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Adductor response of mussel larva (Anodonta-glochidium) was observed
in the presence of alkali and alkaline earth metal ions. Previously, we (Labos
and Saranki 1963) reported about the K+ ion evoking an extremely long
lasting rhythmic activity and have shown some features of Na+, Li+, Cs+,
Rb+, Ca2+ and Mg2+-e effects, too. Furthermore, the difference between
K +- and tryptamine-responses in the susceptibility to cholinotropic phar-
macons and SH-inhibitors also was pointed out (Labos and his co-workers
1964a, 1964b).

In the present paper we attempt to answer some of the problems of K +-
effect from a pharmacological aspect. Mainly the tonic response of larvae was
examined. We focussed our attention on the following questions:

1 activity-sequence of ions and its changes,

2. ion-antagonisms and synergisms,

3. metabolic inhibitors and ion-effect,

4. heavy water isotope-effect.

Method and materials

In groups of mussel-larvae rhythmic contractions were counted and the
number of closed glochidia was noted by a method described previously
(Labos and Saranki 1963). In general, observations were compared originating
from experiments with at least 100—100 glochidia. As different measures
of effects the number of contractions accomﬂlished by 100 larvae in 1 or 10
minutes (a/min, Ea), the ratio of closed glochidia after the application of the
agents with t minutes (ct) were used.

The applied substances were: KCI, NaCl, CaCl2 MgCI2 RbCIl (BDH),
CsCl (Fluka), LiCl (BDH), SrCI2 (Merck), ouabain (Ph. Hg. 1V.), 2,4-dinitro-
phenol, (2,4-DNP; Reanal), 2,4-DNP-hydrazine (Reanal; 2,4-DNPH), NaF,
KCN, NaNg (BDH), digitonin (BDH), cetylpyridine-bromide (EGYT)
papaverin-HCI (Chinoin), ethanol, parachloromercuri-benzoic acid (PCMB,;
Light), N-ethyl-maleimide (BDH; NEM), D2, NaSCN, veratrine-sulphate
(Merck), histamine-diHCI (Light), guanidine-HCO3 (Fluka), tryptamine-HCI
(Fluka), serotonin-creatinine-sulphate (Fluka; 5-HT), dopamine-HCI (Fluka),
d-tubocurarine-HCI (d-TC; Schuchardt), tetramethylammoniumiodide (BDH;

I*



TMA), tetraethylammoniumchloride (BDH; TEAC), tetra-n-butylammonium-
iodide (BDH; TnBA). Experiments were carried out on about 30,000 glochidia.
The concentrations refer to the salts.

1. The order of activity of alkali metal ions

The sequence of the effect concerning the dose-effect curves of rhythmic
activity (Fig. 1) is the following:

Rb+> K+> Cs+> Li+> Na+

but the order concerning the peak-values and average of the mentioned curves
is different:

K+,Cs+> Rb+ > Li+, Na+

The rhythmic activity was characterized by the amount of reversible contrac-
tions performed by a given duration (10 min). There is a maximum site on the
dose-effect curves owing to the tonic closure occurring at high concentrations.
The K+ and Cs+ curves are striking, but the curves of Rb+, Na+ and Li+
run through lower values.

The tonic closure was characterized by the ratio of closed animals in
a given time after the application of a given concentration (1—100 mM).
The activity-sequence mainly depends on these two factors. For low concentra-
tions and short durations the

Rb+ > K+ > Cs+, Na+, Li

Fig. 1. Dose-effect curves of alkali metal ion chlorides. Abscissa: concentration in mM/lit.

Ordinate: number of contractions of 100 animals in 10 min (each point represents result

originating from observations on 100 animals). Vertical lines mark the osmotic pressure
of Anodonta lympha and host-fish-blood. Populations from November

1. &bra. Dozishatds gorbék alkéali fémkloridok jelenlétében. Abszcissza: koncentrécid
mM/lit-ben. Ordinata: a 10 perc alatt teljesitett ritmikus kontrakciok szama 100 allatbol
allé csoportban (minden pont 100 allaton vegzett megfigyelés eredménye). A flggéleges
vonalak az anyai limfa, ill. a gazdahalak vérének ozmotikus nyomaséat jelentik.
Novemberi populéciok
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sequence is typical. At such conditions Na+ and Li+ do not cause contracture
and for this reason the order cannot be demonstrated.

In solutions of higher concentrations of all the alkali metal ions and
after a longer time a secondary relaxation is produced. The secondary attribute
is used to distinguish from the relaxation following the phasic contractions.
It is chiefly expressed in the case of Li+, then Na+, K+, Rb+, and Cs+ in
the following. The order observable in 50 mM solutions and after 120 min is
partly the consequence of this fact:

Cs+ > Rb+ > K+ > Nat+ > Li+

The relation of Li+and Na+ in the 70—100 mM range of concentrations
firstly is Li+> Na+, then it becomes reversed (Fig. 2). For this reason the
curves of different ions cross each other whether the ratio of closed larvae is
plotted against time or concentration. Thus, there are the following crosses:
K +—Cs+, Rb +—Cs+, Na+—L i+.The crosses can be observed at higher values
of time and concentration carrying out measurements at increasing values of
concentration and time, respectively. For example in an experiment in Novem-
ber the times of K +—Cs+ inversion in 1—1.5—2 mM solutions are 46, 20 and
15 minutes. All inversions are not concerned to the secondary relaxation.
In general after the critical time and concentration values the effect may

o%)

Fig. 2. Tonic effect of alkali chlorides. Abscissa: concentration in mM/lit. Ordinate: ratio
of closed larvae after 2, 40 and 120 min of the salt application. Populations from April

2. abra. Alkali fémkloridok ténus-kivaltdé hatasa. Abszcissza: koncentracio mM/literben.
Ordinata: ténusarany az anyag adasat kovetd adott id6pontokban (2, 40, 120 min).
Aprilisi populacidk
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increase in the case of K + and Cs+. However, the Rb +—Cs+ and Na+—Li+
inversions are related to the secondary relaxation. The course of curves of
tonus-ratio and the site of inversions is varying in different populations, which
are discussed as concerned to the susceptibility changes.

Summarizing the observed sequences:

Rb+ > K+ > Cs+ > Na+, Li+
Rb+ > Cs+ > K+ >Na+, Li+
Cs+ > Rb+>K+ >Li+ >Na+
Cs+ >Rb+ >K+ >Na+ >Li+

One can observe that the Li+and Cs+ anomaly appear under different condi-
tions.

2. The sequence of the effect of alkaline earth metal ions

The order of ability to evoke the rhythmic action among the alkaline
earth metal ions is: Ba2+ )>Sr2+ )>Mg2+ )> Ca2+. The capacity to cause
tonus has a different sequence: Ba2+ )>Sr2+ > Ca2+ >Mg2+. In 60 min
50 per cent of the total tonus can be achieved by 70 /nM BaCl2 (Fig. 4), 50
mM SrCI2 50 mM CaCl2; for MgCl2this concentration is significantly higher
than 100 mM. Tonus evoking capacity of Ca2+ and Sr2+ is very close to each
other. Usually the two curves are intersected by each other (Fig. 3).

W)

Fig. 3. Tonic effect of alkaline earth metal ions plotted against concentration; (c5) values
3. abra. Alkali foldfémionok tonuskivalté hatasanak (c5 koncentraciofliggése

The initial activation described for MgCI2 (Labos and Saranki 1963)
was not observed in the case of CaCl2 SrCI2 BaCl2 According to an experiment
carried out on 100 animals 100 mM MgCI2 caused an initial closure lasting for
46 £25 sec.

3. Antagonistic and synergetic effect of cations

The glochidia can adapt themselves to a wide range of osmotic pressure
(fresh water 0.05 atm; maternal lymph 0.5 atm; serum of fishes 3.5 atm)
and ionic composition of the medium. They are in closed state in the fish-blood,
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but in opened state in the mussel lymph continuously. These facts give reason
to examine the effect of ion-mixtures. The activator ion obtained from the
K +, Rb+, Cs+ Ba2+ group, the inhibitor is in the Na+, Li+, Mg2+, Ba2+ group.

(%)

Fig. 4. Tonus-ratio in 5—1000 uM/lit BaCl2 after 2, 10 and 120 minutes. Abscissa:
concentration in jttM/lit. Ordinate: tonus-ratio in per cent. The effect of each concentration
was observed on 100 animals

4. abra. BaClj 5—1000 /iM/lit. koncentracioinak tonuskivalto hatasa az adast kovetd
2., 10. és 120. percben. Abszcissza: koncentracié pM/lit.-ben. Ordinata: tonusarany %-ban.
Minden koncentraci6é hatasat 100 allaton vizsgaltuk

3—1. K+4#Na+ and related antagonisms

The contracture inhibiting effect of Na+ and Li+ may demonstrate in
an experiment of 120 min if a not too concentrated KC1 solution is used causing
tonus alone, too. The effect depends on the ratio of counter-ion-concentrations
and also on the absolute quantities. Thus at 53 mM NaCl concentration the
Na+/K+ ratio was changed between 0.1—1.8. The maximal relaxation was
reached at Na+K + = 0.76. In such a case the effective range of Na+ concen-
tration is very closed.

In less concentrated KC1 to achieve an approximately equal inhibition
10—25 mM NacCl was needed. In such a case the Na+/K + ratio must be above
10. Thus at conditions 3 mM KC1 and Na+/K + = 2.2 is not significant inhibi-
tion; in 2 mM KC1 and at Na+/K+ = 11.2 the K +, Rb+and Cs+-tonus can be
inhibited markedly (Fig. 5). The inhibitory effect of NaCl has a transitional
phase of 2—10 min, then the inhibition becomes constant.

At the same concentrations and ratios there is an order of counter-ion-
pairs according to which the inhibition increases. Thus in the case of Fig. 5.

ion-pair Rb+/Na+, Rb+/Li+ > Cs+/Na+, Cs+/Li+ K+/Li+ > K+/Na+
inhibition 6% 13% 42% 35% 45% 84%

3—2. K+#Ca2+ and K +#/Mg2+ antagonism

Similarly to the previous cases the antagonism can be observed only if

the inhibitor ion concentration is not too high and it will not take part in a
synerglsm The tonus evoked by KC1 of 2 mM is half-inhibited in 1 min by
3—35 mM, in 120 mM min by 1—15 mM CaCl2 The marked quickness of
CaCl2effect is remarkable. It is stronger than that of NaCl. Using 100—100
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glochidiaand 2 mM KCI then concentrations of CaCl2were applied. The inhibi-
tion is increasing along an S-shaped curve. The linear stretch of it can be ap-
proached. The percentage inhibition at 1 and 120 min can be expressed by
the following regression-equations: rl—84—64 Ig [Ca2+]and r10 = 55—80
Ig [Ca2+]. The CaCl2 concentration is given in mM/lit.

§73
car ™ phg

Fig. 5. Tonus-ratio values after 120 min. Each column represents observations on 100
animals. Concentrations: KC1, RbCI, CsCl 1,5 mM; NaCl 22.5 mM

5. abra. Ténusarany a 120. percben. Minden oszlop 100 &llat megfigyelése alapjan késziilt.
KC1, RbCI, CsCl 1,5 mM; NaCl 22,5 mM

At the same conditions 3—5 times higher concentrations are necessary
from MgCl2than from CaCl2in order to obtain equal effect. The observation
at the 120th minute shows that 5 mM MgCI2is equipotent with 1—1.5 mM
CaCl2

Summarizing the ion-ratios inhibiting half the 2 mM KCl-effect we get:
Na+K + = 6.8; Ca2+/K+ = 0.5-0.8; Mg2+#/K+ = 2-3.

3—3. Synergisms among the cations

Using some of the cation combinations in which ions with similar effect
(K+, Rb+, Cs+, Ba2+) are mixed appear real potentiations. However the simi-
larity is only a necessary but is not a sufficient condition of the synergism.

In order to demonstrate the phenomena we applied concentrations of
ineffective or of partial effect. The combinations of 20 gM BaCl2 200 /*M
RbCI, 500 juM CsCl and 500 /,MKC1 were used. In the given populations these
concentrations show nearly equal effect. The total equipotentia can be hardly
realized, thus the conclusions are semiquantitative. The sum of the effect of
different ions compared to the effect of combinations generally proved to be
higher than 1:

Rb+/Cs+ K+/Rb+ K+/Cs+ K+/Ba2+ Ba2+/Cs+ Ba2+/Rb+
3.92 3.02 2.16 1.18 0.76 0.55

The effect is the average tonus-ratio at the first 120 min.



4. The action of metabolic inhibitors on the K+-tonus

20—25 yg/ml ouabain, 2,4-DNP, 2,4-DNPH are not effective. NaF in
100 /ig/ml concentration has a small effect.

NaN3 and KCN in suitable concentrations produce significant effect.
The pure effect of KCN is disturbed in high concentrations mainly b%/ the alkalic
hydrolysis and not by the presence of K +. The application of buffer solutions
also has a disturbing effect. Thus the KCN-action was evaluated only in low
concentrations. 57—&67 per cent contracture was produced in 1.5 mM KC1 after
1—120 min. The development of the contracture was observed without and
with 15—300 yM KCN (Fig. 6). It seemed to be typical for the KCN-effect

%

Fig. 6. KCN-effect. Abscissa: KCN-concentration. Ordinate: tonus-ratio expressed
by per cent of cyanide-free control. Each concentration was tested on 100 animals

6. abra. KCN-hatas. Abszcissza: KCN-koncentracio."Ordinata: tonusarany a CN=mentes
kontroll %-aban kifejezve. 100—100 allat koncentracionként

that at 5 yg/ml (75 yM/lit) concentration there is an almost total inhibition
after 60 min. The inhibitory effect in lower and higher concentrations is the
smallest; half inhibition is at 20 and 225 yM/lit KCN’? At low concentrations
(15 yM KCN) sometimes an increase of tonus was observed. The KCN-effect
is significant already in the 10th min, moreover, after 1—1.5 min develops
a steady state. Thus 80—85 per cent steady state inhibition is produced by
45—120 yM/lit KCN". At 2 mM KC1 concentration only 40 per cent inhibition
was observed. To clarify the significance of the KC1 concentration a dose-
effect curve of KC1 was produced without and with 75 yM/KCN" between 0.5
and 25 mM KC1 (Fig. 7). The curve is shifted by the KCN parallel to the
direction of higher concentrations. The shift increases between 1 and 30
minutes. Simultaneously the parallellism of the curves grew worse.

Depending on the KC1 and NaN3 concentrations potentiation and inhi-
bition of the KCl-effect could be observed (Fig. 8).

Applying 20—70 mM KC1 concentrations which cause secondary relaxa-
tion 50—100 yg/ml NaN3decreases this relaxation thus the level of the tonus
was hidgher (110—270%) than in the control. This potentiated tonus was in-
hibited by 0.1 mM CdCl2even below that of the control.

The necessary condition of tonus-inhibition with NaN3is the sufficiently
small KC1 concentration. Thus the tonus evoked by 1—2 mM KC1 may be
inhibited by 50—100 yg/ml NaN3 Consequently, there must be a KC1 concen-



10

Fig. 7. KCN-effect. Abscissa: KCl-concentration. Ordinate: ct (%) value 1—0 fiM,
2—75 M KCN. Each KC1 concentration was tested on 100—100 glochidia

7. dbra. KCN hatas. Abszcissza: KCI koncentracio, ordinata: c(%) értéke 1—0 /tM,
2—76 I'M KCN. 100 glochidium minden KC1 koncentracionél

tration at which the tonus cannot he inhibited by a given concentration of
NaN3

Tonus caused with 1.5 mM CsCl and 0.6 mM RbCI is also blockable by
NaN3at similar conditions to those mentioned above.

Fig. 8. Inhibitory (A) and potentiating (B) effect of NaN3on K +-tonus. Abscissa: time.
Ordinate: tonus-ratio. 100—100 animals for each solution

8. abra. A NaN3K-tonus-gatlo (A) és potenciroz6é (B) hatasa. Abszcissza: id6, ordinata:
ténusarany. 100—100 allat oldatonként
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5. The action of surface active agents on the potassium tonus

Digitonin alone perceptibly increases the change of contracture already
in 1 pg/ml (0.8 uM/lit) concentration. After 120 min, with the application of
this agent, the ratio of closed larvae is about 10%. In spite of this it inhibits
the tonus evoked by 1 mM KC1 already in very low concentration. It seems
to be evident that similarly to some other tonus evoki\r}\? agents the inhibition
of tonus can be realized only at low concentrations. We have observed half-
inhibition in the 60th min with 0.4—0.8 /tM/lit digitonin. There is a moment
(between 5 and 10 min) at which the inhibition of 1 mM KCl-effect is at its
maximum (95%).

Cetyl-pyridine-bromide (CPB) alone already in 0.5—1 ug/ml concentra-
tion increases perceptibly the ratio of closed animals after 30 min. Similarly
to digitonin CPB also can block the K +-tonus in this low concentration. But
the inhibition reaches 50% only in the first 10 minutes then the steady state
value is only 10—25%.

In low concentration ethanol also blocks the KCI-tonus. The measure of
this inhibition at nearly steady state conditions, i.e. after 60—120 min is 35—60
%. This effective range of ethanol concentration is very narrow because the
known tonus evoking action appears.

0.2—0.4 mM papaverin practically entirely overthrows the 100 per cent
tonus evoked by 2 mM KC1

6. The effect of SH-inhibitors

Owing to the bad solubility of PCMB in water the combination of KC1
and PCMB without Na+ can hardly be realized because NaO Il must be used.
In such a case Na+ disturbs the KCl-effect.

almn

Fig. 9. PCMB-effect. Abscissa: time in minutes. Ordinates: tonus-ratio, ¢ (%) and
frequency of rhythmic activity, a/min resp. 100—100 animals

9. abra. Parakléormerkuribenzoat (PCMB) hatasa. Abszcissza: id6, ordinatak: tonus-
arany c(%), illetve a ritmikus aktivitas frekvenciaja (a/min). 100—100 allat
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PCMB alone possesses activity increasing and tonus evoking effects.
Applging 250 XM PCMB together with 1 mM KCL1 in the presence of Na+ ions
we observed activity of hifgh frequency and tonic closure. One part of this
originates from the own effect of PCMB but there is a real potentiation, too
(Fig. 9). A possible alternative is still the protection against the antagonistic
effect of Na+.

(%9

Fig. 10. NEM-effect. Abscissa: concentration. Ordinate: tonus-ratio. 100—100 animals
for each concentration
10. abra. N-etilmaleimid hatdsa. Abszcissza: koncentracio, ordinatak: tonusarany. 100—
100 allat koncentraciénkeént

As NEM at neutral pH is a water-soluble SH-inhibitor the K +-effect
can be well examined in a Na+-free medium. The tonus increases itself already
at 5 pM. 8—10 /iM in 120 min application evokes closure of 50% of glochidia.
In an experiment carried out on 500 glochidia 1 pXK NEM does not influence
the tonus evoked by 1 mM KCL. 40 ,uM NEM alone elicits a rhythmic activity
of high frequency. The curve of tonic effect is S-shaped (Fig. 10). The last
concentration markedly increases the potassium-tonus. The rhythm in the
mixture in the first two minutes is pronounced then concerned with the closing
it is damped (Fig. 11).

CL/mm

Fig. 11. Potentiation of K +-effect by NEM. Marks see in Fig. 9
11. dbra. A K +-hatas potencirozasa NEM-del. Jel6lés mint a 9. dbran
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7. The effect of DD on the Li+, Na+, K+, Rb+, Cs+, Mg2+, Cax, Sr2+ and
Ba2+ response of glochidia

The effect of heavy water was examined in a 50—50% mixture of H2
and D). This solvent resulted in a tonus ratio considerably smaller than 2%
after two hours.

D2 significantly depresses the action of 1 mM KC1 (Fig. 12). Both
K +-rhythm and K +-tonus is touched by the inhibitory effect. The degree of
inhibition depends also on the actual response of the population to 1 mM KCI.
Thus the inhibition increased with decreasing KCI reaction. Thus it is evident
that the response elicited by a concentration of higher than 3 mM cannot be
blocked. Some characteristic data for the rhythm-inhibition: in 10 min at 1 mM
KCI 1134 or 600 reversible contractions were produced in natural or heavy
water, respectively. The effect of the remaining activator cations (Cs+, Rb +,
Ba2+) also is inhibited by the D). The time needed to 50% closing is doubled
by 0.5 mM RbCI, 1 mM CaCl and 200 gpK BaClI2 (Fig. 12).

The change of tonus evoked by 25—100 mM LiCl, KaCl, MgCI2 CaCl2
and SrCl2in heavy water of 50 per cent is essentially different. Opposite to the
inhibition of activator ion-effects a strong potentiation of tonus was observed
preceded by inhibition lasting for a short time (Fig. 13). The biphasicity is
tzr(l)e most evident in case of LiCl. The surplus of tonus is most pronounced after

min.

The K +-specificity in D2 is damaged. On the base of the cases demon-
strated in Fig. 13 we estimated the change in the specificity of K + as compared
to Li+. Taking into account the changes in tonus ratio at 120 min and the
ratios of concentrations we obtained the following informatory “specificity-
constants”:

HD d2o
K= 63 K= 30
KLi KLi
am

Fig. 12. Effect of DD on the K+, Cs+, Rb+ and Ba2+-response. Marks see in Fig. 9
12. dbra. DD hatasa a K+, Cs+, Rb+, és Ba2+ valaszra. Jelolés mint a 9. abran
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The contrary changes of initial and steady state response observable
sometimes are remarkable. Thus, for example, in Li+ inhibited, in Ba2+ pro-
moted initial activations are shown (Fig. 13). Summarizing the phenomena

Fig. 13. Effect of D,,0 on the Ca2+, Mg2+, Sr2+, Li+ and Na+ response.
Marks see in Fig. 9

13. dbra. DD hatadsa a Ca2+, Mg2+, Sr2+, Li+ és Na+ ténusra. Jelélés mint a 9. abran

observed in D2 it can be stated that the ion-effects producible at most in
1 mM range are inhibited, but those produced with solutions of 10—100 mM
are enforced.

8. The action of K+-sensitors

At 1 mM KC1 and CsCl the actions of 100 /tg/ml veratrine, 20 /Ug/ml
histamine, 50 yg/ml guanidine were studied. These substances in the used con-
centrations are well-known sensitors of the vertebrate cross-striated muscle
concerning the potassium contracture (Bacq 1947).

Only the veratrine displayed asignificant effect. NaSCN, histamine inhib-
ited, guanidine in a small degree have potentiated only the K +-tonus. 20
(tcg/ml veratrine alone increased the tonus. However, the time course of the prop-
er effect of veratrine shows clearly that it is not responsible for the excess-
tonus.

9. Previous and synchronous applications of tryptamine, serotonin, dopamine,
d-TC, TMA, TEA, TnBA. Their effect of K+-tonus

Earlier we reported the KC1 and tryptamine given together can cause
an increased tonus (Labos 1966). The situation is different when the glochidia
preincubated and driven with tryptamine were forced to produce tonus. Already
5 min preincubation in 100 yg/ml tryptamine significantly increased the
secondary relaxation observed in 30 mM KC1. When we performed preincuba-
tion of 40 min in 100 /cg/ml tryptamine, serotonin and dopamine the following
KCl-incubation of 60 min produced a final inhibition of tonus of 92, 50 and
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47%, respectively. The degree of such effect of d-TC is similar to that of dopa-
mine.

The combination of 1 mM KC1 with 1 mM TMA, TEA and TnBA showed
decreased tonus-ratios: 95—13.5—8.5 and 60% tonus was observed in the
control TMA, TEA, TnBA solutions, respectively.

10. Changes and differences in potassium susceptibility

It is an unquestionable experience of some years that under seemingly
same conditions significant differences are observable in the K+, Na+ and Li-
responses of glochidia.

The possible factors which could be responsible for the differences are:
ontogenetic stage, season, the finer composition of the medium, keeping con-
ditions, species. The significance of season and in a hidden mood the ontogene-
sis and a seasonally changing medium was well shown, by a summary of
experiments carried out in the years, of 1960—67. Working with lake water
it seemed to be clear that the K +-sensitivity is increasing in autumn, the top
is reached in December then a decrease could be observed. Some seasonal shift
is possible but the maximum in winter was frequent. The pH of lakewater is
varying between 7.8 and 8.4. However, solutions with artificially changed pH
could not reproduce the observed differences. The changes in the antagonistic
ion-composition may be one of the real factor. The low susceptibility in October
may be connected to the early larval stage.

The highest sensitivity to potassium means a detectable reaction some-
times in 100 /iM/lit KCI.

The significance of changes in the keeping conditions also cannot be
neglected. In an experiment we observed a very marked decrease in the sus-
ceg;ibiclzity after a large and sudden temperature step (nominally: + 6 °C
+ °C.'

11. lon-effects and electric excitability

The electric excitability of larval adductor was examined with a method
described previously (Labos 1964). In the isotonic (20 mM/lit) solutions of
MgCl2and CaCl2the excitability decreased, then disappeared. In 20 mM Nad
the threshold slowly decreases or is unchanged. In 20 mM L id for 10—40 min
the excitability decreases or increases a little then suddenly significantly in-
creases. Finally, inexcitability results. The contractions in MgCl2CaCl2 Nad
and Lid are very quick and are not complete.

In KC1, after the secondary relaxation there is no excitability. Low,
subcritical concentrations of Kd and B ad?2(0.2—0.05 mM) increase the exci-
tability. The lowest and most constant thresholds were observed in KC1 of low
concentration and in physiological solution of Marczynsky (1959). In distil-
lated water a real decreased excitability was observed.

Discussion

The problem of alkali metal ion-specificity was elucidated with remark-
able results by Ling (1960), Eisenmann (1961), and by Ling and Ochseneeld
(1966). They give also experimental support to the anion-field and ion-exchange
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hypotheses. The sequence of Rb* >K+* > Cs* is equivalent to the III-rd
order of K1seNMANN. He explained 11 types of the possible 120 (5!) lyotropic
orders only by the strength differences of anionic field binding the cations.
Line and OcHSENFELD (1966) determined association constants on the basis
of his association induction hypothesis in frog-sartorius; the obtained sequence
of constants was: Rb+* > K* > Cs*. Thus a real significance must be attrib-
uted to their discussions, namely for example to the - and y-carboxyl groups
and to the desolvatation process of cations. ;

However, the total tonus-sequence (Na* < Lit < Cs* << K+ < Rb*)
and even the rhythm-order Cs*, K+ > Rb*, Na*, Lit cannot be explained
alone by the changes in the strength of anionic field. That is to say, such
sequences are not among those of EISENMANN. We believe other factors to be
the causes of the described facts, for example enzyme-activation could play an
explicit role in forming such sequences of the rhythmic activity and it is
not based alone on the ion-uptake. This is supported by Skou’s finding (1960)
on K t-activated ATP-ase in the presence of Mg?*. He obtained a part of our
sequence in question: Na* <7 Li* < K+, Rb*, Cs*. (This is similar to E1sEN-
MANN’s Xth sequence.) It is more important to take into account also that
EI1SENMANN’ hypothesis is of an equilibrium-type. On the other hand, in our
experiments the glochidia are in the transient phase of ion-uptake especially
concerning the rhythmic activity which is a typically transient phenomenon.
Nevertheless, after the secondary relaxation nearer to the equilibrium the
“normal” lyotrop sequence appears (Cs* >Rb* >K* >Na* > Li*t).

In spite of these a steady-state-discussion similar to that of EiSENMANN
has proved to be useful in the interpretation of K *-inhibitory and Li*-poten-
tiating effect of heavy water (see in Appendix). It must be supposed that
D,0 damages the mechanisms responsible for K *-specificity. It causes this
partly by the different changes in the hydration energies of potassium (lithium
and) of the counter-ion and partly by the new properties of the D,0-modified
exchange-phase. The possible modified groups because of further causes may be
—COOD and —SD.

Another possible explanation of D,0-effect can be based not on the ion-
exchange-type discussion but on the common and coupled diffusion of ions
and solvents. Thus, according to ONSAGER’s hypothesis (1945) of solvent drag
influence the solvent accelerates or retards the movement of ions through the
porus according to the direction of its stream. If this is right an opposite net
change in the direction of solvent flow must take place in the two groups of
ions. KoEroED-JOHNSEN and UssiNg (1953) used D,O succesfully to measure
influx of water through biological membrane. However, theories reckoning
with equivalent porus in an old sense cannot explain sufficiently all the anom-
alies of ion cation-sequences. For this reason we incline to give a more general
ion exchange model (see Appendix).

In the case of alkaline earth metal ions the sequence for the tonus is
a normal HoFFMEISTER-series. In the order for the rhythmic activity there is
the anomaly: Mg?* > Ca?*; it is probable that its transient character is which
is responsible. The Ba?* susceptibility of glochidia similarly to other smooth
muscle preparation is about at 10 uM. Therefore the glochidia are suitable for
testing spasmolytica. The dose-effect curve does not cover a process of binding
of the first order. The dissociation constant is pK = 4.5 (Fig. 4). The same
process is characteristic also for potassium but pK = 3.
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The antagonistic and synergetic action effects similarly to K+—H +
competition observed by Conway and his co-workers (1963) on K +-uptake of
yeast cells in a first approximation can be explained by a binding to the same
sites. According to this, if we take the effects as being in direct connection with
the uptake (which is plausible with regard to the effect = time diagrams
then the antagonisms and synergisms could be considered as competitions on
the sites of binding. All the K +-inhibiting actions applying them alone even
also Li+ decrease the electric excitability, too.

But it is remarkable that there are significant differences in the degree
of cooperations. The orders obtained by antagonisms and synergisms are not
the same as the above reviewed ones. Thus, for example, the strength of Na+-
inhibition on the activator cations is: K+ >Cs+ > Rb+. Likewise, one
hardly could explain that the Mg2+ causing weak tonus inhibits the K +-tonus
to a less degree than Ca2+. Therefore, it must be supposed that the antagonistic
ion effects interfere partly at different sites. The double effect of Mg2+ also
argues for this mechanism: initial closing and rhythm and inhibition of proper
and potassium tonus. The secondary relaxation observable in the case of all
the cations also argues for a double effect. The sequence based on its degree is:

Ba2+< Cst< Rb+< K+ < Na+< Li+ < Mg2+< Caz2+

In the extreme cases (Ba2+, Mg2+, Ca2+) the tonus was not observed (Ca2+)
or only for a short time (1—2 min, Mg2+) or the secondary relaxation was
missing. Accordingly with the last sequence the quickest and strongest inhibi-
tions were achieved by Ca2+. The order of K +-inhibition is Ca2+ >M g2+ >e
Na+ >Li+.

Kinetically at the given conditions the ion-effects are nearer to the non-
competetive self-inhibition than to the competetive one. In the first case char-
acteristic plateaus of different extent are observable on the dose-effect curves
(Ariuns 1964). Furthermore, it is desirable to observe that these diagrams
somewhat resemble to those of the negative adsorption.

The extreme sensitivity to KC1 sometimes 10~5 M/Ilit is the threshold
calls the attention to a specialized chemoreceptive mechanism, too.

Analysing the effect of metabolic inhibitors we wish to emphasize the
tonus-inhibition displayed by KCN and the block of relaxation as well as the
own activation effect shown by the SH-inhibitors PCMB and NEM. The tonus
increasing effect of specific PCMB and NEM can be contrasted with the tonus-
decreasing effect of Cd2+ (Labos and co-workers 1964a) being considered as
nonspecific SH-inhibitor but can be compared to the closing action of the also
nonspecific Zn2+ and Hg2+ heavy metal ions. Therefore we may conclude the
partial and indirect role of SH-groups, beside other groups, in the excitation.
Previously we (Labos and co-workers 1964b) supposed the role of SH-groups
in the K +-action. The skeletal muscle myosin contains SH-groups (Kieley
1965). The potassium outflow of red blood cells are increased by NEM (Tos-
teson andJ ohnson 1957). Thus, it does not seem to be unreasonable to suppose
about the SH-groups to have an indirect role in the fastening mechanism of
K +selectivity and the reversibility of contractions.

NaN3inhibits the action evoked by K + in low concentrations and poten-
tiates the effect displaying in high concentrations. There must be a neutral
point in the K “~concentration. The cyanide block is regarded as a proof for
a close but a possible indirect coupling of K +-action and the terminal electron-

2 Tihanyi Evkonyv
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transport. In plant cells and frog skeletal muscle Lundegardh (1939, 1960),
Conway (1951), Conway and Multlaney (1960) suggested their well-known
redox-pump model mainly on the base of cyanide-sensitivity of salt-respiration
terminal electron transport. In plant cells and frog skeletal muscle the cyanide-
sensitive cytochromoxydase at Lundegardh (1939) is Cl- mediator, according
to Conway is K +-carrier (1951). In our case the small effective CN~-concen-
tration andthe inhibition apparently taking place competetively are remarkable
(parallel shift of the curves of Fig. 7. The deterioration of parallelism in the
equilibrium is taken as a sign of non-competetive connection of K + and CN~
effects. As the observed reaction is produced by a group of animals and in
such cases the incorrect forming of mean values is a possible source of mistake
leading to a gently sloping curve (see Arinns 1964, Vol. I. p. 144) for this reason
the slope of curves have to be analysed. It is evident that the experimentally
observed slope is far greater than the expected one on the base of a reaction
of the first order and ofthe mass-effect law(on the figures they are drawn by dotted
Iines%. For this reason an averaging with the mentioned mistake is not possible.
Furthermore, the reaction of apparently higher order may be a sequence of the
first order reactions and its nearly threshold-character leadsto the steeply slop-
ing curves. This kind of distorsion refers to the curves measured with and
without cyanide, too.

The final conclusion is: cyanide acts at the essential point of the complex
reaction graph of the potassium-response.

The K +-tonus inhibiting effect of quaterner and tertier amines, further-
more, the sensibilization evoked by veratrine hardly fits into the metabolism.
It is greatly probable that these amines do not act as mediators or as their
antagonists, however, the effect of tryptamine is striking. The positively charged
amines can modificate the binding or carrying anionic field nonspecifically
and as it is known that veratrine can cause K +-outflow (Szent-Gysrgyi and
co-workers 1939, Bacq 1947, Goffart and Bacq 1952). Nevertheless, this
mechanism does not lead by any means to a K +-sensibilization.

In order to obtain a clearer picture of certain double and/or opposite
effects we must discuss mainly the N3--inhibition and potentiation. It is a
good example for the apparently contradictionary effect of the same substance.
There is no essential problem for example in Rb+ K+ and Cs+/K+ syner-
gisms. They can be regarded as competetive agonists. But the K +N3~ “syner-
gism” was observed at other conditions. It is evident that a possible cause of
the double azide-effect (opposite action at low and high potassium concentra-
tion) is the fact the two K +-responses can be regarded as two different phenom-
ena. Thus azide would inhibit the tonus and potentiate the true contracture.
The D D-effect may also be accounted for such a mechanism. It increases the
contracture achieved by high cation-concentrations and inhibits those obtained
in low concentrations. Unfortunately this wide-spread view (Bethe and
Franke 1925, Fujimo and Fujimo 1964) is disturbed for example by the fact
that veratrinesensitization opposite to that of azide can be obtained already
at low (1 mM) KC1 and CsCI concentrations. It is not probable that the K +-
response observable at low concentrations is a true contracture. The fact that
the anion N3~ and the cation Cd2+ show antagonistic effects is a clear proof
for the complexity of the reacting system. Consequently, it seems to be a
reasonable conclusion that the double response is an attribute of the highly
organized system.
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Appendix

In the following exposition a simplified possible thermodynamic expla-
nation of the D D-inversion is given. Internal energy values are used instead
of free energy because the living system is supposed to be open and the direc-
tion of reactions is not shown always by an increase of entropy or by a decrease
of free energy. From the two groups of ions K +and L i+ are selected as extreme
examples. Let us suppose the difference between the internal energy values of
X+ cation to be in B and in isolated state in vacuum (Ostate) is d17°B
Let AUyP and AUyP be the internal energy of the same cation in normal
and heavy water, respectively. Furthermore, let K +and for Li+be the changes
of internal energy attending with a transition from the H2 and D.,0 solvents
to the state B by ion-exchange: AUXX, / | dLux-
it can be written

Zll/loh = AUoh  “[/oh + Auos _ nunoB

dt/so = AU°x - dC7°HO+ di/OB _ Awnos
dC/BH = dt/oH _ Auon + dCfo.B_ AU ob

AUIfx = di/ED- AU™ + AU°®J - AU™ m

where X + is the exchange-cation. Experimentally it has been observed that
D2 inhibits the effect of K + and after a transitional block it increases that
of Li+. Let us suppose that the action of a cation is in direct connection with
its binding and the effect is more explicit if the change of internal energy accom-
panying the binding is smaller. In such a case the experimental facts can be
written thus

1L AU« < AU I'x
2. df/BH < dugfx then dt/BH > dt/Bpx

Supposing that the exchange-cation is K +. In such a case for K+ and similar
ions there is no, or only a small, difference between the internal energies of the
hydrated exchanging ions. Thei'efore the K +-inhibition is caused, above all,
by the change of B-state that is by the modificated exchange phase. This is
possible only in that case if the exchange-phase is not absolutely free of water
and/or protons therefore it must be inferred a K +-binding phase of B’-state.
For this reason

d/OB _ dC/OB < AU°% - AU'X’

from where
dC7°B < dt/OB'

If the water were completely excluded from the exchanger-phase the D a0-effect
could not be explained only by an Eisenmann type model (1961). If the K +
is the exchange ion the effect of water cannot be neglected. In order to explain
the firstly similar but finally opposite behaviour observed in the case of Li+
and related ions let us further suppose that K + is the X+ exchange-cation

2%
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which assumption, on the other hand, is an equivalent of the well-known K +-
outflux during a tonic excitation. For this reason and as X + #=Li+

(AU™ _ nE7oH) _ {AUCP - AU°?) ¢ O

In the case of Li+ the modification of exchange-phase can not be neglected,
that is
AU°? 0 AUEF

Thus the inhibitory effects are explained primarily by the alteration of exchan-
ger, the potentiations by the increased difference between the hydration
energies of acting and exchanging cations. In the latter case the change of
B-phase also must be taken into account. The biphasic change of Li+-effect
clearly shows this postulation.

We desire to emphasize that the binding to the exchange-phase is not
an explicit argument for the alteration theory or contra membrane theory of
ionic ﬁhe_nomena. Namely, the exchanger could be itself an ion-carrier system
into the intracellular phase. Thus the binding would be only transitional but
could influence the cation fluxes. Furthermore, there is an alternative exchan-
ger-hypothesis when Ca2+ localized into the membrane is the exchange-ion
itself. In this case the hydration energy-difference would be responsible for
D2 action displayed on K + and related ion effects while the modification of
exchange-phase would cause the changes Of Ca2+ and related cationactions.
It is also believed that the ion-exchange model could be compatible with the
Onsager’s solvent drag hypothesis.

Summary

The rhytmic movements and tonic closure of the freshwater clam larvae
(Anodonta-glochidia) were studied.

1 Anomalous lyotrop order was observed at low concentrations in the
tonus-evoking effect:

Rb+>K+ >Cs+ >Li+ >Na+
which transforms in the course of relaxation into the following order:
Cs+ >Rb +>K+ >Na+ > Li+

Also an irregular sequence can be observed concerning to the frequency of
rhythm:
K+, Cs+ >Rb+, Li+, Na+

2. The united sequence of the equipotent concentrations of alkaline
earth metal ions is:

Ba2+ <Rb+ <K+ < Cs+]"< Sr2+ <Ca2+<Li+ < Na+ < Mg+

The arrows mark the point of D 20-effect-inversion (see below).
3. At the same conditions the sequence in K +-antagonism is:

Ca* >Mg2+ >Na+ >Li+
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Inhibitory effect of Na+ increases according to this order:
Rb+<Cs+ <K +

4. The ions with similar effect act as synergists. The sequence of syner-
gisms: Rb+/Cst+ > K #Rb+> K+Cs+> K +Ba2+. Ba2+ hardly increases
the K +-effect, moreover the Cs+ and Rb+ effect are inhibited.

5. The K +-effectis not or is a little sensitive to the following metabolic
inhibitors: ouabain 2,4-DNP, 2,4-DNPH, NaF. But NaN3depending on the
ratio of concentrations can increase or depress the K+, Rb+ and Cs+-tonus.
KCN in 10 /iM/lit can inhibit definitely the effect of 0.1—2 mM KCIl. PCMB
and NEM potentiate the K-effect. This SH-inhibitors can activate alone, too.

6. In the groups of K +-sensitors NaSCN, guanidine, histamine are hardly
effective but veratrine highly increases the K + and Cs+ effects.

First of all tryptamine, but dopamine and serotonin also strongly block
the tonic K +-response, by a previous application. TMA, TEA and TnBA in
1 mM strongly decrease the K +-tonus. Surface active agents — digitonin,
papaverine, cetylpyridine-bromide, ethanol — in low concentrations inhibit
the K +-tonus, in higher concentrations evoke tonus.

7. In solvents containing 50% D2 and 50% H2) the tonus evoked by

K+, Cs+, Rb+ or Ba2+
is inhibited, but the tonus evoked by
Na+, Li+, Ca2+, Mg2+ and Sr2+

is increased really. In point 2 the given sequence is intersected by a line marking
the inversion of D2 effect; to left inhibition, to right potentiation was observed.

8. Approximately isotonic solutions of Ca2+, Mg2+, Li+, Na+ decrease,
K + increases the electric excitability of larval adductor.

9. Some ofthe ﬁossible factors which could be responsive for the observed
seasonal changes in the K +-susceptibility were studied experimentally. On the
base of these experiments the ionic-composition of medium (water from the
Lake Balaton), the keeping conditions in laboratory (sudden changes in the
temperature), ontogenetic stage are real possibilities; pH changes between
5.5—8.5 are not effective in the influence of tonus at high K +-concentration.
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ADATOK ALKALI FEM ES FOLDFEM IONOK AKTIVALO HATASANAK
MECHANIZMUSAHOZ ANODONTA LARVAN

Labos Elemér

osszefoglalas

Edesvizi kagyldlarvak ("Anodonio-glochidiumok) alkali fém és féldfém ionokkal
kivalthatd ritmusat és tonusat vizsgaltuk, . .
1 Anomalis liotrop Sort figyeltiink meg, kis koncentracioknal a ténusokoz
hatésban:
Rb+ > K+ > Cs+ > Li+> Na+,
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ami az ionok altal kivaltott tartds tonus megsziinésekor atmegy a
Cs+ > Rb+ > K+ > Na+ > Li+-sorba.
A ritmus frekvenciaja szerint szintén anomalis a sorrend:

K+ Cs+ > Rb+ Li+ Na+

2. Az alkali foldfémek es alkali fémek azonos tonust kivaltdé koncentracidinak
a sorrendje a kovetkez6:

Ba2+ < Rb+ < K+ < Cs+l< Sr2+< Ca2+ < Li+< Na+< Mg2+

d3. Azonos feltételek mellett a K +-hatas antagonizalasa tekintetében az alabbi a
sorrend:

Ca2+ > Mg2+ > Na+ > Li+
A Na+ antagonizal6 hatasa az alabbi sorrendben erésodik:
Rb+ < Cst < K+

4 Hasonlo hatast ionok szinergistaként hatnak. A szinergizmus sorrendje:
Rb+/Cs+ > K+Rb+ > K+Cs+ > K +/Ba*+. A Bal+ alig potenciroz, s6t a Cs+ és Rb +
hatast gatolhatja.

6. A K +-ténus nem vagy alig érzékeny az aldbbi anyagcseregatlokra: ouabain
2,4-DNP, 2,4-DNPH, NaF. NaN3dal a koncentracioaranyoktdl fuggéen a K+, Cs+ és
Rb+-tonus gatlasa és potencirozasa is észlelhet6. KCN 10 /tM/lit kéruli koncentraciokban
0,1—2 mM KC1 hatéasat jelentdsen gatolja. A PCMB és NEM potencirozza a K +-tdnust.

Ezek az SH-gatlok 6nmagukban is aktivalnak.

6. K +-szenzitorok kozil alig hatdsos a NaSCN, guanidin, hisztamin, mig a
veratrin a K + és Cs+ hatast er6sen potencirozza. Elssorban a triptamin, de a dopamin
és serotonin el6zetes alkalmazéasa is jelent6sen gatolja a K +-valaszt. TMA, TEA, TnBA
1mM koncentraciéban gatoljak a K +-tonust. Feluletaktiv anyagok (digitonin, papaverin,
cetilpiridinbromid, etanol) kis koncentraciéban gétoljdk a  K+-tdnust, nagyobb kon-
centracidban &ltalaban ténust okoznak.

7. 50%-0s DD tartalm( vizes oldatokban a K +, Cs+, Rb+, Ba2+-tonus és K +-
ritmus gatlasat, a Li+, Ca2+, Mg2+ és Sr2+tonus valodi potencirozasat észleltik. A 2.
ponhtban adott szekvencia jelzett helyét6l jobbra fokozza, balra gatolja a nehézviz az
ionhatést.

8. Az anyai limfaval kozel izotonids koncentracidban a Ca2+, Mg2+ Li+, Na+
csokkenti, K + fokozza a larvalis izom elektromos ingerlékenyseggt.

9. A K+ gérzekenység ,szezonalis” valtozasait el6idez0 lehetséges faktorokat
kisérletesen vizsgaltuk. EAnek alapjan szoba johet a balatonviz ion-osszetétele, az egyed-
fejl6dés, tartasi korilmények (hémérsékletugrasok); pH-valtozasok hatasa nem val6szinl

OAHHbBIE K MEXAHN3MY AKTUBUPYHOLLUENO 3®®EKTA MOHOB LLIENOYHOIO
M WEMOYHO-3EMEJIBHOIO METAJIIOB HA TNIOXNONAX BE33YBKU

Anemep Jlabowu

BbiNMn M3yyeHbl pUTMUYECKas U TOHUYeCKas akTMBHOCTU T/IOXMAMEB 6833y6KI/I, BbI3BaH-
Hble MOHaMW LWEMOYHOIo U LEeN0YHO-3EMENbHOIo MeTasl/oB.

1 — B TOHM4ecKoM 3hhekTe 6bl1 06HAPYXXEH aHOMa/bHbIA MOTPOMNHLIA Psf:
Rb+ > K+ > Cs+ > Li+ > Na+

KOTOPbIi MPW  MPeKpaLleHn NPOAOMKUTENBHOTO TOHYCA, BbI3BAHHOIO [JaHHBIMK  VIOHAMM
nepexoauT B Creaytowmii psga:

Cs+ > Rb+ > K+> Nat+ > Li+
Mo uyacToTe puTMa psif TOXe aHOMa/bHbIA:
K+, Cs+ > Rb+, Li+, Na+
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2. — KOHLIEHTPAUMOHHBIV PSf LUENOYHOMO U LLEMOYHO-3eMebHOr0 METasoB, Bbi3bl-
BAlOLLUMX OfIHAKOBbI/ TOHWMYECKMIA 3(heKT Bbin CrgAytOLLWM:

Ba2+ < Rb+ < K+ < Cst+ | < Sr2 < Ca*+ < Li+ < Nat+ < Mg+

3. — Tlpx Npounx paBHbIX YCMOBUSX B OTHOLLUEHWM aHTarOHUCTWUYECKOro AeNCTBUIO
abdekTa Kanusa 6bln monydeH cnegytowmin pag: Ca2+ > Mg2+> Na+ > Li+ AHTaroHuctu-
UeCKOe BO3JEMCTBME HATPWSl YBENMYMBAIOCH MO credytowemy psgy: Rb+ < Cs+ < K+-

4. — VIoHbl CO CXOfHbIM BINSHUEM [ECTBYIOT Kak CMHEPriCTbI MO Cefytowwemy psay:
Rb+Cs+ > K+Rb+ > K+Rb+ > K+/Cs+> K+/Bal+. VoHbl 6Gapusi MOYTV He Bbi3bIBAKOT
ycuneHue, a adekT Cs+ n Rb+ TOpMO3MTCA_Npy fade 3TOro areHTa.

5. — TOHWYecKWin athheKT, BbI3BAHHbIA Kainem, Moyt HeYyBCTBUTENEH K CrEAYHOLLMM
MHrnémuTopam o6bmeHa BellecTB: oyabawH, 2,4-OH®, 2,4-AH®X, NaF, NaN3 B 3aBucrmocTu
OT KOHLEHTPALUM BbI3bIBAET UM CHUDKEHWE WK YCWUNEHWe TOHYCa, HACTYnalowero nog, Bams-
Huem K+, Cs+, Rb+. KCN B KoHueHTpaumn 10 //M/n 3HauMTeNbHO CHUXKaET 3ekT Kanus
(0,1—2 mM). MXMB 1 NEM He yBeNMuMBatOT KanmeBblli TOHYC. 3T MHIMOUTOPbI SH-rpynn
camu no cebe ABNAKOTCA aKTMBaTOpaMMU.

6. — W3 ceHsuTopoB Kanma NaSCN, ryaHUAMH W rUCTaMMH MOYTU Hea(h(eKTUBHBI,
a BepaTpuH cuibHO yBenuumeaeT adekT K+ u Cs+. MpefBaputenbHas fada npexkae BCEro
TpUNTaMmHa, HO W AOMAMKUHA UM CEPOTOHMHA TOXKE 3HAYWUTENIbHO CHUXAET KaIMeBbIA qexT.

MA, TEA 1 TBA B KOHLgeHTpauun 1 MM NOHMXAIOT Ka/neBbl TOHYC. [10BepXHOCTHO-aKTVB-
Hble BELLECTBA (AWUIVTOHVH, NanasepuH, u,emnnmpw,gm%pomm,q N 3TAHO/) B HW3KWX KOHLEHT-
paLmsx CHWKAKOT TOHYC, BbI3BaHHbIA KasieM, a B 00MbLUMX KOHLEHTPALMAX CaMM BbI3bIBAlOT
TOHYC.

7. — B BogHbIx pactBopax 50%-Horo DA HacTynano TOPMOXEHWEe TOHYyCa, Bbl3BaH-
Horo K+, Cs+, Rb, Ba2+ u kanneBoro putma, a TOHYC, Bbi3BaHHOro Li+, Ca2+, Mg2+ n Sr2+
yBenmuunBasncs. B psge, 4aHHOM BO BTOPOM MYHKTe, TSHKenas BOAA BbI3bIBAET YCUeHMe athekTa
VIOHOB, 8paCI'IOI'IO)KeHHbIX B NpaBoli CTOpPOHe, a B JIEBO—TOPMOXKEHNE.

. — B 130TOHMYeCKMX cocTaBax /WMLl MaTEPUHCKOrO OpraHu3ma B KOHLEHTpauusx
Ca2+, Mg2+, Li+ n Na+ cHwxaloT, a K+ yBeMunBaeT 3/1eKTPUYECKY0 BO36YAMMOCTb SMUN-
HOYHOW MbILLILI FOXMAVEB.

9. — WM3yyanucb hakTopbl, Bbi3bIBAtOLLME «CE30HA/bHbIE WM3MEHEHUs» KanmMeBoro ag-
thekTa. W13 BO3MOXKHbIX (PAKTOPOB Haflo MPUHMMATb BO BHUMaHWE WOHHbIA cocTaB banaToHa,
VHOVBUAY&IbHOE Pa3BUTUE W YCMOBMA MPUAEPKMBAHMA XMBOTHBIX (TEMMepaTypHble U3Me-
HEHUs) — M3MeHeHre pH BeposATHO He WMEET 3HaueHWs.
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Granules containing yellow pigment, stainable with paraldehydefuchsin,
cited as NS I. and described in the nervous system of molluscs by several
authors (Krause 1960, Fahrmann 1961, Jungsstand 1962, KuhlImann
1963) correspond according to Noirte and co-workers (1965) to cell constituents
of a specific submicroscopic structure. In order to separate them from the
neurosecretum (NSm) these latter authors called them cytosomes, taking
their presence in the nervous system of invertebrates for granted and attribut-
ing them the functions of a “Stoffwechseldepot”. According to Sakharov and
co-workers (1965) the yellow pigment of these granules in the nervous system
of Tritonia diomedia (Gastropoda) belongs to the lipochrome-group, it cannot
be interpreted as NSm and its considerable part disappears In the course of
histological embedding. It is also known that in nerve cells of Helix porriatia
the carotenoid-containing pigmented area is at the same time the place of the
respiratory enzymes of maximum concentration (Chalazonitis and Gola
1964) . Antheunisse (1963) and Baranyi (1964) reported the changes in the
yearly cycle of the guantity of PF-positive material in mussels.

In the knowledge of these findings the following problems seemed to be
of interest for investigation in connection with the cytosomes in the nervous
system of Anodonta cygnea:

1. Is there an agreement with the ultrastructure of cytosomes described
by No1te and co-workers (1965) in Gastropods and what type of mitochondria
are to be found in the neurons ?

2. Which components of the cytosomes are related to the PF-positivity
and how do they behave from the viewpoint of alcohol solubility ?

3. Are the respiratory enzymes (cytochrome-oxidase and succinate-
dehydrogenase) localized in the cytosomes themselves?

Material and Methods

Our material were the cerebral, visceral and pedal ganglia of Anodonta
cygnea L. of 13—20 cm samples.

The “neurosecretory” stainings were carried out throughout the whole
year and at least once a month. The animals were kept in aquaria supplied
with Lake Balaton-water of natural temperature.
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lor electron microscopic investigations ganglia were fixed at 0°C in
a mixture of hemolymph taken from the mussel’s heart and 2 per cent 0s04
for 1—2 hours. Then the material was embedded in Durcupan ACM (Fluka).
Contrasting was achieved with uranylacetate and/or lead citrate (Reynolds
1963). Photos were taken with Tesla BS 413 A electron microscope.

Among the “neurosecretory” stainings we applied:

1. Chrome-haematoxylin-phloxin (CH) after Bargmann (1949).

2. Paraldehydefuchsin (PF) after Gabe (1953).

Preparation of ganglia for staining

A) The usual paraffin embedding after Bouin’s fixation, where we chang-
ed the time of alcohol dehydration between 30 min and 48 hours.

B) Cryostat-sections of 8 ii on slides were after 1—2 min drying fixed
in Bouin. Subsequently to fixation one part of the sections were washed for
30 min in tap water, then stained with CH as well as with PF. After fixation
the parallel sections were transferred into 80, 90 and 96% alcohol and kept
there for a time varying between 30 min and 20 hours.

Before the PF-staining we applied Lugol-oxydation recommended by
Gabe (1953) on the cryostat material as follows:

a) fixation for 4—6 hours in Bouin

b) washing for 30 min in tap water, or alcohol treatment

¢) 5—20 min Lugol-oxydation (Romeis 1948, 705. §

d) 5 min in 2.5% Na-thiosulphate

e) rinsing in aqua dest. for 3 min

f) KMnO4 oxydation after Gabe, altering between 3—10 min.

From this on Gabe was followed but we omitted the picroindigo-carmine
after-staining and in single cases even the nuclear-staining. The sections were
covered from water with glycerine-jelly.

C) Paraffin-embedding after freeze-drying and treatment with gaseous
HCHO according to Faick (1962). The method was applied after the
description of Faick and Owman (1965) differing only so much that quench-
ing took place in isopentan cooled with liquid air. The freeze-drying was
carried out in HVG 1 (Hochvakuum-Gefriertrocknungsanlage) equipment.
In 8 [xsections the above-mentioned stainings were carried out after a deparaf-
finization with 2 x 2 min xylol and 2X 1 min alcohol treatment.

To demonstrate cytochrome-oxidase (CO) Bttrstone’s method (1959)
was used by applying I-hydroxy-2-naphtoic acid (Light) and 1-phenyl-p-phe-
nylene-diamine (BDH). The cryostat sections were incubated at room temper-
ature for 3—5 hours then post-chelated with ammonium molybdenate. Effects
of KCN 10-3M, respectively, NaN3were tested as control and also the peroxi-
dase reaction according to De Robertis and Grasso was carried out (Pearse
1960).

Succinate dehydrogenase activity (SDH) was investigated with Nitro-
BT method of Nachias and co-workers (1957) on cryostat as well on in paraf-
fine-embedded material subsequent to in total incubation of ganglia. Sections
were incubated for 1—3 hours, ganglia for 6—38 hours at room temperature.
Effect of a pre-incubation with 1odoacetate in 10 +-10 3M on the enzyme
activity was also tested.
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Results

No significant differences could be found among the cerebral, viscera]
and pedal ganglia, thus the following statements concern all three of them:

1. Electron microscopic findings

In the nerve cells ofall three ganglia the following form ations were pres-
ent (Fig. 1) described by Fahrmann (1961) as A and B types of NS 1. re-

Fig. 1. Detail of perikaryon from cerebral ganglion. Lead citrate staining
1. dbra. Cytosomak a cerebrélis ganglionbdl. Olomcitrat kontrasztositas

spectively, reported by Noite and co-workers (1965) as cytosomes. Latter
authors demonstrated the extremely varying structure of these pictures in
Gastropods. In ganglion cells of Anodonta cygnea the cytosomes greatly resemble
to those of Gastropods but differ from them that they reach an enormous size
up to 10—12 y. These big cytosomes seem to be always manyfold complexes.

Two kinds of mitochondria are present in the cytoplasm. The one is
that described in Gastropods by Noite and co-workers (1965), a form contain-
ing a very clear matrix and short tubuli mitochondriales (Fig. 2). The other
contains a matrix of much higher density and more and longer tubuli. This
latter form is present everywhere in the axons of the neuropile (Fig. 3). Com-
mon property of both forms is their size varying between 0.3—1.0 y. A mito-
chondrium bigger than this size occurred only randomly.

2. Investigations on normal histological sections
In the sections of in Bottin fixed, after alcohol dehydration in paraffin

embedded ganglia PF-positive, mainly vacuolized granules of 1—5 y can be
demonstrated. The quantity of these granules is inversely proportional to the
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Fig. 2. Mitochondria with clear matrix and short tubuli in a nerve cell of the cerebral
ganglion. Lead citrate staining

2. abra. Vilagos matrix( és rovid tubulusokat tartalmaz6é mitochondriumok a cerebrélis
ganglion egy idegsejtjében. Olomcitrat kontrasztositas

time of alcohol treatment during dehydration. Apart from spring, already after
2—3 hours of dehydration we found hardly no such granules and if the process
was continued they completely disap‘peared. In spring (May—June) these
granules are seen In several nerve cells even after 48 hours of dehydration.
They could be stained with CH only faint grey and by prolonging the time
of dehydration by alcohol, staining reacts in conformity with PF-positivity.

Fig. 3. Mitchondria with dark matrix and Ion%ier tubnli from the cerebral ganglion,
detail of which shown in Fig. 2. Lead citrate staining

3. &bra. Sotét matrixy és hosszabb tubulusokat tartalmaz6 mitochondriumok ugyanazon
cerebralis ganglionbdl. amelynek részletét a 2. 4bra mutatja. Olomcitrat kontrasztositas
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3. Investigations on cryostat and freeze-dried materials

In cryostat sections the cytosomes can be demonstrated with PF also
in unfixed state, practically in all cells in great quantities and in dense, granuled
form. Thegranules are situated so densely that their borders become indistinct.
Since in unfixed state the real NS is soluble in alcohol, too, we fixed the section
in Bouin at least for 4 hours. In the fixed sections the cytosomes are also well
stainable with PF and their appearance is similar to that found in unfixed
material (Fig. 4). In unfixed as well as in fixed material the intensity of stain-

Fig. 4. Part of cryostat section of the visceral ganglion. January. PF -f- nuclear
staining

4. abra. Kryostat metszet részlete visceralis ganglionbdl, januari id6szakban. PF festés

ing depends on the time of Lugol-oxydation. In the individuals the optimum
varies in general between 5—20 min using a section of 8 g. Likewise in
individuals the optimum time of KMNO4-oxydation differs between 3—10 min.
In case of insufficient oxydation the periphery of the granules stains stronger
than their center or we obtain in general a weaker staining. After optimum
oxydation time the majority of cells stains uniformly but in this case a number
of weakly stained cells also occur.

In most nerve cells (Fig. 5/a) we could observe in unfixed cryostat sec-
tions a golden-yellow pigment. While photographing the section in native state
and stained after fixation with PF and CH, the connection between the locali-
zation of the pigment granules and of the materials demonstrable by staining
can well be investigated in the same cells. By this method it could be stated
that the PF-positivity is similarly localized like the pigment granules
(Figs 5a and b), with CH these granules stain greyish-blue.

If the cryostat sections are exposed after fixation for 10—10 min to a 80,
90 and 95% alcohol treatment and the PF-staining is carried out afterwards,
we find, parallel to the solution of the lipochrome, considerably less PF-posi-
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Fig. o. a) Part of cryostat section of cerebral ganglion immediately after sectioning,
photographed in uncovered state. In cells only the pigment is visible, January

6) The same field as Fig. 5/a, after Bouin fixation and PF staining.
5. dbra. a) Gerebralis ganglion részlete kodzvetlenul a kryostat-metszés utan fedetlen

allapotban’ fényképezve.” A sejtekben csak a [lJ:i%me,nt lathat6, b) Ugyanazon terilet,
mint az 5/a abran, Bouin fixalas és PF Testés utdn, januar hdnapban
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Fig. 6. Another cryostat section of the visceral ganglion shown in Fig. 4, treated for
30 min with alcohol after fixation. PF -j- nuclear staining

6. dbra. A 4. abran lathat6 visceralis ganglion eq( masik Kryostat metszete, amelyet
a fixéalas utan 30 percig alkohollal kezeltiink, majd PF-nal festettiink meg

tive material (Fig. 6). Similarly decreases in the quantity of material stainable
with CH. In general to the complete solution of lipochrome and to the dis-
appearance of the PF-positivity a 30—60 min long alcohol treatment is suffi-
cient, but in spring (May—June) only one part of the yellow pigment dissolves
under the same time and the PF-positivity is also observable to a significant
extent. To dissolve the yellow pigment completely not even an alcohol treat-
ment of 20 hours was sufficient in spring, as it remained still well observable
in the cells, even if its quantity was only a fraction of the original-one. Similarly,
the PF-positivity remains weaker than the original mainly in form of vacuo-
lized granules in the cells after 20 hours of alcohol treatment.

Analogous to the observations on cryostat material the cytosomes appear
similar on freeze-dried and with dry gaseous HCHO fixed, in paraffine embed-
ded ganglia, too. The nerve cells contain a lot of PF-positiv material (Fig. 7),
always visible in granulous structure. No vacuolization phenomena were
observed in the case of deparaffinization with 2 x 2 min xylol and 2X 1 min
alcohol treatment and when the sections were covered with glycerin-jelly.
The vacuolized form can be obtained during all seasons after a longer alcohol
treatment as well as the complete solution, too, but in spring.

When photographing in freeze-drying sections the yellow autofluores-
cence localized in the nerve cells in granules (Dahl and co-workers 1962, 1966;
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Fig. 7. Part of freeze-dried visceral ganglion. PF staining. January
7. &bra. Liofilizalt visceralis ganglion egy részlete. PF festés, janudr hdnapban

Zs.-Nagy 1967) then after PF-staining it could be stated that both auto-
fluorescence and PF-positivity were identically localized.

The PF-staining is present also in other tissues. In the connective tissues
surrounding the gangUa (Fig. 8) in certain cell formations of gametogenesis
in the sexual organs, in epithelial cells and in other places, too, we obtain
vivid PF-positivity in cryostat as well as in freeze-dried sections. These tissues
also contain lipochrome pigments even if less amount than the nerve cells.
In these places one part of the positivity remains also in the embedded material
and here it resists more to alcohol treatment throughout the year than in the
nerve cells.

The PF-positivity can be observed in nerve cells and also apart of them
only after oxydation. Without oxydation certain glands are faintly stainable
with PF.

Fig. 8. Part of the connective tissue ensheating the visceral ganglion. PF staining. January

8. abra. A visceralis gangliont kdrnyezé kotGszovet egy részlete, liofilizalas utan, januar
hénapban. PF-festes
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4. Localization of respiratory enzymes

Cytochrome-oxidase: two kinds of pictures showing CO-activity could
be made visible with the applied method, namely:

a) brownish-black or black granules of some u size are present in the
cytoplasm of the nerve cells corresponding to the lipochrome granules (Fig. 9),

b) granules much smaller and fainter than the aforementioned ones,
present in the lipochrome granule-free parts of the cytoplasm and in the axons
of the neuropile. These granules may correspond to the mitochondria with
regards to their size and situation (Fig. 9).

Fig. 9. Picture of Cytochrom oxidase in pedal ganglion, Burstone reaction.

9. abra. Cytochrom oxidase reakcio hisztokémiai képe a lEedéllis ganglionban. A nagy
sotét szemcsék a cytosomdaknak, a halvany kicsik a mitochondriumoknak felelnek meg

Related to vertebrate tissues the enzyme activity is weaker here, in good
agreement with the results of K rompecher and co-workers (1966), hence the
reason of a longer incubation time. The specificity of reaction is demonstrated
by the fact that the inhibitors (KCN, NaN3 in 10-3 M concentration com-
pletely inhibits the reaction both in lipochrome granules and in miochondria.
By adding inhibitors the yellow colour of the lipochrome pigmetnt prevails,
in contrary, in their absence it completely disappears. So far it cannot be
evaluated whether the reaction-product only covers the yellow colour or the
pigment itself is submitted to a colour change. The presence of peroxidase is

3 Tihanyi Evkényv
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excluded by the completely negative result of benzidine reaction within the
ganglion.

Succinate-dehydrogenase: SDH positivity obtained by Nitro-BT method
is localized in the cytoplasm in deep-blue, often confluent granules of some p
size (Fig. 10). Those granules range into the magnitude of lipochrome gran-

Fig. 10. Localization of succinate dehydrogenase in cerebral ganglion. NBT reaction,
cryostat section.

10. abra. Sucoino-dehidrogenase lokalizaci6ja cerebrdlis ganglionban. Kryostat metszet
NBT-reakcid

ules, but especially in the bigger ones it can well be seen that SDH-positivity
occupies only one part of them. There are also such nerve cells which show no
SDH-positivity at all. In the neuropile and in the lipochrome granule-free
part of the cytoplasm an SDH activity of granules much more fine than the
before mentioned ones is also observable. Therefore, the picture strongly
resembles to the localization of CO.

Sections and ganglia were incubated also without substrate in order to
control the specificity of reaction. In these cases we could demonstrate a posi-
tive reaction, identically localized but weaker than the normal. However, when
the sections or ganglia were kept before incubation for 10, resp., 30 min
in Ringer, the result of incubation without substrate was negative,
while when applying a substrate, it was normal. Thus, it is obvious that
the positive result of an incubation without substrate originates in the pres-
ence of an endogenous substrate, which gets washed out by the Ringer or is
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used up and cannot be restored again. On the other hand, the specificity of
the observed reaction is further demonstrated by the fact that a preincubation
with iodoacetate in 10~* and 10—2 M resulted in a total inhibition (NACHLAS
and co-workers 1957), whereas the effect of iodoacetate in 10~3 M caused only

a partial inhibition.

Discussion

Cytosomes described in Gastropods by Norre and co-workers (1965)
show a completely identical submicroscopic structure with the lipochrome
granules of nerve cells in Anodonta cygnea. The PF-positivity is identically
localized with the lipochrome granules. In cryostat section the vacuolized
form of these granules occurs only if the sections are exposed during prepara-
tion to alcohol treatment or they were insufficiently oxydized. Our data on
freeze-dried material also had shown that the vacuolization of these granules
is not a secretory phenomenon (FAHRMANN 1961, ANTHEUNISSE 1963 BARANYI
and SALANKI 1963, BARANYI 1964), but a by-product of preparation. With
a prolonged alcohol treatment the total disappearance of the PF-positivity
from the cells — except in spring months — could be obtained. In the alcohol
used for extraction, the lipochrome pigment as well as the autofluorescence
material are well observable (LABOS et al 1966). We believe that this demon-
strates conclusively that the PF-positivity is a property bound to the alcohol-
soluble components of the lipochrome granules. However, the alcohol solubil-
ity of these components varies seasonally, as for instance in May they do not
dissolve completely even after a much longer period of time than u\ually This
seasonal cycle obviously is of importance and if we consider that the alcohol
solubility of the carotenoids bound to protein (chromproteid) decreases signif-
icantly (PEARrsE 1960) it is evident that the seasonal changes have their origin
in the changes between the lipochrome and protein relation. This seasonal
cycle reflects in the data concerning the yearly cycle of the PF-positive mate-
rial obtained by ANTHEUNISSE (1963) and BARANYI (1964). The data giving
account of the fact that in the ultrastructure of the cytosomes sometimes
homogenous osmiophil fields then lipoprotein membrane systems of definite
myelin figure can be observed also refer to the changes of the lipochrome-protein
relation.

In principle, naturally the possibility might be reaised that the PF-posi-
tive material, insoluble in alcohol already in May, does not correspond to the
at another time, alcohol soluble components of lipochrome granules, but to
a different material, appearing only then in the lipochrome granules. As such
material some in SH groups rich protein or a pigment of lipofuscin character
can be taken into account. The first one cannot be excluded, the latter, however,
is opposed by the fact that the lipofuscin formation is an irreversible process
(PeARSE 1960) which is out of question here. Alcohol solubility is not charac-
teristic for real NSm, and especially not after fixation (ScHARRER and ScHAR-
RER 1954). Furthermore, considering the ultrastructure of the lipochrome
granules and their ubiquiter occurrence it is obvious that the separation of
cytosomes from NSm (Nortk and co-workers 1965, SAKHAROV and co-workers
1965, GABE 1966) is entirely justified.

Possible functions of cytosomes were discussed in detail by NoLTE and
co-workers (1965). Our present histochemical investigations on the localization

3*
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of respiratory enzymes may serve as further evidence of the so-called ““‘Stoff-
wechseldepot” function of cytosomes. There is no reason to call into question
the specificity of the reaction products localized on the cytosomes as both
kinds of them are insoluble in lipoids (NAcHLAS and co-workers 1957, BURr-
sSTONE 1959). With regards to the negative results obtained after benzidine
reaction according to DE RoBERTIS and GRAsso, the presence of peroxidases
can be excluded.

The cytosomal localization of respiratory enzymes clearly shows that
beside the mitochondria the cytosomes participate in the oxidative metabolic
processes. The carotenoids may play an important role in these processes accord-
ing to their well-known electron transporting properties (PvrLmanN and PurLr-
MAN 1963). The unusual localization of CO and SDH, known in general as mito-
chondrial ferments, as well the special structure of the mitochondria observed
here refers to the possibility that in Molluscs a cell metabolism differing from
that of vertebrates should be taken into account.

A relationship between the cytosomes and lysosomes is suggested by the
ultrastructure of the cytosomes, by the acid phosphatase activity observed
in them (MEEK and LANE 1964 BARANYI 1966) and by the PF-positivity found
in certain lysosomes (STUTINSKY and co-workers 1963). Data of BARANYI
(1966) demonstrating that in the nerve cells of Anodonta cygnea the acid phos-
phatase activity is completely absent during winter, indicate that cytosomes
still cannot be identified whithout further considerations with lysosomes as
this latters are known in general to have a constant acid phosphatase activity.
The interpretation of Norte and co-workers (1965) that cytosomes may per-
form a function of lysosomes in a certain stage of their development — stiil
are not in their whole lysosomes — seems to be acceptable.

Summary

Author investigated on all the three paired ganglia of Anodonta cygnea
L. the properties of cytosomes in the usual way as well as after freeze-drying
in paraffine-embedded material and on cryostat sections. The applied methods
were: ‘“neurosecretory’’ stainings histochemical reactions to detect respiratory
enzymes and electron-microscopic investigations.

The electron-microscopic structure of lipochrome pigment-containing
granules is identical with the structure of cytosomes in Gastropods reported
by NoLtE and co-workers (1965). The paraldehydefuchsin-positive material of
the cytosomes corresponds to the carotenoid-containing lipochrome pigments.
This pigment is in general alcohol-soluble — in summer, autumn and winter it
can be dissolved from the cells completely within a short period of time (30
min) and in this case be obtained paraldehydefuchsin positivity in material
exposed to alcohol treatment only for a short time or not at all. In spring the
alcohol solubility of the pigment decreases and it cannot be dissolved from the
nerve cells even after a longer (20 hours) period. In these cases be found in the
cells paraldehydefuchsin positivity in materials exposed to longer alcohol treat-
ment, too.

Histochemically the cytochrome oxidase and succinate-dehydrogenase
activities are localized besides mitochondria also in the cytosomes. This empha-
sizes the important role of cytosomes in cell metabolism. Tubular mitochondria
of special structure are present besides the cytosomes.
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HISZTOLOGIAI, HISZTOKEMIAI ES ELEKTRONMIKROSZKOPOS VIZSGALA-
TOK AZ ANODONTA CYGNEA L. (MOLLUSCA, LAMELLIBRANCHIATA)
IDEGSEJTJEINEK CYTOSOMAIN

Zs.-Nagy Imre

osszefoglalés

~ Az Anodonta cygnea mindharom glan lionpérjan vizsgélta szerz6 a cytosomak
tulajdonsagait szokasos maédon, valamint liofilizalas utan paraffinba agyazott, tovabba
kryostatos anyagon a ,neuroszekrécios” festések, a légzéfermentek kimutatasara alkal-
mas hisztokémiai reakciok és elektronmikroszkop segitségével.

A lipochrom pigmentet tartalmazo szemcsék elektronmikroszkopos szerkezete a
Nolte és mtsai (19652 altal Gastropodakban leirt cytosomak szerkezetével azonos.
A cytosomak paraldehydfuchsin-pozitiv anyaga a karotinoidokat tartalmazo lipoch-
rom pigmentnek felel meg. E pigment altaldban alkohololdékony, nyaron, dsszel
és télen mar révid id6 alatt (30 perc) teljesen kioldhato alkohollal a sejtekbol, s ilyenkor
alkoholhatasnak csak rovid ideig vaEy ePyéItaIén Ki nem tett anyagon kapunk PF-
pozitivitast. Tavasszal a pigment alkohololdékonysaga csokken, hosszabb id6 alatt
(20 o6ra) sem oldddik ki teljesen az idegsejtekb6l. llyenkor marad a sejtekben PF-poziti-
vitds hosszabb alkoholhatasnak kitett anyagban is.

A cytochromoxydase és a Succino-dehydrogenase aktivitasa hisztokémiailag a
mitochondriumok mellett a cytosomakra is lokalizalédik. Ez hanEsUIyozza a cytosomak
sejtanyagcserében jatszott szerepének fontossagat. A cytosomak mellett sajatos szer-
kezetl tubularis mitochondriumokat talalunk.

MMCTONOIr MYECKUME, TMCTOXNMUNYECKME W STEKTPOHHO-
MWKPOCKOMMYECKME WUCCNEJOBAHNA B UMTOCOMAX HEPBHbLIX KJ/IETOK
BE33YEKWN

Vmpe XK.-Hagb

BbINN M3yYeHbl CBOMCTBA LMTOCOM BO BCEX TPEX Mapax raHrnvMeB 6e33yGKu npu no-
MOLLM «HEPOCEKPETOPHBIX OKpalLMBaHUA» 06bIMHOM 06pasoM M Moc/e AMopMAM3aLMn B 3a-
JMTOM NapaguHe MaTepuane a TakxKe B KPUOCTAaTHLIX cpe3ax U Npy NpUMeHEHWUN TACTOXUMM-
UECKWX METO/IOB, YNOTPEGNSEMbIX [/151 BbIABNEHUS AbIXATeNbHbIX (gepMeHTOB 1 HaKOHeL, aNek-
TPOHHO-MMKPOCKOTINYECKM.

ANEKTPOHHO-MMKPOCKOMMYECKas CTPYKTYpa 3epH, COAePKalUMX NIMMNOXPOMHbIE MIAT-
MEHTbI, TaKasi e, KaK 3Ta Oblfa onucaHa Ans LMTOCOM B OPIOXOHOMMX MOJIIHOCKaX (Nolte
et al, 1965). MapanbaernagyKCUH-MoNOXUTENBHOE BELLECTBO LIMTOCOM COOTBETCTBYET SIMMOXPOM-
HOMY MUIMEHTY, COAEPXKaLlEMY KapoTUHOMABL. 3TOT MUIMEHT 0BbIMHO PacTBOPSETCS B CrIMPTE,
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NIETOM, OCEHbIO 1 3UIMOWA ydKe moce KpaTKOBPIeMeHHOFO Bo3aelicTBus cnupTa (30 MUH.) nos-
HOCTbH BbIMbIBAETCS U3 K/ETOK U B 3TO BpeMs [1D-MoNoKUTeNbHOCTL 06HAPYXXUBAETCS TOMbKO
B TeX K/EeTKax, KOTopble MpeABapuUTeNibHO He 06pabaTbiBa/MCh CMUPTOM WM BO3AEMCTBUE €ro
ObUI0 CMMLIKOM KOPOTKOE. BECHOM pacTBOPUMOCTb MWUIMEHTA B CMMPTE MOHWKAETCA W faXke
nocne AnnMTenbHoM 06paboTkM (20 YacoB) He BbIMbIBAETCS MO/HOCTLIO M3 KNIETOK. B aTtom ne-
proge roga Md-nonoXUTeNLHOCTL KETOK COXPAHSETCS W MOocne ANTeNbHOM 06paboTkM cnvp-
TOM.

AKTVBHOCTb LIATOXPOMOKCMAA3bl U CYKLMHOAETMAPOreHasbl KpOMe MUTOXOHAPUM BbIsB-
NSeTCS U B UMTOCOMaxX. JTO MOAYEPKMBAET BAXKHYHO POJib LIMTOCOM B 0OMEHE BELLECTB K/ETOK.

B OKDYXXHOCTM LMTOCOM 0GHapY>X1BAtOTCS TyOY/ibipHE MUTOXOHZPUM C XapaKTepHOW CTpyK-
TYpOM.
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PHARMACOLOGICAL INVESTIGATIONS ON THE ISOLATED PENIAL
APPARATUS OF FRESH-WATER SNAIL LYMNAEA STAGNALIS L.
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Biological Research Institute of the Hungarian Academy of Sciences, Tihany, Hungary
Received: 1st June, 1966.

Only few investigations are known concerning the pharmacology of the
penial apparatus of Gastropoda. It was pointed out by K oshtoyants (1936)
that the genital apparatus of Helix pomatia L. behaves differently from the
other organs of the vertebrates. It was established by Jaeger (1962, 1963)
in course of his examinations on the penis retractor muscle of Strophocheilos
oblongus that acetylcholine (ACh) and 5-hydroxytryptamine (5-HT) produced
antagonistic response of the preparation with respect to rhythm induction.
As suggested by Goddard (1962) only adrenaline is effective on the penial
apparatus of Helix aspersa and ACh and histamine are ineffective at concen-
trations used. The response of the isolated penial complex of Lymnaea stagnalis
on the application of various agents has been investigated recently by Dun-
can (1964). He observed that in the majority of cases 5-HT produced relaxation
inducing frequent rhythmic activity, while the application of ACh resulted in
an increase of frequency and decrease in amplitude of spontaneous activity.
The aim of the present investigations is partly to examine the contradictory
data on the effect of ACh and 5-HT and partly to obtain new data on the mecha-
nism of the effect of these agents on penis preparations.

Method

The specimens of Lymnaea stagnalis L. used in these investigations were
collected partly from Lake Balaton, partly from pond “Kils6 t6” at Tihany
and were kept for several weeks in aquaria filled with Lake Balaton water
before experimental use.

The penial preparation was made as follows: the shell of the animal was
removed and the penial complex (penis, penis sheath, praeputium, flagellum)
was exposed by cutting up the body wall. The penis retractor muscle and the
nerves running to the preparation were cut through. Following this, the prep-
aration was lifted out together with a small portion of the body wall, it was
ligated at the end of the body wall and at the flagellum and hung up in a bath
of 20 ml in volume. Physiological solution was prepared according to Carriker
(1946). The activity of the preparation was registered by a light lever on a ky-
mograph at a 10 : 1 lever ratio. After operation the preparations were left to

* Permanent adress: Department of Physiology, Medical College, Gdansk, Poland



42

stand for half an hour. The agents investigated were added to the bath with
an injection syringe. The concentrations given are final concentrations expres-
sed in g/ml. Air-flow was led through the bath producing a rapid mixing of the
agents with the bath fluid.

The agents used were: 5-hydroxytryptamine creatinine sulphate (5-HT),
acetylcholine chloride (ACh), methysergide (UML-491), 2-bromo-lysergic acid
diethylamide (BOL-148), benzoquinonium chloride (mytolon), dibenamine,
atropine sulphate, cocaine, morphine, d-tubocurarine chloride, and eserine.

The experiments were performed at room temperature (20—22 °C)
in March, April and May.

Results

When the contraction subsequent to preparation ceased the preparation
displayed, in the majority of cases, spontaneous rhythmic activity. This rhyth-
mic activity consisted of small phasic contractions and of occasionally occurring
interpolated large tonic contractions (Fig. 1).

The effect of 5-hydroxytryptamine

The penial complex responded to 5-HT with contraction and with a sub-
sequent rhythmic activity of increased amplitude and frequency (Fig. 2),
whereas on preparations in the resting period activity was induced. Depending
on concentration two-phase effect was produced by 5-HT. It resulted in a small
relaxation near threshold concentration (5Xx 10-a g/ml). At 10~8—10-5 g/ml
concentrations or above 5-HT never produced relaxation, the response pro-
duced was always tonic contraction and its duration increased at higher con-
centrations. If the preparation was subject only for a short period to the effect
of 5-HT then after repeated washings it responded again to the same or to

Fig. 1. Spontaneous rhythmic activity of isolated penis complex
1. abra. Az izolalt penis komplex spontén ritmikus aktivitdsa
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Fig. 2. Effect of 10~7g/ml 5-HT on the isolated penis preparation of Lymnaea
2. dbra. S-HT hatasa Lymnaea izolalt penis preparatuman 10~7g/ml koncentracidban

higher concentrations of 5-HT. On the applications of high concentrations,
however, tachyphylaxy was produced. For instance if 105 g/ml solution of
5-HT was left on the preparation for a longer period (1—2 hours) the original
level of tonus from the initial contraction was restored without washing, the
preparation, however, did not respond again to lower concentrations of 5-HT.

Effect of agents influencing the effect of 5-HT

The effect of serotonin was influenced by 5-HT and ACh-antagonists
and narcotics.

BOL-148 applied by itself did not affect the activity of the penial appar-
atus. After pretreatment as long as 10—15 mins, 10~5—10~6g/ml concentra-
tions of this agent completely inhibited the effect produced by 5X10-7 g/ml
5-HT (Fig. 3). After repeated washings the preparation turned sensitive

5-HT
10-e .
Imin
- -—-%--3---3+—3%-3-3--3-3-1-1-1-1-1-1-1-1 =

Fig. 3. Effect of 10~e g/ml 5-HT on penls [?]reparation pretreated with BOL-148 for
half an hour3

3. dbra. 10-6 g/ml 5-HT hatdsa a félordig BOL-148-cal el6kezelt penis preparatumon
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again to 5-HT, and responded with contraction as usual. UML-491 produced
a similar effect to BOL-148.

Dibenamine was also found to block the effect of 5-HT with the difference
that it produced a more lasting contraction than 5-HT, and after about 25
mins the preparation treated with dibenamine became restored also to the
original level of tonus. After pretreatment with 10~6 g/ml concentration of
this agent the application of 10-6 g/ml 5-HT produced only small increase in
tonus, it induced, however, a considerable rhythmic activity.

Atropine in 106 g/ml concentration strongly increased both frequency
and amplitude of the rhythmic activity or if there was no rhythmic activity
before induced typic activity. This agent inhibited strongly, even after 5
mins of pretreatment, the effect of 10-6 g/ml 5-HT solution which otherwise
produced contraction (Fig. 4). In some cases, however, an insignificant con-
tracting effect persisted and was followed by an immediate and considerable
relaxation. Subsequent to washing the original activity of the preparation was
restored but upon applying 5-HT repeatedly it did not produce the usual effect,
but increased only the amplitude of the spontaneous activity. Atropine pro-
duced lasting effect.

Fig. 4. Effect of 10-e g/ml 5-HT on penis preparation pretreated with atropine (10 6g/ml)
4. dbra. 10~6 g/ml 5-HT hatasa atropinnal (10~6 g/ml) el6kezelt penis preparatumon

Morphine at 10~5—10-3 g/ml concentrations affected the penis prepara-
tions by itself and produced contraction of tonic character. After restoration
to the original level of tonus the preparation responded after pretreatment
with 10-5 g/ml morphine, to the application of 10~6 g/ml 5-HT either with
unchanged or with slightly decreased contraction. Applying this agent, how-
ever, in 10~3 g/ml concentration the contracting effect of 10“e g/ml 5-HT
completely ceased and a frequent rhythmic activity was induced (Fig. 5).

d-Tubocurarine and cocaine were ineffective in 10-5 g/ml concentration,
when applied, however, in 103 g/ml concentration these agents inhibited
completely the contracting effect of f0~6 g/ml 5-HT; after their application
5-HT produced relaxation (Fig. 6). Further on, 5-HT when applied subsequent
to the application of d-tubocurarine produced rhythmic activity of increased
amplitude and frequency (Fig. 7).

The effect of acetylcholine

The threshold concentration of this agent was about 10~10 g/ml. This
and higher concentrations up to 10~5g/ml produced alike contraction of the
penial preparation. For a period rhythmic activity also ceased, it was however
restituted by itself.
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106

Imin
B e

Fig. 5. Effect of ]10~6 g/ml 5-HT after 20 mins pretreated with morphine (10~3 g/ml)
5. abra. 10~6g/ml 5-HT hatdsa morfinnal vald (10—3 g/ml) 20 perces el6kezelés utan

Effect of agents influencing the effect of ACh

Mytolon solution at 10-6—10~5g/ml concentrations, which by themselves
proved to he strongly stimulatory on the preparation, did not inhibit practi-
cally after 1 hour application the effect of 10~eg/ml ACh and 5-HT. After
a half an hour pretreatment with higher concentrations (10~4—10~3 g/ml)
of mytolon the stimulatory effect of ACh decreased only slightly. On the other
hand, 10~6g/ml concentration of atropine completely inhibited the contracting
effect of ACh of same concentration (Fig. 8). Rhythmic activity of very high
frequency which was induced by atropine, however, ceased on the next appli-
cation of ACh, it was, however, restored by itself also without washing within
about 10 mins.

d-Tubocurarine, cocaine and morphine applied in 10-5 g/ml concentration
did not inhibit the contracting effect of ACh (10-7—10-e g/ml), and d-tubo-
curarine even potentiated at the concentration applied the stimulatory effect
of ACh. Rising the concentration of these agents further (HR4—10-3 g/ml)
the contraction-producing effect of ACh decreased, but was not completely
blocked.

Fig. 6. Effect of 10_6 g/ml 5-HT on preparation pretreated with cocaine (10-3 g/ml)
6. dbra. 10~6 g/ml 5-HT hatasa kokainnal (10_3 g/ml) el6kezelt penis preparatumon
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Imin

Fig. 7. Effect of 10-6 g/ml 6-HT on the application (16 mins) of d-tubocurarine (10 sg/ml)
7. abra. 10-6 g/ml 5-HT hatésa d-tubocurarin (10_3 g/ml) (16 perc) adasa utan

Eserine (10~4g/ml) increased strongly the tonus of the preparation. Which
was restituted only after a longer interval, whilst a rhythmic activity of greater
frequency and higher amplitude was induced as compared to the original.
The contraction produced after subsequent application of ACh was similar
to the reaction of untreated preparation, rhythmic activity, however, was
completely inhibited.

Discussion

The rhythmic activity of the penial apparatus of Helix aspersa results
from its unbroken contact with the central nervous system (Goddaed 1962).
In opposition to this it was observed in conformity with previous observation
by Duncan (1964) that in case of Lymnaea stagnalis the penial apparatus can
produce spontaneous rhythmic activity also independently from the nervous
system. As observed by us, the normal rhythmic activity consists of small
phasic contractions and of occasional, interpolated great tonic contractions
with superimposed phasic ones.8

Fig. 8. Effect of 10-6 g/ml acetylcholine on penis preparation pretreated with atropine
(10-6 g/ml)

8. abra. 10~6 g/ml acetylcholin hatdsa atropinnal (10_e g/ml) el6kezelt penis
preparatumon
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The fact that the penial apparatus is richly supplied with nerves (Ero
1938, GoppARD 1962) renders the study of the effect of drugs more complicate,
namely, not only the effect produced on the smooth muscle but that on the
neurons must be also considered.

Concerning the effect of 5-HT only relaxation and a rhythmic activity
of increased amplitude and frequency was observed by DunNcax (1964) on the
penial apparatus of Lymnaea. It was shown, however, by our experiments that
5-HT produced a two-phase effect. At low concentrations (5x10~° g/ml)
5-HT produced weak relaxation, whereas at higher ones always a tonic contrac-
tion. Similar results were obtained previously by JAEGER (1963) applying 5-HT
on the penis retractor muscle of Strophocheilos oblongus, when up to 10— g/ml
concentration relaxation and at higher concentrations an increase of tonus
was observed, further by GREENBERG and JEGLA (1963) on the rectum of Merce-
naria mercenaria and by PHILLIS (1966) on the rectum of Tapes watlings.

It was suggested by GREENBERG and JEcrA (1963) that 5-HT is effective
on two sites on the isolated rectum of Mercenaria :

(a) it produces ACh release on cholinerg neurons,

(b) affects smooth muscles directly.

Using different inhibitors, it became evident, that in case of the prepara-
tion used by us in these studies both the neurons and the muscle itself are to
be considered. In these studies the contracting effect produced by 5-HT was
completely blocked by BOL-148, UML-491 and dibenamine and this was not
accompanied by relaxation. The effect of 5-HT on the penial apparatus could
also be effectively blocked by ACh antagonists, in that case, however, the
application of 5-HT was always followed by a considerable relaxation. The two
different types of blocking effect are presumably separated on the basis
whether the agents eliminated the direct effect of 5-HT on the muscle or its
neurotropic effect (GREENBERG and JEGLA 1963; PHILLIS 1966).

Out of the ACh antagonists investigated (atropine, d-tubocurarine, myto-
lon) atropine proved to be most effective as regards inhibition of the effect
produced by 5-HT. This observation is in contradistinction to data obtained
by GREENBERG and JEGLA (1963) on the rectum of Mercenaria in which case,
namely, the increase of tonus produced by 5-HT was potentiated by atropine,
and to those obtained by GRyGLEWSKI and SUPNIEWSKI (1963) according to
which atropine did not influence the 5-HT sensitivity of the isolated stomach
of Helix. d-Tubocurarine was at 1000 times greater concentration as effective
as atropine, while mytolon was completely ineffective. Comparing data obtained
with those on the inhibitory effect on ACh, it is seen that in this case atropine
is the most effective antagonist produced complete inhibition of ACh effect.
The contraction induced by ACh was only slightly diminished by d-tubocu-
rarine and especially by mytolon. It was found previously that atropine is an
ACh-inhibitor on the isolated stomach (GRYGLEWSKI and SUPNIEWSKI 1963)
and intestine (MINkER and Korrar 1961) of Heliz. The penial apparatus of
Lymnaea behaves differently in this respect, from the genital apparatus of
Helix pomatia, for in case of the latter the effect of ACh was not inhibited by
atropine but by nicotine (Kosatovyants 1936). It is known from studies on the
rectum of Mercenaria (GREENBERG and JEGLA 1963) that atropine is more
effective ACh antagonist than mytolon. Moreover, mytolon blocked on the
rectum of T'apes only the inhibitory component of the ACh effect, whereby
the excitatory component of ACh effect prevailed (PHILLIS 1966). In opposition
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to this d-tubocurarine was the most effective ACh antagonist on the rectum
of Tapes, it inhibited both synaptic and ‘“non-synaptic” ACh receptors, while
atropine had only small antagonistic effect (PrILLis 1966). The same obser-
vation was made on the retractor muscle of isolated penis preparations of
Strophocheilos (JAEGER 1962).

It is worth to note that eserine which normally potentiated the effect
of ACh did not produce in the course of these investigations observable altera-
tions.

From among the investigated agents only atropine induced at the con-
centrations used rhythmic activity of greater amplitude and frequency as
compared to the control. This might be explained by the stimulatory effect
of atropine on motor activity as observed also in case of preparations of other
invertebrates (BARKER, BUEDING and TimMms 1966).

Besides atropine other agents like morphine and cocaine which as observ-
ed by Gappum and Picarerrr (1957) blocked the M-receptors on the ileum of
guinea pig, produced also complete block of 5-HT effect and decreased the
contracting effect of ACh on the penial apparatus of Lymnaea. 1t is suggested
by GREENBERG and JEGLA (1963) that morphine inhibits the travel of nerve
conduction produced by 5-HT, and possibly inhibits the ACh-release from
cholinerg nerve endings. In view of the fact that 5-HT contracts the longitu-
dinal muscles of penial preparations and that this effect is inhibitable by the
above agents, it is thought probable that the contracting effect of 5-HT
asserts itself by the excitation of cholinerg nerve fibers.

The fact that the penial apparatus of Lymnaea and the rectum of Merce-
naria (GREENBERG and JEGLA 1963) and Tapes (PHILLIS 1966) respond simi-
larly to the investigated chemical agents suggests that the preparations in
question have similar pharmacological behaviour. The observation that in the
case of the penial apparatus of Lymnaea the order of effectiveness of 5-HT-
antagonists differed from that of preparations of other molluscs suggests
the specificity of the preparation used. In view of the fact that ACh-antago-
nists which blocked in course of our experiments the contracting effect of
5-HT antagonized the effect of ACh, too, it is thought probable, as suggested
by GREENBERG and JEGLA (1963), that this effect produced by 5-HT might
be realized by way of ACh release. The relaxing effect produced by 5-HT,
however, may assert itself only after the elimination of the above contracting
effect of this agent.

Summary

The mechanism of the effect of 5-HT and ACh was examined on the iso-
lated penial apparatus of a fresh-water snail, Lymnaea stagnalis L. The prepa-
ration responded with tonic contraction to the application of both 5-hydroxy-
tryptamine and acetylcholine. On these two agents atropine proved to be the
most effective antagonist. The blocking effect of BOL-148, UML-491, dibena-
mine, cocaine, d-tubocurarine, mytolon and morphine was studied on the
effect produced by 5-HT and ACh.

The results emphasize besides the specificity of the preparation used the
similarity between the isolated penial apparatus of Lymnaea and other mollus-
can preparations with regards to their pharmacological behaviour.
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FARMAKOLOGIAI VIZSGALATOK EGY EDESVIiZI CSIGA,
LYMNAEA STAGNALIS L. IZOLALT PENIS PREPARATUMAN

Pécsi Tibor, H. Kuziemski és S.-R6zsa Katalin
osszefoglalés

A Lymnaea stagnalis édesvizi csiga izolalt ivari apparatusan vizsgaltdk az 5-HT
és ACh hatasmechanizmusat. A preparatum mind az 5-hydroxytryptaminra, mind az
acetylcholinra ténusos kontrakcioval vélaszolt. Mindkét vegyllet leghatdsosabb anta-
gonistajanak az atropin bizonyult. Az 5-HT, illetve az ACh hatads blokkolasa céljabdl
a BOL-148, UML-491, dibenamin, kokain, d-tubocurarin, mytolon és a morfin
hatasat vizsgaltuk. Az eredmények a preparatum specifikumanak hangrfulyozé,sa mellett
a_Lymnaea izolalt ivari apparatusanak mas molluszka preparatumokhoz valé hasonlo-
sagat Sugalljak a farmakologiai viselkedést illetéen.

OPAPMAKOJ/IOMMYECKNE NCCNEAOBAHNA HA N3OJIMPOBAHHOM
MONOBOM AIMMAPATE BOJIOTHOIO MPYAOBUKA

Tuéop Meun, MeHpuk Kysemckuii 1 KaTanmH LL.-Poyka

Ha 13011poBaHHOM MOMI0BOM anmapaTe 60/0THOTO NPYAOBMKA Obl1 U3YYeH MeXaHU3M
[eCTBUSA CEpOTOHUHA M aueTuXonmHa. lpenapaT faBan TOHWYECKVEe KOHTPaKUMM U Ha Ce-
POTOHWMH U Ha auETUIXOMUH. ATPOMWH OKasa/icsi CambIM 3(DEKTVBHBIM aHTaroHUCTOM 060MX
BewecTs. C Uenblo 6/10KAPOBaHNSA LeACTBUA CEPOTOHUHA W aueTUIXONMHA ObUM NPUMEHEHbI
BOJ1—148, YMJ1—491, anbeHamMuH, KOKavH, Ty6OKypapviH, MATOMOH U MOpMniA. PesynbTaTbl
MoKasa/1, YTO U30MMPOBAHHbIV MOMOBOI annapaT 60M0THOrO0 NPyAOBMKA BefeT cebs NogobHO
[pyrum npenapatam MOJIIHOCKOB.

4 Tihanyi Evkonyv
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Examinations conducted on agents functioning as either local hormones
or transmitters in the stimulatory processes occurring in the early state of the
ontogeny of Mollusca are incomplete. It was suggested that 5-HT and trypta-
mine may, due to their motor increasing effect, be of importance on the veliger
larvae of marine gastropods (Koshtoyants, Btjznikov and Manukhin 1961)
and on the glochidia of Anodonta (Labos, Salanki and S.-Rézsa 1964), re-
spectively.

In this present paper we shall report on the chemical analysis conducted
by us on active compounds extracted from the glochidia of Anodonta and also
data obtained by biological testing will be presented.

Method

The glochidia of Anodonta cygnea L. were used as test objects. The larvae
were obtained from the gill of the mother.

Extraction

The glochidia taken from the gill of full-grown specimens of Anodonta
were put into Lake Balaton water. The mucous binding substance was removed
by repeated washing. 20 g of the washed glochidia was homogenized in 20 ml
50% ice-cold acetone under constant cooling and was placed for 30 mins into
a refrigerator at -|-50C. Thereafter the homogenized sample was centrifuged
for 30 mins at 3500 r.p.m. and the supernatant was evaporated under reduced
pressure and taken up in 10% isopropanol solution (1—2 ml). This solution
was used for analysis by paper chromatography. In case of biological testing
the extract was taken up in snail Ringer solution (Meng 1958) or in Lake
Balaton water. Evaporation and development was performed in nitrogen satu-
rated atmosphere.

Chromatographic analysis

The ascending, one-dimensional paper chromatography was employed
on Whatman No 1 paper. The following solvents were used: butanol-acetic
acid-water (4:1: 5), isopropanol-ammonia-water (8:1: 1), 8% NaCl solution.

4
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Eevelopment in NaCl lasted for 1 hour, in the other two solvents for 10—18
ours.

After chromatographic separation the chromatograms were dried and
the spots were made visible either with 0.2% ninhydrin (Smith 1960) at 105° C,
or with Erlich- reagent (Curson and Leeds 1955), at room temperature.
The spots visualized with ninhydrin were viewed under ultraviolet light were
both 5-HT and tryptamine appeared as greenish fluorescing spots (Rod-
night 1959).

Biological testing

Biological testing was performed on glochidia and on the isolated heart
'preparations of Helix pomatia L. In case of glochidia, testing was made as
described previously in course of studies on the effect of other agents (Labos,
Salanki and S.-Rozsa 1964), the isolation of Helix heart was made as de-
scribed previously (S.-Rézsa and Graul 1964).

The extract obtained from the glochidia was tested, without chromato-
graphic analysis, in various dilutions in Ringer solution adapted for snail and
in Lake Balaton water.

For examining heat stability of the biologically active agents aliquots
were taken and kept in a water bath for 15 mins at 100 °C.

The following agents were used as controls and applied dissolved in 10%
isopropanol solution: tryptamine (Fluka), 5-hydroxytryptamine creatinin-
sulphate (Fluka) and various amino acids.

The experiments were carried out in spring months (March, April)
within one season.

Results
1. Chromatographic analysis

On the chromatograms several ninhydrin positive spots were discernible.
One of them exhibited greenish fluorescence under ultraviolet light. In the
following this spot was identified by running it dissolved in various solvents
together with control tryptamine. Upon evidence of data obtained by us the
spot revealed by fluorescence may be taken for tryptamine. 5-hydroxytrypta-
milne exhibiting a similar fluorescence cannot be considered because of its Rf
value.

It is noteworthy that in case of short term (1—3 hours) development of
freshly prepared extracts a fluorescent spot was revealed on every occasion at

Table 1

Presents RF values of one substance of the extract and of
control tryptamine in case of different solvents

Rf value
godidum - tryptamine
Isopropanol-ammonia-water (8:1:1)......... 071 0.71

Butanol-acetic acid-water (4:1 :5).....cccccc... 0.75 0.76
NACI 80 ..t 0.54 0.57



53

the same height with control tryptamine, in case of long-term development,
however, (16—18 hours) a nonfluorescent positive ninhydrin spot was observed
in the place of tryptamine.

Similarly, on every occasion, a non-fluorescent spot that stained pinkish-
purple with Ehrlich-reagent was seen at the same distance with control
5-HT (Rf = 0.40). This spot cannot be considered identical with 5-HT, for it
does not exhibit flurescence under ultraviolet light, not even if short term
development technique was applied.

Development in NaCl, when it did not last beyond 1 hour, produced
colour reactions indicative of indolalkylamine decomposition products.

1 bluish-grey Rf = 0.75
2. blue Rf = 041
3. yellow Rf = 0.65

Out of them the 1st and 3rd fades quickly and the stability of the 2nd lasts
longer. These facts suggest that in the glochidia an important role is played
by indolalkylamine metabolism.

In the course of tryptamine-determinations the single amino acids were,
as expected, best resolved in the solvent: butanol—acetic acid—water. In the
followings the single amino acids were run as controls together with the sepa-
rated and eluated spots. In this way five different amino acids were identified.
Phenylalanine was identified on ninhydrin pretreated paper and with 1%
NaHCO3treatment after which the colour reaction of other amino acids dis-
appeared and only that of phenylalanine remained. Tyrosine was detected
with Ehrlich-reagent and the other amino acids with ninhydrin. The Rf
values of these amino acids are summarized in Table 2.

Table 2

Identification of amino acids in
butanol : acetic : acid : water (4:1:5) mixture

Spot of glochidium

extract Rf Amino acid Rf
I 0.15 tyrosine 0.14
2 0.20 valine 0.20
3 s 0.36 tryptophan 0.36
4 0.39 leucine 0.38
5 0.50 phenylalanine 0.51

The other five compounds having high Rf values (0.59—0.80—0.92—
—0.96—0.98) could not be identified with amino acids. It cannot be excluded
that there are in the extract peptides which are separable and detectable on
paper with identical methods (Weish and Frontalt 1966, Jaeger 1966).

2. Biological testing

5, 10, 20 and 30fold dilutions of the extract produced alike stimulation
on isolated Helix heart preparations. Subsequently, the effect of 1: 10
dilution was studied. The increase of amplitude and frequency produced
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is similar to the activity increasing effect of biologically active amines.
Initial sharp rise whichis characteristic ofthe effect of 5-HT was never obser-
ved (Fig. 1).

Fig. 1. Biological testing conducted on the isolated heart preparation of Helix
A —tryptamine (10~SM), B —extract of glochidium (diluted to 1 : 10), G — 6-hydroxy-
trypcamine (10_6M)

) ~ 1. &bra. Bioldgiai tesztelés izolalt Helix sziven. o
A — triptamin (10-5 M), B — glochidium extraktum 10x-es higitasban
G — 6-hydroxytryptamine (10-s M)

If the extract was applied dissolved in 5 ml Lake Balaton water the glo-
chidia responded with an initial increase of activity, within 10—15 mins,
however, this phenomenon ceased (Fig. 2A) and 80—90% of the animals
was closed by this time. In case the extract was used after dilution the sharp
initial increase of activity was missing and a gradual increase of activity was
observed which lasted for more than 20 mins (Fig. 2B). This activity increase
was different from that produced by tryptamine (Fig. 2D), namely, its level
was the same in the first 10 mins and in the interval between 10—20th mins.
Greater dilutions produced similar effect.

Heat treatment of the extract of glochidia increased the effectiveness of
the active compounds in them. Thus on Helix heart the activity increasing
effect of the extract increased by 20—40% after boiling, and in the case of
glochidia, too, a characteristic, more than 20 min long activity was produced.
This effect is more pronounced when using a 1 :5 dilution (Fig. 2C). On the
other hand the ratio of closures in the boiled extract decreases by 20—45%.
A greater ratio of closure was not produced even if the boiled extract was
applied for more than 20 mins.

Discussion

In the freshly collected acetone extracts of glochidia tryptamine was
demonstrable. From among biologically active agents tryptamine isthe most
effective in producing an increase in the rhythmic activity of glochidia (Labos,
Salanki and S.-Roézsa 1964). After detection with ninhydrin the component
present in the extract exhibited greenish fluorescence under ultraviolet lamp
and stained purple with Ehrlich reagent and was located at the same level
with tryptamine. 5-HT was not demonstrable in the extract.

Tyrosine, valine, tryptophan, leucine and phenylalanine were also iden-
tified in the acetone extract by parallel development with amino acids. The
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alm
a/m

Fig. 2. Biological testing on glochidia. Abscissa: time in minutes. Ordinate: number of

contractions per minutes. The lower curve expresses the ratio of closured in percentage

of glochidia. A — glochidium extract diluted to 1:5, B — glochidium extract diluted

to 1: 10, G —5fold diluted glochidium extract after boiling for 10 minutes, D —10
100 /ig/ml tryptamine

2. abra. Biologiai tesztelés glochidiumokon. Abszcissza: id6 percekben, ordinata: a
kontrakcidk percenkénti szama. Az also goérbe a bezart glochidiumok aranyat adja %-ban.
A — glochidium extraktum 5-6s higitasban, B — glochidium extraktum 10-es higitasban,
C —5-0s higitasu glochidium extraktum 10 perces forralas utan, D — 100 /tg/ml triptamin

a/m

a/M



56

other five components were not identified for lack of control. In the case of
the nonidentified factors the investigations have to he extended for peptides
which are applied as stimulatory factors on molluscs (Jaeger 1966, Welsh
and Frontali 1966). It is not out of question that besides biologically active
amines peptides, too, are involved in the stimulatory effects produced on glo-
chidia.

Data obtained by biological testing show that in the acetone extract of
glochidia stimulatory factors are predominating. Not even highly concentrated
extract produced inhibition on Helix heart. The concentrated extract produced
on the glochidia also considerable tonicity. The increase of rhythmic activity
produced is similar to that produced by ions (initial effect), and by tryptamine
(an effect lasting for more than 10 mins). On heat treatment the stimulation
produced by the extract both on Helix heart and on the rhythmic activity of
glochidia increased. At the same time, however, its effect on closures of glo-
chidia decreased. This implies that the factor which produces tonic effects is
not heat stable and changes on the effect of heating. The observation, however,
that the effect I[})roduced by the stimulatory factor increases upon heat treat-
ment suggests that a portion of it may be present in the extract also in bounded
form which is activated on the effect of heating. It might be also inferred, as
an explanation to this phenomenon, that due to the decreased tonicity, there
are more glochidia in the condition of producing rhythmic activity.

The presence of tryptamine in the extract of glochidia supports our pre-
vious supposition that this agent might be considered as a local hormone in
these larvae (Labos, Salanki and S.-Rézsa 1964). It has to be emphasized
that three amino acids: tyrosine, Fhenylalanine and tryptophan that are the
precursors of important, biologically active amines were also detected by us.
The presence of tyrosine and phenylalanine emphasizes again the role played
by the catecholamines to which we attributed previously an inhibitory func-
tion (Labos 1966). It is also imaginable that depending on changes in the
receptor structures and enzyme systems different agents may take the main
role in mediation in the different states of ontogeny. This might explain in the
case of Anodonta the difference of mediation observed among full-grown
specimens and in specimens in different states of ontogeny.

Summary

1. Tryptamine is detectable in the acetone extract of glochidia by paper
chromatography. This serves as a new evidence for the suggestion that this
agent functions as a local hormone in these larvae.

2. From among the amino acids tyrosine, valine, tryptophan, leucine
and phenylalanine were identified in the extract of glochidia by paper chroma-
tography.

g p3. yIt was established by biological testing that the activity of some stim-
ulatory factors in the extract of the glochidium increases on the effect of
heat. The factor producing tonic contraction is heat-sensitive and its activity
decreases on heat-treatment.

4. It is assumed that in the different states of ontogeny different biolog-
ically active amines are functioning as transmitters in the case of Anodonta
species.
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BIOLOGIAILAG AKTIV ANYAGOK ANODONTA CYGNEA GLOCHIDIUMAIBAN
I. TRIPTAMIN ES NEHANY AMINOSAV PAPIRKROMATOGRAFIAS
IDENTIFIKALASA

S.-Rézsa Katalin és Labos Elemér

1. Glochidiumok acetonos extraktumaban papirkromatogréfidsan kimutathatd
triptamin, amely Ujabb érv ezen éagens lokalis hormon szerepére nézve ezen larvakon.

2. Amindsavak kozil a tirozint, valint, triptofant, leucint és fenilalanint iden-
tifikaltak é)apirkromatogréfiésan, glochidiumok extraktumabol.

3. Biologiai tesztelés eredményeként megallapitast nyert, hogK a glochidium-
extraktum bizonyos serkenté anyagainak aktivitasa hé hatasara novekszik. A tonusos
zarast létrehoz6 faktor héérzékeny, aktivitdsa hokezeléssel csokken.

4. Feltételezik, hogy a fejlédés kilénbdz6 szakaszaiban mdas-mas bioldgiailag
aktiv amin tolt be transzmitter szerepet Anodonta-kon.

BMOJIOTMYECKWN AKTUBHBLIE BELWECTBA B IMTOXUANAX BE33YBKWU
I. WAEHTUOUKALMA TPUNTAMUHA N HEKOTOPBIX APYTX AMWHOKUCNOT
MOCPEACTBOM BYMAXHOU XPOMATOIPA®NA

KaTanmH LL.-Po>ka 1 Onemep Jlabow

1 — TpunTamuH 6bl1 BbISBNEH B aLlETOHOBbLIX SKCTPAKTax rMoxXuaveB Gessy6Ku mpu
MomoLLW 6yMaXKHOI XpomaTorpadiun. Hanmume 3TOro areHTa NoA4epKyBaeT ero 3HadeHve Kak
NOKaNIHOTO TOPMOHA B TMIOXUAMAX.

2. — lMomMvmo TpUNTaMUHA GbUM  UAEHTUDMLMPOBaHBI CReayoLe aMUHOKUCOTI:
TUPO3WH, Ba/MH, TPUMTO(AH, NEYLUH U (eHUNanaHuH.

3. — B pesynbTaTe OMO/MOTMYECKOrO TECTVMPOBaHUS (Ha cepaue BUHOMPagHON YIMTKM
W TNOXWUAMAX) OblIO YCTAHOBMEHO, YTO aKTMBHOCTb CTVMY/IMPYIOLLErO BELLECTBa 3IKCTpaKTa
TMOXWUAVEB YBENUUMBAETCS MPK_ HarpeBaHuM, a (DakTop, BbI3bIBAIOLMIA TOHMUECKOE 3aKPbITUE
rMOXWUANEB, “ABNSAETCS TepMONa6UMbHBIM, €ro akTMBHOCTb MPU HarpeBaHWM CHUXKAeTCs.

4, — TpeanonaraeTcs, YTO Ha Pa3HbIX CTaAWsX Pa3BUTUS 6e33yOKM pasHble 61ONoru-
UECKM aKTVBHbIE aMUHbl BbICTYMAalOT B KauecTBe MeAMaTOpPHOTO BELLECTBA.
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It is known that the heart of molluscs responds specifically to a series
of biologically active agents. The type of the effect produced by the same agent
on various representatives of Mollusca may often be different. Thus, for in-
stance, the catecholamines are recorded to have inhibitory, stimulatory and
mixed effects as well (Prosser 1940, Welsh 1953, K rijgsman and Divaris
1955, Greenberg 1960, Jaeger 1965). Adrenaline was inhibitory or without
effect on the hearts of Helix and Anodonta (Jititien and Ripplinger 1936,
Erspamer and Ghiretti 1951, F ange 1955).

5-hydroxytryptamine was recorded (Weish 1957, Kerkut and Cott-
rell 1963, Loveland 1963, S.-R6zsa and Graul 1964) to be stimulatory on
various representatives of the Mollusca. Data concerning other biologically
active amines are either contradictory or insufficient (Pitgrim 1954, Green-
berg 1960).

A review of the effects produced by acetylcholine on the molluscan hearts
was given by Greenberg (1965). The effect of this agent on different species
is fairly varying it may be both inhibitory and stimulatory. In the majority
of cases it may function as an inhibitory transmitter.

Previous data proved that the type of the effect produced by these agents
on the hearts of different mollusc species are not comparable, for in many
instances, the same species may respond differently depending on its habitat.

In view of this, it was considered, therefore, necessary to examine in detail
the effect produced by these biologically active amines and amino acids on
the hearts of Helix and Anodonta, since these animals were used for many
years by us, as widely distributed species in Hungary, for purposes of biolog-
ical testing because of the suitability of their size for physiological and phar-
macological examinations.

Methods

The investigations were conducted on the isolated hearts of Helix po-
matia L. and Anodonta cygnea L. Isolated snail heart preparations were made
of unhibernating specimens. Before experimental use the fresh-water mussels
were kept in an aquarium filled with Lake Balaton water.
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Isolated snail heart 'preparation

The shell of the animal was removed, the visceral sac was opened along
the helix and the heart exposed. Following this the pericardium was removed
and a thin cannula was introduced into the auricle and ligated above the
boundary of the auriculoventricle. Another ligation was made on the aorta
and subsequent to this the heart was suspended by the cannula on a frame
and cardiac action was registered on a kymograph. The level of the solution
was kept constant in the cannula during the experiment.

In case of snail heart Meng’s (1958) solution was used as a biological one
and the agents investigated were also dissolved in the same.

Isolated mussel heart preparation

The valve on the dorsal side of the animal was removed and the heart
was exposed by cutting open both the mantle and the pericardium. The two
aortas and the left auricle were ligated and a cannula was introduced into
the right side auriculoventricular opening. The ventricle was excised and
suspended by the cannula on a frame and fastened by the binding at the left
auricle to a light lever and cardiac action was registered on a kymograph.

To set isolated mussel’s heart in action the physiological solution recom-
mended by Marczynski (1959) was used.

The experiments were performed in spring months at room temperature
(20-22 °C).

In the course of these experiments the following agents were used:
acetylcholine, dopamine, adrenaline, noradrenaline, 5-hydroxytryptamine,
5-methoxytryptamine, tryptamine, tryptophan, L-tyrosine, tyramine, gluta-
mine, y-aminobutyric-acid (GABA), histamine, histidine, a-methyl-DOPA,
DOPA, DL-phenylalanine, DL-serine, benzoquinonium chloride (mytolon)
and 2-bromo-d-lysergic acid diethylamide (BOL).

Results

1 The effect of biologically active amines and amino acids

Acetylcholine (ACh) proved to be inhibitory on both the hearts of
Anodonta and Helix. The heart of Helix was more sensitive to acetylcholine,
at 10~9M concentration and above the agent produced complete arrest of
cardiac action. In case of lower concentrations this inhibition was eliminable
after repeated washing out of the agent, at 10-3 M concentration, however,
the inhibition was irreversible.

The threshold concentration of acetylcholine (KG6M) for the heart of
Anodonta produced a slight decrease of amplitude. Contrary to findings ob-
tained by us previously (Nistratova and Pécsi 1966) the increase in con-
centration produced diastolic arrest. At 10”5M and 10~4M concentrations
diastolic arrest lasted for 20 seconds and 1.5 mins, respectively, whereas in
case of 10-3 M concentration for 4,5 mins. In these cases, however, the heart
is delivered from inhibition by itself after a longer—shorter period and starts
pulsating spontaneously. At high concentrations of ACh the amplitude of
cardiac action decreased subsequent to the recovery of the heart from inhibi-
tion. ACh at 10-2 M concentration arrested cardiac action and the heart was
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not delivered from this arrest of itself even after passing of 13 mins, and its
activity was restored only by repeated washings with Ringer solution.
Acetylcholine solutions near the threshold were not stimulatory either
on Helix or Anodonta hearts. It happened also that the irregular cardiac action
of Anodonta registered before ACh treatment became regular after treatment
in case the agent was removed by washings, and in some instances the ampli-

tude increased, too. In the case of Helix heart no stimulation was noted follow-
ing washing out.

The effect of catecholamines on Helix and Anodonta hearts is of opposite
direction. On Helix heart, namely, dopamine (DA), adrenaline (A) and noradre-
naline (NA) produced stimulatory effect, but on the heart of Anodonta these
agents proved to be inhibitory.

Dopamine solutions at 10~9M and higher concentrations produce posi-
tive inotropic and chronotropic effects on snail heart. At higher concentra-
tions up to 10~3M this agent is stimulatory. Its effect might be discontinued
by repeated washings.

Helix heart responded with an increase of amplitude to 10-9 M and higher
concentrations of adrenaline and noradrenaline. The degree of the increase of
amplitude varied between 20—40% and was not dependent on concentration,
but might much rather be depending on the individuum. The effect produced
by adrenaline and noradrenaline might also be discontinued by reﬁeated wash-
ings, and following this, the heart starts to respond again to these amines.
In case of Helix heart no difference in effect between adrenaline and norad-
renaline was observed. Both agents were stimulatory. In case of dopamine,
however, not only an increase of amplitude was observable as compared with
these agents, but that of frequency was observed, too.

The sensibility threshold of dopamine on the heart of Anodonta was
about 10-7 M. This and 10_e M concentrations of this drug produced an about
20% decrease of amplitude. To higher concentrations up to 10-4 M the heart
responded with a sharp increase of tonicity. On the effect of concentration
increase the inhibitory effect increased. After cessation of treatment with
dopamine cardiac action is restored by itself and after some minutes the orig-
inal ground level and amplitude characterized the pulsation of the heart.
Following inhibition cardiac action was more regular and of a much greater
amplitude than after application of either adrenaline or noradrenaline. Dop-
amine washed out easily and the heart responded again to further applica-
tions of dopamine, the reaction produced, however, was less intensive. On
repeated application of this concentration the heart became adapted to dop-
amine and responded either with a very small decrease of amplitude only
or did not respond at all. Following washing out of 10-4 M dopamine solution,
the 10“5M solution of this agent was practically without effect.

The threshold concentration of adrenaline on the heart of Anodonta
proved to be 10~6—5X10-6 M. At 5x10-5M concentration a short systolic
arrest took place, and after increasing the concentration further (10-4—10-3 M)
a sharp rise in tonicity was registrable and the heart was arrested in systole
and after the lapse of some time cardiac action recovered itself without washing
out the drug (Fig. la). The reaction observed resembles strikingly that observed
previously In the case of ACh (Nistratova and P écsi 1966).

It is to be noted that in one single instance an increase of amplitude as
compared to the control was observed after spontaneous restitution from in-
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hibition caused by 10-4 M adrenaline solution (positive inotropic after-effect).

The effect produced by noradrenaline was similar to that of adrenaline
and dopamine. In case of the heart of Anodonta, however, a 10—50 times
greater concentration of the drug was necessary for producing the same effect.

a
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jWig. 1. — Effect of 10~4 M adrenaline on the isolated heart of Anodonta before (a) and
b—after pretreatment with mytolon (10~3M)

1. dbra. — Adrenalin hatdsa izolalt Anodonta sziven 10~4 M koncentraciéban (a) és
b—ugyanaz 10-3M mytolon el6kezelés utan

5-hydroxytryptamine (5-HT) was stimulatory on both Helix and
Anodonta hearts. In case of both experimental objects the threshold concentra-
tion was the same (10~10—5x 10~10 M) and this produced positive inotropic
and chronotropic effects. At 5x 10-9 M and 5x 10*8M concentrations the in-
crease of amplitude registered was 20% and 60%, respectively. The maximum
stimulatory effect produced by 5-HT on Helix heart was not higher than 90%,
whereas on Anodonta an increase of amplitude by more than 200% could
often be observed depending on the initial amplitude. In agreement with data
obtained previously by us neither Helix heart (S.-Rézsa and Gratti 1964) nor
Anodonta heart (PECSI 1965) was arrested by high concentrations, and a slight
increase in tonicity was observable, at most, when applying 10~3—10 2M
concentrations.

Stimulatory effects produced on Helix heart by high concentrations
(10-4—10_3M) of catecholamines and 5-HT are easily distinguishable on
basis of the type of stimulation. The effect produced by 5-HT is characterized
by an initial sharp increase of amplitude which is followed by a more stabile
increase of amplitude. This initial effect is lacking from the stimulatory effect
produced by catecholamines.

5-methoxytryptamine (5-MT) solutions of 10~10M concentration and
above produced on Helix heart positive inotropic and chronotropic effects
but the amplitude never increased by more than 20%. This stimulation chang-
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ed into inhibition at 10-e M concentration and above, and the effect was
easily discontinued by washing even at fairly high concentration (10-3 M).
The effect produced by this agent on Helix heart is clearly discernible from
that produced by 5-HT on basis of the characteristic two phases of its.

The threshold concentration of 5-methoxytryptamine on the heart of
Anodonta was 10~9—5xI0_9M. At this concentration both the amplitude
and frequency of cardiac activity considerably increased. The effect produced
by this drug on Anodonta heart is similar to that produced by 5-HT, namely,
this drug does not inhibit cardiac action even at high concentrations. At
10-6 M concentration and above an increase in tonicity was produced. In
case of this animal, too, the produced effect was easily washed out.

Tryptamine (TA) was stimulatory on both objects. At 10“10M and high-
er concentrations it increased both amplitude and frequency of cardiac activ-
ity, in case of Helix heart. The effect of this drug resembles the reactions
produced by 5-HT, but it is more easily discontinued by washings and the
Increase of amplitude is also smaller (Table 1). In the majority of cases in-
hibitory effect was observed by repeated application of high concentrations
(10-3M).

On the heart of Anodonta tryptamine is less effectual than 5-HT. The
threshold concentration of this drug varied between 5x f0~8—10~7M. Car-

Table 1. — 1. Tablazat

Type of effect, threshold concentration and maximum effect produced by biologically
active amines and amino acids on isolated heart preparations of Helix and Anodonta

Bioldgiailag aktiv aminok és amindsavak hatastipusa, kiiszébkoncentracioja és maximalis
effektusa izolalt Helix és Anodonta sziven

On heart of Helix On heart of Anodonta
Helix sziven Anodonta sziven
Agent
thres-  Percent thres-  Percent
type of effect hold Ofmnt]J?nXI- type of effect hold Ofmmu?:\“-
in M effect in M effect
Kisz6b-  Maxi- Kuszob-  NMaxi-
Anyag Hatés tipus CE:{}&_ efTeékliis Hatas tipus Cekr%r;é_ efTeéI!LSJs
Mc-lk;)en %-ban Mc-lboen %-ban
Acetylcholine ...........ccc...... inhibition io-9 100 inhibition 10-6 100
Dopaming .........ccceeeeeenea stimulation 10-9 40 inhibition io-7 100
Adrenaline............occoociiennn stimulation 10-9 40 inhibition 10-6 100
Noradrenaline...................... stimulation lo—0 40 inhibition ig-g 100
5-hydroxytryptamine  ......... stimulation 10-10 90 stimulation 1010 100
5-methoxytryptamine......... stimulation to-io 20  stimulation 10-» 100
) inhibition 18 20

Tryptaming ......ccocevieenne stimulation -0 30  stimulation io-s 100

Tryptophan.......cccoeeene. stimulation io-9 15 ineffectual —
Tyramine.........cocoeeene, stimulation io-9 10  stimulation 10-8 100

. inhibition io-4 50
Glutamine......c.ccooeoeuennnee, stimulation io-9 10 ineffectual - -
GABA ..o stimulation io-9 10 ineffectual - -

Histaming ........cccoeeeviiiinns stimulation io-7 8 ineffectual — —
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diac action was not arrested even on the application of high concentrations
(10-5—10~4M) of this drug, but responded with an increase of tonicity. Ar-
rhythm was produced occasionally by tryptamine. This was never observed
when using 5-HT. The effect produced by tryptamine is more easily discon-
tinued by washing out than the effect produced by 5-HT.

Tryptophan (TRP) solutions at 10~9M and higher concentrations pro-
duced a weak stimulation (10—15%) in case of Helix heart. Stimulation did
not increase upon rising the concentration and ended, too, without washing
out of the agent. Tryptophan proved to be ineffective on the heart of Anodonta.

The stimulatory effect produced on Helix heart by 10-9—10 s M con-
centrations of tyramine (TIR) was insignificant (5—10%), at higher concen-
trations (10-4—10-3 M) this agent produced an about 50% inhibition. The
effect of this drug is easily washed out and very often ceases by itself.

On the heart of Anodonta 10-8 M and higher concentrations of tyramine
had positive inotropic and chronotropic effect. An increase in tonicity was
observable also at concentrations beyond 10-5 M. The drug did not produce
inhibition even at higher concentrations. The stimulatory effect may surpass
even more than 100%.

Helix heart responds with a weak (10%) stimulation to low concentra-
tions (10-9—10_6M) of glutamine (GLA). At higher concentrations (10_4M)
this drug is inhibitory or without effect. On the heart of Anodonta it is ineffec-
tive at every concentration.

GABA produced on Helix heart a nonspecific, small (10%) stimulation
at 10-9 M and higher concentrations and was ineffective on Anodonta heart.

Histamine (HA) solutions at 10-7 M and above produced small stimula-
tion (5—8%) in case of Helix heart, and were ineffective on Anodonta heart.

Histidine, tyrosine, a-methyl-DOPA, DL-phenylalanine and DL-se-
rine proved to be ineffective on both Anodonta and Helix hearts.

Table 1. summarizes data on the type of effect, on sensitivity threshold
and on the degree of effectiveness of biologically active agents investigated.

2. Influencing of the effects of biologically active amines by ACh and
5-HT antagonists

In the following we shall discuss the examinations performed on the
mechanism of effect of agents that proved to be previously effective on both
test objects and which interfere in neurohumoral regulation. Thus at first
we attempted to obtain data on the susceptibility of the effects of acetyl-
choline, catecholamines, 5-hydroxytryptamine, tryptamine and tyramine to
ACh and 5-HT antagonist, with the aim of discriminating the possible place
of effect.

Pretreatment with mytolon and BOL was made at 10~5—10~4M and
10-4 M concentrations, respectively. These concentrations did not produce in
themselves noteworthy effects either on Helix or on Anodonta hearts. A 30
mins pretreatment with 10-5 M mytolon solution resulted in a complete elim-
ination of the inhibition produced by KO-8 M and 10-7 M acetylcholine so-
lutions. The same pretreatment with mytolon, likewise, eliminates the stim-
ulation caused by dopamine (10-7 M), adrenaline (10-7 M) and noradrena-
line (10~7M?. The effect of these two latter agents may turn inhibitory on the
heart of Helix pretreated with mytolon, and in particular following pretreat-
ment of long duration (1—1.5 hour).
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Table 2. — 2. Tablazat

Influence of mytolon and BOL on the effect produced by biologically active amines
on the hearts of Helix and Anodonta

Mytolon és BOL hatésa Helix és Anodonta sziven bioldgiailag aktiv aminok effektusara

On heart of Helix

Agent
Helix sziven
normal effect after mytolon after BOL
Anyag
norméal hatéas mytolon utan BOL utan
ACh s inhibition  elimination unchanged =
Dopaminge .................. stimulation elimination partial elimination
Adrenaline.................. stimulation  elimination or inhibition  partial elimination
Noradrenaline............. stimulation  elimination or inhibition  partial elimination
5-HT s stimulation  unchanged elimination
Tryptamine ............. stimulation  unchanged elimination
Tyramine................... stimulation  unchanged stimulation is eliminated
inhibition
On heart of Anodonta
Agent p
Anodonta sziven
normal effect after mytolon after BOL
Anyag , . ) .
normal hatas mytolon utan BOL utéan
ACh i inhibition  elimination unchanged or partial
. - o elimination ~
Dopaming ................. inhibition  elimination ) ~ elimination or stimulation
Adrenaline.................. inhibition  elimination or stimulation elimination or stimulation
Noradrenaline............. inhibition  elimination elimination
S-HT stimulation  unchanged elimination
Tryptamine ............. stimulation - -
Tyramine......cccoeeveneas stimulation  elimination elimination

Preincubation of Helix heart with mytolon, even if it lasted as long as
1.5—2 hours, did not influence the stimulatory effect of 5-HT, tryptamine
and tyramine.

A pretreatment of 10—20 mins of Anodonta heart with mytolon (10~4M)
eliminated the inhibition produced by ACh, dopamine, noradrenaline and
adrenaline. The inhibitory effect produced by 10~4—10~3M adrenaline solu-
tions turned into definite stimulatory effect (Fig. Ib). The positive inotropic
and chronotropic effect produced by adrenaline after mytolon treatment was
long-lasting without washing.

Mytolon did not influence the stimulatory effect produced by 5-HT on
Anodonta heart, whereas it completely ceased the stimulatory effect of tyra-
mine.

On Helix heart preincubated with BOL (10-4 M) a complete cessation
of the stimulatory effect produced by 5-HT, tryptamine and tyramine solu-
tions (10“6M) occurred 20 mins following application. BOL decreased the stim-

o Tihanyi Evkényv
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ulatory effect of dopamine, adrenaline and noradrenaline (10-6 M) by approx.
50—60%, it did not affect, however, the inhibitory effect of ACh (10-8 M).

BOL (10-4 M) eliminated in case of Anodonta heart, too, the stimulatory
effect caused by 5-HT and tyramine and also the inhibitory effect produced
by dopamine, adrenaline and noradrenaline. Following pretreatment with
BOL dopamine and adrenaline became slightly stimulatory.

BOL did not eliminate the effect produced by ACh on the heart of Ano-
donta, in some instances, however, decreased the degree of the effect produced.

To learn when the stimulatory effect produced by 5-HT and that obtain-
ed following mytolon treatment onthe application of adrenaline is realized
by the participation of the same receptors, we examined the effect produced
by these two agents on the heart of Anodonta after pretreatment with mytolon
and BOL. The effect of 5-HT remained invariably stimulatory also after pre-
treatment with mytolon, this effect could be stopped, however, completely by
BOL. The effect of adrenaline, however, which was normally inhibitory turned
strongly stimulatory following pretreatment with mytolon, but this stimula-
tion was not influenced by BOL.

Table 2. summarizes the susceptibility of the investigated agents to

various antagonists.

Discussion

The effect produced on Helix heart by the various amines investigated
manifested itself, in general, in the increase or decrease of amplitude and fre-
guency. Differences existed primarily not in the threshold concentrations,
which was, in general, 10-10—10~9M in case of most agents but in the maxi-
mum effects produced. From among the amines only histamine had a higher
sensitivity threshold (10-7 M). The sensitivity threshold of amines on the heart
of Anodonta was, with the exception of 5-HT, higher by 2—3 order of magni-
tude than on Helix heart.

From among the factors examined only ACh was inhibitory on Helix
heart at every concentration. ACh was found to be stimulatory on some Gas-
tropoda, thus on the isolated heart of Strophocheilos (Jaeger 1961). The stim-
ulatory effect of low concentrations of ACh was registered by Corda (1955)
on the heart of Helix aspersa, whereas the observations of Jttitien et al.
(1954) showed, as it was confirmed by our own findings, that on Helix pomatia
ACh was never stimulatory whatever concentration it was used in. Concerning
the lamellibranchs in the majority of cases ACh had a two-phase effect, it
was partly stimulatory, partly inhigitory, depending on concentration (Green-
berg 1965). In our case the heart of Anodonta responded to ACh concentra-
tions by 3times greater order than Helix heart. ACh was found, however, in
this case, too, definitely inhibitory at every concentration. In this respect a
difference exist between the heart of Anodonta cygnea and the hearts of Ano-
donta cataracta and Anodonta grandis, namely, in the case of these two latter
species ACh produced a two-phase reaction (inhibition and stimulation)
(Greenberg 1965). Data concerning other lamellibranchs are most varying
and the comparison of theirs seems to be of no use (Greenberg, 1965).

With respect to catecholamines Helix and Anodonta hearts behave dif-
ferently. A positive inotropic and chronotropic effect was produced on Helix
heart by 10-9 M and higher concentration, whereas, Anodonta heart respond-
ed in all instances with inhibition to all catecholamines examined by us.
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The degree of the inhibition may, depending on concentration, range from a
decrease of amplitude up to a complete arrest. In this respect, our data on the
effect of adrenaline confirm those obtained by Fange (1955).

Dopamine was found to have a two-phase effect on Tapes heart (Chong
and Phinris, 1965) and on Mercenaria heart (Spirtes and J acobowitz, 1966).
This two-phase effect was not demonstrable by us on the heart of Anodonta.
The degree and form of stimulation produced by each catecholamine applied
on Helix heart was the same. It was not demonstrable, however, that stimula-
tion was dependent on concentration. This finding of ours may be of some in-
terest, for the catecholamines were regarded previously as either ineffective
(Erspamer and Ghiretti 1951) or inhibitory (Ostiund 1954) factors on
Helix heart.

Though several authors were (Dan1 et al. 1966, Phittis, 1966) of the
opinion that from among the catecholamines a special role is attributable to
dopamine in the mediation of molluscs, in course of analysing the effect of
adrenaline, noradrenaline and dopamine no data were obtained by us which
would support the above suggestion. The effects produced by the three cat-
echolamines did not differe considerably as regards the threshold concentra-
tion or the maximum effect produced.

Out of the amines investigated 5-hydroxytryptamine was the only that
produced at the same threshold concentration (10~10M) stimulation on both
experimental objects. The only difference was that the maximum effect on
Anodonta heart was greater (Table 1). Contrary to data obtained by Yosni-
hara and Kuriaki (1957) and to those obtained by Greenberg (1960) 5-HT
did not produce inhibition even at very high concentrations. The type of the
effect produced resembles that discribed by Hirr (1958) and Kuziemski
(1962).

5-methoxytryptamine, tryptamine and tyramine have, too, produced
stimulatory effect on both Helix and Anodonta heart. Threshold concentration
on Helix heart was lower in case of these agents, too. Higher concentrations of
bgth 5-methoxytryptamine and tyramine, however, were inhibitory on this
object.

The effect of tryptophan, glutamine, GABA and histamine is stimulatory
on Helix heart but does not produce, even at high concentrations a more than
5—15% increase of amplitude (Table 1).

The order of the stimulatory agents on basis of the maximum effect
produced is

on the heart of Helix: 5-HT >DA cA*NA>TA > 5-MT >TR >

TIR, GABA > GLA > HA,
on the heart of Anodonta: 5-HT > 5-MT > TA, TIR.

Much fewer amines produce stimulatory effect on Anodonta heart, than
on Helix heart, and glutamine and histamine may be regarded as completely
ineffectual, though 10-5 M glutamine solution was found stimulatory on
Tapes heart (Phinris, 1966). GABA was ineffectual on Tapes heart, too. Accord-
ing to Phirtis (1966) and Pitgrim (1954) histamine in high concentrations is
unspecific agent on the hearts of other molluscs, too.

B«
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None of the amino acids investigated influenced cardiac action of the
heart of Anodonta, and only tryptophan and GABA produced but negligible,
nonspecific increase of amplitude on Helix heart.

Summing up, it may be concluded that amines can he taken for physio-
logically effective agents, and even the precursors of the effective amines,
i.e. phenylalanine are insignificant in producing physiological effect. Helix
heart is more sensitive to the agents investigated than Anodonta heart, conse-
quently, it is more suitable for purposes of pharmacological investigations
and biological testing. In view of the fact that in case of every agent but ACh
stimulatory effects dominated, it is emphasized that in the realization of this
effect identical mechanisms are involved, which produce on the effect of the
various agents activity increases of different degree in the muscles. The uni-
formizing of responses to this degree is by all means indicative of the identity
of the ground-mechanism.

On the other hand, the observation that the effect of catecholamines
manifests itself in physiological effects of opposite direction on Helix and
Anodonta hearts suggests that there is a great possibility for individual differ-
ences in case of different representatives. This may be elucidated only by
detailed investigation of the properties of the receptors. It is not considered
probable that in case of the two objects the catecholamines are interacting
with different receptors, and it is thought much more possible that alterations
taking place in other factors (receptor configuration, pattern of loading) are
determining the different physiological effects. In case of some molluscs the
accessibility of receptors may also influence the type of the response produced
(Jaeger 1966). The fact that in some instances a stimulatory effect was ob-
served on Anodonta heart following washing out of the agent indicates that
the stimulatory effect of catecholamines is masked.

Data obtained with antagonist show that the effect produced by ACh
takes place in case of Helix and Anodonta hearts in the same way as described
previously on molluscs, namely, it was eliminated by mytolon, and not elim-
inated by BOL, or it was only slightly influenced by it (Welsh and Taub
1951, Welsh and Stocombe 1952, Luduena and Brown 1952, Chong and
Phittis 1965). On the basis of our data it is inferred that the acetylcholine-
receptors in these representatives of molluscs, too, are very similar.

Mytolon which inhibited the ACh receptors in molluscs eliminated also
in both cases the effect of catecholamines. This agent decreases or discontin-
ues the effect of dopamine, adrenaline and noradren line even if the effect
produced is stimulatory on Helix heart, or inhibitory on the heart of Anodonta
(Table 2). Responses of opposite sign are produced in the majoritP/ of cases by
catecholamines in hearts treated with mytolon, and accordingly, inhibition
is produced on Helix heart and stimulation on the heart of Anodonta.

A reversion of response takes place in case of Anodonta heart on the
application of adrenaline and in that of Helix heart on the application of adre-
naline and noradrenaline. These facts suggest that the effect produced by
catecholamine might be related to structures that are inhibitable by mytolon,
they do not imply, however, that the effect takes place exclusively on these
receptors. This latter statement is supported by the fact that BOL also in-
fluenced the effect of catecholamines, when, namely, this agent completely
or partially eliminates it. BOL influenced the effect of catecholamines on Helix
heart in a much less extent and never eliminated it completely. These facts
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allow the supposition that there may exist another place of reaction for cate-
cholamines the nature of which, however, needs further investigations.

The effect produced on Helix heart by 5-HT, tryptamine, and tyramine,
and that produced by 5-HT on the heart of Anodonta were not influenced by
mytolon. The effect of tryptamine on Anodonta heart is, however, inhibited by
this agent. This involves, that the effect of 5-HT and tryptamine takes place
on separate receptors and is completely eliminable by BOL in case of our two
test objects. We have no exact knowledge as yet of the mechanism by which
the effect of tyramine is realized on molluscs. In case of the vertebrates it is
assumably connected to a-receptors (Farmer 1966).

It may be said on the basis of data obtained that the places of reaction
suggested for ACh and 5-HT are isolated from each other, and the structure
of the receptors of the other agents necessitates further studies.

Summary

1 Examining the effect of various amino acids and amines on the iso-
lated hearts of Helix and Anodonta it was established that only amines are
involved in the production of physiological effects. It was observed that the
sensitivity of Helix heart on the agents tested was greater by 2—3 orders.

2. ACh produced on both Helix (10-9 M) and Anodonta (10~6M) hearts
negative inotropic and chronotropic effects.

3. Catecholamines (dopamine, noradrenaline, adrenaline) produced stim-
ulation on Helix heart, and inhibition on the heart of Anodonta.

4. 5-HT produced on both objects stimulatory effect at the same thresh-
old concentration (10~10M) and inhibitory effect was not produceable even
on the application of high concentrations.

5. Besides 5-HT other agents as tryptamine, 5-methoxytryptamine
and tyramine were also stimulatory factors, the two latter, however, were in-
hibitory on Helix heart when applied at high concentrations. Tryptophan,
glutamine, GABA and histamine produced an increase of amplitude on Helix
heart, and were ineffectual on the heart of Anodonta.

6. The effect of ACh was inhibited on both objects by mytolon, and the
effect of catecholamines was eliminated or was changed into the opposite
effect by this agent. Mytolon does not influence the effect produced by 5-HT
and tryptamine. It inhibits the effect of tyramine on the heart of Anodonta,
but does not inhibit it on the heart of Helix.

7. BOL ceased the effect produced on the heart of Anodonta by the
amines investigated except for ACh. On Helix heart it also did not influence
the response produced by ACh, but eliminated the stimulatory effect of 5-HT,
trﬁ/pltamine and tyramine, and decreased to a small extent the effect of cate-
cholamines.
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BIOLOGIAILAG AKTIV ANYAGOK HATASANAK OSSZEHASONLITO
VIZSGALATA HELIX POMATIA L. ES ANODONTA CYGNEA L. IZOLALT SZIVEN

S.-Rézsa Katalin és Pécsi Tibor

osszefoglalas

1. Amingsavak és aminok hatdséanak vizsgélata alapjan izolalt Helix és Anodonta
sziven megallapitast nyert, hogy fiziologiai effektus Iétrehozasaban elsésorban az aminok
vesznek reszt. A Helix sziv két-harom nagységrenddel érzékenyebb a tesztelt agensekre.

2. Az ACh mind Helix (1 » 10_3 M), mind Anodonta (1 « 10~6 M) sziven negativ
inotrop és kronotrop effektust valt ki.

3. Catecholaminok (do%amin, noradrenalin, adrenalin) Helix sziven serkentést,
Anodonta sziven pedig_gatlast hoznak létre. ]

4. Az 5-HT mindkét obljektumon azonos kiiszobkoncentracioban (1 ¢ 10~10 M)
Roz Iélétre serkent6 hatast, s gatlé effektus nagy koncentraciok applikalasaval sem valt-

atoé ki.

5. Az 5-HT-n kivil a triptamin, 5-methoxytriptamin és tiramin ugyancsak
stimulalo faktorok, de a két utobbi nagy koncentracioban Helix sziven gatol. A triptofan,
glutamin, GABA és hisztamin Helix sziven amplitudondévekedést hoznak létre, Anodonta
sziven hatéastalanok, ) ) ) o

6. Mytolon blokkolja az ACh hatast mindkét objektumon, ezenkivil Kkivédi
vagy ellenkez6 elGjellivé valtoztatja a catecholaminok hatasat. Nem befolyasolja az
5-HT és a triptamin hatast. A tiramin effektust blokkolja Anodonta sziven, de Helix
sziven nem.

7. BOL Anodonta sziven az ACh kivételével valamenn&/i vizsgélt amin hatasat
teljesen kivédi, Helix sziven nem befolyasolja az ACh hatast, de kivédi az 5-HT, triptamin
serkent6 hatdsat, mig a catecholaminok hatasat kis mértékben csékkenti.

CPABHUTE/IbHbIA AHANN3 OENCTBUA HEKOTOPbIX BMONOIMMNYECKW
AKTUBHbIX BEWECTB HA M30/IMPOBAHHOM CEPALIE BUHOIPAOHOU
YINTKN N BE33YBKWN

KaTanmH LU.-Po>ka n Tubop Meun

1 — B xogg vccnefoBaHys a(ieKTa amMHOB M aMMHOKMC/IOT Ha M30/IMPOBAHHOM
cepaue BMHOTPaAHOW YIUTKM M 6e33yOKM ObUI0 YCTaHOBNEHO, YTO aMUHbI ABASIOTCA 6ofee
aKTVBHbIMKW. Cepaue BUHOTPaAHOW YNMTKM Ha 2—3 nopsgka YyBCTBUTENbHee cepaua 6es-
3y6KM K W3YYeHHbIM areHTam.

2. — AUETWIXOMMH BbI3bIBAET OTPULIATENbHbLIA MHOTPOMHbBIA U XPOHOTPOMHLIA 3qdeKT
Ha ceppue y BuHorpagHoin ynutkn (1.10~9M) n 6e33y6kmn (1.10~6M).

3. — KarexonamuHbl (LOnamuH, HOpajpeHavH, afpeHanvH) OKasblBaeT YCUMBatoLLee
[eficTBMe Ha CepALe BMHOrPafHOWM YNWUTKKM, a Ha cepfue 6e33y6KM — TOPMO3siLLee.

4. — CepOTOHVH BbI3bIBAET CTUMYNALMIO HA 000X 06BEKTAX B OAMHAKOBLIX MOPOroBbIX
KOHUeHTpaumax (1.10_10M) u B 60MbLUMX KOHLEHTPaUMsAX TOXE HUKOrJa He BbI3bIBAET TOp-
MOXEHVE.

5. — TNoMUMO CepoTOHMHA CTUMYNATOPHbLIA 3GEKT OKasbIBalOT TPUNTaMUH, 5-MeTOK-
CUTPUNTaMUH W TUPAMUH, HO U3 HKX MOCNEAHUX ABa B 6O/bLIMX KOHLEHTPaUMAX Bbi3blBatOT
TOPMOXEHME Ha cepAue BWMHOMPagHON ynuTKW. TpunTtodaH, ratotamvH, TABA 1 ructammH
BbI3bIBAIOT YBE/IMYEHUE aMMINTYAbl Ha CepAue BMHOTPagHOM YNWUTKM, a Ha ceppue 6e33y6Kku
OHU  HE3M(EKTHBHBI.
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6. — MUTOMOH CHVMaET ahheKT aLeTUIXONMHa Ha 060MX cepAlax M MpedoTepallaeT
[JeiiCTBME KaTeXONaMVHOB WM )Ke MpeBpallaeT ero B MpOTMBOMOMOXKHbIA 3HaK. MUTOMOH He
BANAET Ha 3(PeKT CePOTOHMHA M TPUMTaMUHa, HO GMIOKMPYET [eliCTBYE TUpaMuHa Ha cepaLie
6e33y6kM HO He Ha Cepfue BWHOrPafHON YAWUTKW.

7. — BOJ1 Ha cepaue 6e33y6KM 3a UCKHOUEHMEM aLETUAXONMHA CHUMAET 3eKT BCex
M3YYeHHbIX areHTOB, a Ha Cepfue BUHOTPaAHOW YNUTKM GNOKMpYeT 3eKT CepoTOHMHA, TpWM-
TaMUHAa W TUPaMUHA, HO He BAIMSIET Ha (KT aLeTUNIXOMMHA U CHIDKAET HE3HAUMTENbHO [eit-
CTBUE KaTEXO/TaMUHOB.
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The nucleic acid content of nerve cells, its changes, and the closely relat-
ed protein synthesis serving as a basis in cell function and regeneration have
been subjected to detailed investigations (Hyden 1947, 1960, 1962, Brodsky
1966). Histological and histochemical examinations presented data first of all
on the role of the nucleus and nucleolus, on the ratio of the dimensions among
various parts of the cell, further on, the character and the time-sequence of
alterations taking place in course of function (Vogt and Vogt 1946, E dstrom
and Eichner 1958, Hyden 1959, Pevzner 1964).

Attention was called to the special reaction of neurocytes by Conen
and Jacklet (1965) in course of their studies on the protein synthesis of the
nerve cells in Periplaneta americana. They found that in case of axon-damages
an RNA ring appeared in perinuclear localization in the regenerating nerve
cell within 12 hours, and it became most marked on the 3—4th day. This
phenomenon seems suitable to identify the cell body of the damaged fiber.

The nerves of the mussels are built up of unmyelinated fibers. Due to
this the usual myelin-degeneration methods cannot be adopted to identify the
nervous paths belonging to the single cell groups. The retrograde sign of
regeneration, however, in case it does appear same as in the insects, might
be of some help in localizing the neurocytes of axons passing in the different
nerves.

The objective of the study presented here is primarily to elucidate the
conditions related to the content and accumulation of nucleic acid in the nerve
cells, because in connection with this we have no knowledge of systematic
studies performed on Pelecypoda. Further, we wanted to establish, in general,
whether the perinuclear RNA ring described above in Periplaneta, or some
o;[ch%r signs of regeneration appear In the nervous system following intersection
of the axons.

Material and method

The experiments were conducted on the cerebral, visceral and pedal
ganglia of 14—16 cm long specimens of Anodonta cygnea L. Following excision
from the animals the ganglia were fixed in Zenker solution for 3 hours.
Oriented embedding of the various ganglia and attached small portion of
tissue into celloidine-paraffine followed, and 8 u sections were prepared.
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Staining was made with methyl green-pyroniney (Kurnick 1955) and mala-
chite green-pyronine y (PMaG) (Baker and Wittiams 1965). Ribonuclease
digestion (Pearse 1961) was made to examine the RNA specificity of pyronine-
staining.

Staining with the methyl green-pyronine y mixture proposed by Kt
nick (1955) proved too pale, and, therefore, the stains were used differently
from the original description, in the following ratio:

2 per cent pyronine y (GT, Gurr, England) 15.0 ml
2 per cent methyl green (NAD) 5.0 ml
Distilled water 20.0 ml

The PMaG staining method was applied with good result also without
modification. This method was adopted later in the course of examinations,
because the malachite green mixture can be preserved for a longer period with-
out buffering.

The cleaning of the diluted solutions of the stains with CHC13was made
until no further changes were observable in the colour of the extracting chloro-
form. Evaporation of the purified stains followed and solutions of suitable
concentrations were prepared again.

Stained sections were dehydrated with isobutyl alcohol, because, as
observed, pyronine was more intensively dissolved by wu-butyl alcohol than
it was desired.

In digestion studies ribonuclease prepared of ox pancreas according to
the method of Brachet was used (Gomori 1953).

In the course of light microscope evaluation of the sections comparative
computations were made on basis of measurements with ocular-micrometer
concerning the sizes of nuclei and nucleoli in cells that stained intensively or
less intesively with pyronine.

Measurements on the length and width of nerve cells were made and on
their basis cells of nearly equal sizes were selected. The cubic content of nuclei
was calculated on basis of length and width measurements. In case the ratio
of longitudinal and cross diameters of the nuclei was 1 : 1.2 the Fischer-Inke
equation was used

V=—(B) 3

(L = longer diameter, B = shorter diameter).
In case of nuclei that are more divergent from spherical shape compu-
tation was made according to Puee’s equation (Palkovits 1962);

3L

(F = surface, L = longer diameter.) Limit of error about 3 per cent.

In one group of molluscs the right side nervus pallialis posterior maior,
in another groups the right branch of the cerebrovisceral connective (CVc)
was intersected. Following operation the animals were slaughtered daily in
10—14 subsequent days and their cerebral, visceral and pedal gangba were
stained with PMaG and examined.
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Results

All three pairs of ganglia of the central nervous system of A. cygnea
exhibited a similar picture following staining with PMaG. The protrusions of
the nerve and glia cells stained well with malachite green, whereas the cyto-
plasm, nucleus and the nuclei of the glia cells stained more palish. The nucleo-
lus stained deeper with pyronine y, and the cytoplasm in the majority of
the nerve cells and glia cells stained lighter with pyronine y.

The cytoplasm of some nerve cells in the cerebral and pedal ganglia
stained intensively with pyronine y which was localized to a rough granular
substance. Cells like these will be referred to later on as “pyroninophilous”
cells. The whole cell volume is filled, in general, with these bright red granules
(Fig. 1). The nuclei of the pyroninophilous cells are small in comparison to

Fig. 1. “Pyroninophilous nerve cell” in the cerebral ganglion X 960
1. &bra. ,,Pyroninofil idegsejt” a ggl cerebraleban (960 X)

those of other cells, and their shape is longitudinal. The nucleus is, in general,
of central localization, but may also rather frequently be observable near the
boundary of the cell. In most nuclei invaginations were observable.
The nucleolus that stains with malachite green is extraordinarily small as com-
pared to those of non-pyroninophilous cells and are, on occasion, scarcely vis-
ible even under immersion lens. The differences in volume between the nuclei
of pyroninophilous nerve cells and of those of nerve cells of same dimension
and staining normally are presented in Table 1.

The data show that the volume of the nuclei in pyroninophilous nerve
cells are one third of that of the nuclei in nerve cells of similar size and staining
less intensively with pyronine y.

Pyroninophilous nerve cells were observable chiefly in the cerebral and
pedal ganglia. They numbered one or two in the sections but very often occur-
red only in the 4—b5th subsequent sections each.

Nerve cells in which not the whole cytoplasm but only one or two bound-
ed sections stain intensively with pyronine y are more seldom found. The area
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Table 1
Volume of nuclei in pyroninophilous nerve cells and in normally stained ones
Pyroninofil és nem pyroninofil sejtek magvainak kdbtartalma

Number Size of nerve cells (ju) Volume of
of cells ('|§(
length width nucteus. (X

40 283+ 38 210+x28 144+ 48
Non-pyroninophilous nerve cell............. 40 282+ 41 210+20 560 74

that stains intensively with pyronine y is most often localized near the origin
of the axon or in the immediate neighbourhood of the nucleus. In case of par-
tial pyroninophilia the nucleus is often of excentric localization. Nerve cells
like these differ from the pyroninophilous cells in that their nuclei are, in gen-
eral, round, their size is equal to that of nuclei in non-pyroninophilous cells
and invaginations are not observable in them. Their nucleoli, same as those of
non-pyroninophilous cells, are of 1—3 /i diameter, and stain intensively with
pyronine y. These cells conform, however, to pyroninophilous cells in that the
pyroninophilous area or areas are granular. The majority of such cells occurs,
too, in the pedal and cerebral ganglia, and are to be found only seldom in the
visceral ganglia.

The PMaG staining method is widely used for demonstrating RNA, but
the specificity of pyroninophilia has to be established with other methods.
The most suitable procedure serving this purpose is the digestion with ribo-
nuclease. As we have no knowledge of similar studies performed on the nervous
system of freshwater mussel, it was necessary to examine the relationship
between pyroninophiliaand RNA. For this purpose every second section of the
series made of the same ganglion was incubated in ribonuclease and was stained
with PMaG parallel with non-incubated sections. On basis of data obtained
it was possible to establish the identity of the pyroninophilous substance with
RNA, because the ribonuclease treated cells did not exhibit pyroninophilia.

Following the intersection of the pallial nerve and CVc the histological
picture of the central nervous system is similar, in general, to the above ones,
but besides this, special phenomena were also observable.

The first noteworthy phenomenon was that after 2—3 days following
the intersection of the right n. pallialis or of the CVc a fine granular, homoge-
neously looking, ring-shaped zone staining intensively with pyronine, a so called
“perinuclear ring” appeared around the nucleus of some cells in the visceral
ganglion. This zone is best noticeable onthe 3rd, 4th days, but is still observable
also on the 7th and 8th days (Fig. 2). The perinuclear ring is most marked in
large sized and assumably motor cells. In nerve cells of small sizes the area
that stained intensively with pfyronine and surrounds the nucleus fills nearly
the whole cytoplasm and therefore it is difficult to decide whether it is a peri-
nuclear ring or perhaps the cytoplasm is stained slightly deeper than average.
The nuclei of cells possessing a perinuclear ring are centrally localized. Their
shape is elongated and no invaginations were observable in them. Their nucleo-
li which stain intensively with pyronine y are large (about 3—4 /i diameter).
The cubic content of nuclei of nerve cells with perinuclear ring and of non-



Fig. 2. Cells with perinuclear ring in the cerebral ganglion on the 3rd day following the
intersection of CVc (X 960)

2. abra. Perinuclearis gy(r(s sejtek CVc atmetszése utan a 3. napon fixalt ggl visceraleban

pyroninophil cells were calculated inside the same preparate. The values ob-
tained are presented in Table 2.

According to the estimations the size of nucleoli in cells that possess a
perinuclear ring is about three times as great as that of nucleoli in the control
cells, whereas no difference in the volume of nuclei was observed.

In cerebral and pedal ganglia a typical perinuclear ring was not observ-
able after the intersection of either n. pallialis or of CVc. The number of pyro-
ninophilous perinuclear cells are few in the visceral ganglion, too, and they
are dispersed. They may occur near the origin of chief nerve branches, in the
nucleus posterior and in other areas of the cortex alike.

After digestion with ribonuclease the pyroninophilous perinuclear ring
disappeares which indicates RNA.

The other noteworthy phenomenon observed was that in ganglia fixed
on the 7th day following intersection of either pallial nerve or of CVc the glia
cells stained deeper with pyronine y. The bright red colour of the glia cells
surrounding the large sized nerve cells is most conspicuous (Fig. 3). Granu-
lation is not noticeable under light microscope. Other glia cells are of deep

Table 2
Number Size of nerve cells (jx) Volume of
i)
of cells length width nucleus (jx*)
Nerve cells with perinuclear ring ... 20 334+ 2.6 177+ 2.1 596 + 112

20 31.9 £+ 2.8 18.3 4- 1.9 588 + 77
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Fig. 3. Intensive pyroninophily of lamellar glia on the 7th day following intersection
J Py Pty of the nervegsJ (X 960) y J

3. dbra. Lemezes glia intenziv pyroninofilidja idegatmetszés utani 7. napon (960 X)

red colour and are granulated. In numerous glia cells granules which stained
with malachite green were also observable. Glia cells staining intensively with
pyronine y were observed in every three pair of ganglia.

The third characteristic feature observed was that on the 9th day follow-
ing intersection of CVc glia fibers staining intensively with pyronine appeared
in the visceral ganglion. This was not demonstrable either in cerebral or pedal
ganglia. The majority of these fibres pass in the direction of the intersected
CVc and leaves there the ganglion, and they are to be found at the origin of
every chief nerve branch. Several fibers which stain with pyronine pass to the
nerve cells of the cortex. After a more careful examination of the serial sections,
it appeared, that the nerve cells of the cortex and chiefly those which are
vacuolized are surrounded by the majority of pyroninophilous fibers. In other
instances the pyroninophilous fiber terminates near the nerve cell in little
club-shaped formations.

Parallel with the pyronine staining of the glia morphological alterations
also occur in some nerve cells. On the 6—7th day following the intersection
of pallial nerve one or two vacuoles appear in the cytoplasm of some nerve
cells. The number of nerve cells containing vacuoles increases on the 8th—9th
day and on the 10th day they may even amount to 50% of the total number
of nerve cells. The vacuoles in some cells fill the whole cytoplasm and in such
case the nucleus is shifted to the axon-hill or to the boundary of the cells. After
the intersection of CVc the vacuoles appear sooner and in the glia examined
on the 6th day vacuolized cells were predominating. Signs of desintegration
appeared in about 3% of nerve cells on the 9th—10th day.

The size of the nuclei and nucleoli has changed parallel with the degree
of vacuohzation of nerve cells. At the beginning of vacuolization the nucleus
is somewhat greater than in nerve cells of similar sizes without vacuolization.
The size of nucleoli is above average and the nucleoli stain intensively with
pyronine. The nuclei of nerve cells which contain large vacuoles are smaller,
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they are elongated, and invaginations were also observable in them. In such
nerve cells the nucleolus is smaller and stains less intensively with pyronine.

The average size of nuclei of vacuolized nerve cells does not differ from
that of nuclei in the control nerve cells. It is to be noted, however, that in the
size of nuclei great differences exist among vacuolized cells. Whereas in in-
tact animals the quadratic deviation of the average volume of the nuclei
(570 M3) was £ 75, the standard deviation of the average volume of nuclei
(530 ixsy of vacuolized cells of similar size was +212.

It is to be noted, finally, that the animals were alive for fourteen days
following intersection of the right nervus pallialis posterior maior, whereas,
after the intersection of the CVc only for maximum 10 days.

Discussion

Digestion studies with ribonuclease show that in that class of Mollusca
which is examined in this study pyronine is specific to RNA and is, therefore,
suitable for investigating the ribonucleic acid content and its alterations in
nerve cells.

The cells of the ganglia of Anodonta contain, similar to other animals,
different quantities of RNA. The cytoplasm and the nucleus of nerve cells
stain, in general, similar to glia cells only weakly, in opposition to the nucleo-
lus which stains mostly intensively. This staining is homogeneous which is
indicative of the presence of finely distributed RNA. On another occasion,
however, some regions of the cytoplasm and often the whole cytoplasm itself
is extraordinarily rich in RNA which is present in the form of rough granules.
Cells not containing RNA granules, and the partially or completely pyroni-
nophilous cells are most obviously not characteristic of the type of the cells,
but as it is known from literature (Hyden 1960, Brodsky 1966), of the rate
of protein synthesis and might be related to the functional condition of cells.
Parallel with changes in the periodic activity of freshwater mussel quanti-
tative changes were demonstrable in the Nissl-substance (Salanki, Zs.-Nagy
and H.-Vas 1965) and in the nucleic acid content (Zs.-Nagy, Brodsky and
Satanki 1966), the differences demonstrated in this study might also be con-
nected with this.

In certain cells following intersection of the nerves the rich RNA con-
tent is different, it is not rough granular, and is localized in fine granular arran-
gement around the nucleus. This pattern might be related to the special con-
dition of the cell, i.e. to regeneration.

It is probable that the rough granular RNA which may be localized in
the cytoplasm of only partially pyroninophilous cells also at a greater distance
from the nucleus is of different origin and is attached to different cell consti-
tuents than the fine granular, perinuclear RNA. In course of examining the
changes in Nissl-substance both excessively granulated and homogeneously
stained nerve cells were observable in the ganglia of Anodonta cygnea (Satanki,
Zs.-Nagy and H. Vas 1965). It is assumed that these two different structures
might be identical to the so-called “compact” and “loose ergastoplasm”
described previously in course of electronmicroscopic studies (De Robertis
1954), and might be explained likewise by the different origin of RNA.

The size of nuclei in pyroninophilous and non-pyroninophilous cells and
in pyroninophilous cells with a perinuclear ring varied considerably. It is
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known that at the beginning of increased synthesis the RNA content of the
cells begins to increase in the nucleolus and that there is a correlation between
nucleolar size and the RNA content of the cell (BERTRAM and BARR 1949,
BrACHET 1955, EpSTROM and EICHNER 1958, STOWELL 1963). According to
biochemical data chiefly transfer-RNA is to be found in the nucleolus (SirRLIN
1961, SirLIN, KaTO and JoNES 1961) and thus the size of the nucleolus is in-
dicative of the degree of protein synthesis. For this reason the difference in
size observed among nucleoli of cells of equal sizes might be taken for the sign
of the intensity of actual RNA and of related protein synthesis, respectively.
The smallest nucleoli were observed in cells in which the cytoplasm was filled
with RNA and it is assumed that in such cells transfer RNA production is
most probably interrupted. In most cells the nucleoli are of medium size and
this might perhaps be indicative of average protein synthesis.

The cells with pyroninophilous ring have extremely large nucleoli which
is indicating very intensive RNA production and protein metabolism. This
latter phenomenon is completely justified if the pyroninophilous ring is con-
sidered the sign of regeneration and also conforms to the data of Voar and
VoaT (1946) who observed in connection with “retrograde degeneration” the
increase of nucleolus and the accumulation of the Nissl-substance.

In pyroninophilous cells not only the nucleolus is small but the nucleus,
too, and on the nucleus invaginations are observable. This observation does
not conform to the general opinion that the size of both nucleus and nucleolus
is directly proportional to the RNA content of the cytoplasm, and can be ex-
plained so that in these cells the RNA-metabolism of both nucleus and nucleo-
lus is restricted considerably due to the escessively great accumulation of nu-
cleic acid and protein.

Cells with perinuclear RNA ring similar to those described by COHEN
and JACKLET (1965) in the nervous system of Periplaneta were demonstrable
in the visceral ganglia following the intersection of the nerves. The nuclei of
these cells do not differ from the average but the size of the nucleoli is 3 times
greater than average. It is undoubted that this might be related to increased
protein synthesis and regeneration, respectively. At the same time two other
phenomena were also observable following the intersection of nerves. On the
7th day the glia nuclei arranged around some nerve cells exhibited an intensive
staining, and on the 9th day the glia protrusions that usually did not stain
with pyronine turned pyroninophilous. It is known, that RNA was demonstra-
ble also in glia cells and that its quantity is dependent on functional effects
(HypEN 1959, PEVZNER 1964). The glia has an important role in the food-
supply of nerve cells and is, perhaps, important also in other respects, there-
fore, this phenomenon might be regarded as a sign of increased functioning.
It cannot be neglected, however, that following the intersection of nerves and
especially a week from intersection vacuolization is observed in some cells as a
sign of degeneration. This cannot be explained by the alterations of the size
of nuclei and nucleoli. Signs of degeneration were observed in other cells too,
and it is not excluded that the pyrorinophilia observed in glia cells, and on the
protrusions might perhaps be related to degeneration and not to regeneration.

In the examinations presented in this paper, cells with perinuclear ring
were observed only in the visceral ganglia following the intersection of either
CVe or of pallial nerve. It is not clear why cells like these do not occur also
in the cerebral ganglion, since the cell body of one part of fibers which pass in
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the C¥Yc are obviously inside the cerebral ganglion. An explanation to this
might perhaps be found in the fact that in the large motor cells the perinuclear
ring is most conspicuous and that the fibers of the motor cells of cerebral
ganglia do not pass towards the visceral ganglion. Only studies in which the
motor nerves will be intersected might give answer to these questions.

Summin? up, it may be said that following axon damages a perinuclear
pyroninophilous ring appears also in certain cells of Mollusca, and it is thought
that this observation might be of use in localization studies. Further investi-
gations are needed to elucidate the origin of pyroninophilia occurring in the
glial cells and on the protrusions and to establish the relationship between
their pyroninophilia and degeneration or regeneration.

It is not unlikely that the alterations observed in the glia are indicating

the interrupted regenerative processes and the beginning of degeneration of
deeply damaged nerve cells.

Summary

Applying malachite green pyronine staining on the ganglia of Anodonta
cygnea the following observations were made:

1. Under normal conditions the cytoplasm of the nerve cells contains
various amounts of RNA. In certain cells the cytoplasm is completely filled
with RNA which is localized on rough granules (“pyroninophilous cells™).

2. Both nuclei and nucleoli of the “pyroninophilous cells” are signifi-
cantly smaller than those of non-pyroninophilous cells of similar size.

3. Following the intersection of nerves a fine granular perinuclear RNA
appears in some cells. The nucleoli of these cells are about 3 times as great as
those of control cells.

4. On the 7th day following nerve damages some groups of cells in the
glia contain numerous RNA and on the 9th day RNA is demonstrable also
in the protrusions of glia. At that time strong vacuolization is observable in
some cells.

The perinuclear RNA ring is a regeneration phenomenon, and might be
useful in localization studies. It is questionable, however, whether the strong
increase of RNA content in the gha and vacuolization are related to regenera-
tion or to degeneration processes of the nerve cells.
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RNS HISZTOKEMIAI VIZSGALATA MOLLUSCA GANGLIONBAN
NORMAL VISZONYOK KOzZOTT ES IDEGKAROSODAS UTAN

Salanki Janos és Cubicza Andras

Osszefoglalas

alalt I(Mar:achitzijld-pyronin festés alkalmazasaval Anodonta cygnea ganglionjaban azt

alaltuk, ho

1. Normal kgbyrulmények kozott az ide%sejtek cytoplazmaja kilénbdz6 menn¥isé ben
tartalmaz RNS-t. Vannak Sejtek, melyek cytoplazmajat durva szemcsekre lokaliza-
l6dva teljesen kitdlti (,,pyroninofil sejtek™).

2. A ,pyroninofil Sejtek” magja és nucleolusa szignifikansan kisebb, mint a hasonl
méretd, nem pyroninofil sejteké.

3. Idegatmetszés utan egyes sejtekben finomszemcsés perinuclearis RNS-gy(ri jelenik
meg. E sejtek nucleolusa hasonld méret(i kontroll sejt nucleolusanal kb. 3X nagyobb.

4. Idegkarosodast koveté 7. napon a glia egyes sejtcsoportjai sok RNS-t tartalmaznak,
a 9. napon RNS glianyulvanyokban is kimutathatd. Ebben az id6ben egyes sejtekben
erds vakuolizacio észlelhetd.

A perinuclearis RNS-gy(r(i regeneréacios jelenség, és lokalizacios vizsgalatokra
alkalmas lehet. Kérdéses, hogy a gliaRNS tartalmanak feltin6 megszaporoddsa és a
vakuolizacié is a regeneracioval vagy pedig egyes sejtek degeneraciojaval fligg-e 6ssze.
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MTMCTOXMNYECKOE MCCNEAOBAHUE PHK B I'AHIMINAX MOJTFOCKOB
MNP HOPMAJIbHbBIX YCNOBUAX W MNOCJIE HAPYLUEHVA HEPBA

Avow Lanadkm n Axgpaw Nyéuua

[pn MPYIMEHEHA MMPOHMHE. Ma/IaXVTOBOI 3eMieHN B raHrmsax 0esyoku Gbino 0bHa-
PY)KEHO, YTO

1L —B HOPMa/IbHbIX YCNIOBUAX UUTOM/1a3Ma HEPBHbLIX KMIETOK COAEPXUT pasHOE KOn-
yectBo PHK. O6Hapy)KI/IBaIOTCFI TakKune KneTku, uutonnasma KOTOpbIX MOHOCTBHO Haro/iIHeHa
rpyobIMM 3epHamMmn  («MMPOHNHOMNBHBIE  KNETKW»),

2. — $1apo 1 AAPbILKO MUPOHUHOMPUABLHBIX KNETOK CUrHU(IMKAHTHO MEHbLLE YeM B
HEI'II/IpOHI/IHOd)VII'IbeIX KneTKax.

3. — Mocne Nnepepeskn Hepsa B ONPEAENIEHHbIX KMETKaxX MOABNAETCA OKO/054EpHOE
KombLo PHK, cocTtosiliee 13 MeNKMX 3epeH. AA4PbLILKO 3TUX KNeTOoK B 3 pasa 60/blLUe, YeM B
HOPMa/IbHbIX KETKaxX. o

4. — Yepes 7 [iHein MoC/e Mepepeskn HepBa B OTZEMbHLIX KIIETKaX M7 O6Hapy» -
BAeTCA BbICOKoe cofiepiaHvie PHK, a yepes 9 [Hel yxke 1 B OTpocTKax rvn. B 3to Bpemd
XapaKTepHa 1 BakyonvsaLys.

KO/1094€PHOE KO/bLO PHK aBnseTtcs pereHepaTtuBHbIM ABEHNEM, N MOXXHO MpUMe-
HATb A1 NOKan3alunin. OcTaHeTCs1 HEBbISICHEHHBIM BOMpPOC O TOM, 4TO Ha6mo,qae|v|oe YyBENn-
yeHne PHK B rnum un Bakyonusauusi pereHepauueid CBs3aHbl M UK SBNSKOTCSA Pe3y/bTaToM
AereHepaunn OTAENbHbIX KNETOK.

6*
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It is characteristic for the physiology of bivalves to maintain through
the activity of the ciha in their gills a constant water flow. They take up the
necessary oxygen from the streaming water and filter the food, too. At the
same time, they also filter the suspended materials of not food character and
sediment them. Filtration is in this sense very important with regards to the
animals’ growth and reproduction as well from the viewpoint of water purifi-
cation. It is understandable that investigations were performed in greater
part on marine species (Galtstoff’s monograph 1964) but considering water
purification and 02 consumption experiments were extended also on fresh-
water species (Haranghy 1936, Koch and Hers 1943, Haranghy and Ba-
lazs 1963).

Research was chiefly concentrated on the water quantity pumped by
individual animals, on the degree of water purification and 0 2 consumption,
these all depend on external factors (temperature, 0 2 supply, ebb and tide,
daily rhythm of illumination, quantity and quality of food resp.) on the size
and age of animals. As theé)assage of water is effected by the activity of cilia,
conclusions are in general drawn directly from this activity and no or hardly
no attention is paid how the filtration itself and 0 2 consumption are related
to the specific behaviour reactions of the animal. Already Gaitsoff (1964)
pointed out this insuffiency in the interpretations.

Previous investigations (Loosanoff 1939, Barnes 1955) emphasized
that the activity of certain mussel species, leastways under special laboratory
conditions, can be interpreted, for a relatively short time, as continuous (from
2—3 hours till 15—20 hours). Namely, the close muscles get from time to
time, for a period of some hours, into a certain degree of tonic contraction
and the valves close tigthly. Thus the animal is more or less separated from
the surrounding water and with respect to its valve movement it is in com-
plete rest.

The alterations of activity with rest periods, the so-called frequency of
periodic activity is a function of several factors as well in Anodonta as in many
marine species (Koshtoyants and Satanki 1958, Saranki 1962, 1965, 1966),
among them in nature supposedly oxygen supply is one of the most important.

Valve movement, backgrounded by the action of close muscles, may
play in two aspects a role in filtration. Partly the rhythmic valve movement
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including the quick closure and opening of the valves may cause an increased
water passage, partly for the time of the rest period when the valves are tightly
closed for hours supposedly there is no water passing through the gills and
correspondingly also filtration activity stops. It is thus obvious that the effect
of a certain factor influencing filtration activity (temperature, pollution)
cannot be interpreted as affecting only the activity of cilia but it can be an
essentially important factor related to the behaviour reaction in mussel, that
is it can be understood as a regulation achieved through the rhythmic and
periodic activity.

Our purpose was to elucidate how the filtration and 0 2 consumption of
mussels depending on periodic activity are shaped and to control the hypothesis
whether the periodic activity and its changes consequent to different factors
are important clues in interpreting the oxygen consumption and filtration
activity of mussels or not.

Material and methods

Experiments were performed on the freshwater mussel Anodonta cyg-
nea L. The animals were chosen to be in general of 14—16 cm in length thus
assuring — as they came from the same biotope —that no difference in age
existed among the individuals. They were sampled from an artificial water
basin, but were kept prior to the experiments for some weeks in streaming
Lake Balaton water. During the experiments they were placed separate by
in 3—b5 1standing lake water. Filtration activity and 02 consumption were
meas(red in separate series.

Measurement of filtration activity

An indirect method was chosen for this purpose as we wanted to obtain
data on the water purification and not on the quantity of the pumped water.
The method of Cote and Hepper (1953) was used agreeing in principle with
other similar methods so far as it takes as basis of measurement the filtration
time of the slowly sedimented suspended particles. In this case the suspended
material was a neutral red stain. Solved in water above pH 7 the bigger part
of this stain is present in the form of fine cristals and can be dissolved only
after acidification: in this state it can be well measured photometrically. The
advantage of the method is the slow self-sedimentation, facilitating continuous,
reliable measurments for 24 hours. On the other hand, it is disadventagous
that the stain partly gets soluble to small extent already at pH 7 thus it is not
convenient for obtaining absolute values. In our experiments, however, we
wanted to compare the samples taken out one after the other from the same
vessel and for this purpose the method was adequate. Parallel with the sam-
ples also the spontaneous sedimentation was measured. A solution of 20 mg/1
of neutral red was used and for each measurement 10—10 ccm water was
taken in two parallels from a standard level of the vessel. After acidification
with 2 drops 3x N hydrochloric acid the transmission was measured at 546 my
wave length with Uvifot photometer. In the figures transmission values are
direct_lly demonstrated.

hese experiments were carried out at 21—23 °C room temperature.
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Measurement of 0 2 consumption

At the beginning of the experiment the 5 1water where the animal was
placed was separated from the oxygen of the air by a paraffine oil layer.
Earlier data reported that under such conditions the mussel lives on undam-
aged, only its activity changes after the decrease in 0 2tension (Salanki
1965). The water samples were taken up under nitrogen, 0 2content was mea-
sured with Matjcha’s (1947) half-micro method using in each case 10 ccm
water. This means in the case of 20 samples 200—250 ccm of volume, i.e.
4—b% of the total quantity and thus insignificant. In the figures we have
given the quantity of 0 2in the water at the time of sampling in mg/1 values.
Experiments were carried out at 24—25 °C room temperature.

Recording of activity

The activity of the mussel was recorded by an earlier described mussel
actograph (Saranki and Balta 1964). The animal’s one shell is fixed, the
other one is connected to a mechanical recorder; the movement of the valves
can be put on record continuosly, eventually even for days, on a slowly rotat-
ing (17 mm/h) registrating paper. Thus, at any time the open or the closed
state of the valves can be read. With the help of a register the beginning, resp.
the end, of the periodic activity produces a warning signal.

Influencing of activity

When it was necessary, the activity of the animal was experimentally
altered during the investigations. To increase the frequency of periodic activ-
ity CdCl2solution was added. Previous experiments showed that the frequency
of the periodic activity in Anodonta cygnea L. can be increased with 5—10 mg/1
CdClI2 significantly (Saranki 1960) resulting in changing activity to rest
within relatively short periods (from 2 to 4 hours). This was of importance as
in this case the alteration of activity and rest period could be reproduced sev-
eral times during 24 hours, thus facilitating significantly the comparison

and evaluation of filtration activity, resp. 0 2 consumption, between the two
types of behaviour.

Other interferings

In special cases the shells of the animals were partially removed or we
interfered in other ways for definite purposes. These interferings are reported
in detail in the “Results”.

Results
a) Filtration activity

Intact animals were placed in vessels containing 3 1 water and their
activity was recorded. The animals were fixed in the actograph 1—2 days
previous to the filtration experiments. Consequently, water was circulating
for some hours in the vessels. When the rhythm got regular the circulation was
closed. Then water was replaced with a 20 mg/1 solution of neutral red. The stain
was dissolved in filtered Lake Balaton water. From this on at the beginning,
resp. at the end, of active periods we took water samples at the level of the
mussel’s sypho to determine the concentration of the still suspended stain.
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Fig. 1. Actogram of a mussel in periodic activity. Arrows show the taking of water
samples; time signal: hours

1. abra. Aktogramm periodikus aktivitassal miikéd6 kagylorol. Nyilak a viz minta.
vételét jelolik, id6jelzés drankent

Fig. 1 is an actogram, the arrows indicate the time when the sampling took
place. (The beginning and the end of activity is in natural compliance with
the beginning and with the end of rest period.) We found that the extraction
of neutral red was significantly quicker in the vessels where the animals were
kept as the spontaneous sedimentation in the controls where there were no
animals. This difference is to be attributed to the filtration activity of the mus-
sel.

Comparing the results obtained from the sample series we found that the
rate of the filtration of neutral red is quicker at the beginning, then the curve
slowly flattens out. Further on an interesting and clean-cut correlation can be
drawn concerning the relation between periodic activity and rate of filtration

(%)

.. Fig. 2. Relation between [ﬁeriodicity and filtration in intact mussel
Indications: _- active (open) phase,--------closed (rest) phase---—-—- spontaneous
sedimentation Ordinate: transmission. Abscissa: time (hour)

2. abra. A periodicitas_és filtralo tevékenység Osszefliggese intakt kagylok esetén
Jelzések:  ..—aktiv (nyitott) szakasz; -------—- -~ zart (nyugalmi) szakasz;-------- spontan
szedimentécié. Ordinata: transzmisszid. Abszcissza: id6 (6ra)
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(Fig. 2). If the shells of the animal are open and operate rhythmically the
decrease of the suspended material is consistently significant. If they are closed,
the filtration is stopped, the decrease does not surpass that one expected in the
course of spontaneous sedimentation. However, it occurred in certain cases
that during the “rest” period a decrease was observed that could not be
explained with spontaneous sedimentation. But it might be connected to the
fact that sometimes despite the closed state of the shells a small opening
exists around the sypho and the weak current may cause some filtration, too.
These observations can be yet not treated on the hand of our experiments as
common phenomena. In cases reported in Fig. 2 such phenomenon did not
occeur.

By applying suspended neutral red to measure filtration activity it is
rather problematic that the animal does not only filter and sediment the stain
from the water, but it is to a certain degree absorbed by the mussel’s tissues,
as they get coloured. The rate of absorption is obviously the most intensive
at the hours when the animals were put into the solution and may be the quick
decrease, found at the beginning of the experiment, could be ascribed to it,
too. In order to partly eliminate this factor separate experiment-series were
performed.

Mussels were placed into rather great quantity (50 1) of 20 mg/1 neutral
red solution for 72 hours, by this means diminishing, resp. exhausting, their
absorptive possibilities. Then they were placed into the actograph and the
measurements of the filtration activity was started under conditions as before.

It was found that the sedimentation ascribed to the animal does not
differ from that performed by intact animals. This means that the quantity
of the suspended stain extracted from the water was not influenced by the
fact that the animal previously already absorbed neutral red. It is assumed
that absorption takes place from the dissolved stain, but the filtration from the
stain present in suspension, and that this latter, unsolved part, forms the bulk
of the stain in the water.

Unforeseen result of these experiment series was that the mussels pre-
viously saturated with stain showed activity lasting for a longer time then
usual (Fig. 3). With regards to these facts we introduced (independent from
the activity) the taking of the samples per 2 hours to get a picture on the alter-
ations occurring in filtration. As it is shown in Fig. 4 certain fluctuations occur
in the course of filtration also here, which could be connected to the rhythmic-
ity of shell movement, resp. to the activity, of cilia.

These observations point to the fact that neutral red is not an indifferent
material from the viewpoint of physiology and behaviour of mussel either,
thus emphasizing the necessary precaution in applying this method for pur-
poses of quantitative analyses.

1 1 .. 1 | | 1 |

SOmin.
Fig. 3. Mussel activity after saturation with neutral red

3. &bra. Kagylo aktivitasa neutralvorossel vald telités utan
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From experiments on animals previously saturated with neutral red,
we did not obtain an answer for the question how far under these conditions
the sedimentation is related to the active, resp. rest periods. Therefore, experi-
ments were performed when under similar conditions the frequency of periodic
activity was increased experimentally. For this purpose we used CdCI2as its
effect in this relation is already known (Salanki 1960).

12=
0 2 4 e s 10 12 1k W 18 20 22 21

Fig. 4. Filtration of mussels kept previously for 72 hours in NR at lasting activity.
Indications: ¢ No. 1 experiment; X No. 2 experiment; O No. 3 experiment
Ordinate: transmission. Abscissa: time (hour)

4. abra. El6z6leg 72 o6ran keresztiil NR-ben tartott kagylok filtracids tevékenysége
allando aktivitas mellett. Jelzések: ¢ 1. sz. kisérlet; X 2. sz. kisérlet; O 3. sz. kisérlet
Ordinata: transzmisszié. Abszcissza: id6 (6ra)

The measurement of the filtration activity of mussels kept for 72 hours in
stain solution was carried out in the presence of 10 mg/1 CdCI2 In this medium
instead of lasting activity the alteration of short active and rest periods can
be observed. The value obtained with photometry showed in the samples taken
at the beginning and at the end of active periods that the purification of water
from neutral red follows the same gradualness as found in intact animals:
during the active period the amount of the suspended material decreases
intensively while during the rest period (closed valves) the filtration stopped

(Fig. 5).
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b) Periodicity in oxygen consumption

After previous recording of the activity for some days the water surface
was covered with a paraffine layer and from this time onwards samples were
taken at the beginning, resp. the end, of each active period for oxygen deter-
minations. The decrease of 02 constant was neglected under 0.5 mg/l 02
values in general. We found that the oxygen consumption related to the time
unit is fivefold higher during an active period than at rest. With regards to
mean values the oxygen consumption numbers in active state: 0.175 mg/g

oy,  (Hr  muy LLI

Fig. 5. Activity and filtration of mussel saturated with NR after 10 mg/1 CdCI2

Indications: 1 = No. 1experiment; 2= No. 2 experiment;  ........ active (open)_ phase;

———————— rest (closed) phase; — —-—spontaneous sedimentation. Ordinate: transmission.
Abscissa: time (hour)

. &bra. NR-rel telitett kagylok aktivitdsa és filtracidja 10 mg/l CdCI2 utén.

Jelzések: 1= 1. sz. kisérlet; 2 = 2. sz. kisérlet; : aktiv ‘(nyitott) szakasz;

— _—nyugalmi (zart) szakasz; —-----—- spontan szedimentacid. Ordinata: transzmisszio,
Abszcissza: id6 (6ra)
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dry material/hour, while in the rest period it is 0.036 mg/g dry weight/hour.
In Fig. 6 the course of one of the experiments (values of activity and oxygen
consumption) is presented.

Experiments concerning the extraction of oxygen from the water showed
similar results to those obtained by investigating the filtration of suspended
material. In this case, however, we cannot be sure whether the uptake of oxygen
from the water indicates also the time course of oxygen consumption by the
animal. I't might be supposed that during the rest periods the oxygen consump-
tion is covered from inner sources; if so, this process naturally does not affect

T0r/ |

Fig. 6. Relation between periodic activity and 0 2consumption. Abscissa: time (hour).
Note: the animal was kept in 6 1water, therefore the consumption value given in the
figure is the 1/6 of the actual consumption.-—- active period; --------- rest period;

6. abra. Periodikus aktivitas és az O 2fogyasztas Osszefliggése. Abszcissza: id6 (6ra).
Megjegyzés: az allat 5 1vizben volt elhelyezve, az abran leolvashatd fogyasztas tehat
a tényleges fogyasztas 1/5-e. — aktiv szakasz; -------- nyugalmi szakasz

the O: tension of the water in the experimental vessel. However, in the next
active state beside the de facto oxygen consumption also the “depo” gets
restored, causing an increase in oxygen uptake higher than the actually used
up amount. In this case the fluctuation in oxygen content of water parallel
to the periodic activity is only illusory, or at least smaller than what the mea-
surements show.

To clear this contradiction we removed the caudal part of the mussel’s
shell around the sypho up to the posterior adductor, without damaging it.
At the same time 2—2 pea-sized holes were bored at the middle of the shells.
In this way the water could circulate even in the rest period when the shells
were closed. We recorded the activity of mussel kept in with paraffine layer
covered water and at given times water samples were taken for oxygen deter-
minations.
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It was conspicuous that the treated animals contrary to practice showed
activity lasting for days and the adductor muscles did not get into the state
of lasting tonic contraction. Also an increase in the frequency of rhythmic
activity could be observed. Therefore we measured the 0 2content of the water
in every 2 hours regularly. No significant fluctuation could be however detected
(Fig. 7). In the first 14 hours the average value of the 0 2consumption was

mg°i/l

Fig. 7. O2consumption after the removal of shell around the sypho. Abscissa: time (hour)
(See “Note” for Fig. 6)

7. abra. O2fogyasztas a kagylohéj szifo korili részének eltavolitasa utan.
Abszcissza: id6 (0ra). (Megjegyzés, mint 6. abra.)

0. 269 mg 02g dry material/lhour, when the oxygen content of the water
decreased to 1—2 mg.

To investigate the oxygen consumption of the treated mussels during
the active and rest periods again the already introduced method was used,
1 e. CdCl2was added to the water in which the animals were kept. It resulted
in an alteration of short active and rest phases. Determining the oxygen con-
tent of the samples taken at times of the interchanges we found that the 02
consumption is essentially higher in the active period than at rest. The differ-
ence is even higher than in intact animals; in the presence of 2.5 mg CdClI2
it is elevenfold, in the case of 5 mg CdCI2it is even fifteenfold. The oxygen
consumption calculated for 1g dry material was: for 2.5 mg; CdCI21 in active
period 0.467 mg/hour, at rest 0.031 mg/hour; for 5 mg CdCI21 0.717 mg/hour
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in active period and 0.065 mg/hour at rest. The gradualness of oxygen con-
sumption corresponding to the periodic activity demonstrated in Fig. 8 is also
striking.

mgOi/l

Fig. 8. 0 2consumption during periodic activity provoked by CdCI2 in case of removal
of shell around the sypho. (See “Note” for Fig. 6)

8. abra. 0 2fogyasztds CdCl2dal provokéllt/f)er_iodikus aktivitas alatt, a szifo koruli héj-
rész eltdvolitasa esetén. (Megjegyzés: mint a 6. abran.)

The wet weight of animals (without shells) used in the experiments was
in general 70—80 g. Consequently, the oxygen consumption of an untreated
total animal was in open state 2.57 mg/hour, in closed state 0.55 mg/hour.

Discussion

In general, three interpretations are concluded from the results obtained
by investigating the filtration and sedimentation activity as well 0 2consump-
tion of mussels:

(@) role of mussels in water purification,

(b) nutrition of mussels,

(c) rate of ciliary activity in mussels.

On hand of laboratory measurements sometimes far leading calculations were
made and publications appeared on the sedimentation activity of mussels,
expressed in metric centners and related to yearly cycles (Yeewey 1952, Ito
and Imai 1955). Other authors interpret the decrease of filtration activity of
mussels following different effects in advance as the influencing of ciliary
apl'givity (Haranghy 1957), as it gets realized actually through the activity of
cilia.
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Our experiments clearly demonstrate the justifiable claim of Galtsoff
(1964) that shell movement should be considered when investigating the fil-
tration of mussels. This reasoning is in near contact with the knowledge of the
animal’s specific behaviour manifested in the periodicity of activity. Our
results show that there is a great difference in the purification of water from
the suspended material and in oxygen uptake, consequently, in the amount
of the pumped water during the active and the rest periods. It cannot be stated
that if the shells are closed through the tonic contraction of the close muscles,
the filtration activity completely stops, — this is not true especially for the
filtration of oxygen. These observations are in contradiction with data reported
by Newel1 and Northcroet (1965). However, it is obvious that the values
obtained during active periods cannot be transferred not only on yearly cycles
but even on a one-day period by means of simple multiplication, as because of
the periodicity in activity there occur also phases when the activity is inter-
rupted or is insignificant. 1t cannot be discussed that the results of measure-
ments, carried out for longer time (days) but omitting the parallel registration
of activity can be deceiving and could serve as interpretation of broadly scat-
tered values (e.g. Haven and Morales-Alamo 1966).

In general, investigations pay attention to the animal’s size, temperature,
the time of sexual cycles and to the fact that within a certain limit of size the
animal filtrates the bigger particles quicker than the smaller ones. Besides
these considerations our experiments showed that as important factor also the
animal’s periodic activity should be taken into account. To its proper estima-
tion only the method of parallel registration of activity can be suitable. The
periodicity of activity is valiant not only for A. cygnea, but is a known phe-
nomenon also in several marine molluscs (Loosanoff 1939, Satanki 1966).

The difference of activity in the different phases of periodic activity
points also to the problem that the inhibiting effect on the filtration activity
of a certain factor cannot be simply interpreted as an effect appearing at the
general level of ciliary activity. It is plausible that either the fluctuation of
temperature or the pollution of water produce an effect through the regula-
tion of periodic activity similar to the experimentally used CdCI2 influencing
the occurrence and time scale of rest periods. The periodically appearing
closure of shells leads also in that case to the decrease of water purification if
the ciliary activity is, during the active periods, otherwise normal or even
slightly increasing. In our opinion when investigating the ciliary activity in
intact animal the simultaneous registration of shell activity is indispensable.

In our experiments the pre-treatment with neutral red as well the remov-
al of the shell around the syphos resulted in the absence of the rest period.
The effect of neutral red in this aspect is the more remarkable as in previous
investigations with other agents only decrease in the activity was reported,
when rest periods appeared more frequently (Koshtoyants and Salanki 1958,
Satanki 1960, 1955). Barnes (1965) by increasing the O2supply, CO2tension
and giving more food could not demonstrate any significant increase in activity.
The increasing activity observed when the sypho was liberated from the shell is
similar to the effect obtained in the case of denerved sypho (Satanki 1961).

As rest periods are appearing in greater frequency when the 0 2 content
of the water decreases (Saranki 1965) it can be supposed that by removing the
shells in the very same water body the oxygen supply of the syphos is better.
Its effect through the receptors results in an increase of activity. In any case
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these observations refer to the important role of syphos in activity regulation.
But in both cases consequent to CdCI2the animals reacted as the intact ones
did, showing that both pre-treatment with neutral red and liberation of the
syphos do not damage essentially the regulatory mechanism.

The parallel decrease of the water’s oxygen level with the periodicity
of activity puts the question whether the increased oxygen uptake during
the active, and the decreasing one in rest period are, or are not connected
with the mussel’s actual energy requirement. It is obvious that during the
active period the muscle work itself causes a significant 0 2 consumption, the
heart function is also more intensive (Pécsi and Saranki 1964) indicating an
increased metabolism. On the other hand, it is commonly known that also
under strictly hypoxic conditions lively active periods can be observed in
Anodonta cygnea, emphasizing the relative low level of oxygen required for
activity. Therefore, it is assumed that a certain amount of the oxygen taken
up during the active period is stored and consumed during the rest period;
during the latter the energy supply takes place in this interpretation not only
from anaerobic processes. It is possible that this oxygen storage plays directly
or undirectly a role in the regulation of the duration of the rest period or at
least in modifying it.

Summary

The relations between the mussel’s water purification and oxygen con-
sumption related to the animals’ characteristic activity rhythm were investi-
gated. It was found:

1 The filtration measured with indirect method occurs during the active
period, when the shells are rhythmically active;

2. The oxygen consumption during the active period is 5—Ofold
higher than in the rest period when the shells are closed;

3. The neutral red method for filtration, developed by Cole and Hepper
(1953) is not suitable to obtain quantitative values;

4. Saturation with neutral red as well the removing of shell around the
sypho increase the activity of the animals.

The fact that the mussel’s activity is not continuous but lasting intervals
caused by different factors interrupt the open state, make the results of exper-
iments questionable where no simultaneous activity registration were per-
formed. These data seemthe less acceptable the more they are related to results
obtained on single individuals and from short lasting measurements in respect
the whole year-sedimentation of the total mussel population in the biotops.
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FILTRACIO ES 02FOGYASZTAS OSSZEFUGGESE A PERIODIKUS
AKTIVITASSAL TAVI KAGYLONAL

Salanki Janos és Lukacsovics Ferenc

Osszefoglalas

Vizsgaltak kagyld viztisztitdé miikoédésének és oxigénfogyasztasanak dsszefliggesét

az allat jellegzetes aktivitasi ritmusaval. Megallapitast nyert:

1. Az indirekt modszerrel mért filtracio Iénye?(ében az aktiv periddus alatt zajlik le,
amikor a héjak ritmikus aktivitdst mutatnak;

2. az oxigénfogyasztéas aktiv peridédus alatt 5—10-szer nagyobb, mint nyugalmi periédus-
ban, amikor’is a héjak szorosan zart allapotban vannak;

3. a filtracibmérésre hasznéalt, Cole és Hepper (1953) altal ajanlott neutralvérdés mod-
szer nem alkalmas kvantitativ értékek nyerésére;

4. neutralvorossel vald telités, valamint a szifo koruli kagylohéj-rész eltavolitdsa az
allatok aktivitasat fokozta.

7 Tihanyi Evkonyv
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Az a tény, hogy a kagylok aktivitdsa nem folyamatos, hanem a héjak nyitva-
tartasaban sok tenyezot6l befolyésoltan tartdos megszakitasok vannak, vitathatdva teszi
a filtraciora és oxigénfogyasztasra vonatkozd azon vizsgalatok adatait, ahol egyide;jli
aktivitasregisztralast nem alkalmaztak. Kilondsen kétségessé teszi azon szamitasok
realitdsat, melyekben egyes egyedeken rovid ideig tortént méréshél, egy-egy biotop

Osszkagyloinak™ egész évi szedimentacidjara vonnak le kovetkeztetéseket.

B3AVMOAEWCTBVIE SUNBTPALINA W MTOTPEBIEHNA KNC/TOPOAA
C MNMEPNOONYECKOW AKTVMBHOCTbHO BE33YBKW

AdHow LWanaw n PepeHt, Jlykaqosuy

BbINI0 M3yueHO B3aMMOOTHOLLIEHUE (DM/bTPALMOHHON aKTUBHOCTM W MOTPEBNEHUS KMCO-
pofa C XapaKTepHbIM PUTMOM aKTUBHOCTM XKMBOTHOTO. BbINO YCTaHOBMEHO:

1 — ®unbTpaums, 13MepeHHash KOCBEHHbLIM METOIOM, (DaKTUUECKM MPOUCXOANT TOMbKO
MU aKTUBHOM MEPVOAE YKMBOTHOIO, KOrJa CTBOPKW PaKOBMH 06/1afatoT PUTMUYECKO aKTUB-
HOCTBHO.

2. — MoTpebreHune Kucnopoda B akTMBHOW (hase B 5—10 pa3 Bbillie YeM B repuoge fo-
KOs, KOrfa CTBOPKM PaKoOBMHbI HAXOASTCA B 3aKPbITOM COCTOSHMU.

3. — MeTog HelTpanpoTa AN W3MEepeHUs (UAbTpaLmMK, NpPesIoKeHHbI Kone u
Xennep (1953) He MO3BOMSET MOMYYNTb KBAHTWUTATUBHbIE AaHHbIE.

4, — HacbllgHWe HelTpanpoToM W YfaneHe PakoBWHbI OKOMO CUGIOHa MPMBOAAT K
YBE/IMYEHWNIO aKTUBHOCTU KUBOTHOTO.

TOT (haKT, UTO aKTUBHOCTb Ge33y6KM HennaBHasl, a NpepbIBKCTas, CTAaBUT Moj, COMHEHVe
[JaHHble, NO/MYyYeHHbIE B OTHOLLEHWW (UbTPaUMK W NOTPe6/eHNs Kucnopoaa 6e3 ofHOBPeMeH-
HOW PervcTpauuy akTMBHOCTM KVMBOTHOFO. OCOGEHHO COMHMTENbHbI Te [aHHble, Ha OCHOBE
KOTOPbIX MOC/E KPATKOBPEMEHHOTO M3MEDPEHMS XapaKTEPUCTUKW OTAE/bHbIX OCOBEN MpUXo-
0T K BbIBOZY O TOAOBOM CefiMeHTaUMKU Ge33y6oK Lienioro 6uotona.
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Important role is attributed, in general, to acetylcholine (ACh) in the
stimulatory processes of Pelecypoda same as in the case of other molluscs.
The role of ACh is considered important primarily in influencing cardiac
action (see Greenberg 1965), but its participation in the regulation of somatic
muscles (Twarog 1960), in the operation of the cilia of the gill (Bulbring et al.
1953), and in the mechanism of the central nervous system (Horridge 1961,
Puppi 1963) was also suggested or demonstrated.

Nevertheless, we have onIP/ deficient or contradictory data at disposal
concerning the presence of cholinesterase (ChE) in the different tissues, on
the properties and quantitative relationships of this enzyme and on the elim-
ination of released ACh. In the case of various bivalves a higher degree of
ChE activity has been demonstrated so far only in the adductors (Varga
1959, Zs.-Nagy 1963) with both biochemical and histochemical methods.

A considerable difference in ChE activity was found recently by K atam-
karova and K ryukova (1,966) between tonic and phasic parts of the adductors.
Bulbring et al. (1953) demonstrated ChE activity in the gill of Mytilus. In co-
urse ofexaminations on heart muscle Nistratova and Y uzhanskaya (1966) did
not find ChE activity in the ventricle, and demonstrated only traces of its in
the auricle, and these findings led them to the conclusion that ACh released
at cardiac nerve terminations is not decomposed in the heart itself. The above
authors did not find ChE activity in the musculature of the intestine either.

ChE activity was not demonstrable by histochemical methods in the
central nervous system of freshwater mussel (Zs.-Nagy and Salanki 1965),
however, by biochemical methods it was provable (Saranki et al. 1966).

Because, according to the general opinion, the demonstration of specific
ChE might be of great importance in the estimation of cholinerg mechanisms
the present examinations were made with the objective to decide in the case
of Anodonta cygnea L 1) if there is ChE present or not in all such tissues in
which importance is attributed to ACh by different authors on basis of pharma-
cological and physiological examinations. These present investigations were
not extended to the ganglia because the property of their ChE activity has
been examined previously (Satanki et al. 1966); 2) to obtain data on the
properties of ChE by applying various substrates and inhibitors; and 3) to
obtain comparative data on the ChE activities of tightly connected but diffor-
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ently functioning parts of organs (the auricle and ventricle of the heart, the
“tonic” and “phasic” parts of the adductors) in the hope that these data might,
perhaps, be of some help in explaining the functional properties of these parts.

Method

Full-grown specimens of freshwater mussel (Anodonta cygnea L.) were
used. ChE activity was determined in the two parts of the heart (auricle and
ventricle), in the “tonic” and “phasic” parts of the adductors, in the intestine,
and further in the gill, mantle and lymph. The experiments were carried out
all the whole year round.

The tissues used were excised from specimens freshly taken out from
water. The lymph was drained from the pulsating heart taking care that sample-
taking should not stop cardiac action. To get hold of sufficient amount ofsample
for preparing the necessary amount of homogenizate, identical tissues were
excised simultaneously from a number of animals. To determine the activity
of the “tonic” and “phasic” parts of the adductors samples were excised sepa-
rately from the anterior and posterior adductors, and were homogenized sub-
sequently.

Homogenizing of samples was made with motor-driven Potter homoge-
nizator for 5 min, under constant cooling and using distilled water. In case of
the adductors the wet weight content of the homogenizate was 20 mg/ml
and in the case of other tissues approx. 50 mg/ml. The homogenizate was
centrifuged for 5 min at 3000—4000 rpm and 1 ml of the supernatant wasused
as extract, and added to the incubation mixture.

5 ml incubation mixture was used. It contained 1 ml extract, 1 ml sub-
strate-solution, 1 ml 0.2 M trismaleate buffer (pH 8) and 2 ml distilled water.
The substrate concentration of the mixture was 5 mM on every occasion. The
spontlaneous hydrolysis of the substrates was determined in extract-free
samples.

When inhibition was examined, 1 ml inhibitor of suitable molarity was
pipetted instead of distilled water into the incubation tube. In that case the
tube in which spontaneous hydrolysis was measured also contained 1 ml
inhibitor. The determinations were conducted at 37 » 0.1 °C.

In case of the adductor and the lymph, incubation time was 1 hour, in
case of the other tissues, 3 hours.

Enzyme-activity was measured by the colorimetric method described
by Hestrin (1949). This method is based on the quantitative reactions taking
place in basic milieu between ACh and hydroxilamine. The light absorption of
the iron-hydroxamate produced after acidification was measured with Beck-
man GU 2400 spectrophotometer at 430 m.y wave-length. Calibration curves
were taken in case of each substrates.

The following substrates were used: acetylcholine bromide (ACh-Br)
(de Laire), acetyh/nmethyl-choline bromide (MeCh-Br) (Leight), butyryl thio-
choline iodide (BuThCh-J) (Fluka), butyryl choline iodide (BuCh-J)(Fluka),
benzoyl-choline chloride (BeCh:CI? (Leight).

The following agents were applied as inhibitors: eserine-sulphate (B. D. H.)
and diisopropyl-fluorophosphate (DFP).

The nitrogen content of the extracts was also determined on every occa-
sion. For this purpose the Kjeldahl technique was used. The ammonia was
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released with a strong alkaline and distilled into concentrated boric acid solu-
tion and titrated with 0.01 n HC1solution using Groach’s combined indicator.
The results of ACh decomposition are expressed in yg substrate/mg N/h units.
The comparison of decomposition rates of different substrates was made in
ratio of their molecular weight.

Results

A) Heart

After the intersection of the adductors the valves were opened, the heart
exposed, the auricle and ventricle excised separately and the lymph was remov-
ed from the heart by washing with distilled water. The extract was prepared
as described before.

1. ChE activity

The mixture was incubated for 3 hours in the presence of 5 mM ACh-Br
substrate. Table 1 illustrates the rate of ACh hydrolysis (yg ACh/mg N/h)
(the average of 12 measurements).

Table 1

Comparison of ChE activities in the auricular and ventricular part of Anodonta heart.
Data indicate the quantity of ACh hydrolized during one hour by homogenizate
containing one mg N

1 téblazat

Anodonta sziv pitvari és kamrai része ChE aktivitidsanak osszehasonlitasa. Az adatok
1 mg N tartalmd homogenizatum 4ltal 1 6ra alatt hidrolizalt ACh mennyiségét jelzik

pg-okban
Auricle Ventricle
/ug ACh/mg N/hour /lug ACh/mg N/hour
l. 358 129
2. 505 ... 9%
3 1110 .. 301
4 597 216
5. 542 199
6. 678 199
7. 620 116
8 367 114
9 476 104
10. T47 183
n 378 .. 136
12, 497 ... 142
573 . 161
(100.0%) (28.1%)

The measurements show that the extracts prepared from both parts of
the heart (ventricle and auricle) have ChE activity. The parallel values and
also the averages, show that the ChE activity of the auricle is relatively high
?nd that of the ventricle is considerably Jower, less than one-third of the
ormer.
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As it is evidenced by Table 1, the extracts prepared at different times
have rather different ChE activities, the difference in ACh decomposition ob-
served between the two regions of the heart was, however, always marked.
The difference of values in case of identical organs is not attributable to the
inadequacy of the method but rather to functional and seasonal factors.
(Studies concerning this are reported elsewhere.) In the followings we shall
present only average values computed from hydrolysis data of minimum five
different extracts.

2. Substrate-specificity

In course of these studies besides ACh-Br we also applied the following
substrates: MeCh-Br, BuThCh-J and BeCh-Cl. All these agents were used at 5
mM concentration and at an incubation time of 3 hours.

It was observed that these substrates also were more effectively decom-
posed by the auricle than by the ventricle. The average values are shown in
Table 2.

Table 2
ChE activities of the heart (auricle and ventricle) in the case of different substrates

2. tablazat
A sziv (pitvar és kamra) ChE aktivitasa kiilonb6z6 szubsztratok esetében

ACh MeCh BuThCh BeCh
m/iM/mg N/hour m”~M/mg N/hour mgM/mg N/hour m~M/mg N/hour
Auricle ..o, 2,068.0 1,787.0 852.0 259.0
Ventricle ..o 534.0 125.0 236.0 0

Figure 1 illustrates the rate of substrate decomposition per 1 hour in
percentage of ACh decomposition.

It is seen that the decomposition rate of ACh is the highest in case of
both auricle and ventricle. If decomposition values of the various substrates
are expressed in percentage of ACh decomposition it becomes evident that there
is considerable difference between the auricle and ventricle concerning their
hydrolysis rates. The hydrolysis rate of ACh and MeCh was approximately the
same in the case of the auricle, whereas the ratio of ACh : MeCh hydrolysis
rates was 1 :0.25 in case of the ventricle. It is also worth to mention that while
BeCh is hydrolyzed though only to a small extent by the auricle, the same was
not observed in the case of the ventricle. In the ratio of BuThCh : ACh-decom-
position no difference was observable between auricle and ventricle.

Since the sensitivity of ChE-es to various inhibitors might be of consid-
erable interest in establishing the properties of these enzymes, we have
examined the effect produced by eserine and by the organic P-derivative:
DFP, both of which are considered the most important ChE inhibitors.

Eserine was used in 10~10 10' 5M concentrations at an incubation time
of 3 hours and using 5mM ACh-Br solution as substrate. In Fig. 2 inhibition



O3

%

Fig. 1. Relative heart ChE activities in case of different substrates expressed in percentage
of ACh-decomposition

1. dbra. A sziv (pitvar és kamra) relativ ChE aktivitasa kilonbdzd szubsztratok esetében,
az ACh-bontas sz&zalékédban

values of ChE activity of auricle and ventricle are illustrated in the function
of the concentration of the inhibitor. The susceptibility of ChE activity to
eserine differed considerably in case of auricle and ventricle. In both cases
a nearly 100% inhibition was produced by 10~e M eserine, in the case of the2

Fig. 2. Inhibition of the ChE_activity of the heart (auricle and ventricle) by eserine.
pi: — log eserine concentration

2. abra. A sziv (pitvar és kamra) ChE aktivitasanak gatlasa eserinnel. pl: —log eserin
koncentracio
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auricle, however, the slope of the inhibition curve became steep at a concen-
tration by two orders lower, than the curve of the ventricle. A 50% inhibition
of ChE activity was produced by about 2x 10~8M and 4 x 10~7M concentra-
tions of eserine in case of auricle and ventricle, respectively, i.e. there was an
one-order difference between the two values, whereas in case of both auricle
and ventricle the concentration at which complete ChE inhibition was produced
remained below 10-5 M.

The inhibitory effect of DFP on the ChE activity of auricle and ventricle
was examined at 10~8—10~3 M concentrations of this agent likewise at an
incubation time of 3 hours and at 5 mM ACh-Br substrate concentration.
Results are presented in Fig. 3.

Fig. 3. Inhibition of the ChE activity of heart (auricle and ventricle) by DFP.

pi: —log DFP concentration
3. abra. A sziv (pitvar és kamra) ChE aktivitasanak gatlasa DFP-vel.
pl —Ilog DFP koncentracio

ChE activity was inhibited at and beyond 10-8 M and 10~6 M concen-
trations of DEP in case of auricle and ventricle, respectively. In the case of the
auricle 50 per cent inhibition was observed at about 5x 10~e M concentration,
and in the case of the ventricle at 1.5 X 10~4 M concentration of DFP. ChE
activity of both parts of the heart was completely inhibited by 10“3M DFP.
Thus, the inhibition produced by this agent resembles that of eserine in relation
of the ratio of auricle: ventricle, but in comparison to eserine a by 1—3 order
greater concentration of DFP was needed to produce the same inhibition.

B) Adductor muscles
1. ChE activity
In one series of measurements the adductors of one animal were only
used. The anterior and posterior adductors were detached from the valves,
the white “tonic” and yellowish “phasic” parts were separated and the extracts
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prepared of these two, macroscopically and assumably also functionally differ-
ent parts using the method described previously. Time of incubation was 1
hour. The ChE activity values obtained are presented in Table 3.

Table 3
ChE activity of the “phasic” and “tonic” parts of the adductor

3. tablazat
Zaroizom ,fazisos” és ,tonusos” részének ChE aktivitasa, fig ACh/mgN/éra

Cholinesterase activity
jug ACh/mg N/hour

tonic phasic
3,158 4,174
1,567 2,105
3,296 4,981
1,945 2,669
2,988 4,622
2,832 4,252
2,365 2,680
3341 5,442
2,525 2,948
2,668 3,763
(100.0%) (141.0%)

It can be established that the ChE activity values of the adductors vary
within wide limits equally as in the case of the heart. It is also seen, that in
the two, functionally different parts (phasic and tonic) of the adductors, there
is a marked and in every case unidirectional difference in ChE activity. ChE
activity rate of the yellowish phasic part is by 40% higher than that of the
white tonic part.

2. Substrate specificity

Parallel with ACh-Br the following agents were also applied as sub-
strates: MeCh-Br, BuCh-J and BeCh-Cl. These agents were used at 5 mM
final concentration. In Fig. 4 hydrolysis values at | hour incubation time are
given in percentage of ACh hydrolysis.

Marked difference in substrate specificity was not observable between
the macroscopically different parts of the adductors. Identical substrates are
decomposed with equal intensity by the two different parts of adductor. The
rate of hydrolysis of the various substrates, however, is different. The rate of
MeCh decomposition is the highest, surpassing to some extent that of ACh.
The_rattle 3of hydrolysis of BuCh is considerably lower and that of BeCh is only
minimal.

3. Inhibition by eserine and DFP

Essential difference in susceptibility to eserine was not obervable between
the phasic and the tonic parts (Fig. 5). Inhibition presents itself at a concen-
tration as lowas 10-11 M, whereas complete inhibition was produced at 10~7M
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J|= ton/c

U =phasic

ACh MeCh BuCh BeCh
substrate

f ig. 4. Relative ChE activities of the adductor (“tonic” and “phasio” parts) in case of
different substrates and expressed in percentage of ACh decomposition

4. abra. Zaréizom (,tonusos” és ,fazisos” rész) relativ ChE aktivitasa kilonbdzd
szubsztratok esetében, az ACh bontas szazalékaban

Fig. 5. Inhibition of ChE activity of adductor (“tonic” and “phasic” parts) by eserine
5. abra. Zardizom (,t6nusos” és ,fazisos” rész) ChE aktivitdsanak gatladsa eserinnel
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concentration. At 1 hour incubation time 8—10X10“ 10 M eserine produced
50% inhibition in case of both tonic and phasic parts of the adductors.

The inhibitory effect of DFP on ChE (Fig. 6) manifested itself at con-
centrations as low as 10~8M (10—15% inhibition), it did not produce, however,
complete inhibition even at 10-5 M concentration. Though in the case of DFP
the inhibition values of the tonic and phasic parts were nearly the same, they
cannot be considered completely identical. The tonic part is slightly more

Fig. 6. Inhibition of ChE activity of adductor (“tonic” and “phasic” parts) by DFP
6. abra. Zardizom (,tonusos” és ,fazisos” rész) ChE aktivitasdnak gatldsa DFP-vel

inhibited by DFP than the phasic part. 50% inhibition was observed at 3 X10-8
M and about 5x 10-8 M concentrations of this agent in the tonic and phasic
parts, respectively. This is assumably due to the greater ChE activity of the
phasic part. It is worth to note that at higher DFP concentrations inhibition
Is flattened.

C) The qill

The internal lamellae of the gill were used because the external ones
are full of developing embryos in certain periods of the year. The lamellae are
richly supplied with cilia the activity of which is very susceptible to the
influence of cholinergic drugs (Buibring et al. 1953).

1 ChE activity

The ChE activity of the gill was measured at an incubation time of 3
hours using 5 mM ACh-Br substrate as usual. The rate of hydrolysis computed
from values of several parallel measurements was 393.0 pg ACh/mg N/h in
average. When measuring the substrate specificity of that enzyme which is
present in the gill and produces the hydrolysis of cholinesters we used experi-
mental conditions identical to that used during our previous measurements.
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Besides ACh-Br, we used as substrates 5 mM solutions of MeCh-Br, BuTh
Ch-J and BeCb-Cl, too. The results obtained are illustrated in Fig. 7. It is
seen that the rate of decomposition of MeCh is relatively high (60% of ACh
decomposition), whereas decomposition of BuThCh and BeCh was not observ-
able practically.

%

Fig. 7. The relative ChE activities of the gill in case of different substrates, in percentage
of ACh decomposition

7. dbra. Kopoltyu relativ ChE aktivitasa kulonb6zd szubsztratok esetében, az ACh-
bontas szazalékaban

2. Inhibition by eserine and DFP

Observations on the effect of eserine on ChE activity of the gill show
that an about 50% and 90% inhibition was produced at 1.5 X10-8 M and 10“5
M eserine concentrations, respectively (Fig. 8).

In case of DFP, 50% inhibition was produced at 10~4 M concentration
of this agent (Fig. 8).

D) Other tissues
(Intestine, mantle, lymph)

It is suggested that the motor activity of that section of the intestine
which passes through the heart influences cardiac action, and that due to its
special anatomical localization this section might be involved in the regulation
of pulsation of the heart. This possibility was examined by some authors
(Chong and P nirris 1965) and we thought also worth examining the ChE ac-
tivity of the intestine.

The rate of ChE activity in that section of the intestines which passes
through the heart was 295.0 fig ACh/mg N/h in average. This value lies between
activity values of the auricle and ventricle.
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Fig. 8. Inhibition of the ChE activity of the gill by eserine and DFP
8. abra. Kopoltyl ChE aktivitasanak gatlasa eserinnel és DFP-vel

When measuring the rate of ChE activity of the extract of the intestine
in the presence of eserine solution and at 5 mM ACh-Br substrate concentra-
tion the inhibition, produced by 3.0 X10~8 M eserine, was 50%. When using
DFP, 50 per cent inhibition was produced by 2.5X10~6 M concentration of
this compound (Fig. 9).

In the mantle smooth muscle fibers are localized in sporadic arrange-
ment which differ from the “polymorph”-like structure of the fibers in the

Fig. 9. Inhibition of the ChE activity of the intestines by eserine and DFP
9. dbra. Bél ChE aktivitasanak gatlasa eserinnel és DFP-vel
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adductors (Zs.-Nagy and Saranki 1965). Therefore, we also have examined
the ChE activity of the mantle. The rate of ChE activity on basis of ACh-Br
decomposition was 445.0 gg ACh/mg N/h in average.

Decomposition rates in case of 5 mM concentrations of MeCh-Cl,
BuThCh-J and BeCh-Cl at pH 8.0, at 37 °C temperature and at an incuba-
tion time of 3 hours were, as expressed in ratio of ACh deceomposition, 78%,
43% or nought, respectively (Fig. 10).

%

Fig. 10. Relative ChE activity values in percentage of ACh decomposition in case of
different substrates

10. dbra. Kopeny relativ ChE aktivitdsa kulonb6z8 szubsztratok esetében,
az ACh-bontas szazalék&ban

ChE activity of the lymph was examined on the basis of suggestions
(Nistratova 1965) that ACh released in the heart is not decomposed in loco
but subsequent to its being washed out with the lymph. This infers that the
lymph itself might perhaps have high ChE activity. In view of the very low
dry-matter (approx. 0.25%), and N-content (about 0.01%) of the lymph,
the rate of ChE activity was computed in different ways. In case of every
extract, we pipetted into the incubation tubes 1 ml uncentrifuged and centri-
fuged lymph, respectively. The amount of ACh hydrolized in one hour by that
amount of uncentrifuged lymph which contains 1 mg N was 5400 gg; in case
of centrifuged lymph this amounted to 10,800 gg. ACh hydrolyzed in one hour
by 19 (approx. 1 ml) uncentrifuged lymph (“wet tissue”) was 540 gg.

Comparing these results with ChE activity values of other tissues exam-
ined, it is seen that the activity values expressed in term of N are very high.
Considering, however, the very low protein-content of the lymph, it is seen
that the ChE activity of the total lymph of the animal constitues only a small
portion of the activity of the whole animal.

Examining MeCh-Cl, BuThCh-J and BeCh-Cl decompositions of cent-
rifuged lymph, it was found that the cholinester hydrolyzing enzyme of the



lymph does not produce practically decomposition of the substrates used by
us with the exception of ACh. This property of the lymph distinguishes it from
tissues of other types.

Discussion

In course of previous examinations (Saranki et al. 1966) ChE activity
was demonstrable Iin the central nervous system of Anodonta cygnea, and on
basis of the hydrolysis values of the different substrates applied it is inferred
that it might be a specific cholinesterase.

The results presented in this paper show that the method used by us is
suitable to determine the ChE activity also in almost every tissue examined.
In activity rate considerable difference was observed among the different tis-
sues. Activity rate was the lowest in the ventricular part of the heart, and the
highest in the phasic region of the adductor. The ratio between the two values
was 1:23. This ratio is not changed considerably when expressing activities
in term of fresh weight (Fig. 11). The results show that both parts of Anodonta
heart, further the adductors, the gill, that section of the intestine which passes
through the heart and the mantle, too, are capable of ACh hydrolysis. These
results are in agreement with those obtained by Varga (1959), Zs.-Nagy
(1964) and Buturing (1953) demonstrating ChE activity in the adductor and
the gill, respectively. Our results correspond also to data suggesting that the
ACh has an important role in the stimulatory processes of the various organs

Fig. 11. ChE activities of various tissues of Anodonta cygnea. For the sake of comparison
the data on ganglia obtained previously with similar methods (Saranki et al. 1966)
are also presented

11. abra. Anodonta cygnea kiilonboz6 szoveteinek ChE aktivitasa. A ganglionokra
vonatkoz6 adatokat Osszehasonlitas céljabol korabbi, hasonld modszerrel végzett
vizsgalatok alapjan (Saranki és mtsai 1966) adjuk meg
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of bivalves (Prosser 1940, Bulbring 1953, Twarog 1960, Horridge 1961,
Pttppi 1963, Greenberg 1965). It was also evidenced by the observations
presented here that there is a considerable ChE activity in both regions of the
heart, i.e. not only in the auricle but in the ventricle, too, which does not con-
form to data obtained by Nistratova and Yuzhanskaia (1966). The observa-
tion that there is a well-measurable ChE activity, in that section of intestines
which passes through the heart, does not agree either with data of the above
authors. The different results obtained are assumably due to the sensitivity
of the method used. This assumption is most probable because we measured
arather great activity (more than three times that ofthe ventricle) in the auricle
in opposition to Nistratova and Yuzhaskaia (1966) who demonstrated it
here only in traces.

Examinations on cholinesterase activity of the single tissues showed
that from among various substrates used not only ACh but also MeCh was
relatively well decomposed and BuThCh (BuCh) decomposition, though of a
much less extent, was also observable. Only the tonic and phasic parts of the
adductor and the auricle produced BeCh decomposition, the rate of which
never amounted to more than 20% of ACh decomposition (Figs 4 and 1).
It is worth to note that likewise in the two parts of the adductor the observed
MeCh decomposition was about 10% higher than that of ACh. In opposition
to the general observation that in one and the same species no difference in
substrate specificity exists between the different tissues (Heath 1961), we
made besides the above-mentioned property of the adductors and the auricle
the observation too, that there is difference in behaviour in case of MeCh
decomposition of the ventricle and in the BuThCh-decomposition of the gill.
In the two latter instances decomposition rates expressed in percentage of
ACh decomposition were considerably lower than in the other tissues. This
might be elucidated by further, more detailed examinations. The substrate
specificity of the tissues suggest that there is specific ChE-se present in the
mussel tissues examined by us, since in case of non-specific ChE (BuChE)
a much greater decomposition of BuThCh and considerable BeCh-decomposi-
tion would be expected. This suggestion conforms to other data on the substrate
specificity obtained by us previously in course of studies on the ChE activity
of ganglia (Saranki et al. 1966).

In course of the application of inhibitors it was found that eserine is
effectual at much lower concentration than DFP. An as low as 10* 10—10~8M
concentration of eserine is sufficient to inhibit the hydrolysis of 5mM ACh-Br
by 50%, whereas DFP only at 10~8—10~4M concentration produced the same
effect (Figs 2, 3, 5, 6, 8, 9). At least a two-order difference was observable in
case of every organ examined. The great sensitivity of ChE activity to eserine
is very remarkable especially in case of the adductors on which DFP proved
to be also most effectual. Difference in sensitivity was observed also in case
of nearly 100% inhibition. In case of the adductor 10“7M eserine, in case of
the heart and the gill only 10“6 M of this agent produced complete inhibition
(Figs 5,2,8).

It is worth to compare the ChE activity values of the auricle and ventricle
and those of the tonic and phasic parts of the adductors. The ChE activity of
the lymph deserves also special Interest.

In every case, a considerable, about threefold difference was measured
in ChE activity between the auricle and ventricle, when, namely, the activity
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rate of the auricle was higher. As regards MeCh decomposition a nearly four
times greater value was obtained in case of the auricle than in that of the
ventricle, and in case of the former a slicht BeCh decomposition was also noted.
A considerable difference exists also between auricle and ventricle as regards
sensitivity of enzyme activity to inhibitors (Figs 2, 3). It is worth noting
that in the auricle the sensitivity of ChE to inhibition is lower by two orders
as compared to the ventricle. This might be related to differences observed in
MeCh- and BeCh-decompositions. It is inferred that there is a considerable
difference in the esterase activity between these two functional parts of the
heart. It is assumable that the higher ChE activity of the auricle might be
connected to its cholinerg mediation.

We have no exact knowledge of the innervation of mussel heart. In all
probability heart-nerves are passing to both parts of its, to the auricle and to
the ventricle (Suzuxkr 1935). It is imaginable that the majority of cholinerg
terminations is located in the auricle and the rhythm of the heart is regulated
in vivo by their rhythm. Thus, it is suggested, that the high ChE activity of
the auricle is related to cholinerg innervation. In the light of these considera-
tions, however, all examinations on the humoral regulation of cardiac action,
in the course of which the testing of biologically active agents and the exami-
nations on the effect of pharmacons was made on isolated ventricle only,
have to be subjected to criticism. In case of examinations like these the agents
have to be tested on the auricle too, for it might be expected as suggested by
literary data (CLoNG and PHILLIS 1965, ATRAWA and ISHIDA 1966) that auricle
and ventricle respond differently to the application of biologically active
agents and pharmacons.

Difference in ACh decomposition was observed also between the white
“tonic”” and yellowish “‘phasic” parts of the adductors, in case of the ‘“‘phasic”
part, namely, a 409, higher activity value was registered. Concerning the inhib-
itory effect produced by eserine and DFP no difference was noted between
the two parts of the adductors as regards the ratio of decomposition values of
other substrates to that of ACh. Difference in ChE activity was found between
the two regions of the adductors by Karamrarova and Kryurova (1966),
too. In their case the rate of ChE activity of the phasic part was three times
higher.

Considerable differences in activity of other enzymes, too, were observed
(ForTE 1965) between the two microscopically well-distinguishable regions of
the adductors. These observations might explain the functional difference
between the two regions. It is assumable that in case of the ‘“phasic’ region
of the adductor the more quick relaxation that was observed following contrac-
tion (ZrUKOV 1956) is due to the higher ChE activity of this region as compared
to the “tonic” region. It is to be noted, however, that no detailed examinations
were performed heretofore concerning the reaction of the adductors to the
direct application of ACh, and no attempts were made to decide whether ACh
is released actually during nerve stimulation in case of neuromuscular trans-
mission. The effect of ACh was examined by Twarog (1960) only on
Mytilus ABRM and the effect noted was tonic contraction.

In the knowledge of the ChE activity of myosin which has been demon-
strated also in case of mussels (KOvER és KovAcs 1960) it is also assumable
that the ChE-activity differences depend on the different myosin content of
the two regions of the adductors. Though the preparation and homogenization

8 Tihanyi Evkonyv
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of the extract were made with distilled water, the extract contained some
amount of salts due to the dissolution of the physiological salt content of
tissues. Considering data obtained by Ports (1958) the ionic strength of our
extracts was about 0.02. Because myosin is not extractable at the ionic strength
of our extracts, the above assumption has to be rejected, and the difference
observed attributed to the difference between the neural/sarcolemmic ChE
activities.

Examinations on the ChE activity of the lymph were made on basis of
certain assumptions (N1sTraTOVA 1965) that the decomposition of ACh releas-
ed in the heart does not take place in the heart itself, and it is suggested that
this natural inhibitor of the heart might be eliminated as a result of the ChE
activity of the lymph. The ChE activity of the lymph was high in relation to
its nitrogen content. Due to the low protein content of the lymph, however,
the amount of ChE present in the lymph seems to be insufficient to produce
decomposition of ACh originating from other tissues. It is worth noting that
practically no other substrate than ACh is decomposed by the lymph. It is
suggested that the importance of the extraordinarily specific ChE of the lymph
is the elimination of the remaining ACh — released in different tissues and getting
only partly decomposed into the lymph — before it reaches other acetylcholine
receptors. The above suggest that the lymph may act as a specific ACh-barrier
between ACh-sensitive structures lying far from one another.

Summary

ChE activity measurements were made in the various organs (heart,
adductor, gill, intestine, mantle, lymph) of Anodonta cygnea L. by HESTRIN’S
(1949) biochemical method. It was found that the extracts of all tissues exam-
ined are capable of ACh decomposition.

ChE activity was determined during separated measurements also in
the auricular and ventricular parts of the heart and in the ‘‘phasic’” and ‘‘tonic”
parts of the adductors. It was established that the activity of the auricle and
of the phasic part was considerably higher than that of the ventricle and of
the tonic part of the adductor, respectively, and it was concluded that this
might be of great interest from functional point of view.

The decomposition rates of the various substrates (ACh, BuThCh, MeCh,
BeCh) and the sensitivity to both eserine and DFP suggest that the ChE exam-
ined by us is specific (AChE) suggesting that there are cholinerg mechanisms
present in freshwater mussel.
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KULONBOZO SZOVETEK KOLINESZTERAZE AKTIVITASANAK OSSZE-
HASONLITO VIZSGALATA TAVI KAGYLON
(ANODONTA CYGNEA L.)

Salanki Janos, Varanka Istvan és Hiripi Laszlo

osszefoglalas

. Vizsgaltuk Anodonta cygnea L. kiilénboz§ szerveinek, nevezetesen a sziv, zaro-
izom, kopoltyu, bél, kopeny, Tympha ChE aktivitasat 1 eserin (1949)-féle biokémiai
I(m,(')dszgrreli Azt talaltuk, hogy mindezen szervek homogenizatuma rendelkezik ACh bonté
épességgel. o .
~ Kulon vizsgalat targyat képezte a sziv pitvari és kamrai részének, valamint a
zaroizom ,,fazisos” és ,,tonusos” részének ChE aktivitasa. Megallapitottuk, hogy a pitvar,
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Ul. a fazisos rész aktivitadsa jelent6sen magasabb, mint a kamréé, ill. a tdnusos zar6-
izomrészé, aminek feltehet6en funkcionalis szempontbdl is na%y jelentésége van.

Kulénb6z6 szubsztratok (ACh, BuThCh, MeCh, BeCh) bontésa, ill. eserinnel és
DFP-vel valé gatolhatésag alapjan a vizsgalt ChE specifikusnak (AChE) foghatd fel,
ami a tavi kagyloban kolinerg mechanizmusok jelenlétére utal.

CPABHUWTEJIbHOE WCC/IEAOBAHNE XQJ’II/IHSCTEPASHOVI AKTVBHOCTW
PA3HbIX TKAHEWN BE33YBKW

AHow LanaHku, VwTeaH bapaHka u Jlacno Xupunu

Bblna m3yyeHa X0NMMH3CTEpa3Hasi akTUBHOCTb CepALa, 3anvpaTeNibHOM MbLLLbI, dKabep,
KULLKW, MaHTUM U UMbl 6UOXUMMYeCKMM MeTogoM XecTpuHa (1949). Bce nepeuviciieHHble
Bbillle TKaHW 06/1afatoT CMOCOGHOCTBIO PACLLENISTh AUETUIXOMMH.

XoMHaCTepa3Hasa aKTUBHOCTb MPEeACcepans U Xenyfoyka cepfua a_Takke (hasHoW u
TOHWMYECKOI YacTeli 3anmMpaTebHON MbilLiLbl U3yYanach pa3fenbHo. Bblo HalifeHo, YTO XOMNH-
3CTepasHasi aKTVWBHOCTb MPeAcepaus M (PasHOV YacTW 3anmpaTesibHOM MblLLLbl 3HAYUTENBHO
BbILLIE YeM >Kefly[o4Ka W TOHWYECKOW MbILLEYHOM 4acTi, YTO WMEET, MOBUAVMOMY 60/bLLIoe
3HaueHe M B (DYHKLMOHA/IbHOM OTHOLLEHMM.

Ha ocHoBe NprmeHeHMs pasHbix cybcTpatos (ACh, BuThCh, MeCh,BeCh) v nHrnéutopos
(33epuH, ADIT) aBTOpbI MPUXOAAT K BbIBOAY, YTO BbISBMEHHAS XOMMHICTEpa3Hasi aKTUBHOCTb
SBNAETCA CMEUU(UUECKOA M 3TO MOAYEPKMBAET BaXKHOCTb XOJMH3PIUYECKMX MEXaHWU3MOB Y

6€33y60K.
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In all parts of the world of intense agricultural production, diverse plant
protection and insecticide materials have been applied at ever increasing rates
during the last 15—20 years. The initially almost limitless use and spreading
of the various kinds of pesticides were extremely encouraged by the heavy
demands on marketable fruits and vegetables, as well as the recognization that
the application of these easily administrable synthetic organic compounds
considerably increases the quantity, and enhances the quality of the yield.
Measures especially successful in agriculture and forestry had at first eclipsed
thgdalready apparent damages, and thus delayed restrictions in the use of pes-
ticides.

Later, however, indications have increasingly multiplied, especially in
the United States of America, calling attention, among others, to the fact
that the diverse pesticides, transmitted by precipitation or some other means
into the surface or subsurface waters, will deleteriously affect their quality
and might thus be highly detrimental to Hfe. The first conspicuous effects of
this damaging phenomenon manifested themselves in the high-rate mortality
offish (Hynes 1960, Tarzwen1 1965a). Subsequent and recent investigations
have also shown that a number of invertebrate organisms (worms, crustaceans,
various aquatic insect larvae), many of them important sources of fish-food,
had also perished. In these days, attention focussed on the study of the indi-
rect effects of the pesticides, prevailing by the means of biological accumulation
and transmission through the food-chain (Kiein 1962, Tarzwell 1965b,
Keith, Mohn and Ise 1965). Instigated by these findings, world-wide projects
were framed for the solution of the pesticide problem, and provisions taken
endeavouring to delimit within reasonable bounds the application of these
toxic agents.

In Hungary, the attention of the research workers was drawn to the
problem by the extensive destruction of fish in Lake Balaton in March—June,
1965. According to estimations, the loss of fish amounted to about 50 wagons,
of which about 40% was pike-perch (Rimanéczy 1966). With respect to the
considerable rate of destruction, a host of research workers of a number of
institutions initiated investigations for the clarification of its course, causes,
and future effects (Fisheries Enterprise of the Balaton, National Fishery
Board, National Institute of Public Health, Water Economy Scientific Research
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Institute, National Animal Health Research Institute, National Agricultural
Quality Inspecting Institute, National Institute for Food and Nourishment
Research, Danube Research Station of the Hungarian Academy of Sciences,
Biological Research Institute of the Academy of Sciences, etc.).

On the basis of investigations, and excluding other possibilities (para-
sitic, bacterial, virus infections, radioactive or industrial pollutions, etec.),
the probable cause of the fish destruction in Lake Balaton can be ascribed to
the effects of pesticides (primarily DDT and its decomposed derivatives) arrived
into the lake (V. CieLEszKY and A. DiNES 1965 in MS.).

Our studies aimed at obtaining information, on the basis of ample mate-
rials, on the content of pesticide residues in the more important fish species
and other aquatic organisms of Lake Balaton, and to compare them with simi-
lar conditions prevailing in other waters. The publication of the research
results is deemed worth-while in view of the fact that they submit information
on the present situation in a field but slightly studied in Hungary until recently,
and thus establish a basis of comparison for future attainments.

Material and methods

1. Collection and preparation of materials

Our research material comprised first (August — November, 1966) the fish
and other organisms of Lake Balaton. After the termination of two research
series, it was found necessary to analyse samples deriving from other localities,
for the sake of comparison. We have thus examined the fish samples of the
Danube-reach in Comitat Tolna and two fish ponds in Comitat Somogy
(Somogycsicsé and Mike), as well as the bivalve shells of the stagnant reach
of the Danube-branch near Gydr and the Old Lake of Tata. Fish were selected
immediately after their having been netted, whereas the shell and Crustacean
plankton samples were collected prior to the study. The formers were gathered
by hand, the latter by a large-mesh No. 6 plankton net.

Investigations extended to ten (in details to four) fish and three molluse
species. The constituent members of the Crustacean plankton had not been
separated as to species. The quantitative and qualitative distribution of the
organisms studied were as indicated in the Table on p. 119.

Fish were dissected by the usual methods of ‘kitchen technology”.
Liver, fats, roe and milt were segregated, in larger fish also blood, spleen, kidney
and gall. Smaller fish were worked up, depending on the quantity available,
in their entirety, or their inner organs indiscriminately together. Meat was
invariably examined. The data of smaller fish found in the stomach of preda-
tory fish were listed separately. Shells were cut in two by a knife, and the entire
animal analyzed. Plankton was left spread on a filter paper to facilitate the
evaporation of the greater part of water.

Of the organs listed above, those which made it necessary had been minc-
ed by a meat-grinder. Frozen tuna fillets, used for negative control, had been
prepared similarly.

Of the separated organs (also minced if necessary) 15—20 and 50—60
grams, respectively, were weighed according to the available quantities. The
entire amount of gall, spleen, kidney, and blood were worked up. Of the other
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Fish ‘ Specimen Live weight (kg)
Lucioperca lucioperca L. (pike-perch) (-f- spawn) ............... 1 80 68
s Juches Y. (pIke)) Jhiidiei e iivin e siaisritalers o alarssnts Satutals arote safotesalate | 50 18
Cyprinus carpto L. (carp) (4-spawn) ...........covieeeecnann 120 25
Abramis brama L. (bream) (- Spawn) .....e.cceievececanaaons 150 20
Pelecus cultratus L. (razor-fish) (mainly spawn) ................ 110 4
Aspins aspius L. (BBl <o« s liviis sisiohsivle & 6aissm o ouiaraiatavaraatase s s’ i 10 6
Amiurus nebulosus LE SUEUR (bullhead pout) ................. 8 1
Carassius carassius L. (crucian-carp) ...........coeveeenceneen 5 2
LBerca flunatilss L. (POPCh) ¢ isivios sasion s s amissaosiaeiosassjoss s 11 9
Ctenopharyngodon idella VALLENCIENNES (Amur) ........... R 1 4
Fobadiscnian s i 545 157
Bivalves
Anodonda cygnea L. (mussel) ...vcveeeretnacessansecscnacsonn 220 30
Unio tumidus zelebori (PAREYSS) ZELEBOR (river mussel) ........ 150 22
Unio pictorum balatonicus KUSTER (painter’s mussel) ........... 300 15
Tkl ot e 670 67
Other
Crustacean plankton (filtered) ......c.covviiieiiiiiiiaiaaes —_ 5

materials, ample quantities (200400 g) were minced and average samples
taken. The quantity of the average samples had been determined by previous
experiments.

2. Technique

To determine acid- (HCH isomeres, DDT and DDE) and lye-resistant
(dieldrin and aldrin) pesticide residues, two parallel samples were taken from
all investigated material. The weighed samples were broken, together with
some anhydrous sodium sulphate, into powder in a porcelain mortar. The
sodium sulphate powder mixture was transferred into an Erlenmayer
flask (ground-stoppered), and pur. n-pentane added until it covered the mate-
rial 2—3 cm high.

Development continued by repeated vigorous shaking for 2 hours, and
dissolution by one night. Next day, the n-pentane extraction was filtered
through an anhydrous sulphate layer (4—5 cm) placed on glass-wool in a fun-
nel; the material collected in the funnel was also washed out two or three times
by 100—150 mln-pentane. Of the combined extraction, n-pentane was evap-
orated down to 5—10 ml, without heating, either outdoors or in a chemical box.

The purification of the acid-resistant pesticide residues derived from fats
and other accompanying substances was executed through a diatomite column
mixed with vitriol. In most cases, there was no need for aceto-nitrile shaking
(C1eLESzZKY and DENES 1966).

In the purification of the lye-resistant pesticide residues, the potassium
hydroxide saponification of the fats were first done (O’DONNEL 1954, 1955;
Cuero 1960, CieLeEszry and D#NES 1966). Subsequent to the aceto-nitrile
shaking, the pesticide residues to be determined received final purification
through an activated aluminiumoxyde column (BROCKMANN).

After the chromatographic column-clearing, the substances were con-
densed and collected in centrifugal tubes, completely evaporated down.
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The pesticide residues transferred into the centrifugal tubes were dissolved
in 0.1 ml distilled p.a. ethylacetate, and their separation was executed by thin-
layer chromatography. Adsorbent: aluminiumoxyde G (after Stanr), devel-
oper: pss. n-hexane.

The developing of the chromatograms was made by Abbott’s (1964)
technique.

Evaluation was made semiquantitatively with reference to standards
developed along with the substances to be determined.

Since, in our investigations, extremely small quantities of materials
(1—10 y) had to be identified, the technique discussed above was repeatedly
controlled. In our experience, the possibility of error is primarily inherent in
the course of fluid-to-fluid distributional purifications. Whenever possible,
we had therefore abandoned this form of technique. By determining the suit-
able dimensions of the vitriol-diatomite column, we had been able to assure
and maintain the desirable effectivity of purification.

Results and conclusions

The numerical data of the results of investigations are summarized in
Tables 1—6. Of the demonstrated residual components (a-, -, y-, 6-HCH;
DDT; DDE, aldrin, dieldrin, and an unknown one), the greatest amounts were
shown by DDT and its decomposition products, DDE, y-HCH and an unknown
component. On the basis of its Rf value, this latter somewhat resembles hep-
tachlorine, but its chemical identification could not be made in want of a
standard (Figs. 1, 2). That fact also speaks against heptachlorine that,
as far as we know, this substance is not used in applied technologies in Hungary.
The high occurrence of DDT and its decomposing substances seems to be ob-
vious in view of the amount of the pesticide applied (dusted) in the area of
the Balaton and its drainage basin. In the Comitats Veszprém, Zala, and So-
mogy, for instance, about 441 metric centners of aldrin, dieldrin and DDT
had been applied between 1st January, 1964 and 1st Juny, 1965, before and
during the destruction of fish in Lake Balaton; of this sum, DDT amounted
to 328.6 centners (compiled by D onaszy, in MS., on the basis of data submitted
by the Agricultural Commerce Center).

The data given in the tables show considerable fluctuation. The devia-
tion of values; beyond the subjective errors due to the semiquantitative eval-
uation, is to be sought for in mainly three other factors:

a) In the course of investigations, individuals belonging to the same
age group within the species were not always available. As it is shown by the
results (Tables 1—6), this fact alone caused considerable deviations.

b) Presumably there arrived various amounts of spray-residues into
the several water bodies of the Lake Balaton. This seems to be substantiated
by the amounts of DDT used by the three comitats mentioned above: the
quantities applied rather differ from one another (Comitat Veszprém: 51.4,
Somogy: 123.6., Zala: 153.6 centners). The inference is reasonable, therefore,
that the diverse organisms of fish-food received different amounts of spray-
residues. Fish individuals belonging to the same species but to different popula-
tionds (and areas) might thus have accumulated various amounts of pesticide
residues.
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DDE
DDE

DDT

DDT

y—-HCH

a b c a e
Fig. 2. a, c,d — ameat, a liver and a milt of pike perch
fished fom Balaton b — a meat of young fish from fish
pond e — a lever of carp from Balaton.

Fig. 1 A liver of 3 kg piked fished from Balaton

¢) Insufficiency in research material with respect to fish species or organ
might also have contributed to the deviation of values.

In the followings, we propose to discuss those investigated species only
whose data were suitable for a statistical evaluation, too. In order to be able
to point out certain differences or agreements and other connections, we have
calculated the average standard error of pesticide residues found in higher
quantities in fish and some other groups of organisms. These calculations may
possibly have the conceptual error of commeasuring the values obtained from
individuals of different age groups. In view of the fact, however, that we have
aimed at an informative survey, we commit, in our opinion, a smaller mistake
by this means than in describing some “extreme” individual cases.

Of the fish (pike-perch, pike, carp) originating from diverse localities,
it is only the pike-perch which shows a certain amount of difference. Individ-
uals deriving from fish ponds exhibit rather small values of, and slight fluctu-
ations in, the components y-HCH, DDT, DDE, and ““?”, but these differences



Table 6 — 6 tabldzat

Mollusk and Crustacean Plankton Samples
Mollusca és crustacea plankton mintdi

Chlorined pesticide residue
Kl6rozott pesticid maradékok (mg/kg)

* Anodonta cygnea :
** Unio tumidus zelebori
*%% [Tnio pictorum balatonicus

U Crustacean plankton (filtered)

mussel
river mussel
painter’s mussel

O Water extracted from plankton in mgy/l

ny = tr = traces-injom

Period of study | Humidity
(month) Species investigated Origin of sample : content
Vizsgélat ideje | Vizsgdlt faj Minta szarmazisa HCH Nedvesség-
(hénap) | 1 DDT ? DDE Ald. Dield. | tartalom, 9
| « | 8] ] »
August oyl deagylo® o e os sanss v Balaton 0.00 | 0.00 | 0.30 | 0.00 | 0.38 | 0.22 | 0.30 [ 0.00 | 0.00
Folyami kagylo** .....iomeceesie Balaton 0.00 | 0.00 | 0.20 | 0.00 | 0.38 | 0.22 | 0.30 | 0.00 | 0.00
PostO RAPYIOTEE . ticvic e wii e s sinivie Balaton 0.00 | 0.00 | 0.20 | 0.00 | 0.38 | 0.22 | 0.30 | 0.00 | 0.00
September Heopb O kapylo®r® . oi i s cnmiovs Balaton ny ny 0.12 | ny 0.13 | ny ny 0.00 | 0.00
Favi kagulo® " Ll e o A e Balaton ny 0.02 | 0.05 | 0.02 | 0.056 | ny ny 0.00 | 0.00
Pave lagvl6® . s s e <o Gyor ny ny 0.01 ny 0.03 | 0.01 ny 0.00 | 0.00
Crustacea-plankton (szlrt) ....... Balaton ny ny 0.0l | ny 0.10 | 0.03 | ny 0.00 | 0.00
October Eavi-KapulOr oo G ara s et i Tata, Oregt6| 0.00 | 0.00 | 0.00 | 0.00 | ny 0.00 | 0.00 | 0.00 | 0.00
November Tava lagylo®: .. uisicsnmees o Balaton 0.00 | 0.00 | 0.07 | 0.00 { 0.07 | 0.00 | 0.00 | 0.00 | 0.00
HestO lKaoylo¥®x® . | D0 eih e Balaton 0.00 | 0.00 | 0.03 | 0.00 | 0.08 | 0.00 | 0.00 | 0.00 | 0.00
Foatl kagylo*¥** . ...c.ccovinnss Balaton 0.00 | 0.00 | ny 0.00 | 0.13 | 0.09 | 0.00 | 0.00 | 0.00
Folyami kagylo** ......cc.eeene Balaton 0.00 | 0.00 | ny 0.00 | 0.15 | 0.13 | 0.00 | 0.00 | 0.00 82.7
Folyami kagylo** .....cccc0eeee Balaton ny ny 0.04 ny 0.11 | 0.11 0.00 0.00 | 0.00 82.7
Crustacea plankton® (szfirt) ..... Balaton ny ny 0.04 | ny 0.12 | 0.13 | 0.00 { 0.00 | 0.00
Crustacea plankton® (szfirt) ..... Balaton ny ny 0.05 ny 0.22 | 0.19 | 0.00 { 0.00 | 0.00 91.5
Crustacea plankton® (szfirt) ..... Balaton ny ny | 0.05 ny 0.09 | 0.08 | 0.00 0.00 | 0.00
Planktonrél lesziirtD viz mg/l .... | Balaton ny 0y . [ my ny 0.12 | 0.10 | 0.00 | 0.00 | 0.00
| |

Gel
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are, with respect to the - deviations, rather small as related to those origi-
nating from Lake Balaton and the Danube-reach in Comitat Tolna. More
precisely, the difference lies in higher pesticide values occurring but sporadi-
cally in samples deriving from fish ponds, whereas they occur more frequently
in the two latter ones. The toxicity of carps originating from diverse localities
fluctuates within the same order of magnitude. The values of the pikes from
Comitat Tolna and Lake Balaton also agree (Table 7). These data seem to

Table 7 — 7. tablazat

Differences in pesticides, with respect to meat, liver, and roe, between fish species deriving
from various localities (on the basis of Tables I—1V )

Kiilonboz6 gylijtéhelyekrsl szérmazé halfajok kozotti pesticidkiilonbségek, hus, mdj
ikrdra vonatkozéan (I—1V. tablazatok alapjan)

Pesticide residue mg/kg
Fish species Locality Pesticid-maradék mg/kg
Halfajok Gyfijtshely BT A 7 N
‘ y-HCH | DDT ‘ DDE | ?
| |
Pike-perch — siillé | Lake Balaton | 0.15 + 0.12 | 0.49 + 0.18 | 0.44 4+ 0.17 | 0.12 4 0.09
In Tolna the [ = L T B
Danube-reach Tolnai Dunadg | 0.16 4 0.12 | 0.22 4 0.11 | 0.12 -~ 0.07 | 0.10 - 0.05
Fish ponds Halastavak 0.01 + 0.005? 0.09 4+ 0.02 | 0.05 4+ 0.025 0.00
Pike — csuka Lake Balaton “ 0.37 + 0.33 | 0.57 + 0.40 | 0.90 + 0.66 | 0.49 + 0.23
In Tolna the . {1 Rl
Danube-reach Tolnai-Dunaég | 0.38 £ 0.22 | 0.40 -+ 0.16 | 0.65 4 0.28 | 0.17 4 0.12
Bream — keszeg Lake Balaton 0.20 + 0.16 | 0.50 4+ 0.03 | 0.34 + 0.24 | 0.23 4 0.21
Carp — ponty Lake Balaton | 0.03 + 0.003| 0.05 -+ 0.03 | 0.03* 0.02 + 0.02
In Tolna the - el e
Danube-reach Tolnai-Dunaig | 0.01 4+ 0.006| 0.07 4+ 0.01 | 0.04 + 0.01 | 0.02 + 0.01
Fish ponds Halastavak 0.02 + 0.02 ‘ 0.12 + 0.06 | 0.09 + 0.11 ' 0.07 4 0.13

*
*

mean of two data
két adat dtlagértéke

corroborate the assumptions of CIELESZKY et al. (1965 in MS.), namely that
there evolved an approximately identical level in fish deriving from other
standing bodies of water beyond those of the Lake Balaton.

If it were examined, however, whether this level of toxicity is the same
between raptorial and peaceful fish species within the same aquatic habitat,
the answer would not be unequivocal. For the Balaton, the DDT level is about
identical in the pike and the pike-perch (0.57 +0.40 and 0.49 + 0.18, respecti-
vely), whereas it is significantly different and very low in the carp (0.05 +
0.03). It is also striking that the pesticide level of the bream falls within the
order of magnitude of the raptorial species. Conditions are similar in the Dan-
ube-reach of Comitat Tolna. At the same time, there is no difference be-
tween the pike-perch and the carp deriving from fish ponds (Table 7). The
solution of the problem should obviously be looked for in the food-chain and
the concomitant accumulation of the pesticides of the two aquatic habitats
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Concerning the organs and tissues, respectively, of the fish species exam-
ined in details, spray-residues appear in the greatest quantity in fatty tissues,
and least of all in meat (T'able 7). In the pike-perch, liver and roe show about
identical levels of high toxicity, whereas in the pike this refers to the liver,
followed by an essentially lower level in the roe.

The analysis of other invertebrate, aquatic organisms (7'able 6) shows
that they contain a noteworthy amount of pesticide residues, especially those
inhabiting Lake Balaton. The values of the molluses living in Lake Balaton
are slightly higher than those of the Crustacean plankton.

Pesticide residues in mg/kg

Animal group
y-HCH DDT DDE ?
Bivalve mliela i s e L e ahets 0.13 + 0.03 | 0.19 - 0.04 | 0.11 + 0.05 | 0.12 4 0.03
Crustacean plankton .............. 0.04 + 0.01 | 0.13 4- 0.03 | 0.0 0.11 + 0.03

Table 8§ — 8. tablazat
Pesticide residues found in diverse organs of some fish species
(on the basis of Tables 1—4)

Egyes halfajok kiilonb6z6 szerveiben taldlt pesticid-maradékok
(1—4. tablazat alapjén)

Pesticide residue mg/kg
Fish species Organ pesticid maradék mg/kg
halfaj szerv I

y-HOH DDT 1 DDE ?

Pike-perch — siill6 | meat — hus 0.05 + 0.02 | 0.22 4 0.09 | 0.17 4 0.07 | 0.08 4 0.03

liver — ma4j 0.17 4- 0.06 | 0.20 4 0.15 | 0.32 4 0.13 | 0.09 4 0.03

roe — ikra 0.15 4 0.10 | 0.32 4+ 0.13 | 0.14 4+ 0.08 | 0.07 4 0.03
fat — zsir 0.48 + 0.20 | 0.69 + 0.37 | 0.81 4 0.27 | 0.22 + 0.22
Pike — csuka meat — hus 0.12 + 0.06 | 0.24 + 0.09 | 0.24 4 0.10 | 0.15 4 0.11

liver — ma4j 0.84 + 0.22 | 0.95 4 0.33 | 1.68 1+ 0.66 | 0.76 + 0.22

roe — ikra 0.18 4 0.06 | 0.20 4 0.07 | 0.35 & 0.11 | 0.09 4 0.02
fat — zsir 2.59 + 0.93 | 1.93 £ 0.86 | 5.14 4 0.97 | 0.96 4 0.45
Carp — ponty meat — hus 0.02 + 0.01 | 0.08 4- 0.01 | 0.06 4 0.01 | 0.04 + 0.01

liver — maéj 0.02 + 0.01 | 0.05 4 0.01 | 0.03 & 0.01 | 0.01 + 0.01

fat — zsir 0.20 + 0.09 0.00 0.00

Bream — Kkeszeg fat — zsir 0.62 + 0.11 [0.80 4+~ 0.15 (1.35 + 0.53 [0.63 4 0.28
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If the significance of the two groups of organisms in the life of the lake
is considered, it is the plankton to which the greater importance should be
ascribed (considerable biomass, important fishfood).

The results of our investigations also seem to bear out the fact that the
destruction of fish in Lake Balaton was primarily caused, similarly to that of
other lakes wherein even greater rates of perdition in the fish fauna had been
observed (Hunt and Bishoff 1960), by pesticide residues (primarily DDT)
accumulated through the links of the food-chain. This is substantiated by the
high DDT content (0.13 1 0.03) of the Crustacean plankton, as well as the
considerable pesticide content found in the stomach of the raptorial fish spe-
cies and the specifically examined fish spawn (Tables 1, 2, 4). Their accumu-
lation, e.g. in the pike-perch and the perch attains the lower level of the amount
toxic for the several species of fish (Ki1ein 1962). It is worthwhile to enlarge
on the feeding habits of the pike-perch. According to Woynarovich’s (1959)
investigations, the bream plays an important role in the winter feeding of the
pike-perch (January—February, 33% of all ingested food). It changes to its

Table 9 — 9. tablazat

Combined occurrence (mg/kg) of DDT and its decomposition products in various fish
species of Lake Balaton, in 1965 and 1966

DDT és bomléastermékeinek egyittes el6fordulasa (mg/kg), kilénbdz6 balatoni halakban
1965 és 1966-ban

DENES— Baron—Csonti—Ponti

Pish species — halfaj Organ — szerv JCuIELEISgZBKSY Aug.—Nov. 1966
Pike-perch —sillé............... meat — hls 01 1.80 (Aug.)
0.2 101 (Sept.
0.09 (Nov.
0.21 (Nov.
liver — mdj 04 140 (Aug.
84 1.85 (Sept.
0.15 (Nov.
inner organs —

bels6 rész 11 13 (Aug)
Carp — ponty .ceeeeeennas meat — hls 04 0.08 (Oot.)
0.8 0.13 (Nov.)
liver — mdj 0.4 0.05 (Oct.)
04 0.02 (Nov.)

0.2
miit — tej 0.2 0.18 (Oct.)
Bream — keszeg........couew... meat — hls 0.2 1.88 (Aug.)
01 1.07 (Sept.)

02
liver — mdj 01 0.34 (Sept.
8% 0.24 (Nov.
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staple diet (Acerina) in the spring. As was pointed out, the pesticide content
of the bream is very high and thus a considerable amount of toxic material
might accumulate in the pike-perch by spring. It is quite probable that, aside
of other factors, also this one may effectively have contributed to the destruc-
tion of fish, commencing in the spring of 1965. In the feeding of the bream,
the Crustacean plankton has a significant role (Poxvy1 1955, BERINKEY 1966),
thus they, too, could have accumulated spray-residues.

By comparing data deriving from identical samples in 1965 and 1967
(Table 9), it seems that the pesticide level of the bream had further increased,
while, in the case of the pike-perch and the carp, the values received are within
the order of magnitude of previous data.

Summary

The authors have determined by thin-layer chromatography the content
of pesticide residues of fish originating from different bodies of water (Lake
Balaton, the Danube-reach in Comitat Tolna, various fish ponds) as well as
those of some other aquatic organisms.

Of the demonstrated residue components, the highest amounts are
represented by DDT and its decomposition substances, DDE, y-HCH, and an
unknown factor.

Among the fish species originating from various localities, it was only
the pike-perch which showed slight differences as to the quantity of spray-
residues. It seems that there evolved an approximately identical level of spray-
residues in fish deriving also from waters beyond those of Lake Balaton. On
the other hand, there was a sharp difference found between the raptorial fish
species (pike-perch, pike) and the carp of the same water area (with respect
to Lake Balaton and the Danube-reach in Comitat Tolna). Fish-ponds repre-
sent an exception, insofar as corresponding and low values have been demon-
strated in both the pike-perch and the carp.

Among the organs and tissues, respectively, of the several fish species,
fatty tissues contain the highest amount of pesticide residues, followed by
the liver — in some cases the roe — and meat.

The DDT content of the Crustacean plankton of the Lake Balaton is
highly significant (0.13 mg/kg), especially in view of its role in the food-chain.

Data obtained from samples similar in composition of the years 1965
and 1967 show that the pesticide level of the bream had increased, while the
values referring to the pike-perch and the carp remained within the order of
magnitude of the previous data.

Acknowledgements

In the methodological and technical aspects of our work, we have been greatly
assisted by the Toxicological Department of the National Food and Nourishment
Research Institute. We should like to express our gratitude also in this place to Dr. V.
Crereszry, Head of the Toxicological Department, and to Dr. A. DiNES, senior research
officer, for their substantial help.

In the collection of the fish samples, we have been cordially helped by E. SARFFyY,
Director of the Experimental Station, Tolna, of the Research Institute for Small Animal
Breeding; F. Giczy, county fishery inspector; L. CsoNTos, county plant-protection
inspector; J. CsorpA4s, Director of the Southern-Somogy Fisheries; and L. ELek, Chief
Agronomist of the Balaton Fishing Enterprises. Their generous help is greatly appreciated.



127

REFERENCES

Abbott, D. C. et al. (1964): Some observations on the thin-layer chromatography of
organo-cholorine pesticides. — J. Chxomatog. 16, 481.

Bebinkey L. (1966): Halak — Pisces. — Magyarorszag Allatvilaga. (Fauna Hungariag),
20, 2. 2/136. .

Cieleszky V., Dénes A. (1966): Elelmiszerek kémiai—toxikologiai vizsgalati modszerei
I. — (Az Orvostovabbképz8 Intézet Jegyzete. Kézirat. Budapest). 1966. pp. 64 o.

Ctjeto, C. J. (1960): Colorimetric determination of dieldrin and its application to animal
fat. —J. Agric. Food Ohem. 8, 273.

O’Donnei, A. E. et al. (1954): Chemical determination of aldrin in crop materials. —

J. Agric. Food Chem. 2, 573. I.

O’Donnel, A. E. et al. (1955);: Chemical determination of dieldrin in crop materials. —
J. Agric. Food Ghent. 3, 757.

Hunt, E. G., A. I. Bishoff (1960): Inimical effects on wildlife of periodic DDD applic-
ations to Clear Lake. — calif. Fish. Ganne 46, 91—106.

Hynes, H. B. N. (1960): The Biology of polluted waters. — Liverpool Univ. Press.
pp. XIV. + 202. N o

Keith, J. O.,, M. H. Mohn, G. 1se (1965): Pesticide Contaminations in Wildlife Refuges.
— Fish and Wildlife Service Circ. 226, 37—40.

Kiein, L. (1962): River Pollution Il. Causes and Effects. — Butterworth et Go. London

pp. XIV. + 456. . . . . ..
Ponyi, J. E. (1956): Okologische, ernahrungsbiologische und systematische Unter-
gléchungen an verschiedenen Gammarus-Arten. — Arch. f. Hydrobiol. 52, 367—
7.

Rimanéczy, E. (1966): A balatoni halpusztulas és az ezzel kapcsolatos halgazdasagi
tennivalok. — M. Agr. Egyesiilet Allatteny. Szakoszt. Halaszati Szakoszt. elhangzott
eléadas. (1966. 1. 7.)

Tarzwell, C. M. (1965a): The toxicity of synthetic pesticides on aquatic organisms
and suggestions for meeting the problem. — Ecol. Industr. Soc. 197—218.
Tabzwell, C. M. (1965b): Biological problems in water pollution. Third seminar August
13—17, 1962. — U. S. Department of Health Education, and Welfare. Public Health

Service pp. 1X + 424,

Woynarovich E. (1959): A 300—500 % sulya (IV. osztalyd) sull6 (Lucioperca Sandra

Cuv. et Val.) taplalkozasa a Balatonban (Erndhrung der 300—500 g schweren

Zander (Lucioperca Sandra Cuv. et Val.) Im Balaton). — Annal. Bioi. Tihany
26, 101—120.

PESTICID-MARADEKOK VIZSGALATA A BALATON ES NEHANY MAS VizI
ELETTER HALAIN, EGYEB VizZl SZERVEZETEIN

Baron Ferenc, Gsonti Ferenc és Ponyi Jend

Osszefoglaléas

SzerzOk kilonbozd vizekb6l (Balaton, Tolnai-Dunaag, Halastavak) szarmazo
halak és néhany egyéb vizi szervezet pesticid-maradék tartalmat hataroztak meg vékony-
réteg kromatografiaval. . .

A kimutatott maradék-komponensek kozll a legnagyobb mennyiségben a DDT
és bomléasterméke a DDE, y-HCH és egy ismeretlen komponens talalhato.

.. A kilonboz6 gy(ijtohelyekrél szarmazo halfagok, kozil a permet-maradék meny-
nyisegat illet6en csak a fogas sull6 mutatott kisebb foku kulénbseget. Ugy latszik, hogy
a’balatoni halakon tulmendleg mas hazai vizekb0l szarmazo halakban is megkozelit6leg
azonos permetmaradék-szint alakult ki. Ellenben az azonos vizteriletrol szdrmazo
ragadozo halak (fogas, sill6, csuka) és a ponty kozott (Balaton es Tolnai-Dunaagra
vonatkozoan) éles kulonbség adodott. Kivetelt mutatnak a halastavak, ahol a stillében
és a pontyban egyarant alacsony és megegyezd értékeket mutattak Ki.
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Az egyes halfajok szervei, ill. szovetei kozll a zsirszovet tartalmazza a Ie%tdbb
pesticid-maradékot, majd a maj — egyes esetben az ikra — és a hus kdvetkezik.
Igen jelentés a Balaton Crustacea-plankton DDT tartalma (0,13 mg/kg), killéngsen
akkor, ha figyelembe vessziik azok szerepét a taplaléklancban.
Az 1965. es 1967. évi azonos mintakbdl szarmazo adatok azt mutatjak, hogy a
dévérkesze%(p_estioid-szintje emelkedett, mig a fogas sill6 és ponty értékek a korabbi
adatok értékei koriil mozognak.

AHANIN3 OCTATKA MECTULUMNAOB B PbIBAX U APYTUNX BOAHbLIX
OPIFAHN3MAX B BAJIATOHE M NHbIX BOJHbIX APEAJIAX

®depeHy, bapoH, ®epeHy, YoHTU © VieHs MoHbM

MocpeacTBOM TOHKOCMOWHOM XpomaTorpadmn 6bi1 NPOBeAeH aHanuW3 ocTaTka MecTu-
LMaoB B pblbax 1 Apyrux BOAHbIX OpraHM3Max, cobpaHHbIX B banatoHe, BetBn [yHas y TonHa
N UCKYCCTBEHHbIX 03epax.

B camom 60/1bLLIOM KOnMYecTBe 06Hapyxunm AAT 1 NpoAyKTbl ero paccnaja, a UMeHHO
y-O00E, XUX » ewe 0gvH TOYHO HEMAEHTUDMLMPOBAHHLIA KOMMOHEHT.

B oTHOLLEHMW cofepXaHus ocTaTka fda y pblb, NPOMUCXOAALLMX M3 pasHbIX MeCT 0bu-
TaHWs, He3HauMTelbHOe OTK/IOHEHWE O6HapYXXMNOCh TONLKO Y cyAaka. MprMepHO 0AnHaKoBoe
KONMYECTBO MeCTULAA HaKanImBanoch Wy Tex pbib, KOTOpble YKMBYT He B banatoHe. B oT-
NnYne OT 3TOT0 MeXAY XMLLHUKaMKW M KaprioM M3 OJHOro 1 TOro e MecTta (banaTtoH 1 BeTBb
[yHas) o06Hapy>uBaeTcs 3HauMTenbHas pasHuua. OT 3TOr0 OT/IMYAKOTCH UCKYCCTBEHHbIE
pbl6HbIE 03epa, rhe CoAepkaHWe MecTULMAOB MY Kapna Uy Cyaaka HU3KOe.

M3 opraHoB M TKaHeil pasHbIX pbib camoe 60/bLIOE KOMYECTBO OCTaTKa MeCTULLOB
06HaPYXXMBAETCA B XKMPOBON TKaHW, 3aTeM B MeYeHW U HAKOHeL, B UKpax W MbILLLAX.

B n1aHKTOHOBbIX pakoobpasHbIX banaTtoHa 06HapyXMBAeTCs 3HAUUTENbHOE KONUYECTBO
OAT (0,13 Mr/Kr), BaXXHOCTb KOTOPOro MOAYEPKUBAETCS PO/bIO 3TUX OPraHuW3MoB B NUTATeSb-
HOM LUenu BOAHBLIX >KUBOTHBIX.

CpaBHu1BasA AaHHble, MOMyYeHHble MpW aHanin3e 06pasuoB, cobpaHHbIX B 1965 u 1967
rogax, BbIICHWNOCh, YTO YPOBEHb MECTULMAOB MOBbILLIANCS B flElle, M OCTaNcad 6e3 U3MeHeHWs
B Kaprne u cyfake.
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Evidence has been presented that the sympathetic nervous system reg-
ulates the mobilization of fats from adipose tissue of man and mammals.
The denervation of the brown or white adipose tissue decreases the mobiliza-
tion of fats from the adipose tissue even in starving animals (Hausberger
1934, Beznak 1937). In vivo and in vitro administration of norepinephrine
increases the production of free fatty acid in adipose tissue (White et al.
1958). The factors stimulating the activity of the nervous system as: anxiety,
the talking about exciting events (Bogdonoff et al. 1959), cold stress (Giglen
et al. 1962) or electric shock (Correr 1963) increase the free fatty acid level in
the blood plasma. Adrenerg blocking agents block the adipokinetic effect of
catecholamines in rat, man and in dog (Havel et al. 1959, Zsoter et al. 1966,
Shotz et al. 1960, Bogdonoff et al. 1959). The increase of plasma free fatty
acids after physiologic arousal (Bogdonoff et al. 1960) or the effect of electric
stimulation, can be antagonized by sympathectomy (Correr 1963).

The teleost fishes have a morphologically well-developed sympathetic
nervous system (Nicol 1951). The presence of catecholamines in the nerves
and different organs of several fish species had already been demonstrated
(Euter 1961 etal. Ostiund 1954, Chavin 1966). The effect of epinephrine and
norepinephrine on the activity of heart (Fange et al. 1954), on gill vessels
(Fange 1962) and on blood pressure (Mott 1957) has already been reported.
Catecholamines have the same effect on iris or on intestinal smooth muscle
as in the mammals (Young 1933, Eulter et al. 1957). No data are yet avai-
lable on how the metabolic processes are regulated through these compounds.

In our previous work it had already been shown that intensive lipolysis
takes place in the adipose tissue of the carp Cyprinus carpio L., but the tested
lipolytic hormones (epinephrine, norepinephrine, isopropylnorepinephrine, ad-
renocorticotroph hormone) were ineffective in raising plasma free fatty acid
levels (Farkas 1967). The investigations were extended to other fish species,
too. In the present paper we report more data on the effect of norepinephrine
on the fat metabolism in fishes. It is hoped that the results might be of value
not only for better understanding of the fat metabolism of fishes but also for
the understanding of lipid mobilization in general.

9 Tihanyi Evkényv
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M aterials and method

The experiments were carried out on the following fish species: carp
(Cyprinus carpio L.), bream (Abramis hrama L.), perch (Perea perca L.),
pike-perch (Lucioperca lucioperca L.), shad (Pelecus cuUraiiisL.). The weight
of the carps was 4—500 g, that of the bream and of the pike-perch 250—300 g;
the others weighed 80—100 g. Except the carps, the other fish species were
collected in the Lake Balaton 2—6 days before the experiment. The carps
were purchased from a near-by fish-hatchery. After collecting they were keptin
200 laquaria, 5in each fish-tank. No food was given to the animals in captivity.

For the in vivo experiments norepinephrine bitartarate (2 mg/fish)
dissolved in olive-oil or carboxy-methylcellulose was injected intramuscularly
2 hours before the death of the animals. The control animals received solvent
only.

Y The in vitro experiments were carried out on the adipose tissue surround-
ing the intestine or the swim bladder. After killing the animals, the adipose
tissues were quickly removed and placed into a physiological solution. The
tissues were then cut into pieces of 50—60 mg; 200 mg of them were incubated
for one hour in Krebs-Ringer phosphate buffer solution at pH 7.4, in the pres-
ence or absence of norepinephrine. The physiological solution contained only
0. 48% NaCl. Other tissue pieces were homogenized in n-heptane at the be-
ginning of the incubation in order to determine the free fatty acid content
of the adipose tissue. At the end of the incubation the incubated adipose tissues
were also homogenized in n-heptane. No fatty acid acceptor was added to the
incubation medium. Under such circumstances, as in the case of the mammals,
the produced fatty acids accumulate in the adipose tissue. 2—3 incubations
were carried out simultaneously. The norepinephrine content of the incubation
medium was 2 /ig/ml.

Cold stress was performed by adding ice to the water of the aquarium
sufficient to decrease the temperature of the water from 17 °C to 5 °C within
20 minutes. This temperature was maintained through 2 hours.

In other experiments C02was bubbled into the water of the aquarium,
and the fishes were allowed to “sniff” on the surface of the water.

Blood was taken by cutting off the caudal vein and collected in pre-
chilled heparinized centrifuge tubes.

The quantity of plasma free fatty acids was determined by Dole’s
method (1956) from 0.5—1.0 ml blood plasma. In order to determine the free
fatty acid content of the adipose tissue, the homogenizates were diluted to
5.0 ml and from this 1.0 ml aliquot was titrated with 0.01 N NaOH in the
presence of brom-thymol-blue indicator.

The glycerol content of the blood plasma was determined colorimetri-
cally by Lambert and Neish (1950) method from 0.1 ml blood plasma that
had previously been freed from proteins with 3% HC104 The blood glucose
level, was measured colorimetrically (Hyyarinen 1962).

Results

In previous experiments it was shown that norepinephrine and some
other lipolytic hormones were ineffective in stimulating the free fatty acid
production of the adipose tissue of the carp (Farkas 1967). As shown in Table
1, norepinephrine does not stimulate lipolysis in any of the examined fish
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species. The free fatty acid content of blood plasma and adipose tissue in the
freshly collected bream did not change after administration of the hormone,
when, however, the animals had been starved for 3—6 days before the experi-
ment, the free acid content of both the blood plasma and of the adipose tissue
has considerably decreased. In these cases the hormone caused strong hyper-
glycaemia, too. A relationship seems to exist between the glycogenolytic
effect of the hormone and the effect on the adipose tissue and plasma free
fatty acid levels. However, the situation is not similar to that described by
Havel et al. (1959) and Su:aftr et al. (1960) on dogs and rats after adminis-
tration of epinephrine. Epinephrine has caused only initial increase in the plas-
ma free acids in these animals. Parrallel with the increase of blood glucose
content the plasma free fatty acid level began to decrease, and when the blood
glucose level reached its maximum, the amount of plasma free acids fell back
to the control value. In the case of fish (carp-unpublished investigation) no
such initial increase could be observed. The glycerol content of the blood did
not changed significantly as a result of hormone treatment (carp, control:
0.238 d: 0-05 pM/ml, treated: 0.175 + 0.04 pM/ml; bream control: 0.346 +
0.06 pM/ml, treated: 0.231 * 0.06 pM/ml.

Table 2 presents the results of the in vitro experiments. It appears from
these data that the adipose tissues of the examined fish species produced a
considerable amount of free fatty acids. In the course of the experiment the
quantity of fatty acids was doubled in the adipose tissues. Norepinephrine
(2 fiyjml) did not stimulate the free fatty acid production of the adipose tis-
sues The hormone was without stimulating effect if its quantity was raised
to 20 [ig/ml (Fig. 1). The lipolytic activity of the adipose tissue in the animals

H° of experiments Z 2 2 2 2

Treatment HO HE HE HE . HE
1Rg/ml  2Bg/mt 10pgfmi 2003g/mi

Significance P<0.0t P<0.0i P<0,0t P<001

Fig. 1 — 1. abra
The effect of various doses of norepinephrine on the production of free acios in the
adipese tissue of the carpi Gypnnus carpio L
Kilonb6z8 koncentracioju noradrenalin hatasa ponty Gyrinus carpioc L. zsirszovet
szabad zsirsav termelésése

0*



Table 1 — 1. Tablazat

The in vivo effect ofnoradrenaline on fatty aeid mobilization and on the level of blood
glucose in some fresh water fish species

In vivo noradrenalin hatdsa zsirsavmozgositasra és vércukorszintre néhany édesvizi

halban
Number Plasma free fatty _ !

Name ani%als Treatment acid AM/ml Adipose tissue /nM/gl  Blood glucose mg/ml Notes

Név ézlgaéoak Kezelés Plazma/syz'\;/brﬁtli zsirsav zsirszovet PFA IMIQ\  Vércukor mg/ml Megjegyzés
Cyprinus carpio Lo..ccoveerinenns 4 Control ] 1293+ 0035 3.029 + 0436 0330+ 0031 Winter — Tél
Cyprinus carpio b.....cceeeeen. 4 Norepinephrine 1062+ 0094 1686+ 0097 0.706 = 0.052
Cyprinus carpio l......ccc....... 4 Control ] 0584 + 0018 1598 + 0150 0548 + 0.042 Summer — Nyar
Cyprinus carpio Lo 4 Norepinephrine 0403 £ 0012 1065+ 0217 2177+ 0.038 )
Abramis brama L.......c.c.co..... 12 Control 1138+ 0058 6510+ 0181  1.807 £ 0.183 Sufmrr)er, after collecting — Nyar,

_ . 0gas utan

Abramis brama L........ccoc...... 12 Norepinephrine  0.956 + 0.015* 6.720 + 0.477* 2283 + 0.171* )
Abramis brama L........c...... 12 Control ] 0.607 + 0.041 0.660 + 0051 After starvation of 6 days
Abramis brama b .....cc..uen..e. 12 Norepinephrine  0.303 + 0.025 1.060 + 0.085 6 nap €hezés utan
Lucioperca lucioperca b.......... 4 Control ) 1141 + 0242 3272+ 0229 0430+ 0044 Summer — Nyar
Lucioperca lucioperca I.......... 4 Norepinephrine  0.844 + 0041 2522 + 0492 3.308 + 0.149

*P > 0.06 < 0.02

CeT



Cyprinus carpio L
Cgprmps carpio b
Abramis brama i

Perea perca 1

Table 2. — 2. Tablazat

The in vitro effect of noradrenaline on the free fatty acid production in the fish adipose
tissue

Noradrenalin hatasa halzsirszovet in vitro szahadzsirsav termelésére

Lucioperca lucioperca I
Lucioperca lucioperca 1

Pelecus cultratus 1

*

ta
tl,
tu

Number of Control t0 Control teo Noradrenaline 2 ug/ml, teo
animals MM/gih BM/g/h BM/g/h
Allatok Kontroll t0 Kontroll teo Noradrenalin 2 /ug/m\ e
szama *M/g/h BM/g/h RM/g/h
4 1.956 = 0.230 4.350 = 0.449 3.100 = 0.244*
4 3.933 £ 0.197 7.998 + 0.672 9.001 £ 0.707
8 6.241 + 0.259 13.389 + 0.744 13.100 £ 0.326
..................................................... 2 2.385+ 0.197 5581 + 0.479 4.861 = 0.146
.................................... 4 3.295 + 0.211 6.834 + 0.479 5.484 + 0.313*
.................................... 4 4001 = 0.541 8.886 + 0.415 9.436 £ 0.507
............................................. 4 2.815 + 0.163 3.617 + 0.286 2.807 + 0.214*

P < 0.05
free fatty

acid content of the adipose tissue at the beginning of the experiment

free fatty acid content of the adipose tissue at the end of the experiment
t a zsirszOvet szabad zsirsavtartalma a kisérlet elején
i@ = a zsirszdvet szabad zsirsavtartalma a kisérlet végén

Megjegyzés

Winter — Tél
Summer — Nyar
Summer — Nyar
Winter — Té
Spring — Tavasz
Summer — Nyar
Winter — Té



Name

Abramis brarna b
Abramis brama b

Lucioperca lucioperca .
Lucioperca lucioperca .

Abramis brama i
Abramis brama

Cyprinus carpio
Cyprinus carpio

Abramis brama b

Lo
| I

Abramis bramaLl........cccceeeeuenn.

Plasma free fatty acid and blood glucose level in stress conditions

Table 3. — 3. Tablazat

Plazma szabad zsirsav- és vércukorszint stress allapotokban

Number of
animals

Allatok
széma

Types of stress

Stress tipusa

Control

Cold — Hideg

Control

Cold — Hideg

Control

injection (phys.

sol.) —injekcio

glz. oldat
ontrol

in{'ection (phys.
sol.) jekcio

l.) —injekcio
glz. oldat

ontrol
Anoxia

Plasma FFA /tM/ml

Szabad zsirsav /iM/ml

0,505 + 0,043
0.576 = 0.049
1141 + 0.081
1.046 + 0.029
0.825 + 0.073
0.568 + 0.005
0.640 + 0.046
0.600 + 0.090
0.698 + 0.052
0.306 + 0.010

Adipose tissue FFA
/Mg

Zsirszovet, fMg

5

I+ 1+
oo
=i
N
by

N
35
3

Blood glucose mg/ml

Vércukor, mg/ml

0,597 + 0,060
0.910 + 0.030
0430 + 0.024
1.866 =+ 0.076
0.587 + 0.054

Notes

Megjegyzés

P < 001
P < 001
P < 001

P < 005
P < 001

vEL
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caught in summer remained unchanged in the presence of the hormone while
the adipose tissues of the animals collected in winter produced less free fatty
acids. This is especially evident in the case of the carp and of the pike-perch
where both winter and summer experiments are available. The mechanism
through which the hormone decreases the free fatty acid production of the
tissue, is not yet clear, it is probable that under in vivo and in vitro condi-
tions it is the same.

Table 3 demonstrates that stress conditions like a simple intramuscular
injection of physiological solution, exposure to cold or hypoxia do not increase
the free fatty acid content of the blood in the examined fish species. On the
above-mentioned effects the level of blood glucose was increased like in ani-
mals treated with epinephrine. Similarly to mammals, the increase of the blood
glucose level might be attributed to elevated sympathetic tonus but the
increased secretion of catecholamines in fish, does not lead to the increase of
the plasma free fatty acid level. In some experiments, like in the case of nor-
epinephrine the free fatty acid content of the blood plasma has decreased.

Discussion

The following evidences suggest that in the fresh water fishes —similarly
to mammals —neutral fats are mobilized in the form of free fatty acids:

1 An intensive lipolysis takes place in adipose tissue incubated in vitro.
The produced fatty acids are released to the incubation medium when it con-
tains fatty acid acceptors (Farkas 1967).

2. Their blood contains an appreciable amount of free fatty acids. The
free fatty acid level of the blood plasma seems to depend on the nutritional
state of the animal. Prolonged fasting results in an increase of plasma free
fatty acid level. Per os administration of glucose to starving animals decreases
the level of the plasma free fatty acids.

The production of the free fatty acids in the adipose tissue of mammals
is under a complicated metabolic, endocrine and nervous control. The meta-
bolic regulation is realized by shifting the balance of hydrolytic and re-esteri-
fication processes in adipose-cells. If the level of blood glucose is high, the in-
tensity of the re-esterification processes increases and the amount of free fatty
acids released from the adipose tissue decreases, and vice versa. That in the
adipose tissue of the fish, too, a similar mechanism is existing, which is suggest-
ed by the observation that glucose in vivo or in vitro decreases the production
of free fatty acids. The fact that neither norepinephrine nor emergency con-
ditions increase the production of adipose tissue free fatty acids suggest that
the sympathetic nervous system does not play a role in mobiUzing the fatty
acids in the fish.

In mammals the catecholamines stimulate the decomposition of triglyc-
erides in the adipose tissue by increasing the formation of cyclic 3’5 AMP.
The hormones act on the adenyl cyclase which is responsible for the formation
of the cyclic nucleotide. It seems proved that there is a correlation between
intracellular level of cyclic 3’5 AMP and the production of free fatty acids in
the adipose tissue (Weiss et al. 1966). The catecholamines stimulate the de-
composition of the glycogen in the liver of mammals through a practically
similar mechanism; the only difference is that here the cyclic 3’5 AMP exerts
an influence on the phosphorylase kinase enzyme, and, through this, on the
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phosphorylase. From the fact that the blood glucose level in the fish has in-
creased after administration of catecholamines, it can be concluded that the
catecholamine stimulated decomposition of glycogen in the liver of the fish
occurs similarly to that in mammals, with other words in the liver of the fish,
too, there is a biochemical system, consisting of an adenyl cyclase-3’5" AMP-
cyclic nucleotide-sensitive enzyme (phosphorylase). On the other hand, from
the ineffectiveness of norepinephrine in stimulating the lipolytic processes in
fish adipose tissue might be inferred that this system is partly or entirely ab-
sent in the adipose tissue of fish.

In connection with the above, it is tempting to assume that there is a
relationship between the innervation of the adipose tissue and the presence of
the adrenerg lipolytic system in it. According to several authors, in the
adipose tissue of the mammals the adipose cells are in connection with
nervefibres (HAUSBERGER 1934, BOEKE 1933), and recently, GovirIN and
Poprova (1965) have demonstrated in rat adipose tissue in contrast to WIRSEN
(1964) a three-dimensional adrenerg network surrounding the adipose cells.
It is interesting that in the adipose tissue of lower vertebrates these structures
could not be detected, adrenerg structures were found only in connection of
blood-vessels (GoviriN and Porova 1965). This hypothesis is also supported
by the fact that in most tissues in which there exists some adrenerg bioche-
mical system (phosphorylase), the cells are in connection with sympathetic
fibres (liver). Thus, both the innervation of the adipose tissue and the ap-
pearance of the adrenerg lipolytic system in the adipose cells, might be a stage
in the evolution of control of lipid metabolism.

The mechanism itself through which norepinephrine decreases the free
fatty acid level in fish adipose tissue and blood plasma is not yet clear. The
assumption that the hormone inhibits directly the lipolytic processes in the
adipose tissue, might be excluded on the basis of analytical data obtained on
the glycerol level of blood plasma. From the fact that the plasma glycerol
level has not changed significantly after injection of norepinephrine, it can be
concluded that the decomposition of triglycerides was continuing, with un-
changed intensity in the adipose tissue of the treated animals. It seems to be
more probable that the “antilipolytic” effect of the hormone is due to its
hyperglycaemic action. Norepinephrine and even stress conditions affected
the plasma free fatty acid level as if the animals had been treated with glucose.
Glucose, on the other hand, increases the intensity of the re-esterification of
the liberated fatty acids in the adipose tissue. The uptake of glucose and the
re-esterification of fatty acids are also stimulated by catecholamines in the
adipose tissue of mammals (VAveHAN 1961, CAHILL et al. 1960). Thus, the de-
crease of plasma and adipose tissue free fatty acid level obtained by the effect
of norepinephrine, might be the result of a more intensive re-esterification.
In mammals, however, this action of norepinephrine is less evident because
of slight glycaemic and strong lipolytic effect — in fish however it might be
much more conspicuous because of the lack of the adrenerg lipolytic system.

Summary

Noradrenaline in vivo (2 mg) did not increase the free fatty acid level in
the blood of different freshwater fish species (carp, bream and pike-perch).
The blood glucose level was increased and the plasma free fatty acid level
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decreased after the administration of the hormone. The hormone did not stim-
ulate, even under in vitro conditions (2 /ig/ml) the decomposition of triglyc-
erides in the adipose tissue of different fishes (carp, bream, pike-perch,
perch, shad). Under its influence the free fatty acid production of the adipose
tissue in animals collected in winter, decreased while those of animals collected
in summer, did not change. Under stress conditions (cold stress, injection of
physiological solution, anoxia) the blood glucose level was increased, however,
the plasma free fatty acid level either remained unchanged or decreased (carp,
Flke perch, bream). The “antilipolytic” effect of the hormone might be in re-

tion to its hyperglycaemic effect. It is supposed that, in fishes in contrast
to mammals the sympathetic nervous system, has no role in mobilizing the
fats in the form of free fatty acids.
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VIZSGALATOK EDESVIizZI HALAK ZSIRANYAG FORGALMAN.,
SZIMPATIKUS IDEGRENDSZER ES ZSIRMOZGOSITAS

Farkas Tibor

0sszefoglalas

Noradrenalin in vivo (2 mg) nem ndvelte kiillénb6z6 édesvizi halak (ponty, dévér,
stll6) vérének szabad zsirsav szintjét. Hatasaraemelkedetta vércukor szint, és csokkent
a plazma szabad zsirsav szintje. A hormon in vitro kérilmények (2 /ig/ml) kdzott sem
stimuldlja a trigliceridek lebontasat hal (ponty, dévér, sull6, sugér, garda) zsirszévetében.
Hatdsara a télen gydjtétt allatok zsirszovetének szabad zsirsav termelése csdkkent,
a nyaron gy(jtotteké nem valtozott. Stress allapotok (coldstress, egyszer(i deszt. viz.
injekcio, anoxia) hatasara novekedett a vércukor szint, de a plazma szabad zsirsav szint
valtozatlan maradt, vagy csokkent (ponty, sullg, dévér). A hormon ,antilipolitikus”
hatasat hiperglikémias hatasaval lehet dsszefuggésbe hozni. Valdszinlinek latszik, hogy
a szimpatikus idegrendszer az emlGsokkel ellentétben halaknal nem jatszik szerepet
a zsirok szabad zsirsavak formajaban tortén6 mozgositasaban.

VCCNEAJOBAHNE OBMEHA XXWMPOB MNPECHOBO/JHbIX PbIb.
CUMIMATUYECKAA HEPBHAA CUCTEMA N MOBUTN3ALINA XUPA

Tubop dapkall

HopagpeHannH (2 Mr) in vivo He MOBbIWAET YPOBHS CBOOOAHBLIX XXMPHbLIX KWUCMOT B
KPOBM HEKOTOPbIX MPECHOBOAHbIX pbi6 (kapn, feL, cyaak). og ero BAMSHWEM MOBbILIAETCS
YPOBEHb Caxapa B KPOBM M MOHUXAETCS COLeP>KaHMe CBOOOAHBIX XXUPHBIX KUC/OT B CbIBOPOTKE.
3JTOT ropmMoH (2 yr) in vitro ToXe He YBENMYMBAEeT pacnaf TPUrULEPUAOB B XXMPOBOW TKaHU
pbIb (Kapm, neLl, cyAaK, OKyHb, YeXOHb). og BAMsHYEM HOPajpeHaIMHa Y XXUBOTHBIX, COBpaH-
HbIX 3UMOW, MOHWXAETCS CUHTE3 CBOOOAHBIX XXMPHbIX KUCMOT, @ Y >XMBOTHbIX, COBPaHHbIX
NeTOM—OCTaeTCA 6e3 M3MeHeHMs1. [pu LLIOKOBbIX COCTOSIHUSX (XO/I0A0BOM LLIOK, BBEAEHME ANCTUIT-
JINPOBaHHON BOApI, aHOKCUSA) YBENMUMBAETCSA YPOBEHb Caxapa B KPOBW, HO COAepXaHue CBO-
60HBIX YXXMPHBIX KUC/OT B CHIBOPOTKE OCTAETCS 683 U3MEHEHWS! UM HE3HAUMTENBHO CHIDKAETCS
y Kapna, flewa u cyaaka. AHTUIMNO/MTAYECKOE [EiCTBME FOPMOHA CBSI3aHO ero rumeprivke-
MUYECKMM BO3aeicTBMEM. [0 BCeli BEPOATHOCTM, CUMMATMYecKas HepBHas cUCTeMa y pblb B
OT/MUME OT MNIEKOMUTAIOLLMXA He WrpaeT posv B MOBUM3aLMK XXMPOB M B BUAE CBOGOAHBLIX
XMPHBIX KAC/OT.
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The fatty acid composition of water organisms is more complicated than
that of land animals. The complexity is caused by the polyunsaturated fatty
acids of long carbon chains occurring in great quantities in the fat of water
organisms. The major part of analytical data are related to marine animals
—primarily on fishes —much less is known about the fat of animals living in
fresh water. A good part of these data was obtained by fractionated vacuum
distillation, a method that does not result in a complete elucidation of the
sample’s fatty acid composition. Fats of freshwater fishes were investigated
first by Lovern (1932) then by PATHAKandhis co-workers (1957 —1958) with
this method. Gruger et al. (1964) analyzed the fatty acid composition of
three fishes gas chromatographically. Earlier, we already published data on
the fatty acid composition of fishes from Lake Balaton; these results (Farkas
and Herodek 1962) were obtained by fractionating the samples according to
Twitchel, by hydrogenating the alcohol soluble fraction and by paper chroma-
tographic analyses of the fractions. This way we could determine in the samples
the distribution of the fatty acids according to their chain length but no in-
formation was received on the proportions of the differently unsaturated fatty
acids. In the present work the fatty acid composition of several fishes from
Lake Balaton was investigated with gas chromatographic method.

Material and method

The fatty acid composition of the intestinal fat of following fish species
was studied: Aspia aspia L., bream (Abramis brama L.), shad (Pelecus cul-
tratus L.), pike (Esox lucius L.), pike perch (Ludoperca ludoperca L.) and
roach (Leudscus rutilus L.). Adipose tissues were excised from freshly killed
animals, were grounded with anhydrous Na2S04 and the fats were extracted
by petroleum ether. The extracts were evaporated in vacuum then sealed under
indifferent atmosphere with some ml of petroleum ether. The samples were
stored at —20 °C till utilization. Fat samples were obtained from adipose
tissue of 5—5 fish. The fatty acid methyl esters were prepared by transesteri-
fication of the original samples. It took place with abs. methanol containing
5% HCL1 at 80 °C in sealed test tubes. Previous fractionation of the extract
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proved to be unnecessary as preliminary thin-layer chromatographic analysis
showed that the quantity of lower diglycerides, phospholipids and fatty acids
is negligible.

Gas chromatographic analyses were performed with a Chrom 111 TKZ
type equipment operating with flame ionization detector. The column length
was 3 m, its inner diameter 6 mm. As stationary phase 20% ethylene glycol
succinate was used, the support was Chromosorb W of 80 mesh. The carrier
gas was N2 (flow rate 100 ml/s). The column temperature was 182 °C. The
temperature of the sample heater was at the injection 340 °C.

As reference standards for the identification of the peaks the NIH fatty
acids (Cis :0, Cis : 1, C18:2, CIB: 3, C20 : 1, C20 : 5 Cz2:(6and a fish oil sample
of known composition (menhaden, Bevoortia tyrannus) were used.

Quantitation was performed with triangulation technique. Correction
factors were calculated on the base of a mixture of known fatty acid compo-
sition. The values were in good agreement with the composition of the hydro-
genated samples. Hydrogenation was carried out in acetic acid in the presence
of d-catalizator.

Results

In Fig. la. the chromatogram of fatty acid methyl esters of L. lucioperca
L. is demonstrated. Similar picture were obtained for other fishes. It can be
seen that the fats of fishes consists of several fatty acids. Gas chromatographic
analysis of hydrogenated samples showed that the fatty acids belong to the
Cis_22 series (Fig. Ib). Nearly all fatty acids reported by other authors for
fish fat are to be found in the fat of Lake Balaton fishes. We could not identify
reliably one C16 polyenoic fatty acid, with a retention time close to that of
stearic acid and it Is questionable, too, whether the samples contain Cis : 4
fatty acid at all. The series C20_22 was represented bytetra- penta- and hexa-
enoic forms. However, in the fat of marine fishes also a small amount of less
unsaturated Czo0- 22 was described, we could not demonstrate these acids in
the fat of the investigated fishes.

Table 1 summarizes the percentual distribution of fatty acids. It can be
seen that the difference among the fat of individual fishes appears primarily
in the quantity of Cz0-22 fatty acids. The quantity of docosahexaenoic acid is
the highest in the three predatory fishes (A .aspiusL. lucioperca., and E. Indus)
and is the lowest in A. brama and P. cultratus. The quantities of stearic and
eicosatetraenoic acids are strikingly high in the fat of Abramis b. It can be cal-
culated from Table 1 that the total quantity of Czo-22 polyenoic fatty acids
(with the exception of C. carpio) is near to each other.

In one of his papers Lovern (1932) demonstrated differences between
the fatty acid composition of freshwater and marine fishes, reporting that the
guantity of unsaturated fatty acids is lower while that of Cis unsaturated and
palmitoleic acids are higher in freshwater than in marine fishes. Table 2 com-
pares the average fatty acid composition of Lake Balaton fishes, and that of
marine ones. The average fat composition of marine fishes is calculated from
the gas chromatographic data, published by several authors. This table de-
monstrates that marine fishes in average contain nearly twice as much doco-
sahexaenoic acid than the fishes in Lake Balaton, but the percentage of eico-
satetraenoic acid in our fishes is higher. The quantity of oleic acid is about the



142

Table 1 — 1. Tablazat
The fatty acid composition of fishes from Lake Balaton
Balatoni halak zsirsav-dsszetétele

Chain Number of
length double bonds Aspius Lueicoperca Esox Rutilus Cyprinus Abramis Pelecus

Zsirsav Kettds koté-  aspius L. sandra L. lucius L. rutilus L. caprio L. brama L. cuUraius L.
lanchossz sek szama

14 0 55 33 39 3.0 15 24 5.6
1 12 16 1.0 0.9 0.7 11 15

16 0 10.8 149 14.8 121 14.3 127 115
1 112 10.2 14.6 134 134 11.3 16.0
2 0.9 0.7 11 05 36 —_ 0.7

18 0 3.0 36 35 2.7 41 8.8 32
1 2.7 25.0 17.8 19.0 19.0 237 216
2 6.6 54 7.6 80 7.0 51 101
3 6.0 41 54 139 9.7 42 34

20 1 2.0 17 2.2 20 2.2 19 19
4 79 8.6 7.0 41 3.7 32 9.6
5 5.9 6.0 71 84 0.8 19.9 8.7

2 1 20 11 18 0.1 8.2 05 11.8
4 13 12 11 19 25 2.3 0.61
5 4.0 2.8 2.6 4.0 2.7 — 2.3
6 8.7 105 82 5.8 6.3 2.7 2.3

same in the two groups. In agreement with Lovern’s classification the quanti-
ty of palmitoleic and C18 polyenoic fatty acids is higher in the Lake Balaton
fishes than in the marine ones.

Table 3 presents the distribution of fatty acids according to their chain
length in the fat of fishes originating from different places. It is conspicuous
that with regards to the distribution of fatty acids according to their chain
length the fishes in Lake Balaton stand near to the fishes common in the
Atlantic and Pacific coastal regions of the United States of America.

Discussion

The fats of the investigated fishes from Lake Balaton fit well into the
picture formed during the last 30 years on the fatty acid composition of water
organisms. On the basis of the work of Hilrditch, Lovern and others it
became evident that water organisms by the complexity of their fatty acid
composition differ from land organisms; moreover the unsaturated acids of
long carbon chain, characteristic for water organisms, were also found in the
fat of those land vertebrates (reptiles, amphibians and birds) that are feeding
on water organisms. Hitditch (1965) K 1enk and his co-workers (1960) and
Mead and his co-workers (1966) demonstrated that the structures of these
fatty acids may be traced back to the linoleic and linolenoic acids, both pres-
ent in large quantities in vegetable oils. Animals cannot synthethize these
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Table 2 - 2. Tablazat

The average fatty acid composition of ma:ine fishes and of fishes sampled from Lake
Balaton

Balatoni és tengeri halak atlagos zsirsav-0sszetétele

Chain length Number of double Origin — Gydjtéhely *Gruger et al. (1964)

3 Reiser et al. (1963)
Zsirsav bonds DeWitt (1963)

lanchossz Kettds kotések szama Sea — Tenger* Balaton Lasker et al, (1962)

14 0 4.7 36
1 0.3 12

16 0 212 127
1 85 127 P < 001
2 1.0 12 (?)

18 0 42 41
1 20.3 211
2 19 71 P < 0.02
3 11 6.6 P < 001
4 20 —

20 1 4.5 17
4 20 6.3 P <0.01
5 9.9 71 NS

2 1 _ 21
3 0.3 - .
4 - 16
5 2.3 3.0 NS
6 13.6 6.3 P <001

acids, but they are able to elongate them. Further experiments (Kerry and
his co-workers 1958) demonstrated that the main bulk of the polyunsaturated
fatty acids stored in the fat of fishes is of alimentary origin, as also fishes can-
not elongate the chain at a greater extent.

The fatty acid composition of fats in fishes is determined obviously by
two processes:

1 Synthesis of polyunsaturated fatty acids of long carbon chain at the
lower level of food chain;

2. Dilution of polyenoic fatty acids taken up in food with endogenous
fatty acids.

Concerning the first step we demonstrated earlier with paper chromatog-
raphy (Farkas and Herodek 1962) and recently with gas chromatography
(Herodek and Farkas 1967) that in the fat of certain plankton crustaceans
(Copepods) the quantity of polyunsaturated fatty acids of long carbon chain
is high. If these crustaceans were fed on algae of known fatty acid composition
(no Cz0-22 were present in their fat) we found in their fat always rather great
quantities of Czo_ 22 polyenoic fatty acids (Farkas and Herodek 1964). Thus
it is obvious that the main part of these fatty acids originates within the
food chain: phytoplankton — crustacean plankton —fish, in the crustaceans.

Gas chromatographic analysis on the fatty acid composition of plankton
crustaceans from Lake Balaton demonstrated that in the fat of these organisms
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Table 3
The fatty acid composition of fishes6
Kilénbdz6 gy(jtéhelyekrél

sampling site Number of Analytical SAT.
P | d . .
Gydjtehely M isr?trz ’s)zzsma Eleﬁwrzoécsei :Ierrés Q J ce CB
India (Ganges) .............. B Vacuum
dest. 36 239 8.6
Balaton ......c.cccccevivee. 7 GLC. 35 143 41
Tenger —Sea (Atlantic and
Pacific coasts of USA) —
(USA Atlanti és Pacific
part) ., 20 GLC. 4.3 19.6 39
Herring from the North
Sea —E-tengeri hering Véicutum 5.9 110 0.2
est.

both the oleic and the palmitoleic acids are present in lower quantities than in
fishes (Herodek and Farkas 1007). In Table 3it can be seen that in the fat of
fishes collected at different places the quantity of CI6 (palmitoleic) and C18
(mainly oleic) unsaturated fatty acids is different. If we arrange the fishes
according to the increasing C2 content of their fats a sequence is obtained in
which the amount of palmitoleic acid decreases. The CI8 unsaturated acids
show a similar tendency. This sequence corresponds to the arrangement of
fishes according to the temperature of their environment. The decrease of
temperature obviously decreases also the formation of the endogenous fatty
acids (C18 18 saturated and monoenoic), and the stored fat gets more and
more similar to the alimentary fat. Our earlier investigations demonstrated
the increase of the long chain polyenoic fatty acids by decreasing temperature
in fats of crustaceans, therefore the true difference exists not between the
fatty acid composition of the marine and freshwater fishes but between the
fat metabolism of planktonic crustaceans and fishes living under different
climatic conditions.

Summary

The fatty acid composition of seven fishes from Lake Balaton was ana-
lysed by gas chromatography. The fats of the investigated fishes show the
general characteristics known for fats of water origin. The level of C20_2
fatty acids in fishes from Lake Balaton was higher than in the freshwater
fishes reported by other authors.
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— 3. Tablazat
kiving under different climate
szarmazo halak zsirsav-0sszetétele Present date
UNSAT.
Note — Megjegyzés
C, 1 at 1 c, 1 C, 02
2.0 16.5 31.0 8.0 5.6 Pathak et aI. 1957.
1.1 13.9 35.0 16.3 12.7 Jelen adatok

Gruger €t al: 1964

Reiser €t al: 1963
6.3 8.8 23.4 15.2 14.5 Dswitt: 1963

Lasker €t al: 1962

0.2 4.7 20.0 27.3 24.0 Lovern: 1932
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VIZSGALATOK BALATONI HALAK ZSIRSAV-OSSZETETELEN

Farkas Tibor és Herodek Sandor

Osszefoglalas

Hét balatoni halfaj zsirsav-0sszetételét elemeztuk gazkromatografiasan. A vizsgalt
halak zsirjai azokat a jellegzetességeket mutattdk, melyek altaldban a vizi szervezetekre
jellemzéek. A C2 2 zsirsavak mennyisége magasabb volt, mint az eddig mésok &ltal
megvizsgalt édesvizi halakban.

M3YUEHWME COCTABA XWPHbIX KUCMOT BATATOHCKMX Pblb
Tubop ®Papkaw n LllaHgop Xepogek

Mpyn NOMOLLY ra3oBoit XpOMaTOrpagum 6bl1 U3yUeH COCTaB XMPHbIX KUCMOT CEMU BUOB
6anaToOHCKUX pbiB. XKMpbl U3yUYeHHbIX BUAOB PbIG 06/1aAal0T TakUMUN XKe XapaKTepHbIMU CBOIA-
CTBaMM, Kak M XXUpbl Apyrux BoAHbIX OpraHu3MoB. CofepykaHue XMPHbIX KUCNOT Cro-l, 6bi1o
Bbillle, YeM Y OCTa/lbHbIX BMOB PbIG, OMMCaHHOE APYrMK aBTOpPaMM.
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A very significant part of the enormous biomass of water organisms
consists of lipids. Mankind utilizes of this quantity about 1 million metric
ton a year. This rate will only increase in the coming years due to the quick
progress in sea-fisheries (Swain 1958). As the utilization of fish fats depends
on their chemical composition numerous data are already known in this field
(Hirditch 1956).

According to these analyses the fats of fishes differ characteristically
from those of land animals. Experiments in aquaria showed (Kerry et al.
1958, Farkas and Herodek 1964) that food determines basically the compo-
sition of fats in fishes. As a source of the fat in fishes primarily plankton crus-
taceans can be taken into account. With fractionated destination the fatty
acid composition of altogether four crustacean species was investigated
previously (Lovern 1935). In our earlier papers (Farkas and Herodek
1959, 1961, 1962, 1964) we published paper chromatographic analysis on the
composition of fatty acids of ten species.

The resolving power of both fractionated distillation and paper chroma-
tography is rather restricted. The aim of this paper is to give a more detailed
and correct picture on the fatty acid composition of several crustaceans with
gas chromatographic method.

Material and methods

Plankton crustaceans were sampled with a Ko. 6 net trawled by a row-
boat. Living animals, kept in water were brought to the laboratory where the
species composition of the samples were determined. If a sample contained
Cladocerans and Copepods the water was bubbled through in order to separate
them, in this way the Cladocerans were brought to the surface while the Co-
pepods stayed at the bottom. Only samples were determined where the spe-
cies to be investigated was present in at least 99%. Therefore the analytical
data are characteristic for the given species. The needed quantity of the Am-
phipods were collected with pincers.

From each species samples of some grams in fresh weight were obtained.
The water was blotted from the animals with filter-paper then they were ground-

10*
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ed with anhydrous NazZS04. The fat was extracted in N2atmosphere under
reflux three times with petroleum ether. For 1 g sample 30 ml solvent was
used. An aliquot of the extract containing 40 mg lipid was evaporated under
N2and taken up in 1 ml hexane. Fatty acids of this lipid were transmethylated
with absolute methanol containing 4% of cc HC1. To the lipids dissolved in
1 ml hexane 5 ml of this hydrochloric acid-methanol mixture was added and
the samples were kept for 4 hours at 80° Cin a heating block. When they cool-
ed down the upper phase containing the fatty acid methyl esters was removed.

The analysis was carried out by a Chrom Ill. IKZ (Laboratorni
Pristroje CSSR) gas chromatograph. The length of the column was 3 m, the
inner diameter was 6 mm. 20% ethylene glycolsuccinate on 80—100 mesh
Chromosorb W was used as stationary phase. The carrier gas was N2 its
flow rate 100 ml/min. The column pressure was 1.5 atmosphere, its tempera-
ture 184° C. The equipment operated with flame ionization detector. The
fatty acid methyl esters, dissolved in hexane were injected with a micro-
syringe. For the time of injection the temEerature of the sample heater was
240° C. The identification of the peaks took place by comparing the chroma-
togram with that of standard fatty acids and of samples of known composition.
Peak areas were determined by triangulation. The correction factors for the
individual fatty acids were determined by means of known fatty acid mixtures
of similar composition as the samples. The percentual fatty acid composition
was calculated in using these factors.

Results and discussion

In Fig. 1 the gas chromatogram of the fatty acid methyl esters of a
plankton crustacean species is demonstrated.

The fatty acid composition of different samples is summarized in Table 1.
The accepted abbreviation techniques were used here, too, fatty acids are
characterized with two numbers, the first giving the length of the carbon chain,
the second after the colon (:) is the number of double bonds for I molecule.

From Table 1 it can be seen that the same fatty acids are present in
all crustaceans only with quantitative differences. These fatty acids are the

Table 1

The fatty acid composition of freshwater crustaceans (per cent wt.)

14:0 14:1 14 :2 16 :0 16 :1 16 :2 18 :0

1. Cyclops vicinus UT.T...ccnncen 7.8 0.3 0.3 13.6 5.9 0.7 4.4
2. Eudiaptomus gracilis (c. 0. sabs 9.7 tr tr 17.7 7.5 0.2 3.8
3. Daphnia cucullata (. 0. sabs) 7.0 0.8 0.1 16.4 5.7 6.8
4. Daphnialongispina 0. F. Mulleb 2.5 3.0 0.8 11.7 14.6 0.8 3.7
5. Simocephalus vetulus v. F. M. 35 3.8 1.4 12.8 12.1 5.1
6. Bosmina longirostris f. pellucida

Stingeun ... 25 2.3 2.8 14.0 10.3 7.4

7. Gammarus ¢ Uivulogammarus,
roeseli Gebvais e v 1.4 1.5 1.7 12.1 12.3 4.1
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Figure 1. — 1. 4bra
The gas chromatogram of the plankton Crustacea an Cyclops vicinus
A Cyclops vicinus planktonrak zsirsav-metilésztereinek gazkromatogramja

same ones considered as characteristic for fats in fishes and even their quanti-
tative relations are greatly resembling to those in fishes (Grtiger 1964, Far-
kas and Herodek 1967). The similarity of the fatty acid composition of crus-
taceans and fishes also at the resolving level of gas chromatography furnishes
further evidence for the hypothesis that plankton crustaceans are the main
source of fats for fishes. The only fatty acid occurring in much lower quanti-
ties in crustaceans than in fishes is oleic acid. It seems that fishes, like land
animals, store their endogenous fatty acids mainly in the form of oleic acid.

Among the species of Table 1 there are two Copepods (Cyclops vicinus
and Eudiaptomus gracilis), sampled in the area before our institute from Lake
Balaton at 6 C° water temperature, on the 16th and on the 23rd November
resp., 1966. The fatty acid composition of these two species is extraordinarily
similar. This may be explained by the identic biotop, equal living habits and
the relationship. On the other hand the fatty acid composition of Daphnia
cucullata, sampled at the same time and from the same place of Lake Balaton
was definitely different, deviating chiefly by the lower level of 22 : 6 fatty
acids in it. In contrary to the above-mentioned two species Daphnia cucullata
belongs to the Cladocerans. On the 29th November three further Cladocera
species were sampled, Daphnia longispina and Bosmina longirostris from the

— 1. Tabl4zat
Edesvizi rakok zsirsav-6sszetétele slyszazalékban

18:1 18:2  18:3  18:4  20:2  20:4  22:1 20:6  22:4  22:5 22:6
52 9.9 6.6 92 15 97 i.i 119 0.2 4.6 101
6.1 10.6 6.9 8.8 17 42 10.5 tr 34 8.9
83 155 82 6.3 11 6.7 7.6 54 41

101 4.2 113 15.8 0.7 13 0.6 174 15
118 6.0 6.8 78 20 6.6 18.9 0.4 10
193 41 5.7 2.8 17 54 21.7

245 16.0 6.7 19 73 105
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pond Bels6-t6 in Tihany and Simocephalus vetulus from Lake Velencei-t6.
Water temperature of both lakes was 3 °C. In the fatty acid composition of
all the four Cladocerans there are definite differences, however, in all of them
there is much more less 22 : 6 than in Copepods. To decide the generality of
this phenomenon will be only possible in the knowledge of analytical records
of much more species.

One Amphipod species, Gammarus roeseli was sampled from the detritus
of the Asz6f6i-Séd brook. In this crustacean similarly to Bosmina longirostris
we could not detect fatty acid of 22 carbon atoms and it also contained great
amounts of oleic acid. The crustaceans analyzed show a certain regularity in-
sofar that the less 22 : 6 is present the higher is the level of 18 : 1.

Previously we demonstrated that the fatty acid composition of fresh-
water crustaceans changes according to a regular yearly cycle (Farkas and
Herodek 1964). By altering the composition of their fat the crustaceans can
assure that the melting point of the fat should be some degrees lower than the
water temperature, that means that the fats can stay all the year round in
the suitable liquid state. In this sense data of Table 1 do not represent a con-
stant, unalterable property. A comparison among the different species is
possible only in that case if it takes place among samples collected at the same
time and at similar water temperatures. In our present investigations all
species were sampled in the second half of November. Samples collected during
summer presumedly will prove to be more saturated. According to our earlier
results (Farkas and Herodek 1962) parallel with the decrease of water
temperature the iodine value of the fat increases, demonstrating the rising
unsaturation. Furthermore we found paper chromatographically that the
cLuantity of fatty acids of 20 and 22 carbon atoms increases too. We supposed
that these can be penta- and hexaenoic fatty acids and in their quality may
contribute to the decrease of the fat’s melting point to a great extent. Paper
chromatographically this hypothesis could not be stated unequivocally, but
our recent gas chromatographic data justify this hypothesis. The 20 : 4 and
22 : 5 fatty acids originate from linoleic acid, the 20 : 5 and 22 : 6 fatty acids
from the linolenoic fatty acid by chain elongation and by dehydrogenation
in divinyle-methan rhythm (Mead 1960). The data of Table 1 show that in
crustaceans more fatty acid originates in the linolenoic than in the linoleic acid.

Summary

The fatty acid compositions of the following crustaceans were determin-
ed: Cyclops ricinus U1j., Eudiaptomus gracilis (G. O. Sars), Daphnia cuculla-
taG. O. Sars, Daphnia longispina O. F. Mut1er, Simocephalus velulus V. F. M.,
Bosmina longirostris f. pellucida Stingetin, Gammarus (Rivulogammarus)
roeseli Gervais.

From the different species the same fatty acids could be demonstrated.
The fatty acid composition of crustaceans is greatly similar to those published
for fishes suggesting that the bulk of the fats in fishes originates in the crus-
tacean plankton.

There was more C2 polyunsaturated fatty acid in the investigated Co-
pepods than in the Cladocerans. The changes in the quantity of oleic acid in
the different samples are showing an inverse tendency to the quantity of C2
polyunsaturated fatty acids.
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NEHANY EDESVIZI RAK ZSIRSAV-OSSZETETELENEK
GAZKROMATOGRAFIAS ELEMZESE

Herodek Sandor és Farkas Tibor
osszefoglalas

A kovetkezd rakok zsirsav-osszetételét hataroztuk meg: Cyclops vicinus Ulj.,
Eudiaptomus gracilis (G. O. Sars), Daphnia cucullala G. O. Sars, Daphnia longispina
O. F. Murter, Simocephalus vetulus V. F. M., Bosmina longirostris f. pellucida Stingetin,
Qammarus ﬂRlvqugammarus) roeseli Gervais.

A kilénbézd fajokbdl ugyanazokat a zsirsavakat lehetett kimutatni. A rakok
zsirsavOsszetétele nagyban hasonlit a halakrol kozolt adatokhoz, ami arra utal, hogy
a halak zsirsavainak z6me a Crustacea planktonbdl szarmazik.

A vizsgalt Copepodakban tobb C2 tobbszordsen telitetlen zsirsav volt, mint a
Cladocerakban. Az egyes mintak kozott az olait')sav mennyisége a C2 tobbszdrdsen
telitetlen zsirsavak mennyiségével ellentétes iranyban valtozik.

Kdszonetnyilvanitas

Koszonetiinket fejezziik ki dr. Ponyi Jen6nek a rakok meghatarozasaért, és
a rakokra vonatkozé hasznos felvilagositasaiért.
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AHANN3 COCTABA XWPHbIX KWCNOT HEKOTOPLIX MPECHOBOAHbIX
PAKOB TOCPEACTBOM 'A30OBOUN XPOMATOIPA®UI

LLlaHgop Xepogek n Tubop dapkatl

CocTaB XMPHbIX KWCMOT onpegensncs y cnegytowmx Buaos: Cyclops vicinvs U ri.
Eudiaptomus gracilis (G.O. Saks), Daphnia cucvllata G.O. Saks, Daphnia longispina
O.F. Mat1er Simocephalus vetulus V.F.M., Bosmina longirosiris f. pellucida Stingeltin,
Qammarus (rivulogammarus) roeseli Gervais.

Y pasHbIX BULOB OOHApY>XMBAETCS OWH W TOT >Ke COCTaB >XUPHbIX KucnoT. CocTas
XKMPHBIX KUCMOT PakoB COBMALAET C COCTABOM >KMPHbLIX KUCIOT pblb, UTO yKa3blBaeT Ha To,
yTo 66/bINast YacTb XKMPHBLIX KWCMOT pbl6 MPOUCXOAUT M3 MIAHKTOHHBIX PakooOpasHbIX.

B Konenogax ObU10 HaifeHo 60/bLie C2 HEeHAChILLEHHbIX XMPHBIX KACNOT YeM B Kfa-
fouepax. B oTaenbHbIX Mpo6ax coAepXaHue ONIEVHOBONM KWUC/OTbI M3MEHSNOCh 06paTHO Npo-
MOPLMOaTbHO  KOMMYECTBY MHOFOKPATHO-HEHACBILLEHHBIX YXUPHBIX KUCHOT.
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On the request of the Biological Research Institute of the Hungarian
Academy of Sciences, Tihany, the staff of parasitologists of the Zoological
Department of the Hungarian Natural History Museum, Budapest, under
took the project of investigating, in 1966, the worms parasitizing fish in Lake
Balaton. The aim of the research program, planned for a number of years, is
to obtain further data, by the examination of a great number of fish species,
on the fauna parasitizing fishes, with special regard to the distribution per
hosts, their infections and seasonal fluctuations.

The present paper submits the results of investigations carried out in
the past year.

Studies were cordially supported by the director of the Biological Re-
search Institute at Tihany, Dr. J. Saranki, and the Department head of Hydr-
obiology, Dr. J. Ponyi, as well as their assistants, for whose help thanks are
rendered also in this place.

Material and methods

In 1966, fish specimens had been collected and dissected for parasitolog-
ical investigations on three occasions: 28 June—3 July, 1966; 23—31 August,
1966; and 24—29 October, 1966.

During this time, 160 fish specimens have been examined of the follow-
ing species: bream (Abramis brama), 40 exemplars; roach (Rutilus rutilus),
36 ex.; carp (Cyprinus carpio), 18 ex.; crucian-carp (Carassius carassius), 1
ex.; razor-fish (Pelecus cultratus), 10 ex.; balin (Aspius aspius), 2 ex.; pike-
perch (Lucioperca lucioperca), 15 ex.; Volga pike-perch (Lucioperca volgensis),
5 ex.; perch (Perea fluviatilis), 8 ex.; pike (Esox lucius), 14 ex.; European
weis (Silurus glanis), 4 ex.; bleak (Alburnus alburnus), 7 ex.

The collected worms have been preserved, pending further investigations,
in 70 per cent alcohol and Heidenhain’s “Susa” fixative, respectively. Trema-
t)o?es have been stained by alcoholic borax-carmine, and embedded in Canada

alsam.
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Distribution of parasitization of the diverse fish species

Of the 160 examined fish specimens, 128 exemplars were parasitized by
digenetic Trematodes, Nematodes, Cestods, or Acanthocephalae.

Total parasitization may be broken down as to species in the following
attern:
Rbramis brama: 87.5%, Rutilus rutilus: 94.4%, Cyprinus carpio: 61.1%,
Pelecus cultratus: 30%, Lucioperca lucioperca: 93.3%, Lucioperca volgensis:
100%, Perea fluviatilis: 100%, Silurus glanis: 50%, Esox lucius: 92.8%,
Alburrms alburnus: 14.2%.

Digenetic flukes

Concerning the Trematodes of the fish in Lake Balaton, the first report
was given by Ratz (1897). Jaczo (1941) recorded two monogenetic fluke spe-
cies, and a di?enetic fluke larva (1949), from Lake Balaton. Of the digenetic
Bluk_e larvae of the lake, Msdiinger discussed (1934) the biology of Apophallus

onicus.

Recently, Moinar (1962a, b; 1963; 1964; 1966) gave detailed accounts
of the flukes occurring in fish living in the Balaton.

In the course of the present study, the following fluke species have been
demonstrated:

Subclass I: Aspidogastrea Faust et Tang, 1907

Family: Aspidogastridae Poche, 1907
Aspidogaster limacoides Dies., 1835
Host: Abramis brama
Date of collection: 28 June—24 October, 1966
Localization: small intestine
Host: Rutilus rutilus
Date of collection: 28 June—23 August, 1966
Localization: small intestine
Host: Cyprinus carpio
Date of collection: 24 October, 1966
Localization: small intestine
Subclass I'1: Gasterostomata Skrjabin et Schulz, 1937
Family: Bucephalidae Poche, 1907
Bucephalus polymorphus Baer, 1827
Host: Lucioperca lucioperca
Date of collection: 28 June—24 October, 1966
Host: Lucioperca volgensis
Date of collection: 24 October, 1966
Localization: pyloric appendages, small intestine
Rhipidocotyle illense (Ziegter, 1883)
Host: Lucioperca lucioperca
Date of collection: 28 June—24 October, 1966
Host: Lucioperca volgensis
Date of collection: 24 October, 1966
Localization: pyloric appendages, small intestine



155

Subclass 11l : Prosostomata Odhner, 1905
Family: Azygiidae Odhner, 1911
Azygia lucii (Muarter, 1776)
Host: Esox lucius
Date of collection: 28 June—24 October, 1966
Localization: gaster, intestine
Host: Perea fluviatilis
Date of collection: 24 October, 1966
Localization: gaster
Family: Monorchidae Odhner, 1911
Asymphylodora imitans (Muhling, 1898)
Host: Abramis brama
Date of collection: 28 June—23 August, 24 October, 1966
Localization: intestine
Family: Opecoelidae Ozaki, 1925
Crowcrocoecum skrjabini (lwanitzky, 1928)
Host: Pelecus cultratus
Date of collection: 28 June, 1966
Localization: intestine
Host: Lucioperca lucioperca
Date of collection: 24 October, 1966
Host: Lucioperca volgensis
Date of collection: 24 October, 1966
Localization: pyloric appendages
Family: Diplostomatidae Poirier, 1886
Diplostomum spathaceum (Rud., 1819), metacercaria
Host: Abramis brama
Date of collection: 28 June—24 October, 1966
Host: Rutilus rutilus
Date of collection: 28 June—23 August—24 October, 1966
Host: Cyprinus carpio
Date of collection: 23 August—24 October, 1966
Host: Garassius carassius
Date of collection: 28 June, 1966
Localization: crystalline lens of eye
Tylodelphis conifera (Mehlis, 1864), metacercaria
Host: Abramis brama
Date of collection: 24 October, 1966
Host: Rutilus rutilus
Date of collection: 23 August—24 October, 1966
Localization: eye—vitreous body

Summary
The present paper discusses the results of the helminthological examina-

tion of 160 specimens of 12 fish species of Lake Balaton, as well as the extensity
of parasitization per fish species and the collected digenetic Trematode taxa.
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A BALATONI HALAK HELMINTOLOGIAI VIZSGALATA. |
(El6zetes kozlemény)
Trematodak

M atskasi Istvan

osszefoglalas

. A szerz6 el6zetes kozleményben ismerteti 12 fajhoz tartoz6 160 db balatoni hal
helmintologiai vizsgalatanak eredmeényét, a fertdzottség extenzitasat halfajok szerint,
valamint a talalt digenetikus Trematoda fajokat.

FE/TlbMUHTOMIOMMUYECKOE UCCNEJOBAHVE BANATOHCKUX Pbib. 1
(MPELBAPUTE/IbHOE COOBLLEHVIE)

NwTBaH Maukaium
ABTOp NpeaBapuTeNIbHO COO0BLL@ET pe3ybTaTbl relbMUHTONOMMYECKOTO MCCnea0BaHus

160 6anaTOHCKMX PbIb, OTHOCALWMXCA K 12 BiiaM, MO SKCTEHLMM 3apakKEHHOCTU OTAENbHbIX
BMAOB a TaKXKe OMNUChbIBAeT OBHAPYXKEHHbIA AWUFEHETUYECKWIA BUf TPEMaTofa.
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The project of the complex biological study of Lake Balaton also provided
for helminthological investigations in 1966. The present paper, submitting the
elaboration of the collected nematode material, represents a general, informa-
tive report on the series of research studies planned for several years.

The first data with respect to the fish parasite fauna of Lake Balaton
were given by Ratz (1897). He reported on the occurrence of Camallanus la-
custris, by the name Cucullanus elegans Zeder, in the intestine of Perea flu-
viatilis, Lucioperca lucioperca, Esox lucius, Rutilus rutilus, and Acerina schraet-
zer, as well as the species Philometra sanguinea (Rtjd., 1819), under the name
Ichthyonema sanguinea R tjd., from Abramis brama. Moinar (1962) reported
on two species from Lake Balaton, new for our fauna, namely Camallanus
truncatus (Rtjd.) from Lucioperca lucioperca and Aspius aspius, and Philo-
metra rischta Skrjabin, 1917, from the gill flap and orbital cavity of Alburnus
alburnus. In his recent papers, Moinar (1966a, b) discussed the parasites,
belonging to the genera Philometra and Slcrjabillanus, of our home fish species;
the same author (1966¢) also studied, among others, the seasonal changes of
Camallanus lacustris and C. truncatus.

Material and methods

Originating from two points of Lake Balaton (the Tihany—Fred bay,
Siofok), a total of 160 fish specimens, collected on three occasions, have been
examined, namely: pike (Esox lucius), roach (Rutilus rutilus), balin (Aspius
aspius), bleak (Alburnus alburnus), bream (Abramis brama), razor-fish
(Pelecus cultratus), crucian-carp (Carassius carassius), carp (Cyprinus car-
pio), European weis (Silurus glanis%, pike-perch (Lucioperca lucioperca),
Volga pike-perch (Lucioperca volgensis), and perch (Perea fluviatilis).

The nematodes were fixed in Barbagallo solution, and cleared up by
lactic acid for identification.

Identifications were based on Markevich’s (1951), Bykhovsky’s (1962),
and Agapova’s (1966) works.
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Results

Of the twelve investigated fish species, seven were found to harbour
Nematode parasites. Table 1 shows the rate of infection of the examined fish
species.

Table 1 — 1. Tablazat
Rate of infection of the fish species examined
A fert6zottség mértéke a vizsgalt halaknal

Number of examined Number of parasitized

f i Percentage
Fish species —Halfajok VizsgaE)I?CI;;néfggnyok Fertr’ji%et(t:l?éelr(‘isényok of extensity
szama szama Extenzitas szazaléka

ADBTaWBb3 Dram @.coeeeeeeiieeesiveeeennneessnnnens 41 7 17
Alburnus alburnus 7 — -
ASPIUS aSPilS.mmeiireeiireenns 2 — —
Garassius carassius 1 — —
Oyprinus carpio 18 — —
ESOX TUCIUS vuvevreresreeerrerinrnnas 14 8 571
Lucioperca [UCIOPErCa mmmmmmmeerireerreeernes 14 14 100
LUCIOPErca VOlIgensis . immmeemiieenieeenens 5 5 —
Pelecus CUMIatUsS . vmeeemrreeriiiereesinrreessnens 10 1 10
Perea fluviatilie ....cceeeveireeeernnnen. 8 8 —
Butilua rutilus .ovveveeeevereeireeinne. 36 1 2.7
SHUTUS glANES  vovvreeiiree e 4 —

Total — 0sszesen......... 160 44 215

Six nematode species have been identified in the examined fish species.
They are as follows: Camallanus lacustris, C. truncatus, Raphidascaris acusy
Philametra ovata, Capillaria sp., Contracaecum sp. larv.

The occurrence of the nematodes is given in Table 2.

Table 2 — 2. T4blazat
Nematodes occurring in the fish species

Nematodak el6fordulasa a halakban

Fish species
b
1
£ ° E 3 1
= & © 1 J I
» 5 5 % .. 1
: 5 g P
Nematode \ 2 0] 5 3 £ |
Camallanus lacustris . + +
Camallanus truncatus + + 4 + J-
Raphidascaris acus +
Philometra ovata .ccooevevenreeennrrennnens +
Capillaria SP...cceviviiiiiiiiiinns +
Contracaecum, Sp. larva +



159

Camallanus lacustris (Zoega, 1776)

Hosts: Perca fluviatilis, Pelecus cultratus
Localization: gaster, intestine

Length of males: 3—4.2 mm, length of females: 5.2—7.4 mm; width:
042—0.17 mm and 0.19—0.26 mm, respectively. Buccal capsule yellowish-
brown, chitinous, 0.094—0.105 mm in males, and 0.10—0.142 mm in females,
ribbed. Number of ribs is generally 25. Two sides of buccal capsule with a trid-
entshaped chitinous process each.

Length of median branch 0.06—0.07 mm in males, 0.10—0.12 mm in
females. The trident-like chitinous process failing to reach half distance between
buccal capsule and nerve ring. Esophagus consisting of a shorter, muscular
(0.373—0.380 mm in males, 0.46—0.76 mm in females), and a longer, glandu-
lar (0.48—0.52 mm in males, 0.70—0.81 mm in females) section.

Caudal portion of males with narrow alae and 7 pairs of pre-, and 5
pairs of postcloacal, papillae. Measurements of the two different sized spicula
0.09—0.11 mm and 0.19—0.26 mm. Gubernaculum absent.

Vulva opening in middle (or slightly behind) of body. Viviparous. Length
of larvae: 0.39—0.43 mm.

In the course of examinations, this species was found to occur together
with C. truncatus in Perca fluviatilis. C. lacustris was found by Molnar (1962)
also in Lucioperca volgensis and Acerina cernua. The intensity of infection is
9—38 specimens per fish individual.

Camallanus truncatus (Rudolphi, 1814)

Hosts: Abramis brama, Esox lucius, Lucioperca lucioperca,
L. volgensis, Perca fluviatilis. Molnar (1962) found it also in Aspius aspius.

Localisation: gaster, intestine, pyloric appendages.

Similar to the preceding species, but differing in the branches of the tri-
dent-like process subtending a smaller angle with one another, the branches
extending also beyond the half length of the distance between the buccal cap-
sule and the nerve ring.

Length of males: 2.70—4.80 mm, length of females: 3.80—10.60 mm.
Length of buccal capsule: 0.078—0.083 mm in males, 0.077—0.130 mm in
females. Median branch oftrident-shaped chitinous process 0.097—0.10 mm and
0.077—0.13 mm, respectively for the two sexes. Muscular portion of esophagus
0.48—0.52 mm and 0.58—0.62 mm, while glandular portion 0.45—0.58 mm
and 0.62—0.82 mm, respectively for the two sexes.

The most commonly occurring nematode species in the examined fish
species. The intensity of the infection is the highest in Lucioperca volgensis,
the maximum being 41 nematodes in one fish exemplar; it is the smallest in
Esox lucius, 1—6 nematodes per specimen.

Raphidascaris acus (Bloch, 1779) Railliet et Henry, 1915

Host: Esox lucius
Localisation: gaster
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The length of the single examined specimen is 19.2 mm. Cuticle trans-
versally ringed. A lateral wing behind lip, on anterior portion of body. Buccal
aperture delimited by three lips (a dorsal and two latero-ventral ones). Eso-
phagus 3.10 mm long, forming an appendix posteriorly, directed caudal.
Caudal portion ventrally curved, with 17 pairs of pre- and 4 pairs of postanal
papillae. Spicula uniform, 1.02 mm long.

As far as | know, the species has not yet been collected from a fish of
Lake Balaton. In Hungary, it was first demonstrated by Edetényi (1963)
in Esox Indus and Perea fluviatilis originating from the Lake Fert6.

Philometra ovata (Zeder, 1803)

Hosts: Abramis brama, Rutilus rutilus
Localisation: budy cavity

Molnar (1966 a) pubhshed a detailed description. The length of the
specimens collected from Abramis brama, at the end of October, was 13.2—30.8
mm (females) and 2.2—2.3 mm (males). Intensity: 29—71 nematodes per fish
specimen. Fishes surrendering Philometra ovata exemplars were infected b%
Ligula. There was a single exception: one Philometra ovata female (body lengt
16.8 mm) has been found in the body cavity of a Rutilus rutilus, captured on
24th October.

Contracaecum sp. larv.

Host: Abramis brama

Localisation: intestine

Capillaria sp.
Host: Abramis brama
Localisation: intestine

Of the two latter species, only a single individual was found each; | was
unable to identify them as to species.

Summary

In the course of examination of 160 fish specimens representing 12 spe-
cies, 6 nematodes have been demonstrated. Of these, Raphidascaris acus has
not yet been reported from Lake Balaton. The other species reported are:
Camallanus lacustris, C. truncatus, Philometra ovata, Contracaecum sp. larv.,
Capillaria sp.
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A BALATONI HALAK HELMINTOLOGIAI VIZSGALATA |

(el6zetes kozlemény)
nematoddk

Mészaros Ferenc

Osszefoglalas

12 fajhoz tartoz6 160 hal vizsgalata soran 6 Nematoda fajt allapitottam me%.
Ezek kozil a Raphidascaris acus fajt a Balatonb6l még nem irtak le. Tovabbi vizsgalt
fajok: Gamallanus lacustris, Gamallanus truncatus, Philometra ovata, Contracaecum sp.
larv., Gapillaria sp.

FE/TbMUHTOMOMMYECKOE VICCNEAOBAHUE BANIATOHCKUX Pbib 1
(MPEBAPUTE/IbHOE COOBLLEEHVIE)

depeHl, Mecapolu
B xoge wvccnenosaHua 160 SK3emMniAPoOB Pbib, OTHOCAWMXCA K 12 Bugam, 6buio 06-
Hapy>xeHo 6 BugoB Nematoda. W13 Hux Raphidascaris acus 6bln1 HaiifeH BrnepBble B banatoHe.

OcTarbHble  BbiABMeHHble  BuAbl: Camallanus lacustris, Gamallanus truncatus, Philometra
ovata, Contracaecum sp. larv., Capillaria sp.
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STUDIEN UBER DAS CRUSTACEEN-PLANKTON DES BALATON IlI.
BEITRAGE ZUR SYSTEMATIK UND CYCLOMORPHOSE VON ACANTHO-
CYCLOPS VERNALIS (FISCHER), 1853

JENO E. PONYI

Biologisches Forschungsinstitut der Ungarischen Akademie der Wissenschaften,
Tihany, Ungarn

Eingegangen am 10. Marz, 1967

Im Laufe der im Jahre 1965 durchgefuhrten Schlammuntersuchungen
(Ponyi, 1966) haben wir das im Balaton bisher nicht mit Bestimmtheit er-
wiesene Vorkommen des Copepoden Acanthocyclops vernalis vernalis (Fischer)
1853 sowie dessen Unterart, A. vernalis robustus (Sars) 1863 festgestellt.
Bisher hatten wir die genannte Art und Unterart im Schlamme des offenen
Wassers der Bucht von Keszthely beobachtet. Die Art bzw. Unterart betrug
etwa 5% der reichen Crustaceen-Gemeinschaft.

Gelegentlich der Untersuchung des im selben Jahre gesammelten Crusta-
ceen-Planktons haben wir mit Uberraschung beobachtet, dall der genannte
Copepode sich im Sommer als dominant erwies. Beim Studium der grof3en
Merge des Tiermaterials stellte es sich heraus, dal wir die Art und ihre Unter-
art rieht eirdeutig voneinander auseinanderhalten konnten (die Unterart
soll laut einiger Forscher eine selbstandige Art darstellen).

Die Streitfrage bezuglich der genannten Arten ist nicht neuesten Datums,
die Anfange tei hen bis zu den 1890er Jahren zuriick. Sars beschrieb (1863)
eine dem Acanihocyclops vernalis nahestehende Art unter der Bezeichnung
Cyclops robustus cit. ap. Sars 1913). In den nachfolgenden Jahren erschienen
(1895—1927) zahlreiche Studien (ausfiihrlich bei Lowndes, 1929), welche
groltenteils (z. B. Kiefer, Roy, Sars, Thallwitz) ein Bestehen der genann-
ten Art erhérteten, andere wieder (z. B. Schmeil, Marsh) sie bloB als Varietét
anerkannten. Lowndes (1929) erklarte auf Grund seiner an gezlchteten
Exemplaren vorgenommenen Untersuchungen, dal »Cyclops robustus Sars
is not a separate species but only a form of Cyclops vernalis Fischer« Spater
wird dieselbe z. B. bei Wagler (1937) in seinem Handbuch als selbstdndige
Art erwahnt.

Die Frage »ernalis —robustus« ist auch heute noch nicht geniigend ge-
klart, hierfiir bringen wir einige Beispiele aus der neueren Fachliteratur:
1948. Rylow sieht in »robustus« bloB eine Varietat von »vernalis«.

1950. Lindberg hélt sie blol3 fur eine Form.
1954. Sramek—H ttsek stellen eine neue Kombination auf und erwéhnen ein

»Acanihocyclops robustus f. vernalis«

1960. Kiefer hdlt »obustus«als selbstandige Art in Evidenz.
1963. Damian-Georgescu erkennen sie als Unterart an.
Wir selbst haben sie — unter dem Eindruck der fortwahrend wechseln-

11*
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den Auffassung — (Ponyi E. J. und L. Ponyi 1961) am Anfang als Varietéat
behandelt, spater jedoch (Ponyi, 1966) als Unterart.

Ziel der vorliegenden Studie ist es, auf Grund einer eingehenden Analyse
zu einer endgultigen Klarung der Artenzugehorigkeit von swernalis« und
wobustus« beizutragen. Zwei Umstédnde motivieren die Berechtigung einer
Untersuchung:

a) Das Tier trat als dominierendes Mitglied des in der Bucht von Keszt-
hely vorkommenden Crustaceen-Planktons auf; also miissen wir bei den quan-
titativen Untersuchungen dariiber im klaren sein, ob es sich um eine oder um
zwei Arten (oder um sonstige systematische Kategorien) handelt;

b) Ohne eine genaue Artenbestimmung ist es uns unmdoglich, die in
den Crustaceen-Gemeinschaften vorkommenden eventuellen Verénderungen
in entsprechender Weise zu verfolgen.

Einsammlung des Tiermaterials und Methodik

Die Sammlungen wurden in der Bucht von Keszthely mittels eines Plank-
tonnetzes Nr. 6 am 8. Juni, 30. Juli, 2. August und 12. Oktober 1965 zwischen
21—22 Uhr von einem Ruderboot aus, aus einer mittleren Tiefe von andert-
halb Metern, durchgefiihrt. Zu einer eingehenden Analyse nahmen wir das am
8. Juni, 2. August und 12. Oktober gesammelte Material vor, um auch An-
gaben Uber die saisonalen Veradnderungen der Krebse zu gewinnen.

Aus den Proben wurden die zu einer Untersuchung bestimmten Exem-
plare auf folgende Weise gewonnen:

Ein Teil des Inhaltes einer aufgerthrten Probe wurde in eine mit quadra-
tischer Einteilung versehene Schale gefullt und die geschlechtsreifen Exemplare
wurden, der Reihe nach ohne Wahl herausgehoben. Die Tierchen wurden in
Glycerin gelegt, sodann einzelweise auseinander prépariert. Bei einem Teil
wurden die Beine (Px—PJ und das Postabdomen gesondert auf den Objekt-
trdger gesetzt — zur Dokumentierung der Untersuchungen — und daraus
Dauerpréparate angefertigt. Bei den zu diesem Zwecke verwendeten Exem-
plaren wurde ebenfalls keine Selektion vorgenommen. Auf diese Weise wurden
24 weibliche und 22 mannliche Exemplare aufgearbeitet, deren Angaben wir
in zwei Tabellen zusammenstellten. Daruber hinaus haben wir noch cca 50
Tierchen untersucht (Weibchen und Ménnchen gemischt), welche die nach-
stehend aufgezéhlten Ergebnisse bestatigten. Unsere Untersuchungen be-
schréankten sich auf die GliedmafRen Pt—P 4, wobei auch auf die innerhalb eines
und desselben Beinpaares vorkommende Variabilitit Bedacht genommen
wurde, da nach den bisherigen Angaben der Unterschied zwischen den beiden
Arten (wobustus«—s»vernalis«) nach den hier gefundenen Angaben und Zei-
chen (Anzahl der Borsten und Dornen, deren Qualitat, Beschaffenheit usw.)
beurteilt wird.

Ergebnisse und Folgerungen

Die Ergebnisse sind in Tab. 1 und 2 zusammengefalt und mit Zeich-
nungen und Abbildungen der Prédparate erganzt (Tafel. 1, 2.).

Vorerst wollen wir feststellen, dal die Dornenformel in der Mehrzahl
der Falle 3444 betrdgt. Wir haben jedoch ebenso wie Lowndes (1929) bei
demselben Individuum Abweichungen beobachtet:
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3443 3442 2343

'3444" 3444’ 2333

Friher wurden bei der Sonderung von wernalis«und »obustus« gerade
die in der Dornenformel enthaltenen Verschiedenheiten als wichtigstes Zei-
chen angesehen. Bei vernalis wurde 2333, bei robustus 3444 festgesetzt.

Heute werden die obigen Formeln, —eben infolge der groRen Variabili-
tat der Dornen —von der Mehrzahl der Forscher nicht mehr als Charakteris-
tika der in Rede stehenden Art angenommen. In Bestimmungstabeilen treffen
wir sie, wenn auch seltener, auch heute noch an (z. B. bei Kiefer, 1960).

Desglelchen kommt der sogenannten Borstenformel ebenfalls eine groRe
Bedeutung zu, deren Anzahl wir fiir alle vier Beinpaare als bestdndig gefunden
haben. Dagegen haben wir hinsichtlich der Gestaltung (Struktur und Form)
in Ubereinstimmung mit Lowndes (1929) und Thaliwitz (1926) groRe Va-
riabilitdt beobachten konnen. Einige Borsten — insbesondere die an den
auBeren Endopodit-Randern bzw. die P2und P 3Endopoditspitzen (terminale
Borsten) stehenden —haben sich zu vollstandigen Dornen entwickelt. Doch
auch im allgemeinen haben wir zwischen den Dornen- und Borstenformeln
mehrere Ubergangsformen beobachtet. Am haufigsten kamen zwei Varietaten
vor (Tafel 1, 2)).

Zumal die Dornenformel der beiden gennanten Arten ihre in der Diffe-
rentialdiagnose eingenommene Rolle verloren hatte, legten die Copepodén-
Forseher immer mehr Gewicht auf die Beschaffenheit der am AuflRenrande des
3. Gliedes der Erdopodite P4 P3und P 2 befindlichen Formel (ob Dorn oder
Borste!). Sars (1913) fand diese bei »obustus« als Dornen und erwahnt sie
als wesentliche Verschiedenheit gegeniiber »vernalisc. Demgegeniiber be-
obachteten wir daR bei unseren Individuen, und zwar ebenso bei Mannchen wie
bei Weibchen, die Dornen in der Frihjars- bzw. Herbstperiode erscheinen, die
Borsten dagegen sowie die Ubergangsformen in der Mehrzahl der Falle im
Sommer anzutreffen sind. Diese Erscheinung a3t sich bei den Mannchen schar-
fer beobachten als bei den Weibchen (Tab 1 und 2.). Wir wollen besonders
darauf aufmerksam machen, dall die in Rede stehende Formel des Endopo-
dites P 2im Sommer stets als Borste erscheint und bloR in den kihleren Jahres-
zeiten modifizierte Formen aufweist.

Fir die Variabilitat der Borsten der Exopodite P2—P4 gilt im wesent-
lichen dasselbe. In den kiihleren Jahreszeiten (Frihjahr und Herbst) kénnen
mehr, in der warmeren Jahreszeit (im Sommer) weniger oder Uberhaupt keine
Borstenverédnderungen beobachtet werden.

Die zur selben Zeit lebenden Tiere kommen im allgemeinen nicht als reine
»vernalis«- bzw. »robustus«-Formen vor, da die Lebensdauer der Copepoden
verhaltnismagig lang ist (so kann z. B. Acanthocyclops viridis (Jur.) 8—14
Monate lang am Leben bleiben). Es wurde auch beobachtet, dal die Lebens-
dauer der Mannchen wesentlich kirzer als die der Weibchen ist (Kiefer,
1960). Aus diesem Umstand 1aBRt es sich erkldaren, dal die jahreszeitliche
Verénderung bei den Mannchen deutlicher beobachtet werden kann als bei
den Weibchen.

Friher wurde auch die Cyclomorpbose eines anderen Copepoden (Eudiap-
tomus gracilis Sars) beobachtet. In diesem Falle war die jahreszeitliche Ver-
anderung bedeutend geringer; ein AuRerachtlassen dieses Umstandes bei den
Weibchen flhrte oft zu falschen Artbestimm iitmen (Woynarovich, 1938).
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Tabelle 1
Variabilitit der 9@ Beinborsten und Beindornen von Acanthocyclops
Az Acanthocyclops vernalis (FiscHER) 99 ldbsertéinek

- Borsten —
2; Serte —
g Py P,
5 § Endopodit, Endopodit
<
28 " Exopodit Bxopodit | ;
s 5 X innerer Rand innerer Rand
gtﬂ Fedpgrate B belsd szegély bels6 szegély
33| T ; ; i :
8 3 3 3 3 -3
i £ O £ k=]
% el B|98| % |58 g K £ 5|98 iz
E; B8l (|85 1 |Bs | “F | Es | 1| s E%
S i % SiF @ 52 8@ S S L
B, 2198 S |58 5 g =] 3 g8
EE E4| B (32| E (22| 2% | E (%3 ! E |33 | 23
33 RE| & |88 | & | 8% 25 A | 88| & | 88 25
23/28—31 3444 1 1 Borste 1 1 Borste
1 —_ 2 serte 1 2 serte
4 4 4 3 1
24/34—37 3444| 1 1 Borste 1 1 Borste
1 — 2 — serte 1 — 2 — serte
4 4 4 4
= | 25/40—43 | 3444| 1 1 Borste | 1 1 Borste
= 1 — 2 — serte 1 — 2 — serte
x 4 4 4 4
-
é -
| 26/46—49 3444 1 1 Borste 1 1 Borste
> 1 — 2 — serte 1 2 — serte
o0 4 4 3 1 4
27/62—55 3444 1 1 Borste 1 1 BiiD:
1 — 2 — serte 1 2 (758 %
4 4 3 1 3 1
28/68—61 3444 1 1 Borste 1 1 Borste
1 — 2 — serte 1 - 2 serte
4 4 4 3 1
1/3—6 3444, 1 1 Borste 1 1 Borste
1 — 2 — serte 1 — 2 — serte
4 4 4 4
=
= 2/9—12 3444 1 1 Borste 1 1 Borste
o 1 == 2 — serte 1 — 2 — serte
Z 4 4 4
= | 31518 | 3444] 1 1 Borste 1 1 Borste
- 1 — 2 — serte 1 — 2 — serte
2 4 4 4 4
4/21—24 3444| 1 1 Borste 1 1 Borste
1 — 2 — serte 1 — 2 — serte
+ 4 4 4
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Verhadltnisse
viszonyok

P-l Pl
Endopodit Endopodit
Exopodit innerer Rand Exopodit innerer Rand
belso szegély bels6 szegély
® ) et = = Anmerkung — Megjegyzés
E e | B o Sk o |
Elag| £ |88 g, | £ |8g| § (|88 %
ga& | * | 88 £3 ga g %
NECARE CA - SR R R
PS8 f (54| 3 | & |39| f|%2| 3z
2 |88 & |88| 28 | & |E%| & | 88| 3%
1 1 B D] 1 1 Dorn s. f. robustus
1 2 8. t. 1 !l ; tiiske
12) | 3(2)| 1 3 0 4 0 2
1 1 B. D. 1 1 Dorn
1 2 s. t. 1 1 1 tiiske s. f. robustus
2 2 2 2 0 4 0 2
1 1 B D. 1 1 Dorn
1 2 8. t. 1 2 tiiske s. f. robustus
43 | | 3 1 2 2 | o) | 2Q)
1 1 B. D. 1 1 Dorn
1 2 8. t. 1 1 1 tiiske s. f. robustus
2 2 1 3 0 4 0 2
1 1 Dorn 1 1 Dorn
1 2 tiiske 1 0 2 tiiske s. f. robustus
1(2) | 3(2) 0 4 0 4 0 2
1 1 B. D. 1 1 B. D. | Ubergangsform
1 2 s. t. 1 2 gt dtmeneti forma
32) [ 1(2)| 2 2 il 3 0 2
1 1 Borste 1 1 B..D-:
1 2 —_ serte 1 2 g. t s. f. vernalis
3 1 4 3 1 1 1
1 1 Borste 1 1 B. D. | Ubergangsform
1 2 serte (B 1 2 g b 4tmeneti forma
3 1 3 1 |D.)(s.t.) 3 2 1 1
1 1 Borste 1 1 Borste
1 - 2 — serte 1 - 2 - serte s. f. vernalis
4 1 4 2
1 1 Borste 1 1L Borste
i & - 2 — serte 1 — 2 - srete s. f. vernalis
4 4 4 2
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Tabelle 1 (Fortsetzung)

Bors ten

2; Serte
£ n P
a © Eudopodit Endopodit
E‘% Exopodit innerer Rand Exopodit innerer Rand
g,: Praparat-Nr. belsé szegély belsé szegély
58 s 3 %% % 2% 2 g 98 5 =2 2>
53 : s 5s sz of 52 £2 0 2%
£ £ ¢ £33 2 £2 g2 g £2 = £2 82
22 §2 & 8% § 3% gs s 38 & 8% g2
ag oF @ EE @ EE B @ EE @ EE =2
-0
5/27—30 3444 1 1 Borste 1 | Borste
1 — 2 —  serte 1 — 2 —  serte
4 4 4 4
11/68—61 3444 1 1 Borste 1 1 Borste
1 — 2 —  serte 1 — 2 —  serte
4 4 4 4
12/64—67 3444 1 1 Borste 1 1 Borste
1 — 2 —  serte 1 — 2 —  serte
4 4 4 4
E 13/70—73 3444 1 1 Borste 1 1 Borste
= 1 — 2 —  serte 1 — 2 —  serte
\f, 4 4 4 4
- 14/76—79 3443 % 1 Borste 1 1 Borste
= _ 2 _ serte 1 _ 2 —  serte
> 3 4 4 4 4
N
15/82—85 3444 1 1 Borste 1 1 Borste
1 — 2 —  serte 1 — 2 —  serte
4 4 4 4
16/88—91 3444 1 1 Borste 1 1 Borste
1 — 2 —  serte 1 — 2 —  serte
4 4 4 4
17/94—97 3444 1 1 Borste 1 1 Borste
1 — 2 —  serte 1 — 2 —  serte
! 4 4 4 4
35/3—6 3444 1 1 Borste 1 1 Borste
1 — 2 —  serte 1 — 2 —  serte
4 4 4 4
)
9 | 36/9—12 3444 1 1 Borste 1 1 B. D.
- 1 — 2 — serte 1 2 8 t.
X | 37/115—18 3444 1 1 Borste 1 1 B. D.
o 1 — 2 —  serte 1 2 8 t.
4 4 403 G 3 1
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1. téblazat (folytatas)

Yerhéaltnisse
viszonyok

P, P,
Endopodit Endopodit

Exopodit jnnerer Rand Expodit innerer Rand

belsd szegély bels6 szegély

@ @ @ @ Anmerkung — Megjegyzés

¢ 8¢ ¢ & gz, B 8z § 8 =
g 88 § 2 32 5 BE g B2 =2
1 1 Borste 1 B. D.
1 _ 2 serte 1 — 2 s. t. s. f. vemalis
4 43 (i) 2 2 1 1
1 1 B. D. 1 1 B. D. Ubergangsform
1 2 St 1 2 S. t. atmeneti forma
3 1 3 1 2 2 0 2
1 1 Borste 1 1 Borste .
1 _ 2 — serte 1 — 2 —  serte s. f. vernalis
4 4 4 2
1 1 B. D 1 1 B. D Ubergangsform
1 2 s. t 1 2 s. t atmeneti forma
3 1 3 1 2 2 1 1
1 1 Borste 1 1 B. D. )
1 2 serte 1 2 s. t. s. f. vernalis
) G 3 1 2 2 1 1
1 1 B. D. 1 1 Dorn
1 2 s. t. 1 2 tliske s. f. robustus
3 1 3 1 2 2 1 1
1 1 Borste 1 1 B. D.
1 2 serte 1 2 s. t. s. f. vernalis
3 1 3 1 2 2 1 1
1 1 Borste 1 1 B. D. )
1 _ 2 serte 1 2 s. t. s. f. vernalis
4 43 (i) 31 20 (@
1 1 B. D. 1 1 B. D. Ubergangsform
1 2 s. 1. 1 1 1 S. t. atmeneti forma
2 2 2 2 1 3 0 2
1 1 B. D. 1 1 Dorn
1 2 s. t. 0 1 0 2 tuske s. f. robustus
1 3 0 4 0 4 0 2
1 1 B. D 1 1 Dorn
1 2 St 1 1 1 tliske s. f. robustus
2 2 2 2 1 3 0 2
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Tabelle 1 (Fortsetzung)

Borsten —

Serte —
Nn N
Endopodit Endopodit
3 © ) Bxopodit innerer Rand Exopodit innerer Rand
»4 Praparat-Nr. belsd szegély belsé szegély
Preporatum 2z ) 2
A > 3 5% 0§ °% s
Es g I
92 23 = 23 52 s 22 o« 2 53
SF & 2% & EF 8 2 & g8 3
3821—24 3442 1 1 Borste 1 1 B. D.
1 — 2 — serte 1 2 s. t.
Saandi 4 43 @ 3 1
39/27—30 3444 1 1 Borste 1 1 B. D.
1 - 2 —  serte 1 2 s. t.
4 4 3 1 3 1
42/43—46 3444 1 — 1 Borste 1 1 B. D
1 — 2 — serte 1 — 2 st
4 4 4 3 1

Erklarung: a) In den P, —P4 ExoBodit- und Endopodit-Rubriken untereinander
eschriebene Zahlen beziehen sich auf die an den 1., 2., 3. Gliedern
efindlichen Borsten.

b) In den P, —P 4 Exopodit- und Endopodit-Rubriken zwischen Klam-
mern befindliche Zahlen weisen auf die innerhalb desselben Bein-
aares bestehenden Verschiedenheiten hin.

¢) B. D. (Borste-Dorn) bezeichnen die Ubergangsform zwischen Borsten
und Dornen.

d) s. f. = saisonale Form.

In einer friheren Arbeit (Ponyi 1965) haben wir uns mehr eingehend
mit der Problematik der Cyclomorphose der pelagischen Organismen des
Balaton befalt. Deshalb wollen wir an dieser Stelle bloR erwéahnen, dal} diese
Erscheinung zwar wohlbekannt, ihre Erkldrung jedoch auch heute noch
nicht eindeutig bestimmt ist. Einige Forscher fiihren den periodischen For-
menwechsel auf den Wechsel in der Temperatur und der Viskositat des Wassers
zurlick, andere wieder erkldren diesen aus den Vermehrungsverhéltnissen.
Neuestens wird eher der Wasserstrémung erstrangige Bedeutung zugemessen.
Wahrscheinlich ist es, daB ein jeder der genannten Umstdnde mehr oder weni-
ger die Ausbildung dieser Erscheinung beeinflulit, doch kénnen je nach der
Beschaffenheit des Wassers und der Arten immer noch andere Umstdnde mit
entscheidender Bedeutung auftreten. Im vorliegenden Falle kann die Form-
verdnderung von Acanthocyclops vernalis nicht nur mit dem Temperaturwech-
sel, sondern auch mit dem Wechsel der Zahl der im Wasser in Menge schwe-
benden Algen in Zusammenhang gebracht werden.

Aus den in Tab. 3 mitgeteilten Angaben kann man natirlich keine weit-
gehenden Folgerungen ableiten. Doch erscheint es sicherlich zutreffend, dafi
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1. tablazat (folytatas)

Verhaltnisse
viszOnyoxk

P Pt
Endopodit Endopodit
Exopodit jnnerer Rand Exopodit innerer Rand
belsé szegély bels6 szegély

© © ® © Anmerkung — Megjegyzés

2 @ 4 2
g S8 g S 2 S £ Sz L
8 =23 & =3 £3 8 28 8 =% E3
| == | == e | 8= | o= ca
e £2 g £3 g2 e £2 =2 £3 g2
£ 38 & 83 <2 £ 88 & 83 g2
8 88 & £ EF & €8 @ Et£ 22
1 1 B. D. 1 1 Dorn
1 2 st 1 1 tuske s. f. robustus
2 2 1 3 0(1) 4(2) 0 2
1 1 B. D. 1 I Dorn
1 2 5.t 1 I 1 tiske  s. . robustus
2 2 3 0 4 0 2
1 B. D. 1 1 Dorn
1 2 5.t 1 1 1 tiiske s. T. robustus
2 2 1 3 1 3 0 2

Magyarazat: A Pt —P 4 exopodit és endopodit rubrikdkban egymas ala irt szamok
az 1., 2., 3. izen talalhaté sertére vonatkoznak.
APj —P 4exopodit és endopodit rubrikdkban ( )-ben talalhaté szdmok
az azonos IébEéron beltli kulénbdzdségre utalnak
s. t. (serte-tliske) = a serte és a tliske kdzott atmenetet mutatd képletek

nebst dem Wechsel in der Viskositdt des Wassers auch die Algemasse von
Chrysophyten einer 10—20 m/i GroRenordnung die Schwebeverhélnisse des
Tierchen zu beeinflussen vermag.

Tabelle 3
Dawm der Unter-  TEMREFEIY In €7 ouf - Gesamig Aigangent o
suchung schnittes von 14 Tagen* (TAMAS, 1967) (TAMAS, 1967)
8 V... 175i 02 85 660 78 690
2Vill........ 26+ 12 4204 340 4 178 020
1220 X s 163+ 16 54 920 49 520

* 26.V.—8.VI; 20.VII—2. VIII; 29. IX—12. X.
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Tabelle 2
Variabilitat der (JcJ Beinborsten und Beindornen von Acanthocyclops

Az Acanthocyclops vernalis (Fisches) oq labsertéinek

> Borsten
g Serte
E p, P,
b Endopodit Endopodit
5 ) Exopodit innerer Rand Exopodit innerer Rand
2o Praparat-Nr. belsé szegély
é&’ Preparatum @ @ 2 @ -
= szama ® 2 ® 2 ® 5 © 2
SE = 5 Cg% 5 @ % 2> 5 @ % 5 o % 2>
52 82 & g8 & g& @ z= & £ & g8 2%
2 296366 344 1 1 Borste 1 1 B. D.
1 — 2 —  serte 1 2 s. t.
4 4 3 1 2 2
30/68—71 3444 1 1 Borste 1 1 Dorn
1 - 2 - serte 1 2 tiske
4 4 3 1 3 1
g 31/73—76 3444 1 1 Borste 1 1 Dorn
= 1 - 2 —  serte 1 2 tiske
B 4 4 3 1 23 2
Z
.| 32/78—81 3444 1 1 Borste 1 1 Borste
S 1 - 2 ~  serte 1 - 2 - serte
_ 4 4 4 4
33/83—86 3444 1 1 Borste 1 1 Borste
1 - 2 - serte 1 - 2 - serte
4 4 4 4
34/88—91 3444 1 1 Borste 1 1 B. D.
1 - 2 - serte 1 2 s. t.
4 4 3 1 3 1
6/32—35 3444 1 1 Borste 1 1 Borste
1 - 2 - serte 1 - 2 - serte
4 4 4 4
S
(S 7/37—40 3444 1 1 Borste 1 1 Borste
) 1 - 2 - serte 1 - 2 - serte
z 4 4 4 4
= 8/42—45 3444 1 1 Borste 1 1 Borste
N 1 - 2 - serte 1 - 2 - serte
4 4 4 4
9/47—60 2333 1 1 Borste 1 1 Borste
2343 i _ 2 _  serte 1 — 2 — sorté
4 4



2. tablazat

vernalis (Fischer) in den verschiedenen Jahreszeiten

és tlskéinek valtozékonysaga az év kilonbdzd id6szakaban

Exopodit
3

1 3§l

|

g &4

2 3¢

0 aa

1

1

2 2

1

1

2 2

1

1

2 2

1

1

3 1

1

1

3 1

1

1

2 2

1

1 J—

4

1

1 —_—

4
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Anmerkung — Megjegyzés
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2. tablazat (folytatasa)
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Zusammenfassung

1. Der zur Auseinanderhaltung der »beiden Arten« (Acanthocydops
vernalis (Fischer,) und Acanthocydops robustus (Sars)) angewendete dullere
Rand von Endopodit P4, derselbe Dorn von P3und P 2 ferner die Exopodit-
Borsten von P 2—P4 entwickeln sich in recht variabler Form und fluktuieren
je nach dem Wechsel der jahreszeitlichen Veranderung. Im Falle des Balaton
erscheint »A. robustus«in der kiihleren und »A. vernalis«in der warmeren Pe-
riode des Wassers. Dieser Umstand zeigt sich insbesondere scharf bei den
Mannchen.

2. Auf Grund unserer Untersuchungen ist es unsere Ansicht, dalR wir
nur mit einer einzigen Art — Acanthocydops vernalis (Fischer) —zu tun ha-
ben, deren verschiedene Formen (robustus, vernalis und die Ubergangsformen
zwischen diesen beiden) blof3 saisonale Formen darstellen.

LITERATUR
Damian-Georgescu, A. (1963): Copepoda Fam. Cyelopidae. — In: Fauna Rep. Pop.
Romine 4, pp._ 204.
Kiefer, F. (1926?: Uber einige SuBwasser-Cyclopiden aus Peru. — Arch. f. Hydrobiol.
16, 491-507.
Kiefer, F. (1927): Beitrag zur Kenntnis der freilebenden Copepoden Ungarns. — Arch.
Bal. 1, 400-420.

Kiefer, F. (1950): RuderfuBkrebse. In: Einfiihrung in die Kleinlebewelt. — Kosmos-

Verlag Franckh, Stuttgart pp. 97.

Kiefer, F. §|960): Notizen zur Copepodenfauna Nordwestdeutschlands. — Abh. naturw.

Ver. Bremen 35, 438—449.

Lindberg, K. (1950): Liste des Cyclopoides gnathostomes (Crustacés copépodes) des iles
Britanniques et de I’lrlande. — Hydrobiologia, Den Haag 2, 301—312.

Lowndes, A. G. (1929?: The result of breeding experiments and other observations
on Cyclops vernalis Fischer and Cyclops robostus G. O. Sars. — Int. Rev. d. ges.
Hydrobiol. u. Hydrogr. 21, 17, 1—188.

Marsh, C. D. (1908): A revision of the North American species of Cyclops. — Wise.
Acad, of Sei. Arts, and Letters. 16, 1067 —1135.

Ponyi, E. J., L. Ponyi (1961): Daten iber einige in dem interstitiellen Wasser der Donau
lebenden Tiere bei Bratislava. — Biologia, Bratislava 16, 838—3841.

Ponyi, J. E. (1965): Crustacea-Planktonstudien am Balaton Il. Beitrdge zur Kenntnis
der S}i_stematik und Cyclomorphose einiger Arten der Gattung Daphnia. —Annal.
Bioi. Tihany 32, 159—174.

PonyiJ. (1966): Tajékoz0do vizs?élatok a Balaton nyiltvize iszaplako rakjainak mingségi
és mennyiségi viszonyairdl (Orientierende Untersuchungen tber die qualitativen
und quantitativen Verhaltnisse der schlammbewohnenden Krebse im offenen
Wasser des Balaton). — Anndl. Bioi. Tihany 33, 177—192.

Rylow, V. M. Pbinos, B. M. (1948): Cyclopoida npecHbIx sog. — ®ayHa CCCP, PakoobpasHble
I, 3, MOCKBa—ﬂeHMHrp?, Pp. 318.

Sars, G. O. (1913): Copepoda, Cyclopoida. In: Crustacea of Norway. — Publ. by the
Bergen Mus. 6, I., I1. pp. 225 -J- XI1I1.

Sramek-HuSek, R. (1954): Buchanky (Cyelopidae) zimniho planktonu gDie Cyclopiden
des Winterplanktons). — Acta soc. zool. Bohemoslov. 18, 225—259.

Tamas, G. (1967): Horizontale Plankton-Untersuchungen im Balaton V. Uber das Phyto-
plankton des Sees, auf Grund von Schopf- und Netzfilterproben von 1965. —
Annal. Bioi. Tihany 34, 233—254.

Thallwitz, J. (1926): Uber Varietatenbildung bei Cyclops vernalis Fischer und Cyclops
robustus Sars. — Arch. f. Hydrobiol. 17, 366—380. o
Wagler, E. (1937): Crustacea, Krebstiere. In: Brohmer, Ehrmann, Ulmer: Die Tierwelt
Mitteleuropas. — Verlag von Quelle und Meyer in Lelpz\l/g. 1. 2, pp. 224.
Woynarovich, E. (1938): Die jahreszeitliche und fluktuierende Variation von Diaptomus

gracilis G. O. Sars im Balaton. — Arb. d. XJng. Biol. Forsch.-inst. 10, 148—153.



177

CRUSTACEA PLANKTONTANULMANYOK A BALATONON. II1.
ADATOK AZ ACANTHOCYCLOPS VERNALIS (Fischer) 1863 RENDSZER-
TANAHOZ ES CYCLOMORPHOSISAHOZ

Ponyi Jend

osszefoglaléas

1. A két faj” (Acanthocyclops vernalis (Fischer) €s Acanthocyclops robustu,
(Sars)) elkulonitésére felhasznalt P4endopodit kilsé szegélg, a P3 P 2ugyanazon tlskéje«
valamint P2—P4 exopodit serték igen valtozatos formaban fejlédnek és az évszakos
valtozasnak megfeleléen fluktudlnak. A Balaton esetében a ,,robustus” a hidegebb, a
,.vernalis a melegebb viz idGszakaban jelenik meg. E jelenség kiléndsen élesen mutat-
kozik meg a himeken.

2. A vizsgalatok alapjan az a véleményiink, hogy egyetlen fajjal — Acantho-
cyclops vernalis (Fischer) — allunk szemben, melynek a kiilénb6z6 alakjai (S. f. robustus,
s. f. vernalis és a ketté kozotti atmeneti formak) csak szezonalis alakok.

MN3YYEHWNE TMJTAHKTOHHbIX PAKOOBPA3HbLIX BAJIATOHA 11
OAHHbBIE K CUCTEMATUKE N LUMK/TIOMOP®O3Y
ACANTHOCYCLOPS VERNALIS (Fischer) 1863

MeHa MoHbM

1. — 3HOOMOAWTHBIN BHELWHWIA Kpail P4 n ero PP2 uribl n P2—P4 WeTUHKK, cnyxa-
Wye ans pasgeneHns «agyx Bugo» (Acanthocyclops vernalis (Fischer) Acanthocyclops ro-
bustus (Sars) pasBmBalOTCA BO MHOro06pasHbIX (POPMax M MOKasblBatOT CE30Ha/IbHbIE K3Me-
HeHus. B BanaToHe hopma ,,robustus™ MosiBNSIETCA NpU XOM0AHON BOAe, a ,,vernalis” npu
Tennoid. 310 fiBNeHMe OCOGEHHO PE3KO BbIPAKEHO Ha Camuax.

2. — Ha ocHoBe Halumx uccrefoBaHUiA Mbl NPUAEPXKMBAEMCH TOUKM 3PEHMS, COTMAcHO
KOTOPOW CyLlecTByeT Tonbko oauH BuA Acanthocyclops vernalis (Fischer). PasHble (hopmbl
kotoporo (B. f. robustus, s. f. vernalis n nepexogHble Mexgy HUMM (HOPMbl) SABAAKOTCA
TOMbKO CE30HabHbIMUA  U3MEHEHUSIMM.

12 Tihanyi Evkényv
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DESCRIPTION OF NEW PLANKTONIC DIATOMS FROM EGYPT
M. SALAH
Institute of Hydrobiology and Fisheries, Alexandria, Egypt
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The microscopic investigation on the plankton composition of Egypt,
from the various aquatic habitats (Salah and Tamas 1966) has revealed the
presence of a number of peculiar diatoms new to science. Some of these have
already been recorded (Salah and Tamas and in press) and the others are in-
cluded in this part. The area investigated needs no further description after that
previously given by the author. One might repeat here again, however, that
the area can be roughly divided into three main types of habitat, as follows:

1 Marine habitat includes the Mediterranean Sea, Bitter lakes, Suez

Gulf and the Red Sea.

2. Brackish-water habitat comprises the Delta lakes and Lake Karoun.

3. Freshwater habitat such as the Nile River and its tributaries.

The localities from which the collectings were made, are shown in the
map, published in the previous paper (Salah and Tamas 1966).

The material was treated and mounted in a medium of high refractive
index (Salah, 1963). Photographs were produced of diatoms which gave
sufficient contrast and a Zeiss photomicrographic apparatus was used. The
irregular shape of the Campylodiscus, renders it rather difficult to focus the
whole surface simultaneously, even under the low power of the microscope.
This explains the deficiencies of the figures as some portions were out of fo-
cus, while the others were distinct. Type-specimens of the new diatoms are
lodged in the Institute of Hydrobiology at Alexandria, Egypt and at the Bio-
logical Research Institute of the Hungarian Academy of Sciences, Tihany.

Description of new species
Dictyoneis prominentiis n. sp. Salah
Plate I, Figs 1t0 6

Valvis brevibus latis, lateribus panduraeformibus; 72—75 y longis;
profunde abrupteque medio constrictis; labio paullo obtusisque, ad
constrictionem 10—12 y, ad lobos 20—25 y latis; apicibus delicate pro-
ductis, siibacutis; raphe rami undata rectis, filiformis subattingentibus,
poris centralibus mediocriter distincto adiantibus, ad fissura terminali
aliquantum ab apicibus snbremostris, baculi pastoralis modo flexuosa

12*
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Figs 1to 6. Dictyoneis prominentiis n. sp. Salah
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et versa in contraria valvae latéra; areis axialibus centralibusque dis-
tinctis; nodulo centrali rotundo; nodulis terminalibus spectantibus;
superficie structura pruinosa subtiliter punctata, transversis, serie
punctorum parvorum 9—10 in 10 p, in media parte valvae crassae punc-
tatis et solitario disposites, irregulariter intercalatis longitudinalis for-
méantibus; prope aream axialem oppositum arcuatum et margini co-
niuncto delicatissimis punctatis; punctis minoribus in lineam transver-
sas; margins serie longitudinali loculorum (cellularum) numerosorum
bene visibilibus, granulis distinctis, 6 in 10 /r ornato, ad constrictionem
centralem, et ad apicicalibus nullis (exceptis). — Hab. in aquis marinis
ad Suez Gulf.
Valves elliptical panduriform, deeply constricted in the middle; segments
cuneate, obtuse; apices finely produced, acute, 72—75 p long, 20—25 p broad
(constr. 10—12 p); widest transverse diameter of each lobe midway between
centre and apex; axial area prominent; raphe straight with terminal fissures
in opposite directions at either end, central pores approximate; valve surface
loosely spattered with coarser wavy beads, transverse 9—10 in 10 p; outer
and inner stratum finely punctate; middle stratum arranged in irregular, trans-
verse rows, more or less coarsely reticulate; valve margin ornamented with a
line of larger loculi (cells) 6 in 10 p, except constrictions and apices.

The valve structure, especially its peculiar margin, renders this diatom
quite distinct from all the other members of the genus. It cannot, however,
be assigned to any hitherto described species (cf. Mirrs, 1933—1934). The
only nearest relative is Dictyoneis marginata (Lewis) Cleve, as given in
Hustedt (1930—1962, p. 576, Fig. 1009); also in Creve (1894—1895, p. 30);
but that is a narrower and more angular form with finer beadings (12 in 10 it)
so spaced as to produce wavy longitudinal lines (Hendey, 1958, p. 72). Fur-
ther, it differs specifically on account of its characteristic arrangement of
the marginal loculi, which clearly distinguish it. Dictyoneis prominentiis
occurs rather sporadically, though not infrequent, in collections from Suez
Gulf. Position in the halobion system: euhalobous.

Mastogloia delicata n. sp. Salah
Plate Il, Figs 1—6

Valvae ovato—vel elliptico, apicibus productis curtis, rostratis obtusis;
43—57 p longis, 17—20 p latis; valva superiore raphe leniter undata,
cum poris centralibus approximatis; area axiali angusta; centralis parva
rotundatis cincta, paene dialata, in utroque raphes latere per lineam
longam hyalinam ad nodulum centralem coniunctum mterruptis, ad
formam lyrae dilatata, semilunaris; areovalva area axiali angusta sine
area centrali; loculamentis numerosis (fere 30 loculis), in medianas bre-
ves lineas arcuatis dispositis; mediis loculis maioribus superantibus,
paucissimis (saepe tantum 5—7), ambita elongatis, 4—5 in 10 p, a latere
(11—13 loculis) minoribus attingentibus, leniter decrescentibus, 10—12
in 10 p ad polos percurrentibus interruptis, marginibus convexis; striis
transapicalibus valvorum duorum similibus, tenuissimis rectis, previis
parallelis vel subradiantibus, moniliformibus, delicatissimis subtilis,
inconspicue punctatis. — Hab. in aquis brackish ad Karoun lacum.
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Figs 1 to 6. Mastogloia delicata n. sp. Salah
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Valves elliptic oblong with produced rostrate apices; length 43—57 g, breadth
17—20 g; furnished with marginal loculi, extend almost along the whole mar-
gin, unequal in size, longer than wide; median loculi being largest and convex
towards the centre, terminal one tapered and terminate slightly further from
the apices; loculi usually about 30 in numbers; central loculi (5—7), 4—5 in
10 fv, lateral loculi (11—13), 10—12 in 10 g; raphe straight, delicate; axial
area not evident; central nodule prominent, narrow, circular; a small hyaline
expansion on either side of the median line; lower (rapheless) valve with nar-
row pseudoraphe, lyred form hyaline area, convergent towards the apices;
striation on both valves alike, moniliform, faintly striate, parallel throughout,
extremely fine, indistinctly punctate.

The general peculiar distinction of this curious Mastogloia is, however,
its extremely delicate structure, with remarkably constant marginal loculi.
It shows certain similarities to Mastogloia angulata Lewis, figured in Hustedt
(1930—1962, p. 465, Fig. 885); which is very common in the tropical and sub-
tropical waters (Voigt, 1942; Peeagallo, 1897—1908). The new species is
fundamentally distinguished by the arrangement and shape of its chambers,
its finer striation and especially the dimensions of its valve (cf. also the new
dimensions given by Voigt, 1942, for the East Indies Mastog. angulata).

Mastogloia delicala is fairly well distributed throughout Lake Karoun
where it shows a wide range of level. So however, it appears to be classed as
mesohalobous and euryhaline in its ecological requirements.

Diploneis ornamentalis n. sp. Salah
Plate 111, Figs. 1to 6

Valvis latis lateribus panduraeformibus; leviter profunde constrictis;
ad lobos circiter 25—40 g longis, 12—22 latis (ad. constrictionem 7—17
g); apicibus superiore valde rotundatis; raphe zona ampla hyalina cincta;
nodulo centrali quadrato magno, rectis comibus; nodulis terminalibus
spectantibus; poris centralibus aliquanto distantibus; appendicibus valde
evolutis; sulcibus ad modum latis, arcuato-seriata praebentibus; spatii
marginibus suis exterioribus inclusi tertiam quartamve partem inclu-
dentibus, parallelis, non dilatis adversus nodulum centralem, ordinem
ocellorum magnorum habentibus; costis transapicalis validae 9 in 10 g;
moniliformibus, leviter in medio parallelis, quarum omnes, 3 centralibus
exceptis, lineam marginalem longitudinalem transversam habent, et
ad apicalibus exceptis quae leniter convergent curvatis; parte valvae
media tantum margaritas nonnulas maiusculas solitarias praebente;
costae transapicalis non cum ordinibus alveolorum alterant. — Hab.
in aquis brackish ad Karoun lacum.
Cells solitary; valve panduriform, constricted in the middle, with rounded
ends; 25—40 g length, 12—22 g breadth (constr. 7—17 g); the median con-
striction broad and gently concave; widest diameter of each half is midway
between the centre and the apex; central nodule conspicuous, quadrate, pro-
longed into strong siliceous arcuate horns enclosing the raphe, the ends of
which are not set back from the ends of the valve; horns parallel; raphe
straight, strong; sulcus (furrows) narrow, protracted around the central
nodule and bordered with a single row of imperfect beads corresponding in
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Plate 111
Figs 1to 6. Diploneis ornamentalis N. Sp. Salaji
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numbers and portion to the adjacent rows of costae; lunula more or less narrow,
luneate; costae 9 in 10 p, smooth, wavy beads, crossed by one to three longi-
tudinal lines except the three median ones on each side which are much short-
er than the rest, being vertical to the median line and distant from the re-
maining costae, which are strongly radial and progressively curved as ap-
proach the apices; round blotch near the middle margin, the width of this band
varies in exact proportion to the width of the valve, being widest midway
and narrowing to the middle and to the apices; no alveoli between the trans-
apical costae.

This new diatom is clearly distinct by the character of its coastal mark-
ings as well as the shape and outline of the valve. It has far more affinity with
Dipioneis bombus (Ehr.) Kutz. in Schmidt’s Atlas (1874—1959, PI. 69, Figs
28, 29) and in Cleve’s (1894—1895, p. 90); but its peculiarly rounded contour,
middle margin and coastal bars, make its specific distinctness much more
evident. Moreover, Diploneis bombus differs from it in the subelliptical charac-
ter and in the detfils of the beading together with the wider costae (cf. Pera-
gallo, 1897—1908, p. 119, PI. 18, Figs 10, 11; Hestedt, 1930—1962, p. 704,
Fig. 10). In spite of these differences, Diploneis ornamentalis bears also close
connection to Diploneis suezii, a marine form recently described from the Suez
Gulf. However, the present specimen is distinguished by the measurements
of the valve, being smaller and much broader in proportion, and especially
the costae are very distinctive.

In general, Diploneis ornamentalis is exceedingly abundant in Lake
Karoun, being found in rather large numbers, where it tolerates a wide range
of habitat. It is, however, fairly well distributed on the spot and it appears to
be classed ecologically as both mesohalobous and euryhaline.

Campylodiscus orientalis n. sp. Salah
Plate 1V, Figs 1 to 3; Plate V, Figs 4 to 6

Disco suborbiculare, valde flexuosus; 92—107 p diam. metientibus;
margine lato costato; utroque latere circiter costas in series 2 per spatium
leve angustum discretas gerente, semel arcuatis (4—5 in 10 g); prope
marginem subtiliter striatum inter seriem prominentiarum truncatarum
(2,5 p d, et 5—6 in 10 p); costis interioribus radiantibus leniterve incur-
vis validis, brevibus eir. 3in 10 p; polos versus arcuatis, ad marginem ver-
sus bifidis et hie per 2 striolas arcuatas descretis, non interstitiis punc-
tatis (rullis); exterioiibus linearibus interioribus eoniunctis; area mediana
(centrali) subquadrangulari vei subrotunda, maxima, totam valvae
occupantae, 62—70 p lata, plicis curvatis instructa, medio discum
parvum lineas apice incurvas utrique ferentem radiisque cinctum
ostendentae, dorsum concavis praesentibus; centro obscure hyalina. —
Hab. in aquis marinis ad Bitter lacum.
Frustules saddle-shaped in girdle view, somewhat flexuosus; valve orbicular
or suborbicular; 92—107 p in diameter; its border consisting of an outer narrow
band of a single row of small polygonal divisions (4—5 in 10 p), rounded on
their inner side and forming an angle on their outer side, the apex of each angle
ending in a minute bead or bar reaching to the rim of the valve margin (2.5 p
d. and 5—6 bars in 10 p); within this band is a single row of broad tongue-like
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W. PLATE

Plate 1V
Figs 1to 3. Campylodiscus orientalis n. sp. SalAH
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Plate V

Figs 4 to 6. Campylodiscus orientalis N. sp. Salah
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and glossy scallops of slightly unequal length and very irregular width, beigng
from two to five times as wide as the polygonal partitions of the outer band
(flap margin), the largest scallops being prominent at the two ends of the valve,
marking the two pollar areas; costae (rays) robust, short and converging inward
to the hyaline central space, about 3 in 10y, without interstitial puncta or
lines between the main costae; being progressively radial and curved as ap-
proach to the ends; the central portion (median space) of the valve suborbicular
or subquadrate, about two-third its diameter, without markings, except for
a short central, rugose line, running towards but not reaching the end, diameter
62—70 y.

The new diatom is related to Gampylodiscus adriaticus Gehn. (Grunow,
1862, p. 440, PI. H, Fig. 8) and var. massiliensis Grun. as figured in Schmidt’s
Atlas (1874—1959, PI. 16, Figs 13—16). Gampylodiscus orientalis separates
principally on the bases of its peculiar characteristic structure; as in these
forms, the costae (rays) are forked near the margin, with fine interstitial
puncta as well as the median areas are two-fold; which sharply differentiate
them. Moreover, the present species differs in the dimensions of the valve ;cf.
Debt, 1891, PI. 5, Fig. 34; De-Toni, 1891 —189%, p. 619; Peragallo, 1897 —
1908, p. 239, PI. 53, Fig. 5). Campylodiscus orientalis is one of the most
widespread and fairly well represented throughout the Bitter lakes. It is,
however, widely distributed in marine habitat and to be classed ecologically
as euhalobous within the halobion system.
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UJ PELAGIKUS KOVAMOSZATOK EGYIPTOMBOL
M. Salah

osszefoglalas

Szerz6_ az egyiptomi (tengeri, brakvizi és édesvizi) planktonminta-sorozatok
mikroszkdpiai meghatarozéasa soran a tudomanyra (j kovamoSzatfajokat talalt. Ebben
a tanulméanyaban 4 0j faj leirasat kozli.

1. Dictyoneis prominentiis Satah, a Suezi-csatorna planktonmintaiban szérva-
nyosan fordul el6, de nem ritka. A kovamoszatok sotiirésének fokozataban euha 1o b.
A taxondmiai irodalomban egyediil a Dictyoneis marginata (Lew is) Cleve fajhoz all kozel.

2. Mastogloia delicata saran, a Karoun td planktonmintaiban gyakori. Sétlrés
szempontjabdl mezohalob (brakvizi), euryhalin szervezet.

Taxonomiailag kozel all a tropusi és subtrépusi vizekben nagyon elterjedt Mas-
togloia an%Jlata Lewis fajhoz.

3. Diploneis ornamentalis Satah, ugyancsak a Karoun tébol szdrmazd plankton-
mintakban szerepelt rendkiviil nagy szamban. A sotlirés mezohalob (brakvizi) fokozataba
sorolhatd, euryhalin szervezet.

Rendszertanilag rokonsagban all a Diploneis bombus (Ehr.) Kutz. fajjal. Meg-
lehetdsen kozel all a Diploneis suezii Saran et Tamas tengeri kovamoszatokhoz is, melyet
egy korabbi tanulmanyban a Suezi-csatorndbdl irtak le. ) ]

4, Oampylodiscus orientalis Sarah, a nagby keser(isos t6 (Bitter lakes) lakoja.
A tengerek magas sotartalmat eltiir6 euhalob szervezet.

Taxonomiailag kozel all a tengeri Oampylodiscus adriaticus Grun. és 0. adriaticus
var. massiliensis Grun. formakdréhez.

HOBbIE MENATMYECKVE KPEMHEBbBLIE BOAOPOC/IN U3 EMAMTA
M. Canax

Moy MMKPOCKOMMYECKOM aHasn3e 06pasLioB MaHKTOHA MOPCKIX 1 MPecHbIX Bog ErvnTa
aBTOPOM 6blM 0BHAPYXEHbI HOBble BUAbI KPEMHEBBLIX BOAOPOC/EN. B aaHHOM COOOLLEHWM onu-
CbIBaeTCA 4 HOBbIX BfA.

1 — Dictyonelis prominentiis Salah 6bln HalijeH B 06pa3uax nnaHKToHa Cyel-
ckoro KaHana. TakcoHoMMYeckn 6:m30K K Dictyoneis marginata (Lewis) Cleve.

2. — Mastogloia delicata Sartah 4acTo BCTpe4aeTcsa B MaHKTOHe 03epa KapoyH.
TakcoHommueckn 6130k K Mastogloia angulata Lewis.

3. — Diploneis ornamentalis Sartah npucyTCTBYeT B MNNaHKTOHe o03epa KapoyH.
Cvictematnyeckn 61m3ok K Diploneis bombus (Ehr.) Kutz. » Diploneis suezii Sartan et
Tamas.

4, — Oamgylodiscus orientalis Satah XVBET B CONAHbIX 03epax (EMTTepb?. TakCoHOMU-
yeckn 6nm3ok K Oampylodiscus adrialicusGrun. 1 K C. adriaticus var. massiliensis Grun.
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HORIZONTALE PLANKTON-UNTERSUCHUNGEN IM BALATON V.
UBER DAS PHYTOPLANKTON DES SEES AUF GRUND DER IM JAHRE
1965 GESCHOPFTEN UND NETZFILTER-PROBEN

Biologisches Forschungsinstitut der Ungarischen Akademie der Wissenschaften, Tihany,
Ungarn

GIZELLA TAMAS

Eingegangen am 4. April 1967

Vorliegende Studie schlief3t sich an die bereits frither erschienenen Arbei-
ten an, welche Angaben (ber die horizontale Verbreitung der Planktonorganis-
men des Balaton enthalten (Sebestyén 1960, 1964, Tamas 1961, 1965a).

Bereits seit Ende des vorigen Jahrhunderts erschienen Studien zur Er-
kenntnis und Verbreitung des Phyto- und Zooplanktons des Balatonsees.
Ausfuhrliche Literaturangaben enthdlt die Studie von Tamas (1965a).

In der Zeit von Juni 1965 bis Oktober desselben Jahres haben wir an 5
Quersegmenten der Tiefenlangsachse des Sees Plankton- und Schlammproben-
Sammlungen durchgefihrt. Die Bestimmung der in den Schlammproben gefun-
denen mikroskopischen Pflanzen und schlammbewohnenden Crustaceen
(Individuenzahl pro dm2) und sonstige diesbeziigliche Angaben finden wir in
den Studien von Ponyi (1966) und Tamas (1966a). Vorliegende Studie befal3t
sich mit der algologischen Aufarbeitung der Planktonproben-Serien, mit der
Auswertung von Angaben Uber die Populationsdichte (Individuenzahl pro
Liter) sowie mit der Verbreitung einiger h&ufiger vorkommenden Arten.

Ort und Zeit der Sammlungen, Materialaufarbeitung

Infolge der im Friihjahr 1965 eingetretenen bedeutenden Fischseuche im
Balaton haben wir in Organisation der Hydrobiologischen Abteilung Unter-
suchungen und Sammlungen beziiglich der Umstidnde und biologischen Aus-
wirkung der Seuche unternommen.

Wir haben die Planktonproben-Serien von Juni bis Oktober monatlich
an drei Stellen des stidwestlichen Seeteiles und an zwei Punkten des norddstli-
chen Seeteiles in auf die Langsachse des Wasserspiegels senkrechten Quer-
profilen (Abb. 1) gesammelt (vgl. Sebestyén 1960, 118—119.). Zwischen den
aus den sudwestlichen und norddsthchen Teilen des Sees entnommenen Pro-
ben bestehen wohl tageszeitliche und auch tagliche Verschiedenheiten, welche
sich aus dem Umstande erkldaren, dal auf einem recht weit ausgebreiteten
Gebiet die Sammlungen von einem einzigen Fahrzeuge aus durch eine einzige
Arbeitsgruppe ausgefihrt wurden.

Die Sammlung der Probeserien erfolgte auf zweierlei Arten:

1. Aus vier verschiedenen Tiefen des offenen Wassers des Sees wurden
im mittels eines FitiEDINGERschen Apparates (Lund und Talling 1957, 537;



Abb. 1. Skizzenhafte See-Karte des Balaton, mit Bezeichnung der Probenentnahme-Stellen. M u= zwischen Gye

nesdias und der Miindung des Zala-Flusses, cca 2800 m vom Nordufer; K = zwischen Szigliget und Balatonmaria,

cca 4000 m vom Nordufer; B = zwischen Sagpuszta und Balatonszemes, cca 2500 m vom Nordufer; A, = zwischen

Balatonfiired-Fenékfiird6 und Zamardi, cca 500 vor dem Biologischen Forschungsinstitut; Ee = zwischen Bala-
tonalmadi und Balatonviladgos, cca 2000 m vom Nordufer; N = Nord

1 &bra. A Balaton vazlatos térképe a mintavételi helyek megjel6lésével. M 0= Gyenesdids — Zala foly6 torkolata,

Gyenesdias parttdl kb. 2800 m. K = Szigliget—Balatonmaria, az északi parttél kb. 4000 m. G = Sagpuszta—Bala-

tonszemes, az északi parttdl kb. 2500 m. A x— Balatonflred, Fenékfiurdd — Zamardi, Tihany, Biologiai Kutato-
intézet el6tt kb. 500 m. Ee = Balatonalmadi—Balatonvilagos, északi partt6l kb. 2000 m.” N = észak

[43)
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Schwoerbel 1966, 54—55, Bild 30) geschopften je 1 bzw. je 0,25 Liter Wasser
zur Ermittelung der Populationsdichte der mikroskopischen pflanzlichen
Organismen qualitative und quantitative Untersuchungen vorgenommen.
Die Wassertiefe betrug — mit Ausnahme einiger Proben — im allgemeinen
mindestens 3 m.

2. Durch Netzfilterproben (Netzgewebe Nr. 6 und 25), aus welchen wir
die zur Ordnungsbestimmung der Arten erforderlichen erganzenden Unter-
suchungen Vornahmen. Die Netze wurden jedesmal von einem Ruderboot aus
in der Nahe der Entnahmestelle in einer Tiefe von ~1,5 m geschleppt. In der
Bucht von Keszthely, im Gebiete vor dem Biologischen Forschungsinstitut
von Tihany und im Segment vor Balatonalmadi haben wir aus der abendlichen
Netzfilterprobe (Tab. 1) hinsichtlich je einer Algenart, Rotatorie (P.-ZANKAY
und Kertész 1967) und Planktonkrebse (Ponyi 1967) wertvolle Beobachtun-
gen machen konnen.

Die geschopften Proben wurden an Ort und Stelle mittels Jodjodkalium
fixiert und spater in 2%iger Formalinlsung konserviert. Aus den geschopften
Wasserproben haben wir die quantitative Zusammensetzung des Phytoplank-
tons nach der UTERMOHLschen Sedimentationsmethode (Utermohi 1958)
mit einem U termoh1 Planktonmikroskop (Oc. 8 X, Obj. 40) abgezéhlt. Aus
je einer Wasserprobe haben wir 5 Stick, 10 ml fassende Kammern mit zu
untersuchendem Material angefullt. Demgemal entféllt auf die Menge je einer
Algenart ein aus 5 Angaben errechneter Durchschnittswert als Zahlenangabe
in der Tabelle. Beziiglich der stellenweisen Populationsdichte der Ceratium-
Art zeigte sich die Untersuchung des Inhaltes von 5 Stiick 25 ml fassenden
Kammern notwendig. So konnten wir in der Tabelle bei Ceratium den aus je
10 Zahlenangaben errechneten Durchschnitt anfuhren. Die Individuum pro
Liter Angaben der Tab. 2 und 3 stellen die aus vier Wassertiefen (0—1—2—3 m)
errechneten Mittelwerte dar.

Ahnlich den friheren Phytoplankton-Untersuchungen (Tamas 1954,
1965a) haben wir auch diesmal die Kolonien bildenden und Fadenalgen je
nach Kolonien bzw. Faden (durchschnittlich aus 20 Zellen bestehenden Faden-
teil als Einheit gerechnet) angegeben. Bei Microcystis flos-aquae haben wir
jedoch die Zellen einzeln gerechnet. Die in die ChrysophyceaeAsAasse des Chryso-
phyten-Stammes fallenden Dinobryon-Arten sowie die Asterionelia- und Melo-
sira—r,]ﬁ\rten der Bacillariophyceae-Klasse haben wir ebenfalls zeilenweise aufge-
zeichnet.

Die Lage der Querprofile sowie die mit der Einsammlung zusammen-
h&ngenden sonstigen Daten (Temperatur, Durchsichtigkeit des Wassers usw.)
sind in Tab. 1 enthalten.

Die Gestaltung des Wasserstandes im Balaton im Jahre 1965 haben wir
in Abb. 2, den jahrlichen Verlauf der Wassertemperatur in Abb. 3 dargestellt.

Abb. 2. Jahrestemperatur des Balaton-Wassers (1965) in der Kisdbdl-Bucht, Tihany
(+ 30 cm Tiefe gemessen)

2. dbra. A Balaton vizének hémérséklete az 1965. évben

13 Tiraryi Evkonyv
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Az 1965. évi gy(jtések helye, ideje és egyéb adatai
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20

Zeichenerklarung — Jelmagyarazat
* = Die Werte beziehen sich auf Messungen mit der Secehischeibe — Mérések Secchi-koronggal

** = Das Massenhafte Auftreten von Melosira granulata und M. granu ata var. anuustissivia verursachte in aus

offenem Wasser entnommenen Schopf- und Netziilterproben eine Vegetationsfarbung
Meritett és haléplanktonmintdkban a Melosira granulata és a M. granu ata var. angustissima timeges fellépése

kovetkeztében vizszinez3dés

+ =

Tabelle 1 — 1. tablazat
Ort und Zeitpunkt der Probenentnahme in 1965 usw.

Wasser-
temperatur
Vizhéfok 0°

18

22

20

18

13

19,5

24
20

19
13

18,5

27
21

19
15

19
24

22

20

14

19

23

21

20

14

Luft-
temperatur
Leveg6-
héfok 0°

17,8
23

21

19

18

25
23

21,5
16

20

32
25

24
15

18,5
24

26
24
18
18,5
25
26
20

16

Wassertiefe
Vizmélység,
m

300
290

300

276

250
420

380
367

365
330

420

400
396

400
370

350
355

335
371

370

327
330
373
280

320

sachte im offenen Wasser das Erscheinen Zerstreuer Wasserbltite
Meritett és haléplanktonmintdkban M icrocystis flos-aquae és Ayhanizomenon flos-aquae var. klebahnii szért viz-

viragzas

*Durch-
sichtigkeit
atlatszo-

s&g, cm

45

80

39

62

114
36

40
35

51
66

42

92
56

50
95

50
92

51
86

120

Bemerkungen
Megjegyzés

Die Farbe des Was-
sers war braun-
lieh

A viz szine barnas
arnyalatd volt

Die Farbe des W as-
sers war gelblich

A viz szine sargas
arnyalata volt

Die Farbe des W as-
sers war gelblich

A viz szine sargés
arnyalata volt

Das massenhafte Aufteten von Microcystis flos-aquae und A phonizomenon flos-aquae var. klebahnii verur-
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Zur systematischen Bestimmung der pflanzlichen Mikroorganismen haben
wir die in der Literatur angegebenen taxonomischen Werke herangezogen.

Abb. 3. Wasserstand des Balaton-Sees im Jahre 1965 nach Messungen in Tihany
(0 Punkt = 104,075 m (ber dem Meeresspiegel)

3. dbra. A Balaton vizallasanak 1965. évi menete a tihanyi mérce adatainak alapjan
(0 pont = 104,075 m az Adria felett)

Untersuchungsergebnisse

Die an funf Sammelstellen aus 97 geschdpften und 76 Netzfilterproben
bestimmten mikroskopischen Pflanzen gehéren zusammen mit dem Wasser-
pilz zu 6 groBen systematischen Stdammen. Diese sind —nach der Haufigkeit
hres Vorkommens geordnet —die folgenden :

Arten Varietdt Form
Ghrysophyten .oococceveeenenne 78 6 1
Chlorophyten .ooovviiiiiinninnnn. 48 8 1
Cyanophyten ..... 17 —_ —_
Euglenophyten 14 — —
Pyrrophyten... 7 —_ —
Mycophyten 1 — —
Zusammen .. 165 14 2

In den Proben waren die Arten aller drei Klassen des Chrysophyten-
Stammes (Xanthophyceae 3, Chrysophyceae 8, Bacillariophyceae 74) vertreten.
Aus den geschopften und Netzfilterproben erhellt, daR von den pelagischen
Arten der BacillariophyceaeAiliisse Asterionella formosa, Attheya zachariasi,
Cyclotella bodanica und G. ocellata, Melosira granulata, Melosira granulata var.
angustissima, Nitzschia acicularis, Stenopterobia pelagica, Synedra acus var.
angustissima stellenweise grofRe Populationsdichte erreicht hatten (Tab. 2).

Von den tychoplanktischen Kieselalgen sind Amphora ovalis, Dipionels
elliptica, Fragilaria construens, Navicula cryptocephala, N. gracilis, Nitzschia
amphibia, N. sigmoidea, Surirella robusta var. splendida bedeutend (vgl.
Tamas 1966a, 200-205).

Amphora ovalis var. pediculus, Cocconeis placentula, C. placentula var.
euglypta, Synedra parasitica benltzen die im offenen Wasser des Sees fast
standig vorfindbare, groBgestaltige Cymatopleura elliptica, G. solea (vgl.
Tamas 1954, 209; 1961, 144) und Nitzschia sigmoidea als Wirtspflanzen.

13*



Sammelstellen, Zeitpunkt
Gytijtshelyek, iddpont

Artenverzeichnis
Fajok felsorolasa

CYANOPHYTA

Anébaena constricta (Szafer) Geitler
Anabaena scheremetievi El1énk.

Anabaena spiroidea Kleb.

Aphanizomenon flos aquae var. Jclebahnii
Elénk.

Aphanocapsa delicatissima W. et G. S.
West

Apbanctheee clathrata var. brevis Backm.

VIIL.

VIII.
IX.

V1.
VII.
VIII.
IX.

VI
VII.
VIII.
IX.

VI
VII.
VIII.

Tabelle 2 — 2. tablazat

Quantitative Phytoplanktonuntersuchungen des Balaton-Sees auf Grund der Sammlungen des Jahres 1965 (i[\ — Individuenzahl
pro Liter X 1000; + = Netzproben (Nr.

A Balaton mennyiségi fitoplankton vizsgéalata ag\l 198%) e\,q gyljtések alapjan (iR = egyedszam/liter X 1000; - = Halészlredek

i

0,02

0,26
0,3

0,47
0,07

0,6

0,15

Nr. 5

+ +

N

0,05

esti halésziiredék)

++ 4+ +

+ +

i/l

3,35
0,55

11,9
11,0

1,25
0,15

0,15

26); N —Netzproben (Nacht)

ifi

3,85
32,25
1,55
7,1
4,6

0,35
3,1

0,2

0,4
1,5
0,15
0,1

Nr. 25

+ 4+ 44+

P4

+
zZ

++

+ + + +

z2z2Z22

z2z2Z22

i1

0,35

Nr. 25

22Z2Z

+ 4+ + + o+

96T
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Chroococcus turgidus (Kutz.) Naeg.
Goelosphaerium kitzingianum Naeg.
Merismopedia glaum (Ehr.) Naeg.

Ohroococcus Umneticus Lemm.
Gomphosphaeria lacustris Chod.
Lyngbya circumcreta G. S. West

Lyngbya limnetica Lemm.



Sammelstellen, Zeitpunkt
Gy(jtéhelyek, idépont

Artenverzeichnis
Fajok felsorolasa

Merismopedia tenuissima Lemm.

Microcystis flos-aquae (Witte.)
Kirchn.

Oscillaioria tenuis Ag.

Phormidium sp.

EUGLENOPHYTA

Colacium cyclopicola (Gickih.) Bourr.

Oolacium simplex Huber—Pestalozzi

Colacium vesiculosum Enhr.

Tabelle 2 (Fortsetzung) — 2. tablazat (folytatas)

VI.
VII.

VI.
VII.
VIl
1X.

VI.
VII.
VIIL.

VII.

V.
VII.
VIl
1X.

VI,
VIl

0,05

0,07

Nr. 25

+ 4+ + + o+

+
z

iR

Nr. 25

+

iR

0,65

Nr. 25

+ o+ o+ + o+

+

iR

+ o+ o+ o+ o+

Nr. 25

z2zzz

i

Nr.

+ +

+ +

25

zZz



Colacium vesiculosum Ehr.

Euglena acus Ehr.

Euglena ehrenbergii K1ebs

Euglena klebsii (Lemm.) Main x

Euglena limnophyla var. minor Drez.

Euglena oxyuris Schmabda

Euglena sp.

VI
IX.

VI.
VI,
VI
IX.

V.
VII.
VI

VI.
VIl
VI
1X.

VI.
VIl
VI
1X.

V.
VIl
VI
I1X.

VI
VI
I1X.

0,07
0,06
0,05
0,2 +

0,03
0,3

0,05
0,02
0,2

0,35

0,15

0,41
0,12
0,05

0,6

0,25

0,01
0,2
0,2

0,15
0,25
1.8
0,3
0,05

0,24

0,05
0,1

0,55
1,25
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0,1
0,3
0,1
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0,1
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0,35
0,05
0,1
0,55
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0,26
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Sammelstellen, Zeitpunkt
Gy(jt6helyek, idépont

Artenverzeichnis
Fajok felsorolasa

Phacus acuminatus Stokes

Phacm tortuosus Rolk

Phacus sp.

Trachelomonas volvocina Enr.

Trachelomonas SP.
PYRROPHYTA

Cryptophyceae
Cryptomonas erosa Eke.

* Cryptomonas pusilla Bachm.

Tabelle 2 (Fortsetzung) — 2. tablazat (folytatas)

VI.
VIl
VIl
1X.

VI.
VII.
1X.

VI
VII.
VIl
I1X.

VI.
VII.
VIl

VI.
VII.

V.

in

0,05

0,07

0,2

Nr. 25

@l

0,15
0,65

0,05

0,3
0,1
0,05

Nr. 25

ili

Nr. 25

il Nr. 25

0,1
0,1
0,1

0,05

i1

0,1
0,25

0,1
0,05

0,05

Nr. 25

00¢



Peridineae
Ceratium hirundinella (0. F. Mar1)
SCHRANK

Diplopealis acuta Entz

Olenodinium gymnodinium Penard

Oonyaulax apiculata (Penard) Entz

Peridinium inconspicuum Lemm.

CHRYSOPHYTA
Xanthophyceae
Botryococcus braunii K atz.

Planlctonema lauterborni Schmidie

Stipitococcus urceolatus W. et G. S.
West

V1.
VII.
VIII.
IX.

V1.

VII.
VIII.
IX.

VII.

V1.
VII.
VIII.
IX.

V1.

V1.
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VIII.
IX.

V1.
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IX.
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IX.
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Sammelstellen, Zeitpunkt
Gydjtéhelyek, idépont

Artenverzeichnis
Fajok felsorolasa

Chrysophyceae
Cephalothamnion cyclopum Stein

Dinobryon divergens 1mH.

Dinobryon sociale Ehr.

Mallomonas acaroides Perty

*Mallomonas elongata Reverdin

Mallomonas tonsurata Teiling

Salpingoeca frequentissima
(Zach.) Lemm.

Tabelle 2 (Fortsetzung) — 2. tablazat (folytatas)

M, G
iR Nr. 25 iR Nr. 25 iR Nr.
VIl N
VIILL. — N — —
1X. _ _ _
VI. _ N _ -
Vil 39,75 N 22,25 + 0,3 +
VI, — + N — 0,5
IX. — — —
X. — _ 0,15 +
VIl — + _ + N
VI. 0,21 + N _ _
VIl — N — —
VLI, — N — —
IX. — N _
VI. _ N _ _
VI, — + N — + —
VI, 0,01 N _ _
VI 0,1 N — —
VI, — N — —
IX. — + N — —
VIII. — + — + —
X

25

0,25
0,15

0,05

E.
Nr. 25 iR Nr. 25
4- — 4~
- +
+ N -
+ N -
+ N —
+ — +
— 4-
+

¢0¢



Synura uvella Ehr.

Bacillariophyceae
Achnanthes minutissima Kitz

Amphora ovalis Kutz.

Amphora ovélis var. pediculus Kutz.

Asterionelia /ormosa Hassal

Attheya zachariasi J. Bbun.

Galoneis schumanniana var.
biconstricta Gbtjn.

Campylodiscus noricus var. hibernica
(Ehb.) Grun.

V1.

VII

VIII.
IX.

IX.

V1.
VII.
VIII.
IX.

VI
VII.
VIII.
IX.

VII.
VIII.
IX.

VI
VII.
VIII.
1X.

VL.
VII.
VIII.
IX.
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Tabel'e 2 (Fortsetzung) — 2. tablazat (folytatas)

s, 2o K Q

é‘;}i”kvigffgfg‘.”;; in Nr. 25 iR Nr. 25 iR Nr. 25 iR

Cocconeis placentula Enr. VI. 0,05 - —
X. — N — — —

Cocconeis placentula var. euglypta

(Ehr.) Cleve X. —_ N —_ J— J—
Cyclotella bodanica E tj1enst. VI. 31,85 + N 445 30,0 + 30,55
VII. 75 39,0 355 15,25
VIII. 81 + N 6,0 175 10,75
1X. 3.2 + 155 + 27 3,75
X. 18 72 + 40 + 3,65

Cyclotella meneghiniana K atz. VIII. — — — —
I1X. 0,07 — - _

Cyclotella ocellata P ant. VI. 1675 + A5 + 2375  + 30,0
VII. 9,8 64,5 58,25 26,0

VIII. 78 N 81 2,75 11,3
IX. 38 + N 3,75 575 7,75
X. 50 1055  + 586 + m 4,95

Cymatopleura angulata Grev. VI. 0,01 — — —
Cymatopleura elliptica (Bréb.) . VL 0,32 + N 0,6 + 11 + 04
W. smith VII. — N 007 + 001 0,31
VIII. 005 + N 046 + 0,15 0,32
IX. — + — 02 -f 0,05
X 002 + 11 + — 0,07
Cymatopleura solea (Breb.) W. smitnh VI. _ N _ 002 + 0,07
VII. - - — 0,04
VIII. - N — — 0,04

X _ o _

¥0¢
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Cymatopleura solea var. regula
(Ehr.) Grtjn.

Oymbella affinis Kitz.

Cymbella cymbi/ormis (Kutz.)

V. Heurck.

Cymbella lanceolata (Kutz.) V. Heuirck.

Cymbella prostata (Berk.) Cleve

Diatoma vulgare var. brevis Grun.
Diatoma vulgare var. producta Grun.

Diploneis dombliitensis (Grun.) Cleve

Diploneis eliptiea (Kutz.) Cleve,

VI

VI.
VII.
VIII.
IX.

VI
VII.
VIII.
IX.

VII.
IX.

VI
IX.

VL.

VI
VIII.
IX.

V1.
VII.
VIII.
IX.

z Zz Z2 Z

2

1]
oo0oo
NO N

o1
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Sammelstellen, Zeitpunkt
Gy(jtéhelyek, idépont

Fajok felsorolasa

Dipioneis puella (Schum.) Cleve

Epithemia hyndmanni W. Smith

Epithemia sorex Kutz.

Epithemia turgida (Enr.) Kutz.

Eunotia valida Hust.

Fragilaria eonstruens (Enr.) Grun.

Fragilaria crotonensis K itton

Fragilaria pinnata Enr.

Gomphonema intricatum Var. vibrio
(Ehr.) Cleve

Tabelle 2 (Fortsetzung) — 2. tablazat (folytatas)

VI.
VIl

1X.

VI.
VIl
VIl

VI.
VIl

VI.

VI.

VI
VIL.
VLI
IX.

VII.
VIIIL.

V1.
VIL.
nan.

VIII.

Mo

iR

0,01

0,05

11,25
0.6

10,8
0,33
1,0

Nr. 25

+ ++ o+

Zz

Nr. 25

iR

Nr. 25

tl

0,05

Nr. 25

iR

0,13
0,1

0,05
0,05

Nr. 25

90¢



Gomphonema olivaceum (Lyngb.) Kutz.

Gyrosigma acuminatum (Kutz.) Rabh.

Gyrosigma attenuatum (Kutz.) Rabh.

Gyrosigma distorturn var. parkéri
Hakbis

Gyrosigma Jciitzingii (Gbxtn.) Clbve

Gyrosigma prolongatum (W. smitn)

Cleve

M astogloia smithii var. amphicephala
Gkun.

Melosira granulata (Ehe.) Rales

VI.
IX.

VI
VII.
VIII.

V1.
VIII.
IX.

V1.
VII.
VIII.
IX.

VI
VII.
VIII.
IX.

V1.
VII.
VIII.
IX.

VII.

V1.
VII.
VIII.

TTT
TTT1

o
[e}
=

Zz2 Z2 Z2Zz Z Z
oo
i |

o1

(=]
ol

zz Z2Z
oo
[oYo!
G

xXzzz
| 1T

o
o
a1

++8+
zzz

++ + +
[=YEN3, 1o Y90
FNTSYEYN
+ ++ ++

z2z2zZ22

~No oo

o

oo oooo
Wi NONNRE

LT &5
w

+ ++ ++
zZzzzZ

L0¢



Sammelstellen, Zeitpunkt
Gylijtéhelyek, idépont

Artenverzeichnis
Fajok felsorolésa

Melosira granulata var. angustissima
0. muLL.

Melosira granulata var. angustissima
f. spirale mau.

Melosira varians C. A. Ag.

Navicula costulata G rust.

Navicula cryptocephala k st z.

Navicula dicephala (enr.) w. smitn

Tabelle 2 (Fortsetzung) — 2. tdblazat (folytatas)

V1.
VII.
VIII.
IX.

VII.
VIII.
IX.

VIII.
IX.

V1.
VIIL.

V1.
VII.
VIII.
IX.

V1.
VII.

MO

+ ++++
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zZ

.25

z2z2z2

z2z2Z

Nr. 25

++ 4+ +

iR

Nr. 25

Nr.
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AfupyAy 18ueyLy, ¥1

Navicula gracilis EHR.

VI.
VII.
VIIL.

0,65

Navicula hungarica var. capitata (EHR.)

CLEVE

Vi
VIII.

X,

Navicula placentula (EER.) GRUN.

VI
VIIIL.
IX.

Navicula pupula KiTz.

Navicula reinhardtic GRUN.

VI.

Neidium dubium f. constricta HuUST.

VI.

Nitzschia acicularis W. SMITH

VI
VII.
VIII.
IX.

Nitzschia amphibia GRUN.

VI.
VIIL.
VIII.
IX,

Nitzschia angustata (W. SMITH) GRUN.

VI,

+-
2z

z,

2z

602



Tabelle 2 (Fortsetzung) — 2. tdbldzat (folytatés)

Sammelstellen, Zeitpunkt

Gyftijtéhelyek, idépont M, £ @ 4, E,
3;}3‘;":;;3’:3;’;;‘; il Nr. 25 it Nr. 25 i Nr. 25 in Nr. 25 ifl Nr. 25
Nitzschia commutata GRUN. X — N — — — —
Nitzschia palea (KtTz.) W. SMITH VI. — — — -b — —-
VII. — N — — — —
VIII. — — — 0,15 -
%, 0,07 = = = i
Nitzschia sigmoidea (EaR.) W. SM1TH VI 0,09 + N 0,32 - 0,02 0,35 + N 0,05 N
VIIL. 0,3 0,1 - 0,4 SIS (1]
VIIL. — N — 0,05 0,35 -+ 0,07 N
IX. 0,07 N — — e — -t 0,07 -+
X. — N 0,1 — 0,17 -+ 0,11
Nitzschia tryblionella var. debilis VI 0,3 0,1 0,7 + — —
(ARNOTT) A. MAYER VII. 0,05 0,05 — 0,2 0,15
VIII. — N 0,3 0,05 0,1 0,15 +
IX. — — — 0,1 -—
X — 0,056 — 0,1 =
Opephora marty: HERIBAUD VI. 0,2 — — 0,1 —
VIII. —- — — 0,05 o
IX. 0,07 — 0,05 0,05 =
X. —_ 0,05 — 0,15 o
Pinnularia microstauron (EHR.) CLEVE VI 0,01 — — — -
Rhoicosphenia curvata (KtvTz.) GRUN. L —- — — 0,05 —
VIII. — — — 0,05 —
X. — N = o g LS
Rhopalodia gibba (EHR.) O. MULL. X — —_ — — — -
3.4 — N - - - —

012



Ml

Stenopterobia pelagica HUST. Vi, 0,06 N 0,05 0,1 0,05 + —
VT, — 0,056 - 0,24 + N 0,05
VIII. — N — 0,05 0,12 -+ 0,1
IX. e 0,05 0,1 iy <
. - — — 0,02 -
Surirella biseriata BREB. VII. — N — — — —
IX. — N — — e ax
X. — N — — =
Surirella linearis W. SMITH Vi, — +N — — — —
IX. —_ N — — — 25
Surirella robusta var. splendida VI. 0,16 + N 0,3 + 0,2 0,15 |+ N 0,07 N
(Exr.) V. HEURCK VII. — - 0,05 0,02 0,35 + N 0,06 +N
VIII. — N —_ —_ 0,14 + 0,04 + N
IX. 0,02 + N — 0,07 0,02 +N 0,03
X L +N % 4 = L2 -4 0,01
Surirella tenera var. nervosa A. SCHMIDT VI —_ N =Y S N —
VIE — - — — N B +N
IX. e 2 LR i
Surirella turgida W. SMrTe VII. — — — 0,1 0,05
VIII. — — o~ 0,05
Synedra acus var. angustissima GRUN. N 0,565 N 0,05 + 0,5 0,7 + N 1,25 N
VII. — 0,05 + —_ 0,85 N 0,05 N
VIII. 1,2 + N — 0,15 0,95 | 4 0,3 +N
IX. = 0,05 0.7 0,15 0,13 | N
x - |+ 0,1 e el i,
Synedra parasitica (W. Smrte) HusT. VI. 0,05 - - — — —
NI, — — — — 0,05
Synedra ulna (N1T28CH) EHR. NE 0,05 —_ — — 0,05
VII. — — — — + -
VIII. — N e = oo =

118



Tabelle 2 (Fortsetzung) — 2. tdbldzat (folytatds)

Sammelstellen, Zeitpunkt

Gytijtéhelyek, idépont M, K @ 4, Z,
s ifl Nr. 25 il Nr. 25 il Nr. 25 ifl Nr. 25 il Nr. 25
Synedra wlna var. spathulifera GRUN. VII. == N — — —— —
VIIL. £ ol 2 p A8
X. — N — - - —
CHLOROPHYTA
Actinastrum hantzschii LAGERH. VI. 0,15 — — — —
Ankistrodesmus falcatus (CORDA) VI. 0,25 0,9 0,15 + 2,8 N 1,2 N
Ravrrs VII. 0,2 — 0,4 1,05 0,4
VIII. 0,3 -+ —_ 2,9 0,66 0,7
IX. — —_ — 0,35 + N 0,2 N
X, 0,13 0,55 + 0,35 - 0,2 0,35
Ankistrodesmus falcatus var. acicularis VI. 0,1 0,45 - 0,9 N 0,45 N
(A. BRAUN) G. S. WEST VII. 0,05 0,4 1,16 2,4 N 3,45 N
VIII. 1,2 -+ 0,9 — 3,1 2,76 -+
% B il 2,25 2,65 | + a5 2,7 +N
o 0,8 2,65 -+ 1,9 1,35 0,45 —+
Ankistrodesmus falcatus var. mirabile VI. 0,16 —_ 0,35 “+ 0,1 0,4
W. et G. S. WEsT VII. 0,25 —= — — 1,25
VIII. 0,3 -+ — 1,8 I 1,3
IX. — 0,05 0,05 —_ —
X. - & i e = 2
Anlkistrodesmus falcatus var. spirillifor- Vi — + 0,06 + - + 0,6 N 1,6 +N
mis G. S. WEST NIL — — 0,03 0,6 0,2
VIII. — 0,6 0,65 0,056 —
X, — 0,15 — 0,1 0,47
X. 0,07 0,1 0,15 0,25 0,26 +

(489



Ankistrodesmus lacustris (CHOD.) VI. 0,21 152 -+ 5,75 -+ 4,6 N
OSTENF. VII. — — —_ 1,15 N
VI, 0,6 0,6 -+ 0,2 1,4 N
IX. — — 0,55 0,65 N
X 0,13 0,05 0,3 0,35
Ankistrodesmus longissimus IX. — — 0,05 —
(LeMym.) WILLE X. = - = =+ B
Ankistrodesmus setigerus (SCHRODER) VI 0,05 - = —_
G. S. WEsT ) VIII. 0,3 — — 0,15
1.4 — 0,1 — —
X — — — —
Chlamydomonas sp. Vi, — == = =+ ==
VAL, 0,1 N — 0,05 -
IX. — N — - —
Closterium acerosum (SCHRANK.) Y. 0,02 0,2 —_ .0,3
EHRENB. VAL — — 0,1 -
VIII. — 0,3 0,02 —
X — 0,15 0,05 0,05
b —_ N 0,05 — —
Closterium acerosum var. elongatum, VII. — — - —
Bris. VIII. — — - —_
IX. — - — 0,15
Closterium aciculare WEST VI. — - 0,4 0,45 +
VII. - — — 0,05 -+
VIII. — — 0,3 0,5 +
IX. — 0,2 0,3 - 0,3 +
X. — 0,05 0,15 -+ 0,05
Closterium polystictum NYGAARD VI, - = = o
Closterium pronum Bmﬁn. VIII. —_ — —_ 0,05

§1¢




Tabelle 2 (Fortsetzung) — 2. tabldzat (folytatés)

vie

Sammelstellen, Zeitpunkt
Gyﬁjt{:bel;:k, i«ei6gom. i, K G 4, E,
Foiox Tolsoroldse in Nr. 25 i Nr. 2 it |25 in Nr. 25 i Nr. 25
Closterium strigosum BREB. VI. 0,01 0,4 0,2 0,056 0,06
VIL. — — — — 0,15
VIII. — — — — 0,05
K 0,07 = 0,05 = 4
Closterium venus KTz, VIII. —_ — —_ 0,05 —
Cocelastrum microporum NAEG. VI 0,1 — — — + e i
VT — —_ — - e LN
VIIL. 0,31 +N — + - — + N 0,01 + N
IX. — — — — + N 0,07 + N
x — - |+ - — |+ i
* Cosmarium depressum (NAEG.) Vi, —_ — — 0,05 —_
Luxp. VII. —_ — —_ 0,4 0,1
Cosmarium undulatum CORDA V. —_— - — 0,2 0,15
VIII. — — — — -+ -
Crucigenia quadrata var. octogona VI. 0,46 5,67 : 0,85 0,6 2,05
SCHEMIDLE VII. — 1,6 0,2 1,0 N 4,45 N
VIIIL. 2,11 — 0,4 2,7 + N 4,95
IX. 0,27 0,656 0,6 3,6 — 1,27 + N
X 0,53 | + 1,95 | + 1,55 1,05 oy o
Dictyosphaerium ehrenbergianum NAEG. W, - —— + — — -—
VIIIL. — - — e — — N
Dictyosphaerium pulchellum WooD VI. 0,6 3,85 + 2,25 + 2,95 + 0,35 N
VII. 0,1 - 0,5 -+ 0,3 =t 1,7 + 0,6 + N
VIII. 0,9 -+ 0,6 + 1,05 4 0,75 + N 0,65 N
IX. 0,07 | + 065 | + 1,15 045 | 1 0,33 N
Xt T,07 0 1,0 2 0,5 L 0,1 B 0,2 4



Eudorina elegans Ehr.

Oloeococcus schroeteri (Chod.) Lemm.
Gonium pedorale Muller

Hofmania lauterborni (Schmidle)
Wille

Kirchneriella lunaris (Kirchn.)
Moebius

Kirchneriella lunaris var. dianae Bohlin

Kirchneriella obesa (W. West)
Schmidle

Oocystis elliptica f.minor W. West

Oocystis solitaria Wittr.

Oocystis solitaria f. wiitrockiana Printz

VL.
VIL.

VI
VIIL.
VIIL.

V1.
VII.
VIII.

VL.
VII.
IX.

V1.
VII.
IX.

VI
VII.
VIII.
IX.

V1.
VII.
VIII.
IX.

0,01

0,01

z2z

|1

oo
o
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a1
o1

a1

+ + +
NN,
a1

PR ERPWO WNUIN =

z2z
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+ ++
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Tabelle 2 (Fortsetzung) — 2. tablazat (folytatas)
1

S Zaspant s K : . E
prenvereienis M owes B e B owem g e B wes
Oocystis submarina Lagerh. VI. O,l 1,4 0,65 + 0,45 0,15
VILI. 03 05 005 025 . 04
VIII. 21 + 0,6 02 0,3 + N 0,35 +
IX. — - 0066 . 03 01 .
X. 0,07 02 o1 . =~ 02 .
Pandorina morum (Maller) Bory VIII. — 0,3 - - -
IX. — + — — — —
X. _ + N _ — + _ _
Pediastrum boryanum (Turp.) Menegh. VI 0,1 + N 0,1 + - + - N -
VII. — + N — — — — N
VIII. 0,01 N - 0,02 — + —
IX. — N — — — —
X. — + — _ + _ _
Pediastrum clathratum VI. _ + N 0,05 + 005 + 005 + N 0,01
(SCHROET.) Le MM VII. 01 + — + 005 + + — + N
VIII. 0,04 0,02 + 001 + — + 007 + N
IX. — N 0% + 012 + 002 + 008 +
X. — + 001 + 006 + — + 004 4+
Pediastrum duplex var. genuinum VI. - + — - + — —
A Braun. VI, — — — — — N
IX. — N — — — —
X — - + — - + — +
Pediastrum duplex var. reticulalum VI. 0,07 + N 01 + 01 + 015 + N 007 + N
Lagerh. VII. 0,25 + N 0,7 + 0 + 021 + N 0,11 4-
VIII. 0,01 N 0,32 + 0, + 0,05 + N , + N
IX. - + N 0,15 + - + 0,15 + N — + N
X — + 0,3 + — + 0,09 002 +

9T¢



Pediastrum simplex RALFS

VAL
VAL
VIIL:
IX.

Z 2

0,02

0,02
0,02

Z 'z

z 242

Rhopalosolen sebestyenae Fort

VAL
VLT,
X,

+++ | +

++ | +++
z 2

Scenedesmus acuminatus
(LacerH.) CHOD.

VL.

0,01
0,07

Scenedesmus balatonicus HorTOB.

AV
VI,
VIIL.
IX.

0,02
0,07
0,09
0,4

0,02

0,11
0,02
0,13
0,01

+N

Scenedesmus ecornis (RALFs) CHOD.

VII.
VIII.
IX.

0,35

0,3

0,05
0,03
0,3

Scenedesmus ecornis var. disciformis
CHoOD.

VAL
VIII.

Scenedesmus intermedius var. balatonicus
HorToB.

VL,
IX.

Scenedesmus intermedius var. bicaudatus
HortoB.

Vil
VL,
VIII.
IX.

0,15
0,05
0,1

L1G



Tabelle 2 (Fortsetzung) 2. tdbldzat (Folytatds)

Sammelstellen, Zeitpunkt

Gytijtéhelyek, idépont M, K @ A, . 2
é;;‘ﬁ;‘}iﬁf,fo’};‘; i Nr. 25 i Nr. 25 ifl Nr. 25 il Nr. 2| ifl Nr. 25
Scenedesmus arcuatus LEMM. VI. — —_ 0,05 — — -+
forma UHERKOV. VII. — — — 0,15 N 0,01
VIII. — 0,3 — 0,05 N — N
X, — +- — 0,05 — —
% 1, s e b T Y
Scenedesmus quadricauda (Ture.) BREB. ViL 0,7 0,2 —+ — -+ 0,2 N 0,35 -+
V&L — N 0,15 — 0,25 0,05 -+
VIIL. 0,31 N 0,9 0,05 0,2 0,45
1% o N 0,02 0,15 0,35 047 | +N
X. 0,4 + N 0,15 0,12 0,1 0,2
Selenastrum gracile REINSCH VAL = — 4= 0,05 | + 0,1 N —
VIIL A% - = 0,05 =
IX. — — — — — b
X - +- - — — —
Stauwrastrum gracile RALFS Y. 0,21 — -+ 0,2 0,02 N 0,07 + N
VII. 0,05 + 0,35 + 0,85 -+ 1,0 + 0,45 + N
VIIIL. 0,01 0,01 =+ 0,65 -+ 0,7 + N 1,35 + N
IX. — 0,3 -+ 0,85 + 0,75 + N 0,85 + N
® = 02 |+ [ e e = 0,85 | + 0,45 | +
Staurastrum paradorum MEYEN VI 0,11 — + 0,2 + — + 0,02
VII. e +N (YT [ 012" |l o +N 0,2 5%
VIII. 0,31 + N — 0,8 + 0,75 + N 0,1 + N
IX. 013 | +N 015 | + o 1% 0,1 +N s +N
X — = 0,2 + 0,2 + 0,25 + 0,3
Stylosphaeridium stipitatum GEITLER VIII. — — — + - —
IX. = el i o 3 A
% = e - e i i

81¢



* Tetra'édron longispinum
(Perty) Hansgirg

Tetra'édron minimum (A Braun)
Hansgirg

Tetra'édron trilobatum (Reinsch) H ansg.

Tetrastrum heteracanthum
(Nordstedt) Chod.

Tetrastrum staurogeniaeforme

(Schroeder) Lemm.

_ MYCOPHYTA
Dactylosporium sp.

VIII.

VI

VIII.
IX.

VI
VII.

01

N

61¢
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Die zur Xanthophyceae-Klasse dieses Stammes gehorige Planktonema
lauterborni erreicht im Balaton das Maximum ihrer Populationsdichte zur
Warmwasserzeit (TAmMAS 1954, 208); demnach ist ihre ziemlich hohe Indivi-
duenzahl in den Proben nur natiirlich. Der epiphyte Stipitococcus wrceolatus
bzw. sein Vorkommen in groflerer Populationsdichte in den Proben hingt von
der Héufigkeit der zu einer Anheftung geeigneten Wirtspflanzen (Coelo-
sphaerium, Gomphosphaeria, Microcystis, Asterionella, Attheya, Pediastrum)
als auch von der entsprechenden Temperatur (etwa 20 °C) des Wassers ab
(vgl. TamAs 1962, 270).

Von den Vertretern der Klasse Chrysophyceae erreicht Dinobryon diver-
gens im Juli in der Bucht von Keszthely eine — im Vergleich zu den Ergebnis-
sen der fritheren Jahre (TamAs 1965a) — auffallend hohe Individuenzahl von
39 750 pro Liter und im Abschnitt zwischen Szigliget und Balatonmaéria eine
solche von 22 250 pro Liter. Ein epibiontes Vorkommen von Cephalothamnion
cyclopum war in den Netzfilterproben haufig auf Planktonkrebsen zu beob-
achten (vgl. KoL 1938; SEBESTYEN 1951).

Salpingoeca frequentissima fand sich in Coelosphaerium- und Dictyo-
sphaerium-Kolonien in den Netzfilterproben (vgl. HorToBAGYI 1942, 66).

Laut der von Juni bis Oktober geschopften Proben wechselte das per-
zentuelle Vorkommen der Arten dieses Stammes stellenweise zwischen 18 und
99,49%,. Der Stamm erreichte 519, der gesamten Algenartenzahl.

Vom Standpunkte der Hiufigkeit seines Vorkommens nimmt der Chlo-
rophyten-Stamm die zweite Stelle ein. Die iiberwiegende Mehrzahl der hierher
gehorigen 57 Arten fillt in die Ordnung der Chlorococcales. Diese erreichen das
Maximum ihrer Populationsdichte zur Warmwasserzeit (Wassertemperatur
in den Monaten Juli—August iiber 20 °C). Thre Populationsdichte ist stellen-
weise recht bedeutend (7'ab. 2).

Von den pelagischen Arten ist in den geschopften Proben die Individuen-
zahl von Ankistrodesmus, Dictyosphaerium pulchellum, Qocystis, Scenedemus
stellenweise bedeutend. Von den Desmidiaceen erreichte Closterium aciculare in
den Sommerproben des Segmentes Balatonalmadi— Balatonvildgos die hoch-
sten Werte. Staurastrum gracile und 8. paradoxum kamen ebenfalls haufig vor.

Stellenweise konnten wir die epibionte Griinalge Rhopalosolen sebestyénae
von den Zooplankton-Individuen von Diaphanosoma und Daphnia aufzeich-
nen (vgl. SEBESTYEN 1951, 162; Forr 1958, 350; TAMAS 1965a, 233). Die epi-
phyte Griinalge Stylosphaeridium stipitatum kam zur Warmwasserzeit je nach
Vorhandensein und Héufigkeit ihrer Wirtspflanzen in den Proben vor (vgl.
TamAs 1962, 268; 1965a, 233). —

Das perzentuelle Vorkommen der Arten des Stammes wechselte an den
Sammelstellen von Juli bis Oktober nach dem Inhalte der geschépften Proben
zwischen 0,3—219%,. Der Stamm machte 349, der gesamten Algenartenzahl aus.

In dem der Reihenfolge nach néchsten Stamm der Cyanophyten kamen
17 Arten in simtlichen Proben vor. Jene pelagischen Arten, die im allgemeinen
ihre maximale Anzahl zur Zeit des warmen Wassers erreichen, wie z. B.
Aphanizomenon flos-aquae var. klebahnii und Lyngbya kamen auch jetzt
wiederum in den geschopften Proben, den Untersuchungsergebnissen des vori-
gen Jahres dhnlich (TamAs 1954, 1965a), in hoher Individuenzahl vor (7'ab. 2).
Aphanocapsa delicatissima, Aphanothece clathrata var. brevis, Coelosphaerium
kiutzingianum, Gomphosphaeria lacustris und Microcystis flos-aquae fanden sich
stellenweise ebenfalls in hoher Individuenzahl pro Liter.
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Das perzentuelle Vorkommen der Stammesarten wechselte zwischen den
Monaten Juni— Oktober nach dem Inhalte der geschépften Proben je Sammel-
stelle zwischen 0,1—409%,. Der Stamm machte 10,29, der gesamten Algenarten-
zahl aus.

Der Hiufigkeit seines Vorkommens nach folgt nunmehr der Stamm der
Buglenophyten, dessen 14 Arten in simtlichen Proben enthalten sind. In Anbe-
tracht der in den geschopften Proben gefundenen niedrigen Werte kann ihr
Vorkommen als sporadisch bezeichnet werden. Mit den vertikalen Daten der
Euglena-Arten beabsichtige ich mich in einer anderen Studie eingehender zu
beschiftigen.

Die als Epibionten der Planktonkrebse und Rotatorien bekannten
Colacium cyclopicola, Colacium simplex und Colacium wvesiculosum (TAMAS
1964a, 248; 1965a, 234; 1966b) kamen in den Netzfilterproben hiufig vor.

Das perzentuelle Vorkommen des Stammes wechselte in der Zeit zwischen
Juni und Oktober in den geschépften Proben zwischen 0,09 -4,19%,. Der Stamm
betrug 8,49, der gesamten Algenartenzahl.

Von zwei Klassen des Pyrrophyten-Stammes fanden sich 7 Vertreter
(Cryptophyceae 2, Dinophyceae 5) in allen Proben. Ceratium hirundella kam im
August zwischen Ségpuszta und Balatonszemes mit 49 500 pro Liter, zwischen
Szigliget und Balatonmdria im September mit 46 320 pro Liter vor (vgl.
SEBESTYEN 1953, 66; 1959, 270; TAMAs 1965a, 234 und Tab. 2). Uber die verti-
kalen Zahlenangaben von Ceratium hirundinella, Diplopsalis acuta und Gony-
aulax apiculata mochte ich mich an dieser Stelle nicht ausbreiten.

Das perzentuelle Vorkommen der Arten des Stammes wechselte zwischen
Juni und Oktober auf Grund der geschopften Proben je nach Sammelstelle
zwischen 0 und 639%,. Der Stamm betrug 4,29, der gesamten Algenartenzahl.

Der Mycophyten-Stamm war durch Dactylosporium sp. (BARNETT 1960)
vertreten und kam zeitweise an allen Sammelstellen, jedoch in sehr geringer
Individuenzahl vor (vgl. TamAs 1965a, 234; 1966a 196). Das perzentuelle Vor-
kommen des Stammes wechselte auf Grund der geschopften Proben von Juni
bis Oktober stellenweise zwischen 0— 0,29, und betrug 1%, der gesamten Algen-
artenzahl.

An Algenarten war in den 5 Sammelstellen von Juni bis Oktober sowohl
an Artenzahl (54-—93) als an Individuenzahl (54 920—4 204 340 pro Liter)
die Bucht von Keszthely am reichsten. Am drmsten an Arten zeigte sich der
Abschnitt Ségpuszta—Balatonszemes im Juli (47), die Oktoberprobe von
Balatonalmadi— Balatonvilagos enthielt 28 030 Individuen pro Liter.

Von Juni bis Oktober fand sich an simtlichen Sammelstellen Lyngbya
circumereta, Lyngbya limnetica, Cerattum hirundinellae und Dictyosphaerium
pulchellum.

Die hochsten Arten-, Individuen- und Prozentzahl erreichte der Chryso-
phyten-Stamm. Dieser kam in den Proben der Bucht von Keszthely zu 90—
99,49,, an der Sammelstelle zwischen Szigliget Balatonméria zu 54,4 —97%,
vor. Eine derartige Juli-Massenvegetation war bei der hierher gehorigen Art
Dinobryon divergens im Balaton bisher unbekannt. Aus der auslindischen
Fachliteratur (HUBER-PESTALOZZI 1941, 227) wissen wir, dal} diese Art stén-
dige oder zumindest h#ufige Bewohnerin eutropher oder eutrophisierender
Seen ist (PrEscoTT 1960, 30). Die Art findet sich in allen drei Segmenten des
stidwestlichen Balaton, als auch im nordostlichen Teile an den Sammelstellen
zwischen Balatonfiired —Zamardi vor dem Biologischen Forschungsinstitut
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Tihany; ein maximales Vorkommen zeigt sich jedoch nur in der Bucht von
Keszthely.

Die in die Bacillariophyceae-Klasse des Chrysophyten-Stammes gehorige
Asterionella formosa, Melosira granulata und deren Variation verursachten im
August an allen drei Segmenten des siidwestlichen Seeteiles eine Wasserver-
farbung mit einer Millionen betragenden Individuenzahl pro Liter. Diese
Erscheinung ist auch aus der ausldndischen Literatur bekannt (Luxp 1959,
1964; LunND et al. 1963). Zum Entstehen einer derartigen Massenentwicklung
der Vegetation von Asterionella-Melosira war es notwendig, dall der Kiesel-
sauregehalt des Wassers sich in den Friihjahrs- und Sommeranfangs-Monaten
stark vermehre. Ohne eine solche Vermehrung des Kieselsiuregehaltes hitte
sich eine derartige Massenvegetation pelagischer Kieselalgen nicht enwickeln
konnen. Diese Massenentwicklung verinderte auch die Farbe des Wassers zu
einer braunlich-gelblichen Schattierung. Die Millionenmasse von Kieselalgen
verbreitete auf dem offenen Wasser des Sees einen starken Fischgeruch. Die
aullerordentliche Population der Mikroorganismen triibte auch die Durchsich-
tigkeit des Wassers (s. die Daten iiber Durchsichtigkeit in 7ab. 1 an den Sam-
melstellen der Segmente M, K, und G.).

Neben der ungeheuren Population der drei pelagischen Kieselalgen fan-
den sich Vertreter sonstiger Algenstdémme blofin recht geringer Individuen- und
Artenzahl in den Proben der oben erwihnten siidwestlichen Sammelstellen
(Tab. 2). Die durch Asterionella-Melosira verursachte Wasserverfirbung wirkte
auch auf das Anzahlverhiltnis der an der oberen Schichte der Schlammproben
lebenden und abgestorbenen Algen ein (vgl. TamAs 1966a, 197, 201, 203, 207).

Die hohe 639, erreichende Prozentzahl des Pyrrophyten-Stammes in der
Augustprobe des Segmentes Sigpuszta— Balatonszemes war der hohen Indi-
viduenzahl der warmes Wasser bevorzugenden Ceratium hirundinella zu ver-
danken. Der Bestand von Ceratium hirundinella zeigt im Plankton des Balaton
in den letzten 20 Jahren eine ansteigende Tendenz.

Aus den Septemberproben der Sammelstellen zwischen der Bucht von
Keszthely und Szigliget —Balatonméria haben wir eine verstreute Wasser-
bliite von Aphanizomenon-Microcystis aufgezeichnet. Diese wirkte ungiinstig
auf die an der Schlammoberfliche lebende Kieselalgengemeinschaft ein. Die
abgestorbene Zellenmasse iiberdeckte an der Oberfliche des Schlammes die
dort lebenden Kieselalgen mit einer bldulich-griinen Schicht. Im Jahre
1965 kam es zu keiner groleren Wasserbliite, da die bedeutenderen Schwan-
kungen der Wassertemperatur als auch die hidufig aufgetretenen Sturmwinde
eine den fritheren Jahren dhnliche Entwicklung der Aphanizomenon-Microcys-
tis-Gemeinschaft (TamAs 1965b) nicht zulieBen.

Aus den Algengemeinschaften der lings der Tiefenlingsachse gesammel-
ten Proben haben wir fiir das offene Wasser des Balaton folgende charakte-
ristische Arten aufgezeichnet:

euriterme Arten,

warme stenoterme pelagische Arten,

tychoplanktische Kieselalgen,

ufernahe, jedoch tiefes Wasser bevorzugende Arten,

epipelagische Arten,

. aus dem Zala-Flufl und aus den in den See miindenden Bichen und
Berekwiissern stammende Arten.

S CL HRie0 1O B
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Das Vorkommen von Anabaena spiroides Mallomonas-Arten, Actinastrum
hantzschii, Eudorina elegans, Gloecoccus schroeters, Gonium pectorale, Hofmania
lauterborni, Scenedesmus acuminatus, Tetraédron minimum, Tetrastrum hetera-
canthum war auf die Bucht von Keszthely und auf deren unmittelbare Umge-
bung beschrinkt. Auffallend war das Fehlen von Huglena klebsii, Closterium
aciculare, Scenedesmus balatonicus in den Proben der Keszthelyer Bucht.

Im Laufe unserer Untersuchungen haben wir aus dem Balaton bisher
noch nicht mitgeteilte 4 Arten (Cryptomonas pusilla, Mallomonas elongata,
Cosmartum depressum und Tetraédron longispinum) in Tab. 2 mit einem »*«
bezeichnet.

Wir haben an der Sammelstelle zwischen Balatonalméadi und Balatonvila-
gos und in der Nihe des Ufers bei Balatonaliga im Oktober eine (conjugierende)
Gruppenbildung von Closterium aciculare beobachtet.

In T'ab. 2 haben wir jene Scenedesmus-Art, welche wir in unseren fritheren
Studien verschieden bezeichneten (Scenedesmus baculiformis CHOD., TAMAS
1959, 362; — S. ovalternus var. hortobdgyii UHRERKOV., TAMAS 1964a, 270;
1965a, 245; 1965b, 98) als Scenedesmus arcuatus LLEmM. forma UBERKOV be-
nannt (UrERKOVICH 1966, 136 pag. Abbildung 153—155). Die erweiterte
taxonomische Bezeichnung »Scenedesmus arcuatus LEMM. forma UHERKOV.«
soll darauf hinweisen, daf} der betreffende Organismus der Form nach von der
Art als Typus verschieden, selbstindig erscheint. Heute stehen uns bereits
reichlich Daten zu einer préziseren Abgrenzung und Benennung der Form zur
Verfiigung, woran wir demnichst in einer kiirzer gefafiten Abhandlung zuriick-
kommen werden.

Die fortschreitende Anreicherung des Balatonwassers an Nahr- und
Wirkstoffen hat eine von Jahr zu Jahr steigernde Produktion der pflanzlichen
Mikroorganismen zur Folge.

Aus der in den letzteren Jahren hiufiger wiederkehrenden Wasserver-
farbung (TamAs 1958) und Wasserbliite (TAMAS 1965b) konnen wir auf das Mal
der Eutrophisierung schliefen (vgl. Forr 1959, 401—407; TrHOMAS 1962).
In der Eutrophisierung ist die Bucht von Keszthely weiter fortgeschritten so
wie auch die nordostlichen Teile des Balatonsees oder auch die sich der Halb-
insel von Tihany vorgelagerten offenen Wasserteile.

Die im Vorangehenden erwihnte Menge von Dinobryon divergens, weiter-
hin die Massenentwicklung von Asterionella-Melosira und Ceratium hirundi-
nella bilden einen niitzlichen und vorziiglichen organischen Nihrstoff fiir die
Planktonkrebse und sonstige Fischnahrung bildende Organismen (vgl. PRES-
coTT 1960, 30). Die in den letzteren Jahren sich in geringerem oder groflerem
MafBle gegen Sommersende wiederholenden Aphanizomenon-Microcystis-Was-
serbliiten verunreinigen das Seewasser.- Diese Blaualgenarten konnen mit den
im Laufe ihrer Lebensvorgiinge erzeugten Stoffwechselprodukten auf die iibri-
gen Lebewesen eine toxische Wirkung ausiiben (PrEscoTT 1948, 1960; SHELUB-
SKY 1951b; GorEAM 1965).

Im Laufe unserer Untersuchungen haben wir aus dem offenen Wasser
des Sees fiir f-mezzosaprobe-Gewiisser charakteristische Indikator-Organismen
(Aphanizomenon flos-aquae, Microcystis, Ceratium, Dinobryon, Navicula,
Nitzschia, Ankistrodesmus, Crucigenia, Dictosphaerium, Pediastrum, Scenedes-
mus, Buglena usw.) aufgezeichnet (ForT 1959, 448 —450).



Tabelle 3

Verteilung des Balatonplanktons nach Artenzahl der Algenstémme, nach Individuen-

gesammelten

A Balaton planktonjdnak algatdrzsenkénti fajszdm, egyedszdm/liter

el Eael ote w4 %
Cyanophyta (17) VI. 5 1,27 1,4 9 4,55 3,5
VII. 6 1,2 1 8 2,0 1
WVALEL 11 2,73 0,01 | 10 6,35 1
IX. 7 1,13 1 9 4.4 3,6
X. /i 1,35 b 11 9,1 12,3
Euglenophyta (14) VI 9 0,92 1 3 0,35 0.3
VII. 5 0,1 0 5 0 0
VIII. 5 0,41 0,09 8 3,74 0
IX. 7 0,4 0 7 1,07 1
X 7 0,66 1 9 1,6 2,1
Pyrrophyta (7) VI. 2 0,22 0,2 2 0,33 0,2
VII. 2 0,72 il 2 1,83 1
VIIIL. 3 8,06 0,2 3 16,57 1
15.¢ 3 4,95 3 3 46,55 31
X 2 0,05 0 2 0,03 0,4
Chrysophyta (85) VI 47 78,59 92 22 106,83 83
VII. 33 113,0 97 24 197,42 96
VIII. 34 4178,02 99,4 13 1149,27 97
IX. 26 180,03 95 14 68,15 54,4
X 40 49,52 90 23 55,11 74.5
Chlorophyta (57) VI. 29 4,45 5,2 21 16,52 13
VIL. 16 1,7 ey "1 50 4,60 2
VIII. 24 15,12 0,8 AT 9,07 1
IX. 16 1,28 155 = 16 5,04 4
X. 21 3,34 6= 20 7,78 10,5
|
Mycophyta (1) VI. i 0,21 0,2 1 0 0
VII — 0 0 — 0 0
VIII. 1 0 0 — 0 0
X, — 0 0 — 0 0
X33 — 0 0 1 0,15 0,2
Zusammen V.. 93 85,66 100 ‘» 58 128,58 100
Osszesen (181) VIT. 62 116,72 100 49 205,85 100
VLI, 78 4204,34 100 51 1185,0 100
IX. 59 187,79 100 | 49 125,21 100
X. 7 54,92 100 | 66 78,77 100
|




— 3. téblazat
zahl pro Liter und nach perzentuellen Vorkommen auf Grund der im Jahre 1965

Proben
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Zusammenfassung

Autorin nahm in der Zeit von Juni 1965 bis Oktober desselben Jahres
einmal monatlich in 5 Quersegmenten der Tiefenlangsachse des Balatonsees
geschopfte Proben und Netzfilterproben-Sammlungen vor (Netzgewebe Nr. 6
und 25).

An 3 Stellen des sudwestlichen Seeteiles und 2 Punkten des norddstlichen
Seeteiles wurden die aus 4 verschiedenen Tiefen geschopften 97 Proben an Ort
und Stelle mit Jodjodkalium behandelt, sodann im Laboratorium mittels eines
UTERMOHLschen Planktonmikroskopes abgezéahlt. Die 76 Netzfilterproben
wurden teils in lebendem, teils in 2%iger Formalinlésung konserviertem Zu-
stande untersucht.

Im Laufe der Phytoplankton-Untersuchungen wurden aus den geschopf-
ten und Netzfilterproben 165 Arten, 14 Variationen und 2 Formen bestimmt.
Aus diesen waren 4 Arten (in Tab. 2 mit einem »*«bezeichnet) aus dem Balaton
bisher unbekannt.

_ Die Arten %?hdr_en systematologisch zu 5 grofen Algen- und einem
Pilzstamm; nach Haufigkeitsordnung sind es die folgenden: Ghrysophyten 85,
Cf?lorop?yten 57, Cyanophyten 17, Euglenophyten 14, Pyrrophyten 7 und Myco-
phyten 1

Von Juni bis Oktober war unter den 5 Sammelstellen die Bucht von
Keszthely mit einer Artenzahl von 59—93 und einer Individuenzahl von 54 920
—4 204 340 pro Liter am reichsten. Am &rmsten an Artenzahl zeigte sich die
Sammelstelle zwischen Sagpuszta—Balatonszemes im Juli (47), und an Indi-
viduenzahl am armsten die Oktoberprobe der Sammelstelle Balatonalméadi
Balatonvilagos (mit 28 030 pro Liter).

An allen Sammelstellen waren in den Proben von Juni bis Oktober Lyny-
bya circumcreta, L. limnetica, Ceratium hirundinella und Dictyosphaerium pul-
chellum vertreten.

Die hochste Arten-, Individuen- und Prozentzahl erreichte der Chryso-
phyten-St&mm (Tab. 3). Diese Gruppe kam in den Proben der Bucht von
Keszthely mit 90—99,4% und an der Sammelstelle (K) zwischen SzigUget—
Balatonmaria mit 54,4—97% vor. Eine derartig groRe Massenvegetation der
hierher gehorigen Dinobryon divergens war bisher aus dem Balaton unbekannt.
Im Monat August verursachten die in die Bacillariophyceae-Klasse des Ghryso-
phyten Stammes gehdrigen Asterionella formosa, Melosira granulata und Melo-
sira granulata var. angustissima eine sich auf alle drei Segmente (M, K, G) des
stdwestlichen Seeteiles erstreckende Wasserverfarbung. Die Millionen aus-
machende Individuenzahl von Asterionella-Melosira bewirkte in der Bucht von
Keszthely und an der Sammelstelle zwischen Szigliget—Balatonmaéria eine
gelbliche Wasserverfarbung. Neben diesen drei in groBer Populationsdichte
vorkommenden pelagischen Kieselalgen kamen Vertreter sonstiger Algenstam-
me nur in geringer Arten- und Individuenzahl in den Augustproben der zwei
sudlichsten Sammelstellen (M und K) vor (Tab. 2). Die durch Asterionella-
Melosira verursachte Wasserverfarbung beeinflufRte stark das Zahlenverhalt-
nis der auf der oberen Schichte der Schlammproben lebenden und abgestorbe-
nen Algen.

Die hohe Prozentzahl von 63% des Pyrrophytenst&mmes in der geschopf-
ten Augustprobe zwischen Sagpuszta—Balatomszemes ist auf die hohe Indi-
viduenzahl von Ceratium hirundinella zurtckzufuhren.
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Autorin hatte auch aus den Septemberproben des Abschnittes zwischen
der Bucht von Keszthely und Szigliget—Balatonmaria eine zerstreute Wasser-
bliite von Aphanizomenon-Microcystis aufgezeichnet. Diese wirkte ungiinstig
auf die an der Oberflache des Schlammes lebenden Kieselalgengemeinschaften.

In den léngs der Tiefenldngsachse gesammelten Proben gefundenen
Algengemeinschaften kamen fur das offene Wasser des Balaton charakteristisch
folgende Arten vor: 1. euriterme, 2. warme, stenotermische pelagische Algen,
3. tychoplanktische Kieselalgen, 4. ufernahe, jedoch tiefes Wasser bevorzu-
gende Arten, 5. epipelagische Arten und 6. aus dem Zala-FluR und aus den
in den Balaton mindenden Bécheij, Berekwdssern und sonstigen Wasserlaufen
stammende Arten.

Aus den in den letzten Jahren sich wiederholt ergebenden Erscheinungen
der Wasserverfarbung und der Wasserblite 14t sich ein SchluR auf das MaR
der Eutrophisierung des Sees ziehen. Die Bucht von Keszthely und deren
nachste Umgebung ist in dieser Beziehung weiter fortgeschritten als das
Nordost-Becken.

Eie Massenentwicklungen von Dinobryon—Ceratium—Asterionelia—
Melosira bedeuten einen nutzlichen und guten organischen Né&hrstoff fur die
Planktonkrebse und sonstigen Fischnahrungs-Organismen. DemgegenUber
zeigt sich die gegen Sommersende auftretende Aphanizomenon-Microcystis
Wasserblite bzw. deren Stoffwechselproduktion wegen ihrer toxischen Wir-
kung schadlich.

Autorin hatte im Laufe ihrer Untersuchungen Gelegenheit, viele fiir
/3mezzosaprobe Gewaésser charakteristische Indikator-Organismen aufzuzeich-
nen.
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~ HORIZONTALIS PLANKTONVIZSGALATOK A BALATONON V.
A TO FITOPLANKTONJAROL AZ 1965. EVI MERITETT MINTAK ES HALO-
SZUREDEK ALAPJAN

Tamas Gizella

Osszefoglalas

Szerz6 1965 juniustdél — oktdberig havonta egyszer a to6 mélységi hossztengelyének
Ot harantszelvényén végzett meritett és halosziredék (No 6. és 25. halészdvet) minta
gytjtéseket. i

A t6 DNy-i részének 3, az EK-i részének pedig 2 pontjan négy szintbél meritett
97 mintat a helyszinen jodjodkaliummal kezelte, majd_a laboratériumban v termeon
planktonmikroszkoppal szdmlalta. A 76 haldszuredék mintat részben éI6, részben pedig
2%-0s formalinnal konzervalt allapotban vizsgalta, ) .

A fitoplankton vizsgalatok soran a meritett és a haldsziiredék mintakbél 165 fajt
14 valtozatot és 2 format hatarozott meg. Ebbél a szamadatbol 4 faj (a 2. tablazaton
* jelolés) eddig a Balatonbol ismeretlen volt.

Rendszertanilag 6t nagy alga- és egy gombatdrzsbe tartoznak a fajok, gyakorisagi
sorrendben a kovetkezdk: Chrysophyta 85, Ghlorophyta 57, Cyanophyta 17, Euglenophyta
14, Pyrrophyta 7, Mycophyta 1

Juniustél — oktoberig az 5 gydjt6hely kozul fajszdmban (59—93) és egyed-
szamban (54 920 — 4 204 340/liter) a Keszthelvi-6b6l volt a leggazdagabb. Fajszamban
a legszegényebb a Sagpuszta—Balatonszemes kozotti gy(jt6hely juliusi _(47;, egP/edszém-
ban pe q a Balatonalmédl—BaIatoanéPos oktéberi 'mintaja (&8030/I|t€r volt.

Valamennyi gy(jtéhelyen janiustél — okt6berig szerepelt a Lyngbya circumcreta,
L. limnetica, Geratium hirundinella és a Dictyosphaerium pulchellum.

A legmagasabb faj-, nged- és szazalékszamot a Chrysophyta torzs érte el (L 3.
tablazat). Ez a torzs a _Keszthelyi-6bol mintdiban 90—99,4%-kal, a Szigliget—Balaton-
méria Kézotti (K) gy(djtéhelyen pedig 54,4—97%-kal szerepelt. Az idetartoz6 Dinobryon
divergens ilyen nagy méretli’ témegvegetacidja a Balatonbdl eddig nem volt ismert.
Augusztus hdnapban a t0 DNy-i részének mindharom (M, K, G) Szelvényére Kiterjedd
vizszinez&dést idézett el6 a Chrysophyta torzs B aeillariophyceae osztalyaba tartozo
Asterionella jormosa, Melosira granulata és M. granulata var. angustissima. Az Asterio-
nella — Melosira milliés egyedszdma a Keszthelyi-6bodlben és a Szigliget—Balatonmaéria
kozotti gydjtéhelyen sargas vizszinezddésben nyilvanult meg. E nagy népességili harom
pelagikus kovamoszat mellett mas algatorzsek képvisel6i csak nagyon csekély faj- és
e](__;yeds,zémban fordultak el6 a két legdélibb gM'és K) gydjtéhely augusztusi mintaiban
(L 2. tdblazat adatait). Az Asterionella — Melosira vizszinez6dés hatassal volt az iszap-
mintak feliileti rétegén eld és elpusztult algak szamaranyara. ) )

A Pyrrophyta torzs 63%-at Sagpuszta—Balatonszemes augusztusi meritett min-
tajaban a Geratium hirundinella magas egyedszama idézte eld.
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Szerz§ Aphanizomenon — Microcystis szort vizviragzast jegyzett fel a Keszthelyi-
6bol és Szigliget—Balatonmaria k6zotti gy(ijtéhely szeptemberi mintaibol. Ez a jelenség
az iszap feluletén él6 kovamoszat egyittesre kedvez6tlen hatdssal volt.

A mélységi hossztengely mentén gy(ijtétt mintak algatarsulasaban a Balaton
nyiltvizere jellemz6 fajok szerepeltek: 1. euriterm, 2. meleg stenoterm pelagikus algak,
3. t&/choplanktlkus kovamoszatok, 4. partkozeli, de mélyvizet kedvel6k, 6. epipelagikus
fajok, 6. a Zala folydbol és a tdba 6ml6 patakokbdl, berekvizekb6l szarmazok.

Az utébbi években ismétl6d6 vizszinez6dés és vizviragzas jelenségeibbl lehet
kovetkeztetni az eutr6fizalédas mértékére. A Keszthelyi-6bol és kdrnyéke ebben el6bbre
haladt, mint az EK-i medence.

A Dinobryon — Geratium — Asterionella — Melosira tomegkifejlédés hasznos
és jO szerves anyag taplalék a planktonrdkoknak és egyéb haltaplalék szervezeteknek.
Ezzel ellentétben a nyar végi Aphanizomenon — Microcystis vizviragzas anyagcsere-
termékének mérgez6 hatasaval karos.

Szerz6 a vizsgalatok soran nagy szamban jegyzett fel /J-mezoszapréb vizekre
jellemz6 indikator szervezeteket.

FOPN3OHTAJIbHOE UCCNEAOBAHVE M/IAHKTOHA BAJIATOHA V.
O ®UTOMNAHKTOHE O3EPA MO OBPA3LY CAYKA W MOIMrPY>XEHHOW
MPOBbI

"'m3enna Tamaul

ABTOp NPYBOAMUT AaHHble 06 aHanu3e o6pa3g,0|3 cauka 1 Morpy>xeHHo rmpabbl (N ceTku
6 1 25), cobpaHHbIX B 5 pasHbIX MyHKTax Mo FAyOUMHHOWA ocu 03epa pa3 B MecCsl, C MKOHS MO
OKTS6pb_ 1965 roga.

97 06pa3LoB MOrpy>eHHoW npobbl, COOpaHHbIX B 3 MeCTax CEBEPOBOCTOYHON YacTu
03epa 1 B 2 MecTax oro-3arafiHoi YacTn o3epa Ha 4 3aneraHusix, 0bpabotanm Ha MecTe Hoan-
CTbIM KasineMm, 3aTeM B S1a00PaTOPHbIX gcnosmnx MpOU3BOAWAN paccBeTbl NocpeacTBoM Ute r -
m 6 Hb MMAHKTOHHOTO MMKPOCKOMa. 76 06pasuoB cayka ObUM U3y4eHbl OTYAacTW B XXUBOMN W
0TYacT B 3aIMKCMPOBAHHOM 2%-HbIM (DOPMASIVIHHOM BUTE.

B xopge vccnefoBaHus 06pasuoB 6b110 onpeaeneHo 165 BuaoB, 14 pasHOBWUAHOCTEW ©
2 Bapuaumn. M3 Hux 4 Buga (cm. Tabnuuy Ne 2, *) 6binv BrepBble 06HapyXXeHbl B banaToHe.

O6Hapy>KeHHble BUAbl CUCTEMATWMYECKM OTHOCATCS K 5 Knaccam BOZOPOCNEW M ogHOMY
Knaccy rpubos mno cregytowemy psgy: Chrysophyta 86 Chlorophyta 57, Cyanophyta 17,
Euglenophyta 14, Pyrrophyta 7, Mycophyta 1

Mo uncneHHocTn (54 920—4 204 340/nutp) 1 uncny (59—93) BMAOB 13 5 MecT 0buTaHKs
cambiM 6oratbiM Obln KecTxeilckuii 3anmB. M0 uncny BMGOB CaMbiM GedHbIM Obl1 06pasel,
cobpaHHblin B LLlarnycta—banatoHcemell B utone, (47), a M0 YNCEHHOCTY Buda obpasel, Cob-
paHHbIi B BanatoHanmagu—banaToHBmnarow B OKTs6pe (28 030/iuTp).

Bo Bcex MecTax 00WTaHWS 33 YKasaHHbI/ NMeprof, BPeMeHW BCerfa 0OGHapy>KUBAKOTCH:
Lyngbya circumcreta, L. limnetica, Geratium hirundinella, Dictycsphaerium “pvichellum.

Camoro BbICOKOrO cogepxkaHus gocturna rpynna Chrysophyta (Tabmmupl 1 n 3).
JTa rpynna coctasuna B 0 é)a3u,ax Kecrtxelickoro 3aimea 90—99,4% — a B Curmret—
banatoHanvaan (mecto K) 54,4—97%. Takoe wmaccoBoe nossieHne Dinobryon divergens
HoBOe AN BanatoHa. B aBrycte B Tpex mectax (M, K, O) rorosanaﬂHpﬁ yacTyi 03epa 3Hauu-
TeNbHOE OKpalUMBaHWE BOAbI BbI3bIBAIOCH MpeAcTaBuTensMn Tuna Chrisophyta oTHOCALLMXCS
knaccy Bacillariophyceae, a umeHHo Arterionella {ormosa, Melosira granulata, M. gra-
nulata var. angustissima. Bcnegcteme MWnMOHHOW umcneHHocTn Asterionella n Melo-
sira Boga B Kectxelickom 3aimBe U Curnuret — banaToHMapusi OKpalIMBAeTCs B Kef-
ThIil LBeT. [OMMMO 3TUX Menarnveckmx KpemMHeBbIX BOAOPOC/EN apyrve BOAOPOC/U O6HapYXK-
BalOTCA B HW3KOI UMCieHHOCTU 1 umncne B Mecte M u K B aBrycte (Tabmmupl 11 2). Okpalim-
Bang BOAbl BUAOM3MEHAN0 U YWUCNO BOAOPOCNEN, YKMBYLLMX Ha MOBEPXHOCTU UNa U Tam e
MOrunbLIMX.

63% Tuna Pyrrophyta B 06pasue MOrpy>xeHHol npobbl, cobpaHHoi B LLlarnycta—
BanatoHcemell B aBrycte 6bul COCTaBNeH BbICOKMM uucrioMm Ceratium hirundinella.

B o6pasLie, cobpaHHOM B ceHTebpe B KecTxelickoM 3a/inBe 1 CurnureT—banatoHMapus,
6bII0 OTMEYEHO 4YacTMYHOE OKpawlmBaHue Bogbl € Aphanizomenon-Microcystis. 310 'ABne-
HVE BULOM3MEHSNO KOJIEKLMIO KPEMHEBBIX BOAOPOC/EN, XMBYLLMX Ha MOBEPXHOCTW wna, B
He6aronpuUATHOM HanpasfieHN.
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B 06pasuax, cobpaHHbIX Mo rNyO6WMHHOM 1 BePTUKANbHOW Ocu 03epa, Obli 06HapYXKeHbI
BWIbl BOJOPOCINEN, XapaKTepHbIX /151 OTKPbITOA YacTyi banaToHa: 1—sBTOTEPMHbIE, 2—Teno-
CTEHOTEPMHbIE Me/larnyeckne Bogopoc/iv, 3—TUX0MnNaHKTUYECKe KDEMHEBbIE BOAOPOCN, 4—BO-
[l0poC/v, XapaKTepHble /11 NPWGEpPeroBoil 4YacTW, HO MPeAnouMTaloLLmMe Ty6oKy BOAY,
5—snunenarnyeckyie BUApl, 6—Buabl, NPOUCXOXASALLME U3 PEKM 3ana U ApYrvX, BNafatoLmx B
03ep0 pekK.

Mo MHTEHCVMBHOCTM OKpaLLMBAHWS 1 «PacLiBETaHWs» BOAbI, MOBTOPSHOLLMXCS B MOCNEAHNE
rofbl, MOXHO CfienaTb BbIBOA O Mepe 3yTpou3aumm, KoTopas cunbHee B KeCTxelicKom 3amse,
UeM B CEBEPO-BOCTOUHOM OacceliHe. .

Dynabryon-Oeratium-Asterionella-Melosira SBASOTCSA XOpOLUMM OpraHWYecKUM MuTa-
TeNbHbIM BELLECTBOM AII\'IAFI MNaHKTOHHbIX PakoB W ApPYrM KOPMOM 4SS pblb. B oTamume ot
atoro Aphanizomenon-Microcystis, NosBAAIOLMECS B KOHLE NeTa BpefHbl, BCeACTBUE S40BU-
TOCTU 06OVX MPOLYKTOB NpW OOMEHe BELLECTB.

ABTOp B X0J€ UCCNeA0BaHUs Halle/ B GO/bLLOM KOMMYECTBE MHANKATOPHbIE OpPraHn3Mbl,
XapakTepHble Ans /3-mMe30canpobHbIX BOA.
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QUANTITATIVE ALGOLOGISCHE UNTERSUCHUNGEN IM BODEN-
SCHLAMM DES BALATON AUF GRUND DER SAMMLUNGEN DES
JAHRES 1966

GIZELLA TAMAS

Biologisches Forschungsinstitvi der Ungarischen Akademie der Wissenschaften,
Tihany, Ungarn

Eingegangen am 4. April 1967

Vorliegende Studie schlie3t sich den friher erschienenen Werken an,
welche Angaben Uber das Mikrophytenbentos des Balaton enthalten (ausfiihr-
liches Schrifttum siehe in der Studie von Tamas 1966).

Diese Studie bildet die Fortsetzung der quantitativen algologischen
Untersuchungen (Individuenzahl pro dm2 von Schlammproben, welche wir
im Jahre 1965 an drei Segmenten des sudwestlichen und an zwei Segmenten
des norddstlichen Seeteiles in der Zeit von Juni bis Oktober monatlich syste-
matisch durchgefuhrt eingesammelt hatten.

Ort und Zeit der Sammlungen, Methodik der Aufarbeitung

Die Einsammlung der Schlammproben erfolgte im Jahre 1966 — in
&hnlicher Weise wie im Vorjahre — am suidwestlichen Teile des Sees an drei,
am norddstlichen Teile an zwei, auf die Langsachse des Seespiegels senkrechten
Quersegmenten (Sebestyén 1960). Die Schlammproben wurden an drei be-
stimmten Punkten der einzelnen Quersegmente (M, K, G, A, und E; Abb. 1)
mittels eines modifizierten Schlammgreifers System Cratb ausgehoben (aus-
fiihrliche Beschreibung desselben bei Ponyi, Biré und P. ZAnkay, 1967).
Wir liel3en die Schlammproben 48 Stunden lang im Laboratorium sich absetzen.
Aus den Proben haben wir aus funfmal 1 cm2betragenden Schlammoberfléchen
samtliche ﬁlebende und abgestorbene) Algen aufgezeichnet und die auf diese
Weise erhaltenen Daten auf 1 dm2umgerechnet. In Tab. 2 und 3 sind die Mit-
telwerte angegeben, errechnet aus den aus 3 Punkten je eines Quersegmentes
erhaltenen Daten.

Die Lage der Quersegmente ist in Abb. 1 zu ersehen; die sonstigen
Sammlungsdaten sind in Tab. 1 enthalten (diese sind ebenfalls die Mittelwerte,
die aus den aus drei Punkten je eines Quersegmentes enthaltenen Angaben
errechnet wurden).



Abb. 1. Skizzenhafte See-Karte des Balaton, mit Bezeichnung der Probenentnahme-Stellen. M, = zwischen Gyenes-
dids und der Mindung des Zala-Flusses, cca 4000 m vom Nordufer; Mn= cca 2800 m vom Nordufer; M 2= cca
2000 m vom Nordufer; K0= zwischen Szicf;ligetund Balatonmaria, cca 6800 m vom Nordufer; Kx= cca 6000 m
vom Nordufer; K 2= cca 4000 m vom Nordufer; Gy = zwischen Sagpuszta und Balatonszemes, cca 5500 m vom Nor-
dufer; GO = cca 4000 m vom Nordufer; G, = cca 2500 mvom Nordufer; Ax—zwischen Balatonflired—Fenékfirdd
und Zamardi, cca 7000 m vom Nordufer; AO= cca 5800 m vom Nordufer; A2= cca 3300 m vom Nordufer;
E n= zwischen Balatonalmadi und Balatonvilagos, cca 8600 m vom Nordufer; E, = cca 6400 m vom Nordufer; E =
cca 2300 m vom Nordufer

1. dbra. A Balaton vazlatos térképe a mintavételi helyek me%jelélésével. Mx = Gyenesdias — Zala foly¢ torkolata,

az északi parttol kb. 4000 m; MO= az északi parttol kb. 2800 m; M 2= az eészaki parttél kb 2000 m; K,, = Szig-

liget—Balatonmaria, az északi parttdl kb. 6800 m; Kx—az északi parttél kb. 6000 m; K, = az északi parttol

kb. 4000 m; G, — Sé%puszta alatonszemes, az északi parttdl kb. 5500 m; (70= az északi parttdl kb. 4000 m; G2

= az északi parttdl kb. 2500 m; A L= Balatonfured Fenékfird6—Zamardi, az északi parttdl kb. 7000 m; AO= az

északi parttdl kb. 5800 m; A 2= az északi parttdl kb. 3300 m; E 0= Balatonalmadi—Balatonvilagos, az északi
parttol kb. 8600 m; Ex= az északi parttdl kb. 6400 m; Er = az északi parttol kb. 2300 m



Sammelstellen
Gyljtéhelyek

*

*

*

*

0

Tabelle 1 — 1. tablazat

235

Ort und Zeitpunkt der Probenentnahme 1966 und andere Angaben
Az 1966. évi gylijtések helye, ideje és egyéb adatai

Zeitpunkt — ld6pont

VI
VIIL.
VIII.

IX.
X.

XI.

VI
VII.
VIII.

IX.
XI.

VI
VII.
VIII.

VII.
VIII.

VI
VII.
VIII.
IX.
X.
XI.

Zeichenerklarung — Jelmagyarazat

17.

6—10 h

7—11 h

16—18 h
16—19 ,,
1517 ,,
1517 ,,
16—18 ,,
1517 ,,
1517 ,,

9—12 h
9—12 ,,
9—12 ,,
9—12 ,,
9—12 ,,
911 ,,
9—1 ,,

15—18 h

17—19 ,,
1518 ,,
1517 ,,

. 1517,

1417 ,,
14—16 ,,

pu
bo
181

19

195
2

7
16
39

=BRRR

e

Lufttemperat
Leveg6hé6fok,

N
o

NJ=t3]

20,3
15,6
25

21,6
21,3
20

25

218
16
51
25
20,6
19.8
18

233
24

N RN NN
OCOORON

NwoowNo

W assertiefe
Vizmélység, cm

270

296
297
287

274
241

375
369

395

374
359
368

413
432
423
425
412
404
409

369
399
392
362
388
375
394

449

408
454
433
433
413
423

urchsichtigkeit
‘Atlatszésag, cm

R

(63}
4

&8

ROBTE AN YIVLEBY &G&  ALCIB &8

&

R88&ERB

Anmerkungen
Megjegyzések

* Aphanizomenon —
Mycrocysiis zerstreu-
te Wasserblite

* Aphanizomenon —
Microcystis SzOrt viz-
viragzas

* Aphanizomenon — M icro-
cystis zerstreute Wasserbl{ite

* Aphanizomenon —
Microcystis SZOrt viz-
viragzas

Wenig Planktonorganismen!

Kevés plankton !

0 Wéhrend der Sammlungen
herrschte stlirmischer Nord-
wind und Regen

0 Gylijtés kdzben viha-
ros északi szél, es6

* Die Werte beziehen sich auf Messungen mit der SECCHI-Scheibe — Meérések seccni-

koronggal



236

Untersuchungsergebnisse

Die aus 105 Schlammproben der 15 Sammelstellen bestimmten Algen-
arten gehdren — mit dem Pilz zusammen —in die nachstehend aufgezéhlten
6 systematischen Stdmme, in der Reihe nach Haufigkeit ihres Vorkommens
geordnet:

At Varietét

Chrysophyten  oeecoeeverieeninnens 60 3
Cholorophyten eceeeceriieeiiniens 24 3
Cyanophyten oeocveerceesiieeieenne 13 —
Euglophyten eieiieeieee i 8 —
PYrrophyten e, 1 —
MYCOphyten ovevverseeeieeinieen 1 —

Zusammen....... 107 6

Die Arten aller drei Klassen (Xanthophyceae 2, Chrysophyceae 1, Bacilla-
riophyceae 60) des Chrysophyten-Stammes waren vertreten. Von den 32 Arten
der schlammbewohnenden Bacillariophyceae-Kletsse erreichten einige stellen-
weise — d&hnlich wie im vorigen Jahre — bedeutende Individuenzahlen:
Amphora ovalis, A. ovalis var. pediculus, Diploneis elliptica, D. puella, Fragilaria
pinnata, Navicula cryptocephala, Nitzschia amphibia, N. sigmoidea usw. Von
den aus dem offenen Wasser des Sees wohlbekannten 15 pelagischen Arten
kamen Cyclotella bodanica, G. ocellata, Melosira granulata, M. granulata var.
angustissima, Nitzschia acicularis stellenweise in groBer Individuenzahl in den
Schlammproben vor. Von den 13 epiphyten Arten waren Cocconeis placentula
Cymbellen, Epithemien, Gomphonema olivaceum, Rhoicosphenia curvata, Rhopa-
lodia gibba und Synedra parasitica nur sporadisch anzutreffen.

Das perzentuell guantitative Vorkommen (Individuenzahl pro dm2 des
Chrysophyten-Stammes wechselte in der Zeit von Mai bis November stellen-
weise zwischen 4 und 99%. Der Stamm erreichte 55% der gesamten Algenarten-
zahl.

Nach Hé&ufigkeit der Artenzahl geordnet steht der Stamm der Chloro-
phyten an zweiter Stelle. In der Mehrzahl gehdren die Arten in die Ordnung
der Chlorococca.les. Die pro dmZ2angetroffene Individuenzahl der in den Schlamm-
proben bloRR sporadisch vorkommenden Arten ist unbedeutend. (Tab. 2).

Das perzentuell quantitative Vorkommen (Individuenzahl pro dm2) des
Chlorophyten-Stammes wechselte in der Zeit von Mai bis November stellen-
weise zwischen 0 und 3%. Der Stamm erreichte 24% der gesamten Algen-
artenzahl.

Nach Haufigkeitsanordnung der Artenzahl folgt als nachster der Stamm
der Cyanophyten. Unter den in Tab. 2 angefiihrten 13 Arten kommen die pela-
gischen Arten Lyngbya circumcreta und L. limnetica fast in samtlichen Proben,
stellenweise sogar in bedeutender Populationsdichte vor.

Das perzentuell quantitative Vorkommen des Cyanophyten-Stammes
wechselte in der Zeit von Mai bis November stellenweise von 0 bis 6%. Der
Stamm erreichte 11% der gesamten Algenartenzahl.

Die 8 Vertreter des Stammes der Euglenophyten fanden sich sporadisch
in niedriger Individuenzahl in den Schlammproben (Tab. 2). Das perzentuell
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Tabelle 2 — 2. tablazat

Quantitative Mikrophytobentos-Untersuchungen aus dem Eprofundal des Balaton-Sees
auf Grund der Sammlungen des Jahres 1966 (i/dm? = Individuenzahl pro dm? X 1000)

A Balaton nyiltvizi fenékiszapmintdinak mennyiségi algolégiai adatai az 1966. évi
gytjtések alapjdn (i/dm? = egyedszdm/dm?® x 1000)

Sammelstellen und Zeit- ‘
punkt des Vorkommens M K G A E
GyfijtShelyek, id6pont
ﬁ:ﬁv&zﬁﬁﬂggi @ b a b a b a b a b
I
CYANOPHYTA
Aphanizomenon flos- V. 0,1 — 0,1 — — — — — 0,1 —_
aquae var. klebah- " VT - — — — — | 0,1 —- — —
nit BLENK. VII. — | 0,1 — | 0,2 = 0.1 — | 01 — ==
VIIL. - — - 0,1 — 1 01 - —
IX. — — — G Ol 0L L 06 0:20 0,1
X — | 0,2 — | 01 ] 0,1 - — — — —
X — 1 0,1 — | 0,1 — | 0,1 — — — —
Aphanocapsa delica- V. - — — — — — — — | 0,1 —
tissima W. et G. S.
WaesT
Chroococcus limmneti- V. — - — — — — — — | 0,1 —
cus LEMM. VII. — — | 0,1 — — — — — — —
Chroococcus turgidus VI. 0,1 — — — — — — — — —
(KtTz.) NAEG.
Coelosphaerium kiit- VY. —_ — — — | 0,1 — —_ — 0,1 —
zingianum NAEG. VI. — —HiR0a R = e e — =
VII. 0.1 — | 0,1 — | 0,1 — | 0,1 — 1 0,1 —
VIII. - —- — — | - —- — — | 0,1 —
X, — 0,1 — | 0,1 - 0,1 — 10,8 —
X: I R R SO | SERE | O P E E 0 |
XI. — — 0,1 — — — | 0,1 — | 0,1 —
Gomphosphaeria VI. e — | 0,1 — = — = — —
lacustris CHOD. X — — — — | 0.1 — — — — —
X — — — — X — — - — —
Lyngbya circumcreta V. 01 | 02,7 01| 03] 03 |01 10| 055 2,7 F s
G. S. WEsT VI. 0.1 | 0,2 1081 0:5 ©6 | 1:8 | L4 | 1,9 10,6 [ 3.6
VII. 0,1 [ 01 | 02| 04| 06| 15| 0,8 | 1,6 0,8 | 3,0
VIII. 01| 01 0.2 04 | 06| 1,2} 1,0]:2,0| 1,2 ] 3.6
X, 0,27 01 [ 04[5 04 204 [ w280 11 81 370 [ N6 |E 49
X, 05l | 011005 i 052 108 | 1,7 | 156 |32, 2,2 3.6
XI. 02 0,1 | 02| 0;2 F 0.3 [ 0,7 0,601 10951 0,201 0,2
Lyngbya limnetica V. 0,11 0:1 B 0L | 051} 1051|0015 0L {10, |04 0.3
LevM. VI. — — | 05 0L 0L 0,0 051 1 03k — | 0,1
VAL, — — | 0, 0L | oL [ 01 f 051 — | 0,1
VIII. 0,1 — — — | 0,1 — | 0,1 — | 0,1 ——
IX. — — 1 0, — 01 015 10,8 — — | 0,1
X — — — — — | 0,1 ] 0,1 — | 0,1 —_
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Tabelle 2 (Fortsetzung) — 2. tablazat (folytatds)

Sammelstellen und Zeit-
punkt des Vorkommens M K @
Gyfijtohelyek, idépont
Artenverzeichnis
Fajok felsorolésa L b g b & b
Merismopedia glauca VI. — — — — | 01| 0,1
(EHR.) NAEG. V. 0,1 — — — — —
Microcystis flos-aquae Ve — — — S bk =
(WirTR.) KIRCHN. VL 0,1 0,1 0,1 — | 0,1 —_
VII 0,1 — — — | 0,1 — | 0,1
IX 0,1 — - - —
Oscillatoria sp. V. — — | 0,1 —_ —_ -
. VI. — — ] 0,1 — — =L
VII. S DRGSR (8 RN 8
VIIL. e S e UL (5T [ s
Phormadium sp. WIET. 0,1 — — — — —
IX 0,1 — — — = s
Pseudanabaena cate- V. 0,1 — | 0,1 — | 0,1 — | 0,1
nata LAUT. VI. 0,1 — - — | 01 — 1 0,1
VII 0,2 — — — — = —
VIII. 0,1 — — — | 0,1 — | 0,1
EX. - — — e — — | 0,1
X — — — — 1 0,1 — | 0,3
XI. — — — — — — | 0,1
EUGLENOPHYTA
Euglena acus EBR. V. — — — — — —
Euglena ehrenbergii V. — — — — | 0,1 -
KrEBS WIL, — - — | 0,1 — — —
VIII. — — — — — — | 0,1
X — - — — | 0,1 —
Kuglena klebsii A — — — — 1 0,1 - —
(LEMM.) MAINX X — — — — — — | 0,1
Huglena limnophila ¥ — — | 0,1 — - —
var. minor DREZ. X, 0,1 - — — — —
Kuglena oxyurus ¥ — — | 0,1 — | 0,1 —
SCHEMARDA VII: — — | 0,1 — — —
Phacus acuminatus Y. — — | 0,1 — — —
STOKES VT, — — 0,1 — — —
X, - — | 0,1 — — —
Phacus tortuosus V. — — = = (] =
RoLn
Trachelomonas sp. IX. - — —_ — — | 0,1
|
i l |
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Tabelle 2 (Fortsetzung) — 2. tdblazat (folytatas)

R . . o .«
g}g}m a b a b a b a b a b

PYRROPHYTA
Peridineae
Geratium hirundinella V. - - - - -0 - - - —
O. F. MaIr) 1X. 01 —
hrank X. -_ - 0] - - = = - == -
(Zysten) XI. _ - 01 - = = = = = —
CHRYSOPHYTA
Xanthophyceae
Botryococcus braunii VII. - — — — 01 - - - - —
Kutz.
Planktonema lauter- V. o — 01 01 01 _ 01 _ 02 —
borni Schmiele VI. — — 03 — 01 - — — 01 —
VII. 01
IX. _ - = = - = = — 01 -
Ghrysophyceae
Synura uvella Ehr. X. 01
XI. 01
Bacillario-
phyceae
Re Amphora ovalis V. 22 07 33 08 10 09 45 38 25 06
Kutz. VI. 05 18 06 25 31 26 31 20 04 07
VIL. 03 08 25 26 05 25 04 34 12 09
VIII. 05 06 29 13 14 35 03 31 15 19
I1X. 05 18 20 14 18 33 12 39 22 11
X. — 10 07 14 03 26 06 27 01 09
XI. 06 12 13 09 06 20 09 07 04 —
Re Amphora ovélis V. 84 09 118 13 46 26 49 13 46 09
var. pediculus VI. 05 07 05 11 26 21 21 18 02 01
Kutz. VII. 03 04 06 03 04 09 01 08 09 04
VIII. 03 01 18 06 02 15 - 10 07 06
I1X. 03 11 03 11 07 18 03 21 06 03
X. 01 03 03 09 01 10 01 10 o1 05
XI. oL 03 05 05 04 13 04 03 — —
Pl Asterionelia V. — 01
formosa Hassal
Pl Altheya zachariasi V. - - - - - - = = —
Brun. VII. —  — Oq,g_l' - - — — — 0 —
Be Galoneis schuman- V. oL 01 o1 '_— _ oL 02 04 02 01
niana Vvar. bicon- VI 0L o1 02 01 01 01 01 O3 01 01
stricta Gran. VIL. - — — — 01 01 — 02 01 01
VIII. 00 01 — — 01 01 — 03 — 01
IX. 01 01 — 01 — 01 — 02 — 02
X. - — 01 01 — 0L — 02 — 01
XI. - — — 01 02 — 03 —
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Sammelstellen und Zeit-
punkt des Vorkommens
Gydjtéhelyek, idépont

Artenverzeichnis
Fajok felsorolasa

Be Campylodiscus
noricus var. hiber-

nica (Enr.) Grun .

Ep Gocconeis piacén-
tula Enr.

P1 Cyclotella bodanica
Euxenst

P1 Cyclotella ocellata
Pant.

Pl Cymatopleura
elliptica (Breéb.)
W. Smith

Pl Cymatopleura
solea (Bréb.)
W. Smith

Ep Cymbella ajfinis
Kutz.

VII.
VIl
1X.

X1,

VI.
VII.
VIl
IX.

VI.
VII.
VIl

VI
1X.

X1

VI.
VII.
\ARRE

VIl
VIl
1X.

X1.
VI.

VIl
1X.

0,1
0.3

0,5

0,2
0,1
0,1
0,3
0,2
0,4
0,2

Tabelle 2 (Fortsetzung)

3,3
5,8
2,1
3,1
8,6
5,4
2,3

2,5
8,6
5,2

8,6
9,1
4.4

0,2
0,1
0,1
0,1
0,2
0,3
0,2

0,1
0,1

— 2. tablazat (folytatas)

0,1

0,2

0,3
0,7

0,2
0,4

0,1
0,5

0,2
0,2

0,2
0,3
0,2
0,1
0,5
0,1
0,1

2,2
6,6
3,2
4,5
6,6
4,6
15

3,3
9,7
5,6
7,9
8,0
5,7
4,1

0,2

0,1
0,1

0,1
0,5
0,1
0,2
0,1

0,1
0,1

0,1

2,3
6,3
2,8
4.4
3,3
6,1
15

3.1
7,2
4.4
5,8
4,0
7.4
1,8

0,1
0,2
0,1
0,1
0,3
0,2
0,2

0,1
0,1
0,1

0,1
0,1
0,1

1,2
0,1
0,4
0,3
0,1
0,3

1,0

15
0,5
0,1
0,4
0,2
0,2
0,2

0,1

0,1
0,1
0,3
0,1
0,2
0,1
0,4

3,0

2,1
2,5
2,8
2,6
2,5

3,5
4.2
3,1
2,1
1.8
3,1
2,5

0,4
0,3
0,8
0,2
0,5
0,5
0,5

0,2
0,1
0,1
0,1
0,1
0,1
0,4

0,1
0,1

0,1
0,1
0,3
0,8
0,1
0,3
0,1

11

0,5

0,5
0,1

0,1
0,3
0,5
0,4
0,1
0,1

2,8
2,2
1,0
2,4
2,0
1.8
0,5

4,6
3,4
2,1
2,4
2,3
2,5
0,7

0,2
0,3
0,2
1,0
0,2
0,3

0,2
0,1

0,3
0,1

0,1
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Tabelle 2 (Fortsetzung) — 2. tablazat (folytatas)

Sammelstellen und Zeit-
punkt des Vorkommens M K 0 A E
Gydjtéhelyek, idépont

Artenverzeichnis

Fajok felsorolasa a b a b a b a b a b
Ep Cymbella cymbi- V. — — 0,1 — on — —
forrnia (Katz.) VIl — — — 0,1 — 0,1 — — — —

V. Hettrck

Ep Cymbella ehren- V. - - - — - - 0,1 — —

bergii Kutz. VI. — 0,1
VL. - — - 0.1 — — — — —

Ep Cymbella lanceo- V. - - - - — 01 0,1 - -
lata (Ehr.) VI — 01 — - - — — 0,1 — —
V. Heurck VIl — — - - - - - 0,1 - -

VIIL. — 01
1X. — — — — — — — 0,1 _ —

Ep Cymbella prostra- V. - 0,1 - — - - m - 01 -
ta (Berk.) Cieve VI. — o1 — 01 _ = = = - -

Be Dipioneis domb- V. - — — _  _ 01 — o1 01 —
littensis (Graun.) VI. — 01 — — 01 01 — 05 01 01
Cleve VIL. — — — 01 01 — 01 01 - —

VIII. - - - - — — — 01 01 02
IX. — — — 01 - - - - - —
. X — 01
XI. — 01

Be Dipioneis elliptica V. 18 01 02 o1 04 05 41 14 18 1,3

(Kutz.) Cleve VI. 04 03 02 03 29 06 40 33 17 0,9
VII. 01 01 01 02 05 03 47 23 22 14

VIII. 01 o01 04 01 63 08 28 31 70 3,6

IX. 01 05 05 o901 09 03 26 23 20 15

X. — 01 — o1 02 01 07 1,9 0,9 2,0

XI. 01 0.2 — 01 06 04 08 1,7 — 05

Be Dipioneis puella V. 23— T/ 21 06 27 10 28 14

(Schum.) Cleve VI. 03 01 02 03 36 11 34 32 04 11
VILI. - - 03 03 47 09 33 25 2,7 24

VIII. 01 o1 02 01 107 15 1,4 39 147 5,0

I1X. 01 04 03 02 23 11 20 24 18 25

X - 01 — 01 01 08 07 12 10 2,0

XI. — — — o1 Q1 03 04 11 — 02

Ep Epithemia hynd- V. — 01
manni w. smith 1X. - - - - - - - - -

X _ = - — — o _ = = —

Ep Epithemia inter- V. — 01
media Fricke VI. 0,1

Ep Epithemia sorex V. — 01 — 01 — — 01 01 - 01
Kutz. VI. - - - - - 0,1 - ogq - —

VII. - - - 0,1 - - - 0,1 - —
VIII. - 0,1 - - - 0,1 - o, — —
X. — 01
XI. 0,1

16 Tihanyi Evkonyv
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Tabelle 2 (Fortsetzung) — 2. tdblazat (folytatas)

o ST

%\g\c}'}% a b a b a b

Pl Fragilaria constru- V. 33 59 20 50 08 01
ens (Ehr.) Gran. VI. 03 53 22 43 05 i

VII. 03 87 05 99 04 19
VIII. 06 56 02 71 02 52
I1X. 56 82 15 56 02 35
X 15 97 05 66 28 61
Xl 12 51 25 64 10 36

Be Fragilaria V. 09 106 14 78 06 19

pinrmta Ehr. VI. 06 33 09 19 13 40
VII. 02 49 06 47 02 36

VIII. 01 31 07 39 20 09

I1X. 02 35 09 10 04 10

X. 90 18 07 12 20 07

XI. 15 10 15 12 10 15

Ep. Qomphonema
olivaceum (Lynob. VI. - = = = = —
Kutz.

Ployrosigma altenua- V. — — — 01 —_ —
wm (Kutz.) VI _ = = = = =
Rabh. VII. —_ - — 01 — 01

VIII. — = . = = —
IX. _ = = = = —
X. - 011 - - — —
XI. N —

Ployrosigma distor- V. 2 o1 01 — 01 —
tum Vvar. parlceri VI. 0ol — 01 01 og 01
Harris VII. — —  — o4 —_ —

VIII. — — o5 — 01 —
IX. —_ 01 og 01 01 —
X - — — — o —
XI. 0L — — o — —

PL Gyrosigma kiitzin- V. 24 02 02 — 29 06
gii (Gran) VI 03 01 Q1 og 01 03
Cleve VII. 0,3 O,l 01 O,l - 0,3

VII. 08 01 Qi — 02 02
IX. 11 03 og 01 Q1 01
X. 01 02 — 01 01 03
XI. 02 10 01 02 og 06

Be Oyrosigma prolon- V. - 01 - - — —
gatum (w. smith) IX. 01 —_ = = = =
Cleve XI. 0,1 O,l —_— —_— —

PI Melosira granulata V. 58 147 21 25 — 09
(Ehr) Kalfs VI. 38 112 49 68 — 07

vIil. 158 168 30 77 — 17

VIII. 37 80 — 63 — 17

m
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Tabelle 2 (Fortsetzung) — 2. tablazat (folytatas)

Sammelstellen und Zeit-
punkt des Vorkommens M K G A E
Gydjtéhelyek, idépont

Artenverzeichnis

Fajok felsorolasa a b a b a 6 a b a b
Pl ('\E/Iﬁlf_?'%aﬂrinUIata 1X. 77 164 05 46 02 13 51 43 41 3.4
X. 77 195 33 2,8 15 17 21 61 15 4.4
X1, 12 111 41 33 15 15 15 46 _ _
pI Melosira granulata v, 127 152 NN 53 01 0, — 02 02 02
var. angustissima vi. 105 11,9 57 69 06 06 — 02 @—  —
0. MULL. VII. 9.1 102 51 83 — 04 — 01 — —
VI, 41 78 05 50 — 32 15 05 12 17
IX. 21,9 250 41 108 02 10 — 38 02 18
X. 17,7 191 22 54 05 05 07 07 02 15
X1, 20 126 87 7,7 05 10 25 67 05 —
Be Navicula costulata V. 01 01 - _ — o1 _
Grijn. VI, — 01 — — — o1 01 03 01 072
VII. 01 01 — — — — og 01 — 01
VL. 0.1
X1, —_ — _ — — — — 02 _ _
Be Navicula crypto- V. 29 04 28 01 06 08 07 01 17 03
cephala K atz. VI, 29 04 39 03 13 06 23 10 02 01
VII. 22 01 1,3 02 09 02 21 02 67 05
VLI, 18 02 48 03 53 04 13 08 53 06
IX. 87 07 42 04 20 02 19 03 11 —
X. 22 03 03 01 11 — 24 01 10 0.2
X1. 10 03 01 02 06 — 07 04 — 02
Be Navicula gracilis V. 01 o1 —- — 02 02 — 01 — —
Ehr. V1. 0.1 — — — — — — 01 - -
VIl 0.1 — — — — - = — — —
X. 03 02
X1. — 01
Be Navicula hunga- V. 0,1 - _ 02 01 02 — 01 02 01
ricavar. capitata VI, 01 01 — 01 — 02 — 01 — —
(Ehr.) Cleve VIl 03 01 o 01 01 o01 01 03 01 —
VI, 0.1 - - 0,1 - 0,1 — 01 — 01
1X. - - - - - - - 01 01 01
X. - - - 0.1 - - - 0,1 — 01
X1, _ _ _ 01 _ _ _ _ _
Be Navicula piacén- V. 27 01 — o1 - 05 02 02 06 02
tula (Enr) Grun. VI, 05 o1 04 01 02 01 05 02 02 01
VIl 03 01 04 01 04 05 02 04 08 02
VIIIL. 03 01 03 o1 O08 02 02 05 18 0,8
IX. 15 04 01 - 04 01 03 04 01 01
X. 01 0,1 - - 01 03 01 o1 01 o1
XI. 03 0,3 _ 01 0,2 _ 0,1 03 01 _
Be Naviculapupula V. - 01 — — - og - 01 - 01
Kiatz. VL. - - - - - 0,1 - 01 - 0,1
VILI. - - - - - 0,1 - - - —
X. - — _ - — 0,1 - 0,1



Sammelstellen und Zeit-
punkt des Vorkommens
Gydjtéhelyek, idépont

Artenverzeichnis
Fajok felsorolasa

Be Navicula rein-
hardtii Grot.

Be Navicula scutel-
loides W. Smith

Be Navicula tuseula
(Ehb.) Grot.

Be Neidium dubium
(Ehr.) Cleve

Pl Nitzschia acicula-
ris W. smitn

Be Nitzschia amphi-
bia Grot.

Be Nitzschia hunga-
rica Grun.

Be Nitzschia sigmoi-
dea (Ehb.)
W. smith

Be Nitzschia tryblio-
nella var. debilis
(Arnott) A
Mayer

VI.
VII.

VII.

Vi,
VI
IX.

XI.

VI
VII.
VIII.
IX.

XI.

VI.:
: VIL
VIII.:
IX.

XI.

VI.
VII.
VIII.
IX.

XI.

VI
VII.
VIII.

XI.

2,3
4,0
2,8
11
1,8
0,5
1,2

0,5

1,9
2,1
0,9
0,3
0,9
0,4

0,1
0,1

0,5
0,6
0,7
0,2
0,4
0,4
1,0

0,7
0,3
0,3
0,1
0,6

0,1
0,3
0,1
0,2
0,2
0,1
0,1

6,2
4,9
1,6
1,9
4,0
1,5
0,7

0,9
2,1
0,5
0,1
19
0,5
0.3

0,1
0,3
0,1

0,1
0,2
0,1

0,3
1,2
0,3
0,4
0,2
0,4
0,3

0,1
0,4
0,1
0,4
0,4
0,1
0,1

0,1
0,3
0,2
0,1
0,1
0,1

0,1

0,1
0,5
0,1
0,6
0,4

1.4
2,3
0,9
52
4,8
1.4

11

0.5
15
11
1,4
1,7

0,1

6,8
5,5
1,3
0,7
1,0
0,3
0,3

3,9
3,5
0,7
0,4
1,0
2,1
1,2

0,1

1,4
0.9
1,4
0.3
17

1,8

0,2
0,3
0,1
0,1
0,1

0,2
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0.8
0,9

0,3
0,2
0,3

4,0
2,2
0,6
2,3
1,6
1,3
0,7

0,1

4,2
2,7
0,6
0.1
0.9
17
0,5

0,1
0,1

0,1
0,1

0,1

5,3
7,9
0,7
11
0,5
0,4
0,4

2,3
3,6
0,8
0,9
0,9
1,9
0,9

3,9
51
2,2
1,7
2,6
2,9
1,8

0.1
01
0,3
01
0.5
0,2
0,4

3,4
0,1
0,5
5,0
0,9
0,8
0,1

14,5
0.8
2,6
8,8
3,4
0,8
0,3

8,9

2,0
4,9
1,6
0,3

0,1

0,1
0,1
0,1
0,3

0,1
0,1

3,2
4,4
1,1
0,8
0,3
0,6

3,9
1,8
0,8
0,8
1,6
0,6
0,3

3,0
3.1
15
15
0.3

0,2
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Tabelle 2 (Fortsetzung) — 2. tablazat (folytatas)

T
Faﬁl%m% a b a b a b a b

a b
Be Opephora martyi V. 01 01 01 01
HEBIBAUD VI. - 01 - - - 01 0L _ _
VII. - oL - 01 - 01 - 01 _ _
VIII. — - - - - 01 _ _
I1X. e — 01 — — -
Be Pinnularia sp. V. _ 01 - - _ * 01
VI — 01 01 - - - 01 01 01 o1
Il. 61 01 01 01 01 01 - 01 01
VIII. - 01 - - - - 01 - _
X. 01 -
Xl — 01
Ep Rhoicosphenia V. - 01 - - — 01 =
curvata (Kutz.) VL. 01
Gkun
EpRhopalodia gibba V. - - - - - — 01
(EHk.) O. Mal1. VI. - - — 0 - - — — - —
VIL. — 01
Be stauroneis smithii VI. - - - 0,1
var. incisa Pant.
Pl stenopterobia V. 62 01 01 01 _— 01 01 — 03 01
pelagica Hust. VI. 03 01 04 02 01 01 Ol 01 01 O1
VII. 6T — 01 — 01 01 02 02 01 01
VIII. — 01 01 01 01 01 01 O1 01 01
IX. 01 - 07 01 01 - 01 01 - -
X. 01 - 01 - 0L — 01 01 01 —
XI. 6l — 01 — 01 — 01 03 02 —
Be Surirella bise- VII. 01 _ _ _ _ _ _ 01
riata Bréb. VIII. — 01
X. — - - - - - - 01 - -
XI. — 01
Besurirella elegans VI. - - - - 01 01 — 01 -—
Ekr. VII. - - - - - - 01 - -
VIII. - - - - - - - 01 - -
IX. —_ = - = = = = 02 - _—
Be Surirella robusta V. 61 - _ 01 01 01 O5 05 01 04
var. splendida VI. 01 01 02 - 02 01 06 10 04 05
(EHB.) V. Heurck VII. 02 01 01 - 0L - 01 07 05 03
VIII. 01 01 01 01 O1 01 O5 07 08 08
I1X. 61 o1 01 01 - 01 03 09 01 03
X. - 01 - - - 01 04 09 - 01
XI. 01 01 01 03 03 05 0,2
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Tabelle 2 (Fortsetzung) — 2. tablazat (folytatas)

%m Zeit-

Besurirella turgida
W. Smith

Pl Synedra acus var.

angiistissima Gran.

Ep Synedra parasi-
tica (W .Smith)
Huslt.

1

Be Synedra ulna
(Nitzsch) Ehr.

Be Synedra ulna var.
spaihulifera Grun.

CHbOROPHYTA

Ankisirodesmus fal-
catus (Corda)
Ralfs

Arikistrodesmus fal-
catus var. acicularis
(A Braun)

G. S. West

Ankisirodesmus fal-
catus var. mirabile
W. et G. S. West

Ankisirodesmus fal-
catus var. spirilli-
formis G. S. West

A nkisirodesmus setige-
rus (Schréder)
G. S. West

Closterium. aciculare
T. West

V1.
VII.
VIII.

VII.

VII.
VIII.

VI

VII.
VIII.
IX.

XI.

V1.
VII.
IX.

V.
VI,
VIII.
X

V1.

®

o
=

=

0,1
0,1

0,3
0,2
0,1

0,1

®

o
N

00 OOO0OO0OO
Rw RPRWRRRR

0,1

11888

0,1

0,1
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Tabelle 2 (Fortsetzung) — 2. tablazat (folytatas)

Sammelstellen und Zeit-
punkt des Vorkommens M K G A E
Gy(jtéhelyek, idépont

Artenverzeichnis

Fajok felsorolasa a b a b a b a b a b
Closterium polystictum
Nygaard V. — — — — — — — — 0,1 _
Closterium sp. I1X. — — 0,1 — — — 0,1 — 0,1 —
Coelastrum micropo-
rum Naeg. VI. 0,1
Crucigenia quadrata V. - - - 0,1 - 0,3 - 0,2 -
var. octogona VI. — — 0,1 — 0,3 — 0,2 — 0,2 0,1
SCHMIDIIE VIl — — o1 — - i —_ -
VIl - - 0,1 - - - - - - -
1X. - - - - 0,2 - - - - -
X. —  — 01 e
X1, _ — o1 — — _ _ _ _ _
Dictyosphaerium V. - - - - 0.1 - 041 - - -
pulchellum Wood. VI. —  — 02 — — — o1 —_- == —
VII. 0,1 — —  — o1 — 01 — 01 —
VIII. - = - — —  — 01 — o041 —
IX. - - — — — 1 — 01 -
X 01  —
Kirchneriella obesa V. 0,1 _
(W. West) VI. - — — o1 — — — 01 —
SCHMIDLE VII. 0,1
Oocystis solitaries V. 0,1 — —  — 01 — —  _ 01 —
W. Witth. VI. - — — — o1 — o1 — 01 —
VII —_ — — — 01 _ = = = -
IX. — o1 — - —_ - - _Z
Oocystis submarina V. —_ — —  _ o1 —  — — o1 -
Lagerh.
Pediastrum boryanum V. - - — 0,1 — 0,1 — - - 01
(Turp.) Menegh. VI. — 0,1 — 0,1 — 0.1 0,1 — —
VII. - — — o1 — 01 — 01 — 01
IX. — o1 — o1 — o1 — o1 — —
X. - — — — — 901 — — — o1
XI. — 01
Pediastrum clathra- V. — 08 — 01 — 01 _ _ — 01
turn (Sckroet.) VI. - - - 0.1 - 0,2 - 0.1 - 0,1
Lemm. VII. - 014 01 01 - 0,1 - 03 01 01
VIII. - - - - - 0,1 - - - 0,1
IX. - 0,1 - 0,1 - 0,1 - 01 01 01
X. - 01 - - - 01 - 01 - 01

XI. 0,1 0,1 0.1 0,1 0,1
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Sammeistellen und Zeit-
punkt des Vorkommens
Gydjthelyek, idépont

Artenverzeichnis
Fajok felsorolasa

Pediastrum duplex
var. reticulatum
Lagerh.

Pediastrum simplex
Ralfs

Scenedesmus balatoni-
cus Hortob.

Scenedesmus bicauda-
tus var. brevicauda-
tus Hortob.

Scenedesmus ecornis
(Ratfs)Chod.

Scenedesmus inter-
medius var. acau-
datus Hortob.

Scenedesmus quadri-
cauda (Turp.)
Bréb.

Scenedesmus spinosus
Chod.

Staurastrum gracile
Ralfs

Staurastrum para-
doxum Meyen

VI,

VI
VIl
1X.

VII.

VI.
VII.
VIl
1X.

X1.

VI.
VII.
VIl
I1X.

X1,

VIl
I1X.

X1,

on

0,2
0,1
0,1
0,1
0,1
0,3
0,1

0,1

0,1

0,2
0,1
0,1
0,1
0,3
0,1
0,1

0,1

0,1
0,1
o4

0,1

0,1

o
on

o4,
0.1
0.1
0.2

04
o4

o4

0,1
0,1

0,1
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0,1

01
o4
0,1
0,1
0,2

o4

0,1
0,2
0.1
o4
01
04
0.1

o4
0.1

0,1

0,1
0,1
0,1
on
0,1
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Tabelle 2 (Fortsetzung) — 2. tablazat (folytatas)

Sammelstellen und Zeit-

punkt des Vorkommens If K (0] A E
Gyljt6helyek, idépont
Artenverzeichnis
Fajok felsorolasa a b a b a b a b a b
Tetrastrum stauro- VI. 0,1
geniae/orme VIIL. 0.1
(Scheoeder)
Lemm.
MYCOPHYTA
Dactylosporium sp. VI. — — — o4 — o — — —
VII. 0,1
VIII. 0.1
X. 0.1 0.1

Zeichenerklarung: Pl = Planktondiatomeen; Ep = Epiphyten; Be = Benthos-
diatomeen; V—XI1 = Monate; a — lebende Algen; b = abgestorbene Algen.

quantitative Vorkommen des Stammes wechselte in derZeit von Mai bis Novem-
ber bloR® von 0 bis 0,5%. Der Stamm erreichte 8% der gesamten Algenarten-
zahl.

Der Stamm der Pyrrophyten ist allein durch die einzige Art der Dyno-
phyceae-Klasse, durch Ceratium hirundinella (in Cistenform) sporadisch ver-
treten. Das perzentuell quantitative Vorkommen der Art ist unbedeutend.
Der Stamm erreichte bloR 1% der gesamten Algenartenzahl.

Ebenso sporadisch und in unbedeutenden Mengen fand sich in den
Schlammproben auch Dactylosporium als einzige Art des Mycophyten-Stammes.
Dieser Stamm erreichte ebenfalls bloR 1% der gesamten Algenartenzahl.

Von den funf Quersegmenten war an Algenarten die Schlammprobe
von Mai zwischen Balatonalmadi und Balatonvildgos mit 47 Arten am reichsten
und am &rmsten zeigte sich die Schlammprobe von November aus demselben
Segment mit 15 Algenarten.

Das Vorkommen der Arten Synura uvella, Asterioneliaformosaund Gyro-
sigma prolongatum beschréankte sich auch in diesem Jahre auf die Bucht von
Keszthely und bekréaftigte somit die Daten der Plankton- und Schlammproben-
Untersuchungen der fruheren Jahre (vgl. Tamas 1965, p. 242—243; und 1967,
p. 203, 207).

Aus den algologischen Ergebnissen der Schlammproben des Jahres 1966
erhellt, da Melosira granulata und M. granulata var. angustissima in der
Bucht von Keszthely bereits seit dem Monat Mai eine grofie Individuenzahl
(lebende und auch aggestorbene Exemplare) erreicht hatten. Die Individuen-
zahl der lebenden Algen fiel im November plotzlich stark zuriick, wéhrend
die der abgestorbenen fast auf das Achtfache der lebenden angewachsen war.
Hinsichtlich der Melosira-Arten gleichen die Verhdltnisse im Segment Szig-
liget—Balatonmaria denen der Verhéltnisse in der Bucht von Keszthely, nur
mit bescheideneren Individuenzahlen pro dm2 In diesem Jahre erreichten die
Melosiren in der Keszthelyer Bucht und ihrer Umgebung nur ein Drittel der
September-Population des Jahres 1965.
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Tabelle 3

Zusammenfassende quantitative Mikrophytobentos-Untersuchungen aus dem Epro;LImdal
zahl pro

A Balaton nyiltvizi fenékiszapmintainak dsszesitett mennyiségi algologiai adatai

Abgestorbene

Sammelstellen Monate Artenzahl I;fgbeenndi KI/ISSFT?IZ Proi’?c'im“é Artenzahl Kiesijzlrgr]]ezn — Pr(;/Zd.rrE
M Y. 27 52,9 98 33 58,2 98
VI. 24 28,3 98 31l 51,5 9

VII. 24 34,3 % 25 51,6 9

VIII. 20 14,7 9% 24 35,0 9

IX. 2l 51,8 9 20 771 9

X 15 42,6 98 23 68,5 9

XI. 18 11,0 9% 22 423 9%5

K V. 2 38,2 97 27 30,7 97
VI. 26 29,8 93 26 41 98

VII. 2 17,6 93 28 45,0 97

VIII. 2 152 97 20 38,7 98

IX. 2 22,7 R2 24 41,7 98

X 13 104 0 18 30,0 98

XI. 13 201 % 20 27,2 9%

G V. 21 16,8 89 33 29,3 9%
VL 26 22,7 9 33 39,0 9%

VILI. 23 11,3 87 29 251 R

VIII. 18 35,3 97 23 314 9%

I1X. 18 165 83 24 26,7 0

X. 16 11,0 0 23 32,0 A

XI. 14 85 2 19 198 9%5

A V. 3 537 97 3B 49,0 98
VI. 24 42,7 A 40 60,2 97

VII. 20 304 9% 36 371 A

VIII. 20 27,3 % 32 29,7 93

1X. 20 30,2 0 32 454 a

X 19 28,6 93 31 40,3 R

XI. 19 171 9% 26 338 9%

E V. 27 50,7 89 3l 34,0 93
VI. 26 10,6 87 3 24,4 85

VIL. 26 27,9 9% 26 19,2 %

VIII. 23 50,4 9% 26 334 0

IX. 19 191 85 24 20,9 79

X. 18 105 78 26 20,7 84

XI. 1n 32 86 14 95 97
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3. tdblazat

des Balaton-Sees auf Grund der Sammlungen des Jahres 1966 —r/dm2=Individuen-
dm2 X 1000

az 1966. évi gy(ijtések alapjan —r/dm2= egyedszdm/dm2 x 1000

Das ZahlenVerhlt- Lebende Abgestor- Das Zahlenverhalt-
nis zwischen leben- A rtenzanl Algen — Proz. — Artenzahl bene Algen Proz. — nis zwischen leben-
den und abgestor- fidm 2 r/dm2 — dm2 i/ldm2 den und abgestor-
benen Kieselalgen benen Algen
1 11 8 0,9 2 3 i 2 | 1,1
1 :18 7 0.7 2 5 0,6 | | 1.1
1 01,5 12 1,3 4 4 0,4 1 3,2 1
1 :2.3 7 0,7 5 1 0,1 1 7 1
1 11,4 6 0,7 1 4 0,4 1 1,7 1
1 01,6 5 0,7 2 3 0,4 1 1,7 1
1 3,8 4 0,6 5 5 0,5 5 1,2 1
1,2:1 11 1,2 3 6 0,8 3 1,5 1
1 1.4 12 2,1 7 6 , 2 21 1
1 02,5 11 1,2 7 6 s 3 1,2 1
1 :2,5 3 0,4 3 2 . 2 1 1,2
1 0 1.8 11 1,8 8 4 s 2 2,5 1
1 :2,8 10 1,1 10 4 , 2 2,2 1
1 1,3 8 0,9 4 4 0,5 2 1,8 1
1 1,7 18 2,0 11 7 1,7 5 1,2 1
1 1,6 16 2,2 9 7 2,0 5 1,1 1
1 12,2 11 1,6 13 8 2,2 8 1 1,3
1,1 :1 5 1,1 3 3 1,4 4 1 1,2
1 01,6 n 3,56 17 8 3,0 10 1,1 1
1 2,9 10 1,2 10 5 2,1 6 1 1,7
1 2.3 4 0,7 8 5 1,1 5 1 1,5
1 1 13 s 3 4 1,1 2 1,5 1
1 1,4 11 . 6 3 . 3 11 1
1 1,2 6 s 4 6 s 6 1 1,7
1 1 5 s 5 2 , 7 1 1,5
1 1,5 13 3,2 10 7 s 9 1 1.4
1 11,4 4 2,0 7 4 , 8 1 1,7
1 01,9 4 0,9 5 4 1,3 4 1 1,4
1,5 :1 20 6,5 " 8 ) 7 2,5 1
1 :2.3 10 i.6 13 7 4,2 15 1 2,6
1,4 :1 8 1,3 4 5 , 4 1,7 1
1,56 :1 6 2,2 4 3 3,7 10 1 1,6
1 1 14 3,3 15 6 , 21 1 1,6
1 01,9 8 2,9 22 3 3,8 16 1 1,3
1 02,9 4 0,5 14 2 0,3 3 1,6 1
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Aus den zusammenfassenden Daten der Tabelle 3 ist zu entnehmen, daf
die Individuenzahl der lebenden Kieselalgen in der Mai-Probe des Segmentes
Balatonflired—Zamardi den hochsten Wert (53 700 pro dm2 erreicht hatte;
den niedrigsten Wert ergab die November-Probe des Segmentes Balaton-
almadi—Balatonvildgos mit 3 200 pro dm2

Stellen- und zeitweise zeigt sich das Zahlenverhéltnis der lebenden und
abgestorbenen Kieselalgen in den Schlammproben gleichmaRiger im Vergleich
zu den Daten des Jahres 1965. Auffallend groRe Abweichungen waren keine
anzutreffen. Das Verhéltnis der lebenden zu den abgestorbenen Kieselalgen
ist oft 1: 1und nur in einem einzigen Falle trafen wir auf ein Verhéltnis von
1:38 (Tab. 3).

Die Differenz der ZahlenVerhaltnisse zwischen den zu anderen Algen-
Stdmmen gehdrigen lebenden und abgestorbenen Algen ist — von einigen
kleineren Abweichungen abgesehen — ziemlich gering.

Zusammenfassung

Autorin sammelte in der Zeit von Mai 1966 bis November desselben
Jahres — ebenso wie im vorhergehenden Jahre 1965 — Schlammproben und
fihrte die gleichen Untersuchungen bzw. die quantitative Aufarbeitung der
gesammelten Algen durch. Die Entnahme der Proben erfolgte im siidwestlichen
Seeteile in drei und im norddstlichen Seeteile in zwei Quersegmenten. Die
Schlammproben wurden in je einem Quersegment (M, K, G, A, E) (Abb. 1)
mittels eines modifizierten Schlammgreifers Craib aus 3 bestimmten Punkten
an die Oberflache herausgehoben. Im Laboratorium wurden nach einer 48stiin-
digen Sedimentierung alle lebenden und abgestorbenen Algen aus einer fiinf-
mal 1 cm2 betragenden Schlammproben-Oberflache aufgezeichnet und die
erhaltenen Daten auf 1 dm2umgerechnet.

Die 107 Algenarten und 6 Varietdten, welche aus den 15 Sammelstellen
gehobenen 105 Schlammproben bestimmt wurden, gehtéren samt dem Pilz
zu 6 groRen systematischen Stammen, welche nach der Haufigkeit ihres Vor-
kommens angefuhrt die folgenden sind: Chrysophyten (63), Chlorophyten (27),
Cyanophyten (13), Euglenophyten (8), Pyrrophyten (1) und Mycophyten (1).

Unter den 5 Quersegmenten ist die Maiprobe des Segmentes Balaton-
alméadi—Balatonvilagos an Algenarten am reichsten mit 47, am &rmsten dage-
gen die Novemberprobe desselben Segmentes mit 15 Arten (Tab. 2 und 3).

In der Bucht von Keszthely erreichten Melosira granulata und ihre Varie-
tat M. granulata var. angustissima bereits seit dem Monat Mai eine grolie
Individuenzahl (lebende und auch abgestorbene), deren Anzahl jedoch im
November plotzlich stark zuriickfiel, dagegen vermehrte sich die Anzahl der
abgestorbenen fast auf das Achtfache der lebenden. Die Melosiren erreichten
in der Bucht von Keszthely in diesem Jahre bloB ein Drittel der September-
Population des Jahres 1965.

Die Individuenzahl der lebenden Kieselalgen ist in der Maiprobe des
Segmentes Balatonflired—Zamardi am groRten, hingegen wurde die niedrigste
Individuenzahl in der Novemberprobe des Segmentes Balatonalmadi—Balaton-
vildgos aufgezeichnet.
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Stellen- und zeitweise ist das Verhaltnis der in den Schlammproben Vor-
gefundenen lebenden und abgestorbenen Kieselalgen als auch das Verhéltnis
bei den zu anderen Stdmmen gehdrigen Algen im Vergleich zu den Daten des
Jahres 1965 gleichmaéRiger.
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MENNYISEGI ALGOLOGIAI VIZSGALATOK A BALATON FENEKISZAPJAN
AZ 1966. EVI GYUJTESEK ALAPJAN

Tamas Gizella

O6sszefoglalas

. Szerz6 1966. év majustol — novemberig —az 1965. évi iszapmintavételek g{ﬁ{'-
téséhez és mennyisegi algologiai feldolgozasahoz hasonldéan — vegzett vizsgalatokat.
A t6 DNy-i részenek harom, az EK-i részének pedig két harantszelvenyén torténtek
a mintavetelek. Egy-egy harantszelveny (M, K, G~ A, E) harom Kijelolt pontjarol
fl. 1. abra) a madositott URAIB-féle iszapvevovel hoztdk felszinre a mintakat. A labo-
ratoriumban 48 orai (ilepedeés utan 6tszor 1 cm2iszapfelilet valamennyi (€l6 és elpusztult)
algajat fejlgegyg,z_tg, és az igy kapott adatokat 1 dm2 iszapfeliiletre szamitotta at.
A 15 gydjt6hely 105 iszapmintajabdl meghatarozott 107 faj és 6 valtozat a gom-
baval egyiitt 6 nagy rendszertani torzsbe tartozik, gyakorisagi sorrendben: Ghrysophyta 63,
Ghlorophyta 27, Gyanophyta 13, Euglenophyta 8, Pyrrophyta 1, Mycophyta 1
Az 5 harantszelvény kozil a?gafajokban a leggazdagabb a éa]atonalmadl—_Bala-
tonvilagos kozotti majusi (47), a legszegényebb pedig ugyanezen Szelvény novemberi (15)
iszapmintaja volt (L'2. és 3. tablazat adatait). =~ o
A Keszthelyi-6bolben a Melosira granulata €s valtozata mar majustol magas ega(yed-
szamot ért el (é16k és elpusztultak is), majd november hénapra szamuk hirtelen csokkent,
az elpusztultak szama pedl% az €l6knek csaknem nyolcszorosara névekedett. Ebben az
évben az 1965. évi szeptemberi nepességnek csak az egyharmadat érték el a Melosirak
a Keszthelyi-obolben es kornyékén. . o ) o
. ..Az ©l6 kovamoszatok "egyedszdma a Balatonflired—Zamardi szelvény majusi
mintajaban a legmagasabb, a legalacsonyabb ertéket pedig a Balatonalmadi—Balaton-
vilagos novemberi mintaban jegyezte fel.” = . o
Helyenként es idénkent” az iszapmintakban jelenlevé €l6 és elpusztult kova-
moszatok és mas al%atbrzsbe tartoz6 moszatok aranya —az 1965. évi adatokhoz hason-
litva —egyenletesebb.



KONMMYECTBEHHBIE WCCNELOBAHWA BOAOPOCNEN WA BAIATOHA
HA OCHOBE MATEPUAMIA COBPAHHOIO B 1966 roay

'v3enna Tamatu

O6pasLibl nna 6bim cobpaHbl ¢ Masi N0 HOs6pb 1966 rofa, koTopble GbIIM 06paboTaHbI
nogobHo Matepuany 1965 roga. B Tpex MyHKTax CEBEPOBOCTOUHON YaCTW M B ABYX MyHKTax
FOro-3anafHol YacTy 03epa b cobpaHbl 06pasLbl Mna Ha pasHol rybuHe 3aneraHus. Mare-
pvan MoAHWMan Ha MOBEPXHOCTb é nyHktax M, K, G, A, E) no MeTtogy coain (puc. /.).
B nabopatopun nocne 48 4acoBOro OcaXKaeHust OblM OnMcaHbl Bce BOLOPOCAN (M XUBYLLME U
nornéiume) Ha 5X1 cM2 NOBEpPXHOCTM MAa, a 3aTeM Obu1 NPOBEAEH MepecyeT Ha 1 Am2 nosepx-
HOCTW Wna.

B 105 o6pasuax, cobpaHHbIX B 15 MecTax, 6bu10 HaiigeHo 107 Buaos, 6 pa3HOB|/|péHOCTe17|
(BmecTe ¢ r£|/|6a|v|m), KOTOpble OTHOCWINCL K 6 BOMbLUMM CUCTEMATUYeCKUM rpynnam: Chryso-
phyta 63, Chlorophyta 27, Cyanophyta 13, Euglenophyta 8, Pyrrophyta 1, Micophyta 1.

CambIM 6oraTbiM 06pa3LiOM MO BOAOPOCNAM SBNSeTCA 00pasell, CoOpaHHbIi B Mae (47)
mexay banaTtoHanmagn—banaToHBMaarow, a cambiM 6eHbIM—O6paseLl, cobpaHHbI B HOsIGpe
(15) B TOM e MecTe (Tabnuubl 2 u 3).

UucneHHocts Melosira granulata v ero pasHoBuaHocTel B KeCTXe/iCKOM 3anuBe e
B Mae BbICOKas (M XMBbIX W MOrM6LLIMX), 8 B HOA6pe BHE3anHoO MagaeT, U YMcno NormbLIMX
MPEBOCXOANT KO/IMYECTBO XXMBbIX Mo4TU B 8 pa3. B 3Tom rogy uucno Melosira B Kectxenckom
3a/MBE 1 OKPY>XHOCTW COCTaBMIO TOMbKO 1/3 konmuectBa 1965 roga.

Umncno XmBbIX KPEMHEBbIX BOLOPOCE Oblo camoe BbICOKOE B 06pasLe, cobpaHHOM B
Mae B banaToHropes—3amapay, a cavioe HU3Koe —8 06pasLie, CobpaHHOM B HOsibpe B BanaToH-
anmagn—banaToHBUMArOLL.

MecTamy 1 BpeMeHaMy MPOMOPLIMS XXUBbIX U MOTMBLUMX KPEMHEBLIX W APYTrMX BOLOPO-
cnein B obpasye mna 6blna 6onee paBHOMEpHa Yem B 06pasuyax 1965 roga.
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The excessive dying of fish in Lake Balaton in the spring of 1965 again
called attention to the importance of studying the biological conditions of the
lake. For the sake of acquiring informations on the character and direction of
changes enacted in the life of the lake, the Hydrobiological Section of the
Biological Research Institute of the Hungarian Academy of Sciences organized
systematic collecting trips covering the entire body of water. The primary aim
of the study provides for a cognition of the qualitative and quantitative condi-
tions of the diverse aquatic organisms, and its subsequent use in establishing
changes occurring in the respective communities.

A number of authors (Daday 1884, 1897, Naday 1914, Entz, K ottasz
and Sebestyén 1937, Entz and Sebestyén 1946, Sebestyén, Torok and
Varga 1951, Sebestyéen 1953, 1958, 1960) discussed Rotatoria living in the
open water of Lake Balaton, their quantitative changes and role in the plank-
ton. It seems, at the first glance, that the Rotatoria represent one of the most
intensely studied and best known group of animals of Lake Balaton. The high
specific number shown from the plankton also seems to substantiate this
assumption. Daday (1897) lists ten species inhabiting the open water of the
lake. Naday (1914) increased this number to 24, mentioning, however, that
there are a number of not typically open water animals also among these spe-
cies and forms. As a result of Varga’s work (1932, 1935—36, Sebestyén,
Torok and Varga 1951), the number of species known from the plankton
reached 58. In spite of the fact, however, that the above-mentioned treatises
had summarized research results obtained during years, indeed decades, they
still offer but a mosaic-like picture of Lake Balaton. Sebestyén (1960) had
accordingly emphasized the necessity, and also the concomitant difficulties
of horizontal investigations, to be done simultaneously. Until recently, lacking
suitable transportation facilities and other requirements, it was not possible
to gather, approximately simultaneously, animal materials from the entire
area of Lake Balaton which would have rendered a comprehensive picture of
the conditions prevailing in the open water of the lake. The project of the
complex investigation of Lake Balaton, launched in 1965 and steadily contin-
uing as planned, has its very importance in resolving, by better financial
and personnel conditions as well as their enhanced organization, also the hori-
zontal investigations required.
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The aim of the present undertaking was to establish, by the working up
of qualitative plankton samples, the Rotatoria fauna and its percentual com-
position characteristic for the open water of Lake Balaton.

Location, date, and method of collectings

Samples were taken, from June till October, 1965, in transversal sections
perpendicular to the longitudinal axis of the surface of the lake (Fig. 1)
(cf. Sebestyen 1960) at three points in the south-western, and two points in
the north-eastern parts of Lake Balaton. The designation of the localities of
collecting is given according t0 Sebestyén:

MO = Gyenesdias — the mouth of the river Zala

K Szigliget—Balatonmaria

G Séagpuszta—Balatonszemes

Ax = Balatonfired, Fenékfiird6—Zamardi-also.

(About 500 m in front of the Biological Research Institute of the Hun-
garian Academy of Sciences, Tihany).

Ee = Balatonalmadi—Balatonvilagos

The time of the day of the collectings was selected with a view to pro-
vide also for evening and night samples from the two extreme localities of the
lake (MOand EJ as well as the waters, hitherto the most intensely studied ones,
in front of the institute. Data referring to these samples, together with some
remarks, are submitted in Table 1.

Samples were taken by a No. 25 plankton-net by subsurface dredging
(at a depth of about 1 m) from a row-boat for 7—10 minutes around the point
of collecting; the material gathered was conserved in formalin. Concurrently,
also quantitative samples were taken, to be worked up at a later time. The
investigation of the Rotatoria was made by a relative quantitative method,
by counting 600—700 individuals per sample (Sebestyen 1953), Strongly
shrunken, intransparent, and thus hardly identifiable, specimens (Synchaeta,
Brachonius sessilis, Asplanchna, etc.) were individually cleared up by sodium
hypochlorite on separate slides, and then identified.

The dominant species have been established by relating the species to
each other as well as to the total number of Rotatoria counted in the samples.

Fig. 1. Location of collecting sites in Lake Balaton

1. dbra. Gyijt6helyek megjeldlése a Balatonon
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For a better survey of their percentual occurrence, the percentage values
referring to the dominant species in Table 2 were also plotted on graphs (Figs
2—6). In the case of sections with also nocturnal collections available, values
higher than those of the diurnal ones were considered. For the section MQ
the Synchaeta species have not been separated for illustration; the species
showing the higher percentage value was invariably shown.

LU Kelltcottia longispina
B Kerateila cochlearis
(LL| Keratella cochlearis tecta
(Uj Keratella quadrata

Polyarthra vulgaris
o Synchaeta obionga
K Synchaeta kitina

I I'Pompholyx sulcata

e = night collecting — esti gydjtéshél
Fig. 2. Percentual occurrence of dominant species in the Keszthely-bay (MO
2. &bra. Dominéans fajok %-os el6fordulasa a Keszthelyi-6bdlben (M0

Fig. 3. Percentual occurrence of dominant species in section K (Szigliget—Balatonmaria)
3. dbra. Dominans fajok %-os el6fordulasa a K szelvényben (Szigliget—Balatonmaria)

17 Tihanyi Evkényv



Fig. 4. Percentual occurrence of dominant sp)ecies in section G (Sagpuszta—Balaton-
szemes

4. abra. Dominans fajok %-os el6forduldsa a G szelvényben (Sagpuszta—Balatonszemes)

Fig. 5. Percentual occurrence of dominant species in the water fronting the Biological
Research Institute (At)

5. &bra. Dominéns fajok %-os el6forduldsa a Bioldgiai Intézet el6tti vizteriileten (AJ

Fig. 6. Percentual occurrence of dominant species in section Ee (Balatonalmadi—
Balatonvilagos)
6. dbra. Dominans fajok %-0s el()'fordulélsz_iI az E)cszelvényben (Balatonalméadi—Balaton-
vilagos
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Taxonomical and morphological remarks

Anuraeopsis fissa GOSSE?** (Plate 1). A rather widely ranging species, but
still offering difficulties for identification. In literature known by us, we have
found reference nowhere to the fact that the body of Anuraeopsis fissa, as in
the case of the specimens originating from Lake Balaton, would lie on an
extremely thin, sinuously margined membrane. We have examined about 70,
mainly egg-bearing specimens, and found only four in which the rectangular
membrane was not to be observed. The species being a true open water form,
the membrane might possibly have an importance in assisting floating, or
subserving the protection of tne eggs. Since we worked with strongly shrunken
individuals, the dimensions (60 —80 p without the basic membrane) could not
be considered. On the basis of the external habits and characters important
in identification, we consider the species as A. fissa, but detailed morphological
and anatomlcal investigations on live animals are needed. VArcA (1937)
classifies it as a warm, stenothermic species, justified also by its occurrence
from July until September (T'able 2).

Brachionus sessilis was first found by SEBESTYEN in the Balaton; VARGA
described it (1951) as a new species epizoic on the Cladoceran Diaphanosoma
brachyurum. The specimens examined by us completely agreed morphologi-
cally with VArGA’s description and figures, though, in many cases, the animals
had shrunken to such an extent that the chitinous structure at the cephalic
aperture and the mastax could only be recognized after clearing up of the spe-
cimen. It is recorded here merely as an interesting note that we have found only
two individuals attached to Crustaceans. All other exemplars have been

Plate 1. Anuracopsis fissa Gossu? greatly contracted

1. kép. Anuraeopsis fissa GossE? zsugorodott példany

17%



Table 1 — 1. tablazat

Number and Section Date and hour of collecting Water tem- Trans-
of samples perature parency* "
; Gytijtés Remarks**
Minték Vizhéfok, |Atlatszésag,*
Megjegyzés™*

sorszéma, szelvénye id6pontja ora o° cm
No. 1002 M, VI8, 21 — — extremely meagre material — igen kevés anyag
No. 1006 Wi 4195 7 18 45 many bivalve-larvae — sok kagyld-larva
No. 1034 VI, 30. 21 — — disattached epiphytes — leszakadt epifitak
No. 1038 VIL; 1. 7 22 80
No. 1075 VIIL. 2. 21 — — masses of Melosiras — tomeges Melosira-k
No. 1079 VITL: 3. 7 20 39 Melosira discolouration of water — Melosira vizszinez8dés
No, 1114 X, 6. 21 — -— sporadic algal bloom of Microcystis- Aphanizomenon — Microcystis-

Aphanizomenon szbrt vizvirdgzas
No. 1118 TG 8 18 62
No. 1154 X. 12, 19 = — diatoms living on reed-grass crust. — hinérbevonatban él6 kovamoszatok
No. 1158 X132 7 13 114 Melosiras — Melosira-k
No. 1010 K VI, 9. 12 19.5 36 many Ceratiwm — sok Ceratium
No. 1042 VAT, 1. 24 40 masses of Microcystis — tomeges Microcystis
No. 1083 VIIE:. 3. 20 35 Melosira discolouration of water — Melosira vizszinez8dés
No. 1122 TR 10 19 51 Microcystis- Aphanizomenon — Microcystis- Aphanizomenon
No. 1162 X. 13 11 13 66 Colaciwm species on Cyclops specimens — Colactum-ok Cyclops-okon
No. 1014 a Vi 19 16 20 42 many Ceratium — sok Ceratium
No. 1050 VL 1 16 32 92 many Ceratium — sok Ceratium
No. 1089 VIII. 3. 16 25 56 masses of Ceratium, Melosira discolouration of water — témeges Cera-
tium, Melosira vizszinez6dés

092



No. 1129 y X0 7 16 24 50 masses of Ceratium — témeges Ceratium
No. 1169 A X. 13. 16 15 96 many Ceratium — sok Ceratium
No. 1016 4, Vil 10: 16 18.5 50 bivalve larvae, many Ceratium — kagyldlarvék, sok Ceratium
No. 1020 VI. 10. 22 — — many Ceratium — sok Ceratium
No. 1054 VII. 2. 15 24 92 many Ceratium, Microcystis groups — sok Ceratium, Microcystis csoportok
No. 1065 VII. 2. 24 - — many Ceratium — sok Ceratium
No. 1093 * VIII. 4. 156 26 51 many Ceratium, Melosiras — sok Ceratium, Melosira-k
No. 1104 VIII. 4. 23 — — many Ceratium — sok Ceratium
No. 1133 XS 8; 15 24 86 Ceratiuwms, many Microcystis — Ceratium-ok, sok Microcystis
No. 1144 IX: 8. 21 - —— masses of Ceratium, many bivalve larvae — témeges Ceratium, kagyl6-
larvék
No. 1173 X. 14. 15 18 120 bivalve larvae — kagylélarvik
No. 1024 E, V=T 18 19.5 64 many bivalve larvae, Ceratium, Melosira — sok kagyldlarva, Ceratium,
Melosira
No. 1026 VI. 10. 20 - — many Ceratium — sok Ceratium
No. 1058 VT, 2 18 23 66 many Ceratium — sok Ceratium
No. 1063 VII. 2. 22 — — many Ceratium — sok Ceratium
No. 1100 VIIIL. 4. 18 21 64 many Ceratium, Melosiras — sok Ceratium, Melosira-k
No. 1102 VIII. 4. 22 — — masses of Ceralium — tomeges Ceratium
No. 1140 q8EL A8 19 20 — bivalve larvae — kagylolarvik
No. 1142 IX. 8. 21 — —
No. 1180 X. 14. 18 14 -
= Measured by Seconi-disk — SEccHI-koronggal mérve. . -
** — Algological data were included on the basis of oral commumoahons by Dr. G TAMAS - Az -algolégiai- adatokat
Dr. TamAs GizerrA szébeli kozlése alapjdn vettiik be a tdbldzatba.

1



Table 2 — 2. tabldzat

Species — Fajok

Period — id6

Locality — Gyfijtédhelyek

M,

@

4,

E,

evening — este

morning
reggel

db*

%

db*

%

db*

%

db*

afternoon

délutén

evening — este

afternoon
délutén

evening — este

db*

% db*

%

db* %

a* | %

Anuraeopsis fissa
(Gosse) ?

VL.
VII.
VIII.
IX.
X

0.29

0.16

1.21
0.52

0,15
0.16
0.14

- W

0.43
1.38
0.17

17 2.70
3 0.47

0.48
0.89
0.81

o w

Ascomorpha ecaudis®
PERTY

VI.
VII.
VLT,
IX.
X.

0.62

Asplanchna priodonia
GOSSE

VI.
VII.
VIII.
IX.
s

0.30

11

1.79 | 8

1.22

Brachionus angularis
GossE

VI.
VII.
VIII.
IX.
X.

77
34

14.23
5.34

- ©

2.91
0.64
0.72
0.15

0.16

0.16

0.30

0.16

0.15

Brachionus sessilis
Varca

* db = number of animals

VI,
VII.
VLG
IX.
X.

p—

2.27
0.13

0.15
015 | 2
6.85 | 17

0.29
2.60

50 7.95

89| 13,26

398



Cephalodella catéllina
(0. F. MULL))

Cephalodella gibba

(Ehbbg.)

Colurella adriatica
Ehbbg.

Colurella colurus
(Ehbbg.)

Filinia longiseta
(Ehbbg.)

Kellicottia longispina

(Kellicott)

Keratella cochlearis
cocMearis (Gosse)

VI
VII.
VIIL.
IX.

VI
VII.
VIII.
IX.

V1.
VII.
VIII.
IX.

VI
VIL.
VIII.
IX.

VL.
VII.
VIII.
IX.

VI
VII.
VIII.
IX.

VI
VII.
VIII.
IX.

233
258
39
40
34

0.33

0.16

1.48

0.37
0.48

0.16

43.07
40.50
6.01
6.12
5.58

10

0.15

1.54

0.29

1.08
1.62
2.46
6.22
1.75

32.72
5.68
34.30
40.12
1.11

143
17
135
76

210
170
296
123

43

24.
23.
.70
21.
12.

67
03

50
54

78

26
36
52

335
201
237
178
305

12.19
4.54
3.93
4.71
7.44

52.34
31.50
35.85
23.27
43.63

11.18
0.61
0.65
0.41
3.14

48.13

5.69
12.40
13.50
40.57

1 0.15
15 2.37
2 0.29
1 0.15
6 1.01
214 33.86
28 4.70
59 9.03
115 19.36

272
84
60

320

302

1.12

7.03
0.16
0.79
0.80
3.34

40.65
13.21

9.54
51.12
45.83

24

0.16

0.65

34.20
15.05

6.85
55.10

€9¢



Table 2 (contimeld) — 2. tdbldzat (folytatds)

Locality —Gytijtéhelyek

M, K G A, E,
Species — Fajok Period — id6 )
evening — este “Hes PR e 5 afternoon | evening — este aftornoon  levening — este
db* % ab* % a* | % db* % db* % ab* | 9
Keratella cochlearis Y1, 1 0.14
hispida (LAUTER- VII. 3 0.47
BORN.) VIII.
IX.
X
Keratella cochlearis VI 24 443 | 20 3.09 | 17 2.84
macracantha VII. 3 0.48
LAUTERBORN VIII.
IX. 4 0.62
b, &
Keratella cochlearis VI. 1 0.15
macracantha f. micra- VII. 19 2.98 4 0.61 1 0.14
cantha LAUTERBORN VIII. 1 0.16 2 0.32
i 15, 1 0.14 1 0.17 1 0.16
X 4 0.56 3 0.47 1 0.15
Keratella cochlearis VI. 86 | 15.90 | 54 8.34 3 1.50 7 1.09 | 27 4.19 | 21 3.32 | 21 3.14 | 14 2.02
tecta (GOSSE) VII. (228 | 85.00 | 60 8.12 | 27 435 | 88 | 13.79 | 31 4.77 | 54 784 | 76 | 11.95 | 74 | 11.73
VIIL. 8 1.28 | 65 7.96 (175 | 27.86 (173 | 26.17 | 85 | 13.87 (130 | 19.91 | 77 | 12.24 (112 | 16.69
IX. 5 0.76 | 95 | 14.77 | 54 8.60 | 56 7.31 | 45 6.14 | 31 5.22 | 63 8.46 | 56 9.08
X 45 7.39 | 20 3.17 (101 | 16.67 {167 | 23.89 (156 | 24.53 64 9.71
Keratella quadrata VI. 32 5.91 | 50 7.72 (184 | 22.83 | 42 6.56 | 28 4.34 | 24 3.79 | 45 6.73 | 26 3.61
(0. F.MuLL.) ViEL: 77 | 12.08 | 47 7.63 (129 | 20.77 4 0.63 4 0.61 11 1.73 | 23 3.64
VIII. 12 1.85 | 36 5.21 | 60 9.55 | 13 1.97 4 0.65 1 0.15 3 0.47
IX, 42 6.43 (107 | 16.64 (192 | 30.57 | 19 2.49 1 0.14 4 0.67 2 0.32 3 0.48
X 29 3.62 | 17 2.70 | 10 1.65 | 46 6.58 | 31 4.87 16 2.43

* db = number of animals

98



Keratella valga (EHkBO.)

Lecane luna,
(O. F. ML)

Lepadella patella
(©. F. MULL)

Muytilina ventralis
(Ehrbg.)

Notholca squamula
(O. F. Maln)

Notholca striata
(0. F. MalL)

Polyarthra major
Bukckhardt

V1.
VILI.
VIIL.
IX.

V1.
VII.
VIII.
IX.

V1.
VII.

VIII.
IX.

V1.
VII.

VIIL.
IX.

VL.
VIL.
VIII.
IX.

V1.

VILI.

VIII.

VL.
VIL.
VIII.
IX.
X

n

113

16
2

0.32

0.55

0.16
2.03
17.41
0.33

50
8
4

7.22
116
0.63

0.15

0.15

0.49

0.15

0.15

0.16

G9¢



Table 2 (continued) — 2. tdbldzat (folytatds)

Locality — Gyfijt6bhelyek

M, K @ 4, E,
Species — Fajok Period — id6 T
evening — este Hif;?ggig e h x o ” ﬁﬁﬁ?&n evening — este afit;‘::‘zzn evening — este
a* | % db* % a* | % db* % | ab* % ab* | 9
Polyarthra vulgaris VI. 20 3.70 | 10 1.54 | 81 | 13.50 9 1.40 | 21 3.25 9 1.42 | 16 2.39 | 13 1.88
CARLIN VIIL. 12 1.88 2 0.32 {132 | 21.26 (206 | 32.29 |282 | 43.39 (359 | 52.18 (270 | 42.45 |244 | 38.67
VIII. (464 | 71.49 {119 17.22 | 45 7.16 |168 25.41 |194 | 31.65 | 85 13.02 | 78 12.40 | 76 11.32
IX. |280 | 42.88 | 32 4.97 (120 19.10 (225 29.41 |135 | 18.42 | 65 10.94 (135 21.56 (111 17.99
X. [244 | 40.07 | 76 12.06 |370 | 61.06 | 66 9.44 | 45 7.07 50 7.59
Pompholyz complanata VI 9 1.66 4 0.62 | 10 1.61
GossE VII. 1 0.14
VIIL. 5 0.76
IX. 7 1.07 | 14 2.18
X 9 1.41 6 0.91
Pompholyx sulcata VI. 22 4.07 1 0.16 (169 | 26.40 (178 | 27.64 (336 | 53.16 (266 | 38.26 (329 | 54.69
Hupson VIL 1 0.16 106 | 16.61 |274 | 42.15 (238 | 34.58 (193 | 30.35 [191 | 30.27
VIII. 35 5.06 13 1.97 |184 | 30.02 (322 | 49.31 (321 | 51.03 (332 | 49.48
IX. 232 30.33 (443 | 60.43 (350 | 58.92 | 99 15.81 | 93 15.07
X 6 0.99 | 57 8.15 |102 | 16.04 198 | 30.04
Synchaeta kitina VI. 30 4.63
ROUSSELET VII. 245 | 39.77 5 0.81
VIII. 86 12.30
IX, 98 15.01 5 0.78
i 71 | 11.66 | 99 | 15.72
Synchaeta oblonga VI. 4 0.74 |180 | 27.78
EHRBG. VIIL. 221 | 35.87
VIII. 13 2.01 | 45 6.51 1 0.16
IX., (1587 | 24.04 | 72 11.20
X. 1184 | 30.21 {396 | 62.86 T 1.10

* db = number of animals
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Testudinella mucronata
(Gosse)

Testudinella parva

(Ternetz)

Testudinella patina

(Hermann)

Testudinella patina
trllobataAnd erson
et Sephard

Trichocerca bidens
(Locks)

Trichocerca pusilla
(Jennings)

Trichocerca rattus
(0. F.Mann)

V1.
VII.
VIII.
IX.
X

V1.
VII.

VIII.

IX.
X

V1.
VII.
VIII.
IX.
X

V1.
VII.
VIII.
IX.
X

V1.
VII.
VIII.
IX.
X

V1.
VII.
VIII.
IX.
X

VL.
VII.
VIII.
IX.
X

5 0.78
1 0.16
8 148
2 0.37 1
6 092
1 0.15
1
27
4
1
8
1
1 0.16

0.15

0.93

0.45
2.23
0.32

175

opo
BR&H

l\)U‘IU‘I'Z‘\CD

0.93
168
0.81
0.68
0.31

110
0.14
2.45
3.53

16

179
254

0.16

10
3

149
0.48

19¢



Table 2. (continued) — 2 tablazat (folytatas) n
(o]
Locality — GylGjtéhelyek
M, K a A« : E
Species — Fajok Period — id6
evening — este morning afternoon evening — este afternoon evening — este
reggel db* 90 db* % délutan délutan
db* % db* % db* ) % db* % db* % db« 1 %
Trichocerca stylata VI.
(Gosse) VII.
VIII. 10 145
I1X.
X.
Trickotria pocillum VI.
(0. F.moLL) VII.
VIII. 1 0.15
I1X.
X.

*db = number of animals
** Note: It was found experiments on living animals that the Anureaopsisfissa Gosse described with a question mark were
strongly contracted spéci mens of Gollotheca balatonica Varga*

** Megjegyzés: EI16 allatokon tortént vizsgalatok alapjan megéllapitottuk, hogy az Anuraeopsis fiss4 Gosse kérdgjelesen leirt
faj Gollotheca balatonica Varga erésen zsugorodott példanyai.
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free-swimming. This striking phenomenon may have several explanations.
Our specimens may possibly have separated from their hosts owing to the
process of preservation, or to some other mechanical cause (the repeated shak-
ing of the samples). On the other hand, Varga also worked with preserved
materials, and he never made reference to non-epizoic forms. One might also
assume that the species had vastly proliferated in recent years, since we have
found it in the entire Balaton, with the exception of the Keszthely-bay. It is
not improbable that, similarly to other Brachonius species, it also may change
habits, and thus might prefer a free-swimming existence instead of being car-
ried by Diaphanosoma forms.

Plate 2. Ventral Side of Brachionus sessilis Varga

2. kép. Brachionus sessilis Varga hasoldala

Of Synchaeta kitina R otjssetet and 8. oblonga Ehrbg., Donner (1959)
writes, as the first sentence of his work, as follows: “Die Synchaeta-Arten sind
nur mit Vorsicht zu bestimmen.” This remark, shedding some light on problems
of identifying live animals, is emphatically true for specimens preserved in
formalin. As is to be seen in both Table 2 and Fig. 2, the two Synchaeta species
became increasingly abundant in the Keszthely-beach, during the entire course
of our investigations. In October, 8. oblonga was the leading species, its indi-
vidual number exceeding 60%. This high number of specimens made the study
of the taxonomical and morphological problems of the Synchaeta species man-
datory.
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In surveying our samples, specimens shrunken to various degrees appear-
ed in the field of sight of our microscopes. Features characteristic for shrinkage-
free Synchaetas were discovered only in the rarest of cases. After the treatment
by sodium-hypochlorite, effecting the wellnigh complete dissolution of the
animal’s body, their generic relegation could be made only on the basis of the
liberated mastaxes. Identification as to species were made solely on the basis
of the configuration of the mastax, on the consideration that, owing to shrink-
age, the dimensions given in literature cannot be applied to our animals. Nor
could, for the above circumstance, be the data referring to the shape of the
body and its colour considered. In his work on Synchaeta oblonga, D onner
(1959) summarizes the conclusions found in Peyter’s (1957) paper treating
this problem. According to these authors, in deciding the specific allocation
of the Synchaetas one should not ascribe any importance to the shape of the
animal (a fundamental feature in most handbooks and keys, e.g. Brauer
1912, Rytov 1935, Voigt 1957), since there might occur considerable differ-
ences even between individuals of the same population. The same holds with
respect to size and other characteristics. Diagnostic significance can be attri-
buted only to the protrusion ofthe head (shrunken in our samples%, the location
of the lateral tentacles (observable only on live material), and the differences
appearing in the structure of the mastaxes. On the results of the analysis of
these mastaxes and a discussion of their variation, obtained during our study
of the Synchaetas, a future paper is proposed to be submitted.

Horizontal distribution of the species and some other remarks

The great extension of Lake Balaton, its water surface, the almost dis-
jointed state of the lake into two basins connected by the narrow strait of
Tihany, the shoreline variegated by small inlets and bays, the variety of sub-
strate and depth, as well as the influences exerted by culture, are factors which
may extensively promote the horizontal articulation of the plankton of the
lake. If it were only for these factors, the distribution of the plankton would
be excessive in various points of the lake. However, there are also moments
known which, acting oppositely to the preceding factors, decrease the possibil-
ities of the horizontal articulation (Sebestyen 1960). The most important of
these is wind, which, according to substrate and depth, disturbs water at a
smaller or greater rate and produces water currents. This is also the cause
why differences between the planktons of sections far removed from one another
may become obscure. The resultant of the oppositely acting factors will change
seasonally, and this is observable also in the qualitative composition of the
Rotatoria plankton investigated in our project.

As is to be seen from the table, the species listed may, on the basis of
their occurrence, be subdivided into four groups:

a) occurring in all five sections;

b) inhabiting the NE basin, or represented there by essentially higher
individual numbers than in other areas;

¢) inhabiting the SW part of the lake;

~d) species collected in some few specimens in one or the other of the
sections.
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a) Species characteristic for the entire water body of Lake Balaton, and
appearing in great individual numbers, were Kellicottia longispina, Keratella
cochlearis, K. cochlearis var. tecta, K. quadrata, and Polyarthra vulgaris. As dom-
inant species, they occurred in all localities and in every season. Anuraeop-
sis fissa and Pompholyx complanata were represented by small individual
numbers in all sections. However, the occurrence of A. fissa was not uniform
in the five sections (62 exemplars in sections Ee+ Ax-f- G, but three speci-
mens only in sections K -f- M0, while Pompholyx complanata showed a more
uniform distribution. Pompholyx sulcata was also found in all sections, but
whereas it appeared as a dominant species, and in many cases became the
leading one (in sections Ee Ax and G) at all times, its occurrence in the other
two sections was insignificant.

b) There was no species found whose occurrence were characteristic
for exclusively the NE basin of the lake, but we have identified some which
occurred both in the sections of the NE basin and section G of the SE basin
(Asplanchna priodonta, Keratella c. hispida). Testudinella mucronata might
also be relegated to this group, its majority having been collected in these
sections, but some specimens found also in section M. Brachionus sessilis,
frequent in sections A and E, advances through section G to even K, though
in rather small numbers in this latter one.

c) The Keszthely-bay, as is to be expected owing to its environmental
conditions (topographic situation, the nearness of the confluence of the river
Zala, strong cultural effects), considerably differs, with respect to the Rota-
toria fauna, from all other investigated sections of Lake Balaton. Species
occurring only here are Ascomorpha ecaudis, Cephalodella gibba, Colurella
adriatica, Filinia longiseta, Polyarthra major, Testudinella parva, patina, pa-
tina trilobata, and Trichocerca stylata. Also those species belong here which
have been found in other sections, too, but whose frequency of occurrence is
more conspicuous in the Keszthely-bay. They are, e.g. Brachionius angularis,
Keratella cochlearis macracantha, Synchaeta Icitinaand oblonga, Trichocerca pusil-
la and rattus. These latter also represent the species common with section K.

The Rotatoria listed on the basis of one specimen each, thus Cephalodella
catellina and gibba, the Colurella species, Lecane luna, Lepadella patella, Myti-
lina ventralis, the Notholca species, and Trichotria poecillum, were represented
by so small individual numbers that one has to have recourse, with respect
to their appearance and role in the plankton, to literature data only. All
Cephalodella species are rather common; they prefer aquatic plant habitats,
and are also members of the psammon of Lake Balaton (Varga 1939). The
Notholca species are planktonic, but preferring cold water their absence in
our collections is easily explainable. Varga (1939) mentions Mytilina ventralis
as a rare member of the plankton of the Lake Balaton, collected above the
surface of the mud and among debris. The Colurella, Lecane, and Lepadella
species are not typical constitutents of the plankton, hence their occurrence
in our samples are merely incidental.

Concerning the species showing small individual numbers in the Rota-
toria plankton of the Keszthely-bay, it can be established that they all prefer
eutrophic waters, plants, detritus, and mud surface.

By illustrating on graphs the changes of the percentual occurrences of
the dominant species, it will be found that, in the case of sections Ef and A,,
the ratio as related to one another of the species is largely equal (Figs 5,6).
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This statement holds for every data of collectings, except for September, when
in section Ee Pompholyx sulcata is eclipsed by the high values of Keratella
cochlearis, whereas the situation is just the opposite in section Av The Rota-
toria community of section G is qualitatively identical with that of the pre-
ceding two sections (Fig. 4). The ratio of the dominant species to one another
is also similar to the conditions prevailing in sections Eeand Av especially in
June and October. In the summer season, the percentual composition of the
Rotatoria community shifts towards the predominance of Keratella cochlearis.
Cr)]n tPiE basis, section G might be considered as belonging to the NE part of
the lake.

By its dominant Rotatoria, section K forms a self-standing unit. Only
those species are to be found here in greater numbers which occur in all five
sections of Lake Balaton. Pompholyx sulcata, appearing often as a leading
species in the three preceding sections, was found in the sample collected in
October, but we have not plotted it on Fig. 3 owing to its value below one per
cent. Also insignificant amounts of the frequently leading species of the Keszt-
hely-bay, Synchaeta kitina and oblonga, were found in the section now under
discussion. The proportions of the dominant species give also a completely
different picture against that of the other sections, though there isan undoubt-
ed resemblance to the Rotatoria community of the Keszthely-bay.

The Rotatoria plankton of this latter area —as was pointed out above —
differs from that of the other sections. The characteristic species are the Syn-
chaeta taxa, of which oblonga excels by its higher individual numbers in the
spring and autumn months, while kitina predominates during the summer.
Concerning the occurrence of Synchaeta oblonga, Varga (1932) writes that
“it can be regularly found, with the exception of the warmer season”.

On the basis of Table 2 and Figs 2—=6, it is quite obvious that, with re-
spect to the horizontal occurrence of the Rotatoria, Lake Balaton is not a uni-
form body of water, but can be divided into three parts, namely sections Ee,
then A, and G, finally K and MQ. Thus the Rotatoria plankton ofthe NE basin
might be considered as uniform, with a similar plankton community, develop-
ing during the spring and autumn storms and stronger movements of water,
also in section G. During the summer, when water currents are presumably
weaker, differences develop in the interrelationship of the species in section G.
However, the dominant species agree with those of the NE basin. The so-called
transitional area is to be looked for, according to the investigations made in
1965, between sections G and K.

The articulation of the Rotatoria plankton according to the above
sections is clearly shown by Kellicottia longispina (Figs 2—6, column 1), and
Keratella quadrata (idem, column 4). Except for September, Kellicottia attains
values about 2—3% in section MO. While its percentual occurrence is high in
every season in section K, its sudden decrease in section G becomes even more
pronounced in the northeastern direction. In sections A, and Eeg, its presence
in the summer months can hardly be illustrated at all. Keratella quadrata
exhibits a picture similar to the preceding one, with the difference of appearing
in a rather significant percentage in the Keszthely-bay. It seems that during
the entire period of collectings, the environmental conditions given by section
K were the most favourable for its requirements, together with K. longispina.

This grouping of the examined sections of Lake Balaton, on the basis
Ofthe qualitative survey of the Rotatoria plankton, is rather unexpected, even
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though sebnestyen (1960) found, with respect to another constituent of the
plankton, that “the values of section F of the SW portion come within the
amplitado of the values received from the NE part of the lake” (section F =
Balatonfoldvar—oOrvényes). It is interesting, however, that section G belongs
to the NE part despite the great distance, while in sections K and MQ, rather
close with respect to distances in km, there evolved distinct Rotatoria commu-
nities wherein the Rotatoria of the Szigliget-bay correspond with merely one
or two species of section MQ. The cause may possibly he in the considerable
constriction of the lake between Balatongy6rok and Balatonberény, as well as
in the effects of the confluence of the river Zala failing to reach as far as sec-
tion K.

Summary

The authors executed the qualitative investigation, by relative quantita-
tive methods, of the 38 netted Rotatoria samples, collected at one site each of
five sections perpendicular to the longitudinal axis of Lake Balaton in the
months June—October, 1965. A total of 38 species, varieties, and forms have
been identified, of which one species (Anuraeopsis fissa) proved to be new fo
the fauna of the Balaton.

It was established that, for the given survey period of the year 1965,
the lake can be subdivided into three parts on the basis of the qualitative com-
position of the Rotatoria plankton (Table 2, Figs 2—=6).

1 Sections Eeg A,, and G. The characteristic species were: Pompholyx
sulcata, Anuraeopsis fissa, Asplanchna priodonta, Brachionus sessilis, and
Testudinella mucronata. The graphs indicating the percentual occurrence of
the dominant species showed great similarity in sections Eeand AL whereas
that of section G slightly differs from the preceding ones during the summer
months.

2. The characteristic species of section K was Kellicottia longispina, ex-
celling by rather high percentual values during the period of investigation
(except for August). Keratellaquadrata shows similar occurrence values, appear-
ing with rather high percentage figures also in the Keszthely-bay. The specific
composition stands nearer to that of the Keszthély-bay than those of the three
preceding sections.

3. The Rotatoria fauna of the Keszthely-bay differs from those found
in all other Sections. The characteristic species were: Synchaeta Kkitina and
oblonga, Brachonius angularis, Keratella cochlearis macracantha, Polyarthra
major, and Trichocerca species. Several species, represented by one specimen
each, have also been found here, taxa which cannot be regarded as typical
constituents of the plankton. Those found here proved in the majority to fa-
vour eutrophic waters, plants and detritus.

The incidentally or constancy of the above distribution of the Rotatoria
plankton will be determined by future investigations.

18 Tihanyi Evkényv
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HORIZONTALIS PLANKTONVIZSGALATOK A BALATONON, VI,
A BALATON NYILTViZI ROTATORIAINAK VIZSGALATA
AZ 1965. EVI GYUJTESEK ALAPJAN

P.-Zankai Nora és Kertész Gyorgy

Osszefoglalas

A szerz6k 1965 juniustol oktéberig a Balaton mélységi hossztengelyére mer6leges
5 szelvényének 1—1 pontjan begydjtott 38 haléos minta Rotatoridinak mindsegi vizs-
alatat vegezték el relativ-kvantitativ maddszerrel. Osszesen 38 fajt, ill. varietast és
ormat hataroztak me?, melyek kdzul 1faj (Anuraeopsis fissd) a Balaton teriiletére (j.

Szerz6k megallapitoftdk, hogy az 1965-0s év adott vizsgalati id6szakaban a
Rotatoria plankton min6ségi Osszetétele szempontjabdl a Balaton 3 részre tagolhatd
(L 2. tablazat és 2—5. ébraﬁ

1 Ef, A, és G szelvények. Jellemz8 fajaik: Pompholyx sulcata, Anuraeopsis fissa,
Asplanchna priodonta, Brachionus sessilis és a Testudinella mucronata voltak. A dominans
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fajok %-os el6fordulésat jelz6 grafikonok az Eeés Aj szelvényben nagyfokl hasonlésagot
mutattak, mig a nyari hdnapokban a G szelvényé kissé eltér ezektol. ) )
) . A K szelvény jellemz0 faja a Kellicottia longispina, amely az egész vizsgalati
id6szak alatt (VIII. hénaf) kivételével) magas %-Kkal tlnt ki. HaSonl6 el6fordulasu a
Keratella quadrata is, mely azonban a Keszthelyi-6bolben is magas %-kal szerepelt.
A fajok min6ségi Osszetétele kozelebb all a Keszthelyi-6bdlhéz, mint a masik 3 szel-
vényhez.

3. A Keszthelyi-6b6l Rotatoria faunaja eltér a tobbi gy(jt6helyen talaltaktol.
Jellemz6 fajai: Synchaeta kitina és oblonga, Brachionus angularis, Keratella cochlearis
macracantha, Polyarthra major és a Trichocerca fajok. E helyrél tébb 1—1 példanyban
el6keralt fat]t hataroztunk ‘meg, melvek nem tekinthet6k “tipikus planktontagoknak.
Az itt talalt fajok jorészt eutrof vizeket, ndvényzetet és detrituszt kedvelSk.

) A Rotatoria plankton ilyen iranyu eloszlasanak esetlegességét vagy allando
jellegét a tovabbi vizsgalatok fogjak eldonteni.

FOPN3OHTAJ/IBHOE NCC/EJOBAHUE MJTAHKTOHOB BAJIATOHA
VI. UISYUYEHUE B OTKPbITOW BOAE BA/TATOHA HA OCHOBAHWA
AHA/IN3A MATEPVANIA, COBPAHHOIO B 1965 rogy

Hopa TM.-3aHkan v Obépap KepTec

Bbin npoBefeH KayeCTBeHHbIM aHanu3 Rotatoria MOCpeAacTBOM OTHOCUTEIbHO-KBaH-
TUTATUBHOrO MeTofa U3 38 06pa3LoB cauyka, CO6PaHHOrO B OAHOM MyHKTE MATY 3a/1eraHuii no
ropu3oHTa/IbHOM OcK BanaToHa ¢ MoHA Mo oKTA0pb 1965 roga. Beerd 6bi1o HaligeHo 38 BUAOB,
pa3HOBMAHOCTEN M (hopM, M3 KOTOPbIX OAMH BWfA Anuroeopsis fissa 6bi1 B mepsble 06Hapy-
XeH B banaTtoHe.

Bblno yCTaHOBNEHO, YTO BO BPEMS WUCCME0BaHUA MO KAaY4eCTBEHHOMY COCTaBy MaHK-
ToHa Rotatoria banaToH pasgenseTcs Ha Tpu 4vactu (Tabnuua 2. puc. 2—6).

1 — XapakTepHble Bugbl Mecta Ee A,, G—: Pompholyx sulcata, Anuaraeopsis
fissd, Asplanchna priodonta, Brachionus sessilis, Testudinella mucronata. KpuvBble Haxox-
[eHVs LOMUHaHTHbIX BUAOB B % CX0AHbI B MecTax Eeun Al HO B fieTHee Bpemsi MecTo G He-
CKOMbKO OT/IMYAETCA OT MpedblayLunX.

2. — XapakTtepHbiM BugoM Mecta K sBnsetcsi Kellicottia longispina koTopblii
06Hapyxu1BaeTcs (3a WCK/IOYEHWEM aBrycra) B CambIX BbICOKMX MpoOLEHTax. Yacto Takxe
BCcTpevaeTca Keratdla quadrata Ho B OT/MuMe OT NpefbiayLUEero Buga B 60/bLIEM KONUYeCTBe
HaxoauTca B KecTxelickom 3anmBe. KayeCTBeHHbIi COCTaB G/MdKe K XapaKTepHOMY COCTaBy
KecTxeickoro 3annBa 4Yem OCTa/lbHbIX TPEX MECT.

3. — ®dayHa Rotatoria KecTxelickoro 3anmBa OT/M4aeTCa OT 06pasLioB, COBPaHHbIX
B OCTaflbHbIX MeCTax. XapakTepHble Bugpl: Synchaeta kitina, oblonga, Brachionus angu-
laris, Keratella cochlearis macracantha, Polyarthra major n Trichocercha.

B 3TOM MecTe 6blM HaiiAeHbl OAMHOYHbIE 3K3eMMSPbl ONpefeneHHbIX BUAOB, KOTOPble
He SBNIAIOTCA XapakTepHbIMY [/ AAHHOTO MIaHKTOHA. BOMbLUMHCTBO 06HAPYXKEHHbIX 3[eCh
BWUOOB XapakTepHO [/ 3YTPO(HOM BOAbl, PacTeHWA U AeTpUTYCa.

OnucaHHoe pacnpefeneHne nNnaHKTOHa Rotatoria MOXeT 6biTb  BpeMeHHOe Wu
MOCTOSHHOE, HO PeLUMTb 3TOT BOMPOC MOMYT TOMbKO AanbHeiLine ucciefoBaHus.

18*






CHRONICLE

In 1966 two Departments functioned in the Institute.

The Department of Experimental Zoology, which due to the plan settled
in the previous years performed comparative neurobiological investigations
on invertebrates. In compliance with the principle of complexity, Lamelli-
branchs and Gastropods were investigated with physiological, morphological
and biochemical methods.

The Department of Hydrobiology continued the regular plankton and
benthos investigations, a program that was launched last year. The problems of
nutrition biology and metabolism of water organism were subjected to further
studies. Also this year several other institutions joined in the work.

Dr. O1ga Sebestyén, retired head of the Hydrobiological Department
worked on the theme “Lake history studies on microfossiles of Lake Balaton
sediments (Cladocera, Pediastrum)”.

Results of the work performed in the two Departments were published
partly in Annal. Biol. Tihany, Yol. 34, and partly in different Hungarian and
foreign journals.

The Institute’s permanent staffwas in 1966 year 53 workers (total), divided
as follows: 18 research workers, 20 technical assistants, 5 administrative and
10 other workers.

During this year the following changes took place in the scientific staff:
Erné Szabo (chemist) left for the Research Institute of Industrial Organic
Chemistry on the 16th October, 1966.

Lasz16 Hiripi chemist on the 16th March, 1966 and

Janos JarAi electroengineer on the 16th October 1966 were posted to
the Department of Experimental Zoology, while Janos Oran biologist-
ghemist was appointed to the Hydrobiological Department on the 1st Novem-

er, 1966.

Travels abroad

Dr. Janos Satanki, Director, returned from England on the 6th March
1966, where he spent 6 months in the Department of Physiology and Bio-
chemistry at the University of Southampton;

Dr. Bera Entz, Deputy Director, left on the 1st February, 1966 with a
3 year contract organized by TESCO to Ghana (Africa), where he took up
work at the Hydrobiological Institute of Ghana Academy of Sciences.
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Inland study trips

Janos Olah spent 2 months in the Institute of Soil Research and Agro-
chemistry of Budapest.

Istvan Varanka stayed for 2 weeks in the Physiological Institute at
the Medical University of Debrecen.

Visits of scientists from abroad and from Hungary

Also in 1966 several investigators from abroad and from Hungary work-
ed for variable length of time in the Institute:

Dr. H. Ktjziemski, Physiological Institute of the Medical Academy in
Gdansk (Poland) finished his 6 months long study trip in April, 1966,

Dr. H. Pratjser and Mrs. Prauser, Microbiological Institute of the
Medical University, Jena (DDR), spent here 3 weeks in August,

Dr. D. A. Sakharov, Zoomorphological Institute (Moscow) of the Aca-
demy of Sciences of the Soviet Union, spent 6 weeks here during April—May,

Dr. M. Salah, professor at the Hydrobiological Institute, Alexandria
(U. A. K.) worked here the whole year through,

Dr. Torok Laszle, docent at the Institute of Histology and Embry-
ology, BOTE, Budapest, stayed with us for 2 months,

Dr. Felfoldy Lajos from VITUKI, Budapest, spent 6 weeks,

Toth Laszle, from VITUKI, Budapest, also 6 weeks,

Dr. Kertész Gyorgy, lecturer at the Zoosystematical Institute ELTE,
Budapest, spert 2 weeks,

Bothar Anna, from the Station for Danube Research, Als6god, stayed

for 2 weeks and ) )
Dr. Simon Laszle, from the Anatomical Institute, BOTE, Budapest,

worked in the Institute for 2 weeks.

Besides the above-mentioned scientists several other investigators spent
shorter periods in Tihany, and research workers from abroad and Hungary
frequently payed visits at the Institute.

During the summer months 15 Hungarian and 3 university students
from abroad joined the Institute’s work for 3—4 weeks.

Meetings

Between the 9th—14th May, 1966, a “Symposium on Human Genetics”
was held with 40 participants, partly with lecturers from abroad, in the orga-
nization of the Postgraduate Medical School.

The Hydrobiological Society organized a “Symposium on problems of
organic matter determination in fresh waters” between the 25th—28th Sep-
tember. 48 scientists from abroad and 27 Hungarian specialists attended the
lectures.

On the 16th of September the participants of the “International Muscle
Symposium” (held at Budapest) payed a day’s visit at the Institute and got
acquainted with the work of the Department of Experimental Zoology.

Improvement in research facilities

Among the requisites, facilitating research work accessions in the instru-
mental stock and in the Library are remarkable.
During this year the following important equipments were procured:
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Tesla BS 413 A type electron microscope

LKB ultrotom I11. type ultramicrotom

Chrom 111. UKZ type gas chromatograph
Amplior 1. (ALVAR) amplifier and oscilloscope
Physiovar (ALVAR) stimulator

Camera Chatomatic (ALVAR) photorecorder
LH temperature controlled centrifuge

DISA two-channeled electrometer amplifier
EMG. TR-411 high frequency oscilloscope

USB 2-S scintillation counter.

The value of these equipments in near to 3 million forints. Several other
instruments were also obtained, their individual prices do not reach the amount
of 50, 000 forints but the total sum of these acquisitions mounts up also to
nearly half a million forints.

At the end of 1966 the Library registered 42,543 units. Altogether of
about 600 different journals and publications arrived currently.

The yearbook of the Institute, Anndl. Biol. Tihany, Vol. 33 (1966) was
sent to 548 institutions all over the world; in exchange the Library received
about 350 different journals and publications.

In 1966 renewals were finished, among them the morphological labora-
tories were renewed and a special laboratory was built for the electron micro-
scopy. Four two-roomed, selfcontained and two bachelor’s flats were built.
The gardens around the Institute and the scientists’ dwelling houses were re-
arranged, too. A tennis ground was established in cooperation with the In-
stitute’s staff.

In 1966 the complete renewal of the Institute’s Hotel has begun, when
finished 14 rooms with bath-rooms and central heating will be ready to accept
our guests. The Institute’s dining room, club room and kitchen as well as the
porter’s flat will be also renewed.



KRONIKA

Az Intézetben 1966-ban két osztaly m(kodott.

A Kisérleti Allattani Osztaly a korabbi években kialakult tematik&nak
megfelden dsszehasonlitd neurobioldgiai kutatasokat végzett gerinctelen allato-
kon. A Lamellibranchiatak és Gastropodak vizsgalatanal a komplexitas elvének
megfelelGen fizioldgiai, morfoldgiai és biokémiai mddszereket alkalmaztak.

A Hidrobiol6giai Osztaly tudoméanyos munk@jat az el6z6 évben elkezdett
rendszeres plankton és bentosz-kutatds, valamint egyes vizi szervezetek tap-
lalkozésbioldgiai és anyagcserevizsgalata képezte. E kutatdsokba tébb intéz-
mény is bekapcsolddott.

Dr. Sebestyén Olga nyugalmazott osztalyvezetd tovabbra is aktiv
tudomanyos tevékenységet fejtett ki az Intézetben. Munkajat a ,, Totorténeti
tanulmanyok balatoni Uledékek mikrofossziliain (Cladocera, Pediastrum)” c.
téma keretében folytatta.

A két osztaly tudomanyos munkainak egy része az Annal. Bioi. Tihany
34. kotetében, mas része kulonboz6 hazai és kulfoldi folydiratokban jelent
meg. (L&sd: Annal. Bioi. Tihany XXXIV., 286 oldal).

Az Intézet személyi alloménya: 53 f6, ami a kovetkez6képpen oszlott
meg: kutatd: 18, kutatasi segéderd: 20, adminisztrativ: 5, egyéb: 10.

Az Intézet kutatoi dllomanyéban az alabbi valtozasok torténtek:

Szab6é Erné tudomanyos munkatars (vegyész) 1966. VIII. 16-4n a
Szervesvegyipari Kutaté Intézetbe tavozott.

Hiripi Lasz16 tudoményos segédmunkatars (vegyész) 1966. I11. 16-an és

Jarai Janos tudoméanyos munkatars (elektromérnok) oktober 16-an
az Intézet Zoologiai Osztélyara,

O1ah Janos tudomanyos segédmunkatars (biologia-kémia szakos tanar)
november I-ével a Hidrobiol6giai Osztalyra kertlt.

Kulfoldi utak:

Dr. Salanki Jéanos igazgatd 1966 marcius 6-an tért vissza Angliabdl,
Sh?l 6 honapot a Southamptoni Egyetem Elettani és Biokémiai Intézetében

olgozott.

Dr. Entz Béla igazgatohelyettes 1966. I1. 1-én a Nemzetkdzi MUszaki
Tudomanyos Egyuttm(kodési Iroda szervezésében (TESCO) 3 éves szerzddes-
sel Ghanaba utazott, ahol a Ghanai Akadémiai Hidrobiologiai Intézetben
dolgozik.
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Belfoldi tanulmanyutak:

Orah Janos tudomanyos segédmunkatérs, a Talajtani és Agrokémiai
Kutatdintézetben két honapot,

Varanka Istvan tudomanyos segédmunkatéars a Debreceni Orvostudo-
manyi Egyetem Elettani Intézetében két hetet toltott.

Vendégkutatok: Az el6z0 évekhez hasonloan tobb kilfoldi és hazai kutato
dolgozott az Intézetben.

Dr. H. Kttziemskt — Orvosi Akadémia Gdanski Elettani Intézet
(Lengyelorszag) munkatarsa 6 honapos tanulmanyutjat 1966 aprilisdban fe-
jezte be.

Dr. H. Prauser és MrsP rauser a Jenai Orvostudomanyi Egyetem Mik-
robioldgiai Intézetének munkatarsai augusztusban 3 hetet,

Dr. D. A. Sakharov — SZU Tudomanyos Akademlaja Moszkvai
Allatmorfoldgiai Intézetének munkatarsa aprilis—majus honapban 6 hetet,

Dr. M. Salah Alexandriai Hidrobiol6giai Intézet professzora egész
éven at,

Dr. Torok Laszl6 BOTE Szdvet- és Fejlédéstani Intézetének docense,
2 hénapot,

Dr. Felfoldy Lajos a Vizgazdalkodasi Tudoméanyos Kutatointézet
fémunkatarsa 6 hetet,

Toth Lasz16 a VITUKI munkatarsa 6 hetet,

Dr. Molnar Kalman az MTA Allategészségligyi Kutatdintézetének
munkatarsa 3 hetet,

Dr. Kertész Gyorgy az ELTE Allatrendszertani Intézetének adjunk-
tusa 2 hetet,

Bothar Anna a Dunakutaté Alloméas munkatarsa 2 hetet,

Dr. Simon Laszl6 a Budapesti Orvostudomanyi Egyetem Anatémiai
Intézetének tanéarsegéde 2 hetet dolgozott az Intézetben.

A felsoroltakon kivil rovidebb id6t még tobben is toltdttek az Intézet-
ben, valamint szamos hazai és kiilfoldi kutato latogatta meg az Intézetet.

A nyari honapokban 15 hazai és 3 kulfoldi egyetemi hallgato kapcsolo-
dott be az Intézet munkéjaba 3—4 hétre.

Rendezvények:

Méjus 9—21-ig 40 résztvevdvel ,,Humangenetikai Szimpozium” kerilt
megrendezésre, részben kilfoldi el6adokkal, az Orvostovabbképzd Intézet
szervezésében:;

Szeptember 25—28 kdzo6tt ,,Szervesanyagmeghatarozasi szimpo6ziumot”
rendezett a Hidrologiai Tarsasag, amelyen 48 kilfoldi és 27 hazai szakember
vett részt.

Szeptember 16-4n a Budapesten rendezett Nemzetkdzi 1zomszimpozium
résztvevoi 1napos latogatast tettek az Intézetben, s megismerkedtek a Kiser-
leti Allattani Osztélyon foly6é kutatasokkal.

Kutatési feltételek fejlédése:

A tudoméanyos kutatomunkat el8segitd eszkdzok kozil emlitésre méltd
a mszerpark és kdnyvtar novekedése.

Az ev folyaman az alabbiakban felsorolt jelent6sebb miszerek kerultek
beszerzésre:
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TESLA BS 413 A tipusu elektronmikroszkép

LKB ultrotom I11. tipust ultramikrotom

CHROM I11. UKZ tipust gazkromatograf

Amplior Il. (ALVAR) er6sit6berendezés és oszcilloszkdop

Physiovar (ALVAR) ingerlékésziilék

Camera Cathomatic (ALVAR) fotoregisztralo keészilék

LH hithetd centrifuga

DISA kétcsatornas elGerdsitd

Na%yfrekvenciés oszcilloszkop (EMG; TR-440)

USB 2-S szcintillaciés szamlald

A felsorolt miiszerek értéke kozel 3 millio forint. Ezen tdlmenden tébb
olyan miszer és kutatasi eszkdz kerilt az Intézetbe, amelyek egyedenkénti
értéke nem haladja meg az 50 000 forintot, de 0sszértékilk csaknem félmillio
forint.

Az év végi Osszesités alapjan az intézeti konyvtar dllomanya 42.543 egy-
ség. Osszesen kb. 600 kiilonbozo folydirat és kiadvany jar, koztuk 12 referalo.

Az intézeti évkonyv — Annal. Bioi. Tihany — 33. kotetét, 548 cim
kapta meg, melyért csereként 320 kiadvany érkezett.

Az elmult évben tdbb, az el6z8 évben elkezdett épitkezés fejezddott be.
igy atadasra kerilt 4 db kétszobas Osszkomfortos lakés, valamint két gar-
zonlakas. Befejez0dott az intézeti és kutatd lakasok korili tertiletek rendezése.
A parképités kapcsén a dolgozok kdzremikddesével elkészilt egy teniszpalya.

A morfolégiai laboratdriumok atépitésre kertiltek, ésennek sorén elektron-
mikroszkopos laboratériumot alakitottak Ki.

Elkezd6dott a szallodaépulet feltjitdsa. A nagyardnyu munka befejez-
tével 14 db flird6szobas, kozponti fiitéssel ellatott szoba all majd a vendég-
kutatok rendelkezésére. Ujjaepitik tovabba az intézet konyhdjat, ebédljet,
a portaslakéast és a klubszobat.
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B. Baranyi l., Salanki J.: A folyami kagyl0 (Anodonta cygnea) kozponti idegrend-
szerenek cytologiai vizsgalata. — VII. Bioi. véandorgyilés, Pécs. V. 19—21
Farkas T.:. Zsirmozgositas halakban. — Bioi. vandorgydlés, Pécs. V. 19—21.

Farkas T.: Katekolaminok és zsirmozgositas alacsonyabbrend(i gerincesekben. —m E T
VI 30-VIL 2. pecs. o N
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Herodek S.: Die Vertelluné; der 1-¥C Palmitinséure in die verschiedenen Lipide des
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TAarsasadg Kongresszusa, Budapest.

Hiripi L., Varanka |., Salanki J.: Kolineszteraze aktivitas 6sszehasonlitdé vizsgalata
Anodonta cygnea L. idegrendszerében és egyéb szoveteiben. —m E T N1. 30—V 11. 2
Pécs.

Zs.-Nagy |.: Biogén monoaminok hisztokémiai vizsgalata az Anodonta cygnea L. kdz-
ponti idegrendszerén. — M ET VI. 30—VII. 2. pécs.

Zs.-Nagy |.: Neuroszekrécios rendszerek vizsgalata Lamellibranchiatdkon. — M. Bioi.
Tars. Alt. Bioi. Szakoszt. Hisztokémiai Szekcio ulése Il. 10. Budapest.

Ponyi J.: A Tisza fels6 szakasza partszegélyének (litoral) allattani vizsgalata. — Allat-
tani Szakosztaly. V. 6.

Ponyi J.: A Balaton feneklako rakjai. — Hidrébiolégus Napok. Tata, janius 17.

Ponyi J.: A Balaton iszaplako allatainak gydjtéstechnikaja és problémai. — Allattani
Szakosztaly.

S.-Rozsa K., Zs.-Nagy |.: ldegi szabalyozas fizioldgiai és hisztokémiai vizsgalata
Lymnaea stagnalis (nagy mocsari csiga) szivén. — M eT VI. 30—VII. 2. pécs.

Salanki J.: Tovabbi adatok a glutamat transmitter szerepéhez: iontoforetikus applikalas
hatdsa Helix aspersa idegsejtjeinek Spontan aktivitasara. —m e 1 VI. 30—VII. 2.
Pécs.
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collectings in 1965. — Hoiizontalis planktonvizsgélatok a Balatonon VI.

A Balaton nyiltvizi Rotatoridinak vizsgalata az 1965. évi gy(jtések alapjan.
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67.64115 Akadémiai Nyomda, Budapest —Felel6s vezeté: Bernat Gyorgy



Table 1 — 1. tabldzat

Pike-perch (Lucioperca lucioperca 1..) samples

Fogas stll6 (Lucioperca lucioperca L.) halmintdk

i gy ?
ET0sas bty Retcieta whisdbkon - @R
Period Tolna reach of the Danube -
Mgtamui!:l%je i chaba o Vi Balaton Tolnai Dunadg Fish ponds Halastavak
(2056D) HOH HOH HCH
DDE ? DDT Ald. Dield. T DDT ? DDE Ald, Dield. | DDT ? DDE Ald. Dield.
s e WY o SR
August meat — hus 0.00 | 0.00 l ny 0.00 | 1.08 [ 0.03 | 0.72 [ 0.00 | 0.00 [ | J] ‘
September 0.01 ny 0.20 ny 0.66 | 0.35 | 0.35 | ny ny y . ‘ !
October 0.00 | 0.00 | 0.04 | ny | 0.15]| 0.06 | 0.08 0.0 ny 1 ‘
November 0.00 | 0.00 | 0.02 [ 0.00 | 0.09 | 0.09 | ny 0.00 | 0.00 | ny ny ny ny 0.14 | 0.14 | 0.14 | 0.00 | 0.00 | 0.00 | 0.00 | ny 0.00 | 0.06 | 0.00 | ny 0.00 | 0.00
0.00 | 0.00 | ny 0.00 | 0.21 0.16 ny 0.00 | 0.00 | 0.00 ny 0.03 | 0.00 | 0.09 | 0.09 | 0.09 | 0.00 | 0.00 ny 0.00 | 0.01 0.00 | 0.06 | 0.00 | 0.05 | 0.00 | 0.00
ny ny 0.04 | ny 0.07 | 0.05 | 0.07 | 0.00 | 0.00 [ 0.00 | 0.00 | ny 0.00 | 0.04 | 0.00 | 0.02 | 0.00 | 0.00
ny ny | 004 | ny | 0.07 | 0.07 | 0.07 | 0.00 | 0.00 ‘
*0.00 | 0.00 | 0.00 | 0.00 ny 0.00 | 0.00 ’ 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 ny 0.00 | 0.060 | 0.00 0.00
! 0.00 | 0.00 | 0.00 [ 0.00 ny 0.00 | 0.00 { 0.00 | 0.00
August liver — mayj 0.09 | ny 0.41 ny 0.58 | 0.10 | 0.82 | 0.00 | 0.00 1‘ i :
September 0.01 | 0.01 | 0.25 | 0.01 | 1.07 | 0.18 | 0.78 | ny | ny g r '
October ny ny 0:37-| " oy, 0.29 | 022 | 029 | ny | ny
November 0.00 | 0.00 | 0.05 | 0.00 | 0.07 | 0.05 | 0.08 | 0.00 | 0.00 | 0.00 | 0.00 | 0.11 [ 0.00 | 0.18 | 0.11 | 0.11 | 0.00 ! 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.10 | 0.00 | 0.08 | 0.00 | 0.00
0.00 | 0.00 | 0.04 | 0.00 | 0.17 | 0.00 | 0.16 | 0.00 | 0.00
*0.00 | 0.00 ny 0.00 ny 0.00 | ny 0.00 | 0.00 [ 0.00 | 0.00 | ny 0.00 ny 0.00 | ny 0.00 | 0.00
September roe — ikra 0.01 | 001 | 025 1 0.01 | 1.07 | 018 | 0.78'] 0:01 | 0:01
October ny ny 0.51 ny 0.51 | 0.09 [ 0.12 ny ny
November 0.00 { 0.00 | 0.03 | 0.00 | 0.02 | 0.02 [ 0.02 | 0.00 | 0.00 ny ny ny ny 0.79 | 0.26 | 0.26 0.00 { 0.00 | 0.00 | 0.00 ny 0.00 | 0.05 | 0.00 | 0.00 | 0.00 | 0.00
0.00 | 0.00 | 0.00 | 0.00 | 0.09 | 0.00 [ 0.00 | 0.00 | 0.00 | 0.00 | 0.00 ny 0.00 | 0.11 | 0.07 | 0.07 | 0.07 | 0.00 | 0.00 [ 0.00 | 0.00 | 0.00 | 0.19 | 0.00 | 0.00 | 0.00 |.0.00
0.00 [ 0.00 | ny 0.00 | 0.07 | 0.04 | 0.04 | 0.00 | 0.00
November milt — tej 0.00 | 0.00 | ny 0.00 | 0.40 | 0.27 | 0.27 | 0.00 | 0.00 | 0.00 | 0.00 | ny 0.00 | 0.10 | 0.00 | ny 0.00 | 0.00
November fat — zsir 0.00 | 0.00 | 0.29 | 0.00 | 0.24 | 0.00 | 0.29 | 0.00 | 0.00 0.00 | 0.00 | 0.00 | 0.00 | 0.02 | 0.00 | ny 0.00 | 0.00
0.00 | 0.00 | 0.89 | 0.00 | 1.67 | 0.67 1.22 | 0.00 [ 0.00 0.00 | 0.00 | 0.73 | 0.00 | 0.82 ny 0.91 | 0.00 | 0.00
August guts — belek ny ny 0.50 ny 1.00 [ 0.20 | 0.30 | 0.00 | 0.00 i ‘
October ny ny 0.38 | ny 005 { ny | 014 | ny ny <y ’ \
November meat — his 0.00 | 0.00 | 0.01 [ 0.00 | 0.01 ny ny 0.00 | 0.00] 3-5 cm long fish found in stomach contents i i [ !
whole — teljes 0.00 | 0.00 | ny 0.00 [ 0.21 | 0.16 [ 0.00 | 0.00 | 0.00f gyomorban taldlt 3-5 cm-es halak d ’ ! ! {
| i | { i
* — 6 months old fish
Er = in traces

6 hénapos ivadékok

ny = nyomokban
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Table 2 — 2. tabldzat
Pike (Esox lucius L.) samples

Osuka (Hsox lucius L.) halmintdk

Eidioapie . pARviald mArsdAEonl we
Perioc;l. T Y Tolna reach of the Danube
m’;f;f,‘g‘{‘,ﬁ lir:lije Organ studied — Vizsgalt szerv £ Jolusiel :
(hénap) HCH HCH
DT ? DDE Ald. Dield. DDT ? DDE Ald. Dield.
N TRENE e | o |8y | o
August meat — hus ny ny 0.40 | ny 0.60 | 0.60 | 0.60 | 0.00 | 0.00
September 0.03 | ny 0.08 | 0.04 | 042 | 0.12 | 0.18 | ny ny
October 0.00 | 0.00 | 0.00 | 0.00 | 0.08 | 0.01 | 0.04 | 0.00 | ny
November 0.00 | 0.00.| 0.02 | 0.00 | 0.04 | ny 0.09 | 0.00 | 0.00 | 0.00 | 0.00 | 0.11 | 0.00 | 0.05 | 0.03 | 0.27 | 0.00 | 0.00
0.00 | 0.00 | 0.13 | 0.00 | 0.27 | 0.00 | 0.27 | 0.00 | 0.00
August liver — m4j *¥0.50/| 0.20 | 1.40 ; 0.20 | 2.00 | 1.10 | 3.90 ny ny
October ny ny 0.69 | ny 0.54 | ny 0.77 | 0.00 | 0.13
November 0.00 | 0.00 | 0.09 | 0.00 | 0.04 ny 0.09 ny ny ny ny 0.98 | ny 1.32 | 0.36 | 1.33 | 0.00 | 0.00
ny ny 1.06 | ny 0.86 | 0.83 | 2.35 [ 0.00 | 0.00
October roe — ikra ny ny 0.05 | ny 0.02 ny 0.056 | 0.00 | 0.05
October 0.00 | 0.00 | 0.28 | 0.00 | 0.33 | 0.14 | 0.57 | 0.00 | 0.00 | 0.00 [ 0.00 | 0.29 | 0.00 | 0.22 | 0.07 | 0.44 [ 0.00 | 0.00
0.00 | 0.00 { 0.12 | 0.00 | 0.25 | 0.06 | 0.36 | 0.00 | 0.00
September milt — tej 0.05 | ny 0.11 | 0.05 | 0.61 | 0.26 | 0.53 | ny ny
October ny ny 0.04 | ny 0.05 | 0.01 | 0.04 | 0.00 [ 0.00
November fat — zsir *ny ny 440 | 0.15 | 1.33 | 1.80 | 6.66 [ 0.00 | 0.00 | 0.00 | 0.00 | 1.33 | 0.00 | 0.83 | 0.83 | 3.33 | 0.00 [ 0.00
0.00 | 0.00 | 2.06 | 0.00 | 3.64 | 0.27 | 5.45 | 0.00 | 0.00
August blood — vér 0.05 | 0.10 | 1.00 | 0.05 | 1.50 | 1.00 | 1.50 | 0.00 | 0.00
November ny ny 0.60 | 0.05 | 0.38 | 0.22 | 0.20 | 0.00 | 0.00
14 em bream found in stomach of pike from Balaton — Balatoni csuka gyomréban taldlt 14 cm-es keszeg
November entire — teljes 0.00 | 0.00 | 0.07 0.00

0.00 l 0.00

0.00 I 0.00

el S R SRR R G

* A 3 kg pike fished from Balaton in November — a Balatonbél november hénapban kifogott 8 kg-os csuka






Period
of sampling
Mintavétel ideje
(hénap)

October
November

October
November

October
November

October
November

October
November

November

November

October
November
October
November

November

Organ studied — Vizsgéltszerv

HCH

a R Y
meat -- hls 0.00 0.00 0.02

0.00 0.00 0.05
liver — maj 0.00 0.00 0.05

0.00 0.00 0.02
roe — ikra 0.00 0.00 ny
milt — tej ny ny 0.04

0.00 0.00 0.05
blood — vér 0.00 0.00 0.00

0.00  0.00 ny
fat — zsir
gall — epe
kidney — vese

0.00  0.00 ny
spleen — Iép

0.00 0.00 ny

brain —agyvel6

carp spawn — ponty ivadékok

B a

0.00
0.00

0.01
0.01

0.00

0.00
0.00

0.00

aton

DDT

0.04
0.13

0.03
0.02

ny
0.07
ny

ny
ny

ny
ny

0.04
0.10

0.00
0.00

ny
0.00

0.00
0.00

0.00

0.00

DDE

0.04
ny

0.02
ny

ny
0.11
ny

0.00
ny

ny
ny

Table 3 — 3. tablazat
Carp (Cyprinus carpio L.) samples

Ponyt (Cyprinus carpio L.) halmintak

Ch iorined p stic de res due
Klérozott pesticid maradé kok
Tolna reach of the Danube
Tolnai Dunadg
HOH
Aid. Dield. DDT ? DDE
a 3 \% O
ny ny 0.00 0.00 0.00 0.06 0.03 0.03
0.00 0.00 0.00 0.00 0.02 0.00 0.07 ny 0.05
0.00 0.00 ny 0.00 0.12 ny 0.08
0.00 0.00 0.00 0.00 0.06 0.04 0.03
0.00 0.00 0.00 0.00 0.08 0.05 0.04
0.00 0.00 0.04 0.00 0.07 0.00 0.06
0.00 0.00 ny 0.00 0.05 0.00 0.03
0.00 0.00 0.02 0.00 0.08 0.07 0.05
0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.04 0.04
0.00 0.00 ny 0.00 0.07 0.00 0.00
0.00 0.00 0.06 0.00 0.18 ny 0.12
0.00 0.00 0.01 0.00 0.04 0.02 0.04
0.00 0.00 0.00 0.00 0.08 ny 0.05
0.00 0.00 ny 0.00 0.01 0.00 ny
0.00 0.00
0.00 0.00 0.00 0.00 ny 0.00 0.00
ny ny
0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.00 0.02
ny ny ny ny 0.04 ny 0.04
0.00 0.00
0.00 0.00 0.00 0.00 ny 0.00 ny 0.00 ny
0.00 0.00 0.00 0.00 0.27 0.00 0.18
0.00 0.00 0.00 0.00 0.03 0.00 0.00
0.00 0.00 0.04 0.00 0.08 0.00 0.00
0.00 0.00 0.00 0.00 ny 0.00 ny
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 ny 0.00 ny
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.23 0.00 0.12
0.00 0.00 ny 0.00 0.04 0.00 ny
0.00 0.00 0.07 0.00 0.38 ny 0.15
ny ny 0.70 0.16 0.47 0.12 1.40

(mg/kg)
HOH
Aid.  Dield.
a B

0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.03 0.00 n n
0.00 0.00 i y
0.00  0.00 ny ny
0.07 0.00 ny ny
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00  0.00
0.00  0.00
0.00 0.00 0.00 0.00

0.00  0.00
0.00 0.00 0.00 0.00
0.00 ny 0.00  0.03
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00

0.00  0.00

0.00  0.00

0.00  0.00

0.00  0.00
0.00  0.00
0.00 0.00 0.00 0.00
0.00  0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00

0.00  0.00
0.00  0.00
0.00  0.00

0.00
ny
0.00

ny
0.13

ny
ny

ny

0.00
ny

0.00
0.00

0.00
0.00

0.00
0.00

ny

0.00
ny
0.00
0.00

0.00

0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00

ny

ny
ny

0.00
0.00
0.00
0.00

o

.00
.00

o

o

.00
15

o

O OO0 OO0 o oo

o

.00

00
00
00

o o o

DDT

0.10
0.02
0.10
0.08
0.17

0.06
0.03

0.05
0.05
0.08
0.01

0.63
ny

0.13
0.13

ny
0.20
0.42
0.29
0.06
0.12
0.15
0.12

0.01

0.20
ny
0.31
0.17

Pish ponds — Halastavak

0.04
0.00
0.08
0.04
0.03

ny
ny

ny
ny

0,00

0.38
0.00

0.06
0.00

ny
0.04

0.17
0.00
ny
0.00
ny
0.00

ny

0.00
0.00
0.00
0.00

DDE

0.06
ny
0.08
0.08
0.19

0.05
0.07

0.00
0.00
0.05

ny

0.38
0.00

0.06
0.00

ny
0.00
0.51
ny
ny

0.00
0.00

ny

0.10
ny
0.13

0.00

Aid.

0.00
0.00
0.00
0.00
0.00

0.00
0.00

0.00
0.00
0.00
0.00

00.0
0.00

o

00

O O OO0 oo o

o

00

00
00
00
00

o O o o

Dield.

0.00
0.00
0.00
0.00
0.00

0.00

o O o o

o

.00
.00

o

o

.00
00

o

0.00
0.00
0.00
0.00






Period
of sampling
Mintavétel ideje
(hénap)

August
September

September
November
August
September
August
September
November
August
November

Organ studied — Vizsgéalt szerv

meat — hus
liver — méj
roe — ikra
fat — zsir
blood — vér
spleen — Iép

Table 4 — 4. tablazat

Bream (Abramis brama L.) samples
Dévérkeszeg halmintak (Abramis brama L.)

Ohlorined pesticide
Klérozott pesticid
Balato a
HCH
DDT ? DDE  Aid.  Dield.
a 8 y &

0.03 0.03 0.08 0.03 1.08 0.13 0.80 0.00 0.00
ny ny 003 ny 083 ny 024 ny ny
*0.00 0.00 0.02 ny ny ny ny 0.00 0.00
0.03 0.02 0.15 0.01 0.16 ny 0.18 ny ny
ny ny 0.04 ny 0.10 0.04 0.14 0.00 0.00
0.08 0.10 0.65 0.06 0.60 0.60 0.60 0.00 0.00
ny ny 030 ny 025 018 011 ny ny
0.18 0.20 0.80 0.20 0.60 1.10 1.60 0.00 0.00
0.15 0.10 0.65 0.18 0.72 0.68 1.08 ny ny
0.00 0.00 0.41 0.00 1.10 0.12 1.38 0.00 0.00
0.08 0.11 0.38 ny 0.85 0.09 0.92 0.00 0.00
0.00 0.00 0.43 0.00 0.21 0.11 0.17 0.00 0.00

= bream spawn — keszeg ivadékok

0.00
0.00

sidue , /1IN
¢k Ob (TB/ke>
Tolna reach of the Danube
Tolnai Dunadg
HOH

DDT ? DDE  Aid.
8 v b
0.00 0.04 0.00 0.08 0.04 0.08 0.00
0.00 0.00 0.00 0.02 0.00 0.00 0.00

Dield.

0.00
0.00






Period
of sampling
Mintavétel ideje
(hénap)

September
November
September

November

October

November

November

November

November

Organ studied — Vizsgaltszerv
meat — hus
liver — méj
fat — zsir
blood — vér
entire — egész
inner organs — belsé rész
roe — ikra
inner organs — bels6 rész
meat — hus
inner organs — bels6 rész
meat — hus
entire — egész
meat — hus
inner organs — belsé rész
roe — ikra
meat — hus
liver — maéi
intestinal fat — bélzsir

kidney — vese

spleen — Iép

ny
0.00
0.03
ny

HYy
0.00

0.00
0.00

Balato N
HOH
8 v b

DDT ? DDE

Razor-fish (Pelecus cultratus L.)
Gar da (Pelecus cultratus L.)

ny 0.01 ny 0.01 0.00 ny
0.00 ny 0.00 0.13 ny ny
HY 0.10 0.00 0.13 0.32 0.15
HY 0.10 ny 0.10 ny 0.05
HY 0.01 ny 0.10 0.07 0.07
0.00 0.12 0.00 0.03 0.03 0.05
0.00 0.24 0.00 1.63 ny ny
0.00 0.06 0.00 ny ny ny

Aid.

Table 5 — 5. tablazat

Miscellaneous fish samples

Dield.

0.00

0.00
0.00
0.00
0.00
0.00
0.00

Vegyes halmintak

Chl i d pesticide residue
Klé?(r)lznoett pesticid ma ad é koK (mg/kg)
Tolna reach of the Danube
Tolnai Dunaag
HCH
« DDT ? DDE Aid. Dield.
a I =& y (0]
Balin (Aspius aspius L.)
Raga dozé on (Aspius aspius L.)
ny 1| ny 052 0.04 026 026 087 ny ny
0.00 1 0.00 0.19 0.00 0.10 010 010 0.00 ny
Bullhead pout (Amiurus nebulosus Le Sueur)
Torpe harcsa (Amiurus nebulosus Le Sueur)

0.00 1 9.00 0.7 000 0.33 000 000 0.00 0.00
0.00 1 0.00 0.08 000 0.04 000 000 0.00 0.00
Crucian-carp (Carassius carassius L.)

Karasz (Carassius carassius L.)

0.00 1 0.00 ny 0.00 ny 0.00 ny 0.00 0.00

Perch (Perea fluviatilis L.) (6—18 months old)

stugér (Perea fluviatilis L.) (6—18 hénapos)

(Stenopharygodonidella Vallenciennes)

(Age: 3 years, length: 58 cm, weight: 4000 gr)
(Kor: 3 év, hossz: 58 cm, suly: 4000 gr)

Amurikele

5 ©5
< o<

0.00
0.00

ny

0.00
0.00
0.00
0.00
0.00
0.00

ny
0.00
ny
0.00
0.00

ny

0.00
0.00
0.00
0.00
0.00
0.00

0.03

ny
0.25
0.06
0.00

0.01
0.00
0.00

0.07
0.03
0.00

Fish ponds — Halastavak
, DDT ?
(o]

0.03 0.05 0.00
0.00 0.01 0.00
0.25 1.00 0.50
0.00 0.06 0.00
0.00 0.00 0.00
0.00 0.03 0.02
0.00 0.00 0.00
0.00 0.02 0.00
0.00 0.56 0.00
0.00 0.15 0.15
0.00 o011 0.00
0.00 000 0.0

DDE

0.04
0.01
1.00
0.06
0.00

0.03

0.02
0.33
0.15

0.0

Aid.

0.00
0.00
0.00
0.00
0.00

0.00
0.00

ny

0.00
0.00
0.00
0.00

Dield.

0.00
0.00

ny
0.00
0.00

0.00






Tafel 2 — 2. tabla

Praeparat-Nro P2
Prep, szama Exp.
10/52-54 s. T vernalis
22122-24 s. £ vernalis
Ubergangsform
9/47-49 atmeneti forma
31/73-75 s.f. robustus

34/88-90 s. £ robustus






Praeparat -Nro
Prep, szama

4/21-23

17/ 9b--97

2/ 9- 11

11/58-60

15/82 ~8a

27/52 -54

Tafel 1 — 1. tabla

Enp.

Enp.

s.f. vernatis

s.f. vernalis

Ubergangsform
atmeneti forma

Ubergangsform
atmeneti forma

s. f robustus

s. f robustlb
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	S. Rózsa Katalin  - Lábos Elemér: Biologically active compounds in the glochidia of Anodonta cygnea L. I.: Identification of tryptamine and some amino acids by paper chromatography = Biológiailag aktív anyagok Anodonta cygnea glochidiumaiban I.: Triptamin és néhány aminósav papírkromatográfiás identifikálása����������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	S. Rózsa Katalin  - Pécsi Tibor: Comparative studies on the effect produced by biologically active agents on the isolated hearts of Helix pomatia L. and Anodonta cygnea L. = Biológiailag aktív anyagok hatásának összehasonlító vizsgálata Helix pomatia L. és Anodonta cygnea L. izolált szívén���������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	Salánki János  - Gubicza András: RNA in the ganglia of Mollusca in normal conditions and following nerve damage (a histochemical study) = RNS hisztokémiai vizsgálata Mollusca ganglionban normál viszonyok között és idegkárosodás után�����������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	Salánki János  - Lukacsovics Ferenc: Filtration and O2 consumption related to the periodic activty of freshwater mussel (Anodonta cygnea L.) = Filtráció és O2-fogyasztás összefüggése a periodikus aktivitással tavi kagylónál��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	Salánki János  - Varanka István  - Hiripi László: Comparative study on the cholinesterase activity of different tissues of freshwater mussel (Anodonta cygnea L.) = Különböző szövetek kolineszteráze aktivitásának összehasonlító vizsgálata tavi kagylón (Anodonta cygnea L.)��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������

	2. HIDROBIOLÓGIA�����������������������
	Baron Ferenc  - Csonti Ferenc  - Ponyi Jenő: Investigations of pesticide residues in fish and other aquatic organisms of Lake Balaton and some other aquatic habitats = Pesticid-maradékok vizsgálata a Balaton és néhány más vízi élettér halain, egyéb vízi szervezetein���������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	Farkas Tibor: Examinations on the metabolism in freshwater fishes: The symphathetic nervous sytem and the mobilization of fatty acids = Vizsgálatok édesvízi halak zsíranyag forgalmán: Szimpatikus idegrendszer és zsírmozgósítás�����������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	Farkas Tibor  - Herodek Sándor: Investigations of the fatty acid composition of fishes from Lake Balaton = Vizsgálaton balatoni halak zsírsav-összetételén�����������������������������������������������������������������������������������������������������������������������������������������������������������������
	Herodek Sándor  - Farkas Tibor: Gas chromatographic studies on the fatty acid composition of some fresh-water crustaceans = Néhány édesvízi rák zsírsav-összetételének gázkromatográfiás elemzése��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	Matskási István: Helminthological investigations of fish in Lake Balaton I. (Preliminary report): Trematodes = A balatoni halak helmintológiai vizsgálata I. (Előzetes közlemény): Trematodák����������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	Mészáros Ferenc: Helminthological investigations of fish in Lake Balaton I. (Preliminary report): Nematodes = A balatoni halak helmintológiai vizsgálata I. (Előzetes közlemény): Nematodák��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	Ponyi Jenő: Studien über das Crustaceen-Plankon des Balaton III.: Beiträge zur Systematic und Cyclomorphose von Acanthocyclops vernalis (Fischer), 1853 = Crustacea planktontanulmányok a Balatonon III.: Adatok az Acanthocyclops vernalis (Fischer), 1853 rendszertanához����������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	Salah, M.: Description of new planktonic diatoms from Egypt = Új pelagikus kovamoszatok Egyiptomból����������������������������������������������������������������������������������������������������������
	Tamás Gizella: Horizontale Plankton-Untersuchungen im BalatonV.: Über das Phytoplankton des Sees auf Grund der im jahre 1965 geschöpften und Netzerfilter-Proben = Horizontális plankton vizsgálatok a Balatonon V.: A tó fitoplanktonjáról az 1965. évi merített minták és hálószüredékek alapján���������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	Tamás Gizella: Quantitative algologische Untersuchungen im Boden-Schlamm des Balaton auf Grund der Sammlungen des Jahres 1966 = Mennyiségi algológiai vizsgálatok a Balaton fenékiszapján az 1966. évi gyűjtések alapján�������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	P. Zánkai Nóra  - Kertész György: Horizontal plankton investigations in Lake Balaton VI.: A study of the open water Rotatoria of Lake Balaton, based on collectings in 1965 = Horizontális planktonvizsgálatok a Balatonon VI.: A Balaton nyíltvízi rotatoriáinak vizsgálata az 1965. évi gyűjtések alapján������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
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