex HORVATH (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. Tt 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 clons.

On investigating the different clon cultures it appeared that,
though they propagated, there were very many chimeras among them.
On investigating the nuclear state of these clons we also found that the
micronucleus was missing. It was destroved by the irradiation, We had
{rreviously established (see HorvATH, 1948 'a) that owing {o the

arger 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 clons 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 manv mem-
bers of the clon 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 manv 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 clon: 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 inl 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 clons 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 diverselv shaped monsters.

Another characteristic of these clons 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 manysmacronuclei 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, 1 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 clons 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
fumours. 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
Mo1TrAM (1940) on Paramaecium with the carcinogenic 3:4 benz pyrene.
MortraM added 3:4 benz pyrene to.a Paramaecium culture and after a
long time found abnormal specimens which he afterwards isolated and
culiivated 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 of 'MOTTARM, 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 we 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 HORVATH, 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 irreguf;u'i 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 MOTTRAM, we are confronted here by heredi-
tarv 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 teft behind which,
though it does not produce chromosomes, can, as a supposed enzyme-ac-
tivating center, also be held potentially 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 the 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 valuc.
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 cur 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 SONNE-
BORN, 1947).
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EXPLANATION OF FIGURES ON PLATES III,

Figure 1. Photograph of a group of living tumorous amicronucleate Kahlin.
The double, twin forms can well be distinguished, as well as the large-sized monsiers.
Magnification: 60 x. Figmre 2. A group of twin and monster forms in a division
of large dimensions, fixed in formol-osmium. The quantity of macronuclei can well be
seen in the different animals. Magn.: 136 x, Figure 3. Microphotograph of fixation
in formal osmium of a small and a large-sized monster. Tn the larger ones the simple
animal wanting to separate is well apparent, Magn.: 137 x. Figure 4. Monster fixed
in formol-osmium in one extension of which a twin form can be seem, and in the other
a simple shape. Magn.: 140 x, Figures 5, 6, 7 and 8. Tumorous amicronucleate
animals of different sizes with numerous macronuclei. Carminic acid stain, Magn.: 210 x,

OBPA3OBAHUWE HACJEACTBEHHOHN OoNYXO0JHU
B AMUKPOAIOEPHBIX KAHLIA

Aprop: JHOLI I'OPBAT
PE3IOME

1. TlocpepcTBoM vibTpaduonerpaduoneToBoi uppaaudauueii Mul TNPOM3BOAMIIH
amukpositepubix Kahlia, KOTOphe NOKasany HACJIE[ACTBEHHbLIE ONYXO0JH B BEreTaTHBHOM
PASMHOIKEHUHM.

2. HacrnepcreeHHasi Onvxonhb NPOSBASNAch B KIOHOBBLIX PasBO/IKAX; NMOTOMCTBO
BLISIBUJIOCH B CaMbiX Pa3Hoo0pasHbiX YPOAIMBLIX (popmax, cepeau KOTOPLIX OAHAKO BCEria
BCTpevanyuch M HOpMaibible Ha BHMA 00pasbl.

3. Ecni Mbl pasfesM/iii B KJIOHb 9THX Ha BW/ HOPMAaJIbHbIX aMHKPOSJEPHBLIX
SKUBOTHBIX, TOTJla MX NMOTOMCTBO Beno cebs Tak, Kak uleHbl WCXOJHOrO KJIOHA.

4. HamH YCTaHOBIEHO, UTO B TOM CJVyae HAaCJe/ICTBEHHOCTb TeCHO CBsi3aHa C
nporoniasmoH.
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CONTRIBUTIONS TO STUDIES ON SOIL PROTOZOA OF THE
CILIATA GROUP, WITH SPECIAL REGARD TO THEIR
ADAPTATION TO SOIL CONDITIONS.

BY

JANOS HORVATH
From the 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 scil, or whether, in
spite of its varying water content, they could be considered permanent
inhabitants. The question became of still greater intergst 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 occasionial 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-dwelling
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 soild of different
counsistencies, 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 1o
coxif'otrm in accomodating themselves to the small water volume of the
soil.

In 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 rair
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water), and to try to take up the ciliates from this solution with a pi-
pette. This method was not satisfactory, however, for 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 in 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 (DEmE-
TER, 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
idep 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
ninong 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. 1t follows 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 lattached the two poles of an elec-
tric torch battery to two opposite sides of a Boveri cup. I put | g of the
soil under investigation into this cup, previously emulsified with 10 ml
fillered 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,
GeLEl J. and ]J. HorvATH, 1934, 1937, 1940). For rapid staining Breslau
apal-blue was used.

During the investigation it became necessary to cultivate clons of
the different species of ciliates, to determine exactly which seemed la-
bile For this purpose [ prepared a scil 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 gelafine 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 be 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.
F'rom the soil samples then taken all the species given in Table 4 were
found. From the middle of December of that year until the middle of
March no active ciliates were found inf the soil samples. F'rom then till
June 1939 the same species were again found, then from the first days
in June till October no Ciliata 1n 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 177—18% or even greater
humidity.

In Table 4 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 4
or less, but none was less than 25 4. . There is only 1 species between 50
and 100 4, whereas between 100 and 150 there are 8, yet none exceeding
150 . Itistrue that, according tc the literature, the Gastostyla steini
can attain to 350 u, though I never isolated any of such dimensions
from the soil.

From the standpoint of locomotion, among these species only
Halteria decemsulcata requires great water volume, though according
to my observations this species thanks to its small size (25 ) 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 Halteria and 1 Vorticella species) but one of these
(Vorticella) was sessile and two (the Cyclidium) were inclined to be.
}urthermore 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 » were all flexible. They had adapted themselves in this way to the
small water areas in the soil. Only two of the speci¢s smaller than
100 . 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. 1 also see characteristic adaptation in the fact that bacteria
and fungi form the principal food of the herbivonous, 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. Kahl's (1935) summarizing work has
been the principal source for this. According to his 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. 1t 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-dwelless.



155

TABLE A
Ciliata Protozoa found in Area I
(Explanation of signs: R =regular (=having constant shape); F = flexible;

B = Bacteria; Fu = fungus; A =algae; C = predaceous; S = swimmer; S]= slider;

W = walker; Cr = creepler),

Loco- Habitat, distribution
Name Length, shape| Food mbtios food T

1. Holophrya simplex 32 » Pl AC] SSI Frequent in fresh water.
Uahu island. Feeds on:
Bodo, Monas and small
Ciliates.

2. Platyorphrya lata 10 » F|C S SI From moss infusions;
Wide-spread; feeds on:
Algae, Ciliates.

3. Prorodon terres 120 o F|AC| S8l In earth and saline pools;
feeds on: diatoms, Rho-
dobacteria, Ciliates,

4. Prorodon (Holophrya) AC| SSI Frequents inland walers;

discolor 60-80 « F feeds on: Algae, Ciliates,

5. Spthidium amphoriforme 120 » F| BAC| S SI In Mitterwald and Zitter-
tal, among mosses,

6. Chilodonella algivora 5070 » R|B A | SCr | Among grasses and al-
gae; very wide-spread.

7. Colpoda maupasi 35-70 » R | BFu| S SI From straw infusions.

8. Colpoda steini 25-30 » R | BFu| S SI In decaying water plants,

9. Colpoda fastigata 55-60 « R| BFu| S SI Fresh water; frequent.

10. Colpoda inflata? 30-40 » R| BFu| S SI From moss infusions.

11. Colpoda Aspera 30-50 « R|BFu| S8 |In mud

12. Glaucoma myriophilli 100 #«F|AB| SSI In Myriophyllum,

13, Cyclidium terricola 30-40 « R| B S In earth-moss at Ham-
burg, in Alpine mosses:
rare,

14. Cyclidium glaucoma 25-30 « R| B S Among decaying planis.

15. Halteria decemsulcata 25 o R|BFul § From soil.

16. Kahlia simplex 120 » F|BFu| SW |From soil

17. Amphisiella milnkl 100 » F|AFu| SW From sand, at Kiel,
Eats: diatoms, Ciliates.

18. Gastrostyla steini 150-3504 F [BFuC| S W | Frequent in fresh water,

19. Opistrotricha similis 100 # F|BFu| SW Frequent in fresh water,

20, Gonostomum affine 50 # F|ABFul SW Detritus feeder.

In moss.

21. Euplotes muscicola 40-70 » R| BFu| S W In European and Amer-
ican mosses; European
soil.

22. Vorticella microstoma 3 waREB Sessile | In water containing de-
caying plants,
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TABLE B

Ciliata Protozoa found in Area II
(For abbreviations see Table A)

Length, shape,

In active state in the samples,

st locomotion i v v(?gx:yv]:%r;?b;r X

1. Holophrya simplex 34 . » FSSI AC +1 1+
2. Platyophrya lata 105. 4 F S 8i Cu + 141+ + ]+
3. Prorodon terres 120 « F S8l AC +i+i+|++
Bl gy 6080« FSSI | AC + |+ ]+
9 Enﬁﬁﬁ}yip‘.’mcom 60710 « FSCr | C ++H|+H|+] =
6. Spathidium spatula 150-160 « FS Cr | BC +14+1ElF1+13
7. Spathidium sp. 100-120 # F S Cr AB C|+ +1+1+
8. Nassula sp, 6570 RS AB + +1+{+
9. Chilodonella aligivora 50-70 » R S Cr BA |+ + |+
10. Colpoda aspera 30-50 #« RS Cr B Fu |4+ |4 |4+ {4+ |+{+]|+
11. Colpoda maupasi 35-70 # RACr BFu |+ |+|+|+]|+]F+]+
12. Colpoda steini 25-30 # RS Cr BFu [+|4|+|++]|+1+
13. Colpoda fatigata 5560 # R S Cr BFu | 4+|4+ |+ +1+]+
14, Colpoda inflata? 30-40 # RS B Fu |+ |4| 4|4+ +]+
15. Glaucoma myriophylii 100 wFSS AB |+ |4 |4|+]|F]+H]+
16. Glaucoma scintillans 40-75 wRSSI | BFu |+/|+
17. Halteria decemsulcata 25 #RS B Fu [+ |4 4|4+ +H]|+
18. Kahlia simplex 120 « FSW B Fu +|4
19. Gastrostyla steini 150-350 « F S W BFuC| |4 +{4+
20. Opistotricha similis 100 u FSW B Fu = +I+14
21. Opistotricha terrestris

nov. sp. 80 #uEFSW B Fu |4+ |+ |+|+|+|+]+
22. Gonostomum affina 50 #uFSW | ABFul4|+|+|+|+|+!+
23. Euplotes muscicola 40-70 w RSW B-Pi BRI TRl
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In No. I 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 classity 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 kited as an example of this. This species
was found at Szeged at all seasons in the section of the cily’s sewers
which empties into the Tisza, and J. Gelei (verbal communication)
found Paramecium in a very vigorous form and in great quaniilies 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, movement 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 4, 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 Horvath, 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 about 16% moisture from June till October
1939, and during the rest of the period of investigation — in October
and November — 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 4, 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
stecies adapt themselves to the environment offered by the soil?
nchelys agricola nov. sp. is a carnivorous species, 60—70 . in size.
Because of its small dimensions we might think it adapted to the small
water water areas in the soil, 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 species, Opmsthotricha terrestris, is a small-sized
Hypotrichus (80 » 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 u4, very flexible, carnivorous
Hymenostomata protozoon. Besides being carnivorous it was also,
according to my observations, capable of:feeding on bacteria and fungi.
'Fl:lese qualities enable it to live in the water volume provided by the
soil.

Glaucoma scintillans, with a length of 40—60 u, 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 for 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 reasen 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 in the autumn. Touching on this problem,
I reported in another work ( see Horpath, 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
torest 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



TABLE C
Ciliata Protozoa found in Area TII

(For explanation of signs see Table A)
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Name L:;agsg' Food |Locomotion Habltat,fg:‘tl;lbutlon,
1. Rhopalophrya elevans 16-20 « R[AB | S
nov. sp.
2. Platyophrya lata 105 » F| C S slI
3. Cyclogramma screx 5 #R| B S Si In fresh water, Geneva,
Berchtesgaden, Werra dis-
trict, California, Feeds
on: large bacteria.
4. Chilodoniella labiata BuRIAB |SCr |Among Utricularia.
5. Colpoda steini 25-30 « R{B Fu | S SI
6. Colpoda fastigata 55-60 # R| B Fu | S SI
7. Colpoda aspera 30-50 # R| B Fu | S SI
8. Glaucoma reniformis 50#«FlAB |S Fresh water, mear Sid-
ney.
9. Colpidium campillum 50-15) #«R{B Fu | S SI Among decaying water
plants,
10. Cinetochilum margari-
taceum 1545 #« R| B Fu | S SI Fresh water, moss-infu-
siom,
11. Cyclidium glaucoma 25-30 # R| B S
12. Pseudocristigera hymen_
ofera nov. gen. nov. sp. 30-35 « RIBFu |SCrW
13. Halterioforma caudata
nov, gen. mov, sp, 1520 #« RIBFu | S
14. Halteria decemsulcata 25« R|BFu S
15. Kahlia simplex 120 F|BFu |S W
16. Gastrostyla steini 150-350« F| BFuC| S W
17. Paruroleptus lacteus 110-120«F| A B S W Fresh water, Botanical
Garden, Hamburg.
18. Tachysoma pelionella 95-85 #« R|B Fu | S W Pn fresh water, frequent;
feeds on: bacteria.
19. Oxytricha hymenostomata | 80-100 #« F|A B | S W Among Lemna.
20. Urosoma macrostya 120-150«F|A B | S W Among Lemna.
21. Histrio complanatus 80 «R|AB |SW In puddies, in Spring-
time.
22. Histrio muscorum 100-150 «F | ABFul S W In moss infusions, E.
Germany, California,
23. Aspidisca costata 25-40 » R| B S W In decaying water plants,
very wide-spread.
24. Astylozoa pyriforme 50 # R| B Fu | Sessile |[In New Zealand, in hol-
lows in forests,
25. Vorlicella microstoma 3B« RIB -

* Notes only on species not in previous Tables.
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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 terresiris 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 and 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 nor 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. III was the high sandy beanch of the Tisza flood

regions near Szeged. As [ 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 drien 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 on the third area investigated. Seven of these 25 also live
in the two garden soils of territories 1 and II, and two, Vorficella
microstoma and Cyclidum glaucoma, only iny No, 1. If now we take into
consideration that the soil of area IIl 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 4 or less we find
five between 50—100 , and three between 100 and 150 . 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. III 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 simplyiget 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
Table C. It is therefore evident that in this soil it is'not 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 under 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
in/ all probability find an entirely different state of affairs,
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UCCITENOBAHUSA NMPOTO30A, TIOUBBI T'PYIIIbI
PECHUYHBLIX U B OCOBEHHOCTHW BOINIPOC OB UX
NMPUCIMOCOBJEHHA K YCJTOBHSAM MMOYBbI

Agsrop: SIHOII 'OPBAT
PE3IOME

Mbl uccrneposanu havay pecHHUHBIX HMHPV3OPHEB B OKPECTHOCTH ropoaa Cerep
(Beurpusi) ¢ TOYKM 3PEHMSI MPHUCHOCOBICHHA ITUX MPOTO300a K HHIHEHHLIM YCIIOBHSIM
pPasiuyHbIX BHAOB MOYBLI.

Mot uccneposanu: 1. TIouBy caja, OPOIIEHHOrO I'IABHLIM 00Pa30M TOJILKO [0 /IEM.
2. TlouBy caja, MOCTOSIHHO Opomaemoro. 3. 3aTONNEeHHYI0 BOAOH mousy.

Hamwu pesyiabraTol HiyKeCJ/eAYiouHe:

1. MpubnusurenpHo HeHTpaJibHasi MOYBa [OJKHA COAEPXKaTb B cpeanem 169,
NOANOUBEHHOW BOJLI, I TOrO 4TO0bLl PECHUYHbLIE MOTJIM PasBUThL B HEHM aKTHBHOE CYiie-
CTBOBaHMeE.

2. Pecuuunsie MpucnocodLiBaOIIMECs] K YCIOBHAM HEIOCTATOUHOrO VYBIAXEHUS
nouBbl ABOSIKOT'O BH/A: @) PECHUUHbIE MOCTOSHHLIX GopmM M HeGONILWNX pasmepoB. 6)
Gonee KPYMHLIX PasMepoB, HO HMMEWIIMX rudKOe Telo M TaKKe CIOCOOHLIX HSMEHSTH
¢Bo0 (opmy.

3. Yaue BCero MJIMHA BH/IOB, BCTPEUANMUXCS B noyse, He AocTuraer 100 M.

4. JIBMiK€HUE PECHUUHBIX, MPOXHUBAIOIIKX B M0UYBE, MPOUCXOJUT IIaBHLIM 00pasom
IYTEM CKOIbKEHUS XOKACHHUS M MMOJN3aHusl B nouyse. Cpeau peCcHUUHBIX, UCCIIEJOBAHHBIX
B HAIIKMX MouBax, O0HApPV)IKEHDl, XOTS U PEAKO, OCCAIbIe MIIM MOJY-OCEeA/bie THMNLI, HO
HAKOrla He BcTpeuasuchb (POpmbl, MPOXKMUBAKWIIHE B OTKPLITOH BOje.

5. Bolbuiasi 4aCTh BH/CB, MPOKUBAIIMX B OMHCAHHBIX Buille MOYBax 1 u 2 BCTpe-
4aeTCs, M0 MHEHWIO PEeKHMUX aBTOPOB, B HACTOSX MXa, HJIIM B BOJE COAEpPIKAIEH I'HHUIO-
mue pacrenusd. Bosee Meniue SK3EMIUISIPLl, N0 MHEHHMI0 3TUX aBTOPOB, MPOMCXOJST U3
OTKPHLITOH BOAB!.

YKusHeHHble YCIOBUA B CpeAax, YIOMSIHYTHIX Bbllle, TOXACCTBEHHB! C YCIOBUAMH,
HMEOUMMHUCA B nmouBax 1 M 2 NOTOMY, YTO M TaM MO)KHO OMNPEAeIUTb MePUOAUYECKOe
rauenye B nouse. (HaBo3.)

B noyse 3 Mul BeTpeuanu Taike U (QOpMbl, XapakTepuble AJisl csexelf BOAu, B
COOTBETCTBHMM C XapaKTEePOM IMOYBLl B 00JaCTH saTOmieHHsdA, sABNSwumeHcsa nepexogHoMi
cTajue OT >XKMB3HEHHHLIX YCIOBUH CYXOH MOYBLI A0 BOAbI.

6. Boibmasi yaCTh PeCHUUHbLIX, HAMJEHHLIX B MOYBE CAfi0B, SIBJISIETCS DBPHUTEPMHU-
YeCKMMH CVuIecTBaMy.) 3TO YCTaHOBJIEHHE €me Hejb3s 0000marth, TaKk Kak HMEWTCs
npoTuBopevamuecst HabmwaeHus.)

7. CpaBuuBasl pesyibLTaTbl UCCIIEOBAHHA BCEX TPeX BH/OB MOYBLI, Mbl HAaLUIH
BUJbl PECHMYHbLIX, BCTPEUAOI(HECS B PaBHOW CTENMEHH BO BCEX TPeX BMUAAX MOUBBIL. Tak
KaK IBa M3 9THX BYUOB MMOUBLI CYUIECTBEHHO OTIUYAITCH JPVYT OT ApYyra — nousa cajoBast
M necyaHasl — Mbl HA3BaJIM PECHUUHBLIX, BCTPEUAUIUXCH B 000MX BM[AX MOYBLI ,,Be3/ie
cymMMu nouBbi‘‘. Ha ocHoBe HAIMUX MCCIEA0BAHMH MOXKHO VCTAaHOBUTb, YTO B MOuBe
UMEeTCsl MOCTOsIHHAsA, npucrnocobrennasi K noyse (avHa peCHUUHBIX.



UBER MIKROBIOLOGISCHE UMGESTALTUNG
VON STERINEN

I1. Oxydation von Cholesterin durch Proactinomyces roseus

Yon

JANOS HORVATH und ANDRAS KRAMLI
Aus dem Ung. Biol. Forschunginstitut, Tihany am Bataton-See
(Eingegangen am 30 Mai, 1948)

In unserer ersten Abbhandlung (1) haben wir die auf Cholesterin
ausgeiible 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 Cholesterinmolekiil 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 Isokapronsiure und
2-Methylheptanon bestiitigt wird:
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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
TurriTT (2.) bestiitigt, indem die Abtirennung der Seitenkette auf 'die
Wirkung von Proactinomyces erythropolis ebenfalls eintrifft und die zwei
genannten Verbildungen in erwiihnien Oxydationsprodukt gleichfalls
erscheinen.

Wir haben die erwiihnten Versuche mit wenigen Ausnahmen
miitels Durchliiftung der Kulturen durchgefiihrt. Bei der Durchliif-
tung war aber die Gefahr vorhanden, dass die Kulturen durch andere
Bakterien infiziert werden, welcher Umstand deshalb gefiihrlich ist,
weil unser Azotobacter auf die Stoffwechselprodukte anderer Bakte-
rien ausserordentlich empfindlich reagiert und rasch zugrunde geht.
Wir haben uns deshalb bemiiht, unsere Versuche mit einer solchen cho-
lesterinoxydierenden Bakterienart durchzufiihren, die gleichzeitiz auch
selektiv geziichtet werden kann. So verwendeten wir dazu die Gruppe
der Proactinomyces, deren eine Art: Proactinomyces roseus Pyridin
zu zersetzen und sich in solchen Nihrboden zu vermehren vermag, in
welchen Pyridin die einzige Kohlen- und Stickstoffquelle ist.

Von diesem Bakterium wurde durch friihere Versuche nachge-
wiesen (3.), dass bei seiner Ziichtung wihrend der Zersetzung des Pyri-
dins iiberschiissiger Stickstoff auftritt. Diese Umstiinde wirkten sich
bei unserem! mit Proactimomyces roseus durchgefiihrten Versuche sehr
vorteilhaft aus: gegen die bei der Durchliiftung erfolgte Infektion
wurde die Kultur durch die Anwesenheit des Pyridins geschiitzt, 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 nH-Werten (5—7). die letztere da-
gegen bei hoheren pH-Werten (8—8.5).

Aus den Kontrollversuchen iiber die Entstehung des 7-Oxycho-
lesterins gelang es uns festzustellen, dass diese Verbindung — unter
gleichen Verhiltnissen — 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 vorgeziichiet (4.)
und dann bei sterilen Verhiiltnissen in einen fliissigen Nihrboden ei-
gewaschen, welcher Glyzerin, Mannit, Ammoniumphosphat, Pepton, so-
wie 5% Riibenzucker enthielt. Darauf wurde zu der Kultur pulveri-
siertes kristallisches Cholesterin in einer Mence von 05% 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 zugefiigt wurde, sank natiirlich der pH-Wert infolge Zersetzung
grosser Mengen organischer Stoffe nach Ablauf der Inkubationszeit
bis 5.

Unser Verfahren bei der Ziichtung des Proactinomyces kenn-
zeichnet sich dadurch, dass wir in einem 2°/,, Pyrdin enthaltenden
synthetischen Nihrboden die Proactinomyces solange vorziichteten, bis
Pyridin im Nihrboden nicht mehr nachweisbar war. Dann mischten
wir einem ebenfalls 2°/,, Prvdin enthaltenden synthetischen Niihr-
boden °/,, 0.5% pulverisiertes kristallisches Cholesterin bei, stellten den
pH-Wert der Kultur entsprechend ein (siche oben) und wuschen die
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vorgeziichtete Proactinomyces-Kultur dazu. Diese Kulturen wur-
den hernach im Thermastat mit, oder ohne Durchliiftung 2 Wochen lang
bei 34 C° gehalten.

Die Oxydationsprodukte wurden aus der Kultur extrahiert. Mit
Riicksicht 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 iiblichen Methode durch fraktionierte Kris-
tallisation, durch Ausscheiden mit Semikarbazid und bei Uviolbelich-
tung an ALO, ablaufende chromatographische Adsorption getrennt.

Endlich haben wir mit Proactinomyces roseus auch Kontroll-
versuche durchgefiihrt und es gelang uns nachzuweisen, dass dieser
Sterine in nachweisbarer Menge nicht produziert.

" Unsere Resultate zusammenfassend konnen wir folgendes fest-
stellen:

Die mikrobiologische Umgestaltung des Cholesterins hiingt von
der Oxydationsfiihigkeit der Arten ab und sie indert sich je nach den
Arten mit den Umstiinden der Ziichtung.

Betreffs der Reaktionstypus, sind nach unseren bisherigen Er-
gebnissen an Cholesterin mit Mikroorganismen die folgenden Oxyda-
tionsreaktionen nachgewiesen:

1. Oxydation von sekundiren Alkoholgruppen zu Keton.

2. Die Entstehung ungesiittigter Bindung im hydrierten Ring.

3. Oxydation der Methylengruppe zu sekundiirem Alkohol.

4. Desoxydation der gesiittigten Kohlenwasserstoff-Kette.

Zum Schuluss mochten wir noch diejenigen Versuche erwiihnen,
die wir jeizt zur Entscheidung der Frage durchfiihren, ob etwa aus
Sterinen durch Wirkung der Bakterien karzinogene Stoffe entstehen
konnen. Diese Annahme fusst néhmlich eben auf der Entstehung der
ungesiittigten Bindung. Beziiglich dieser Frage besitzten wir aber noch
keine endiiltigen Ergebnisse.
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I1. OKUCJIEHUE XOJIECTEPHMHA TMOCPEJCTBOM
PROACTINOMYCES ROSEUS

(Hs Benrepckoro Euonoruueckoro Mcecnea. Mucruryra)
Astop: SIHOILI I'OPBAT u AHOPAII KPAMIJIH
PE3IOME

Mpl HCCTIEl0BANIH OKHCIIHTENIbHOE Je#icTBHE ,,Azobacter oxydans“-a u pacmensisio-
mee fiefiCTBHE NMUPHAMHA HA XOJIECTEPHH.

PasBopka GaxTepuii npoUsBOAHIACh B CHRTETHUECKOI cpefie, K KOTOPOH XonecTepH
npubaBuiicss B GopmMe NVIJIbBEPHSHPOBAHHBIX KPHCTAaNN0B. KVIBTYPH NpPOBETPLIBAJIMCH
BO Bpemsi MHKY0GaluuH, npd 4eM ,,Azobacter oxydans‘ B CTEpHJIbHBIX YCIOBHSX & V ,,) TO-
actinomyces roseus‘-a NpH HaJHUMH MHPHJKHA, KOTOPLIH NpPENnsITCTBYET PasMHOKEHUKY
APYIMX, BpeHbIX NSl KVILTYp OGaxtepuii.

U3 OKHCAMTENHHOrO TNPOAYKTA, MOJVYEHHOr0 nyTeM ,,Azobacter oxydans Mul
HW30JIHPOBAJIK XOJIECTEHOM, 7-IErHPOXONIECTEPHH, a TaK)Ke 2-MeTUIrenTaHoH, 006pasos-
muicsa -orTmenneHdeM no GOKOBOH JIMHHH, M HSOKANPOHOBYID KHCIIOTY.

IelcrBueM Iroactinomyces roseus oOpasosanuce npu pH 5—7 XonecreHon u
npu pH 8—-8,5.7 oxcuxonecrepus.

Tlo HamuM oOnbiITaMm MHKpOGHOJ’!Ol"quCKOE OKHUCIIeHHEe XOJieCTeépuHa 3aBHCHUT OY
BHJIOB CrOCOOHBIX NMPOH3BOJAHTL OKHCJIEHHE, U KPOME 3TOr0 OHO MOJABEPraeTcsl HIMEHEHUK
u o0CTOATENbCTBAMH Pa3BEJEHHS.

Hakonel npousBOAATCS ONbITH 151 PEIIEHHS] BOMPOCa, He MOryT-ni 06pasoBaThCA
KaplUMHOreHHble BEeCTBa U3 CTePUHOB fieHCTBHEM MHUKPOOPranusmMoB. OfHAKO STH HCCne-
JloBaHKsI NOKa MNOJNIO)KMTEIbHBIX PE3YIILTAaTOB HE HaJIH.



EXPERIMENTS IN THE PREPARATION OF PENICILLIN FROM
LOCAL RAW MATERIALS

BY
JANOS HORVATH and ANDRAS KRAMLI
From the Hungarian Biological Research Institute, Tihany, Lake Balaton
With 1 photograph in the text
(Received for publication 30th 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

Penicillium ecufiture.

heing 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 but 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-
iamin is particularly suitable, as it is a substance which suspends well.
To assure a source of carbon we emplayed buckwheat as chief mass in



168

the culture medium. To liquify the medium we fermented the milled
buck:v?:eat with 5% malt in the presence of a few drops of HCI
at 80° C.

The composition of the culture medium was as follows: To a
water solution of 05% NaNO,, 02% KH.PO,, 0.05% KCIl, and 0.05%
MgS0O.,.7H,0O, which also contained traces of ['eSO,, 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. GERENDAS
Ung. Biol, Forschungsinstitut. Tihany, am Balaton-See
Mit 7 Abbildungen und 3 Tabellen im Text
(Eingegamgen am 31. Mai 1949)

Es kann experimentell festgesteltwerden, dass ein dem Blute oder
dem Serum zugesetztes aktives Thrombinpriparat binnen kurzem sein
Gerinnungsvermogen einbiisst. Da das das Thrombin zum Verschwinden
bringende System des Blutes sehr stark ist und auf seine Wirkung hin
nicht allein das dem Blute zugefiigtem, sondern gleicherweise auch das
in ihm entstehende Thrombin rasch verschwindet, ist es unzweifelhaft,
dass dieser Erscheinung auch vom Gesichtspunkte der Blutgerinnung
aus eine mwichtige Rolle zukommdt.

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 eines Inakii-
vierungssystems hin mit der Zeit stéindig fortschreitenden Inaktivierung.
Nach Feststellung der Gesetzmiissigkeiten 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. (Unter 1 Thrombineinheit verstehen wir di¢ Throm-
binmenge, die 1 cem 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 moglich festzustellen,
dass 98—99% des entstehenden Thrombins bereits wiithrend des Gerin-
nungsprozesses inaktiviert werden. Das Blut verfiigt demnach iiber
eine mwesentlich grossere Thrombinreserve als allgemein bekannt ist,
doch verschrwindet ein bedeutender Teil derselben inu Blute selbst, noch
bevor sie ihre Gerinnungsmwirkung auszuiiben vermag. Diese Feststel-
lung schafft einen vollig neuen Gesichtspunkt fiir die Beurteilung der
Blutgerinnungsanomalien.

Der bei der Bluigerinnung zustandekommende Thrombinspie-
gel, also eigentlich das Bf:tgerinnungsvermb'gen, wird von 2 Prozessen,
den Geschwindigkeiten von Thrombienentstehung und — verschwin-
den, gemeinsam bestimmt. Da die Thrombininaktivierung nach obener-
withntem einen sehr starken Einfluss auf das entstehende Thrombin aus-
iibt, ist leicht einzusehen, dass unter den Blutgerinnungsstérungen die
Storungen der Thrombininaktivierung (gesteigerte oder verminderte In-
aktivierung) ebensowohl eine Rolle spielen kénnen, wie die Thrombinent-
stehungsstorungen. Diese Annahme wird auch durch unsere klinischen
Beobachtungen bekriiftigt. 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 LENGGENHAGER (3) die Aufmerksamkeit
wachgerufen. Er arbeitete auch ein Untersuchungsverfahren fiir den
Thrombinabbau aus. Nach seiner Methode erfolgt indessen die Inakti-
vierungsuntersuchung mift dem im Biute des zu untersuchenden Indivi-
duums entstehenden Thrombin, deshalb spielt im Versuche auch das
Thrombinerzeugungsvermogen des untersuchten Blutes eine Rolle. Das
so erhaltene FErgebnis ist das einer zusammengesetzten Wirkung, wes-
halb denn diese Untersuchung kein vollstsindiges Bild der Thrombin-
inakitivierung selbst liefert. Soll demgegeniiber ein Einblick in
den Mechanismus der Blutgerinnungsstorungen gewonnen werden, so
miissen gerade die diese hervorrufenden Prozesse voneinander abgeson-
dert werden.

Da bereits Standard-Thrombinpriparate entsprechender Aktivi-
tat zur Verfiigung stehen, so bestcht die Méglichkeit einer einfachen
und raschen 'Untersuchung, die in eindeutiger Weise iiber die Thrombin-
unaktivierung Aufschluss erteilt.

Mit einem solchen Standard-Thrombinpraparate arbeiten z. B.
AsTRUP u. DARLING (4) bei der Untersuchung der einzelnen Glieder des
Thrombininaktivierungssystems. Diese Verfasser bestimmen aber die
Menge des verschwindenden Thrombins, mogegen nach unserer Auf-
fassung fiir die obenerroihnte  Erscheinung nicht die Menge des zum
Verschroinden gebrachten Thrombins, sondern die Geschmindigkeit des
Prozesses charakteristisch ist.

Wir haben in unseren Versuchen nachgewiesen, dass die zufolge
Einwirkung des Inaktivierungssystems erfolgende Thrombininaktivie-
rung kinetisch gemiiss einem Reaktionstypus I. Ordnung verlduft. Dem-
zufolge ist der Prozess durch den Reaktionsgeschwindigkeitsfaktor k
gut charakterisierbar. Bein: gesunden Menschen befindet sich der Reak-
tionsegeschroindigkeitsfaktor um 0,5, in pathologischen Fillen lassen
sich indessen sehr starke Abweichungen in beiden Richtungen
beobachten. So ist z. B. bei Sclerosis multiplex (5) k=0, 22, bei Hémo~
i)hylie (6) k=2,2. Ausserdenu zeigt der Wert des Reaktionsgeschroindig-

eitsfaktors auch bei unterschiedlichen Versuchsbedingungen sehr ‘cha-
rakteristische Verinderungen und seine Unftersuchung bietet gute Mdog-
lichkeiten, einen 'Einblick in den Mechanismus der Blutgerinnungsano-
malien zu gerwinnen.

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 Fillen (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 erwiinscht, unser Verfahren auch in
einer methodischen Mitteilung zusammenzufassen.
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Das Prinzip der experimetellen Bestimmung der Thrombinin-
aktivierung nach meiner Methode besteht darin, dass dem Scrum des
abgenommenen Blutes eine Thrombinlosung bekannter Aktivitit zuge-
setzt und deren Aktivititsverminderung in von der Zugabe gerechnetfen
Intervallen von 1—2 Minufen auf Grund des Gerinnungsvermdgens be-
stimmt mwird. Zur Feststellung des Gerinnungsvermogens der Proben,
wird Oxalatplasma oder eine Fibrinogenlosung vermendet.

Vorwegnehmend sei bemerkt, dass die Thrombininaktivierungs-
bestimmung — hauptsiichlich bei klinischen Untersuchungen — im all-
gemeinen auch mittels Oxalatplasma gut durchfiihrbar ist. Es ist in-
dessen richtiger, dafiir eine Fibrinogenlosung zu verwenden. Fiir exak-
tere Bestimmungen empfehle ich entschieden die Verwendung einer
reinen Fibrinogenlosung, was umso leichter moglich ist, als eine ent-
sprechende Fibrinogenlosung im allgemeinen bereits fertiz zu haben
ist, bezichungsweise ihre Selbstherstellung auf keine besondere Schwie-
rigkeit stosst. Nachfolgend bespreche ich beide Methoden und teile die
Bereitungsweise des Fibrinogens mit.

e Zu den Inaktivierungsversuchen werden folgende Losungen vor-
ereitet:

1. Bereitung der Thrombin-Standardlosung. Hierfiir ist jedes im Handel befind-
liche Thrombinpulver verwendbar. (Wir selbst haben teills ein selbstbereitetes Throm-
binpréparat, teils Thrombin pulvis von HOFFMANN LA ROCHE verwendet) Mit dem
verfiigbaren Pulver wird mit dest. Wasser zweckmissig soviel Lésung bereitet wie sie zu
Versuchen fiir einen Tag ausreichend ist, Die reine, wisserige Thrombinlésung zerfillt
namlich ohne Konservierungsmittel verhdlinismissig rasch, ist aldo nicht ldngere Zeit
haltbar. Der Zusatz von Konservierungsmitteln ist hingegen nicht empfehlenswert, weil
sie einen starken Einfluss auf die Inaktivierung ausiiben. So reduziert z. B. Trikresol
die Inaktivierungsgeschwindigkeit sehr stark.

Da die Aktivitaien der erhiltlichen Thrombinpulver sehr verschieden sind, stellt
man die konzentration der Losung auf Grund der Gerinnungszeit ein, Zwecks Bestim-
mung des Gerinnungsvermogens werden der bereiteten Standlésung 0,2 cem entnommen
und mit 0,2 ccm dest. Wasser auf das Doppelte verdiinnt. (Diese Verdiinnung des Throm.
bins ist deshalb erforderlich, damit es die Konzentration erreiche, auf die es sich
spaterhin im noch zu besprechenden Inkubationsgemisch verdiinnen wird). Diesem
verdiinnten Thrombin werden sodann 0,1 ccm entnommen und dessen Gerinnungs-
wirkung in folgenden Zusammenstellungen untersucht:

0,1 cem Oxalatplasma oder 0,1 ccm Fibrinogen,
0,1 ccm dest. Wasser 0,1 ccm dest, Wasser,
0,1 ccm verdiinntes Thrombin 0,1 ccm veriinntes Thrombin.

Natiirlich wird fiir die Thrombinldsungseinstellung diejenige dieser beiden Zu-
sammenstellungen gew#hlt, die auch bei den spidteren Untersuchungen beniitzt werden
soll. Die fiir die Bestimmung der Gerinnungszeit dienenden Gemische, d.h. Wasser und
Plasma, bzw. Wasser und Fibrinogenlésung, werden zweckmdissig vorher in die Ver-
tiefungen einer Farbenplatte pipettiert, Beim Hinzufiigen der Thrombinlésung 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 Standardidsung 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-
aktivitit vor Inaktivierung entsprechende Gerinnungszeit. Die zum Hervorbringen der
Gerinnungszeit von 10 Sek, erforderliche Thrombinkonzentration ldsst sich durch Ver-
diinnung oder Thrombinzusatz nach einigem Versuchen leicht einstellen.

2. Bereitung von Oxalalplasma. Auf 1 Teil 2 °%iger Na-Oxalatldsung werden 9
Teile Blut genommen, Das Hlut kann einem gesunden Menschen entnommen werden, im
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Falle des Gebrauchs gosserer Mengen hingegen — wenn z.B. mehrere Versuchsreihen
zur Durchfiihrung gelangen — ist es zweckmdssig z. B. Kaninchenblut, bzw. im Schiachi-
hofe genommenes Rinder — oder Schweineblut zu beniitzen. Die Blutzellen werden
sodann abzentrifugiert und das oben befindliche Plasma abgesaugt. Das auf diese weise
gewonnene Plasma, ist im Eisschranke gehalten etwa 1 Woche beniitzbar. Zur Unter-
suchung der Thrombinaktivitdt kann dieses Plasma unmittelbar verwendet oder —
falls man in obigem Sinne mit Fibrinogen zu arbeiten wiinscht — auch zur Bereitung
der Fibrinogenlésung beniitz¢ werden.

3. Bereitung der Fibrinogenlosung. Bereitet die Beschaffung der fertigen Fibrino-
genlosung Schweiergkeiten, so ist es zweckmdssig, sie aus dem vorhengenden Punkte
gemiiss hergestellten Rinder — oder Schweineoxalatplama selbst zu erzeugen. Methoden
fiir die Herstellung einer L&sung kristallisierten Fibrinogens sind von LAKI (24, 25)
mitgeteilt worden.

Auf Grund dieses Verfahrens zubereitete Fibrinogenlosung enthélt ungefdhr 12
mg/cem Fibrinogen. Wir beniitzen diese Losung mit einer im Verhéltnis 1:3 verdiinnten
physiologischen Kochsalzlosung.

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-
fugierrohrchen gesammelt. Bei Versuchstieren wird das Blut aus der
Ohrvene oder dem Schwanze 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 Rohrchenwand abgelost 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-
mannrohre pipettiert.

Die Untersuchung ist genau in der 30. ‘Min. nach Blutentnahme
zu beginnen. In dieser Zeit ist nimlich das eigene Thrombin des Blutes
aus dem Serum bereits verschwunden, zumindest aber in einem Masse
inaktiviert, dass die noch vorhandene Menge neben der hinzugegebenen
Thrombinlosung von 10 sek. Gerinnungsvermogen vernachlissigt wer-
den kann. In der 30-sten’ Min. werden 0.4 ccm der auf beschriebene Weise
bestimmten Thrombinlosung von 10 Sek. Gerinnungsvermogen zu dem
vorbereiteten Serum hinzu pipettiert. Die Zusammensetzung des Inku-
bationsgemisches wird somit die folgende sein:

0,4 ccm zu untersuchendes Serum,
04 . Thrombin-Standardlosung.

Hier sei noch bemerkt, dass in Fillen, in denen der Thrombinin-
aktivierungsprozess im in-vitro-Versuche durch einen Wirkungsstoff
beeinflusst wird, dem Kontrollgemische auch 0,1 cem dest. Wasser zu-
gesetzt wird, Versuchsgemisch aber wird anstatt'des Wassers die Losung
des fraglichen Stoffes hizugefiigt. So wird z. B. bei Untersuchung der
Heparinwirkung die Zusammenstellung der Irnkubationsgemische fol-
gende sein:

0.4 ccm zu untersuchendes Serum
0,1 ., dest. Wasser,
0,4 ,, Thrombin-Standardlosung bzw.
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0.4 ccm zu untersuchendes Serum,

0,1 ,, Heparinlosung,

0.4 ,, 'Thrombin-Standardlosung.

Zweckmaissig ist die Beniitzung von zmwei Stoppuhren beim Ver-
suche. Im Momente des Hinzufiigens des Thrombins wird die die In-
kubationszeit messende Stoppuhr in Gang gesetzt und das Gemisch krif-
tig durchgeriihrt.

Nach Verlauf von 1 Min. wird dem Gemische eine Probe von
01 ccm entnomen und der bereitgestellten Fibrinogenlésung oder dem
Oxaltatplasma zugesetzt die die Gerinnungszeit messende Stoppuhr in
Beregung gebracht und die Gerinnungszeit auf oben beschriebene
Weise bestimmt. Die Zusammensetzung des Gerinnungsgemisches ist
also folgende:

0,1 cem Oxalatplasma oder 0,1 ccm Fibrinogenlosung
0,4 , dest. Wasser, 0,1 , dest. Wasser,
0,1 . Inkubationsgemisch. 0,4 , 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 linger, ein Zeichen dafiir, dass das im Inkuba-
tionsgemisch befindliche, zu untersuchende Serum die Thrombinakti-
vitdt von Minute zu Minute permindert. Diese Aktivititsperminderung
ist gleichbedeutend mit der Thrombininaktivierung.

~
a)lnkvbationsschale . b Schale fir Gerinnungsproben
¢.) Glashaken

Abb. 1. Fiir der Versuch erforderliche Gerite.

FUR DIE DURCHFUHRUNG DES VERSUCHS ERFORDERLICHE
GERATE

1. Zur Bereitung des Inkubationsgemisches ldsst sich die sog. Embriumschale
(Abb. 1. @) gut verwenden, weil das Pipettieren aus dieser bequem und rasch vonstatien
geht, Natiirlich entsprechen auch Reagenzgléser oder andere Glasgefédsschen,

2. Fiir die Bestimmung der Gerinnungszeiten hat sich die Tiipfelplatte Jena Nr.
5250 bewahrt, Gut brauchbar ist indessen auch die Porzellanschale laut Abb 1. b. Das
der \Bestimmung der Gerinnungszeilen dienende Gemisch wird in die Vertiefungen
dieser Gerdte pipettiert.

3. Fiir die Feststellung des Momentes der Gerinnselbildung wird ein kleiner
Glashaken mit 8—10 ¢cm langem Stiel verwendet, Dieser ldsst sich aus einem Glasstabe
leicht anfertigen (Abb, 1, c).

4. Fiir die Zusammenstellung und Vermengung der Gemische werden eingeteilte
Pipetten gebraucht. Es empfiehlt sich fiir dest. Wasser, Fibrinogenlosung, zu unter-
suchendes Serum und Thrombinlésung je eine 1,0-cem-Pipette mitl 0,1-ccm-Einteilung
zu verwenden, fiir das Inkubationsgemisch aber eine 0,1-ccm-Pipette,

5. Es ist am bequemsten, — und Irrtiimer werden am sichersten vermieden —,
wenn zum Messen der Inkubations- und der Gerinnungszeiten je eine besondere Stoppuhr
gebraucht. wird, Mangels solcher tuft es aber auch eine Uhr mit Sekundenzeiger.
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WERTUNG DER VERSUCHSDATEN

Die erhaltenen Gerinnungszeiten konnen zu Charakterisierung
des l'I'hrombininaktivierungspmzesses auf folgende Arten beniitzt
werden:

a) Tabellarische Zusammenstellung. In dieser werden die Inkubationszeiten, die
dazugehdrenden Gerinnungszeiten sowie die den einzelnen Gerinnungszeiten entspre-
chenden Thrombinaklivititen dargestellt (T'ab. II). Letztere werden wie folgt bestimmdt:

Thrombinaktivitat

Abb. 2. Zusammenhang zwischen Gerinnungszeit und Thrombinaktivitits

Bei der Umrechnung der Gerinnungszeiten auf in Einheiten ausgedriickte Throm-
binaktivitit gehen wir von einem empirisch festgestellten Zusammenhang aus (Abb, 2).

TABELLE I
Berechnung der Thrombinaktivitit auf Grund der Gerinnungszeit
Sek. Einheit/ccm | Sek. Einheit/ccm Sek. Einheit/ccm Sek. Einheit/ccm
9 35 32 34 55 1,22 95 0,435
10 29 33 v, 56 1,20 98 0,42
11 24 34 3,0 57 1,14 100 0,40
12 20 35 2,8 5 1,10 105 0,38
13 17,8 36 27 59 1,06 110 0,35
14 15,5 37 2,6 60 1,00 115 0,32
15 135 38 2,4 62 0,97 120 0,29
16 12,0 39 23 64 0,94 125 0,27
17 11,0 40 2,2 66 0,90 130 0,25
18 10,0 41 21 68 0,85 135 0,23
19 8,38 42 20 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 ) 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 84 0,56 175 0,14
27 45 50 1,45 86 0,54 180 0,135
28 4,3 51 1,4 88 0,51 185 0,125
29 40 52 1,35 90 0,49 190 0,12
30 38 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 wihlten wir die in 60 Sek. zur Gerinnung bringende Thrombinldsung als
1 E/cem, die iibrigen Werte aber bestimmten wir einerseits durch Verdiinnung der
Losung, andrerseits durch Steigerung der Thrombinkonzentration. Die erzielten Punkte
ergeben in dem angewandien logarithmischen Masstabe eine gute 'Anndherung an die
auf der Abbildung dargestellte Gerade, mit deren Hilfe innerhalb des dargestellten
Interwalls die der Gerinnungszeit entsprechende Aktivitit werden kann. Des leichteren
Verstiindnisses halber, haben wir die auf Grund von Abb. 2 gewonnenen Daten auch
tabellarisch zusammengestellt (Tab, I). Hier haben wir neben den Gerinnungszeiten die
Thrombinaktivitdten in E/cem angefithrt. Auf dieser Grundlage stellten wir auch bei
den Beispielen der T'ab. 1I die Thrombinaktivitidten fest.

TABELLE I

Die Verdnderung der Thrombinaktivitdt bei normaler gesteigerter, bzw. verminderter
Inakiivierung

Inkubationszeit in Minuten ) 2" 3 L §
X Gerinnungszeit in Sek. 217 |25 1807 [T 44
Normales Kaninchen-
blut Thrombinaktivitit (E ccm) 7,4| 52 | 38| 185
Gesteigerte inaktivi- | (Gerinnungszeit in Sek. 25" 15 - 49" ] 047
erung (Heparin 0,005
mg’ccm) Thrombinaktivitat (E'ccm) l 521 28 15 0,45
Verminderte inak- Gerinnungszeit in Sek. ! 18 = 1207 22 1287
tivierung (Toluidin-
blau 0,05 mg/ccm Thrombinaktivitdt (E/ccm) I 10 80 | 66 | 49

Auf Tab II fithren wir als Beispiel die Inaktivierung eines normalen Kanin-
chenserums vor, weiters die durch Heparin gesteigerte bzw. durch Toluidinblau her-
abgesetzte Inaktivitdt des gleichen Serums,

Inkvbationszeit

Abb. 3. Darstellung der Tnaktivierungskurven (Gerinnungszeitkurven).
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b) Graphische Darstellung. Uber die Inaktivierung kann ein iibersichtliches 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 stdrker ist
die Inaktivierung, Bei dieser Darstellung 1duft die mit Heparin €rzielte Kurve zu oberst
(stdrkste Inaktivierung), die mit Toluidinblau erhaltene zu unterst (schwichste Imakti-
vierung).

hkvbotionszeit

Abb. 4, Darstellung der Thrombinaktivitdtsverminderung,

2. Die in Einheiten ausgedrickten Thrombinaktivititen werden auf Millimeter-
papier iiberfragen. (Abb. 4). Wir erhalten von oben nach unten laufende Kurven, die
die Herabminderung der Thrombinaktivitdt gut zum 'Ausdruck bringen. Hier lduft die
mit Heparin erhaltene Kurve zu unterst, die durch Toluidinblau erzeugte zu oberst.

3. Nach unserer Erfahrung ist es am zweckmissigsten, die Ge-
rinnungszeitmerte in logarithmischem Masstabe darzustellen (Abb. 5).
In diesem Falle erhalten wir steigende Geraden, bei denen der Nei-
gungsmwinkel der Geraden charakteristisch fiir die Inaktivierungsstirke
ist. Die so erhaltene Gerade lisst sich auf Grund der spiiteren Beschrei-
bung fiir die graphische Bestimmung des Reaktionsgeschwindigkeitsfak-
tors trefflich verwerten.

Die auf die normale Kurve bezogene Lage der Kurven ist im
allgemeinen bereits charakteristisch fiir den Inaktivierungszustand des
Blutes. Wird die Inaktivierung in Zusammenhang mit einer Rlutgerin-
nungsanomalie durchgefiihrt, so wird deren Inaktivierung gewdhnlich
mii der des Blutes eines normalen Individuums verglichen, wird dage-

en ein Versuch durchgefiihrt, in dem die Inaktivierung — wie im vor-
iegenden 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 spiiterhin gewonnenen Inaktivierungs-
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werte. Auf Grund dieser Werte lidsst sich feststellen, ob die Kurve in
einem gegebenen Falle einem Blute gesteigerter, oder verminderter In-
aktivitiit angehort.

Abb. 5, Darstellung der Imaktivierungskurven (Gerinnungszeitkurven) in logarithmischen
Masstabe.

Trotzdem erweist es sich in zahlreichen Fillen als erforderlich,
die Inaktivierungsstirke auch zahlenmiissig auszudriicken. Dies lasst
sich nach der Methode von PALos (8) bewerkstelligen, ‘nach dey die
mit dem Kontrolltiere gewonnenen Gerinnungszeiten durch die eni-
sprechenden Zahlenwerte des Versuchstieres dividiert werden, und der
Mittelwert der so erhaltenen Daten der XKoagulationsfaktor (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 Inakiivierungsprozesses
(Veriinderung der Reaktionsgeschwindigkeid durch die Temperatur, Ak-
tivierungsenergie usw.) berechnen. Da die Inaktivierung kinetisch ge-
miss einer Reaktion I. Ordnung verlduft, dient zur Berechnung des
Geschwindigkeitsfaktors die Gleichung:

1

. k= T
Darin sind k=Reaktionsgeschwindigkeitsfaktor der Reaktion I. Ord-
nung, {=Intervall der Probeentnahmen, a=Anfangskonzentration, x=
Konzentrationsverinderung wihrend des Intervalls . Die Berechnung
der Reaktionsgeschwindigkeitskonstante bringe ich auf Grund der Da-
ten von T ab. II. (normatie Inaktivierung) in Tab. III. Der k-Wert
ist auf grund der Berechnung gleich 0,34. Wegen der Einzelheiten

12

2,T.log ——



178

der Berechnung verweise ich auf ein meiner #lteren Mitteilungen, (2)
sowie auf die zusammenfassende Arbeit von E. EicHWALD (26).

Unstreitbar ist die Berechnung der Reaktionsgeschwindigkeits-
konstante auf diese Weise so miihsam und langwierig, dass das Ver-
fahren besonders bei klinischen Untersuchungen vollig unbrauchbar er-
scheint. Dies hat mich zur Ausarbeitung einer raschen und sehr ein-
fachen Methode veranlasst.

TABELLE IIT
Die berechnung des Reaktionsgeschwindigkeitsfaktors

Inkubatienszeit in Minuten ! 0 1 2 l 3 i
Gerinnungszeit von Proben (Sek) 1157w 21" s i 30”7 44"
Thrombinaktivitit E/cem* 10,5 74 5,2 38 1,85

a —— 10,4 74 5,2 38
a—x — 7,4 5,2 38 1,85
AT e - 1,42 1,42 1,37 2,06
a—Xx
log __a—a_ = 0152 | 0,152 | 0,138 | 0315
— X
2.3 . log T?.__— - 0,35 0,35 0,32 0,73
— X
t Zeitintervall (Minuten) - 1 1 1 2
‘/t . 1 1 1 05
POREEL Y S T SIS (S 50 0,35 035 | 032 0,36
t a X
Reaktionsgeschwindigkeits -
faktor (Mittelwert) k 0,34
* Auf Grund von Abb, 2, berechnete Werte. *= Extrapolierte Date.

d. Graphische Bestimmung des ~ Reaktionsgeschmwindigkeitsfak-
tors. Wenn fiir die graphische Darstellung laut ABB 5. Papier mit einer
Einteilung beniitzt wird, in der die logarithmische Einheitslinge der ei-
nen Achse 100 mm betriigt, die andere Achse aber eine einfache Milli-
metereinteilung hat?, so lasst sich der Wert des Geschwindigkeitsfak-
tors durch einen einfachen Kniff, ohne jede Berechnung unmittelbar
ablesen (A bb. 6). Unser Verfahren besteht darin, dass wir die iiber die
Punkte gelegte Gerade bis zur Ordinate extrapolieren (gestrichelte Li-
nie), sodann an den 43. mm der Abszisse eine Senkrechte legen und an

t Solchermassen eingeteilte Papiere sind z.B, Schleicher wu. Schiill Nr, 365
oder Aerni-Leuch (Bern) Nr. 535.
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dieser die Linge des zum Offnungswinkel Alpha gehtrenden Linien-
stiickes messen. Wird die gemessene Linge in Dezimeter ausgedriickt,
so ist deren Zahlenwert gleich dem Reaktionsgeschmwindigkeitsfaktor. In
unserem Falle betriigt die Lange des Linienstiickes 0.34 dm. danach ist
also k=0,34, was identisch ist mit dem Ergebnis der in Tab. 11T mit-
geteilten langwierigen Berechnung. Das Gesagte wird von den Daten
der A bb. 6 noch besser beleuchtet. Ich'bemerke, dass einzelne Forscher,
die meine Methode iibernommen haben, leichterer Ausdriickbarkeit hal-
ber den k-Wert ofters durch die abgelesene mm-Zahl ausdriicken

Abb. 6. Graphische Bestimmung des Reaktionsgeschwindigkeitsfaktors (k).

(k.,) also im Falle unseres Beispiels &,,=34 schreiben. = Durch
Dividierung dieses Wertes mit 100 erhilt man den wirklichen Wert des
Reaktionsgeschwindigkeitsfaktors.

Erwidhnt sei noch, dass der extrapolierte Anfangspunkt der er-
haltenen Geraden bei obiger Darstellung des Inaktivierungsprozesses im
allgemeinen eine lingere Gerinnungszeit aufweist, als wir solche zu
Beginn unseres Versuches auf die 'Anfangsaktiviiit des Thrombins be-
kamen, d. h. dass die Gerade meistens von hoher als 10 Sek. ausgeht.
Die Differenz zwischen den beiden Werten (Linienstiick 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 Grosse zu beachten, denn in manchen krankhaften Fillen
ist auch die Adsorptionsstarke charakteristisch.

Andrerseits beobachteten wir auch, dass bei einzelnen Sera die
in der ' 3.,5. Min. erhaltenen Gerinnungszeitwerte sich micht auf der Ge-
raden befinden, sondern etwas nach oben, in anderen Fillen 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. Inaktivierungskurve des Ratten-
blutserums stark nach unien. Auf die Erklirung dieser Erscheinung
will ich jetzt nicht eingehen. In solchen Fiillen ist die Linie streng iiber
die erhaltenen Punkte zu legen und der k-Wert zu dieser Kurve gra-
phisch zu berechnen.

Als praktische Modifikation sei erwihnt, dass die angewandte
Blutmenge notigenfalls noch weiter reduziert werden kann. Bei der
Blutuntersuchung von Siuglingen, von Individuen mit schlechten
Venen, besteht die Moglichkeit, in unserem fiir die Bestimmung der Ge-
rinnungszeit  beniitzten 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, Verinderung der k-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 minutenweise wiederholbar zu sein, wodurch die Zustandsverinder-
ungen des Blutes gut verfolgbar sind. Dies ist besonders dann von Wert,
wenn das Inaktivierungsvermogen 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 friiher die auf
Abb. 3 angegebene Art der Charakterisierung der Thrombininaktivie-
rung. Seit Ausarbeitung der graphischen Berechnungsweise des k-Wer-
tes zeichnen wir indessen die Gerinnungszeiten ausschliesslich in A b b.
5. entsprechender Art auf und bestimmen gleichzeitig die zu den Ge-
raden gehorenden k-Werte. Auf diese Weise ist es moglich, 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 erwihnt, dass in Fillen, in denen im Laufe eines
Versuches die Verinderung der Thrombininaktivierung fortlaufend
verfolgt werden, die zeitliche Verdnderung der k-Werte mittels der in
unseren Abbildungen figurierenden Werte festgestellt werden konnen.
Ein solches Beispiel fiihren wir in Abb. 7 vor, wo wir auf Grund ei-
nes iilteren Versuches (20) die Verinderungen des Reaktionschwindig-
keitsfaktors auf Wirkung intravenosen Peptons hin darstellten. Diese
Darstellungsart ist sehr geeignet. den zeitlichen Verlauf der im Blute
vor sich gehenden Prozesse zu veranschaulichen.

Auf Grund unserer bishericen Erfahrungen hoffen wir, dass un-
sere oben beschriebene Methode bei der Untersuchung der Anomalien
der Blutgerinnung und bei der Aufkliirung 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 biisst auch Blut,
Plasma oder Serum zugesetzies 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 verlduft (1, 2). Die Grosse des nach der Gleichung
k=1/t. log. nat. colc berechneten Reaktionsgeschwindigkeitsfaktors (3.)
fallt im algemeinen zwischen 0,1 und 1,5, sein Wert ist jedoch auch je
nach Herkunft des Blutes sehr verschieden. Bei Tauben betriagt 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 0,8—
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 sich
um 0,5 in pathologischen Fillen sind indessen sehr erhebliche
Abweichungen zu beobachten, so betrigt er z. B. bei Sclerosis mul-
tiplex 0,22, (4.) bei Hamophylie 2.2 (5.) Dabei lag die Blutgerinnungs-
zeit der Sclerosis-multiplex-Fille um etwa 1 Min. herum, die der Ha-
mophyliefille bei ungefdhr 20 Min.

Im Laufe unserer Versuche stellten wir auch fest, dass Heparin
die Reaktionsgeschwindigkeit dieses Prozesses erhoht (6.), wogegen die
Steigerungswirkung des Heparins und die Thrombininaktivierung durch
Kinase iiberhaupt verhindert werden kann (7.).

Demzufolge fiihrt das FErschienen von Heparin im Blute zur
Steigerung der Inaktivierung und somit zur Verminderung des Gerin-
nungsvermogens, das Aufireten von Kinase dagegen zur Reduktion der
Inaktivierung und diedurch zur Erhchung des Gerinnungsvermogens.

Da wir unsere bisherigen Versuche lediglich im Zeitpunkte des
Zusetzens von Heparin bzw. Kinase durchfiihrten, untersuchten wir in
vorliegender{ Arbeit, auf welche Wiese der Entwicklung von in vivo ge-
gebenem Heparin ausgeloste Prozess sich im Laufe der Zeit abspielt,
bzw. inwieweit dieser Prozess durch Untersuchung der Inaktivierung
verfolgbar ist. Unsere Versuche vervollstindigien wir des Vergleiches
halber durch eine Untersuchung der Wirkung des dem Serum in vitro
zugefiigten Heparins bzw. von Kinase,
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EXPERIMENTELLER TEIL

Das zu den Versuchen verwendete Heparin war ein Erzeugnis
der Firma VITRUM (Stockholm), das Thrombin stammte das HOFFMANN-1. A

RocHE (Basel), als Kinase beniitzten wir von uns selbst hergestelltes,
durch Aceton getrocknetes Kaninchenhirnpulver. Zu den Versuchen ge-
brauchten wir 1 Tag altes Kaninchenserum, zu den Gerinnungsproben
nach dem Verfahren von LAk1 (8, 9) hergestellte I'ibrinogenlosung. Hin-
sichtlich der Versuchsmethode verweisen wir auf unsere bereits ange-
fiihrten Veroffentlichungen (2., 3.).

I. IN-VITRO-VERSUCHE

a. Zuniichst stellten wir fest, in welcher Weise das Imaktivie-
rungsvermogen des Kaninchenserums der in-vitro-Untersuchung von
der Konzentration des zugesetzten Heparins abhiingt. Wir fanden dass
der Grundwert der Inaktivierung (heparinloser Wert) k=04 betrigt.
Der Wert des Reaktionsgeschwindigkeitsfaktors nimmt nach Zusatz von
Heparin und Steigerung der Heparinkonzentration innerhalb des un-
tersuchten Intervalles exponentiel zu (Abb. 1.).

Fig. 1. Die Wirkung von Heparin auf die Reaktionsgeschwindigkeitskonstante der
Thrombininaktivierung. Tn wvitro Versuch,

b. Sodann untersuchen wir, wie die inaktivierungssteigernde
Wirkung des dem Serum in vitro zugesetzten Heparins sich im Verlaufe
der Zeit verandert, 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, §
Stunden.

Aus den in A b b. 2 dargestellten Versuchsergebnissen geht hervor,
dass die Inaktivierungsgeschwindigkeit im Augenblicke des Heparin-
zusatzes plotzlich emporschnellt, um dann anfénglich rascher, spiiterhin
in nur allmihlicher senkung gegen den Ursprungswert hin zuriickzu-
kehren (Heparinkurve in Abb. 2.). Eine je grossere Heparinkonzentra-
tion wir anwandten, einen desto grosseren Sprung nach oben machte
der Wert des Inaktivierungsfaktors, doch kehrte er auch desto rascher

egen den Ausgangswert hin zuriick wobei jedoch, die Riickkehr auf
en Ursprungswert erst nach Stunden erfolgte.

Fig. 2. Die zeitliche Verdnderung der Wirkung von Heparin, bzw. Kinase. In vitro
Versuch.

Es sei erwiihnt dass die auf Heparinwirkung hin erhohte Inakti-
vierung — wenn das Serum auch Blutzellen enthielt — rascher, ohne
Blutzellen hingegen (reines Serum) langsamer auf den Originalwert
zuriickkehrte. Daraus kann gefolgert werden, dass die Blutzellen den
die Heparinkompensation hervorbringeden Stoff in griosserer Menge
enthalten.

c. Den zeitlichen Verlauf des Kinaseeffektes untersuchten wir
auf die Weise, dass wir Kaninchenhirnpulver in dest. Wasser suspen-
dierten und es dem Serum zuseizten. Nach dem Hinzufiigen der Sus-
pension verminderte sich sofort die Thrombininaktivierungsgeschwin-
digkeit, um dann allmihlich wieder zunzunehmen (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
allmihlich auf den Grundwert zuriick.

I1. 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 losten
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wir soviel Heparin in 2 ccm dest. Wasser, dass es auf die annihernd
berechnete Menge des kreisenden Blutes (1/12 des Korpergewichts) ver-
teilt die gewiinschte Konzentration ergab. An den erzielten Ergebnissen
(Abb. 3.) ldsst sich erkennen, dass die Inaktivierungsgeschwindigkeit
— wiihrend 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 zuriickfillt, Bei der geringeren Konzentration
(10 ¥ Heparin/ccm Blut) (Kurve a) sinkt die Inaktivierungsgeschwindig-
keit sogar unter die Anfangskonzentration, selbst bei der Konzentration
20 y/ccm (Kurve b) fallt sie auf den Ausgangswert. Sodann sieht man
bei beiden Kurven eine neuere Steigung. Bei der hoheren Heparinkon-

Fig. 3. Die zeitliche Verdnderung der Wirkung von Heparin, In vivo Versuch.

zentration (30y/ccm) (Kurve ¢) ist der Spitzenwert Inaktivierung k=1,9.
Nach dem Sinken kehrt die Inaktivierungskurve nicht bis zum Grund-
werte zuriick, sondern bleibt verhiltnismiissig hoch bei k=0,9 stehen
und beginnt nach einer geringen Erhohung sich aufs neue dem Aus-
gangswerte zu nahern.

Bei mehrmaligem Wiederholen der Versuche erhielten wir inliche
Ergebnisse.
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BESPRECHUNG DER VERSUCHSERGEBNISSE

1. In-vitro-Versuche

Auf Grund der im Vorhergehenden besprochenen Versuche lisst
sich feststellen, dass die durch Heparin gesteigerte Inaktivierung in
den in-vitro-Versuchen im Laufe der Vermengung von Heparin und
Serum fortgehend abnimmd, also gegen die tiefere Gleichgemwichislage
hin verliuft. Infolgedessen ist es moglich festzustellen, 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 durchgefiihrten in-vitro-
Versuche, dass die auf Kinasewirkung hin verminderfe Inaktivierung
nach einer gewissen Zeit fortlaufend zuzunehmen beginnt. Also riickt
die Inaktivierung aus dem reduzierten Zustande der Gleichgewichtslage,
in diesem Falle einem hoheren Inaktivierungswert zu. Beachtenswer-
terweise erfolgt dies auch in vitro, also bereits bei der Uniersuchung
des vom Organismus separierten Blutes.

I1. In-vivo-Versuche

Werden die in den in-vivo-Versuchen erhaltenen Inaktivierungs-
werte mit den in-vitro-Werten verglichen, so lisst, sich in erster Linie
festsiellen, dass es in den in-vivo-Versuchen zur Erzielung des gleichen
Inaktivierungsfaktors einer wesentlich stirkeren Heparinkonzentration
bedarf als im in-vitro-Versuche. So kann im in-vitro-Versuche z. B. bei
57/ccm Heparin die gleiche Inaktivierungssteigerung beobachtet werden,
wie bei in vivo gegebenen 20 y/cem. Daraus ldsst sich der schluss ziehen,
dass der Organismus das in ihm auftrendende Heparin auf irgendeine
Weise stirker kompensiert und dass infolgedessen Wirkung nicht in vol-
lem Masse zur Geltung zu kommen vermag.

Ein Ergebnis dieses Kompensationseffektes ist es auch, dass die
Inaktivierungsstirke in den in-vivo-Versuchen plétzlich zuriickstiirzt,
in gewissen [illen sogar unter den Ausgangswert fillt. Dies bedeutet,
dass‘das Blut gerinnbarer wird als es urspriinglich war, d. h. es kommt
eine Uberkompensation zustande. Dies kann sich im Tierversuche darin
Hussern, dass die Gerinnbarkeit des Blutes im Falle einer geringen He-
paringabe — obgleich sie voriibergehend abnimmt — nach eine gewissen
Zeit so sehr zunimmt, dass z. B. die eingebundenen Kaniilen miteinkoagu-
lieren. Dies ist eine sehr hidufige 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 Inakiivierungs-
kurve wahrgenommen wird. Nunmehr kann die Erscheinung auf Grund
der Kurve gut erklirt werden und aus dem erzielten Ergebnis kann die
Nutzanwendung gezogen werden, dass wenn die Heparinwirkung noch
iiber 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 erhilt, das die Blutgerinnung noch
zu verhindern vermag. Des weilern untersireicht das erhaltene Ergeb-
nis auch klar den Vorteil der Heparininfusion bei der Prophylaxe der
Thrombose.
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Im Laufe unserer dlteren Versuche sahen wir einen ahnlichen,
doch gegensiitzlichen Kompensationseffekt auf die Wirkung intrave-
nos gegebenem Thrombins hin (10.). Das allmiihlich eingespritze Throm-
bin verursachte anstatt der erwarteten Gerinnungssteigerung oder intra-
vasalen ‘Gerinnungswirkung eine Erhohung der Thrombininaktivierung
und so eine Streckung der Gerinnungszeit. Somit kam auch hier ecigent-
lich eine Uberkompensation zustande, nach der die Inaktivierungsge-
schwindigkeit sich schliesslich auf dem Ausgangsniveau retablierte.
(Natiirlich beobachten wir parallel mit dieser Erscheinung-#hnlich Jur-
GENS u. STUDER (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 Gleichgewichiszustand hervorruft den der Organis-
mus mittels Kompensationsprozesse aufrechterhilt. Natiirlich bleibt das
Blut durch iiberstarkes Heparin in ungeronnenem Zustande. Durch
iiberstarkes Thrombin aber entsteht intravenose Gerinnung und das
Tier verendet. Wird dagegen nicht extrem hohe (also aphysiologische)
Konzentrationen angewendet und die Blutgerinnung durch intravenoses
Heparin verhindert oder soll dieselbe durch intravendses Thrombin
gesteigert werden, so ist in beiden Fillen 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 Uberkompensation zustandezukommen vermag.

Es kann noch festgestellt werden, dass dass Gleichgemwicht, also
das Streben nach Zustandebringen eines normalen Inaktivierungs-
spiegels sich im Blute soroohl in vivo mwie in vitro gleicherreise éussert.
Dass Thrombininaktivierungsvermogen des Blutes lstellt sich in jedem
einzelnen Falle auf normales Niveau ein, gleichviel ob es im Laufe der
Versuche in Richtung der gesteigerten oder verminderten (Inal:tivierung
verschoben mwird.

Erwiint sei noch, dass wir unsere Versuche auch an Tieren durch-
fiihrten, die einen extrem geringen (Taube k=0,15) oder extrem hohen
(Meerschweinchen k—1,2) Inaktivierungswert aufweisen. Auch in die-
sen Fillen kehrte die durch Heparin gesteigerte bzw, Kinase vermin-
derte Inaktivierung stets auf das fiir die betreffende Tiergattung cha-
rakterische Niveau zuriick. Fiir diese Tiere bedeutet also dieser nied-
rige, bzw. hohe k-Wert das Gleichgewichtsniveau und ihr Organismus
ist bestrebt, durch Kompensationsprozesse das fiir sie physiologische
Niveau aufrecht zu erhalten, gleichviel ob dasselbe tief oder hoch liegt.

Demgegeniiber bezweifeln wir auf Grund unserer Versuche
nicht, dass beim Menschen in pathologischen Fillen gefundene, extreme
Inaktivierungswerte auf Storungen dieses Gleichgewichtssystems zu-
riickzufiihren sind und diese Feststellung bezeichnet zugleich die wei-
tere Richtung unserer Versuche.
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YCJIOBUS PABHOBECHS CIIOCOBHOCTU
KPOBU MHAKTHBHU3UPOBATL TPOMBEWH

Asrop: MUXAJIb TEPEHIAIL
PE3IOME

1. CxOpoCTb MHAKTHBUBHMPOBaHUS TPOMOMHA VBelIWuuBaeTcs ,,in vitro’ nocpescr-
BOM renapyHa npuGaBIeHHOro CLIBOPOTKE, a eciu 00a BMecTe IeiCTBYIOT, TOrja CKOPOCTL
TIOCTENeHHO NajaeT Ha HUCXOJAHVIO BeIIUUHHY.

2. Yepes peiicrsye kuHasu npubaBiaeHHOH CHIBOPOTKE ,,in vitro‘ HHAKTUBH3KPOBAaHHUE
TpOMGMHa YMEHbIIACTCSA M NOCTENEeHHO BO3BpamaeTcHd K HOpMaJ]bHOﬁ BE€JINYHHE.

3. BHYTPHBEHO3HLINH renapuH NPOU3BOAUT OBICTPLIH NMOALEM WHAKTHBUSUDOBANMKS,
KOTOPOMY Takike criefiver OnicTpast U CUlbHAs KOMNeHcauusi, no aeicTBUI0 KOTOpOl CKo-
POCTb MHAKTUBU3UPOBAHUS MOMKET U CHUMKATLCS HUXKE HCXO}IHOﬁ BEJIMYMHLI, T. €. UMeeTcsa
BC3MO)XHOCTb BO3HUKHOBEHMS MNEpeKomMrneyHcanmu.

4. Ha ocHOBaHMM HAIIMX OMNbITOB YCTAHOBIICHO, YTO CNOCOGHOCTL KPOBU MHAKTHUBHU-
supoBaHusi TPOMOMH, NMOBLILEHHAs TeNapyHOM, WM TIOHH)KEHHAsl KUHa3eil, B OnbiTax
TaK in vivo Kak M ,in vitro‘’, BCIEACTBYE KOMNEHCAUMOHHBLIX MPOLECCOB, MO HCTEYCHHUIO
OnpeJesieHHOr0 BPEeMEeHH CHOBA BO3BPAIaeTCsl K HOPDMAJibHOW BelWUMHE.
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In previocus communications we have dealt with investigations as
to the disappearance of thrombin generating in blood during clotting,
respectively as to the disappearence 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. (Gerendds,
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 bloed. 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 ihe 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
Disblled waler: . .. .icovaiennt « 0.1 ml.
Thrombin solution .............. 0.1 ml.
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The period between adding of the thrombin solution {o 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 tempernature.

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 \minutes iof
incubation time, samples were taken from the thrombin inactivating
mixture and their thrombin activity in combinations similar to the above-
mentioned samples was determined.

Fibninogen solution ............ 0.4 ml
Distilled water ..c............. K0k s
Sample of mixture ............ 01

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=1/t. log. nat. ¢,/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. (Gerendas, 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:

BeR I N s s et e s 05 ml
Distilled swatess s ioos ohidi s 0243
Standard thrombin solution ...... 05,

The clotting times are shown by the ncemal curve of Iig. 1. The
k value, calculated from the curve was: k=0531.

It has been investigated subsequently in what proportion the
velocity of inactivation changed if heparin was added to the inactiva-
ting solution.

The experiments were undertaken in the following combination:

SOLTIO . 5 e ahs Ssabes o n g sahs 0.5 ml
Distilled water ................ 8l &
Heparin solution .................. 0t s

Standard thrombin solution .... 05 .,
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The heparin solutions used for the mixture were chosen so that
the heparine concentrations relative to the mixtures amounted to
03125, 0.625, 1.25, 250, 3.50, 5.0 and 10 ug/ml respectively.

After experiments were completed it has heen established that
the inactivation curves obtained by heparin concentrations of 0.3125,
0.625 and 125 pg/ml, did not differ from the normal curves obtained
without the addition of heparin. After these values however the curves

Figure No. 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 effeet
in a pure thrombin-fibrinogen system.

became steeper as the heparin concentration of the solution increased.
(Fig. No. 1.). This means that with the increase of the conceniration of
heparin velocity of the inactivation also gradually increases. The ve-
locity constants dalculated from the data (the values of k) show a
steeply rising curve. (Fig. No. 2. Heparin curve).

As the time-curves of clotting (F'ig. No. 1.) start from approximately
identical clotting time wvalues, it follows that there is no change in the
adsorption. Consequently it may be established, that the effect of hepa-

13
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rin consists in the acceleration of the reaction-velocity the process of
thrombin inactivation which folloros the larws of & progressive, monomo-
lecular reaction-type.

According to our investigations the inactivation-increasing effect
of heparin takes place in oxalat-blood, oxalat-plasma and also in oxa-
late/serum obatined thrmough 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 £=0.5).

In order to prove this we looked for substances with whose help
the heparin could be chemically bound and its effect thus eliminated.
We investigated the effect of toluidine blue dye used for the histological
demonstration of heparin (Holmgren and Willander, 1937) on the throm-
bin inactivation of heparinised serum. (See also Gerendis, Horn and
Borsody, 1948).

Heparin in a concentration of 5 ug/ml 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:

Rabibit: SEFBM. v s h o uhs sl o it Shss 0.5 ml
Heparin solution, 60 s#g/ml. .......0.1 ,,
Toluidine blue solution, in various

0T, | D AW HELR e N i Or .,
Standard thrombin-solution .... 0.5 ,,

In this combination the reaction velocity amounted to k=0.546,
with a toluidine-blue concentration of 40 xg/ml (which is expressed in
a figure corresponding to the system: at a concentration of 50 ug/ml
it amounted to k=0,522. I'rom interpolated values it results that at a
concentration of approximately 44 pg/ml of toluidine blue, the velocity
of inactivation is corresponding to the normal inactivation, (being
k—0.531). According to this, a concentration of 44 ug/ml of toluidine-
blue neutralizes the effect of 6 ugml heparin so ithat the effect of he-
parin in increasing inactivation is comp{;iely 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:

o a1 1T LPTIR e SCMR I L S e & s 05 ml
Distilled ~water . e odieina. Ot s,
Toluidine blue in varying conc. 0.1 ,,
Standard thrombin solution .... 05 ,,

We employed toluidine-blue in a concentration of 0.00125, 0.0052,
0.021, 0.042, 0.081, 1,25 and 2.50 pg/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 Fig. No. 1;
the change of the reaction constant is shown by the toluidine-blue
curve of Fig. 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

Figure No. 2. Change of vaiue of ihe reactionvelocity constant of thrombin-
inactivation as the effect of heparin, respectively toluidine-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
lhe fermentative thrombin inactivation does not occur mwithout 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 histamin and toluidine-blue being even stronger than that
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between histamin ,and heparin. (Gerendis, Csefké 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 lbeen observed. (Csefkd,
Gerendas 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. (Csefké, Gerendas, Udvardy, 1948).

2. ROLE OF INACTIVATOR IN HEPARIN-EFFECT

We have also tried to investigate the connection beiween 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 pre- .
vious experiments, but added to the inactivating mixture distilled wa-
ter instead of serum, the experiment appeared as follows:

Control:
Distilled s walepd i ey s it teas 0.7 ml
Thrombin solution ............. 0y .
Clotting time in fibrinogen tests 18 seconds.
Experiment:
Distilled - swater . i i vl 0.6 ml
Heparin sol. of 5 pgjml. ............ 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 thermolabile, and loses its entire!activity when heated
to 60° C (Gerendas, 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 pzg/ml ...... (133 e
Dhstilled Waler scetin ivindesssomes -~ UL o
Standard thrombin solution ..... 035

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 hen inactivating ferment of the plasma is able to work.

It now follows from our experiments that the inactivating fer-
ment; discussed in detail in our above-cited publidations — and heparin
are closely connected with one another, and that the inactivator is
needing heparin for its action, just'as heparin cannot exercise its inac-
livating 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
L(l) the plasma, and only fractions of it remained to take part in the

otting.

Horell and Holt have already demonstrated (1918), that hepa-
rine did not impede coagulation in a pure thrombin-fibrinogen system.
According tothem 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 uniform 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 (Palos, 1949) observed, that heparin is protecting
thrombin Wagainst 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 Palos 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.
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JENCTBUE TFENAPUHA U UHAKTUBALIUK TPOMBUHA
Aptop: MXAMJI TEPEHIALI

PE3IOME

OnwviTH in vitro Hap cnoco0HOCTHIO renapMHa K MHAKTHBaLWH TPOMOHHA W K npef-
OTBPAIIEHHI0 CBEPTHIBAHMS TMOKA3ajM, UYTO TMOCIHEAHWH HE BIHMSET Ha afCOPNTHBHOE
HcuesHoBanue Tpomfiuna, HO VBENMYMBAET B 3HAUMTEIILHOW cTenmeHu OLICTPOTY HMHAKTH-
pauuy TpomOuHa. (MporpeccBHasl peaxuusi neppol CTeneHu).

N5 oCymECTBIeHHs WHAKTHBaUMH TpOMOMHA B KpOBM. TpeOYeTCs COBMECTHOE
nelicTene aBYX (GaxTopoB: OanH H3 9THX HaKTOPOB TepPMOHAOMIIbHOE BENnEeCTBO BCTpeYyaio-
meecss B paBHOW CTerneHu B CLIBOPOTKE M B muasme, Apvro# (axrop — renapus.

Hu ToT, B aApyro# daxtop cam no cebe HE MOXKET HHAKTHBHPOBaTb TpomGuu Ges
¢oelicTBHSI €O CTOPOHbBI APYroro Gaxkropa.

Mpl CyMTaeM, 4TO TepMOJaGUIbHOE BEIECTBO COOTBETCTBYET 0esikoBoH cocTaBHOH
yacTu (lepmenTa, a B TOXE BPEMs renapHH COOTBETCTBYET NpeJCTaTebHOH rpynne ¢per-
MeHTa.
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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. Jancsé
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 to 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 Jancso
(1947) has established the connection between RES accumulation and
histamine effect. The characteristic of the Jancsé 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 or
administered subcuftaneously, intraperitoneally or intravenously. Jancsé
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 (Csefko, Gerendds, Udpardy, 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 Gerendas, Pédlos and Csefké (1943) 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
efil'fqts of histamine and heparin. We chose Indian ink as model-
colloid.

Jancs6 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 Jancsé6 phenomenon only defectless Indian ink
protected by gelatine, and causing no anaphylactoid shock may be
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used. There 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 in 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 minutes 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

wtself.

a. In case the rat is administred per 100 g of its bodyweight
1 ml of Indian ink of 10%, the animal wakes easily from its torpor
only its respiration being slightly increased. I'rom 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 thrombuses 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 elher-torpor heavy, difficult respiration,
they collapse, stay leaning to one side, and sometimes small spasms
occur in their limbs. They do not muive about actively, and do not
defend themselves when pinched or seized. The initial grev 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. Consequently, the Indian ink causing no
anaphylactoid shock is precipitated in the large vessels by histamine
administered intravenously. There this precipitation effect thrombosis
and general stagnation and in the moment of the administration of
Indian ink the animals show symptoms of an anaphylactbid shock,
whereas, the Jancsé phenomenon is characterized bq the non-throm-
buslike intracellular accumulation of Indian ink in the post-and
praccapillary vessels. The difference is based on the different stabi-
lity of the administered Indian ink. The [ancsé phenomenon is only
to be observed in the perithoneum, in the soft connecting tissue under
the skin in some parts of the small venes of the skin and in the
mesentherium.

c. In case the animals are given three minutes before the admi-
nisiration of histamine at least the threefold quantily of heparin, (at
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jeast 6 mg of heparin per 100 g of bodyweight, 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 thrombuses are not to be found in the vessels, and there appears
pot even the Jancsé 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
¢). 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
oolouring of the lungs which proves that Indian ink was precipitated
in the small vessels.

The following conclusions may be drawn frem 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 therofore, 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 thnombotic 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-
gonismy betroeen 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 sclution. 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
toluidine-blue. This was established by adding first toluidine-blue 1o
heparin and obiaining 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:

Figure No. 1. Changes of the spectrum of the heparin-toluidine-blue solution at
the effect of histamine, Dates of the curves shown on 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. (TaE]c
No. 1.) We obtaineg thus a colour-series which showed according to
the quantity of the histamine employed, beginning with ‘the violet
colour ‘of 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, (Fig. 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 ». The extinction variations obtained at this wavelength are
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given'on figure No. 2. It may be 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-blue 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.

Figure No. 2. The variations of the extinction of the heparin-toluidine-blue
solulion at the effect of histamine at 610 mg,

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 and lability
causes severe thrombosis in rats at the effect of hislamine 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



204

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 animals 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 1000 g 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 afterwards, however, the inactivation s powerfully accele-
rated, and remains for a long time on a high level. The clotting times
are undergoing a correspoding change, the coagulation is conse-
qulently 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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tation 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.

f 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 Jancsé. During
this time, the Indian ink got partly stored by the RES, and parily 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-blue solutions for the examination
of the absorption spectra. Dates are given in ml.

No. of the samples SRS TR SRR SR s e (e RS

10 mg/ml heparin 20 2020 20 20 20 3.0 230 -

10 mg/ml histamine = 02 04 08 19-16 20 30 30

Distilled water 80 28 26 22 189 14 10 = 20

0.05 mg/ml toluidine blue 20:20 20:20 20 20 20 20 20

Volumen 70 7.0 70 70 70 70 79 7.0 7.0
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AHTAIMOHWU3M F'MHCTAMMHA W TEMNAPHHA IN VIVO U IN VITRO

Aprop: MUXANWJ T’EPEHIAILL
PE3IOME

Jlenas BsIBOAbI M3 HAUIMX OTBITOB, MOXKHO VCTaHOBHUTH, YTO MOJ AEHCTBHUEM r'uCTa-
MHHA OCAXK/IEHUE KOJUTOHA0B, fO0aBIEHHBIX K KPOBHU VYCKOPSETCS. ITOT Mpouecc safep-
ykuBaeT renapus. W3 aroro crepver, uTo renapid u rucTamMuH A00aBleHHLIE HADYHCHO,
KOMIIEHCHPYIOT €BOE [EHCTBHE € TOYKM 3PEHHA HHAKTHBAUMM M KOArVJISIUMH KPOBH.

Bo BTOpPO# yacTH HAUIMX OMBLITOB Mbl H3YYaIY BOMPOC O TOM, UTO C/IVYaeTcsl, eciiu
ructaMuHd 0cBo00YKAeTCSl B TOK KPOBU B Hauale HakorUieHus. B aTom cnvuae uuaxTH-
BalUs VMEHLINACTCS U KOoarvJjsiuusl YCKOPSeTCs . Ho nocne sroro OpraHu3M HEMeJIEHHO
MOGHJ‘!HSHPVCT renapud, a pe#icreue 2TOroO renapvuHa nposBsACTCA H B HHAKTHBalUHUH,
M B KOarviJisiguH.

Ha ocHOBE HamuKX ONLITOB Mbl NPpUIJIM K BLIBOAY, 4YTO rernapMH ¥ 'HCTaMHUH KOM-
MIEHCHDYIOT CBOE [ICHCTBUE B OPraHU3Me OTYACTH MYTEM CBOErO BIMSIHUSA HA KOArVISUKIO
KPOBH, a OTUYACTH TOTOMY, UTO OPraHMsM OTBEYACT HA BCAKOE AeHCTBHE rucTamuxa Mobu-
nusauuelf renapuuHa, a — C Jpyroi CTOpoHn! — Ha BCSAKYI MoOnnMsaluio remnapvHa
OpraHyu3M OTBEYaeT ASHCTBHMEM IHCTaMMHA.

AHTAaroHM3M Me>KAY THCTAMMHOM W TEeNapHHOM MOXHO [0Ka3aTh W [EHUCTBHUEM
rMcTaMyMHa Ha LUBETHVIO peaxKuuio TONYUAMHOBOH CHHBKU C renapuHoOMm. Ha ocuHoBe ontu-
YecKOoro UCCIEeJ0BAHUSA LIBETHOH peaxkuM Mol C ﬂpHGHH:}HTEanOﬁ TOYHOCTHIO YCTAHOBUIIH,
49TO B 3TOM ripouecce 2 MONeKvyIa ruCTaMuHa COBJUHSIIOTCS C O/IHUM MOJIEKVIIOM I'ernnapuHa.

I1o HamIeMY MHEHMIO THCTAMUH H renapyH OKasuLiBawT 3HAYHUTEJIbHOE M aTarOHUCTHU-
gyeckoe BIMAHHE Ha (opmauMio ¥ HA NpefoTBpaIeHHe TPOMDO32 1 HA MPONECC HAKOMIEHHS
(B peTHKYIO-9H0TEIMANBLHOK cHcTeME.)
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Pharmacological investigations in connection with histamine have
been carried out fg(')lr a long time in order to establish, whether hista-
mine had any influence on blood-clotting. The investigations, however,
undtirta.ken on experimental animals have led to very contradictory
results.

Some authors, as for instance Dale and Laidlarm, (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 Modrakowsky 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 Homwell (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 atiributed 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-
n}x;imi; whereas it becomes definitely retarded as the effect of a peptone-
shock.

Janesé (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 circullating 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-dolloid complex.

The further elucidation of the question has been considerably
promoted by Jancso's observation, (1947) according to wich histamine
EE’(O be considered as the activator and the directing hormone of the

S.

Thus, according to Jancso, 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 investications 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, Gerendss, 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 clotiing
by increased inactivation. (Gerendds and Csapé 1948). In opposition to
this theorv, it could be supposed, that histamine effects just a contra-
dictory influence on inactivator decreasing its activity and promoting
ithe 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. In the thrombin
inactivation fests 1 cem 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 exacily
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 MPLOBR - L ANONT R
Standard thrombin solution ............... 04 .

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:
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Clotting test

Oxalat p]asmﬂofox e S L e e
JOENOE. S ANBEDRE 5 o aai i s e cihl s i bR TN 8 01
Sample from incubating mixture ........ (Y S

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 step-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,
ihsl factor of the velocity of reaction, according to the following for-
mula:

1 a
k=—t-.2.3.l0g5~:—x.

For further details as to this method we refer to our previons
publications. (Gerendas, 1949, 1950.).

Figure No. 1. Change in the thrombin inactivating capacity of rabbit serum after
intravenous infusion of histamine,

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 (Figure
No. 1, curve a) represent the control curve before the administration of

i4
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histamine. Then also measured the inactivation after the first and the
second hout following to the administration of the histamine (Figure
No. 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
intravenousky increased the effect of inactivation.

This phenomenon seems to be similar to that, described by
Gerendds and Csapé (1. c.) occuring after the infiravenous administration
of 'thrombin. These authors found, that as the effect of the administra-

e 60 120 180 240 300 Min
Time
Figure No. 2. Change in the thrombin inaclivating capacity of rabbit serum after
an infravenous 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 can 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 (1mg per 1000 gr body weight), in 30 seconds.
Blood was drawn in the 3rd, 15th, 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 Figure
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. I'he
primary effect, — mwhich lasts 0.5—1 hour — after the administration
of histamine, is a decided thrombin inactivation, and a tendency of the
coagulability of the blood torvards increased clotting.

The secondary effect, on the other hand, manifests ilself in an
increased thrombin inactivation, This can be considered as a compensa-
tory actipity 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,
whenf 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 Jancsé (loc. cit.)
as the fibrin generating in consequence of the above described process
draws the alien colloids to be found in the circulation to itself, just as
Jancs6é 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 ialien
colloids, but also to that of the thrombocytes, and may thus effect
thrombosis.



212

The organism, tending constantly towards the maintenance of the
tnner 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 [or
the experiments rabbitblood, containing 29,, of Natriumoxalate and from
it obtained the plasma by centrifugating. The clotting times after the
recalcination were obtained with the following combinations:

L I
Rabbit plasma containing oxalate ...... 0.{ ml 0.1 ml
Pristiled” “Watep | Lo iNe S it ST 0L 00,
Histamine of various cencentrations. 0.0 ., 0.1 , Water bath
/A0 CaCl solution: . .o iusvivisatiiiontesses” G MR | § RO o ey

Figure No. 3. Changes in the clotting times of recalcinated oxalate plasma under
the action of histamine. i
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By system No. 1. (control ‘test, without histamine) the slarting
point of the curve has been established, whereas by system No. 1I-in
using histamine solutions of various concentrations the dependence of
the clotting time from the histamine concentration has been determi-
ned. (Fig. 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/l an increasing clotting-effect has been tested. (On the figure
the clotting times get shorter). At a further increase of the concent-
ration its accelerating effect on the clotting begins to decrease. 'rom a
concentration of 2,66 mg/ml of histamine a considerable increase of the
clotting time could be observed, which means, a coagulhtion inhibiting
effect.

It can be established from the resulis of these experiments that
histamine is effecting an accelarting influence on the clotting of recal-
cinated rabbitplasma at concentrations of 0,01—2,66 mglml 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:

L I
Rabbit plasma oxalate containing .......... 0.4 ml 0.1 ml
INSHIGH Svaler s oo it sinene s vios sinonrncebimemanre O Lhl e 0.0 %,
Histamine sol. of various concentrations .... 0.0 ., Bt
Thrombin sol. of various concentrations ...... Oifies 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-
futions produced coagulaiion 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. (Fig. No.
4.). The concentrations of histamine in the used conbinations are given
in mg/ml. v .
The curves are very similar to those obtained at the recalcina-
tion tests. The concentration of the thrombin solution employed was
proportionate to the clotting 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 incremsing 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 concentration 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.



214

In comparing the curves it can be established that the clotting
increasing effect of histamine is most developped in curve No. 1.
(smallest thrombin concentration) where the clotting time diminishes
by 66% at the optimum concentration.

Figure No. 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 coagulation 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:

Fibrinogen (3 mg/ml  .......... 0.1 ml 0.1 ml
Histamine sol. in var. cone. .... 00 ., 136 M
Pishlled - WaTer i iaveavuson (115 R 00,
Thrombin sol. in var. conc. -..... 0.1 045,

The fibrinogen solution was prepared according to 1. aki‘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 data of the clotting are shown on Fig. 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
observed here too.

Figure 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 hias 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 later supposition.

4. We worked with the following combinations:

Inactivation of the serum without histamine (Control)

Serumi. {ox) .. T a ke se 0.4 ml
Pistilled water: - sooneseisvasmnss b
Stanard thrombin solution ..... 04

Inactivation of histamine serum

SEPEm. - (DI i e et e « 04 ml

Histamine sol. var. conc.......... 0=,
Standard thrombin sol. .......... 04 ,,
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The activity of the samples was determined by the following
test:
Fibrinogen solution .......... 0.1 ml.
Sample taken from mixture.. 0.4 ,,

The clotting times obtined by above experiments are shown on
figure No. 6. The histamine concentrations corresponding to system
given in mg/ml.

Figure 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 inactivating-reaction of the curves
as obtained with each hisamine concentmation. The changes of the
k values thus dbtained are shown om Fig. 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.



217

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.
I/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=052 to k=0.33. (Fig. 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.

Figure 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 afier 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-
lation 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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JENACTBUE 'MCTAMUHA U UHAKTUBALIUS TPOMBUHA
Astop: TEPEHIOAII MAXANJI
PE3IOME

Mbl YCT2HOBMJIH, YTO F'MCTAMUH BHYTPHBEHHO BHadYalle YMeHbIUaeT CrnocoGHOCTh
K WHAKTUBaUuMH TPOMOMHA CHIBOPOTKM npol, B3ATLIX M3 KPOBH. (CMOCOOHOCTL KPOBM
K CBepTuiBaHU pacreT.) [lo3anee €nocoOHOCTb K MHAKTUBALMUM CTAHOBATCSI Bhillle HOD-
MaJIbHOI'0 VpoBHS (CrocoGHOCTL KPOBM K CBEPTHLIBAKMIO ONAfaeT) U TOJILKO HECKOJIbKO
yacoB cnycrs, (nocie HeKOTOPLIX KOMNEHCaTOPHLIX KojeGanui) kpoBb cHoBa mpuobpe-
TA4€T HOPMAJIbHYI0 CrocoGHOCTb K CBEPTLIBAHHUIO.

Ha oCHOBe BbllIeYKasaHHLIX Mbl ODBACHSEM MeXaHU3M HAKOMJIEHHA B PETUKYIIO-
IHAOTENMSILHON cucTeme creaviomum o6pasom: Tloa aeitcTBuenm ructammaa ocBo6oxaaio-
erocsi B d)H!iHOHOI‘quCKMX VCIIOBUSX, cnocofHOCTH KPOBM K MWHaAKTHUBalUUU KpPOBH
nanpaeT, YpoOBeHb Tpomﬁuua B KPOBH BO3pacTeT, a BHYTPH COCYIOB BOSHHK2€T Npeuunurar
dubpuna. ITOT mpeuMnuTaT TAHET K cefe MHOPOAHbBIE KOJIOMALI.

Mbl YCTaHOBHIM TaK)Xe, C NMOMOIbI ONLITOB in citro YTO THCTAMKH TOPMOSUT
CBEPTHLIBAHWE NIA3Mbl NYTEM peKalbUUMHALUY WK e C NOMOIb0 TPOMOUHA, @ NMPUYHHOH
3TOro0 JeicTBusi siBnsercsi ocnabienue MHAKTUBaUMK TpPOMOUHA.









	1. LIMNOLOGY AND ZOOLOGY�������������������������������
	Varga Lajos: Gastrotrichen aus dem Balaton-See�����������������������������������������������������
	Stiller Jolán: Epizoische Peritrichen aus dem Balaton II.����������������������������������������������������������������
	Sebestyén Olga  - Varga Lajos: Collotheca volutata n. sp. A new benthic Rotifer from Lake Balaton��������������������������������������������������������������������������������������������������������
	Sebestyén Olga: Studies on detritus drifts in Lake Balaton�����������������������������������������������������������������
	Woynárovich Elek  - Entz Béla: Experiments in the artificial incubation of Lucioperca sandra Cuv. et Val. eggs���������������������������������������������������������������������������������������������������������������������
	Entz Béla: 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)���������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	Entz Béla: Autumn and winter shoals of fish in the shore zones of Lake Balaton in 1947-1949��������������������������������������������������������������������������������������������������
	Nagy Barnabás: Quantitative and qualitative investigation of the Saltatoria on the Tihany peninsula����������������������������������������������������������������������������������������������������������

	2. BOTANY����������������
	Felföldy Lajos J. M.  - Felföldy M. Magda: Comparative study on the physiology of natural polyploids. I. The influence of various hydrogen ionconcentrations upon the growth and productivity of Puccinellia distans 2n=42, and P. limosa 2n=28������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	Felföldy Lajos: Studies on the shore vegetation of Lake Belső-tó at Tihany���������������������������������������������������������������������������������

	3. MICROBIOLOGY����������������������
	Horváth János: Hereditary tumor formation in amicronucleate Kahlia�������������������������������������������������������������������������
	Horváth János: Contributions to studies on soil protozoa of the Ciliata group, with special regard to their adaptation to soil conditions������������������������������������������������������������������������������������������������������������������������������������������������

	4. BIOCHEMISTRY����������������������
	Horváth János  - Krámli András: Über mikrobiologische Umgestaltung von Sterinen. II. Oxydation von Cholesterin durch Proactinomyces roseus�������������������������������������������������������������������������������������������������������������������������������������������������
	Horváth János  - Krámli András: Experiments in the preparation of penicillin from local raw materials������������������������������������������������������������������������������������������������������������
	Gerendás M.: Experimentelle Bestimmung des Thrombininaktivierungsprozesses���������������������������������������������������������������������������������
	Gerendás M.  - Csefkó I.: Gleichgewichtsbedingungen des Thrombininaktivierungsvermögens des Blutes���������������������������������������������������������������������������������������������������������
	Gerendás M.  - Pálos L.  - Csefkó I.: Heparin effect and thrombin inactivation�������������������������������������������������������������������������������������
	Gerendás M.  - Csefkó I.: Histamine and heparin antagonism in vivo and in vitro��������������������������������������������������������������������������������������
	Csefkó I.  - Gerendás M.: Histamine effect and trombin inactivation��������������������������������������������������������������������������

	Oldalszámok������������������
	_1���������
	_2���������
	_3���������
	_4���������
	1��������
	2��������
	3��������
	4��������
	5��������
	6��������
	7��������
	8��������
	9��������
	10���������
	11���������
	12���������
	13���������
	14���������
	15���������
	16���������
	17���������
	18���������
	19���������
	20���������
	21���������
	22���������
	23���������
	24���������
	25���������
	26���������
	27���������
	28���������
	29���������
	30���������
	31���������
	32���������
	33���������
	34���������
	35���������
	36���������
	37���������
	38���������
	39���������
	40���������
	41���������
	42���������
	43���������
	44���������
	45���������
	46���������
	47���������
	48���������
	49���������
	50���������
	51���������
	52���������
	53���������
	54���������
	55���������
	56���������
	56_1�����������
	56_2�����������
	57���������
	58���������
	59���������
	60���������
	61���������
	62���������
	63���������
	64���������
	65���������
	66���������
	67���������
	68���������
	68_1�����������
	68_2�����������
	69���������
	70���������
	71���������
	72���������
	73���������
	74���������
	75���������
	76���������
	77���������
	78���������
	79���������
	80���������
	81���������
	82���������
	83���������
	84���������
	85���������
	86���������
	87���������
	88���������
	89���������
	90���������
	91���������
	92���������
	93���������
	94���������
	95���������
	96���������
	97���������
	98���������
	99���������
	100����������
	101����������
	102����������
	103����������
	104����������
	105����������
	106����������
	107����������
	108����������
	109����������
	110����������
	111����������
	112����������
	113����������
	114����������
	115����������
	116����������
	117����������
	118����������
	119����������
	120����������
	121����������
	122����������
	122_1������������
	122_2������������
	122_3������������
	122_4������������
	122_5������������
	122_6������������
	122_7������������
	122_8������������
	122_9������������
	122_10�������������
	122_11�������������
	122_12�������������
	123����������
	124����������
	125����������
	126����������
	127����������
	128����������
	129����������
	130����������
	131����������
	132����������
	133����������
	134����������
	135����������
	136����������
	137����������
	138����������
	139����������
	140����������
	141����������
	142����������
	143����������
	144����������
	145����������
	146����������
	147����������
	148����������
	149����������
	150����������
	150_1������������
	150_2������������
	151����������
	152����������
	153����������
	154����������
	155����������
	156����������
	157����������
	158����������
	159����������
	160����������
	161����������
	162����������
	163����������
	164����������
	165����������
	166����������
	167����������
	168����������
	169����������
	170����������
	171����������
	172����������
	173����������
	174����������
	175����������
	176����������
	177����������
	178����������
	179����������
	180����������
	181����������
	182����������
	183����������
	184����������
	185����������
	186����������
	187����������
	188����������
	189����������
	190����������
	191����������
	192����������
	193����������
	194����������
	195����������
	196����������
	197����������
	198����������
	199����������
	200����������
	201����������
	202����������
	203����������
	204����������
	205����������
	206����������
	207����������
	208����������
	209����������
	210����������
	211����������
	212����������
	213����������
	214����������
	215����������
	216����������
	217����������
	218����������
	219����������
	220����������


