A MAGYAR TUDOMANYOS AKADEMIA
TIHANYI BIOLOGIAI KUTATOINTEZETENEK EVKONYVE

(1968)
(VOL. XXXV.)

ANNALES
INSTITUTI BIOLOGICI (TIHANY)

HUNGARICAE ACADEMIAE
SCIENTIARUM

DIRECTOR INSTITUTI:

J. SALANKI

ADIUVANTIBUS:

A. GUBICZA, J. PONYI, O. SEBESTYEN

REDIGIT:

K. S.-ROZSA

TIHANY, 1968

ANNAL. BIOL. TIHANY






A MAGYAR TUDOMANYOS AKADEMIA
TIHANYI BIOLOGIAlI KUTATOINTEZETENEK EVKONYVE
(1968)

(VOL. XXXV.)

ANNALES
INSTITUTI BIOLOGICI (TIHANY)
HUNGARICAE ACADEMIAE
SCIENTIARUM

DIRECTOR INSTITUTI:

J. SALANKI

ADIUVANTIBUS:

A. GUBICZA, J. PONYI, 0. SEBESTYEN

REDIGIT:

K. S.-ROZSA

TIHANY, 1968

ANNAL. BIOL. TIHANY



Szerkeszt6:

S.-Ré6zsa Katalin



ANNAL. BIOL. TIHANY 35 3—1n HUNGARIA 1968

PAPER CHROMATOGRAPHIC AND FLUOROMETRIC EXAMINATION OF
THE SEROTONIN CONTENT IN THE NERVOUS SYSTEM AND OTHER
TISSUES OF THREE FRESHWATER MOLLUSCS

(Anodonta, Unio, Lymnaea)

LASZLO HIRIPI

Biological Research Institute of the Hungarian Academy of Sciences, Tihany
Hungary

Received: 4th March, 1968

Extensive studies were performed concerning the role of serotonin (5HT)
in vertebrates and invertebrates (Garattini 1965, Erspamer 1966). In the
latter group of animals it may function as a stimulating transmitter (Welsh
1957, Koshtoyants 1957). The effect of serotonin has been examined and
described in various organs and representants of Molluscs (Hit1 1958, Koshto-
yants and Roézsa 1961, Aiel16 1957, 1960, Gerschenfeld and Stefani 1962,
1962, Salanki 1963, Twarog 1964, 1966).

That 5HT might have the role of a transmitter was indicated not only
by its occurrence only (Welsh and Moorhead 1960, Dahl et al. 1966), but
also by the fact that the SHTP decarboxylase enzyme which is involved in
synthesis was also demonstrated (Welsh and Moorhead 1959, Kerkut and
Cottrell 1963, Cardot 1966). The monoamino oxidase enzyme, however,
which is responsible for the decomposition of 5HT was not demonstrable in
the nerve, but only in the other tissues (Blaschko and Hope 1957, Kerkut
and Cottrell 1963).

Examinations were performed concerning the SHT content of the nervous
system and other tissues in a number of molluscan species by chromatographic,
fluorometric and histochemical methods (Welsh and Moorhead 1960, Dahl
et al. 1966, Zs.-Nagy 1967, Sakharov and Zs.-Nagy 1967). The results show
that in the stage of development of the two classes of Molluscs the serotonin
content of the tissues was higher in Lamellibranchs than in Gastropods. Only
little data are available concerning the 5SHT content of the tissues in freshwater
molluscan species. The present investigations were made with the objective
to compare the serotonin content of the various tissues in three species.

Method

In the present study the cerebral, visceral and pedal ganglia, the cerebro
visceral connective (CVc), the adductors, the tissue of the mantle, gill and the
Heart in the Anodonta cygnea L.; the cerebral, visceral and pedal ganglia, the
CVc, adductors further the tissues of the mantle and the gill in Unio pictorum
and the pharyngeal ganglia of Lymnaea stagnalis were examined. Tissue samples
were prepared immediately before the experiment and were stored at ice
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temperature for a period not longer than 1 hour before use. The measurements
were conducted in the period between October and January.

Paper chromatographic examination

The ganglia of Anodonta and Lymnaea were examined paper chromato-
graphically.The ganglia were homogenized in 70 percent acetone and centrifuged
(10 000 r. p. m.). The supernatant was decanted and the residue was extracted
again and centrifuged. The two supernatants were collected and concentrated
by evaporation at room temperature to a small volume and dipped onto
WuaTMaN No 1 paper and developed by ascendent technique at room tem-
perature for 4 —12 hours. Solvents of the following composition were used:
butanol-acetic acid-water (4 : 1 :5); 20 percent KCl in water; N-butanol-30
percent methylamine solution (8 :3). The ganglion extract was developed
parallel with the mixture of the extract and authentic substances and with
the authentic substances themselves. To develop the spots EHRLICH-reagent
and ninhydrin-acetic acid fluorescent reagent was used (ERSPAMER 1966).

Fluorometric examination

Two extraction methods were used. The reagents were prepared according
to the method applied by BogpaNskr (1956).

1. In the case of ganglia and CVe the micro analitical method applied
by KuntzMaNN (1961) was used with a few modifications: 550 mg tissue was
homogenized in 1 ml 0.1 N HCI solution and the homogenizate was transferred
into glass-stoppered shaking tube. Thereafter the homogenizator was washed
with 0.5 ml water and the wash was added to the homogenase. The pH was
adjusted approximately to 10 with anhidrous Na,CO,, and 0.5 ml borate buffer
(pH 10) was added. Next, 1 ¢ NaCl and 4 ml butanol were added and the tube
was shaken for 30 min. After centrifuging 3 ml of the butanol phase was
transferred into another test tube containing 6 ml heptane and 1 ml 0.1 N HCL.
The tube was shaken. Centrifugation followed and 0.9 ml of the acid phase
was transferred into a test tube containing 0.27 ml ce HCL. Excited in quartz
cuvette at 300 mu, fluorescence was measured at 540 mu (uncorrected instru-
ment values). Blank reagent (in which the tissue aliquot was replaced by water),
standard (i.e. serotonin) and ,,internal standard” (tissue aliquot + serotonin)
were taken through the same procedure. A recovery of 85102 percent was
obtained by adding serotonin to the tissue aliquot.

2. In the case of muscle, mantle, gill and the Heart the method described
by BogDANSKI (1956) was used. In the case of the muscle and the mantle butanol
extraction was preceded by protein precipitation with ZnSO, (ErRSPAMER 1966).

Reagent blank, standard and ,,internal standard” were simultaneously
also taken through the same procedure as the sample. Measurement was per-
formed at 540 mu with excitation at 300 mu (uncorrected instrument readings).
A recovery of 86 —105 percent was obtained.

The measurements were performed in Aminco—Bowman spectrophoto-
fluorometer. Excitation and emission spectra were taken with Cimagraphe
(Type 30/40 GZ) recorder. When taking the emission spectra GG14 colour
filter was used for filtering out reflection which presented itself at 360 mu
maximum.



Results

Examination by paper chromatography

When examining the ganglion extract of Anodonta two spots could be
discerned on the chromatographic paper, whereas in case of Lymnaea one spot
only (Fig. 1). Rf values of the ganglion extracts and of the authentic substances

a ; i

Fig. 1. L Ganglion extract of Anodonta, 2. Ganglion extract of Isymnaea. 3. 56HT and
5HTP chromatograms. Developing by ascending technique. The solvent used: n-butanol:
acetic acid: water (4:1: 5). Development with Enhrlich reagent

1. abra. 1. Anodonta ggl, 2. Lymnaea ggl. extraktum, 3. 5HT és 5HTP kromatogramja
Futtatds felszallo6 kromatogramként n-butanol :ecetsav :viz (4:1: 5), futtatészerben.
El6hivas Enrlich reagenssel

developed simultaneously are illustrated in Table 1. The Rf values of the gang-
lion extract were somewhat lower as compared to the authentic substances,
nevertheless it was possible to identify them as 5HT and 5HTP in case of
Anodonta and as 5UT in case of Lymnaea. If, namely, 5HT and 5HTP was
added to the extracts the intensity of the corresponding spots increased, and
the Rf values were in that case too smaller than those of 5SHT and 5HTP.



Solvents Anodonta
HP,

Butanol:
acetic acid:
water (4:1:5) 0.39—0.47
20 percent KC1
in water 0.33—0.38
Butanol: 30 percent
methylamine (s :3) 0.57—0.60

Table 1.
Rf values of 5HT and 5HTP of the ganglion extracts in Anodonta,
Lymnaea and control

ggl.

rf2

0.17—0.21

0.38—0.42

Lymnaea ggl.
Rf

0.39—0.46
0.32—0.37

0.56—0.60

Examination by fluorometry

Authentic
5HT Rf

0.45—0.47

0.36—0.38

0.59—0.61

Authentic
5HTP Rf

0.20—0.22

0.40—0.44

Besides identifying serotonin by paperchromatography it has been
identified also on basis of its excitation and emission spectrum. In a 3 N HC1
solution serotonin has maximum fluorescence at 550 my when excited at
295 my (Udenfriend, Bogdanski and W eissbach 1955).

Fig. 2. Spectra of the extracts of the ganglia and the CVc of Unio:
1. blank reagent, 2. standard 5HT, 3. cerebral ganglia, 4. pedal ganglia, 5. visceral ganglia,

6.

CVc

2. abra. Unio ggl. és CVc extraktumok spektrumai:
1. reagens blank, 2. standard 5HT, 3. cerebralis ggl., 4. pedalis ggl., 5. visceralis ggl.,
6. CVc



The maxima of both excitation and emission spectra of the tissues
examined by us well corresponded to the maxima of authentic serotonin, and
they were at 298 —300 my and 538 —540 my respectively (all values are uncor-
rected instrument readings). Such a spectrum is presented in Figs. 2 and 3.

Table 2 summarizes concentration values of serotonin in the various
tissues, expressed in yg 5HT/g fresh weight unit. In the case of ganglia and
the CVc the 5HT content of a pair of ganglia and CVc are also given. The
values are the averages of 5—20 measurements.

Fig. 3. Spectra of mantle and muscle extracts of Anodonta:
1. blank reagent, 2. muscle, 3. mantle, 4. muscle + 5HT, 5. standard SHT, 6. mantle
+ SHT

3. abra. Anodonta kdpeny és izom extraktumok spektrumai: 1. reagens blank, 2. izom,
3. kdpeny, 4. izom + 5HT, 5. standard 5HT, 6. kopeny + 5HT

Table 2.
Serotonin concentration in the various tissues (fluorimetric measurement)
ANODONTA UNIO LTMNAEA
(ig6HT/g re SHT/ re SHT/g re SHT/ ggi.re/g wet
wet weight spceimen wet weight specimen weight
Cerebral ganglion 725 0.X9 112 0.19
Visceral ganglion 435 0.23 66 0.20 14
Pedal ganglion 66.5 0.30 108 0.31
CVvc 38.0 0.34 53.5 0.096
Muscle 0.33 0.22
Mantle 0.37 0.33 not
Gills 0.25 0.90 examined

Heart 0.0 not examined not examined



As the results show the 5HT-content of the ganglia of Unio is the highest.
As regards ganglion tissue the values were higher in the case of Unio than in
case of Anodonta. 5HT-content of the muscle and the mantle was nearly the
same in both species, whereas in the gill of Unio almost four times as much
5HT was demonstrable than in the gill of Anodonta.

In the Lymnaea only the ganglia were examined concerning their 5HT
content. The value obtained was considerably lower than in the case of Ano-
donta or Unio. In the heart serotonin was not demonstrable.

Discussion

The paperchromatographic Rf values of the ganglion extracts well con-
form to those of authentic serotonin. The maxima of excitation and emission

spectra similarly well correspond to the maximum of the spectrum of the
authentic serotonin.

As evidenced by quantitative data obtained, out of the species examined
the 5HT content of the ganglia of the Unio was the highest, it was in somewhat
less amount present in the ganglia of 4Anodonta, whereas the 5HT content of
the Lymnaea was approximately by one order lower. The results obtained well
conform to previous literary data (WeELsH and MoorHEAD 1960, DAHL et al.
1966, KERKUT and COTTRELL 1966) indicating that serotonin is of more general
occurrence in the nerve tissues of the mussel, than in those of the snail. 30 60
ug/g 5HT was demonstrated by DAHL (1966) in the ganglia of Anodonta piscina-
lis, whereas in those of Helixz pomatia only 4 ug/g. As examined by KERKUT
and CoTTRELL (1963) the 5H'T content in Helix aspersa was of the same value
(0.5—4 ug/g). Also histochemical examinations confirm this observation.
A fluorescence indicative of the presence of serotonin was observed in nearly
every nerve cell of the mussel, whereas in the nervous system of the snail
only in a few cells (Zs.-NaGcy 1967, SAKHAROV and Zs.-Nacy 1967). Out of the
ganglia of the Lamellibranchs highest 5HT content expressed in wet weight
unit was demonstrable in the cerebral ganglia, lower values were obtained in
case of pedal ganglia, whereas in the visceral ganglia the 5HT concentration
values amounted only to about 60 percent of that of the cerebral ganglia.
As evidenced by DavL (1966) 5HT content (62 ug) was the highest in the
pedal ganglia of Anodonta piscinalis, in comparison to the other ganglia of the
same species, i.e. it was less in the cerebral ganglia (58 ug) and in conformity
to our results by about 50 percent less in the visceral ones (30 ug).

5HT content of CVe is relatively high. Nearly the same 5HT concen-
tration was measured in the CVe and in the ganglia. This is in contradiction
to histochemical data evidencing that the neuropil of the ganglia and the
axons themselves do not contain 5HT (Zs.-Nacy 1967). This suggested, there-
fore, that the high 5HT content of the CVe is the result of the transport of
5HT originating from the ganglia.

The concentration of serotonin is low in the adductors, nevertheless, it
is easily demonstrable. With regard to this it is assumable, that it is involved
in the neuromuscular transport as it has been suggested previously on basis
of physiological examinations (TwArOG 1954, 1966).

In the mantle and the muscle the concentration of 5HT was the same.
The low 5HT content of the latter tissue is ascribed to the presence of nerve
elements, by which it is thought the low concentration might be explained.



Considerable difference in the serotonin content of the gill was found
between Anodonta and Unto. The concentration of serotonin in the gill of the
former was 0.25 pg, while in the latter 0.9 pg. Serotonin concentration of the
same order (0.1 —1.0 pg/g) was demonstrated by Aiello (1962) in the gill of
Mytilus. This agent appears to be involved in the regulation of the movement
of the cilia.

It is only the tissue of the heart, out of the tissues examined in which
serotonin was not demonstrable. Were serotonin present in the heart its con-
centration would possibly fall below 0.02 pg/g. In one instance about 8 g heart
tissue obtained from 120 animals was extracted by the method described. Had
serotonin been present in a concentration of 0.02 pg/g this would have presented
itself in a final concentration of 0.10—0.16 pg/1.5 ml; serotonin is in such
concentration namely demostratable by the applied method. Also the high
activity of monoaminooxidase might explain the absence of serotonin. With
regard to this, however, we have no data at our disposal.

Summary

Examinations on the concentration of serotonin by paper chromato-
graphy and fluorometric method in the central nervous system and other tissues
of Anodonta cygnea L., Unio pictorum and Lymnaea stagnalis L. have led to
the following conclusions:

1. 5HT was demonstrable in the ganglia, the cerebrovisceral connective
(Cve) of the gill, the adductors and the mantle of Anodonta and Unio. In the
heart, however, its presence could not be demonstrated.

The order of 5HT concentration in the case of Anodonta: cerebral ggl.
(72.5 pg/g), pedal ggl. (66.5 pg/g); visceral ggl. (43.5 pg/g); CVc 38 pg/g; mantle
(0.37 pg/g); muscle (0.33 pg/g); gill (0.25 pg/g), in the case of Unio: cerebral
ggl. (112 pg/g); pedal ggl. (108 pg/g); visceral ggl. (66 pg/g); CVc (53.5 pg/qg);
gill (0.9 pg/g); mantle (0.33 pg/g); muscle (0.22 pg/g).

2. The ganglia of the Lymnaea contain less 5HT than those of the Lamelli-
branchs.

3. The high serotonin content of the CVc speaks in favour of the possi-
bility of serotonin transport.

4. The low serotonin-content of the adductor indicates that the presence
of this compound is connected to the nerve elements, and it is suggested that
it might be related to its functioning as a neuromuscular transmitter.
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osszefoglalas

SZEROTONIN PAPJRKROMATOGRAFIAS ES FLUORIMETRIAS
VIZSGALATA HAROM EDESVIiZlI MOLLUSCA (ANODONTA, UNIO,LYMNAEA)
IDEGRENDSZEREBEN ES MAS SZOVETEIBEN

Hiripi Léaszlé
Papirkromatografiasan és fluorimetriasan vizsgalva a szerotoninmegoszlast Ano-

donta cygnea L., Unié pictorum és Lymnaea stagnalis L. kdzponti idegrendszerében és
egyéb szoveteiben azt talaltuk, hogy
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1 Anodonta és Unio6 gan%llonjal a cerebro-visceralis eonnectivum (CVc), a kopol-
tyu, zardizmok és képeny tartalmaznak 5HT-t, a szivben azonban nem sikerilt kimutatni.

Az 5HT koncentracié sorrendje: Anodonta esetében; cerebralis ggl. (72,5 /ig/g);
pedalis ggl. (66,5 fig/g); visceralis ggl. (43,5 (ig/g) CVc (38 fig/g); kopeny (0,37 fig/g);
izom (0,33 fig/g)-, kopoltyu (0,25 fig/g).

Unid esetében: cerebralis ggl. (112 fig/g); pedalis ggl. (108 fig/g); visceralis ggl.
(66 jUgl/g); CVc (53,5 fig/g); kopoltya (0,9 pg/g); képeny (0,33 fig/g); izom (0,22 pg/g).

2. Lymnaea ganglion kevesebb 5HT-t tartalmaz, mint a Lamellibranchiataké.

3. A CVcmagas szerotonin-tartalma szerotonin transzportIehetosegettamasztja ala.

4. A zardizom alacsony szerotonin-tartalma a szerotonin idegelemekhez k&tott
jelenlétére utal, ami feltételezett neuromuscularis transmitter szerepével fligghet Ossze.

WCCNELOBAHWE CEPOTOHWHA MPU MOMOLLY BYMAXHON XPOMATOIPA®UN
N ®IYOPUMETPUMN B HEPBHOW CUCTEME W APYTUX TKAHAX TPEX BUAOB
MPECHOBOAHLIX MOJIFOCKOB (ANODONTA, UNIO, n LYMNAEA).

N. Xuvpunu

Mpu uccnefoBaHMU pacnpefeneHns CepoTOHMHA MeTofamn BYMaXKHOW Xpomatorpaguu
1N (hNyopuMETPMM B HEPBHON CUCTEME WM APYrMX TKaHAX 6e33y6ku, nepnosubl M 601bLIOIO
npyfoBMKa YCTaHOBJ/IEHO, YTO:

1 laHrnum, uepebpo-wreHepanbHble KOHHekTMBLI (LUBK), >kabpbl, 3anupartenbHble
MbILWLbl U MaHTUA 6e33y6KM 1 NepnoBuLLbl COAepXaT CEPOTOHWH, O4HAKO B CEPALEe ero BblABUTb
He yaanocb. o cofepXXaHUto CepoTOHWHA B MT/T TKaHW 6e33y6Ku pacnpefeneHbl CnegyroLwmnm
obpasom: uepebpanbHble raHrAuM 72,5; nefanbHble raHrnMyM 66,5; BucLepasbHble TFaHrIMn
43,5; UBK 38; maHTna 0,37; mbiwubl 0,33; xabpbl 0,25. CogepxxaHne B TKaHAX NepnoBuLbl:
uepebpanbHble raHrnun 112;neganbHble raHrnmm 108; BucuepanbHble raHrnum 66; LLBK 53,5;
abpbl 0,9; maHTus 0,33;Mblwypbl 0,22,

2. laHrnum 60MbLIOr0 NPYAOBUKA COLEPXKAT MeHblle CEepOTOHMHA, YeM FaHrauuM uccne-
[OBaHHbIX NNacTUHYATOXabepHbIX.

3. BbICOKOe cofepxaHune cepoToHuHa B LBK yka3biBaeT Ha BOSMOXHbIV TpaHCNOPT Cepo-
ToHMHa B LUHC.

4. Huskoe cofiep>xaHWe CepOoTOHMHA B 3anupaTenbHOM MblllLEe YKa3blBaeT Ha TO, YTO OH
NOKanun3oBaH 34ecb B HEPBHbIX anemMeHTax. O6CyXaaeTca npeanonaraeMas posb CepoTOHMHA B
HEepPBHO-MbILLEYHON nepefave.
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THE ROLE OF ENVIRONMENTAL TEMPERATURE AND pH ON THE
VARIATIONS IN K*- AND TRYPTAMINE- SENSITIVITY OF GLOCHIDIA
OF ANODONTA CYGNEA L.

ELEMER LABOS and FERENC LUKACSOVICS

Biological Research Institute of the Hungarian Academy of Sciences, Tihany,
Hungary

Received: lst March, 1968

Having investigated for several years the K- and tryptamine-sensitivity
of adductor-response of glochidia (LABOS and SALANKI 1963, LABOSs et al. 1964,
LABos 1966, 1967) we could state that the intensity of responses show con-
siderable variations. These variations exist under apparently identical circum-
stances, thus necessitating a more thorough study of some laboratory con-
ditions (temperature, properties of the solvent, as pH, ion composition etc.).

The degree of rhythmic-tonic adductor-response is of importance also
from the point of view of the development of individuals. For instance the
responding capacity of a glochidium and its changes—getting from the gills of
the parent animal into the water—may be of decisive importance as regards
the possibility to get into a parasite-state on the gills and fins of fishes (HarMs
1908, 1909, AreY 1921, HEARD and HENDRIX 1964, LukAacsovics and LLABOS
1965). Furthermore it is open to question whether there exist any endogenous
sensitivity variations connected with seasonal changes or with the ontogenesis,
independent from the non-specific seasonal changes of the environment, e.g.
Balaton-water.

Methods

We have investigated under different circumstances rhythmic and tonic
muscular responses triggered by KCl and tryptamine in glochidia of Anodonta-
species.

The animals were observed in groups consisting of 25 100 individuals
in the presence of the given agent and the number of rhythmic contractions
performed in a minute (a/min) respectively the ratio of the larvae in closed
state (c9%,) was noted.

In the course of investigations lasting for several years (1960 -1967) we
used ordinary tap-water, Balaton-water as well as distillated water as solvent
for the KCl and tryptamine. The use of Balaton-water is justified because it
is the natural medium of the animal during the time when getting out of the
gills and reaching the parasitic state. Nevertheless in this case we have to
deal with a substance which is very variable from physico-chemical viewpoint
thus being difficult to be characterized satisfactorily. The use of distillated
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water is reasonable owing to its rather stable character; nevertheless it is no
“physiological” medium.

The agents used were: tryptamine HC1 (Fluka), serotonine-creatinine
sulphate (5-HT) and KC1 of high purity.

a/min

Fig. 1A. — Dosage-effect curve of a population unsensitive against K +-. Balaton-water,
April, 24—27 °C. Abscissa: KOI - concentration in mM; Ordinate: Number of contrac-
tions of 100 glochidia in 10 min
B — Frequency- (1) and time course of tone ratio (2) of a less sensitive population.
Distillated water - 100 animals, Mid-October, 25 °C
(With this and all further figures we give mean values of 100 animals, except for Fig. 7)

1 abra. K +-érzéketlen feltételek, illetve populacidk
A — KC1-érzéketlen populaci6 dozishatas-gorbéje

Balatonviz, aprilisi populacio, 24—27 C°; Abscissa: KCI-koncentracio mM-ben; Ordinata:

] 10 perc alatt 100 glochidium altal teljesitett kontrakciok szama

B — Erzéketlenebb oktéberi populacié frekvencia (1) és ténusarany id6gorbéje (2).
Desztillalt viz — 100 allat, oktéber kdzepe, 25° C

(Ennek és a tovabbi abraknak minden egyes pontja 100 db glochidiumon végzett mérés,
atlagértéke. Ez aldl csak a 7. abra kivétel. Lasd ott.)



Results
1 Variations of the K +-sensitivity

The maximum of KCI-sensitivity is represented by a concentration of
about 100 pM, while its minimum is around 2.5—3 mM, anyway without an
artificial complement (r.g. ion-addition; Labos 1967). Thus if we use the various
solutions randomly in different seasons, we may reckon 25—30 fold variations,

in the sensitivity.
In Balaton-water (see Fig. 1\A resp. Curve 2., Fig. 2) the concentration
needed for a few hundred contractions and that for a tone of 50% in 10 min

0

Fig. 2. KCl-response and tone-ratio — time diagrams
Abscissa: time, ordinate: ratio of individuals in tonic contraction at the given time for-
100 animals (in %)
1. 1 mM KC1, distillated water, December,
2. 1 mM KC1, Balaton-water, April

2. abra. KCl-valasz és ténusarany-idé diagramok
Abscissa: id6; ordinata: 100 db allat kozil az adott id6pontban tdnusos kontrakciéban
levé egyedek aranya (%)
1 mM KC1; oldészer: desztillalt viz, honap: december,
1 mM KC1; old6szer: Balatonviz, honap: aprilis

1
2.

may vary between 1 3 mM. In distillated water (Fig. 2 Curve 1 resp. Fig.
1IB) during the whole glochidium-season  except the beginning (October) a
nearly constant sensitivity could be observed. At the beginning of October a
small degree of sensitivity can be met both in Balaton water and in distillated
water (Fig. 1/B). Solution and seasonal dependences are shown in Table I.

2. Dependence of K +-response on the temperature of environment

In the course of the experiments we collected the glochidia —as a rule
from source-animal living in Balaton-water which was generally cooler than
the room temperature. Observations were made in a medium of room tempera-



16

Table T

Dependence of the sensitivity of glochidia on the solution and the season

Suppositions
Month Balaton-water Distillated water
Balaton water Distillated water
Mid-October ‘ Low sensi- Low sensi- osmotic immaturity
‘ tivity tivity*
November- Moderate High sensi- Balaton water No antagonistic
March sensitivity tivity** undergoes ions are present
: - changes
March-May Decreased High sensi-
sensitivity tivity
|
* = Fig. 1/3
** = Fig. 2/1
ture. Some times the populations were kept a day or more — with a small

density of animals — at room temperature or at 4-—10 °C in refrigerator. Thus
it is obvious that temperature changes might play a part among the causes of
sensitivity variations.

To clear this problem we divided the glochidia coming from the same
mother-animal in two groups. One group was kept at 20—26 °C for some days,
while the other remained in Balaton water at 6 —10 °C. On both groups we
observed daily the effect of a KCl concentration of 1-—1.5 and 2 mM. The
above temperatures were kept unchanged during the observations.

In the warmer medium K*-response was observed for 4 days, while in
the cooler — one for 11 days, till the animals died.

We observed the rate of the tone in the case of animals kept in warmth
to increase from day to day when using the same concentration of KCIl. That
was characteristic for all three concentrations (Fig. 3, upper row of graphs,
curves marked 1). The response of animals kept in cold appeared for 1—-4—5
days practically without tone so that the responses of the two groups kept at
different temperatures deviated more and more. But later—beginning from the
4th—5th days — we found a gradually increasing tone even in the group
adapted to low temperature ( Fig. 3, upper row, curves marked 2).

The frequency of rhythmic activity shows also characteristic variations
in the two groups. At all three concentrations in the warm-group the frequency
was increasing on the 2nd day, then it decreased (Fig. 3, lower curves). The
response of the group with cold adaptation, on the other hand, became less
frequent from day to day and the variations were larger. When applying the
2 mM KCI concentration we got a frequency-maximum parallel to the tone-

minimum (#ig. 3, lower row, last graph, curve 2). Parameters characterizing
10

the rhythm and tone (' = number of contractions performed by 100 animals
in 10 minand, ¢(9,)is the percentual ratio of animals found in tonic state at the
10th min) are not independent. Fig. 3 shows that the cases of higher frequency in
the cold-adapted group are connected in general with a lower level of tone.
On the other hand, we can observe a deviation in the correlation of the fre-
quency-tone ratio of the two groups, so that at low temperature a higher fre-
quency is to be expected together with the same lower tone-ratio.
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The effects of sudden and significant temperature changes are shown in
the experiments where groups consisting of 5x 100 larvae were used:
1. group: the mother animal was collected from Balaton-water and the
glochidia were put in distillated water of 22 °C (control),
2. group: stored for 1 hour at 6 °C,
3. group: stored for 1 hour at 37 °C,
4. group: stored for 1hour at 37 °C, then immediately after it for 1 hour
at 6 °C,
5. group: stored for 1 hour at 6 °C, then immediately after it for 1 hour
at 37 °C.
The tone ratios observed at 1.5 mil KC1 concentration after 120 min in
the five groups were (Fig. 5): 94 — 76 — 92 — 34 — 34%.
We can state that the sudden temperature change of significant value
decreases the duration of tone, i.e. increases the degree of the so-called late-
relaxation.The latter follows the tone and not a phasic contraction (LABOS 1967).

%)
1004 100+
| 2 mM
ImM ’
80 N 7 v ,/Z—N_'
= 2 I\,
0 e 2 g A
0 5 0 o g 0 nap , days
0
0 :
7
1600- /A 15001
AN J :
g iz 1000 ‘\/\
I/‘ by
LY %
5004 500
ImM 2mM
¢ 0 ] 0 ¢ R 0 : 0 5 nap, days

Fig. 3. Effect of 1, 1.5 and 2 mM KC1 on the same population, at 20—25 °C during
4 days (1) and at 6—10 PC during 11 days (2) respectively

The upper diagrams show the C]0(%)-values, the lower ones the number of contractions

performed by 100 animals in 10 min. Horizontal lines show the values the first day

3. abra. 1, 1.5 és 2 mM KCI hatdsa ugyanazon glochidium-populacion 20—25 C°-on
4 napig (1), illetve 6—10 C°-on 11 napig (2)

A fels6 diagramok a CI0(%) értékeket, az alsok pedig a 100 allat altal 10 perc alatt teljesi-

tett kontrakcidk szamat mutatjak. A vizszintes vonalak az elsé napi értékeket jeldlik

2 Tihanyi Evkényv
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3. K +-response and pH of the medium

The pH-dependence of the K +-response was investigated by observing
the tone ratio at the 5th, 10th and 20th min with pH-values between 5—29.
The investigation was carried out in November, with distillated water as solu-
tion. Temperature of the medium was 22—25 °C and only freshly collected
animals were used. On Fig. 6 we can see the pH-dependence of responses
against a concentration of 2 mM KC1 (curves A-2 and B-1-2-3). We can state
in general that the tonicity increases towards the direction of alkalinity. So the

Vo &

Fig. 4. Connection between corresponding values of tone-ratio (C%) and number of
contractions performed by 100 animals in 10 min at two different temperature levels

4. d&bra. Az dsszetartoz6 tonusarany (C%) és 100 allat altal 10 perc alatt teljesitett-kon-
trakcioszam értékek odsszefiiggése két kiilonb6z6 hémérsékleten

Table 11
Dependence of sensitivity against tryptamine and solvent in glochidia

Season Balaton-water Distillated water Tap-water
Beginning of low activity
October
Winter High activity low activity or lack High activity
Spring Decreased activity of activity Decreased activity

tone ratio values of 5 min follow the regression: ¢cX%) ~ 7.1 (pH) — 27 with a
correlation coefficient of r > 0.9. It is characteristic that the values of 10—20
min show a decrease in the case of pH < 7 (acidic solutions) up to the pH-value
of about 5.5, while they increase again with the decrease of pH about pH ~ 5.



19

In one of our experiments with a KC1 concentration of 1 mM at the 10th
min (Fig. 6/A, curve marked 1) we could observe a tone decrease when progres-
sing towards the alkalinity instead of the decrease as mentioned above.

C(%)

Fig. 5. Effect of a temperature jump on the K +-tone
Tone-ratio-time diagrams (explanation in the text)

5. abra. A hémérsékletugras hatasa a K-ténusra
Tonusarany—id6 diagramok (Magyarazat a szévegben)

4. Examination on tryptamine sensitivity

Very early populations (October) show, as a rule, hardly any sensitivity
(see Table I1). In winter we find a high sensitivity in Balaton-water and a low
one in distillated water. In spring sensitivity decreases in general (Labos et al.
1964, Labos 1965). Tryptamine solved in distillated water has little or no
effect at all, but when alkalinizing the medium we obtained a considerable
tryptamine response (see under 5).

5. Relation between tryptamine-response and pH of the medium

Fig. 7 shows the dependence of the number of rhythmic contractions
on the pH. We can see that the effect is considerable mainly in the alka-

2*
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C(%) C(Ve)

Fig. 6. Dependence of KCIl-response on pH
The values of C5, CI0iirnM Cz0 represent the tone-ratio-values in found at the 5th, 10th
andJ20th min; November; distillated water; tris-maleate buffer of 3 mM concentration;
temperature 22—25 °C

6. abra. A KCl-valasz pH-fiiggése
A C5 Cl0és CDértékek az 5., 10, illetve a 20. percben talalt tonusarany-értékeket jelentik
%-ban. Novemberi populaciék; oldoszer: desztillalt viz; 3 mM trisz-maleat puffer;
hémérséklet: 22—25° C

Fig. 7. Dependence of tryptamine effect on pH; distillated water; 10 /tg/ml tryptamine,
winter; temperature: 22—25 °C, number of glochidia: 25

7. é&bra. A triptaminhatas pH-fliggése
Oldoszer: desztillalt viz; 100 /tg/ml triptamin; téli populacié; 25° C hémérséklet; 25
glochidium
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linic domain 8 < pH < 9 and at a neutral pH we get practically no res-
ponse at all. The investigations were carried out in a tris-maleate buffer of
3 mM. Because of the presence of a given amount of organic material, even

0 pH=86
2a 2,5 mekv/lit

Fig. 8. Rhythmic and tonic muscular response produced by 100 ug/ml tryptamine, in a
2.5 and 5 mekv./lit. tris-maleate buffer. Distillated water, spring, room temperature

8. abra. 100 pg/ml triptaminnal kivéltott ritmikus és ténusos izomvdlasz, 2, illetve 5
mekv/lit. triszmaledt pufferben. Oldészer: desztillilt viz, tavaszi populdcib, szoba-
hémérsékleten

with a use of buffers at low concentration, it is rather difficult to carry out
an isolated study of H'-ion effect. In the following we used tris-maleate
buffers of 5 mM and 2,5 concentration at pH 8.6 and 5.6. It is obvious
from the figure (Fig. §) that an alkalinic pH value is only a necessary con-
dition of the high sensitivity, since a too high buffer-concentration may cover
thiseffect, i.e. the effect necessitates the absence of different inhibitory factors.
Nevertheless this can not be realized by the application of buffers alone.
As in earlier experiments the response of the glochidia against 5-HT (LLABos
et al. 1964, LLABos 1966) could not be observed either in this case even by
alkalinizing the medium.
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Discussion

The explanation of high K -sensitivity perhaps requires the supposition
of an unusual mechanism. Without dealing the problem in detail we note that
above all the potentials of electrokinetic nature of colloidal systems (see e.g.
BuzAcH 1958) are sensitive against an ion-concentration of 10~* M. The Nernst-
mechanism furnishes a satisfactory explanation only in the case when the
critical threshold of K*-depolarisation is very low.

The intensive variations of the latter can be caused by the presence or
absence of K*-antagonistic ions. Observation of T'able 1 may lead to the hypo-
thesis that the higher sensitivity observed in distillated water could originate
in the lack of K* antagonistic ions (Na™, Mg?*, Ca’") of the other solution
i.e. of the Balaton-water. Data on ion-antagonism (L.ABoS 1967) and on the
composition of Lake Balaton-water (ExTz, 1953, 1959) make this explanation
obvious. But the explanation does not hold for the low sensitivity in Octo-
ber (Table I., Fig. 1|B), found with both solutions. The explanation may be
brought in connection with the immaturity of early glochidia. It seems pro-
bable, namely, that the larvae more adapted to the maternal lymph and ready
for the life in fresh water must pass through certain ripening stages to be able to
get adapted to osmotic variations. A further question is the change of sensiti-
vity presenting itself in winter andspringand observable only in Balaton-water.
Therefore these variations may origine in the alteration of chemism of the Bala-
ton-water, e.g. theincrease of activity and of Ca®" ionization (ExTz 1953, 1959).

Thus variations in K sensitivity cannot be explained by onereason alone.
Among the reasons changes in the animal and those of the , natural medium”
are equally probable. Only the early change might be of ontogenetic origin.

For the interpretation for variations of nonseasonal character the thermic
past of the larvae seems to be sufficient. On the one hand: the intensity of
metabolic activity of oyster-mantle decreases with the change of temperature
of any direction (PEDERSEN 1947), but on the other hand: the cold-adaptation
may induce a K*-lost in other species, e.g. in Loligo-nerve (SHANES 1954),
or in erythrocytes (SoLomox 1952). In the case of glochidia the steadily hypo-
osmotic environment (fresh-water or Balaton water) may easily lead to ion-
loss serving as explanation for the phenomena under consideration.

The variations of tryptamine sensitivity are of a different character.
One of them is that the sensitivity decrease of spring could be observed both
in tap-water (LABos et al. 1964) and in Balaton water. Thus this variation
can not be explained by the changes of the environment. However it should
be noted that the pH of the Balaton-water is 7.9 —8.8, therefore a high trypt-
amine response could sooner be expected here than in neutral or acidic distillated
water. Thus the pH-variation would be sufficient to explain the inhibiting
effect of distillated water, since we have no activity with a neutral pH, but
with a corresponding buffer we may still produce a high rhythm even at spring
and in distillated water. The alkalinic pH, of course, may bring about an
effective acceleration of both permeation and alkalinic hydrolysis.

We have to point out the fact that the change of solvent: Balaton-water
=~ distillated water cause opposite changes in K*- and tryptamine-responses
argumenting for a different mechanism.

The dependence of K*-effect on the pH shows a surprisingly good linear-
ity when measuring at the 5th min which itself could be explained in a
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satisfying manner by simple kinetic conceptions. Nevertheless, the pH-
dependence is connected with K*-concentration, furthermore the toneincre-
ase observable in an extremely acidic environment (see Fig. 6 at pH ~ 5)
points also to an activation of a further reactive system.

Summary

An experimental analysis on K7 - and tryptamine-sensitivities of rhyth-
mic and tonic adductor-response in Anodonta-larvae was made and their
dependence from temperature, osmotic and pH-changes was investigated.

The low value of K*-sensitivity in October is supposed to be in connec-
tion with the osmotic immaturity of the larvae; the higher sensitivity found
in distillated water was attributed to the absence of antagonistic ions while
the sensitivity-decrease in spring to the changes of Balaton-water.

The possibility of a change of ontogenetic character can not be excluded
in the decrease of tryptamine response in spring. In distillated water no trypt-
amine response was found while there is a high K~ response.

For the pH-depence of the responses it is characteristic that

1. the K™ — tone increases in general with pH between 6 and 9; a pH <~ 6
again — decreases the tone,

2. the tryptamine-rhythm -- in case of a corresponding buffer — is
pronounced with an alkalinic value of pH, but it is very low with a neutral pH.

In the case of K*-response the importance of temperature adaptation
was demonstrated. The cold-adapted animals give a less tonic response with a
rhythm of higher frequency. The animals are capable to response for 11 days
at temperatures of 6 10 °C, and for 4 days at temperatures of 2025 °C.
The jumps in temperature are of a sensitivity-decreasing effect.
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A KOZEG HOMERSEKLETENEK ES pH-JANAK SZEREPE
AZ ANODONTA CYGNEA L. GLOCHIDIUMOK K+- ES
TRIPTAMIN-ERZEKENYSEGENEK ELTERESEIBEN

Ldbos Elemér és Lukacsovics Ferenc

Osszefoglalas

Anodonta-lérvék ritmikus és ténusos zardizomvalaszdnak K +- és triptaminérzé-
kenységét és ezeknek kiils6leg szezondlis és egyéb jellegli vdltozésait elemeztiik kisérletesen.

Az alacsony oktéberi K-érzékenységet a ldrviak ozmotikus éretlenségével, a desz-
“tillalt vizben tapasztalt magas érzékenységet az antagonista-ionok hidnyédval, a tavaszi
érzékenységesokkenést a Balatonviz valtozasdval hozzuk osszefiiggésbe.

A ritmikus triptamin-vélasz nagysdgdnak tavaszi csokkenésében az ontogenetikus
jellegli valtozds nem zdrhaté ki. Desztilldlt vizben nines triptaminvédlasz, de nagy a
K+-érzékenység.

A vélaszok pH-fiiggésére az aldbbiak jellemzGek:

1. a K*-ténus dltaldban né a pH-val 6 —9 kozott; pH 6 Gjra ténusnovels;

2. a triptaminritmus — megfelel6 puffervilasztds mellett — ligos pH-n kifeje-
zett. Neutrdlis pH-n igen alacsony.

A K-vdlasz esetében a héadaptacié fokozott jelent6ségét mutattuk ki. A hideg-
adaptalt dllatok kevéshé ténusos és nagyfrekvencidju ritmussal vélaszolnak. 6—10 C°-on
11, 20—25 C°-on 4 napig vilasz (élet)képesek. A hémérsékletugrdsok elzekenyseg -esok-
kentéek.

POJIb TEMIIEPATYPbI U pH CPEIbl B PA3JIMYHON UYBCTBUTEJILHOCTU
MNIOXWOMEB BE33VBEKM K TPUIITAMMHY WM HMOHAM KAJIMS

3. Jlabowm n ®. Jlykauesuu

Bbuin npoaHaIM3upOBaHbl MPUYMHBI HAOIIONAIONIMXCST CE30HHBIX M HHBIX HM3MEHEeHHIT
YYBCTBUTEJIBHOCTH PUTMHYECKMX M TOHHYECKMX peaKUMil 3anMpaTesibHOil MBILIM TJIOXHIHEB
0e33y0OKHM K KaJIMI0 U TPUIITAMUHY.

Pe3yIbTaThl HCCIIe0BAHHST TIOKA3BIBAIOT, UTO HU3KAsh YYBCTBUTEILHOCTh K HOHAM KaHsi
B OKTsIOpe CBSI3aHA C OCMOTHYECKHM HeJ0PA3BUTHEM JIMUMHOK, A BBICOKASI UYBCTBUTEJILHOCTD K
JIECTHJUINPOBAHHOH BO/Ie C OTCYTCTBHEM MOHOB aHTarOHMCTHYECKOro jeicrsus. Becennue H3-
MEHEHHUsI YYBCTBUTEJIbHOCTH CTaBsITCSl B CBsI3b C M3MEHEHHeM cocTaBa BoJbl BanaroHa, HO B
BECEHHEM CHIYKEHUH YYBCTBUTEJILHOCTU K TPUNITAMUHY MOT'YT UTPATh POJIb M OHTOT'€HETHYECKHe
M3MEeHEeHHs1 caMUX JIMUMHOK. OTBET Ha TPUNTAMUH He HAa0JI0aeTcst B JIeCTHIIMPOBAHHOM BoJle.

3aBUCHMOCTHL OTBeTA JIMUMHOK OT -pH TakoBa:

1. KasineBnlif TOHyC IVIOXHAHCB yBeJaHunBaercs mexxay pH 6—9.

2. TpUNTaMHHOBBII PUTM 00Jiee BblpayKeH NMpPH 1LeJIOYHBIX 3Ha4YeHusix pH, B HeliTpasb-
HOH >Ke cpejie OH 0YeHb HHU30K.

Jst peakiMu HA KaJHii UMeeT 3HAYeHHe TerUioBasl ajanTaiusi: JUYUHKH, alanTHPOBAH-
HbIe K X0JIOY, PearupyioT Ha KaJlui MeHee TOHMYHO U PUTMOM BBICOKOIT amminTyael. OHu nepe-
HOCSIT TemnepaTypsl 6— 10° B Tedenne 11 jueit, a 20—25° B Tevenue 4 jgueil. Peaxue nameHeHus
TeMIepPaTyTPhl CHIYKAIOT 4yBCTBHUTEIbHOCTb JMUYMHOK.,
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As demonstrated in course of previous investigations considerable changes
occur in both rhythmic and periodic activity of freshwater mussel exposed to
the lasting effect of KCI, CdCl, and other inorganic salts, which manifests itself
partly in an increased frequency of the rhythmic activity and partly in a
specific rearrangement of the periodicity of activity (Kosmrovants and
SALANKI 1958, SALANKI 1960a, b). Denervation studies suggest that the
special ciliated formation of the caudal part of the mantle and the area of the
out- and inflow syphons are most important points of attack for these agents
(SALANKI 1961a,b). Earlier anatomical data suggest that there are chemo-
receptor areas beside the outflow syphon on both sides of the visceral ganglia
(HerBERS, 1914). Beyond these, however, we know of no data concerning the
actual existence and role of a chemoreceptor organ in the Anodonta, that
might confirm the above theories.

Hopxkins conducted studies (1932) on the effect of different cations and
anions on syphon reflex in Ostrea virginica and on basis of differences observed
he set up a gradient of effectiveness. Simultaneously he also confirmed the
chemical sensitivity of syphons in the oyster. Studies of similar nature are
not known on freshwater mussel. In view of this, it appeared most desirable
to decide firstly, whether the syphon of the freshwater mussel, which is different
in construction from that of the oyster might be considered as a chemoreceptor
area or not, i.e. whether it is sensitive, in case of a short effect, to such chemical
agents which influence activity. Another objective of the present study was
the cognition and comparison of the effects produced by various chlorides,
because when studying the responsiveness of periodic activity differences
were observed between the cations.

Method

One valve of Anodonta cygnea specimens with an average valve length of
15 em was fixed in vertical position, and to the other valve (1. in Fig. 1) a cord
(6) leading to the lever of a kymograph was attached, and the animal was
placed into a glass container. A stream of Balaton-water was led through the
glass container (8, 9). By opening the tap of a burette (5) 1 ml water was
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allowed to pour on the area of the syphon of the mussel (2) in a time unit of
15 sec, and by opening the water tap (4) Balaton-lake water was pouring on
the same area in 4 jets from plastic tubes located at 1 cm distance. As it is
known that the mussel, and particularly the area of the syphon is most sus-
ceptible to mechanical effects, this area has been exposed to the mechanical

Fig. 1. Apparatus for testing chemical sensitivity (explanation in the text)

1. dbra. A kémiai érzékenység vizsgalatara szolgalé berendezés (magyarazat a szévegben)

Fig. 2. Position of the syphons: a) open, b) closed
1. outflow syphon; 2. inflow syphon; 3. valve

2. dbra. Szifék pozicidja: a) nyitva, b) zarva
1. kiaramlé szifd; 2. bearamlo szifd; 3. kagyl6héj
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effect of streaming Balaton-water also in the non experimental periods for
ensuring identical conditions. Accordingly, during the control experiment no
response was produced by opening or closing the Balaton-water tap.

When the valves were in open position and the light conditions were
suitable the out- and inflow syphons were well observable. It was possible to
decide even by the naked eye whether these were responding to the chemical
agent or not (Fig. 2). The closure of the out- and inflow syphons was judged
visually, and the closure of the valves recorded on a kymograph.

The effect of the drugs was always examined at first at a low concen-

“tration, and in case effectiveness was lacking or if it was only a partial one,
the concentration was increased until closure of the valves was produced in
about 100 percent of cases.

The examinations were repeated at intervals of 5 min, when during this
period the initial condition was restored. At least 20 tests were performed at
every concentration examined.

On the abscissa the concentrations of the agent in M, on the ordinate the
percentages of responses of the syphon and adductors are illustrated.

The experiments were conducted at the actual temperature (12—16 °C)
of Balaton-lake water. The test solution was also adjusted to the same tem-
perature as the distal part of the leading tube itself was also placed in the
container. The experiments were run in spring and early summer 1967.

Results

The animals placed into the experimental container were performing the
usual periodic activity. The several hours long open condition (active period)
of the valves was followed now and again by the tightly closed condition of
the valves (resting period) which lasted similarly for hours. During the active
period the adductors were in the condition of relaxation and irregularly occur-
ring rapid contractions were succeeded by relaxation, whereas, in the period of
rest the adductors were in the condition of tonic contraction (,,catch”).

In these studies only animals being in the condition of activity were
used because only this enabled the agent administered from outside and in
diluted form to find a quick access to the syphon.

In the course of testing the animals responded differently. At the lowest
concentrations the closure of the outflow syphon was registered in general.
The closure of the inflow syphon was more seldom observed at the same con-
centrations, or it was observed only at increased concentrations. Closure of
the valves was produced at even higher concentrations of the agents. Accord-
ingly, the closure of the outflow syphon and the occurrence of the reaction
of the adductors (closure of valves) were registered in every single instance,
and also these were illustrated in the figures.

Occasionally there was only a small difference between the least effective
concentration and the concentration necessary for producing maximum
response. In other instances response of the syphon was observed already at
relatively low concentrations, whereas the response manifesting itself in the
movement of the valves presented itself at concentrations several times greater.
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Effect of KCI

This is one of the agents that in the course of previous examinations
(KosaTovanTts and SALANKI 1958) proved to be most effective in influencing
periodic activity. In a considerable percentage of cases the syphon responded
even at relatively low (1072 M) concentrations of this agent, wherease response
of similar measure of adductors was obtained only at considerably higher (higher
than 1072 M) concentrations (Fig. 3a). The frequency of response of the
syphon increased only gradually with increase in concentration. On the con-
trary, the percentage of closures of the valves increased considerably within a
narrow range of concentration, i.e. only a 20 percent increase was registered at
1072 M concentration, whereas an 80 percent one at 4 - 1072 M. At the latter
concentration a 100 percent response of the syphon was produced.

Effect of NaCl

Freshwater mussel is less sensitive to NaCl. Even at a concentration as
high as 10~ M the syphon and the adductors responded only in 15 percent of
cases. 5 + 1071 M concentration produced contraction in 85 percent of cases,
but even 1 M solution failed to produce 100 percent response (Fig. 3b). 1t is
to be mentioned that in case of 2 -3 - 1072 M concentration the closure of the
inflow syphon was observed in 10— 20 percent of cases, other reactions, howev-
er, were not registered.

Effect of NH,CI

At 2.5 - 1072 M concentration the response of the syphon was observed
in 15 percent of cases, and at 5 - 102 M concentration in 100 percent of cases.
At these concentrations a response of similar order was produced on the
adductors (Fig. 3c).

Effect of CaCl,

The response manifesting itself in the closure of the syphon and the
valves presented itself even at 10~* M concentration, but an increase in number
of responses was produced only by concentrations beyond 2.5 - 10~ M. At this
concentration both syphon and adductor responded with closure in 40 percent
of cases. By rising the concentration of CaCl, two times higher, a 100 percent
value of both responses was obtained (Fig. 3d ).

Effect of MyCl,

The response of both syphon and adductors presented itself at 1072 M
concentration, and the about 10 —20 percent value remained unchanged up
to 5 - 1072 M concentration. At 10~* M concentration, however, an approxi-

—_—

Fig. 3. Response of the outflow syphon (@) the response of the adductors (o) in the per-
centage of cases tested
a — KCl; b — NaCl; ¢ — NH,Cl; d — CaCly; ¢ — MgOl,; f — CdCl,

3. dbra. A kidramlé szifé vilasza (@), ill. a zdroizom vilasza (0) a tesztelt esetek 9 -dban
a — KCI; b — NaCl; ¢ — NH,Cl; d — CaCly; e — MgCly; f — CdCl,
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mately 100 percent response of the syphon was registered and the closure of
the adductors was also observed in 70 percent of cases. In this case also the
response approached the maximum steeply and within a relatively narrow
domain of concentration (Fig. 3c).

Effect of CdCI,

CdCl, was the other agent which in the course of its lasting effect produced
fundamental, consequent and concentration dependent changes on the periodic
activity (SALANKI 1960a). The syphon responded even at the lowest examined
concentration (10=3 M) in more than 60 percent of cases, and an increase of
response to 100 percent was noted at 5 - 1072 M concentration. At 103 M
concentration the valves responded in 10 percent of cases. From here onward
the increase of the percentual value of responses was rather protracted, and
100 percent response was obtained only at 10~* M concentration (Fig. 3f).

It was observed in the case of CdCl, only, when testing 1072—10—1 M
solutions of this agent, that following 4—5 times repeated treatment the animal
which up to that time was open and behaving normally closed lastingly at
first its syphon, than its valves and opened these only after a couple of hours.
The regular occurrence of this phenomenon suggests that it cannot be taken
for the consequence of the rest period in sequence which might occur in the
course of the normal rhythmic activity of the animal but much rather for the
effect of CdCl, application.

Discussion

Only little knowledge is available on the chemical sensitivity of Pele-
cypoda, and the role of the osphradium as a chemoreceptor has not been cleared
up either. This function might be accounted for by the location of the osphra-
dium around the syphon, for clearing this question ultimately ,however,
detailed physiological examinations are to be performed, as has been done
lately in connection with the Gastropoda (BamLey and Loverack 1966). The
examinations of HoprixNs (1932) evidencing that the contraction of the tentacles
of the oyster is susceptible to salts have set up an order of susceptibility for
the cations: K > Na > NH, > Li. The examinations of WoorTmMAN (1926)
suggest that the mantle of Mytilus is most obviously selectively susceptible
to other chemical agents too. About the freshwater mussel as much is known,
that the application of crystalline KCIl or NaCl into the mantle of the animal
induces an increased activity of the ganglia (VERESCHAGIN 1960, SoKOLOV 1966).

Marked reaction was observable when applying the drugs to be tested
to the anterior border of the mantle. This showed itself partly only in the
closure of the syphon, partly in the contraction of the adductors, which resulted
in the closure of the valves. The difference of effect was the function of the
salt concentration applied. This also suggests that the syphon and its vicinity
might be considered as special chemoreceptor zones. As observed, always the
out-flow syphon responded firstly to the lower effective concentrations.
Considering that osphradium is located just behind the syphon in the cloacal



31

cavity, it appears most probable that this is indeed a very important chemo-
receptor area.

The agents examined might be ranged according to the following order
of effectiveness:

a) concerning their threshold concentration :

KCl > CdCl, > CaCl > MgCl, > NH,Cl > NaCl

b) concerning 100 percent closure of valves
KCl > CdCl, > NH,CI > MgCl, > CaCl, > NaCl

The difference between the two orders is that the succession of CaCl,,
MgCl, and NH,Cl is turned. This order of cations corresponds only roughly to
that observed by Hopkixs (1932) in Ostrea virginica, and to those established
in the case of other animals as regards the responsiveness of the chemorecep-
tors (DeTHIER 1956). The K >> Ca > Na order namely is in conformity with
literary data, in the order of Hopkins, however, NH, is preceded by Na, where-
as in a number of animals it stands before K. Disregarding this exception it
may be concluded that the responsiveness of Anodonta against the cations is
in conformity to the rules which characterize also other chemoreceptors.

Besides differences in their effective concentrations the salts examined
differed in other respects too. In case of some the threshold concentration and
the concentration which produced maximum response were close to each other
(Mg, NH,), whereas in case of others (K, Ca, Cd) a rise from threshold to
maximum was observable in the domain of concentration between 10=° and
10~1 M. A special emphasis may be laid, in this respect, on K and Cd, namely,
in chronic experiments their effect on the activity of Anodonta appeared to be
strongly concentration dependent (KosSHTOYANTS and SALANKI 1958, SALANKI
1960a).

This might find an explanation in the fact that the response produced
by K and Cd in the chemoreceptors is very much dependent on concentration,
whereas in the case of Mg and NH, it might be of all or none character,
which holds true not only in case of temporary but also in the case of lasting
effects. At the same time, however, the lack of responsiveness towards Na may
help to explain why high concentrations of NaCl do not influence either rhyth-
mic or periodic activity.

The peculiar effect of Cd manifesting itself following the repeated applica-
tion of it in the lasting closure of the syphon and later on of the valves too
might be explained by the irreversible linkage of Cd to the tissues. The high
affinity of Cd to SH groups is well known, as has also been demonstrated on
the syphon of the mussel in the course of other examinations of ours (SALANKI
and Lukracsovics 1965). In this sense, naturally, it is also a matter of question
which reaction or process produces generator potential in the receptor following
application of Cd. It is not out of question that the effect of Cd might be
realized through more transfers than those of other cations examined.

The results suggest that the chemoreceptor area of the syphons may have
an important role in the determination of the reactions of the animal by the
transfer of stimuli received, and thus may also be involved in the mechanism
regulating both rhythmic and periodic activity as it has been indicated by our
previous studies of different nature (SALANKI 1961a, b).



32

The reactions provoked might most obviously be taken for reflex re-
sponses. This holds true concerning the closure of the syphon and the movement
of the valves as well. The response of the syphon may be a local one (HORRIDGE
1958), though it might also be assumed, that the proper sensory area is the
osphradium beside the visceral ganglia and might be identical to the epithelial
cells of the lobus branchialis (Zs.-Nacy 1966). In that case the path of the
reflex is closed in the visceral ganglion. A prerequisite of the contraction of the
adductor (reaction of the valves) is the activation of at least the visceral
ganglia, but perhaps also that of the cerebral ganglia (SALANKI et al. 1968,
LABos et al. 1968, SALANKI and Gusicza 1968) and the participation of the
latter may be dependent on the strength of the reaction.

Response was not produced on every occasion following application of
the agents either in high or low concentrations, i.e. the response was occasionally
only a partial one (only syphon, both syphons, syphon and valve). Differences
in responsiveness were observed in the single specimens too. It is suggested
that the great lability of responses to the chemical effects is not only linked
with the properties of the chemoreceptors, but also with the condition of the
reflex center and further with the properties of the effector organ too. These
problems, however, might be elucidated only by special, and firstly by electro-
physiological studies.

Summary

Examining the responsiveness of Anodonta to various salts it was
established:

1. The outflow syphon responded to the least effective concentration of
the stimulatory chemical agent tested. Closure of the valves (contraction of
adductors) was produced by stimuli of sufficient intensity.

2. The order of the cations on basis of closure of inflow syphon was:
K >Cd >Ca >Mg >NH, > Na.

3. This order changed slightly with regard to concentrations producing
closure of the valves:

K >Cd >NH, > Mg > Ca > Na.

4. A surprisingly great difference was observed between threshold con-
centration and concentrations producing the highest possible response in the
case of the cations K, Ca and Cd, which might give an explanation to the high
concentration dependency of the effect of K and Cd on the rhythmic and
periodic activity.

5. It is assumable that the receptor zone of the syphons might consider-
ably influence the central mechanism of activity regulation.
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Osszefoglalas

ADATOK A TAVI KAGYLO
(ANODONTA CYGNEA L.) KEMIAI ERZEKENYSEGEHEZ

Lukacsovics Ferenc és Salanki Janos

Anodonta kilénb6z8 sok iranti érzékenységét vizsgalva megallapitast nyert, hogy

1 a szifohoz juttatott kémiai ingerkelt6 anyag legkisebb hatdsos koncentracidjara a

kiaramlo szifé reagal, kell6 inge"intenzitas esetén pedig héjzaras (zar6izomkontrakcio)
1ép fel,

2. a bedramlo szifé zaréséra vonatkoztatva a kationsorrend a kdvetkez@:

K > Cd > Ca > Mg > NH4 > Na,

3. a héjzarast kivalté koncentraciokat tekintve a sorrend ettél alig tér el:

K > Cd > NHj > Mg > Ca > Na,

4, a K, Ca és Cd kuszob, ill. maximalis valaszt el6idéz6 koncentracidi kozotti
kilonbség feltin6en nagy, ami magyarazatot adhat a K és Cd ritmikus és periodikus
aktivitast befolyasol6 hatdsa esetében tapasztalt jelentés koncentraciofliggésre,

5. elfogadhato, hogy a szifok receptorzéndja jelentds befolyassal lehet az aktivitas-
szabalyozas kézponti mechanizmusara.

3 Tihanyi Evkonyv
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K BOMPOCY O XUMWYECKOW YYBCTBUTENbLHOCTWN BE33YBKW
@. Jlykayesuy n A. LWanaHkn

MpU M3yyeHWU XMMUYECKON YYBCTBUTENBHOCTU 6e33y6KM K pas/MyHbIM CONMAM ycTa-
HOBJIEHO, YTO:

1 Mpu nojaye pasgpaxarolimx XUMUYECKUX BeLLecTB B 06/1acTb CUOHOB peakuus Ha
NMopOoroByH KOHLIEHTPALMI0 BCErAa OCYLLeCTBASETCS BbIXOAHbLIM CUGOHOM, W B ClyYae AOCTaTOUHO
WHTEHCMBHOTO pa3fpaXeHWs HacTymnaeT 3aKpbiBaHWe CTBOPOK, T. €. COKpalleHMe 3anupaTesib-
HbIX MbILLILL.

2. TNo peakuuy 3aKpbIBAHUS BXOLHOTO CU(OHA MONYYEH CNefyowWwmnii psg ANS KaTUOHOB:

K> Cd> Ca> Mg> NH, > Na

3. OTOT psAf No4YTWM MOAHOCTHH COOTBETCTBYET TOMY, KOTOPbIA MOAYYEH MpU U3yUYeHUW
peakLuu 3aKpbiBaHUSI CTBOPOK:

K> Cd> NH,> Mg> Ca> Na

4. PasHuua MeXAy MoporoBoli KOHLEHTpaLueid U KOHLeHTpaLMeid, Bbi3blBatoLLeli Makcu-
ManbHbIl/A OTBET, NPU NPUMEHEHWUN Kanus, KanbLus U KaAMUs 04eHb BENMKa, 3TUM MOXeT 06bsc-
HATBCA Ta CUNbHAs 3aBUCMMOCTb OT KOHLIEHTpaLMW 3TUX KaTOHOB, KOTOPYI Habnwoganu npu
N3YyYeHNN PUTMUYECKOW U Nepuoanyeckoi akTMBHOCTY 6e33y6oK.

5. BbICKa3blBaeTCA MPeAnofioXKeHUe, YTO PeLenTopHble 30Hbl CUOHA MOTYT OKasblBaTb
3HAYMTENbHOE BAUAHWE HA LieHTpa/ibHble MeXaHU3Mbl PErynsiLumn akTUBHOCTU 6e33y60oK.
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ANODONTA CYGNEA L. (PELECYPODA)
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Only little information is available on the ultrastructure of the neurons
of Pelecypoda. Electron microscopic studies on the neurosecretion of Unio
tumidus have been performed by F ahrman (1961), he has given, however, only
a general description of the ultrastructural features of the nerve cells. In earlier
investigations on the cerebral ganglia of Anodonta cygnea (Zs.-Nagy 1964) we
examined the fundamental structure of the cytoplasm, the vesicular compo-
nents of the axons and further the special glial structures. In some previous
papers of ours some submicroscopic data (Zs.-Nagy 1967, 1968, Zs.-Nagy et al.
1965) on these structures have been presented, a comprehensive description
of results obtained during these electron microscopic investigations, however,
has not been given. In the course of examinations performed lately on the
visceral and pedal ganglia, numerous newer details that may command
interest were revealed; on the other hand, the interpretation of certain struc-
tural elements described formerly changed in the light of recent literature,
thus it became actual to touch upon these questions anew.

The objective of the present study was to describe by electron micro-
scopic methods the structure of the neurons in all three ganglia of Anodonta
cygnea and to form a basis on cytological level for examining the functional
organization of the ganglia.

Material and method

For experimental purpose 12 -18 cm long specimens of Anodonta cygnea
L. were used. The animals were obtained from fish ponds, and were kept pre-
vious to experiment in aquaria containing Balaton-lake water. The preparations
of the cerebral, visceral and pedal ganglia were made as follows:

1.5 percent 0s04 solution buffered with e-collidine (Pease 1964) was
used as fixative. Fixation was made at first at 0 °C for 0.5 — hours, and
subsequently at room temperature for 10—15 mins. Dehydration in graded
series of alcohol solutions and later with propylene oxide. Following this the
ganglia were embedded into araldite (Durcupan ACM, Fluka). Serial sec-
tions were made on LKB Ultrotome Ill, and the micrographs were taken
with TESLA BS413A electron microscope. Contrasting with saturated

3*



36

uranyl acetate solution in 70 percent alcohol during dehydration (Pease 1964).
Lead citrate staining according to Reynolds (1963).

Experimental results
1. Nerve cells

Nerve cells though different in size, bear resemblance to each other as
regards their submicroscopic constituents. Structural elements characterizing
explicitly either large or small sized cells were not demonstrable. The larger
cells, of course, exhibit a more rich structure than the smaller ones, and the
single cell constituents also show a much greater variety. In the following a
survey on the most important ultrastructural features of the single cell compo-
nents observed in the three ganglia examined will be given.

a. Nucleus

The nuclei are either round or ovoid. Their location inside the cytoplasm
is usually excentric. On occasion this eccentricity may be of such an extent
that one side of the nucleus is bordered only by a very narrow rim of cyto-
plasm. The nucleus has an even surface and on it regular nuclear pores are
observable. Occasionally nuclei with lobulated, uneven surface were also

Fig. 1. Invagination of the nuclear membrane. Cerebral ganglion, x 22 500

1. 4bra. Maghartyabetiiremkedés képe. Cerebrélis ganglion. Nagyitas: 22 500 X



observable, and in some instances there were also membrane invaginations
seen almost all around the whole nucleus (Fig. 1), and dividing it into parti-
tions. Images illustrating two completely isolated nuclei inside one single nerve

Fig. 2. A section of the cytoplasm. Cerebral ganglion
Er —endoplasmic reticulum; G — Golgi apparatus, C — cytosomes; M — mitochondria;
DCV —dense-core vesicles. (Abbreviations are the same in every figure). x 25 000

2. &bra. Citoplazmarészlet. Cerebrélis ganglion. Er — endoplazmas reticulum; G — Golgi
apparatus, C— cytosomak; M — mitochondriumok; DCV — dense-core vezikulumok.
(A roviditések a tovabbi abrakon is ugyanazt jelentik.) Nagyitas: 25 000 x

cell originate, most probably, from transversal sectioning of such invaginations.
The nuclear membréan is mostly complete on the whole surface of the nuc-
leus but sometimes a certain loosening up is observable on it. The nuclear
substance is of varying density. Beside one or more nucleoli a narrow rim
of granular substance of higher electron density than the nucleus itself is seen
attached to the internal surface of the nuclear membrane, whilst on other
occasion, and this is more frequent, the nuclear substance is homogeneous.

b. Cytoplasm

The endoplasmic reticulum of vesicular type forms the ground substance
of the cytoplasm (Fig. 2). The external wall of the vesicles is smooth-surfaced,
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very often, however, ribosomes, too, are observable on them. Their internal
surface is always smooth. The vesicles are either translucent or contain a sub-
stance of very fine distribution and of low electron density. Their diameter
is of varying length, and they appear occasionally, especially in the large
cells as 1 Llgreat, wide cysternae, and on other occasions as flattened or bifur-

Fig. 3. Lamellar formation consisting of 5 cysternae (LB). Visceral ganglion. X 20 000

3. abra. 5 ciszternabol allé lemezes képlet (LB). Visceralis ganglion. Nagyitas: 20 000 X

eating vesicular elements. They are to be found everywhere inside the cyto-
plasm amidst the other cell constituents.

There is in the endoplasmic reticulum a peculiar formation which is
constituted of two or more flattened, parallelly arranged cysternae (Fig. 3).
The gap between the opposite surfaces of the cysternae is 100—150 A wide,
whilst the width of the cysternae proper is about 2—3 times as great. The inner
part of the cysternae is less dense than the zone between them, and this pro-
duces a pattern of alternate dark and light lamellae. The fact, that ribosomes
are frequently observed on the outer membrane of cysternae indicates that
the cysternae belong to the endoplasmic reticulum. Cysternae are arranged
generally side by side 2—8 in number, resulting in 1—7 dark bands. These
formations might extend in the plain with a maximum length of 6 /5 and
maximum thickness of 0.4 u depending on the number of lamellae. The fre-
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quency of their occurrence suggests that they are most possibly present in
many cells, only they may be absent from the plain of section. Occasionally
even 2 or 3 such formations were observable within one single cell.

The Golgi apparatus is located in general, but not explicitly, near the
nucleus (Fig. 4). It appears in the form of kidney-shaped formations, the

Fig. 4. Golgi apparatus and its surroundings. Cerebral ganglion. X58 500

4. 4bra. Gougi apparatus és kornyezetének képe. Cerebralis ganglion. Nagyitas: 58 500 x

middle part of which is made up by several parallelly arranged lamellae
(Golgi cysternae), and at its two poles there are several translucent vesicles
mostly about 1000 A or sometimes even much greater in diameter. There is a
substance of high electron density inside certain vesicles which are very similar
to dense-core vesicles (DCV). Golgi areas in which the lamellae were not parallelly
but irregularly arranged were also noticed, and in such cases the whole lamellar
system much rather resembled a pile of vesicles.

Obligate constituents of the ctyoplasm are the microtubuli (Fig. 5).
These generally range from 100 to 150 A in thickness, and the average thickness
of their wall ranges from 25 to 30 A. Inside they seem to be translucent. It is
not possible to determine their length exactly; sometimes, namely, they may
be trailed in some microns length, another time, however, they are leaving
soon, after a short run, the plain of section. A characteristic feature of their
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location inside the cytoplasm is that they show a tendency to converge towards
the area where the axons are originating from.

As already reported in our previous publication (Zs.-Nagy 1967) there
are to be found in the cytoplasm two different types of mitochondria (mito-
chondria with dark or light matrix). Also certain ultrastructural features of the

Fig. 5. Section of the cytoplasm with numerous microtubuli (Mt). Cerebral ganglion.
X 30 000

J. &bra. Sok mikrotubulust (Mt) tartalmazé citoplazmarészlet. Cerebrélis ganglion.
Nagyitas: 30 000 X

cvtosomes were described in the same paper. These, however, must be comple-
mented by the following data: the mitochondria are most variable components
of the cytoplasm. They are generally 0.3 1.0 u in length. Greater ones are
very seldom found. They exhibit a large variety of shape from simple ovoid or
rod shape to bizarre, bended forms with invaginations and protrusions on their
surface. Mitochondria with typical cristae were not observed, their majority
being much rather of tubular character.

The cvtosomes (Fig. 6) are round-shaped or ovoid formations, their
size ranging from 0.3 to 12 /i. Those of 1—3 u in size are of more frequent
occurrence. They are identical with the yellow pigment granules observed in
the cells in native condition. They are ,unite membrane” bound which at
certain places is not continuous. Their internal substance exhibits great variety.
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Very dark homogeneous areas are alternating with similarly homogeneous
spots of less electron density located inside them. Besides these a lamellar
system similarly of ,,unite membrane” construction and resembling very fine
myelin figures, further a granular substance and vesicles too might also be
located inside the cytosomes. The varying ratio of occurrence of these con-

Fig. 6. Typical cytosome. Arrow indicating areas where eytosome-membrane cannot be
recognized. Cerebral ganglion. X62 400

6. (‘(bra. Tipusos cytosoma képe. A nyil olyan helyekre mutat, ahol a citoszoma-membran
nem ismerhet6é fel. Cerebrélis ganglion. Nagyitas: 62 400 X

stituents results in an almost untipifiable richness of forms. Great sized cyto-
somes very often exhibit irregular, complex forms. They are demonstrable
usually arranged in groups in most diverse areas of the cytoplasm even in the
place of origin of the axons.

Formations also occur which so to say represent transitions between
mitochondria and cytosomes. On basis of their outer membrane and tubuli
they might be taken for mitochondria, their internal substance, however,
exhibits the characteristics of cytosomes: they contain substance of granular
and lamellar structure (Fig. 7).

Permanent constituents of the cytoplasm (Fig. 8) are also the multi-
vesicular bodies (Soteto and Porter 1959). These are 0.2 —0.5 Ksized mem-
brane bound formations with numerous vesicles ranging from 200 to 400 A in
diameter inside them.
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Besides the above organella the cytoplasm contains numerous ribosomes,
vesicles and other granules too, the amount of which varies in nearly every
single cell. These organella as a whole can be ranged into the group of micro-
somes. Large masses of ribosomes occur free in the cytoplasm, a number of
them, however, is connected to the vesicles of the endoplasmic reticulum.

5 ’? b ‘ '

Fig. 7. Mitochondrium in the condition of transformation, in its inner part accumulation
of granular substance (EC). Beside it an ,emptying” cytosome (TM). Cerebral gang-
lion. x 62.400

7. &bra. Atalakuloban levé mitochondrium, amelynek belsejében szemcsés allomany
halmozdédott fel (EC). Mellette kilril6ben levd citoszoma (TM). Cerebralis ganglion.
Nagyitds: 62 400 x

There are also polyribosomes observable in the cytoplasm. Special granules
(Fig. 9) may also occur in certain cells. They are of high electron density
and range from 200 to 500 A in size, and their surface is irregular. They appear
in certain cells only following contrasting with uranyl acetate and lead citrate.
It is most practical to call them simply dark granules. They are usually located
in areas in which the cytosomes also occur. On occasions they might be observed
arranged in regular rows around the cytosomes.

In some rather rarely occurring cells DCVs are also to be found in large
numbers. Their sporadic occurrence in few numbers in the cytoplasm is not
uncommon (Figs 2,4), their mass appearance, however, was noted only in few



43

cells. They are membrane bound with a substance of high electron density in
their middle part, and range from 1000 to 2000 A in size. Morphologically
they appear to be identical to the DCVs seen in the axons, but in the cyto-
plasm their average size is greater. A more detailed description of them will
be given in connection with the axons, it is tobe remarked, however, right here
that the DCVs of the cytoplasm do not exhibit depletion phenomena.

Fig. 8. Multivesicular bodies (MV). Cerebral ganglion. X45 000
8. dbra. Multivezikularis testek (MV). Cerebralis ganglion. Nagyitas: 45 000 x

2. Processes
a. AXxons

The axons constitute the bulk of the ganglia. The whole neuropil is made
up of numbers of axons and glial elements, lots of axons were, however, found
also among the nerve cells in the cortical area. The axons are naked, in general,
and unsheathed. The free surfaces of the parallelly running axons are conti-
guous with each other, and the processes of glial cells are located only around
bundles of several hundred or thousand axons, and are forming there a thin
layer. Regular round cross sections of axons are seldom observable, because
the axons passing side by side in large numbers comidetely fill the area at
their disposal, and this results inagreatvariety of cross section images (Fig. 10).
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The axons are of most varying thickness. The thinner ones are 0.3 u in
diameter, but every size up to 4 u might occur, but axons greater than 2 u in
thickness are relatively rare. With the rise in diameter certain structural
differences appear in the substance of axo-plasm. It is most practical, there-
fore, to divide the axons into two groups:those below 1y inthickness are termed
thin (Fig. 11), those of greater diameter are called thick ( Fig. 12).

Fig. 9. IDark granules (DG). Pedal ganglion. X 30 000
9. dbra. A sotét granulumok képe (DG). Pedalis ganglion. Nagyitas: 30 000 X

The thick axons are originating from large-sized cells. The axolemma is a
direct continuation of the cell-membrane. The axons are considered to originate
in that place where the normal cytoplasmic structure terminates and continues
in the axoplasm of more pure content. This transition is more distal in the
initial part of the process.

The thin axons are partly the processes of smaller nerve cells, or partly
afferent fibres originating obviously from other ganglia or from the periphery.
Thin fibres originating from the branching-off of thick axons were also observ-
able.

Microtubuli that might sometimes be thicker than those of the cyto-
plasm are constant components of the axoplasm. They are occurring generally
in masses in parallel orientation to the longitudinal axis of axons (Fig. 11).
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The measurements show that they may range up to 6 p in length, but, obviously,
there may be longer ones, too. There are places where microtubuli are not
observable, instead of them, however, a very fine network consisting of fibres
much thinner than the tubuli were demonstrable. This is mainly characteristic
of thick axons (Fig. 12).

£ R

Fig. 10. Transverse section of grouped axons. Ax — axons; Gl —processes of glial cells.
Pedal ganglion. X30 000

10. 4bra. Axoncsoport keresztmetszeti képe. Ax — axonok; Gl — gliasejtnyulvéany. Peda-
lis ganglion. Nagyitas: 30 000 x

In the axoplasm there are very tiny vesicle-like formations too, occurring
sporadically in the cytoplasm. They bear resemblance to the endoplasmic reti-
culum, on basis of the irregularity of their shape, however, they may be defi-
nitely distinguished from other vesicular components of the cytoplasm, which
will be discussed in the following.

The mitochondria of the axons exhibit a tubular character, their matrix
is always dense and they contain tubuli in relatively large numbers. They are
small in general, they may, however, range up to 2 p in length in certain thick
axons. There are relatively few mitochondria present in the axons.

The most conspicuous structural element of the axons is constituted by
the vesicles. They range from 700 to 1400 A in diameter, the most frequent
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are, however, those of 1000 A in size. Exceptionally forms 2000 A in diameter
might also be found among smaller ones; this occurs, however, very seldom,
in about 0.25 percent of the cases. 26 percent of them are empty inside, and
in the others a ,,nucleus” of varying diameter and high density is to be found
(Fig. 13). Their membrane, which is thinner than the axolemma, has a ,,unite

Fig. 11. Longitudinal section of thin axons. Visceral ganglion. x30 000

11. abra. Vékony axonok hosszmetszeti képe. Viscerélis ganglion. Nagyitas: 30 000 x

membrane” construction. It is mostly continuous, there may be, however,
openings visible on it too. A light halo of varying thickness is located beneath
the membrane surrounding the dark nucleus. In about one half of cases (46
percent) its greatest diameter comes to two thirds of the outer diameter of the
vesicles. In other instances, however, the middle part is smaller (28 percent).
Inside one axon several variaties may also occur, but only one form dominates
in general, thus resulting in characteristic axon-petterns. In case of some DCVs,

Fig. 12. A detail of a thick axon presented in longitudinal section. Visceral ganglion.
X 32 500

12. abra. Vastag axon részlete hosszmetszetben. Visceralis ganglion. Nagyitas: 32 500 X
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a loosening of the dark inner part is observable, which may often become so
expressed that the whole vesicle appears to be made up of two concentric
rings. It is distinctly to be seen at higher resolution, that the ,nuclei” of the
DCVs are not homogeneous but have a granular structure. Fig. 14 illustrates
the distribution in size of vesicles in the axons. The DCVs may occur, in general,
everywhere along the axons, in more dilated areas, however, they may be
observed also in groups of several 100. These places are most obviously forma-
tions identical to nerve terminations. In such places mitochondria, microtubuli
and more seldom cytosomes too were encountered. These latter do not occur
in general in the axoplasm, and are encountered only exceptionally.

In some thick axons a ,limiting membrane”, consisting of a row of
vesicles is observable in general near the contact line between cortex and neuro-
pil, which separates certain areas from one another inside the axons (Fig.
15). This row of vesicles is built up of round or elongated vesicles, and appears
to form a porous membrane. It also happens, that this porous membrane pro-
ceeds directly as a regular axolemma, and the two parts of axons bound only
by a porous membrane are passing on henceforth as two axons separated from
each other by a regular axolemma. It has been also observed that on both sides
of the porous membrane the axoplasm was of different character.

b. Dendrites

Besides the axons there are also other processes which originate from
the surface of the nerve cells. They are of varying thickness, they are generally
short, some-times branching off, and inside them a structure similar to the
cytoplasm of nerve cells is observable. These processes are identical to the
dendrites and, in conformity to the fact that the majority of cells is unipolar,
they are rather seldom encountered. They usually have contact with the
axons (Fig. 13).

3. Interneuronal connections

a. Soma-soma

A close contact may exist between nerve cells lying side by side, when,
namely, only a narrow intercellular space exists between the cell membranes.
On occasion this space becomes dilated and forms lymphatic channels. Direct
cytoplasmic connections were not observed between adjoining cell bodies.
In certain places glial cells forming layers of 1—2 are located between the
soma of two nerve cells.

Fig. 13. DCVs of different type in the axons of the cerebral ganglion. D — dendrite.
X 25 000

IS. abra. DCV-ok kilénb6z8 tipusai a cerebralis ganglion axonjaban. D — dendrit.
Nagyitas: 25 000 X
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b. Axon-soma and axon-dendrite

Similar to that described in connection with the cerebral ganglion (Zs.-
Nagy 1964), in the visceral and pedal ganglia too, the axons are very often
contiguous with the body of the nerve cells. A contact may be formed on the
surface of the soma (Fig. 16), when the dilated part, most probably the
termination of the axon, which is filled with DCVs, fits closely on the cell

Fir/. 14. Distribution according to the size of the vesicular substance of the axons as expres-
sed in the average of measurements on 3000 vesicles

14. dbra. Az axonok vezikularis alloméanyanak nagysag szerinti megoszlasa mintegy 3000
vezikulum mérésének atlagaban

membrane. On the surface of contact the membranes may be thickened and
sometimes blurred. The massing of DCVs in the axons is observable near the
place of contact, and close to this there are very often DCVs seen, which are
either in the process of depletion or empty. The grouping of an electron dense
substance on the soma side of the contact may also be observed, this is, howev-
er, mostly lacking. A certain type of axo-somatic connection may also come
about, when, namely, one or more axons are deeply invaginating into the
substance of the soma and are forming there a close contact with the cell
membrane.

Axo-somatic connections were demonstrable mostly near the place of
origin of the axons; they may, however, occur at any place on the surface
of the soma.

The structure of axo-dendritic connections resembles that of the axo-
somatic ones. Rather seldom do we find, however, connections that might be
identified as such with certainty. This is attributable to the smaller number
of dendrites.
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c. AXon-axon

AXxo0-axonic connections represent enormous surfaces, because practically
every axon is contiguous in its whole course with the other ones, and the
axons are separated only by interaxonal spaces from each other. Areas in

Fig. 15. Limiting membrane-like formation of vesicles in the longitudinal section of
axons. Visceral ganglion, x 25 000

15. abra. Vezikulumokbolallé valasztéfal axonok hosszmetszeti képén. Visceralis ganglion.
Nagyitas: 25 000 x

which the grouping of DCVs occur on the one side (presynapsis) along certain
places of the contiguous axolemmae, may most obviously be of distinguished
importance. In such places the axolemma is somewhat thickened on botli
sides, and the interaxonal space is slightly broader than elsewhere, and inside
it very thin, fine transverse bridges appear. One axon may form several such
contacts with neighbouring axons. DCYs may occur on both sides of such
contacts, but on the one side there is always the grouping of DCVs observable
and depletion phenomena also frequently occur.

Such contacts may often be found in the initial section of thick axons,
where, namely, the thick axons assumably represent the postsynaptic side.
Such connections may, nevertheless, exist also between axons running parallel,
where that part of axon which might be considered as presynaptic is evidently
not a nerve termination (Fig. 17).
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In the course of this study we observed only very seldom, not more than
only in some instances such axo-axonic connections in which formations closely
resembling synaptic vesicles characteristic of nerve terminations of higher
animals were seen on the presynaptic side, and a subsynaptic specialization
on the other side.

Fig. 16. Structure of axo-somatie synapses (arrow) N — nucleus. Cerebral ganglion.
X 48 750

16. &bra. Axon-somatikus synapsis szerkezete (nyil). N — sejtmag. Cerebralis ganglion.
Nagyitas: 48 750 X4

4. Glial tissue

Two forms of glial cells may be distinguished. One is located in the
cortical part, and is thus nominated cortical glia as opposed to the medullary
glia located in the neuropil. The cortical glial cells which are identical to the
lamellar glial cells described previously (Zs.-Nagy 1964) in the cerebral
ganglia, are demonstrable in all three pairs of ganglia. Most surprisingly, the
DCVs were also found to occur occasionally in the cortical glial cells. Glial
cells do not form trophospongium.

The medullary glial cells are of much more complicated structure, as
their shape is not flattened but extends in every direction in space. A narrow
rim of plasm is seen near their nucleus, and from there processes are passing
in every direction into the axons of the neuropil (Fig. 10) and appearing to



furnish with a sheath the greater groups of axons. This sheath is, however,
not closed in the least. In the medullary glia the structure of the plasm is
similar to that observed in the cortical glial cell, inside it, however, DCV was
never observed, whereas a very fine fibrillar substance was demonstrable in
its plasm, which, in turn, is not the property of the cortical glia.

Fig. 17. Axoaxonic synapses between parallelly running axons (arrow). Cerebral ganglion
X 30 000

17. &bra. Axo-axonikus synapsisok parhuzamosan futé axonok kozétt (nyilak). Cerebralis
ganglion. 30 000 x nagyitas

Discussion

The fact that the nuclear membrane might become loosened up in some
cases, indicates that under certain conditions the nucleo-cytoplasmic connec-
tion might become more intensive. This and the differences observed in the
nuclear substance necessitate the supposition of functional changes. The
invaginations of the nuclear membrane, which increase the surface considerably
for the metabolic activity of the nucleoplasm, might be considered analogous
to similar phenomena observed in the nerve cells of higher animals (Tschentzov
et al. 1961). As demonstrated by Brodsky (1961) nuclei of similar morpho-
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logical appearance might intensively participate in the protein synthesis of
cells. This is in complete accordance with the experimental observation, that
in the Anodonta cygnea, in the course of restitution processess following the
depletion of the monoamines by reserpine, when, namely, there is a very
vigorous catecholamine production, and thus obviously an enhanced metabolic
activity too in nearly every nerve cell of the CG, the loosening up of the nuclei
and their invaginations are more frequently noticed, than under normal con-
ditions, and the nucleus itself also appears to be more active (Zs.-Nagy 1988).

The peculiar lamellar formations of the endoplasmic reticulum may be
parallelled to those formations described by Fernandez—Moran (1957) in
the Purkinje-cells of the rat, which were further examined by H erndon (1964)
and termed by him as ,lamellar bodies”. Similar formations were described by
K asa and Jo6 (1965) in the Purkinje cells of the guinea-pig. A parallel arran-
gement similar to that of the endoplasmic reticulum but of different type
was observed by Lemos and pick (1966) in the sympathetic trunk of the rat.
To our knowledge, such formations were not described heretofore in the nerve
cells of the molluscs. It is suggested that this lamellar formation may be
identical with a certain form of the endoplasmic reticulum which differen-
tiated to perform a special function.

The fact that the Golgi apparatus is rich in structural elements, that it
has connections with the DCVs, and that its activity increases following reser-
pine treatment (zs.-Nagy 1968), suggests that it may have an important role
in the formation of DCVs. Similar phenomena were reported by others
(Amoroso et al. 1964, Lane 1964, Simpson €t al. 1964, Norte et al. 1965) in
the nerve cells of molluscs.

The importance of the microtubules is unknown as yet. As suggested by
Tokin (1966) the microtubules may be considered as generally occurring cell
organella, which most probably form a cytoskeleton, and this may be of
importance not only mechanically in the orientation of the cell organella, but
may have an active role as well.

The mitochondria exhibit a characteristic structure. The variety with
light matrix is identical to that one described by Noi1te et al. (1965) in the
ganglion cells of Gastropods, and the variety with dark matrix is completely
similar to the mitochondria described by Fahrmann (1961) in the nerve cells
of Unio tumidus. Nevertheless, the latter author refers in the text to mito-
chondria of the crista type. This appears to be a mistake, because it is
not the dark but the light matrix variety that does not show the typical morpho-
logical characteristics of the crista type mitochondria, and though they differ
in some sense also from tubular mitochondria still they are standing much
closer to them.

Considering, that on the effect of reserpine treatment the majority of
mitochondria appear in the form of the dark matrix variety (zs.-Nagy 1968),
whilst under normal conditions the light matrix variety prevails, further that
both may occur inside the very same cell, it seems to be justified to suggest
that the two forms represent varieties with different functions, and that in the
course of intracellular changes they may be transformed into each other.

The cytosomes are very conspicuous formations of the cytoplasm. This
term was firstly used by Noirte et al. (1965) for designating those special
formations in the nerve cells of molluscs, which were already known to previous
authors as pigment granules (Schuittze 1879, R awitz 1887, Bochenek 1905)
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The progress made in the field of ultrastructural researches has led to the
accumulation of data evidencing that formations similar to the cytosomes occur
widely in the kingdom of invertebrates, and are not absent from certain tissues
of higher animals either. Though the term ,,cytosome” has not been adopted by
every author, the situation remains the same, namely, the formations described
are morphologically identical to the cytosomes. The most important works on
molluscs were collected and reviewed on by Noi1te et al. (1965). Formations
identical to cytosomes were described in the nerve cells of the Annelida by
Rohtich et al. (1962), Coggeshatt and Fawcett (1963) and in the corpus
cardiacum of the Insects by scharrer (1963). Cytosomes occur also in certain
nerve cells of the vertebrates and even in other tissues of them (Lemos and
Pick 1966).

Cytosomes are normal constituents of the nerve cells in the molluscs.
Their relationship to other well defined cell organella is not clear, it is worth
to note, however, that even F ahrmann (1961) considered it possible that they
might take their origin from mitochondria. Mitochondria that might be taken
as transitional forms to the cytosomes were observed by Scharrer (1963)
in the corpus cardiacum of the Insects. A transition of similar nature of the
mitochondria was reported by Gaudecker (1963) in the larvae of Drosophila.
It is assumed that those forms of mitochondria which we have observed in the
nerve cells of Anodonta cygnea and in which the appearance of granular or
lamellar substance was observable, also speak in favour of the suggestion that
the cytosomes may originate from the mitochondria by way of a special trans-
formation. The fact that the membrane of the mitochondria is thinner than
that of the cytosomes, and that the latter has the construction of the ,unite
membrane”, seems to contradict, in some respect, to this hypothesis. Consider-
ing, however, that the membranes of the cytosomes are most variable, and
may open up or disappear even under normal conditions, it is thought not
improbable that at a certain stage of the process of cytosome formation the
membranes are also rebuilt, and this may be the explanation to the above
contradiction.

The lysosomes are in some respect similar to the cytosomes morphologi-
cally. Questions pertaining to this and to the relationship between cytosomes
and neurosecreta are discussed in our previous paper (Zs.-Nagy 1967).

The origin of the dark granules in the cytoplasm has not been explained
as yet. It seems probable that they may originate from the polyribosomes,
respecting, however, their close topographic connection with the cytosomes,
it is assumable that the substance of the cytosomes is also implicated in their
formation. They somewhat resemble morphologically glycogen granules that
are observable in other cells; on the basis of the observation, however, that
they appear only following contrasting with uranyl acetate and lead citrate,
and that subsequent to contrasting with lead citrate, the glycogen granules
are of low electron density, whereas the ribosomes of a high one (Reynotds
1963), their identity is considered disputable.

A small proportion of nerve cells and an overwhelming majority of the
axons contain DCVs. The DCVs appear to be identical morphologically to
formations in the sympathetic nervous system of higher animals. At present
there are numerous data evidencing that noradrenaline is localized in the
DCVs of the vertebrates. The literature on this subject has been thoroughly
reviewed by Hockrert (1967).
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The DCVs are common in the nerve fibres of other molluscs, t00 (Schiote
1957, Fahrmann 1961, Gerschenfeld 1963, R osenbluth 1963, Baxter and
Nisbet 1963, Schilote aNnd Hanneforth 1963, R 6hnisch 1964, Nolte 1964,
Sakharov et al. 1965 etc.). Gerschenfetd (1963) believes them to be non-
cholinergic synaptic vesicles in case of Gastropoda, and suggests that they
might contain catecholamines and perhaps serotonin as well. F ahrmann (1961),
Schiote and Hanneforth (1963) are of the opinion that the DCVs of the
Gastropoda are comparable to primary neurosecretory granules. Several types
of these granules were described on basis of their size and the state of the middle
part by the latter authors. Gerschenferd (1963) also adopted tipification
according to size. We have already called attention (zs.-Nagy 1964) to the
risk involved in tipifying according to size, and our recent experimental
evidences speak also in favour of this. A significant decrease in diameter of
granules and a considerable loosening up of their inner substance was demon-
strated by Rinne and Arstirta (1966) in the rat following reserpine treatment.
Evidences to the same effect were obtained by our own experiments with
reserpine (zs.-Nagy 1968). All these seem to support the suggestion proposed
by us that both in the cells and in the axons the DCVs of different size corres-
pond to representants of the same organellum being in different state.

According to the above the empty vesicles may be the representants of
completely depleted forms of the DCVs. This suggestion is supported by the
fact that the empty vesicles are very often observable close by the synaptic
connection, where the consumption of the substance of the DCV may be
maximal. It is also likely that the empty vesicles are of other nature than the
depleted DCV. Neither can the suggestion be rejected that those empty vesicles
which occur seldom and alone without DCVs in the very small-sized nerve
terminations, and which never range beyond 4—500 A in diameter are such
that differ from the DCV and perhaps correspond to the synaptic vesicles of
the vertebrates.

In another paper of ours (Zs.-Nagy 1968) we deal with the origin of the
DCVs and with their relation to the catecholamines.

Besides the presence of DCVs, the axons may be also characterized by
the absence of sheath and branching tendency. The conduction of stimuli with
high decrement might be explained, at least partly, by these morphological
features (Labos et al. 1963).

A most peculiar phenomenon observed is the porous membrane in certain
axons. Our present knowledge does not allow to interpret it functionally.
Even if it is a fixation by-product, it may indicate a special state in certain
places of the axolemma. It is assumable that the separation into two areas
of the axon by this porous membrane may be of functional importance; this
is indicated, at least, by the fact that there are often observable on both sides
of the porous membrane parts of axons which have different structures. The
question, however, remains open, i.e. do the two separated areas correspond
to processes of two different nerve cells, or do they respresent two parts of the
same axon? In view of the branching property of axons it is difficult to decide.
It still remains to be answered, whether the porous membrane may be con-
sidered an axolemma either in the making or decomposing, or is it always
functioning in this jiorous form.

It has been found, on the one hand, when examining the structure of
interneuronal connections that similar to the observation of Lamparter (1966)



in the prothoracal ganglia of the ant, in the Anodonta cygnea there is no direct
cytoplasmic connection between the soma of the nerve cells. On the other hand,
a variety of interneuronal connections may occur (Axon-soma, axon-dendrite,
axon-axon) in all three ganglia, which constitutes an essential difference as
compared to the Gastropoda in which the existence of axo-somatic synapses is
disclaimed in general (Burttock and Horridge 11)65). Naturally, as long as
there are no direct physiological data available evidencing that the axo-
somatic places of contact observed by us are functioning really as true synapses,
we may only hypothetically speak of the existence of an axo-somatic synapsis
in fresh water mussel. The probability of the existence of such synapses is,
nevertheless, suggested by the structure of axo-somatic contacts observed.

In this respect it is most decisive that depletion phenomena observed
in the DCVs are most expressed in the vicinity of such places, and that just
the same unloading phenomena occur when the catecholamine content of the
axons is depleted with reserpine (zs.-Nagy 1968), and this is accompanied by a
decisive change in the activity of the whole nervous system of the animal, i.e.
the animal is incapable of tonic contraction of its adductors (Saranki 1963)
and its other muscles are relaxing too. Chemical transfer of stimuli may most
obviously be expected to occur in areas of the membrane in which the structural
conditions for such a transfer are given. In the light of the above it is thought
that the special places of axo-somatic, axo-dendritic and axo-axonic contacts
where accumulation of DCV, depletion phenomena, membrane thickening and
perhaps also subsvnaptic massing, further the fillingup of the intermembraneous
spaces with special bridges occur, may be considered as synapses with con-
sideration for analogues existing in other animals (Lemos and Pick 1966,
Castejon and Villegas 1964)

Summary

Author describes the general submicroscopic structure of the neurons
in the three pairs of ganglia of Anodonta cygnea. He describes the different
forms of appearance of the nuclei. The special lamellar structure of the endo-
plasmic reticulum is also discussed. He gives a detailed description of the
structural characteristics of other cytoplasmic components (Golgi apparatus,
microtubuli, cytosomes, dense-core vesicles) and describes the structure of
axo-somatic and axo-axonic synapses. Data on the two types of glial cells are
also presented.
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UJABB ADATOK AZ ANODONTA CYGNEA L.
(PELEOCNPODA) NEURONSAINAK SZUBMIKROSZKOPOS
SZERKEZETEHEZ

Zs.-Nagy Imre

osszefoglalas

Szerzd leirja a neuronok altalanos szubmikroszképos szerkezetét az Anodonta
cygnea mindharom ganglionjaban. Ismerteti a sejtmagok kiilonb6z6 megjelenési formait.
Beszamol az endoplazmas retikulum kilonleges lemezes képz6dményeir6l. Részletesen
taglalja az egyéb citoplazmatikus komponensek (Golgi apparatus, mikrotubulusok,
cytosomak, dense-core vesiculumok) szerkezeti sajatsagait, s ismerteti az axo- -somatikus
és axo-axonikus synapsisok szerkezetét. Adatokat k6zol tovabba a gliasejtek két tipusarol.

HOBbLIE OAHHbBIE O CYBMWKPOCKOMWYECKOM CTPOEHWWN HEWPOHOB
BE33YBKW

. >x-Hagb

OnuncaHo Cy6GMUKPOCKOMWUYECKOE CTPOEHWEe HeMpoHOB BO BCEX TpeX mapax raHrnues
6e33y6ku. OTMeueHbl CyLLECTBYIOLME Pa3nnums B (opMe KNeTouHoro siapa. OnucaHbl 0cobble
NNacTMHYaTO06pa3Hble CTPYKTYPbl 9HAOMNA3MaTUYecKoi ceTw. [laeTcs noapo6Hoe onucaHue
APYTUX CTPYKTYp UMTONNa3Mbl (annapat [oNbAXu, MUKPOTYGY/bl, LMTOCOMbI, BE3WUKY/bl C
3M1EKTPOHHOMNOTHLIM LeHTPabHbIM 3ePHOM), @ TakKXXe CTPOEHMs aKCO-COMATUYeCKUX W aKCo-
aKCO MHbIX CUHaNcoB. OBHapYXeHbl Ba TUMNA INMaNbHbIX KNEeToK.
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Nucleotides as constituents of nucleic acids, synaptic membranes and
receptors of cell surfaces perform many functions in the organism. Although
their direct participation in the generation, conduction and transmission of
the nerve impulse has not been proved, the number of authorities indicating
the importance of the change in the free nucleotide level during excitatory
processes is continuously increasing (Robb 1956, Poskonova 1961,
Koshtoyants 1963, Kuperman et al. 1964, Forrester 1966) The adenine
and uracil nucleotides also play a part in liberation of the heart of lower
vertebrates and molluscs from inhibitory nervous effects (Poskonova 1961,
S.-Reézsa 1966). In addition to this a concurrent antagonism has been demon-
strated in the effect of ATP and an inhibitory transmitter on the heart of
molluscs (Sakharov and Nistratova 1963). Such antagonism between uracil
nucleotides and acetylcholine was described earlier on the heart of frogs
(Putintzeva 1962)

Data showing that stimulatory transmitters (catecholamines, 5-HT) are
stored bound to ATP (Eurer 1966, Roberts 1966) indicate that nucleotides
released together with transmitters may also have some connection with the
generation and elimination of the nerve impulse. The importance of nucleotides
is also emphasized by the data showing the realization of the effect of stimula-
tory transmitters passing through nucleotide metabolism on the heart of
vertebrates (Stan and Honig 1965, Suthertand and Robinson 1966) and
molluscs (S.-Roezsa 1967).

On the heart of invertebrates the effect of nucleotides has not yet been
studied except in the case of ATP, and because it seems that they are of major
importance in the regulation of heart activity, their systematic investigation
becomes necessary. The present article contains the data obtained in the course
of investigating adenine, guanine, uracil and cytosine nucleotides. The aim of
our experiments was particularly to find out which of the above mentioned
nucleotides influence the function of molluscan heart and the effect of the
excitatory transmitters.
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Method

The experiments were performed on the isolated hearts of Helix pomatia
L. and Anodonta cygnea L. The isolated organ was obtained as described in a
previous article (S.-Reszsa and pPecsi 1967). In case of Helix hearts Menu’s
solution was used (Meng 1958), while for Anodonta hearts we applied that
pl’OpOSEd by Marczynski (Marczynski 1959)

During the experiments the following agents were used: adenosine tri-
phosphate (ATP), adenosine diphosphate (ADP), Reanal; adenosine mono-
phosphate (AMP), guanosine triphosphate (GTP), guanosine diphosphate
(GDP), guanosine monophosphate (GMP), uridine triphosphate (UTP), uridine
diphosphate (UDP), uridine monophosphate (UMP), cytidine monophos-
phate (CMP), Koch-Light; cytidine triphosphate (CTP), cytidine diphosphate
(CDP), Sigma; 5-hydroxytryptamine (5-HT), Fluka.

The agents were applied in Meng and Marczynski solution respectively
in concentrations of 10710—10~2 M. They were passed into the cannula by
means of a pipette, and care was taken to return the same quantity of fluid
to the heart as had been taken from it.

The experiments were conducted in the spring, summer and autumn
months at room temperatures (20—25 °C). All the agents investigated had
been tested both in the autumn and spring.

Results
1. Effect of nucleotides on the isolated Helix and Anodonta hearts
Adenine nucleotides

At low concentrations AMP, ADI’ and ATP produced on a Helix heart a
moderate stimulatory effect which was indicated by an increase of amplitude
(Fig. 1). The threshold concentration proved to be 10 8 M in case of AMP
and ADP. The degree of stimulatory effect was independent of the concen-
tration between 10-8 —10~4 M, appearing with unchanged intensity with both
nucleotides. ATP produced a stronger stimulation (Fig. 1) than the two other
adenine nucleotides, the threshold concentration being 10-9 M. When applying
higher concentrations the stimulatory effect of adenine nucleotides ceased.
With concentrations between 10-3—10-2 M, ATP and ADP have a negative
inotropic effect, while AMP turns the regularly functioning heart into an
arhythmic one. The effect of adenine nucleotides ceases quickly after washing
out, only an increase of tone being observable in the case of ATP (Fig. 1)
as an after-effect.

Fig. 1. Effect of adenine and guanine nucleotides on the isolated Helix heart
A — Type of effect of AMP, ADP and ATP; B — Seasonal change of GDP effect. GMP
effect; C — Seasonal change of GTP effect

1. dbra. Adenin és guanin nukleotidok hatasa izolalt Helix sziven
A — AMP, ADP és ATP hatastipusa; B — GDP hatasanak szezonalis valtozasa, GMP
effektus; C — GTP hatasanak szezondlis ingadozasa
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On the Anodonta heart the above mentioned nucleotides produce their
effects with considerably higher concentrations. The threshold concentration of
ATP was between 10~5—10~4M, so that a concentration of Hi AM was inactive,
while that of 10~4M was of positive inotropic effect and it turned an arhvthmic
heartbeat into a regular one. With hearts of weak activity and a concentration
of 10-3 M, the initial positive inotropic effect was transformed gradually into
systolic contraction by a continuously decreasing amplitude, but strongly
beating Anodonta hearts were not affected at that concentration. A further
increase of the concentration (10'2M) results in an immediate systolic contrac-
tion of all hearts. If we leave the hearts for a while after washing out, then the
heartbeat started again automatically. The frequency of heart activity was
not significantly influenced by the adenine nucleotides.

The effect of ADP is like that of ATP, but its threshold concentration
is higher (1(G4 10-3 M). An ADP concentration of 10~2 M results in an
immediate systolic contraction. Its effect can be washed out and the Anodonta
heart responds repeatedly to further ADP dosing.

The effect of AMP is even more weak on the heart of Anodonta. The
threshold concentration is 10—3—10” 2M. The concentration of 10 - M produced
a weak decrease in amplitude which was easily eliminated by washing out.

Guanine nucleotides

Contrary to the adenine nucleotides the effect of two guanine nucleotides,
namely that of GDP and GTP, has a seasonal change on the Helix heart.
As with the adenine nucleotides the effect of GMP does not show any seasonal
change, but unlike those it does not produce any stimulation, but only inhi-
bition.

In the course of our experiments on the Helix heart, the GMP proved
to be the least effective, producing only an inhibition with a concentration of
KG3—KG5 M and above, without causing a decrease of amplitude greater
than 30%. A systolic arrest of the heart was, however, never observed. GDP
was inactive in the spring and summer months (from March on), while in
autumn it caused a complete arrest of the heart from 10 8 M onwards. GTP
produced an increase in amplitude up to 90% in the spring and summer
periods from lo 7M on, while causing an inhibition at the same concentration
from the autumn months (October to November). The inhibition was easily
washed out in the case of GDP and GTP and the activity of the heart remained
undamaged for a longer time (Fig. 1).

As to the Anodonta heart GMP proved to be less effective. A concentration
of ICG2 M resulted in a decrease in amplitude and increase in frequency, but a
systolic arrest of the heart was never observed.

Fig. 2. Effect of uracil and cytosine nucleotides on the isolated Helix heart
A — Effect of ITMP and seasonal change of UDP effect; B — Seasonal change of UTP
effect; C — Effect of CMP, CDP and CTP

2. abra. Uracil és citozinnukleotidok effektusa izolalt Helix sziven
A — UMP hatasa és az UDP effektus szezonalis valtozdsa; B — UTP hatas szezonalis
ingadozasa; C — CMP, CDP és CTP effektus



CMP 1O-7

5 Tihanyi Evkényv

cDP

W~t0

65



66

A concentration of ICG3M of GDP caused only a slight increase in tone-
level, while after ICG2 M a systolic contraction developed, but the arrest of
the heart followed only after some minutes.

The GTP threshold of the Anodonta heart was around ICG4 M. The
concentration of ICG4 M produced a decrease of amplitude and increase of
tone, while ICG2 M caused a gradually developing systolic contraction. The
effect of GTP is like that of ATP- ADP, but its effect is weaker, as the high
concentration of the latter (KG2 M) resulted in an immediate systolic arrest.

The effect of guanine nucleotides on the Anodonta hearts can also be
washed out easily and the heart reacts again to a repeated nucleotide applica-
tion. No seasonal change of the effect of guanine nucleotides was experienced
with the Anodonta hearts.

Uracil nucleotides

Among the uracil nucleotides UMP is ineffective in all seasons on the
Helix heart. UDP has a stimulatory effect in spring and summer (from March
onwards) with a concentration of 10 "8 M on. UTP produces a considerable
increase of amplitude in spring and summer, but with an increased concentra-
tion (KG8—ICG2M) there is no increase in intensity, while the same concentra-
tion of UTP on the Helix hearts in autumn (from November on) results in all
cases in a complete arrest of the heart (Fig. 2). The effect of uracil nucleotides
can be washed out quickly and the heart does not adapt to these agents. UTP
produces in the same season exactly the opposite effect to the guanine
nucleotides.

On Anodonta hearts UMP proved to be ineffective in all concentrations
used. A seasonal change of effect with the application of uracil nucleotides
could not be observed on Anodonta hearts.

The threshold concentration of UDP was around 10 1 M and this pro-
duced a weak positive inotropic and chronotropic effect. Higher concentrations
(ICG3—ICG2 M) resulted in a pronounced increase of amplitude and frequency
and the tone was also increased, but no arrest of heart activity was observed.

The threshold concentration of UTP on Anodonta hearts was between
KG6—KG5M. 10 5M has a weak, KU4 M a pronounced positive inotropic
effect. At KG3 M concentration it produces an increase of amplitude around
25%, and an increase of tone can also be observed. A concentration of Hr 2M
causes a systolic arrest of the heart, but unlike ATP of similar concentration
the heart begins to beat again in a short time without washing out (Fig. 3).
The heartbeat thus spontaneously restored was of a lower amplitude and
higher frequency (an increase of 50%), but after a few minutes of functioning
the original level is restored again.

Effects produced by UTP and UDP can be quickly eliminated by wash-
ing out and the heart reacts again to a repeated application of nucleotide.

Cytosine nucleotides

Cytosine nucleotides, like the adenine nucleotides, do not show a seasonal
change in their effect on Helix hearts. CMP caused a positive inotropic effect
from a threshold concentration of ICGIOM onwards and even at high concen-
trations (10-3—KG2M) it had no inhibitory effect. Among all the nucleotides
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investigated, CDP proved itself to be the most effective stimulatory factor,
producing at concentrations of 10~10—10“2M a pronounced stimulatory effect
which was hardly to be washed out and manifested itself in an increase of
amplitude (Fig. 2). CTP has also a stimulatory effect at concentrations of
10~5—10“2 M (Fig. 2) and the effect manifests itself also in an increase of
amplitude, the frequency remaining constant.

Between Anodonta and Helix hearts we observed the most conspicuous
divergence in relation to cytosine nucleotides. Thus with Anodonta hearts two
cytosine nucleotides proved themselves to be completely ineffective (CDP,
CMP). Only a concentration of 10~2 M of CTP resulted in a weak negative
inotropic and positive chronotropic effect, which was easily washed out.

Fig. 3. Effect of 10-2 M uridine triphosphate on the isolated Anodonta heart
3. dbra. 10-2 M UTP hatésa izolalt Anodonta sziven

2. Influence of nucleotides on the stimulatory effect of 5-HT
In order to clear up whether the above mentioned nucleotides have a

role in realizing the effect of stimulatory transmitters, we investigated the
effect of 5-HT on hearts previously treated with nucleotides. These experiments

5
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were conducted on Helix hearts because these proved themselves to be several
times more sensitive to both the nucleotides and 5-HT.

Our experiments showed that none of the adenine nucleotides (ATP,
ADP, AMP) and the monophosphates (AMP, GMP, UMP, CMP) had any
influence on the 5-HT effect. Even after a long (30 60 minutes) preincubation
with a high concentration (10~4 10-2 M) of the above agents, 5-HT produced
an unchanged stimulatory effectwith the threshold concentration) 10“ 10—10 )M)
and intensity. GDP proved itself also to be ineffective in influencing the
effect of 5-HT.

After pretreatment with a solution of UDP of a concentration of 10-6 —
I0-5M lasting for 25—30 minutes, the 5-HT caused no further rise in the
stimulatory effect produced by the UDP, the amplitude remaining constant
even with 5-HT concentrations of 10~6—10~5M. If the heart was repeatedly
washed out with physiological solution after the UDP treatment, then 5-HT
produced again its stimulatory effect corresponding to the control. CDP had
the same effect. These mutual effects appeared most clearly around the thresh-
old concentrations of UDP, CDP and 5-HT.

Pretreatment with the triphosphates (GTP, UTP and CTP) reversed the
effect of 5-HT. Preincubation was effected in the season when these nucleotides
produced a stimulatory effect. In Fig. 4 the effect of UTP and CTP on the
5-HT response is shown. After a treatment of 15 minutes with UTP with a
concentration of 10 9 M, 5-HT arrests the heart. Later on the heart was
liberated from the inhibitory effect, but the original level of amplitude was
not reached (Fig. 4B). 1()-5 M CTP has a similar effect (Fig. 4C). In the
same season 5-HT always produces a stimulatory effect on the control hearts
(Fig. 4A).

Carrying out incubation in the season when UTP and GTP have an
inhibitory effect (i.e. in autumn for GTP and spring for UTP) 5-HT starts
the heart stopped by the two nucleotides, but this effect is not worth measur-
ing since the same can be established by applying a physiological solution too.
The capacity of CTP to modulate the effect of 5-HT remains unchanged in
every season, i.e. 5-HT produces an inhibitory effect on a heart pretreated
with CTP both in autumn and spring.

Discussion

In the case of hearts of vertebrates the effectivitv and type of influence
of nucleotides is connected with the OH group positioned at the sixth carbon
atom of the pyrimidine ring (positive inotropic effect), or else with the group
N H, of the purine base (negative inotropic effect) (Drury and Szent-Gyoérgyi
1923, Versprille 1964). In our case we have to look for an other explanation,
partly because some of the nucleotides investigated showed reactions on the

Fig. 4. Effect of triphosphonucleotides modulating the 5-HT effect
A — Effect of 5HT on the control heart; B — Effect of 5SHT on a heart pretreated with
UTP; C — Effect of 5SHT after preincubation with CTP

4. abra. Trifoszfonukleotidok 5HT hatast modulalé effektusa
A — 5HT effektus kontroll sziven; B — 5HT effektus UTP-vel el6kezelt sziven; C —
5HT hatds CTP el6inkubalas utéan
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heart of molluscs deviating from those observed with the hearts of vertebrates,
and partly because in the effects of a series of nucleotides seasonal changes
could be observed which cannot at all be explained by the purely stable phy-
sico-chemical characteristics of the nucleotides investigated. For the sake of
comparison we compared our data with the results gained in the course of
experiments on frog hearts (Verspritite 1963, 1964, Pixtintzeva and Bobrova
1964), since between Helix and Anodonta hearts — apart from the seasonal
changes — up to a concentration of 10—3 M only threshold concentration
differences were obtained, without any deviation in the type of effect. The
Anodonta heart reacted to nucleotide concentration 30—40 times higher than
the Helix heart and proved itself to be practically insensitive to cytosine
nucleotides. The Anodonta heart has already been shown to have a lower
sensitivity to amines too (S.-Roezsa and Pecsi 1967), and our present results
corroborate our previous observation that it is less suited for biotesting than
the Helix heart.

The adenine nucleotides have a positive inotropic effect with concen-
trations of 10-9—1CU4 M which can be regarded as physiological. This effect
is not preceded by the negative chronotropic response which characterizes
the effect of all three adenine nucleotides and particularly that of ATP on
frog hearts (Versprille 1963, 1964, Pixtintzeva and Bobrova 1964) AMP
and ADP have a weaker effect on Helix and Anodonta hearts and the effect
of ATP is distinct from the former ones only in that it manifests itself with a
dosage of lower concentrations (Fig. 1).

Among the guanine nucleotides GMP has no effect on frog hearts, while
on Helix and Anodonta hearts it causes inhibition. GTP and GDP produce a
weak stimulation on frog hearts, corresponding to the spring stimulatory
effect of GTP on Helix hearts. In the other seasons of the year GDP and GTP
inhibit both Helix and Anodonta hearts. For the GDP effect it is characteristic
that we have a change from a stimulatory to an inhibitory effect depending
on season, but only with Helix hearts.

UMP is ineffective with all three kinds of hearts. The FTP and UDP
effects show a seasonal change on Helix hearts, inhibiting in spring and stimulat-
ing in autumn. Their effect is thus exactly opposite to that of GTP. On frog
hearts both have a stimulatory effect. Cytosine agents are ineffective with
Anodonta hearts, while with frog hearts they have a stimulatory effect —except
CMP —, and the same is true for Helix hearts in all seasons. On Helix hearts
CDP is the most effective stimulant among all the nucleotides.

In connection with the effect of the above mentioned nucleotides two
problems must be dealt with:

1 What are the causes of the inhibitory or stimulatory effects?

2. How can we explain the seasonal change observed in the effects of
guanine and uridine nucleotides?

As to the first question, we can take into account only the effect
around the threshold concentration, since an inhibition produced by a concen-
tration of 10-2 M could hardly be taken as a physiological one. The stimulatory
effect can be explained only in the case of adenine (ATP, ADP, AMP) and
cytosine (CTP, CDP, CMP) nucleotides by the structure of these agents, since
in the effect of these no seasonal change is present. Nevertheless — unlike
the vertebrates (Verspritte 1964) — the cytosine nucleotides are more
effective stimulators on Helix hearts, CDP being the most effective of them.
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This is in contradiction to the previous observation that polyphosphates have
in general the highest effectivity (Putintzeva and Bobrova 1964, Versprille
1964). On vertebrates the order of triphosphates concerning their positive
inotropic effect was ATP )>UTP > GTP >- CTP. For explaining of the positive
inotropic effect of ATP and CTP we may suppose that the effect is connected
with the configuration. In any case we have to exclude the possibility that
the effect takes into account the existence of purine or pyrimidine base, since
one of the nucleotides contains the former, the other the latter of these; thus
the adenine nucleotides have the character of electrondonors, while for the
cytosine nucleotides the quality of electronacceptor is characteristic. The effect
does not show a correlation to these properties. ATP cannot in this case be
taken into account as a phosphate-donor, it is more probable that it takes a
part in the process as the substrate of the regulatory enzyme systems (adenyl-
cyclase, cyclic 3'5’-AMP system). The effect of CTP may be related to its role
in the lipid synthesis (Brady and Tower 1960). It is well known that lipids
are important structural elements of all membranes on which the excitatory
effects take place. So the effect of cytosine nucleotides in case of the isolated
heart can be explained by their effect on the cell surface.

The effect of guanine and uracil nucleotides may be connected with their
role in metabolism. It is well known that guanine nucleotides play a specific
part in brain metabolism and that among all the nucleotides only the content
of GTP and GDP increases with a stimulatory effect in the brain. The uracil
nucleotides are connected with the carbohydrate metabolism of the brain and
the same connection has been proved also for muscles (Brady and Tower
1960).

Thus it is clear why the effect of these two nucleotides changes from a
stimulatory into an inhibitory one or vice versa depending on the season. It has
been established that the spring period in case of gastropods coincides with the
end of hibernation, while the autumn is the period of preparation for hiber-
nation, and both states are accompanied by a change in the type of metabolism
(Raghupathiramireddy and Swami 1967) The guanine and uracil nucleotides
may balance the inhibitory and stimulatory effects in the myocardial elements
through their effect in influencing metabolism. So we are able to explain the
fact that their effect on the heart of these animals may change before and
after hibernation depending on the changes of type of metabolism.

Data showing a connection between the realization of the nucleotides and
type of transmitter effect prove that nucleotides are connected with the
formation of the type of the effect of transmitters too. The two diphospho-
nucleotides (UDP, CDP) only cease the stimulatory effect of 5-HT, while the
three triphosphonucleotides (GTP, UTP, CTP) convert it into an inhibitory one.

The change in the type of the effect of transmitter on Helix heart pre-
incubated by nucleotides may be taken as analogous to the seasonal change
of the stimulatory effect obtained by the stimulation of the extracardial nerve.
According to our previous data (S.-Reézsa and Grau1 1964) on Helix heart, no
stimulatory effect can be produced by the stimulation of the extracardial
nerve before hibernation, while in spring, after waking up from hibernation
the stimulatory effects prevail. Supposedly the change of configuration of those
receptor structure may be responsible for the modulation of the 5-HT effect,
through which this effect realizes under normal conditions. Similar changes
can be produced as a result of seasonal changes too. Considering that a lipide
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nature is attributed to the 5-HT receptors (Woottey and Gommi 1966) the
role of the CTP in this process should be cleared first of all. As to the two other
nucleotides (GTP, UTP), we may connect their capacity to convert the 5-HT
effect into an inhibitory one with their effect on general metabolism.

Summary

1 All the four groujis of nucleotides investigated (adenine, guanine,
uracil and cytosine) influence the functioning of the isolated Helix hearts.
On Anodonta hearts cytosine nucleotides proved themselves to be ineffective.
On the isolated Anodonta hearts the threshold concentration of the above
nucleotides is 30—40 times higher than on Helix hearts.

2. In the effects of adenine and cytosine nucleotides no seasonal changes
appeared either on Helix or Anodonta hearts. Adenine nucleotides had a posi-
tive inotropic effect on Helix hearts with concentrations between 10-9 —10-4 M
and on Anodonta hearts with concentrations between 10-5—1(U4 M, while
with concentrations of 10“3-10-2 M they produced a decrease in frequency
and a systolic arrest on both hearts. Cytosine nucleotides on Helix hearts have
a stimulatory effect up to a concentration of 10 2 M, CDP being the most
effective with a threshold concentration of 10 10 M.

3. Guanine and uracil nucleotides have different effects in spring and
autumn on Helix hearts, but not on Anodonta hearts. This change in the effect
is characteristic for nucleotides containing di- and triphosphates. CTP has
a stimulatory effect in spring with concentrations of Hr 7 10 * M, while the
same concentrations lead to a complete inhibition in autum. UTP (10~9—10~2
M) and UDP (10“8—10“- M) exertareversed effect, i.e. inhibitory in spring and
stimulatory in autumn. The seasonal changes can be connected to the change
in types of metabolism before and after hibernation. On Anodonta hearts
the guanine nucleotides proved to have an inhibitory effect (1CU4- 10 - M),
while the uracil nucleotides have a stimulatory character (10' 6 HU3M).

4. The Helix hearts are protected by UDP and CDP against the stimula-
tory effect of 5-HT, while GTP, UTP and CTP transform it into an inhibitory
one. Adenine nucleotides and those containing monophosphate are ineffective
as regards modulation of the 5-HT effect. The CTP effect can be connected
to the influence exerted on the 5-HT receptors of lipid nature, while the effect
of UTP and GTP influencing the 5-HT effect should be connected with effects
exerted on metabolic processes.
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NUKLEOTIDOK SZEREPENEK ES HATASMECHANIZMUSANAK VIZSGALATA
MOLLUSZKAK I1ZOLALT SZIVEN

S.-Rézsa Katalin és Pécsi Tibor

0sszefoglalas

1 Mind a négy vizsgalt nukleotida (adenin, guanin, uracil és citozin) befolyasolta
az izolalt Helix sziv m{kodését. Anodonta sziven a citozin nukleotidok hatastalannak
bizonyultak. Az izolalt Anodonta sziven, a fenti nukleotidok kiiszébkoncentraciéja 30—40
nagysagrenddel magasabb mint Helix sziven.
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2. Az adenin és citozin nukleotidok hatdsdban sem a Helix, sem az Anodonta
sziven nem észleltlink szezondlis valtozdsokat. Az adenin nukleotidok Helix sziven 10-9—
10-4 M, Anodonta sziven pedig 10-5—10-4 M koncentraciokban pozitiv inotrép hatastak
voltak. 10“3—10~2M koncentraciéban mindkét sziven frekvencia-csékkenést és systolés
leallast hoztak létre. A citozin nukleotidok Helix sziven 10~2M koncentracioig bezarolag
serkentd hatasuak, leghatasosabb a CDP, melynek kiisz6bkoncentraciéja 10-10 M.

3. A guanin- és uracil nukleotidok tavasszal és 6sszel eltéré hatastak Helix sziven,
de Anodonta sziven nem. Ez a valtozas a di-és trifoszfat tartalmd nukleotidokra jellemzé.
A GTP tavasszal 10-7—10-2 M koncentraciékban serkent, ugyanez a koncentraciésor
Osszel teljes gatlast okoz. Az UTP (10-8—10-2 M) és UDP (10~9—10-2 M) forditva,
tavasszal valt ki gatlast és 6sszel serkentést. A szezondlis valtozdsok a téli alom el6tti
és utani anyagcsere-tipus valtozasokkal hozhatdk &sszefiiggésbe. Anodonta sziven guanin
nukleotidok gatlé (10-4—10-2 M), az uracil nukleotidok serkent§ (10-6—10-3 M)
hatastaknak bizonyultak.

4. Helix sziven az UDP és CDP kivédik az 5HT serkenté hatasat, a GTP, UTP és
CTP pedig gatléva alakitjak at. Az adenin nukleotidok és a monofoszfatot tartalmazé
nukleotidok hatastalanok az SITT modulalasa tekintetében. CTP hatast a lipid-természeti
5HT receptorokra kifejezett hatassal, az UTP és GTP 5HT-effektust befolyasold hatasat
pedig anyagcserefolyamatokra kifejtett valtozasokkal hozzak dsszefiliggésbe.

WCCNEAOBAHUWE POV U MEXAHU3IMA [EWCTBUA HEKOTOPHIX
HYKNEOTMWAOB HA W30JAMNPOBAHHOM CEPALUE MOJNNIOCKOB

KaTannH LU.-Po>ka n T. [Meun

Mpu n3yyeHnn BAUAHWUA psafa HykneosmAdocdaTtoB Ha CepALe BUHOTPAZHONW YAUTKM U
6e33y6Ku yCTaHOBNEHO cheaytollee:

1. Bce n3yyeHHble HyKNeOTuAbl 3PEKTUBHbLI B OTHOLIEHUN CepALa YAUTKKM, a Ha cepale
6e33y6KM NPOM3BOAHbIE LUTUAMHA OKa3anucb HeaPHeKTUBHbLIMK.

2. He Habnopanucb Ce30HHble M3MeHeHWS B adeKkTax afeHWNOBbIX W LUTULUHOBLIX
HYKNeoTUA0B Ha 060MX cepfledHbiX NpenapaTax. ALeHWN0BbIe HYK1eoTuAbl nepsble] OKasbiBanu
Ha oba cepjua CTUMynupylollee AelicTBME, HO Ha cepALe YNUTKM NOpPoOrosas KOHUeHTpauma
6bina Ha 30—40 nopsafka HUxe. B Boicoko KoHueHTpauuu (10_3— 10~2 M)|j afeHWNOBbIE HYK-
neoTUAbl TOpMOo3nnn 6ueHus ceppua Kak yauTku, Tak n 6e33y6kn. MpounsBogHble LUTUANHA Ha
cepaue YNWTKM oOKasbiBanu CcTUMynupytouiee feiicTBue B KOHUeHTpauuax 10~10—10_2 M.
Hanbonee cuibHbIM M3 HUX oKasancsa LO®P.

3. 'yaHWauH- 1 ypuauHdochaTbl 0KasbiBalOT Ha CepAle YNUTKN BECHOW W OCEHbI Mpo-
TUBOMONOXHOE AelCcTBUE, HO Ha cepaue 6e33ybKM Takume Ce30HHble MU3MeHeHUs 3h(PeKToB He
Habnwoganuce. FTH 1077—10~2 M BeCHOW CTUMYNUPYeT, a OCEHbIO TOPMO3UT Cepale YAUTKW.
YT® n YA®P, HanpoTWUB, BECHON BbI3bIBAOT TOPMOXKEHME, @ OCEHbIO CTUMYNALUIO CepALebueHunn.
ObecyxaeTca CBA3b 3TUX CE30HHbIX U3MEHEHUI C U3MEHEHNAMM Tuna obMeHa BellecTB 40 1 nocne
3UMHel cnayku. Ha cepgue 6e33y6ku ryaHnguH@ocdarbl Bbli3biBalOT TOPMOXEHUE, a YPULUH-
octaTbl CTUMYNALUIO.

4. YA, UAD, TTO, UT® YT BUAOU3IMEHAOT peakuuto cepaua yNMTKNM Ha MegmnaTo-
pbl, NpeBpaljas Npu HEKOTOPbIX YCNOBUAX CTUMYNuUpytollee aeiicTBue (CEPOTOHMHA) B TOPMO3-
Hoe. MOHO(OCHOPHbIE MPON3BOAHbIE U afleHO3NH(OCHaTbl He UTPalOT PONN B MOAYNALUM OTBeTa
Ha CEpPOTOHMH.
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Attention has been called by Eccres (1962) to a group of acidic amino
acids, and inside this to the glutamic acid as possible transmitters. On basis
of their studies made with iontophoretic application Krnjevic and Whit-
taker (1965) speak in favour of the supposition that glutamate is certainly
a transmitter in the cortical cells of the vertebrates, whereas Curtis (1965) is
of the opinion that the effect of glutamate is not a specific one. Glutamate is
suggested to function as a transmitter on neuromuscular level in the crab
(Takeuchi and Takeuchi, 1964), in the locust (Usherwood and Machili,
1966) and in the cockroach (Kerkut and Warker, 1966). The effect of gluta-
mate on the cells of the central nervous system in the snail was examined by
Kerkut and Warker (1961, 1962), following administration of this compound
as a perfusate, and by Gerschenfeld and Lasansky (1964) following ion-
tophoretic application. They made the observation that this drug influenced
the activity of numerous nerve cells. Due to the contradiction in the results
obtained and to the fact that the agent was effective only in higher concentra-
tions, the latter authors arrived to the conclusion that the effect produced is
not specific.

As the influence of glutamate on the nervous regulation of vertebrates
has been emphasized recently (Krnjevic et al 1966) and further Kerkut et
al (1965) have demonstrated the release of glutamate from the muscle of
retractor pharyngis following nerve stimulation, and also its appearance in the
perfusate, which furnishes a strong evidence on its function as a transmitter,
it has been considered most useful, in spite of the results obtained by Ger-
schenfeld and Lasansky, {0 examine again by iontophoretic application the
effect produced by glutamate on the cells of the central nervous system of the
snail, in the course of which regard should be paid first of all to concentration
conditions which might be of importance in the estimation of the effect pro-
duced by the transmitter.

Method

The examinations were conducted on the giant cells of the subpharyngeal
ganglia of Helix aspersa, Helix pomatia and Lymnaea stagnalis. These ganglia
contain large numbers of cells ranging from 100 to 200 ii in diameter, or even
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greater ones which as a result of their size and their surface location may
most suitably used for penetration with a microelectrode and for the discrete,
extracellular iontophoretic application of the compound examined.

The membrane potential and cell activity were recorded intracellularilv
with glass electrodes (5—15 Mohm) filled with 2.5 M KC1. Active cells as well
as those at standstill were used for experimental purposes.

For iontophoretic application capillary tubes with 1 2 // opening were
filled with 1 M 1-glutamate Xa (pH 7.5—38). The capillary filled with glutamate
was applied under microscope and with the help of a manipulator to the cell
surface into which the recording electrodes were inserted previously. lonto-
phoresis was performed with negative potential applied to the capillary and
at a current intensity of 100 nA. At the time of interruption of iontophoresis
outflow of glutamate was stopped by a countercurrent.

Cells examined for the effect of glutamate have been tested also concern-
ing their reaction to acetylcholine (ACh) for deciding if they might be taken
for D (depolarizing) or H (hyperpolarizing) cells according to the nomenclature
of Tauc and Gerschenfetd (1960). This was achieved by introducing directly
10~6 g/ml ACh into the bath liquid. Following this the preparation was again
thoroughly washed through by perfusion before the examination of the next
cell.

During the time of examination a constant slow perfusion of the physio-
logical solution was maintained in the chamber holding the preparation.

Experimental results

The experiments were conducted on 20 25 different cells of the three
species each. Because in the different preparations the cells cannot always
be identified with certainty and their selection is also a matter of chance, the
figures presented are only rough estimates.

In all three species about 2/3 of the cells were performing spontaneous
rhythmic activity. The frequency of the action potentials varied, and the tipe
of activity patterns were also different. An overshoot of 10—30 mV was
also, but not regularly observable at a membrane potential of 40—60 mV.
It also happened that the action potential was preceded by a definite EPSP
(excitatory postsynaptic potential), in other instances, however, the cells
appeared to perform their own rhythmic activity. One single preparation could
be most suitably used for hours, moreover, the activity of certain cells could
also be registered for hours. There was a fluctuation of some measure observ-
able even under normal conditions, this, however, could be easily distinguished
from changes induced by the compound, as the latter presented itself suddenly
and was of temporary duration only. Essential differences in the properties
of cells in the three species were not observable and therefore a summarized
presentation of results will be given.

The effect induced by glutamate

Only about 40 percent of cells examined responded to the iontophoretic
application of glutamate. In a number of these cells depolarization and the
increase in frequency of the action potentials (Fig. 1) was observed, in other



instances, decrease in frequency i.e. the complete cessation of cell discharges
(Fig. Ib) was registered. In such cells in which following penetration of the
microelectrode no activity, only a proper membrane potential was observable,
the appearance of action potentials was observed on the effect of glutamate
in several cases (Fig. Ic). The effects produced presented themselves within

10mv 1sec

. )M
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O

Fig. 1. The effect of iontophoretieally applied 1-glutamate on the spontaneous bioelectric
activity recorded intracellularly in the giant cells of Helix, a, b, c — characteristic cell
types (explanation in text)

Thick line: duration of iontophoresis

1. abra. lontoforetikusan applikalt 1-glutamat hatdsa Helix 6riassejtek intracellularisan
regisztralt spontan bioelektromos aktivitasara
a, b, c — jellegzetes sejttipusok (magyarazat a szdvegben)
Vastag vonal: iontoforezis id6tartama

10m/1__,
pis=o

e r . /W nawmwiwmn

Fig. 2. The effect of 10_1 M glutamate, added to the bath, on the bioelectric activity of
the giant cells in Helix. 10 sec interval between a and b
Thick line — administration of 10_1 M glutamate to the bath, without washing

2. abra. Fird6folyadékba adott 10 1 M glutamat hatasa Helix driassejt bioelektromos
aktivitdsara a és b kdzott 10 sec intervallum
— 10-1 M glutamat adasa a fird6folyadékba, kimosas nincs

1 5 sec following the onset of iontophoresis and disappeared soon after an
application time not longer than 15 -20 sec. Using this method for glutamate
application it is possible to provoke a repeated effect be it stimulatory or
inhibitory.
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Examining the effect of higher concentrations (10~3- 10 1M) of gluta-
mate administered to the bath solution, on cells that do not respond to ionto-
phoretic application, it was observed that most of such cells responded either
with stimulation or by inhibition. Not seldom stimulation was accompanied by
an increase in EPSP, whereas inhibition by the appearance of IPSP (inhibitory
postsynaptic potential). These phenomena are most obviously indicative of
changes in the activity occurring in a synaptic way, another time, however,
only the increase in frequency of action potentials i.e. a considerable shift
in the membrane potential was observable (Fig. 2). Following application
of glutamate in such great concentrations either decrease or the complete
cessation of the reactivity of cells was also observed.

Relationship between glutamate-effect and ACh sensitivity

The discrimination of D and H cells (Tauc and Gerschenfeld 1960) in
the course of sensitivity studied with ACh was the first step in the classification
of the nerve cells of the snail. In the course of the examinations, therefore,
the effect of glutamate was examined in this respect.

It was found that every cell which exhibited activity changes following
iontophoretic application of glutamate responded with depolarization to the
administration of ACh, i.e. they were D cells. The cells that appeared to be
insensitive to glutamate iontophoresis were inhibited by the addition of ACh,
i.e. they proved to be H cells. As the results show, the response to ACh and
the sensitivity to glutamate are both indicative of a parallel distribution. The
D-cells responding to glutamate, might be, nevertheless, divided into two
groups on the type of reaction produced:

1. those with increased activity following application of glutamate.

2. those with inhibited activity following application of glutamate.

In view of the very damaging effect of high concentrations on cell activ-
ty the response of cells that proved to be susceptible only to high doses of
glutamate was not examined following application of ACh.

Discussion

According to recent conception (Florey 1961) at least 5 criteria must be
satisfied for making certain that an agent is functioning as a transmitter or
not. One of these is that an effect whether stimulatory or inhibitory is produced
by a suitably low concentration of the agent on the excitable structure. As
iontophoresis allows of fairly low concentration, it is indisputable that the
effect of glutamate on the nerve cell of the snake complies this requirement.

Gerschenfeld and Lasansky (1964) performed iontophoresis from
a capillary of much greater opening (3 10 ii in diameter), which precludes in
a less degree the possibility ofpassive lekage of glutamate during iontophoresis.

The aspecific effect of glutamate has been concluded by these authors
from the different responses obtained for the different concentrations of the
compound in the perfusate and from the desensitization occurring following
repeated glutamate application. The different effects produced by concentra-
tions of different order are already known in connection with ACh being reputed
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a classic mediator, accordingly, on this basis it cannot be decided whether an
agent is functioning as a transmitter or not. Similarly, the possibility of desen-
sitization also exists against ACh (Zeima1 and Vuifius 1968), thus not even
this can be advanced as a decisive argument against glutamate as a transmitter.

It cannot be doubted that the direct contact between cells and the liquid
and even more the perfusion itself automatically secure the elimination of low
concentrations of glutamate from the cell (as opposed to examinations on the
cerebral cortex or the spinal cord of the vertebrates), and this substance is not
necessarily decomposed by special enzymes, the presence of which constitutes
another important requisite to the role of a compound as a transmitter.
Kerkut and Edmondson (CitKerkut etal. 1965) demonstrated the presence
of glutamate synthesizing and decomposing enzymes in the tissues of the snail.
It is therefore also assumable that the effect is eliminable physiologically.

There is reasonable ground for believing that this effect is specific, be-
cause the cells do not respond uniformly to the administration of glutamate,
i.e. they respond either with an increase or a decrease of activity, and there are
others which remain unaffected. With regard to this the results obtained con-
form to the data obtained by Gerschenfeld and Lasansky, they differ,
however, from those, inasmuch as the character of the response is uniform on
the same cell following discrete, iontophoretic application of glutamate.
The character of the response appeared to be defined by the sensitivity of cells
to ACh, inasmuch as glutamate was effectual only on D-cells. This is indicative
also of the fact, that the response obtained cannot be interpreted either by the
release of ACh or by the inhibition of ACh-receptors for this would result
in an effect which is either identical or contradictory to the effect produced
by ACh, which, however, was not so in our case. It seems to be more reasonable
to consider the influence of glutamate on the ion permeability, because this
results in different effects depending on the difference in the properties of the
receptors of the membranes in the various cells. Worthy of note is in this
respect the result obtained by Ames et al. (1967) demonstrating that on the
influence of glutamate permeability changes occur in the membrane of retina-
cells of the rabbit and that the inorganic ions (Na+, K+, Ca++, CI") are being
shifted in the direction of their electrochemical gradients. This might explain
the depolarizing effect of glutamate, with regard to the inhibition of activity,
however, we are of the opinion that it is due to another ion-mechanism.

One of the most critical prerequisite that a compound is considered
a transmitter is its presence in the hypothetical place of the effect, i.e. the
possibility of the release of the substance by excitation. Glutamate has been
demonstrated by Kerkut and Cottrenr (1962) in the lymph of the snail.
They also demonstrated the release of glutamate from musculus retractor
pharyngis following stimulation (Kerkut et al. 1965). Such examinations have
not been performed on ganglia.

Studying the concentration and distribution of glutamate in the spinal
cord of the cat Granham et al. (1967) demonstrated that this compound is not
of uniform distribution, which might be explained by the role of glutamate as
a transmitter. The observation of Takeuchi and Takeuchi (1964) that gluta-
mate exerts its effect on the outer membrane of the neuromuscular junction
in the muscle fibers of the crab, emphasizes similarly the specificity of effect.
The present experiences demonstrating the selective effect of discrete gluta-
mate iontophoresis also speak in favour of this specificity. All these seem to
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confirm the theory that glutamate might indeed be functioning as a transmitter
in certain well defined nervous structures or synapses respectively.

Summary

Following iontophoretic application of 1-glutamate on the nerve cells of
Helix and Lymnaea we have established:

1. Following iontophoresis from a micropipette with 1 2y opening the
activity of a number of cells appears to be susceptible to the effect, while that
of other cells was not influenced.

2. Upon discrete glutamate application activity changes could be register-
ed only in D-cells, in the H-cells they were not observable. The majority of
D-cells responded with increased activity, their minority with a decrease of
activity.

3. The selective effect observable following iontophoretic application
speaks in favour of the function of glutamate as a transmitter, this effect,
however, should be distinguished from the aspecific effect taking place follow-
ing application of high doses of glutamate.
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IONTOFORETIKUSAN APPLIKALT L-GLUTAMAT HATASANAK VIZSGALATA
GASTROPODAK (HELIX ES LYMNAEA) ORIAS IDEGSEJTJEIN

osszefoglalas

Salanki Janos

L-glutarnat iontoforetikus applikalasaval Helix és Lymnaea idegsejtjein azt talal-
tak, hoqu ............................................................

részének aktivitasa befolyasolhatd, masoké nem.
2. Csak a D-sejtek aktivitasa valtozott diszkrét glutamatapplikalasra, a H-sejteké
nem. A D-sejtek tdbbsége aktivitdsfokozassal, kisebb része aktivitascsokkenéssel reagalt.
3. Az iontoforetikus applikalasra fellép6 szelektiv hatas a glutamat transzm itter
szerepét latszik alatdmasztani, s ezt el kell kiiléniteni nagy glutatmatdoézisok aspecifikus
hatasatél.

WCCNELOBAHWE AENCTBUA MOHTODPOPETUYECKU BBEAEHHOIO MYTAMATA
HATUTAHTCKME HEPBHbIE KJTIETKW BPKOXOHOIMX (HELIX u LYMNAEA)

A. LWanaHku

Ha ruraHTCKMX HepBHbIX KieTKax BWHOrPafHON YAUTKM W 6GOMbLIOTO NPyAOBUKA B
YCNOBUAX NOHTO(OPETUYECKOTO BBEEHNS TyTamaTa 6bi10 HaliieHo, yTo:

1 3TOT areHT nmpy UOHTO(Ope3e uyepe3 Kanunnsp KOHYMKOM B 1—2 /MUKpOHA BUAOU3-
MeHSIeT aKTUBHOCTb OMpPefeNeHHbIX KNeTOK, B TO BPEMS KaK aKTUBHOCTb OCTa/lbHbIX OCTaeTcs 6e3
N3MEHEHWI.

2. lMpwu BBeAEHUM FlyTamaTa U3MeHsNacb aKTUBHOCTb TO/IbKO TakK HasblBaeMbIX D-KNeToK,
a aKTWBHOCTb H-K/IeTOK ocTaBanach 6e3 u3MeHeHuii. YacTb D-kNeTOK oTBeYana Ha rnytamat
YBe/IMYEHNEM CBOEW aKTUBHOCTU, Apyras, MeHbLlas YacTb D-KNeToK — CHUXXEHUEM aKTUBHOCTU.

3. CenekTuBHbIV 3thdekT rnyTamaTa, HabAAAOWMIACA NPU NOHTOOPETNUYECKOM BBefe-
HWW 3TOTO areHTa, rOBOPUT B NMOMb3Y €ro MeANaTopHONW ponu. STOT ath(eKT cnefyeT oTAnYaTh OT
Hecneumpruyeckoro feiicTBNs, MMEKOLLEro MecTo Npu NpUMeHeHWU GOMbLINX 03 rayTamara.

6 Tihanyi Evkényv
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Several papers deal with the effect of alcohols and other organic solvents
on the activity of cholinesterases (ChE). Miknhetrson (1941) found that alcohols
inhibit ChE activity; Ettinger et al. (1941) obtained the same result. Heim
and Fanr (1940) when investigating the effect of ethanol and pentanol (amyl-
alcohol) state that at low concentrations they increase the enzyme activity,
while they inhibit it at higher-ones, but they treat only this latter case in
detail. Genwunit and Labenz (1941) emphasize the ChE-activatory effect of
alcohols. In order to clear the contradictions Fertowes et al. (1950a, b) as
well as Todrick et al. (1951) carried out extensive investigations with several
ChE-s and corroborated both the inhibitory and activatory effect of alcohols
for the activation of acetylcholinesterase (AChE), except for the ChE of horse-
serum, where they found only an activation, but no inhibition.

In recent years Cornoijn (1961) investigating the activation of AChE
in the ganglia of cockroach (Periplaneta americana) by the effect of some
water-miscible organic solvents stated that besides the alcohols also acetone
increases the activity. Similar results were obtained by Lewis (1967) investigat-
ing the ChE activity in the head of the honey-bee (Apis mellifera), discussing
besides the alcohols and acetone also (among the ethers) the activity-increas-
ing effect of the metoxyethanol. shatoury (1963a, b), on the other hand,
investigated in detail the AChE activation by butanol on the head and brain
of the house-fly (Musca domestica).

Though the above mentioned authors investigated the effect of both
straight-chain (n-) and branched-chain (i-) alcohols on the enzyme-activity,
there are no data available concerning bi- or tri-valent alcohols. Furthermore,
the investigations were conducted on vertebrates and insects, so that it may
be of interest to study a representant of another group of animals, the fresh
water mussels how the cholinesterase activity in the ganglia and in the adduc-
tor muscles of these animals is influenced by the above mentioned and other
water-miscible organic solvents.

Method

Our experiments were conducted on the homogenate of ganglia and ad-
ductor muscles of the fresh water mussel Anodonta cygnea L. (Mollusca,

6*
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Pelecypoda); the compounds contained 50 mg respectively 20 mg wet weight
of tissue for 1 ml. Homogenization was accomplished at 0 °C during 5 min,
the homogenate was stored in refrigerator (maximum one week), its AChE-
activity did not change during this period.

For the preparation of the homogenate of ganglia 50- 150 animals were
used while for the same purpose 15—20 ofthe adductor muscles were needed
and for the latters separate homogenates were prepared for the yellow ,,phasic”
and ,,white tonic” parts (Zhukov 1956).

The final volume of the incubation mixture was 5ml, pH was 8.0 and its
composition was the same as published before (Saranki et al. 1967). The incu-
bation took place always at temperatures of 20 U 0.2 °C this being in the
vicinity of the physiological temperature; its duration was 180 minutes with
AChE-activity measurements of the ganglia and 60 minutes with the observa-
tions of ,,phasic” and ,tonic” parts of adductor muscles.

The incubation mixture was incubated with the organic solvents for
15 minutes before adding the substrate.

Determination of the enzyme activity was made—usinga 2 ml part of the
incubation mixture by the method of Hestrin (1949), with Beckman
GU 2400 spectrophotometer at 530 T/n. As a substrate, the solution of ACh-CI
of 5 mM final concentration was used and the degree of enzyme hydrolysis
was expressed in //g-s of hydrolysed substrate during one hour by a homogenate
of 1 mg N-content (fig ACh/mg N/hour).

The N-content of every homogenate was determined as published pre-
viously (Varanka 1968) after Kjetdaht.

The experiments were made in January and February. We used the
following p. a. agents:

acetylcholinchloride (AChCI) Fluka, acetone, ether (diethvlether),
methanol, ethanol, n-propanol, n-butanol, n-pentanol (n-amylalcohol), benzil-
alcohol, glycol (ethylen glycol), glycerine.

Results

Fig. 1 shows the effect of some water miscible organic solvents used in
our experiments when influencing the acetylcholinesterase activity of homo-
genates of ganglia. In these experiments the incubation mixture of 5.0 ml final
volume contained 0.3 ml of organic solvents. Under such experimental con-
ditions the degree of activation by the alcohols increases with the increase of
the C-atomic number from 1to 3 (121, 182 and 315%), then it decreases after
having feached a maximum at the n-propanol. The extent of decrease is such
that the C5-alcohol already inhibits enzyme activity as related to the 45% of
the control. The only aromatic alcohol investigated, to benzil alcohol produces
a full scale AChE-activity-inhibition at the given concentration (it furnished
a saturated solution under the given conditions owing to its weak water-
solubility).

Among the non-alcoholic organic solvents ether inhibited the enzyme
activity to a small extent (16%), while acetone produced an activatorv effect
(153%). The bi-valent glycol and tri-valent glycerine-alcolhols all produced
a weak AChE-activity-increase (150- 115%).
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Fi;/. 2 demonstrates the effect of organic solvents on AChE-activity of
adductor muscles under the same concentrations as above. We can state that
in case of the same organic solvent the difference between AChE-activity of
»phasic” and ,tonic”-parts of adductor muscles does not surpass 30% (n-
propanol). On the contrary there exists a significant deviation as against the

relative activity of AChf

Fig. 1. Effect of organic solvents on AChE activity of homogenates of ganglia (0.3 ml
organic solvent given into a 5.0 ml final volume)

1. dbra. Szerves oldoszerek hatasa a ganglion homogenizatum AChE aktivitasara (0,3 ml
szerves oldészer adva 5,0 ml végtérfogatba)

relative activity of AChf

organic solvents 100 200%
nohydrolysis
no hydrolysis M tonic
n-penonot ng hydrolysis LLiphasic
benzylalcoha p
glycol
gt/cerin

Fig. 2. Effect of organic solvents on AChE activity in the homogenates of ,,phasic” and
Ltonic” parts of adductor muscles (solvents as in Fig. 1)

2. abra. Szerves old6szerek hatdsa a zardizom fazisos és tonusos részé homogenizatumanak
AChE aktivitasara (oldészer mennyiség mint az 1. abranal)
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results obtained with the homogenates of ganglia. An increase of the enzyme
activity owing to the influence of organic solvents presents itself only with
the effect of n-propanol on the homogenate of the phasic part of adductor
muscles, while in all other cases the enzyme-activity undergoes—more or less—
an inhibition.

Fig. 3. Relation between AChE activity of the homogenates of ganglia and the concen-
tration of alcohols
= metanol, 0-0-0- = etanol, x-x-x-x = n-propanol

3. dabra. A ganglion homogenizatum AChE aktivitasanak fliggése az alkoholok koncentra

= metanol, 0-0-0 = etanol, x-x-x- = n-propanol

No connection could be detected between alcohols with increased C-
atomic number and their effect on AChE in the case of adductor muscles, i.e.
there is no similarity to the ganglion homogenates in this respect. The AChE-
activity of the ,tonic” part of adductor muscles is inhibited only to a small
extent by the C~g-alcohols (16—18%), while the C4_5alcohols produce a com-
plete inhibition. Benzil-alcohol reduces the enzyme-activity below 10%. The
inhibition produced by glycol and glycerine is unimportant (6—9%), while
ether and acetone cause an inhibition of 40—50%. The AChE-activity of the
»phasic” part of adductor muscles is influenced by methanol and n-propanol
similar to the ,tonic” part. In case of n-propanol an increase in the activity
by 20—25% can be observed. The degree of inhibition of enzyme activity in
case of the ,phasic” part of the adductor muscles is less than that obtained
in the ,tonic” part, if we use ether, acetone, ethanol and n-butanol; while in
case of glycol and glycerine higher inhibition than before was obtained (21—
28%).

JIYHb regards to the fact that in experiments under the given conditions,
the Mol-concentration of organic solvents had different values, it seemed
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necessary to investigate also the relation between the enzyme activity and
concentration values of the organic solvent for a more detailed evaluation of
the results.

Fig. 3 contains the results of experiments made with several straight-
chain alcohols on homogenates of ganglia under conditions explained above.
It can be seen that the alcohols increase the enzyme activity in case of low
concentration values, then after reaching an activation maximum the curves
show a steep fall, while at higher concentrations an inhibition of the enzyme
activity follows. The maximum of both activatory and inhibitory effects shifts
towards the smaller concentration values with the increase of length of the
C-chain, at the same time the degree of maximum activation is increasing, too
(Table 1).

Table 1

Connection between maximum activation of AChE and of its inhibition on the one hand
and the concentration of alcohols on the other, in case of a homogenate of ganglia

W ith maximum Inhibitory concentration
Alcohols activation range
Methanol 2.95 M 450 M <
Etanol 205 M 2.80 M <
N-propanol 1.02 M 185 M <
Discussion

In previous communications. On the basis of our earlier investigations
(Saranki et al. 1966, 1967) on the enzyme hydrolysing ACh in the ganglia and
adductor muscles of Anodonta cygnea L. it was supposed that most part is
a ,,specific” ChE, i.e. acetylcholinesterase (acetylcholin acetyl-hydrolase, EC,
3.1.1.7, AChE) and this supposition was taken us valid for further work too.

Our experiments show that the AChE-activity of the homogenate of
ganglia of Anodonta cygnea is increased by straight-chain Cj_3alcohols in the
range of low concentrations, while it is inhibited by all higher concentrations.
These results agree with those obtained by Fer1owes et al. (19504, b), as well
as by Todrick et al. (1951) on the AChE in brains of rats andin human erythro-
cyte. These authors also reported that the activation of the enzyme is im-
mediate and it is reversible by dialysis, while the inhibition develops more
slowly and it is not reversible by dialysis.

According to our experiments made with homogenates of ganglia we
stated that — in agreement with the n-Ct_4univalent alcohols—the bi-valent
glycol and tri-valent glycerine possess an activatory effect. Ether and aromatic
benzilalcohol are on inhibitory character with the concentrations used (0.3 ml
solvent in a 5.0 ml final I. volume).

It is surprising that the AChE activity of both parts of adductor muscles
is inhibited by the organic solvents with the exception of n-propanol used in
the investigations even at such concentrations where they increase the enzyme
activity of the ganglion.
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For the explanation of activation of AChE activity by organic solvents
several conceptions are known. Fellowes et al. (1950b) supposed that the
alcohols decrease the substrate inhibition characteristic for AChE-s which
result in an increased enzyme activity. Colhoun (1961) supposed that during
homogenization the enzyme did not get exposed entirely or the active centre
remained masked by some inhibitor, so that part of the enzyme was inactive
against the substrate. The alcohols further the unmasking of the enzyme after
homogenization respectively they dissolve the inhibitor covering the active
centers and so the enzyme becomes active. For this conception stands the
observation of Bullock (1951), who found an increased AChE activity and
enzyme solubility after extraction by organic solvents. In his opinion the
extraction of lipids is not basically important from the point of view of enzyme
function.

The above conception seems to be contradicted by the results of sha-
touri (1963), who isolated three AChE fractions (water-soluble fraction, water-
soluble hydrolysate of the water-insoluble residue and the water-insoluble
residue of the hydrolyzate (from the brain of house-fly (Musca domestica)).
According to him n-butanol exerts the same effectonall the three fractions, and
so he supposed that the three fractions represent three different forms of the
same enzyme.

Rumbsby and Finean (1966a, b, c) investigated the extraction of lipoids
by organic solvents and the histological changes of lipoproteine structure.
They state that alcohols in high concentrations extract cholesterol nearly com-
pletely but only 50 70% of phospholipids and this latter value is different in
the case of methanol and etanol. The effect is strongest with the C3_4-alcohols,
because —according to their opinion —in these alcohols an optimal equilibrium
exists between the hydrophilous and lipophilous characteristics.

Besides the electrophysiological investigations of Armstrong and Bin-
stock (1965), Moore et al. (1965) data of Okada (1967) are of interest, who
investigated the neuromuscular junction of frogs, and obtained a tendency
in the variations of end plate potentials and ACh-potentials as a result of the
effect of alcohols (amplitude-increase at a lower alcohol concentration and
decrease at a higher concentration), similar to our findings when investigating
AChE activity.

The most obvious explanation for the increase of AChE activity as a
result of the effect of organic solvents is that of Lewis (1967), who supposes
that the active center of a part of enzyme is masked by a lipoid, thus being
inactive. The organic solvents by dissolving the covering lipoid increase the
quantity ofactive enzyme and so they increase — by implication —the enzyme
activity. This would produce a satisfactory explanation for the quick develop-
ment of activity-increase and for its reversibility by dialysis too.

W ith our experiments AChE activity of the homogenates of ganglia was
225 pg, while for the ,tonic” part of adductor muscles we obtained 740 pg,
and for the ,,phasic” part 812 pg ACh/mg N/hour. The two latter values are
smaller than previously reported (Salanki et al. 1967) as we used in our
present experiments uncentrifuged homogenates. The fact that the low AChE
activity of ganglia increases owing to the influence of certain alcohol con-
centrations, while the same alcohols have no similar effect on the higher AChE-
activity of adductor muscles, admits the supposition according to Lewis
(1967) that there is a difference in the storing mode of AChE of the two tissues.
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It can be assumed namely, that in the ganglia a part of the enzyme is present
under ,,in vivo” conditions in an inactive form, i.e. in the form of a lipoprotein
complex which is inaccessible for the substrate. After the dissolution of the
lipoid by alcohols this enzyme quantity also takes part in the hydrolysis of the
substrate resulting in an increase of activity. Contrary to this, with the adductor
muscles the whole quantity of AChE is present in an active state, without
being stored with lipoids, so that the effect of organic solvents can not cause
an increase of activity, while a denaturation of the enzyme may start, thus
decreasing the activity. It should be noted that AChE-activity of adductor
muscles is not entirely the result of AChE of neural origin, hut for a part of
the activity the myosin—cholinesterase may also be responsible which is
present in the uncentrifuged homogenates. By any means it is probable that
a functional deviation presents itself also in a structural difference.

The explanation of the inhibitory effect of alcohols on AChE-activitv is
more obvious and generally acceptable than that suggested for the activatory
effect. Snatouri (1963a) explained the inhibition of enzyme activity by buta-
nol with the denaturation of the enzyme, which is a well known effect of alco-
hols.

Summary

The effect of the straight-chain alcohols of Ct_- atomic numbers, of the
aromatic bensil-alcohol, of the bi-valent glycol and tri-valent glycerine as well
as that of the ether and acetone on the AChE-activitv of the homogenates of
ganglia and adductor muscles of Anodonta cygnea L. was investigated. It could
be stated, that:

a) with the concentrations used (0.3 ml solvent in a final volume of
5 ml) all agents - with the exception of ether, bensil-alcohol and pentanol
increase AChE-activity in the homogenates of ganglia.

b) All agents with the exception of n-propanol do not influence
or inhibit the AChE-activity of the ,tonic” and ,phasic” part of the adduc-
tor muscles.

c) Alcohols with Cj_s atomic numbers increase AChE activity of homo-
genates of ganglia at low concentration and inhibit it at higher concentrations.

d) The maximum of the activation shifts towards the lower concentra-
tion values with increasing Mol-weight of the alcohol respectively with its
chain length, at the same time the degree of the maximum activation also
increases.

e) Author corroborates the conception that in the ganglia part of the
active site of the enzyme is masked by a lipoid and supposes that in the adduc-
tor muscles the whole quantity of the enzyme is in active state, which may
have functional consequences.
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NEHANY VIZOLDEKONY SZERVES OLDOSZER HATASA
ANODONTA GYGNEA L. (PELECYPODA) IDEG- ES IZOMSZOVET
ACETILKOLINESZTERAZ AKTIVITASARA

Osszefoglalas

Varanka Istvan

Vizsgaltak a C,_ 5 atomszamdu, egyenes szénlancu alkoholok, tovabba az aromas
benzilalkohol, a kétértékl glikol és haromérték( glicerin, valamint az éter és aceton
AChE aktivitdsat befolyasolé hatasat az édesvizi kagyl6 Anodonta cygnea L. ganglion
és zardizom homogenizatuman. Megallapitottak, hogy

a) az alkalmazott koncentracioban (0,3 ml szolvens 5 ml végtérfogatban) ganglion
homogenizatuman az éter, benzilalkohol és pentanol kivételével a tobbi anyag az AChE
aktivitast fokozza.

b) A zardizom tonusos és fazisos részének AChE aktivitasat a n-propanol kivételével
a tobbi anyag nem befolyasolja vagy gatolja.

c¢) A CIl_- atomszamu( alkoholok alacsony koncentraciéban fokozzéak, nagyobb
koncentracioban gatoljak a ganglionhomogenizatum AChE aktivitasat.

d) Az aktivaci6 maximuma az alkohol M-sulyaval, ill. a lanchossz novekedésével
alacsonyabb koncentraciok felé tolodik el, s egyuttal az aktivacié maximuma is né.

e) Megerdsitik, hogy a ganglionokban az enzim egy részének aktiv helyét egy lipoid
burok takarja, s feltételezik, hogy a zaréizomban az enzim teljes mennyisége aktiv allapot-
ban van, aminek funkcionalis jelentésége lehet.

BJANAHWE HEKOTOPbIX BOAOPACTBOPUMbBIX OPFAHWUYECKWX PACTBOPOB
HA AKTUBHOCTb ALIETWAXONUHICTEPA3bI HEPBHOW W MbILLEYHON
TKAHEW BE33YEBKW

. BbapaHka

M3y4yeHO BAWsSHWE CNUPTOB C aTOMHbIM yucnom Ci_5u1 npsmoii yrnepogHoii Lenbto, apo-
MaTh4eckoro 6eH3aNbHOr0 CMMPTa, [ABYXBANEHTHOrO TF/IMKONSA, TPEXBANEHTHOrO T[WLEpuHa,
ampa 1 aueToHa Ha aKTWBHOCTb aLeTWUXONMHACTepasbl B FOMOreHaTe raHr/MeB W 3anupaTefb-
HOW MbILLbl 6e33y6KU. TonyyeHbl CnefytoLie pe3ynbTarhbl:

1 3a wucknoueHnem ampa, 6eH30Ma U NeHTaHONA, BCE M3YUYeHHble BeLLecTBa MOBbILIADT
aKTMBHOCTb aLeTWUXO0NMHACTepasbl B FTOMOreHaTe FaHr/nes.

2. AKTMBHOCTb XO/MH3CTepasbl TOHWYECKOW W (ha3HOW vacTeil 3anmMpaTenbHON MblWLb
M3MEHSIeTCA TONbKO MOA BAWSHMEM N-NPOMaHO0Ma, OCTallbHble U3y4YeHHble BeLLecTBa Hedddek-
TUBHBI.

3. CnupTbl ¢ aTOMHbIM uncnoM C,_.t B HU3KMX KOHLLEHTpauusaxX yBeNW4MBaloT, a B BbICO-
KUX CHUXAKT aKTUBHOCTb XOJ/IMH3CTEPa3bl FOMOreHarta raHraves.

4. MakcumanbHoe yBenMueHne akTUBHOCTM NPU YBEMYEHUN aTOMHOIO YNCIa U YTIepoa-
HO/ Lenu cnuMpTOB HacTynaeT npu 60fee HU3KMX KOHLEHTPauusxX, OAHOBPEMEHHO YBEINYU-
BAETCA W CTeMNeHb MaKCUMasbHOW aKTUBHOCTMW.

5. ABTOp MPUXOAWT K BbIBOAY, YTO aKTWBHbI/A Y4YacTOK OAHOM 4acTu (epMeHTa B raH-
rANAX MOKPbIT NUNOMAHLIM CMOEM, B TO BpeMsA KakK B 3anvpaTtefibHOl Mbllile Becb (DepMeHT
HaxoAMTcs B aKTUBHOW (opme. O6Cyx)aaeTcs (YHKLMOHANbHOE 3HaYeHWe 3TOF0 pasnmyuns.
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In recent years an important role has been attributed among bioactive
agents involved in excitatory including transmission in Molluscs — to the
acetylcholine (ACh) (Horridge 1961, Tauc and Gerschenferd 1961, 1962
Kerkut and Thomas 1963, Puppi 1963, Gerschenferd et al. 1967)

Also the presence of ACh has been proved in the ganglia of some species
of GaStrOpOdS (Bacq 1935, Corteggiani 1938, Wersh 1956, K erkut and
Cottrett 1963), in Pelecvpods (Wetsh 1956, Cottrett 1966, Frontati et
al. 1967) as well as in CephalopOdS (Bacq and Mazza 1935, Corteggiani 1938.
Rosenberg €t al. 1966, Loe and Firorey 1966)

In spite of existing literary data we have little knowledge in the nervous
system of Molluscs about biochemical properties of acetylcholinesterase (acetyl-
choline acetvlhvdrolase, EC. 3.1.1.7 AChE) decomposine ACh. The properties
of this enzyme were studied in the nervous tissue of Gastropods by Augustins-
son (1946a) as well as by Dettbarn and Rosenberg (1962), in Pelecvpods
by Saranki et al. (1966), while in Cephalopods by Nachmansohn and Meyer-
hof (1941) furthermore by Loe and Firorey (1966) and it was identified as
AChE. Several authors found AChE in other tissues of Molluscs t00 (Vincent
and Juirtien 19388, b, Smith and Grick 1939, Augustinsson 19518, b,
Bulbring €t al. 1953, Varga 1959, Nei1son 1963, Nistratova and Yuzhan-
skaia 1965, K atamkarova and K ryukova 1966, Saranki et al. 1967),
nevertheless detailed biochemical investigations on the properties of the
enzyme was made only in a few cases (Augustinsson 195la, b, Saranki
et al. 1967).

The ACh decomposing enzyme in the central nervous system of Lymnaea
stagnalis L. (Gastropods) was investigated by zs.-Nagy and saranki (1965)
using a histochemical method. The enzyme in animals in active state was
identified with butyrylcholinesterase (acetylcholine acyl-hydrolase, EC.
3.1.1.8. ChE), while that one in inactive animals kept for two weeks at 4 °C
was found to be arylesterase. Rosca et al. (1966) studied the dependence of
activity of AChE enzyme in the mantle of the same species on the thermal
adaptation and on the osmotic pressure, but without details about its bio-
chemical properties.

As the biochemical properties of cholinesterase in the central nervous
system of Lymnaea stagnalis L. (Gastropods) were not yet investigated our



94

aim was partly to recognize them and partly to identify the enzyme. A further
purpose of our investigations was to contribute to the role and importance of
the cholinergic mediation in the processes of the central nervous system in
this species.

Method

The investigations were conducted on Lymnaea stagnalis throughout the
year. The animals were kept in areated aquaria with circulating Balaton-water
The water temperature has not fallen under 5 °Cin the cooler winter period
either. The animals were in active stage.

Preparation of the homogenate

The ganglia excised from the animal were collected in a small quantity
of bidistilled water of 0 °C. We used some 25—100 animals on one occasion.

The ganglia were washed three times with bidistilled water, then the
superfluous water was dried down by blotting paper. After weighing the tissue
was homogenized in a glass Potter for 5 min under continuous cooling. The
volume of the homogenate was diluted by bidistilled water to a concentration
of 2.5 mg wet weight of tissue (1 ml), in a few cases the wet weight content
was 5.0 mg/ml. The homogenate was stored for 10 days at best in a refrigerator
at 0 °C. During this period the ChE activity of the homogenate did not change.

The preparation of the homogenate deviated from that described above
only when the pH dependence was investigated, here 1 ml of the homogenate
contained 5.0 mg of wet tissue. The coarser tissue elements were removed by
centrifuging at 1500 g, for 15 min, and for the measuring of enzyme activity
the supernatant was used. After centrifuging the enzyme activity was about
15 20% higher than that of the uncentrifuged homogenate.

Measurement of the enzyme activity

The enzyme activity of the homogenate was determined with Hestrin’s
(1949) method based on the quantitative reaction of cholinesters in a medium
alkalized with hydroxyl-amine. Measurement of the complex light-absorption
of the ferroautohydroxamate was accomplished by a Beckman GU 2400
spectrophotometer at 530 rn//. The calibration curve was made using acetyl-
choline perchlorate (ACh-OCI4 and corresponding substrates.

The incubation mixture (5 ml) contained:

2 ml bidistilled water

1 ml 0.2 M tris-maleate buffer (usually at pH 7.0)

1 ml homogenate and

1 ml 25 mM-substrate

Spontaneous hydrolysis of the substrates with a sample free from the
homogenated was measured parallel with the enzyme hydrolysis. The final
concentration of the substrate was throughout 5.0 mM.

The HESTRIiN-reaction was accomplished using 2 ml of the incubation
mixture immediately after having added the substrate to the other constitu-
ents; the process was repeated again after incubation. Simultaneously the
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same enzyme hydrolysis was carried out in 3 test tubes and parallelly spontane-
ous hydrolysis in 2 test-tubes. When calculating the value of enzyme hydro-
lyses we made the correction to the autohydrolysis of the substrate. Experi-
ments were repeated 5 10 times and our data are average values of these
measurements.

bath The incubations lasted 60 min at temperatures 20 d: 0.2 °C in a water-
ath.

Determination of pH-dependence of the enzyme activity was made in
the same manner except for the pH-value of the buffer.

When investigating the dependence of the enzyme activity on the sub-
strate concentration for higher substrate concentrations we applied diluted
incubation mixtures instead of 2 ml incubation mixture we used 0.1 —1.5 ml
complemented to 2 ml with bidistilled water as the light absorption of the
compound is no more linear in case of a higher ester-concentration. The grade
of dilution was taken into account with the calculation of the amount of
hydrolysis.

For the inhibition of enzyme activity an adequately concentrated solu-
tion of inhibitor was added instead of 1 ml of bidistilled water.

Nitrogen content of the homogenate determination

The nitrogen content of every newly prepared homogenate was deter-
mined. The destruction was carried out according to K jeraan1 in the presence
of a catalisator (from the mixture of 5.0 g Se -f 200 g K20.}), then the
ammonia was distilled over into an excess of boric acid (HB03) with a Par-
nas—W agner apparatus according to the modification of wink1er. Titration
took place with 0.01 n HCL1 solution in the presence of a Groack-indicator.

When investigating the pH-dependence we used instead of the homo-
genate its supernatant to measure the enzyme activity, as well as its N-content
of the supernatant was determined.

The values of the enzyme hydrolysis are ex]iressed in gg substrate/mg
nitrogen/hour (//g/mg N/h).

Substrates and inhibitors used in the experiments were as follows:

Acetylcholinechloride, (ACh—CI) Fiuka
Acetylcholinebromide (ACh—Br) de Laire
Acetylthiocholineiodide (AThCh—J) rFiuka
Acetyl-|S-methylcholinebi'omide (MeCh—Br) schucharat
Propionylcholinechloride (PrCh—CIl) EGA
Butyrylcholineehloride (BuCh—Cl) EGA
Butyrylcholineiodide (BuCh—J) rFiuka
Butyrylchyocholineiodide (BuThCh—J) Loba
Benzoylcholinechloride (BeCh—CI) Leignt
Succinyl(mono)cholinechloride (SuCh—CI) B. D. H.
Succinyl(di)cholinechloride (SU[Ch—CI]2) Leignt
Physostigminesulphate, B. D. H.

Neostigmine bromide, Merck

Diisopropyl fluorophosphate (I)FP)
Tetraethylpyrophosphate (TEPP) Fiuka
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Results

Determination of the enzyme activity of the homogenate material

To ensure the linearity of the enzyme-hydrolysis —we used a homogenate
of 2.5 mg wet weight per 1 ml (respectively in one case the centrifuged super
natant of 5.0 mg) 1 ml homogenate with 5 mM substrate concentration. In thes
cases the hydrolyzed substrate was on the aureage 33 062 pg ACh/mg N/h
(226, 1 yM ACh/mg N/h), with extremes of 30 000 and 36 000 pg ACh/mgN/h

Fig. 1. Substrate pattern of the enzyme expressed in percent of equivalent quantities
(pH 7.0, 5 mM substrate concentration, incubation time 60 min at 20 °C)

1. adbra. Az enzim szubsztrat-mintaja, ekvivalens mennyiségeik %-aban kifejezve
(pH 7.0; 5 mM szubsztrat koncentracio, 20 C°-on 60 perces inkubacid)

relative rate of hydrolysis
Chalineeste 50 150%

Fig. 2. Enzyme hydrolysis of O- and S--cholinesters, expressed in percents of their
equivalent quantities
(pH 7.0, 5 mM substrate concentration, incubation time 60 min at 20 °C)

2. abra. O- és S-kolin észterek enzimes hidrolizise, ekvivalens mennyiségeik %-aban
kifejezve
(pH 7.0; 5mM szubsztrat koncentracio, 20 C°-on 60 perces inkubacid)

Substrate specificity of the enzyme

The substrates hydrolized by the homogenate of 1 mg N-content per hour
was related to their equivalent quantities, i.e. pM-s. The mean values of
experimental series — related to the hydrolysis of ACh-CI — are shown in
Fig. 1. We found that among the substrates playing the most important role
with substrate specificity of cholinesterases the homogenates decompose the
PrCh roughly in the same degree or even more (105%) than ACh. BuCh split-
ting is lower (84%), while hydrolyzis of MeCh is much less, only 10% of that
of ACh. The hydrolysis of BeCli on the other hand is negligible (2%).
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The relation between the hydrolysis of cholinesters and their thyo-
derivates is remarkable (Fig. 2). The hydrolysis of ACh and BuCh is higher
than that of the corresponding thyo-derivates: the deviation is not high
(4—109,) but fairly regular.

We further investigated the hydrolysis of SuCh and Su(Ch),, but the
cholinesterase present in the homogenates did not decompose these esters.

50 60 70 680 890 10 710 120 pH

Fig. 3. pH-dependence of enzyme activity
(5 mM ACh—CI substrate, incubation time 60 min at 20 °C)
3. abra. Az enzim-aktivitds pH-fliggése
(5.0 mM ACh—CI szubsztrat, 20 C°-on 60 perces inkubécid)

The pH-dependence of enzyme activity

The pH of the incubation mixture was adjusted to different values
between 5.0 and 11.0 with an accuracy of 0.05 by a tris-maleate buffer. The
final concentration of the buffer was 40 mM. In the experiment, where the pH
was supposed to be 11, this value did not fall under 10.75. In these experiments
we used the supernatant of 5 mg wet tissue (1 ml homogenate) see in Methods.
The hydrolysis values related to the percentages of ACh hydrolysis carried out
at pH 7.0 are shown in Fig. 3.

Between pH 5.0 and 7.0 the enzyme activity shows a steep increase with
increasing pH but the curve flattens out when approaching higher pH-values.
Around the pH-value of 9.0 the maximum enzyme activity surpasses by 149,
its value measured at pH 7.0. A further increase in pH is accompanied by
a decrease of enzyme activity. At pH 11.0 the enzyme activity is 829, of that

found at pH 7.0. At the same time the spontaneous hydrolysis of ester mcreases
rapidly in the higher pH ranges.

Substrate concentration dependence of enzyme activity

Fig. 4 contains values (showed as function of pS) related to hydrolysis
values obtained with a substrate concentration of 5 mM. The enzyme activity
was measured between 5x 107%—2x 1072 M ACh-Cl substrate concentrations.

The enzyme activity increases with increasing substrate concentrations,
reaching a maximum at 15 mM and decreasing afterwards. The shape of the

7 Tibanyi Evkonyv
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curve below the optimum value, corresponding to a lower substrate concentra-
tion is S-shaped.

Dependence of enzyme activity on the substrate concentration when
studied in the presence of BuCh-Cl substrate shows a similar picture to the
former (Fig. 4). There is a substrate inhibition here too, but the optimal sub-
strate concentration for the enzyme is to be found here at a higher level

%

Fig. 1. Substrate concentration dependence of enzyme activity, in cases of ACh and
BuCh substrates
(pH 17.0; incubation time 60 min at 20 °C)
0-0-0- = ACh—Cl, -.=.-.- = BuCh—Cl

4. dbra. Az enzimaktivitds szubsztl‘ét-koncentrécié-fiiggése, ACh- és BuCh szubsztrat
alkalmazdsa esetén
(pH 7.0; 20 C°-on, 60 pelc mkubé,m())
0-0-0: ACh—Cl ; : BuCh—Cl

(20 mM BuCh). Thus curve below the optimum is somewhat flatter than in
case of ACh substrate and the whole curve is not symmetrically ,,bell-shaped”

Inhibition of enzyme activity

For the inhibition of cholinesterase activity of ganglia homogenates we
used as tertiary and quaternary amino-derivatives physostigmine and neo-
stigmine and as phosphor derivatives DFP and TEPP. Before adding the sub-
strate the enzyme was incubated by the inhibitor for 15 min.

The inhibitory effect of physostigmine was investigated with ACh and
BuCh substrates of 1074—10"° M (Fig. 5). The value of pl;, was found
7.0 for ACh substrate and 7.2 for PrCh. With higher concentrations of the
inhibitor we get a nearly constant inhibition independently of the substrate
used. It is also of interest that low concentrations of the inhibitor inhibit the
hydrolysis of the substrate in different manner: for the enzyme hydrolysis
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of PrCh a lower physostigmine-concentration is more effective than for the
hydrolysis of ACh.

Neostigmine was used in a concentration range of 1078 —10"* M for both
substrates (Fig. 6). It is well marked that the inhibition curves are less- -steep
than they were with physostigmine, i.e. that neostigmine is a significantly
less effective inhibitor for this enzyme. For the value pl;, we obtained

Fig. 5. Inhibition of enzyme-activity by physostlgmme, in case of ACh and PrCh substrates
x-x-x- = ACh—Cl, -.- = PrCh—Cl
(5.0 mM substrate concentration; pH 7. 0 mcubatlon time 60 min at 20 °C)

5. dbra. Az enzimaktivitds gdtldsa fizosztigminnal, ACh és PrCh szubsztrét alkalmazésa
esetén
x-x-x-: ACh—Cl, -.-.-: PrCh—Cl
(5.0 mM szubsztrat koncentracié; pH 7. 0 20 C°-on 60 perc inkub&cid)

5.66 for both substrates. In the case of this inhibitor too, a lower concentration
inhibits more the hydrolysis of PrCh than that of ACh.

The effect of DFP was studied on ACh-Br substrate (Fig. 7). It inhibits
strongly the ChE activity of the homogenized compound, its pI value is 8.1.
The curve is characteristically steep, it covers two concentration ranges. Thus,
DFP proved to be the most effective inhibitor.

The inhibitory effect of TEPP was investigated in the concentration
range of 1071 —10-6 M on ACh-CI substrate (Fig. 7); the inhibitory effect

Table 1. — 1. Tablazat

I, value of different inhibitors
A kiilonboz6 gatlészerek T, értékei

‘ L,

substrates ‘ physostigmine } neostigmine DFP TEPP
s A AT
Ach-Cl I 7.49.1078 2191072 7.94.1079 1.58.1078
2.19.10°% no tested no tested

PrCh-Cl ! 6.31.10-8

7%
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here was weaker than that of DFP. The value of pI;, was 7.8 but the S-shape
of the inhibition curve is much more protracted and flatter than that of DFP
(it covers three concentration ranges).

Discussion

According to our experiments the enzyme in the ganglia of Lymnaea
stagnalis is highly active against ACh. The activity of a homogenate contain-

Fig. 6. Inhibition of enzyme activity by mostngmme in cases of ACh and PrCh substrates
x-x-x- = ACh—Cl; - = PrCh—Cl

(5.0 mM substrate concentration, pH 7.0; mcubatlon time 60 min at 20 °C)

6. abra. Az enzimaktivités gdtldsa neosztigminnel, ACh és PrCh szubsztrdt alkalmazésa
esetén
x-x-x: ACh—Cl -.-.-: PrCh—Cl
(5.0 mM szubsztrét koncentrdcio, pH 7.0; 20 C°-on 60 perc inkubdcid)

ing 1 ml tissue of 2.5 mg wet weight in a substrate concentration of 5 mM,
measured at pH 7.0, at 20 °C, incubated for 60 min, related to 1 mg N-content
and 1 hour was 33.0 mg (226 uM).

No seasonal variations were found in the enzyme activity during the
experiments.

It is of interest to record here the data of PavLric (1967) who investigated
an acetylcholinesterase compound of the electric organ of T'orpedo and found
a higher than 509, inhibition of the enzyme activity by 50 mM Tris in the pre-
sence of Mg>+ and Ca*t, while in their absence the enzyme activity increased.
In our experiments the final concentration of Tris was 40 mM. We have not
made experiments to state, whether or not this concentration influences in any
direction the cholinesterase activity.

Other authors, e.g. MYERS (1952) pointed out the influence of inorganic
salts on the enzymatic hydrolysis of ACh. In our experiments we used homo-
genate with bidistilled water containing 2.5 mg wet tissue for 1 ml. Under these
conditions the inorganic salts will be strongly diluted and they can not modify
the enzyme activity.
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Investigating the substrate specificity we found that the cholinesterase
of the ganglia homogenate of Lymnaea stagnalis decomposes PrCh in a similar
or only slightly higher extent than ACh. The amount of BuCh hydrolysis
on the other hand is somewhat lower (84%,). The enzyme hydrolysis of MeCh
and BeCh is remarkable as the decomposition of MeCh is weak (10%, of ACh
hydrolysis), the decomposition of BeCh being insignificant (2.0%,). Most

Fig. 7. Inhibition of enzyme activity by DFP and TEPP
0-0-0- Inhibition by DFP (5.0 mM ACh—Br substrate, pH 7.0; incubation time 60
min at 20 °C)
-.-.-.- = Inhibition by TEPP (5.0 mM ACh—CI substrate, pH 7.0; incubation time 60
min at 20 °C)

7. dbra. Az enzimaktivitds gatldsa DFP-vel és TEPP-el

0-0-0: DFP gatl6 hatédsa

(5.0 mM ACh—Br szubsztrat, pH 7.0; 20 C°-on 60 perc inkubécio)
-.-.-: TEPP gatlé hatdsa

(5.0 mM ACh—CI szubsztrat, pH 7.0-en, 20 C°-on 60 perc inkubdcid)

authors agree that the specific substrates alone are not suitable to differentiate
in homogenates between cholinesterases and acetylcholinesterases (OrDp and
TromMPsSON 1950, MENDEL and MYERS 1955, AUGUSTINSSON 1946b, 1948, 1959).
Nevertheless it is a fact that the cholinesterase of the ganglia homogenate of
Lymnaea stagnalis is similar to the acetylcholinesterase of Helixz blood as
regards its low MeCh hydrolysing activity (AucusTiNssoN 1946a, 1951a, b).

At a substrate concentration of 5 mM and at pH 7.0 the enzyme activity
with the ACh- and BuCh-esters is higher than with their O-analogous. The
opposite of this was observed by KoeLLE (1950) for some other cholinesterases.

The enzyme of the homogenate does not hydrolyze succinyl mono- and
di-choline. Other authors described the hydrolysis of these substrates by blood
serum ChE (Grick 1941, WHITTARER 1951, WHITTARER and WIJESUNDERA
1952), but no data are reported concerning their hydrolysis by acetylcholin-
esterases.

Summarizing the data obtained with different substrates we can state
that the characteristics of the cholinesterase of the ganglia homogenate of
Lymnaea stagnalis deviate from the properties of cholinesterases (EC 3.1.1.8)
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(the hydrolysis of BuCh being smaller than that of ACh, the hydrolysis of
BeCh being insignificant) and they approach those of acetylcholinesterases
(EC 3.1.1.7). Nevertheless it should be noted that for a typical AChE the high
BuCh and low MeCh hydrolysis is not characteristic, though with this latter
the AChE of Heliz blood shows similar properties.

We found the pH optimum of cholinesterase activity of ganglia in the
presence of ACh substrate to be around pH 9.0. Several authors have deter-
mined the pH-optimum of ACh hydrolysis produced by AChE (BERGMANN
et al. 1956, 1958, ALLES and HAWES 1940 etc.) and according to most of them
its exact value is pH 8.25. The pH optimum of serum ChE is somewhat higher
(BerNHEIM and BERNHEIM 1936, GrLick 1937). In general no considerable
differences were found between the pH optima of purified and crude pre-
parates. However we suppose that in our case the high pH optimum could be
attributed to the crude state of the enzyme. It is less probable that we have
to deal here with a specific property of the enzyme. A definite explanation
of the problem can only be given after the purification of the enzyme.

Studying the dependence of cholinesterase activity from the concentra-
tion of ACh and BuCh at a higher substrate concentration an inhibition of the
enzyme activity was found. The pS,; is lower (1.81) for ACh than for BuCh
concentration (1.70).

It is well known that the pS optimum of AChE is generally at about
31073 M ACh concentration. According to our data the concentration optimum
of the cholinesterase substrate is in the ganglia of Lymnaea stagnalis higher
than this value. However we have to take into account that we used a homo-
genate which may have modified the real substrate concentration optimum
(BErgMAN and SeeAL 1955). On the other hand we have to accept the fact
of the existing inhibition. It is known from literary data that the inhibition
of activity of AChE at higher substrate concentrations is due to the formation
of an inactive enzyme substrate (ALLEs and Hawgs 1940, MENDEL and
RUDNEY 1943, NACHMANSOHN and ROTHENBERG 1945, AUGUSTINSSON 1946,
1949) and that the substrate activity curve of the enzyme has a ,,bell-shape’
In our investigations the substrate activity curve is not of a symmetrical
,.bell-shape”, since below the optimum it is less steep than above it.

Substrate inhibition is not suitable — like the substrate specificity — to
differentiate between acetylcholinesterase and cholinesterase (Hawkins and
MENDEL 1946), so we can not draw yet any final conclusion from the above
results. Investigations of Lok and FLorREY are of interest (1966) who found
. instead of a decrease only a stagnation of the enzyme activity after increasing
the substrate-concentration above the optimum in Octopus dofleini.

Among the tertiary and quaternary amino-derivatives used with the
inhibition of enzyme activity the cholinesterase activity was inhibited to
a higher degree by physostigmine than by neostigmine both with ACh and
PrCh substrates (T'able 1). Physostigmine inhibits the hydrolysis of ACh some-
what more than that of PrCh. The I, values obtained with neostigmine are
the same for both substrates.

It is generally accepted that all cholinesterases are sensitive against
a low (below 10— M) physostigmine concentration but they should not be
considered as selective inhibitors differentiate AChE from ChE (AUGUSTINSSON
1948, AucusTINSSON and NACHMANSOHN 1949, BA1N 1949). On the other hand
all cholinesterases are inhibited by a 107> M concentration of physostigmine
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while this is true only for a few of other esterases. According to our data the
cholinesterase activity of the ganglia of Lymnaea stagnalis is completely inhi-
bited by 107> M physostigmine and even at a concentration of 10~6 M the
decomposition is very small.

Literary data show (Bopansky 1946, Mazur and BoDANSKY 1946,
MeNDEL and HAWKINS 1947, BAIN 1949, ALDRIDGE 1953) that the acetyl-
cholinesterases are less sensitive to organic phosphoric derivates than other
cholinesterases. Thus a rather good separation can be obtained by applying
them, though the inhibition shows strong derivations in different species and
organs. With our investigations DFP is a stronger inhibitor for the enzyme
activity than TEPP, but both are more effective than the quaternary amino-
derivatives investigated.

A comparison of all the partial results suggests that the biochemical
properties of cholinesterase found in the ganglia of Lymnaea stagnalis in their
entity comply with the requirements set by the characteristics of the ,,specific’”’
or ,,acetylcholinesterases” (EC 3.1.1.7).

There is no contradiction between the above hypothesis and the state-
ment of Zs.-Nagy and SALANKI (1965) who demonstrated by histochemical
methods that arylesterase is present in the central nervous system of inactive
animals, since we used in our experiments ganglia of animals in active state.
On the other hand there is a contradiction in the identification of the enzyme
of active animals with butyrylcholinesterase, observed by the above authors
and with acetylcholinesterase, shown by us in the present paper. This contra-
diction is to be attributed to the difference of methods used in the experiments.

The present investigations show that in the central nervous system of
Lymnaea stagnalis L. (Gastropod) the acetylcholinesterase needed for the
physiological hydrolysis of acetylcholin, is present. Thus we concluded that
one of the criteria of cholinergic mediation is given, and the high enzyme
activity emphasizes the importance of cholinergic mediation.

Summary

Cholinesterase activity in the homogenates of the central nervous system
of Lymnaea stagnalis 1. (Gastropod) and some biochemical properties of the
enzyme were studied. It could be stated that:

1. The enzyme is active against cholinesters. The value of ACh hydro-
lysis by the homogenate is 33.0 mgACh/mg N/h.

2. The substrate pattern of the enzyme is: ACh 1009, BuCh 849, PrCh
105%, MeCh 109, and BeCh 29%,. Succinyl mono- and di-choline are not
hydrolysed.

3. S-esters of ACh and BuCh are splitted to a lesser extent than their
O-analogons.

4. pH optimum of enzyme activity with the use of ACh substrate is
around: pH 9.0.

5. In cases of ACh and BuCh substrates the enzyme activity is inhibited
with the increase of substrate concentration. pS,, of ACh is 1.81, that of
BuCh is 1.70.

6. pI;, values of the inhibition of enzyme activity are: for physostigmine
with ACh substrate: 7.10, with PrCh substrate: 7.20; for neostigmine with ACh
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and PrCh substrates: 5.66; for DFP and TEPP with ACh substrates: 8.10 and
7.80 resp. '
7.The enzyme is identified with acetylcholinesterase (acetylcholine
acetyl-hydrolase, EC 3.1.1.7). ;
8. Biochemical evidences are suggested for the cholinergic mediation in
the central nervous system in Lymnaea stagnalis.
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LYMNAEA STAGNALIS L. (GASTROPODA)
K()/PON’I‘I IDEGRENDSZEREBEN LEVO KOLINESZTERAZ
BIOKEMIAI VIZSGALATA

Osszefoglalas
Varanka Istvin

Szerzb a Lymnaca stagnalis (Gastropoda) kézponti idegrendszerének homogenizatu-
méban tanulményozta a kolineszterdz aktivitdst és az enzim néhdny biokémiai tulajdon-
sdgdt. Megéllapitotta, hogy

1. az enzim igen aktiv a kolinészterek irdnydban. A homogenizdtum dltali ACh
hidrolizisének mértéke 33,0 mgACh/mg N/éra.

2. Az enzim szubtré,t-mintéja: 1009, ACh, 849, BuCh, 1059, PrCh, 109 MeCh
és 29 BeCh. A succinil mono- és dikolint az enzim nem hidrolizélja.

3. Az ACh és BuCh S-észtereit az enzim kisebb mértékben bontja, mint azok O-
analégjait.

4. Az enzim-aktivitds pH optimuma ACh szubsztrit alkalmazdsakor pH 9.0
koril van.

5. ACh és BuCh szubsztritok esetében a szubsztrat-koncentrécié novelésével az
enzimaktivitds gatlast szenved. Az ACh pSyp-a 1,81, a BuCh pSgp-a 1,70.

6. Az enzimaktivitds gdtldsdnak pI5o értékei a kovetkezék f1zoszt1gmm ACh
szubsztratndl 7,10, PrCh szubsztrdatnal 7,20, neosztigmin ACh és PrCh szubsztratnél 5,66,
DFP és TEPP ACh szubsztrétndl 8,10 és 7,80.

7. Az enzimet acetilkolineszterdzzal azonositjik (acetylcholine acetyl-hydrolase,-
EC 3.1.1.7).

8. Biokémiai bizonyitékot szolgdltattak a kozponti idegrendszerben a kolinerg
medidcidhoz Lymnaea stagnalison.
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BUOXMMHWUYECKOE WCCJIENOBAHUE XOJIMHOCTEPA3bl LIEHTPAJIbHON
HEPBHOW CUCTEMBbI BOJIbIIOIO ITPYJIOBUKA

H. Bapanka

AKTHBHOCTb M HEKOTOpble OMOXHMHYECKHE CBOHCTBA XOJIMHICTEPA3bl IIEHTPAILHOM
HEPBHOI1 cucTemMbl 00JIBIIOr0 MPYA0BUKA M3y4ajaud B romoreHate. Pe3yibrarhl MCCIIe0BAHHS
110Ka3bIBAIOT, YTO:

1. depmeHT OYeHbL AKTHBEH B OTHOUIeHHH 3(pupoB XonuHa. [lnst anernnxonnsHa (AX)
CKOPOCTHL M'MPOJIM3a B romoreHare cocrasisier 33,0 Mr/mr azora/yac.

2. st apyrux cy0cTpaToB CKOPOCTH IMPOJIM3A COCTABIISIET, CUNTAsT CKOPOCTh AJIst AX
3a 100: Oyrupunxosun 84, nponuonmixoaun 105, auerni-f-mernixonun 10, GeH30MaX0MUH 2.
CYKIMHHIMOHO- U JIMXO0JIMH He Pa3UIeIIsioTest (JepMeHToM.

3. Aneruii- ¥ OyTHPHITHOXOJIMH THAPOJIU3VIOTCS XY)Ke, 4eM COOTBETCTBEHHO AX W OyTH-
PYIXOJIMH.

4. Onrumanbnast pH npu ucnosn3oBanuu B Kauectse cyocrpara AX cocTaisierT 0K0JI0
9,0.

5. YBennueHne KoHUeHTpauuu cyocrpata (AX U OyTHPUIXOJIMH) MPUBOJNT K TOPMOYKe-
HHUI0 aKTUBHOCTH (epmeHTa.

6. OtHOomleHne (hepmeHTa K MHrHOMTOPAM OLLIO ClIe/y IonMm (YKa3biBAETCsl 0TpUIlATe b=
HBI Jlorapudm MOJISIPHOI KOHIEHTPALINH, BbI3bIBaOLIEH Topmosken e Ha 50%): (PH30CTHIMUH
7,10 (cyOerpar AX); neocturmun 5,66 (cyberparst AX n nponuonnixosiunn); PP n TIID,
CO0TBETCTBEHHO, 8,10 1 7,80 (cyocrpar AX).

7. Haiigennpiit diepmeHT MACHTHQUIMPYIOT KAK aleTHJIXOJIUHICTEPA3Y.

8. TlpuBosnsTest GMOXMMHYECKHE JaHHBIE B T0JIL3Y HAJIMUMSI XOJIMHEPrHuecKoii Mmeuanuu
B LIEHTPAJIbHOI HepBHOII cHCTeMe NPY/I0BHKA.
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The first data concerning the Nematoda-fauna of Lake Balaton were
first published at the end of the last century, in the comprehensive work titled
,,Resultate der Wissenschaftlichen Erforschung des Balatonsees (DApay 1897).
This was the first and for a long time afterwards the sole work which gave
a systematic and summary report on the nematodes of the lake, and it was
only at the beginning of the thirties’ that however MEScHRAT (1934) in his
extensive study on the Phragmitetum of Lake Balaton, established the import-
ant role of nematodes in the structure of the coatings of the reed.

BiLa Extz (1954) found, by sifting through 0.1 mm mesh sieves sedi-
ment samples material for mudliving animals collected by an ERMAN — BIRGE
dredge, that Nematodes occurred in 41 individual percentage numbers of the
animals found in the samples (about 2 per cent in weight). The inference was
that these animals play a significant role in the mud of the open waters (epro-
fundal).

Table 1

Some data of the collecting conditions

|
‘ Water Depth of
Date temperature water Remarks
in C°
1966 V. 17. l 19 270
V14 23 [ 296
VII. 26. ‘ 19.5 ‘ 297 ‘ strong waves
VIIL. 23. 22 287 ;
X 21, 157 274 ‘
X. 18, 16 280 strong waves
XL 15 4 ; 241
1967 IV. 11. 12 } 282
Vieli6. 19 [ 268
V1. 20. 20 ; 271
VAT 175 20 [ 268 | medium waves
VAR 15, 20 l 244
IX: 19, 16.5 255
> b 16 266
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The changes in the life of our lake made it necessary to attempt a new
assessment of the mud fauna. The aim of our investigations was a survey of
the qualitative and quantitative conditions of the nematodes in the sediment
of the Keszthely Bay, with, as far as possible, observations on their spatial
and temporal distributions.

Fig. 1. Sampling points in the Keszthely Bay (1, 0, 2)

1. abra. Gytijtéhelyek a Keszthelyi-6bolben
1, 0, 2 a mintavétel helye

Collecting and methods

Material was collected monthly, from May till November, 1966, and from
April till October, 1967, in three points of the Keszthely Bay, from the bottom
mud of the open water at nearly 3 m depths ( Fig. 1). Three samples were taken
at one point each, and the samples combined and treated as a single one. Thus
one sample derived from about 40 cm? Table I shows some date of the con-
ditions of collecting. The samples were taken from the upper 1—2 cm layer
of the mud by a modified Craib apparatus, suitable for both qualitative and
quantitative studies (Poxyr, Biré and P.-ZANkAt 1967). The mud sample was
filled up to 400 ml and, after a thorough shaking, 120 ml placed in a No. 25
plankton net; then the mud and other ingredients of a colloidal order of magni-
tude eliminated by filtered tap-water, added continuously and in a fine stream
to the sample. The clear and transparent sample was poured into a Petri dish,
and the living nematodes selected from among the detritus particles under
a x 10 magnification.

Results and discussion

1. Nematodes new for the fauna of the lake

Dapay* reported 28 nematodes from the lake, while MESCHRAT only
1, thus a total of 29 species became known from the Balaton. Of the species

* Dapay (1897) listed 36 nematode species from the entire lake. Since 1897,
several species have been synonymized; some described ones are not generally accepted
(spee. inqu.) (ANDRAssy, 1958, A. MevL, 1960, Sods, 1940).
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listed by these authors we have found 8, and 9 further ones new for the lake
(Table 2).

Paraphanolaimus behningi is known from merely some few localities in
Europe. Though already shown from Hungary, the hitherto unknown male
sex was now also found ( Fig. 2). The spicules of the 26 collected male specimens
are long, curved, the gubernaculum short, the number of the well developed,
tubiform, praeanal organs is 11 -16, but mostly 13. The tail of the male
specimens is similar in length and shape to that of the females.

dL=09—-1.2 mm, a—=29-35, b=40—-4.5, ¢=54—-8.1

4)

: 2)
5) %

10 4
Qe
P J)
] =<K
Fig. 2. Paraphanolaimus behningi, male

1. Caudal section, 2. Gubemaoulum, 3. Caudal end with anal tube, 4. Praeanal papilla,
5. Cephalic extremity

2. abra. Him Paraphanolaimus behningi
1. Az éllat caudalis része; 2. Gubernaculum; 3. Farokvég a kivezet6esével; 4. Praeanalis
papilla; 5. Allat fejvége



Table 2

Qualitative and quantitative distribution of Nematodes in the Keszthely Bay during the months April — November in

1966—1967
The data refer to 1 m?

Date
1966 1967
Species
Vs Vi ] 57 I VIIL IX. ’ X. | XI. 1V ’ V. VI. ‘ VIIL. ‘ VIII. | XK | X

Aphanolaimus aquaticus DADAY { 31 30 29
Ethmolaimus pratensis de MAN 62
Hemicycliophora aquatica (Mic.) Loos 28
ITronus colourus STEINER 31
ITronus tenwicaudatus de MAN 394 576 | 485 758 184 | 243 667 | 787 | 1031 574 | 395 910 788 | 1275
Mesodorylaimus sp. juv. 34 61 30
Monhystera macramphis FiLiposev 93 34 90 33 .93 | 179 91
Monhystera paludicola de MAN 757 606 29 122 393 273 971 | 2243 35 59 60 123 31
Monhystera stagnalis BASTIAN 64 61 30 30 62 33
Neochromadora izhorica (Fir.) W.

SCHNEIDER 120
Paraphanolaimus behningi MICOLETZKY 32 242 668 397 333 576 364 | 363 | 280 455 | 664 270 271 516
Paraplectonema pedunculatum (HorM.)

STRAND 362 | 151 | 332 | 2907 | 819 | 212 | 427 | 362 | 272 | 421 | 241 | 755 [ 1578 | 61
Plectus sp. 31 39
Punctodora dudichi ANDRASSY 32
Theristus setosus (BuTs.) FiLipsev 213 121 28 153 | 1151 | 1517 | 700 211 124 61 303 | 154
Tobrilus gracilis (BAST.) ANDRASSY 152 62 65 34 93 | 392 89 33 92 214
Tripyla glomerans BASTIAN 64

clI
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Neochromadora izhorica lives in brack-waters (mixohaline), occurring
occasionally also in fresh water. The specimens found now, one male and three
females, are new for the fauna of Hungary.

10 2 102 102 102 102
VI Vi IX- X XI

Fig. 3. The occurrence of Paraplectonema pedunculatum in the Keszthely Bay
In May—November, 1966; Sampling point 1, 0, 2

3. abra. Paraplectonema pedunculatum el6forduldsa a Keszthelyi-6bélben 1966 V.—XI.

honapjaiban
1, 0, 2 agyljtéhelyek8

8 Tihanyi Evkony
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Paraplectonema pedunculatum is characteristically aquatic, inhibiting
mainly standing or slowly streaming waters. Rare in Europe, but rather
frequent in the Keszthely Bay. New for the fauna of the Balaton.

Monhystera paludicola and M. macramphis, as well as Ethmolaimus pra-
tensis, can be usually found in every aquatic habitat; all are new for the mud
fauna of the Balaton.

db/10cm2

102 102 102 102 102 102 102
\Y, M. W. Mil IX X A

Fig. 4. The occurrence of Monhystera paludicola in the Keszthely Bay, in May—Novem-
ber, 1966; Sampling points 1, 0, 2

4. abra. Monhystera paludicola el6fordulasa a Keszthelyi-6bdlben 1966. V.—XI. honap-
jaiban
1, 0, 2 a gy(jtéhelyek

Hemicycliophora aquatica and Punctodora dudichi Andrassy, 1966, are
reported for the first time from the lake, whereas Ironus colourus Steiner,

is new also for Hungary.

2. Quantitative conditions

Ironus attains the highest individual numbers in the Keszthely Bay
(Table 2). On the basis of the quantitative data obtained during the two years
research work, this species shows a more or less even occurrence. Ko unequi-
vocal seasonal changes can be demonstrated, though its location in the three
points of the bay is rather varying. Some calculations have been made to see
whether a significant difference as to individual numbers exists between the
several collecting localities, per months or years. No such were found; indeed,
a correspondence above 50 per cent could be established (P >0.5). In the
survey period, the main occurrence of Ironus tenuicaudatus was 58 ind/dm2.
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Paraplectonema pedunculatum occupies quantitatively the second place
with reference to the survey period. Its nearly uniform and even occurrence
was severely interrupted in August, 1966. A significant difference can be shown
between the months July, August, and September (Fig. 3). The number of
Paraplectonema specimens again increased at the end of summer in 1967,
though at a smaller rate. Owing to this great change in numbers, no satis-
factory average can be given for the entirety of the research period.

The quantity of Paraphanolaimus behningi was practically the same or
nearly the same in both years, though its occurrence in the 3 survey points
of the Keszthely Bay was uneven. No differences as to months or years could
be shown. The occurrence main was 31 ind/dm? during the research period.

The occurrence data of Monhystera paludicola refer to a greater frequency
in colder waters. According to the observations in 1966, the species appears
in greater numbers during autumn and in the spring, its occurrence being
meagre in summer (Fig. 4). The date of 1967 show a similar tendency.

The occurrence of Theristus setosus resembles that of Monhystera. 1t
inhabits rather cold waters.

Summary

The author investigated the open water mud of the Keszthely Bay in
the Balaton, in the months May —September, 1966, and April—October, 1967.
It was demonstrated that about 90 per cent of the Nematode population are
represented by 5 species (Ironus tenuicaudatus, Paraplectonema pedunculatum,
Paraphanolaimus behningi, Monhystera paludicola, and Theristus setosus).
The hitherto unknown male of Paraphanolaimus behningi was discovered.
Paraplectonema pedunculatum, being rare all over Europe, was observed in
great numbers. Neochromadora izhorica and Ironus colourus is reported as new
for the fauna of Hungary.
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A BALATON NEMATODAI IlI.
A KESZTHELYI-OBOL NYILTVIiZI ISZAPJANAK NEMATODAT

Osszefoglalas
Bir6 Kalman

A szerz6 1966. V.—X1. és 1967. IV.—X. hénapban vizsgalta a Balaton Keszthelyi-
oblének nyiltvizi iszapjat. Kimutatta, hogy 5 faj (lronus tenuicaudatus, Paraplectonema
pedunculatum, Paraphanolaimus behningi, Monhystera paludicola, Theristus setosus) adja
a Nematoda-allomany mintegy 90%-at. Megtalalta a Paraphanolaimus behningi eddig
ismeretlen himét. Megfigyelte az Eurépa-szerte ritka Paraplectonema pedunculata-t nagy
szamban. Feljegyezte a Magyar Faunéara Gj fajként a N eochromadora izhorica-t.

HEMATO/bl O3EPA BAJIATOH. Il. HEMATO/Abl WNA OTKPbITOM UACTU
KECTXENCKOIo 3ANVBA

K. Bbupo

Mn oTKpbITOM YacTn KecTxelickoro 3anuea o3epa banatoH nccnegosany ¢ mas no HoA6pb
1966 r. n c anpensa no okTa6pb 1967 r. YcTaHoBNeHO, 4To 90% HemaToA MpefCcTaBleHO NATbIO
Bugamu: (Ironus tenuicaudatus, Paraplectonema pedunculatum, Paraphanolaimus behningi,
Monhystera paludicola, Theristus setosus). O6Hapy)eH HeHaxo4UMbIi [0 CMX MOpP camel,
Paraphanolaimus behningi. B 6onbwom KonuyecTse' HailgeH Paraplectonema pedunculata,
KOTOpbI pefKo BcTpevaeTca B EBpone. OnucaH HOBbIA ana dayHbl BeHrpun Bug Neochro-
madora izhorica.
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We have as yet very few and scattered data about crustacean plankton-
stand of the main branch of the Hungarian Danube section. UNGER (1916) in
course of his search on the Danube has found during recessions a few scattered
specimens of Bosmina longirostris and Daphnia longispina. WOYNAROVICH
(1944), when investigating inundation-areas of the Danube—Drava-corner
took samples from the Danube, too. He stated that very few lower-degree
water fleas and copepods were to be found in the river, he found only 4 pieces
of Cyclops sp. in one litre of water. Ponyr (1962) studied the samples collected
between Esztergom and Mohécs during the time from 30th September till
4th October 1958. He was able to identify 15 species — and/or varieties and
forms — of Cladocera and 4 of Copepoda. BoTHAR (1967) succeeded in finding
14 new Cladocera and/or Copepoda species — in the summer months of 1965,
during the great inundation — for the Hungarian section of the Danube,
while finding 3 of them to be new for the whole fauna of the river.

During the years 1955—1966 we made further informatory investigations
in order to get a more complete picture of the occurrence of Crustacea species.

Sampling and treatment

In the time between the 23rd March 1965 and 28th December 1966 we
took samples once a week on the average, at the ferry-station of Als6god.
When taking the samples we drew 30 litres of water and filtered in through a
plankton-net No. 25. Then we counted all the Crustacea-individuals (including
the nauplius and copepod stadium too) to be found in the filtrate. In the
laborious work of sampling and counting the Laboratory assistants Mrs.
G. HorvATH and Miss [iva Szargar have taken part too.

Review of the species found during the investigations
and some remarks concerning them

During the period of search, the following 39 Cladocera and 16 Copepoda,
species, varieties and forms were taken out of the Danube:
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.Sida crystallina (O. F. Muller)

. Diaphanosoma brachyurum (Lievin)

. Daphnia magna Straus

. Daphnia hyalina (Leydig)

. Daphnia longispina O. F. Matter

. Daphnia cucullata G. 0. Saks

. Daphnia atkinsoni Baird

. Daphnia curvirostris Eyitmann

. Scapholeberis mucronata (0. F. Muller)
10. Simocephalus vetulus (O. F. Muller)

11. Simocephalus exspinosus (K och)

12. Simocephalus exspinosus var. congener Schoedler
13. Geriodaphnia laticaudata P. E. Muller

14. Geriodaphnia reticulata (Jurine)

15. Geriodaphnia reticulata var. serrata (G. O. Sars)
16. Geriodaphnia quadrangula (O. F. Mantter)
17. Geriodaphnia pulchella G. O. Sars

18. Geriodaphnia dubia Richard

19. Moina rectirostris (Leydig)

20. Moina macrocopa (Staus)

21. Bosmina longirostris f. pellucida Sting.

22. Bosmina longirostris (O. F. Muller) f. typica
23. Bosmina longirostris f. cornuta (Jur.)

24. Bosmina longirostris f. similis Lin1j.

25. Bosmina longirostris f. curvirostris Fisch.

26. Bosmina coregoni coregoni (Baird)

27. Macrothrix laticornis (Jur.)

28. Eurycercus lamellatus (O. F. Mat1er)

29. Alona intermedia G. O. Sars

30. Alona rectangula G. O. Sars

31. Alona quadrangularis (O. F. Muller)

32. Alonella rostrata (K och)

33. Alonella exigua (Linnj.)

34. Leydigia leydigii Schoedler

35. Pleuroxus trigonellus (O. F. Muller)

36. Pleuroxus aduncus (Jur.)

37. Pleuroxus uncinatus Baird

38. Ghydorus sphaericus (O. F. Muller)

39. Leptodora Kkindtii (Focke)

40. Macrocyclops albidus (Jur.)

41. Eucyclops (s. str.) serrulatus (Fisch.)

42. Paracyclops fimbriatus (Fisch.)

43. Cyclops vicinus Uj.

44, Acanthocyclops viridis (Jur.)

45. Acanthocyclops vernalis (Fisch.)

46. Acanthocyclops vernalis f. robostus (G. O. Sars)
47. Acanthocyclops bicuspidatus (Craus)

48. Microcyclops gracilis (Litnj.)

49. Mesocyclops (s. str.) leuckarti (Craus)

50. Mesocyclops (Thermocyclops) crassus (Fisch.)
51. Eudiaptomus gracilis (G. O. Sars)

52. Eudiaptomus graciloides (Lit1j.)

53. Eudiaptomus vulgaris (Shmeit.)

54. N itocrella hibernica (Brady)

55. Bryocamptus (Rheocamptus) pygmaeus (G. O. Sars)

OO OO WNE

Two taxa of the collected material - Simocephalus exspinosus K och and
Simocephalus exspinosus var. congener Schoedier — Were new as regards the
fauna of the Danube. In this respect we accepted the authenticity of the list
of species of D udich (1967). The following species were found the first time by
us on the Hungarian section of the Danube: Scapholeberis mucronata O. F.
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Mat1er, Moina macrocopa Straits, Bosmina longirostris f. curvirostris Fischer,
Bosmina longirostris f. similis Lit1j., Alonella exigua Lit1j., Pleuroxus aduncus
Jtjr., Pleuroxus trigonellus O. F. Mutter, Pleuroxus uncinatus Baird, Macro-

Fig. 1. Daphnia curvirostris §, 1. antenna

1. &bra. Daphnia curvirostris 1. antenna

Fig. 2. Daphnia curvirostris $, claw

2. dbra. Daphnia curvirostris  végkarom

cyclops albidus (Jtjr.), Paracyclops fimbriatus (Fisch.), Acanthocyclops bicuspi-
datus (Craus), Microcyclops gracilis (Li11j.), Mesocyclops (Thermocyclops) cras-
sus (Fisch.), Nitocrella hibernica (Brady), Bryocamptus (Rheocamptus) pyg-
maeus (G. 0. Sars).



120

Remarks on the taxonomic relations and Hungarian occurrence
of some species

Daphnia curvirostris Eyimanx 1886 emend. Johxsox 1952. According
to the works of wagier (1936, 1937) the species taken as “Daphnia pulex”
includes several taxa. It is a common property ofthese that they have relativ-

Fig. 3. Daphnia curvirostirs 3, head

3. abra. Daphnia curvirostris fej

ely big comb-teeth lying -distally on the claw. The investigations of Johxsox
(1952) and Hrbacek (1959) proved that Daphnia curvirostris is an indepen-
dent species and its occurrence is characteristically European according to
B rooks (1957)

The $ can be differentiated easily from the pulex (Fig. 2) by its vestigal
antennule (Fig. 1), as well as by the high number of its comb-teeth (distally:
8—13, proximally: 10—16). It is a characteristical feature of g that we can
find a remarkable bulge on the foreward part of the head, above the joining
place of the antennule (Fig. 3).

The present article is the first report of an assured occurrence in Hungary
of this species, since the investigations of earlier Hungarian authors (Daday
1888, K ottasz 1913) could not be used in this respect, and more recently it
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was not mentioned. Besides the habitats in the Danube the species has been
found on the following spots, too: Tihany, Gddros (8.8. 1966), Kelebia, pool,
(1.5. 1967).

Ceriodaphnia dubia Richard 1895
(Syn.: Ceriodaphnia affinis Litljeborg 1900)

Description of this species was given first by Richara in 1895; later on
Littjeborg identified the same animal as C. affinis (1900). Since the species
has an extended occurrence (Europe, southern part of Asia, Sumatra, Africa,

Fig. 4. Ceriodaphnia dubia $, claw

4. abra. Ceriodaphnia dubia  végkarom

America), most of the samples coming from different places were mentioned
partly with the name dubia, partly with affinis, though some of them were
synonimized earlier. Part of the European general works record them either
as a variety of C. quadrangula (Wagter 1937) or with the name affinis (Ben-
ning 1941, Manuilova 1964) The works of Brenm (1933) and others point to
that we deal with a unique species and we are of the same opinion on the
basis of our investigations. We note, however, that Stephanoides (1948) treats
,dubia" and ,,affinis” as separate species, though the differences mentioned
by him are not sufficient to define two different species.

A very significant characteristic of the animal —used by several investi-
gators for a differential diagnosis too — is represented by the comb on the
claw consisting of very fine teeth (Fig. 4), nevertheless these can not be well
observed in every case.

The-more recent Hungarian literature records the animal as a variety of
C. quadrangula respectively as C. affinis.
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Alonella rostrata (KoeH 1841)
(Syn.: Rhynchotalona rostrata KoeH)

Following recent investigations made on the pores of head shield of
Chydoridae-family (Frey 1959) the animal is ranged with the Alonella genus.
Besides the present collections the species can be found everywhere on the
Ercsi—Mohacs section of the Danube (between 1614—1448 kms of the river)
(Ponyi 1962)

Fig. 5. Ceriodaphnia pulchella % head
5. dbra. Ceriodaphnia pulchella 9, fej

Criodaphnia pulchella G. O. Sars 1862

This species is treated even in our days in the Hungarian limnological
and faunistical works — probably after the work of Wagler (1937) — as a
variety of C. quadrangula. The Russian (Behning 1941, Manuilova 1964)
and English (Scoureield, Harding 1958) literatures record them as different
species. It can be separated easily from C. quadrangula by the spinosity of
abdomen and particularly by the structure of its head (Fig. 5).

Acanthocyclops vernalis (Fischer 1853) f. robustus (G. O. Sars 1863)

According to recent investigations (Ponyi 1967), the characteristics used
to separate the ,vernalis” and ,,robustus” denotations are developed in very
various forms and as regards samples from Balaton they show fluctuations
corresponding to the seasons.

The robustus-individuals collected in the frame of these investigations
are nearer to the typical form as regards their characteristics. From the inter-
stitial water near Bratislava a great quantity of robustus-individuals came up
(J Ponyi and L. Ponyi 1961)

Development of quantity-conditions of the Crustacea-plankton

On the basis of the method used with the investigations it seems, that
in the most part of the year the occurrence of cladocerans and copepods is so
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small that they do not play any significant part in this respect in the plankton
community, contrary to the Rotatoria representing the bulk of plankton
community.

Within the crustacean the cladocerans are on the lead as regards the
number of species, while the copepods have the lead regarding the number of

Fig. 6. Connection of the number of individuals of crustaceans with the water level and
temperature in the year 1965
---------------- = number by sample
....................... water level in cm
...................... , temperature in C°

6. abra. Crustacea egyedszam d&sszefliggése a vizallassal és hémérséklettel 1965. év
folyaman

Stick (Proben, db.) minta

W asserstand in cm, vizallas cm-ben

Temperatur in °C, h6mérséklet C°-ban

individuals. The bulk of the individuals, however, consists of young Copepoda-
individuals and of such being in nauplius-stadium.

It seems (Fig. 6) that during 1965 the water level variations were of
decisive influence on the number of Crustacea species and individuals occurring
in the Danube. After a long-lasting high water level the retreating flood-wave
takes with it the plankton ofthe inundation area and ofthe pools ofthe environ-
ment, while in the period of warming up it enriches the rather poor plankton
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of the river. In this period such crustaceans — cladocerans in particular —
not to be found there either in the foregoing, or in the ensuing time appear in
the water in a relatively high number.

The year 1966 had a different flood structure on the Danube, influencing
also the formation of Cladocera-Copepoda-community (Fig. 7). In this year

Fig. 7. Connection of the number of individuals of crustaceans with the water level and
temperature in the year 1966. (Explanation: see with Fig. 6)

7. abra. Crustacea egyedszam 0sszefliggése a vizallassal és hémérséklettel 1966. év folya-
man. Magyarazatot lasd 6. abranal

the Danube had no great flood-wave which could create a stable level-difference
similar to that of 1965. In the period from early spring till late autumn (1.4—
31.10) apart from minor oscillations the total nxmber of crustaceans was nearly
uniform with an average number of individuals about 12 by sample, and the
bulk of this was represented by nauplius and young copepod individuals.
In the period lasting from late autumn till spring the average number of indi-
viduals by sample was as low as 4.

The species found can be divided in two groups according to
the frequency of their occurrence:

a) Some very widely distributed species of great ecological valence:
among the cladocerans the Chydorus sphaericus and various forms of Bosmina
longirostris, most frequently the f. pellucida; among the copepods besides the
Eucyclops serrulatus only animals in the nauplius stadium and young cyclopids.
The occurrence of these in the water of the Danube is to be expected during
the whole year except for a few weeks in winter and early spring.

b) Independently of the season and without any regularity the following
species are encountered many times: Daphnia longispina, Daphnia cuculatay
Alonella rostrata, Acanthocyclops viridis, Acanthocyclops vernalis f. robostus.
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Animals occurring by chance in single samplesat times can notbe regarded
as characteristical species: e.g. Daphnia hyalina, Pleuroxus trigonellus, Acantho-
cyclops bicuspidatus etc.

Summary

The crustacean plankton of the Als6gdd section of the Hungarian Danube
was investigated in 1965—1966. In this period 39 species of cladocerans and
16 of copepods, respectively their varieties and forms could be identified.
Among these two were new for the fauna of the whole Danube, while for the
Hungarian section 15 new taxa were found.

A detailed analysis of taxonomical and occurrence conditions of 5 Crus-
tacea species was made.

On the basis of the informatory investigations conducted for two years
the authors could state that the number of Crustacea species as well as that
of the individuals were decisively influenced by the water-level conditions. The
species found were divided in two groups according to the frequency of their
occurrence.
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TAJEKOZODO VIZSGALATOK A MAGYAR DUNA ALSOGODI SZAKASZA
PLANKTONRAKJAINAK MINOSEGI ES MENNYISEGI VISZONYAIROL
(DANUBIALIA HUNGARICA, XLVII)

Osszefoglalas

Bothar Anna és Ponyi Jend

A szerz6k 1965—66-ban hetenként vizsgaltak a magyar Duna alsdgodi szakasza-
nak Crustacea-plankton tagjait. Ebben az id6szakban 39 Cladocera és 16 Copepoda fajt,
ill. varietast ésformat mutattak ki. Ezek koziil az egész Duna faunéjara nézve 2, a magyar-
orszagi szakaszra vonatkozdan pedig 15 (j taxont talaltak.

Részletesebben foglalkoznak 5 rakfaj rendszertani és elterjedési viszonyaival.

A 2 éves tajékozddo vizsgalatok alapjan uagy vélik, hogy a Dunaban el&fordulo
Crustacea faj és egyedszam valtozasat dont6en a vizallas befolyasolja. A talalt fajokat az
el6forduldsuk gyakorisdga szerint két csoportra osztjak.

OPNEHTWUPOBOYHbLIE KOJIMYECTBEHHBLIE N KAYECTBEHHBLIE WCCJ/IELOBA-
HWA MNAHKTOHHbIX PAKOB HA YYACTKE AYHAA Y ANWOIEAL

A. BoTxap 1 . MoHbK

ExeHeflenbHO B TedeHMe 1965—66 rogos uccnefoBanu CoCTaB NMaHKTOHHbIX pakoo6bpas-
HbIX Ha yyacTke [yHas y Anwored. 3a ykasaHHbl nepuog HaligeHbl 39 BugoB Cladocera
n 16 BugoB mnu pasHosugHocTeli Copepoda. M3 3Toro yucna 2 Buaa ABAAKTCA HOBbIMU ANA
OyHaa n 15 4na BeHrepckom yactu gyHas.

[aeTcs nogpobHoe onucaHne cMCTeMaTUKN U pacnpocTpaHeHus 5 BULOB pavyKos.

[enaetca BbIBOA, YTO BMA0OBOE pa3Hoo6pasve M MAOTHOCTb MONYNALMM PakoobpasHbIX

onpeaenseTcs ypoBHeM BoAbl. HaileHHble BUAbI pasfeneHbl Ha [Be rpynmnbl Mo 4acToTe BCTpe-
UaeMoCTH.
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According to our present knowledge catecholamines stimulate the hydro-
lysis of triglycerides in mammalian adipose tissue through a p-adrenergic
gystem. The hormones stimulate the adenyl cyclase — supposed to be identical
with the f-receptor — which synthetises cyclic 3’,5’ adenosine monophosphate
(cAMP) from ATP in the presence of Mg* . This nucleotide mediates the
lipolytic effects of catecholamines and other physiological effects of other hor-
mones as well (SUTHERLAND et al. 1965). BurcHER et al. have shown (1965),
that the increase of intracellular level of cAMP in rat adipose tissue preceeds
the increase of break down of triglicerides when the tissues are incubated in the
presence of catecholamines.

We have demonstrated earlier, that frog adipose tissue responds by an
_ increase in phosphorilase activity to norepinephrine administered in vivo or
in vitro (FArRkAS 1966,). It was concluded that there exists an adrenergic
system consisting of adenyl cyclase-cAMP-phosphorilase — in frog adipose
tissue. On the other hand we have found that the adipose tissue of lower
vertebrates — unlike to that of mammals — does not respond to catecholamine
with an increase in lipolytic activity. However catecholamines decreased the
production of free fatty acids in fish or frog adipose tissue both in vivo and in
vitro conditions. Taking into account the close relationship between the carbo-
hydrate metabolism and free fatty acid production in mammalian adipose
tissue, it may be inferred that catecholamines decrease the production of free
fatty acids in lower vertebrates through the same mechanism in which they
stimulate the decomposition of glycogen in mammalian adipose tissue.

The purpose of the present investigation is to obtain information about
the nature of adrenergic receptors present in adipose tissue of lower vertebrates
on the one hand and to determine whether these receptors are involved into
the effect of catecholamines. The effect of two adrenergic blocking agents was
tested: ergotamine was used to block the x-adrenergic and dichloroisoproterenol
(DCI) the g-adrenergic receptors. Both agents were shown to block the lipolytic
effect of catecholamines and the effect of catecholamines on phosphorilase in
other tissues (GoODMAN et al. 1959, WENKE et al. 1962, BUTCHER et al. 1965,
ZsOTER et al. 1966).
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Material and methods

The experiments were carried out on the bream (Abramis brama L.),
pike perch (Lucioperca lucioperca L.) weighing 250—300 g, marsh frog (Rana
ridibunda L.) weighing 60—80 g and on grass snake (Natrix natrix L.) weigh-
ing 80—100 g. The fishes were collected from Lake Balaton 6—7 days before

Plasma free fatly acids Blood glucose

Fig. 1. Effect of catecholamines and dichloroisoproterenol on the mobilisation of fatty
acids and glucose in fish and frog
The results are expressed in the percentage on the controls

1. abra. Catecholaminok és dikloroisoproterenol hatdsa zsirsavak és gluk6z mozgdsitasara
halban és békaban
Az eredményeket a kontroll szazalékaban fejeztik ki

the experiment and kept in suitable aquaria. The frogs were bought from a
dealer and the grass snakes collected in the vicinity of the institute. Both were
kept in terraria. The animals did not get any food during captivity.

The drugs were administered to the fishes by intramuscularly injection
and to the frogs by injection into the ventral lymph sac two hours before
killing. The control animals received only physiological solution.

The in vitro experiments were carried out at room temperature in a frog
ringer solution buffered to pH 7.4. The freshly removed adipose tissues were
cut into pieces of 10—20 mg and 150—200 mg of tissue was put into one vessel.
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The free fatty acid content of the tissues was determined according to Dole
(1956) at the beginning and at the end of the experiment. The difference between
the two determinations represented the free fatty acid production during the
experiment.

Blood was obtained from the fishes by cutting the caudal vein and from
the frogs by decapitation. Heparinized centrifuge tubes were used to collect

Fig. 2. Effect of epinephrine and dichloroisoproterenol on the production of fatty acids
in fish, frog and grass snake adipose tissues incubated in vitro
The results are expressed in the percentage on the controls

2. abra. Adrenalin és dikloroisoproterenol hatdsa hal, béka és vizisikld zsirszdvet szabad
zsirsav termelésére in vitro korlilmények kozott
Az eredményeket a kontroll szazalékaban fejeztik ki

the blood. The amount of the free fatty acids in the plasma was determined
by the method of Dore (1956) and blood glucose colorimetrically according to
Hyvarinen et al. (1962).

Results

DCI alone, administered in vivo, increased the plasma free fatty acid
level and blood sugar level in mammals (zsster al. 1966). However, when
DCI was administered together with catecholamines it abolished the lipolytic
effect of catecholamines (Wenke et al. 1962). Fig. 1 shows that DCI injected
into fish or frogs does not influence either the free fatty acid or the blood glucose
level. Norepinephrine on the other hand decreased the level of free fatty acids

9 Tihanyi Evkonyv
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in the blood of both animals. When DCI and norepinephrine were injected
simultaneously no decrease was obtained in the free fatty acid levels of the
plasma. The level of fatty acids in the plasma increased slightly but not signi-
ficantly. It was also found that the hyperglycemic effect was reduced by DCI.

DCI administered alone (like catecholamines) increases the decomposition
of triglicerides in mammalian adipose tissue under in vitro conditions (Love

In vivo Bloodglucose lo vitro

Ffa B/ucose

Fig. 3. Effect of norepinephrine and ergotamine on the mobilisation of fatty acids and
glucose in fish and frog
The results are expressed in the percentage on the controls

3. abra. Noradrenalin és ergotamin hatasa zsirsavak és glukdz mozgo6sitasara halban és
békéban
Az eredményeket a kontroll szazalékaban fejeztik ki

et al. 1963) but reverses the lipolytic effect of catecholamines. Similarly DCI
eliminated the decreasing effect of epinephrine on free fatty acid production
in fish, frog and grass snake adipose tissue (Fig. 2). The adipose tissues incu-
bated in the presence of epinephrine and DCI produced more free fatty acids
than the controls but the difference in production is not significant.

Fig. 3 shows that ergotamine-like norepinephrine-decrease the plasma
free fatty acid level in the fish Abramis brama. This drug however (unlike to
DCI) does not reverse the effect of norepinephrine, while the simultaneous
presence of both agents in the fish actually resulted in a further decrease in
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free fatty acids in the plasma. On the other hand, ergotamine was found to
reverse the hyperglycemic effect of norepinephrine in the fish.

Fish and frog adipose tissues when incubated in the presence of ergot-
amine produced less free fatty acids than the controls. Ergotamine however
did not eliminate the effect of norepinephrine on adipose tissue lipolytic
activity. The simultaneous presence of both drugs resulted in a further decrease
in free fatty acid production.

Discussion

The present results and those obtained earlier on the frog adipose tissue
phosphorilase (FArRKAS 1966) suggest that in the adipose tissue of lower ver-
tebrates there exists (as in mammals) a f-adrenergic receptor system. Since
DCI — which is a known inhibitor of f-receptors — abolished the effect of
catecholamines on the free fatty acid production of adipose tissues of the
investigated animals, and because the -receptor is believed to be identical with
adenyl cyclase (BLoom et al. 1966) it is obvious that the hormones examined
exert their effect through the adenyl cyclase-cAMP system. DCI alone, sup-
posedly owing to its chemical structure (which is very similar to that of cate-
cholamine) increases the free fatty acid production of mammalian adipose tissue
(ZsoTER et al. 1966). Tts effect on the adipose tissue of lower vertebrates is also
like that of catecholamines in that it decreasesthe free fatty acid production.
Although BuTcHER et al. (1965) did not find any change in the intracellular
level of cAMP in adipose tissues incubated in the presence of DCI, it is tempt-
ing to assume that this nucleotide mediates the lipolytic effect of DCI too.
This supposition is also supported by the fact that DCI stimulates the for-
mation of cAMP other tissues (i.e.: cardiac muscle). If this hypothesis is correct
it would offer an explanation for the catecholamine-like effect of DCI both
in mammals and in the lower vertebrates.

Both ergotamine and DCI antagonize the hyperglycemic effect of
catecholamines in mammals and inhibit the increase of phosphorilase activity
in mammalian liver in vitro (HORNBROCK et al. 1963). Similarly ergotamine
and DCI inhibit the effect of catecholamines on the mobilisation of glucose in
fishes. Since the hyperglycemic effect of catecholamines is equally inhibited
by ergotamine and DCI both in mammals and fishes it may be inferred that
the structure of the adrenergic receptor in the liver is similar in all the verteb-
rates. In contrast to this the present results suggest, that the f-receptor present
in the adipose tissue of fishes and amphibians is somewhat different from that .
present in mammalian adipose tissue. While the lipolytic effect of catecholami-
nes in rat adipose tissue is inhibited also by «-receptor blocking agents, ergot-
amine did not block the effect of catecholamines on fish and frog adipose tissue.
On the contrary, the simultaneous presence of both drugs results in a further
decrease in free fatty acid production of fish and frog adipose tissue. We are
inclined to suggest that ergotamine diminishes the accumulation of free fatty
acids in the same way as catecholamines. It has been shown that in cer-
tain tissues of mammalias (heart) ergotamine is able to stimulate the ade-
nyl cyclase and increase the intracellular level of cAMP (MURAD et al. 1962).

The mechanism by which the drugs tested decrease the production of
free fatty acids in adipose tissue of lower vertebrates however needs further
clarification.

9*
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Summary

In agreement with our earlier observations it has been shown that
catecholamines decrease the free fatty acid level of the blood in the fishes
(Abramis brama L.) and in the marsh frog (Rana ridibunda L.) and the pro-
duction of the free fatty acid in fish, frog and grass snake (Natrix natriz 1..)
adipose tissue in vitro. DCI alone has the same effect on free fatty acid produc-
tion in vitro as the catecholamines but inhibits their effect both in vivo and
in vitro. Ergotamine alone reduces the free fatty acid production in vitro but
is not able to antagonize the catecholamines in vivo or in vitro, while ergotamine
and DCI inhibit the development of hyperglycemia after administration of
catecholamines in fish. 1t is probable that catecholamines trigger their effect
on the free fatty acid production in adipose tissue of lower vertebrates through
the same mechanism by which they stimulate the lipolysis and glycogenolysis
in mammalian adipose tissue.
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NEHANY ADRENERG GATLOSZER HATASA A ZSIRMOZGOSITASRA
ALACSONYABBRENDU GERINCESEKBEN

osszefoglalas

Farkas Tibor

Korabbi megfigyeléseinkkel egybehangzdéan catecholaminok csékkentik halak
(Abramis brama L.) és tavi béka (Rana ridibunda L.) vérének szabadzsirsav szintjét in
vivo és zsirszovetelk szabad zsirsav termelését in vitro. DCI egymagaban a catechol-
aminokhoz hasonléan csokkenti a szabad zsirsav felhalmozo6dast és megsz(inteti catechol-
aminok ezen hatasat in vivo és in vitro koriilmények kézott. Ergotamin, mely egymaga-
ban szintén csdkkenti a zsirszovet szabad zsirsav termelését, nem képes antagonizalni
catecholaminok hatasat. Mindkét adrenerg blokkolészer megakadalyozza a hyperglycemia
kialakulasat a catecholaminok hatasara. Val6szin(i, hogy catecholaminok ugyanazon az
adenyl cyclase-cAMP-rendszeren keresztiil csdkkentik az alacsonyabbrend( gerincesek
zsirszovetének szabad zsirsavtermelését, amelyen keresztil az eml6sdékben ugyanezt a
folyamatot stimulaljak.

BANAHWE HEKOTOPbIX AAPEHEPITMYECKWX WHITMBUTOPOB HA
MOBUNU3ALUNIO XUPA Y HUIWUNX MO3BOHOYHbIX

T. dapkaLw

CornacHo HawWwum npeablAYLW UM AaHHbIM, KaTexonaMuHbl MOHWXaT YPOBEHb CBOGOAHbIX
XUPHbIX KNCNOT B KPOBW Pbl6 M NATYW KN in VIVO M NOHWUXaKT CUHTE3 CBOBOAHbLIX XMUPHbIX
KUCNOT B XXMPOBOW TKaHW 3TUX XMBOTHbLIX in Vitro.

DCI, nofo6HO KaTexonaMuHam, yMeHbllaeT HaKonaeHne CBOBGOAHbIX XUPHbIX KUCAOT K
npefoTBpaljaeT OTMeYeHHOe Bbille [eliCTBMe KaTexonaMWHOB in vivo W in vitro. 3protamuH,
CHUXasn CUHTE3 CBOGOAHbLIX XMPHbIX KNCNOT, He CHWMaeT ahdekTa KaTexonammuHos. Ob6a UH-
rnéutopa NpenaTCTBYOT pPasBUTUIO TUNEPrAMKeMUM, HacTynalleid noj BAUAHMEM KaTexona-
MUHOB. M0 BCeli BEPOATHOCTU, KATEXONAaMMUHbl CHUXAKT CUHTE3 CBOGOAHBIX XUPHbBIX KNCNOT Y
HU3LWUX NO3BOHOYHbIX, fleiCTBYSA Yepe3 Ty Xe CUCTeMY afjeHunumnknasa — Uuuknnyeckas-AM®,
KOTOpas onucaHa Kak cMCTeMa CTUMYNMPOBAHUSA 3TOr0 npouecca y MAeKONUTAK W UX.
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The research work, aiming at obtaining a possibly complete picture of
the rate of infection by helminths of the fish in lake Balaton by examining a
great number of fish specimens, continued, one year after its conception, also
in 1967. In this year, studies were extended to the monogenetic trematode spe-
cies also. The presentpaper submits ashort survey of the species belonging to
the genera Dactylogyrus, Gyrodactylus, and Tetraonchus, collected in the year
in question.

The following fish species have been examined: carp (Cyprinus carpio),
bream (Abramis brama), white bream (Blicca bjoerJcna), crucian carp (Caras-
sius carassius), roach (Rutilus rutilus), red eye (Scardinius erythrophthalmus),
galin (Aspius aspius), ruffe (Acerina cernua), razor-fish (Pelecus cultratus),
European weis (Silmus giants), pike-perch (Lucioperca lucioperca), Volga
dike-perch (Lucioperca volgensis), pike (Esox lucius), perch (Pereafluviatilis),
European eel (Anguilla anguilla).

The specimens examined were adult fish, captured by sweepnet by the
local fishermen.

Family: Gactylogyridae

All Dactylogyrus species have been collected from the gills
Dactylogyrus auriculatus (Noedmann, 1832), Nybelin, 1936, Fig. 2.
Host: Abramis brama
Date of collecting: 23 May, 1967
Dactylogyrus cornu Linstow, 1878, Fig. 4
Host: Blicca bjoerlcna
Date of collecting: 23 May, 1967
Dactylogyrus crucifer w agener, 1857, Fig. 3
Host: Rutilus rutilus
Date of collecting: 23 May, 1967
Dactylogyrus difformis Wageneb, 1857, Fig. 1
Host: Scardinius erythrophthalmus
Date of collecting: 23 May, 1967
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Fig. 1 Fig. 2
1. &bra. Dactylogyrus difformis 2. abra. Dactylogyrus auriculatus
W ageneb .1867 (Nordmann, 1832), Nybelin, 1936
Fig. 3

3. abra. Dactylogyrus crucifer
Wageneb, 1857

Fig. i
4. dbra. Dactylogyrus cornu Linstow, 1878
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Dactylogyrus distinguendus N y heun, 1937
Host: Blicca bjoerkna
Date of collecting: 23 May, 1967
Dactylogyrus extensus Mueltler et Van Cleave, 1932
Host: Gyprinus carpio
Date of collecting: 23 May, 26 Sept., 1967
Dactylogyrus falcatus (w ed1, 1857)
Host: Abramis brama
Date of collecting: 23 May, 1967

Fig. 5
6. abra. Daetylogyrus intermedinsw agener, 1909

Fig. 6

[B. abra. Daetylogyrus tuba
Linstow, 1878

Fig. 7
7. abra. Daetylogyrus fallax w agener, 1857
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Dactylogyrus fallax W agener, 1857, FUj. 7
Host: Rutilus rutilus
Date of collecting: 23 May, 1967

Dactylogyrus intermedins Wagener, 1909, Fig. 5
Host: Carassius carassius
Date of collecting: 23 May, 26 Sept., 1967

Fig. 8 Fig. 9
8. abra. Gyrodactylus longiradix 9. abra. Gyrodactylus luciopercae
Malmberg, 1956 Gussev, 1962

This gill-inhabiting parasite has been published from Hungary by Moinar
and Nemeth. Their figure shows a specimen slightly differing from the nomi-
nate form. My own exemplars stand nearer to the typical form, insofar as
their radical appendage is not tapering, its surface straight or slightly concave,
the connecting dorsal plate finely arcuate, its margin not sinuous.

Dactylogyrus tuba Linstow, 1878, Fig. 6
Host: Aspius aspius
Date of collecting: 23 May, 26 Sept., 1967
Dactylogyrus wegeneri Kutwiec, 1927
Host: Carassius carassius
Date of collecting: 23 May, 1967
Dactylogyrus wunderi Bychowsky, 1931
Host: Abramis brama
Date of collecting: 23 May, 26 Sept., 1967
Dactylogyrus zandti Bychowsky, 1931
Host: Abramis brama
Date of collecting: 23 May, 26 Sept., 1967

Family: Gyrodactylidae

Gyrodactylus longiradix Maimberg, 1956, Fig. 8
Host: Carassius carassius — fins
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Date of collecting: 26 Sept., 1967

Gyrodactylus luciopercae Gitssev, 1962, Fig. 9
Host: Lucioperca lucioperca — fins
Date of collecting: 26 Sept., 1967

These two species have not yet been recorded from Hungary.

Family: Tetraonchidae

Tetraonchus monenteron (W agener, 1857) Diesing, 1858
Host: Esox lucius —qgills
Date of collecting: 23 May, 26 Sept., 1967

Summary

The paper submits a survey of monogenetic trematode species belonging
to the genera Dactylogyrus (13 sp.), Gyrodactylus (2 sp.) and Tetraonchus (1 sp.),
found in fish of the Lake Balaton. The species Gyrodactylus longiradix and
G. luciopercae have not yet been published from Hungary.
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A BALATONI HALAK HELMINTHOFAUNAJANAK VIZSGALATA II
(MONOGENOIDEA)

0sszefoglalas

Matslcasi Istvan

A kozlemény balatoni halakbél gydjtétt 13 Dactylogyrus, 2 Gyrodactylus és 1 a
Tetraonchus genusba tartoz6 monogenetikus trematoda faj attekintését tartalmazza.

A Gyrodactylus longiradix és Gyrodactylus luciopercae hazank faunajabol eddig
még nem kozolt faj.

MN3YUYEHUE TEIBMUHTO®AYHbI Pblb O3EPA BAJTIATOH
M. Maukawu

ABTOpPOM OMKMCaHbl TpeMaToabl 6anaTOHCKUX pbi6, OTHOCALMECS K CNeAyoLMM rpynnam:
Dactylogyrus (13 Bugos), Gyrodactylus (2), Tetraonchus (1). [jBa 13 06HapyXXeHHbIX BWAOB
ABNAKTCS HOBbIMK ANs hayHbl BeHrpumn: Gyrodactylus longiradix n Gyrodactylus luciopercae.
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In 1967, our helminthological investigations, aiming at the complete
survey of the helminthofauna of fish in Lake Balaton (Mészaros 1966), were
further continued. The present paper discusses the parasitic nematodes of
fish species collected in 1967.

M aterial and methods

In the course of the year under discussion, 180 fish specimens have been
studied on three occasions. The nematodes were cleared in lactophenol for
identification.

Results

Of the investigated 180 fish specimens, 164 (91.8 per cent) were infested
by parasitic worms. Nematodes had been shown in 95 fish specimens (57.5
per cent).

Table 1 shows the rate of infection by nematodes of the examined fish
species.

The following nematode species have been identified:

Anisakidae spec.

Host: Lucioperca lucioperca

Localization: liver

Date of collecting: 23 May, 1967

Host: Abramis brama

Localization: liver

Date of collecting: 26 Sept., 1967
Camallanus lacustris (Zoega, 1776)

Host: Pereafluviatilis

Localization: pyloric appendages, intestine

Date of collecting: 23 May, 23 Aug., 26 Sept., 1967
Camallanus truncatus (R tjdoiphi, 1814)

Host: Lucioperca lucioperca



142

Table 1 — 1. Tablazat

Rate of infection of the fish species examined
A fert6zottség mértéke a vizsgalt halfajokon

Number of examined Number of parasitized
Fish species specimens specimens Percentage of
Halfajok Vizsgalt halak Fert6zott halak extensity
szdma szama Extenzitas %oa
Esox lucius 8 5
Rutilus rutilus 20 2 10
Scardinius erythrophthalmus 19 12 63.1
Aspius aspius 15 13 86.6
Albumus alburnus 1 - -
Blicca bjoerkna 3 1 -
Abramis brama 63 37 58.7
Pelecus cultratus 5 - —
Carassius carassius 7 2 -
Cyprinus carpio 2 - -
Silurus gianis 1 - —
Anguilla anguilla 1 - —
Lucioperca lucioperca 23 16 69.5
Lucioperca volgenis 2 2 -
Pereafluviatilis 8 5 -
Acerina cernua 2 — —
altogether
0sszesen 180 95 52.7

Localization: pyloric appendages, intestine

Date of collecting: 23 May, 14 Aug., 26 Sept., 1967

Host: Lucioperca volgensis

Localization: pyloric appendages, intestine

Date of collecting: 23 May, 1967

Host: Pereafluviatilis

Localization: pyloric appendages, intestine

Date of collecting: 23 May, 26 Sept., 1967

Host: Aspius aspius

Localization: intestine

Date of collecting: 23 May, 14 Aug., 1967

Host: Esox lucius

Localization: intestine

Date of collecting: 23 May, 14 Aug., 26 Sept., 1967
Philometra ovata (Zeder, 1803)

Host: Abramis brama

Localization: air bladder, body cavity (in fish infected by Ligula).

Date of collecting: 23 May, 14 Aug., 26 Sept., 1967

Host: Rutilus rutilus

Localization: air bladder

Date of collecting: 20 April, 23 May, 1967
Philometra rischta Skrjabin, 1917

Host: Blicca bjoerkna

Localization: gill surface
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Date of collecting: 23 May, 1967
Philometra sanguined (Rudolphi, 1819)
Host: Garassius carassius
Localization: air bladder, body cavity
Date of collecting: 14 Aug., 26 Sept., 1967
Moinar has already shown this species (1966) from the Crucian carp
in another locality in Hungary.
Philometra sp.
Host: Aspius aspius
Localization: air bladder, body cavity
Date of collecting: 23 May, 14 Aug., 1967
Of the 15 examined specimens, | found this Philometra species in 10 fish
exemplars. ldentification was not possible, since the females were not mature.
The males stand near Ph. rischta Skrjabin, but their spicules were twice
bigger than those of this latter species (Moinar, 1967, p. 300).
Skrjabillanus erythrophthalmi Moi1nar, 1966
Host: Scardinius erythrophthalmus
Localization: air bladder, body cavity
Date of collecting: 23 May, 14 Aug., 1967
Host: Aspius aspius
Localization: air bladder, body cavity
Date of collecting: 14 Aug., 1967
The occurrence of this parasite from the balin has not yet been published.
Host: Abramis brama
Localization: air bladder, body cavity
Date of collecting: 26 Sept., 1967
I have collected four mature female specimens and a male exemplar.
This nematode was heretofore unknown from the bream.
Skrjabillanus scardinii Moinar, 1966
Host: Scardinius erythrophthalmus
Localization: air bladder, body cavity
Date of collecting: 23 May, 14 Aug., 1967
Capillaria sp.
Host: Aspius aspius
Localization: intestine
Date of collecting: 23 May, 1967
Host: Abramis brama
Localization: intestine
Date of collecting: 14 Aug.. 1967

Summary

Author established the occurrence of ten nematode species, on the basis
of the examination of 180 fish exemplars comprising 17 fish species. The new
hosts, recorded herein, of Skrjabillanus erythrophthalmi are Aspius aspius and
Abramis brama.
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A BALATONI HALAK HELMINTHOLOGIAI VIZSGALATA 11
PARAZITA NEMATODAK A BALATONI HALAKBOL

Osszefoglalas
Mészaros Ferenc

A szerz6 10 Nematoda—faj el6fordulasat allapitotta meg 17 fajhoz tartozé 180
balatoni hal vizsgalata alapjan. A Skrjabillanus erythrophthalmi szerz6 altal megallapitott

Gj gazdai az Aspius aspius és az Abramis brama.

FEIbBMWHTONOIMYECKOE WCCNEAOBAHWE BANATOHCKWX Pblb. W.

NMAPASNTNYECKNE HEMATO/AbI Pblb O3EPA BA/TATOH
®. Mecapolu
Mpw o6cnegoBaHny 180 ocobeit 6anaTOHCKMX pblb, OTHOCAWMXCA K 17 BUAOM, 06Hapy-

eHo 10 Bugos Hematog. MNokasaHo, 4to xo3smHom Skrjabillanus erythrophthalmi asnsatoTtcs
Aspius aspius u Abramis brama.
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UNTERSUCHUNGEN UBER DIE LUGULA-INFEKTION DER
UNGARISCHEN FISCHFAUNA

KALMAN MOLNAR, LASZLO BEKESI und GYULA HAMORI

Veterinarmedizinisches Forschungsinstitut der Ungarischen Akademie
der Wissenschaften, Budapest

(Eingegangen am 28. Februar, 1968)

Obwohl in Ungarn das Vorkommen von Riemenwirmern (Ligula sp.)
schon seit langerer Zeit bekannt ist, liegen tber den Befall der einzelnen Fisch-
arten nur wenig, und uber die Verbreitung der Ligulose im Lande Uberhaupt
keine Angaben vor.

Der erste Hinweis auf eine Riemenwurm-Infektion von Fischen des Bala-
ton stammt von R atz, der 1897 Uber den Befall von 4 Tischarten berichtete
(Abramis brama, Tinea tinea, Perea fluviatilis und Lucioperca lucioperca).
Jedoch ist es aus dieser Beschreibung nicht zu entnehmen, ob der von R atz
als Ligula simplicissima Crep1in bezeichnete Schmarotzer der nach der gegen-
waértigen Nomenklatur als Ligula intestinalis (L., 1758), oder der als Digramma
interrupta (Ritd., 1810) bezeichneten Art entspricht. Weiterhin scheint das
Vorkommen der fAgula-Vnrnniten bei den Wirtsarten Percafluviatilis xmd Lucio-
perca lucioperca zweifelhaft zu sein, da es weder durch unsere eigenen Unter-
suchungen, noch durch einschldgige Literaturangaben bestdtigt werden kann.

Bei seinen ausfuhrlichen Untersuchungen ebenfalls an Balatonfischen
fand Jaczo (1941) in der Bauchhghle von Bleien (Abramis brama), Schleien
(Tinea tinea), Plotzen (Rutilus rutilus), Rotfedern (Scardinius erythrophthal-
mus), Karauschen (Carassius carassius) sowie Steinbeilen (Cobitis taenia)
Riemenwiirmer, die er als Ligula intestinalis identifizierte. Einige Jahre spater
wies der gleiche Autor (Jacze, 1949) in Ungarn als erster auf die wirtschaftliche
Bedeutung und o©kologischen Verhdltnisse der Ligulose hin. Er sagte, daR
diese Parasitose bei Bleien (Abramis brama) und Gistern (Blicca bjorkna) des
Balaton betrdchtliche Verluste verursache.

Riemenwiurmer aus Fischen der Donau hat zum ersten Mal Dudich
(1948) beschrieben. Bei unseren eigenen Untersuchungen verliefen wir uns
vorwiegend auf die Arbeiten von Dubinina (1950, 1953, 1957, 1964), die die
Taxonomie und Evolution der Familie Ligulidae ausfuhrlich bearbeitet hat;
hinsichtlich der Verbreitung der Ligulose beziehen wir uns auf die ein-
schldagigen Angaben von K amenski (1962), K ozicka (1958, 1959), Orr (1967),
Schaperclatjs (1954), Schuvaev (1966) und 2itnan (1964).

Die Untersuchung der Ligula-Infektion wurde teils im Rahmen unserer
allgemeinen faunistischen Arbeiten, teils als zielgerichtete Untersuchungen zur
zahlenmé&Rigen Erfassung des Befalles von einigen Wirtsarten, vornehmlich
aus dem Balaton, durchgefihrt.

10 Tihanyi Evkonyv
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Im Laufe der zielgerichteten Untersuchungen sahen wir von der Diffe-
renzierung zwischen Ligula intestinalis (L., 1785) und Digramma interrupta
(Rtjd., 1810) ab, da sie auf technische Schwierigkeiten stiel3.

Da fir die fortlaufenden, zahlenmé&Rig auswertbaren Untersuchungen
ausschlielflich Fische aus Fangen des Balatons verwendet werden konnten,
beziehen sich die vorliegenden exakten Angaben nur auf die Fischpopulation
dieses Sees. Fur die anderen einheimischen Gewdésser wurde die Stérke des
Ligulabefalles an Hand der faunistischen Beobachtungen ermittelt.

Untersuchungen an Fischen des Balatons

Die Mehrzahl der untersuchten Fische wurde aus den Fischziigen des
Balaton-Fischereiunternehmens (Balatoni Halaszati Vallalat) bezogen; ein
kleinerer Teil wurde selbst gefangen. Die Von dem Unternehmen gefangenen
Fische wurden wéhrend der Verarbeitung in der Konservenfabrik untersucht.

Mit dieser Methode erhielten wir detaillierte und statistisch gut auswert-
bare Angaben lber den Riemenwurmbefall der drei Fischarten des Balatons,
des Bleis (Abramis brama), der Ziege (Pelecus cultratus) und der Plgtze (Ruti-
lus rutilus), die konservenmalig verarbeitet werden. Unter den selbstgefange-
nen Fischen kam nur der Ukelei (Alburnus alburnus) in einer entsprechend
hohen Anzahl vor, um Folgerungen liber den prozentualen Befall mit Ligula-
Arten zu erlauben. Da aber die genannten 4 Wirte die haufigsten Arten der
Cyprinidenpopulation des Balatons darstellen, dirften die tGber ihre Ligula-
Infektion erhaltenen Angaben ausreichend sein, um ein Bild von der Gesamtbe-
fallsstarke des Sees zu geben.

Die von uns identifizierten zwei Ligula-Arten wurden ausschlief3lich bei
Cypriniden aufgefunden, weshalb wir nicht auf die Beschreibung der bei
sonstigen W irtarten erzielten Ergebnisse eingehen.

Neben den separat tabulierten Arten Blei, Ziege und Ploétze, haben wir
die folgenden Cypriniden untersucht:

. Untersuchte Zahl Befallene Zahl

Fischarten der Fische der Fische
Ukelei (Alburnus alburnus) 410 9
Karpfen (Cyprinus carpio) 6 —
Schlei (Tinea tinea) 7 —
Karausche (Carassius earassius) 2 —
(Gobio albipinnatus) 4

Im Falle der Wirtsarten Blei, Plotze und Ziege wurde in der Tabelle nur
die Zahl der in der Konservenfabrik untersuchten Fische aufgefiihrt. Das
gleiche Material diente auch fir die statistische Auswertung.

Da ein recht groRes Fischmaterial bearbeitet wurde, konnten wir keine
genaue Altersbestimmungen durchfihren. Wir teilten die Fische nach der
Korperldnge in drei GrofRengruppen auf und schétzten ihr Alter danach ein.
Die Ergebnisse waren zufriedenstellend korrekt; dabei war uns die von Pénzes
(1966) fir die Bleie erarbeitete Methode der Ermittlung des Alters auf Grund
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der Korperlange von groBer Hilfe. Im Falle der Plétze und der Ziege lieR
sich aber diese Methode nicht mehr anwenden; wir verlieBen uns daher auf
die Angaben von Bauch (1953) sowie auf unsere eigenen stichprobenartigen
Messungen. Tabelle | zeigt die volle Kdrperldnge der untersuchten Individuen
sowie das entsprechende Alter, wie wir es in der vorliegenden Arbeit einge-
schétzt haben.

Tabelle 1. — 1. Tablazat

Q-roRken-

gruppen: bis 20 cm von 20 bis 25 cm Uber 25 cm
Blei bis 3. 4 bis 5 ber 6
Sommer Sommer Sommer
Ziege Alter: bis 3. 4. Gber 5
Sommer Sommer Sommer
Plotze bis 6. 6 bis 8 ber 8
Sommer Sommer Sommer

.Der Zusammenhang des Alters der Bleie mit ihrer Kdrperldnge wurde
auch von Schaperclaxjs (1954) in bezug auf die Bleienpopulation der Havel
bei Gatow erarbeitet, wobei er auch die verschiedene GroBe der Fische mit
und ohne Riemenwurmbefall in Betracht zog. Leider konnten wir diese recht
gute Methode wegen der rascheren Entwicklung der Balaton-Bleie selbst
nicht anwenden, und wir waren auch nicht in der Lage, die Korrektion fur
befallene und nicht befallene Fische zu benitzen; bei der Auswertung der
Ergebnisse zogen wir jedoch diese Fehlerquelle in Betracht.

Waéahrend der Bearbeitung in der Konservenfabrik wurden insgesamt
10 880 Bleie, Plotzen und Ziegen untersucht. Die Anzahl der wdéhrend der
einzelnen Untersuchungsperioden besichtigten Fische sowie die entsprechenden
Prozentanteile der Befallsstarke wurden in Tabelle 2, die nach den GréBengrup-
pen so wie nach Arten summierten Angaben in Tabelle 3 aufgefinhrt.

Den hochsten Prozentanteil der Befallsstarke fanden wir bei den Pl6tzen,
unter denen 4.83% der untersuchten Individuen mit Ligulen befallen waren;
in der jungsten (unter 20 cm groRBen) Altersgruppe erreichte die Befallsstarke
sogar 8.51%. Einen dhnlich hohen Riemenwurmbefall stellten wir auch bei
den Bielen fest, bei denen die durchschnittliche Befallsstiarke 4.19% ausmachte.
Im Vergleich mit den vorigen zwei Arten bei der Ziege dirfte die Befallsstarke
als belanglos betrachtet werden, da sie sogar in der GréRengruppe unter 20 cm
blo 0.32% war.

Die Auswertung der in den Tabellen 2und 3 aufgefiihrten Angaben ergibt,
dal die Befallsstarke bei allen drei Arten in der jingsten GrdRengruppe am
hdchsten war. Bei den 20 bis 25 cm groRen Fischen war sie verhaltnismalRig
niedriger, obwohl im allgemeinen noch immer ziemlich hoch, unter den &lte-
ren Fischen dagegen fanden wir nur wenige, unter den Ziegen sogar keine
befallene Individuen.

Diese Beobachtungen weisen darauf hin, dall bei der Fischpopulation
des Balatons der Riemenwurmbefall mit dem fortschreitenden Alter abnimmt.

10*
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Tabelle 2.
Blei
Untersuchungs- bis 20 ¢m 20—25 cm iiber 25 cm bis 20 cm
zeiten
n > p n 1 P B 1 p n 1 p

6. XI. 1965 427 33 7,7 286 18 6,2 174 22 8 36,3

13. XI. 63 25 39,6 52 16 30,7 43 1 2,3 10 1 10,0
20. XI. 182 7 38 438 4 0,9 380 1 0,2

26. XI. 233 9 38 168 4 2,3 53 - - 28 1 35
30. XI. 310 6 19 225 2 0,8 105 - -

1 XII. 452 23 50 268 12 45 188 - 43 1 2,3
6. XI1. 292 3 10 215 - - 49 -

5. 111. 1966 570 23 40 724 33 45 449 - 38 1 2,6
1« 1. 155 37 238 108 20 185 15 1 6,6

untersuchte Individuen
befallene Zahl
% Befallsstarke

T =5
TR

Abb. 1. Mit Riemenwirmern infizierte Bleie

1. kép. Ligulakkal fert6zott dévérek

Der Vergleich des Infektionsgrades mit dem Zusammenhang zwischen
Grofle und Alter (Tabelle 1) ergibt, dalR die Ligulose der Balatonfische nur bis
zum 5- bis Rsémmrigen Alter von Bedeutung ist. Uber dieses Alter kommt die
Riemenwurmkrankheit nur vereinzelt vor.

Die Tatsache, daBR der Befall der unter 20 cm groBen Plétzen den der
gleich groBen Bleie Ubertrifft, wogegen in der 20 bis 25 cm GréBengruppe die
Ligulose bei den letzteren hdufiger ist, bestatigt weiterhin die Beobachtung,
dall im Balaton die Ligulose die Erkrankung der einige Jahre alten Fische ist,
da die Plotzen der ersten Gruppe wegen ihrer langsamen Entwicklung nach
ihrem Alter den Bleien erster und zweiter Kategorie gleichkommen. Die Stich-
proben wurden jeweils dem durch das Fischereiunternehmen ausgefangenen
Material entnommen: die gleiche Maschenweite des Netzes 148t aber Fische von
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— 2. Tablazat
Plotze Ziege
20—25 cm iber 25 cm bis 20 cm 20—25 cm iiber 25 cm

n 1 P n 1 P n 1 P n 1 p n 1 p

42 5 11,9 12 104 4 3,8 208 43
9 - - 9 1 11,1 564 3 05 920 1 01 110 - -
200 1 05 320 - - 80 - -
52 1 19 20 — — 255 2 07 287 _ — 98 —
89 — 25 . — 210 1 0,4 266 1 03 115 — _

Tabelle 3. — 3. Tablazat

Gesamtlange der Untersuchte Zahl Zahl der befallenen 7

B ()
Fischarten Fische der Fische Fische Befallsstarke
bis 20 cm 2684 166 6,18
Blei 20—25 cm 2484 109 4,38
Uber 25 cm 1456 3 0,20
insgesamt 6624 278 4,19
bis 20 cm 141 12 8,51
Plotze 20—25 cm 238 10 4,20
Uber 20—25 cm 97 1 1,03
insgesamt 476 23 4,83
bis 20 cm 1333 1 0,82
Ziege 20—25 cm 2001 2 0,10
Uber 25 cm 446 0 -
insgesamt 3780 13 0,34

gleicher KorpergrofRe durch, demgemdl waren die ausgefangenen schnell
wachsenden Bleie 2—3sémmrig, die langsam wachsenden Plétzen und die
langen Ziegen noch alter.

Aus dem gleichen Grund sehen wir von der statistischen Auswertung der
Ligulose bei dem Gister (Blicca bjorkna) ab, da diese Art, obwohl sie ziemlich
haufig ist, langsam wdéchst und nur selten die der Netzreife entsprechende
KorpergréRe erreicht. Untersuchungen der selbstgefangenen aber nicht ausge-
werteten Individuen jedoch zeigen einen verhéltnismaligen Befall mit Ligula-
Plerocercoiden sowohl bei dem Gister (Blicca bjorkna) als auch beim Ukelei
(Alburnus alburnus), und obwohl diese Arten keinen besonderen wirtschaft-
lichen Nutzen haben, dlrften sie bei der Aufrechterhaltung der Ligulose eine
bedeutende Rolle spielen.

Die Riemenwurminfektion der Balatonfische wurde weiterhin unter zwei
Gesichtspunkten studiert: einerseits wurde untersucht, welche Faktoren fir
die Verschiedenheit des Befalles in den einzelnen Altersgruppen verantwortlich
sind, andererseits durch welche Wirt-, bzw. Zwischenwirtkreise die Infektion
erfolgt.
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Ein hoherer Prozentanteil der Riemenwurminfektion unter den niedri-
geren Altersgruppen der Bleie, Plotzen und Rotfeldern wurde von K amenski
und schitvaev bei der Fischpopulation des Kachovskier Wasserspeichers bzw.
der Achatarsker Bucht beobachtet. Unsere Ergebnisse stimmen auch mit
denen von Schaperctatjs (1954) tberein, der bis zum Alter von 4—6 Sommern

Abb. 2. Nichtinfizierter Blei

2. kép. Ligulaktél mentes dévér

einen allméhlichen Anstieg, darnach ein Abnehmen der Ligulose beschrieb.
Der von Schaperciatjs nachgewiesene Zusammenhang zwischen der Grofie
und dem Alter der Bleie steht im guten Einklang mit unseren Beobachtungen.
Zithan dagegen behauptet, bei der Pldtzenpopulation eines Grubenteiches
sei der Infektionsgrad mit dem Alter angestiegen und habe bei manchen
alteren Individuen sogar 100% erreicht.

Der Widerspruch dieser Angaben wird verstdndlich, sobald die Ent-
wicklung der Ligulose in Abhéangigkeit der Erndhrungszustdnde untersucht
wird. In dem von zitnan beschriebenen Grubenteich dirften die Fische — wie
tberall in &hnlichen Gewadssern — nur zu wenig Nahrung gekommen haben
und dementsprechend fraBen auch die &lteren Fische zumeist Plankton, das
die Quelle der Infektion ist. Dagegen im Balaton u.a. Teichen sowie in den
Wasserspeichern erndhren sich die Fische, nachdem sie ein gewisses Korper-
gewicht erreicht haben, vornehmlich von Nahrung vom Teichboden, wobei die
Chancen der Infektion auf das Minimum reduziert werden. Dies dirfte die
fallende Tendenz der Ligulose bei den tUber 25 cm groBen Fischen erkléren.
Weiterhin geht ein Teil der infizierten Fische an der Ligulose zugrunde, und
bei den Uberlebenden verlangsamt sich die Entwicklung so, daR sie die GréRen-
gruppe uber 25 cm meistens nicht erreichen kénnen. Die von den Riemen-
wiirmern befallenen Fische verbleiben Planktonfresser und ihre Kérperdimen-
sionen nehmen nur im geringen Grade zu.

Sowohl Ligula intestinalis als auch Digramma interrupta sind auBer-
ordentlich schadliche Schmarotzer der Fische. Die Besiedlung durch einen
einzigen Parasiten kann bereits zu einer andauernden, ja sogar tddlichen
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Schéadigung des Wirtes fiihren, durch Deformierung, Verwachsung der inneren
Organe, parasitische Kastration usw. oder aber durch Pré&disponierung fir
sonstige Parasitosen (z. B. Philometrose). Da nach unseren Beobachtungen ein
einziger Wirt sogar von 3-5 RiemenWdirmern besiedelt werden kann, durfte
die Ligulose der Balatonfische als eine wirtschaftlich bedeutende Schadlichkeit

Abb. 3. Infizierter Blei mit aus der Bauchhdhle herausgehobenen Riemenwiirmern

3. kép. Ligulas dévér a hasiiregh6l kiemelt ligulakkal

aufgefallt werden. Die Frage ist, welche Faktoren die Entstehung der Infek-
tion beglnstigen. Aus den Arbeiten von D xjbinina iSt esbekannt, dall der Ent-
wicklungsgang der zwei Bandwiurmer im grofRen und ganzen gleich ist und
neben den die Plerocercoiden beherbergenden Fischen Krebschen (Cyclops
und Diaptomus-Arten) als Zwischenwirte und fischfressende Wasservogel als
Endwirte eine Rolle spielen.

Samtliche Entwicklungsphasen der Ligula-Arten haben einen verhéltnis-
maRig breiten Wirtskreis. Zweifellos kommen die haufigsten Krebs-Zwischen-
wirte, wie Cyclops strenuus, Acanthocyclops viridis, Eucyclops serrulatus und
Diaptomus gracilis reichlich im Balaton vor, meistens in der N&he der Brut-
stellen der Wasservdgel im Schilf. Auch die Plerocercoid-tragenden Cypriniden
sind recht h&ufig. Daraus aber l4Rt sich die vorliegende hohe Inzidenz der
Ligulose nicht erklaren, da die Wasservogel-Fauna recht armlich ist.

Infolge des Ausbaus des Balatonufers und der damit verbundenen Aus-
rottung des Schilfes an vielen Stellen hat ,,der groRe Balaton” einen betracht-
lichen Teil seiner Vogelwelt verloren, besonders aber die zur Familie Ardeidae
gehorigen Reiherarten, die grofl genug sind, auch die Plerocercoid-tragenden
Bleie und Pl6otzen auffressen zu kdnnen.

DemgemaBR dirfte angenommen werden, daB, obwohl die Ligulose
des Bleis als des haufigsten Balatonfisches die hdchste Inzidenz zeigt, die
Infektionskette doch nicht durch den Blei-Reiher Kreis, sondern vielmehr
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durch die Verbindung einer kleineren Fischart und eines kleineren Raubvogels
aufgehalten wird, mit EinschlieBung von Cyclopoden als Zwischenwirte.

Unter den Raubvdgeln kommen in erster Linie die Lappentaucher
(Podicipitidae) in Frage, die viel h&ufiger als die Reiher sind. Der Lappen-
taucher kann noch 3- 4sémmrige Pldtzen verzehren. Weiterhin kommen
auch die Mdéwen und Seeschwalben (Laridae), die meistens von Ukeleien infi-
ziert werden, in Betracht.

Untersuchungen an Fischen aus sonstigen Gewassern

In den Flissen Ungarns (Donau, Theil}, K6rds) durfte die Ligulose der
Fischpopulation unbedeutend sein, da wir bislang nur bei Ukeleien (Alburnus
alburnus) aus der Donau die Ligula intestinalis nachweisen konnten. In den
toten Armen der Flisse werden jedoch 6fter von RiemenWirmern befallene
Fische, namentlich Bleie, aufgefunden.

Im Velencer-See, der dem Balaton dhnlich auch eine recht grofle Wasser-
flache darstellt, dirfte sich die Ligulose der Fischpopulation &hnlich wie im
Balaton gestalten, obwohl im Laufe unserer faunistischen Untersuchungen die
Riemenwurminfektion in erster Reihe bei der Rotfeder (Scardinius erythro-
phthalmus) beobachtet werden konnte.

In Kulturteichen ist die Ligulose des Karpfens (Cyprinus carpio) eine
Raritat. Die jungst eingefiihrte pflanzenfressende Fischart, der GraBkarpfen
(Ctenopharyngodon idella) erwies sich jedoch recht empfanglich sowohl fir
Ligula intestinalis als auch fir Digramma interrupta. In manchen Fischwirt-
schaften wurde unter den 2—3soémmrigen GralRkarpfen ein 20—50%iger
Riemenwurmbefall mit tddlichem Ausgang beobachtet.

In einer Fischwirtschaft im Gebiet zwischen der Thei und der Donau
trat eine schwere Ligulose unter Karauschen (Carassius carassius) auf. In die-
sem Fall war ausschlieBlich Digramma interrupta fir die Infektion verant-
wortlich.

Diskussion

Unsere Untersuchungen zeigten, dall die Ligulose sowohl in den natirli-
chen Teichen als auch in den Kulturteichen Ungarns eine bedutende und weit
verbreitete Fischkrankheit ist. S&mtliche Cypriniden sind fir die Riemenwurm-
krankheit empfanglich, jedoch scheint ihr Auftreten von der Art, der Alters-
gruppe sowie von den dkologischen Verhaltnissen der einzelnen Biotope stark
beeinfluBt zu sein. Dies erklért die Tatsache, dalR der Befall mit Riemenwdr-
mern in manchen Teichen bei der Karausche, in anderen bei dem GraRkarpfen
und der Rotfeder, im Balaton dagegen bei den Bleien und Pl6tzen am starksten
war, obwohl in den gleichen Gewadssern auch sonstige Fischarten als Wirte in
Frage kommen kénnen. Diese Annahme wird auch von Kozickas Beobachtun-
gen bestatigt, wonach im Druzno-Teich die Inzidenz der Riemenwurmkrank-
heit bei den Bitterlingen am hdchsten war (72.2%), bei denen wir in den ungari-
schen Gewadssern tuberhaupt keine Ligulen aufgefunden haben.

Die Bedeutung der Ligulose beruht auf ihrem groen wirtschaftlichen
Schaden, der besonders in den Fischwirtschaften eingeschétzt werden kann..
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In den Kulturteichen niamlich verendete beinahe die Hilfte der mit Ligula
infizierten Fische. Nach unseren Beobachtungen diirfte aber die Schidlichkeit
der Riemenwurmkrankheit auch in den natiirlichen Gewissern nicht ohne
Belang sein; die Mortalitat kann zwar nicht eingeschiétzt werden, aber im Laufe
unserer Untersuchungen in der Konservenfabrik konnte bei 4.199; der Bleie,
die mit Riemenwiirmern befallen waren, ein groer Verlust an Wert und Markt-
gingigkeit festgestellt werden.

Ein weiterer Schaden erwichst aus der parasitischen Kastration der
befallenen Fische. Im Einklang mit OrRrs Beobachtungen (1967) an der Rot-
feder (Scardinius erythrophthalmus) fanden auch wir bei den meisten unter-
suchten Fischen eine Verkiimmerung der Geschlechtsorgane.

Unsere hier erorterten Angaben, die auf einem viel umfangreicheren
Material beruhen als die bisherigen. einschligigen Berichte, bestitigen im
wesentlichen die iiber die okologischen Zusammenhinge der Ligulose ausge-
bildeten Vorstellungen und tragen zugleich einheimische Angaben bei.

Zusammenfassung

Der Befall von Balatonfischen und Kulturfischen mit Plerocercoiden der
Ligula intestinalis und Digramma interrupta wurde untersucht.

Unter den wirtschaftlich bedeutenden Fischen des Balatons war die
Ligulose bei 4.199, der Bleie, 4.839, der Plotzen und 0.349, der Ziegen fest-
gestellt. Innerhalb der einzelnen Arten war das Auftreten der Krankheit unter
den 3 bis 5-sommrigen Fischen am hochsten.

In den Fischwirtschaften kommt die Ligulose in erster Reihe unter den
Grafikarpfen und Karauschen vor, in hohem Prozentanteil und oft mit todli-
chem Ausgang.
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VIZSGALATOK A MAGYARORSZAGI HALAK
LIGULAS FERTOZOTTSEGERE VONATKOZOAN

0sszefoglalas
Molnar Kalman, Békési Laszl6 és Hamori Gyula

A szerz6k a balatoni és tdgazdasagi halak Ligula intestinalis és Digramma inter-

rupta plerocercoidokkal valo fert6z6ttségét vizsgaltak.
Megallapitottak, hogy a Balaton haldszatilag fontos halai kézil a dévér 4,19%-a,
a koncér 4,83%-a, a gardanak pedig 0,34%-a fert6zott ligula plerocercoidokkal. Az egyes

halfajokon belil elsésorban a 3—5 nyaras halak fert6zottsége szamottevd.
Tégazdasagi vonatkozasban a ligulézis els6sorban az amur és a karasz allomanyban

jelentkezik, ahol stlyos elhullasokra vezet6 magasfok( fert6zdttséget okozhat.

M3YUYEHWNE 3APAXEHHOCTW Pblb BEHIPUW
K. MonbHap, /1. bekewn n . Xamopu

M3yyanacb 3apaeHHOCTb pbl6 03epa banatoH M WCKYCCTBEHHbLIX BOLOEMOB BUAAMU

Ligula intestinalis n Digramma interrupta
Kak ycTaHOBNeHo, Y pbl6 banaTtoHa 3apaXeHHOCTb TakoBa: new, — 4,19%, nnoTea —

4,83% 1 yexoHb —0,34% (uundpbl gna 3apaxkeHHocTu Ligida p.). OCO6EHHO CUNLHO 3apaXKeHbl

pbi6bl B Bo3pacTe 3—5 fieT.
M3 pbl6 UCKYCCTBEHHbLIX BOAOEMOB CU/bHEE BCEro 3apaXeHbl aMmyp M Kapach.
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UBER DIE CHEMISCHEN VERHALTNISSE DES OFFENEN WASSERS
DES BALATONSEES NACH UNTERSUCHUNGEN IM JAHRE 1966
UND 1967

EVA ORSOS

Station des Gesundheits- und Seuchenbekdmpfungsdienstes des Komitats,
Veszprém

Eingegangen: am 28 Februar, 1968

Uber die chemische Zusammensetzung des Wassers des Balatonsees sind
in den letzten 10 Jahren mehrere Artikel erschienen. Als erstes maéchte ich die
Arbeit von Bérta Entz (1959) erwéhnen, welche sich in Verbindung mit der
Beschreibung der Eigenheiten und der Verunreinigung der Gewadsser in der
Umgebung des Balatonsees auch mit der Erforschung des Wassers des Balaton-
sees beschéftigt hat. Szitard Papp und seine Mitarbeiter verdffentlichten im
Jahre 1960 eine Arbeit, »Komplexe hygienische Untersuchung des Wassers des
Balatonsees«, welche sich mit den Ergebnissen der Untersuchungen von 1957
und 1958 beschaftigt und auch die biologischen und bakteriologischen Verun-
reinigungen beinhaltet. Als letztes erschien im Jahre 1963 eine umfassende
Veroffentlichung aus dem Waissenschaftlichen Wasserwirtschaftsforschungs-
institut, »Die Untersuchung der Wasserqualitdt des Plattensees«, welche die
Ergebnisse der Forschungen von 1957 bis 1960 zusammenfasst. Seit 1960 sind
unseres Wissens nach gleichartige umfangreiche Untersuchungen nicht gesche-
hen. Die massenhafte Fischverendung im Jahre 1965 hat die Aufmerksamkeit
wieder auf die qualitative Untersuchung des Wassers des Balatonsees gelenkt.
Die hydrobiologischen, bakteriologischen, chemischen und nach pesticiden
Resten forschenden Untersuchungen begannen unter Einbeziehung verschie-
dener Institute mit grossem Aufwand. Davon Ubernahm das wasserchemische
Laboratorium der Seuchenbekdmpfungsstation Veszprém die nach Segmenten
und nach Tiefen vorgehende Untersuchung der gewdhnlichen die Wasser-
zusammensetzung charakterisierenden Komponenten des Wassers des Balaton-
sees, dazu kamen die an Ort und Stelle ausfiihrbaren Untersuchungsmaglich-
keiten, die ergdnzt wurden durch die routinemdssig ausfihrbaren Kationen-
und Anionenuntersuchungen. Die Bestimmung von Spurenelementen oder
besonderen organischen Bestandteilen konnten wir in solchem grofen Umfang
nicht durchfuhren, jedoch entsprachen die untersuchten Komponenten fast
vollkommen den Elementen, die in den vorhergehenden sich mit Balatonsee-
wasser beschéftigenden Arbeiten Vorkommen und sind somit vergleichbar.

Wasserprobenentnahmestellen, analytische Methoden

Die Wasserprobenentnahme geschah vom Schiff des Biologischen For-
schungsinstitutes zu Tihany aus zusammen mit der Probenentnahme fir bio-
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logische Untersuchungen an den durch das Institut bestimmten Probenent-
nahmestellen (Ahb. 1). In den Segmentldngen, die auf der Balatonseekarte zu
sehen sind, haben wir jeweils an 3 Stellen in 3 Tiefen Proben entnommen und
die an Ort und Stelle durchfihrbaren Messungen durchgefihrt. 1966 haben wdr
360 Proben, 1967 315 Proben auf folgende Komponenten hin untersucht;

Abb. 1. Die schematische Darstellung der Landkarte des Plattensees mit der Angabe der
einzelnen Probeentnahmestellen

1. dbra. A Balaton vazlatos térképe a mintavételi helyek megjeldlésével

1. An Ort- und Stelle- im Wasser geldstes Oxygen, freie Kohlensaure,
Wasser- und Lufttemperatur.

2. Weiterhin-sdmtliche feste Bestandteile, der Gehalt organischer Sub-
stanzen, Chloridgehalt, Gehalt an Nitrit, Nitrat, Ammoniak, Sulfat, Eisen,
Mangan, Kalzium, Magnesium, Basizitdt, Gesamthérte, Siliziumdioxydgehalt,
Fluor, Phenol an den exponierten Stellen, in der N&he der Einmindungen
industrieller Abwdasser und bakteriologische Untersuchung auf E. coli. Als
Bestimmungsmethode haben wir in Ubereinstimmung mit der Wasserabteilung
des Staatlichen Volksgesundheitsinstitutes den vom ungarischen Normungsamt
1963 verdffentlichten »Wasseruntersuchungsnormen«-Band Seite 448/1—448/31
verwendet, fur die bakteriologische Untersuchung Seite 22.901—54. Diese
Methoden zeigen eine geringe Abweichung von den im Wissenschaftlichen
Wasserwirtschaftsforschungsinstitut angewendeten Normverfahren.

Ergebnisse

Auf Grund des Abimpfens gem&R der Norm fiir naturliche Trinkwé&sser
war das Wasser des Plattensees in bakteriologischer Hinsicht im allgemeinen
als negativ zu bezeichnen. 1966 waren unter allen Proben 34 positiv, das sind
cca. 10%. Die darunter positivsten Werte, 50—100 Coli, haben wir in dem
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Segment Balatonalmadi — Balatonvilagos gefunden. Aus bakteriologischer Hin-
sicht war das Wasser im Segment Balatonszemes-Siagpuszta am saubersten,
wo keine der Proben positiv war. 1967 waren 72 Proben, das sind cca. 209%,
der Gesamtproben, positiv, in dieser Hinsicht zeigte sich also eine leichte
Verschlechterung.

Aus chemischer Hinsicht lassen sich auf Grund der Daten folgende Riick-
schliisse ziehen: (die Tiefendurchschnittwerte sind der T'abelle 1 zu entnehmen).

Der Oxygenverbrauch zeigte verschiedene Werte, jedoch zeigte der Anteil
der organischen Stoffe der zu verschiedenen Zeiten in verschiedenen Segmenten
und Probenentnahmestellen und Tiefen enthommenen Proben an den jeweili-
gen Stellen keine wesentlichen Verianderungen. Den hochsten Oxygenverbrauch
zeigten die in der Gyenesdias-Zala-Miindungslinie entnommenen Proben, er lag
im allgemeinen bei 5 mg/l oder sogar noch dariiber. Bei diesem Wert spricht
man bereits laut von vom Staatlichen Volksgesundheitsinstitut veroffentlich-
ten Normen fiir qualitative Einteilung der Oberflichenwasser von einer mittel-
starken Verschmutzung. Der Anteil der organischen Stoffe zeigt in Richtung
des Segments Szigliget-Balatonmériafiirds eine fallende Tendenz, jedoch liegt
der Durchschnitt immer noch iiber 4 mg/l. In der Linie Balatonszemes-Sig-
puszta ist der Wert noch geringer, er steigt kaum iiber den erlaubten Grenz-
wert des Trinkwassers. Am niedrigsten liegt er in der unteren Segmentlinge
Balatonfiired —Zaméardi, im Durchschnitt bei 2,8 —3 mg/l. Der Plattensee wird
durch den in die Keszthelyer Bucht miindenden Zala und durch die mit ihm
kommenden Abwiisser, weiterhin durch die Schlachthofabwisser und durch
den durch die Stadt flieBenden und ebenfalls hier einmiindenden Biidis-Arok
(zu deutsch »stinkender Graben«) stark verschmutzt. Diese Gewiisser lassen
ihre verunreinigende Wirkung noch auf grofie Entfernung hin bemerkbar wer-
den, da die Selbstklarungsfihigkeit des Sees zur Verminderung des Gehaltes
an organischen Anteilen unzureichend ist. Damit proportional wire zu erwar-
ten, dall die Oxygensittigung in dieser Bucht die kleinste sei. Die Verminde-
rung des Gehaltes an gelostem Oxygen steht jedoch mit der Krhohung des
Oxygenverbrauches in keinem Verhéltnis, wie wir es von den Gewéssern mit
geringerer Wasserergiebigkeit gewohnt sind, jedoch wird der geloste Sauerstoff
durch neuen ersetzt, da das Wasser mit der Luft an einer groen Oberfliche
in Beriihrung kommt, somit ist er im allgemeinen nur an wenigen Stellen unter
dem Grad der vollstindigen Séattigung. Natiirlich vermindert er sich haupt-
séchlich mit der Zunahme der Temperatur, im allgemeinen jedoch befindet er
sich im gesittigten Zustand. Der Gehalt des Wassers an gelostem Oxygen
vermindert sich proportional mit der Tiefe, der Oxygengehalt der an der Ober-
flache bzw. in Tiefe von 0,3, 1,2 und 3 m entnommenen Proben vermindert
sich pro Meter um 0,2—0,3 mg/l. Dies kann jedoch mit der Wassertemperatur
in den tiefen Regionen in Zusammenhang gebracht werden, so dal} das Wasser
letzten Endes auch dort als gesattigt angesehen werden kann.

Nitrate und Nitrite waren nirgends in meBbaren Mengen zu finden, an
einigen Stellen war Ammoniak in Spuren nachweisbar.

Die Werte der Basizitit und der Gesamthirte zeigten ein ziemlich aus-
geglichenes Bild, der erstere 5—5,5 ml n HCI/1, letzterer 14— 15 D°. Innerhalb
der Gesamthirte hat sich jedoch an den verschiedenen Entnahmestellen die
Menge des Kalzium- und Magnesiumsalzes verindert.

Mangan konnten wir im Laufe der Untersuchungen auf Schwermetalle
nicht nachweisen, sein Wert war iiberall gleich null. Eisen fand sich in sehr
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Tabelle 1

1. tablazat (folytatas)

Sammelstellen
Gylijtohelyek

Datum
Déatum

Taigossig ml n
HCI/1

Coli-Zahl
Coli szdm
Alkalitiit®

Gesamthiirte®
Osszkeménység®

807~

Fet+

Ca*+ my/l

Mg*+ mg/f]

g/1

Gelostes O, mg/l
Oldott O, m:
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45,02
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45,75

70,04
71,94
70,99
60,38
45,38
67,18
64,32
51,45
50,38
42,16

27,78
34,08
27,57
27,61
27,61

26,05
23,02
26,05
29,09
29,74
217,57
31,04
29,96
30,40
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9,84

9,28
9,03
9,25
9,27
9,3
9,43
9,91
9,67
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9,61
8,6

10,7
10,35
10,5

10,87
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10,72
11,2

11,3

11,22
10,94

091

standteil mg/l

Osszes szilard a.
rész mg/l
ratur

Levegbhéfok °C |
‘| Vizhéfok, °C

Lufttemperatur |

Gesamtfestbe-
Wassertempe-
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67-04-12
67-04-12
67-04-12
67-04-12
67-04-12

67-05-16
67-05-16
67-05-16
67-05-16
67-05-16
67-05-16
67-05-16
67-05-16
67-05-16
67-05-17
67-05-17
67-05-17
67-05-18
67-05-18
67-05-18

67-06-20
67-06-20
67-06-20
67-06-20
67-06-20
67-06-20
67-06-20
67-06-20
67-06-20
67-06-26
67-06-26
67-06-26

67-07-18
67-07-18
67-07-18
67-07-18
67-07-18

0 3,02
0 3,21
0 3,22
0 3,40
0 3,1

0 4,73
3 4,72
0 4,66
0 4,12
0 4,5

0 4,76
0 4,3

0 4,18
0 4,28
1 3,77
0 4,18
0 4,56

Sammlung wegen Unwetter nicht durchgefithrt — Vihar miatt a gytijtés félbeszakadt
Sammlung wegen Unwetter nicht durchgefiithrt —

0 I 4,49
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18,6
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16,4
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16,5
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gn
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0
0
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41,80
38,54
41,44
38,94
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80,04
79,56
75,05
74,67
69,68
62,41
67,18
60,03
63,60
66,70
56,48

Vihar miatt a gytijtés félbeszakadt
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67,89
66,22
65,74
64,31
63,24
61,81
57,17
63,96
54,31
53,60
56,31
56,81

56,0

54,79
60,98
57,17
56,74

39,09
38,00
34,76
35,39
37,34

32,13
27,83
29,52
43,01
39,08
38,32
43,16
41,68
39,16
41,38
37,95
40,51

33,35

34,74
30,10
28,65
34,63
26,92
30,39
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10,65
11,2

10,89
11,31

10,89

8,28
9,19
8,65
9,71
9,78
9,34
10,0
10,1
10,1
9,88
10,1
9,82

10,10

10,52
10,29
9,565
9,9
10,14
10,0
9,91
10,26
9,60
9,65
9,8

8,67
8,70
8,60
8,80
9,04

378
385
498
377
387

366
430
391
387
396
406
533
417
446
426
410
415

429

331
369
575
378
400
417
373
376
379
435
441
438

350
404
436
449
412
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Tabelle 1—1. tablazat (folytatds)
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K/O 67-07-18 1 5,6 15,8 g-n 0 34,43 8,82 399

67-07 19 0 6,0 16,8 g- 0 36,72 9,0 373

67-07-19 6 6,0 16,4 gn 0 32,567 9,0 395

67-07-19 60 5,6 16,2 g-n 0 37,14 8,93 380

67-07-20 0 6,0 19,0 g-n 0 36,24 9,1 419

67-07-20 1 6,0 18,0 g-n 0,02 36,04 9,12 370

67-07-20 0 5,0 18,4 g-n 0,02 37,66 8,94 359

67-07-19 0 6,0 18,0 gn 0 36,42 9,17 360

67-07-19 0 6,2 18,8 gn 0,02 36,76 9,0 315

67-07-19 0 9 6,0 19,6 g-n 0 32,79 9,12 397

67-08-15 0 3.3 6,0 17,8 g-n 0 31,40 3,0 9,07 366

67-08-15 0 4,84 5,4 19,4 g-n 0,01 33,87 0,1 8,90 360

67-08-15 0 8,7 5,8 19,0 gn 0,02 82,42 0 8,98 370

67-08-15 0 3,36 5,6 18,2 gn 0 34,29 2.0 9,7 371

67-08-15 4 3,86 5,4 17,4 g-n 0,01 33,44 1,2 9,81 398

67-08-15 0 3,80 5,4 17,6 g-n 0 33,00 1,0 9,48 393

67-08-15 0 3,1 6,0 18,0 g-n 0,01 32,86 0,1 9,75 387

67-08-15 0 2,86 6,0 18,2 g-n 0 30,83 2.5 9,6 383

67-08-15 1 2,9 5,9 18,2 gn 0 30,83 1,0 97 371

67-08-16 0 2,96 5,0 18,2 g-n 0 39,94 4,5 9,4 367

67-08-16 1 3,0 5,8 178 g-n 0,01 34.08 0,5 9,72 368

67-08-16 0 3,0 5,0 17,8 g-n 0 40 40 0 9,32 383

67-08-16 0 31 5,6 17,8 g-n 0 38,98 2,0 9,56 388

67-08-16 0 2,96 6,0 18,1 g-n 0,02 35,39 3,6 9,65 389

67-08-16 0 2,98 6,1 18,0 gn 0 38,01 0,1 9,28 398

67-09-19 7 2,77 5,6 17,2 g-n 0,02 30,30 0,1 416

67-09-19 6 2,64 5,4 T2 gn 0,01 31,55 1,0 423

67-09-19 0 3,06 5,1 17,4 g-n 0,01 31,84 1,0 445

67-09-19 0 2,88 5,6 16,8 gn 0 31,04 2,6 437

67-09-19 0 2,9 5,5 17,4 g-n 0 32,56 4,0 435

g9l




x[1

i-g-n = sehr schwache Spuren, igen gyenge nyomok;

= schwache Spuren, gyenge nyomok;

= Spuren, nyomok

NO NO,, NH,, Mn, Freier CO, Gehalt war in allen Proben O-Wert
szabad CO2 tartalom valamennyi mintédban 0

gn

K/0 67-09-19 3,04
G/2 | 67-09-19 2,4
G/0 67-09-19 2,62
G/1 67-09-19 2,72
A/2 | 67-09-20 3,06
A/0 67-09-20 2,5
A/l 67-09-20 2,84
E/2 67-09-20 2,86
/1 | 67-09-20 2,92
£/0 67-09-20 2,5
M/2 67-10-17 3,66
M/0 | 67-10-17 48
M/1 | 67-10-17 4,04
K/2 | 67-10-17 3,72
K/l 67-10-17 4,12
K/0 | 67-10-17 4,6
G/0 67-10-17 4,2
G/l 67-10-17 4,36
G/2 | 67-10-17 4,2
A/2 67-10-23 3,08
A/0 67-10-23 3,04
A/l | 67-10-23 3,32
E/2 67-10-23 3,22
E/1 67-10-23 3,36
E/0 67-10-23 3,86
Zeichenerklirung J elmagyarazat
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18,0
17,8

17,2

16,2
16,3
16,0
15,8
16,1

18,0
19,0
16,0
18,0
17,6
18,2
18,0
18,9
18,0

£-n
g-n
g-n
gn
£g-n
£g-n
£-n
g-n
gn
g-n

g-n
g-n
g-n

g-n
gn
g-n

gn
g-n
£g-n
£-n
g-n
£-n
g-n

0

0.01
0,01
0,01
0,01

0,01
0,01
0,16
0,02

0,02
0,01
0,01
0,01

0,01
0,02
0,02
0,02
0,02
0,01

54,66 | 37,88
50,5 37,63
53,95 | 31,04
54,31 | 34,95
54,64 | 42,43
56,81 | 36,91
58,95 | 38,66
53,24 | 31,91
46,71 | 35,61
46,47 | 37,12
54,78 | 34,74
60,98 | 37,64
67,65 | 43,01
67,19 | 36,26
71,57 | 39,97
62,53 | 35,22
56,09 | 34,74
56,81 | 34,74
55,40 | 34,31
54,67 | 32,79
54,66 | 34,55
56,09 | 34,30
54,31 | 34,95
55,38 | 31,04
58,24 | 34,52
érték volt.
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442
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390
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412
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kleinen Mengen, ein Zehntel des fiir Trinkwasser erlaubten Grenzwertes durch-
schnittlich. Die Menge des Siliziumdioxydes lag ebenfalls unter dem erlaubten
Grenzwert, 2—3 mg/l. Im Einklang mit den vorangegangenen Untersuchungen
lag der Wert des freien Kohlendioxyds im Wasser des Plattensees bei null. Die
Gesamtheit der festen Bestandteile lag zwischen 450 und 550 mg/1, der Chlorid-
gehalt zwischen 12 und 16 mg/l.

Phenol gelangt aus dem mit industriellen Abwissern verunreinigtem
neben dem Nitrochemischen Werk Fiizf6 flieBendem Séd-Bach in den Balaton.
Nach unseren bisherigen Untersuchungen schwankt der Phenolgehalt des ein-
flieBenden Wassers zwischen 10 und 80 y/l. Das Phenol ist in der Néihe der
Einmiindung des Séd-Baches und in der Bucht bei F{izf6 noch in kleinen Mengen
nachweisbar, jedoch haben wir bei den Proben, die wir an der F{izf6 am nihe-
sten gelegenen Probenentnahmestelle entnommen haben (Punkt 2 der Segment-
linge E) immer einen negativen Wert erhalten.

Diskussion der Ergebnisse

In Ubereinstimmung mit den Angaben der bisherigen sich mit dem Wasser
des Plattensees befassenden Arbeiten zeigen sich keine groflen Schwankungen
bei den untersuchten Komponenten, wie es auch aus den Daten der Tabelle
bzw. aus der ausfiihrlichen Darlegung der Ergebnisse hervorgeht. Im Gegen-
satz zu den bisherigen Untersuchungen war es jedoch eine interessante Fest-
stellung, dafl der durchschnittliche Magnesiumgehalt des Wassers auf dem
gesamten Gebiet des Sees den Kalziumgehalt nicht iiberschritten hat. Zwei-
fellos hat sich in der Gegend der Zala-Miindung ein groferer Unterschied
zugunsten des Kalziums gezeigt, das Verhéltnis der Menge der zwei Kationen
zueinander hat sich jedoch bei keiner Probe in Richtung des hoheren Wertes
des Magnesium geéindert.

Durchschnittwerte 1966

Ca mg/l Mg mg/1
Bucht bei Keszthely 53,5 + 0,51 23,0 + 0,64
Szigliget-B. Maria 51,3 + 0,83 24,0 + 0,07
B. Szemes-Sagpuszta 47,5 + 0,67 26,8 - 0,46
Balatonfiired —Zamardi 45,6 + 0,4 25,4 4 0,25
Balatonalmadi— Vilagos 440 + 0,5 28,0 4 0,6
Durchschnittwerte 1967

Bucht bei Keszthely 63,76 - 1,3 33,18 - 0,45
Szigliget-B. Maria 61,63 + 0,85 35,38 + 0,96
B. Szemes-Sagpuszta 56,59 4 0,75 33,89 4 0,45
Balatonfiired — Zamardi 53,23 + 0,36 36,73 + 0,59
Balatonalmadi - Vilagos 50,32 - 0,5 36,11 4+ 0,84

Es ist interessant, die Unterschiede zwischen den Kalzium- und Magnesium-
mg/l-Werten darzustellen, welche sich (Durchschnittswerte nach Segment-
lingen, Probenentnahmestellen und Tiefen) von der Keszthelyer Buch bis zu
der Linie Balatonvilagos —Almadi folgendermassen gestaltet haben:

1966

30,5 27,0 20,7 19,2 16,0

1967

30,58 26,05 22,7 16,5 14,2
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Die Werte zeigen also eine kontinuierlich fallende Tendenz, die aber den Null-
wert nicht erreicht bzw. nicht zugunsten des Magnesiums verschoben ist. Die
bisherigen, sich mit dem Balatonsee beschéftigenden Studien haben eindeutig
das Ubergewicht des Magnesiums gezeigt, so dass wir die Gestaltung der Werte
anfangs fiir auffallend hielten. Die von dem Wissenschaftlichen Wasserwirt-
schaftsforschungsinstitut angewendete Methode weicht insofern von der staat-
lichen Normuntersuchungsmethode ab, als daf} sie die Gesamthirte gesondert
bestimmt, danach von derselben Probe gesondert das Kalzium bestimmt und
das Magnesium aus dem Unterschied der zwei Messungen ermittelt. Wir haben
also mit den beiden Methoden vergleichende Untersuchungen durchgefiihrt,
danach baten wir die Wasserchemische Abteilung des Staatlichen Volksge-
sundheitsinstitutes, die parallelen Bestimmungen fiir Kalzium —Magnesium
und Gesamthirte aus den von uns entnommenen Proben durchzufiihren. Die
beiden Untersuchungsmethoden lieferten einen geringen Unterschied, dessen
Wert jedoch natiirlich die Verianderung des Kalzium —Magnesium-Verhélt-
nisses nicht erklart. Aus den Untersuchungsergebnissen von 1967 geht hervor,
daf sich das Verhiltnis in diesem Jahre in gleicher Weise gestaltet hat, a@hnlich
wie im Jahre 1966. Bei einem einzigen Probenentnahmezeitpunkt in einer
einzigen Segmentlinge in der Bucht bei Szigliget haben wir #hnlich wie in den
Ergebnissen vor Jahren einen hohren Magnesiumwert erhalten, im allgemeinen
haben sich jedoch die Werte dhnlich wie die Ergebnisse der 1966 entnommenen
Proben gestaltet. Der Gesamtwert des Kalziums und Magnesiums sowie der
Gesamthirte stimmt mit den Werten der alten Untersuchungen iiberein, es
hat sich lediglich das Kalzium —Magnesium-Verhéiltnis zugunsten des Kalziums
verschoben. Es ist eine bewiesene Tatsache, dafl das Kalziumhydrokarbonat
in Form von Kalziumkarbonat wegen seiner geringeren Loslichkeit leichter
ausfillt und somit der Kalziumkarbonatgehalt des Schlammes grosser ist als
der Magnesiumgehalt. Der Kalziumgehalt der Proben, die bei stiirmischem
Wetter entnommen wurde, ist also stets hoher wegen des Aufwirbelns des
Wassers. Wiahrend unserer Probenentnahme herrschte des ofteren starker
Wind, es kam sogar mehrmals vor, dafy wir die Entnahme wegen des hohen
Wellenganges abbrechen mufiten. Da der Balaton ein seichtes Gewiisser ist,
bedeutet ein Sturm mit auch nur geringerer Stirke eine vollkommene Auf-
wirbelung.

In Verbindung mit der nazunehmenden Verdnderung des Kalzium — Mag-
nesium-Verhaltnisses mochte ich mich auf die 1963 vom Wissenschaftlichen
Wasserwirtschaftsforschungsinstitut versffentlichte Arbeit iiber das Wasser
des Balatonsees berufen. Es ist interessant, dass, wihrend die Arbeit auf Grund
der Untersuchungen von 1958 und 1959 das Ubergewicht des Magnesiums ein-
deutig erwidhnt (in einigen Fillen mit hoheren Kalziumwerten), doch im
Zusammenhang mit den Untersuchungen von 1960 erstmales folgendes fest-
gestellt wird: »Zum erstenmal haben wir im Balatonsee einen ausserordentlich
hohen Kalziumgehalt gesehen, welcher in dem Abschnitt zwischen Tihany und
Keszthely sogar die Menge des Magnesiums iiberschritten hat.« In der Zusam-
menfassung der Arbeit konnen wir folgendes lesen: ». . . wir mochten die Auf-
merksamkeit auf die Untersuchungsergebnisse von 1960 lenken. Die Verinde-
rung des Verhiltnisses der Kalzium- und Magnesium-werte fand hier in der
Linie der Halbinsel Tihany statt. Die Kalziumkoncentration war von hier an
in dem mittleren und siidlichen Becken iiberall hher. Eine ausfiihrliche Unter-
suchung des Wassers des Balatonsees hat seit 1960 leider nicht stattgefunden.
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Die Untersuchungen des Staatlichen Volksgesundheitinstitutes beziehen sich
ebenfalls auf 1958 und 1959. Uber die Zeitspanne von 1960 bis 1966 fehlen
jegliche Angaben, auf Grund derer wir auf eine eventuelle langsame Verschie-
bung des Kalzium-Magnesiumverhéltnisses hiatten schlufifolgern kénnen. Falls
wir auf Grund der Angaben der Untersuchungsergebnisse von 1958 bis 1960,
die vom Wissenschaftlichen Wasserwirtschaftsforschungsinstitut veroffentlicht
wurden, Rechnungen anstellen, kommen wir zu einer interessanten Feststel-
lung, nach welcher sich eine geringe aber deutliche Tendenz in der Veréinderung
der Menge bzw. des Verhiltnisses der beiden Ionen zueinander zeigt.

Die Verianderung der Durchschnittswerte der Kalzium- und Magnesium-
Ionen zwischen 1958 und 1960 nach der Verdsffentlichung des Wissenschaft-
lichen Wasserwirtschaftsforschungsinstitutes an den jeweils gleichen Probe-
entnahmestellen:

Ca mg/l . Mg mg/1
1960 47,2 + 0,23 39,6 + 0,18
1959 41,4 + 0,58 39,0 + 0,35
1958 32,8 + 0,33 425 + 0,23

Die Errechnung des Standardfehlers des Durchschnittes:

V 2(x— ')
8 =
n(n — 1)
wobei  x der gemessene Beobachtungswert
2’ der mathematische Durchschnitt simtlicher Beobachtungswerte
n die Zahl der Beobachtungswerte ist.
Die Zahl der bei der Berechnung verwendeten Angaben betrug 1958 : 74,
1959 : 78 und 1960 : 38. Den Angaben, welche ausschlief3lich von den Proben-
entnahmen gewisser Buchten stammten, zum Beispiel aus der Bucht bei
Keszthely an der Einmiindungsstelle des Zala oder aus der Bucht bei Fiizf6
oder innerhalb des Gebietes der Wellenbrecher bei Foldvar, haben wir keine
Beachtung geschenkt. Diese Ergebnisse hitten die Werte unverhiltnisméig
zugunsten des Kalziums verschoben. Unsere Wasserproben stammten jedoch

aus offenem Wasser, somit sind unsere Angaben nicht durch den Zuflul} von
Oberflichenwiissern beeinflul3t worden.

Zusammenfassung

Zusammenfassend laft sich feststellen, dal3 wir versucht haben, mit unse-
ren Untersuchungen betreffs der allgemeinen Zusammensetzung und Verun-
reinigung des Wassers des Balatonsees die allgemeine Situation darzulegen.
Diese Untersuchungsergebnisse stimmen teilweise mit den Ergebnissen der vor
Jahren durch andere Institute durchgefiihrten Untersuchungen iiberein, ander-
seits lenken sie die Aufmerksamkeit auf eine in gewissem Malle bestehende
Verschiebung in dem Verhiltnis verschiedener Kationen. Neben den Unter-
suchungen mit Forschungsziel haben die allgemeinhygienischen Gesichtspunkte
eine ausschlaggebende Bedeutung. Wie wir gezeigt haben, ist die Bucht bei
Keszthely schon ziemlich verunreinigt, so dafi wir sie vor weiterer-Verschmut-
zung bewahren miissen und den anderen Teil des Balatonsees vor dem Beginn
einer Verseuchung schiitzen miissen. In den vergangenen Jahren hat sich ein
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Magnesiumiiberschull mit einer geringen Kalziumzunahme auf dem gesamten
Gebiet des Balatonsees gezeigt. Auf Grund unserer Ergebnisse zeigte sich,
daf} sich dieses Verhiltnis ausgesprochen zugunsten des Kalziums verschoben
hat. Es wiirde sich eventuell lohnen, sich weiterhin mit diesem Thema zu
beschiftigen, und wir wiirden vielleicht auch eine Antwort auf die Frage nach
der Aufschlemmung des Sees erhalten.
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A BALATON NYILTVIZENEK KEMIAT VISZONYAT
AZ 1966. ES 1967. EVI VIZSGALATOK ALAPJAN

Osszefoglalas

Orsés Eva

Osszefoglalva megdllapithat6, hogy vizsgdlatainkkal igyekeztiink ismét egy alap-
helyzetet rogziteni a Balaton-viz dltalénos Gsszetételére és szennyezettségére vonatkozoan.
Ezen vizsgalati eredmények részben megegyeztek és megerésitették az évekkel el6bb mds
intézmények altal végzett vizsgdlatok eredményeit, részben pedig felhivjak a figyelmet
arra, hogy eltolédds mutatkozik bizonyos mértékben kiilonboz6é kationok ardnyédban.
Donté jelentésége van a kozegészségiigyi szempontoknak a kutatdsi céllal torténd vizs-
gélatok mellett. Ahogyan, mint kimutattuk, a Keszthelyi-6bol mér eléggé elszennyez6dott,
igy meg kell védeniink a tovabbi szennyez8déstél, a t6 tobbi részét pedig a kezdeti fert6z6-
dést6l. A megel6zé években magnézium tulstily mutatkozott az egész Balaton teriiletén,
enyhe kalcium novekedéssel, most kifejezetten a kalcium javdra tolédott el az ardny
vizsgdlati eredményeinek alapjan. Ezen probléma megolddsdnak keretében taldn a t6 fel-
iszapolodédsdra vonatkozéan is feleletet kapunk.

0O XUMHYECKOM COCTABE OTKPBLITOM BOIbl O3EPA BAJIATOH I10
MATEPUAJIAM MCCJIEJIOBAHMWH, MMPOBENEHHbIX U 1966—1967 'OJIAX

Eea Opuwow

HceieioBanne nMesio 1eJiblo yCTAHOBUTD TeIEPEIHUi COCTaB 1 3arpsisHeHe BOAbl 03epa
Banaron. Pe3yibTaThl YaCTHUHO MOABEPYKAAIOT JJAHHbIE IPYTUX ABTOPOB, MOJIyYeHHbIE HECKOJIb-
KO JIeT Hasaj, yKasblBasi BMecTe ¢ TeM Ha IOsIBJIeHHe HeKOTOPLIX CABHUTOB B IMPOHOPUMAX pa3-
HBIX KaTHOHOB. O c000€e BHUMaHIe npuBJieKaercst K KecTxelicKoMy 3aJIMBY, KOTOPbII yyKe CUIIBHO
3arpsi3HeH, M TO/UepPKHBAETCs HEOOXOJAHMOCTh OXPAHHThL €ro OT JajbHeHIiero 3arpsisHeHHs.
B otamuMe oT npeabIIyHX JieT, Korjaa Bo Becem banarone Had01a10ch npeotiaianie Marims,
JUIsE HACTOSIIIEr0 BPEMEHH XapaKTepHo 1peodJiajaHne HOHOB KallblUsl. TOT BOIIPOC HY K/IAeTCst
B JlasbHeifIemM HCCIe0BAHUM, TAK KAK OH MOYKET MOMOYb pelleHHI0 MpPo0JeM, CBS3aHHBIX C
OpIcTpEIM 3a001aunBaHeM BajiaTroHa U IPOrpeccHpyioniiM HAKOTIJIEHHeM HJIa.
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STUDIEN UBER DAS CRUSTACEEN-PLANKTON DES BALATON IV.
BEITRAGE ZUR KENNTNIS DER IN DER KREBSGEMEINSCHAFT DES
SEES HORIZONTAL AUFTRETENDEN VERANDERUNGEN

JENO E. PONYI

Biologisches Forschungsinstitut der Ungarischen Akademie der Wissenschaften,
Tihany, Ungarn

Eingegangen am 14. Februar, 1968

Die Ergebnisse der sich mit der horizontalen Verbreitung der Plankton-
krebse der Plattensees beschéftigenden alten Forschungen sind in den Arbeiten
von Extz G., Korrisz J. und SEBESTYEN O. (1937) und ExTtz G. und SEBES-
TYEN O. (1940, 1946) zusammengefalit. Die in diesen Arbeiten enthaltenen
Daten sind zumeist von orientierendem Charakter. Ab 1955 kam die Reihe
an die regelméafigen Untersuchungen, von deren KErgebnissen 2 Studien berich-
tet haben (SEBESTYEN O. 1960, 1964). Die erste beschéftigt sich mit den Ver-
breitungsverhéltnissen des Crustacea-Plankton in dem Nordost-Becken, die
zweite mit denen in der Bucht bei Keszthely. Dariiber hinaus skizzieren die
beiden Studien in groben Umrissen diejenigen physiographischen und biologi-
schen Gesichtspunkte, welche die horizontale Verbreitung der Planktonmitglie-
der des Plattensees wahrscheinlich beeinflussen.

1965 tauchte die Notwendigkeit der mit dem Crustacea-Plankton des
Sees verbundenen Untersuchungen — in Verbindung mit der Fischverendung
im Plattensee — auf. Die Frage war die, ob auller den Fischen und einigen
anderen Organismen (z. B. Diatomeen, TamMAs 1966; Amphipoden, ExTz B.
1965) jetzt auch die Verendung einiger Planktonkrebsarten bzw. irgendeine
Verinderung in der Krebsgemeinschaft (das Verschwinden einer bzw. mehrerer
Krebsarten, das Erscheinen neurer usw.) zu beobachten sei. Dazu war die
genaue Bestimmung in der Systematik der Arten und die annihernde Fest-
stellung ihrer horizontalen Verbreitung notig.

Die vorangegangenen Untersuchungen (SEBESTYEN 1960, 1964) haben
die Verbreitung der Crustacea-Planktonmitglieder hauptsichlich von der quan-
titativen Seite her betrachtet (zahlenmélige Angaben iiber die einzelnen Krebs-
gruppen und nicht Krebsarten). Das neue Problem hat aber auch die Betrach-
tung der qualitativen Seite nitig gemacht.

Die Zielsetzung dieser Untersuchungen war doppelt:

a) Praktisch gleichzeitig (innerhalb von 2 Tagen) auf Grund von Proben,
die aus den den ganzen See reprisentierenden Querprofilen entnommen wurden,
eine Orientierung iiber die Strukturunterschiede der Planktongemeinschaft des
Warmwasser-zeitabschnittes zu gewinnen.

b) Weitere Angaben iiber die Hinzugehorigkeit und die Verbreitung der
Arten der Crustacea-Planktongemeinschaft zu erhalten.
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Ort und Zeit des Sammelns; weitere Angaben

Die Planktonprobenentnahmen haben in dem SW-Teil des Sees in 3, in
dem NO-Teil in 2 zur Lingsachse des Seespiegels rechtwinklig stehenden Quer-
profilen stattgefunden (vgl. SEBESTYEN 1960, 118 —119) (A4bb. 1):

1. Gyenesdids-Miindung des Zala; cca. 2800 m vom Ufer bei Gyenesdids
entfernt (»M).

1. Die untersuchten Querprofile des Plattensees

1. abra. Vizsgélt szelvények a Balatonon

2. Szigliget — Balatonmaria, cca. 4000 m vom Nordufer entfernt (»Kq).

3. Sagpuszta —Balatonszemes, cca. 2500 m vom Nordufer entfernt (»G«).

4. Balatonfiired, Fenékfiird6 —Zaméardi alsé, cca. 500 m von dem Biologi-
schen Forschungsinstitut entfernt (»A«).

5. Balatonalmadi — Balatonvildgos, cca. 2000 m vom Nordufer ent-
fernt (»Eq).

Die Proben wurden am 8 —10. 6., 1—2. 7., 3—4. 8., 7T—8. 9., 13—14.
10. 1965 entnommen. Wir konnten in den Segmenten M, A, E abends und
tags, in den Querprofilen K, G nur tags Proben entnehmen.

Einige, mit den Umstéinden des Sammelns verkniipfte Angaben sind in
einer vorangegangenen Arbeit bereits bekanntgegeben worden (Ponyr 1966,
184 185), z. B. Wassertiefe, Wassertemperatur, Durchsichtigkeit usw.

Probenentnahme und Aufarbeitung
>

Das Sammeln der Proben haben wir mit einem Planktonnetz Ne 6 aus
einem Ruderboot in ungefihr anderthalb Meter Tiefe, mehrere hundert Meter
die Querprofile entlang durchgefiihrt. Die Aufarbeitung des Materials wurde
mit einer relativ-quantitativen Methode durchgefiihrt (SEBEsTYEN 1953). Ein
Teil des Inhaltes der durchgeschiittelten Proben wurde in ein Zihlschialchen
mit quadratischer Einteilung getan und simtliche Crustaceamitglieder gezihlt.
Dies haben wir mehrmals wiederholt, bis die Gesamtmenge der gezihlten
Exemplare 600800 Stiick erreichte. Bei den Copepoden haben wir die Weib-
chen, die Weibchen mit Eiern, die Minnchen und die juvenilen Exemplare
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wihrend des Zahlens gesondert aufgefiihrt. Bei den Cladoceren haben wir nur
die Zahl der geschlechtsreifen und der jungen Exemplare voneinander getrennt.
Im Laufe der Untersuchungen haben wir insgesamt 24 600 Tiere gezihlt.

Kurzer Uberblick iiber die bei den Untersuchungen
gefundenen Arten

Die Zahl der aus den Proben nachgewiesenen Arten betrigt 24. Darunter
sind folgende als echte Planktonmitglieder zu bezeichnen:

Cladocera:

Diaphanosoma brachywrum 11EVIN, Daphnia hyalina var. galeata SARS,
Daphnia hyalina var. lacustris SARS, Daphnia cucullata SARS, Bosmina longiro-
stris f. pellucida STINGELIN, Leptodora kindtii FOCKE.

Copepoda:

Eudiaptomus gracilis (SARS), Cyclops vicinus ULJ., Mesocyclops (s. str.)
leuckarti (Craus), Mesocyclops (Thermocyclops) crassus (F1SCHER).

Die Cenoxen-Planktonenelemente kommen hauptsichlich aus den Reihen
der Tang-, Aufwuchs- und Schlammbewohner. Einige unter ihnen schwimmen
recht gut, ihr Aufenhaltsort ist jedoch der Ufergiirtel. Als solche kénnen
folgende Arten bezeichnet werden:

Cladocera:

Sida crystallina O. F. MULLER, Latona setifera (O. F. MULLER), Macrothrix
laticornis (JURINE), Alona rectangula SARS, Alona quadrangularis (O. F. MUL-
LER), Alona affinis Leypia, Alonella rostrata (Kocn), Leydigia acanthocercoides
(F1sCHER), Pleuroxus uncinatus BAIRD, Monospilus dispar SARS.

Copepoda:

Paracyclops fimbriatus (FISCHER), Acanthocyclops viridis (JUR.), Acantho-
cyclops vernalis (FISCHER).

Sonstige:

Ergasilus sp., Corophium curvispinum f. devium WUNDSCH.

In der Periode des warmen Wassers machen die bedeutendere Menge
der Crustaceagemeinschaft nur einige Arten des Hudiaptomus, Diaphanosoma,
Mesocyclops und 2 Arten des Daphnia Genus aus (vgl. SEBESTYEN 1953, 1960,
1964). Am Sommeranfang, aber besonders zum Sommerende ist auch das
Cyclops vicinus von Bedeutung. Nachfolgend wollen wir zuerst die Verinde-
rungen und die Verhiltnisse innerhalb der Population der die Masse der Gemein-
schaft ausmachenden Arten genauer betrachten.

Eudiaptomus gracilis (G. 0. Sars)

Die Entwicklung seiner Bevilkerung geht in unserem See nicht immer auf
gleiche Art und Weise vonstatten; darauf weisen auch vorangegangene Beo-
bachtungen hin (SEBESTYEN 1960, 1964). Unsere Untersuchungen von 1965
zeigen aullerdem, dal} im Juni der Budiaptomus gracilis (G. O. SArs) an den 2
Enden des Sees in groflerer Prozentzahl vorkommt als in der Mitte des Sees,
in den folgenden 2 Monaten entstehen eben diese Verhiltnisse in dem mittleren
(G) bzw. in dem NO-Becken. Im September ist die frithsommerliche Situation
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zu beobachten (40b. 2—5). Im Oktober ist in jedem Querprofil eine ungefihr
gleiche prozentuale Verteilung zu verzeichnen.

In den verschiedenen Sammelstellen haben wir keine wesentlichen Unter-
schiede zwischen den Weibchen und Mannchen gefunden. Dieses Verhiltnis
schwankte im Juni, im August und im September um 1 : 1; auler Juli, wo das
Verhidltnis @ : 3 = 1,5 : 1 war.

Tabelle 1

Das perzentuale Vorkommen der Weibchen mit Eiern in der Population
des Eudipatomus gracilis |

, .
Datum . | M } K l G | A, | A ‘ B ‘ E,
| | |
V1. 8—9. — 5,32 4,73 4,61 || 18,24 10,89 16,37 11,50 ]
VII. 1—-2 3,92 9,80 2,87 3,67 8,02 0,00 3,06 —
VIII. 2—4. 1 35,38 20,00 21,82 [ 8,50 14,81 17,46 6,52 10,99
IX. 6—8 ‘ 7579 10,23 ‘ 7,90 13,45 8,14 7,46 | 26,76 26,62 |
‘ | (A0 8 e
\ 1

e = Abendprobe

Tabelle 2

Die Verdnderung des Verhiltnisses der geschlechtsreifen und der jungen Exemplar
in der Population des Eudipatomus in der zweiten Hilfte des Sommers

|

Datam ] M, M ’ K ‘ G i TERE A T | ) [ E,
\ f | |
VILL. 2—4: 2,82:1 1.44:1 I 2,93:1 1,62:1 1,42:1 1,22¢1 |0,83:l 0,44:1 [
IX. 6—8. ‘ 0,61 1,09 0,68 1,08 0,61 0,42 | 6,51 7,68 j
| | | | |
e = Abendprobe

Die prozentuale Anwesenheit der @ mit Eiern ist in der Hudiaptomus
Population verschieden (7'ab. 1). Diese Angaben weisen darauf hin, dal} die
Vermehrungsintensitit in den 2 Becken zu gleicher Zeit verschieden ist, und
“dafl} die Zahl der Populationen in dem NO-Becken zweimal ansteigt (vgl.
SEBESTYHEN 1953).

Kin wesentlicher Unterschied im Verhiltnis der geschlechtsreifen und
der jungen (+ Copepodit-Stadium) Exemplare war nur in der 2. Hilfte des
Sommers zu finden (Tab. 2). Im Juni und im Juli schwankt dieses Verhiltnis
jedes Querprofil betreffend um 1 : 1 bzw. 0,5 : 1.

Diaphanosoma brachyurum Lievin

Wiederum sind es die Angaben von SEBESTYEN (1960, 1964), die die
Aufmerksamkeit auf die Verschiedenheit der Population dieses Tieres lenken.
Nach unseren Untersuchungen von 1965 entwickelte sich die relativ groflere
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Population der Diaphanosoma — anders als die der Eudiaptomus — in dem
ersten Sommermonat in der Mitte des Sees, im Juli wird sie auf das NO-
Becken und teilweise auf die Bucht bei Keszthely verlegt (Abb. 2., 3.). Von
August an vermindern sich die Unterschiede, und mit einem Vorkommen um
209, werden sie im gesamten offenen Wasser gleichmiBiger.

Vi 8-10

%

2. Die prozentuale relative Verdnderung der Crustacea-Planktongemeinschaft im
Juni. Schwarzer Teil = andere Arten (hauptsichlich Daphnia hyalina var. galeata).
M-—E = die untersuchten Querprofile

2. dabra. Crustacea-plankton egyiittes 9-ban kifejezett relativ véltozdsa juniusban.
IFekete rész = egyéb fajok (f6leg Daphnia hyalina var. galeata). M—E = vizsgdlt szel-
vények

Tabelle 3

Die Verhdltnisse der ausgewachsenen und der jungen Exemplare des Diaphanosoma
brachyurum in den verschiedenen Sammelstellen

Datum M K G ' A, ‘ A [ E I B,
VI. 8—10. 0,71:1 0,52:1 0,60:1 0,40:1 ) — ‘ 0,51:1 0,62:1
VIIL. 1-— 2. 0,67 0,71 0,32 {<1,18 1,54 1,30 1,88 |
VIII. 2— 4. 0,87 1,15 2,61 2,86 1SH0R S 28 () 2,21
IX. 6— 8. 1,36 0,64 ‘ 0,74 0,93 0,53 I 0,35 —

e = Abendprobe
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Das Verhiltnis der geschlechtsreifen und der juvenilen Exemplare ist in
dem frithsommerlichen Monat gleichmaflig (zwischen 0,51 : 10,71 : 1). Die
Zahl der jungen Exemplare ist ungefihr zweimal so grol} wie die der ausge-
wachsenen. Diese Verhiltnisse dndern sich im Juli, in den Querprofilen A—E
ist das Verhiltnis 1,88 1,18 : 1 typisch, in den Querprofilen M G das Ver-

Wila2:

3. Die in Prozenten ausgedriickte relative Verinderung der Crustacea-Plankton-
gemeinschaft im Juli. Schwarzer Teil = andere Arten (hauptsichlich Daphnia cucullata
und D. hyalina var. galeata). M—E = die untersuchten Querprofile

3. dbra. Crustacea-plankton egyiittes % -ban klfejezett relativ véltozdsa juliusban. Fekete
rész = egyéb fajok (f6leg Daphnia ('ucullnta és D. hyalina var. galeata). M—E = vizsgdlt
szelvények

Tabelle 4

Das Verhiltnis der Weibchen und der Ménnchen des Mesocyclops leuckarti in den
verschiedenen Sammelstellen

Datum ’ M, I M 1 K 1 G l A, ' A ! E | B,
| | | St
VI. 8—10. =5 DT } L 1,90:1 | 1,42:1 I 1,80:1 | 1,55:1
VAL 1 =42 0,33 | 1,00 |; 16,50 17,50 || 3,61 5,55 i 0,67 0,71
VIIL 29— = 1,00 )| 2,83 2,01 || 1,62 | 1,80 | 1,94 1,00
X Bt 0,54 = { e 9,92 12,66 19,66

e = Abendprobe
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héltnis 0,32--0,71 : 1. In der Population der einzelnen Querprofile ist im August.
und im September kein eindeutiger Unterschied festzustellen, jedoch sind im
August durchschnittlich zweimal soviel geschlechtsreife als junge Diaphano-
somen zu finden (1,90 : 1), im September ist das Verhiltnis annihernd gleich

(0,74 : 1) (Tab. 3).

Vil 2-4
100%

Fs0

100%
M K

4. Die in Prozenten ausgedriickte relative Verdnderung der Crustacea-Plankton-
gemeinschaft im August. Schwarzer Teil = andere Arten (hauptséchlich Daphnia cucul-
lata und D. hyalina var. galeata Arten). M—E = die untersuchten Querprofile

4. dbra. Crustacea-plankton egyiittes %,-ban kifejezett relativ vdltozdsa augusztusban.
Fekete rész = egyéb fajok (f6ként Daphnia cucullata és D. hyalina var. galeata fajok).
M—E = vizsgdlt szelvények.

Tabelle 5

Das prozentuale Vorkommen der Weibchen mit Eiern des Mesocyclops
leuckarti in den verschiedenen Sammelstellen

Datum [ M, ] M ‘ K * G ‘ A, ‘ A E E,

VI. 8—10. —_ 4,54 —_ — I 1,50 4,12 15l 7 0,00
VIL 1— 2. 0,00 5,66 3,66 2,58 | 11,65 6,21 6,76 7,69 |
VIII. 2— 4. — 4,17 4,76 | 8,87 | 5,55 5,65 3,77 2,80

IX. 6— 8. 1,25 — i 15,00 19,08 16,85 | 13,92 31,03 37.93

e = Abendprobe



176

Die Angaben von Juli und August lassen einen Unterschied in der Ver-
mehrungsintensitit der Diaphanosomen zwischen den zwei Teilen des Sees
vermuten. Dem ist vielleicht auch die Abweichung der relativen Population in
annidhernd gleicher Zeit in den verschiedenen Gebieten des Sees zuzuschreiben.

5. Die in Prozenten ausgedriickte relative Verinderung der Crustacea-Plankton-
gemeinschaft im September. Schwarzer Teil = andere Arten (hauptsidchlich Daphnia
cucullata). M—E = die untersuchten Querprofile

5. abra. Crustacea-plankton egyiittes 9 -ban kifejezett relativ véltozdsa szeptemberben.
Fekete rész = egyéb (f6ként Daphnia cucullata). M—E = vizsgélt szelvények

Mesocyclops (s. str.) leuckarti (Claus)

Gegeniiber den Hudiaptomus- und Diaphanosoma-Arten spielt er in der
Warmwasserperiode eine deutlich untergeordnete Rolle. Wir konnten ihn in
einer bedeutenden Prozentzahl in den Querprofilen G—K beobachten (Abb.
2—54). Eine Fluktuation gréfieren Umfanges in horizontaler Sicht liel sich
wie bei den vorigen 2 Arten nicht feststellen.

Es ist typisch fiir das Verhéltnis der Weibchen und Ménnchen, daf die
Zahl der Weibchen.in den 2 Sommermonaten in dem SW-Becken (Querprofile
K und G) wesentlich héher ist, als in den Querprofilen des NO-Becken.
Am Sommerende besteht das Verhiltnis zwischen den 2 Wassergebieten umge-
kehrt (T'ab. 4).
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Die Haufigkeit der Weibchen mit Eiern ist in den einzelnen Perioden
zwischen den 2 Becken verschieden. Die hochsten Werte sind in dem NO-
Becken zu beobachten (T'ab. 5). Die Angaben weisen darauf hin, daf} die Zahl
der Population des Mesocyclops ahnlich wie die des Eudiaptomus sich ebenfalls
zweimal erhohen kann.

Auch im Verhiltnis der geschlechtsreifen und der jungen Exemplare gibt
es gewisse Unterschiede zwischen den 2 Teilen des Sees (7ab. 6).

Das Vorkommen der Arten des Daphnia Genus an den verschiedenen
Gebieten des offenen Wassers des Sees

Uber die horizontale Verbreitung des Daphnia Genus berichten im Allge-
meinen die Studien von SEBESTYEN (1960, 1964). Auch unsere Untersuchungs-
ergebnisse beweisen das grofiere prozentuale Vorkommen der Daphnien inner-
halb der Crustaceagemeinschaft in der Bucht bei Keszthely und in ihrer
Umgebung (Querprofile M, K) im SW-Becken (A4bb. 2—5). Unsere Ergebnisse
bezeugen aber auch das mehr oder weniger gleichmifBige Vorkommen der
Mitglieder des Daphnia Genus in der Krebsgemeinschaft in dem gesamten
offenen Wasser wihrend des Friih- und Spitsommers.

Betreffs des Vorkommens der Arten dieses Genus standen uns wegen
Schwierigkeiten in der Bestimmung fiir die Systematik (vgl. Poxvi 1965)
keine oder wenig brauchbare Daten zur Verfiigung, obwohl aus den vorange-
gangenen Jahren (vor 1965) viele Hinweise betreffs des Vorkommens des
Daphnia Genus im See zu finden sind. Unsere vorherigen Untersuchungen
haben geklirt (Poxvr 1965), dall die unter » Daphnia cucullata« zusammenge-
faiten Krebse die folgenden drei systematischen Einheiten enthalten:

1. Daphnia cucullata SARS

2. Daphnia hyalina var. galeata SARS

3. Daphnia hyalina var. lacustris SARS.

Unsere bisherigen Resultate zeigen, dal} neben der Daphnia cucullata
die D. hyalina var. galeata in der Frithsommerperiode eine wesentliche Rolle
spielt (Tab. 7). Von einem Querprofil abgesehen, wo die Zahl der beiden fast
gleich war, iiberstieg ihre Exemplarzahl die der D. cucullata iiberall. In den
anderen Monaten spielt sie schon eine untergeordnete Rolle, obwohl sie in der
Sommermitte noch immer in einer bedeutenden Prozentzahl zu finden ist.

Tabelle 6

Das Verhiiltnis der geschlechtsreifen (? und &) und der jungen (juv. -+ cop. -Std.)
Exemplare des Mesocyclops leuckarti

Datum l M, ‘ M ! K ) G | Y s ! B B,
= ! ‘ 2 |
VI. 8—10. 1 — ' 1,54:1 — J — 0,62:1 1,49:1 i 1,03:) 0,63:1
VII. 1— 2. ‘ 2,00 2,12 0,74 2,15 !3,53 2,77 5,00 4,36 |
VI, 2— 4. | — 0,20 1,21 | 2,26 | 0,87 1,24 0,79 | 0,88
IX. 6— 8. ‘ 0,87 — 1,22 1,73 0,85 4,85 |16,40 8,66 |
I ‘ . I

e = Abendprobe

12 Tihanyi Evkonyv
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Die D. hyalina var. lacustris haben wir in der ganzen Warmwasserperiode in
kleiner Prozentzahl beobachtet, auffallend ist jedoch, dafl ihr Vorkommen sich
hauptséachlich auf das SW-Becken beschrankt, und in bedeutenderer Prozent-
zahl haben wir sie nur in der Bucht bei Keszthely gefunden.

Tabelle 7

Die prozentuale Verteilung der Mitglieder des Daphnia-genus in den
verschiedenen Gebieten des Sees

Datum Artundvar. | M, P, o } G ' Ae ‘ A 1 B l B,
l
VI. cucullata 34,24 | 37,560 | 22,81 13,64 | 25,56 | 31,94 | 20,01 31,82
8—10. h. galeata 32,42 | 33,30 | 43,86 | 63,64 72,21 62,50 37,13 | 48,16
h. lacustris 6,21 4,67 3,561 2,27 2,23 3,24 — —
juv. sp. | 27,13 | 25,03 | 29,82 | 20,45 et 2,31 | 42,86 | 20,02
VII. cucullata 78,12 | 70,17 | 55,04 | 69,56 | 55,16 | 59,46 | 54,55 | 58,70
1—2. h. galeata 18,75 12,63 24,55 17,39 23,43 15,70 21,717 28,90
h. lacustris 3,13 = 1,290 e — — — <5
juv. sp. ‘ — 17,19 | 19,12 j 13,05 | 21,41 24,84 | 23,80 | 12,41
VIIL cucullata | 49,60 | 57,19 | 91,40 | 92,30 | 96,52 | 95,24 | 88,30 | 93,00
24, h. galeata ; 25,60 | 26,93 3,94 5,13 2,16 2,37 8,33 6,00
g. lacustris | - — — — — — — —
juv. sp. | 24,80 [ 15,87 4,66 2,57 1,33 2,39 3,36 1,00
IX. cucullata 75,00 | 73,44 91.78 l 93,33 95,59 | 96,00 | 91,43 | 96,95
6—8. h. galeata 10,00 | 13,00 274 |\, 16,87 | 4,41 2,67 2,86 —
h. lacustris 15,00 @ 12,13 — — — — — —
juv. sp. j — 1,43 5,48 — —_ 1,33 5,71 3,05
IX. cucullata | 70,23 | 83,12 | 91,04 | 91,65
12—14. h. galeata 18,18 | 12,99 5,97 —
h. lacustris 2,27 — 2,98 —
juv. sp. | 9,32 3,40 —_ 8,35
|

Uber einige andere Crustacea-Planktonmitglieder

1. Cyclops wvicinus Ury. vermehr sich wihrend der Kaltwasserperiode.
»Es ist noch nicht untersucht worden, wie diese Art die fiir sie ungiinstige
Periode iibersteht« (SEBESTYEN 1953, S. 72). Auch unsere Untersuchungen
von 1965 zeigen, dall diese Art in der Plankton-Crustacea-Gemeinschaft in
den verschiedenen Querprofilen des Sees im Juni (Wassertemperatur in Ober-
flaichennihe (W. T.): 18 —19 °C) in recht kleiner Prozentzahl (0,32—2,83%))
zu finden ist. Im folgenden Monat (Juli, W. T.: 2227 °C) konnten wir nur
einige juvenile Exemplare beobachten. Im August (W. T.: 20—22 °C) tauchte
sie in 3 von 5 Querprofilen auf (zwischen 0,17—0,45%,). Anfang September
(W.T.: 18 -20 °C) betrigt ihr Wert in der Planktongemeinschaft schon um
10%,. Es kam zu der Vorstellung, daf} die obere, lockere Schicht des Schlammes
des offenen Wassers und die sich iiber ihr befindende Wasserschicht die zu
ihrer Vermehrung noch ausreichende Temperatur (18 -19 °C) trotz der stir-
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ken Erwidrmung der oberen 1—2 m dicken Wasserschicht gewihrleisten kann.
Demzufolge haben wir die quantitativen Verhaltnisse des C. vicinus mit einem
speziellen Schlammprobenentnahmeapparat (Poxvyi, Biré und P.-ZANKAI
1967) in der oberen Schlammschicht und in der sich dariiber befindenden schma-
len Wasserschicht in den 3 Sommermonaten des darauffolgenden Jahres (1966
Juni, Juli, August) untersucht.

Die Ergebnisse weisen darauf hin (7ab. 8), dal in den 2 warmen Som-
mermonaten (Juli, August), wo der C. vicinus aus dem Plankton praktisch
vollkommen verschwindet, er jedoch in der oberen Schlammschicht und in
der Wasserschicht oberhalb des Schlammes in betrichtlicher Menge vorkommt.
Es scheint also wahrscheinlich, daf} diese Art hier die fiir sie ungiinstige Warm-
wasserperiode iibersteht. '

2. Der Acanthocyclops vernalis (FISCHER) kam erstmalig im Laufe der
Schlammuntersuchungen des Plattensees zum Vorschein (PoNy1 1966). Dieses
Tierchen besitzt eine breite 6kologische Valenz. Es ist in den verschiedenartig-
sten Gewissern (See, Fluf3, Pfiitzen, interstitielle Gewisser) zu finden. RyLov
(1948) hilt es fiir einen f-mesosaprob Organismus. In einigen der Abendproben
der Bucht bei Keszthely (Querprofil M) haben wir es in derart groffen Mengen
beobachtet (40-—-609,), dall wir die Zusammensetzung des Krebsplanktons in
dieser Sammlung nicht reell auswerten konnten. In dem am Tage gesammelten
Plankton haben wir es in 0,5—4,09%, gefunden. In unserem See sind verschie-
dene Formen des Tieres (vernalis, robostus und Ubergangformen zwischen
den beiden) zu finden, welche als saisonelle Formen angesehen werden kénnen
(Poxyr 1967). Nach den bisherigen Untersuchungen ist es in dem offenen
Wasser nur in der Bucht bei Keszthely zu finden.

3. Der Mesocyclops (Thermocyclops) crassus (FiscHER) wurde von uns
in dem Plattensee erstmalig im Laufe der Rohrichtsforschung 1959 nachge-
wiesen (Poxyr 1962). In dem offenen Wasser des Sees haben wir ihn erstmalig
1965 beobachtet. Er ist ein typischer Planktonorganismus und wird fiir einen
f-mesosaprob Organismus gehalten. (Ryrov 1948). Wir fanden ihn in dem

Tabelle 8

Die quantitativen und Verteilungsverhéltnisse des Cyclops vicinus in 5 Querprofilen
des Schlammes des offenen Wassers des Sees im Jahre 1966 (dm?)

: .
Wassertemperatur [ }

30 cm unter der | M K G A E
Wasseroberfliche in °C | ‘
7 " i |

Datum

|
|

|
2224 | 2 '|2j 1 NGRSO i
|

VI. 14—15.
VII. 26—27. { 19—22 59 46 Q | 69 59 —
; (415 10 cop | 13]
|
VIII. 23—24. _» 2263 “ 105 Q | 18 Q¢ | 29 10 Q .
| 2 6‘ |
J

I

Bemerkungen: Die Angaben haben wir nach je 3 Untersuchungspunkten jedes Querprofiles
berechnet
j = juvenile Exemplare
cop. = copepodites Stadium

12%
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(M) Querprofil der Bucht bei Keszthely und in dem (E) Querprofil des NO-
Beckens. In dem M Querprofil war er mit 1%, vertreten. Es ist anzunehmen,
dafB sein Erscheinen ein neures Zeichen der Verinderung des Sees ist.

Sonstige Bemerkungen

Die Ergebnisse und die Schlufifolgerungen dieser Untersuchungen be-
schrinken sich erstrangig auf die Mitteilung von Daten. Es ist jedoch wert-
und lehrreich, einen Vergleich zwischen den aus annihernd gleicher Zeitspanne
stammenden Werten von SEBESTYEN (30. 6. 1958) und den eigenen Werten

K

1 Eudiaptomus  grocitis

W G ERE R e

6. Die prozentuale relative Veriinderung des Crustacea-Planktons im Jahre 1958
(30. 6) und im Jahre 1965 (1—2. 7.). S = SEBESTYEN’s, P = PoNvI's Angaben. Andere
grolle Buchstaben: untersuchte Querprofile
6. abra. Crustacea-plankton 9%,-ban kifejezett relativ vdltozdsa 1958 (VI. 30) és 1965
(VII. 1—2) évben. S = SEBESTYEN, P = Ponvr adatai. Egyéb nagybetiik = vizsgdlt
szelvények

1—-2. 7. 1965) zu treffen (vgl. SEBESTYEN 1960, T'ab. 3. %,-Spalte). Die Anga-
ben von SEBESTYEN sind die aus den absoluten Werten errechneten Prozent-
werte, die unseren sind die prozentualen Daten des relativ-quantitativen
Rechnens (Abb. 6). Aus den Angaben geht klar hervor, dal} die relative Menge
der Cladocera innerhalb des Krebsplanktons an den verschiedenen Stellen des
Sees trotz der Zeitspanne von 7 Jahren fast die gleiche ist. Die auffindbaren
Unterschiede weisen jedoch darauf hin, dal mit der Verdnderung der Arten
von Copepoda, aber auch der relativen Population — hauptséchlich in SW-
Becken — eher zu rechnen ist, als mit der des Cladocera.
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Zusammenfassung

1. Der Verfasser weist darauf hin, daf} in der relativen Population der
Planktonkrebse an den verschiedenen Stellen des offenen Wassers des Platten-
sees in annidhernd gleicher Zeit (innerhalb von 2 Tagen) wesentliche Unter-
schiede zu beobachten sind.

2. Die Entwicklung der Populationen des Eudiaptomus gracilis (SARS),
des Daiphanosoma brachywruwm LIEVIN und des Mesocyclops (s. str.) leuckarti
(Craus) geht anscheinend in den 2 Becken des Sees in der Warmwasserperiode
nicht gleichermaflen vonstatten.

3. Die Population der Daphina hyalina var. galeata SARS ist in der Friih-
sommerperiode bedeutend und kann die der Daphnia cucullata iibertreffen.
Die Daphnia hyalina var. lacustris SARS haben wir in bedeutender Prozentzahl
nur in dem SW-Becken (Bucht bei Keszthely) gefunden.

4. Der Cyclops vicinus ULJANIN ist in den warmen Sommermonaten,
wo er aus dem Plankton praktische verschwindet, in bedeutender Menge an
der Oberfliche des Schlammes des offenen Wassers bzw. in der Wasserschicht
dariiber zu finden.

5. Es ist anzunehmen, daf} das Erscheinen des Mesocyclops (Thermo-
cyclops) crassus (FISCHER) in dem offenen Wasser ein neueres Zeichen der
Verinderung des Sees ist.
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CRUSTACEAE-PLANKTON VIZSGALATOK A BALATONON IV.
ADATOK A TO RAKEGYUTTESEBEN
HORIZONTALISAN FELLEPO VALTOZASOK MEGISMERESEHEZ

Osszefoglalas

Ponyi Jend

1. A szerzé ramutat arra, hogy kozel azonos idében (2 napon beliil), a Balaton
nyiltvizének kilénbdz6 helyein a planktonrakok relativ népességében jelent6s kilonb-
ségek észlelhetdk.

2. A melegviz id6szakaban az Eudiaptomus gracilis.(Sabs), Diaphanosoma bra-
chyurum Lievin és a Mesocyclops (s. str.) leuckarti (Craus) populacidinak kifejlédése a
t6 két medencéjében Ggylatszik nem egyforman megy végbe.

3. A Daphnia hyalina var. galeata Saks népessége a koranyari idészakban jelent6s
és meghaladhatja a Daphnia cucidlata-ét. A Daphnia hyalina var. lacustris saws-i jelen-
t6s %-ban csak a DNy-i medencében (Keszthelyi-6bdl) talaltuk.

4, Cyclops vicinus U1ljanin, a meleg nyari honapokban, amikor a planktonbél
gyakorlatilag eltinik, jelentés mennyiségben talalhaté a nyiltviz iszapjanak felszinén, ill.
az afolotti vizrétegben.

5. A Mesocyclops (Thermocyclops) crassus (Fischeb) megjelenése a nyiltvizben a
tavi valtozasnak feltételezhetéen egyik Ujabb jele.

Ob MBMEHEHWNAX B BMAOBOM COCTABE PAKOOBPA3HbIX O3EPA BAJIATOH
M. MoHbM

1 B TeyeHWe [BYXAHEBHOMO nepuoja 06HapY>XXeHbl 3HAUYMTeNbHble pas3nnyns B OTHOCU-
TeNIbHOW NAOTHOCTW MONYAALUM NNAHKTOHHbIX PaYyKOB B pPa3HblX y4acTKaxX OTPbITOA BOAbI 03epa
BanaToH.

2. Mpu corpesaHMn BoAbl pas3BuTMe nonynsumii Eudiaptomus gracilis (Sabs), Dia-
phanosoma brachyurum Lievin, u Mesocyclops (s. str.) leuckarti (Craus) npoucxogut
Nno-pasHoOMy B [BYX pa3HblX ydacTKax o3epa.

3. MnoTtHocTb nonynsaumm Daphnia hyalina var. galeata Sabs s Hauyane neta 3Hauun-
TenbHo Bbiwe, Yem nonynaumm Daphnia cucullata. Daphnia hyalina var. lacustris Sabs
06Hapy>XuBaeTca B 3HAYMTE/IbHOM MNPOLEHTE TOMbKO B KecTXeinckom 3anuBe.

4. B TeueHue xapkux netHmx mecsueB Cyclops vicinus Uljanin o06HapyXuBaeTca B
3HAUYUTENbHbIX KOMMYECTBaX Ha MOBEPXHOCTU Wa OTKPbLITOA 4YacTu 03epa W B NPUEraroLLeM K
NNy Cnoe BOAbl, HO B NMIAHKTOHe B 3TOT MEPMOS 3TOT BUJ HE 06HapPY>KMBaeTCs.

5. MosBneHne B OTKpbITO Boge Mesocyclops (Thermocyclops) crassus (Fischeb)
ABNAETCA elle OHWM MokKasaTesieM MPOUCXOAALLNX B 03epe U3MEHEHUN.
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Researches done in recent years have irrefutably demonstrated, espe-
cially with respect to the studies made on synthetic chemical substances deriv-
ing from agricultural areas and on the effects of DDT and its derivatives
applied against mosquitoes, that the chlorinated hydrocarbons caused
incalculable damages in the aquatic ecosystems (HunNT and Bisaorr 1960,
Keir et al. 1964, Hickey and KriTH 1964, TARzZzwWELL 1965, SEBESTYEN
1967, etc.).

Investigations have currently come to the fore aiming at a better under-
standing of the accumulation of pesticides via the food chain. The indispen-
sability of these studies were justified by the recognition that pesticide residues,
of a relatively small concentration but arriving in the aquatic habitat, accu-
mulate by way of the aquatic insect larvae and zooplankton organisms causing
the death both of fish and fish-eating birds. The demonstration of the validity
of accumulation through food chains was proved by the classic case of Clear
Lake in California (HuNT and BisHOFF 1960). After treating the lake by
0.02 ppm DDT, the spray residue brought about, by concentrating through
the plankton organisms (5 ppm) and fish (2 ppm) a high rate of death in the
western grebe (1.600 ppm).

In the food chain, crustaceans, and especially those living in the plank-
ton, play an important role by their very mass. Thus, the average yearly bio-
mass of the zooplankton in the Balaton can be estimated to attain 1002 metric
tons, of which the crustacean plankton constitutes 945 m. tons, hence about
94 per cent of the zooplankton (SEBESTYEN 1958). With due regard to the fact
that the yearly production of this group of organisms is about thirtyfold of
the biomass (ExTz 1954), the role and significance of the plankton crustaceans
become increasingly conspicuous.

Parallel with the manufacture and application of the diverse pesticides,
a number of research workers selected the notoriously sensitive Daphnia-
species for establishing the rate of toxicity of these substances (e.g. ANDERSON
1945, 1960). In recent works, attempts have been made to use also other
Crustacea genera for this purpose (SANDERS and Core 1966, RUBER 1965,
1965a, KaMINSKT 1966, etc.). Beside these important tests field work involv-
ing crustaceans of the plankton is comparatively meagre, despite their known
significance and importance (TaArzwErLL 1965, Hickey and KEerra 1964).
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In the course of our earlier investigations (Barox, CsoNTI and PoNy:
1967), we succeeded to show a significant amount of pesticide residues in the
crustacean plankton of the Balaton. Since our data derive merely from some
points of the lake and from the fall period, we deemed it necessary to extend
our studies, as far as possible, to the entire open water body of the Balaton and
the whole period of development of the crustacean plankton.

Material and methods

Samples were collected from transversal sections, at right angles to the
longitudinal axis of the lake, namely 3 (M, K, G) from the SW, and 2 (A, E)
from the NE sections of the Balaton (cf. SEBESTYEN 1960, p. 118--119).
Large-sized plankton-nets (@ = 0.22—0.27 mm), towed by motorship, had
been used. The collecting and analysis of the material was continuously made
through 6 months, from May till October, 1967. On every occasion, about
500 g (wet weight) crustacean mass per section had been taken. The material
was stored in refrigerators and worked up within a few days. The specific
composition of the samples was also identified (7'able 1).

The identification of the spray residues was made by thin-layer chromato-
graphy (BARON et al. 1967). About 300—400 g of each sample were worked up,
subsequent to having left them for one hour on filter paper in order to facilitate
the evaporation of surplus water. The humidity content of the crustacean
plankton analysed was 90.34 4 0.74 per cent.

The specific composition and per cent distribution of the samples was
established by recourse to the relative-quantitative method (SEBESTYEN 1953).

Results and conclusions

Of the residue components studied, only the y-HCH and DDT deriva-
tives could be demonstrated (T'able 2).

Results show that the quantity of chlorinated hydrocarbons had vari-
ously evolved in space and time. In the sections, the value of the residues was
the largest during the summer months (June, July, August). The summer
maximum is also varying in the diverse sections (#ig. 1). The highest values
were found in the two sections of the NE basin and in section K of the SW
part of the lake.

No connection between the distribution of the pesticide residues and
the per cent composition of the plankton is apparent (T'able 1). The horizontal
distribution of the content of spray residue in the crustacean plankton is there-
fore probably due to the fact that various amounts of pesticides became intro-
duced to the diverse areas of the lake. The abrupt increase of DDT and its
derivatives in the summer months may also be connected with campaigns
attempting to destroy mosquitoes.

Joxus and MoyLe’s data (1963) demonstrate that the treatment of lakes
by DDT is detrimental to the crustacean population. The effects appear in the
periodic decrease of quantity subsequent to the treatment. The first applica-
tion of DDT on the shores of the Balaton, for experimental purposes, was made
in 1950—51 (MmAryrand So6s 1952), and it is also regularly continued since
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Table 1
Per cent composition of the crustacean plankton investigated for the demonstration
of chlorinated hydrocarbons

Date of collection Species M K G A E
|
16—18 May !
Diaphanosoma brachyurum — 2.22 1.91 1.82 0.82
Daphnia cucullata 5.46 11.85 17.20 7.88 14.75
D. hyalina 20.00 31.84 10.19 12.73 12.29
Eudiaptomus gracilis 20.00 29.63 54.13 51.51 47.54
Cyclops vicinus 24.25 8.89 12.74 19.39 11.47
Mesocyclops leuckarti 29.10 8.14 3.18 4.24 9.02
Others 1.21 7.41 0.64 1.82 4.10
20 June
Diaphanosoma brachyurum 22.05 18.49 17.68 |Pesticides
Dauphia cucullata 23.57 30.39 17.68 | were not
D. hyalina 12.86 14.53 10.20 | analysed
Eudiaptomus gracilis 12.13 4.40 5.44
Mesocyclops leuckarti 24.99 30.39 46.25
Others | 4.41 1.76 2.72
18—20 July ‘
Diaphanosoma brachyurum 37.88 37.16 47.24 9.67 38.73
Daphnia cucullata 17.42 7.78 6.75 12.10 2.81
D. hyalina 3.02 2.02 1.28 3.23 1.81
Eudiaptomus gracilis 9.09 | 15.54 30.67 59.68 30.28
Mesocyclops leuckarti 30.30 | 30.40 13.50 15.32 26.76
Others 2.27 6.08 0.61 — —
15— 16 August
Diaphanosoma brachyurum 4.07 35.66 18.18 17.18 31.72
Daphnia cucullata 23.57 25.17 2.48 4.69 2.07
D. hyalina 0.81 — — — —
Eudiaptomus gracilis 21.14 | 28.67 52.06 52.34 50.34
Mesocyclops leuckarti 45.563 | 9.08 217.27 23.44 14.48
Others 4.88 1.40 — 2.34 1.38
19— 20 September
Diaphanosoma brachyurum 20.42 22.79 bR 1171 34.13
Daphnia cucullata 7.72 8.83 11.10 11.18 22.22
D. hyalina 0.70 0.73 — — 0.79
Eudiaptomus gracilis 57.74 44.85 68,88 65.79 34.91
Cyclops vicinus 6.33 6.62 4.44 4.61 1.58
Others l 1.47 | 1.47 0.74 — - F e
| |

1957 58. If the average summer amount of open water crustacean plankton
of 1955 and 1958 is compared (as calculated from SEBESTYEN’s data 1960),
it will be found that whereas the average value was 28.40 -+ 4.57 individuals/li-
ter in 1955, it decreased to 15.60 + 2.34 ind/l. in 1958. The two values differ
significantly (0.05 > P > 0.02).

By comparing the pesticide content of the animal groups analysed during
1966 —1967 (Table 3), it appears that the highest means derive from the
crustacean plankton originating from the middle of summer. Since the objects
studied do not derive from identical dates, the comparison of the values should
be considered for general information only.

Comparing various summer samples of some lakes, KriTH et al. (1964)
found, among others, that the highest amount was demonstrable from the
suspended material (plankton!) (6.0—9.3 ppm), followed by that of fish
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Table 2
The content of chlorinated hydrocarbons of samples of crustacean plankton in various
areas of the Balaton

Chlorinated hydrocarbon residues in ppm
Section
g o e e oo
y ‘ DDD DDT l ? DDE Total
VENI L ]\ A ! ny 0.01 0.02 0.03 0.14 0.20
V. 18. E 0.06 0.02 0.02 0.02 ny 0.12
V. 16: G 0.06 0.06 0.06 0.06 ny 0.24
Y. 16; K 0.03 0.08 0.06 0.03 ny 0.20
V. 16 M 0.07 0.07 0.07 0.07 ny 0.28
VI. 20 G 0.10 0.02 0.10 ny ny 0.22
VI. 20 K 0.20 0.50 0.60 0.20 0.80 2.30
VI. 20 M 0.10 0.10 0.10 0.10 0.10 0.50
VII. 20 A 2.00 2.30 2.00 ny 3.00 9.30
VII. 19 E 1.00 0.20 0.80 ny 0.80 2.80
VII. 19 G 0.20 0.30 ny ny ny 0.50
VIL 18 K ’ 0.30 0.30 1.20 ny 0.20 2.00
VII. 18 M ’ 0.10 0.10 0.30 ny 0.10 0.60
VIII. 16 A i 0.15 0.20 0.25 ny 0.06 0.66
VIII. 16 E L 0.08 0.08 0.40 0.16 0.13 0.85
VIII. 15 G 0.04 0.10 0.50 0.20 0.20 1.04
VIIIL 15 K 0.05 0.10 0.30 0.10 0.30 1.30
VIII. 15 M 0.06 0.02 0.05 0.02 0.03 0.18
IX. 20 A 0.01 0.01 0.02 0.02 0.04 0.10
IX. 20 E 0.01 0.02 0.01 0.01 0.01 0.06
IX. 19 G 0.01 0.02 0.01 0.02 0.02 0.10
IX. 19 K 0.01 0.01 0.02 0.02 0.03 0.09
EX: 19 M 0.02 0.02 0.02 0.02 0.03 0.11
X238 A ny ny ny o ny ny
X. 23. E | 0.01 0.01 0.01 o 0.01 0.04
X. 17. G : 0.01 ny 0.01 ny 0.01 0.03
X. 17 K ny ny 0.01 o 0.01 0.02
X0 A M 0.01 ny 0.01 o ny 0.02
|

Remark: a-, -, 6-HCH; aldrin, dieldrin were not demonstrable by the method applied
? = unknown component

Table 3
The chlorinated hydrocarbon content of some groups of organisms of the Balaton, as
found by investigations in 1966—67
(mean values in ppm)

| Crustacea? I Fish!

i Bivalves!
y-HCH 0.72 0.19 l 0.23
DDT (total) 2.32 1.04 l 0.90

!

1 = Based on the data of Baron et al. 1967; the column of fish represent the means of 4 common species.
¢ = Mean values from July.
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Fig. 1. The spatial and temporal fluctuation of the contents of chlorinated hydrocarbon residues in the crustacean plankton in
the open water of the Balaton

1. dbra. A Crustacea-plankton klérozott szénhidrogén-maradék tartalmanak tér- és id6beli valtozasa a Balaton nyiltvizében
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(1.5—-3.3) and sedimented organic detritus (0.4—1.5). On the basis of the
distribution of pesticides deriving from the animal groups shown in T'able 3,
we contend that the conditions in the Balaton are of the same nature, since
the bivalves feed also on the fine sedimentary detritus of the bottom, and it
is thus that the order of sequence

Crustacea > fish > bivalve
can be explained.

Summary

The authors investigated the amount of spray residue in the crustacean
plankton in 5 transversal sections of the Balaton, during 6 months in 1967.
It was established that significant quantities of residues in the various sections
of the lake can be found during the summer months. The amount of pesticides
accumulated in the crustaceans in various sections of the Balaton is of diverse
rates. .
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A CRUSTACEA-PLANKTON KLOROZOTT SZENHIDROGEN-MARADEK
TARTALMANAK VIZSGALATA A BALATONON

0Osszefoglalas
Ponyi Jend, Osonti Ferenc és Baron Ferenc

Szerzék 1967-ben 6 honapon keresztiil a Balaton 5 keresztszelvényében vizsgéltdk a
Crustacea-plankton permetmaradék mennyiségét. Megdallapitottak, hogy a t6 kiilonbozé
szelvényeiben jelentGs mennyiségii maradékok a nyéri hénapokban taldlhaték. A Balaton
kiilonb6zé részeiben a rdkokban felhalmozédott pesticidek mennyisége kiilonbdz6 mértékii.

AHAJIM3 HAKOIUIEHMS TECTULIMAOB B ITNIAHKTOHHBIX PAKOOBPA3HBIX
O3EPA BAJIATOH

H. Honvu, ®. Yonmu n . Bapon

Conep)KaHue MEeCTHIN/I0B B ITVIAHKTOHHBIX payKax HCCJIe/10BaJIM B TCUCHHE 6 MeECsIIEB Ha
II51TH TI0TIePeYHbIX paspesax o3epa Banaton. CyuiecTBeHHOE COjlepyKaHue IeCTHIHI0B 00Hapy-
JKHBAETCsl B PAs3HbIX TOUKAX 03epa TOJIbKO B TedeHHe JIETHUX MecsileB. B KoJiMuecTBEHHOM
OTHOUIEHHH HAOII0aeTcsl PA3IMUie MEX/IY PA3HBIMI YUACTKAMH 03€Pa 10 COIePIKAHMI0 TeCTH-
[M/I0B B TJIAHKTOHHBIX PAKOOOPAZHDIX.
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‘A BALATONI SZIVACSFAUNA NEHANY PROBLEMAJA
TOTORTENETI VIZSGALATOK TUKREBEN

SEBESTYEN OLGA
Magyar Tudomdnyos Akadémia Bioldgiai Kutatdintézete, Tihany
Erkezett: 1968. februdr 14-én

A Balaton él6vilaganak és a ténak mint ekoszisztémanak megismerésére
irdnyul6 torekvéseink sordn — a t6 jelenét értve — kiilonbozs részletproblé-
mak meriilnek fel, melyek megoldésat récens adatok és a vonatkozé irodalom
alapjan nem lehet mindig kielégitGen megkozeliteni. Amint a kutatasok kiter-
jednek a tavi miltra is, s az iledékek mikrofosszilia-adatait paleolimnoldgiai
szempontbdl értelmezziik, a kutatds teriilete Gj dimenziét nyer: lehetdség
nyilik mind az él6vilag (biota) felépitését, mind az ekoszisztéméat alakulésa-
ban, fejlédésében vizsgilni. Ez a szemlélet és megfeleld médszerek alkalmazéasa
moédot nytijthat egyes, eddigelé nyilt kérdések megvildgitasara.

Ilyen probléma balatoni vonatkozéasban pl. a harmincas évek elején fel-
meriilt ,,torpenovés”’ (nanizmus, dwarfism) (SEBESTYEN 1943). Masok a fauna
egyes rendszertani csoportjara pl. szivacsokra vonatkoznak. Tulajdonképpen
nehéz elkiiloniteni a kérdéseket aszerint, hogy vajon az él6vilig osszetételének,
vagy pedig a ténak mint ekoszisztémdnak problémakorébe tartoznak-e?
A torpenovés kérdése, minthogy a biota tobb tagjaval kapesolatban folmeriilt,
kétségteleniil az utébbi csoportba sorolhaté.

Tudjuk, hogy a torpenovés lehetGségét mind 4llatokon, mind algédkon
tobb szerzd fiiggetleniil egymadstél folvetette a Balatonon és a tihanyi Bels§-tén
is (SEBESTYEN 1. m.). A jelenség azonban mind ez ideig nincs ok-okozati dssze-
fiiggésben megvizsgilva, sem kell6en dokumentélva. Kiinduldsképpen a tirpe-
novés tényének megallapitdsa volna sziikséges méretfelvételekkel balatoni és
mas vizekbél szdrmazé récens populdcidkon. Tenyésztési kisérletek is megvild-
githatjik e kérdést. (FreY, 1956, R 107) Egyes szervezetek szubfosszilis marad-
vanya béségben 4ll rendelkezésre az iiledékekben. Ezek értelmezésével talan rd
lehetne mutatni a jelenség eredetére kor és okozat szerint is. Ugyanis paleo-
limnolégiai kutatasok sordn alkalom nyilik bepillantani a mindenkori kor-
nyezeti koriilményekbe az iiledékek kemizmusanak feltardsaval s a klima pol-
lenanalitikai rekonstrudlésa alapjan. A limnolégia fejlettségének mai fokan az
élovilag tagjainak maradvanyai is tAmogatnak ilyen kérdésekben (FREY 1967).

A torpenovést balatoni keszegen (Abramis brama 1.) megallapité W.
WUNDER szerint e jelenséget e tomeghalon valdészinfileg a nagy populdcié
kovetkeztében felléps taplalékhianynak lehet tulajdonitani (WuxpEr 1930,
752). Kistermetii szabadon mozgé vizi 4llatokon a kivalté okot vagy okokat
inkabb a kornyezeti hatétényezGkben lehet keresni. D. G. FrREY a Plewroxu g
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uncinatus BAIRD v. balatonicus DADAY-t a faj torpevéltozatdnak tekinti, és
a torpenovést egyben a gynandromorphismus jelenséggel is kapcsolatba hozza
(FreEY 1965, R 103, 107, 111).

Tobb évtizeddel ezel6tt a Balaton szivacsainak tanulményozésa kozben
felbukkantak egyes problémak (SEBESTYEN 1936). Jelen tétorténeti vizsga-
lataim soran tjra elGtérbe jottek ezek, ui. a szubfosszilis anyag elemzése koz-
ben gyakran jegyeztem fel édesvizi szivacsok kovatiiit is.

FrEY ,,Remains of animals in Quaternary lake and bog sediments and their
interpretations’ c. gazdag anyagot kritikai szemlélettel feldolgozé munk4jiban
édesvizi szivacsmaradvanyokkal is foglalkozik. Radmutat arra, hogy a marad-
vanyok mennyiségébdl, a kovatiik fejlettségébdl és allapotabdl a kiornyezeti
koriilményekre lehet kovetkeztetni. Utal a faji felismerés nehézségeire is
(FrEY 1964, 20--22) (v6. RACER 1966, 82). Kérdés, hogy balatoni anyagon
az a koriilmény, hogy mind hazdnknak, mind a Balatonnak, de egész Kozép-
Eurépanak édesvizi szivacsfaunuldja — Osszehasonlitva pl. Eszak-Amerika,
Azsia és a tréopusok teriileteivel — nem gazdag, megkonnyiti-e a vaztik faji
hovatartozasanak megallapitasat?

Hazankban mindossze harom Spongilla faj (fragilis Leipy 1851, lacu-
stris 1. 1759, carteri CARTER 1849, ssp. balatonensis ARNDT 1923), két Ephyda-
tia (fluviatilis 1. 1759, midleri LiEBK. 1856) és egy Trochospongilla (horrida
WeLTNER 1893) fordul eld. A Heteromeyenia baleyi BWR. v. stepanovi DyB.
1885 lel8helyei kiviil esnek hatarainkon. Hazdnk szivacsfaundjinale elsd ossze-
foglalasaiban (TRAXLER 1889, VANGEL 1896) mindezek szerepelnek, a T'rocho-
spongilla kivételével. TRAXLER a S. carterit nem emliti. A Trochospongilla
horrida tit a té iszapjaban TRAXLER taldlta meg (1898) (vi. SEBESTYEN
1942, 93). A Spongilla carteri CARTER és a Trochospongilla horride WELTNER
egvetlen hazai lel6helye a Balaton. Az Ephydatia miilleri el6forduldsinak bizo-
nyossagarél személyes tapasztalatom nincs (SEBESTYEN 1942, 92).

A Spongilla fragilis gyakori a Balatonban (GELET 1929, 39, 40, 41).
A telepek vékonyak, kicsinyek, s6t gyakran csenevészek. Pl. a gemmuldkon
a jellemz6 faji bélyegeket: a poruseso kijaratat tobbszori megismételt vizsga-
latok soran lehetett csak felismerni, kozos légkamraba zart gemmulékat egyet-
len esetben sem taldltam. A mésik két Spongilla fajnak, tovabbé az Ephydatia
fluviatilisnek szép telepei fejlédnek tavunkban. Ujabban meriilt fol az a gondo-
lat, hogy talan a Spongilla fragilis is besorolhaté azok kozé a szervezetek kozé,
melyeken — balatoni vonatkozdsban — mér felmeriilt a térpenovés lehetdsége
(SEBESTYEN 1943). Természetesen a kiilonbozd szivacstajok ekolégiai igénye,
illetGleg annak viszonya a kornyezeti koriilményekhez is tekintetbe veendd.
Tudjuk, hogy egyes fajok altalaban nem alkotnak nagy telepeket (pl. a T'rocho-
spongilla horrida, ARNDT 1928, 78 —T9).

- W. ArNDT a Spongilla carteri CARTER ssp. balatonensis ARNDT-ot a tele-
pek sajatos morfolégiai alkata alapjan jol koriilirt lokdlformédnak mindsiti.
E koriilmény arra utal, hogy az elkiiloniilés a messzi multba nyulik vissza. Tti
és gemmuldi nem kiilonboznek a torzsfajétol (ArNpr 1923) (1. dbra). ARNDT
az alfajt a berlini mizeum példanyai alapjan irta le, s valoban a leirasnak
megfelel§ példanyok a legszebbek tavunkban. Megjegyzendd azonban, hogy
oly példanyok is gyvakoriak, melyeken a nyulvanyok és az oszkulumok nem
fejlédnek ilyen jellegzetesen. Telepek elSkeriilése az iiledékekbdl nem vérhato,
s igy az alfaj-kialakulds kezdeti idejének kideritésére mikrofosszilia-vizsgala-
tok aligha alkalmasak. Ki lehet deriteni talan azonban kiilonosen gemmulak
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jelenlétében azt, hogy ez a szivacs miéta lakja tavunkat. Ez egymagiban is
értékes adatot jelenthet a balatoni élovilag osszetételének alakulasdhoz.

A harmincas években és a kovetkezd évtized elsé felében még rendkiviil
dus telepei fejlédtek a balatonfiiredi régi fiirdShaz egyes részein és a kozeli
jégtorékon. 1937-ben a toban valé terjeszkedésérdl lehetett beszamolni (SEBES-

Q 100 200 M
L 1 |

1. abra. Spongilla carteri CARTER. Balaton. Gemmula feliileti nézetben, a légkamrés réteg
vastagsdgdnak, rostos szerkezete vetiiletének, a gemmula-fed6tiiknek és a porusnak
feltiintetésével. @ = 0.5 mm

Fig. 1. Spongilla carteri CARTER. Balaton. Gemmule, surficial view, showing the thickness
and surficial structure of the pneumatic layer, spicules and porus. Diameter 0.5 mm

TYEN 1940b). 1951 nyaran az emlitett faalkotmanyokat eltdvolitottak a fiiredi
vizekr6l. Az utébbi években tapasztalt visszahtuzodasat mégsem tulajdonithat-
juk alzathidnynak, mert jéforman a legkiilonb6z6bb abiotikus alzaton meg-
telepszik. 1961-ben mar keresni kellett, és Tihany kozelében csak Balaton-
foldvaron sikeriilt néhény telepére akadni. Hogy nem veszett ki teljesen, bizo-
nyitja az 1967 Gszén a fiiredi molo falan elég mély vizben kedvezdé megvilagi-
tasban feltlint telep. FélG azonban, hogy ez a szivacs dldozatul esik a korunkat
jellemz6 emberi beavatkozas aggaszté kihatasanak (taplalékhiany? vizming-
ség karosodasa?).

Mint emlitettem, a Trochospongillinak csak jellegzetes tiiskés vaztiit és
amfidiszkuszait taldlta balatoni iszapban a t6 északi partja mentén TRAXLER
LAszLO (1864 —1898) kivalé spongiolégusunk, aki hazai és kiilfoldi récens és
szubfosszilis szivacsokkal egyarant foglalkozott (SEBESTY®EN 1940a, 132, 138).
Magam a harmincas években eredményteleniil kerestem TRAXLER gy(ijto-
helyén, Badacsony és Révfiilop nadasaiban e ritka szivacs nem felting kéreg-
szer(i telepeit (ARNDT 1928; JEWELL 1959). Az 6tvenes évek derekan a téba
6mlé vizek terepmunkdlatai kozben szinte varatlanul akadtam egy kis elgem-
muldsodott telepre a somogyi part egy kivén, amelyet mind a kozelben betor-
koll6 Nyugati-6vesatorna, mind a t6 vize mos (Balatonméria, 1955. IX. 30.,
Balatoni Faunakatalégus, Tihany, S. O. bejegyzése). (1—3. kép,). Faji hova-

13 Tihanyi Evkonyv
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tartozasat kimutatta a mikroszkopiai vizsgalat. Ui. az amfidiszkuszok
e fajon rendkiviil kicsinyek (nyél h. 10 u, korong atmérdje 12 u, ARNDT),
a korongok széle ép. A gemmuldk altaldban elég nagyok (ARNDT 1928, 79;
REzvos 227). Tudtommal ez a lelet az egyetlen adat e faj balatoni és egytttal
hazai el6fordulasara. (Készitmények: Tihanyban és az Orsz. Természettudo-
ményi Mizeum Allattaranak gy(jteményében.) TRAXLER megtalélta ugyan
Csap kozelében — bizonyité példany is van gyfijteményében (SEBESTYEN
1940a, 132) — e lelShely azonban kiviil esik hazank hatarain. Minthogy e kis
telep szinte varatlanul keriilt el§ a déli parton, remény lehet arra, hogy gondos
kereséssel a t6 mas részein is megtalaljuk.

A Trochospongilla horride szubfosszilis vaztlii (makrosklera) iiledék-
vizsgalataim sordn keriiltek el6 Zoryomr BALINT egyik furatmintdjaban.
A legtobb tii ép volt. (I11. 36, Szigliget— Balatonfenyves profil, a té6 kiozepén,
350—370 cm mélység.) Az erteljes vaztiik tiiskéi, mint ismeretes, nagysagban
felillmuljak az Ephydatia milleri szintén tiiskés tiit (ARNDT 1928, 68; REZ-
voJ 1928, 226 —227). Szubfosszilis vaztlik h. = 163 —244,6 u; k. é. = 205,8 u;
16 adat.) E szivacsnak mikrosklerai nincsenek; a jellegzetes vaztliknek bizo-
nyité6 értékiik van, amfidiszkuszok nélkiil is. Makrosklerdk boritjak a gemmu-
lak amfidiszkuszrétegét is.

E mintdnak megfelel§ iiledékréteg palynolégiai alapon korazonos a
B 28 furat 140. sz. mintajaéval (Révfiilop —Boglar profil, a té kozepén, 330 cm)
s igy a kés Pleistocénbdl szarmazik (SepestyEN 1968). A III. 36. minta
Pediastrum-maradvanyokban bévelkedd anyagdban konnyen feltiintek sziva-
csunk robusztos, jél konzervalt vaztdi (4—6. kép). Sima szivacstik és né-
hany mikrosklera is el6fordult a mikroszképi készitményekben, ezek faji
hovatartozdsdval azonban egyelére nem foglalkozhattam. Eddigelé egyetlen
amfidiszkusz (Ephydatia fluviatilis (7)) keriilt eld.

Az all6- és lasst folyast vizekben egyardnt el6forduld T'rochospongilla
horrida a paleolimnolégiai vizsgdlatok alapjan a jégkorszakban nem lehetett

—_

Trochospongilla horrida WELTNER. Vaztik és amfidiszkuszok balatoni telepbél (Balaton-
madria, 19565, szeptember 30). Véztik h = 172—216 p, dtlagérték = 203 u, 16 példany;
amfidiszkusz, nyél hossz = 14 u, korong @ = 16 p. Eau de Javelle, kanada-balzsam

Trochospongilla horrida WELTNER. Macroscleres and birotulate spicules from a Balaton-

colony (30. Sept. 1955). Length of the macroscleres = 172—216 u, mean 203 u, 16 speci-

mens. Length of the shaft of the birotulate spicules = 14 x, @ of the disc. = 16 u. (Eau
de Javelle, balsam.)

la. kép. Makrosklera, amfidiszkusz, apikélis nézet
M. ph. la. Macrosclere. Birotulate spicules, apical view

1b. kép. Ua., fdziskontraszt felvétel
M. ph. 1b. The same, phase contrast

2. kép. Vaztii részlete, amfidiszkusz oldalnézetben. Jobb alsé sarokban tobb amfidiszkusz.
Bal fels6 sarokban Fphydatia sp. amfidiszkuszai, apikélis nézet

M. ph. 2. Macroscleres, one birotulate spicule, lateral view. More birotulate spicules at the
right lower corner. At the left upper corner birotulate spicules of Ephydatia sp., apical view

3. kép. Vaztl, amfidiszkusz, oldalnézetben

M. ph. 3. Macrosclere and birotulate spicule, lateral view
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ritka tavunk mai kiterjedésének megfelel6 vizteriilet egyik részén (vo. SEBES-
TYEN 1968). A tlimaradvanyok gyakorisaga, fejlettsége és allapota jé szilicium-
és taplalékellatasra, zavartalan kornyezeti koriilményekre utalhat (FrEY
1964, 20). A Trochospongilla horrida ekolégiai igényének ismeretében, mas
furatok mintainak elemzésével tovabbi eredmények varhaték a szivacstii-
el6fordulas tétorténeti értelmezését illetGen.

A szubfosszilis édesvizi szivacsmaradvanyokra vonatkozo osszefoghlo
irodalom nem emliti a T'rochospongilla horrida eléfordulésat tavi iiledékekbdl
(FrEY 1964, 20 -22). (RACEK 2 E abrdja emlékeztet a kis balatoni telep tiiire.)

A Spongilla carterive és a Trochospongilla horriddra vonatkozé emlitett
problémék, nézetem szerint, a Balaton él6vilaga alakulasénak, ill. eredetének
problémakorébe sorolhaték, bar elkeriilhetetleniil, az ekoszisztéma egészét
érinté vonatkozasaik is vannak.

Osszefoglalés

A Balaton élévilaginak és a ténak mint ekoszisztémdnak megismerésére irdnyulo
torekvések sordn olyan részletproblémdk meriilnek fel, melyeket az iiledékek makro-
fosszilia adatainak paleolimnolégiai értelmezésével lehet megkozeliteni.

Ilyen probléma pl. a térpendvés (nanizmus), mely a harmincas években balatoni
vonatkozdsban felmeriilt. E jelenség ok-okozati Gsszefiiggésében még nines feltdrva, sem
kelléen dokumentdlva. Paleolimnolégiai kutatdsok sordan alkalom nyilhat bepillantani a
mindenkori kérnyezeti koriilményekbe, s az él6vilig tagjainak maradvédnyai is tdmogat-
hatnak ilyen kérdésekben.

Frey (1964) ramutat a szubfosszilis szivacsmaradvdnyok faji felismerésének
nehézségeire, de arra is, hogy a kovat(ik fejlettségébdl a kornyezeti koriilmények kedvezd
vagy kedvez6tlen voltéra is lehet kovetkeztetni.

Magyarorszag szivacsfaundjénak valamennyi tagja (Sp mgzlla fragilis, S. lacustris,
S. carteri ssp. balatonensis, Ephydatia miilleri, K. flwviatilis, Tr ochospongilla horrida) él a
Balatonban, s6t a S. carteri és Trochosprmgilla csak e toban fordul el6.

A 8. [ragilis gyakran el6fordulé telepei esenevészek, gemmuldin a faji jellegzetessé-
geket nem konny(i felismerni. Nem lehetetlen, hogy ez esetben a toxpenovés jelenségével
Aallunk szemben.

—>

Trochospongille horrida WELTNER szubfosszilis makroszklerdk balatoni tiledékekb6l
Zoryomr BAuint ITT. furatdnak 36. sz. mintdjabdl (350—370 em), Szigliget— Balaton-
fenyves 1)10hl a to kozepén Glicerin-zselatin gencidna-violet
a = normal felvétel; b = fdzis kontraszt felvétel

Subfossil macroscleres of the sponge, T'rochospongilla horrida WELTNER, from the sedi-
ments of Lake Balaton, in the middle of the plofilo Szigliget — Balatonfenyves, core ITI,
sample 36, depth 350—370 cm
Gilycerine gelatme gentiana violet
@ = normal; b = phase contrast

4. kép ti hossza 211,56 u (1250 sz. példény)

M. ph 4. = length211.5 u(No. specimen, 1250)
5. kép t{i hossza 209,88 u (1250a sz. példany)

M. ph 5. = length 209.88 u (No.specimen, 1250a)
6. kép tl hossza 221,54 p (1251 sz. példany)

M. ph 6. = length 221.54 u (No. specimen, 1251)
DR. Zs.-Naey IMme felvétele

Photo, IMRE Zs.-Nacy M. D.
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Nines kizérva, hogy szubfosszilis vizsgdlatok sordn feleletet lehet kapni a Spongilla
carteri ssp. balatonensis alfaj kialakuldsdanak okdra, valamint a faj balatoni betelepedésé-
nek idejére, kiilonosen ha gemmuldi is elékeriilnek.

A Trochospongilla horridat kériilbeliil 7 évtizeden dt csak a t6 iszapjaban fellelhetd
tiiskés makrosklerdi képviselték (Traxler). Récens el6forduldsdnak egyetlen bizonyitéka a
t6 déli partjan, egy berekviz beomlése tdjékan taldlt elgemmuldsodott kis telep (Balaton-
madria, 1955. szept. 30). E fajnak, tovabba a Heteromeyenia baley v. stepanovi eddigi
hazai lel6helyei kiviil esnek hatdrainkon).

A balatoni iiledékek mikrofosszilidinak vizsgdlata sordn szivacstiik is elSkeriiltek,
kozottiik a T'rochospongilla horrida jellegzetes makroszklerdi, melyek — kivételesen —egy-
magukban is alkalmasak faji meghatdrozdsra (ARNDT). Kiilonboz6 rétegekbdl szérvanyo-
san keriilt el6 egy-egy ilyen kovaelem. A IIL. furat 36. mintdjdban (350 —370 em) jol
konzervilt er6teljes vdztiik gyakoriak. Ebbél arra lehet kovetkeztetni, hogy a 7'. h. a
késé jégkorszakban (Late Pleistocene) nem lehetett ritka tavunk mai kiterjedésének
megfelel6 vizteriileten (vo. SEBESTYEN, 1968. 216. o.).

A tlimaradvdanyok gyakorisdga, fejlettsége és dllapota jo szilicium- és tapldlék-
elldtdsra és zavartalan kornyezeti koriilményekre utalhat (Frey 1964, 20). Mds mintdk
e](i)mzéséve] tovdbbi eredmények varhatok e szivacs-el6fordulds tétérténeti vonatkozd-
sdban.
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ON SOME PROBLEMS OF FRESH-WATER SPONGES OCCURRING
IN LAKE BALATON WITH REFERENCE TO LAKE-HISTORY
INVESTIGATIONS

Summary

Olga Sebestyén

The fauna of Lake Balaton contains all the six species of the Fam. Spongillidae
(GrAY, which at present occur in Hungary. Both Spongilla carteri and Trochospongilla
horrida are known only from this lake in our country. The list of the sponge fauna of the
lake is: Spongilla fragilis LEYDI 1851, S. lacustris L. 1759, Spongilla carteri CARTER 1849,
ssp. balatonensis ARNDT 1923, Ephydatia fluviatilis 1. 1759, E. miilleri LieBK. 1856 and
Trochospongilla horrida WELTNER 1893.

In the course of my studies for several decades now on the sponges of this lake few
problems arose which now by means of the interpretation of subfossil material recovered
from the various layers of the sediments of Lake Balaton might be investigated. We have
to keep in mind, however, the difficulties of the identification at the species level of the
spicules, the most common remains of this group (FrEY 1964, 20—22) (see also RACEK
1966, 82).

Up to the middle of the fourtieth of this century fine colonies of Spongilla carteri,
S. lacustris as well as Kphydatia fluviatilis could be easily found. Lake Balaton was widely
known for the luxorious growth of S. carteri. S. fragilis seems to be a common sponge here
(GELET 1929. 39., 40., 41) but its colonies are small and thin. To discern the characteristic
marks on the gemmules meant difficulties in the identification of the species for the
beginner. Recently, however, there arose the question that this species might perhaps be
enlisted among those inhabitants of the lake on which dwarfgrowth is suspected (SEBES-
TYEN, 1943). The problem of dwarfism in general has neither been thoroughly investigated
nor satisfactorily documented in Lake Balaton, although the possibility of the presence
of this phenomenon has been noticed by several authors independently from each other
(SEBESTYEN, 1943).

W. WunDER suggested that the small size of the fish, Abramis brama L. might be
contributed to the insufficient food-supply for the large population of this fish in our lake
(WuNDER, 1930, 752). One is inclined to think that the reason for the dwarfgrowth of
several free-moving aquatic animals of small size might be looked for in the effects of
some environmental factors or combination of these. D. G. Frry suggested the presence
of dwarfgrowth in the population of the chydorid Cladocera, Pleuroxus uncinatus BAIRD
v. balatonicus DADAY, in combination with gynandromorphism. (Frey, 1965, R 103)

As limnology in general enjoys now new dimensions through the effects of paleo-
limnology (view points, methods), the approach of problems on some of our sponges and
other individual problems of Lake Balaton might be expected.

Besides dwarfgrowth in general and especially on Spongilla fragilis, problems in
both Spongilla carteri ssp. balatonensis and Trochospongilla horrida might$e mentioned.

ARNDT considered the Balaton specimens for a subspecies of Spongilla carteri
on the ground of some morphological characteristics of the coloines. This author stated
also that the age of the differentiation of the Balaton population might be looked for
in the geological past (ArRNDT, 1923).

The origin of the development of the ssp. balatonensis could hardly be investigated
by paleolimnological methods because it is characterised by some morphological pattern
of the colonies. However, it might be established how long this sponge inhabits our lake,
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especially if gemmules could be recovered. (Textfig. 1.) This taxon has an interesting zoo-
geographical distribution and the center of it has not been established as yet (ARNDT, 1923).

The first and as yet the only alive colony of T'rochospongilla horrida in Lake Balaton
was found on a stone laying at the inflow of a draining canal, off Balatonmaédria (southern
shore of the lake, 30 Sept. 1955. Note by Orca SEBESTYEN, Fauna Catalogue, Balaton,
Tihany). It was a tiny colony full of gemmules, and the identification could be carried
out. (M. ph. 1—3,)

Previous to this find only oceurrence of both the spicules and the amphldmcs were
established in the mud along the northern shore of the lake (Badacsony, Révfiilop) by
L. TRAXLER (1864 —1898), an outstandig Hungarian spongiologist who studied sponges
both recent and subfossil in Hungary and from other countries (TRAXLER, 1898).

The first list of sponges in Hungary and Lake Balaton was given by him (TRAXLER,
1889, 1898, SEBESTYEN, 1940a). The Pharagmitetum along the northern shore as searched
for the small crustlike colonies of this rare sponge in vain by the author in the thirtieth.
It was a surprise to find a tiny colony on stone substratum at the opposit shore of the lake
where the spicules were first found more than 50 years ago.

In the course of microfossil studies on samples of different cores from the sedi-
ments of Lake Balaton sponge spicules were frequently met being in various conditions
in the different samples some of them similar to those of Figs 2, A—E in RAGEK, 8.
Frequency of the spicules were put on record but an identification at the species level was
not attempted. (FrEy, 1964, 20—22. RACEK, 1966, 82.) One amphidisc of Ephydatia
fluviatilis (?) was met but one occassion.

In the Late-Pleistocene sample (36. of core 111, 350—370 em, Szigliget— Balaton-
fenyves) amidst with well conserved and many remains of Pediastrum spicules of T'rocho-
spongilla horrida were frequent (see mierophotos 4 —6). (Size of subfossil skeleton spicu-
les = 163—244.6 x, mean = 205.8 y, 16 data). The layer where this sample originates
from, corresponds, on palynological ground, with sample 140, core B 28, 330 cm (middle
of the profile, Révfiilop —Boglar) NE from the profile of core I11 (B. Z6LYOMI in litt.)
(SEBESTYEN, 1968).

It could be established that in the geological past (Late-Pleistocene) T'rocho-
spongilla horrida was a member of the biota of a water-body which, however, at that age
had probably no connection with waters laying NE from this site (SEBESTYEN 1968, p. 216
Pre-Balaton period). The frequency of the well developed and intact spicules suggests
both adequate supply in food, silica, ete. in the habitat of this sponge and undisturbed
environmetal conditions in the sediments (Frey, 1964, 20). Knowledge on the ecological
demand of this species and more data of subfossil material are needed in order to learn
more on the paleolimnological significance of the remains of this sponge in the sediments
of Lake Balaton.

This is, perhaps, the first record on the presence of Trochospongilla horrida remains
in lake sediments. It is not mentioned in FrREY's very helpful and inspiring review. (FrREY,
1964, 20—22.) However the spiny spicula in Fig. 2. . in RACEK’s paper (1966) is quite
similar to that of T'rochospongilla horrida in Lake Balaton (M. ph. 1.,).

HEKOTOPBIE BOITPOCbhI ®AVHbI I'VBOK O3EPA BAJIATOH B CBSI3HUC
N3YYEHHMEM MCTOPHMH O3EPA

Oavea lledeuwrmert

1Tpu u3yvenun >k uBoTHOr0 Mupa banatona i 03epa Kak 3K0CHCTeMbl BO3HUKAIOT BOMPOCHI,
B peuleHHH KOTOPHIX IM0JIe3eH MaJe0HTOJOrHYeCKHIT aHAIN3 HCKOMaeMbIX 0CTaTKOB AHA. OHHM
13 HUX SIBJISIETCS1 BOMPOC 0 KapJMKOBOM POCTe 0PraHu3MoB, HacessiBuinx Banarton B 30-X rojax.
ITO sIBJIEHHE /10 Cero BpeMeHH He MCCJIeI0BAHO B JIOCTATOYHOI Mepe 11 He 00'bsicHeHO. TTajeoH-
TOJIOrMYECKHe HCC/Ie/I0BAHNS TI03BOJISIIOT OLIEHUTh YCJIOBHSI OKpPY)Kaiomeil cpeibl B pasHble
HCTOPHYECKHE MePHO/Ibl, U HHANKATOPAMU MTPHU ITOM CIIYIKAT 0CTATKH YKHUBBIX OPraHU3MOB.

Dpeit (1964), ormeuast TPYAHOCTH ONpeeeHHsT BIIA 10 HCKONAeMbIM 0CTATKaM I'yOoK,
BMECTE C TeM IO UepKUBAET, YTO M0 PA3BUTUI0 MX KPEMHEBLIX HI0JIOK MOYKHO CYJAUTh 0 0J1aro-
HPUSITHBIX MJIM HEOOJIArONpPUATHBIX YCIOBUSIX CPeJibl.

Bce Buapl (Spongilla fragilis, S. lacustris, S. carteri ssp. balatonensis, Ephydatia miil-
leri, K. fluviatilis, Trochospongilla horrida), Xapakrephble 1751 (payHbl BeHrpuu, rnpejcrasie-
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B cocTaBe MMKPOMCKONAeMblX OCTATKOB 03ePHbIX 0CafKoB BanaToHa HalZeHbl XxapakTep-
Hble mrabl ry6ku TrocliospongiJla horrida, koTopble Kak NpaBuio AOCTaTOYHbI AN ONpeAeneHns
Buga. OcobeHHO MHOro nx B o6pasue 111/36 Ha rny6uHe 350—370 CM., U3 Yero MOXHO cAenatb
BbIBOJ, UTO B MO34HEM MeicTolLeHe 03epo 06/1a4ano CXOAHOW BENUUMHON BOLHON MOBEPXHOCTH.
(LW ebewTeH, 1968.)

YactoTa Hax0XAeHUs, pasBUTME W COCTAB KPEMHEBbIX y60K YKa3blBaloT HA XOPOLY UX
06ecnevyeHHOCTb NUTAHMEM U Ha 6naronpuATHbIe ycnoBua cpefbl (P peid, 1964).

Hbl B BanaTtoHe, npu yem aBa u3 Hux — S. carteri u Trochospongilla scTpeuatoTcs Tonbko B
aToM o3epe.

S. fragilis npeacTaBneHbl TONbLKO OUEHb YaX/bIMU KONMOHWUSMMU, B KOTOPbLIX HEA0PA3BUThI
XapakTepHble'MOpP(hoNornyeckne NpusHaku Buga. He MCKNKOUYEHO, YTO 3TO U €CTb MPOsBNEHUe
KapNMKOBOro pocta. M3yuyeHue McKonaembiX OCTATKOB, BOSMOXHO, MPOSCHUT NPUYMNHBI BO3HUK-
HoBeHus nogsuga Spongilla ssp. n Bpems ero noceneHns B BanaTtoHe, — O0COGEHHO, ecu
6yAyT O06HapyXeHbl remmynsl aTux ry6ok. Trochospongilla horrida 8 TeueHne 70 net 6bina
npeAcTaBneHa B 03epPHOM We TONbKO B BUAE MIONbYaTbiX MaKpoCKnepoB. WX coBpeMeHHOe
cylecTBoBaHMe 610 JOKA3aHO TONLKO B O4HOM CAydae y HOXHOro 6epera o3epay ycTbs He6ONb-
woro pyuss (BanatoHmapwus, 30 X1 1955 r.), 3toT Bua, kKak u Heteromeyenia baley v. ste-
panovi 6onee HUrge B BeHrpun He o6Hapy>xuBaeTcs.
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REMAINS OF PEDIASTRUM KAWRAISKYI SCHMIDLE (CHLOROPHYTA,
PROTOCOCCALES) IN THE SEDIMENTS OF LAKE BALATON.

A paleolimnological study.
OLGA SEBESTYEN

Biological Research Institute of the Hungarian Academy of Sciences, Tihany,
Hungary

Received: 12 February, 1968

B. Zévyoumr called attention on the frequent occurrence of both Pedi-
astrum and diatom remains in the sediments of Lake Balaton (ZéLyomr 1952,
527, 1953, 405). In the course of initial studies on cladoceran remains in the
Balaton sediments it became evident, that with some additional effort both
Pediastrum and Cladocera remains could be counted onthesame quantitative
slides and the data might be used as a basis for paleolimnological interpretation.

Preliminary investigations were made on cores Il (Szigliget — Balaton-
fenyves) and, on A 1 (off Akali [SEBESTYEN 1965]). Later ona representative
core, B 28 (Boglar— Révfiilop in the middle of the profile, 1964) was recom-
mended by Prof. ZéLyomr because no trace of transgression could be establish-
ed in the course of his palynological studies when comparing the pollenspectra
of a series of cores. (Fig. 1)

The organic matter of the samples was recovered by the following
methods: ZéLyomr 1952, 493 494, 1953, 370371 (samples 111, 25, 36 of
core III), FreEY 1951, 1955 (one sample of core I A), FREY 1961 and personal
communication (3 —4 samples, of core I A, 9 samples of core B 28, and one
sample, of core B 24). To eliminate minute particles the sediment was rinsed
through a stainless steel screen of a 400 mesh (37 u/mesh) fitted in a Clarke —
Bumpus Bucket (FREY 1961 and personal communication, GOULDEN, personal
communication). Because the sample No 140, B 28 included quite an amount
of coarse plant debris, a sieve of coarser mesh was also applied.

For the mounting of the slides polyvinil lactophenol lignin pink, chlora-
zole, and glycerinegelatine-gentiana violet was used with good success.
Glycerine-picric acid (vax Douwe 1925) proved convenient also, being, how-
ever, less satisfactory for permanent slides. Material of both plant and animal
origin stained well with lignin pink. Chlorazole makes also fine preparates.
Gentiana violet* stains plant fragments, in general, distinctly. However, all
these methods proved to be convenient for quantitative investigation.

* Most of the remains of the P. species found in the samples of core B 28 assumed a
bright blue color with gentiana-violet, with the exception of P. duplex. Remains of this
species assumed a faded blue shade sometimes with a pale brownish tint. There were
specimens the presence of which could only be established by the distinct refraction at
the contact of the inner cells and at the tips of the processes of the marginal cells. In"the

material recovered by Zoérvomr’s ZnCl, method (core ITI) P. duplex also assumed an
intensive blue shade.
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70 years ago from Lake Balaton proper the following Pediastrum species
were mentioned: P. simplex (Meyen)Lemmermann and few varieties of P.
duplex Meyen (Istvantri 1897, 1898). The same author noted P. boryanum
(Turpin) Meneghini, P. angulOSUm (Ehrenberg) Meneghini and P. tetras
(Enrenberg) Ralfs in ancient bays of Lake Balaton (berek, pl. berkek) and
from Kis-Balaton, formerly a part of the lake. Three decades later P. clathra-

Figure 1. Sketch of Lake Balaton showingthe sitesofthe borings mentioned in the text

1. dbra. A Balaton vizrajzanak vazlata, a szévegben emlitett furatok helyének
megjeldlésévei

tm (Schroeter), P. boryanum Lemmermann and some of its varieties were
noted (scherfrer 1930). Both P. biradiatum Mmeyen and P. tetras were found
in the lake off Boglar respectively off Fonydd (Hortobagyi 1952, 1953),
P. tetras was found recently also in the Keszthelyi-6bél at the SW corner of
the lake in the neighborhood of the inflow of the river Zala (Tamas, personal
communication). In the meantime other varieties of the species mentioned
were noted (Kor 1938, Tamas 1959).

From Bigeard’s 8 Pediastrum species-groups enumerated from Europe
(Bigeard 1933) 5 occur in Lake Balaton: Pediastrum simplex Meyen, Pedi-
astrum duplex Meyen, P. boryanum (Turpin) Meneghini, P. biradiatum Meyen
and P. tetras (Ehrenberg) Ralfs. In the subfossil material with the exception

of P. biradiatum and P. tetras the other three species-groups were recovered
(see p. 207). {M. ph. 8—13)
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In addition remains of P. kawraiskyi Schmidie were also found (identi-
fiedby G. Uherkovich) (M.ph. 1—7.) This speciesis noted from Hungary rather
recently in the upper reaches of the river Tisza, and in the Keleti-F&csatorna
(Eastern-Main-canal) connecting the rivers Tisza and Berettyd (Uherkovich
1966, 1966a). It is considered in these habitats as a cenoxene element of the
plankton. The biota of both these waters are enriched by specimens of species
from northern habitats (Uherkovich, personal communication).

*

Figure 2. Sketches of Pediastrum kawraiskyi remains
a—b = marginal cells of cenobium No. 752. (See microphoto No. 1.); ¢ = Cenobium No.
823, sample B 28, 100. Cell wall granulated. Diameter of the cenobium (---) 102 it. —
Picric acid — glycerine; d — Detail of the cenobium 407b (see microphoto No. 2.)

2. abra. Vazlatok a Pediastrum kawraiskyirol
—b = a 752. sz. példany peremsejtjei (v6. 1. sz. mikrofelvétellel); ¢ = 823. sz. példany
a B 28, 100. sz. mintabdl. Granulalt sejtfal. A cenobium atmérdje (--) 102 y. —Pikrinsav —
glicerin, d = 467b sz. példany részlete (vd. 2. sz. mikrofelvétellel)

Camera lucida sketches (comp. oc. 6, obj. 7a) with the exception of Fig. 2b, which is
drawn by free hand. For further details see explanation of the microphotos
Rajzolokésziilék-vazlatok (comp. oc. 6, obj. 7a) a 2b sz. abra kivételével, mely szabadkézi
vazlat. Tovabbi adatok a megfelel6 mikrofelvételek magyarazataban
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The rate of sedimentation in Lake Balaton amounts to 0.4 mm/year
(Zovyomi, p.c.) and not to more than 0.5—1.0 mm/year (SZESZTAY 1965).
At the location of core B 28 the thickness of the lacustrine sediments amounts
to 410 cm: 300 em silt + 90 cm sand 4 20 ¢cm peat (ZOLyoMmr 1965).

In Fig. 45 data of the percentage distribution of remains of Pediastrum
species found in nine samples of core B 28 are given. P. kawraiskyi remains
were found in five samples in a section of 290—123 cm depth. (4-8000—
+ 1000 year b. p., Z6Lyomr.) Data of both earlier and later samples are negative
(see p. 207). Fig. 4 and Table 1 show further that P. kawraiskyi is associated
with P. simplex, duplex and boryanum in the Balaton sediments.

The occurrence of the remains of P. kawraiskyi only in one section of the
core investigated as well as the fact that at present it does not belong to the
biota of our lake, call our attention toward this species.

Pediastrum kawraiskyi Schmidle 1897
(Fig. 2a—d, microphotos (M. ph.) 1—7)

The species was found first by W. ScamipLe (1897) in material from
a Caucasian lake at high altitude. In the system he placed it between P. sim-
plex and P. braunii (WARTMANN). BIGEARD in his thorough study on the P.
species in Europe (1933) enlisted it between P. simplex and P. boryanum
(p. 102.). This species resembles somewhat P. boryanwm by having solid (not
clathrate) colonies. The inner cells are 5—6 sided. Granules in the cell wall are
either present or absent, depending on the age of the cenobium (BicearD, 171.).
Its most significant characteristic is that the processes of the marginal cells
are not situated in the same level (Fig. 2a -b). Neither the compactness of
the inner cells and the irregular margin nor the uneven surface of the cenobia
suggest adaptation to the pelagic mode of life (BicearD 1933, 155) (M. ph. 2.).
PRrRESCOTT’s note that this species is eu- and tychoplanktonic supports this idea
(PrEscorT 1962, 225). In BiGEARD's material most of the cenobia consist
of 16 cells, those having 8 or 32 cells are rather infrequent. In the subfossil
Balaton material the marginal cells in most of the specimens resembles to
Fig. 30 in BicearD’s work (p. 10), and have 16 or 32 cells. There occur how-
ever few specimens resembling P. kawraiskyi v. brevicorne LLEMMERMANN,
which, in BIGEARD’s opinion, are benthic or aged specimens (1933, 103).

The distribution of this species is limited like that of both P. angolusom
and P. braunii (BIcEARD p. 153). Main centers of its distribution in Eurasia
are the Baltic region and Middle-Asia. BieearDp gives a detailed list of its
occurrence (p. 150—151). Three lakes are mentioned in Sweden by SKUJA
(1948, 129 and 1956, 167) and another one by FLORIN (1957). (T'able 2)}1t is
common in lakes of both Michigan and Wisconsin, USA (PrEscoTT 1962, 225).
It inhabits two lakes in the Baikal region: Lake Kotokel and Sor Possolsky
(KorpE 1966, 24 -31).. (Table 2) It seems that with the exception of the
habitats in North America, most of the sites mentioned from Kurasia are
situated north from the Lake Balaton.* In Prof. B. Fort’s (p. ¢.) consideration

* In this paper data in the list of the Polish PAN Biological algotheca have not
been taken into consideration.

14 Tihanyi Evkonyv
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Remains of Pediastrum kawraiskyi Schmidie from the sediments of Lake Balaton

Pediastrum kawraiskyi maradvanyok balatoni Gledékekbdl

M. ph. 1. — Specimen'752. from sample B 28, 120. Cell wall with granules. Some cells with
pyrite (?) crystalls. Size, inner cells 11—13 p, marginal cells £ 16 + 5.5 p. The specimen
is flattened under the cover slip. Polyvinil lactophenol-lignin pink. (See Fig. 2.a—b.)

1. B 28, 120. minta, 752.sz. példany. Granulalt sejtfal, egyes sejtekben pirit (?) krista-
lyok. Bels6 sejtek mérete = 11—13 p, peremsejtek £+ 16 + 5.5 p. A példanyt a fed6lemez
ellapitotta. V6. 2a, b abraval

M .ph2. — Specimen 467b from sample, B 28, 80. Cellwall notgranulated. Size, inner cells
+ 16.2 p, marginal cells with processes i> 21.6 p. The specimen is not flattened under
the cover slip. Glycerine gelatine-gentiana violet. (See Fig. Id.)

2. B 28, 80. sz. minta 467b példanyszam. Sejtfal nem granulalt. Bels6 sejtek = + 16.2
p, peremsejtek, nydlvannyal > 21.6 fi. A cenobium nincs ellapitva. V6. Id abraval



M. ph. 3. — Specimen from sample B 28, 120.

Diameter 124 u. Some cells with pyrite (?)

crystals and granules. Granulated cell wall.
Polyvinil lactophenol-lignin pink

3. B 28, 120. minta. Atmérs 124 u. Egyes
sejtekben pirit (7). Granuldlt sejtfal

M. ph. 5. — Specimen from sample
111, 25. Diameter 140 x. Glycerine

5. 111, 25. minta. Atmérs 140 u

14*
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M. ph. 4.—Specimen from sample B
28, 120. Diameter 102 u. Polyvinil
lactophenol-lignin pink

4. B 28, 120. u minta. Atméré
102

M. ph. 6.—Specimen 1260, sample TTT
6. Diameter 43.7 u. Size, inner cells 5.5
. Glycerine gelatine-gentiana violet

_6. TIT 36. minta, 1260. példdny.
Atmérs 43.7 u. Belss sejtek = 5.5 p

]

M. ph. 7. — Specimen 1249., sample
ITT, 36. Diameter 64.8 w. Glycerine
gelatine-gentiana violet

7. 111, 36. sz. minta. Atmérs 67.8 u
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itiSa northern form. IN Kolkwitz’s Systeme (1950) P. K. is considered as an
oligosaprobic form together with P. duplex, P. tetras and P. rotula (Enren-
berg) A. Braun.

Let us call in mind the part of K orde’s paper (1966) mentioned above,
with reference to Lake Kotokéi and Sor Possolsky. Both the recent and sub-
fossil occurrences of P. k. in the Baikal region might give aid for the inter-
pretation of the subfossil occurrence of P. k. in the sediments of Lake Balaton.

Recent and subfossil occurrences of P. kawraiskyi
in Lake Kotokéi and Sor Possolsky (Korde 1966, 24—31)

The altitude of Lake Kotokéi is 12 m higher than that of Lake Baikal (453 + 12 m)
from which it was separated by the change of the water-level. The temperature of its
soft water may attain 25.8 °C in summer. Its algal community, differin% from that of
L. Baikal exhibits affinities to the littoral plankton communities of both the Baikal’s
shallow bays and that of the ,,Sor”-s (shallow bays of L. Baikal running more or less far
into the adjacent land and being separated from the main lake by sand banks). Such
communities (,,Sibirische Artenkomplexe”) are characteristic ofshallow riversand standing
water-bodies in the Asian part of the Soviet Union.

In an August sample of Lake Kotokéi blue-greens, Protococcales — including
P. kawraiskyi — and, diatoms were noted. P. K. is mentioned also from Sor Possolsky
with many blue-greens, Protococcales, including several Pediastrum species and, diatom s.
Such community develops abundantly in its shallow waterwhich warmsup wellin summer.

In the sediments of L. Kotokéi two main parts could be distinguished. The border
between them is situated in £ 500 cm depth. The deepest layer represents the initial age
of the lake, a warm phase with blue-greens in the dominancy, Protococcales, including
P. kawraiskyi and other members of the Pediastrum genus. Some Chrysomonads and
diatoms are also associated. All the species the remains of which were found here are
members of the recent littoral plankton community of this lake as well as the bays and
Sor-s of Lake Baikal.

Layer rich in algae, mentioned but especially in Desmids and Chrysomonads are
found immediately underneath the border (at + 500 cm), with Drepanocladus aduncus f.
capillifolia in abundance. Such assembly indicates rather cold climate and shallow water
situation.

In the section between the border and the layer situated about 60 cm below the
surface of the sediments blue-greens, Protococcales, Chrysomonads and diatoms are
constantly present, with the varying dominance of various species. The Protococcales
group attains dominancy only in the layer near to the upmost part of the sediment.

Changes in the percentage distribution of these algal-assemblies correspond the
changes taking place in both the climate and the water level, as they are interpreted by
the pollenspectra. Within such major changes finer details may also be established, reflect-
ing, very likely, the repeatedly occurring seasonal variations in the structure of the
plankton community.

With reference to the reconstruction of the limnological past of Lake
Balaton the following facts may have a special value:

1. Following the transitory IV. phase, initiated at the 317 cm deep layer
of Lake Kotokéithe Pinusage (V. phase) iscontinuously prevailing in the Baikal
region (Korde 1966, 30).

2. The development of a dense algal flora in the well warmed up littoral
waters during a supposedly short summer is reflected in the sediments.

A seasonal rise of the temperature in water bodies situated in the region
of cold climate or high altitude, very likely, takes place in our time as well.
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Discussion

In the literature we find indications that the microfossil-assemblies
recovered from the various layers of the sediments, do not reflect completely
the structure of the biota-series corresponding to the age of the sedimentation.
Beside the various elements of lacustrine origin allochthonous forms may also
be present (FREY 1958, 210, 1964, 1). From the various factors affecting the
structure of the microfossil-assemblies the followings are mentioned:

a) the nature of the various substances of the morphological remains,

b) the environmental conditions offered by the lake as an ecosysteme,
including some individual properties of the habitat in question,

c¢) the effects of the various techniques applied in the preparation of
the material for microscopical analysis, and

d) the ,ease of the recognition” of the remains (FreEy 1958, 210).

1. In the recovery of the organic parts of the samples various methods
were used (see p. 203), all resulting in the case of Pediastrum remains a con-
dition suitable for identification at the species level. Hence the rate of percent-
age distribution of the few P. species found may mirror fairly well the true
situation. In most cases the remains were present in quantities sufficient for
percentage evaluation. (T'able 1, Fig. 4)

2. There are three kinds of data, relating to the occurrence of Pediastrum
ks

a) only recent occurrence (see p. 209, Table 2),

b) both recent and subfossil occurrence (Lake Kotokel, KorDE),

c¢) only fossil occurrence (Lake Balaton, in this study). (7able 2)

It seems that all the positive data either recent or subfossil, relate to
the active phase of the life cycle. No data were found in the literature on the
cyst (aplanospore) of P. k. with the exception of the possibility of cyst forma-
tion concluded from the distinct morphology of some cells in the cenobium
(Braearp 1933, 99, 102).

Data onrecent occurrences suitable to our aim should include time of samp-
ling, length of the period of occurrences in both the active and resting states.

The section of core B 28, containing remains of P. k. relates to the
vegetation phases (FirBas) III-1V, V, VI, VII, VIIIL. This is the period from
the border of the Pleistocene and Holocene (younger tundre age and early
postglacial Pinus-Betula phase, 4 8000 b. p.) until the subboreal (the begin-
ning of the New Holocene Fagus phase, 4+ 1000 b. p.). In this period changes
in the climate and the water level took place: the Holocen maximal water
level, and brief periods of low water levels (SEBESTYEN 1968b).

No remains could be recovered in the two Pleistocene samples (Nos 160,
and 140, in core B 28), representing partly high water situations partly low
water level. However the extremely scarce occurrence of Pediastrum remains
in these samples leaves the possibility for the presence of P. k. still open.
The analysis of two samples from layers of two other cores corresponding the
samples 140, B 28 brought positive data for Pediastrum kawraiskyi. These
samples as suggested by Prof. ZoLyowmr (in litt.) are samples 145, core B 24 (N
part of the Keszthelyi-6bol, in 300 m distance off the littoral Phragmitetum
at Gyenesdias) from the same series of borings (1965) as core B 28 and sample
36 of core III (in the middle of the profile Szigligeti-6bo6l bay — Balatonfeny -
ves), an earlier set of borings (1948). (Fig. 1)
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Pediastrum remains from the sediments of Lake Balaton
Pediastrum maradvanyok balatoni ledékekbdl

M. ph. 8. — Pediastrum simplex clathratum. M. ph. 9. — Pediastrum boryanum from
Specimen 493, from sample B 28, 80. Size sample 1A, 4. Diameter 118.9
of the cenobium 153.45x133.6 p. Polivi- Glycerine gelatine-gentiana violet

nil lactophenol—lignin pink . o
9. P. boryanum, IA, 4. minta. Atmé-
8. P. simplex clathratum. B 28, 80.sz. r6 118.9 p
minta, 493. sz. példany, cenobium =

153.45x133.6 p

M. ph. 10. Pediastrum duplex? Specimen 1142. from sample B 28, 140. length 140 p. Poly-
vinil lactophenol-lignin pink

10. P. duplex (?) B 28, 140. minta, hosszméret 140 p. 1142.pl.



M. ph.11.— Pediastrum simplex radians
from sample B 28, 80. Diameter of
cenobium 75 u.Glycerine gelatine-
gentiana violet

11. P. simplex radians B 28, 80. minta,
atmérd 75 u
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M. ph. 12.— Pediastrum bidentulum AL.
BrAUN v. ornatum NOrDSTEDT (in
BIGEARD’s consideration it is a variety
of P. boryanum). Length of cenobium
92 u. Size of the marginal cell with py-
rite (?) crystal, 21.6 x16.7 u. Polyvinil
lactophenol-lignin pink

12. Pediastrum bidentulum AL. BRAUN
v. ornatum NORDSTEDT (BIGEARD szerint
a P. boryanum varietdsa). Hosszméret 92.

M. ph. 13. — Pediastrum boryanum from sample I1I, 36. Diameter of cenobium, 70.26 wu.
Glycerine gelatine-gentiana violet

13. P. boryanwm III 36. sz. minta. Atmérs 70.26 u
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The presence of the remains of Pediastrum k. in the sediment of Lake
Kotokel from the Subatlantic b (phase Ib, KorpE 1966, Table 1X) supports
the possibility of the existence of P. k. in the biota of Lake Balaton in the
Pleistocene (Table 1, microphoto 6—7).

,,There is a peat layer above the layer represented by the sample 36. in
core I1I. similarly to the situation of 140. B 28. The palynological investiga-
tions extended to 560 cm below the peat (315—350 cm). The layer represented
by sample 140 B 28 here, regrettably, is thinner and more sandy, however it
is without doubt identical with that of 140. B 28.” (Zéryowmr, in litt. 2. XII.
1966.)

Yet their microfossil assemblies others than pollen exhibit interesting
differences. We have to keep in mind, that in the recovery of the organic part
of the samples of these two cores different methods were applied (p. 203).

a) In the course of quantitative investigations of sample 36. of core I11.
no cladoceran remains were found. Samples 111, 25. of the same core were
also reduced in such remains (SEBESTYEN 1965, 218). In sample 140, B28
Cladocera remains were frequent (SEBESTYEN 1968b).

b) The organic part of III. 36. shows a fine concentration of both pollens
and Pediastrum remains. Pediastrum remains in B 28, 140. were very scarce
(Table 1, Fig. 4).

¢) The Pediastrum assembly in its systematic construction is different,
although the scarce occurrence of these algae in B 28, 140 has also to be con-
sidered.

d) Cenobia of P. k. having 32 cells are more frequent in III. 36. than
in B 28, 120, where this species was frequent also (T'able 1). Cenobia (32 cells)
with very small size of cells were also found (microphoto 6-—7).

e) In III 36 spicules of Spongillidae, among them that of Trochospon-
gilla horrida were frequent, diatoms present. In B 28, 140 both spicules and
diatoms were found scarce.

On the ground of these differences we are attempted to draw the con-
clusion that at the late Pleistocene the limnological characteristics in the SW
part of the lake, situated S from the Tihany peninsula, were not uniform in
that sense that the profile Révfiilop—Boglar differed considerably from the
profile Szigliget— Balatonfenyves and that these two parts represented by the
profiles mentioned were probably separated from each other. (See Loczy 1916,
p. 585, Fig. 274.)

The first datum of the occurrence of P. k. in core B 28 (sample 120)
marks at the same time the maximal value of its percentage distribution.
With the appearance of thermophylous deciduous tree a gradual decrease (?)
seems to be taking place in the population of this species, lasting — probably

— for 4 7000 or more years. Its ecological requirements could be somewhat
satisfied as yet at the beginning of the New Holocene Fagus phase (sample
No 40).

No traces of its presence could however be established in the subatlantic
present (No 20). This sample was the only one in which P. duplex was also
absent. The palynological data suggest a sudden decrease of the water level
and, following fluctuations on a smaller scale, a stabilization. From the Clado-
cera Pediastrum ratio and the dominance of the clathrate varieties of P. sim-
plex (v. radians, v. duodenarium and v. clathratum, 99%,]) open water situ-
ations (high water level?) might be concluded (Fig. 4—5).
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The problem arose what could the reason be for the absence of this species
in the biota of this lake for the last 4+ 2500 years? Could it be that because
of the ageing of the lake, through the accumulation of the sediments the thick-
ness of the water column decreased, resulting in the elongation of the warm
water season? Such situation may effect the development of the population
of this species unfavourably (see p. 213).

If we attempt to interpret the occurrence of P. k. remains only in one
portion of this core we need informations on the followings:

a—b) ecology of both P. k. and the concurrent P. species,

¢) nature of the related algal assemblies,

d) geographical position, morphometry and environmental conditions
of the habitat, including the water climate ete,

e) ecology of the watershed (climate, pollenspectra, hydrography),

f) ecology of concurrent species others than Pediastrum, the remains
of which were simultaneously present.

a) There is hardly any direct information in the literature on the ecology
of P. k. However, the fact that it is the only P. taxon enlisted in ,stenotopic
species indicative of eutrophic conditions”, in a thorough study on ten lakes
in Sweden, of which only Lake Masnaren inhabits the ,rather demanding’
P. k. (FLorin 1957, 48, 67) seems to have the meaning that it is the rarest
taxon in the P. genus and its distribution is sporadic (BIGEARD 1933, 99, 147,
151). It has been reported from three other lakes in Sweden (SkuJsA 1948, 1956).
Only one lake is mentioned from that part of France where BIcEARD’s material
for his monographic study originated from (99, 150). All these data suggest
stenotopy, and are valuable from both ecological and paleolimnological stand-
points.

b) It has been established that remains of P. k. in Lake Balaton are
associated with the remains of all the three P. species which inhabit our lake
at the present. (Both P. biradiatum and P. tetras, as small water forms, could
hardly be considered as members of the typical algal flora of Lake Balaton.
They are, very likely, carried into the territory of the lake by waters of the
draining canals from the adjacent swamps [berek, berkek], former shallow bays
of the lake and become planktoxene elements here).

Lake Masnaren inhabits 16 taxa of the Pediastrum genus, including P. k.
(FLorin 1957, 110). (Table 2)

It could be established that P. boryanwm is always present in the habitats
where P. k. is noted from. This is true of both recent and subfossil condition.
The maxima of the percentage distribution of the remains of these two taxa
were found in the same sample (No 120) in this study (see Fig. 4, T'able 1).

Nevertheless, because the very resistant, plastic and polymorphic P.
boryanum has an eurytopic and eurythermic nature (BicEarp, 149), such
concurrency may come about by coincidence, hence it does not give any clue
for the ecological valence of P. k.

We are, however, in the position to say as much that the ecological
valence of P. k. is restricted in comparison with the other three species-groups:
P. simplex, P. duplex and P. boryanum, the remains of which were recovered

multaneously from the sediments of lake Balaton and which belong to our
lake’s biota continuously from the late Pleistocene till present. These findings
seem to be in consent with the Swedish authors’ view that P. kawraiskyi is
a stenotopic form.
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Table 1.

Percentage distribution of the remains of Pediastrum species (—groups) in samples of
cores B 28, TIT, B 24. and in quantitative plankton samples from four dephts, off Tihany
in 1944. XTI — 1945 — 1947 — 1949 — 1951 — 1952 I.) 41 months, 136 1 water)

From TamAs’ data, 1954, Tables 1—4

-+ = present in qualitative samples
— = not present
figures in brackets are included in the figures above

core | B 28
N° of sample 1 \ 20 ' 40 ' 60 80 100
Pediastrum | depth em | 0—3 ’ 60 | 123 170 208 250
Firbas et [ xS T VII VII v
kawraiskyi | — 1 — + | 033 0.22 0.97
simplex | 80.94 \ 99.78 40.73 \ 91.61 50.37 75.03
(v. clathratum,) 1 (58.03) ‘ (61.13) | (25.92) | (74.86) | (32.95) | (60.39)
4 | r
duplex | 4.99 - 3.71 | 8.85: “rRTH28 0.97
boryanum (biduntulum | ‘
ornatum,) | 14.04 | 0.12 | 55.54 | 418 £ 72512 23.01
| | | | o
N© of specimens \ 547 ’ 826 ’ 54 J 907 l 1322 } T1%
| | 1

* Total of mean values per sample

¢) The algal communities of the two lakes in the Baikal region (Extent
ot L. Kotokel 15x6 km %6 m, altitude 465 m) having positive data for the
occurrence of P. k. resemble to the ,,Sibirische Artenkomplexe” (KORDE 24 —
25). The phytoplankton of Lake Masnaren (extent 110 ha, depth +3 m,
altitude 27,5 m, FrLoriN, 46) includes Chlorococcales with P. k., Chrysophyts
and diatoms, the dominant and subdominant members being usually blue-
greens. ,,Consequently Mdsnaren resembles eutrophic lakes containing a ‘ Baltic
plankton formation’ characterised by Cyanophyceae water-blooms” (TEILING 1918,
quoted by M. B.—FrorIN, p. 67). It seems that both views suggest Northern
affinities.

d) Most part of Lake Balaton in situated N of 47° N. Lat. Lake Baikal
in the neighborhood of which Lake Kotokel is situated lays in its entire extent
N from the 50° Lat. The Pinus age is prevalent there continuously since the
transitory IV. phase. P. k. was sampled here in August, in the shallow littoral
warm water. Lake Masnaren is situated N of the 60° N Lat. P. k. was collected
there in V—IX. (M. B.—FLoRIN 1957, 52, 67). Both these details and the dis-
tribution of P. k. in general (see p. 209), suggest that P. k. is a northern form.
We may add that it has, perhaps, rather a demand for high temperature in
a brief (?) period of time, than a tolerance against it.



1. tablazat

Pediastrum fajok maradvdnyainak szdzalékos megoszldsa a B 28., II1. és B. 24. furatok

mintdiban, valamint Pediastrum fajok szdzalékos gyakorisdga Tihany el6tti vizekben

gy (ijtott mennyiségi planktonmintdkban (4 m mélység, dsszesen 136 1. viz, 1944, XIT.—

1945 — 1947 — 1949 — 1951 — 1952. 1. évek 41 honapjdban). TamAs 1954. 1—4. tdb-
lazat adataibdl szdmitva

-+ = mindségi mintdkbol

— = negativ adat

A zéréjelben el6fordulsd szdmok az e szdmadatok folottiekben bennfoglaltaknak.

| : 7171;7” s ) ; 7@ 3 [ : plz\;;l:ton
120 140 = [ g 25 36 145 | Tihany
290 330 | . 370 200—295 350—370 318—320° 4 depih
TIT—Iv 1b \ la II—Iv Ib Ib
o | L | ; 3 (A
6,29 =B e 11.08 |  10.729% i ' i
| |
8.82 4 - 2 ‘ 9.91 | All other P. = | 30.51
(4.88) (3) (1) ‘ species etc. | } (30.51)
| |
9.49 - 31.13 89.279% 1 o | (v. ret)
» ‘ l 45.28
75.37 (22) ' 1 [0, 47:87 (+) = i 24,19
M | |
|
1064 ORI 424 452 ] 4827%
|

However temperature itself hardly could be responsible for the changes
in the environmental conditions in a particular water-body. Along with it, very
likely, changes are taking place in the intensity and quality of other ecological
factors (see KorDE 1966, 27).

There are valuable records on the physical and chemical properties of
the water of some of the habitats which have positve data on the recent
occurrences of P. k. (Bicearp, 161, KorpE 1964, 24, M. B. FLORIN, 46).
The comparison of such data might also give a clue on the limnological nature
of the environment which is in favour for the development of the population
of P. k. From the results of this the criterion of its stenotopy might be out-
lined. From culture experiments valuable informations in this effect may be
expected.

e) Morphometry of the waterbody with positive data as well as a study
on the resemblance (?) of the ancient bays of Lake Balaton to Lake Kotokel
and to the Sor-s of Lake Baikal may support also fruitful material for the
enlightening of the ecological demand of this species.

f) Since in the course of the analysis of the samples both Pediastrum
and Cladocera remains were taken into consideration, it lays at hand to make
a comparison of the occurrence of P. k. with that of some species of the chydo-



Table I1.

Occurrence of Pediastrum kawraiskyi and other concurrent members of the Pediastrum
genus in some water-bodies in Europe and Asia

-+ = recent
@ — subfossil
— = no data
W Pediastrum
Geogr. position Name of lake =g ; >
kawraiskyi simplex { duplex | biradiatum' boryanum
Hun- Balaton — 2 4 = A
gary
® ® e [
§ France I’etang de
Europe Serrant + + i o V5
Sé Sdbysjén | - oy kil ri
Uppland | clath. v. ara- v. bre-
| neusum vicorne
Tédmnaren i -+
|
|
Sweden
Skedviken -+
Masnaren l X = e s -l
i
Baikal | Lake Kotokel ‘ | i = 4 e
region
U.S.S.R. l ® ® o5 =5 ®
3 | i [
Asia | Sor Possolsky | = ‘ R
Altaj Lake Zaisan -4 -+ -+ ‘ — 1
mt. ( V. aspera
’ v. clath.
| { v. retic.

rid cladocerans with both active and resting phases in their life-cycle, within
the populations. Leydigia acanthocercoides FI1sCHER seems to be a suitable
object for this purpose.

L. a. inhabits our lake at present. Remains of it were recovered from all
samples, analysed, with the exception of samples No 140. and No 160. in the
Pleistocene (SEBESTYEN 1968b). Its population, in comparison with other
benthic chydorid cladocerans, is distinet by having the shortest active phase-
in the life-cycle. L. a. appears later in the warm water season (early July) than
any other stenothermic benthic chydorids and, following a sudden increase
of the population, the males appear in the same month, ephippia are formed
to preserve life in form of a resting state which is the longest among any other-
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I11. Tdablazat

A Pediastrum kawraiskyinak és a vele egyidejiileg el6fordulé mds Pediastrum fajok-
nak el6forduldsa néhédny eurdpai és dzsiai vizben.
recens adat

+ =
@ = szubfossilis adat
— = negativ adat
|
Source Remarks
angulosum tetras ] braunii |
" | | R =1 2
— | N Tam4s, 1959 [
— ; — t — this study 1 P amtr
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benthic Chydorids in our lake. Its sporadic occurrence in Europe (SEBESTYEN
1965, 205) and especially the result of DE CosTA’s investigations on a series
of lakes in the Mississippi valley indicate that it is a ,,southern form™ (DE
Cosra 1964, 81 83, SEBESTYEN 1965, 206, 219--220). The ability of this
species — within the population — to accomodate to the thermic conditions
etc. of the environment may explain its existence in our lake both in the border
of the Pleistocene and Holocene and in the Holocene, including the present.
We are inclined to conclude that the period of the active stage of its life, within
the population, must have been shorter in period of rigid climates in the geo-
ogical past in Lake Balaton than it is at present (in our time).



Resumé

In nine samples of a core from sediments of Lake Balaton which is
representative in palynological view, remains were found of those Pediastrum
species which inhabit our lake at present (P. simplex, P. duplex and P. bory-
anum). Remains both of P. biradiatum and P. tetras noted in our time as
planktoxene elements carried by draining canals from adjacent marshy mead-
ows (ancient bays of the lake) and by the river Zala were absent in the analysis
of quantitative slides.

In the sections, 290123 cm depth, corresponding the age 8000
41000 b. p., of the 410 cm long core B 28, remains of Pediastrum kawraiskyi
were found in decreasing percentage frequency. Such remains were recovered
from other cores from deeper (earlier) layers.

There are several data on the recent occurrence of P. k. in the literature.
It occurs in both recent and subfossil conditions in one lake in the Baikal
region and, only the remains were found in the sediments of Lake Balaton.
All data refer to the active state of the life-cycle of this species.

From the subfossil Balaton data we might conclude that its ecological
valence is more restricted than that of the other three Pediastrum species
which inhabit our lake at present. It seems that the environmental conditions,
offered by our lake, could satisfy the ecological demands of P. k. only in
a section of its past history: Late Pleistocene + part of the Holocene. This
means, that the period when P. k. was a member of the biota of the lake marks
a distinet portion in the history of Lake Balaton.

From the literature we learn that P. k. is a northern form with stenotopic
nature and perhaps has a demand for higher temperature for a brief period
for both the development and the maintenance of the population.

From the differences of the results of the analysation for cladoceran and
Pediastrum remains in Pleistocene samples originated from two different cores
but from the same layer - as could be established on palynological ground
the conclusion might be drawn that the limnological situations in that part
of the lake which situated south from the Tihany-peninsula were not uniform
in the Late Pleistocene or at least a part of that age. This would also suggest
that in the Late Pleistocene perhaps there were no connections between the
water-bodies represented by the profiles Boglar — Révfiilop and Balaton-
fenyves — Szigliget. (Pre-Balaton condition?, SeBesTyEN 1968b See Loczy
1916, p. 585, Fig. 274.)

No more could be concluded from the analysis of the microfossils recov-
ered in the course of this study and from the pertinent literature which,
however, the author was not in the position to consider in its full extent.

Results of the investigations of more samples both of the core B 28 and
other cores of the sediments of the present Lake Balaton and the same of
the ,berkek”, chemical analysis of the samples, and more knowledge on the
ecology of P. k. (literature, culture experiments) are needed in order to approach
the goal: to gain an insight into the environmental situations in a particular
part of the past history of Lake Balaton.
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PEDIASTRUM KAWRAISKYI SCHMIDLE MARADVANYOK
BALATONI ULEDEKEKBEN
Paleolimnoldgiai tanulmény

Osszefoglals

Sebestyén Olga

Egy palynolégiai szempontb6l reprezentativ balatoni furat 9 mintéjabél elékeriil-
tek a tavat ma benépesité Pediastrum fajok szubfosszilis maradvédnyai. Azon két P. faj
maradvédnyainak jelenlétét, melyek balatoni vonatkozdsban planktoxen elemeknek tekint-
heték (P. biradiatum, P. tetras), s melyek minden valészin(iséggel a berekvizeket levezets
csatorndk utjdn és a Zaldval jutnak tavi teriiletre, a mintdk mennyiségi elemzése sordn
nem lehetett megdllapitani.

A 410 cm hosszi B 28 furat egy szakaszénak (290—123 em -+ 8000— -+ 1000 i.e.)
6t mintdjabol el6keriiltek . k. ScH. maradvényok, az id6k folyamén csékkené mennyi-
ségben (relativ quantitativ adatok). Hasonlé maradvédnyokat mds balatoni furatokbdl is
feljegyeztiink, részben mélyebb (kordbbi) rétegekbél.

Az irodalomban héromféle adatot taldlunk e faj el6forduldsdra: récens adatok
(209. o.), récens és szubfosszilis adatok egyardnt (Lake Kotokel, KORDE) csupdn fosszilis
adatok (Balaton, 213). Valamennyi adat e faj életkorének aktiv szakaszdra vonatkozik.

A balatoni szubfosszilis adatokbél arra kévetkeztethetiink, hogy e faj ekolégiai
valencidja sziikebb, mint a vele egyiitt szubfosszilisan el6fordulé s tavunkban mais é16
fajokéi. Ugy latszik, hogy tavunk torténetében csak egy bizonyos szakaszon voltak olyan
kornyezeti koriilmények, melyek kielégithették e faj ekolégiai igényét. Kz azt is jelenti,
hogy tavunk torténetében egy sajitos fejezetet képvisel az az idészak. amikor a P. k.
tagja volt biotdjanak (késé Pleisztocén +- elsé része a Holocénnek). Irodalmi adatok alap-
jdn ugy latszik, hogy a sztenotopikus P. k. északi forma, mely életének egy révid (?)
szakaszéan valdszintileg magasabb hémérsékletet igényel.

Két balatoni furat pollenanalitikai szempontbél megfelels rétegébél szérmazd
mintdjénak cladocerdkra és Pediastrumokra valé elemzése alapjan arra a kivetkeztetésre
lehet jutni, hogy tavunknak a Tihanyi-félszigett6l délre fekvé részében alimnolégiai kériil-
mények a késS Pleistocénban nem voltak egységesek: a Bogldr—Révfiilop és B. fenyves—
Szigliget profiloknak megfelel$ vizteriiletek egymadstol el lehettek kiiloniilve (vo. Loczy,
1913, 515 o., 274. dbra).

E tanulmény sordn sem a szamba vett mikrofosszilidk értelmezésébdl, sem a
vonatkoz6 irodalombél nem tudtunk tobb kévetkeztetést levonni abbdl a célbél, hogy
tétorténeti szempontbdl értelmezziik egy palynolégiailag reprezentativ balatoni furat
egy szakaszdnak néhény mintdjabdl feltart P. k. maradvanyokat.

T6bb iiledékminta elemzése volna sziikséges a B 28 furatbdl, mds balatoni furatok-
bél és a berkek tiledékébdl is. Sziikséges volna az iiledékek vegyi viszonyainak mérlege-
lése a maradvényok el6forduldsdval kapesolatban, tobb ismeret a P. k. ekolbgidjara
vonatkozéan (irodalom, tenyésztési kisérletek eredményei), hogy megkozelitsiik a célt,
felidézni a Balaton multja egy szakaszdban uralkodé kornyezeti koriilményeket.

OCTATKHW PEDIASTRUM KAWRAISKYI B OCAQKAX BAJIATOHA. OUEPK I1O
HNCTOPHUHU O3EPA

Ouavea Iledewrmer

BeprukasibHbii aHanus ocaaKoB bBanatona necnoab30Baiu Kak METO/l H3YYeHHsT HCTOPUH
03epa, UMest B BU/Y, YTO KOJIMYECTBEHHbIE M KA4YeCTBEHHbIE U3MEHEHUs1 OMOC(ephl MOJyYaT
OTpa)keHHe B COCTaBe YXUBOTHOr0 Mupa osepa. C atoii 1enbio ananusuposamn ocratkn Clado-
cera u Pediastrum B marepuase, nojydeHHoM u3 9 mypdos aHa. Teoperuueckoe 000CHOBA-
HHMe MeToza jaercst B paborax (Zoryomr, 1952 u 1053).

15 Tihanyi Evkonyv
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Bo cBeX NpoaHanM3MpoBaHHbIX 06pasyax, KpOMe OAHOro, 06HAPYXUBAKOTCA OCTAaTKU Tex
Xe BUAoB Pediastrum, KoTopble 06UTAIOT B 03epe M HbiHE, pasHWLA OTMEYaeTcs TO/bKO B
4acToTe MX BCTpeyaemocTu. B ogHom u3 cnoes HaiigeHbl octatku P. kawraiskyi — soga,
KOTOpbI/ B HAcTOsLEe BpeMs B 03epe OTCYTCTBYeT.

OKONMOrMI0 3TOF0 BMAA MOXHO MOHATH HAa OCHOBE [aHHbLIX O COBPEMEHHOM pacnpocTpa-
vennu. P. kawraiskyi n gpyrux sugoe popa Pediastrum, a takxe pfaHHbIX N0 M3y4eHUIO
0CTAaTKOB COBPEMEHHbIX M MCKONaeMblX Ty60K B 03epe KokoTenb B paiioHe bailikana.

CosgaeTcs BnedyatieHue, 4To 3TOT BUA 06nafaeT 60/ee Y3KUMU 3KONOTUYECKAMU MOTEH-
UMAMK, B OTHOWEHUM TEMIOyCTOMYMBOCTM, YeM OCTanbHble npegctasutenu poga Pediastrum
(Ta6bn. 11). P. kawraiskyl nepeHocuT TONbKO KpPaTKOBPEMEHHOE HarpesaHue BOAbI.
OTCIOAa MOXHO MOHATbL 0CO6EHHOCTY PAacnpOCTPaHeHM: 3TOMO BUAA B NPOLUJIOM U €r0 OTCYTCTBUE
B COBPEMEHHOM O03epe. V3MeHeHMEe KAWMATWYECKUX YCNOBUI NOBNEKNO 3a CO6OA yanuHeHue
nepnoga NeTHOro HarpesaHus BOAbl, YTO MPMBENO K MCYE3HOBEHWIO 3TOro BuAa u3 BanatoHa.
O[JHaKO B HEKOTOPbIX 03epax paiioHa Balikana u MOHbIHE UMEKTCA YCN0BUA, Nogxoaauue ns
ero CywWecTBOBaHWA, MU Tam 3TOT BUA BCTPe4aeTcs Kak B WCKOMAeMOMN, Tak W B COBPEMEHHOI
thopme.

Ha ocHoBaHMM faHHbIX, oTHOcAWwMxcs K Pediastrum, moxHo 3aknouuTh, 4To ycnosus
B 03epe BanaToH 3a HECKO/ILKO ThICAY /IeT He NPeTepneBany Pe3KUx U3MEeHEeHMIi, U NCYe3HOBEHME
P. kawraiskyi moxHo noHumaTh, Kak pe3ynbTaT eCTECTBEHHOr0 Pa3BUTUS 03epa.

Jkonorudeckum uccnegosaHuem octatkos P. kawraiskyi u pgpyrux opraHusmos
6uocdepbl Mbl MOXeM 60Nee peanbHO PEKOHCTPYWPOBATL MPOLECChl, MPOUCXOAMUBILME B MPOLI-
JIOM, W NOHSATL SBNEHUA, NPOTEKAKLLME B HACTOSL EE BPEMS.

Momumo octatkos Pediastrum, s atom nnaHe npuBNeKawT BHUMAHUE W WUCKOMAeMble
octatku Cladocera. Cosgaetcst BneuyatneHue, uTo akonorus o6utaowero 8 une suga Leydigia
acanthocercoides moxeT 6biTb 06bACHEHA TaKUM >Xe NyTeMm, Kak npuypoueHHocTs P. kaw-
raiskyi K onpegeneHHbiM nepuofam ucTopuuM 03epa.
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QUANTITATIVE UNTERSUCHUNGEN DES MIKROPHYTOBENTOS AUS
DEM EPROFUNDAL DES BALATON-SEES AUF GRUND DER SAMM-
LUNGEN DES JAHRES 1967

GIZELLA TAMAS

Biologisches Forschungsinstitut der Ungarischen Akademie der Wissenschaften, Tihany,
Ungarn

Eingegangen am 1. Mirz, 1968

Diese Studie schlief3t sich jenen Arbeiten an, welche in den letzten Jahren
Angaben iiber den Mikrophytobentos des Balaton-Sees machten (TaAmAs
1966, 1967).

Wir hatten eine doppelte Zielsetzung:

a) praktisch zur gleichen Zeit (innerhalb zwei Tagen) eine weitere Orien-
tierung iiber die quantitative Zusammensetzung der Mikrophytobentosgesamt-
heit des ganzen Sees in der warmen Jahreszeit zu erhalten,

b) weitere Angaben iiber die Artzugehorigkeit und -verbreitung der Mit-
glieder des Mikrophytobentos innerhalb des Sees auf Grund von Probenserien
der Quersegmente zu sammeln.

Ort und Zeit des Sammelns, Aufarbeitung des Materials

Die Schlammprobenentnahmen 1967 geschahen @hnlich wie im vorigen
Jahr von April bis Oktober. In dem siidwestlichen Teil des Sees haben wir
in drei, in dem nordostlichen Teil in zwei zur Langsachse rechtwinklig stehen-
den Querschnitten gesammelt. (Die schematische Darstellung der See-Karte
des Balatons mit den Querschnitten und den Angaben der Probenentnahme-
stellen ist der im Jahre 1967 erschienenen Arbeit von TaAmAs, Seite 234 zu
entnehmen.) Bei den Schlammproben haben wir an drei bestimmten Punkten
der Querschnitte M, K, G, A, E mit dem modifizierten Craib-Schlammproben-
entnehmer (PonNyr, BIRO und P.-ZANKAT 1967) eine 1 —2 c¢m dicke Schicht der
Oberflache entnommen. Nach 48 Stunden Sedimentation wurden im Labora-
torium aus der 1 em dicken Schicht der Oberfliche simtliche lebenden und
abgestorbenen Algen aus einer 5mal 1 cm? groBlen Schlammprobe registriert.
Die so erhaltenen Daten wurden auf eine Oberfliche von 1 dm? umgerechnet.
In der zweiten und dritten 7T'abelle haben wir die errechneten Durchschnitts-
werte der an den drei Punkten der einzelnen Quersegmente erhaltenen Werte
dargestellt. Die beim Sammeln erhaltenen Werte enthilt die 7. T'abelle, es sind
dies die Durchschnittswerte der Angaben, die an den drei Punkten je eines
Quersegmentes aufgezeichnet sind.

Diese Studie gibt lediglich die Mikrophytobentosdaten der Schlamm -
proben von 1967 bekannt. Sie beschiftigt sich weder mit der limnologischen
Auswertung der Angaben der drei Jahre, noch mit der Beschreibung des

15%
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Umstandes, inwieweit die angewendete quantitative Methode und die Daten
der zur Untersuchung vorbereiteten Proben die wirkliche Lage widerzuspiegeln
fahig sind. All diese Fragen bilden das Thema einer spiteren, zusammen-
fassenden Studie.

Untersuchungsergebnisse

Die von den 115 Schlammproben der 15 Entnahmestellen bestimmten
Algenarten, die mit dem Pilz zusammen in die 6 groflen Stimme der Syste-
matik gehoren; die Reihenfolge ist nach der Héufigkeit gewihlt:

Art Varietdt
Ohrysophyterny .. s .0 o eiva 54 3
ORIOTODIYLETE. < s & < omgis snatel 4 o8 13 2
Cyanophyten .......ccoueiis 8 —_
Huglenophyten . :........... 3 —
PR roDhYIenT 8 s 1 —
Mycophagten. « s uvvrayios soe 1 —

Zusammen: 80 5

Der Chrysophyten-Stamm ist mit 57 Arten vertreten (Xanthophyceae 2,
Bacillariophyceae 55). Unter den Schlammbewohnerarten (32) der Bacillario-
phyceae-Klasse haben einige mancherorts — dhnlich wie bei den Angaben des
Vorjahres — eine sehr hohe Anzahl erreicht: Amphora ovalis, Diploneis ellip-
tica, D. puella, Fragilaria pinnata, Navicula cryptocephala, Nitzschia amphibia
usw. Unter den pelagischen Arten (13) haben die Cyclotella bodanica, C. ocellata,
Melosira granulate und ihre Varietit Nitzschia acicularis, Stenopterobia pela-
gica eine hohere Individuenzahl/dm?® erreicht. Unter den epiphyten Arten (10)
kam stellenweise die Cocconeis placentula in bedeutender Anzahl vor. Das
prozentuale quantitative Vorkommen dieses Stammes schwankte von April
bis Oktober stellenweise zwischen 76,89, und 99,79,. Dieser Stamm macht
67,19, der gesamten Algenarten aus.

In Bezug auf die Haufigkeit nimmt der Chlorophyten-Stamm mit 15 Arten
den zweiten Platz ein. Die Mehrzahl der Arten (12) gehort in die Ordnung der
Chlorococcales. Die Zygnematales-Ordnung wurde durch drei Arten vertreten.
Die Angaben iiber die in den Schlammproben nur mit sehr geringer Zahl/dm?*
enthaltenen Exemplare sind unbedeutend. Von April bis Oktober lag das quan-
titative prozentuale Vorkommen an den einzelnen Stellen zwischen 0 und 8,29%,.
Dieser Stamm macht 17,69, der gesamten Algenarten aus.

Von den Stamm der Cyanophyten haben wir 8 Arten gefunden. In samt-
lichen Schlammproben, wo andere Arten nur vereinzelt vorkamen, war — ob
in lebendem oder totem Zustand — die Lyngbya circumcreta vertreten. Die
Fadenteile des Aphanizomenon flos-aquae var. klebahnii haben wir dhnlich wie
im vorigen Jahr auch jetzt aufgezeichnet. Das prozentuale quantitative Vor-
kommen der Blaualgen schwankte von April bis Oktober an den einzelnen Orten
zwischen 0 und 17,6%,. Der Stamm enthélt 9,49, der Zahl der gesamten Algen-
arten.

In der Haufigkeitsreihe folgt der Euglenophyten-Stamm, dessen drei Ver-
treter sporadisch, in niedriger Anzahl in den Schlammproben vorkommen.
Die prozentuale Exemplarzahl/dm? lag stellenweise von April bis Oktober
zwischen 0 und 19,. Der Stamm macht 3,5%, der Anzahl der gesamten Algen-
arten aus.
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Tabelle 1 — 1, tablazat !
Ort und Zeitpunkt der Probenentnahme 1967 und andere Anga.ben H
Az 1967. évi gy(ijtések helye, ideje és egyéb adatai

*,
i
i
g & g 28 :
£y g0 8 | Bg FRCEREAN :
%E Zeitpunkt — Idépont g} tg:.; s ;g %: . E% o ggiéy“zﬁfé’k ‘
ES g= | 2% | 3% | 44 : i
£ 48 | & | 48 | B3 =
&S5 EE AN EE | A% :
M IV.11. 6— 9h | 12 16,1 272 61 | Windstille — Szél:csend ;
V.16. 6— 9h | 19 20 256 43 | Windstille — Szélcsend '
VI.20. 6— 9h | 20 20,6 283 91 | Tritbes Wetter — ‘Borus id6
VII.18. 6— 8h | 23 20,1 |- 259 61 | Brise — Szell 4
VIII.15. 7— 9h | 20 16,6 238 66 | Windstille — Szélesend |
IX.19. 7— 9h | 16,5 | 14,2 | 247 | 92 | Windstille — Szélesend |
X.17. 6— 9h | 16 17,5 256 102 | Brise — Szellé i
K IV.11.10—12h | 12 20,8 367 54 ;i ] i
V.16.10—13 h.| 19 20,3 375 49 | Nordwind und Regen — Eszaki
szél, esd
VI. 20.10—12 h 19,8 | 23 366 59 | Gewitter und Regen — Viha.r, osd
VII.18. 9—12h | 22 23,1 349 74 | Starke Wellenbewegung + Eros
R hulladmzas. :
VIII. 15.10—12h | 20,6 | 21,6 |* 359 59 | Brise — Szell6 i
I1X.19.10—12h | 17 19,8 | 355 73 : '
X.17.10—12h | 16,8 | 21,1 329 57 | Starke Wellenbewegung i Erés
f _hullamzas :
G IvV.11.16—<18 h | 11,8 | 19,6 431 67
V.16.16—19h | 19 °| 20,3 | 420 50
VI. 20.15—18 h | 20 21,5 413 93
VII. 19. 8—11h | 23 22,3 402 56 | Brise — Szell
VIII.15.156—18 h | 21 24,8 401 55 | Brise, tritbes Wetter — %qellé
o A . |. .borus idé
IX.19.15—18 h 18 20,1 400 79 Wmdsbllle — Szélesend
X.17.156—18 h 17,8 20,9 396 " 64 | Brise — Szell6
A IV.12. 9—12h | 12,1 | 18,8 366 68 | Brise — Szell6
V.17.10—13 h | 19 21 401 61 | Brise — Szell6 «
VI.26. 9—183h.| 24,1 | 266 380 137 | Windstille — Szélesend -+
VIL. 20. 9—12h | 24 26,5 357 105 | Windstille — Szélesend .
| VIIL. 16. 9—13 h | 21 24,1 372 i f Wmdstllle — Szélesend
IX.20. 9—13h | 17,8 | 18,3 377 98 | Brise '~ Szell§ s .
X.23.11—13 h 12,6 13,6 374 96 | Brise - Szellé
E 1V.12.15—18 h | 12 18 436 89 | Brise — Szellé
V.18.10—14 h | 19 22 © 439 47 | Brise — Szell6é
VI. 26. 16—19'h | 25 30,3 426 122 | Windstille — Szélesend: :
VII. 19.16—18 h | 23,6 | 26,5 435 67 | Windstille — Szélesend *
VIII. 16.15—18 h | 21,5 | 24,8 |. 429 64
IX.20.15—18 L | 18 |- 18,5 401 137 | Brise — Szell6 : :
X.23.15—17h | 14 l 15 413 | 74 | Windstille — Szélcsend - <

!

Zeichenerklirung — Jelmagyardzat

*Die Werte beziehen sich auf Messungen mit der Secchi-Scheibe — . Mérések Secchi-koronggal



Tabelle 2 — 2. tabldzat
Quantitative Mikrophytobentos-Untersuchungen aus dem Eprofundal des Balaton-Sces auf Grund der Sammlungen des Jahres
1967 (i/dm? = 1000 Individuen pro dm?)

A Balaton nyiltvizi fenékiszapmintdinak mennyiségi algolégiai adatai az 1967. évi gylijtések alapjdn (i/dm? = 1000 egyed/dmz)

Sammelstellen. und Zeit-
punkt des Vorkommens M K G A B
Gyfijtfihelyek, id6pont
?ﬁ;iﬁmﬁm a b a b a b a b a b
CYANOPHYTA
Aphanizomenon flos-agquae var. klebahnii V. — — — — = = . e 0,2 —
ELENE. V1. y— — - —— 0,1 e s — e i
VIII. — 0,1 - — — — = % = .
X s i s Pt o 0,1 A fiy L £
Coelosphaerium kiitzingianum NAEG. VI. —_ — — —_ 0,4 — = o ot —
VIII. —_ —_ 0,1 — — — ~— = — e
X0 = = 0,1 £ 0,1 st 0,2 L o 2
Gomphosphaeria lacustris CHOD. VI — —_ — — 0,1 = — = =y =
Lyngbya circumereta G. S. WesT 1v. 0,1 01| Q5 0,3 0,5 1,6 0,9 0,6 1,2 17
V. — 0,2 0,1 0,5 f 0,6 0,8 0,8 1,4 1,3
VI. 0,3 — 0,2 0,3 0,3 0,7 1,3 1,9 157 1,6
VII. 0,2 0,1 0,1 0,6 0,6 1,8 1,0 3,1 1 3,2
VIII. 0,1 0,5 0,3 0,4 1,9 } 1 2,1 2,3 1,4 3,4
IX. 0,1 0,1 — 0,3 1,7 1 | 2,0 1,8 8,7 5,0
X. 0,5 0,1 | 0,3 0,4 1,6 1,4 3,0 3,1 G 5,0
Lyngbya limnetica LeMM. IV. _— — I — S = 0,1 — o 0,1 falls
VI. 0,2 — i 0,1 - 0,5 —_ — — 0,2 —
VII. — RS — = o 0,1 = I .
VIIL = 0l =5 0,2 = = 2 =, s
IX 0,1 e —_ —_ —_ 0,3 — 0,3
X —_— —_ L — 0,1 0,2 0,2 0,4 0,1 1,2 1,2
Merismopedia glauca (EHR.) NAEG. VI. —_ o 1 — e 1,6 == = 2 2 o
Oscillatoria sp. X, 0,2 — — —_ — — o . = 2L
Pseudanabaena catenata Laur. 1v. —_ - —_ — 0,1 — = o ke et
v — ' — —_ e Tl — 0,4 —_ I — —
|

0€8
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0,1
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CHSoONS MmO | S S

0,1

11111

0,2
0,8

DO WM rmilb~ rd O w1 O i OO -

)))))))))))))

SSdS~a | So

VI.
IX.
1v.
LV

VII.

KW B®

Ceratium hirundinella (O. F. MULL)
ScHRANK (ZYSTEN)

Planktonema lauterborni SCEMIDLE

Botryococcus braunis KUTZ.

Phacus acuminatus STOKES
Trachelomonas volvocina EHR.

EUGLENOPHYTA
Phacus tortuosus RoLL
PYRROPHYTA
CHRYSOPHYTA
Xanthophyceae
Bacillariophyceae

Be Amphora ovalis var pediculus KU1z
GRUN.

Be Caloneis schumanniana var. biconstricta

Be Amphora ovalis KTz,



Tabelle 2 (Fortsetzung) — 2. tabldzat (folytatés)

Sammelstellen und Zeit-
punkt des Vorkommens
Gyfijtéhelyek, idépont

|

M

'K

é;;ﬁﬁvtzg;‘gl‘g: a b a b a- b a b . & b

1 VI — — - — - 0,2 - 0,1 — 0,1

VIL — — - 0,1 —_ 0,4 - 0,2 — 0,3

VIII. - — - 0.1 — 0,2, 0,2. 0,2 0,2 0,3
X — — — 0,1 —_ = - 0,1 — 0,2

X. — - — 0,2 0,1. 0, — 0,5 — 0,1

Be Campylodiscus noricus var. hibernica IV. — - — - R — 1,0 0,2 0,9 0,3
(EHR.) GRUN, V. — — — — = — 1 0,1 0,9 0,1
il ) VI — - — — 0,1 — 0,1 — 0,2 0,2
b.'41 1 4 — — — — — — — 0,4 0,3 0,5

VIII. — — - — 0,1 — 1,2 0,1 157 0,1

IX. - — - — 0,1 - 0,1 0,2 — 0,4

N g XE — - — — 0,9 0,5 1,4 0,4

Ep Cocconeis placentula EHR. 1v. 2,3 — 1,3 0,2 0,3 — — — — —
V. 62 | o1 s ol e 0,5 e % o

VI L = 03| 12 = 06 | 0,1 bl o

VIIL. 0,2 - - — — - 0,5 — 2,0 0,1

VIII. 2,5 < 0,2 ¥ 0,5 = 0,2 = = s

X 3,7 = 0,4 = 0,5 e it i 1,2 i

. X. 1.4 - — 0,1 — — — — — —

P1 Cyclotella bodanica EULENST. IV. 0,1 3,1 — 4,9 = 2,8 - 2,1 — 2,2
Vi — 4,6 - 4,0 — 5,0 — 2,9 — 2:3

VI. — 5,9 — 8,2 = 7.4 — 8,6 - 4,2

8 VIL . 9,5 - 9,8 —_ 10,9 — 5,6 — 1,6

VIII. — 7,7 — 7,8 — 5,7 0,1 2,0 - 2,7

IX. - 2,8 - 6,9 — 5,4 — 4,8 0,1 1,4

X. — 8,8 — 9,8 — 6,7 - 4,1 - 3,9

P1 Cyclotella ocellata PANT. IV. — 3,3 - 6,9 - 2,8 — 2,7 — 2,2
V. — 4,9 — 3,8 — 6,3 — 3,3 - 1,9

VI. — 7.4 — 8,9 — 8,2 — 10,6 - 6,3

VII. — 10,3 —_ 14,9 - 11,6 — 6,9 — 2,5

(4594
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Pl Gyrosigma attenuatum (KiTz.) RABH.

P1 Gyrosigma distortum var. parkeri HARRIS

P1 Gyrosigma kiitzingii (GrRuN.) CLEVE

Be Gyrosigma prolongatum (W. SMITH)

CLEVE

P1 Melosira granulata (EHR.) RALFS

Pl Melosira granulata var. angustissima
0. MULL.



Tabelle 2 (Fortsetzung) — 2. tabldzat (folytatds)

9€¢

Sammelstellen und Zeit- ‘ i
punkt des Vorkommens ! M | K G A
Gyfijtohelyek, idépont :
Arte ichni :
e e il e T SRR S T e
25 |
|
x - TN o ¢ O S S R -
Pl Melosira varians C. A. Aa. VII. — — — — — - 0,2
Be Navicula costulata GRUN. VS — — — — —. — — — )2
. ok V1. — - 0,3 — — e = 0,1 =
Be Navicula cryptocephala Kirz. I Lve 3,6 0,7 2,3 1,0 1,8 0,8 0,4 0,5 0,2
; . e V. 3,1 0,2 5,3 0,4 2,9 0,6 1,4 1,2 0,1
VI 4,1 0,3 13,6 0,3 7,2 0,6 0,5 0,3 0,2
VIL 2,8 — 1,0 0,1 1,0 0;4 151 0,4 —
VIII. 1,6~ 0,3 0,7 0;6 1,9 0.2, 1,0 0,6 0,1
IX. 32,2 0,7 555 0,3 2;3 0,1 1,3 0,7 0,3
X. 09 1,7 056 0,3 0,5 0,3 2,4 1,6 1,5
Be Navicula dicephala (Exr.) W. SMITH IV. = 0,1 = = - i 0,3 0,1 0,1
5 - s L Ve — — —_ — — 0,1 — - 0,2
VI. i = = = = i = 0,1 0,1
VIIIL <L - — 2 o3 | = = Bt 0,2
IX. ) = —_— = s 0.1 = e
X - & — 2| L e 0,1
Be Navicula gracilis EHR. Iv. 0,1 Gy e 0.2 = & 1 0,5
L Sy 0,9 | 01 (1T I i i i [
VII. 9 = = - - 1,0 12 o
X% Lo i = = ik 0,1 = 0,4
Be Navicula hungarica var. capitata (EHR.) 1v. = 0,1 - 0,2 £ = i =
CLEVE V. — - — — — 0,1 — 0,1
VII. i 0,1 & i L 0,3 ol e
VIII. - o = 0,1 o 2% * - 0,2
R 8 & e =2 = = = 0,2
X = 0,1 L Ak L3 0,2 i 5
Be Navicula placentula (EHR.) GRUX. - | o= 03 | — e 1,2 — 0,3
e — 0,2 — et = 0,7~ — 0,1
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Pl Nitzschia acicularis W. SMITH
Be Nitzschia sigmoidea (Ear.) W. SMITH

Be Neidium iridis (EaR.) CLEVE

Be Navicula reinhardtic GRUN
Be Navicula tuscula (EBER.) GRUN.
‘Be Neidium dubium (EHR.) CLEVE

Be Nitzschia amphibia GRUN.



Tabelle 2 (Fortsetzung) — 2. tabldzat (folytatéds)
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-2
e
(=2

Sammelstellen und Zeit-
punkt des Vorkommens M K
Gyfijtéhelyek, idépont
Art ichni: ‘
i o e S B
Be Nitzschia tryblionella var. debilis IV — — — 0,1
(ArRNOTT) A. MAYER V. 0,2 — — 012
VI — — — 0,4 0
VII. — —_ 0,1 0,2
VIII. - 0,1 0,2 0,4
I, — — 0,1 0,4
X. — — — 0,3 —
Be Nitzschia tryblionella var. levidensis Ve — — — — —
(W. Smira) GRUN.
Be Opephora marty: HERIBAUD V. — — — — —
VI. — 0,3 — — —
VIII. — — — — —
X — — - - —
Be Pinnularia microstauron (EHR.) CLEVE VII. — — — — 0,1
VIII. 0,1 — — — —
Be Pinnularia sp. Ve — — — 0,3 —
VI. — - — — —
VAT, — — — — —
e — — — 0,1 —
> 4 — — — — —
Ep Rhopalodia gibba (Exr.) O. MiLL VII. — — — — —
X. — — — — —
Be Stauroneis smithii var. incisa PANT. Vi — — — — —
P1 Stenopterobia pelagica HUST. IV. 5,1 0,9 0,9 0,2 3
Vi 8,6 0,1 0,2 0,1 6
Vi 1,0 0,5 7650 — 3
VII. 3,0 0,1 1,9 0,5 1
VITE: 0,1 — 0,2 — 3
l IX. 0,5 — 0,5 — —
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Be Surirella biseriata BREB.

Be Surirella elegans EHR.

Be Surirella robusta var. splendida (EHR.)
V. HEURCK

Be Surirella tenera GREG.

Be Surirella turgida W. SMiTH

Ep Synedra parasitica (W. Smite) HUsT.
CHLOROPHYTA

Ankistrodesmus falcatus (CORDA) RALFS

Ankistrodesmus falcatus var. acicularis
(A. BrauN) G. S. WEST

Ankistrodesmus falcatus var. mirabile W. et
G. S. West

X.

IV.
Iv.

VI.
VII.
VIII.
IX.

VII.
VIIL

IV.
VL.

VII.
VIII.

AVALS
\VILPL.

IV.
VI
VII.

VIII.

EV:.

VI.
VIIIL.
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Sammelstellen und Zeit-
punkt des Vorkommens
Gyfjt6helyek, idépont

Artenverzeichnis
Fajok felsorolésa

Ankistrodesmus setigerus (Schroder) G. S.
West

Closterium aciculare T. West

Crucigenia quadrata var. octogona Schmidle

Dictyosphaerium pulchellum W ood.

Pediastrum boryanum (Turp.) Menegh.

Pediastrum clathratum (Schroet.) Lehm.

Pediastrum duplex var. reticulatum Lagerh.

Tabelle 2 (Fortsetzung)

\AREN

V.

VI.
VII.

VIl
VIII.

V.

VI.
VII.
VIII.

V.
VI.
VIl

a b
04 -
0,1 -
_ 04
_ 04
_ 04
_ 0a

tdblazat (folytatas)

K
a b a
o 05
o4 — op
04
_ =
©
© I
o
of — oA
01
_ 01 I
—n o4, J—
_ oa _

oo
NN

0
0,

02
of

0,3
o4

oz

03
04

ove

34

oz
63
of
ofl

04
04



AKuQYAY 1Auvyry, 91

Pediastrum simplex RALFS

Scenedesmus ecornis (RALFS) CHOD.
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Tabelle 3

Zusammenfassende quantitative Mikrophytobentos-Untersuchungen aus dem Eprofun-

Individuen

A Balaton nyiltvizi fenékiszapmintdinak Osszesitett mennyiségi algol6-

g o
2 8
gy 88 g 3
=@ = g % = g %
is - Mg i/dm = £ 3 i/dm?
36 S5 3 | s M|
M 1775 21 66,4 54,8 30 53,9 44,5
V. 18 89,1 74,3 23 30,1 25,1
VI. 19 51,5 52,0 20 47,0 47,3
VII. 19 50,8 50,6 18 49,0 48,8
VIIT. 19 29,2 37,7 23 47,6 61,4
IX. 17 64,4 63,1 16 36,5 35,8
X. 14 21,5 25,8 24 60,9 73,0
K 1V 16 48,1 47,9 28 51,4 51,1
V. 18 39,5 61,4 17 23,5 36,6
V. 19 79,8 68,0 18 36,3 31,0
VII. 16 28,9 34,7 20 53,1 63,8
VIII. 22 45,7 44,3 23 56,2 54,5
IX. 20 52,5 48,7 21 54,4 50,5
X. 15 17,2 27,2 20 44,6 70,5
G IV. 14 51,1 59,6 22 32,1 37,4
Ve 15 73,6 73,2 21 25,0 24,8
VI. 20 85,6 70,6 21 30,9 25,5
VII. 18 47,7 54,1 23 37,6 42,6
VIIIL. 22 94,0 72,8 24 30,6 23,7
IX. 17 24,2 38,8 23 34,8 55,17
X. 12 8,3 21,4 24 25,9 66,9
A IV 24 45,5 47,3 34 48,6 50,5
Ve 19 91,8 66,2 26 44,6 32,2
VI. 20 65,2 54,0 29 50,4 41,8
VIL 19 89,0 63,2 31 46,6 33,1
VIII. 20 46,7 40,0 25 64,4 55,2
IX. 10 31,8 28,5 26 75,0 67,3
X. 25 44,0 35,7 30 71,5 58,1
E Iv. 17 79,3 65,4 24 38,7 32,0
Vi 20 128,5 77,2 25 34,4 20,7
AL 16 25,1 42,0 23 30,8 51,6
VII. 20 37,1 53,6 23 27,1 39,2
VIII. 22 39,9 50,0 29 32,2 40,1
IX. 20 68,7 59,4 23 37,9 32,8
X. 18 29,1 30,0 26 55,1 56,8




243

— 3. tabldazat

dal des Balaton-Sees auf Grund der Sammlungen des Jahres 1967 — i/dfn2
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Der Pyrrophyten-Stamm wurde durch eine einzige Art der Dinophyceae-
Klasse das pelagische Ceratium hirundinelle in seiner cystischen Form ver-
treten (siehe Angaben der Tabelle 2). Er macht 19, der Anzahl der gesamten
Algenarten aus.

Ebenfalls sporadisch und in unbedeutender Menge haben wir den ein-
zigen Vertreter des Mycophyten-Stammes, die Dactylosporium-Art aufgezeich-
net. Auch diese macht nur 1%, der Zahl der gesamten Algen aus.

Unter den 5 Querschnitten war der sich zwischen Balatonfiired und
Zamérdi sich befindende Querschnitt im April der reichhaltigste (36), der am
spirlichsten etwas aufweisende der zwischen Gyenesdias und der Miindung des
Zala-Flusses entnommene Schlamm in der Zeit von September und Oktober
(17). Das Vorkommen von Gyrosigma prolongatum hat sich auch jetzt auf die
Bucht bei Keszthely und deren Umgebung beschrinkt, was die Angaben iiber
das Plankton und die Schlammproben aus dem vorigen Jahr bestatigt.

Aus den algologischen Ergebnissen der Schlammprobenuntersuchungen
von 1967 ist ersichtlich, daf} die quantitativen Daten iiber die Lyngbya circum-
creta, — Menge in dem nordostlichen Teil des Sees — dhnlich den Ergebnissen
aus dem Jahre 1966 — eine Erhohung aufwiesen. In den im August entnom-
menen Schlammproben aus dem Segment Balatonalmadi—Balatonvilagos war
die groBle Anzahl von abgestorbenen Exemplaren der Griinalge (Closterium
aciculare) auffallend. Zur gleichen Zeit haben wir ein massenhaftes Vorkom-
men der lebenden Exemplare in den beiden Segmenten A und E im nord-
ostlichen Teil des Sees im offenen Wasser und in der Oberflichenmembran
(Neuston) gesehen.

Unter den pelagischen Diatomeen waren die Schalen der abgestorbenen
Cyclotella bodanica und der C'. ocellata in der ganzen Linge des Sees zu finden,
lebende Exemplare haben wir jedoch nur vereinzelt in ganz geringer Anzahl
finden koénnen. Die Fragilaria construens hat ihre hochsten Werte — dhnlich
wie im vorigen Jahr — im Segment zwischen Balatonfiired und Zamdardi im
nordostlichen Teil des Sees erreicht. Das ebenfalls pelagische Melosira granu-
lata und ihre Varietit kamen stellenweise und zeitweilig in lebenden und abge-
‘storbenen Zustand — dhnlich den Angaben nach den Schlammproben voriger
Jahre — mit hoher Anzahl an Exemplaren vor (siehe die ausfiihrlichen Anga-
ben der Tabelle 2).

Unter den schlammbewohnenden Kieselalgen trugen die Navicula crypto-
cephala, Diploneis elliptica, D. puella, Fragilaria pinnata, Nitzschia amphibia
und die N. sigmoidea, die stellenweise und zeitweilig in grofer Anzahl vor-
kamen, erheblich zur Erhohung der Zahl des Chrysophyten-Stammes bei.

Die Anzahl der lebenden Kieselalgen war im Segment Balatonalmédi -
Balatonvildgos in der Schlammprobe vom Mai 1967 die hochste (128 500/dm?),
den niedrigsten Wert fanden wir in der Oktoberprobe im Segment Sdgpuszta
Balatonszemes (8300/dm?).

Das Verhiiltnis der lebenden zu den abgestorbenen Kieselalgen ist stellen-
weise und zeitweise — im Vergleich zu den Angaben von 1965 — ausgegliche-
ner. Eine auffallend grofe Abweichung haben wir nicht beobachtet. Das Ver-
hiiltnis der lebenden und der toten Kieselalgen — mit Ausnahme von ein-zwei
Fallen — war 1 : 1 (siehe die Angaben der T'abelle 3).

Das Verhiltnis der lebenden zu den abgestorbenen Algenstimmen ist
abgesehen von 2 Ausnahmen zugunsten der lebenden Algen verschoben.



Zusammenfassung

Die Verfasserin hat vergleichende Untersuchungen der von April bis
Oktober 1967 entnommenen Schlammproben — dhnlich wie in den vergange-
nen Jahren — angestellt (siehe T'abelle 1). Die von den 115 Schlammproben
der 15 Sammelstellen bestimmten 80 Arten und 5 Varietiten gehéren zusam-
men mit dem Pilz in die 6 grollen Stamme (siehe T'abelle 2). Die an Algenarten
reichste war die Schlammprobe von April zwischen Balatonfiired und Zamérdi,
die armste die von September und Oktober in der Bucht bei Keszthely.

Die Ergebnisse der algologischen Untersuchungen dhneln teilweise denen
der vergangenen Jahre, teilweise weichen sie von ihnen ab. Die Anzahl der
Exemplare der lebenden Kieselalgen war in der Probe vom Mai zwischen
Balatonalmadi und Balatonvilagos am hochsten, am tiefsten in der Probe
im Oktober bei Sdgpuszta —Balatonszemes. Das Verhiltnis der lebenden zu
den abgestorbenen Kieselalgen und anderen Algenarten war stellenweise und
zeitweilig — im Vergleich zu den Angaben von 1965 — ausgeglichener. Eine
auffallend grole Abweichung — mit Ausnahme von ein-zwei Fillen — hat die
Verfasserin nicht beobachtet (siehe die zusammenfassenden Angaben der
Tabelle 3).
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MENNYISEGI VIZSGALATOK A BALATON MIKROFITOBENTOSZAN
AZ 1967. EVI GYUJTESEK ALAPJAN

Osszefoglalas

Tamds Gizella

Szerz6 az 1967. év aprilisatol — oktéberig gy(ijtott iszapmintakbol — a megel6zé
évekhez hasonléan — mennyiségi algoldgiai vizsgalatokat végzett (1. 1. tablazat). A 15
gytjtéhely 115 iszapmintdjabél meghatarozott 80 faj és 5 véaltozat a gombdval egyiitt
6 nagy rendszertani torzsbe tartozik (l. 2. tabldzat). Algafajokban az 5 hardntszelvény
koziil a leggazdagabb a Balatonfiired —Zamérdi dprilisi, a legszegényebb pedig a Keszt-
helyi-6bol szeptemberi és oktéberi iszapmintéja volt.

Az algolégiai vizsgdlatok eredményei részben hasonlbak a kordbbi évek adataihoz,
részben pedig eltérnek azokto6l. Az é16 kovamoszatok egyedszdma legmagasabb a Balaton-
almédi— Balatonvildgos mdjusi mintdban, a legalacsonyabb a Sdgpuszta— Balatonszemes
oktéberi mintdban volt. Az é16 és elpusztult kovamoszatok és mésalgafajok ardnya helyen-
ként és idénként — az 1965. évi adatokhoz képest — egyenletesebb. Felting nagy elté-
rést — egy-két esetet kivéve — nem észlelt (1. 3. tablazat Osszesitett adatait).
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KOJIMYECTBEHHOE N3YYEHHUE MUKPOPUTOBEHTOCA O3EPA BAJIATOH I10
CBOPAM 1967 I'OJA

I'. Tamaw

IIpoBe/ieH KOJIMUeCTBEHHbIH aHAJIM3 BOJ0pOCeil B 00pasiax uia, COOPaHHBIX € amnpesist
no oxTs16pb 1967 r. B 115 npobax, B3sThIX B 15 MecTax, HaiiaeHo 80 BUA0B 1 7 pa3HOBHAHOCTEH
(BrJTIOUAST IPUOBI), OTHOCSIIMXCST K 6 OOJIBIINM CHCTEeMATHUECKUM Ipynnam (mabauyst Ne 1u 2).
HawuboJsiee 6oratel Boopocsivii mpo0Osl miia u3 paifona banatondropen— 3amapay, B anpeie, a
naudosnee deausl Mpodbl Kecrxeifckoro 3anmpa B ceHTsiope 1 0KT0pe.

Pe3ysbTaThl HCCIIEI0BAHUST YaCTHUHO COOTBETCTBYIOT AAHHBIM IPebITYINHX JIeT, HO 00Ha-
py)KMBaercst M Hexkoropoe orauune. IHaubosiee BbiCOKOE CcOJieprKaHHe JKMBBIX KPEMHEBBIX
BOJ0pOCei 0GHAPY)KEHO B Mae B Po0ax, B3SITHIX MeKay Banaronaamaan u Banaronsuiarou,
a HauOoJsiee HU3KOE B Mpodax, coOpaHHBIX B OKTsIOpe mexny llarmycra m Banaroncemenr.
CpaBrenue JagHbX 1965 1 1967 ro/10B MOKA3bIBAET, YTO OTHOLIEHHE MEMU1y YKUBLIMU U MOTHO-
IIUMU KPEMHEBBIMH M JIPYTHME BOJOPOCIISIMU CTAJI0 (oJiee paBHOMEDHBIM, U TeTeph He 00HApy-
YKHBaeTcs1 60Jiblast pasHUIA, KAK paHblle (cM. mabauyor Ne 3).
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UBER DIE RADERTIEREN- (RATATORIA-) FAUNA DES
PLATTENSEES NACH LITERATURANGABEN VON 1897 BIS 1960

NORA P.-ZANKATI

Biologisches Forschungsinstitut der Ungarischen Akademie der Wissenschaften, Tihany,
Ungarn

Eingegangen: 1. Februar, 1968

Die Erforschung der mikroskopischen Tierwelt des Plattensees begann
bereits in den achtziger Jahren des vorigen Jahrhunderts (Dapay 1884, 1894,
FraNci 1893). Die ersten Sammler haben, um die Lebewelt des Plattensees
kennenzulernen, an den verschiedensten Punkten des Sees gesammelt. Die
spateren Forscher setzten sich immer mehr ein Ziel, jeweils ein interessanteres
Biotop einer griindlichen Untersuchung zu unterziehen und mehrere Jahre
hindurch zu beobachten, um so vollkommene Ergebnisse zu erhalten (z. B.
Psammon, Cladophora-Bewuchs oder die Untersuchung der Bucht von Aszé-
f6). Die quantitativen Planktonstudien treten in den vierziger Jahren dieses
Jahrhunderts immer mehr in den Vordergrund, sie zeigten ecin genaues Bild
iitber die Anordnung der Rotatorien in den verschiedenen Tiefen des Sees.
Die im Jahre 1936 —37—38 begonnenen und 1947 —1949 —1951 wiederholten
quantitativen Untersuchungen haben eine beachtliche Menge an Daten iiber
das vor Tihany gelegene Gebiet des Sees geliefert, auf Grund welcher wir
dieses Gebiet als das bekannteste betrachten konnen.

Die im Jahre 1965 eingetretene massenhafte Fischverendung hat die
Wiedereinleitung der Plattenseeforschung notwendig gemacht. Der Vergleich
der heutigen Fauna des Plattensees mit den #lteren, beinahe 80 Jahre alten
literarischen Angaben hat bei der Bearbeitung der Rotatorienarten Schwierig-
keiten gemacht. Besonders problematisch war der Vergleich der neueren und
alteren okologischen Beobachtungen zwecks Ermessung und Auswertung einer
eventuellen Verinderung des Rotatorienplanktons. Diese Arbeit hat also die
Darbietung der Zusammenfassung einer der wichtigsten Lebewesengruppen
des Sees und die Erleichterung spiterer Forschungen durch die Zusammen-
stellung der vorhandenen Angaben in der Literatur und durch die Aufziahlung
der iiber die einzelnen Arten von verschiedenen Autoren getroffenen skologi-
schen Bemerkungen zur Aufgabe.

Die Auffiihrung der einzelnen Arten habe ich nach der alphabetischen
Reihenfolge vorgenommen und die verschiedenen systematischen Einordnun-
gen auller Acht gelassen. Ich tat dies erstens darum, weil es so nach meiner
Meinung viel iibersichtlicher ist, anderseits benutzen die Autoren verschiedene
Systeme, was das Aufsuchen der Arten sehr erschwert.

Bei der Benennung der Arten benutze ich die Nomenklatur von Vorar
(1957) und WiszN1EWSKT (1954). In den Fillen, wo die Meinungen dieser zwei
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Verfasser voneinander abweichen oder die betreffende Art in der Arbeit des
einen oder des anderen fehlt, markiere ich hinter dem Autorennamen mit
einem in Klammern gesetzten Buchstaben (VoigT = V), (WISZNIEWSKI = W)
die angewendete Nomenklatur.

Den von der heute gebriauchlichen Nomenklatur abweichenden und in
der zitierten ilteren Literatur angegebenen Teil des Namens habe ich neben

-

©

Fig. 1. Die Sammlungsorte im Balaton
1. Tihany 15. Balatonszemes
2. Bucht von Aszéf6 16. Balatonlelle
3. Balatonfiired 17. Balatonbogléar
4. Csopak 18. Fonyéd
5. Kereked 19. Die Mindung des Zala
6. Als6brs 20. Kis-Balaton
7. Balatonalmadi 21. Keszthely
8. Balatonkenese 22. Vonyarc
9. Siéfok 23. Balatongyo6rok
10. Die Miindung des Si6 24. Badacsony
11. Zamardi 25. Badacsonytomaj
12. Széntod 26. Révfilop
13. Balatonfsldvér 27. Balatonakali
14. Balatonszdrszé

dem nach der modernen Nomenklatur aufgezihlten Namen der Art bzw. vor
die zitierten Daten aus der Literatur in Klammern gesetzt. Z. B.: Eosphora
najas EHRBG. (= K. digitata) . .. (V. 1939)

Bei dem Zitieren der Angaben aus der Literatur habe ich als Grundlage
die zeitliche Reihenfolge der Veroffentlichung und nicht die des Sammelns
genommen. Hier benutze ich folgende Abkiirzungen: Dapay J.= (D.),

inTz G. = (E.), Korrdsz J. = (K.), SEBESTYEN O. = (8S.), T6rOK P. = (T.),
VArga L. = (VA.), NApay L. = (N.).

Bei einigen zusammenfassenden Arbeiten hat der Verfasser es nicht fiir
notig gehalten, den Zeitpunkt des Sammelns-anzugeben, oder er gab das Vor-
kommen der Arten nur in Jahreszeiten an. In solchen Fillen kann ich selbst-
verstindlich nur die Daten der zitierten Literatur angeben.

Adineta gracilis Jaxsox. Tihany. Im Cladophora-Bewuchs der Steine (VA. 1941).
Adineta vaga (DAvVIS). Die Bucht von Aszo6f6. 3.1.1936., 19. VIIL. 1939. Zwischen

Wasserpflanzen, im Bewuchs an der Unterseite der Hydrocharis-Blitter

(Va. 1939). Im Cladophora-Bewuchs (VA. 1941).

Anuraeopsis fissa (Gossk). Kis-Balaton (Kleiner-Balaton). 18. VIII. 1938. Im

Plankton und zwischen Ceratophyllum. Warmstenotherm (Va. 1944 —45).
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Ascomorpha ecaudis PErTY. Die Bucht von Asz6f6. VII. 1935., IV. 1936 (Va.
1939). Tihany. Im Cladophora-Bewuchs der Steine (VA. 1941).

Ascomorpha saltans BarrtscH. 1930. Im Cladophora-Bewuchs. Im Plankton
zwischen Algen zufillig (VA. 1941).

Aspelta circinator (Gossg). Die Bucht von Asz6fs. 19. VI 1()30 Zwischen
Myriophyllum (VA. 1939).

Asplanchna brightwelli Gosse. Die Miindung des Si6. 7. VI. 1893. (D. 1897a).
Im offenen Wasserspiegel (D. 1897b). Im allen Gebiet des Balatonsees.
Nur in Sommermonaten (Va. 1932). Tihany. VI VIII. 1933. In Som-
mermonaten. Warmwasserform (E.—K.—-S. 1937). Kis-Balaton. 18.
VIII. 1938. Im Plankton (VA. 1944 —45). Tihany. IX., X. 1936. Die
maximale Individuenzahl in 1 m Tiefe (26. 1X.), VI., VIIL. 1937 (S.—T.—
Va. 1951). Mesosaprobisch, heleoplanktisch (S. 1953).

Asplanchna priodonta GossE. Sitfok. 30. V. 1893., Keszthely. 1. VI. 1893., die:
Miindung des Si6. 7. VI. 1893., Szantéd. 7. VI. 1893., Tihany. 30. IX.
1893., Kis-Balaton. VIIL. 1893. In der Uferzone und im Plankton (D.
1897a). Im offenen Wasserspiegel (D. 1897b). Kereked. III., IV. 1902.
Sommer- und Herbstform. Pelagisch (N. 1914). Révfiilop. 17. III (Va.

©1932). Tihany. ITI-V. 1933. Kiihlwasserbewohnende Art. Im Friihjahr
und im Herbst (E. — K.--S. 1937). Kis-Balaton. 18. VIII. 1938. Nur im
Plankton (Va. 1944 —45). Tihany. IV., VI., VIII-XI. 1936. Maximale
Individuenzalil in 1 m Tiefe (26. 1X.), VIL., X. 1937., VI. 20., X. 24
1938 (S.—T.-Va. 1951). Oligo-, f-Mesosaprob. In eutrophen Wissern.
(S. 1953).

Asplanchna sieboldi (LuyD.). Kis-Balaton. 1893. In der Uferzone (D. 1897).

Asplanchna sp. Tihany. 8. VIL., 1. IX. 1947., V., VL, IX., XI. 1949. Maximale
Individuenzahl in 2 und 3 m Tiefen (28. V.), VIIL., 1X. 1951. Maximale
Individuenzahl in 0, 1, 2, 3 m Tiefen (17. IX.) (S. 1953).

Brachionus angularis GOSSE. Révfiilop 17. TI1. 1926. Nichtpelagisch (Va. 1932).
Tihany. III., IV., VIIL., X. 1933. In der Uferzone (E.—K.—S. 1937).

Brachionus anqulams btdens (PLATE) (V). Révfiilop. 1V., V. 1938 (Va. 1932).
Kis-Balaton. 18. VIIL 1938. An der Unterseite der H ydrocharis-Blatter
(Va. 1944 —45).

Brachionus calyciflorus Parr. Tihany. VI., VIIL., IX. 1933. Sommerform?
(E.—K.—S. 1937).

Brachionus quadridentatus HERMANN. (= B. brevispinus EHRBG.) Siéfok. 1884.
3. XI. 1893. In der Uferzone (D. 1897a). (= B. brevispinus KHRBG.)
Am sandigen Ufer (D. 1897b). (= B. capsuliflorus Parvr.) Tihany. IV.,
IX. 1933. In der Uferzone (E.—K.—S. 1937). (= B. capsuliflorus
Parr.) Die Bucht von Asz6f6. Zwischen Pfla.nzen und Detritus (Va.
1939). (= B. capsuliflorus ParL.) Kis-Balaton. 18. VIII. 1938. Zwischen
Ceratophyllum und an der Unterseite der Hydrocharis-Blitter (Va.
1944 —45).

Brachionus quadridentatus brevispinus (EHRBG.) (V). (= B. capsuliflorus brevi-
spina EBRBG.) Im Cladophora-Bewuchs (VA. 1941). (= B. capsuliflorus
brevispina EarBe.) Kis-Balaton. 18. VIII. 1938. Im Plankton und zwi-
schen Myriophyllum (VA. 1944 —45).

Brachionus quadridentatus entzi (Fraxcg) (V). (= B. capsuliflorus Enitzii)
Kis-Balaton. 18. VIII. 1938. Zwischen Myriophyllum (VA. 1944 —45).
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Brachionus patulus balatonicus VAraA. Kis-Balaton. 18. VIII. 1938. Im Plank-
ton und zwischen Ceratophylium massenhaft (VA. 1944 —45).

Brachionus polycanthus EHrBG. Tihany. VI., VII. 1933. (E.—K.—S. 1937).
Die Bucht von Asz6f6. 16. VII. 1935. Zwischen Myriophyllum (VA. 1939)

Brachionus sessilis VARGA. VI —1X. 1950. Warmstenotherm (Va. 1951).

Brachionus uwrceus LINNE (W). (= B.urceolaris EHRBG.) Siéfok. 1884., 3. XI.
1893 (D. 1897a). (= B. urceolaris EHrRBG.) Am sandigen Ufer (D. 1897b).
Tihany. VI., VII., X. 1933 (E.—K.—S. 1937). Die Bucht von Asz6f6.
Sommerform (Va. 1939). Im Cladophora-Bewuchs (VA. 1941).

Bryceella tenella (BrYCE). Zamardi, Balatonlelle, Balatonboglar. 22. VIII. 1936.
Im Hygropsammon. Psammobiont (Va. 1938). Siéfok. 8. VIII. 1938.,
Zamardi. 23. VIII. 1938., 29. VII. 1939. Im Psammon (VA. 1957).

Cephalodella awriculata (MULL.). Zwischen Szarszé und Balatonszemes. 22. VIIL.
1936. Im Hygropsammon. Psammoxen (Va. 1938). Die Bucht von Asz6-
f6. Eurytherm. Zwischen Pflanzen und an der Schlammoberfliche (VA.
1939). Im Cladophora-Bewuchs (Va. 1941). Kis-Balaton. 18. VIII. 1938.
Im Plankton. Zwischen Ceratophyllum und Myriophyllum (VA. 1944 —
45). Balatonalmadi. 5. VIII. 1938., Si6fok. 8. VIIL. 1938., Zamardi, 23.
VIII. 1938., 29. VII. 1939. Im Psammon (VaA. 1957).

Cephalodella catelling (MULL.). Zamérdi, Szantdd, zwischen Balatonszemes und
Balatonlelle. 22. VIIL. 1936. Im Psammon, eurytop. Psammoxen (VA.
1938). Die Bucht von Asz6f6. Im ganzen Jahr. Zwischen Pflanzen (Va.
1939). Im Cladophora-Bewuchs (VA. 1941). Kis-Balaton. 18. VIII. 1938.
An der Unterseite der schwimmenden Nuphar-Blitter (VA. 1944 —45).
Si6fok. 8. VIII. 1938., Zamardi. 23. VIII., 6. IX. 1938. Im Psammon
(Va. 1957).

Cephalodella compacta WiszN. Zwischen Szdrszé und Balatonszemes. 22. VIII.
1936. Im Hygropsammon. Psammobiont (Va. 1938).

Cephalodella elongata MYErS (W). Zwischen Balatonboglar und Fonydéd. 22.
VIIL. 1936. Im Hygropsammon. Psammophil? (Va. 1938).

Cephalodella eva (GOSSE). Die Bucht von Asz6f6. 18. VII. 1935. Zwischen sub-
mersen Wasserpflanzen (VA. 1939). Zamérdi. 29. VII. 1939. Im Psam-
mon (Va. 1957).

Cephalodella exigua (Gossg) (= Diaschiza). Révfiilop, Tihany. Im Friithjahr
und im Herbst. Nichtpelagisch (Va. 1932). Zwischen Szérsz6 und Bala-
tonszemes. 22. VIII. 1936. Im Psammon. Psammoxen (Va. 1938). Die
Bucht von Asz6f6. Im Frithjahr und im Sommer. Zwischen Pflanzen und
an der Schlammoberfliche (Va. 1939). Im Cladophora-Bewuchs (VA.
1941). Kis-Balaton. 18. VIII. 1938. An der Unterseite der Hydrocharis-
Blatter (VA. 1944 45). Zamérdi. 18. I1. 1939. Im Psammon (VA. 1957).

Cephalodella forficata (KEnrBG.). Zamardi, Szintéd, Balatonlelle. 22. VIII. 1936.
Im Hydro- und Hygropsammon. Psammoxen (Va. 1938). Die Bucht
von Asz6f6. Im Frithjahr und im Sommer (Va. 1939). Zamérdi, Balaton-
foldvar. Im Cladophora-Bewuchs des sandigen Ufers (Va. 1941). Kis-
Balaton. 18. VIIIL. 1938. Zwischen Ceratophyllum und an der Unterseite
der Hydrocharis-Blitter (Va. 1944 —45). Siofok. 8. VIIIL. 1938, Zamardi.
23. VIII. 1938. Im Psammon (Va. 1957).

Cephalodella forficula (EurBG.). Zamérdi. 22. VIII. 1936. Im Hydro- und
Hygropsammon. Psammoxen (VA. 1938). Die Bucht von Asz6f6. Im
Sommer. Warmstenotherm. Zwischen untertauchten Wasserpflanzen
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und an der Schlammoberfliche (Va. 1939). Kis-Balaton. 18. VIII. 1938.
Zwischen Ceratophyllum und an der Unterseite der Hydrocharis-Blatter
(VA. 1944 —45). Zamardi. 18. I1. 1939. Im Psammon (VA. 1957).

Cephalodella gibba (EHRBG.) (= Diaschiza). Révfiilop. 10. VI. 1926., IV. 1927.,
Tihany. IV. 1927. Im Plankton, zwischen Pflanzen der Uferzone, an der
Schlammoberfliche (Va. 1932). Tihany. V., X. 1933. Sommerform.
Zwischen Pflanzen und an der Schlammoberfliche (E.—K.—S. 1937).
Zamardi, Balatonfoldvar, Balatonlelle. 22. VIII. 1936. Im Hydro- und
Hygropsammon. Psammoxen. Eurytop (Va. 1938). Die Bucht von Aszé-
f6. Eurytherm, maximales Vorkommen im Sommer (VA. 1939). Im Clado-
phora-Bewuchs. Im Friihjahr und im Sommer (Va. 1941). Kis-Balaton.
18. VIII. 1938. Im Plankton, zwischen Ceratophylium und Myriophyllum,
an der Unterseite der Hydrocharis-Blatter (VA. 1944 —45). Balaton-
almadi. 5. VIIL. 1938., Zaméardi. 6. 1X. 1938., 18. II. 1939. Im Psammon
(Va. 1957).

Cephalodella gracilis (EHRBG.). Zamérdi, Balatonfoldvar, Balatonlelle, Balaton-
bogléar. 22. VIIIL. 1936. Im Psammon. Psammophil (VaA. 1938). Die Bucht
von Asz6fé. Im ganzen Jahr (VA. 1939). Siéfok. Im Cladophora-Bewuchs
des sandigen Ufers (Va. 1941). Kis-Balaton. 18. VIII. 1938. Zwischen
Ceratophyllum und Myriophyllum (VA. 1944 —45). Siéfok. 8. VIII. 1938.,
Zaméardi. 23. VIII. 1938., 29. VII. 1939. Im Psammon (Va. 1957).

Cephalodella hoodi (GOSSE). ( = C. hoodii) Die Bucht von Aszéf6. Im ganzen
Jahr (Va. 1939). (= C. hoodii) Kis-Balaton. 18. VIIL. 1938. Zwischen
Ceratophyllum (VA. 1944 —45).

Cephalodella megalocephala (GLascort). Die Bucht von Aszéf6. Im Frithjahr
und im Sommer. Zwischen Wasserpflanzen (Va. 1939). Tihany. 1938.
Sommerform. Im Cladophora-Bewuchs (VaA. 1941). Kis-Balaton. 18, VIII.
1938. Zwischen Ceratophyllum (VA. 1944 —45). Zaméardi. 18. II., 29. VIIL.
1939. Im Psammon (VaA. 1957).

Cephalodella sterea (GossE). Balatonalmadi. 5. VIII. 1938., Zamardi. 23. VIII.
1938., 29. VII. 1939. Im Psammon (VaA. 1957).

Cephalodella tenwior (GOSSE). Zamérdi, Szantéd, Balatonboglar. 22. VIIIL.
1936. Im Psammon. Psammoxen (Va. 1938). Die Bucht von Asz6f6.
In ganzen Jahr. Zwischen Wasserpflanzen, und an der Oberfliche des
Schlammes (Va. 1939). Siéfok. Im Cladophora-Bewuchs des sandigen
Ufers (Va. 1941). Zamérdi. 29. VII. 1939. Im Psammon (Va. 1957).

Cephalodella ventripes DixoN-NurTALL. Die Bucht von Asz6f6. Im Sommer
und im Winter. An der Oberfliche des Schlammes (Va. 1939). Kis-Bala-
ton. 18. VIIL. 1938. Zwischen Ceratophyllum und Myriophyllum (VA.
1944 45). :

Collotheca ambigua (Hupson). Die Bucht von Asz6f6. VIIL. 1936. Zwischen
Ceratophyllum (Va. 1939).

Collotheca atrochoides WikrzEsski. Kis-Balaton. 18. VIIL. 1938. Zwischen
Ceratophyllum und Myriophyllum, an der Unterseite der Hydrocharis-
Blatter (Va. 1944 —45).

Oollotheca balatonica VargA. Tihany. VII. 1935 (Va. 1935 —36).

Collotheca campanulata (Dosig) (V). (= C. proboscidea EHRBG.) Die Bucht
von Aszéf6. VIILL 1936. Zwischen Myriophyllum (Va. 1939).

Collotheca cornuta (Dosig) (W). Die Bucht von Asz6f6. Sommerform. An ver-
schiedenen Wasserpflanzen (Va. 1939). Im Cladophora-Bewuchs (VA.



1941). Kis-Balaton. 18. VIII. 1938. Zwischen Myriophyllum sowie an
der Unterseite der Hydrocharis-Blitter (VA. 1944 —45).

Collotheca coronelta (Cusirt). Die Bucht von Asz6f6. VIII. 1936. Zwischen
Myriophyllum (VA. 1939).

Collotheca libera (ZacH.). Tihany. 22. VII. 1929 (Va. 1932).

Collotheca mutabilis (Hupsox). Tihany. 8. IX. 1928. Kaltwasserbewohnende,
pelagische Art (Va. 1932). Tihany. VIII., IX. 1933. Sommerform?
(E.—K.—B. 1937). :

Collotheca ornata (EHRBG.). Die Bucht von Asz6f6. Im Sommer. Zwischen
Wasserpflanzen (Va. 1939). Im Cladophora-Bewuchs (VaA. 1941). Kis-
Balaton. 18. VIIIL. 1938. An Ceratophyllum und Myriophyllum sowie an
der Unterseite der Hydrocharis-Blatter (Va. 1944 —45). :

Collotheca pelagica (RousseLET). Tihany. 20. VIL. 1929 (Va. 1932).

Collotheca volutata SEBESTYEN —VArGA. Tihany. 19. XII. 1945., 1948. Im
Detritus (S.—Va. 1949 —50).

Collotheca volutata sessilis SEBESTYEN. Tihany. IX. 1946. Am schlammbewoh-
nenden Monospilus dispar. Nur epizoisch (S. 1957).

Collotheca wiszniewskii VARGA. Zwischen Balatonszémes und Balatonlelle.
Balatonlelle. 22. VIII. 1936. Im Hygro- und Eupsammon. Psammobiont
(Va. 1938). Zaméardi. 23. VIII. 1938., 29. VII. 1939. Im Psammon.
Psammobiont (Va. 1957).

Colurella adriatica EarBG. Zwischen Wasserpflanzen und Detritus, sowie an
der Schlammoberfliche. Nichtpelagisch (Va. 1932). Zwischen Wasser-
pflanzen und Detritus sowie an der Schlammoberfliche (E. K. -S.
1937). Die Bucht von Asz6f6. Im Friithjahr und im Sommer. Zwischen
Wasserpflanzen und Detritus (VA. 1939). Im Cladophora-Bewuchs (VA.
1941). Kis-Balaton. 18. VIII. 1938. Zwischen Ceratophyllum, und an der
Unterseite der schwimmenden Nuphar- und Hydrocharis-Blatter (VA.
1944 - 45). Si6fok. 8. VIII. 1938., Zaméardi. 23. VIIL., 16. X. 1938. Im
Psammon (Va. 1957).

Colurella colurus (EHRBG.). (= Monura Colurus ) Siéfok, Szantéd. 18. VI. 1891.,
Kereked. 18. VII. 1893. In der Uferzone (D. 1897a). (= Monura Colu-
rus) Im sandigen Ufer (D. 1897b). In der Uferzone (E. —K.-S. 1937).
Zamérdi, Szantéd, Balatonlelle. 22. VIII. 1936. Am hédufigsten im
Hygropsammon. Psammophil (VA. 1938). Die Bucht von Asz6fs. Im
Friithjahr, Sommer und im Herbst (VA. 1939). Im Cladophora-Bewuchs
(VA. 1941). Kis-Balaton. 18. VIII. 1938. Im Plankton, zwischen Cerato-
phyllum und Myriophyllum sowie an der Unterseite der Hydrocharis-
Blatter (VA. 1944 —45). Siéfok. 8. VIIIL. 1938., Zamardi. 23. VIII., 16. X.
1938., 18. II., 29. VII. 1939. Im Psammon (VA. 1957).

Colurella colurus f. compressa (Lucks) (V). (= C. compressa) Kis-Balaton.
18. VIII. 1938. Zwischen Ceratophyllum (VA. 1944 —45).

Colurella gastracantha HAvER. Balatonszemes, Balatonboglar. 22. VIII. 1936.
Im Psammon. Psammophil (Va. 1938). Siéfok. 8. VIII. 1938., Zamardi.
16. X. 1938., 29. VII. 1939. Im Psammon (Va. 1957).

Colurella obtusa (Gossg). Zamérdi, Szantéd, Szdrszé. 22. VIIL. 1936. Im Hygro-
und Eupsammon. Psammoxen (Va. 1938). Die Bucht von Asz6f6.
Sommerform. Zwischen Wasserpflanzen und Detritus (Va. 1939). Im
Cladophora-Bewuchs (Va. 1941). Kis-Balaton. 18. VIII. 1938. Zwischen
Ceratophyllum, Myriophyllum und an der Unterseite der Hydrocharis-
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Blitter (VA. 1944 —45). Siéfok. 8. VIII. 1938., Zamardi. 16. X. 1938.,
18. I1I. 1938. Im Psammon (VaA. 1957).

Colurella tessellata (GrascorT). Die Bucht von Asz6f6. 16. VIL. 1935. Zwischen
Wasserpflanzen (Va. 1939). Kis-Balaton. 18. VIII. 1938. Zwischen
Myriophyllum (VA. 1944 —45).

Colurella uncinata (MULL.) (V). (= Colurus uncinatus EHrRBG.) Siéfok 1884,
Szantéd. 18. VI. 1891. In der Uferzone. Kis-Balaton. 22. V. 1893. Im
Rohricht (D. 1897a). (= Colurus uncinatus EHRBG.) In der sandigen
Uferzone (D. 1897b). Tihany. 8. IX. 1928. Im Plankton, aber am hiu-
figsten in der Uferzone (Va. 1932). Tihany. VI., VIII., X., XI. 1933. In
der Uferzone (E.—K.—-S. 1937). Szantéd, Szdrszé. 22. VIIL. 1936. Im
Hygropsammon. Psammoxen (Va. 1938). Die Bucht von Asz6f6. Im
Sommer. Zwischen Wasserpflanzen und Detritus (Va. 1939). Cladophora-
Bewuchs. 1930. Im Sommer (Va. 1941). Kis-Balaton. 18. VIII. 1938.
Im Plankton, zwischen Ceratophyllum und Myriophyllum, sowie an der
Unterseite der Nuphar-Blitter (VA. 1944 —45). Siéfok. 8. VIII. 1938,
Zaméardi. 23. VIII. 1938., 18. I1. 1939. Im Psammon (Va. 1957).

Colurella uncinata bicuspidata (EHRBG.). (= C. bicuspidata) Die Miindung des
Zala. 30. VI. 1901. Nichtpelagisch (N. 1914). (= C. bicuspidata) Rév-
filop. IV. 1927. Zwischen Pflanzen der Uferzone und an der Schlamm-
oberfliche (VaA. 1932). (= C. bicuspidata) Tihany. V., VIII. 1933.
Sommerform. Zwischen Pflanzen der Uferzone und an der Oberfliche
des Schlammes (E. —K.-S. 1937). (= C. bicuspidata ) Szarszé, Balaton-
lelle, Balatonfoldvar. 22. VIIL. 1936. Im Hygropsammon. Psammoxen
(Va. 1938). (= C. bicuspidata) Die Bucht von Asz6f6. Im ganzen Jahr,
maximale Entwicklung im Sommer (Va. 1939). (= C. bicuspidata) Im
Cladophora-Bewuchs. Im Sommer (Va. 1941). (= C. bicuspidata) Kis-
Balaton. 18. VIII. 1938. Im Plankton, zwischen Ceratophyllum und
Myriophyllum sowie an der Unterseite der Nuphar-Blitter (Va. 1944 —
45).

Colurella uncinata f. deflexa (EurBG.). (V) (= C. deflexa) Die Bucht von Aszé-
f6. 3. 1. VIII. 1936. (VA. 1939). (= C. deflexa) Kis-Balaton. 18. VIIL.
1938. Zwischen Ceratophyllum (VaA. 1944 —45).

Conochiloides dossuarius (HupsoN). Tihany. VIII. 1928. Sommerform. Euplank-
tisch (Va. 1932). Tihany. 1933. VI., VII. Pelagisch. Sommerform?
(E.—K.—S. 1937). Kis-Balaton. 18. VIII. 1938. Im Plankton (VA.
1944 —45). Tihany. 11. V. 1937. Eurytherm (S.—T.—Va. 1951).

Conochilus hippocrepis (SCHRANK). (= C. volvor EHRBG.) Im offenen Wasser-
spiegel (D. 1897b). Die Bucht von Asz6f6. VII. 1939. In dem, von Pflan-
zen iippig bewachsenen ruhigen Wasser (VA. 1939).

Conochilus unicornis RoussELET. Tihany. 20. VII. 1929. Im ruhigen tiefen
Wasser. Eurytherm (VaA. 1932). Tihany. VI, VII. 1933. Pelagisch.
Sommerform? (E. K. -S. 1937). Die Bucht von Aszéf6. 3. 1. 1936.
(Va. 1939). Tihany. 20. IV. 1936. (S.—T.—VaA. 1951).

Dicranophorus capucinus HARRING —MvYERS (W). Zwischen Szarszé und Bala-
tonszemes. 22. VIII. 1936. Im Hygro- und Eupsammon. Psammobiont
(Va. 1938).

Dicranophorus caudatus (EHRBG.). Die Bucht von Asz6f6. Im ganzen Jahr,
maximales Vorkommen im Sommer. An der Schlammoberfliche (Va.
1939).
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Dicranophorus forcipatus (MULL.). Tihany. VII., XII. 1929. Im Plankton sehr
selten (VA. 1932). Zamardi, Szantod. 22. VIII. 1936. Im Hygropsammon.
Psammoxen (VA. 1938). Die Bucht von Asz6f6. Im ganzen Jahr, maximale
Individuenzahl im Sommer. An faulenden Bliattern der Wasserpflanzen
(Va. 1939). Im Cladophora-Bewuchs. Sommerform (Va. 1941). Kis-
Balaton. 18. VIIL. 1938. An der Unterseite der Nuphar- und Hydro-
charis-Blatter (VA. 1944 —45). Zamardi. 18. II. 1939. Im Psammon

: (VA. 1957).

Dicranophorus grandis (EarBaG.) (V). Kis-Balaton. 18. VIII. 1938. Zwischen
Ceratophyllum (VA. 1944 45).

Dicranophorus hercules Wiszx. Zamardi. Zwischen Szrsz6 und Balatonszemes.
22. VIII. 1936. Im Hygropsammon. Psammobiont (VA. 1938). Zaméardi.
18. IL.,, 29. VII. 1939. Im Psammon. Psammobiont (VA. 1957).

Dicranophorus hercules capucinoides WiszN. Zamardi. Zwischen Szarszé und
Balatonszemes. Szantéd. 22. VIII. 1936. Im Hygropsammon. Psammo-
biont (VA. 1938).

Dicranophorus leptodon. WiszN. Zwischen Szarsz6 und Balatonszemes. 22. VIII.
1936. Im Hygro- und Eupsammon. Psammobiont (VA. 1938).

Dicranophorus liitkeni (BERGENDAL). (= Arthroglena) Zwischen Detritus, im
Plankton sehr selten (Va. 1932). (= Arthroglena) Zwischen Detritus
(E.—K.—S. 1937). Zamardi, Balatonfoldvar. 22. VIII. 1936. Im Hygro-
psammon. Psammophil (Va. 1938). Die Bucht von Asz6f6. 9. IV. 1936.
(Va. 1939).

Dicranophorus saevus HARRING —MYERS (W). Zwischen Szdrszé und Balaton-
szemes. 22. VIII. 1936. Im Hygro- und Eupsammon. Psammobiont
(Va. 1938).

Dicranophorus uncinatus (MILNE). Die Bucht von Asz6f6. Im Winter, Friih-
jahr und im Sommer. Zwischen Wasserpflanzen (Va. 1939). Tihany. Im

: Cladophora-Bewuchs von Steinen (Va. 1941).

Dissotrocha aculeata (EHRBG.). (= Philodina) Tihany. 1V., IX. 1933. Nicht-
pelagisch (E.—K.—S. 1937). Die Bucht von Asz6f6. Im Friihjahr und
im Sommer. Zwischen Wasserpflanzen und an der Schlammoberfliche
(Va. 1939). Im Cladophora-Bewuchs (Va. 1941). Kis-Balaton. 18. VIII.
1938. Zwischen Ceratophyllum und an der Unterseite der schwimmenden
Nuphar-Blatter (Va. 1944 —45).

Dissotrocha aculeata medioaculeata (JANSON) (V). Die Bucht von Asz6fs. 19.
VII. 1939. Im Bewuchs von der Planorbis-Schale (Va. 1939).

Elosa worallii LorD. Szantéd, Balatonboglar. 22. VIIL. 1936. Im Hygro- und
Eupsammon. Psammobiont (VA. 1938). Zaméardi. 23. VIII. 1938., 29.
VII. 1939. Im Psammon. Psammobiont (VaA. 1957).

Encentrum felis (MULL.). Die Bucht von Asz6f6. Im Frithjahr und im Sommer.
An der Oberfliche des Schlammes (Va. 1939).

Encentrum grande (WESTERN). Die Bucht von Asz6f6. Im Frithjahr und im
Sommer. An der Schlammoberfliche, und im Periphyton an Phragmites
(Va. 1939). Im Cladophora-Bewuchs (VA. 1941).

Encentrum mustela (MILNE). Zamardi. 29. VII. 1939. Im Psammon (VA. 1957).

Encentrum plicatum (EvrerTH) (V). Kis-Balaton. 18. VIII. 1938. Zwischen
Ceratophyllum und Myriophyllum (VA. 1944 —45).

Encentrum saundersiae (Hupsox) (V). Kis-Balaton. 18. VIII. 1938. An der
Unterseite der Hudrocharis-Blatter (Va. 1944 —45).
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EBosphora najas Earsa. Die Bucht von Asz6f6. Sommerform. Zwischen Faden-

> algen und Myriophyllum (Va. 1939). Kis-Balaton. 18. VIII. 1938. Zwi-

schen Myriophyllum und an der Unterseite der Hydrocharis-Blatter (VA.

1944 —45). Siéfok. 8. VIIL. 1938., Zamardi. 23. VIIIL. 1938. Im Psammon

(Va. 1957). (= E. digitata) Die Bucht von Aszé6f6. Im Sommer (VA.

1939). Kis-Balaton. 18. VIIL. 1938. Im Plankton und zwischen Cerato-

phyllum (VA. 1944—45). (= E. digitata) Siéfok. 8. VIII. 1938. Im
Psammon (Va. 1957).

Bothinia elongata (EHRBG.).(= Hosphora) Révfilop. 5. 111. 1926. Im Plankton
sehr selten (VA. 1932). Die Bucht von Asz6f6. Im Sommer (VA. 1939).
Kis-Balaton. 18. VIII. 1938. Im Plankton, zwischen M yriophyllum und
an der Unterseite der Hydrocharis-Blatter (VA. 1944 —45).

Epiphanes brachionus (EBRBG.). (= Nolops Brachionus) Badacsonytomaj.
9. VI. 1893., Kereked. 18. VII. 1893., Tihany. 19. VII. 1893., Balaton-
gyorok. 17. VIIL. 1893. Im Plankton (D. 1897a). (= Notops Brachionus)
Im offenen Wasserspiegel (D. 1897bh).

Eretmia trithriz Gosse? Badacsony. 29. V. 1893 (D. 1897a). An Uferzonentange
(D. 1897b). (Vgl. WiszNiEwsKI 1954, p. 127.)

Erignatha clastopis (Gosse). Die Bucht von Asz6f6. Vom Frithjahr bis Herbst.
Zwischen untertauchten Wasserpflanzen und an der Unterseite der
Hydrocharis-Blatter (VA. 1939).

Buchlanis deflexa (Gosse) (V). Révfiilop, Tihany, Balatonboglar. 1928. Som-
merform. Im Plankton (Va. 1932). (= Dapidia) Tihany. VII., VIIL.,
IX. 1933. Nichtpelagisch (E.—K.—S. 1937). (= Dapidia) Die Bucht
von Asz6f6. Im Friihjahr und im Herbst. Zwischen Myriophyllum (VA.
1939). (= Dapidia) Im Cladophora-Bewuchs (VA. 1941). (= Dapidia)
Kis-Balaton. 18. VIIIL. 1938. Zwischen Ceratophyllum und an der Unter-
seite der Nuphar-Bliatter (VA. 1944 —45). '

Buchlanis dilatata EarBG. Balaton. 1884., Szantéd, Tihany. 18. VI. 1891,
Balatonboglar. 19. VI. 1891., Kis-Balaton 1893. In der Uferzone. Alsé6-
ors. 7. VL. 1893., Tihany. 4. VIII. 1893., Balatongyorok. 17. VIII. 1893.
30. IX. 1893. Im Plankton (D. 1897a). Im Plankton und in der sandigen
Uferzone (D. 1897b). Im ganzen Jahr. Euplanktisch (N. 1914). Im Plank-
ton hiufig (Va. 1932). Tihany. VI., IX. 1933. Sommerform (E.—K.—S.
1937). Zamardi, Szdrsz6, Balatonlelle. 22. VIII. 1936. Im Hygropsam-
mon. Psammoxen. Eurytop (VA. 1938). Die Bucht von Asz6f6. Im Friih-
jahr und im Sommer. Maximale Individuenzahl im Sommer. Zwischen
Makrovegetation (Va. 1939). Im Cladophora-Bewuchs (Va. 1941). Kis-
Balaton. 18. VIII. 1938. Im Plankton. Zwischen Ceratophyllum und
Myriophyllum sowie an der Unterseite der Nuphar- und Hydrocharis-
Bliatter (Va. 1944 —45).

Buchlanis dilatata macrura EuarBa. (V). (= E. macrura) Nur im Plankton.
Sommerform (Va. 1932). (= E. macrura) Kis-Balaton. 18. VIIL. 1938.
Im Plankton und an der Unterseite der Nuphar-Blatter (VA. 1944 —45).

Euchlanis lyra Hupson. Die Bucht von Asz6f6. 17. VIIL. 1936. Zwischen
Ceratophyllum (VA. 1939).

Euchlanis oropha Gossg. Die Bucht von Asz6f8. Im Sommer. Zwischen Pflan-
zen (Va. 1939). Im Cladophora-Bewuchs 1930. Sommerform (Va. 1941).
Kis-Balaton. 18. VIIIL. 1938. Zwischen Ceratophyllum und Myriophyllum
(VA. 1944 —45).
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Fuchlanis parva RoussELET. Die Bucht von Asz6f6. Im Frithjahr und im Som-
mer. Zwischen Pflanzen (Va. 1939). Im Cladophora-Bewuchs (VA. 1941).
Kis-Balaton. 18. VIIL. 1938. Zwischen Ceratophyllum und Myriophyllum
(Va. 1944 —45).

Euchlanis triquetra EERBG. (W). Kis-Balaton. 1893. In der Uferzone (D. 1897a).
Die Bucht von Asz6f6. Im Frithjahr und im Sommer. Zwischen Pflanzen
und Detritus (Va. 1939). Kis-Balaton. 18. VIII. 1938. Zwischen sub-
mersen Wasserpflanzen besonders zwischen Ceratophyllum (Va. 1944 —
45). (= E. pellucida HarriNg) Die Bucht von Aszéfs. 9. IV. 1936.
(Va. 1939). (= E. pellucida HarrinG) Kis-Balaton. 18. VIIL. 1938. Nur
im Plankton (VA. 1944 —45).

Filinia longiseta (EnrBG.). Kereked. 6. 1., IV., 26. V. Im Winter und im Friih-
jahr. Pelagisch (N. 1914). Révfiilop. 1925 -26. Kaltstenotherm. Eupela-
gisch (Va. 1932). Tihany. IIL., V. 1933. Kaltwasserbewohnende Art
(E.—K.—S. 1937). Tihany. 6., 20. IV., 9. XII. 1936., IL., V. 1937. Maxi-
male Individuenzahl in 2 m Tiefe (11. V. 1937.), (11. II. 1938.) (S.—T.—
Var1951). Nur in eutrofen Wissern (S. 1953).

Filinia terminalis (PLATE). (= F. longiseta terminalis EurBa.) Kereked. V.
1902. Sommer und Herbstform (N. 1914). Tihany. TT1. 1933. Kaltwasser-
bewohnende Art? (E.—K.—S. 1937). (= F. longiseta terminalis) Kis-
Balaton. 18. VIII. 1938. Euplanktisch (Va. 1944 —45).

Floscularia conifera. (Hupsox). Die Bucht von Asz6f6. 1939. Im Sommer.
Zwischen Myriophyllum (VA. 1939).

Floscularia ringens (LINNE). Keszthely. Zwischen Pflanzen der Uferzone
(Potamogeton) (E.—K.—-S. 1937).

Habrotrocha bidens (Gossk). Zamardi. 22. VIII. 1936. In Hygropsammon.
Psammoxen (VA. 1938).

‘Habrotrocha munda Brycgu? (V). (= Callidina elegans Earpa.) Die Bucht von
Asz6f6. Im Bewuchs an Phragmites (VA. 1939).

Habrotrocha roeperi (MILNE). Die Bucht von Asz6f6. Warmstenotherm. An den
Zweigen und Blittern von Myriophyllum und Ceratophyllum und im
Detritus (Va. 1939).

Habrotrocha tridens (M1tNE). Die Bucht von Asz6f6. Im Friithjahr und im Som-
mer. Zwischen submersen Wasserpflanzen und an der Schlammober-
flache (Va. 1939). Im Cladophora-Bewuchs. Am Ende des Sommers
(VA. 1941).

Habrotrocha sp. BrRyct (W). (= Callidina) Tihany. VIIL., IX. 1933. (K. —K. -
S. 1937).

Itura aurita (EHRBG.). Die Bucht von Asz6f6. Im Friithjahr und im Sommer.
An den Makrophyten-Blattern, und im Detritus (Va. 1939). Kis-Balaton.
18. VIII. 1938. Im Plankton, zwischen Myriophyllum (VA. 1944 —45).

Itura viridis (STENROOS). Die Bucht von Asz6f6. 1936. Im Frithjahr und im
Sommer (VA. 1938).

Kellicottia longispina (Keruicort). (= Notholea) Révfilop. 19. VI. 1891,
Balatonszentgyorgy, Vonyare. 20. VI.1891., Siéfok. 20., 24., 30. V. 1893.,
Keszthely. 22. V., 1. V1.1893., Si6torok, Szantéd. 7. VI. 1893., Balaton-
akali. 8. VI. 1893., Badacsonytomaj, Szantod. 9. V1. 1893., Si6fok. 22. V1.
1893., Kereked. 18.VII. 1893., Balatonfiired. 28. VIII. 1893., Badacsony.
29. V. 1893. Im Plankton und in der Niahe des Ufers (D. 1897a). (= No-
tholea) Im offenen Wasserspiegel (D. 1897h). (= Notholca) Kereked.
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Im ganzen Jahr. Eupelagisch (N. 1914). (= Notholca) Im ganzen Jahr.
Maximale Entwicklung in kalter Jahreszeit. Pelagisch (Va. 1932).
(= Notholca) Tihany. 1933. Im ganzen Jahr ausser IX. Monat. Pela-
gisch. Eurytherm, maximale Entwicklung im Winter (E. -K.—S. 1937).
(= Notholca) Tihany. 1936. Im ganzen Jahr ausser V. und VII. Mona-
ten. Maximales Vorkommen an der Oberfliche des Wassers (10. X.), in
1 m Tiefe (29. IV.), in 2 m Tiefe (24. 11.). 1937. Im ganzen Jahr ausser
VI. und VII. Monaten. Maximales Vorkommen an der Oberfliche des
Wassers (19. V.), in 1 und 2 m Tiefen (11. V.), in 3 m Tiefe (26. II.). 1938.
Im ganzen Jahr ausser VII. und VIII. Monaten. Maximale Individuen-
zahl an der Oberfliche des Wassers und in allen Tiefen (14. V.) (S. T. -
Va. 1951). Tihany. 2. XII. 1944., 17. V., 20. XII. 1945., IV., V1., VIL.,
XII. 1947. Das Maximum ihres Vorkommens an der Oberfliche des
Wassers und in 1 und 2m Tiefen (3. IV.), in 4 m Tiefe (20. V1.). I V., VIIL.
1949. Maximales Vorkommen an der Wasseroberfliche sowie in 2 und
3 m Tiefen (19. I.), in 1 m Tiefe (28.V.). IL., II1., IV., V1., VIII. 1951.
Maximale Individuenzahl in allen Tiefen (17. IV.). Oligosaprob (S. 1953).
Glazialrelikte (VA. 1954).

Keratella cochlearis (GossE).( = Anuraea) Balatonfiired. 20. VIL. 1891., Tihany.
11. VIL., 30. IX., 3. XI.1893., Kereked. 18. VII. 1893., Balatonkenese
und Alséors. 24. VII. 1893., Balatongyorok. 17. VIII. 1893. Im Plankton
(D. 1897a). (= Anuraea) Im offenen Wasserspiegel (D. 1897b). Im gan-
zen Jahr. Eupelagisch (N. 1914). Im ganzen Jahr. Die hiufigste Art im
Balatonsee. Maximale Entwicklung in IV-—VII. und VIII -X. Monaten
(Va. 1932). Tihany. 1933. Im ganzen Jahr. Eurytherm, in der kilteren
Jahreszeit hdaufiger (E. —K.—S. 1937). Die Bucht von Asz6f6. 16. VII.
1935. Euplanktisch, zwischen Wasserpflanzen selten (Va. 1939). Im
Cladophora-Bewuchs (Va. 1941). Tihany. 1936. Im ganzen Jahr. Maxi-
males Vorkommen an der Wasseroberfliche und in 2 m Tiefe (26. IX.),
in 1 m Tiefe (23. X.), in 3 m Tiefe (10. X.) 1937. Im ganzen Jahr. Maxi-
males Vorkommen an der Wasseroberfliche und in 2 m Tiefe (10. XI.),
in 1 m Tiefe (4. X.), in 3 m Tiefe (13. IX.). 1938. Im ganzen Jahr. Maxi-
males Vorkommen in 0, 1 und 2 m Tiefen (14. V.), in 3 m Tiefe (25. I1X.)
(S.—T.-—Va. 1951). Diese Angaben der Art Keratella cochlearis fassen die
verschiedenen Varietidten und Formen. (= K. stipitata) Tihany. 2. XII.
1944., 17. V., 20. XII. 1945., IV., V1., VIII., IX —XII. 1947. Maximales
Vorkommen an der Wasseroberfliche (12. VIIL), (6. X.) und in 1 m Tiefe
(1. IX.), in 2 m Tiefe (3. IV.), in 3 m Tiefe (2. VI.). 1949. Im ganzen Jahr
ausser VIII. Monat. Maximales Vorkommen in 1 m Tiefe (19. 1.), in 3 m
Tiefe (29. VIL.). 1951. Im ganzen Jahr. Maximales Vorkommen in 0,
1 und 2 m Tiefen (17. IX.), in 3 m Tiefe (13. VL). 5. 1. 1952. f-meso-,
oligosaprob (S. 1953).

Keratella cochlearis hispida (LAUTERBORN). Im Sommer (VA. 1932).

Keratella cochlearis hispida f. pustulata LAUTERBORN (V). (VA. 1932).

Keratella cochlearis irregularis (LAUTERBORN). Im Sommer (VA. 1932).

Keratella cochlearis macracantha (LAUTERBORN) (W). Leitform im Mirz (VA.
1932). Diese Form lost den Keratella cochlearis in der Winter-fauna ab
(S.—T.—Va. 1951).

Keratella cochlearis tecta (GOSSE). (= Anuraea tecta) Die Miindung des Si6.
5. X1. 1893 (D. 1897a). (= Anuraea tecta) Am sandigen Ufer (D. 1897b).

17 Tihanyi fivksnyv
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Kereked. 18. VI.—23. XI. 1902. Sommer-Herbstform. Eupelagisch (N.
1914). Diese Form 16st den Keratella cochlearis in der Winterfauna ab.
Eupelagisch (Va. 1932). Balatonfiired, Alséors, Balatonkenese, Balaton-
gyorok (E.—K.—8. 1937). Im Cladophora-Bewuchs (VA. 1941). Sommer-
form (S.—T.—VaA. 1951). (= K. tecta) Tihany. 2. XII. 1944., 17. V.,
20. XII. 1945., VII—XI. 1947. Maximales Vorkommen an der Ober-
fliche des Wassers und in 2 m Tiefe (12. VIIL.) und in 1 und 3 m Tiefen
(1. IX.). I, VI-XII. 1949. Maximales Vorkommen an der Oberfliche
des Wassers (27. X.) und (29. XL.) in 1 m Tiefe (20. XIIL.), in 2 m Tiefe
(27. X.), in 3 m Tiefe (29. XI.). III., VI., VIL,, IX., XI. 1951. Maximales
Vorkommen in 0, 1, 2 und 3 m Tiefen (17. 1X.) (S. 1953).

Keratella quadrata (MULL.). (= Anuraea aculeata EHRBG.) Siéfok. 1884. In der
Uferzone. Balatonfiired. 3. XI. 1893., Si6fok. 30. V. 1893., Szantdd. 7. VI.
1893., Tihany. 4., 17. VII. 1893., Als6ors. 24. VII. 1893., Kereked. 18.
VII. 1893., Balatongyorok. 17. VIII. 1893. Im Plankton (D. 1897a).
(= Anuraea aculeate EurBaG.) Im offenen Wasser (D. 1897b). Im ganzen
Jahr. Eupelagisch (N. 1914). Im ganzen Jahr, in der kalten Jahreszeit
héufiger. Eupelagisch (Va. 1932). Tihany. 1933. Im ganzen Jahr. Eury-
therm (E.—K.—S. 1937). Die Bucht von Asz6f6. Selten (Va. 1939).
Im Cladophora-Bewuchs (VA. 1941). Tihany. I -1IV., VL., IX., X. 1936.
Maximales Vorkommen an der Oberfliche des Wassers undin 1 m Tiefen
(26. IX.). III-IX. 1937. Die grosste Individuenzahl in 2 m Tiefe (11. V.).
1V., V., VI. 1938. Die maximale Individuenzahl in 0, 1, 2 und 3 m Tiefe
(14.V.) (S.—T.—Va. 1951). Tihany. 2. XII. 1944., 17. V., 20. XII. 1945.,
VI, IX., XII. 1947. Die maximale Individuenzahl in 0, 1, 2 und 3 m
Tiefen (2. VI.) und (20. VL.). L., IL., V., VL. 1949. II.. TV., VL., VIIL , IX.
1951. Die grosste Individuenzahl in allen Tiefen (17. IV.). 5. I. 1952. Nur
in eutrophen Wissern (S. 1953).

Keratella quadrata brevispina (Gossg) (W). Im Frithjahr (Va. 1932).

Keratella quadrata curvicornis (EarBa.) (W). (= Anuraea curvicornis) Siéfok.
1884. In der Uferzone. Tihany. 8. VIIL. 1893. Am steinigen Ufer (D.
1897a).

Keratella quadrata divergens (V). Im Winter und im Friithjahr. Maximale Indi-
viduenzahl in IV. Monat (Va. 1932).

Keratella quadrata robusta? In 1. Monat (VA. 1932).

Keratella quadrata testudo (EnrBa.) (W). (= Anuraea testudo) Siéfok. 1884.
In der Uferzone (D. 1897a). (= Anuraea testudo) Am sandigen Ufer
(D. 1897h).

Keratella stipitata (EaRBG.) (W). (= Anuraea) Siéfok. 1884. Tihany. 8. VIII.
1893. Am steinigen Ufer (D. 1897a). (= Anuraea) In der sandigen Ufer-
zone, zwischen Wasserpflanzen (D. 1897b). Révfiilop. IV. 1927. (Va.
1932). Tihany. VII -IX. 1933. Nur im Sommer? Pelagisch (E. -K.—S.
1937).

Keratella valga (EHRBG.). (= Anuraea) Kis-Balaton. 1893. In der Uferzone
(D. 1897a).

Lacinularia flosculosa (MULL.). Die Bucht von Asz6f6. An den Zweigen und
Blittern von Myriophyllum, Ceratophyllum und von Hydrocharis (VA.
1939).

Lecane aculeata (JARUBSKI). Kis-Balaton. 18. VIII. 1938. Zwischen Cerato-
phyllum und an der Unterseite der Nuphar-Blatter (VA. 1944 —45).
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Lecana arcuata (BRYCE).(= Monostyla) Kis-Balaton. 18. VIII. 1938. Zwischen
Myriophyllum (VA. 1944 —45).

Lecane aspasia MYERS (W). Die Bucht von Asz6f6. 16. VII. 1935. Im Detritus
an der Oberfliche des Schlammes (VA. 1939).

Lecane balatonica (VARGA) (W).(= Monostyla) Szarszé, Balatonlelle. 22. VIII.
1936. Im Hygropsammon. Psammobiont (VA. 1938). Zaméardi. 6. 1X.,
16. X. 1938., 18. II., 29. VII. 1939. Im Psammon. Psammobiont (Va.
1957).

Lecane bulla (GOSSE).(= Monostyla) Keszthely. 2. VII. 1901. In der Uferzone,
aber im Plankton auch (N. 1914). (= Monostyla) In der Uferzone
(E.—K.—S. 1937). (= Monostyla) Die Bucht von Asz6f8. Im Friihjahr
und im Sommer. Maximale Individuenzahl im Sommer. Zwischen Was-
serpflanzen und Detritus. (VA. 1939). (= Monostyla) Im Cladophora-
Bewuchs (VA. 1941). (= Monostyla) Kis-Balaton. 18. VIII. 1938. Im
Plankton zwischen Ceratophyllum und Myriophyllum (VA. 1944 —45).

Lecane clara (Brycg). Kis-Balaton. 18. VIII. 1938. Zwischen Ceratophyllum
(VA. 1944 —45). :

Lecane closterocerca (SCHMARDA). (= Monostyla) Balatonfiired. In der Ufer-
zone. Im seichten Wasser der Rohrichte (E.—K.—S. 1937). (= Mono-
styla) Zamérdi, Szantéd, Szarsz6. 22. VIII. 1936. Im Hygropsammon.
Psammophil (VA. 1938). (= Monostyla) Die Bucht von Asz6f6. Im
ganzen Jahr. Im Winter: an der Oberfliche des Schlammes; im Sommer:
zwischen Makrovegetation (VA. 1939). (= Monostyla) Im Cladophora-
Bewuchs (VA. 1941). (= Monostyla) Kis-Balaton. 18. VIII. 1938. ITm
Plankton, zwischen Ceratophyllum und Myriophyllum sowie an der
Unterseite der schwimmenden Nuphar- und Hydrocaris-Bliatter (VA.
1944 —45). Siéfok. 8. VIII. 1938., Zaméardi. 23. VIII., 6. IX., 16. X. 1938.,
18. 1I., 29. VII. 1939. Im Psammon (VaA. 1957).

Lecane cornuta (MULL.). (= Monostyla) Zaméardi, Széntéd, Balatonlelle. 22.
VIII. 1936. Im Hydro- und Hygropsammon. Psammoxen (Va. 1938).
(= Monostyla) Die Bucht von Asz6f§. Im Frithjahr und im Sommer.
Zwischen Wasserpflanzen und im Detritus (VA. 1939). (= Monostyla)
Im Cladophora-Bewuchs. Im Sommer (Va. 1941). (= Monostyla) Kis-
Balaton. 18. VIIL. 1938. Im Plankton. Zwischen Ceratophyllum und
Myriophyllum,sowie an der Unterseite der Nuphar-Blitter (VA. 1944 —45).

Lecane crenata (HARRING) (V).(= Monostyla) Die Bucht von Asz6f6. Im Friih-
jahr und im Sommer. Zwischen submersen Wasserpflanzen, an der
Unterseite der Hydrocharis-Blatter, und im Periphyton des Phragmites
(VA. 1939). (= Monostyla) Kis-Balaton. 18. VIII. 1938. Zwischen
Ceratophyllum (VA. 1944 —45).

Lecane flexilis (GossE). Die Bucht von Asz6f6. Im Friithjahr und im Sommer.
Zwischen untertauchten Wasserpflanzen (VA. 1939). Im Cladophora-
Bewuchs (Va. 1941). Kis-Balaton. 18. VIII. 1938. Zwischen Myriophyl-
lum und Ceratophyllum, sowie an der Unterseite der schwimmenden
Hydrocharis-Blatter (VA. 1944 —45). Zamérdi. 18. 11. 1939. Im Psammon
(VA. 1957).

Lecane furcata (MURRAY).(= Monostyla) Kis-Balaton. 18. VIII. 1938. An der
Unterseite der Nuphar-Blatter (VA. 1944 —45).

Lecane hamata (STOKES).(= Monostyla) Die Bucht von Asz6f6. Im Sommer.
Zwischen Wasserpflanzen (VA. 1939). (= Monostyla) Kis-Balaton.

iy fu
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18. VILI. 1938. Zwischen Ceratophyllum und Myriophyllum sowie an der
Unterseite der Nuphar-Blatter (VA. 1944 45). Siéfok. 8. VIII. 1938.

: Im Psammon (Va. 1957).

Lecane ludwigi ECRSTEIN (V). (= L. Ludwigii) Kis-Balaton. 18. VIII. 1938.
Zwischen Ceratophyllum (VA. 1944 —-45).

Lecane luna (MULL.). Die Miindung des Zala. 30. VI. 1901. Im Plankton sehr
selten (N. 1914). Révfiilop, Tihany. Nichtpelagisch (Va. 1932). Die Bucht
von Asz6f6. Im Frithjahr und im Herbst. Zwischen Myriophyllum und
Ceratophyllum und im Periphyton des Phragmites (VA. 1939). Im Clado-
phora-Bewuchs (VA. 1941). Kis-Balaton. 18. VIIL. 1938. Im Plankton,
zwischen Ceratophyllum und Myriophyllum, sowie an der Unterseite der
schwimmenden Nuphar- und Hydrocharis-Blatter (VA. 1944 —45).

Lecane luna f. balatonica VArGA. Kis-Balaton. 18. VIIIL. 1938. Zwischen Cerato-
phyllum (VA. 1944 —45).

Lecane lunaris (EHRBG.). (= Monostyla) Siéfok. 1884., 1891. In der Uferzone.
Kis-Balaton. 22. V. 1893. Im Rohricht (D. 1897a). (= Monostyla) In der
sandigen Uferzone (D. 1897b). (= Monostyla) Révfilop. Zwischen
Pflanzen und im Detritus der Uferzone (Va. 1932). (= Monostyla)
Tihany. V., IX., XI. 1933. Im Detritus der Uferzone, zwischen Pflanzen
(E. K. -S. 1937). (= Monostyla) Szantéd, Balatonfoldvar, Balaton-
lelle. Im Psammon, Psammoxen (VA. 1938). (= Monostyla) Die Bucht
von Asz6fs. Im ganzen Jahr (Va. 1939). (= Monostyla) Im Cladophora-
Bewuchs. Im Sommer (VA. 1941). (= Monostyla ) Kis-Balaton. 18. VIII.
1938. Im Plankton, zwischen Ceratophyllum und Myriophyllum, sowie an
der Unterseite der Nuphar-Blatter (VA. 1944 -45). Zamardi. 18. II.
1939. Im Psammon (Va. 1957).

Lecane myriophylli  (VARGA). (= Monostyla) Kis-Balaton. 18. VIII. 1938.
Zwischen Myriophyllum (VA. 1944 —45).

Lecane nana (MURRAY). Kis-Balaton. 18. VIIIL. 1938. Zwischen Myriophyllum
und an der Unterseite der Nuphar-Blitter (VA. 1944 —45).

Lecane pyriformis (DADAY).(= Monostyla) Die Bucht von Asz6f6. 6. IV. 1936.
Im Detritus (Va. 1939). (= Monostyla) Kis-Balaton. 18. VIII. 1938.
Im Plankton, zwischen Myriophyllum und an der Unterseite der Nuphar-
Bliatter (Va. 1944 —45).

Lecane quadridentata (EHRBG.). (= Monostyla) Die Bucht von Asz6f6. Im
Sommer (Va. 1939). (= Monostyla) Kis-Balaton. 18. VIII. 1938. Im
Plankton, zwischen Ceratophyllum und Muyriophyllum, sowie an der
Unterseite der Hydrocharis-Blatter (Va. 1944 45).

Lecane scutata (HARRING —MYERS) (V). Zaméardi. 29. VII. 1939. Im Psammon
(Va. 1957).

Lecane stenroosi (MEISSNER).(= Monostyla) Die Bucht von Asz6f6. VII. 1939.
Zwischen Myriophyllum (VA. 1939).

Lecane sympoda HAUER (V). Kis-Balaton. 18. VIII. 1938. Im Plankton, zwischen
Ceratophyllum und Myriophyllum, sowie an der Unterseite der Nuphar-
Bliatter (VA. 1944 —45).

Lecane tenuiseta HArRrING. Siéfok. 8. VIII. 1938. In Psammon (Va. 1957).

Lecane ungulata (GosSE). (= Cathypna) Kis-Balaton. 1893. In der Uferzone
(D. 1897a). Die Bucht von Asz6fs. 9. IV. 1936. An der Schlammober-
fliche (Va. 1939). Kis-Balaton. 18. VIIIL. 1938. Zwischen Ceratophyllum
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und Myriophyllum, im Detritus an der Oberfliche des Schlammes (VA.
1944 — 45).

Lepadella acuminata (EHRBG.). Die Bucht von Aszof6. 1935. Sommerform.
Euryok. (VA. 1939). Im Cladophora-Bewuchs (Va. 1941). Kis-Balaton.
18. VIII. 1938. Zwischen Ceratophyllum (VA. 1944 —45).

Lepadella cristata (RousseLer). Kis-Balaton. 18. VIIT. 1938. Nur im Plankton
(Va. 1944 —45).

Lepadella ovalis (MULL.). (= Metopidia Lepadelle KarBG.) Tihany. 18. VI. 1891.
In der Uferzone. (= L. o. EarBa.) Kis-Balaton. 22. V. 1893. In Rohricht
(D. 1897a). (= Metopidia Lepadelle Enrpa.) Zwischen Pflanzen der
Uferzone (D. 1897b). Tihany. IV., VL., VIIL, IX., X. 1933. Sommerform
(E. —K.—S. 1937). Szarsz6, Balatonlelle. 22. VITI. 1936. Im Psammon.
Psammoxen, eurytop (Va. 1938). Die Bucht von Asz6f6. Im ganzen Jahr,
maximale Individuenzahl im Sommer. An den Zweigen und Blittern der
Pflanzen, und an der Schlammoberfliche (Va. 1939). Kis-Balaton.
18. VIII. 1938. Zwischen Myriophyllum und an der Unterseite der Nuphar
Blitter (VA. 1944 —45). (= L. oblonga EurBc.) Kereked. 22. II. 1902.
Nichtpelagisch (N. 1914). (= L. oblonga Earsc.) Die Bucht von Aszéfs.
Im ganzen Jahr, maximale Entwicklung im Sommer. Zwischen Makro-
vegetation, an der Schlammoberfliche, im Tripton, im Periphyton des
Phragmites, und an der Unterseite der Hydrocharis-Blitter (Va. 1939).
(= L. oblonga EarBa.) In der Uferzone (E. —K. - S. 1937). (= L. oblon-
ge EHRBG.) Kis-Balaton. 18. VIII. 1938. Im Plankton, zwischen Cerato-
phyllum und Myriophyllum (VA. 1944 —45). (= L. oblonga EHERBG.) Si6-
fok. 8. VIII. 1938., Zamardi. 23. VIII., 6. IX. 1938. Im Psammon (VA.
1957).

Lepadella patells (MULL.). Széantéd, Balatonlelle, Balatonboglar. 22. VIIL
1936. Im Hygropsammon. Psammoxen, eurytop (Va. 1938). Tihany.
Im Cladophora-Bewuchs der Steine. Im Friijahr und im Sommer (VA.
1941). Kis-Balaton. 18. VIII. 1938. Im Plankton, zwischen Ceratophyllum
und Myriophyllum, sowie an der Unterseite der Nuphar-Blitter (Va.
1944 —45). Siéfok. 8. VIII. 1938., Zamardi. 23. VIII., 6. IX. 1938.,
18. II. 1939. Im Psammon (Va. 1957).

Lepadella patella similis (Lucks). (= L. similis) Die Bucht von Asz6f6. Im
Frithjahr und im Sommer. Im Detritus (Va. 1939). (= L. similis) Kis-
Balaton. 18. VIII. 1938. Zwischen Myriophyllum und an der Unterseite
der Nuphar-Blitter (Va. 1944 —45).

Lepadella quingquecostata (Lucks). Kis-Balaton. 18. VII1. 1938. Zwischen Cerato-
phyllum und Myriophyllum (VA. 1944 —45).

Lepadella rhomboides (Gossg). Die Bucht von Asz6f6. Im Sommer. Zwischen
Detritus und an den Blittern von Hydrocharis (Va. 1939). Kis-Balaton.
18. VIIL. 1938. An der Unterseite der Nuphar-Blitter (VA. 1944 -45).

Lepadella triptera EarBa. Die Bucht von Asz6f6. Im Winter und im Sommer.
Maximales Vorkommen im Sommer (Va. 1939). Kis-Balaton. 18. VIIL.
1938. Im Plankton, zwischen Ceratophyllum und Myriophyllum (VA.
1944 —45).

Limnias ceratophylli ScHRANK. Die Bucht von Asz6f6. An den Zweigen und
Blattern von Ceratophyllum (Va. 1939).

Limnias ceratophylli sphagnicola Zacuarias. Die Bucht von Asz6f6. Nur an
Myriophyllum (VA. 1939).
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Limmnias melicerta. WEISSE. Im seichten Wasser der Rohrichte (Ceratophylium,)
(E.—K.—8S. 1937). Die Bucht von Asz4f8. Im Sommer. An faulenden
Blattern von Phragmites (VA. 1939).

Lophocaris oxysternon (Gossg). Die Bucht von Asz6f6. Im ganzen Jahr, hiu-
figeres Vorkommen in der kiihlen Jahreszeit. Zwischen Wasserpflanzen,
im Periphyton des Phragmites und im Detritus (Va. 1939). Kis-Balaton.
18. VIILI. 1938. An der Unterseite der Hydrocharis-Blitter (VA. 1944 —
45).

Lophocaris salpina (EHRBG.). Die Bucht von Asz6f6. Im Sommer (VA. 1939).

Mniobia tetraodon (EHRBG.). Die Bucht von Aszéf6. 3. 1. 1936. Zwischen Was-
sermoosen. Kaltwasserbewohnende Art (VA. 1939).

Monommata astia MyERs. Die Bucht von Aszéf8. 19. VI. 1939. Im Bewuchs an
der Unterseite der Hydrocharis-Bliatter (VA. 1939).

Monommata grandis TEsSIN. Die Bucht von Aszéf6. Im Friithjahr und im Som-
mer. Zwischen Wasserpflanzen und im Periphyton des Phragmites
(Va. 1939).

Monommata longiseta (MULL.). Die Bucht von Asz6f6. Im Frithjahr und im
Sommer. Zwischen Wasserpflanzen, an der Oberfliche des Schlammes,
sowie im Bewuchs an einer lebenden Planorbis (VA. 1941). Kis-Balaton.
18. VIII. 1938. Zwischen Ceratophyllum, an der Unterseite der Nuphar-
und Hydrocharis-Blitter (VA. 1944 —45).

Mytilina bicarinata (PERTY) (V). Die Bucht von Asz6f6. Im Friithjahr und im
Sommer. Zwischen Myriophyllum und Ceratophyllum (VA. 1939). Kis-
Balaton. 18. VIII. 1938. Zwischen Ceratophyllum und Myriophyllum,
sowie an der Unterseite der Nuphar-Blatter (VA. 1944 —45).

Mytilina mucronata (MULL.). (= Salpina Eurea.) Tihany. 17. VIL. 1893. Im
Plankton (D. 1897a). (= Salpine EHrBG.) Im freien Wasserspiegel (D.
1897b). Révfiilop. IX. 1926. Im Plankton selten (Va. 1932). In der Ufer-
zone (E.—K.—8S. 1937). Die Bucht von Asz6f6. Frithjahrs- und Sommer-
form. Zwischen Pflanzen (VaA. 1939). Im Cladophora-Bewuchs. Im Som-
mer (Va. 1941). Kis-Balaton. 18. VIII. 1938. Im Plankton und an
Nuphar-Bliattern (VA. 1944 - 45).

Mytilina mucronata spinigera (EHRBG.).(= M. spinigera) Die Bucht von Aszo-
6. 19. VII. 1939. Im Bewuchs an der Unterseite der Hydrocharis-Blitter
(VA. 1939).

Mytilina trigona (Gossg). Die Miindung des Zala. 30. VI. 1901. In der Uferzone
(N. 1914).

Mytilina ventralis (18HRBG.). Révfiillop. 10. XI. 1926. (Va. 1932). Die Bucht
von Asz6f6. Im Sommer und im Herbst. Zwischen Pflanzen und an der
Schlammoberfliche (VaA. 1939). Kis-Balaton. 18. VIIL. 1938. Zwischen
Ceratophyllum (VA. 1944 —45).

Mytilina ventralis brevispina (EurBa.). Die Bucht von Asz6f6. In Sommer.
Zwischen Pflanzen, an der Unterseite der Hydrocharis-Blatter und im
Periphyton des Phragmites (Va. 1939). Kis-Balaton. 18. VIII. 1938. Im
Plankton (VA. 1944 —45).

Notholca acuminata (ExrBa.) (V). Tihany. 30. III. 1893. Im Plankton (D.
1897a). Im freien Wasserspiegel (D. 1897b). (= N. striata acuminata)
XII - IIT. Winter-, Friihjahrsform. Eupelagisch (N. 1914). Révfiilop,
Kenese, Tihany, Fonyéd. Nur in der Wintersaison. Kaltstenotherm.
Euplanktisch (Va. 1932). Tihany. I -1V., XII. 1933. Pelagisch. Winter-
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form (E. K. 8. 1937). Die Bucht von Asz6f6. 3. 1., 9. IV. 1936. Selten.
Kaltstenotherm (Va. 1939).

Notholca foliacea (EarBG.) (W). Kereked. IV. Winter-, Frithjahrsform. Eupela-
gisch (N. 1914). Révfilop. IV. 1927. Pelagisch (Va. 1932). Tihany. IIL.,
1V. 1933. Im Frithjahr? Pelagisch (E.—K.—S. 1937). Die Bucht von
Asz6f6. Winter-, Friithjahrsform. Im Detritus pflanzlicher Herkunft, an
der Oberfliche des Schlammes (VA. 1939). (= N. heptodon PerTY) (W)
Die Bucht von Aszéf6. 3. 1. 1936. Kaltstenotherm.

Notholca striata (MULL.). (= N. s. Earea.) IL., 1II., XII. Im Winter und im
Frithjahr. Eupelagisch (N. 1914).

Notholea squamula (MULL.). (= Notholca striata (MULL.) Die vorige Art, ist
wahrscheinlich ein Synonim mit dieser (Va. 1951, p. 84.). (=N. striata)
XI-1V. Kaltstenotherm. Eupelagisch (Va. 1932). (= N. striata) 1—
IIT., XI., XII. 1933. Pelagisch (E.—K.—S. 1937). (= N. striata) Die
Bucht von Asz6fs. Winter- und Friihjahrsform (Va. 1939). (= N.
striata) Im Cladophora-Bewuchs. Im Sommer sehr selten (Va. 1941).
Tihany. I —II1., X - XII. 1936. Maximale Individuenzahl in 1, 2, 3 m
Tiefen (9. XII.). I-III., XII. 1937. Maximale Individuenzahl in 2 m
Tiefe (7. 1.). II-IV., XII. 1938. Kaltstenotherm (S.—T.—Va. 1951).
Tihany. 3. IV., 6. X., 10. XII. 1947., 19. I. 1949., 6. III., 5. XT. 1951.,
5. 1. 1952 (S. 1953). Zamérdi. 18. II. 1939. Im Psammon (VA. 1957).

Notommata awrite (MULL.). Die Bucht von Asz6f6. Im Sommer. Zwischen unter-
tauchten Pflanzen, und an der Oberfliche des Schlammes (Va. 1939).
Tihany. VIII. 1938. Im Cladophora-Bewuchs der Steine (Va. 1941).

Notommata cerberus (Gossg). Die Bucht von Asz6f8. Im Periphyton an Phrag-
mites und im Detritus (Va. 1939). Tihany. In Cladophora-Bewuchs der
Steine (Va. 1941). Kis-Balaton. 18. VIII. 1938. Zwischen Ceratophyllum
und Myriophyllum (VA. 1944 —45).

Notommata contorta (STokES). Die Bucht von Asz6f6. 9. 1V. 1936. Im Peri-
phyton an Phragmites (VA. 1939).

Notommata copeus EHRBG. (= N. centrura) Kis-Balaton. 1893. (D. 1897a).

Notommata cyrtopus Gossg.(= N.c. EHrBG.) Die Bucht von Asz6f6. Im Sommer.
Im Detritus an der Oberfliche des Schlammes sowie an der Unterseite
der Hydrocharis-Blitter (Va. 1939). Siéfok. Im Cladophora-Bewuchs des
sandigen Ufers. Tihany. Im Cladophora-Bewuchs der Steine (VA. 1941).

Notommata pseudocerberus pE BEaucHAMP. Die Bucht von Asz6f8. Im Sommer.
Warmstenotherm. Zwischen submersen Wasserpflanzen, an der Schlamm-
oberfliche und im Periphyton an Phragmites (Va. 1939). Tihany. Im
Cladophora-Bewuchs der Steine. Im Sommer (Va. 1941).

Notommata pygmaea HARRING —MYERS (W). Die Bucht von Asz6f6. An der
Oberfliche des Schlammes (VaA. 1939).

Notommata saccigera EHrBG. Die Bucht von Asz6f6. Sommerform. Zwischen
Wasserpflanzen (VA. 1939).

Notommata tripus BEarBa. Die Bucht von Asz6f6. Im Sommer. Zwischen Was-
serpflanzen, an der Oberfliche des Schlammes, und an der Unterseite
der Hydrocharis-Blatter (VA. 1939). Im Cladophora-Bewuchs (VA. 1941).
Kis-Balaton. 18. VIII. 1938. An der Unterseite der Hydrocharis-Blatter
(VA. 1944 45).

Pedalia. mira (Hupsox). Tihany. 28. VIL. 1929. Rein planktisch (VA. 1932).
Tihany. VIL., VIII. 1933. Pelagisch. Sommerform? (E.—K.—-8. 1937).
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Philodina citrine EHRBG. Tihany. Balatonfiired. VII. 1929. Im Plankton selten
(Va. 1932). Zamérdi, Balatonlelle, Balatonboglar, Fonyéd. Im Eupsam-
mon. Psammoxen (Va. 1938). Die Bucht von Asz6f6. Im ganzen Jahr,
im Sommer hiufiger. Zwischen submersen Wasserpflanzen, im Detritus
an der Schlammoberfliche sowie an Makrovegetation (VA. 1939). Im
Cladophora-Bewuchs. Im Frithjahr und im Herbst (Va. 1941). Kis-Bala-
ton. 18. VIII. 1938. Zwischen Ceratophyllum und Myriophyllum sowie
an der Unterseite der Hydrocharis-Blitter (Va. 1944 -45). Siéfok.
8. VIII. 1938. Im Psammon (Va. 1957).

Philodina erythrophthalma Enrse. Balatonboglar. 13. VII. 1893. In der Ufer-
zone. Tihany. 16. VIII. 1893. Am rohrigen Ufer. Kis-Balaton. VIII.
1893. (D. 1897a). Im sandigen Ufer (D. 1897b).

Philodina megalotrocha EHRBG. Siéfok. 1884. In der Uferzone (D. 1897a). Im
sandigen Ufer (D. 1897b). Tihany, Balatonfiired. VII. 1929. In der Ufer-
zone (VaA. 1932). Tihany. III., VIII., 1X. 1933. In der Uferzone (E.—
K.—8S. 1937). Zamardi, Szantéd, Szarszo, Balatonszemes. Im Psammon.
Psammoxen (VaA. 1938). Die Bucht von Asz6f6. 3. 1. 1936 und im Som-
mer. Im Detritus an der Oberfliche des Schlammes (Va. 1939). Im
Cladophora-Bewuchs. Sommerform (Va. 1941). Kis-Balaton. 18. VIII.
1938. Zwischen Ceratophyllum und an der Unterseite der Nuphar-Blatter
(VA. 1944 45).

Philodina roseola EarBG. Litoralbewohner (E.—K. -S. 1937). Szantéd, Bala-
tonlelle, Balatonbogldr, Fonyéd. Im Psammon. Psammoxen (VA. 1938).
Die Bucht von Asz6f6. Im Winter und im Sommer. Zwischen untertauch-
ten Wasserpflanzen, an der Schlammoberfliche und an der Unterseite
der Hydrocharis-Blitter (Va. 1939). Siéfok. Im Cladophora-Bewuchs des
sandigen Ufers. Tihany. Im Cladophora-Bewuchs der Steine. Frithjahrs-,
Sommerform (Va. 1941). Kis-Balaton. 18. VIII. 1938. Zwischen Cerato-
phyllum, sowie an der Unterseite der Nuphar- und Hydrocharis-Blatter
(Va. 1944 —45). Siéfok. 8. VIII. 1938., Zamérdi. 23. VIII. 1938., 18. II.
1939. Im Psammon (VA. 1957).

Platyias quadricornis (EarBa.). Kereked. 1. IX. 1901. (N. 1914). Die Bucht
von Asz6f6. VII. 1935., VII. 1939. Typische Sommerform. Zwischen
Wasserpflanzen, im Detritus an der Oberfliche des Schlammes und im
Bewuchs an der Unterseite der Hydrocharis-Blatter (VA. 1939).

Pleurotrocha petromyzon EHRBG. In der Uferzone. An Zoothamnien-Kolonien-
(E. —-K.—S.1937). Die Bucht von Asz6f6. Im ganzen Jahr. An Wasser.
pflanzen, sowie im Detritus an der Oberfliche des Schlammes (VA. 1939)
Im Cladophora-Bewuchs. Im Sommer (VA. 1941). Kis-Balaton. 18. VIII.
1938. Zwischen Myriophyllum (VA. 1944 —45).

Pleurotrocha robusta (Grascort) (W). Die Bucht von Aszéf6. Nur im Sommer.
Zwischen Pflanzen, im Bewuchs an der Unterseite der Hydrocharis-
Blatter (Va. 1939).

Ploesoma hudsoni (Imuor) (V) Tihany, Siéfok. VII. 1925 -26. Eupelagisch
(Va. 1932). Tihany. VII -1X. 1933. Sommerform? Pelagisch (E. —K.
S. 1937).

Polyarthra dolichoptera f. aptera Hoop (V). (= Anarthra aptera Hoop) Tihany.
22. VII. 1929. Eupelagisch (Va. 1932). (= Anarthra aptera HoOD)
Tihany. VII., VIIL. 1933. Sommerform? (E.-K.—-S. 1937).
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Polyarthra vulgaris CARLIN. (= P. platyptera EHRBG.) Siéfok. 21. V., 5. XI.
1893., Tihany. 21. V., 17. VIIL., 2. VIII. 1893., Balatongyorok. 17. VIII.
1893., Balatonakali. 3. VIII. 1893. In der Uferzone und im Plankton
(D. 1897a). (= P. platyptera EHERBG.) Im offenen Wasser (D. 1897h).
(= P. trigla EarBa.) Im ganzen Jahr. Eupelagisch (N. 1914). (= P.
trigle EarBG.) Im ganzen Jahr. Eupelagisch (Va. 1932). (= P trigla
Enrga.) Tihany. Im ganzen Jahr. Eurytherm, maximale Entwicklung
im Sommer (E. K. -S. 1937). (= P. trigla EHRBG.) Balatonboglar.
22. VIII. 1936. Im Hydropsammon. Psammoxen (VaA. 1938). (= P.
trigla EarRBG.) Kis-Balaton. 18. VIII. 1938. Im Plankton und zwischen
Ceratophyllum (VA. 1944 —45). (= P. trigla EarBe.) Tihany. IV - XI1.
1936. Maximales Vorkommbn in 0 und 1 m Tiefen (7. VIIL.), in 2 und
3 m Tiefen (26. IX.). 1937. Im ganzen Jahr ausser 1II. und IV. Monaten.
Die grosste Individuenzahl an der Oberfliche des Wassers und in 3 m
Tiefe (16. VIL.), in 1 und 2 m Tiefen (23. VII.). 1938. Im ganzen Jahr..
Maximales Vorkommen an der Oberfliche des Wassers (21. VIIIL.), in
1 m Tiefe (19. X1.), in 2 m Tiefe (19. VIIIL.) (S.-T.-Va. 1951). (= P.
trigla KHRBG.) f-mesosaprob, oligosaprob (S. 1953).

Polyarthra sp. Tihany. 17. V. 1945. IV X1I. 1947. Maximale Individuenzahl
an der Oberfliche des Schlammes (2. V1.), in 1 und 4 m Tiefen (20. VI.),
in 2 m Tiefe (8. VIL.). I., V- VIIL.,, X XII. 1949. Maximales Vorkom-
men in 1, 2, 3 m Tiefen (20. XII.). VI -IX., XI. 1951. Die grosste Indi-
viduenzahl an der Oberfliche des Wassers (21. VIIL.),in 1 und 3 m Tie-
fen (13. VIL), in 2 m Tiefe (17. IX.) (S. 1953).

Pompholyx complanata Gosse. Tihany. 7. VIII. 1893. In der Uferzone. Balaton-
gyorok. 17. VIII. 1893. Im Plankton (D. 1897a). In der Uferzone und im
offenen Wasser (D. 1897b). Kereked. 28. IV., 14. XI. 1902. Sommer-,
Herbstform. Eupelagisch (N. 1914). Im ganzen Jahr ausser Winter.
Eupelagisch (Va. 1932). Tihany. V  X. 1933. Sommerform. Eupelagisch
(E.—K.—-S. 1937). Die Bucht von Asz6f6. VII. 1935. Im Plankton (VA.
1939). Im Cladophora-Bewuchs (Va. 1941). Tihany. 17. VI., 28. VIIL
1936., 14. V., 20. VI. 1938. Warmstenotherm (S.—T.—VA. 1951). Meso-
saprob (S. 1953).

Pompholyx sulcata Hupson. Tihany. 1893. In der Uferzone (D. 1897a). In der
Uferzone (D. 1897b). Révfiilop. Vom Frithjahr bis Herbst, maximales
Vorkommen im Sommer. Eupelagisch (VA. 1932). Tihany. IV — X. 1933.
Sommerform. Pelagisch (E. K. S. 1937). Im Cladophora-Bewuchs.
1930 (VA. 1941). Tihany. 1936. Im ganzen Jahr ausser III. und IV.
Monaten. Die grosste Individuenzahl an der Oberfliche des Wassers und
in 1 m Tiefe (17. VL), in 2 und 3 m Tiefen (28. VIIL.). V—-XI. 1937.
Maximales Vorkommen in 0, 1, 2 und 3 m Tiefen (16. VIL.). 1938. Im
ganzen Jahr, ausser I., II. und XII. Monaten. Maximale Individuen-
zahl 0, 1, 2 und 3 m Tiefen (21. VIIL.). Warmstenotherm (S.—T. -Va.
1951). Oligosaprob (?) (S. 1953). Zaméardi. 16. X. 1938. Im Psammon
(Va. 1957).

Pompholyx sp. Tihany. 17. V. 1945., V1., VIII - X. 1947. Maximales Vorkom-
men an der Oberfliche des Wassers und in 2 m Tiefe (12. VIIL.), in 3 m
Tiefe (1. I1X.). IV—VIL., VIII - X. 1949. Maximales Vorkommen in 0,
I, 2 und 3 m Tiefen (3. 1X.). VI IX. 1951. Maximale Individuenzahl
in 0, 1 und in 3 m Tiefen (17. IX.), in 2 m Tiefe (21. VIII.) (S. 1953).
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Proales brevipes HARRING —MYERS. Die Bucht von Aszéfs. 17. VIII. 1936.,

20. VIL. 1939. Zwischen Ceratophyllum und an der Oberfliche des
Schlammes (Va. 1939).

Proales decipiens (EHRBG.). Die Bucht von Asz6f6. Im Winter und auch im
Sommer. Zwischen Pflanzen (VaA. 1939). Im Cladophora-Bewuchs (VA.
1941). Kis-Balaton. 18. VIII. 1938. Zwischen Ceratophyllum (VA. 1944 —45).

Proales minima (MoNTET). Balatonlelle. 22. VIIL. 1936. Im Hygropsammon.
Eurytop. Psammoxen (VA. 1938). Zamardi. 18. II. 1939. Im Psammon
(Va. 1957).

Proales similis de BraucHamp. Die Bucht von Asz6f6. 1936. Im Sommer.
Zwischen Pflanzen (VaA. 1939).

Proales wernecki (EHRBG.). (= P. werneckii) Die Bucht von Asz6f6. Im Winter:
im Detritus an der Oberfliche des Schlammes; im Friihjahr: zwischen
Wassermoosen und im Periphyton an Phragmites; im Sommer: zwischen
untertauchten Wasserpflanzen (VA. 1939). Tihany. VIIIL. 1938. Im Clado-
phora-Bewuchs der Steine (VA. 1941).

Ptygura brevis (RousseLET). Die Bucht von Asz6f6. An Myriophyllum (VA.
1939). Kis-Balaton. 18. VIII. 1938. An der Unterseite der Hydrocharis-
Blatter (Va. 1944 —45).

Ptygura crytallina (Earsa.) Die Bucht von Aszof6. An Myriophyllum und an
Ceratophyllum. Sowie am Schilfrohr, an der Unterseite der Hydrocharis-
Bliatter und im Detritus (Va. 1939). Im Cladophora-Bewuchs (VA. 1941).

Ptygura stygis (GossEg). Die Bucht von Asz6f6. An Wasserpflanzen meist an den
Blittern von Ceratophyllum (VA. 1939).

Ptygura tihanyensis VARGA. Die Bucht von Asz6f8. An Ceratophyllum (VA.
1939).

Rotaria citrina (EHRBG.). (= Rotifer citrinus) Die Miindung des Si6. 1884. In
der Uferzone (D. 1897a). (= Rotifer citrinus) In der sandigen Uferzone
(D. 1897b). Im Plankton selten (VA. 1932). In der Uferzone (E. -K.—S.
1937). Balatonboglar, Balatonlelle, Fonyéd. 22. VIII. 1936. Im Psam-
mon, Psammoxen (VA. 1938). Die Bucht von Asz6f6. Im ganzen Jahr,
maximales Vorkommen im Sommer. Zwischen Pflanzen, am Schilfrohr,
an der Oberfliche des Schlammes (Va. 1939). Im Cladophora-Bewuchs
(Va. 1941). Kis-Balaton. 18. VIIL. 1938. Zwischen Ceratophyllum und
im Bewuchs an der Unterseite der Hydrocharis-Blatter (VA. 1944 —45).
Zamardi. 23. VIIL., 16. X. 1938., 18. II. 1939. Im Psammon (VA. 1957).

Rotaria elongata (WEBER). Die Bucht von Asz6f6. Im ganzen Jahr. An Pflan-
zen, im Periphyton an Phragmites (VA. 1939). Im Cladophora-Bewuchs
der Steine. Im Frithjahr und im Herbst (VA. 1941).

Rotaria macroceros (Gossg). Die Bucht von Asz6fs. 16. VII. 1935. Im Peri-
phyton an Phragmites (VA. 1939). Tihany. Im Sommer. Im Cladophora-
Bewuchs der Steine (Va. 1941).

Rotaria macrura (EHRBG.). Die Bucht von Aszo6f6. 9. 1V. 1936., 19. VIL. 1939.
Im Bewuchs an der Unterseite der Hydrocharis-Blitter, sowie an der
Oberfliche des Schlammes (VA. 1939). Im Cladophora-Bewuchs (VA.

1941). Kis-Balaton. 18. VIIIL. 1938. Zwischen Ceratophyllum (VA. 1944 —
45).

Rotaria rotatoria (PALLAS). (— Rotifer vulgaris Eurpea.) Siéfok. 1884. In der
Uferzone., Sié-kanal. 1. VI. 1893., Tihany. 2. VII. 1893. Am rohrigen
Ufer., Kis-Balaton. VIII. 1893 (D. 1897a). (= Rotifer vulgaris EHRBG.)
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In der sandigen Uferzone (D. 1897b). In der Uferzone (E. —K.—S. 1937).
Balaton. 22. VIII. 1936. Im Psammon. Psammoxen (Va. 1938). Die
Bucht von Asz6f6. Im ganzen Jahr, maximale Individuenzahl im Som-
mer. Zwischen Makrovegetation, an Blittern der Pflanzen, sowie an der
Schlammoberfliche (Va. 1939). Im Cladophora-Bewuchs (Va. 1941).
Kis-Balaton. 18. VIII. 1938. Zwischen Ceratophyllum und an der Unter-
seite der Hydrocharis-Blitter (Va. 1944 —45). Siéfok. 8. VIIL. 1938,
Zamérdi. 23. VIII. 1938., 18. II. 1939. Im Psammon (VA. 1957).

Rotaria tardigrada (EaRBG.). Im Tripton, zwischen Pflanzen (Va. 1932). Tihany.
IIT., TV., VIT —-1IX. 1933. Am schwimmenden Detritus pflanzlicher Her-
kunft (E.—K.—S. 1937). Die Bucht von Aszéf6. Im ganzen Jahr, maxi-
male Individuenzahl im Sommer. Im Detritus an der Oberfliche des
Schlammes (Va. 1939). Im Cladophora-Bewuchs. Sommerform (VA.
1941). Kis-Balaton. 18. VIII. 1938. Zwischen Ceratophyllum, Myrio-
phyllum und an der Unterseite der Nuphar-Blitter (Va. 1944—45).
Balatonalmadi. 5. VITI. 1938., Zamardi. 18. II. 1939. Im Psammon
(Va. 1957).

Scaridium longicaudum (MULL.). Tihany. VIIL. 1933. Pelagisch (E.—K.—S.
1937). Die Bucht von Asz6f6. Im Frithjahr und im Sommer. Zwischen
Makrovegetation und im Detritus an der Oberfliche des Schlammes
(Va. 1939). Tihany. Im Cladophora-Bewuchs der Steine (Va. 1941). Kis-
Balaton. 18. VIII. 1938. Im Plankton. Zwischen Ceratophyllum und My-
riophyllum, sowie an der Unterseite der Nuphar-Blatter (Va. 1944 —45).

Sinantherina socialis (LINNE). (= Megalotrocha alboflavicans EHRBG.) Die
Bucht von Asz6f6. 1929. An Myriophyllum (VA. 1939).

Squatinelle geleit VARGA. Balaton. Im Sommer. In der Uferzone. Warmsteno-
therm (Va. 1933).

Squatinella, lamellaris (MULL.) (W). Die Bucht von Asz6f6. Im Frithjahr und
im Sommer. Zwischen Wasserpflanzen, im Detritus an der Oberfliche des
Schlammes (VA. 1939). Im Cladophora-Bewuchs (VaA. 1941). Kis-Balaton.
18. VIII. 1938. Zwischen Myriophyllum (Va. 1944 —45).

Squatinelle, longispinata (TATEM). Die Bucht von Aszéf6. 9. IV. 1936. Frith-
jahrsform (Va. 1939).

Squatinelle mutica (EurRBG.) (W). Die Bucht von Asz6f6. Im Frithjahr und im
Sommer. Zwischen Pflanzen, im Detritus und im Bewuchs an der Unter-
seite der Hydrocharis-Blatter (VA. 1939).

Squatinella tridentata (Frusexius) (V). Die Bucht von Asz6f6. 9. IV. 1936.,
19. VII. 1939. Zwischen submersen Wasserpflanzen und im Periphyton
am Phragmites (VA. 1939). (= S. intermedia BurN.) Kis-Balaton. 18.
VIII. 1938. Zwischen Myriophyllum (VA. 1944 —45).

Synchaeta kitina RousserLeT. Die Bucht von Asz6f6. 9. IV. 1936. Im Plankton
(Va. 1939).

Synchaeta longipes Gosse. Die Bucht von Asz6f6. 3. 1. 1936. Im Plankton.
Kaltstenotherm (VaA. 1939).

Synchaeta oblonga Exrpe. Kiihl- und kaltwasserbewohnende Art. Eupelagisch
(Va. 1932). Tihany. II—IV., XII. 1933. Im Winter. Pelagisch (E. -K.—
S. 1937). Die Bucht von Asz6fs. 9. IV. 1936 (VA. 1939). Im Cladophora-
Bewuchs (Va. 1941). Kis-Balaton. 18. VIII. 1938. Im Plankton (VaA.
1944 —45). Tihany. 26. IX. 1936., V—VIL. 1937., 19. VIII. 1938. In
eutrophen Wiéssern (S.—T.—.Va. 1951).
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Synchaeia pectinate, EERBG. Kereked. IV. 1902. Sommer- und Herbstform.
fupelagisch (N. 1914). Tihany. XII. 1928. Kaltwasserbewohnende Art.
Eupelagisch (Va. 1932). Tihany. II1., IV., XII. 1933. Winterform (E. -
K.—S. 1937). Die Bucht von Asz6f6. Im Winter. Im Plankton. Kalt-
stenotherm (Va. 1939). Tihany. 23. X., 18. XII. 1936. Kaltwasserbewoh-
nende Art (S.—T.—-Va. 1951).

Synchaeta tremule (MULL.). Im Sommer auch hdufig. Maximales Vorkommen
in IV. Monat. Pelagisch (Va. 1932). Die Bucht von Asz6f8. Im Winter
und im Friithjahr. Eupelagisch (Va. 1939).

Taphrocampa annulosa Gosse. Die Bucht von Asz6f6. 17. VIIL. 1936. An der
Oberfliche des Schlammes (Va. 1939). Tihany. Im Cladophora-Bewuchs
(Va. 1941). Kis-Balaton. 18. VIII. 1938. Zwischen Myriophyllum (VA.
1944 45).

Testudinella clypeata (MULL.). Die Bucht von Asz6f6. VIIL 1935., VII. 1939.
Manchmal epizoisch an jungen Asellus und an Aédes-Larven (Va. 1939).

Testudinella elliptica (EHRBG.). Die Bucht von Asz6f6. Manchmal an Aédes-
und anderen Insecten-Larven (Va. 1939).

Testudinella incisa (TERNETZ). Die Bucht von Asz6f6. Im ganzen Jahr. Zwischen
Wasserpflanzen und im Detritus an der Oberfliche des Schlammes (VA.
1939). :

Testudinella mucronata (Gosse) (V). Die Bucht von Aszéf6. Im Sommer. Im
Bewuchs an Phragmites, sowie an der Unterseite der Hydrocharis-Blatter
(Va. 1939).

Testudinella patina (HerM.). Kereked. 1. 1X. 1901. Im Plankton zuféllic (N
1914). Im Plankton héufig, aber keine typische pelagische Form (Va.
1932). Die Bucht von Asz6f6. In allen Jahreszeiten ausser Winter. Im
Sommer massenhaft. Zwischen Wasserpflanzen und im Detritus (Va.
1939). Im Cladophora-Bewuchs. Sommerform (Va. 1941). Kis-Balaton.
18. VIIIL. 1938. Zwischen Ceratophyllum, Myriophyllum, und an der
Unterseite der Hydrocharis und Nuphar-Blatter (VA. 1944 —45).

Testudinella reflexa (Gosse). Die Bucht von Asz6f6. 1935. Im Sommer (VA. 1939).

Testudinella truncata (Gossg). Die Bucht von Aszéf6. VIL. 1935. (Va. 1939).

Testudinella sp. Die Bucht von Asz6f6. 16. VII. 1935. Zwischen submersen
Wasserpflanzen (VA. 1939).

Tetramastix opoliensis Zacu. (W). Tihany. VIII. 1933. Pelagisch (E. K. -S.
1937).

Trichocerca bicristata (Gossk). Kis-Balaton. 18. VIIL. 1938. Zwischen Myrio-
phyllum (VA. 1944 —45).

Trichocerca bidens (LLucks).(= Diurella ) Kis- Balaton. 18. VIIL. 1938. Zwischen
Myriophyllum (VA. 1944 —45).

Trichocerca brachyura (GossE). (= Diurella) Balatonfiired. VIIL. 1928. Im
schwimmenden Detritus. Nichtpelagisch (Va. 1932). (= Diurella)
Tihany. VIIL., IX. 1933. Sommerform? Im schwimmenden Detritus.
Pelagisch? (E. -K.-S. 1937). (= Diurella) Szarsz6, Balatonboglar.
22. VIII. 1936. Im va,ropsammon Psammophil (Va. 1938). (= Diurel-
la) Die Bucht von Asz6f6. Im Frithjahr und im Herbst. Zwischen Pflan-
zen, im Detritus, sowie an der Unterseite der Hydrocharis-Blatter (V.
1939). (= Diwrelln) Im Cladophora-Bewuchs. Im Sommer (Va. 1941).
(= Dmrella) Kis-Balaton. 18. VIIIL. 1938. Zwischen Myriophyllum (VA.
1944 —45).
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Trichocerca capucina (WI1ERZEISKIT — ZACHARIAS). Tihany. IX. 1928. Im Plank-
ton haufig (Va. 1932). Kis-Balaton. 18. VIIIL. 1938. Zwischen Cerato-
phyllum (VA. 1944 —45).

Trichocerca cavia (GOSSE).(= Diurella) Die Bucht von Asz6f6. 1V., VIII. 1936.
Zwischen Wasserpflanzen und im Detritus an der Oberfliche des Schlam-
mes (VA. 1939). (= Diurella) Im Cladophora-Bewuchs. 1930. Im Som-
mer (VA. 1941).

Trichocerca collaris (ROUSSELET). (= Diurella) Die Bucht von Aszéfs. Im
Sommer. Zwischen untertauchten Wasserpflanzen und im Detritus (VA.
1939).

Trichocerca cylindrica (IMHOF). Die Bucht von Asz6f6. 17. VIIL. 1936. Zwischen
Pflanzen (VaA. 1939).

Trichocerca elongata (Gosse). Die Bucht von Asz6f6. 19. VII. 1939. (VA. 1939).

Trichocerca iernis (Gossg). Im Plankton selten (Va. 1932). Die Bucht von
Asz6f6. 3. 1., 9. IV., 17. VIIL. 1936. (VA. 1939).

Trichocerca intermedia (STENROOS). (= Diwrella) Zamérdi, Szarszé, Balaton-
lelle. 22. VIII. 1936. Im Hygropsammon. Psammophil (VA. 1938).
(= Diurella) Die Bucht von Asz6f6. Im Sommer. Zwischen Myriophyl-
lum und Ceratophyllum (VA. 1939). (= Diurella) Kis-Balaton. 18. VIIIL.
1938. Im Plankton. Zwischen Ceratophyllum (Va. 1944 --45). Si6fok.
8. VIII. 1938., Zamardi. 23. VIII. 1938., 18. II., 29. VII. 1939. Im Psam-
mon (Va. 1957).

Trichocerca longiseta (SCHRANK). Im sommerlichen Plankton haufig (VA. 1932).
Tihany. VI -IX. 1933. Sommerform. Pelagisch (E.—K.—S. 1937).
Die Bucht von Aszo6f6. 16. VII. 1935. (VaA. 1939). Kis-Balaton. 18. VIII.
1938. Zwischen Ceratophyllum und Myriophyllum (VA. 1944 —45).

Trichocerca macera (Gosse) (W). Die Bucht von Asz6f6. 17. VIIL. 1936. Zwi-
schen submersen Wasserpflanzen (Va. 1939).

Trichocerca porcellus (GOSSE). (= Diurelln) Szantéd. 22. VIIL. 1936. Im
Eupsammon. Psammoxen (VA. 1938). (= Diurella) Die Bucht von Asz6-
f6. Vom Friithjahr bis Herbst. Maximale Individuenzahl im Sommer.
Zwischen Pflanzen (Va. 1939). (= Diwrella) Kis-Balaton. 18. VIII.
1938. Zwischen Ceratophyllum (Va. 1944 —45). Zamardi. 18. II. 1939.
Im Psammon (VaA. 1957).

Trichocerca pusilla (JENNINGS). Zwischen Tihany und Balatonfiired. VII. 1929.
Im Plankton. Im seichten Wasser der Rohrichte und am Schilfrohr (V.
1932). Im seichten Wasser der Rohrichte und am Schilfrohr (E.—.K.—
S. 1937). Die Bucht von Asz6f8. VIIL. 1936., VIL. 1939. (VA. 1939) Im
Cladophora-Bewuchs. Nur Gast in diesem Biotop (Va. 1941). Tihany.
VI—1X. 1947. Maximales Vorkommen in 0, 1 und 2 m Tiefen (8. VII.),
in 4 m Tiefe (20. VI.). IV., VI-IX. 1949. Maximale Individuenzahl in
2 m Tiefe (24. VIIL). VL., IX. 1951. Die grosste Individuenzahl in 0 und
1 m Tiefen (17. IX.), in 2 m Tiefe (13. VIL.), in 3 m Tiefe (21. VIIL.).
Eurytop. Meistens S-mesosaprob, nur in eutrophen Wiissern (S. 1953).

Trichocerca rattus (MULL.) (V). (= Mastigocerca Rattus EERBG.) Siéfok. 1884.
In der Uferzone. (= Mastigocerca carinata KARBG.) Tihany. VIIL. 1893.
In der Uferzone (D. 1897a). (= Monocerca Rattus) Am sandigen Ufer.
(= Mastigocerca carinata) Im Uferzonentang (D. 1897b). Kereked.
1. IX. 1901. Litoralform, im Plankton nur Gast (N. 1914). Zwischen
Pflanzen der Uferzone, auch im Plankton. (= T. cristata HARRING)
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Im Detritus pflanzlicher Herkunft (Va. 1932). In der Uferzone, zwischen
Pflanzen. Pelagisch? (= T'. cristata HarrING) Tihany. VIT—-X. 1933.
Im Detritus (E. -K.—S. 1937). Zamardi, Szantéd, Balatonboglar.
22. VIII. 1936. Im Psammon, Psammoxen (VA. 1938). Die Bucht von
Asz6f6. Im ganzen Jahr. (= T'. carinata LAMaRCK) In allen Jahreszeiten
ausser Winter. Zwischen Pflanzen und im Detritus (VA. 1939). Im Clado-
phora-Bewuchs. (=T. carinata L.AMARCK) Zwischen Algenwatten des
ruhigen Uferwassers (Va. 1941). Kis-Balaton. 18. VIII. 1938. Im Plank-
ton. Zwischen . Ceratophyllum und Myriophyllum. (= T. carinata Lia-
MARCK) Im Plankton sowie an der Unterseite der Nuphar-Blitter (Va.
1944 - 45).

Trichocerca similis (WIERZEJISKI). (= Diurella stylata Ey¥erTH) Tihany. VII.
1928. Im Plankton (Va. 1932). (= Diurella stylata Eyrerta) Tihany.
VI—-X. 1933. Sommerform? (E.—K.-S. 1937). (= Diwrella stylata
EvrerTH) Die Bucht von Asz6f6. 1935. Im Sommer. Lichtliebhaber (VA.
1939). (= Diurella stylata Eyrrrra) Kis-Balaton. 18. VIII. 1938. Im
Plankton (VA. 1944 —45). (= Diwurella stylata EyrFerTH) Tihany. 25. IX.
1938, (8.—T.~Va. 1951).

Trichocerca sulcata (JENNINGS).(= Diurella) Die Bucht von Aszéfs. Sommer-
form. Warmstenotherm. Zwischen submersen Wasserpflanzen, im Detri-
tus an der Oberfliche des Schlammes und an der Unterseite der Hydro-
charis-Blatter (VA. 1939). (= Diurella) Kis-Balaton. 18. VIII. 1938.
Zwischen Ceratophyllum (VA. 1944 —45).

Trichocerca stylata (Gossg). Tihany. 1X. 1928., VII. 1929. Selten (VA. 1932).

Trichocerca tawrocephala (HAVER).(= Diurella) Balatonalmadi. 5. VIIL. 1938.,
Siéfok. 8. VIII. 1938., Zamardi. 6. IX., 16. X. 1938., 18. II., 29. VII.
1939. Im Psammon. Psammobiont (VaA. 1957).

Trichocerca tenuior (GOSSE).(= Diurella) Balatonboglar. 8. 1X. 1928. Zwischen
Pflanzen der Uferzone (VA. 1932). (= Diurella) Zwischen Pflanzen der
Uferzone (E.—K.—S. 1937). (= Diurella) Szarsz6, Balatonlelle, Bala-
tonboglar. 22. VIIIL. 1936. Im Hygro- und Hydropsammon. Psammoxen
(VA. 1938). (= Diurella) Die Bucht von Asz6fé. Durch ganzes Jahr, im
Sommer hiaufiger (Va. 1939). (= Diwrella) Im Cladophora-Bewuchs
(VA. 1941). (= Diurella) Kis-Balaton. 18. VIII. 1938. Zwischen Cerato-
phyllum (VA. 1944 —45). Zaméardi. 23. VIIL., 16. X. 1938., 18. II., 29.
VII. 1939. Im Psammon (VA. 1957).

Trichocerca tigris (MULL.). (= Diurella) Zamérdi, Szarsz6, Balatonlelle. Im
Hygro- und Eupsammon. Psammoxen (VA. 1938). (= Diurella) Die
Bucht von Asz6f6. Im ganzen Jahr ausser Winter. Zwischen Pflanzen,
im Periphyton an Phragmites (VA. 1939). (= Diurella) Im Cladophora-
Bewuchs (Va. 1941). (= Diurella) Kis-Balaton. 18. VIII. 1938. Im
Plankton, zwischen Ceratophyllum und Myriophyllum, sowie an der
Unterseite der Nuphar-Blitter (Va. 1944 —45). Balatonalmadi. 5. VIIL.
1938., Zamardi. 6. IX. 1938., 29. VII. 1939. Im Psammon (VA. 1957).

Trichocerca uncinata (Voier). (= Diurella) Szantéd, Balatonboglar. 22. VIII.
1936. (= Diurella) Im Hygropsammon. Psammoxen (VA. 1938). (= Diu-
rella) Die Bucht von Asz6f6. 1935. Im Sommer. An der Oberfliche des
Schlammes (Va. 1939). (= Diurella) Kis-Balaton. 18. VIII. 1938. Zwi-
schen Myriophyllum (VA. 1944 —45).
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Trichocerca weberi (JENNINGS). (= Diurella) Zwischen Tihany und Siéfok.
8. IX. 1928. Nichtpelagisch (Va. 1932). (= Diurella) Die Bucht von
Asz6f6. Im Frithjahr und im Sommer. Zwischen untertauchten Wasser-
pflanzen und im Detritus (Va. 1939). (= Diurella) Im Cladophora-
Bewuchs (Va. 1941).

Trichotria pocillum (MULL.). Die Bucht von Asz6f6. Im Frithjahr und im
Sommer. Zwischen Pflanzen und im Detritus (Va. 1939). Im Cladophora-
Bewuchs. Im Frithjahr und im Sommer (Va. 1941). Kis-Balaton. 18.
VIII. 1938. Im Plankton. Zwischen Myriophyllum, sowie an der Unter-
seite der Nuphar- und Hydrocharis-Blatter (Va. 1944 —45).

Trichotria pocillum hudsoni VARGA. Die Bucht von Asz6f6. VII. 1935., VIII.
1936. (Va. 1939). Kis-Balaton. 18. VIII. 1938. Im Plankton, zwischen
Ceratophyllum (VA. 1944 —45).

Trichotria tetractis (EHRBG.). Zwischen Csopak und Siéfok. 24. VIIL. 1901.
Nichtpelagisch (N. 1914). Révfiilop. 10. XI. 1926. Keine typische pela-
gische Form (Va. 1932). Kereked. In der Uferzone (E.—K.—S. 1937).
Die Bucht von Asz6f6. Im Frithjahr und im Sommer (Va. 1939).

Tylotrocha monopus (JENNINGS). Die Bucht von Asz6f6. 16. VII. 1935. Im
Periphyton an Phragmites (VaA. 1939).
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A BALATON KEREKESFEREG (ROTATORIA) FAUNAJA
AZ 1897-1960. EV IRODALMI ADATAI ALAPJAN

Osszefoglalas
P.-Zankai Néra

A szerz6, az 1897—1960. évek kozott megjelent irodalom alapjan dsszefoglalja a
Balatonbol kimutatott Rotatoria fajokat. A felsorolt 256 faj, varietas, ill. forma mind-
egyikéhez rovid okologiai és tavi elterjedéssel kapcsolatos megjegyzéseket fiz. A Balaton
planktonjaban nagy egyedszamban el6fordulé fajok és formak esetében — melyek hal-
t4 Iélékk szempontjabol is jelentések — feltiinteti a mélységbeli rétegz6désre vonatkozd
adatokat is.

PAYHA KOJTOBPATOK O3EPA BAJTATOH HA OCHOBE IMTEPATYPHbIX AAHHDbIX
c 1897 rogoB Mo 1960 rony

Hopa [I1,- 3aHkau

ABTOp nepeymncnseTr BUAbl KONOBPATOK, HalifleHHbIX B 03epe banaToH NMo nNMTepaTypHbIM
faHHbIM B 1897— 1960 rofax. [laeTca KpaTKoe onucaHue pacnpocTpaHeHuUs n akonoruu scex 256
nepeyncneHHblX BMAOB, pa3HoBUAHOCTel u dopMm. [Ans Hambonee pacnpocTpaHeHHbIX BUAOB
nnaHKToHa o3epa banaToH, KOTOpble WUrpalT Pofib B NUTaHUW pbl6, NMPUBOAUTCA TakXe WX
rny6uHHOe pacnpepgeneHue.



CHRONICLE

In 1967 two Departmentfunctioned inthe Institute. The research program
is part ofa 3years’research plan. Due to this plan the Department of Experimen-
tal Zoology performed comparative neurobiological investigations on Inverteb-
rates. Lamellibranchs and Gastropods were investigated with physiological,
morphological and biochemical methods following the principle of complexity.

The Department of Hydrobiology continued the investigation of plankton
and benthos as well as of the problems of nutrition biology and metabolism of
different water organisms. These works were carried out in collaboration with
other institutions.

Dr. o1ga Sebestyen retired head of the Department of Hydrobiology
continued her work on the theme ,,Lake history studies on microfossiles of
Lake Balaton sediments”.

Results of the work performed by the scientists of the two Departments
were published partly in Annal. Biol. Tihany 35, and partly in different
Hungarian and foreign journals. Besides the publications also the meetings
held in the Institute provided wide publicity in presenting the scientific
endeavours of this institution (see Meetings).

The Institute’s permanent staff was in 1967: 54 workers (total), divided
as follows: 19 scientific research workers, 20 technical assistants, 6 administra-
tive and 9 other workers.

During the year the following changes took place in the scientific staff:
dr. T. Pecsi scientific research worker left for Tiszantuli Viziigyi lgazgatdsag
(Debrecen) on the 1stJuly, 1967; J. Jarai electroengineer on the 1st September
1967 for the Laboratory for the Research of Chemical Structures of the
Hungarian Academy of Sciences (Szeged). I. Kiss biologist-chemist on the
1st August 1967 and M. vero electroengineer on the 15th September, 1967
were posted to the Department of Experimental Zoology.

Inland study trips

K. Biro has been for 2 months in the ELTE Zoological Collection,
Budapest,

J. 01an stayed for 6 months in the Institute of Soil Research and Agro-
chemistry, Budapest.

18 Tihanyi Evkényv
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Travels abroad

dr. S.-Rézsa, K. spent 1 month (March, 1967) in the Soviet Union,

dr. J. Saranki attended the IX. Conference of the Society for Biolo-
gical Rhythms, held im Wiesbaden (GFR), in April 1967.

T. Farkas worked following a private invitation 2 weeks in Berlin in
July (GDR).

dr. 1. zs.-Nagy was for 1 month on a study trip in the CSSR in October,
1967.

J. oran left for a 6 months stay in Borok (Soviet Union) in October,
1967.

dr. E. Labos left in November 1967 for 8 months for France.

Visiting scientists from inland and abroad

Also in 1967 several investigators worked for variable length of time
in the Institute:

D. A. sakharov, Moscow, Institute for Developmental Biology,

Marie Luise Albrecht, Berlin (GDR), Institute fir Fischerei,

J. Marirtainen Finland, Scholarship of the Finn-Hungarian Coopera-
tion,

E. Lozada, Chile, UNESCO scholarship,

L. Ribak, Soviet Union,

B. Graizner, England, University of Southampton,

Dr. Gy. Adam, Budapest, Eétvés Lorand University,

Dr. F. Biczok, Szeged, Jozsef Attila University,

Dr. B. csirtik, Szeged, University Medical School,

Dr. M. Garamveigyi, Pécs, University Medical School,

Dr. Z. K aaar, Debrecen, Kossuth Lajos University,

Dr. I. Ters Jr. Budapest, University Medical School,

Dr. G. Makara, Budapest, Institute for Experimental Medicine,

Dr. L. Nagy, Pécs, University Medical School,

Mrs. K ovacs, M. Eva, A. Matskasi, F. Mészaros, Budapest, ELTE
Zoological Collection,

Dr. G. Unerkovich, Szeged, Station for Tisza Research,

A. Bothar, Budapest, Station for Duna-Research,

L. Nedetkovics, Keszthely, Academy of Agriculture.

Besides the above recounted scientists more than 200 guests from Hung-
ary and from abroad visited the Institute.

During the summer months 8 Hungarian and 2 university students
from abroad joined the Institute’s work for 3—4 weeks.

Meetings

In the course of 1967 five important meetings were held in the Institute:
1. Between the 28th—31st August, 1967 the first International Sym-
posium on Paleolimnology of the SIL Symposia Series. More than 70 partici-
pants from 20 countries attended the Symposium. The Chairman of the Inter-
national Organizing Committee was Prof. D. G. Frey (U.S.A.). The local
Chairman of the Organizing Committee was dr. 0. Sebestyeén, One of the



275

Vice Presidents of SIL. The proceedings of the meeting will be published in the
Mitteilungen series of the International Association of Limnology (T. T.
Macan, Secretary).

2. On the 2nd September commemoration meeting at the 40 anniversary
of the Institute. Participants were the Vice President of the Hungarian
Academy of Sciences, the Biological Department and its Institutes, the
invited guests of the public life, former members and friends of the Institute
and the present staff. Professor Dr. F. verzar (Institute fir Gerontologie,
Basel) the first director of the Institute also spoke at this occasion.

3. Between the 4th—7th September the Symposium on Neurobiology of
Invertebrates with 32 participants from abroad and with 15 scientists from
Hungary. The Symposium was sponsored by the Biological Department of the
Hungarian Academy of Sciences, presided by Dr. J. SzentAgothai, acade-
mician, and organized by dr. J. Saranki, director of the Institute. The material
will be published as a joint addition of Plenum Press (New York) and Akadé-
miai Kiadd (Budapest) under the title: Neurobiology of Invertebrates.

4. Between 26th—30th September a Colloquium on the application of
modern methods of physics in biological research, organized by the Biological
Department of the Hungarian Academy of Sciences, with 45 participants.

5. Between the 5th -7th October ,,Hydrobiological Days” attended by
37 guests and the Institute’s research workers. The annual meeting is a joint
program of the Hydrobiological Section of the Hydrobiological Society and
of the Institute’s Department of Hydrobiology.

Improvement in research facilities

The equipment park was improved among others by an EEG (8 chanels)
and by an Aminco-Bowman Spectrophotofulorimeter.

At the end of 1967 the Library registered 43 169 units. Over 600 differ-
ent periodicals are being received currently.

The yearbook of the Institute, Annal. Biol. Tihany, Vol. 34 (1967) was
sent to 567 institutions all over the world, in exchange the Library received
about 343 different journals and publications.

In 1967 the renewal of the Institute’s Hotel was completed (14 rooms
with bath-rooms and central heating) as well as that of the Institute’s dining-
room and club-room.

18*






KRONIKA

Az Intézetben 1967-ben két tudomanyos osztaly mikdédott. A kutatasi
feladat a hadroméves kutatési terv része.

Ennek megfelelen a Kisérleti Allattani Osztaly Gsszehasonlité neuro-
biolégiai kutatdsokat végzett gerinctelen allatokon. A Lamellibranchiatdk és
Gastropddék vizsgélatanadl a komplexitds elvének megfelel6en fiziologiai,
morfologiai és biokémiai mddszereket alkalmaztak.

A Hidrobiolégiai Osztadly tudomanyos munkajat plankton és bentosz-
kutatds, valamint egyes vizi szervezetek taplalkozas-biolégiai és anyagcsere
vizsgéalata képezte. E kutatdsok tobb Intézettel kollaboraciéban folytak.

Dr. sebestyén Owa nyugalmazott osztalyvezet§ tovabbra is aktiv
tudomanyos tevékenységet fejtett ki az Intézetben. Munkajat a ,, Totorténeti
tanulmanyok balatoni tledék mikrofosszilidin” c. téma keretében folytatta.

A két osztalyon dolgoz6 kutatok tudomanyos munkainak egy része az
Annal. Bioi. Tihany 35. kotetében, mas része kiilonb6z6 hazai és kilfoldi
folyodiratokban jelent meg (L. Annal. Bioi. Tihany, 35, 280. oldal.)

A tudomanyos eredmények széleskord publicitast kaptak még az Intézet
40. évfordulojarol megemlékezd emlékiilésen, valamint az ahhoz kapcsolddé
két szimpdziumon is (L rendezvények).

Az Intézet személyi dlloménya 54 f6, ami a kdvetkez6képpen oszlott meg:
kutatd: 19, kutatasi segéderd: 20, adminisztrativ: 6, egyéb: 9.

Az Intézet kutatéi .allomanyaban az aldbbi valtozdsok tdérténtek: dr.
Pécsi Tibor tudoméanyos munkatars 1967. jalius 1-én a Tiszantali Vizugyi
Igazgatésaghoz (Debrecen), Jarai Janos elektromérndk szeptember 1-én
Szegedre a MTA Szerkezetkutatd Laboratériumdaba tadvozott az Intézetbhdl.
Kiss Istvan biologia-kémia szakos tanar 1967. augusztus 1-t6l tudomanyos
segédmunkatarsi kinevezéssel, vers Minary elektromérndk pedig 1967.
szeptember 15-t6l vezet6 mérndk beosztassal kezdte meg munkajat a Kisér-
leti Allattani Osztalyon.

Belféldi tanulmanyutak

Biré Kalman tudomanyos segédmunkatars két hénapottoltott az ELTE
Allattaraban Budapesten.

O1ah Janos tudomanyos segédmunkatars 6 honapot dolgozott Buda-
pesten a Talajtani és Agrokémiai Kutatdintézetben.
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Kulfoldi utak

dr. S.-R6zsa Katatin tudomanyos munkatars Ill. 6-t6l kezd6d6en egy
hénapot toltétt a Szovjetunioban.

dr. saranki Janos igazgato részt vett a Wiesbadenben (NSZK) rende-
zett ,Society for Biological Rhythm” IX. konferencian (apr. 4—7).

Farkas Tibor Onkoltséges alapon dolgozott (VII. 6—V1I. 12) Berlinben
(NDK) az ,Institut fur Binnenfischerei”-ben.

dr. Zs.-Nagy Imre X. 3-t8l kezd6d6en egyhdnapos tanulmanydton volt
Csehszlovakidban.

O1an Janos X. 2-4n kezdte meg féléves tanulmanyutjat Borokban
(Szovjetunid).

dr. Labos E1emer november elején kezdte meg s honapos tanulmany-
Gtjat Franciaorszagban.

Vendégkutatok

Az el6z6 évekhez hasonléan tobb kilféldi és hazai kutatd dolgozott az
Intézetben.

D. A. sakharov, Moszkva, Fejlédéshiologiai Intézet,

Marie Luise Albrecht aZz NDK'b()l,

J. mAriLaINEN Finnorszdghol a Finn- magyar egylttm(kddési szerz6-
dés keretében,

E. Lozaaa, Chilébdl, UNESCO &sztondijasként,

L. Ribak, a Szovjetuniohdl,

B. Graizner, Anglidbol, a Southampton! Egyetemrél,

dr. Adam Gyosrgy, Budapest, E6tvos Lorand Tudomanyegyetem,

dr. Biczék Ferenc, SZGQEd, JATE,

dr. csittik Bertatan, Szeged, Orvostudomanyi Egyetem,

dr. caramvoigyi Miki1es, Pécs, Orvostudomanyi Egyetem,

dr. Kadar Zo1tan, Debrecen, Kossuth Lajos Tudomanyegyetem,

dr. ifj. Toeré Imre, Budapest, BOTE,

dr. Makara Gabor, Budapest, KOKI,

dr. Nagy Laszie, Pécs, Biofizikai Intézet,
; Kovacsné, M. Eva, Matskasi Arpad €S Mészaros Ferenc, BUdapeSt,
Allattar,

dr. Unerkovich Gabor, Szeged, Tiszakutato Allomas,

Bothar Anna, Budapest, Dunakutaté Allomas,

Nedelkovics Lasz1s, Keszthely, Mez6gazdasagi Akadémia.

A felsoroltakon kivil tébb mint 200 hazai és kalféldi kutatd latogatta
meg az Intézetet.

A nyari honapokban 8 hazai és 2 kiilfoldi egyetemi hallgaté kapcsolédott
be az Intézet munkéajaba 3—4 hétre.

Rendezvények

Az Intézetben 1967. év folyaman 5 nagyobb rendezvény kerilt lebonyo-
litdsra. Ezek a kovetkez6k voltak:

1. Augusztus 28—31. Nemzetkdzi Paleolimnolégiai Szimpdzium.

A Nemzetkdzi Lymnologiai Tarsasag és a MTA koz0s rendezésében
20 orszag, tobb mint 70 kutatojanak részvételével. A rendezdbizottsag hazai
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elndke dr. Sebestyén Oiga nyugalmazott osztadlyvezetd, a Nemzetkdzi
Lymnologiai Tarsasag alelndke volt.

2. Szeptember 1. Emlékiilés az Intézet 40 éves jubileuma alkalmabol.
Az egynapos ulésen a Magyar Tudomanyos Akadémia alelndke, a Biologiai
Tudomanyok Osztalya, a Bioldgiai Tudomanyok Osztalydhoz tartozé Intéze-
tek, a megyei és jarasi dllamhatalmi és tarsadalmi szervek vezet6i, tovabba az
Intézet régebbi kutatdi és baratai, valamint az Intézet jelenlegi dolgozoi vettek
részt. Részt vett és felszolalt az emlékiilésen dr. Verzar Frigyes nyugalma-
zott egyetemi tanér, az Intézet els6 igazgatdja, a Baseli Gerontoldgiai Intézet
vezetdje is.

3. Szeptember 4 7. Gerinctelen Allatok Neurobiol6gidja Szimp6zium
32 kulfoldi és 15 hazai kutatd részvételével. A szimpézium védnoke a MTA
Biologiai Tudomanyok Osztalya, elndke dr. szentagotai Janos akadémikus,
osztalytitkar volt, rendezéje az Intézet igazgatdja, dr. Saranki Janos.

4. Szeptember 28 30. Modern fizikai modszerek alkalmazasa a bioldgiai
kutatasban c. kollokvium, az MTA Bioldgiai Tudomanyok Osztalyanak rende-
zésében, 45 résztvevidvel.

5. Oktober 5—7. Hidrobioldgus napok, melyen az Intézet dolgozoin kivil
37 kutato vett részt. A Hidrologiai Tarsasag Hidrobioldgiai Szakosztalyanak
és az Intézet Hidrobiologidi Osztalyanak kdzos rendezvénye.

Kutatasi feltételek fejlédése

Tovabb javult az év folyaman az Intézet mUszerellatottsaga. Jelentd-
sebb Uj gyarapodas volt az év soran beérkezett 8 csatornas electroencephalo-
graph, valamint egy Aminco-Bowman gyartmanyu Spektrofotofluorimeter.

Az évvégi Osszesités alapjan az intézeti konyvtar alloméanya 43 169 egy-
ség. Osszesen 610 kiil6nb6z6 folyoirat és kiadvany érkezik az Intézetbe, koz-
tuk 12 referalo jellegd.

Az Intézeti Evkényv — Annéal. Bioi. Tihany 34. kotetét 567 cimre kiild-
tik meg, melyért cserébe 343 kiadvany érkezett.

Az elmult évben befejez6dott az Intézeti Szalloda felujitasa, melynek
kapcsan 14 furdészobas, kozponti flitéssel ellatott vendégszobat alakitottak
ki. Feldjitasra kerilt az Intézet konyhaja, ebédl6je, klubszobaja és portas-
lakasa is.
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	S. Rózsa Katalin  - Pécsi Tibor: Investigation of the role and mechanism of effect of nucleotides on the isolated hearts of molluscs = Nukleotidok szerepének és hatásmechanizmusának vizsgálata molluszkák izolált szívén���������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	Salánki János: Studies on the effect of iontophoretically applied l-glutamate on the giant nerve cells of Gastropoda (Helix and Lymnaea) = Iontoforetikusan applikált l-glutamát hatásának vizsgálata Gastropodák (Helix és Lymnaea) óriás idegsejtjein��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	Varanka István: Effect of some water-miscible organic solvents on the activity of acetylcholinesterase in nervous- and muscular tissues of Anodonta cygnea L. (Pelecypoda) = Néhány vízoldékony szerves oldószer hatása Anodonta cygnea L. (Pelecypoda) ideg- és izomszövet acetilkolineszteráz aktivitására�������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	Varanka István: Biochemical investigation of cholinesterase in the central nervous system of Lymnaea stagnalis L. (Gastropoda) = Lymnaea stagnalis L. (Gastropoda) központi idgrendszerében levő kolineszteráz biokémiai vizsgálata������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������

	2. HIDROBIOLÓGIA�����������������������
	Bíró Kálmán: The nematodes of Lake Balaton II.: The nematodes of the open water mud in the Keszthely bay = A Balaton nematodái II.: A Keszthelyi-öböl nyíltvízi iszapjának nematodái�������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	Bothár Anna  - Ponyi Jenő: Informatory investigations about qualitative and quantitative conditions of the crustacean plankton of the Danube section near Alsógöd (Hungary) (Danubialia hungarica, XLVII) = Tájékozódó vizsgálatok a magyar Duna alsógödi szakasza planktonrákjainak minőségi és mennyiségi viszonyairól. (Danubialia hungarica, XLVII)��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	Farkas Tibor: The effects of some adrenergic blocking agents on the mobilisation of fatty acids in lower vertebrates = Néhány adrenerg gátlószer hatása a zsírmozgósításra alacsonyabbrendű gerincesekben����������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	Matskási István: Helminthological investigations of fish in Lake Balaton II. (Monogenoidea) = A balatoni halak helminthofaunájának vizsgálata II. (Monogenoidea)�����������������������������������������������������������������������������������������������������������������������������������������������������������������������
	Mészáros Ferenc: Helminthological investigations of fish in Lake Balaton II.: Parasitic nematodes from fish in the lake = A balatoni halak helminthológiai vizsgálata II.: Parazita nematodák a balatoni halakból������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	Molnár Kálmán  - Békési László  - Hámori Gyula: Untersuchungen über die Lugula-Infektion der ungarischen Fischfauna = Vizsgálatok a magyarországi halak ligulás fertőzöttségére vonatkozóan��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	Orsós Éva: Über die chemischen Verhältnisse des offenen Wassers des Balatonsees nach Untersuchungen im Jahre 1966 und 1967 = A Balaton nyíltvizének kémiai viszonyai az 1966. és 1967. évi vizsgálatok alapján���������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	Ponyi Jenő: Studien über das Crustaceen-Plankton des Balaton IV.: Beiträge zur Kenntnis der Krebsgemeinschaft des Sees horizontal auftretenden Veränderungen = Crustacea-plankton vizsgálatok a Balatonon IV.: Adatok a tó rákegyüttesében horizontálisan fellépő változások megismeréséhez��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	Ponyi Jenő  - Csonti Ferenc  - Baron Ferenc: An investigation of the content of the chlorinated hydrocarbon residues of crustacean plankton in the Balaton = A crustacea-plankton klórozott szénhidrogén-maradék tartalmának vizsgálata a Balatonon����������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	Sebestyén Olga: A balatoni szivacsfauna néhány problémája tótörténeti vizsgálatok tükrében = On some problems of fresh-water sponges occurring in Lake Balaton with reference to lake-history investigations�������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	Sebestyén Olga: Remains of Pediastrum kawraiskyi Schmidle (Chlorophyta, Protococcales) in the sediments of Lake Balaton: A paleolimnological study = Pediastrum kawraiskyi Schmidle maradványok balatoni üledékekben: Paleolimnológiai tanulmány�������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	Tamás Gizella: Quantitative Untersuchungen des Mykrophytobenthos aus dem Eprofundal des Balaton-Sees auf Grund der Sammlungen des Jahres 1967 = Mennyiségi vizsgálatok a Balaton mikrofitobentoszán az 1967. évi gyűjtések alapján�����������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	P. Zánkai Nóra: Über die Rädertieren- (Rotatoria-) Fauna des Plattensees nach Literaturangaben von 1897 bis 1960 = A Balaton kerekesféreg (Rotatoria) faunája az 1897-1960. év irodalmi adatai alapján�������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
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