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According to Gersctienfeld (1963), the central nerve terminals of
Vaginula solea (Pelecypoda) are characterized by three types of vesicle: clear,
dense-core and neurosecretory ones. In the neuropile of the ganglia of other
bivalves (Mercenaria mercenaria and Spisula solida) at least four types of
vesicle have been distinguished: clear vesicles; dense-core vesicles of 500- 800A;
900—2000 A ones with very high electron opacity; and 1000 3000 A
vesicles containing homogeneous material of varying density (Loveland
1963; Cottrell, 1968). These types could be observed (Cottrell and Maser,
1967) in Mercenaria even after differential centrifugation and Os04 fixation.

Using Os04fixation, empty, dense-core (full) and transitional (emptying)
vesicle forms have been described by Zs.-Nagy (1968b) in the central nervous
system of the fresh water mussel. After reserpine treatment the size of the
vesicles decreased uniformly and the majority of them turned into empty
or emptying state. On this basis the conclusion was drawn corresponding to
the former assumptions (Zs.-Nagy, 1964; 1968a) that the three types of vesicle
represent the differential functional states of a single element, namely of the
full dense-core vesicles. After glutaraldehyde-osmium or single osmium-fixation
three types of granule were distinguished in the ganglia of Anodonta cygnea
(Baranyi, 1971).

On the basis of the above results the reinvestigation of the ultrastructure
of the ganglia of Anodonta cygnea L. seemed to be necessary in order to reveal
the morphology of the vesicles of the axons after fixations differing from the
single Os04, as well as to decide whether the vesicle populations formerly
considered to be homogeneous (Zs.-Nagy, 1968b) can be differentiated into
various vesicular profiles.

Material and methods

The investigations were carried out on the ganglia of 15—18 cm long
specimens of Anodonta cygnea L. The cerebral and pedal ganglia were fixed
in two ways: 1 Glutaraldehyde-osmium (GA-Os): fixation with 3% glutar-
aldehyde diluted with Balaton-water at 20°C for 2—3 hr, and postfixation
with 2% Os04 buffered with s-collidine (Bennett and Luet, 1959) for 25
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min. at O°C and for 5 min. at room temperature. 2. Potassium permanganate:
the ganglia were fixed in ice-cold 1.5% or 3% KMnO04dissolved in Anodonta-
Ringer (Marczynsky, 1959; pH 7.04) for 45 minutes.

Reserpine treatment: 1. 2.5 mg reserpine (Rausedyl) was dissolved in
2 litre Balaton-water and 4 animals were kept in it for 24 hours (“oral treat-
ment”), then the animals were placed in running Balaton-water for one or 20
days; 2. 2.5 mg reserpine (Rausedyl) diluted with 1 ml Anodonta-Ringer was
injected into the foot and the ganglia were prepared after 12 hours. In all
cases of reserpine treatment GA-Os double fixation was used.

After dehydration with ethanol the ganglia were embedded in Araldite
(Durcupan, ACM, Fluka). The sections were cut on an LKB Ultrotome IIlI.
ultramicrotome, the micrographs were taken with a TESLA BS 413A electron
microscope. The sections were contrasted with uranyl acetate and lead citrate
(Reynolds, 1963).

In all cases, micrographes of a final enlargement of 58.500 were used for
measurements of the average diameters and frequency distribution of the
vesicles. The size ranges of each column of the histogram increased by one mm
beginning at the smallest diameter (3 mm = 513 A).

Results
Double fixation (GA-0s)

In the axon terminals and axons of the neuropile of both ganglia five
types of vesicle can be distinguished on the basis of their morphology and size.
1. Probably peptridergic neurosecretory vesicles (PNV) with a diameter of
1000 —1900 A. They are characterized by a fine granulated inner content
entirely filling the vesicles and by an irregular form ( Fig. la). 2. Large dense-
core vesicles (LDCV) with a diameter of 1200- 1800 A. They are spheroid
with a core of medium of high density separated only by a narrow halo from
the bordering membrane (Fig. Ib). 3. Small dense-core vesicles (SDCV) with
a diameter of 700—1200 A and a core of varying electron opacity (Fig. Ic).
4. So-called “eccentric” dense-core vesicles (EDCV). Their size strongly varies
(1000—2000 A).They have an ovoid form and a core of varying size and density
but always of eccentric localization (Fig. 1d). 5. Clear vesicles (CV) with an
average diameter of 600—800 A (Fig. le).

From the above five types of vesicle, LDCV, SDCV and CV occur pre-
dominantly in the axons of neuropile as a rule mixed with each other. All
three types can always be observed in the axon terminals recognized by their
synaptic-like connections (Figs 4a and 4b). However CV may be absent in
other axon-profiles; LDCV or SDCV types may occur alone. The PNV are
contained always by a special axon type (Fig. 2) occurring rather rarely and
representing only a small fragment of all the axon profiles. The EDCV are of
varying occurrence. In some axons and terminals they are the only vesicular
components (Fig. 3), but in other ones they are mixed with LDCV, SDCV
and CV.

The majority of the neuronal somas contain no dense-core vesicles.
In some of them SDCV and LDCV are observed in relatively small number.
Somas showing only EDCV components have also been found (Fig. 7).
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Fig. 2. Axon containing PNV in the neuropile of the pedal ganglion. GA-Os fixation,
X 58.600




Fig. 3. Axon containing predominantly EDCV, and in the vicinity of it another one
showing different types of vesicle. GA-Os fixation, x 68.500



Fig. 4a. Detail from the neuropile ofthe pedal ganglion. Below an axon containing LDOV.
GA-Os fixation, x 58.500



Fig. 4b. Axons transporting different vesicular profiles in the neuropile of the pedal
ganglion. GA-Os fixation, X30.000
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Fig. 5a. Frequency distribution histogram worked out for the CV, SDCV and LDCV

Fig. 5b. Frequency distribution of the CV, SDCV and LDCV after a 12-hour reserpine
treatment, injected into the foot

Fig. 5c. Frequency distribution histogram of CV, SDCV and LDCV one day after a 24-
hour “oral” reserpine treatment
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Fig. 5d. Frequency distribution histogram of CV, SDCV and LDCV types 20 days after
a 24-hours “oral” reserpine treatment

Fig. 6. The proportion of histogram areas compared to that of the control

Taking into consideration the different morphological appearance and
relatively rare occurrence of PNV and EDCV profiles, only the LDCV, SDCV
and CV types were counted for the frequency distribution measurements.

The frequency distribution histograms were composed for the axon
profiles of the neuropile (Fig. 5a). In the case of untreated normal animals,
the histogram shows two maxima at the diameters of 860 A and 1340 A. This
histogram shows certain resemblance to that taken after 0s04 fixation (Zs.-
Nagy, 1968b), but differs from that in the location ofthe two diameter maxima
and in the absence of the smaller diameter groups.

After reserpine treatment the PNV showed no considerable alterations
either in frequency or in morphology. The frequency of EDCV decreased.
However, the frequency of occurrence of the other three types of vesicle
changed 12 hours (injection) and 24 hours (“oral”) subsequent to the treat-
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Fig. 7. Perikaryon containing EDCV in the cerebral ganglion. N = nucleus, GA-Os
fixation, X58.500

ment. There was a general diminution in the diameter values, in so far as the
normal, 1100 A average diameter decreased to 956 —968 A, and a shift on the
histograms toward the smaller diameters was observed (Fig. 5b, 5c). The
maximum of 1340 A of the normal histogram was absent. At the same time
axons completely filled up by LDCV could later be seen (Fig. 8).

Even twenty days subsequent to the reserpine treatment (Fig. 9) the
average diameter of the vesicles was only 984 A and the histogram was also
altered (Fig. 5d). The summation of the changes caused by the different reser-
pine treatments are shown in Fig. 6, representing the changes of areas belonging
to the columns of histograms compared to the normal one.



Fig. 8. Axon showing LDOV after a 24-hour reserpine treatment. GA-Os fixation, X 58.500



Fig. 9. Detail from the neuropile of the pedal ganglion 20 days after reserpine treatment.
GA-Os fixation, X 58.500



Fig. 10. Detail from the neuropile after KM n04 fixation. Axon containing granulated
vesicles (A4 is surrounded by other ones showing only “empty” vesicles (A.,).X 58.500



16

Fig. 11a. Axons differing from each other on the basis of their vesicle content in the
neuropile of the pedal ganglion. D = dendrite, X30.000



T R S Y et BN T N - A
Fig. lib. Axon with granulated vesicles (arrow) and detail of a perikaryon (Pe) from the
cerebral ganglion. Mi = mitochondrium, X 58.500



Fig. 12. Special granules of 3000—4000 A diameters (arrows) in the perikaryon. N =
nucleus, Dy = dyctiosome, x 58.500
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Potassium permanganate fixation

After the 1.5% and 3% KMnO04 fixation the morphology of both the
neuropile and the somas, as well as the appearance and composition of the
vesicle population were quite different from those observed after GA-Os fix-
ation. In the axons and terminals two kinds of vesicle can be distinguished:
1. Granulated vesicles (1050 A in average) possessing a core of varying density
(Fig. 10); 2. “Empty” vesicles (averagely 950 A). Although a homogeneous
material of low density can also be found inside this types, granular reaction
never occurs (Fig. 10). It can be established that the two types of vesicle are
transported by different kinds of axons and the mixture of the two types can
rarely be observed (Figs 1la and b).

After KM n04 fixation no vesicles could practically be seen in the peri-
karya, nevertheless sometimes big (3000 4000 A) granules appeared at the
Golgi-membranes containing a dark precipitation embedded into a matrix
of lower electron density (Fig. 12).

Discussion

In the central and peripheral adrenergic neurons of vertebrates the
appearance of the vesicles are influenced by the fixation methods applied
(Tranzer and Snipes, 1968; Tranzer et al., 1969; Pellegrino de lraldi
and Gueudet, 1969; Bloom, 1970). The results of Hanneforth (1965),
Rude et al. (1969), Myhrberg (1971, 1972), Mancini and Frontali (1970)
show that after Os04, GA-Os and KMnO04 fixation the morphology of the
vesicles were different even in invertebrates (Helix pomatia, RETZius-cells
of the leech, Lumbricus terrestris, Periplaneta americana). Our results com-
pared to those of OSO04 fixation (Gerschenfeld, 1963; Zs.-Nagy, 1968a, b)
also indicate that in the neurons of the central nervous system of the fresh
water mussel, the composition and the appearance of the vesicle population
are affected by the different kinds of fixation (Os04, GA-Os, KM n04). After
GA-Os fixation at least five types of vesicles can be distinguished in the neuro-
pile: CV, SDCV, LDOV, EDCV and PNV. The “small empty, small granular
and large granular” types of the four vesicular profiles observed in marine
species (Loveland, 1963; Cottrell, 1968) can be considered identical with
the CV, SDCV and LDCV forms. At the same time, we failed to find the type
containing presumably the substance X (Cottrell and Maser, 1967).

According to some results (Gerschenfeld, 1963; Sakharov et al,
1965), the central and peripheral neurons of Gastropods can be characterized
by three types of vesicle after Os04 fixation: clear, dense-core and neuro-
secretory ones. On the other hand, clear synaptic and neurosecretory vesicle
were found in the intestinal nerves of Helix pomatia (Hanneforth, 1965),
while both clear and several kinds of dense-core vesicles were present in the
abdominal ganglia of Helix aspersa (Coggeshall, 1967; Frazier et al., 1967).
After GA-Os fixation, four types of vesicle and granules — resembling the
morphology of those of Mercenaria and Spisula occurred in the central and
peripheral nerves of Glossodoris (Nicaise et al., 1968) and in the peripheral
nerves of Helix pomatia (Bogusch, 1972). Larger (800—1500 A) and smaller
(500 A) dense-core vesicles were also be seen among the four types of profile.

2x
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In the axons of the neuropile of the central nervous system of Octopus five
types of vesicular form have been distinguished on the basis of their morpho-
logy, frequency and zinc iodide-osmium reactivity (Barlow and Martin,
1971).

In other invertebrate nervous systems we know only a single report
(Best and Noel, 1969; Planaria), according to which only one type of dense-
core vesicle predominates beside the clear ones.

Comparing the results of the single 0s04 fixation to those of GA-Os in
the Anodonta ganglia, we can establish that the latter preserves much better
the structure of the vesicular components, than the former one. This manifest
itself on the one hand, in much rarer occurrence of vesicles showing morpho-
logically “emptying” form, and in the much more expressed dense core; and
on the other hand in the lower number of clear vesicles as well as in the larger
average diameter of all vesicular profiles. Analyzing the effects of the reserpine
treatment those phenomena should be kept in mind. Undoubtly much more
noticeable alterations were revealed by the single 0s04fixation after reserpine
treatment. More than 90 percent of the vesicles appeared as “emptying” and
the average diameter decreased markedly (Zs.-Nagy, 1968b), meanwhile the
monoamino content became undetectable fluorescence histochemically (Zs.-
Nagy, 1967). After GA-Os fixation, the extensive emptying of the vesicles
could not be observed, being in accordance with the better preservation of the
structure, however, the average diminution of diameter has been detected,
though to a considerably less extent than after the single 0s04 fixation.

The inner content of the dense-core vesicles is evidently not identical
with the monoamine content, but is more of the latter. Some carrier proteins
(Broom and Aghajanian, 1966; 1968), and perhaps enzymes may also be
present there. It is also indicated by the fact that after the depletion of the
monoamines, the pseudoisocyanine positivity (Sterba, 1961, 1964) showing
the presence of certain proteins can still be observed (Zs.-Nagy, 1968b).
The protein nature of the dense core might be supported by the result that
after glutaraldehyde-dichromate fixation (Wood, 1966), vesicles showing no
precipitation but possessing dense core could be found in the axons (Elekes,
unpublished observation). The internal content of the dense-core vesicles
deprived of their monoamines seems to become unstable to such an extent
that they appear “emptying” or empty after 0s04 fixation, while in the same
state, they preserve almost completely their intact character using GA-Os
fixation. It can therefore be assumed that the alteration of the monoamine
content of the dense-core vesicles is indicated more “sensitively” by the single
0s04 fixation, than by the double one.

Investigating the effect of reserpine on the histograms, first of all the
normal state should be analyzed. The normal histogram can be regarded as
composed of two symmetrical curves. One with a maximum at 860 A, the other
at 1340 A, while the group of 1207 A can be divided between the two main
groups. The first group represents 67 percent of the total vesicle population
whereas the second 37 percent. On this basis we have to suppose that two
different kinds of vesicle are represented by the SDCV and LDCV groups
at least morphologically but presumably even functionally. Upon the effect
of reserpine treatment the maximum of 1340 A disappears and the rate of
the vesicles of this group decreases from 37 to 24 percent. This change of 13
percent is distributed between the smaller diameters so that e.g. in case of the
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reserpine treatment of 24 hours, the rates of the vesicles increase in all groups
from 1207 A toward the smaller ones, moreover a new group with a diameter
of 513 A also appears (Fig. 5c).

Our results show that the vecisles of the LDCV group are able to trans-
form even into smaller ones and then they cannot be distinguished any longer
from the original SDCV profiles. Taking into consideration the results of the
0s04 fixation neither can the former hypothesis (Zs.-Nagy, 1968 a, b) be
neglected, according to which all of the dense and clear vesicles, except the
PNV and EDCV, represent only one kind of the vesicular element showing
only different morphological appearance in the moment of fixation depending
on the actual functional state. The present experiments, however, suggest
also an other possibility that the dense-core vesicles belonging to the two
maxima represent different qualities affected by reserpine differently when
using double fixation.

Comparing our results to biochemical and histochemical investigations
we have to conclude that after GA-Os fixation the monoamine content of the
vesicles is not indicated by the state of the dense centre of the vesicles. In
other words, according to both biochemical (Hiripi, 1973) and histochemical
(Zs.-Nagy, 1967; 1968 b) investigations the monoamine content of the ganglia
was markedly decreased by the reserpine treatment, but the state of the
dense-core vesicles showed no correlation with those drastic alterations after
double fixation. It has also been concluded in cases of other invertebrates
(Periplaneta, Shistocerca, Blabera) that after GA-Os fixation the dense core
and the catecholamine content of the vesicles are not in direct connection
(Mancini and Frontali, 1970; Chanussot et al., 1969). According to Hiripi’s
(1973) biochemical investigations reserpine applied in the water (“oral”
reserpine treatment) considerably diminished the monoamine content of the
ganglia by the fifth day (to 10 percent of the original level) and even in 25
days it was at the same low level. This is in accordance with our histochemica-
investigations as regards the visceral and pedal ganglia after reserpine treatl
ment applied in injection, but in the cerebral ganglia an intense regeneration
can be seen already 1 day after the reserpine administration, and in the 8th
day the neuropile of the cerebral ganglia showed a monoamine fluorescence
quite similar to that of the normal one (Zs.-Nagy, 1967, 1968 b). Further
investigations may reveal the reason of regeneration of the fluorescence in
the cerebral ganglia, during the period when the biochemical measurements
yet fail to indicate the return of dopamine and noradrenaline content.

After KM n04 fixation, the dense core indicates the monoamine present
in the vesicles at the moment of fixation (Hokfelt, 1970, 1971). According
to our investigations, a considerably smaller percent of the axons contain
dense-core vesicles (granulated vesicles type — 1050 A) in the neuropile of the
fresh water mussel, than after GA-Os fixation. After KM n04 fixation, the
“empty” vesicles (950 A) occurred in the majority of the axons. High dopamine
content of the ganglia has been proved by fluorescence histochemical (Zs.-
Nagy, 1967, 1968 b) and biochemical (Hiripi, 1972) investigations. Thus, we
are presumably faced with a similar situation encountered in the dopamine-
rich regions of the central nervous system of mammals (Hokfelt, 1967, 1968),
Lumbricus terrestris (Myhrberg, 1972), Periplaneta americana (Mancini and
Frontali, 1970), according to which dopamine seems to be more loosely
bound to the matrix of vesicles and “escapes” before KM n04 reaches it. At
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the same time, the supposition that the dense cores of GA-Os fixation are not
identical with the monoamine are supported by the electron microscopic
pictures of the KMn04 fixation.

After GA-Os fixation, the ovoid vesicles possessing always eccentric
dense cores and classified into a separate group (EDCV) can be observed in
a part of both the somas and the axons, in the latter ones even mixed with
CY, SDCV and LDCYV types. It cannot be regarded as an independent type
following KM nO04 fixation. In vertebrates, that type has been described in
the sympathetic fibres of the pineal gland (Machado, 1971), being observable
at the formation of the small and large granular vesicles from the smooth
endoplasmic reticulum. Therefore, according to our opinion three possibilities
must be taken into consideration in relation with the EDCV type: 1. it may be
regarded as a variety of LDCV, appearing in a special form after double
fixation; 2. it is a variation of the LDCV being in the state of mobilization;
3. it is indeed an independent type.

On the basis ofthe general considerations in relation to the neurosecretory
vesicles (Myhrberg, 1972), the vesicles of 1000 1900 A diameter (PNV)
observed after GA-Os fixation, represent presumably peptidergic neuro-
secretion. After KMnO04 fixation, the identification of this type is difficult,
mainly due to their rare occurrence. They probably loose their dense cores
(Myhrberg, 1972). The possibility can even be raised that the large vesicles
occurring in small number in the axons transporting CV, SDCV, and LDCV also
represent peptidergic neurosecretion. Their size, morphology and internal
content might indicate it. According to Baranyi (1971), two types of neuro-
secretory vesicle can be observed in the central nervous system of the Ano-
donta cygnea L. The elucidation of the whole problem needs further investig-
ations, so much the more as in the case of the ganglia of Pelecypoda, one
cannot speak about well-defined neurosecretory systems or neurohaemal areas,
as in Gastropoda (Joosse, 1964; Rohnisch, 1964; Sakharov et al., 1965;
Nolte, 1965; Simpson et al., 1966; Boer et al., 1968, Wendelaar Bonga,
1970).

Summary

1. The ultrastructure of the cerebral and pedal ganglia of freshwater
mussel (Anodonta cygnea L.) has been investigated in order to analyze the
vesicles populations after different fixations (glutaraldehyde-osmium, KMnOJ.

2. After glutaraldehyde-osmium fixation five vesicle types can be dis-
tinguished: clear vesicles (CV), small dense-core vesicles (SDCV); large dense-
core vesicles (LDCV); eccentric dense-core vesicles (EDCV) and presumably
peptidergic neurosecretory vesicles (PNV). The latter two types occur rather
rarely, the former three represent the majority of the vesicles in the neuropile.
The frequency distribution histogram of the main types shows two maxima.

3. On the effect of reserpine treatment the maximum of the type of
larger diameter (LDCV) disappeared, and the distribution became more
homogeneous. After double fixation the dense cores of the vesicles do not
reflect the depletion of the monoamines.

4. After KMnoO4fixation, only two types of vesicle can be distinguished.

5. The functional significance of the vesicle types is discussed.
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VEZIKULAPOPULACIOK OSSZETETELENEK )
ELEKTRONMIKROSZKOPOS VIZSGALATA TAVI KAGYLO
(ANODONTA CYONEA L) KOZPONTI IDEGRENDSZEREBEN

Elekes Karoly és Zs.-Nagy Imre

0sszefoglalas

1. A cerebrélis és pedalis ganglion ultrastruktirajat vizsgaltuk a vezikulapopula-
ciok elemzése céljabol kulonbozé fixalasok (Glutaraldehyd-ozmium; KMn04) utéan.

2. Glutaraldehyd-ozmium rogzités utdn 5 vezikulatipus kulonitheté el: dres
vezikuldk (EV), kis dense-core vezikuldk (SDCV), nagy dense-core vezikuldk (LDCV)
excentrikus dense-core vezikuldk (EDCV) és feltehet6en peptiderg vezikuldk (PNV).
Utbébbi két tipus meglehetésen ritka, az el6bbi harom képezi a vezikuldak nagy tobbségét
a neuropilben, amelyeknek megoszlasi hisztogramja két maximumot mutat.

3. Reserpinkezelés hatdsara a nagyobb atmér6ji (LDCV) tipus maximuma el-
tlnik a hisztogramrél, a megoszlas homogénebbé valik. Kettés fixalas utdn a dense-core

4. KMn04 fixalas utan csak kétféle vezikula, “lres” és granularis kilénbdztet-
heté6 meg.

5. Az egyes vezikulatipusok funkcionalis jelentéségét diszkutaljak szerz6k az
adatok tikrében.
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The synthesis, storage, depletion, inactivation and the pharmacological
effects of the monoamines in the central nervous system indicate that these
substances perform a complex function in the brain. During the last decade
an attempt has been made to reveal the connection between the changes of
the monoaminergic systems and the behavioural responses. One of the most
useful ways for this work proved to be the alteration of the monoaminergic
systems by different pharmacons and the analysis of changes ofthe behavioural
responses. Nevertheless, the quantitative evaluation of these responses en-
counters significant difficulties and only the general aspects could be followed
such as the increase or decrease of responsiveness. The situation has become
more complicated due to some recent observations according to which many
pharmacons are able to induce significant changes without affecting the
monoamine level, only altering their turnover. The results, however, called
attention to the role of monoamines, first of all, to that of serotonin (5HT)
in the regulation of the activity. Thus e.g. seasonal changes of adrenaline,
noradrenaline (NA) and 5HT parallel with the EEG activity have been de-
scribed in frog by Segura et al. (1967). On the basis of experiments carried
out also on frogs, the role of 5HT in activity regulation and temperature
acclimatization processes has been emphasized in amphibia (Harri,
1972).

Significant, however not unequivocal changes were found in the brain
5HT level during hibernation (Uuspaa, 1963; Spafford and Pengelley,
1971; Draskoczy and Lyman, 1967). At the same time, seasonal changes
were detected in mice kept under the same conditions (Valzelli and Garat-
tini, 1968).

The daily change of acitivity is followed by a significant change of
5HT level in rat and turtle (Friedmann and Walker, 1968; Quay, 1963;
1967) connected with the conditions of illumination. The most convincing
evidence for the regulatory role of 5HT in the activity has been presented
by Jouvet (1968; 1969) who demonstrated a higher 5HT level of the brain
during sleep than wakefulness.

The nervous systems of invertebrates contain a significant amount of
monoamines (Welsh and Moorehead, 1960; Dahl et al.,, 1966; Sweeney,
1963), and although the stimulatory transmitter function of 5HT has long
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been accepted, unfortunately its role in the activity regulation has hardly
been investigated.

Cardot (1971) described the seasonal change of 5HT level in Helix po-
rndlia, whereas our investigations proved that the seasonal change of 5HT
level regulates the initiation and maintenance of hibernation (Hiripi and
Salanki, 1972).

The activity of the fresh water mussel (Anodonta cygnea) is characterized
by a distinct periodicity. This involves a regular alternation of active and rest
phases realized in different functioning of the adductor muscles and other
organs (Salanki and Lukacsovics, 1967; Morton, 1969). The period of rest
is characterized by a prolonged tonic contraction of the adductors, whereas
during the active period the adductors are relaxed and perform quick, rhythmic
contractions. According to previous investigations, 5HT plays a significant
role in the relaxation of the adductors (Satanki, 1963; Salanki and Labos,
1969), and one can assume that the regulation of the mechanisms maintaining
the activity takes place through the serotoninergic system.

It has been shown during our previous investigations that the central
nervous system of fresh water mussel contains 40—70 yug/g wet weight of
5HT (Hiripi, 1968), 10—20 /ig/g wet weight of dopamine (DA) and 1 -2
/lgl'g wet weight of NA (Hiripi, 1972). It has also been proved that 5SHT may
have connection with the regulation of the periodic activity (Satanki, 1963).
Further evidences were given by our earlier investigations for that role of 5SHT.
It is known that the stimulation of the cerebro-visceral connective (CVc)
using suitable parameters is of relaxing effect on the adductors in the majority
of cases, and the relaxation is especially of expressed degree upon the influence
of repeated stimulation (Saranki and Labos, 1963). We determined the 5HT
content in both adductors during relaxed state. After two hr of stimulation,
the 5HT content of the anterior and posterior adductors was higher than
that of the control muscles. The stimulation induced an increase of 33 percent
in the anterior and 25 percent in the posterior adductor in the 5HT content,
being significant in both cases.

The 5HT content was analyzed in the ganglia and the adductors at the
beginning of the active and rest periods, i.e. in the opposite phases of the
spontaneous periodic activity.

When measuring the 5HT content of the ganglia, only that of the vis-
ceral one changed at the beginning of the active and rest periods. It was 23
percent lower at the beginning of the active period in the visceral
ganglion.

Measurements of 5HT content in the anterior and posterior adductors
separatedly, revealed that the S5HT level is twice as high in the former than
in the latter one. The 5HT contents were higher in both adductors at the
beginning of the active state than those in the period of rest. The increase
amounted to 30 percent in the anterior adductor and 25 percent in the posterior
one, being significant only in the former.

Since the activity of this bivalve can quantitatively be followed on the
basis of the characteristic periodicity, it represents a good object for in-
vestigating of the connections between the changes of the monoamine level
and the activity pattern. The fact that the activity can be recorded not only
under laboratory but also under natural conditions, represents a significant
contribution to the analyses of the behavioural responses. This way one can
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control the effects of the laboratory circumstances on the natural environ-
mental conditions.

The present investigations were intended at answering the question,
how far the pharmacons affecting the monoamine metabolism do alter the
monoamine level and the activity, and how can we interpret those alterations
from the point of view of regulatory mechanisms of the periodic activity?

Methods
Determination of 5HT

The 5HT content of 100—200 mg ganglion tissue was measured after
homogenization in 0.1 n HC1 using the method of K ttntzman et al. (1961).

Determination of catecholamines (CA)

About 200 mg of ganglion tissue was homogenized in acidified buthanol
(Chang, 1964), then centrifuged (5 min, 2000 rpm). The CA content of the
supernatant was transferred to 1 ml of 0.1 n HC1 in the presence of heptane
by shaking (Maickel et al., 1968). The pH of this acidic phase was modified
to 8.5 by addition of 10 vol Tris-HCI buffer (0.5 M, pH 8.5), whereas the
isolation of CA using A12 3and determination was carried out by the method
of Anton and Sayre (1962; 1964).

Treatments with pharmacons

Mussels of 150 g body weight were used. Their activity was recorded on
actographs (Satanki and Balla, 1964).

The acitivity had been recorded for 3—5 weeks before the treatment
took place, and for 2—5 weeks subsequent to the treatment depending on the
effect. The treatments were carried out as follows: the pharmacons were dis-
solved in filtered Balaton-water, then 4 mussels were placed in 2 1 of water
containing the pharmacons: the animals were kept in the solutions for 24 hr,
except that of tranylcypromine, where the treatment had only a 10 hr duration.
After the treatment, the solutions were changed to normal running water.
In the cases of control animals the running of the Balaton-water was stopped
for the same period of time as that of the treatments. At different points of
time, the 5HT and CA contents of the nervous systems of the animals were
measured. The pharmacons used were as follows:

5HT-creatinine sulphate 10 /onole/1
NA-bitartarate 10
DA-HOI 10
p-Chlorphenylalanine (pCPA) 250
a-methyl-metathyrosine (a-MMT) 512
Reserpine (Inj. Rausedyl) 2.05
Trans-2-phenyl-cyclopropylamine

(tranylcypromine) 188

Para-bromo-melamphetamine (V-I11) 19
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Evaluation of parameters of the activity

The duration (TAand TR) as well as number (nAand nR) of active and
rest (A and R) periods were measured in each case before and after the treat-
ments (Fig. 1). The sums of durations of active and rest periods were cal-
culated (ATa and 2Tr) and so was the total duration of the investigation
(ATa + 2°Tr). The total duration of active and rest periods was expressed
as a percentage of the total duration of investigations:

AT,
X 100 and AT, X 100.
ATA+A TR AT.+AT,

The frequency of periodicity was:

NI ATa+ ATr
The average length of active and rest periods:
Alﬁ and ATR
«a nR
Rest period Tr Aktive period TA
TT

s

Hours

Fig. 1. The periodicity of the activity, a: beginning of the period of rest; b: beginning
of the active period

%
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Fig. 2. The frequency distribution of the periods before the treatments
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Considering the activity of all mussels before the treatment, we cal-
culated the frequency distribution of the active and rest periods (Fig. 2), and
on the basis of activities of mussels after the treatment, the same parameter
was determined.

The investigations were carried out in the months of April, May and
June. The frequency distributions of the active and rest periods were cal-
culated from 1400 periods before the treatment and from 300—350 periods
after the treatment. The thin lineson the figures indicate this parameter before
the treatment, whereas the thick ones do the same after the treatment.

Results
The effect of pharmacons affecting the monoamine level

In the first step we investigated whether the activity and monoamine
level of the mussels are influenced by stopping of water current for 24 hr.
The effect is shown in Table | based on the examination of 5 mussels. The para-
meters of the activity were calculated on the basis of 15 days before and 15
days after the stopping of water current, and the differences are expressed
as percentages.

The results show unanimously that the stopping of water current in-
duced no change in the periodic activity. The only change apparently signi-
ficant (-j-18 percent) occurred in the average length of the periods of rest.
However, this change can be explained by the wide dispersion of the average

TABLE |

The changes of the parameters of the periodic activity.
The changes are expressed in percent of the average values before treatment

(+ ) = increase (—) = decrease
Frequency of - Average length  Average length
the periodicyt Active time  of active peﬁod of rest period

Control — 0.7 — 4.2 — 15 + 18.0
pCPA + 125 —125 —30.8 + 26.9
a-MMT + 713 —124 —20.4 + 515
Reserpine + 17.9 —30.3 —42.9 + 147.9
Tranylcypromine + 56.0 - 23 —30.7 — 273
v-lh + 36.3 + 2.7 —20.9 — 117
5HT — 47 + 6.6 81.2 — 182
DA + 1145 - 01 —27.1 — 376
NA + 44.0 — 4.2 —43.8 + 50.7

lengths of the periods (the S.D. value amounts to 100—150 percent of the
average), and extreme values occurring in certain cases may distort unreally
the average length. This was the situation in this case, too, since the change
was not reflected in the other parameters of the activity.

The analysis of monoamine concentrations revealed the same result.
The concentrations of 5HT, DA and NA showed only less than 10 percent
change as compared to the animals kept in running water. In the case of 5HT
even 3 -5 days of anoxia induces no higher alteration.
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Effects of 5SHT, NA and DA

The animals become active within a few minutes after the administration
of 5HT. If the adductor muscles are in tonic contraction, the 5HT relaxes
them, and the frequency as well as amplitude of the quick, rhythmic contract-
ions increase. This activity pattern persists during the treatment, then after
the change of the water, the original level of activity is only slowly restored.
The treatment and the slow cessation of the effect result in an active period
of 20—60 hr. The rest periods following this long active one are of short
duration. Already before the first period of rest one can observe short rest
states when the tonic contraction of the adductors is of lower level than
before the treatment and even later. This effect is more expressed when the
monoamino-oxidase is inhibited by tranylcypromine (Fig. 3). The increase
of the frequency of rhythmic contractions is also of considerable extent during
the active period. The change of distribution of active and rest periods (Fig. 4)
indicates a decrease in the percentual rate of the short, active periods of 2—4 hr
duration in favour of the longer ones. In the case of the rest periods the situation
is reversed, namely the percentual rate ofthe periods of rest shorter than 2 hr
significantly increases and the longer ones become considerably less frequent.

DYY/UIMUTITITTITIATIfAN A
junty-v
MfTTPIN---- Jin»— v
Jib v
_JOVCmv~v~_
Wiyyrrawvyy-" yTTYy---- Jim t>— jTrrvmy
jfiiTAvn— jrnrh/m —,
_imyyv~t_
Hours
Fig. 3. Effect of tranylcypromine on the activity. Continuous recording. | beginning
of the treatment; f end of the treatment; level of tonic contraction before the treat-

ment
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Fig. 4. The frequency distribution of the periods after 5HT treatment

.

Hours

Fig. 5. The effect of DA treatment on the activity. Continuous recorping. DA beginning
of the treatment; | end of the treatment

The effects of NA and DA can be observed practically only during the
treatments. Both monoamines seem to interrupt the prolonged active periods
by inducing short rest ones of 1—2 hr duration (Figs. 5 and 6 ). This way the
frequency of periodicity significantly increases, nevertheless the percentual
rate of the rest time remains unchanged (7'able I.). This effect manifests itself
in the percentual distribution of the active and rest periods (Figs. 7 and §8),
in the increase of rate of the short active periods and decrease of that of the
longer ones. At the same time, the rate of the rest periods shorter than 2 hr
increases to a significant extent and that of the longer ones decreases.

It is of interest that while the DA decreases the average lengths of both

active and rest periods, the NA does only that of the active ones, and increases
that of the rest periods (7'able I.).



Hours™

Fig. 6. The effect of NA treatment on the activity. Continuous recording. NA beginning
of the treatment; | end of the treatment i1

Fig. 7. The frequency distribution of periods after DA treatment

Effect of parachlorphenylalanine (pCPA)

The frequency of the periodicity, the average length of the rest periods
as well as their total duration increase, whereas the total time of the active
periods as well as the average lengths of them decrease (Z'able 1.) upon the
effect of the treatment.

The distribution of the active periods after the treatment shows a slight
increase of active periods of mean duration (8—10 hr), while both the shorter
and longer ones display a lower percentual rate. At the same time, the rate
of rest periods shorter than 6 hr decreases, whereas that of the rest periods
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Fig. 8. The frequency distribution of periods after NA treatment

Fig. 9. The frequency distribution of the periods after pCPA treatment

of 10—40 hr duration significantly increases (Fig. 9). The decrease of the
average length of the active periods apparently can be attributed to the total
disappearance of the active periods longer than 40 hr. At the same time, the
increase of the average length of the rest periods originates in the extension
of the short periods up to 10—20 hr. The activity of the animals gradually
decreases upon the influence of the treatment (Fig. 10). The 5HT content of
the ganglia also shows a gradual diminution (Fig. 11).

3*
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Hours —s-
g 4 '3 72 16 20 2%

Fig. 10. The gradual decrease of the activity after pCPA treatment. The treatment took
place on the 1st day

F1ig. 11. The decrease of 5HT after pCPA treatment. The 5HT content of the treated
animals is shown as a percentage of the control ones
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The effect of o-methyl-meta-tyrosine (o-MMT')

The frequency of periodicity and the total duration of the rest periods
slightly increased after the treatment, while the average length of the rest
periods was 50 percent longer and the total active time and the average length
of the active periods decreased (7'able I.). The rate of the active periods

Fig. 12. The frequency distribution of periods after «-MMT treatment

Hours —
0 4 8 2 6 20 24 0 4 8 72 716‘ 2]0 24
Days 5 40
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4§ e
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50

20 55.]

25
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30 i |
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Fig. 13. The effect of a-MMT on the periodic activity. 1—34 days: activity before the
treatment; 35th day: treatment; 35— 68th days: activity after the treatment
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shorter than 10 hr decreases, that of the longer ones (10—30 hr) increases.
The distribution of the rest periods shows a more significant change. The rest
periods shorter than 8 hr extend and result in a significant increase of the rate
of rest periods of 10—30 hr (Fig. 12). The effect of this treatment on the
periodic activity is shown by Fig. 13. The alteration of CA is presented in

Fig. 14. At the concentration of «-MMT used, the CA level decreased about
50 percent.

Fig. 14. The decrease of DA and NA after the «a-MMT treatment. The concentrations of
monoamines are given as percentages of the normal values. The treatment took place
on the lst day

Effect of reserpine

The changes induced by reserpine are more significant than those ob-
served after pCPA and «-MMT treatments. The frequency of periodicity in-
creases almost 20 percent during and after the reserpine treatment of 24 hr.
The total active time decreases about 30 percent, while the total rest time
increases to the same extent. The decrease of the average lengths of the active
periods originates in the significant decrease of the active periods longer than
25 hr (Fig. 15). Active periods longer than 25 hr occur mainly during and
after the treatment, and in some cases the prolonged rest state is interrupted
by an activity of 1—2 days 3—4 weeks after the treatment (Fig. 16, 63—
64—65th days). The average length of the rest periods increases nearly 150
percent. This should be attributed to the increase of rate of periods longer
than 15 hr as well as to the decrease of rate of the periods of short duration
(Fig. 15). The appearance of rest periods of 40—60 hr is of significance, this
has never been observed in the controls.

The reserpine treatment causes significant and quick changes in the
ganglionic concentrations of all the three monoamines (Fig. 17). The depletion
of DA and 5HT is of the highest speed. By the end of the treatment, the
concentrations of both amines decrease to about 50 percent. Ninety percent
of DA becomes depleted by the 4th day, whereas the same rate of depletion
is reached by the 6th day in the case of 5HT. The depletion of NA is slower.
Fifty percent depletion is to be measured after 3.5 days, while 90 percent is
reached only after 15 days. The concentrations of monoamines remain per-
manently low after the treatment and neither the monoamine level nor the
activity seem to be restored during the first month subsequent to the treat-
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Fig. 15. The frequency distribution of periods after reserpine treatment

ment. What is more, the activity of the animal demonstrated in Fig. 16
remained at a low level even 2.5 months after the treatment.

Although systematic investigations concerning the quick, rhythmic
adductor functions within the active periods have not been carried out, it
deserves interest that the frequency of the quick, rhythmic activity increases
to a high extent during the treatment as it was observed in the case of 5HT
treatment, too. This frequency, however, strongly decreases during the 2nd
and 3rd weeks following the treatment and is of lower value than before the
treatment.

The effect of tranylcypromine

This treatment induces a very significant alteration of the activity of
the animals resembling the effect of 5HT during the initial phase. This phar-
macon increases the frequency of the periodicity to a very high extent, by
56 percent, whereas the rates of total active and rest times remain unchanged.
The average lengths of both the active and rest periods decrease uniformly
about 30 percent. The percentual distributions of both periods significantly
change. The rates of short active and rest periods (less than 2 hr) markedly
increase, while the rates of those longer than 6 hr become minimal (Fig. 18).
The response of the animals resembles to the effect of 5HT even from the
point of view that during the treatment and cessation of the effect, prolonged
active periods appear (between 30— 70 hr), representing, however, only 0.1—0.2
percent of the number of periods. Similarly as after the administration of
5HT, the frequency of quick, rhythmic contractions greatly increases during
the active periods appearing in the course of the treatment (Fig. 3). The 5HT
concentration of the nervous system is altered only to a low extent by the
treatment (Fig. 19).
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Fig. 16. The effect of reserpine on the periodic activity. 1—35th days: activity before

the treatment; 36th day: treatment; 36—116th days: activity after the treatment.

The lines following each other indicate the duration of the active periods, the inter-
ruptions do that of the passive ones

Fig. 17. The decrease of 6HT, DA and NA after reserpine treatment. The treatments
took place on the 1st day. The concentrations of monoamines are expressed as percentages
of those of normal ones
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Fig. 18. The frequency distribution of periods after tranylcypromine treatment

Fig. 19. The decrease of 56HT after tranyleypromine and V-111 treatments. The treat-
ment took place on the first day. The concentrations of monoamines are given as percen-
tages of those of the control animals

Para-bromo-metamphetamine treatment

The frequency of periodicity increases 36 percent after the treatment,
the average lengths of both periods decrease, whereas the percentual rates
of total active and rest times show only a minimal alteration (7'able 1). The
percentual distribution of duration of both the active and rest periods displays
a considerable change. The rate of active periods shorter than 8 hr increases,
while that of the longer ones decreases. The rate of the rest periods shorter
than 4 hr also increases, whereas that of the longer ones significantly decreases
(Fig. 20). The 5HT level shows an unequivocal decrease (maximally 18 per-
cent), restored by the 8th day (Fig. 19)
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Fig. 20. The frequency distribution of periods after V -11l treatment

Discussion

The analysis of the possible mechanism of rhythm regulation revealed,
that centres of “activity” and “rest” localized in the central nervous system
are responsible for its determination and maintenance (Satanki, 1970). These
centres function through the transmitter system or systems.

Earher investigations have rendered probable that in the fresh water
mussel the transmitter system of the centre of “activity” is of serotoninergic
nature, since 5HT relaxes the adductor muscles on both ganghonic (Saranki,
1963) and muscular (Saranki and Labos, 1969) levels, furthermore, significant
concentrations of it are present in both the nervous system and the adductors
(Hiripi, 1968).

The functional presence of this system in the relaxation of the adductors
from the tonic contraction is supported by the earlier findings when stimulating
the CVc (Satanki and Hiripi, 1970). The hypothesis was obvious that if the
5HT caused relaxation not only applied to the ganglia but also at the level
of the adductors (Sartanki and Labos, 1969), the stimulation of the CVc
resulting in the relaxation, too, (Saranki and Labos, 1963) should influence
the 5HT level of the adductors. The increase of 33 and 25 percent in the 5HT
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concentration of the adductors upon the influence of the stimulation proved
the correctness of that hypothesis. Since the adductors do not synthesize
5HT, this process takes place only in the nervous system (Hirrer and SALANKI,
1969) and mainly so does the storage of it (Hirrer, 1968; HiripI et al., 1972),
the 5HT demand of the relaxation of the adductors as well as the increase
of the 5HT level should originate in the ganglia. The 5HT from the ganglia
reaches the adductors probably by means of an active transport independent
from the concentration, where it takes part in the relaxation of the adductors
depleting at the neuromuscular level.

Since the periodic activity of the mussel consists of an alternation of
tonic contraction and relaxation of the adductors, it seemed to be reasonable
to investigate, whether any change of the 5HT level can be observed in the
adductors during the spontaneous, physiological active and passive periods,
being in accordance with those observed after the stimulation of the CVe.
According to our results, the 5HT level was higher in the adductors at the
beginning of the active period, i.e. at the spontaneous relaxation of the adduc-
tors, than at the beginning of the rest state (SALANKI and Himrei, 1970).
The increase of 5HT level (30 percent in the anterior and 25 percent in the
posterior adductor) is practically identical with the values observed after the
stimulation of the CVe, although this increase was not significant statistically
in the posterior adductor at the beginning of the spontaneous relaxation.
The increase of 5HT level of the adductors was followed by a change of 5HT
level only in the visceral ganglion among the three ganglia. Nevertheless, the
change amounting to 23 percent in the visceral ganglion was of opposite di-
rection as compared to that of the adductors. If according to the chain of
ideas mentioned above, the 5HT content of the adductors originates in the
ganglia, a significant difference should exist between the cerebral and visceral
ganglia as regards their regulatory mechanism toward the anterior and pos-
terior adductors, respectively, connected with the alteration of 5HT level.
Namely, the decrease of 5HT level of the visceral ganglion at the beginning
of the activity can be interpreted in the way that the higher 5HT demand
of the adductor relaxation is satisfied from the visceral ganglion at an un-
changed rate of synthesis even during the active transport, resulting in a
decrease of the ganglionic 5HT level. At the same time, in the cerebral ganglion
a periodic change of the synthetic speed may assure a constant 56HT level
independently from the periodic activity. This way the cerebral ganglion
possesses a primary role in the regulation of the periodicity of the activity,
which is in accordance with the conclusions drawn from other experiments
that the cerebral ganglion regulates primarily the relaxation of both adductors
(PavLov, 1885; VERESCHAGIN, 1960; SALANKI et al., 1968).

Our results prove the hypothesis with a high probability that the sero-
toninerg system functions as a chemical regulatory system of the centre of
“activity”.

The question arises what system regulates the centre of “‘rest”’? The
results of the pharmacological analysis of the serotoninergic system as well
as the independence of the 5HT level from the state of activity in the cerebral
ganglion exclude the possibility that the decrease of 5HT in itself can induce
the appearance of rest ‘period. Pharmacological data show that among the
CA NA and adrenaline are able to induce tonic contraction of the adductors
at the muscle level of Anodonta (SALANKI and LABOS, 1969), however, at the
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ganglionic level they induce the relaxation of the adductors similarly to the
effect of 5HT (SALANKI, 1963). Nevertheless, this effect is produced by con-
centrations of them an order of magnitude higher than that of 5HT. At the
same time electrophysiological results revealed that both DA and NA cause
prolonged inhibition of certain nerve cells of Gastropoda (GERSCHENFELD and
TAvc, 1964; GLAIZNER, 1968; K1ss and SALANKI, 1971; WALKER et al., 1971),
and what is more, the NA blocks the activity of the Br-cell showing a charac-
teristic rhythm in the nervous system of Aplysia (BoissoN and CHALAZONITIS,
1972). The different chemical sensitivity as well as the different effects of the
same transmitter on various neural pathways have also been demonstrated in
the ganglia of Anodonta (SALANKI and VARANKA, 1971). In the light of these
pharmacological results one cannot exclude the catecholaminergic system as
being the transmitter system of the centre of “rest”’, so much the more as
significant concentrations of DA and NA are present in the nervous system
of the fresh water mussel (Hirrrr, 1972).

The pharmacological investigations influencing the function of the above
transmitter systems proved to be suitable to draw further conclusions con-
cerning the existence and function of the centres of “activity” and “rest”.

The prolonged active state, induced by exogenous 5HT can be inter-
preted that the increase of 5HT level significantly altered the dynamic
balance of centres of “activity’” and “rest’’ and the effect of the former became
realized. The 5HT acts probably both periphperically at the level of the adduct-
ors and centrally on the ganglia. The effect manifests itself even after the
treatment when the 5HT acting peripherically is not present any more. We
assume that the effect is prolonged by the part of 5HT picked up and stored
by the nervous elements. The subcellular localization of 5HT showed that a
significant part of the endogeneous 5HT is bound to synaptosomes (Hirrer
et al., 1972). It has also been shown by our earlier investigations that 5HT
injected into the foot musculature is taken up by the nervous system, and
apart from the increase of activity, this 5HT maintains a higher 5HT level
of the ganglia for several days (Hirrer and SALANKI, 1971). The exogeneous
5HT is distributed among the subcellular fractions to the rates identical with
those of the endogeneous one (unpublished observations). This way the exo-
geneous 5HT taken up mainly by the synaptosomes shifts the balance toward
the centre of “activity” for several days. The effect of the centre of “rest”
becomes limited in time so that it can maintain only short periods of rest
besides the long active periods. This is also indicated by the change of distrib-
ution of durations of the active and rest periods, namely by the increase of
the rate of the short, rest periods of 2 hr as well as that of the more prolonged
active ones.

The serotoninergic system is probably one of the regulatory factors
of the quick, rhythmic contraction activity, too. Namely, all pharmacological
treatments flooding the neuromuscular and ganglionic serotoninergic receptors
with 5HT, increased the frequency of the quick rhythm to a high extent. This
effect appeared during the treatment with 5HT, the MAO-inhibitor tranyl-
cypromine and the reserpine.

The results of DA and NA treatments indicate that the dopaminergic
and noradrenergic systems functioning in the centre of “rest’” are not able
to overcompensate the serotoninergic one permanently to such a degree that
the rest period would be able to get a significant predominance. The DA can
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activate the function of the centre of ‘“rest’’ by inducing short rest periods
interrupting this way the function of the centre of “‘activity’’. This results
in the shortening of both the active and rest periods as well as the 100 percent
increase of the frequency demonstrated well by the change of distribution
of the periods.

The NA stimulates the “rest centre’”” by interrupting the prolonged active
periods with more prolonged rest ones than existed before, increasing this way
the frequency and, as against to the DA, also the average length of the rest
periods. This difference in the effects indicates that DA acts not only as a
precursor increasing the concentration of NA, but also as an independent
dopaminergic component. The justification of this assumption is supported
by the pharmacological investigations cited formerly, evidencing the specific,
prolonged inhibitory effect of DA on certain neurons. Notwithstanding, the
two systems cannot be completely separated, since DA as the precursor of
NA may also act through the alteration of concentration of NA. Since there
are no data at our disposal concerning the change of the CA level at the spon-
taneous change of periods, any further analysis of the mechanism would only
be mere speculation. However, on the basis of our results one can assume that
the catecholaminergic system is able to function as a transmitter system of
the centre of rest.

In the further experiments we attempted to reveal the mechnaisms of
the two systems mentioned above by means of pharmacological influences.
The function of the centre of “activity’” was attempted to be inhibited through
the blocking of synthesis of its transmitter.

It has been evidenced by Kor and WEIssMANN (1968) that pCPA in-
hibits specifically the synthesis of 5HT in vertebrates without any considerable
influence on the catecholamines. The slow but significant decrease of 5HT
appears even in the fresh water mussel. The interpretation of the alterations
of activity fits well the model constructed for the explanation of regula-
tions.

The analysis of the pCPA effects leads also to the former conclusion
that 5HT plays a decisive role in the function of the centre of “activity”.
However, it is conspicuous that even in spite of the considerable decrease
of 5HT level, the centre of “rest’” does not reach that degree of predominance
which could be expected on the basis of the decrease of 5HT level. This may
be explained by assuming that 5HT is present in two pools in the nervous
system. One of them is an active pool stored mainly in the synapses and easily
mobilized, the other one is of inactive state and forms a reserve. The balance
of them assures the level of the active pool even in cases of wide variations
of the reserved 5HT. Probably, the ganglionic 5HT is stored in the reserve pool
in a greater concentration where the decrease of 5HT level does not alter the
function of the active pool. Of course, this is true only for a critical level.

The decrease of synthesis distorts the balance of the active and reserve
pools to such a degree that the alteration of the active pool will damage the
serotoninergic mechanism. This way the centre of activity seems to be ex-
hausted and the effect of centre of rest becomes predominant. This is why
the average length of the active periods decreases and that of the passive ones
increases.

The p-brom-metamphetamine, as KNoLL and MAGYAR (1971) described,
specifically affects the serotoninergic system so that it does not inhibit the
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synthesis but does the uptake of 5HT and causes 5HT liberation. The con-
centration used altered the 5HT level only to a slight extent, namely decreased
it. Notwithstanding, a characteristic change appeared in the activity. The
increase of the frequency and decrease of the active and rest periods are re-
flected even in the significant change of the percentual distribution of the
periods. This effect of V-111 differs from that of pCPA and the difference can
be explained just by the various mechanisms of effect. While the effect of
pCPA inhibiting the synthesis is prolonged and appears to be considerable
at the critical level of the reserve pool, that of V-111 appears quickly. The
inhibition of incorporation into the synaptosomes may result in the damage
of both pools, thus the active transport may be influenced through the stabile
pool. The effect of V-111, however, induces no prolonged passive period, since
both pools quickly regenerate during the rest, resulting in the disconnection
of the effect of the centre of rest.

It is of interest that the alteration of the catecholaminergic system
assumed to be the transmitter system of the centre of “rest’” by «-MMT
induces an effect like the pCPA. However, it increases the frequency only to
a lower extent, the decrease of the average length of the active periods is
smaller, but the increase of average length of the rest periods is far more
significant. While in the case of pCPA treatment the rest periods being shorter
than 8 hr are extended to 15—20 hr at the expense of the active ones longer
than 15 hr, in the case of «-MMT treatment the rest periods shorter than 8 hr
increase to 15—25 hr so that the duration of the active periods hardly changes.
This effect of «-MMT supports further the hypothesis that the catecholamin-
ergic system might be the transmitter of the centre of rest. CArRLSsoN and his
group demonstrated (CARLssON, 1964) in vertebrates that the depletion of
NA caused by «-MMT is mediated by a corresponding decarboxylated com-
pound of this pharmacon. Namely, after «-MMT treatment one can measure
both the a-methyl-metatyramine formed by decarboxylation and metaraminol
formed by dopamine f-hydroxylase from the latter compound. The binding
of these compounds is stronger than that of NA in the brain.

The competition plays important role in the depletion mechanism of
NA caused by «-MMT, since the appearance of the x-methylated amine is of
the same order of magnitude as that of the disappearing NA. However, the
inhibition of the synthesis may also contribute to this process.

The effect of «-MMT in Anodonta may well be interpreted in the light
of the data obtained in vertebrates and fits well the basic hypothesis.

The catecholaminergic system assures the predominance of the centre
of rest so that the depleted NA stimulates the inhibitory neurons. The decrease
of concentration caused by the depletion, however, results in no damage of
the centre of rest, since the methylated products substitute the NA and are
able to maintain the noradrenergic transmission (CARLSSON, 1964 ; SHORE et al.,
1966).

Comparing the effects of «-MMT and the two catecholamines investig-
ated, the extension of the rest periods caused by «-MMT seems to be realized
through the effect of endogeneous NA, which may be modulated by the
decrease of dopamine level by means of a yet unknown mechanism. It is of
interest to compare the effect of chlorpromazine observed in vertebrates and
mussels from the view-point of the role of catecholamines. Besides other
effects, it induces a supersensitivity toward CA in vertebrates by blocking
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the inactivation performed by binding, therefore, a higher concentration of
the free CA is present at the receptor sites (AXELROD, 1964).

If the mechanism of the effect is the same even in the nervous system
of Anodonta, the prolonged tonic contraction induced by chlorpromazine
(SALANKI, 1963) and the effects of CA, mainly the extension of the passive
periods caused by NA may be the consequences of increase of CA-saturation
of the inhibitory neurons.

When analyzing the effects of reserpine, the conclusion can be drawn
that the effects are brought about by common influences of both serotoninergic
and catecholaminergic systems, however, the change of the former is of de-
cisive role. Upon the influence of reserpine the depletion of 5HT and DA is
quick and nearly exponential, whereas that of NA is much more prolonged.
Comparison of the effects and the depletion shows that during the treatment
the prolonged active periods and the quick rhythmic activity are caused first
of all by the quick depletion of 5HT. This effect predominates so that the
centre of rest is only rarely able to sustain the activity during the treatment.
The reserpine causes depletion of the labile 5HT pool with the inhibition of
incorporation in that pool (Costa and BrODIE, 1964; CARLSSON, 1964). How-
ever, the depletion is so quick during the treatment that the liberated 5HT
cannot be inactivated by MAO completely, therefore the ganglionic level of
free 5HT increases. This may stimulate the neuronal activity inducing the
active transport and may increase even the speed of the passive diffusion
toward the effector organs. Because of the short distance between the ganglia
and the adductor muscles, the diffusion of 5HT can be so intense that it may
substitute even the active transport. The receptors of the adductors become
greatly saturated the effect of which resembles that caused by 5HT and
tranylcypromine. After the quick depletion of 5HT, the activity of the centre
of rest is induced not only by the significant concentration of NA but also
by the exhaustion of the centre of activity. After the extensive decrease of
5HT level, the labile pool drops below the critical level and becomes unable
to maintain the function of the stabile pool. The prolonged rest periods appear
and at minimal levels of the amine concentration and not infrequently periods
of rest occur of even several days, duration. This is indicated by a 150 percent
increase of length of rest periods and by the change of the percentual distrib-
ution of the periods. In this state the limiting factor of appearance of an active
period is the speed of recovery of the stabile pool. This way from the point
of view of reserpine effects not the level of depletion but the speed of it is of
decisive role, which has been evidenced in vertebrates by BroDIE and RAID
(1968).

This is indicated also by our observations that two different doses may
induce the same level of depletion at different points of time, and the larger
one causing a much quicker depletion increases the frequency of the quick
rhythm to a high extent, whereas the smaller one shows only minimal effect
of this type. It has earlier been mentioned that the MAO-inhibiting tranyl-
cypromine induces an effect resembling those of 5HT and reserpine. The ad-
ministration of it causes a prolonged active period during which even the
rhythmic activity increases, meanwhile the 5HT level of the ganglion remains
practically unchanged. It has been shown in vertebrates that the inhibition
of MAO increases the 5HT level (FARATTINI and VALzELLI, 1965). The presence
of MAO has been demonstrated in the nervous system of Anodonta and it
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takes part in the inactivation of 5HT (Hirrer and SALANKI, 1971). However
the investigations of different tissues of Anodonta led to the conclusion that
most part of 5HT is not inactivated in the ganglia but in the kidney. The first
step of this way of inactivation is the depletion of 5HT from the ganglia
toward the kidney taking place through diffusion and the participation of
the circulatory system. This agrees with the results obtained on other objects
(GERSCHENFELD and STEFANI, 1968; CARDOT, 1964; MIROLLI, 1968), indicating
at the same time that in some species the MAO does not take part in the in-
activation of 5HT in the ganglia at all. This has also been evidenced by the
investigations demonstrating that MAO-inhibition induces no increase in the
ganglionic 5HT level (KERKUT and COTTRELL, 1963).

The inhibition of the enzymatic inactivation, however, results in the
increase of the 5HT level only in the case if that is the single way of elimination.
The inhibition of MAO in Anodonta resulted in the increase of 5HT content
in the peripheral organs. The 5HT content of the ganglia does not increase,
since the 5HT uninactivated by MAO is eliminated by diffusion and circulation.
The rate of increase may be much more higher in the adductors and the sa-
turation of 5HT receptors of adductors may come into being. Reaching the
critical level, the adductors relax. However, the 5HT not inactivated in the
ganglia may increase also the active axonal transport by stimulating the
neurons and this further increases the 5HT concentration of the adductors.
The restitution, i.e. the appearance of periods of rest depends on the rate of
regeneration of MAO. The 5HT inactivation increases depending on the speed
of regeneration of the enzyme molecules and below a critical 5HT level, the
adductors may again show a tonic contraction.

The administration and effect of MAO-inhibitors can be interpreted in
a different way in case of CA as in that of 5HT. Since the catechol-o-methyl-
transferase is able to inactivate the CA not inactivated by MAO, the unchanged
CA level indicates that the centre of rest is not affected by the MAO-inhibition.

The pharmacological investigations revealed at the same time that
apart from the change of ganglionic 5HT level, first of all, the 5HT transport
toward the adductors plays a decisive role in the activity.

According to our assumption, the fast axonal transport existing in
the nerves of Anodonta (HesLop and Howes, 1972) may represent the active
transport. According to the data of the above authors the axonal transport
slightly differs from that of vertebrates. This transport is controlled and
independent from the pressure and concentration gradients. It is inhibited
by much lower concentrations of dinitrophenol and cianid, indicating its
metabolic dependence. The most striking difference manifests itself in the
effect of temperature, since it is independent from the temperature between
4 and 12° C, and linearly increases with the further increase of the temperature.
The temperature dependence of the axonal transport agrees with that of the
activity of the fresh water mussel. The investigation of seasonality and tem-
perature dependence of the activity as well as of 5HT level (unpublished
results) indicates that under natural circumstances the activity observed
at low temperatures, begins to be normalized at 8 —10° C, after which the
axonal transport linearly increases with the temperature.
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Summary

On the basis of an earlier working hypothesis we investigated whether
the pharmacological influences on the transmitter systems of the assumed
centres of “activity’’ and “‘rest’ responsible for the regulation of the rhythm
of fresh water mussel (Anodonta cygnea L.) act on the monoamine levels and
the periodicity of the activity. The serotoninergic system of the centre of
activity was influenced by inhibition of synthesis (pCPA) and the inactivating
enzyme (tranylecypromine) by depletion of 5HT (Reserpine, V-111) as well as
by exogeneous 5HT.

The catecholaminergic system of the centre of rest was altered by exo-
geneous dopamine and noradrenaline, xz-methyl-metatyrosine, reserpine and
tranylcypromine.

Investigating the periodic activity and the monoamine levels, it was
found:

1. The 5HT level plays a decisive role in the function of the centre of
activity. The prolonged activity caused by exogeneous 5HT is a consequence
of prolonged increase of 5HT level, manifesting itself primarily in the increase
of the average length of active periods.

2. The ganglionic 5HT level was not increased by the MAO-inhibiting
tranylcypromine, however, prolonged active periods and great increase of
rhythmic contractions were induced by this drug through the absence of
the peripheric inactivation. After the treatment the frequency of rhythmicity
was increased by decreasing the average lengths of active and rest periods.

3. The decrease of 5HT level caused by pCPA and reserpine, resulted
in the decrease of average length of active periods and the increase of that of
the rest ones. The p-brom-metamphetamine increases mainly the frequency
of rhythmicity through a slight decrease of 5HT level.

4. The dopamine decreases the average length of both the active and
rest periods, whereas the noradrenaline increases that of the inactive ones.
The effect of «-MMT is probably realized through the effect of NA and the
significant increase of the rest periods is caused by the liberation of NA.

5. After reserpine treatment the predominance of the centre of rest
is induced partly by the significant decrease of 5HT level and partly by the
considerable NA level persisting because of the slower depletion of NA.

6. The 5HT level in itself cannot determine the function of the centre
of activity. The active transport toward the adductors takes also part in the
relaxation of the adductors, i.e. in the regulation of the active period. The
decrease of 5HT level influences the active transport only below a certain
critical level.
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A PERIODIKUS AKTIVITAS SZABALYOZASI MECHANIZMUSANAK —
FARMAKOLOGTAT VIZSGALATA TAVI KAGYLON
(ANODONT A CYGNEA L.)

Hiripi Ladszlé

Osszefoglalas

Egy kordbbi munkahipotézisiinkb6l kiindulva vizsgdltuk, hogy a tavikagyld
(Anodonta cygnea L.) ritmusdnak szabdlyozdsdért felelés ,,aktivitdsi’ és ,,nyugalmi’
kozpontok feltételezett transzmitter rendszerének farmakolégiai befolydsoldsa hogyan
hat a monoamin szintre és az aktivitéds periodicitdséra. Az aktivitési kozpont szerotoninerg
rendszerét a szerotonin szintézis gatlasdval (pCPA), a lebont6é enzim gétldsdval (tranil-
cipromin), a szerotonin Kiiiritésével (reserpin, V-111) és exogén szerotoninnal befolyésol-
tuk.

A nyugalmi koézpont katecholaminerg rendszerét exogén dopaminnal és nor-
adrenalinnal, «-metil-meta-tirozinnal, reserpinnel és tranilciprominnal befolydsoltuk.
A periodikus aktivitdst és monoamin szintet vizsgdlva azt taldltuk, hogy:

1. A szerotonin szint meghatdrozé szerepet jatszik az aktivitdsi kozpont mf{iko-
désében. Az exogén szerotonin &ltal okozott tartés aktivités a szerotonin szint noveke-
désének kovetkezménye, mely els6sorban az aktiv periédusok dtlaghosszénak novekedé-
sében jelentkezik.

2. A monoamino-oxidéz gétlészer tranilcipromin nem néveli a gangliondris szero-
tonin szintet, de a periférids inaktivdcié hidnyan keresztiil tartés aktiv periédust és a
ritmikus kontrakciék nagymértékii névekedését eredményezi. A kezelés utédn pedig a
ritmicitds frekvencidjat noveli az aktiv és nyugalmi periédusok dtlaghosszédnak csékken-
tésén keresztiil.

3. A szerotonin szint csékkenése pCPA és reserpin hatdsdra az aktiv periédusok
atlaghosszdnak csokkenését és a nyugalmi periédusok hosszénak novekedését eredményezi
A p-brém-methamphetamin a szerotonin szint kismértékii esokkentésén keresztiil elsé-
sorban a ritmicitds frekvencidjat noveli.

4. Mig a dopamin mind az aktiv, mind a nyugalmi periédusok dtlaghosszat
csdkkenti, addig a noradrenalin a nyugalmi periédust noveli. Az o-MMT hatdsa valészinf-
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leg a NA hatdsén keresztiil realizdlédik és a felszabadulé NA okozza a nyugalmi periédus
jelent6s novekedését.

5. A reserpin kezelés alkalméval a nyugalmi kozpont tulsilydt a szerotonin szint
jelentés csokkenésén tul a NA lassibb kiiirilése folytdn még meglevé jelentés NA szint
is okozza.

6. A szerotonin szint 6nmagdban nem meghatdrozdja az aktivitdsi kézpont mfi-
kodésének. Elsésorban a zéréizom irdnyédba torténé aktiv transzport az a folyamat,
amely a zdréizom relaxdcidjdban, azaz az aktiv peri6dus szabdlyozdsdban részt vesz.

Az 5HT szint csokkenése csak bizonyos kritikus szint alatt befolyésolja az aktiv transz-
portot.
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In our earlier papers (SALANKI and Kiss, 1969; K1ss and SALANKT, 1971)
a number of identifiable neurones were described, which exhibited a marked
variation in activity, but the type of activity was always characteristic of
a given neurone. Then the question arose, what delicate mechanisms are
responsible for the differences in the generation of the pacemaker activity
of individual neurones? In examining this question it has to be considered
that the pacemaker activity of giant neurones is generated by a different
mechanism (WaAzir1 et al., 1965) and in a different part of the membrane
(TAuc, 1962) than the activity evoked either by natural or artificial stimul-
ation. On the other hand, there are some differences in the special ionic con-
ductances underlying the pacemaker generation of the spike in the nervous
system of various species (KosSTYUK, 1968), furthermore the individualneurones
of the same animal can also have different properties in this respect. As the
maintenance of the membrane potential as well as the generation of the action
potential can be explained on the basis of the concentration gradients and con-
ductances for Na*, Cat*, K* and Cl~ ions (HopexkiN and HuxLey, 1952),
it might be supposed that different ionic processes underlie the variety of
the spontaneous generation of activity. In close relation to this the possibility
of electrogenic ion-currents has to be considered, too (THOMAS, 1972).

Concerning the CNS of Lymnaea stagnalis only a few contradictory data
have been reported on this problem (MAGURA et al., 1971; JERELOVA et al.,
1972; SATELLE and LANE, 1972). In the present paper experiments were per-
formed in order to study the effect of Na*-, Ca™*-, K*- and Cl~-free solutions
on some identified neurones of Lymnaea stagnalis. In the first place we wished
to elucidate whether the ionic requirements for the potential generation of
different neurones are different, and to obtain convincing data referring to
some questions like the problem of ions involved in the generation of membrane
and action potentials and the problem of the ionic dependence of spontaneous
and synaptically driven activity.

Material and methods

Examinations were conducted on the abdominal and right parietal
ganglia of isolated CNS of Lymnaea stagnalis using the identifiable giant
neurones demonstrated in Fig. 1. All the experiments were performed at room
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temperature. The examined neurones are located on the dorsal surface of gang-
lia, whose most important electrophysiological parameters have already been
described (SALANKI and Kiss, 1969; Kiss and SAvAnkr, 1971).

Membrane and action potentials were recorded by glass microelectrodes
filled with 2.5 M KCI. The current for polarizing the membrane was transmitted
through the same electrode. The membrane potential and its changes were
measured after the compensation of tip potential of the electrode using a

digital voltmeter. For recording we used an amplifier with FET input (Kiss
et al., 1972).

Fig. 1. Localization of the identified neurones. GP1 — ganglion pleurale; LGPa — left
ganglion parietale; RGPa — right ganglion parietale; GA — ganglion abdominale; ns—
nervus splanchnicus; np — nervus pallialis

The isolated ganglion ring, from which the thick connective tissue was
removed was placed in a chamber containing 3 ml physiological saline. The
composition of this saline was: NaCl 46.2 mM; KCl 4 mM; CaCl, 5.6 mM
(JurLieNn and RIPPLINGER, 1948).

Test solutions with no content of a given ion were made as follows:

NaCl was replaced in 3 different ways: by osmotically equivalent quan-
tity of cholin-Cl, Tris-Cl or saccharose alternatively. No significant differences
could be found between these solutions so they are to be described collectively.

CaCl, was replaced by osmotically equivalent quantity of saccharose.

In the K*-free solution equivalent concentration of NaCl was used
instead of KCI.

For making a Cl~-free solution various combinations of the following
compounds were used: Na-, K-, and Ca-propionate, Na- and K-acetate, Na-
and K-sulphate. As to replace CaCl,, Ca-propionate was used in every case
the effect of Ca-propionate was separately tested under normal conditions
at normal Cl—-concentration.

After recording the control activity in physiological solution the whole
volume of this solution was exchanged for a given ion-free one. Following
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this the chamber was continuously perfused with the latter solution at least
for 5 min.

In some of the K*-free solution experiments the microelectrodes were
filled with 3 M NaCl instead of KCI.

For examining the excitability of the soma depolarizing current or chem-
ical stimulation was applied to the membrane. For the chemical stimulation
ACh was added to the bath at a similar concentration and in similar way to
that described in one of our earlier papers (Kiss and SALANKI, 1971).

During recording the bioelectric signals were fixed on a magnetic tape
and the desired portions were photographed later by means of an EMG os-
cilloscope and MF 1—1 photorecorder.

Results

On the basis of the reaction to the removal of Na® the neurones can be
classified into the following categories: The spontaneous activity of the cells
belonging to the first category is abolished within 2—3 min. in Na-free solution
It is most frequently preceded by a continuous reduction of the spike amplitude
and simultaneously the firing rate decreases, too (Figs 2 and 3). This type
of reaction was shown by Al, A5 and P5 neurones, whose activity seemed
to be under compound synaptic control.

The neurones included in another category cease their activity within
6—8 min. (Flig. 4), e.g. the P12 pacemaker and the A1l driven neurone belong
into this group. In addition two pacemaker neurones were found, which
continued to generate action potential more than 10 min. (A10 and P1 cell).
From the latter cell sometimes pacemaker activity can be registered even .
30—40 min. after the removal of Na*. The neurones included in the latter two
categories are less sensitive to the absence of Na™, their action potential is
characterized by only a slight reduction of amplitude, furthermore after a
transitional decline it frequently tends to be normalized (Fig. 6).

Immediately after the application of the Na* -free solution a transitional
hyperpolarization of the membrane of 8 —10 mV can be registered and during
this period the spontaneous activity is often completely blocked, but it
returns again in 4—5 min. (Fig. 6). However the final disappearance of
activity does not yet occur in this period, on the contrary, sometimes it is
preceded by a depolarization of the membrane.

After the spontaneous activity ceased in the Na'-free solution all the
examined neurones can be activated by depolarization indicating that the
excitability of the soma membrane is maintained (Fig. 7). However, after
prolonged treatment with the Na* -free solution also the electric excitability
of membrane disappears. The time required for this is only slightly variable
ranging between 18 and 20 min. except P1 cell, which can be activated by
depolarization for undefined time within the period of the investigation.

The question raised, whether a neurone of such condition is able to react
to electric stimulation only. As the majority of the identified neurones can be
excited by ACh, this substance seemed to be suitable for trying to activate
the neurones became silent in the absence of Na*. Some of the cells — for
example A10 — are depolarized and generate a short train of spikes following
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Fig. 2. Course of the abolition of spontaneous activity in the Na-free solution on P5
neurone. Arrow marks the exchange of physiological solution

Na - Free solution
o JSpike overshoot

A Membrane potential
% Firing rate

Fig. 8. Changes in the parameters of spontaneous activity of Al cell as a function of time
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Na - Free solution
o Spike amplitude
A Membrane pofential
% Firing rate

Fig. 4. Changes in the parameters of spontaneous activity of A10 cell as a function
of time

the application of ACh even in Na'-free solution (Fig. §). But the other
neurones cannot be activated by ACh.

On the cell A10 mentioned above a special effect of Na*-free solution
was occasionally found. Its firing rate — diverging from normal — increased
in the early period. It can be attributed to an early abolition of ILD-s deter-
mining the general character of the activity when the firing rate of rhythmic
pacemaker activity does not yet significantly declined (Fig. 9).

Effect of the removal of Cat+

In Ca**-free solution the spontaneous activity generally disappears
in 5—10 min. The changes in the membrane potential are not unequivocal,
although in most of the cases a transitional depolarization can be observed
in the early phase. It is accompanied by a marked increase in the firing rate
giving place to a decreased frequency a few minutes before the activity is
abolished. There is a continuous marked reduction in the amplitude of the action
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Fig. 5. Alteration of the spontaneous firing rate (— x —) and amplitude of the spike
produced by All cell in the Na*-free solution. The vertical broken line marks the time
of the cessation of activity

potential (Fig. 10). After the cessation of the spontaneous activity it cannot
be restored either spontaneously or by depolarization.

Ca™ T -free solution is able to activate the silent neurones, although for
only a short time, because later there is a damage of the mechanism involved
in the generation of the spike (Fig. 11). There was only two neurones (A5 and
P12) whose spontaneous activity was maintained in Ca**-free solution for
as long as 15—20 min. or even longer (Fig. 12).

On an individual neurone we failed to demonstrate any definite correl-
ation between time courses of the capability for producing spikes in Na™-
and Ca™*-free solution.

Effect of the removal of K+

In K-free solution the membrane potential of the neurones increases
by 5—10 mV. It is to be expected because of the increased K* -concentration
gradient between the two sides of the membrane. This hyperpolarization is
accompanied by an increase in the amplitude of action potential and a decrease
in the frequency of spontaneous activity (Fig. 13). The rate of decrease in
the frequency is rather variable, in most of the cases it is below 50 9%, in some
other cases, it can be much greater until the activity is eliminated. Sometimes
this elimination occurs in such a way that the spontaneous, continuous activity
is broken off by a hyperpolarization of 10—20 mV (Fig. 14).

In a general given identified neurone cannot be characterized by any
definite type or degree of the above changes, as there is a great variability
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Na - Free solution

o Spike amphitude

A Membrane potential spike/sec

Fig. 6. A10 cell; time relations of the temporary cessation and recovery of the spontane-

ous activity in the Nat-free solution. During the interval marked by broken line the

neurone is silent. Notice, that this interval coincides with a transitional hyperpolarization
of the membrane

50mV

Isec

Fig. 7. Activation of P5 neurone by an artificial depolarization in the Na*-free solution

after the complete cessation of the spontaneous activity. Arrows mark the onset and

interruption of depolarizing DC in order at 6; 10; 14; 18 and 22 min. from the application

of the Na+-free solution. Notice, that in the 6th min. only local potentials are produced

in addition to a single spike, after this there is a continuous recovery of the generation
of spike, but later it is blocked again
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Fig. 8. A10 cell lost the spontaneous activity in the Na+-free solution is activated by

ACh in the 10th min. after the application of the ion-free solution. Note: the shift in DC

level preceding the arrow is an artifact resulted from an error in the function of the
magnetic tape-recorder

b

Fig. 9. Transitional effect of the Na+*-free solution on A10 cell realized in an increased

firing rate. a) control activity; b) in the 3rd min. after the application of the Na *-free

solution it is fairly visible that the increase in frequency observed simultaneously with
a reduction in the amplitude is resulted from the elimination of ILD

even on the same cell. A10 cell is an exception as on this cell the sudden hyper-
polarization breaking off the continuous spontaneous activity can most
frequently be observed. Occasionally it results in a permanent cessation of
firing, on another occasion the silence appears to be transitional with a time
course quite similar to that of ILD (Fig. 15).

A series of the measurements was done by means of microelectrodes
filled with NaCl. Under these conditions the K*-free solution caused much
greater hyperpolarization (Fig. 16 ). At the same time no significant difference
was found in the changes observed in the amplitude and frequency of the spikes
compared with that measured by means of the KCl-filled microelectrodes.

Effect of the removal of Cl~

Cl~-free solution results in characteristic changes in the type of activity
within a few minutes. The discharge pattern becomes irregular, the continuous
activity tends to be replaced by groups of the spikes (Fig. 17 a, b). Further-
more, in some measurements performed in the absence of Cl~ the activity
assumed a bursting character (Fig. 17 c¢), where the duration of the con-
secutive spikes also showed peculiar changes (Figs 17 d, e). Changes of this
nature were produced for example on A10 cell. On this cell a burst-like grouping
of spikes had been observed also in the control state (Fig. 18 a), and this
character became more pronounced upon the removal of Cl~ (Fig. 18 b).
It can frequently be observed that the potential generation during a burst
is inactivated for a short time at a depolarized level (Fig. 19).
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o Spike amplitude

X /[/'r/'ng rale

Fig. 10. The most frequently observable influence of the Ca**-free solution on the
spontaneous activity: a fast reduction the firing rate shows a biphasic change

50mV

foee

Fig. 11. Activation of a silent neurone by Ca *+ +-free solution. Arrow marks the exchange

of physiological solution. Notice, that after a temporary activation the firing rate and

the amplitude rapidly decrease, following this the activity disappears at a depolarized
level

In the absence of Cl~ all the neurones are characterized by a decrease
in the spike amplitude and an increase in the impulse duration.
If ACh was applied to the preparation in a solution containing no Cl~

the burst-like sequence of the potentials was considerably prolonged (Fig.
18 c).
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Ca - free solution

Fig. 12. Changes in the parameters of spontaneous activity in the Ca* *-free solution
on P12 neurone, which continues to produce spikes more than 15 min. after exchanging
the physiological solution

Discussion

It has been described by a number of investigators that the activity
of some giant neurones is maintained in Na™-free solution for quite a long
time. In these cases it was supposed that the rising phase of the spike is pro-
duced by a Ca™" current (GErRAsIMOV et al., 1965; OoMURA et al., 1961;
JERELOVA et al., 1972). In some of the cases the “calcium-spike” hypothesis
was reconsidered and either a contribution of both Na* and Ca®™* to the
generation of action potential was suggested, (MrvEs, 1968; GEpULDIG and
JUuNGE, 1968; CHAMBERLAIN and KERKUT, 1969), or a passive retention or
active depot of Na™ was conceived, which might be able to assure the Na™* -
requirement for the spike generation even if the extracellular space is appar-
ently free from Na®™. (Krasrs and VepriNTZEV, 1972; MORETON, 1972).
In our examinations the spontaneous activity of most neurones ceased in
the Na*-free solution within several minutes suggesting that Na* appears
to be the main carrier of the current involved in the generation of action
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Fig. 13. Influence of the K *-free solution on the parameters of spontaneous activity
of Pl neurone

50mV
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Fig. 14. Sudden hyperpolarization under the influence of the K+-free solution in the
6th min. after exchanging the physiological solution on Pl neurone

Fig. 15. Effect of the K +-free solution on A10 cell. @) control activity which is not inter-

rupted by ILD-s; b) and ¢) in the 4th min. after the application of the K *-free solution,

the continuous spontaneous activity is broken off by a hyperpolarizing phase similar
to ILD
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mV

Fig. 16. Development of the hyperpolarizing effect of the K *-free solution in the case
of recording with a KCl-filled (—x—) and a NaCl-filled (—o—) electrode. Both curves
show an average of values obtained on the examined neurones

potential. Generally, considering especially the case, when the spike generation
in the Na™-free solution is abolished after a considerable time only, some con-
siderations contradict the presumption of a ‘“‘calcium-spike’:

1. If Ca*™* were the main carrier of current, one would expect the re-
moval of Ca** to block the generation of the spike most rapidly on those
cells whose activity is less sensitive to the removal of Na™, e.g. P1 neurone.
However, this is not supported by the experimental results.

2. Activation: of the silent neurones by exposure to the Ca**-free
solution is hardly compatible with a “Ca-spike” hypothesis.

3. It was previously shown, that the inward current which had dis-
appeared in Na ™ -free solution did not reappear by raising the Ca** concentr-
ation.

The question arose, what causes the different sensitivity of different
identified neurones to the removal of Na* ? In our earlier papers (SALANKI
and Kiss, 1969; Kiss and SALANKI, 1971) it was described that the membrane
potential, rhythmic activity and chemical sensitivity are specific to an iden-
tified neurone, thus it is conceivable that the ionic mechanisms underlying
all these phenomena may also be characteristic of a given cell. Nevertheless,
most likely a retention of Na* near the membrane has to be considered, too
— similarly to other objects. MorETON (1972) attributed the retention of
Na* to the function of an active pump, which requires some time to turn
into an active state under Na*-free conditions. This suggestion is based on
the observation that after an early transitional decrease in the amplitude
the spike can be restored. In that cases, when the spontaneous activity of the
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Fig. 17. Effect of the CI“-free solution, a) control activity of A1l neurone; b) activity

of the same neurone in the 3rd min. following the application of Cl*“-free solution, C) in

the 16th min. the activity assumes a bursting character d) and e) (continuously) changes
in the shape of the action potentials during a burst

|50mV

Fig. 18. Effect of the CI- -free solution on A10 neurone, a) control activity demonstrating

well the burst-like grouping of the spikes; b) in the Cl*“-free solution the bursting activity

becomes more pronounced; c) in the Cl*“-free solution ACh applied at the arrow prolongs
the time course of the hurst

5*



E)OmV

Isec

Fig. 19. Effect of the Cl—-free solution on A10 cell. It is fairly visible that the potential
generation is inactivated within a burst at a depolarized level

cells examined in the present experiments ceased within 10 min., we found
no sign of this phenomenon thus, in this case one can consider a passive
retention of Na™ at the most, variations of which depending on the anatomy
of cells may account for the variability of the time required for the abolition
of the activity of different identified neurones. However, on the cells firing
more than 6 —8 min. in absence of Na™ one can frequently observe a recovery
after an early decrease in the spike amplitude and in the firing rate consequent-
ly if an active depot exists, it requires at least 6—8 min. to turn into an active
state.

It appeared to be characteristic of all the neurones that the spontaneous
activity ceased earlier than the excitability of the soma. As on the giant
neurones the spontaneous activity is generated in a distant part of the axon
(Tauo, 1962), the present observation has from a new side confirmed the
results obtained indirectly by voltage clamp technic (MAaGURA et al., 1971)
showing that it is the soma which reacts later to the removal of Na®. How-
ever, present investigations do not allow to formulate a definite decision,
whether this fact shows an actual difference in the ionic mechanisms, or there
is a more efficient retention of Na™ near to the soma membrane. The latter
assumption can be supported by the finding that the time required for the
abolition of the excitability of the soma does not considerably vary from
neurone to neurone, it is 18—20 min. after removing the external Na*. On
the basis of the latter assumption it means the time required for a total run-
ning out of Na™-depot.

The difference in the Na' requirement for spontaneous and evoked
activity observed in our experiments is in contrast with the data obtained
by CARPENTER and GUNN (1970).

The ionic permeability of the membrane is an important factor of the
generation of spontaneous activity. In the regulation of this Ca®™ plays a
well-known role. After the elimination of the membrane-stabilizing action
of Ca** the alteration of Na*- and K*-permeability can account for the
transitional depolarization, increased firing rate and finally a complete dis-
appearance of the excitability of the membrane in the Ca*t-free solution.
The individual identified neurones show differentiated behaviour also in this
respect, however, the time required for the abolition of spontaneous activity
varies within a more limited interval compared with the Na™-free solution.
For the explanation of the observed deviation of data concerning Ca™* it is
even more obvious to suppose a certain degree of retention, because after
removing the Ca®™ ™ from the solution some membrane-bound Ca™ " remains.

Recently a number of authors have proved the role of an electrogenic
Na*-pump in addition to the unequal distribution of the ions in the mainten-
ance of the membrane potential of giant neurones (KeErgUT and THOMAS,
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1965; CARPENTER and ALVING, 1968; KosTYUK et al., 1972; CHRISTOFFERSEN,
1972). On the basis of our results there is a reason to suppose a contribution
of electrogenic Na™-pump to the membrane potential also of the examined
neurones of Lymnaea. This is indicated by the fact that in the K+ -free solution
there is only a slight increase in the resting membrane potential although the
[K],—[K]; concentration gradient has increased considerably. It can be ex-
plained if the resting potential measured under physiological conditions is not
a pure K*-potential but it is resulted also from the simultaneous function
of an electrogenic Na*-pump. The latter can be blocked by the removal of
external KT, thus in the K*-free solution the increase in the resting potential
cannot reach the theoretically expected value. On Aplysia neurones CAR-
PENTER (1970) obtained a pronounced depolarization under K*-free conditions
at 25° C and explained this phenomenon in a similar way.

The above explanation is confirmed by our examinations with NaCl-
filled electrodes. The microelectrodes with tip-diameter of about 1 u had been
kept in the cell for 5—10 min. before the K+ -free solution was applied. During
this time some spontaneous outflow of Na* probably occurred, which might
have been of extremely small amount though, nevertheless, sufficient to sti-
mulate the Na*-pump. The fact that on increasing the intracellular con-
centration of Na™ this stimulating effect can be obtained has been described
by several authors (KERRUT and THOMAS, 1965; THOMAS, 1969; CHRISTOFFER-
SEN, 1972).

One possible explanation of the transitional hyperpolarization observed
in the Na™-free solution is a high resting Na* -permeability of the membrane.
In consequence of the removal of Na* the voltage opposed to K*-potential
resulted from the Na*-gradient is eliminated, thus the membrane potential
can much better approximate the value to be expected on the basis of the
concentration gradient of K+.

The reason of the burst-like activity developed in the Cl~-free solution
may be approximated by the following assumption: In the Cl~-free solution
Hoperin and Horowirz (1959) demonstrated an about 20 mV transitional
depolarization of the membrane, which lasted for 15—20 min. This coexisted
with an increased outflow of K*. The decrease in resting potential may
temporary activate the potential generation. It might be supposed, that the
K*-conductance of the membrane is also damaged resulting in a delayed re-
polarization phase and an inactivation of generation of the spike at a depolar-
ized level as the increased NaT-influx during a burst cannot be balanced
by the outward K*-current. Besides, after a certain time a hyperpolarizing
phase is resulted by stimulating the activity of the electrogenic Na*-pump.

Concerning the aberrant behaviour of some neurones obviously it has
to be considered that the majority of the examined neurones has synaptic
inputs. On the cell A10 and on several other cells sometimes it can fairly be
observed that the bursts produced in the Cl~-free solution are preceded by
EPSP-s. The possibility cannot be disregarded that on the cells having ex-
citatory synaptic input the effect of the absence of C1~ may be realized through
the postsynaptic membrane, too.

The reactions given to depolarization and ACh in different ion-free
solutions generally did not differ from the control. However, in the Na*-free
solution there were some cells which could be activated only by depolarization
but were uneffected by ACh. In these cases the mediator effect probably is
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realized by changing the Na* -permeability. CHTARANDINI et al. (1967) suggested
the existence of such a mechanism on a cell of CILDA type. In our earlier
experiments (K1ss and SALANKI, 1971) performed on CNS of Lymnaea one:
of the neurones — marked A10 — was identified as a cell of CILDA type.
However, the absence of Na™ has no influence on the reaction to ACh on this
neurone, consequently, the above suggestion cannot be generalized.

Summary

On changing the ionic environment of CNS of Lymnaea stagnalis it has
been established that

1. On removing the Na* the activity of several neurones ceased within
a short time, while that of the other neurones ceased later. Even such a neuron
was found, which continued to generate action potentials for as long as 30 min.
in the absence of Na™.

After the activity stopped the cells could be activated by depolarization,
while only a part of the neurones was affected by ACh under such conditions.

2. In Cat**-free solution the spontaneous activity of the cells was
abolished within a relatively short time, but the activity of several cells was
maintained for 15—20 min.

3. In the absence of K* a relatively small hyperpolarization was accom-
panied by a decrease in the firing rate.

4. In the absence of Cl~ the rhythm of activity of the cells became ir-
regular, sometimes it assumed a bursting character.

The obtained data can be accounted for partly by different changes in
the ionic concentration gradients and in the permeability of the membrane,
partly by an influence on the electrogenic Na™-pump.
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AZ IONMILIO SZEREPE LYMNAEA STAGNALIS L. ORIAS
NEURONJAINAK POTENCIAL GENERALASABAN

Kiss Istvdan és Saldnki Jdnos
Osszefoglalas

Az ionmili6 véltoztatdsa sordn megdllapitdst nyert:

1. Nat megvonds esetén egyes neuronok aktivitdsa hamarabb, médsoké kés6bb
sz{inik meg. Taldltak olyan idegsejtet is, amely Na+-hidnyban 30 perc mulva is generél
akei6s potencidlt.

A sejtek ledllds utdn is aktivalhatok voltak depolarizéciéval, mig ACh-ra ilyenkor
csak a neuronok egy része vilaszolt.

2. Cat+-mentes oldatban a sejtek spontdn aktivitdsa viszonylag révid idén
beliil megsz{int, de néhény sejt ilyenkor is 16—20 percen &t aktiv maradt.

3. K+-hidny esetén viszonylag kismérték{i hiperpolarizdcié mellett az aktivitds
frekvencidja csokkent.

4. Cl--hidnyban a sejtek aktivitdsi ritmusa szabdlytalannd vilt, egyes esetekben
burst-616 jelleget vett fel.

A kapott eredmények részben az ion koncentriciégradiensek és a membréan
permeabilitds megvdltozdsdval, részben az elektrogén Na*-pumpa befolydsoldsédval
magyardzhatok.
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According to the literature the effect of local anaesthetics can be attri-
buted at least to two different mechanisms. On the one hand they can stabilize
the membrane similarly to Ca** preventing the changes in Na* and K*
permeability involved in the spike generation. On the other hand, their chem-
ical structure is similar to that of ACh, so they can cause a competitive in-
hibition of the cholinergic transmission similarly to d-TC (ArieNs, 1964).
According to NACHMANSSON’s (1961) theory the membrane receptor protein
taking part in the axonal spike propagation appears to be the same, that is
involved in the cholinergic transmission, thus the site of the two actions
essentially is the same. Recently MAUTNER et al. (1972) have a similar con-
ception. However the examinations of some other authors have shown that
sites, where the inhibition of neural activity and the blockade of synaptic
transmission are produced are independent (BryanT, 1958; UsuBraca and
STANDAERT, 1967), but they are dependent on the concentration of drugs
(RxER and Kosay, 1970).

For the pharmacological investigations of localanaesthetics procain and
various derivatives of lidocain were most frequently used. Under the influence
~of these drugs the abolition of spike generation on the giant axon of squid
has been demonstrated (SHANES et al., 1959). This result has been interpreted
as a consequence of a decrease in potassium and sodium conductances, which
has been supported by some other works (BLAUSTEIN and GOLDMAN, 1966;
NArAHASHI et al., 1967). The block of transmission has been investigated in
particular on the end-plate potential and it has been shown, that procain
influences mainly the K+ -chanel independently of the Na™ -chanel, while both
are similarly affected by lidocain (MAENO et al., 1971).

It is known, that the mechanism as well as the conditions for generation
of the spontaneous pacemaker activity are somewhat different from those of
the evoked activity (ALviNg, 1968; WAzIRT et al., 1965). Only a few investig-
ations have been reported so far with respect to the effect of local anaesthetics
on the pacemaker activity. On the Purkinje fibers of heart muscle lidocain
inhibits the spontaneous potential generation (BicGer and MANDEL, 1970).
On spinal neurones procain blocks the generation of all kinds of action po-
tential, while in the same concentration it does not affect the appearance
of EPSP-s (Curtis and PHiLLis, 1961.) Woobp (1972) proved in an indirect
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manner, that some bursting neurons sending inhibitory impulses to the in-
testinal smooth muscle of the cat stopped generating activity in the presence
of lidocain.

As far as we know the effect of local anaesthetics have not yet been
examined on the giant neurones of Gastropods. As the neurones of Lymnaea
stagnalis are suitable objects for studying the pacemaker activity generation
and the chemical sensitivity of the soma simultaneously (SALANKI and Kiss,
1969; Kiss and SALANKI, 1971), it appeared to be reasonable to investigate
the effect of local anaesthetics on these cells. Beside the lidocain a compound
marked as RG-1812 (1-piperidinopropanol,3-methoxybenzoate,hydrochloride)
(KArpATI and SzporNY, 1971; SzrorNY and KArrATI, 1972) was also tested.
The main questions we wished to elucidate were as follows:

a) Are the effects similar to those described on other objects?

b) Whether the drugs exert their actions both on the spontaneous
activity and on the chemical sensitivity by affecting the same membrane site
or are there independent sites?

¢) What are the qualitative and quantitative differences between the
two local anaesthetics on the basis of the tests performed?

Material and methods

Examinations were conducted on the giant neurones of abdominal and
right parietal ganglia of Lymnaea stagnalis. The thick connective tissue was
removed from the dorsal surface of the ganglia, thus the cells became fairly
vigible through the thin tissue located under the thick one. The preparation
was placed in a chamber (Fig. 1) containing 3 ml physiological saline (JULLIEN
and RIPPLINGER, 1948). For changing the solutions a perfusion vessel and a
pump were used. The chamber was fixed to the basis of a micromanipulator.
A glass microelectrode filled with 2.5 M KCI was fixed to one arm of the micro-
manipulator, while an other arm was used for holding a capillar filled with
ACh or 5HT solution, which could be placed instantaneously into the solution
to the vicinity of the ganglionic surface.

Fig. 1. Scheme of experimental arrangement .
1 — physiological solution; 2 — experimental chamber ; 3 — preparation; 4 — miecro-
electrode; 5 — reference electrode; 6 — capillar for the application of substances
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During recording the glass microelectrode was connected with a FET
negative capacitance high input impedance amplifier (VERS, 1971). In the
course of the experiments the biological signals were fixed on a magnetic
tape and the desired portions were registered later by means of a DISA Uni-
versal Indicator and photorecorder. The effects of lidocain and RG-1812 on
the spontaneous activity were tested in such a way, that after recording the
control activity the whole volume of the Ringer solution filling the experi-
mental chamber was exchanged for a drug solution of appropriate concent-
ration. For examining the chemical sensitivity first the control effects of ACh
and 5HT were registered at concentration proved to be effective in our earlier
work (K1ss and SALANKI, 1971). Following this the preparation was incubated
in drug solution for an appropriate time, then the effects of ACh and 5HT
were tested again.

Results

Effects of lidocain and RG-1812 on the spontaneous activity of the meurones

2%x1073—5x 10~* g/ml concentrations of drugs were used. In several
minutes marked changes occur becoming more pronounced in time and finally
the spike generation ceases. This changes does not refer to the membrane
potential, which was reduced by several mV-s at the most. The most pro-
nounced effects have been shown on the following parameters:

A

20mVv
L
Isec

C
20mV
L
2sec

Fig. 2. Effect of lidocain and RG-1812 on the shape of the action potential
a) arrow marks the application of 10~? g/ml lidocain; b) 7th min. after the application
of lidocain; c) effect of 10—% g/ml RG-1812 showing the plateau formation very well
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1. There is a 2—3-fold gradual increase in the spike duration (Fig. 2).
This increase appears to be the sum of two factors: an increased time course
of the rising phase and a delayed repolarization. The latter tends to be similar
to the falling phase of the action potential of heart muscle cells, in some cases
a pronounced plateau is formed or during the delayed repolarization the
membrane comes to be excited again resulting in a second or third peak
(Fig. 2.c).

2. The spike amplitude decreases. At a given concentration this reduction
is proportional to the time, but the time-dependence is not linear, following
abolition of the overshoot the curve becomes steeper (Fig. 3). The most pro-
nounced inflexion can be found in the case of RG-1812 of 5x 10~* g/ml con-
centration.

3. Hiperpolarizing afterpotentials tend to be reduced, at the same time,
generally the rate of pacemaker depolarization decreases (Fig. 4.b). After
the action potential ceased, sometimes local potentials remain for a long time
(Fig. 4.¢).

4. The spontaneous firing rate does not show any unequivocal change.
Generally the effect of both drugs resulted in an increased frequency in the
early period lasting for several minutes, but after 3—4 minutes there was a
restoration of the control value, or a decrease to 509, of control level. In the
latter case there is neither any excessive concentration-dependence nor pro-
nounced difference between the two drugs (Fig. 5). A complete abolition of
spontaneous activity is caused in 5—21 min. by lidocain and in 5.7—27 min.
by RG-1812. (Fig. 6).

It must be noticed, that the standard deviation of data is large enough,
which may be attributed to the existence of two groups of cell having different
sensitivity to the drugs. The most sensitive neurones whose action potential

Fig. 3. Time dependence of the reduction of spike amplitude after the application of
different concentrations of lidocain and RG-1812. Ordinate: diminished amplitudes
as per cent of the control
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Fig. 4. Marked drug effect (RG-1812, 102 g/ml) causing a strong damage of the gener-
ation of action potential
a) control; b) 15th min. after the application of lidocain; ¢) in 20th min. only local po-
tentials remain

Fig. 5. Decrease in the firing rate of spontaneous activity vs. drug concentration
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Fig. 6. Time of the complete inhibition of spontaneous activity vs. drug concentration

20myY
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Fig. 7. Effect of lidocain on the activity and ACh-sensitivity of the neurons driven
synaptically.
a) and c) control activity and ACh-effect; b) and d) effect of lidocain during which
EPSP-s remain unchanged and the reactions given to ACh are influenced by the drugs
in different ways. Arrow marks the application of ACh
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can be most rapidly blocked appear to belong to the pure pacemaker cells
discharging most regularly.

For making a comparison the behaviour of several synaptically driven
neurones was examined. After the action potential was blocked by the drugs
EPSP-s were found to remain unchanged (Fig. 7).

Influence on the chemical sensitivity

For these examinations 1072 and 5X 10~* g/ml lidocain and RG-1812
solutions were used.

a) Inhibition of the ACh-effect

The excitatory effect of ACh on D-cells is reduced by both drugs and
it is completely prevented within 10 min. The effectiveness of lidocain and
RG-1812 has been compared in two ways. On the one hand, the degree of
inhibition has been calculated taking the increase in the firing rate caused
by ACh under normal conditions as 1009%,. This degree is given by the mean
value of data obtained within the first 9 min. following the drug application.
10~3 g/ml lidocain caused 569%, while the same concentration of RG-1812
96 % inhibition.

On the other hand, the mean times required to prevent completely the
excitatory effect of ACh by each of the drugs have been compared. In the
cagse of RG-1812 this time is 8 —9 min. (Fig. 8 ¢, d), at the same time lidocain
does not yet cause a complete disappearance of sensitivity to ACh (Fig. 8 a,b).

As it has been mentioned, simultaneously with the inhibition of the
spontaneous activity the examined drugs does not affect the EPSP-s. Con-
sequeatly, the changes in the ACh-sensitivity cannot be so unequivocal on the
driven neurones as they can be on the pacemaker ones. Figure 7 shows two
different effects of drugs on the neurones affected by ACh mainly through
the postsynaptic membrane. In the ‘“‘a—b”’ case there was a high frequency
EPSP input to the postsynaptic neurone in the control state, and there is
no significant reduction in the excitatory effect of ACh when lidocain is pre-
sent. The figures “c—d” demonstrate the activity of a cell having a low fre-
quency EPSP input in the control state. Following the application of lidocain
the excitatory reaction of this cell given to ACh is greatly reduced.

b)Effect of 56HT in the presence of local anaesthetics

Until the 9th min. after the application of the examined drugs there is
no significant change in the sensitivity to 5HT (Fig. 9.). However, from the
9—10th min. 5HT is ineffective on the preparations incubated either in lido-
cain or in RG-1812 solution.

With respect to the influence on the serotonin-sensitivity there is no
significant difference between the two drugs.



80
A
20mV
L
1sec

B

20mV
L

1sec
C
20mV
L

Isec
D

20mV.
L

1sec

Fug. 8. Effects of drugs on the ACh-sensitivity of pacemaker neurones.
a) and ¢) control activity and ACh-effect; b) in 8th min. after the application lidocain
causes a decrease in the excitatory effect of ACh, but cannot completely prevent it;
d) at the same time and concentration RG-1812 prevents completely the effect of ACh.
Arrow marks the application of ACh
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Fig. 9. a) Control effect of 5HT; b) Following the application of 10-2 g/ml lidocain there
is no significant change in the effect of 5HT
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Discussion

Our results show that the spontaneous firing of giant neurones reacts
to lidocain and RG-1812 similarly to other excitable structures: a blockade
of action potential and of the ACh-receptors of membrane is induced. There is
a reason to suppose that inhibition of the spontaneous activity is resulted
by a direct influence on the soma membrane, as if an inhibition of the axonal
pacemaker locus occurred the somatic spike would not fall gradually, but it
would be expected to disappear according to the “all or nothing” law. It is
presumable again that the effect is not specific to the fundamental processes
of pacemaker generation of potential as the spikes evoked synaptically are
abolished too, on the other hand, the firing rate — a basic parameter of
pacemaker activity — remains uneffected in a number of cases, as long as
activity lasts. The oscillation in membrane potential underlining the spontane-
ous activity may also be maintained quite a long time after the cessation of
the spike generation. It became clear that an inhibition both of the fast rising
and the falling phase of an action potential occured. The decrease in amplitude
as well as in steepness of the rising phase and the prolongation of repolarization
take place at the same time, which indicate a simultaneous blockade of Na+
and K+ channels. This conclusion is in good agreement with the observations
of Maeno et al. (1971) concerning lidocain.

In the present work the spontaneous activity of the soma was investig-
ated, which was affected by ACh mainly through the receptors located on the
soma membrane. Besides — as ACh was not applied by microiontophoresis -
evidently the effects on the postsynaptic membrane may also be considered,
but in the present case it is not the primary process, which becomes clear
making a comparison with the cells driven synaptically — beside some other
consideration. Namely on these driven cells one can continue to demonstrate
EPSP-s of cholinergic origin after cessation of the spontaneous activity and
ACh can cause an excitation similar to that obtained in the control state in
spite of the presence of lidocain. This case is demonstrated in Fig. 7a—%h
while in Fig. 7c d the difference between the control ACh-effect and that
diminished by lidocain may be explained by a selective blockade of the soma
receptors. Persistence of the synaptic input after the inhibition of spike
generation can be explained by different pharmacological sensitivity of the
somatic and synaptic regions. It is not surprising when one makes a comparison
with some data in literature, which suggest that the Na+-requirement for the
production of axonal and somatic action potential is different (Magtjra et al.,
1970), as well as that there are pharmacologically different ACh-receptors on
the same individual neurone (Kehoe, 1972). In the investigations on some
other objects Riker and Kosay (1970), Curtis and Phillis (1961) and
Usubiaga and Standaert (1967) also found that the synaptic transmission
sustained a loss later in comparison to the action potential.

If it is accepted that under the given experimental conditions the site
of the action of drugs is located on the soma, the question at issue here is
whether there is a common locus or there are separated loci for inhibition of
the action potential and the ACh-sensitivity. Our results have demonstrated
a reduction of ACh-effect, furthermore, even its complete prevention by RG-
1812 occured when there was only an insignificant damage to the spike ge-
neration. These data showing the two kinds of effects to be realised at different
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times support the idea of the existence of separate loci although does not verify
it in se. It is rather confirmed by the results that the blockade of spontaneous
activity by the drugs was more considerable at a concentration of 10~3 g/ml
than at 5X 10_4 g/ml, while the above difference has been failed to demonstrate
for the inhibition of the ACh-sensitivity. Thus, an earlier appearance of the
reduction of ACh-sensitivity might be explained as follows: After the applic-
ation of the drugs more and more molecules interact with the given sites in
the course of time. The ACh-receptors are sensitive even to a lower concentra-
tion, while for the receptors involved in the generation of action potential a
higher concentration being reached later is required to cause a considerable
inhibition. Riker and Kosay (1970) suggested a similar interpretation of
two separated sites of lidocain action, however in their experiments the
blockade ofthe ACh-receptors required a higher lidocain concentration because
these investigations dealt with the synaptic transmission.

The prevention of 5HT-effect in 9-10th min. after the application of
drugs cannot be unequivocally attributed to a specific blockade of the sero-
tonine-receptors, since before it there was no significant inhibition, on the
other hand, the spike generation is likewise considerably damaged by this
time. Nevertheless, some kind of the drog-receptor interaction cannot be
disregarded even so it is lower in extent compared to the inhibition of ACh.
To clear up the question further investigations are required.

Comparing the effects of two examined drugs it can be established that
the inhibitory effect of RG-1812 on the spike generation differs only quanti-
tatively from that of lidocain which is shown by the dosage-effect curves,
but there is qualitatively no difference, so this drug appears to be similar
rather to lidocain, than to procain, regarded by Maeno et al. (1971) as a
matter blocking the K +-channel selectively.

The comparison has led to a surprising result. Lidocain, which has
proved to be a stronger inhibitor of the spontaneous spike generation, is less
effective on the ACh-sensitivity compared with RG-1812 having less influence
on the spike generation. This fact can also be regarded, as an indirect evidence
of the existence of separate sites of the action on the spontaneous activity
and ACh sensitivity. Resides it is of interest to make a comparison with
Varanka’s unpublished data showing on the CVC of Anodonta that the RG-
1812 has the stronger anaesthetic effect.

Summary

Effects of lidocain and RG-1812 on the spontaneous activity and chem-
ical sensitivity of the giant neurones of Lymnaea stagnalis were studied. Both
drugs were found to inhibit the generation of action potential as well as to
prevent the excitatory effect of ACh. It may be supposed that these two kinds
of effect occur on separate receptors as their time- and concentration-depend-
ence were not similar.

During the inhibition of action potential the rising phase and the re-
polarization were simultaneously damaged, which indicated a blockade of
both Na+ and K+-channel.
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The effect of RG-1812 differs from that of lidocain only quantitatively,
it causes a smaller inhibition of the spontaneous spike generation, but has a
more considerable effect on the ACh-sensitivity.

The effects of the drugs on the sensitivity to serotonin have not proved

to be unequivocally specific.
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HELY! ERZESTELENITOK HATASA AZ ORIAS NEURONOK
AKTIVITASGENERALASARA ES KEMIAI ERZEKENYSEGERE

Kiss Istvan és Vadasz Istvan

Osszefoglalas

A lidocain és az RG-1812 jelzés(i anyag hatdsat vizsgaltdk Lymnaea stagnalis
orids neuronjainak spontan aktivitasara és kémiai érzékenységére. Mindkét drogra
jellemz6, hogy gétolja az akcids potencial generalasat és kivédi az ACh serkenté hatéasat.
Feltételezhet6, hogy a kétféle hatds kilénall6 receptorokon érvényesil, mivel id§ és
koncentraciéfiiggésik nem egyezik meg.

Az akcidés potencial blokkoladsa folyaméan a fel- és leszallé szar egyarant séril,
amely a Na- és K-csatorna egyidejl blokkjara enged kdvetkeztetni.

Az RG-1812 jelzésl anyag hatdsa csak mennyiségileg tér el a lidocainétél: gyen-
gébben gatolja a spontén potencial képzést, ugyanakkor er6sebben hat az ACh-érzékeny-
ségre.

A drogok hatidsa a szerotonin-6rzékenységre nem egyértelmien specifikus.
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Among the neurotransmitters of insects the presence of biogenic mono-
amines was first investigated in the whole body extracts where dopamine, nor-
adrenaline as well as adrenaline were detected (Ostlund, 1953; v. Euler,
1961).

Using the fluorescence histochemical method described by Falck and
Hilltarp, numerous papers have been published concerning the localization
of the biogenic monoamines in the central nervous system of insects (Frontali
and Norberg, 1966; Plotnikova, 1967; Frontali, 1968; Klemm, 1968;
1971; Mancini and Frontali, 1970; Cech and Knoz, 1970; Eloesson and
Ki1emm, 1972; Schiurmann and Kiemm, 1973). K1emm (1971 a) investigated
with that method the distribution of biogenic monoamines even in the stomato-
gastric nervous system and in the corpora cardiaca of Schistocerca
greyaria.

Serotonin, noradrenaline and dopamine have been demonstrated in
body fragments containing the central nervous system of various insects
(Gersch et al., 1961; Frontali and Haggendal, 1969; Hiripi and S.-Rézsa,
1973).

Microspectrofluorimetric measurements have been reported only re-
cently (Bjorktlund et al.,, 1970; Kilemm and Bjorklund 1971; Elofsson
and Ktemm, 1972; Schirmann and Ki1emm, 1973). Mainly dopamine and less
frequently noradrenaline have been detected. Serotonin was also found in
the optic lobe of some insects (Elofsson and Kilemm, 1972).

The distribution of biogenic monoamines is not uniform in every respect
in the central nervous system of insects even in closely related species. In
certain parts of the brain there is a specific fluorescence in all species investig-
ated, but in other ones it varies. The data regarding the presence of serotonin
are contradictory. In spite of the fact that serotonin had been demonstrated
for example in Periplaneta extract containing the brain as well as the corpora
cardiaca and corpora allata (Gersch et al.,, 1961), Frontali and Norberg
(1966) failed to find any yellow fluorescence using the fluorescence histochem-
ical method, corresponding to the fluorophore of serotonin. Serotonin was not
detected in Anabolia nervosa (Trichoptera) either in the extract of the whole
head (K1emm and Bjorkiund, 1971) or during the fluorescence histochemical
investigation of supra- and suboesophageal ganglia (Ktemm, 1968; 1971).
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In the central nervous system of Locusta migratoria migratorioides R. F.
only some parts of the ventral cord and the tritocerebrum of the brain have
been investigated by means of the fluorescence histochemical method (P1ot-
nikova and Govyrin, 1966; Plotnikova, 1967).

The present work was intended partly at comparing the distribution
of nerve elements containing biogenic monoamines in various parts of the
brain (proto-, deuto- and tritocerebrum, except the optic lobe), and partly
at investigating microspectrofluorimetrically the presence of serotonin the
relatively great amounts of which were found during biochemical analyses of
locusts (Hiripi and S.-Roézsa, 1973).

Material and methods

Adult specimens of Locusta migratoria migratorioides R. F. of both sexes
were used for investigations. We had to modify in part the fluorescence histo-
chemical method described by Falck and Owman (1965), since the parameters
of reaction elaborated on vertebrates failed to give acceptable results. Ki1emm
(1968) also reported on methodical difficulties. Our modifications concerned
the conditions of reaction.

The brains without the optic lobes were quenched in isopentane cooled
by liquid nitrogen and freeze-dried in an apparatus type HVG 1 (llmeneau,
GDR). The cooling agent was dry ice-aceton mixture and the end vacuum
reached 10_s Torr. The formaldehyde treatment was carried out with para-
formaldehyde of 80% relative humidity for 30 min at 80° C (during experi-
ments durations from 15 min. till 3 hours this time proved to be optimal).
After treatment the material was kept in a closed vessel over phosphorus pent-
oxide for 1 hour at room temperature in darkness. Embedding in paraffin
lasted 1 hour at 60° C in vacuo. The specificity of fluorescence reaction was
tested on a material, heated (30 min at 80° C) without formaldehyde gas.
Serial sections of about 10 microns were either uncovered or covered with
Entellan (Merck) + 10% xylene, however, the majority of micrographs were
taken from uncovered slides. Zeiss NU2 microscope was used as a fluorescence
microscope with RG12 excitation and OGI ocular filters. The light source
was HBO 200 mercury-vapour lamp.

Microspectrofluorimetric analysis was carried out from the protocerebral
lobe containing fluorescence fibres and from the central body. Leitz-MPV
cytophotometer attached to Leitz Ortholux Il microscope was used with a
photomultiplier type RCA IP-21. Suitable interference filters were applied
for taking the excitation and emission spectra. The correction of curves and
the further details are described elsewhere (Zs.-Nagy and Deak, 1973). For
chemical identification of fluorophores, the deparaffinized sections were treated
with HCIl-vapour according to the method of Bjorklund et al. (1968).

Results
We found only green fluorescence in the parts of the locust-brain (proto-,

deuto- and tritocerebrum, except the optic lobe). According to the controls,
the fluorescence was the result of formaldehyde treatment, i.e. specific to the
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biogenic monoamines. The most intensive fluorescence reaction occurred in
the central body and in some parts of the corpora pedunculata. The charac-
teristic features of parts of the brain termed according to Bullock and
Horridge (1965) is now described in detail.

1. Protocerebrum

1. Corpora pedunculata: The perikaryon layer and the calyx neuropile
contained no fluorescing elements. The parts of the pedunculus adjacent to
the calyx displayed intensely fluorescing varicose fibres of rather short dia-
meter, running nearly parallel to the long axis of the pedunculus (Fig. 1).
In oblique or longitudinal sections of the pedunculus, a narrow fluorescence-
free stripe could be observed running centrally over whole pedunculus.

The fluorescence reaction was more intense in the alpha and beta lobes
than that of the pedunculus. In the sections of given thickness single fibres
were not separated ( Fig. 2). The fluorescence showed some layering perpendi-
cular to the longitudinal axis in both lobes but mainly in the beta lobe.

2. Central body: It showed very intense fluorescence in the centre of
the brain consisting of two parts. Fluorescence was more intense in the dorsal
part showing a septate shape like a fan (Fig. 3). The ventral part was of paler
fluorescence and of more homogeneous in appearance. The pictures give the
impression that the fluorescing fibre bundles of the dorsal part pass over into
the ventral one at some places (Fig. 3).

Fig. 1. Beginning of the pedunculus of Fig. 2. The alpha (a.) and the beta (R)
mushroom body. Frontal section, x 470. lobes of mushroom body. Frontal section,
(Arrow indicates the dorsal direction in X 190

each micrograph.)
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3. Other protocerebral parts: The definite structures mentioned above
are surrounded by the protocerebral neuropile. Scattered varicose, green
fluorescing fibres were found even in this neuropile. These fibres formed groups
in some parts (Fig. 5), while there were only few of them elsewhere (Fig. 4).
Especially numerous fluorescing fibres were seen around the alpha lobe and
in the vicinity of the frontal part of the central body, as well as in the fibre
bundles running toward the optic lobe (Fig. 5).

In the protocerebrum green fluorescing perikarya were also visible.
They were solitary or grouped in the pars intercerebralis (Fig. 6 and 7).
Further investigations will reveal the topography and connections of those
cells.

Fig. 3. Central body. The dorsal and ventral portions are well separated. Frontal section,
X 190

Fig. 4. Scattered varicose fibres in the protocerebral lobe. Frontal section, X470.
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Fig. 5. Detail from the protocerebral lobe. The fluorescing varicose fibres are con-
centrated here and run toward the optice lobe. Frontal section, X 250.

r=>
>
Fig. 6. Solitary fluorescing perikaryon in Fig. 7. Grouped fluorescing perikarya in
the pars intercerebralis. Frontal section, the pars intercerebralis. Frontal section,
X 470 X 470
I1. Deutocerebrum

We failed to observe any specific fluorescence in this part of the brain.
It should be noted that the structural preservation of this region was always
worse than that ofthe other parts, therefore the absence of specific fluorescence
should be not intergreted as an absence of biogenic monoamines.

111. Tritocerebrum

The neuropile contained uniformly distributed green fluorescin gfibres.
In some places the varicose fibres were concentrated according to the descrip-
tion of Plotnikova and Govyrin (1966) concerning this area of the brain.

M icrospectrofluorimetry :

1. Excitation spectra: The excitation spectra were registered in 3 quadr-
angular regions of 20 x 20 /t2size of both the central body and the fluorescing
fibres of the neuropile of the protocerebral lobe. The averages of these measure-
ments are shown in Figs 8 and 9. The excitation maximum is at 425 nm cor-
responding to that of the fluorophore originating from the catecholamines.
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Fig. 8. Excitation (left) and emission (right) spectra of the fluorophore in the proto-
cerebral neuropile. The spectra are expressed as relative quanta versus wavelength
Corrected curves

aA

man

10-

052

350 400 450 450 500 550 600 650 M

Fig. 9. Excitation (left) and emission (right) spectra of the fluorophore of central body
The spectra are expressed as relative quanta versus wavelength. Corrected curves

2. Emission spectra: The emission spectra were recorded at an excitation
wave-length of 410 nm. Under given methodical conditions (Zs.-Nagy and
Deak, 1973) the recording of the emission spectrum was possible from 470 nm.
Areas of 10x40 iF containing at least 2—3 varicose fibres were measured in
order to achieve the necessary intensities. The corrected curves are shown
in Figs 8 and 9 The emission maximum is at 482 nm and the curve is cha-
racteristic of recordings obtained from vertebrate nerve elements containing
only catecholamines (Bjorklitind et ah, 1968). There are no other maxima or
plateau on the curves indicating the simultaneous presence of catecholamines

and serotonin (Msllmann et ah, 1972) in the parts of the brain under in-
vestigation.
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Results of exposure to HCI-vapour: The excitation spectrum was altered
already after very short treatments of 20- 30 seconds in so far as the maximum
shifted to shorter wave-lengths of about 390 nm. Extending the time of treat-
ment to 2 minutes the maximum shifted further to 380 nm. Further increase
of the exposure time to 4—5 min induced no change of the maximum. After
exposures longer than 4 min strong background fluorescence appeared, there-
fore, the measurements became impossible. These results show that the fluoro-
phore present in the neurons originates mainly from dopamine (Bjorklund
et ah, 1968).

Using the fluorescence microscope with BG12 excitation filter, we failed
to observe any changes after HCI-treatment. This is in accordance with the
facts mentioned above.

Discussion

Our results partly agree, partly disagree with the data obtained on other
Orthoptera and Trichoptera species. Apart from the pedunculus of mushroom
body specific fluorescence had been detected in every part of the brain of
other species where we observed too (Frontali and Norberg, 1966; Fron-
tali, 1968; Plotnikova and Govyrin, 1966; Plotnikova, 1967; Klemm,
1968; 1971; Mancini and Frontali, 1970; Klemm and Bjorklund, 1971).
As regards the pedunculus, the literary data are contradictory. Specific fluor-
escence could not been detected in the pedunculus of Periplaneta americana
(Orthoptera) nor in that of several Trichoptera species (Frontali and Nor-
berg, 1966; Kiemm, 1968; 1971), whereas in the brain of Acheta domesticus
(also Orthoptera) the pedunculus proved to be rich in fluorescing fibres
(Schurmann and Kiemm, 1973). Our observations agree with those of the
latter authors who are on the opinion that the globuli cells of the mushroom
body are of catecholaminergic character in spite of the fact that catechol-
amines are found only in the nerve fibres and not in the soma. Those authors
explained the exclusive axonal occurrence of catecholamines with the absence
of synapses around the somas, hence the catecholamines required for the syn-
aptic functions are produced and stored only in the axons, while the soma con-
tains catecholamines only below the threshold of demonstrable amount. The
question is further complicated by the fact that the fibres of the globuli cells
are also present in the calyx glomeruli (Vowles, 1955) where fluorescence
characteristic of catecholamines was not found. Since the globuli cells are con-
sidered to be unipolar, it has to be supposed that the branches of the same
nerve can chemically be differentiated in so far as one of them entering the
calyx neuropile does not contain detectable amount of catecholamines, whereas
the other one reaching other parts of the mushroom body does. The chemical
differentiation may be related to the postsynaptic, dendritic character of the
intrinsic fibres present in the calyx neuropile (Zs.-Nagy and B.-Musko, 1972)
while in the pedunculus and in both lobes the intrinsic fibres are presynaptic,
axonic in character.

A further question is what kind of mediation realizes the transmission
of impulses in species where the pedunculus contains no catecholamines ? since
synaptic structures were encountered in the pedunculus of all species investig-
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ated so far electron microscopically (Scharmann, 1970; Zs.-Nagy and B.-
Muské, 1972; Scharmann and Kilemm, 1973).

The microspectrofluorimetric analyses show that the fluorophore origin-
ates only from catecholamines in the regions investigated. In cells where
catecholamines occur together with serotonin, e.g. in the glomus caroticum
of rabbit, the emission curve recorded by microspectrofluorimetry after
Falck—H iltarp method is characteristically ofa “two-humped” appearance
(Msr1imann et ah, 1972). It has been shown that this curve represents mathe-
matical summation of emissions of catecholamines and serotonin. On the basis
of our results we have to deny the assumption that the fluorophores of catechol-
amine and serotonin would be present together in the fluorescing regions only,
the green fluorescence of the former covers the yellow one of the latter. Such
simultaneous presence has been assumed among others by Schiarmann and
K1emm (1973) in the central body of the Acheta brain. The questions of lo-
calization of relatively great amount of serotonin revealed by biochemical
analyses of homogenates of locust ganglions (Hiripi and S.-Rézsa, 1973)
remains yet to be answered. Since the latter authors analysed homogenates
containing the whole cerebral ganglion including even the optic lobes as well
as the suboesophageal ganglia, it is possible that serotoninisbound to the parts
have not been investigated by us. In other species some neuropile regions
of the optic lobe have shown yellow fluorescence characteristic of serotonin
(Etofsson and Kiremm, 1972). It cannot, however, be excluded that the
serotonin present in the cerebral ganglion fails to react to the formadehyde
treatment for some special reason, hence fluorescing products do not appear.
The fluorescence intensity of serotonin fluorophore is about three times lower
than that of catecholamines of the same concentration (Jonsson, 1971),
nevertheless, owing to that in locust the concentration of serotonin is about
50 percent higher than the concentrations of noradrenaline and dopamine
together (Hiripi and S.-Rézsa, 1973), it should be expected to find areas con-
taining either only yellow fluorescence at some places or emission curves in-
dicating the presence of catecholamine-serotonin mixture. The question is
further complicated by the findings that in Trichoptera species serotonin
was not found in the head (Kitemm and Bjorkiund, 1971) and in the supra-
and suboesophageal ganglia (Kitemm, 1968; 1971) either biochemically or
histochemically. In the central nervous system of Periplaneta americana
serotonin was detected by Gersch et al. (1961), while Frontali and Norberg
(1966) failed to observe serotonin in the supra- and suboesophageal ganglion
using the fluorescence histochemical method. Due to the above contradictions
one can draw no definitive conclusion regarding the cellular localization of
serotonin on the basis of data available.

The green fluorescence observed in the locust brain behaved upon
HCIl-treatment similarly to dopamine in model experiments (Bjorklund et al.,
1968). Therefore, one can state that the great majority of the fluorophore
originate from dopamine, and only small portion may do so in noradrenaline.
According to biochemical measurements (Hiripi and S.-Rozsa, 1973), the
quantity of noradrenaline occurring in the locust is 6 times less than that of
dopamine. Even in other species dopamine proved to be predominant among
the catecholamines in both biochemical and microspectrofluorimetric as well
as electron histochemical examinations (Frontali and Haggendal, 1969;
Klemm and Bjorklund, 1971; Mancini and Frontali, 1970).
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Summary

The cerebral ganglion of the Locusta migratoria migratorioides was in-
vestigated except the optic lobe. Only green fuorescence was found after
Falck Hittarp formaldehyde reaction in the regions investigated. In the
mushroom body green fluorescence was observed in the pedunculus, alpha
and beta lobes, but was not in the globuli cell layer and the calyx neuropile.
The most intense fluorescence was detected in the central body. Varicose,
fluorescing fibres are present now and then in the protocerebral neuropile
as well as in the tritocerebrum, in some places they are grouped. We failed
to observe any fluorescing structures in the deutocerebrum.

The microspectrofluorimetric analysis of the fluorophore revealed that
the fluorescence originates only in catecholamines, fluorophores of catechol-
amines and serotonin do not occur simultaneously in the regions investigated.
The exposure to HCIl-vapours proved that the catecholamines consist mainly
of dopamine, in accordance with other species.
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A LOCUSTA MIGRATORIA MIGRATORIOIDES R. F. (INSECTA,

ORTHOPTERA) AGYA MONOAMIN TARTALMANAK FLUORESZCENS

MIKROSZKOPOS ES MIKROSPEKTROFLUORIMETRIAS VIZSGALATA
KULONOS TEKINTETTEL A PROTOCEREBRUMRA

B.-Musk6 llona, Zs.-Nagy Imre és Deak Gydérgy

Osszefoglalas

A Locusta migratoria cerebralis ganglionja képezte vizsgalat targyat, kivéve az
optikus-lebenyt. A vizsgalt terileteken csak zo6ld fluoreszcencia fordult el6 a Falck—
Hittarp formaldehid reakcié utdn. A zdld fluoreszcencia a gombatest részei kdzil meg-
figyelhet6 volt a pedunculusban, az alfa- és béta-lebenyben, de hidnyzott a globulus-
sejtek rétegében és a kalyxban. A legintenzivebben a corpus centrale fluoreszkalt. Elszért,
varikézus, fluoreszkalé axonok lathatok a protocerebralis neuropilben, valamint a trito-
cerebrumban, helyenként tomaérilve. A deutocerebrumban nem sikerilt fluoreszkalé
terileteket megfigyelni.

A fluoreszcencia mikrospektrofluorimetrids vizsgalata azt mutatta, hogy csak
katecholaminoktél szarmazik, szerotonin és katecholaminok fluoroforja keverten nem
fordult el6 a vizsgalt tertileteken. A HCIl-kezelés azt bizonyitotta, hogy megegyezben
mas rovarfajokkal, a katecholaminok tilnyomé tébbségét dopamin képezi.
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It has been described that beside miogeneicity the heart of the snail
Helix pomatia is controlled also by extracardial innervation (Krijgsman and
Divaris, 1955). On the other hand, well defined impulses evoked by the tac-
tile, pressure, osmotic and chemical stimulation of the heart are running to
the CNS through the intestinal nerve (S.-Roézsa, 1972). We found that tactile
stimulation of the heart can modify the activity of some central neurones
by causing acceleration in some cases while inhibition in others, and also the
efferent connection between some of the modulated neurones and the heart
has been proved (S.-Ré6zsa and Satanki, 1973).

In our present work we wanted to elucidate whether there are special
neurones in the central nervous system responding to chemical stimuli applied
to the heart or not, and further, if they are present, what is their reaction
at different modes of stimulation. Also the character of the respond evoked
by the chemical stimulation of the heart was determined, and the reactions
of neurones belonging to the heart-heart reflex were investigated.

Material and methods

Experiments were carried out on brain-heart preparation of Helix
pomatia L. Snails kept in hibernation during winter were waken and activated
by keeping them at room temperature and at increased humidity while they
were fed. The heart rate of the animals activated by this way was regular and
could be kept functioning in half-isolated conditions for long time (24 hours).

The shell of the animals was removed and the central nervous system
was exposed. The circumoesophageal ganglionic ring was separated from the
surroundings, and with the exception of the intestinal nerve all of the neural
connections of the ganglia were cut. The intestinal nerve was cleared from
the connective tissue and the blood vessels and side branches were transsected
only the fine nerve running to the heart remained intact (Fig. 1).

The heart was freed by opening the pericard. Cannula were inserted
into the pulmonal vein and into the aorta near to the ventricle for perfusion.
The conditions of the perfusion, assuring constant pressure, were described
in details previously (S.-Ré6zsa and Gratji, 1964).
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Fig. 1. Experimental arrangement. SOG — suboesophageal ganglionic mass; ni - n.

intestinalis; nc — heart nerve; a — atrium; v — ventricle; ME — microelectrode; DCA —

DC amplifier; BE — bipolar electrodes; ACA — AC amplifier; O — oscilloscope; p —
perfusion chamber for physiological solution; S — chamber for substance (5HT)

The preparation consisting of the brain, intestinal nerve and heart was
placed in a special chamber and the connection between the ganglia and the
heart was maintained only through the nerve. The distance from the brain
to the heart measured about 2 cm. Both heart and brain was protected from
drying by physiological saline. For keeping the tissues wet and for solving
substances Meng-solttion (Meng, 1958) was used. The preparation and the
experimental circumstances are given in Fig. 1.

For stimulating the heart chemoreceptors 5-hydroxytryptamine (5HT)
was used. 5HT was perfused in 10-e—10~3mol concentration intracaridally
with a pressure identical to the normal perfusion, using a turning cock. Tactile
stimulation was performed at the atrio-ventricular area, with a fine brush.

The electrical activity of the intestinal nerve was recorded by bipolar
Ag-AgCl electrodes, extracellularly. After heart stimulation the impulsation
increases both in frequency and amplitude (S.-Ré6zsa, 1972). The membrane
and action potentials of the central neurones wererecorded with conventional
glass microelectrodes filled with KC1, and having resistance from 5 to 15
MOhms. In the experiments high input impedance amplifier (Véeres, 1971)
was used, and polarization could be performed with appropriate bridge circuit.
For amplification and recording the potentials ALVAR instruments were used'
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Neurones responding to the stimulation of the chemoreceptors of the
heart were mapped using the method worked out previously on Heliz brain
(SAkHAROV and SALANKI, 1969). Part of these neurones were identical with
cells responding to tactile stimulation (S.-R6zsA and SALANKI, 1973).

Experiments were performed in autumn and winter at room temperature
(20°—22 °C).

Results

Altogether 31 neurones from the visceral and right parietal ganglia
of 19 preparations were investigated. Some of the cells could be identified in
different preparations due to their constant localization. The numbering and
location of the different neurones responding to the stimulation of the heart
chemoreceptors with 5HT are shown in Fig. 2.

Most of the cells performed spontaneous activity during experiments,
being the generation of action potentials endogenous (pacemaker cells) or
evoked by synaptic potentials (driven cells). Several ‘“‘silent neurones” were
also investigated.

Fig. 2. Localization and reaction type of neurones responding to the stimulation of the
heart with 56HT.

— increase of activity,
— decrease of activity,

— biphasical reaction,

Q0 ®

— no reaction
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The characteristics of the afferent impulsation running from the heart
to the CNS through the intestinal nerve were described previously (S.-R6zsa,
1972). In the present experiments both the stimulation and the recorded
extracellular potentials were identical to that what was found earlier. All the
neurones responding to the chemical stimulation of the heart were tested
whether they give a response to the tactile stimulation of the heart or not.

1. Central neurones responding to the stimulation of the heart chemoreceptors

a) Neurones responding with the decrease of the
activity

Five neurones have been found whose activity decreased due to the
intracardially administered 5HT. These were V7, V14, V18, V19 and RPa8
neurones. The increased afferent impulsation recorded from the intestinal
nerve was followed by the frequency decrease and further by elimination of
the spike generation of the neurone recorded with intracellular electrode.
As a rule, IPSP-s could not be recorded from the cell, and release from in-
hibition was not followed by increased activity. As it is shown in Fig. 3
the perfusion of the heart with 5HT caused inhibition in the activity of neurone
V17, and after wash out the control frequency returned only gradually. No
IPSP-s were registered from cell V7 during heart stimulation, however,
following two or three depolarizations and hyperpolarizations characteristic
inhibitory potentials appeared, referring to the presence of synaptic influences
on the cell. This fact gives a basis to suppose that inhibition occurring after
increased afferent impulzation could be also the result of synaptic bombard-
ment, however, for some reason this could not be recorded from the soma.

|200uv

[30mv

1sec

Fig. 3. Reaction of neurone V7 to the chemical stimulation of the heart. A — control;

B and C — effect of stimulation. Here and in the following Figs: upper — extracellular

recording from the heart nerve; lower: intracellular recording from the soma of the
neurone
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b) Neurones responding with the increase of the
activity

Due to 5HT stimulation of the heart the activity of the neurones V183,
V16 and RPa9 increased. This was preceded by the increased afferent impuls-
ation recorded from the intestinal nerve (Fig. 4). The increased activity of
the neurones was observed until the elimination of the serotonin from the heart
and the returning of the control activity of the intestinal nerve.

| 200.v
|30mV

1sec

Fig. 4. Response of neurone V16 to the chemical stimulation of the heart. A — control;
B and C — effect of continuous stimulation

Furthermore the activity of cell V13 was in close correlation with one

of the components recorded from the heart nerve (Fig. 5). As the intracellular
spikes preceded the extracellular potentials, these latter can be considered
as efferent impulses originating from the neurone and running towards the
heart. This supposition is supported by the findings that the close correlation
of the two signals could be observed also at the depolarization of the neurone
(Fig. 6). :
Figure 5 shows that the chemoreceptors of the heart become active
to 5HT not instantaneously, but there is at the beginning only a week sig-
nalization (Fig. 6B). Also the elimination of the effect of the 5HT and the
decrease of the activity of the intestinal nerve take place gradually. The activity
of cell V13 remains enhanced until the activity of the intestinal nerve is higher
than that of the control (Fig. 5E, F).

No EPSP-s could be registered from neurones responding to the heart
stimulation with the increase of the spike generation.

7*
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Fig. 5. Response of cell V13 to the chemical stimulation of the heart. A and B — control

and beginning of stimulation; C — and D — during stimulation after 1 min; E and F —

end of wash out after 3 min. It can be seen that the intracellular spike is followed by an
extracellular one in each case

Fig. 6. Response of cell 13 to depolarization of the soma membrane. Note the correlatlon
between the intra- and extracellular components
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¢) Neurones with biphasical response

There were cells responding biphasically to the chemo-stimulation of
the heart. The frequency of the activity of cells V12, V17 and RPa6 increased
at the beginning, than it decreased. The reaction of neurone V17 is demonstr-
ated in Fig. 7. It can be seen that after perfusing the heart with 5HT both
the amplitude and the frequency of the afferent impulsation increased and
following this, the frequency of the action potentials recorded from neurone
V17 was nearly doubled (Fig. 7B). However, after 2 min. the activity of the

Al
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Fig. 7. Response of cell V17 to the stimulation of the heart with 5HT. A — control;
B, C and D — continuous stimulation of the chemoreceptors; E — after washing

neurone was inhibited while first depolarization, than hyperpolarization
occurred, and at the same time the frequency of the extracellular potentials
with high amplitude was decreased (Fig. 7C'). Recovering from the phase of
inhibition the cell is more active than was in the control state (Fig. 7D),
while after elimination of the 5HT it produced a lower activity compared
to the control (Fig. 7E ). This type of reaction was very characteristic to this
neurone and could be evoked repeatedly with very similar time curves in each
case. -

Cell V12 responds similarly to V17 (Fig. 8§), however, in this case the
increase of the activity is only of short duration after heart stimulation (Fig.
8B), and alteration of frequency increase and decrease was observed. This
type of potential generation, resembling to a bimodal, bursting activity was
observed also during the wash out of serotonin (Fig. 8£,F). In some cases
during the inhibitory phase IPSP-s were observed causing probably the in-
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Fig. 8. Response of neurone V12 to heart stimulation. A — control; B, C and D — effect
of stimulation; E — during wash out after 2 min; F — after 5 min. Note the synchronous
extracellular potential following the intracellular spikes

hibition of the spike generation. In case of cell V12 also a close correlation
was found between the intracellular spikes and a given extracellular potential
type.

The initial increase of activity was followed by inhibition of the potential
generation in case of the RPa6 neurone, too. The spikes of the cell could not be
recorded in the extracellular registration from the heart nerve, nevertheless,
the general impulzation of this nerve was lowered during the phase of inhibiton
of the cell activity. This means that the RPa6 neurone is connected not to a
particular axon in the heart nerve, but with several other neurones, sending
their axon into this nerve. The generation of potentials in this neurone was
clearly of synaptic origin driven by EPSP-s.

d) Effect of tactile stimulation of the heart on
neurones giving reaction to chemo-stimulation

The reactions of neurones to chemical and tactile stimulation of the heart
were compared in order to clear up the specificity of the central representation
of the effect evoked with stimulation of different types. Table I summarizes
the results.
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TABLE I

Response of identified central neurones to the chemical and
tactile stimulation of the heart

Reaction to chemical | Reaction to tactile
Neurone stimulus stimulus
V7 — —_
V8 0 —
vi2 +— +
V13 -+ —
Vi4 — 0
V16 -+ -
V17 + e + g
V18 - +
V19 — —
RPab +,— —
RPa8 —_ L
RPa9 - —

-}-: increase of activity
—: decrease of activity
0: no effect

As can be seen, there were only two neurones responding only to one sort
of stimulation. Cell V8 gave reaction only to tactile, while cell V14 to chemical
stimulation of the heart. Cells V13, V18 and RPa9 gave antagonistic reaction
to the chemical and tactile stimulation of the heart: V13 and RPa9 neurones
became stimulated at chemical, and were inhibited at tactile stimulation.
Cell V18 gave reversed response. Biphasic reaction was observed in the case
of cell V17 to both types of stimulation, while cell V12 and RPa6 responded
biphasically to chemo-stimulation of the heart. In these cases acceleration
was the first phase, followed by a decrease and again by an increase of the spike
generation.

Tactile stimulation caused on cell V12 only stimulation while on cell
RPa6 only inhibition, however, one must take into consideration that the
duration of the tactile stimulus is comparatively short, while chemical sti-
mulation is long. Cells V7, V19 and RPa8 were inhibited and cell V16 was
stimulated both at tactile and chemical stimulation of the heart.

e) Postsynaptic potentials on the central neurones
at the stimulation of heart receptors

From the soma of neurones connected with heart receptors postsynaptic
potentials could be registered only rarely. Cell RPa6 was the single neurone
where EPSP-s were recorded in control conditions and from cell V7 could
be recorded IPSP-s after repeated de- and hyperpolarization.

In two cells, however, where the effects of tactile and chemical stimulation
were antagonistic, PSP-s occurred, and the effect was realized clearly through
PSP-s. In cell V12 after chemo-stimulation of the heart depolarization took
place at the beginning, without noticeable PSP-s. However, in the second
phase the inhibition took place with the appearance of TPSP-s (Fig. 9). On
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Fig. 9. Two phases of the response of neurone V12 in a case, when after the chemical

stimulation of the heart ISPS-s were recorded. A — control and the effect of tactile

stimulation of the heart; B — excitatory phase following the chemical stimulation of
the heart; C — inhibitory phase during stimulation

Fig. 10. Response of cell V18 to heart stimulation. A — control; B — effect of tactile
stimulation of the heart. Note the increase of EPSP-s. C — effect of chemical stimulation
of the heart

cell V12 the increase of activity appeared without EPSP-s also in case of tactile
stimulation. On cell V18 the tactile stimulation of the heart resulted in the
increase of EPSP-s and enhanced spike activity. On this cell the inhibition
evoked by chemo-stimulation of the heart appeared without IPSP-s, however,
the amplitude of the EPSP-s was drastically reduced, and membrane hyper-
polarization was observed (Fig. 10). In contrary to the fact that PSP-s were
recorded only rarely these cases show that signalization arriving from the
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heart can cause strong synaptic influence on the neurones. It seems probable
that the modification of the cell activity occurs much more frequently through
synaptic potential than we could observed, however, being the synapses far
from the soma when recording with intracellular electrodes, these potentials
do not become visible.

Discussion

It was shown earlier that the tactile stimulation of the heart modifies
the activity of a number of central neurones (S.-Rézsa and SALANKI, 1973).
The present results give evidence that the chemoreceptors of the heart also
have a similar central representation at cellular level. Our experiments were
conducted on the visceral and right parietal ganglia, and these neurones were
found not in groups, but in dispersed localization. It can be supposed, that
neurones connected with heart chemoreceptors could be found in other parts
of the ganglionic mass too.

According to these data neurones receiving signals from the heart at
different modes of stimulation are mixed in the snail brain similarly to the
central neurones of heart chemo- and baroreceptors in the brainstem of ver-
tebrates (Mrura and RErs, 1972; SPYER, 1972). Our earlier histological data
also proved that the neurones innervating the heart of Gastropoda are in the
ganglia scattered and do not form any definite group (Gusicza and S.-Rézsa,
1969).

Examining the neurones whether they can be influenced both from the
chemoreceptors and tactile receptors we found that there is only a few of them
responding only to one of the stimulus types. There were a few more cells
responding antagonistically to the two different stimuli. The identical re-
presentation of different stimuli show that primary sensory neurones respond-
ing directly to stimulation can be present among the investigated cells only
in a limited number. Such primary sensory neurones are the mechano- and
stretch receptors of crabs, the chordotonal organ of arthropods, the muscle
proprioceptors, while the central light sensisitive system of the arthropods
and most of other sensory systems are composed of secondary sensory neurones
(GrunDFEST, 1971). Most probably such secondary sensory neurones take
part in the central representation of sensory areas of the Helix heart. The
sensory character could explain that postsynaptic potentials were not re-
gistered from most of the neurones both at rest and after chemical or tactile
stimulation of the heart. However, to explain the lack of PSP-s one can
suppose too that the place of the synaptic influence and the location of the
recording electrode are situated to a distance, and so the synaptic potentials
can influence the spike generation, but cannot be recorded from the soma.
If this supposition is true, one could record a more violent synaptic bombard-
ment from the synaptic region than from the soma.

In case of biphasical responses sometimes PSP-s appeared clearly.
This type of activity is based probably in each case upon synaptic influences,
when the competition of excitatory and inhibitory inputs cause alteration
in the cell activity. It can be supposed that the occurrence of biphasical re-
sponses would be more frequent after tactile stimulation if we apply this
stimulus for minutes instead of seconds.



106

The occurrence of neurones responding differently to different modes
of stimulation is an indirect proof showing that among receptors special
chemo- and tactile receptors must exist, however, we are lack of any infor-
mation about their morphological structure. As both type of stimulus cause
an increase in the electrical activity of the intestinal nerve, the different
neuronal reactions refer to the fact that specificity must exist also at neuronal
level according to the sensory area. It cannot be excluded that this specificity
is manifested in the form of the presence of primary sensory neurones. It can
be supposed too that neurones influenced by heart receptors form a coupled
system similarly to that described for the touch receptors of Hirudo (BAYLER
and NI1cHOLLS, 1969). Such a coupling can give a basis not only for differenti-
ation of various signals, but also for integration of different inputs and for
the discrimination of the place of stimulus.

The functional role of some giant neurones is well known in the control
of centrally triggered motor functions (WizLows and HovwrE, 1968) and in
some reflex responses (KUPFERMANN and KANDEL, 1969; PERrRETZ, 1969;
WEEVERS, 1971) in Gastropoda. In the visceral ganglion of Limax a neurone
was described causing increase in the heart rate (McKAy and GELPERIN,
1972). We have reported also about some neurones in the CNS of Helix taking
part in the heart-heart reflex evoked by tactile heart stimulation (S.-R6zsa
and SALANKI, 1973). According to our present results the reflex responds
occurring at the stimulation of chemo- and tactile receptors are very similar,
and in some cases they are realized with the participation of the same neurones
(cells V12 and V13). Similar common representation was described for the
central neurones of the chemo- and baroreceptors in vertebrates (Miura and
Rris, 1972). Obviously, central neurones influenced by heart stimulation
can take part in the functioning of other reflex pathways, too.

Our results give evidence for the central representation of the heart
chemo-receptors at cellular level and prove on its basis the existence of such
a heart-heart reflex which can take part in the extracardial regulation of the
heart. The fact, that the activity of most of the neurones can be modulated
by different types of stimuli calls the attention to the existence and functioning
of regulatory systems distributed diffusely in the ganglia.

Summary

The responses of central neurones to chemical stimulation of the heart
were examined in the visceral and right parietal ganglia of the snail Helix
pomatia L. These responses were compared with reactions evoked by sti-
mulation of the mechanoreceptors of the heart. The following results were
obtained:

Twelve neurones were identified in the visceral and parietal ganglia
responding to the stimulation of the heart with 5HT. The response was either
an increase or a decrease in activity.

Four neurones, three from the visceral (V12, V13 and V17) and one
from the right parietal ganglion (RPa9) gave biphasic reaction at chemical
stimulation of the heart: the initial excitatory phase was followed by the
inhibition of spike generation. In case of long lasting stimulation the alteration
of the two phases was observed.
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Cells V12 and V13 belong definitely to central neurones of the heart
reflex. At stimulation of the chemoreceptors a close correlation was found
between the spikes of these neurones and a particular component of the heart
nerve activity. These neurones can be considered as central neurones of the
extracardial heart regulation.

Most of the neurones investigated responded both to the chemical and
tactile stimulation of the heart, however, in some cases the reaction was
different to different modes of stimulation. Neurones, responding only to one
type of stimulus can be considered as primary sensory neurones.
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KOZPONTI IDEGRENDSZERI NEURONOK VALASZREAKCIOI
A SZIV KEMORECEPTORAINAK INGERLESERE HELIX POMATIAN

S.-Rézsa Katalin és Salanki Jdnos

Osszefoglalas

Tanulményoztdk a koézponti neuronok védlaszreakeidit a sziv kemoreceptorainak
ingerlésére Heliz pomatia L. viscerdlis és perietdlis ganglionjaiban. A kemoreceptorok
ingerlésekor megfigyelt kézponti effektusokat dsszevetették a sziv mechanoreceptorainak
ingerlésekor leirt reakciétipusokkal. Az eredmények szerint:

1. A sziv kemoreceptorainak ingerlésére 12 sejt reagdlt a viscerdlis és jobb parie-
talis ganglionokban; a vélaszreakei6 a spontén aktiv sejteken gdtlds vagy serkentés volt.

2. A viscerdlis ganglion tobb sejtje (V12, V13, V17), valamint a jobb parietélis
ganglion egyik sejtje (RPa9) kett6sen reagdlt a sziv kemoreceptorainak ingerlésére:
a kezdeti serkent6 hatdst gdtlé fazis kovette. Tart6s ingerlés esetén a két fazis valtakoz-
hat is.

3. A vizsgdlt sejtek koziil a V12 és V13 bizonyitottan sziv-szivreflex kézponti
neuronja, mivel a kemoreceptorok ingerlésekor szoros korreldcié mutathaté ki a sejt
aktivitdsa, valamint a szividegrél elvezetett aktivitds komponensei koézott. E korreldcid
torvényszeriien minden prepardtumon kimutathaté. E sejtek a sziv extrakardidlis szabé-
lyozésanak kozponti neuronjai.

4. A vizsgdlt kézponti neuronok tébbsége egyardnt reagdlt a sziv taktilis és kémiai
ingerlésére, azonban az esetek egy részében a vélasz a két ingerféleségre ellentétes volt.
A kizdrélag egyik ingerre reagdlé sejtek els6dleges érzé neuronok lehetnek.
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The mechanical and electrical parameters of microelectrodes applied
for electrophysiological investigation of cells are determined by the differing
requirements of intracellular connections used for various objects. The most
important requirement is the elimination of destruction which would interfere
with the normal operation of the cell (NAsTUK, 1963). In order to satisfy this
requirement, the tip diameter of the microelectrode should be within 0.1 to
1 ym (LAVALLEE et al., 1969). The problems associated with the extremely
high resistance and capacitance of the low-diameter tip can be minimized by
using a high input impedance, negative capacitance amplifier (SCHANNE
et al.,, 1968; VERG, 1971).

For the preparation of glass microelectrodes, pullers with horizontal
or vertical arrangements are in use (DoNALDSON, 1958). Considering merits
and demerits of these arrangements, a horizontal type puller has been deve-
loped in our Institute which has a more straightforward pulling force control
as compared to the ALEXANDER —NASTUK type generally used (ALEXANDER
and NASTUK, 1953).

By utilizing glass capillars with diameters of 0.5 to 3 mm, the device
is suitable for the preparation of microelectrodes having suitable geometrical
dimensions and electrical parameters for intracellular investigations. The
pulling and heating parameters are adjustable within wide ranges, so the
optimum electrode shape and tip diameter may be well suited for the different
requirements. With glass capillars of unchanging diameter and material,
the stability of pulling and heating parameters is high enough to result in
a high degree of reproducibility, both in electrode dimensions and in electrical
properties (BAKER and YORK, 1971).

The operation of the electrode puller is shown by the circuit diagram
given in Fig. 1 which also gives the operation phases. The circuit is operated
from a 220 volts mains supply. Switching on will generate 300 volts DC to
supply the solenoid and relay currents. Operating the START button, the relay
REL will operate and close the solenoid circuit. Simultaneously, transformer
T, is energized giving the heating power. In the first phase, pulling force is
F,, and this is adjustable by the PULL FORCE CONTROL potentiometer. As
soon as the glass capillar reaches the plastic stage, it will be stretched by the
pulling force ¥, and after reaching a certain length, the microswitch SW,
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controlled by a movable iron core, will switch the solenoid to a maximum
voltage. In this phase, the maximum pulling force F 2is established which has
the effect to tear the glass and thus form the suitable electrode tip diameter.
The starting of the pulling phase with pulling force F2 is adjustable by the
setting of microswitch SW. 3 seconds after the switching on of pulling force
F 2, pulling force and the heating are both switched off, thus terminating one
pulling period. A definite termination time is assured by the time constant
in the operating circuit of relay REL.

In Fig. 1, the layout of the solenoid supplying the pulling force and the
movable iron core with bearings, and their relation to the electronic circuit
are illustrated. The movable clamp fixing one end of the glass capillar is
mounted on the movable core axis; the other end is connected to a fixed clamp.

The electrode puller actually built is shown in Fig. 2. The solenoid
supplying the pulling force, the movable iron core with bearings at both ends,
and a suitable profile at the iron core side for controlling the microswitch
SW, are all mounted on the top cover of the cabinet. Fine adjustment of the
microswitch Sw along the iron core axis is possible, resulting in an accurate
switch-on time of the pulling force F2 The two ends of the glass capillar are
held by the movable and fixed clamps shown in the Figure. The electrode is
heated by the heating filament at the middle part of the capillar. The filament
has a width of 4 mm and a thickness of 0.2 mm, rolled from Kanthal, with a
resistance of 0.1 ohm and a maximum heating power of 40 watts.
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r/ 2 )
1
: T T start Elj Ry
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| contro b G R Gy
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220 Rel. Ce 1K
I Cy pes —————.——,[ 'T=0.21u i
¥ OwT ") I\ f1s
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Cs = L Tv MSW
6
L A q
U +
777 4 heating movable
fixed tlamp wire clamp iron-core solenoid
OPERATING PHASES 1234567

STAND-BY: mains on,F< Dulling force energizedwithclamDina of capillar.

PULLING: F< pulling force and heatina started by pushing START button.

BREAKAGE: Ft pulling -fores and heating switched on. Starting time of. FAis adjustable.
FINISH: Ft pulling force and heating switched off 3 seconds after Fj, switch-on time

Switch conditions : m closed normal switch S 'closed snap switch Q open svyitch

Fig. 1. Circuit diagram and operating phases of the glass microelectrode puller.



111

According to Fig. 2, the operation of the electrode puller has following
phases:

1 — The glass capillar is mounted between the movable and fixed
clamps and the mains is switched on. This brings the pulling force F, into
the stand-by stage.

2 — The starting time of the pulling force F, and the pulling and heating
parameters are adjusted. Operating the START button will start the pulling
of the electrode.

3 — After completion of the pulling procedure, another capillar may
be clamped in, bringing the puller into a fresh stand-be stage.

Fig. 3 shows the electronic circuit mounted on a printed circuit board.
This makes simple adjustment and easy control possible.

The resistance and tip potential of the manufactured electrodes, filled
with an electrolyte 3M KClI, is checked by a FET-input amplifier developed
in our Institute and used for intracellular connections (VERG, 1971). The
arrangement for resistance measurements is shown in Fig. 4a. The Wheatstone-
bridge at the amplifier input has a potentiometer calibrated in megohm values
and is suitable for measuring electrode resistances in the range of 1 to 50 meg-
ohms. An electrode with a resistance lower than 1 megohm usually pertains
to a tip diameter higher than 1 ym, which may cause destruction of the cell
membrane, and thus will not be suitable. An electrode of high tip potential
is equally unsuitable as it will polarize the cell when connected intracellularly,
and thus interfere with cell operation, or in extreme cases may even completely
prevent cell operation. The tip potential value is controlled as shown in Fig. 4b.
In high precision measurements, even a low or changing tip potential may
cause troubles. In this case, a special measuring bridge suitable for tip potential
compensation should be associated with the amplifier (K1ss et al., 1972) as

iron-core heating wire

fixed clamp

solenoid movable clam

bearing support

mains switch pull-force control

control lam, pull-force switch heating control (fine)

start knob heating control (coarse)

Fig. 2. Mechanical layout of the electrode puller
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Fig. 3. Printed circuit board arrangement of the electronic assembly

Fig. 4. Control of microelectrode resistance and tip potential: a) resistance measure-
ment, b) tip potential measurement, ¢) tip potential compensation
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shown in simplified form in Fig. 4c. Microelectrodes with stable tip potentials
not changing with time are to he preferred as the compensation adjustment
during operation is difficult and sometimes impossible. Stable tip potential
requires very low impurity in the glass material and in the solutions during
the whole electrode pulling process.

Summary

The puller is used to prepare microelectrodes suitable for intracellular
connection from glass capillars having diameters of 0.5 to 3 mm. The puller
has a horizontal arrangement, pulling and heating parameters are adjustable
within a wide range, so the electrode shape and tip diameter suitable for
diverse requirements are easily realizable. The stability of pulling and heating
parameters will result in a high degree of reproducibility of the electrical
and geometrical electrode data. Operation of the puller and relations between
electronic and mechanical parts are described in detail and shown by figures.
A bridge input electrometer amplifier is used for control of the most important
electrical parameters of the electrodes prepared.

REFERENCES

Alexander, J. T., Nastuk, W. L. (1953): An instrument for the production of micro-
electrodes used in electrophysiological studies. — Review of Sei. Instr. 24, 528.

Baker,F. L., York, D. H. (1971): A reliable technique for making glass microelectrodes
of known resistance. — Proc. of the IEEE, 59, p. 1711.

Donaldson, P. E. K. (1958): Electronic apparatus for biological research. — Butter-
worths Scientific Publication.

Kiss, I., Salanki, J., Véro, M. (1972): Dependence of reaction to ACh on the membrane
potential of neurones Lymnaea stagnalis. — Anndl. Biol. Tihany 39, 21—27.

Lavallée, M., Schanne, O. F., Hébert, N. C. (1969): Glass microelectrodes. — John
Wiley.

Nastuk, W. L. (1963): Physical techniques in biological research. — Acad. Press London.

Schanne, O. F., Lavallée, M., Laprade, R., Gagué, S. (1968): Electrical properties
of glass microelectrodes. — Proc. of the IEEE 56, 1072— 1082.

Véroe, M. (1971): Negative capacitance amplifier for microelectrode investigations. —
Annal. Biol. Tihany 38, 107— 115.

HORIZONTALIS HUZOKESZULEK UVEGMIKROELEKTRODAK
KESZITESEHEZ

Véré Mihaly

o0sszefoglalés
A készilékkel 0,5 mm-t6l 3 mm 4atmérdig terjedé Uvegkapillarisokbél intra-
celluléris elvezetésre alkalmas mikroelektrodak készitheték. Az elektrédahizé horizon-
talis elrendezésl, hazasi és f(itési paraméterei széles hatdrok kdzott valtoztathaték, igy
a kulonboz6 elvezetési kovetelményeknek megfeleld optiméalis elektroda forma és hegy-
atméré nagy biztonsdggal kialakithaté. A készilék hlzasi és izzitdsi paramétereinek
stabilitdsa biztositja az elektr6dak elektromos és geometriai adatainak nagyfokd repro-
dukélhatésagat. Az elektr6dahtzé miikodését, elektronikai és mechanikai részeinek
kapcsolatat, az 4bradk alapjan részletes leirads ismerteti. Az elkészilt elektrodak legfon-

tosabb elektromos paramétereinek ellendrzése méréhid bemenet( elektrométer erésitvel
térténik.
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Activity patterns of spontaneous active (pacemaker) nerve cells are
frequently different, and the individual patterns are closely related to the
nerve cell functions. Spike generation frequency and duration of the single
spikes are both different (Buttock and Horridge, 1965). Even a single cell
may show different activity patterns during operation as a result of an afferent
input (S.-Ré6zsa and Satanki, 1973), and the operating frequency of stimul-
ated cells is highly dependent on the temperature, ion content etc. of the
physiological solution surrounding the cell (Carpenter, 1967). These para-
meters which are primarily of external origin will have an effect not only on
the operating frequency of the cell but also on the duration of the action
potentials. Investigations classifying cell responses on external parameter
changes are extremely useful.

The above considerations led to experiments in our Institute concerning
the operation of Br type cells of Helix pomatia L. as a function of temperature.
(Saranki et ab, 1973). This cell will show at normal room temperature (22
deg C) a specific activity pattern (Fig. Ib). Increasing or decreasing the
temperature of the physiological solution surrounding the cell will change
the activity pattern, i.e. the length of the intervals and the duration of the
action potentials (Figs, la and 1c). For detailed investigation of this pheno-
menon, pulse trains pertaining to different temperatures are needed, and these
can only be evaluated economically by electronic methods.

To solve the above problem, the 1024-channel analyzer type NTA-512B,
developed by the Central Research Institute for Physics “KFK 1”7, Budapest,
has been applied. Suitable additional circuits and modifications have been
used in order to realize the high precision and rapid data analysis
needed.

The principle of data analysis is shown by the block diagram of Fig. 2.
In order to achieve off-line type data analysis, the action potentials are
amplified by a FET input preamplifier (vero, 1971) and are stored on an FM
type analog magnetic data recorder. From the recorder, data are transferred
through 4TFET input amplifier bn an operational amplifier which will limit
the signals at a hight corresponding to half of the action potentials. The next
circuit is a squarer which generates square pulses having widths equal to the
action potential duration. Finally, short pulses coinciding with the leading
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33°C
22°C
b
1sec
7°C
100mvV
c)
Isec

Fig. 1. Activity pattern of a Br type cell of Helix pomatiaT,. at different temperatures

Microelectr. [FMMagnetic One-shot Emitter Multichannel
NC.amp; tape NCamp, OP.amp; Squarer — . . }— - L
; recorder circuit follower analyser

Fig. 2. Block diagram of the data evaluation system

and trailing edges of the square pulses are generated, thus producing trigger
signals to be analyzed by the analyzer (D’Ai1ton and Ryan, 1972).

The special classifying task has necessitated the modification of some
of the analyzer circuits as given in the original Instructions Manual for the
NTA-512B Multichannel Analyzer System, prepared by the Central Research
Institute for Physics. First, the address increase function by the internal
clock generator had to be substituted by an address increase by the pulses
generated from the action potentials. Charging of the channels is given by
the clock generator which is not used for address increase any more, and this
will satisfy the accuracy requirements, as the counting time can be adjusted
in the range of 20 ysec to 103 sec. The block diagram of the analyzer thus
modified is shown in Fig. 3.

The circuit for generating the analyzer trigger from the recorded analog
signal is shown in Fig. 4. The action potential is routed througha FET input
preamplifier to the inverting input of an operational amplifier. This amplifies
the signal and introduces squaring at a definite level (STARR, 1953). Two
methods may be used for exact adjustment of squaring level. Either the



117

MULTICHANNEL analizer

Fig. 3. Block diagram of the modified analyzer read-in operating mode

amplification of the operational amplifier or the amplification of the FET
input preamplifier may be adjusted according to the square level required.
The squared signal at the operational amplifier output is given to the base
of the OC 1070 transistor operating in the switching mode. Thus the collector
signal will have leading and trailing edges coinciding with the instants when
the input signal passes through the squaring level. The leading edge of this
signal will trigger the base of the emitter coupled one-shot multivibrator which
has a flip-flop time of 0.2 msec. This mode of operation is used for measuring
the interval Ts between action potentials.

An other mode of operation is used for measuring the duration of action
potentials. In this mode, the trailing edges of the square pulses at the OC 1070
output will again operate the one-shot multivibrator on the collector. Thus,
the assessment of the action potential duration is simplified to the measure-
ment of time-durations between two 0.2 msec pulses. The pulses appearing
at the one-shot multivibrator collector are used to drive an emitter follower
which supplies an output signal corresponding to the analyzer logic level at
the low impedance required (Matvino and Leach, 1067; Dakin and Cooke,
1968). The trigger signals are given onthe address gate system input (DIRECT
READ IN on the analyzer type used).

Analog presentation of the analyzed data in the activity pattern shown
in Fig. Ib is given in Fig. 5b. The address numbers along the horizontal axis
correspond to the successive action potentials. The address content, i.e. the
time duration pertaining to the addresses are plotted along the vertical axis.
In Fig. 5b, evaluation of the interval times T is shown, whereas in Fig. 6b,
the action potential durations x' and the x" = Ts—t" values are
shown together. Thus, the interval times Ts= r' 4- xX"and Th— Tb - X'
can be calculated by simple addition from Fig. 6b.
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Summary

A multichannel analyzer classifying circuit suitable for rapid and ac-
curate assessment of intervals between action potentials and durations of the
individual potentials is presented. A detailed description of the circuit used
for generating the analyzer trigger signal from the analog signal and the modi-
fications carried out on the applied 1024-channelanalyzertype NTA-512B are

given. A display is presented showing the interval and width evaluation
of a nerve cell activity sample.
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ARAMKOR SOKCSATORNAS ANALIZATORHOZ AKCIOSPOTENCIALOK
INTERVALLUMAINAK ES SZELESSEGEINEK ERTEKELESERE

Véré Mihaly

Osszefoglalas

A szerz6 idegsejtek aktivitds mintdinak analizatoros feldolgozasahoz alkalmas
dramkort ismertet, amely lehet§vé teszi az elvezetett akcidéspotencidlok kozotti inter-
vallumok, és az egyes potencialok szélességének pontos és gyors kiértékelését. A cikk
részletesen ismerteti azt az dramkdri megoldast, amely az analég jelb6l az analizator
inditasdhoz szikséges jelet el6allitja, és ugyancsak ismerteti az alkalmazott NTA-512B
tipust 1024 csatornas analizator szikséges mdédositasait. Végezetil példa szemléleteti,
a kiértékelésnél kapott eredmények analég display-en torténé adatabrdzoléasat.
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A great number of yellow pigment granules called cytosomes by Noite
et al. (1965) occur in the nerve cells of many species of bivalves and snails.
Although these granules display some similarity to the lysosomes suggested
even by the name cytosome (DeDuve and Wattiaux, 1966) functions
differing from that ofthe lysosomes should also be attributed to them. Namely,
activities of certain respiratory enzymes could be detected in the cytosomes
of the nerve cells of Anodonta cygnea (zs.-Nagy, 1967; Zs.-Nagy and K erpe1-
Fronius, 1970a). Furthermore, it has been proved that the cytosomes possess
an energy production of oxidative character even under anoxic conditions
(Zs.-Nagy and K erpel-Fronius, 1970b, Zs.-Nagy, 1971&, Kerpel-Fronius
and Zs.-Nagy, 1973).

Considering the results mentioned above, the necessity emerged to
investigate the occurrence and distribution of cytosomes in the extraneuronal
tissues in order to decide the question whether the results obtained on the
nervous tissue can be generalized. The present work was aimed at investigating
this problem.

Material and methods

The investigations were carried out on the adult specimens of 14—18 cm
body length of Anodonta cygnea L. Only completely intact, normal animals
were used which had been kept durably in aquaria supplied with the water
of Lake Balaton and sufficient areation. The following organs were investig-
ated: oral palps; siphon; mantle; heart ventricle; central part of the intestine;
gonads; kidney (Bojanus organ); statocyst; epithelium, musculature and ex-
cretory glands of the foot; hepatopancreas; adductor muscles and osphradium.
The investigations were made in the months of May and June.

Parts of the above organs were fixed in 2.5 percent glutaraldehyde
diluted from a 25 percent stock solution by tap water, at 4° C for 16 hr, then
washed and postfixed in osmic acid for 30 min (2 percent 0s04buffered with
0.1 M s-collidine) at 0°C and 10 min at room temperature. Dehydration
took place by ethanol and propylene oxide, then the blocks were embedded
into araldite. In other cases only a simple osmium fixation was performed
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just as described above. The sections were cut on LKB Ultrotome 111, contrast-
ed by uranyl acetate and lead citrate. Micrographs were taken on a TESLA BS
413A electron microscope.

Results

The ultrastructure of cytosomes found in the organs investigated is
identical with that ofthe neuronal cytosomes (Zs.-Nagy, 1967; 1968; Zs.-Nagy
and Borovyagin, 1972), therefore the main characteristics of the cytosomes
will only be described briefly.

The cytosomes are composed of three basic components: a) membranes,
b) fine granulated matrix and c) lipid droplets of various, mainly high density.

a) Two types of membranes can be distinguished: the outer limiting
membrane and the internal ones. The limiting membrane is of about 80 -85 A
thickness and displays a regular unit membrane structure. It is of somewhat
higher density than the internal membranes. The latter are embedded in the
fine granulated matrix inside the cytosomes. In case of double fixation they
often occur in the form of five-layered complexes of membranes showing a
thickness of 135—140 A. In case of simple osmium fixation even the internal
membranes are mainly of unit membrane composition. Membranes are always
present as a rule at the periphery of the cytosomes and one can often observe
a direct continuation of the membranes into the lipid droplets.

b) The fine granulated matrix is of moderate electron density. It con-
sists of granules much smaller than the ribosomes, filling out the space between
the membranes and lipid droplets within the cytosomes. It is composed pro-
bably of substances of protein nature.

¢) The lipid droplets represent always a considerable mass in the normal
cytosomes. Their density is not uniform, it is very high at some places cor-
responding most probably to phospholipids. Elsewhere there is a lower density
which may indicate the presence of neutral lipids.

The components related above may form extremely variable structures.
More or less cytosomes are present in all basic types of tissues. Their size varies
between 1 5 /t

Most of the cytosomes were seen in the intestinal and kidney epithelium
among the epithelial tissues investigated. There is a single ciliated cylindric
epithelium in the intestine. The apical part of this epithelium is occupied by
numerous ciliary rootlets and the cytosomes are localized in the middle zone
of it. These cytosomes are as a rule of irregular or elongated shape (Fig. 1).
It is especially characteristic for the cytosomes of the intestinal epithelium
that the matrix is rather poor and instead of the matrix, one can find many
small vesicles of various content (Fig. 1). The cytosomes of the kidney epi-
thelium are of similar character, however, they are more abundant in membra-
nes (Fig. 2). Other epithelial tissues also contain cytosomes, although
they occur less frequently elsewhere. There are cytosomes in the epithelium
of the statocyst, the siphon, some channels of gonads, the foot and the mantle.
The cells of the foot glands and the hepatopancreas also contain cytosomes.
The cytosomes of the hepatopancreas are poor in internal membranes and are
filled in with a mainly granulated, apparently homogeneous substance (Fig. 3).

The connective tissue of molluscs is rather poor in cells, it consists of
mainly atypic, thin collagen fibres. The cells found in the connective tissue
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Fig. 1. Detail of an epithelial cell from the central part of the intestine. G — Golgi;
Cy — cytosome; CV — coated vesicle; x 58 500
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Fig. 2. Detail of an epithelial cell from the kidney. N — nucleus;

— cytosome. X 30 000
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Fig. 3. Detail of a cell from the hepatopanoreas. N — nucleus; M — mitoehondrium;
Cy — cytosome; G — Golgi; ER — endoplasmic reticulum. X 30 000



Fig. 4. Detail of an interstitial connective tissue cell of the heart musculature. N —
nucleus; Gl — glycogen; Cy — cytosome. x 68 500
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Fig. 5. Detail of a fibroeyte from the subepithelial connective tissue of the foot. N -
nucleus; Cy — cytosome; FR — free ribosomes. X 48 500
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;. M — Mitochond-

Fig. 6. Detail of a heart muscle cell from the ventricle. G1 — glycogen

X 58 500

rium; Cy — cytosome.



Fig. 7. Detail of the subepithelial layer of the oral palp containing collagen and scattered
muscle cells. My — myofilaments in the muscle cell; Cy — cytosomes; G1 — glycogen;
CF — collagen fibres. X 30 000



Fig. 8. Detail of a muscle cell from the intestinal wall. My — myofilaments; SR — sarco-
plasmic reticulum; Cy — cytosome; M — mitochondrium. x 25 000
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contained cytosomes in every organ investigated. The cytosomes of fibrocyte-
like cells are presented from the heart muscle interstitium (Fig. 4) and from
the subepithelial connective tissue of the foot (Fig. 5).

Among the muscle tissues, the largest number of cytosomes were found
in the heart ventricle. In the heart muscle and every other muscle, the cyto-
somes appear in groups either in the vicinity of the nucleus or in other regions,
mixed with other sarcoplasmatic elements and numerous glycogen granules
(Fig. 6). The contractile elements are missing at these places. Cytosomes
often occur in the muscle cells of smooth character of the oral palp (Fig. 7),
the intestinal wall (Fig. 8), the mantle, the siphon and the foot. At the same
time, the adductor muscles contain only very few cytosomes, and in relatively
large areas cytosomes could not be observed at all.

Discussion

Our investigations show unanimously that the cytosomes generally
occur in many tissues of Anodonta cygnea. Apart from some variability, they
can be regarded as cell particles of uniform composition, therefore we have a
sufficient basis to consider them as cell organelles, like the mitochondria or
other ones.

Nevertheless, the cytosomes cannot be classified into any known cate-
gories of cell organelles. They show some functional relations to the lysosomes,
since certain cytosomes displayed acid phosphatase activity under certain
circumstances (Meek and Lane, 1964; Lane, 1966; Zs.-Nagy and Borovya-
gin, 1972). At the same time, it should be noted that the morphological appear-
ance as well as the high lipid content of cytosomes strongly differs from those
of usual lysosomes (DeDuve and Wattiaux, 1966). Similarly, one has to
interpret as a difference that respiratory enzymes have not been described
in the lysosomes (Gahan, 1967). It is a question what can be the function
of the acid phosphatase in the cytosomes the activation of which was observed
even by us during anoxia (Zs.-Nagy and Borovyagin, 1972). Since this en-
zyme is known generally as a lysosomal marker, it seems to be reliable that
lytic processes also take place during certain stages of cytosomal development,
however, the total cytosomal function is more than the lytic activity of the
common lysosomes.

The frequency of cytosomes is undoubtedly the highest in the nerve cells,
however, they can be found practically in all basic types of tissues. Their
functional significance is indicated by the observation (Zs.-Nagy, 1971a) that
the molluscan species the nervous systems of which contain no cytosomes,
are not able to survive anoxic conditions at all, whereas those having pigmented
ganglion cells display a significant anoxic tolerance being more or less pro-
portional to the degree of pigmentation.

The practically ubiquitous occurrence of cytosomes in the tissues of
Anodonta cygnea admits a generalization. Namely, the respiratory enzyme
activities observed in the cytosomes of the nerve cells, as well as the cytosomal,
anoxic, energy dependent Sr++-accumulation (Zs.-Nagy, 1967; 1971a;
Zs.-Nagy, and Kerpel-Fronius, 1970a; 1970b; Kerpel-Fronius and Zs.-
Nagy, 1973) may take part in the anoxic metabolic processes even in the
non nervous tissues. On the other hand, the frequency of occurrence of cyto-

9*
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somes just indicates that the highest number of cytosomes are present in the
nervous system and the heart musculature representing the energetically
most exigent tissues, whereas less of them occur in the other types of tissues.

The almost complete absence of cytosomes in the adductor muscles may
be connected with the fact that the tonic contraction of the adductors is
brought about practically without fatigue, without energy expenditure. This
phenomenon has been related to the increased crystallization of paramyosin
(see for ref. Zs.-Nagy and Salanki, 1973). The low number of mitochondria
in the adductors may have the same explanation. The main source of energy
of the adductors for the phasic contractions is most probably the anaerobic
glycolysis or glycogenolysis taking place without organelles in the cytosol.
In the elimination of the glycolytic products perhaps other organs take part,
connected with the adductors by the circulation of the hemolymph.

After all, our investigations offered a sufficient morphological basis
for the amplification of the mechanism called “anoxic endogenous oxidation”
having been attributed so far to the neuronal cytosomes (Zs.-Nagy and
Ermini, 1972b; Zs.-Nagy, 1971a; 1973) to the total body of the animals.

On the basis of cytosomal properties mentioned above, one can assume
an analogy between them and the polymelanosomes of the higher animals
(Van Woert et al.,, 1967). The polymelanosomes have mostly been investig-
ated in the liver of amphibia. They consist of melanin granules and a matrix
surrounded by a membrane and possess also internal membranes. Mitochond-
rial enzymes have been detected in them and they accumulate Mn++-ions
similarly as the mitochondria (Van Woert et al., 1967; Prasad et al., 1965).
Because of its semiquinon free radicals, the melanin is known as an extremely
good electron acceptor (Pullman and Pullman, 1961). The polymelanosomes
of amphibia showed no phosphorylation in isolated state in the presence of
oxygen (Van Woert et al., 1967), whereas the polymelanosomes obtained
from mouse melanomas phosphorylated as intensely as the well prepared
mitochondria (Dorner and Reich, 1961). The cytosomes of molluscs differ
from the polymelanosomes in so far as melanin could not be detected in them
by means of the Lillie’s method (Pearse, 1964) (Own, unpublished observ-
ation). Nevertheless, the cytosomes also contain some kind of internal electron
acceptor (Zs.-Nagy, 1971b) belonging to the group of lipochrome pigments,
being hence soluble in organic solvents such as ethanol and propanol (Zs.-
Nagy and Ermini, 1972a). Apart from this difference, there exists an essential
morphological and functional resemblance between the cytosomes and poly-
melanosomes.

Summary

The following organs of Anodonta cygnea were investigated: oral palps;
siphon; mantle; heart ventricle; central part of the intestine; gonads; kidney
(Bojanus organ); statocyst; epithelium, musculature and excretory glands
of the foot; hepatopancreas; adductor muscles and osphradium. It has been
established that all basic types of tissues contain more or less cytosomes the
structural composition of which is principially identical with those having
been described and studied in detail within the nervous system. The cytosomes
should be considered as generally occurring cell organelles in the tissues of
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Anodontn cygnea. A role is attributed to the cytosomes in the processes of
anoxic energy production. The cytosomes show morphological and functional
resemblance in many respects to the polymelanosomes of higher animals,
although they contain no melanin but a lipochrome pigment having electron
acceptor character.
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CITOSZOMAK EXTRANEURONALIS ELOFORDULASA AZ JINOIX)NTN
CYGNEA L. (MOLLUSCA, PELECYPODA) KULONBOZO SZOVETEIBEN

Zs.-Nagy Imre

Osszefoglalas

Vizsgaltuk az Anodonta cygnea kdvetkez§ szerveit: szajvitorla, szifotajék, képeny,
szivkamra, bélcsatorna kozéps6 szakasza, ivarmirigyek, Bojanus-szerv (vese), stato-
cysta, lab fedéhamja, izomzata és mirigyei, hepatopancreas, zaréizmok, valamint az
osphradium. Megallapitast nyert, hogy valamennyi alapszévetféleség tartalmaz tobb-
kevesebb citoszomat, amelyek szerkezeti felépitése elvileg azonos a korédbban az ideg-
rendszerben leirt és részletesen tanulmanyozott citoszoéméakéval. A citoszémakat alta-
lanosan el6fordulé sejtorganellumnak kell tekinteniink az Anodonta cygnea szdveteiben,
amelyeknek szerepet tulajdonitunk az anoxias energiatermeld folyamatok véghezvitelé-
ben. A citoszéméak szamos morfolégiai és funkciondlis vonatkozasban hasonlésagot
mutatnak a magasabbrend(iek polymelanosomaihoz, jéllehet bennik nem melanin-
tipusd, hanem lipochrom természeti elektronakceptor pigmentanyag fordul el6.
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Nematodes are difficult to study. Only a few researches work on them
in our country although these animals gain an increasing significance today.
The members of this group counting several ten-thousands of species are partly
human parasites, partly animal and plant parasites causing severe damages,
while another part they are free-living and contribute to the mineralization
of organic substances. Their individual number can be very high, e.g. in 1 hec-
tare of forest soil it may reach 70 thousand millions per year, their total weight
amounts to 90 kg, although the majority of those species weigh a mere few
tenths of microgram. They play a very important role in the sediments of
clean waters, in the purification of sewage-waters, e.g. in the dropping bodies
and even in the life of the waste-stabilization ponds.

The nematodes living in the sediment of Lake Balaton have been studied
by Daday (1897), Birs (1968; 1969; 1972), Biro et al. (1968), Ponyi et al.
(1971), whereas those living in the coating of reed have been described by
Meschkat (1934).

The “Research of Balaton” program of the Biological Research Institute
of Tihany gave an opportunity for the present series of investigation. The work
was intended at establishing the quantitative seasonal changes of Nematoda
fauna.

Places of samplings, material and methods

Samplings were carried out from three points of each five transversal
sections of Lake Balaton once a month (Fig. 1) from April till November
during 1966- 1968, as well as from under the ice in January and February
from the point of sampling in front of Tihany (point “AQ”)in 1968. The places
of sampling were as follows:

“M” section: between Gyenesdias and the mouth of river Zala.

“K ™ section: between Szigliget and Balatonmaria.

“G” section: between Balatonakali and Balatonszemes.

“A” section: between Balatonfiired and Zamardi (Tihany).

“E” section: Balatonalmadi Balatonvilagos line.

Some data concerning the collections are summarized in Table /. The
temperature data refer to the water. Samples from the soft bottom were
collected by the modified Craib’s bottom-dredge (Ponyi etal., 1967) from under
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Fig. 1. The collecting places. “M”, “K ", “G”, “A” and “E” indicate the sections, 0, 1
and 2 the points of sampling. The sign 0 indicates the deepest point of the sections

TABLE |

Data of water temperatures and depths

Places of samplings M. Ko Go A0 E.
Date o
cm C cm °0 cm °Q cm °0 cm °G

1966 V 275 19 368 19 428 19 368 20 480 20

Vi 292 23 419 23 443 23 410 22 410 22

VII 300 19 400 20 420 20 395 21 445 22

VI 285 22 420 22 440 23 360 22 450 22

IX 271 17 298 17 421 19 398 18 460 18

X 280 16 385 16 420 16 380 17 420 17

X1 264 4 378 6 420 6 380 6 460 6

1967 IV 276 12 375 12 423 1 372 12 450 12

\Y 268 19 405 19 430 19 410 19 457 19

VI 271 20 390 19 405 20 385 24 441 25

\"All 268 20 370 22 410 22 359 24 457 23

VI 244 20 367 20 410 21 370 21 432 21

IX 255 16 369 17 392 18 400 17 418 18

X 266 16 370 16 397 17 373 13 420 14

X1 353 2 354 2
1968 | 375 0.2*
| 383 0.7*

v 264 14 378 14 395 13 435 11 380 12

Vv 269 16 368 15 388 15 380 18 428 17

Vi 272 20 372 20 395 20 385 20 432 20

VI 269 21 364 21 375 21 353 21 416 21

VIl 261 20 351 20 367 20 345 20 400 20

IX 257 18 346 18 366 18 352 18 394 18

X 255 15 355 15 370 15 372 16 382 16

X1 288 8 375 8 390 8 378 7 392 8

*thickness of the ice 25 cm
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water in 240—480 cm depth. Each sample was about 3 cm thick and was taken
from a surface of 13 cm2 Three parallel samples were united at each place
and fixed in formalin. The separated nematodes were investigated in glycerin-
ized preparations. The calculation of the biomass was carried out by using

the method of Andrassy (1956).

Occurrence of species at different regions

About 20 thousand of individuals belonging to 31 species were collected.
Idle frequent nematodes were found everywhere in the mud of the lake (Para-
plectonema pedunculatum S., Paraphanolaimus behningi M., Ironus tenuicauda-
tus dM., Theristus setosus B., Monhystera paludicola dM.). From the species
of rarer occurrence Hemicycliophora aquatica, Prismatolaimus dolichurus,
Plectus tenuis were encountered only in the north-eastern basin, whereas
Chromadorina bercziki, Neochromadora izhorica and Punctodora dudichi were
collected only in the south-west Monhystera stagnalis and Tripyla papillata
were also more frequent in the south-western basin, however, one specimen
of each was found in the other basin, too.

Table 11 lists the species found in Lake Balaton and compared to the
data of Daday (1897). Some of the species described by the latter author
proved to be synonyms as well as uncertain species, therefore, only 26 of his
list of species could be identified with certainty. The present paper uses the
nomenclature of Andrassy (1972).

In the fauna of Hungary and Lake Balaton, Paraphanolaimus anisitsi
(Daday, 1905; Andrassy, 1968) is of rare occurrence. During the recent
years it was recovered from Paraguay (Andrassy, 1968), Columbia (Rie-
mann, 1971) and in Europe from the Lake Leman (Juget, 1969), and Lake
Balaton (Biro, 1972). Although the specimen found by Juget was identified
to be Paraphanolaimus behningi Mic. 1923, on the basis of his drawing and
description it is Paraphanolaimus anisitsi (D.) A. A male Paraphanolaimus
behningi M. was found in Lake Balaton (Biro, 1968) and also in the Soviet-
Union (Gagarin, 1970). It can well be observed on this species that the spi-
culum is thin and its length is about 4—5 times larger than the anal width of
the body, whereas in the case of P. anisitsi the spiculum is bulky and its length
hardly reaches one and a halftimes the anal width of the body (Figs. 2 and 3).

Paraplectonema pedunculatum (H.) S. (Fig. 4) occurs sporadically in
Europe. However, in the open water sediment of Lake Balaton and Lake Fert6
it is (Schiemer et al. 1969) the most frequent Nematoda. This species seems
to prefer the detritus-rich mud-layers of 2- 5 cm thickness under the shallow
waters of pH 8.3.

The quantity of nematodes

Among the nematodes found during 1966—68, the most frequent species
was Paraplectonema pedunculatum:

Paraplectonema pedunculatum S. 20.3%
Paraphanolaimus behningi M. 20.0%
Ironus tenuicaudatus dM. 18.9%
Theristus setosus M. 16.6%
Monhystera paludicola dM. 15.1%

Other 26 species 9.1%
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TABLE I

The distribution of nematodes found in the five sections
of Lake Balaton during 1966—68

1966-68

1897

Daday %

M K S A E

Achromadora terricola (dM.) M. + + + 0.02
Acrobeloides emarginatus (dM.) T. +
Aphanolaimus aquaticus D. " . " . . 2.13
Aporcelaimellus obtusicaudatus (B.) A. +
Campydora balatonica (D.) A.
Chromadorina bercziki A. " 0.04
Chromadorina bioculata (S.) W. +
Diplogaster rivalis (L.) B. -j-
Dorylaimus helveticus (S.) A. o+ 0.09
Dorylaimus stagnalis D. + ¥ ¥ o+ 0.11
Ethmolaimus pratensis dM. + o+ + + 0.84
Eudorylaimus bryophilus (dM.) A.
Hemicycliophpora aquatica (M.) L. + ¥ 0.04
Heterocephalobus elongatus (dM.) A. +
Jronus colourus S. n + 0.02
Ironus tenuicaudatus d M. ¥ + + + ¥ . 18.94
Laimydorus flavomaculatus (L.) S.
Mesodorylaimus bastiani (B.) A. -J-
Mermis sp. ¥ o+ " 0.03
Microlaimus globiceps dM. o+ 0.02
Monhystera andrassyi B. ¥ i ¥ ¥ ¥ 0.14
Monhystera dispar B. " 0.01
Monhystera gerlachi M. ¥ 0.02
Monhystera macramphis F. ¥ ¥ o+ o+ 0.33
Monhystera paludicola dM. + o+ o+ + 15.10
Monhystera stagnalis B. + + o+ o+ o+ 4+ 0.19
Monhystera vulgaris dM. + o+ 0.02
Mononchus truncatus B. +
N eochromadora izhorica (F.) S. + 0.12
Paractinolaimus macrolaimus (dM.) A.
Paradorylaimus filiformis (B.) A. +
Paraphanolaimus anisitsi (D.) A. O+ o+ o+ o+ 0.82
Paraphanolaimus behningi M. + + + + 4- 20.06
Paraplectonema pedunculatum (H.) S. + + + + 4- 20 30
Plectus cirratus B. +
Plectus parvus B. +
Plectus tenuis B. -j- + 0.01
Prismatolaimus dolichurus dM. + + o+ 0.04
Punctodora dudichi A. + 0.02
Punctodora ratzeburgensis (L.) F. + + + 0.06
Theristus setosus (B.) M. -J- + o+ o+ o+ o+ 16.60
Tobrilus gracilis (B.) A. -j- + G- 4 3.32
Tobrilus helveticus (H.) A. + o+ o+ A 0.22
Tobrilus longus (L.) A. + 0.04
Tobrilus pellucidus (B.) A. +
Tripyla glomerans B. + + o+ + o+ F 0.30

Note: the percentage indicates the properties as compared to the total number of individu-
als encountered. “M”, "K". "O". “A" and "K" are the places of collecting.
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Fig. 2. Paraphanolaimus anisitsi (Daday, 1905) Andbassy, 1968. A = oral end of the

animal; b = caudal end of the animal; C = female genital organs; D = oral part of the

animal with the oesophagus; E = spiculum; gubernaculum and one of the preanal
papillae; F = caudal end
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Fig 3. Paraphanolaimus behningi Micoletzky, 1923. 1 — caudal part of the animal-
gubernaculum; 3 - caudal end; 4 - preanal papilla; 5 - oral end of the animal
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Fig. 4. Paraplectonema pedunculatum (Hofmannek, 1913) Stband, 1934. A = anterior
part of the animal with the oesophagus; B = female genital organs; C = oral end of the
animal; D = caudal end of the body
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A seasonal change was observed in the proportions of species. When the
water temperature was below 12 °C, the proportions of species were different
from those of the warmer periods:

Periods

“cold” “warm”

below 12°C above 12°C
Paraplectonema pedunculatum S. 13.7% 25.8%
Paraphanolaimus behningi M. 6.7% 24.2%
Ironus tenuicaudatus dM. 17.1% 19.4%
Theristus setosus M. 32.1% 11.6%
Monhystera paludicola dM. 20.4% 10.7%
Other nematodes i0.0% 8.3%

An almost identical order of magnitude of frequency was observed in
cases of fine species during three years in average (20, 20, 17, 19, 15 percent).
During the cold periods, Theristus setosus and Monhystera paludicola (32 and
20 percent), during summer, Paraplectonema pedunculatum, Paraphanolaimus
behningi and Ironus tenuicaudatus (25, 24 and 20 percent) predominated.
During the winter season under the ice, as high as 60 percent of frequency
of Theristus setosus was observed in the section between Zaméardi and Balaton-
fiired (“AQ”). Tobrilus species could hardly be collected in other periods of
the year, nevertheless under the ice they reached even 15—20 percent of the
total number of individuals.

The distribution of nematodes was not uniform at different regions of
Lake Balaton. Considering the monthly averages Balatonszemes—Balaton-
akali (“G”) was the richest section and the poorest was that of the Keszthely
Bay (“M” section) (Fig. 5). According to the findings, the number of nema-
todes was lower on identical surfaces during the summer, than during the cold
season i.e. in winter it amounted only to 60—75 percent of the latter. Evalu-
ating the collections of the past three years, one can state that the lowest
number of nematodes occurs in late summer (10—15 000 individuals per m2).
As against to the other places of collection, in the Keszthely Bay the lowest
number of individuals was found in early summer (10 000 i/m2), whereas
by the end of summer Paraplectonema pedunculatum propagated so profusely
that the highest number of nematodes was found there (50 000 i/m2). The
highest number of nematodes was found during the spring season at the other
regions of the south-western basin (“K” and “G”) as well as in the north
eastern one “A” and “E”), reaching 60—80 000 i/m2 (Fig. 5).

The Keszthely-Bay is the poorest in nematodes (“M”) among all the
areas of the lake. The average number of individuals was 19 000 i/m2in 1966
and 1967, however in 1968 it reached 35 000 i/m2 During all the three years
the lowest number (10 000 i/m2) was found in July and the highest one (40
60 000 i/m2)in August (first column of Fig. 5). The summer increase was caused
by the quick propagation of Paraplectonema pedunculatum. Of the five species
of highest frequency occurring everywhere, the highest number of Theristus
setosus was encountered during the cold period, that Ironus tenuicaudatus and
Paraplectonema pedunculatum during the warm period.

Several species were found toke absent in other regions of the lake:
Chromadorina bercziki, Monhystera gerlachi, Neochromadora izhorica, Puncto-
dora dudichi. The last but one is known from the delta of river Neva, i.e. from
a slowly flowing water, while the first and last are known from the mud of
River Danube, i.e. also from a flowing water. Their presence can perhaps
be explained by the vicinity and effect of the river Zala.
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Fig. 5. The number of nematodes in the five transversal sections of Lake Balaton during
1966 —68 in number of individuals per m2 (i/m2). Each date represents the average
of three points (e.g. M,Mnand M2 of each section
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In the area of Szigliget Bay (“K™) the average number of nematodes
was 30—40 000 i/m2during all the three years. The number of individuals was
the highest in early summer (55—60 000 i/m2), and it charply fell by the late
summer down to 11 000 i/m2 (second column of Fig. 5). In the average of three
years, the most frequently occurring Nematoda was Theristus setosus during
the cold and Paraplectonema pedunculatum during the warm period. Among
the less frequent species, Tripyla glomerans was found only sporadically in the
Keszthelv-Bay (“M”), whereas in the regions of Szigliget and Balatonszemes
(“K” and “G”) it was more frequently observed. A low number of individuals
Aphanolaimus aquaticus and Ethmolaimus pratensis lives in the Szigliget-Bay
but they were somewhat more frequent in the region of Balatonszemes, whereas
they were completely absent in the Keszthely-Bay.

In the section “G” of the south-western basin the highest number of
nematodes (above 100 000 i/m2) was observed during the spring season, caused
mainly by the intense propagation of Monhystera paludicola, Ironus tenui-
caudatus and Paraphanolaimus behningi. In late summer the lowest number of
individuals was observed (20 000 i/m2). During the other periods of the year,
the actual frequency of nematodes is roughly the same around 30 000 i/m2
(third column of Fig. 5). During the cold period, Paraphanolaimus behningi
showed the highest numbers here, whereas at the other regions of the south-
western basin the species Theristus setosuswasthe most frequent species. During
the warm periods, mainly Paraplectonema pedunculatum was found in the sec-
tions “M” and “K™, whereas in section “G” the Paraphanolaimus behningi
was more frequent. Among the rarer species, Punctodora ratzeburgensis and
Monhystera vulgaris were observed. The Monhysteridae proved to be the richest
family here both in the number of species and individuals.

Two regions of the north-eastern basin were investigated: between
Balatonfiired and Zamardi (“A”) and between Balatonalmadi and Balaton-
vilagos (“E”).

In section “A” near the peninsula Tihany the amounts of nematodes
were of an average of 60 000 i/m2in spring, 20 000 i/m2in summer and 40 000
i/m2in autumn (fourth column of Fig. 5). In January 1968 the number of
individuals was 60 000 i/m2 in front of Tihany (point “A0”) consisting of
Theristus setosus in 60 percent. In February of the same year the total number
reached 109 000 i/m2 The amount of Theristus setosus remained virtually un-
changed (60 percent), however, its absolute number increased and the propor-
tion of Tobrilus species also reached 20 percent. After thawing, the amount of
nematodes decreased to 20 000 i/m2. During the cold period, the most frequent
Nematoda of this section was Theristus setosus, whereas during the warm perio-
di, were Paraphanolaimus behningi and Ironus tenuicaudatus. Relatively larger
numbers of Aphanolaimus aquaticus, Paraphanolaimus anisitsi and Ethmo-
laimus pratensis belonging to the rarer species occurred here. Prismatolaimus
dolichorus and Hemicycliophora aquatica were also found at this point living
only from the north-eastern basin.

In section “E” (Balatonalmadi—Balatonvilagos) 20—30 000 i/m2 was
found during spring and early summer of 1966 and 1967, whereas by the spring
of 1968 it was more than twice of this number: 70 000 i/m2. By the end of
summer of 1966 this number decreased to 18 000 i/m2 and during summer
of 1967 and 1968 it amounted to 20 000 i/m2 The autumnal number was
40—60 000 i/m2 during all the three years (fifth column of Fig. 5). At this
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place, Theristus setosus was the most frequent species during the cold while
during the warm season, Ironus tenuwicaudatus was. The highest amounts of
Tobrilus gracilis and Tobrilus helveticus occurred in the area of section “E”,
especially during the cold period.

It can be stated in general that the number of individuals was higher
in spring and autumn than in summer months.

According to the benthic investigations of STANCZYROWSKA (1966) in
Lakes Mikolajskie and Taltowisko, the highest number of nematodes was en-
countered in autumn: 40 000 i/m?2, the lowest one did in winter: 6000 i/m?,
and there was a gradual increase from spring. The water temperature of the
Polish lakes may vary maximally around 10—12°C. This temperature re-
presents the transition of the cold and warm periods in Lake Balaton during
spring. According to our results, the number of individuals was higher in Lake
Balaton during spring, whereas in the Polish lakes during autumn. It is very
likely that not the period but the suitable temperature represent the more
important factor for the activity and propagation of nematodes.

The species display a seasonal variation: during the cold period, i.e.
below 12 °C, everywhere the T'heristud setosus was the most frequent species.
During the warm period, i.e. above 12 °C, the following species predominated:
Paraplectonema pedunculatum in the Keszthely-Bay (“M”) and Szigliget-Bay
(“K”); Paraphanolaimus behningi at Balatonszemes (“G’’); the latter and partly
Ironus tenuwicaudatus in front of Tihany in the north-eastern basin (“A”);
and the last one at Balatonalméadi (“E”).

The amounts of the frequent species

Paraplectonema pedunculatum (H.) S. was the most frequent nematoda.
Its distribution was rather heterogeneous in the whole area of the lake changing
by seasons and even by months: its number varied between 1000 and 25 000
i/m? (Fig. 6). In the north-eastern basin its number showed spring and autum-
nal maxima (14—16 000 and 7—10 000 i/m?, respectively). Just the opposite
was observed in the Keszthely-Bay (‘“M’’) where the increase of number was
significant during summer, reaching 10—25 000 i/m? In the Szigliget-Bay
(“K’’) the number was higher (25 000 i/m?) during summer than during spring
and autumn, whereas at Balatonszemes (“G’’) a reversed state was recorded.
Considering the whole lake, this species lived during summer rather more in
the south-western basin and during spring and autumn rather more in the
north-eastern basin. Generally its number decreased to a minimum (1000 —
5000 i/m?) by the early autumn and increased again by the late autumn (10 000
i/m?), then with the decrease of the water temperature it decreased again.
Under the ice only 1-—2000 i/m?® were found.

The quantity of Paraphanolaimus behningi M. showed two maxima per
year (Fig. 7). In early spring low number was observed (3000 i/m?), and as
soon as the water temperature rose above 10—12° C, it abruptly propagated
to reach 10 000 i/m2. During summer this number somewhat lowered (5000
i/m?), during autumn increased (15 000 i/m?) and by late autumn hardly a few
thousand were present. During winter only a small number lives under the ice.
It was collected always in low numbers in the Keszthely-Bay (M) (2 —5000
i/m?), it was the most frequent in the sections “K’ and “G” (8 —12 000 i/m?),
whereas in the north-eastern basin moderate quantities of roughly identical

10
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distribution were found. The change in the number of individuals showed
a maximum in the autumn of 1967 as well as a spring and an autumnal maxima
in 1966 and 1968 in the north-eastern basin. At Balatonszemes (“‘G’’) there
was rather an autumnal maximum, but at Szigliget (“K”)a spring one was
observed. In the Keszthely-Bay (“M”) its amount was identical and varied
practically at the same level.

The highest number of Ironus tenuicaudatus dM. was found in the centre
of the lake in the spring of 1966 at Balatonszemes (“‘G”’) reaching 15—25 000
i/m? (Fig. 8). In the spring of 1967 and 1968 only 10 000 i/m2 were observed
at the same place and even less at other places. In the middle of summer it
was present in 5—8000 i/m? in the whole area of the lake, no increase was
observed during autumn either. Generally one can state that the highest
number of Ironus, 10 000 i/m* in average occurred in Lake Balaton during
the autumn, this number gradually decreased during the year, nevertheless
it could be collected even from under the ice (1000 i/m?).

Theristus setosus B. definitely prefers cold water (Fig. 9). It was found
to be frequent especially in the samples collected from under the ice, represent-
ing 50—60 percent of the total number of nematodes reaching 55 000 i/m?2.
During summer its number decreased to a minimum value of 1—3000 i/m2,
at some places it was completely absent in August. The change in the number
of individuals showed the same tendency during all the three years. It was
more frequent in the north-eastern than in the other basin.

Monhystera paludicole dM., similarly to Theristus setosus, was found
in higher amounts in spring and autumn (Fig. 10). During winter under
the ice it occurred in 15 000 i/m? not reaching the number of Theristus setosus.
Its number was 4—6000 i/m? during early spring, it increased to 15 000 i/m?2
by May and at Balatonszemes (“G”) it reached even 65 000 i/m? in 1966. But
it decreased to 2000 i/m? or at some places even to 0, especially in 1967, as
soon as the prolonged warm period appeared. It propagated again during
autumn, at early winter it already showed 5000 i/m?. It was frequent every-
where in the spring of 1966 and 1967 except at the Keszthely-Bay (“M”),
it displayed a uniform distribution in summer and autumn during all the
three years, although its number was low.

Tobrilus gracilis B. was found in the samples representing hardly 3 per-
cent of all the nematodes. Its number was negligibly in summer, whereas
during the cold season it reached 2—3000 i/m?, and was even more frequent
in samples collected from under the ice. More individuals were collected in
the north-eastern basin (““A” and “E”) as well as in the Keszthely-Bay (‘“M”)
than in the other regions of the lake.

The biomass and its changes

The biomass is roughly proportional to the number of individuals present
in the samples. When calculating the biomass, first the average weights of
the species were determined according to ANDRASSY (1956). The weight of
the animals (G) was calculated with the following equation

i a?x b
1 600 000
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where a is the largest diameter of the body and b is the length of the body,
both in microns, and G is in pg units. The weihgt of the most frequent nema-
todes reached 1 ug only rarely:

Ironus tenwicaudatus 1.26 pg
Paraplectonema pedunculatum 0.06 ug
Paraphanolaimus behningi 0.08 ug
Theristus setosus 0.10 ug
Monhystera paludicola 0.07 ug
Tobrilus gracilis 0.76 ug
Aphanolaimus aguaticus 0.05 pg
Ethmolaimus pratensis 0.09 ug
Monhystera macramphis 0.08 ug
Tripyla glomerans 091 u

Dorylavmus stagnalis
Monhystera stagnalis

(=2
[
[S8V=]
==
03 0

Four of the five most frequent species do not reach even 0.1 ug, only
the weight of Ironus is to 1.2 ug. The weight of Dorylaimus stagnalis (2.5 ug)
could increase the biomass of the lake to a significant extent, however, it lives
in the open-water sediment in such a small number that it effect is undetect-

- able.

The ug values were multiplied by the number of individuals and at each
species were calculated for 1 m? separatedly (Fig. 13). Considering the whole
lake, the biomass of nematodes varies between 4 and 20 mg/m?. This value is
nearly twice as high (1620 mg/m?) in spring than in summer the lowest
value (4—6 mg/m?) usually was observed in early autumn then it increased
slowly.

The biomass of nematodes varied in the Keszthely-Bay (“M”) during
1966 (first column of Fig. 11). In August it reached a maximum of 13 mg/m?,
then decreased to 2 mg/m? during autumn, representing the lowest value
which had ever been observed during the investigations. The tendencies in
the change of biomass were identical even during 1967 and 1968. From the
level of 14—16 mg/m? observed in spring, it decreased by the end of summer
to 5—8 mg/m?, increased again to 14—15 mg/m? during early autuma and
dropped again within several months.

In the Szigliget-Bay (“K’’) (second column of Fig. 11) the biomass
value was 20 mg/m? during the whole summer of 1966, it decreased below
6 mg/m?® only during autumn then increased again. In 1967 and 1968 the
spring value was 8 —10 mg/m?, it decreased gradually below 4 mg/m? and re-
mained at 4—6 mg/m? during the whole autumn.

At Balatonszemes (“‘G”) (third column of Fig. 11) an extreme value
of 40 mg/m® was observed in May 1966 caused by the mass appearance of
Monhystera paludicola and Ironus tenwicaudatus. Such high values were not
obtained in 1967, although a high number of nematodes was present in the
early spring samples. The changes of biomass values displayed a similar tend-
ency during all the three years. The spring value of 21—40 mg/m? decreased
to its half or third parts by the early autumn then increased again by winter.

Samples could be taken in every periods of the year from the section
“A” between Balatonfiired and Zamardi. The changes in the number of in-
dividuals and the biomass showed two maxima during one year: the first
one in to February under the ice, the second one appeared in May. According
to the observations, the biomass was nearly one third higher under the ice
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(24 mg/m?) than the value of May (16 mg/m?), and about six-times higher
than the value of late summer (4 mg/m?) (fourth columns of Fig. 17 and 12).

The analysis of biomass values was not so simple at Balatonalmédi
(“E”). In 1966 the general tendency was similar to that observed in the other
regions, namely, the higher biomass value, 16 —17 mg/m?, of spring and early
summer reached a minimum by the early autumn (4—6 mg/m2). On the other

H x 10%i/m? mg/m?

4"

Biomass

Fig. 12. The change in the number (i/m?) and biomass of nematodes at the point “A,”
at Tihany in the section Balatonfiired —Zamérdi in the average of three years

hand, in 1968 two maxima were observed, one in June (19 mg/m?) and an other
in October (21 mg/m?), whereas in the other months of the year the biomass
was nearly identical, about 12 mg/m? (fifth column of Fig. 11).

The yearly change of the nematode biomass has been estimated. The
biomass values of months, species, sections were considered at that estimation
in the average of three years. According to the calculations, the biomass of
nematodes amounts to 13 mg/m? at early spring in the western and 9 mg/m?
in the eastern basin of the lake. In the north-eastern basin and east to it up to
Balatonszemes (“G”), the biomass increases to 16 —20 mg/m? during May and
after that period there is a gradual decrease over the whole area of the lake
to 6 —8 mg/m? until the end of September, however, parallel with the cooling
down of temperature, a reincrease can again be observed (Fig. 13).
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Fig. 13. The change of nematoda biomass in the five sections of Lake Balaton in the
average of three years

Discussion

ScHIEMER (1969) reported on the nematoda fauna of Lake Ferté (Neu-
siedler See). That lake is similar to Lake Balaton in so far as it is shallow,
with a flattened bottom having a sediment mixed with detritus and water
of about pH 8. One part of the species found there occurred even in Lake
Balaton. The most frequent ones are: Paraplectonema pedunculatum (about
70 percent), Tobrilus gracilis (about 15 percent) and - Monhystera paludicola
(about 5 percent). ScHIEMER disclosed a relation between the quality of sedi-
ment and the distribution of species, namely the Paraplectonema pedunculatum
did not prefer the detritic mud of 5—10 cm thickness and neither did the
roughly granulated sand. The occurrence of this species in Lake Balaton fur-
ther supports that observation. In the Keszthely-Bay (‘“M”) where the sedi-
ment particles of less than 2 u size represent 25—30 percent (MULLER, 1969),
much more Paraplectonema pedunculatum occurred during summer than in
the Szigliget-Bay (““K’’) where 40 percent and than at the sandy shore of south
where 10—15 percent was the proportion of sediment particles of less than
2 u size. In Lake Fert6 ScuHieMER described to be directly proportional the
number of individuals of Tobrilus gracilis and Monhystera paludicola to the
thickness of mud. This couldnot be observed in Lake Balaton. In thesoft mud of



156

Lake Ferté 10°—10° i/m? nematodes occurred, whereas in the places having
a more compact bottom, only ten times less nematodes were found. The open-
water sediment of Lake Balaton resembles the compact sediment of Lake
Fert6. At such places in Lake Balaton the number of nematodes was 10—
20 000 i/m?2.

Investigating the benthic crustacean fauna of Lake Balaton, PonyI:
(1966; 1969) established that their number was the highest at early summer
(June), the lowest at late summer (August), however, by early winter (Novem-
ber) the crustacea propagated again reaching almost the values of early sum-
mer. According to our investigations, the yearly change of nematodes follows
also that rhythm, however, the spring maximum is earlier, already in May,
the minimum is in August, nevertheless, from the early autumn till the thawing
of ice, there is an increase in number. The distribution of small crabs, the
Chironomidae and nematodes is different in Lake Balaton. The larvae of
Chironomidae were found in largest masses in the centre of the lake (“G”)
in May 1965, and in smallest amounts in the Keszthely-Bay (“M”’) and the
north-eastern basin (““A” and “E”) (ExNtz, 1965), whereas the distribution
of Crustacea was just reversed (PoNyI1, 1969). According to the present results,
the highest number of nematodes was in the central part of the lake (“G”)
during 1966 —68 and the lowest in the Keszthely-Bay (“M) (Table 111).

TABLE IIT

The amount and distribution of ‘“‘microcrustacea’”, larvae of Chironomus
plumosus MEIG. as well as nematodes living in the sediment of Lake Balaton

Keszthely I Szigliget | B. Szemes | Tihany I Fiizf6
“M” b el “G" EAS N [
i/m?
““Microcrustacea’
(Ponvyr, 1969) 14 800 4 300 11 800 14 800 15 800
Larvae of Chironomus
plumosus (EnTz,
1965) 24 148 356 5 5
Nematoda 1966— 68
average 23 000 31 000 44 000 28 000 28 000

It became clear on the basis of investigations of the benthic animals
that the open-water sediment of a great extent, i.e. Lake Balaton can be di-
vided into three large parts:

1. North-eastern basin (“A” and “E”).

2. Keszthely-Bay (“M”).

3. Transitional regions between the former two (“K’ and “G”).

The Szigliget-Bay is mainly of outstanding character, however, often
resembles the Keszthely-Bay. In the central part of Lake Balaton, in the region
of section “G” predominate the properties of the north-eastern basin, never-
theless often some altered characteristics are realized.
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Summary

In the open-water sediment of Lake Balaton the following nematodes
predominated during 1966 —68: Paraplectonema pedunculatum S. (20 percent),
Paraphanolaimus behningi M. (20 percent), Ironus tenuicaudatus dM. (19 per-
cent), Theristus setosus (B.) M. (17 percent), Monhystera paludicola dM. 15
percent), Their occurrence varies by seasons: during winter (between 4 and
12 °C) T'. setosus and M. paludicola are the most frequent species, while during
summer they are absent at some places. A rare species, Paraphanolaimus
antsitst (D.) ANDRASSY 1968 was also observed in the sediment of the lake.

The highest number of nematodes was found in spring (May), 60—80 000
i/m?, there was a gradual decrease during summer 10—20 000 i/m?, then from
the middle of autumn (October) there was an increase again. During winter
100 000 i/m? nematodes were observed under the ice at Tihany (“A,”).

The regional distribution of nematodes was also variable: the highest
number was at Balatonszemes (“G”) averaging 44 000 i/m?, the lowest one
in the Keszthely-Bay (“M”) averaging 23 000 i/m?2.

The biomass of nematodes varied between 4 -20 mg/m?. Generally this
value is nearly twice as high in spring than in summer, it is the lowest usually
in early autumn (4—6 mg/m?) and then slowly increases. The highest value
of biomass was found at Balatonszemes (“G”).

On the basis of the benthic fauna, the Lake Balaton can be divided into
three regions: the north-eastern basin (“A” and “E”), the Keszthely-Bay
(“M”) and the central part of the lake (“K” and “G”).

Acknowledgments: Author expresses his thanks to Prof. Dr. I. ANDRAssY, Eotvos
Lorand University, Budapest for his kind help, in identification of nematodes, as well
as to the leaders in the identification of nematodes, as well as to the leaders their aid
in the performance of the work.
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A BALATON NEMATODAI.
IV. A FAUNA EVSZAKOS VALTOZASA

Biré Kdlman

Osszefoglalés

A Balaton nyiltvizi tiledékében 1966 —68-ban a Paraplectonema pedunculatum,
Paraphanolaimus behningi, Ironus tenwicaudatus, Theristus setosus és Monhystera paludi-
cola a leggyakoribb fonalféreg (2. tablazat). Evszakonként az egyes fajok mennyisége
valtozik: télen (-4 és +12 C° vizh6mérséklet kozdtt) és a jég alatt Theristus setosus
és Monhystera paludicola a leggyakoribb, de ezek nydron hidnyozhatnak is.

A fondlférgek mennyisége a t6 kiilonb6z6 teriiletein véltozéd (4. dbra). A legtobb
tavasszal (mdjus) 60—80 000 i/m? a nydr folyamén fokozatos csokkenés kovetkezett
(10—20 000 i/m?), majd az 6sz kdzepétél (oktbdber) ismét szdmbeli novekedés volt (20—
30 000 i/m?). Télen a jég alatt Tihanyndl (,,A ;) 100 000 i/m? mennyiséget észleltem. Leg-
tobb fondlféreg B.-szemesnél (,,G”’), dtlag 44 000 i/m?, legkevesebb a Keszthelyi 6bolben
(,,M*"), dtlag 23 000 i/m? volt.

Harom éven keresztiil a t6 kiillonboz6 teriiletein megfigyeltem a leggyakoribb
fajok egyedszdm véltozdsat (6., 7., 8., 9., 10. abrak).

A fondlféreg biomassza 4—20 mg/m? kozott véaltozott. Tavasszal kozel kétszer
akkora (16— 20 mg/m?) ez az érték, mint nydron, 6sz elején volt a legkisebb (4—6 mg/m?)
és ezutdn lasst emelkedést tapasztaltam (11. dbra). A legtobb biomasszét B.-szemesnél
(,,G&”’) mértem.

Tihany el6tt (,,A,”) februdrban a jég alatt a biomassza (és egyedszdm) csaknem
kétszerese a tavaszi (méajus) értéknek és hatszorosa a nydri (szeptember) minimumnak
(12. abra.)

A Keszthelyi (,,M”’) és a Szigligeti 6bolben (,,K) a koratavaszi (dprilis) biomassza
maximumtdl fokozatos csokkenés figyelhet6 meg az 6sz végéig (oktéber) 12 mg/m?*-rél
6 mg/m?*-re, addig B.-szemest6l Fazf6ig (,,G”, ,,A”, ,,E”) dprilisi alacsony biomassza
méjusban majdnem megdupldzédik, és csak ez utdn kovetkezik a biomassza fokozatos
cst??kkenése)az 6szvégi minimumra és a viz lehtiltével mindeniitt fokozatosan emelkedik

13. abra.
: Az iiledékfauna alapjin a Balaton 3 teriiletre tagolhaté: ISK-i medence (,,A”
és ,,E”), Keszthelyi 6bol (,,M”) és a t6 kozéps6 része (,,K” és ,,G).
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Continuing our previous studies, the food of pike-perch was investigated
in Lake Balaton during 1970 and 1971, in order to complete the data available.
Now we have a sufficient basis for giving a general idea of the nutritional-
ecological role played by the 3—5-year-old specimens representing the majority
of the pike-perch population in the lake, as well as for comparison of qualitative
and quantitative characteristics of the food for several years back. Such a
comparison may lead to valuable conclusions from the point of view of bio-
logical processes accompanying the rapid eutrophication of Lake Balaton
observed during the recent years. Thus e.g. it is very likely that the decrease
in rate of growth of pike-perch as compared to the data obtained some 40 years
ago is a result of changes taking place during the last decades in the ecosystem
of this shallow lake (UxGER, 1931; Biré, 1970).

This fact can be brought into direct connection with the quantitative
insufficiency of the food of pike-perch already interpreted by Woy~NArovicH
(1959). Similar conclusions were drawn by our earlier papers evidencing the
low food turnover of pike-perch in Lake Balaton (Biré and ELek, 1969;
BIr6, 1969). The slow and uneven growth appearing in consequence of under-
nourishment during fry stage (Biré6, 1972b) which is of critical significance,
decisively influences the further development of pike-perch.

SERESTYEN (1967) has pointed out that the role of fishes played in the
ecosystem is the easiest to approach from the side of nutrition and growth.
Accordingly, we attempt to analyze the nutritional biology and role of pike-
perch in the lake. Therefore, the present paper was intended at comparing
the food of the pike-perch for several years back. Furthermore, an answer
was searched for the question of the effect of pike-perch on the food-fish po-
pulations of Lake Balaton and of the interpretation of this niche in the eco-
system of the lake. 5

Material and methods
Our material was collected during 1970 and 1971 partly by means of

a special stomach-pump (Woy~NArovICcH, 1958) partly by preparing the in-
ternal organs of pike-perches, carried out by fishermen of Fish-farms of
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Balaton. We investigated the stomach content of fish of 300—500 g body
weight group representing the majority of the annual pike-perch catch. They
were fixed in 4 percent formalin separately until the analysis. The stomach
contents were analyzed in a Petri dish under stereomicroscope after dilution
with water.

Conclusions were drawn for the qualitative change of the food from
the seasonal distribution of the species. As possibility offered we determined
the degree of digestion of the food (Forrunarova, 1950), then the prey-
fishes found in the stomach content were identified in the cases of Cyprinids
on the basis of pharyngeal teeth (VASARHELYI, 1956; BERINKEY, 1966) or
sometimes on the structure of scales (Dyx, 1956). In the cases of Percids
the species could be distinguished depending on the degree of digestion, on
the basis of morphology of the operculum, preoperculum, dentale, scales and
the stomach, of number of pyloric appendices as well as on the composition
of the stomach-content (BERINKEY, 1958; 1966; Dyk, 1956; WoYNAROVICH,
1959). ;

The quantitative evaluation of the food was carried out on the basis
of number of fishes found in the stomach as well as for their measured or
reconstructed weights. The stomach contents were divided into six groups
according to their weights and the pike-perches were evaluated according
to their percentual distribution within those groups. The sum of the original
body weight of the food-fishes was estimated, the group averages were cal-
culated with the values of standard deviation and variation coefficients.
The food coefficient was calculated from the connection of the actual weight
of the stomach-content and the body weight of the pike-perch. For the re-
constructions of the weights, the allometric equations of length-weight re-
lationships determined: for different fish species were used. The determination
of the time of digestion belonging to different temperature ranges was carried
out by means of the method of MoLNAR et al. (1967), allowing us to draw
conclusions on the intensity of nutrition. The daily and monthly quantities
of the food as well as the daily and monthly rations of food are given using
the methods of Baskov (1935) and ForrunaTOoVA (1950).

The stomach contents of altogether 3347 pike-perches were analyzed
during 1970 and 1971.

Results
The quality of food of pike-perch

More or less digested food was found in the stomach of 909 from 1118
pike-perches in 1970, containing 1806 food-fishes, 1472 of which could be
identified, whereas 334 could not because of the advanced stage of digestion
(Table I, Fig. 1). The food was included the following fish species in a sequence
of decreasing frequency: ruff (Acerina cernua), bleak (Alburnus alburnus),
pike-perch fry (Lucioperca lucioperca L.) and bream (Abramis brama). Al-
together 10 species were found in the stomachs, among them the bleak was
predominating except in August when the number of fry of the most common
Percids (ruff, pike-perch) suddenly increased in the food. The significance
of the other species is lower in the food, they represent only 0.3 —4.5 percent.
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Alburnus  alburnus
Abramis brama
Acerina cernua
Blicca bjoerkna
Lucioperca lucioperca
Lucioperca volgensis
Neogobius  fluviatilis
Pelecus cultratus
Rhodeus sericeus
Rutilus rutilus
unidentified

Fig. 1. The food spectrum of pike-perches in Lake Balaton of 300—500 g body weight
during 1970. The percentual distribution of food-fishes. n = the number of pike-perch

11

stomachs containing food
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TABLE I
The distribution of fish-remains found in the pike-perch stomachs during 1970

May ’ June July ‘ Aug. ‘ Sept. I Total
N 177 226 2904 187 234 1118
n 119 179 254 182 175 909
e 58 47 40 5 59 209
Alburnus alburnus 57 74 52 72 116 371
Acerina cernua 46 57 41 447 25 616
Lucioperca lucioperca 12 29 69 112 29 251
Lucioperca volgensis 6 13 22 22 3 66
Abramis brama 21 26 28 18 14 107
Blicca bjoerkna e — 1 2 2 5
Rutilus rutilus 19 11 7 — 2 39
Neogobius fluviatilis 1 1 2 2 1 7
Rhodeus sericeus amarus - — 2 —- 3 5
Pelecus cultratus — — - — 5 5
Identified fish 162 212 225 673 200 1472
Unidentified fish 16 42 103 110 63 334
Total number of fish 178 254 328 783 263 1806
Dreissena polymorpha 2 2 1 — — 5
Water-weed fragments — 1 2 3 1 7

N = Total number of stomachs investigated
n = Number of stomachs containing food
e = Number of empty stomachs (including some pulpy content)

Lucioperca volgensis and roach (Rutilus rutilus) are qualified as occasional
food. The former occured more frequently during the summer months and
the latter did during May. A recently propagated Ponto-Caspian goby (Neo-
gobius fluviatilis) could be found in the stomachs in every month, although
in a small number of individuals. This species has been living in the lake
probably for quite some time (Bir0, 1972a). Blicca bjoerkna, the bitterling
(Rhodeus sericeus amarus) and Pelecus cultratus occurred in the certain
months. The latter may play a more considerable role during autumn. Apart
from fishes, sporadically mussels (Dreissena polymorpha) and water-weed
fragments were also found in the stomachs.

Food was found in 982 (44.1 percent) of the 2229 pike-perches investig-
ated during 1971, while the stomach of 1247 (55.9 percent) was empty. Al-
together 1916 prey-fishes were found, we succeeded in identifying 1626 speci-
mens but failed in 290 cases (Z'able 11, Fig. 2). The food contained mainly
bleak (Alburnus alburnus) and ruff (Acerina cernua), pike-perch fry (Lucio-
perca lucioperca) as well as bream (Abramis brama) also occurred. Altogether
13 fish species were found in the stomachs during that year. Leucaspius de-
lineatus, eel (Anguilla anguilla) and crucian carp (Carassius carassius) were
first observed in the stomachs, however, because of their low number, they
are of less significance. Apart from the main four prey-fishes, the increasing
rate of Blicca bjoerkna and Neogobius fluviatilis was characteristic, whereas
the amount of roach was the same as in 1970. Dreissena was also observed and
several small specimens of Unio and Anodonta of 1—2 cm shell length were
encountered, too.
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A.c.
A
An, Anguilla anguilla
L.d. Leucaspius delineatus
L.t cic: Carassius carassius

Fag. 2. The food spectrum of pike-perches of 300—500 g body weight in Lake Balaton
during 1971. (Explanation as in Fig. 1)

11*
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TABLE II
The distribution of fish-remains found in the pike-perch stomachs during 1971

| June ‘ July Aug. _Sept. Nov. Total
N 451 400 618 468 292 2 229
n 202 138 210 228 204 982
e 249 262 408 240 88 1247
Alburnus alburnus 74 48 6 444 144 716
Acerina cernua 21 12 116 20 196 365
Lucioperca lucioperca 159 22 48 12 8 249
Abramis brama 30 18 44 12 60 169
Neogobius fluviatilis 6 14 6 4 2 32
Rutilus rutilus 13 4 10 — 10 37
Lucioperca volgensis 7 6 8 — — 21
Blicca bjoerkna 8 2 — — 8 18
Pelecus cultratus 1 — - 8 — 9
Leucaspius delineatus — — — 4 — 4
Anguilla anguilla 3 — — — — 3
Rhodeus sericeus amarus — — — — 2 2
Carassius carassius 1 — — — — 1
Identified fish 328 126 238 504 430 1 626
Unidentified fish 46 42 60 72 70 290
Total number of fish 374 168 298 576 500 1916
Dreissena polymorpha 3 — 2 — — 5
Unio and Anodonta sp. — 2 2 — — 4
Water-weed fragments 1 1 4 — — 6 11

The size of prey-fish

The average sizes of the most frequent six food species changed parallel
with the qualitative-quantitative composition of the food. Mainly of the
5.5—17 cm bleak specimens were eaten (Figs 3 and 4), whereas the body
length of ruffs fluctuated between 4 and 6 cm (Figs 5 and 6) except in August
1970, when the 3.5—4 cm specimens predominated. The body length of pike-
perch fry were mostly between 7 and 8 cm during the spring and early summer
season, corresponding to the sizes of the overwintered specimens. In August
1970 and June 1971 the average size was 2.5—5.5 cm indicating an increasing
role of fry masses in the food of pike-perches (Figs 7 and 8). Similar changes
appeared in the size distribution of Lucioperca volgensis :(Figs 9 and 10),
the bream (Figs 11 and 12) and the roach (Figs 13 and 14). The maximal
length of prey-fishes was 14 cm (several Pelecus specimens).

The allometric equations calculated for the prey-fishes i.e. the length-
weight relationships indicate the rate of growth of the linear body size in the
function of the increase of body weight, and in addition, allow us to carry out
a more exact reconstruction of the original body weight at the quantitative
evaluation of the food. The calculated equations for the different fish species
are as follows:

Bleak: logW = —4.6731 4 2.8865 - log L
Ruff: log W = —4.8993 + 3.0855 * log L
Pike-perch fry: log W = —4.6088 - 2.8379 * log L
Bream: log W = —4.8146 - 3.0644 - log L
Roach: log W = —4.9698 - 3.1441 - log L
Goby: log W = —5.0386 - 3.1398 - log LL

where W is the body weight in grams and L is the standard length in mm.
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Fig. §. The size distribution of ruff (Acerina cernua) in the food of pike-perch in 1970
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¥Fig. 6. The size distribution of ruff Fig. 7. The size distribution of pike-perch
(Acerina cernua) in the food of pike-perch fry (Lucioperca lucioperca) in the food of
in 1971 older pike-perches during different months

of 1970

The number of consumed prey-fishes

The majority of the pike-perch stomachs (56 percent) contained 12
fish in 1970, whereas those containing 2—3 fish were less frequent. Only in
August could be observed an abrupt increase of prey-fishes maximally up to
15 per stomach because of the small sizes of the fry (Fig. 15). In June 1971
the maximal number of fish consumed by one pike-perch was 28 and in No-
vember was 25 (Fig. 16). According to our experience, the number of con-
sumed fish depends on the mass appearance of the fry of a species of suitable
size. The population density of food-fishes and their occurrence in the stomachs
of pike-perches are in direct connection, indicating obviously the seasonal
character of nutrition of pike-perches in Lake Balaton.
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Fig. 8. The size histogram of pike-perch fry (Lucioperca lucioperca) in 1971
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Fig. 11. The change of sizes of bream (Abramis brama) in the food of pike-perches during
different months in 1970

The observed weight of stomach-content

In 1970 the average food per pike-perch was 6.3 g, and the average per
one stomach containing food was 7.8 g (Fig. 17). In 1971 these data were 4
and 8.3 g, respectively (Fig. 18). Those data give only some orientation, since
they are not in connection with the digestion rate.

The distribution of the number of individuals as well as the percentage
of pike-perches within the stomach-content weight-groups showed a pattern
similar to the distribution of the number of food-fishes: the mass of stomach-
contents was 0.1—5.0 g in nearly 46 percent, 5.1 —10 g in 30 percent, and
larger weights of stomach-contents were found only in a less number of pike-
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Frig. 12. The change of sizes of bream (Abramis brama) in the food of pike-perches during
different months in 1971

Fig. 13. The size distribution of roach (Rutilus rutilus) in the food of pike-perches during
1970 )
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Fig. 14. The size distribution of roach (Rutilus rutilus) in the food of pike-perches during
different months in 1971

perches (Figs. 19 and 20). The distribution of the number of individuals
within the stomach-content weight-groups, the averages of the groups, the
numerical values of deviation and variation coefficient are near to each other
showing a similar trend during the different months. The values in 1971 were
rather the same, however, the number of pike-perches eating 10—20 g in-
creased. Nevertheless, the deviation from the average in every weight-group
of stomach-contents was a much lower value as compared to that of the previ-
ous year. With the increase of actual weight of the stomach-contents the num-
ber of pike-perches decreases. Only a few pike-perch may have opportunity
to consume an amount of fishes reaching 10 percent of the average body weight

for a prolonged time because of the seasonal changes of the population density
of the food-fishes.

Digestion rate and feeding intensity

The increase of the average temperature of the water results in a more
rapid digestion, accompanied by an increase of the intensity of nutrition and
more frequently repeated incorporation of food (7'able 111). The rate of di-
gestion (the time necessary for the emptying of the stomach) and the average,
monthly number of food incorporations are closely, significantly correlated
(P < 0.001).

Food conswmption

The food consumption estimated on the basis of method of Baisxkov
(1935) and ForTUNATOVA (1950), related to the rate of digestion, indicates
a low level of food turnover in the weight group investigated. The daily and
monthly food consumption depending on the temperature and rate of digestion
are low, in 1970 they amounted to 3.2—3.9 and 52—61.4 g, respectively, in
average. The amount of food consumed during the period of investigations
was 307 and 260 g per one pike-perch (Fig. 21). An increased food consumption
was observed during June and August, whereas during May, July and Septem-
ber food consumption decreased. The results obtained during 1971 strongly
differ from those of the previous year in so far as the daily and monthly food
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Fig. 16. The percentual distribution of pike-perches of 300—500 g body weight according
to the number of fish-remains found in their stomachs during different months in 1971
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Fig. 17. The amount of food per one pike-perch stomach (upper part) and per one stomach
containing food (lower part, in g) during 1970
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Fig. 18. The amount of food in g per one pike-perch stomach (upper part) and per one
food-containing stomach (lower part) in 1971

TABLE III

The rate of digestion depending on the monthly
average temperature of Lake Balaton as well as the average
frequency of food uptakes during different months

Year f Month | T ‘ \ ‘ y | X

1970 May 15.5 2.5 66.2 11.2
June 20.7 1.85 44.5 16.2
July 21.1 .79 43.0 17.3
August 22.7 1.63 39.2 19.0
September 18.4 2.17 52.3 13.8

1971 June 20.3 1.90 45.7 15.8
July 21.9 1.72 41.2 18.0
August 23.7 1.54 36.9 19.5
September 15.8 2.69 64.6 11.5
November 8.1 6.74 161.8 4.6

|

T = average water temperature (°C); V = time of digestion in days; y = time of digestion
in hours (= duration of emptying of the stomach); i — number of food uptakes per month.
The data are calculated on the basis of equation describing the logarithmic relationship of tem-
perature and digestion according to MoLNAR et al. (1967):

y = —1.3759 - log T - 3.4589
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Fig. 19. The percentual distribution of pike-perches of 300—500 g body weight according
to the total weight of the stomach-contents as well as to the value of food-coefficient
in 1970

consumptions displayed an almost continuous decrease from June till Novem-
ber (Fig. 22). The daily consumption reached 2.2—3.6 g, the monthly 28.7—
56.5 g, thus, the amount of food consumed by one pike-perch during the five
months of the investigations can be estimated as 144 —283 g. There is also a
close, significant correlation between the temperature of water and the amount
of food consumed. The reason of decreased food consumption observed in 1971
is not known, presumably some environmental changes were responsible.

Daily and monthly rations

The daily and monthly food rations are low. The evaluations by the two
methods resulted in 0.82—0.99 percent and 13.34 —15.74 percent, respectively
for 1970. Their dependence on the temperature is highly significant. Nearly
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Fig. 20. The percentual distribution of pike-perches of 300—500 g body weight according
to the total weight of the stomach-contents as well as to the values of food-coefficient
in 1971

identical but low values were calculated during May and September, July
showed intermediary values, then higher but almost identical ones were found
in July and August (Fig. 23). During the five months of investigations in
1970, the amount of food consumed by one pike-perch reached only 67—79
percent of the average body weight.

In 1971 the decreasing tendency of daily and monthly food rations were
characteristic similarly to the food consumption. They were 0.4—0.9 percent
daily and 7.35—14.49 percent monthly in average, and obviously are extremely
low, since one pike-perch could consume only 37—72 percent of its own body
weight during the period of June—November (except October) (Fig. 24).
The estimated food consumption and its rate to the average body weight
evidence that pike-perches of 300 —500 g weight group representing the majority
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Fig. 21. The daily and monthly food consumption of a pike-perch of 390 g average body
weight, in g during 1970, calculated on the basis of rate of digestion using the method of
Basgov (1935) and ForrUuNATOVA (1950)

of the catcheable portion of the population in the lake are underfed. This part
of the pike-perch stock is usually represented by 3—4 or ofter 5-year-old
specimens.

Discussion

Summing up the results of a series of investigations spread over several
years, one can establish that the food of pike-perch in Lake Balaton is reprezented
of 10— 15 species of fish varying according to season. In the stomachs 2—3
species appear in masses. Among the latter the significance of bleak gradually
increased against ruff forming an almost decisive majority in the food during
the former years (WoyNAROVICH, 1959). Occasionally extensive cannibalism

12
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Fig. 22. The daily and monthly food consumption of a pike-perch of 390 g average body
weight, in g during 1971, calculated on the basis of rate of digestion usingthemethod of
Bajkov (1935) and Fortunatova (1950)

had been observed among the pike-perches belonging to the size groups in-
vestigated, the reason of which can be searched inthe decrease of the population
density of fish species living near the bottom and the pike-perch fry living
in the same region are available for the older predators. The increase of the
food-fish species also indicates that the population density of the food-fishes
decreased and the pike-perches take food from the littoral zone, the upper
and deeper areas of the open water and from the areas of water-weed, too.
The appearance of five new species inthe food cannot be neglected. They are:
Leucaspius delineatus, Tinea tinea, Carassius carassius, Anguilla anguilla and
Neogobius fluviatilis. The last one abruptly propagated in Lake Balaton
in 1970 (Biro, 1972a) and gradually became significant for pike-perch. The
remains of mussels and water-weed fragments frequently found in the stomachs
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Fig. 23. The daily and monthly rates of food of a pike-perch of 390 g average body weight
during different months in 1970

could passively have got in during predation. The increase of the number
of Cyprinids living in the littoral zone and near the surface in the food as well
as the yearly changing water-level can be brought into close relation with
each other.

Surveying the papers analyzing the food of pike-perch in Lake Balaton,
one can see that the highest frequency was reached by the ruff (Acerina cer-
nua) and the pike-perch fry (Lucioperca lucibperca), furthermore the rates
of bleak (Alburnus alburnus) as well as sichel (Pelecus cultratus) were also
considerable (Lukacs, 1932a; 1932b, Entz and LukacSovics, 1957; Woyna-
ROVICH, 1959). The quality of the food strongly changed after 1965, since
beside the Percids the bleak became of an ever increasing significance (Biro
and Erek, 1969) further supported now by the investigations of the years
1970-71.

The seasonal changes of the composition of food are induced first of all
by the availability and density of fry of the food-fishes. Sometimes extensive
cannibalism can be observed among the pike-perches of Lake Balaton which
may indicate the absence of other forms of food, and the high mortality rate
observed among the fry in the first summer (Biro, 1972b) can be some kind
of an explanation to it. The pike-perch population maintains a self-regulation
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Fig. 24. The daily and monthly rates of food of a pike-perch of 390 g average body weight
during different months in 1971

by consuming their own fry and regulates the other prey-fish populations
to a variable extent by selecting the groups of sizes preferred (Eortunatova,
1957). The niche of pike-perch within the ecosystem of Lake Balaton can be
interpreted principally through this effect.

The change in the rates of pike-perches with empty stomach and with
food must be analyzed with reservations, since the actually empty stomach
in itself does not wholly indicate an insufficiency of the food. It is more likely
a physiological necessity, since the digestion depends on the temperature
of the water and the latter determines the feeding intensity even in the case
of good food supply. Lukacs (1932a) found the stomach to be empty in 27
percent of the animals, Entz and Lukacsovics (1957) observed the same in
22—75 percent, whereas Woynarovich (1959) reported on a yearly average
of 37 percent. Extensively variable rates were observed between 1965 and
1971 by us, the rate of pike-perches with actually empty stomach varied
between 19 and 59 percent (c.f. Biro and Elek, 1969). Woynarovich (1959)
concluded on the basis of the high number of empty stomachs that pike-
perches starve and if we neglect the physiological significance of the empty
stomach, even our data indicate the insufficiency of the food to a greater
extent than a decade before.
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Apart from the quality of the food, the quantitative comparisons re-
vealed a more disadvantageous direction of changes. The daily food consumed
depending on the rate of digestion reachesasarule 1 percent of the body weight
of the pike-perch, and what is more in 1971 it was below this level. The daily
food amount of pike-perch varied between 1—4 g in the majority of cases,
representing an insufficient quantity. The slow growth is a consequence of
the undernourishment, observed both in fry and in older fish (Bir6, 1970;
1972b).

'.)I‘he investigations on young pike-perches of 0.19—13.3 ¢ body weight
(PorTAveHUK, 1965) revealed a food coefficient 3.2—3.9 (average: 3.5) re-
maining unchanged between 11 and 26° C. ZaAmoJSKA (cit. BAckieL, 1971)
investigated the age group 0+ kept in cages in temperated fish-ponds of
23--28° C and found a coefficient of 2.8— 5.9 without temperature dependence.
Ivanova (1968) also studied pike-perches using the method of FORTUNATOVA
and found the following values: 1.4 at age groups 2+ and 4--; 5.1 at age
groups 5+ and 7--. The value of the food coefficient changes with the age
however, it is also bears relation with the body size (BAackirr, 1971). In our
investigations the daily amount of food was 1—4 g. The time of digestion
of that amount depends also on the quality of the food (WINDELL, 1966; 1967;
Porova, 1967; BarRrINGTON, 1957; HunT, 1960).

Considering either the daily or the monthly values of food consumed
by the pike-perch of Lake Balaton, one has to conclude that they are underfed.
Comparing this fact with the eutrophication of the lake, it is difficult to ex-
plain why the food of pike-perches has decreased since the investigations
of WoyNArovIicH (1959). The explanation lies in the drop of the populations
of food-fishes already described (Biré and ELEK, 1969). The insufficiency of
miscellaneous food is indicated by the second-third place occupied by the pike-
perch fry in the stomach-contens of older pike-perches. Thus, the food-com-
petition becomes sometimes of high significance. Competition for the pike-
perch fry with other fish-species become sharper in the regions of 100—300 m
width near the shore. On the basis of all these considerations, it is justifiable
to assume that the density of food diminished owing to pollution and toxic
substances further decreases and an increasing interspecific competition is
at issue. Our observations regarding the food of pike-perches support the earlier
findings related to the growth of this species (BIRG, 1970).

Summary

The stomach-contents of 3347 pike-perches of 300—500 g body weight
were analyzed during 1970 and 1971. The food is composed of 10 fish species
to a seasonally variable extent. Among them only 23 play a decisive role
owing to their frequency of occurrence. They are the bleak (Alburnus albur-
nus ), the ruff (Acerina cernua) and the pike-perch fry (Lucioperca lucioperca).
When the fry appear, the food consists almost exclusively of them. The most
commonly fed size-groups of each food-fish species can clearly be determined
from the sizes of fishes found in the stomachs.

The stomachs of pike-perches investigated as a rule contained 1—2 fish,
apart from those having an actually empty stomach.The number of fish con-
sumed depends among others on the mass appearance of fry of suitable sizes.
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The value of food coefficient in the majority of cases was 0.02—2.6 (76 per-
cent), and values between 2.6 and 5.1 were encountered in about 17 percent
of the predators. The food consumption is insufficient, since the daily amount
of food is only 1—4 g. Accordingly, also the food rate is very low, hardly
reaching the value of 1 percent of body weight during both years.

Five new species of fish were found in the food of the pike-perch of
Lake Balaton which were not consumed formerly. Among them the Neo-
gobius fluviatilis may later achieve greater significance because of its mass
appearance and propagation observed during recent years.

REFERENCES

Backier, T. (1971): Production and food consumption of predatory fish in the Vistula
River. — J. Fish. Biol. 3, 369—405.

Baskov, A. D. (1935): How to estimate the daily food consumption of fish under natural
conditions. — Trans. Amer. Fish. Soc. 65, 288—289.

BarriNaToN, C. J. W. (1957): The alimentary canal and digestion, pp. 109—161. — In:
Brown, M. E. (Ed.) The Physiology of Fishes, Vol. I. New York, Acad. Press Inc.

BeriNnkry, L. (1958): The osteology of Lucioperca lucioperca and Lucioperca volgensis. —
Annal. Hist.-Natur. Mus. Nat. Hung. Ser. nov. 9, 313 —329.

BerINKREY L. (1966): Halak — Pisces. — Fauna Hung. 19. Akadémiai Kiadd, Budapest.

Bird, P., Erex, L. (1969): The spring and summer nutrition of the 300—500 g pike-
perch (Lucioperca lucioperca L.) in Lake Balaton in 1968. I. Data bearing relation
to the nutritional conditions succeeding the destruction of fish in 1965. — Annal.
Biol. Tihany 36, 135—149.

Bird, P. (1969): The spring and summer nutrition of the 300—500 g pike-perch (Lucio-
perca lucioperca L.) in Lake Balaton in 1968. II. The calculation of the consump-
tion, daily and monthly rations. — Annal. Biol. T'ihany 36, 151—162.

BIRrG, P. (1970): Investigation of growth of pike-perch (Lucioperca lucioperca L.) in Lake
Balaton. — Annal. Biol. Tihany 37, 145—164.

BIrG, P. (1972a): Neogobius fluviatilis in Lake Balaton — a Ponto-Caspian goby new
to the fauna of central Europe. — J. Fish. Biol. 4, 249—255.

BIr6, P. (1972b): First summer growth of pike-perch (Lucioperca lucioperca L.) in Lake
Balaton. — Annal. Biol. Tihany 39, 101—113.

Dvyxk, V. (1956): NaSe ryby. — Ceskoslovenska Akad. Véd. Praha.

Extz, B., Lukacsovics, F. (1957): Vizsgdlatok a téli félévben néhény balatoni hal tép-
lalkozdsi viszonyainak megismerésére. — Annal. Biol. Tihany 24, 71—86.
ForrunaTova, K. R. (1950): ®oprynarosa K. P.: Buosorust nuranust Scorpaena porcus L.

— Tp. cesacmonoa. 6uoa. Cma. 7, 193—235.

ForrunaTova, K. R. (1957): ®dopryHaroBa K. P.: HexoTopeie aHHbIE 0 BJIHAHHH XHIIHHKOB
Ha pasMepHbIif COCTaB MOMYJISIUUH pbi0. — 3004. Hcypra 36: 575—586.

Hux~t, B. (1960): Digestion rate and food consumption of Florida gar, warmouth and
largemouth bass. — T'rans. Amer. Fish. Soc. 89, 206—210.

Ivanova, M. N. (19 68): Msanosa M. H.: [TuuieBsie paiMoHsl H KOPMOBbIE KOCPOUIHEHTHI XHIIL-
HbIX poi0 B Puibunckom Bopoxpanuwnume. — AH CCCP, Hncm. Buoa. Bruymp. Boo,
Tpyowr 17 (20): 180—198. Céopnruxk 6vid. B. C. Kysun, H30. «Haykay-Jlenurnepa.

LukAcs K. (1932 a): A balatoni fogasrél. — Term. Tud. Kozl. 64, 3.

Luk4dcs K. (1932 b): A Balaton halainak gyakorisdgérél. — Magy. Biol. Kut. Munk.
5, 17—27.

MoLNARr, Gvy., Tam4issy, E., Tora, I. (1967): The gastric digestion of living predatory
fish, pp. 135—149. — In: GErkiNg, S. D. (Ed.) The Biological Basis of Fresh-
water Fish Production, Blackwell Sci. Publ. Oxford.

Porraveruk, M. A. (1965): IToaraBuyk M. A.: BHOJIOrHS M pasBeJeHHE JHENPOBCKOIO
Cy/laka B 3aMKHYTHIX Bofoemax. — AH CCCP, «Haykosa Jymkay, Kueg, 1—257.
Porova, O. A. (1967): The predator-prey relationship among fish, pp. 359—376. In:
GERKING, S. D. (Ed.) The Biological Basis of Freshwater Fish Production, Black-

well Sci. Publ. Oxford.



183

SEBESTYEN O. (1967): A kemizdcié kihatdsa vizi ekoszisztémdakban. — MT'A V. Oszt.
Kozl. 18, 389—391.

Unxger, E. (1931): Alter und Wachstum der zwei Zanderarten des Balaton-Sees. —
Verh. d. Int. Ver. fir Limnologie 5, 315—430.

VAsdArveLyr I. (1956): Adatok a pontyfélék torokfoggal valé meghatérozéséhoz. —
Borsodi Szemle 2, 3—16:

WinDELL, J. T. (1966): Rates of digestion in bluegill sunfish. — Inwvest. Indiana Lakes
Streams 7, 185—214.

WinbpeLL, J. T. (1967): Rates of digestion in fishes, pp. 1561—173. — In: GErKING, S. D.
(Ed.) The Biological Basis of Freshwater Fish Production, Blackwell Sci. Publ.
Ozxford.

WovynNArovicH, E. (1958): Ein Geriit zur quantitative Priifung des Mageninhaltes von
Raubfischen. — Z. fiir Fischerei 7, 549—553.

WovnArovicr E. (1959): A 300—500 g sulya (IV. osztdlyd) siilld (Lucioperca sandra
Cuv. ot VaL.) tépldlkozdsa a Balatonban. — Annal. Biol. Tihany 26, 101—120,

A FOGASSULLO (LUCIOPERCA LUCIOPERCA L.) TAPLALEKA
A BALATONBAN

Biré Péter

ﬁsszefoglalés

1970— 171 években 3347 db, 300—500 g sulyu fogassiillé6 gyomortartalmét anali-
zéltuk. A tdpldlékot szezondlisan valtozé mértékben kb. 10 halfaj alkotja, ezek koziil
2—3 fajnak van gyakorisdga alapjén donté jelentésége. Ezek a kiisz (Alburnus alburnus)
vagbodurbines (Acerina cernua) és a fogassiillé-ivadék (Lucioperca lucioperca). Az ivadék-
halak megjelenésével a tépldlék csaknem kizérdlag ezekbdl éll. A gyomrokban taldlt
tépldlékhalalkk méreteibdl vildgosan megdllapithatd, hogy melyek a legdltaldnosabban
fogyasztott méretesoportok a kiilonbozé fajokndl.

A tanulményozott méretesoportu siillék gyomra dltaldban 1—2 db halat tartal-
mazott, leszdmitva a pillanatnyilag iires gyomra halakat. Az elfogyasztott halak szdma
— tobbek kozott — egy-egy faj alkalmas méret{i ivadékainak tomeges megjelenését6l
fiigg. A tdplalék egyiitthato értéke az esetek tobbségénél 0,02 —2,6 kozotti (kb. 769%,-ndl),
2,6 —5,1 kozotti értéket a siill6knek kb. 179%,-d4ndl taldltunk. A tépldlékfogyasztds nem
kielégité mértékii, mert a megevett halak tomege naponta 1—4 g. Ennek megfeleléen
a tdpldlék ardny is igen alacsony, amelynek napi értéke mindkét vizsgdlati évben alig érte
el a ragadozé testsulydnak 19,-4t.

A balatoni fogassiills téplalékabdl 5 jabb halfaj keriilt els, amelyeket kordbban
nem fogyasztott, s ezek koziil nagyobb jelent6ségiivé, az utébbi években észlelt tomeges
elszaporoddsa miatt a Neogobius fluviatilis vélhat.
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The distribution of the organic carbon content in the upper layer of the
sediment of the open water of Lake Balaton has roughly been outlined in our
previous papers (PoNvyI et al., 1972; FRANKG and Ponyr, 1973). It has been
established that Keszthely Bay and its surrounding significantly differ from
the mud of other regions of the lake. Recently the seasonal change of the or-
ganic content of the mud has been investigated. However, the method of
“dry combustion” having been applied so far did not prove to be suitable
for this purpose, mainly because of its high time-consumption. Among the
methods of “wet combustion” we found to be the best described in No. 16
of the IBP Handbook, the application of which allows us to compare our
results in the future with those obtained during the examination of other lakes.

Therefore the present paper has two aims: to present the results of
organic carbon analyses carried out mainly in Keszthely Bay, and on other
hand, to compare the formerly used and the new methods on the mud samples
of Balaton according to necessity.

Dates, places and method of collecting
Mud samples were taken monthly from the middle of May till the middle

of November 1972 from 5 points of each of the 5 standard transversal sections
of the lake by means of an Ekman-Birge dredge (Fig. 1). Aliquotes were taken

¥

Fig. 1. Collecting places in Lake Balaton
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from the upper layer of 5 cm thickness, dried at 40—50° C in a ventillated ex-
siccator, then powderized. The organic carbon content was determined using
the method of Walkiley and Birack (1934) (cit. by Holme and Mclntyre,
1971).

Results

Mud samples taken during September 1971 were analyzed by both
methods of determination of organic carbon content (Table I). No essential
difference was found between the two series of results, apart from the samples
of Keszthely Bay being richer and more heterogeneous in organic substances,
where the differences were larger. The standard errors of the means obtained
from the 5 places of the transversal section originate not only in the inaccuracy
of the method but also in the different structure within the section.

TABLE |

Comparison of organic carbon determinations by means
of the wet combustion (Waitkiley and Brack, 1934) and
the dry one (Entz et al. 1963) on the samples taken
from different regions of Lake Balaton during September 1971

. % of organic carbon, o of ic carbon,

Section velue %fxiga]i%am aod  RIue of try oxietion
M (Keszthely) 2.23%0.05 4.61+1.90
K 1.83+ 0.03 2.00+0.04
G 1.71+0.02 1.83+0.34
A 1.52+0.08 1.70£0.33
E (Bffizfo) 1.53+0.34 1.60£0.01

The results of a spring and autumn series of samples from 1972 clearly
indicate the separation of Keszthely Bay from the other regions of the lake
as regards the organic carbon content (Table Il). A strongly significant
difference was found between section M (Keszthely) and section A (in front
of the Biological Institute) (P < 0.01).

TABLE 11

The percentual occurrence of organic carbon in the mud
of 5 sections of Lake Balaton in May and September 1972

Section May September
M (Keszthely) 1.98+0.05 2.01+0.05
K 1.66+0.04 1.78+0.01
G 1.61+0.03 1.52+0.03
A 1.59+0.05 1.60+0.03
E (Bfiizf6) 1.52+0.02 1.54+0.01
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TABLE III

Change of the organic carbon content
in the transversal section of Keszthely Bay (M)
during 1972

Month I 9, of organic carbon
May 1.98-£0.05
June 1.85-4-0.04
July 1.84-40.03
August 1.83-+0.04
September 2.0140.05
October 1.964-0.07
November 2.274-0.09

The monthly analyses carried out in Keszthely Bay display a significant
change of the organic carbon content (7'able 111 ). During the warmer months
(June, July and August) it varied between 1.83—1.85 percent, whereas during
the colder spring and autumn months, values between 1.96-—-2.27 percent
were found.

Discussion

The results obtained using the method of “wet combustion” for the
determination of organic carbon content support the earlier findings (PonNvr
et al., 1972), namely that the organic carbon content of the mud of the open
water of Lake Balaton is low, furthermore, the mud of Keszthely Bay differs
from other regions of the lake because of its higher organic matter content.

Essentially similar results were obtained using the former and the present
method, differences occur only in the section of Keszthely Bay. Considerably
wide variations were found between the 5 points of this section by means of
the method of “dry combustion”. The question may arise in connection with
that method that the duration (15 min) of destruction by the mixture of chrome
and sulphuric acids may perhaps be short for the mud samples being richer
in organic substances (cf. T'able I). However, the treatments of the same
samples of the section M for 15 and 60 min resulted in the same figures (2.21
percent after 15 and 2.30 percent after 60 min). On this basis one can assume
that above 2 percent organic substance content, the results obtained by the
method of “‘wet combustion” are more reliable than those of the “dry”” method.

Apart from Keszthely Bay, the distribution of the organic substance
of the mud of the open water is relatively homogeneous which can obviously
be explained by the effects of wind and waves. One can mention as a charac-
teristic instance for that the percentual frequency of distribution of the organic
carbon content. Comparing the data of 5 points of each of the 20 sections
dividing the points into groups being nearer to the south and the north shore-
line, one can find that in a ratio of fifty : fifty either the southern or the nor-
thern values are higher. (The 20 sections used for this comparison involve all
the standard sections in May and September and only section M during the
other months.)



188

The decrease of organic carbon content observed in the mud of Keszthely
Bay during the summer months and its increase during the colder period is
undoubtedly connected with the amount and activity of bacteria (PoNyrI et
al., 1972). The carbon content of the richest alga biomass in the water (TamAs,
1972) is negligibly low as compared to a difference of 0.2 percent of the organic
matter content observed by us. The reed-grass vegetation amounts to 281 tons
wet weight per year (KARPATI and VARGA, 1970) in Keszthely Bay. This and
the reed detritus having not been calculated may be sufficient for the seasonal
change of the organic matter content. This indicates the importance of the
macrovegetation in our lake.

Summary

1. Determinations of organic carbon content obtained by means of the
“dry” (ExTz et al., 1963) and “wet” (WALKLEY and BrLACK, 1934) methods
of oxidation are to be used well on the mud of the open water of Lake Balaton.
The former method gives higher values above 2 percent organic carbon content
than the latter one.

2. Apart from the Keszthely Bay, the organic carbon content in the
mud of the open water of Lake Balaton shows a relatively uniform distribution,
it varies between 1.52—1.78 percent.

3. The amount of the organic carbon changes seasonally in the trans-
versal section through the Keszthely Bay. It was 1.83—1.85 percent during
summer (June—August) and 1.96 —2.27 percent during the spring and autumn.
The autumnal increase represents a consequence of the destruction of the
macrovegetation.
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A SZERVES SZEN MENNYISEGENEK EVSZAKOS VALTOZASA
A BALATONBAN 1972-BEN

Franké Andrds és Ponyi Jend

Osszefoglalas

1. A szdraz (ExTz et al., 1963) és nedves oxiddlds (WALKLEY és Brack, 1934)
médszerével kapott szerves szén meghatdrozdsok a Balaton nyfltvizi iszapjén j6l hasz-
nélhaték. A szaraz oxiddciéval 29, organikus szén felett magasabb értékeket kapunk,
mint nedves oxiddciéval.

2. A Keszthelyi 6boltél eltekintve a Balaton nyiltvizi iszapjdnak szerves szén
tartalma viszonylag egyenletes megoszldst mutat, és 1,62—1,789, koézott véltozik.

3. A Keszthelyi 6bdlben vizsgélt keresztszelvényen a szerves szén mennyisége
évszakosan véltozik. Nyéron (junius—augusztus) 1,83 —1,85, 6szi és tavaszi idészakban
pedig 1,96 —2,27% kozott ingadozik.
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In earlier in vitro and in vivo experiments the incorporation of 1-4C
palmitic acid was studied in tissues of carp (HERODEK, 1966; 1969a). Now
tissue slices, prepared from carp liver were incubated with 1-'C stearic and
1-1C linolenic acids to investigate their incorporation into different lipids, and
the effect of temperature on this process. ‘

In rats a considerable amount of fatty acids is incorporated into digly-
cerides of long turnover time. (HERODEK, 1967; 1968; 1972). To see, whether
such diglycerides are formed also in fish, a part of the liver slices incubated
with labeled stearic acid was reincubated in inactive medium.

Materials and methods

Carps (Cyprinus carpio 1..) weighing 1.5—2.0 kg, netted from Lake
Balaton on the day of the experiment (18th November, 1971) were used.
One gram of liver slices, prepared by rasor blade was incubated in 20 ml
medium. This medium consisted of a Krebs— Ringer phosphate buffer, with
a view to the lower osmotic pressure of the fish blood containing instead of
0.9 only 0.7 percent NaCl. To this solution 5 percent bovine serum albumine
was added. Part of the solution was used in this form henceforth referred to
as inactive medium. The other part was divided into two portions, and labeled
stearic or linolenic acid was added to them. The concentration of fatty acids
was 2 pmole/ml in both solutions.

The specific activity of the 1-1C stearic acid (REANAL, Budapest)
was 1, 379 mCi/mmole. The original specific activity of 1-14C linolenic acid
(UVVVR, Prague) was 450.0 mCi/mmole. This was diluted by inactive linolenic
acid (Applied Science Laboratories) to obtain the needed amount of fatty
acids. This way the end concentration of linolenic acid was 0.6 mCi/mmole.
The fatty acids were saponified with a small excess of NaOH, and added to
the preheated inactive medium. The solution was vigorously shaken and
filtered.

Liver slices of the first four fish were divided into three groups. The first
was incubated with labeled stearic acid for 30 min at 28° C. The second was
incubated with labeled stearic acid for 30 min at 8° C. The third was incubated
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with labeled stearic acid for 30 min at 28° C, then the slices were rinsed in
inactive medium and reincubated in pure inactive medium at 28° C for two
hours. Liver slices of the other four fish were incubated with labeled linolenic
acid for 30 min at 28° C and 8° C respectively. During incubation the samples
were gently shaken.

After incubation the slices were quickly rinsed in pure inactive medium
then in Krebs—Ringer solution, weighed and homogenized in chloroform-
methanol 2 : 1.

Lipids were extracted according to Forcu et al. (1957). The extract was
evaporated in Rotadeszt (KUTESZ, Budapest) apparatus under CO, atmo-
sphere. Lipid classes were separated by thin layer chromatography, and eluted
from the silica gel as described earlier (HERODEK, 1968). Lipids were dissolved
in 10 ml toluene containing 4 percent PPO and 0.1 percent POPOP. The
radioactivity was measured by USB-2 liquid scintillation detector (Biuro
Urzadzen Technici Jadrovej).

Results and discussion

Labeled stearic and linolenic acids exhibited rather similar distribution
in the lipid classes (7T'able I ). The only significant difference was found in the
cholesterol esters, where the stearic acid incorporation was rather low. Tem-
perature had no demonstrable effect on the distribution of fatty acids in lipid
classes. On the contrary, the absolute amount of incorporated fatty acids
depends on the type of the acid and on the temperature. Liver slices incorporated
significantly (P <C 0.5) more linolenic than stearic acid at both temperatures,
and from both acids significantly (P << 0.05) more was incorporated at 28° C
than at 8°C.

The effect of temperature on the fatty acid composition was demonstrated
in microorganisms (PEARSON and RAPER, 1937; GAUGHRAN, 1947; CHRISTO-

TABLE I

The amount of 1-1*C stearic acid and 1-Y*C linolenic acid in the lipid classes
of liver slices after 30 min incubation at 28° C and at 8° C. (10-° molelg liver)

Labelled fatty acid Stearic Stearic Stearic Linolenic Linolenic
Temperature °C 28 8 28 28 8
reincubated in
Note inactive medium
for two hours
Number of animals 4 4 3 4 4
Cholesterol esters 0.74+0.2 0.840.5 1.74-0.6 10.74-0.8 5.443.8
Triglycerides 33.44-7.1 18.14+9.4 27.4+17.2 45.74+4.7 27.34-3.0
Diglycerides 22.643.1 17.44-5.7 10.54-0.9 356.243.5 37.54+4.9
Phospholipids 26.24-5.4 14.94-4.9 47.7416.1 21.44+1.6 16.14+1.5
Total esterified fatty
acids 82.94+13.2 51.24+64 87.34+21.6| 113.0-1-8.6 86.34-9.3
Free fatty acids 145.04-28.4 | 153.7+20.5 14.0+0.8 126.24-14.6 | 133.84-14.6
Total fatty acids 227.94-34.3 | 204.9+426.5| 101.3+4+21.8| 239.2+21.0| 220.14+6.1

Mean - standard error of the mean.
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PHERSEN and KaAurMaNN, 1955) plants (Ivanov, 1922), vertebrate and in-
vertebrate animals (HENRIQUES and HANSEN, 1901; FaAwceETT and LLYMAN,
1954; THIELE, 1960). Among water organisms planktonic crustaceans, the most
important natural food of fishes exhibited a rather expressed response on the
effect of temperature (FArkas and HERODEK, 1964; HERODEEK, 1969 b).
In these animals the amount of polyunsaturated acids, primarily that of the
most unsaturated docosahexaenoic acid increased by decreasing and decreased
by increasing temperature ensuring this way the steadily optimal physical
state of the depot fat throughout the whole year. Of the fishes Lebistes reticu-
latus, Salmo gairdneri, Gambusia affinis and Carassius auratus when kept in
colder aquarium contained more unsaturated fat, than under warmer condi-
tions (KAvyAaMA et al., 1963; KNIPPRATH and MEAD, 1966 a; 1966 b; 1968).
It was also demonstrated that in Carassius auratus the rate of biosynthesis
of unsaturated fatty acids related to that of saturated acids increased at lower
temperature (KNrpPRATH and MEAD, 1968). It is possible, that the temperature
exerts its effect mainly in this way on the fatty acid composition.

However, there was an additional possibility if the temperature influenced
to different degrees the rate of incorporation of saturated and unsaturated
acids. Were the incorporation of stearic acid into the lipids more retarded at
low temperature, than that of linolenic acid, it would lead to the accumulation
of linolenic acid and its derivates, as the docosahexaenoic acid in the animals.
By dividing the quantity of fatty acids esterified at 28° C by that esterified
at 8° C in liver slices of the same fish, the mean value of the four fish and its
standard error were 1.66 -~ 0.21 in the case of stearic and 1.35 -~ 0.15 in the
case of linolenic acids. According to the means, lower temperature decreased
more the incorporation of the saturated than that of the unsaturated acid,
however owing to the high standard errors of the means more parallels were
necessary to decide whether the fatty acid pattern is in fact influenced by the
temperature in this way.

During the two-hour reincubation in inactive medium of tissue slices
previously incubated with labeled stearic acid the radioactivity of diglycerides
fell only to its half. Diglycerides are generally regarded as intermediates in
triglyceride synthesis. They are formed from phosphatidic acid and completed
by a third fatty acid to triglyceride. It was, however, found in rat tissues, that
if they were incubated with labeled palmitic acid, then reincubated in inactive
medium, during this second incubation the radioactivity of diglycerides fell
only after one—two hours to its half value (HERODEK, 1967; 1968). Diglycerides
of such long life are formed from endogenous fatty acids too, synthesized intra-
cellularly from “C-acetate or 1C glucose (HERODEK, 1972). Triglycerides must
be synthesized through diglycerides of much shorter turnover time, it can
therefore be supposed that two pools of diglycerides exist, in one the molecules
are immediately transformed to triglycerides, in the other they persist for a
longer period. The possible role of this second pool of diglycerides was dis-
cussed elsewhere (HERODEK, 1972). That they are to be found in carps similarly
as in rats suggests the quite general nature of this phenomenon.

More than half of the radioactivity taken up by tissue slices was de-
tected in the free fatty acids. While the amount of esterified fatty acids de-
pended on the type of the acid and on the temperature, liver slices bound
practically the same amount of free fatty acids from both stearic and linolenic
acids at both temperatures.

13
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In rat liver slices, incubated with labeled palmitic acid the amount
of free fatty acids increased rapidly in the first 10 min, but changed little
thereafter (VAVRECKA et al., 1966). Comparing the results of the present ex-
periment, where incubation lasted for 30 min with results of an earlier experi-
ment (HERODEK, 1966), where liver slices of carp were incubated for 10 min
with labeled palmitic acid, it can be seen that the radioactivity of esterified
lipids is about 3 times higher after 30 min incubation than after 10 min in-
cubation the radioactivity of free fatty acids on the other hand increased but
very little. About the same quantity of free fatty acids was bound by one gram
rat and one gram carp liver. The exact binding site is not known. Free fatty
acids were not removed by rapid rinsing, but during the two hour reincubation
in inactive medium their radioactivity fell to a rather low level without a
corresponding increase in the radioactivity of esterified lipids. It is therefore
probable that the bulk of free fatty acids was released into the medium. This
indicates rather extracellular than intracellular binding.

Summary

Liver slices of carps were incubated at 28° C and 8° C with 1-4C stearic
and 1-**C linolenic acids for 30 min. From stearic acid at 28° C 82.9 -+ 13.2,
at 8° C 51.2 - 6.4, from linolenic acid at 28° C 113.0 4 8.6 at 8°C 86.3 - 9.3
nannomole fatty acid was esterified by one gram liver. Temperature had no
detectable effect on the distribution of fatty acids in the lipid classes.

Radioactivity of diglycerides in liver slices first incubated with labeled
stearic acid decreased to its half only after a two-hour reincubation in inactive
medium. This indicates some other role of diglycerides in addition to the parti-
cipation in the rapid process of triglyceride synthesis.

The amount of free fatty acids bound by liver slices was independent
of the type of fatty acid given and of the temperature, but decreased to a very
low level during reincubation in inactive medium.
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AZ 1-4C SZTEARINSAV ES 1-“C LINOLENSAV BEEPULESE A PONTY
(CYPRINUS CARPIO L.) MAJANAK LIPIDJEIBE

Herodek Sdndor

Osszefoglalas

A pontyok méjabdl készitett metszeteket 1-14C sztearinsavval, illetve 1-14C lino
Iénsavval inkubdltuk 8 és 28 °C-on 30 percig. Egy gramm méj sztearinsavbél 28 °C-on
82,9 + 13,2; 8 °C-on 51,2 + 6,4; linolénsavbél 28 °C-on 113,0 -+ 8,6; 8 °C-on 86,3 + 9,3
mumol-t észterezett. A hémérséklet nem befolydsolta a zsirsavak egyes lipid csoportok
ko6zotti megoszldsdnak ardnydt.

Ha az 1-1C sztearinsavval inkubdlt médjszeleteket inaktiv kézegben tovébb in-
kubéltuk, a digliceridek radioaktivitdsa két 6ra mulva cstkkent csak a felére, ami azt
mutatja, hogy ennek a vegyiiletnek més szerepe is van, mint a gyors triglicerid szintézis-
ben valé részvétel.

A miéjszeletek dltal megkotott szabad zsfrsavak mennyisége nem fiiggstt sem a
zsirsav fajtdjatol, sem a hémérséklettél, de nagyon csékkent az inaktiv kdzegben vald
reinkubdlds sordn.
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The characteristics of the aquatic environment are deeply changed by
the ice cover, isolating the water body from the athmosphere. It prevents the
formation of waves, the exchange of gases and alters the light conditions.
The changed light conditions exert an influence in the first place on the pri-
mary production.

In shallow lakes besides that of the planktonic algae the production
of benthic algae is also of importance (HARGRAVE, 1969; Hunpine, 1971;
HickmaN, 1971). According to Entz (1954), FELFOLDY (1963) and OLAH
(1972) considerable algal biomass and chlorophyll are to be found at the bottom
of Lake Balaton. This mass is probably the highest in winter, when the mud
surface is covered by a brownish algal carpet visible to the naked eye. On the
basis of the investigations in the early fifties ExTz (1954) estimated the mass
of microphytobenthos in winter to be 10 g/m? On the production of algae
under the ice cover only a single information is available, in January—March
1956 in six weeks 4.6 mg/litre O, increase was detected in the water under the
ice-cover by ExTz and Luracsovics (1957).

This paper offers data, collected in the winter of 1972—1973 on the
light conditions, chlorophyll content and primary production of phytoplankton
and phytobenthos and on the oxigen content of water under ice.

Methods

The investigations were carried at 500 m eastwards from the Institute
in the pelagic zone of the lake. Light was measured by Gemware submarine
photometer. The vertical distribution of the u-algae was determined by the
method of DENoyvELLES (1968). The chlorophyll was measured according
to STRICKLAND and.PARsONS (1968).

Production of the phytoplankton. To measure the primary production
of the phytoplankton 100 ml samples were taken from 25, 100, 200, and 300
cm depths. After adding 20 uCi Na,“CO,, they were in situ exposed from
10" to 14", The bottles, lowered to different depths were tied to the end of a
Z shaped iron rod. The lower, horizontal part of this rod reached as far as
150 em under the intact ice cover. The small hole cut in the ice was covered
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by snow. This way the samples got into natural light conditions. Further handl-
ing of samples, radioactivity measurement and calculations were carried out
as described earlier (HERODEK and TAMAS, 1973).

Production of the phytobenthos. It was measured both by “C and O,
techniques. Mud was brought to the surface by a HARGRAVE’s (1969) sampler.
The mud in its original structure was covered with water from the bottom.

By “C technique glass tubes fitted with 19 mm normal grounds on both
ends were used. Their diameter was 17 mm, the length between the normal
grounds 100 mm. The tubes were stuck into the mud in Hargrave’ssampler to
get a 2 em thick core. The water filled the tubes to the rim. The tubes were
stoppered from below, and some water was drawn off just to make room for
the 1 ml water, with which the isotope was introduced. Into each tube 20 uCi
Na,CO, was injected in a way that the label should be mixed with water
above the mud as evenly as possible. The tubes were now stoppered also from
above, and the glass stoppers were fixed by thin elastic tapes. The tubes serving
as dark parallels were covered with aluminium sheets. The tubes fitted on
stand were lowered to the bottom through a small hole which was then masked
by ice. The tubes were exposed from 11" to 14". After exposal the water and
the upper 3 mm mud layer were separated from the bulk of the mud, which
would hinder the radioactivity measurement. The water containing the upper
mud layer, the labeled hydrocarbonate and the algae was filled up with in-
active Balaton-water to 50 ml, and vigorously shaken, then 5 ml aliquot of it
was filtered through a membrane filter. After the samples 50 ml, previously
filtered inactive Balaton-water was passed through the filters, then they
were exposed to the fumes of concentrated HCI for 4 min, in order to remove
the contaminating labeled hydrocarbonate. The filters were dissolved in BRAY
solution, and the remaining thin mud-alga film was homogenized in POTTER —
ErLvensem apparatus. Radioactivity was measured by liquid scintillation.
Sedimentation was prevented by adding 4 percent Cab-O-Sil to the scin-
tillation liquid. The carbon uptake was calculated from the total carbonic
acid content of the water and the radioactivity of algae.

In experiments by O, technique glass cylinders of 50 mm diameter and
200 mm length were used. The cylinders were stuck 5 cm deep into mud,
obtained by HARGRAVE’s sampler. The tubes containing the intact sediment
core and the water above it were stoppered bubble free by rubber corks.
The upper cork was provided with spill-way. Dark controls were covered by
aluminium sheets. The glass cylinders fitted on stands were in situ exposed.
After exposal the water was drawn off from the cylinders avoiding contact
with air. The oxygen concentration was determined by the original WINKLER
method and by its Na-azide modification. The same result was obtained by
both methods proving that by the applied procedure reduced materials had
no disturbing effect. :

Ice conditions

The lake was overfrozen on the 28" December, 1973. The ice was glass-
like transparent except on places of drift-ice accumulation. Snowing started
on the 16" January and the 25 cm thick ice was covered by a 4 cm thick
snow-blanket. One week later the snow thawed and on the 315t January the
18 cm thick ice opaque from small holes and cracks was covered by cca.
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1 ecm water. Three days later the water disappeared, the ice became opaque.
On the 6" February only the upper 2 cm of the ice was of continuous struc-
ture, the lower layer was in the state of desintegration. On the 8" February
the ice-cover went to pieces, and on the 12" February large areas were already
ice-free.

Results

Light (Table I). On the 28%™" December light was measured under
the thin ice lamellae formed in the freezing water. The high extinction was due
to the sediment, swirled up by the strong wind of the previous day. Light
conditions were similar to those generally found in Lake Balaton at windy
weather (FELFOLDY and KALKG, 1958; ENTz and FILLINGER, 1961; HERODEK

TABLE I
Illumanation wn the ice-covered lake
(luz)
Depth, 28. Dec. 17. Jan. 18. Jan. 31. Jan. 5. Febr. 6. Febr.
cm 1972 1973 1973 1973 1973 1973

0 30 600 13 500 10 500 5 500 20 500 34 500
25 21 350 1250 1 640 2 360 11 490 21 500
100 4190 T 440 800 1 650 7 320 11 380
200 940 210 | 650 1140 4 620 8 050
300 260 140 | 450 700 2 820 5 060
360 (bottom) 140 100 350 470 2 250 4 030

and TAMAs 1973). Less than 1 percent of surface light penetrated to 1 m depth.
On the 17*" January the 25 cm thick ice was covered by 4 cm fresh snow and
9 percent of the light got through the snow and ice. ENTz and FILLIGER (1962)
found 7 percent of the surface light intensity under the ice covered by 8 —10
cm thick fresh snow. This way, in spite of the clear water, the illumination
of the deeper layers was very low. The snow-free ice transmitted the half
of the light and as in the rather clear water under the ice the light intensity
decreased only to its one fifth, about 1/10 of the surface illumination was
measured at the bottom. In the period April—September only in two cases
of the 13 measurements was found as much light at the bottom as here, while
in 10 cases the illumination at the bottom was less than 1 percent (HERODEK
and Tam4s, 1973). In Lake Balaton the light conditions under the snow-
covered ice are worse, under snow-free ice much better than in the open lake.

Chlorophyll content of the phytoplankton and the wvertical distribution of
p-algae (Fig. 1). The chlorophyll content of the water, sampled under the ice
cover was much lower than in samples originating from the open lake (FEL-
FOLDY, 1963). In samples from 25 cm depth the chlorophyll was scarcely
measurable. The chlorophyll content increased with depth. Perhaps this
distribution of algae is responsible for the lack of production in the water
layer nearest to the ice. The low chlorophyll content under the ice indicates
a poorly developed phytoplankton. At the same time the 2—6 u large p-algae
which are otherwise not present in considerable quantities in Lake Balaton
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chlorophill-a ug/| cell numiber/mt
Fig. 1. Chlorophyll-a content of phytoplankton and vertical distribution of u-algae

(Or4H, 1970) were numerous. The surface of these tiny organisms is relatively
large. They were found in the winter plankton of other lakes in great numbers
(Luxnp, 1961; PENNAK, 1968; RopHE, 1955). Their presence indicates shortage
of nutrients. The nutrients in low concentrations are better utilized by these
organisms, than by larger algae. While in the unfrozen water the phyto-
plankton was in the average evenly distributed (HERODEK and TamAs, 1973)
the number of p-algae showed consequently an increase downwards during
the investigations in different years.

Chlorophyll content of the phytobenthos. Only summer data were published
on the chlorophyll content of the mud until now (OL&H, 1972). In June 1972
the chlorophyll content of the 2 em thick mud cores was 5—7 ug chlorophyll-
a/g wet mud. In February 1972 the chlorophyll content was determined in
mud samples from one point in front of the Institute and from three points
in the Keszthely Bay (T'able 11 ). Similar high values were found at all points.

TABLE II

The chlorophyll content of the microphytobenthos in February 1972
ug chlorophylllg wet mud

8. Febr. 1972
4. Febr. 1972
T (;r;nc L Keszthely Bay
the Institute
point 1. \ point 2. |  point 3,
chlorophyll-a 46.9 40.0 43.8 ’ 38.1
chlorophyll-b 1.9 2.1 1.2 3%y ¢
chlorophyll-¢ 40.9 38.5 1 32.4 39.6

The cores were 5 mm thick, therefore the ug/g values divided by two offer
the results approximately in ug chlorophyll/em?. In 1973 the chlorophyll
content of the mud was analyzed at two different times (7'able 111 ), parallel
with the measurement of the primary production of the benthos. In this case
5 mm thick cores with given surface (12 cm?) were analyzed. This way the data
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TABLE IIL

The chlorophyll content of the microphytobenthos in front of the Institute
in the winter of 1973

pglom?
31, January 5. February
point 1. | point 2. point 1. ‘ point 2.
chlorophyll-a ' 8.54 6.58 15.50 15.13
chlorophyll-b 0.10 0.09 0.96 1.13
chlorophyll-c 2.64 ‘ 2.22 2.38 ) 2.55

are directly comparable with those of the primary production also related
to the surface area. The chlorophyll level was high, but lower than in the
previous winter. On the 5" February the chlorophyll content was higher
than on the 315t January, on the other hand the parallels of the same days
showed similar values. In the samples there was much chlorophyll-c, charac-
teristic for the diatoms.

Primary production of the phytoplankton (Fig. 2) The production
of phytoplankton showed different pictures at the days investigated. On
the 28" December the tin ice absorbed practically no light, and in strong
sunshine at 25 cm depth photo-inhibition was found. The maximum was
at 1 m depth, at 2 m the production was already somewhat lower, and
at 3 m it was very low owing to the insufficient illumination in the turbid
water. On the 17" January in the darkness under the snow-cover the maxi-
mum was in the highest level at 25 cm, but decreased downwards. This was
the lowest production per surface area found in this lake. On the 31%* January,
under snow-free ice, the sequence of the production of the water layers was
the opposite. The highest production was observed at 3 m, it decreased at
2 m and at 1 m, and at 25 cm under the ice there was practically no production.
Under the snow-free ice the production per unit of surface area was 20 mg
C/m?h. It is lower, than in the warm period (HERODEK and TAMAs, 1973) but
not lower than usually in autumn.

thin ice i
{

Mg C/lOO ml/l. hours

Fig. 2. Primary production of the phytoplankton
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Primary production of the phytobenthos. We tried to measure the primary
production of the benthos on the 26" April, and the 18" July by “C tech-
nique, and on the 13" July, 18" August and 20" September by O, method.
No significant difference from the dark parallels was observed. Accordingly
on these days there was no primary production in the benthos, or it was
negligible as compared to that of the plankton. Production (463 mg O,/m?)
was detected for the first time on the 13*" October (Fig. 3). Oxygen con-
sumption of the mud per the gross oxygen production, i.e. the R/P quotient
was 0.52. In the case of mud the respiration of algae amounts to the smaller
part of the total oxigen consumption, the bacteria and animals are responsible
for the remainder. On the 14" December the oxigen production was consider-

2/dc\y

13.0kt . 14.Dec. 18.Jan.

Fug. 3. Primary production of microphytobenthos in the unfrozen and the frozen, snow-
covered lake. (Exposal for 24 hours)

ably lower, and already surpassed by the respiration (R/P = 1.62). After these
measurements in open water the first 24 hours experiment under the ice cover
was carried out on the 18" January. This day theice was covered by 4 cm snow,
and the light intensity on the bottom was 352 lux. On the previous day under
similar conditions at 2 and 3 m depths there was practically no production
in the phytoplankton. The gross production of the benthos, i.e. the value of
the light cylinder minus the value of the dark cylinder was 66 mg O,/m?/day.
The net production, i.e. the difference between the O, in the light cylinder
at the beginning and at the end of the experiment was —257 mg O,/m?day.
It shows that by this low illumination the mud even if covered by the algal
carpet decreases the oxygen content of the water. Here again algae could be
responsible but only for a small part of the oxigen consumption.

After the snow thawed the primary production of the mud was measured
at three occasions (Fig. 4). Contrary to the previous experiments now the
samples were exposed not for 24 hours, but in case of “C method for three
midday hours and in case of O, method for five midday hours. To express the
results of the two types of measurements in common units they were con-
verted to calories supposing that 1 g C = 10 Kcal and 1 g O, = 3.51 Keal.
The O, method gave the gross production. The values obtained by the 4C
method were between the net and gross productions they were. 5 percent
lower than the gross production. The day length was taken for 10 hours, and
the production during the exposals was extrapolated to this time to obtain
the daily production. The “C and O, methods gave rather similar results,
3.6, 4.3 and 4.0 Kcal/m?/day on the three different days.
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Fig. 4. Primary production of microphytobenthos in the lake covered by snow-free ice.
(Exposal for the midday hours)

Ozxygen content of the water. (Table 1V ). In the unfrozen lake the water
was saturated by oxygen and became highly oversaturated when covered by
ice indicating intensive photosynthesis in the frozen lake. On the 5" February
the oxygen content was not higher than on the 18" January. This can be
explained by the snow, covering the ice for a time in this period. In the dark-
ness under the snow rather a decrease than an increase of oxygen content is
expected.

TABLE IV

The O, concentration wn the water of Lake Balaton

Date Notice Temperature l mg O,/1

14. Dec. no ice 5°C 12.56

19. Dec. no ice 4 °C 13.00

18. Jan. ice cover 3°C 22.59

5. Febr. ice cover 3°C 22.53
Discussion

The chlorophyll-a content of the phytoplankton related to surface area
was 10 mg/m?. This is with one order of magnitude lower than that of the
benthos, where in February 1973 66—155 mg/m? was found. The primary pro-
duction of the plankton and benthos, on the other hand, were similar; in case
of plankton 20 mg C/m?hour, in case of benthos 36 mg C/m?hour. The total
of the planktonic and benthic productions was 560 mg C/m?/day. In April —
September the mean production of the phytoplankton was 413 mgC/m?day,
the maximal production was 588 mg C/m?*day (HERODEK and TAmAsS, 1973).
As in this warm period no primary production was found in the benthos, the
total of the productions of the planktonic and benthic algae was higher in
the lake covered by snow-free ice than the average in the warm months, and
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approached the summer maximum of algal production. Since however there
was a period, even if short, when the ice was covered by snow, the primary
production during the whole period when the lake was frozen was about the
same as during a similar interval in summer. The primary production of the
frozen lake depends to a great extent on the duration of the snow cover, it
would be useful therefore to repeat the investigations in other years, too.

The lack in April—September of primary production in the benthos
is explained by the turbidity of the water caused by waves. In this period the
bottom illumination is rarely higher than 1 percent. Moreover, the disturbance
is by itself unfavourable for the diatoms. In the summer and even more in
autumn however there are calms long enough to permit the formation of algal
carpet. The measurement on the 13*" October fell on such a period. Thus, while
the phytoplankton is productive in the whole year, the primary production
of the benthos in the unfrozen lake is only at times significant. In the frozen
and unfrozen periods together the time of intensive benthic production can
be estimated to roughly three months. At this time the extent of benthic
primary production is similar to that of the plankton, the yearly production
of microphytobenthos is therefore about one fourth of that of the phyto-
plankton.

The increase of oxygen concentration under the ice can serve as a measure
of the production in the lake. If the 9.59 mg O,/] increase between the measure-
ments on the 19" December and 18" January took place after freezing of
the lake on the 28'" December then it corresponds to 1958 mg O,/m?day
or to 561 mg C/m?day net production. The total of the primary productions
of the plankton and benthos as measured by “C technique on the 31%t January
was 560 mg C/m?*day. In fact the agreement is not as tight as this since not
the same “‘production” was measured by the two methods. The primary pro-
duction measured by *C method is lower than the gross production only by
the part of the newly incorporated carbon, burned by algae during the three
hours of the experiment, i.e. about by 5 percent. The oxygen increase under
the ice, on the other hand, was lower than the actual gross production by the
oxygen consumption of all biotic and abiotic processes during the whole day.

In 3.5 m deep water the 9.59 mg O,/l production corresponds to 33.6 g
0,/m? or to 11.8 g C/m? This carbon must exist somewhere in the form of
organic material. As compared to this amount the biomass of the plankton
is insignificant. Most likely the bulk of this carbon is present in the benthic
algae. Dividing the 11.8 g/m? carbon by the 0.15 g/m? chlorophyll-a content
of the benthic algae 78.7 is obtained. In different algae this quotient used to
vary between 25 and 100. The 11.8 g C/m? net production corresponds to about
118 g biomass /m® which if extrapolated to the 600 km? surface of the lake
provides 70 800 metric tons. The whole summer biomass of the lake was estim-
ated by EnNTz (1954) to 30 000 metric tons. Accordingly the net increase
of biomass in January 1973 was twice as high as the whole biomass in the
summer of 1954. The mass of the phytoplankton and macrophytobenthos
increased in the last two decades, still the biomass of the huge algal carpet,
covering the bottom of the lake under favourable light conditions in winter
is much Jarger than the sum of the masses of all planktonic algae and of the
reed grasses taken all together. Owing to the algal carpet the biomass of the
lake shows its maximum in winter, and this maximal value may serve as a
useful index of eutophication.
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Summary

Of the light one tenth was transmitted by ice covered by 4 cm snow
and the half by snow-free ice. The water was rather clear under the ice, there-
fore in case of snow-free ice one tenth of the surface light reached the bottom.
This illumination is higher than that in the unfrozen lake, where due to the
turbidity caused by waves the bottom illumination is usually less than 1

ercent.
: The chlorophyll-a content of the water increased downwards. Related
to surface it was 1 pg/cm? Similar vertical distribution was observed in the
u-algae, occuring in the water under the ice. The chlorophyll-a content of
the bottom was 6.6—8.5 ug/cm® on the 315 January and 15.1—15.5 ug/cm?
on the 5™ February 1973.

When the ice was covered by snow the primary production of phyto-
plankton, measured by “C method, was 4 mg C/m?/hour and decreased down-
wards. Under the snow-free ice it was 20 mg C/m?*hour and increased down-
wards.

The production of the microphytobenthos was measured by both “C
and O, methods. No production was found in April—September due to the
turbidity of water. In the frozen lake when ice was covered by snow even
the gross primary production in the benthos was very low. In case of snow-
free ice intensive benthic photosynthesis was found. The primary production
at three different days was 36 mg C/m?hour, 122 mg O,/m?hour and 115 mg
0,/m?/hour.

In the lake covered by snow-free ice the total primary production of
the plankton and benthos was amounted to 560 mg C/m?/day, which is similar
to the summer maximum of planktonic production.

In the ice-covered lake the oxygen content of the water was with 9.6
mg/litre higher than before freezing, indicating the accumulation of high
amounts of organic material.
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ELSODLEGES TERMELES A BALATON JEGE ALATT
Herodek Sandor és Olah Janos

ﬁsszefoglalés

A 4 cm héval boritott 25 em vastag jégtakar6 a feliiletére esé fény egytizedét,
a homentes jég a felét engedte 4t. A jég alatti viz nagyon tiszta, ezért a hémentes jég
alatt az aljzat megvildgitisa a jég feletti megvildgitds egytizede. Hémentes jég alatt
tehdt jobb az aljzat megvildgitdsa, mint jég nélkiil, amikor a hullimok okozta zavarosség
miatt az esetek tobbségében kevesebb mint 1Y%, fény jut az aljzatra.

A vizoszlop klorofill tartalma 1 ug klorofill-a/em? volt, és feliilr6l lefelé nétt.
Hasonlé vertikélis eloszldst mutattak a jég alatti vizben megfigyelheté u algdk is.

Az aljzaton 1973 I. 31-én 6,6—8,5, I. 5-én 15,1—15,6 pg klorofill-a/cm?-t
taldltunk.

Havas jég alatt a fitoplankton termelése 4 mg C/m?/6ra volt, és feliilr6l lefelé csok-
kent, homentes jég alatt 20 mg C/m?®/éra termelést mértiink, amely feliilrél lefelé néve-
kedett. A fitoplankton termelését YC médszerrel mértiik.

A fitobentosz termelését 14C és O, mbdszerrel is mértiik. Havas jég alatt a bentosz
algdi nem termeltek. Homentes kiilonb6z6 napokon az iszap elsédleges termelése 36
mg C/m?/6ra, 122 mg és 115 mg O,/m?/6ra volt.

Hoémentes jég alatt a fitoplankton és fitobentosz egyiittes termelése 560 mg
C/m?nap volt, ami hasonl6 a fitoplankton termelésének nyéri maximumdhoz. Nydron
a bentoszban nem tudtunk els6dleges termelést kimutatni.

A jég alatt a viz oxigén tartalma 9,6 mg/liter-rel magasabb volt, mint befagyés
el6tt, ami nagy tomegii szerves anyag keletkezésére utal.



|

‘ ANNAL. BIOL. TIHANY l 40 ‘ 207-218 J HUNGARIA 1973

THE PRIMARY PRODUCTION OF PHYTOPLANKTON IN LAKE
BALATON APRIL—SEPTEMBER 1972

SANDOR HERODEK and GIZELLA TAMAS

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

Received: 9th January, 1973

Numerous data are available on the number and biomass of planktonic
algae in Lake Balaton (EnTz et al., 1937; SEBESTYEN et al., 1951; SEBESTYEN,
1953; Tam4s, 1955; 1967; 1969).

The chlorophyll content of the water (FELFOLDY, 1963) and in the lake
the photosynthesis of algae obtained from pure cultures (FELFOLDY and KALKO,
1958; FELFOLDY, 1959; 1962) were also studied. Several papers dealt with
the light conditions of Lake Balaton (FELroLDY and KArké, 1958; ExTz and
FIiriNnGer, 1961; 1962).

On the other hand a detailed study of the primary production of phyto-
plankton lagged behind. The production was too low to be measured by the
0, technique (FELFOLDY and KALKG, 1958), and our Institute was not equipped
for C measurements. Preliminary investigations by “C method were carried
out in 1961 (BOSzORMENYI et al., 1962).

We started in spring of 1972 to study the yearly cycle of the production
of phytoplankton. Here the data concerning April—September are published,
when the water temperature was above the mean temperature. The data of
the other half-year will be published in a separate paper. The illumination,
the composition, biomass and production of the phytoplankton were deter-
mined fortnightly in four depths. It is hoped that these data may contribute
to the construction of the production biological model of the lake, and serve
as reference point in studies on the process of eutrophication.

Materials and Methods

Investigations were carried out fortnightly irrespective of the weather.
This way all meteorological factors had a probability to occur during the
investigations corresponding to their frequency. The investigated point was
two kilometres eastwards of Tihany. Water depth, temperature, Secchi trans-
parency were determined at this point. The illumination was measured by
Gemware Submarine Photometer (Model No. 268 WA 310) at the surface and
at 25, 100, 200, 300 and 370 cm depths, the last value representing the bottom
illumination. Total irradiation was measured by the Meteorological Station
of Siéfok. Water samples were taken in 250 ml glass flasks. Direct illumination
of the water samples during further manipulations was avoided.
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Of this water 100 ml was transferred into pyrex glass flasks, fitted with
normal ground, made directly for this purpose by KUTESZ. They were used
for the exposal. The remaining water was conserved by J,/KJ and served
algological determinations.

Algae were counted by UrermonL’s (1958) plankton microscope. The
biomass was determined from the volume of individuals. In case of more
complicated forms it was determined by modelling, while the form of other
species was assumed to correspond to simple geometrical solids, and their
volume was determined by calculation. Partly earlier (SEBESTYEN, 1954;
TAmMAs, 1955), partly recently determined values were used.

The methods of biomass determination were recently discussed by
SCHNESEE and SCHWARTZ (1971), that of primary production measurement
by HtBEL (1971) and VOLLENWEIDER (1969).

To each sample used in primary production measurement 20 uCi Na,“CO,
(Isotope Institute, Budapest) was added. Its specific activity was 290 pCi/mg.
The samples were lowered to their original places, and in situ exposed from
10" to 14", The bottles were kept horizontally (ELsTer and MoTscH, 1966),
and were suspended in such a manner that the buoy did not throw shade them.
Dark parallel was always prepared. After 4 hours of exposure the samples
were put in a dark box, transferred to the laboratory and filtered through
a membran filter of 0.2 u pore size (Sartorius Membranfilter GmbH).

In order to remove radioactive contamination, after the samples also 50
ml previously filtered inactive lake water was passed through the filters, then
they were exposed to the fumes of concentrated HCl for four minutes. The
filters were then dissolved in 10 ml Bray solution. One liter of this scintillation
liquid contains in addition to dioxane 0.2 g POPOP, 4.0 g PPO, 60.0 g naphta-
lene, 20 ml ethylene glycol and 20 ml methanol. As the filters dissolved the
algae were suspended in the liquid.

Radioactivity was measured by USB-2 liquid scintillation detector
(Biuro Urzadzen Technici Jadrowej, Warszawa). Counting efficiency was
determined separately for each sample by toluene-7-%C internal standard
(Isotope Institute, Budapest). In case of Geiger —Miiller technique the samples
must be dried before counting. During this procedure losses of 1C content
of the algae may occur up to 30%, (WALLEN and GEEN, 1968). It is therefore
a great advantage of the liquid scintillation technique, that it needs no dried
samples.

The total carbonic acid content of the water was determined by pH
measurement and by titrating three times 50 ml membrane filtered Balaton
water by 0.1 N HCI against methylorange indicator. From the radioactivity
of algae and the specific activity of the total carbonic acid content of the
water, allowing for 5 percent isotope effect, the weight of the carbon taken
up by the phytoplankton was calculated. Each value was reduced by that
of the dark parallel. The results are given in this from, without further cor-
rections. According to STEEMANN NIELSEN (1964) these values should be
multiplied by 1,06 to obtain gross, and by 0.96 to obtain net production. By
converting the biomass and production values to surface area the sample
at 25 cm was taken as representing the water layer between 0 and 50 cm that
at 1 m representing the 50 —150 cm, the sample at 2 m the 150—250 ¢cm, and
the sample at 3 m the 250 —350 cm layers. Accordingly, by adding the values
of the lower three samples and the half value of the sample at 25 cm the bio-



209

mass and production per cm? were obtained. These values were then converted
into g biomass and mg C production/m? respectively. The biomass of the single
species in the different depths is not given separately, but for brevity’s sake
only the harmonic mean of the four depths is given, i.e. calculations as above,
and the results divided by 3.5.

Results and discussion

Water temperature, Secchi transparency, total irradiation, surface and
underwater illumination data are presented in 7T'able 1. Further characteristics
of experimental days:

Apr. 5.  Overcast, at the beginning strong waves.

Apr. 18. Overcast, at times sunshine. Moderate wind, moderate waves.

May 5.  Sunshine, calm. Barely rippling water.

May 16. Overcast, at times sunshine. Wavy water.

May 31. At first overcast, in the last two hours sunshine.

Jun. 13. Sunshine with floating clouds. Moderate wind, rippling water.

Jun. 27. Heavy storm on the previous day. Overcast, at times strong sunshine. Gently
‘rippling surface, calm before the storm.

July 11. The night before rather heavy storm. Overcast, drizzling. Storm with very
strong wind and large waves.

July 27. The day before heavy storm. Overcast. Light wind, big waves.

Aug. 10. Calm for days. Sunshine. Dead calm. Stillness. Unruffled surface.

Aug. 24. TFour days storm and one day of very strong wind preceded the experiment.
Sunshine, later clouds. Breeze. Unruffled surface, milky water.

Sept. 7. After a cooler period rise in temperature, calm preceded the experiment.
Strong sunshine with floating clouds. Medium then soft wind. Moderate
waves then unruffled surface.

Sept. 28. The day before relatively calm. Sunshine with floating clouds. Moderate
wind, strong waves.

At the first experiment water temperature was 13° C, and returned to
13° C at the last one. As the mean temperature of the lake is 12° C, it can be
said, that the half year above the mean temperature was investigated. This
year the spring came before time, the summer was late. The water temperature
attained 20° C first in June. During the heavy storm of 20—24'"" August
the lake cooled down very much, and even in later times its temperature did
not rise above 20° C.

Lake Balaton has a large surface, thus big waves are easily formed.
On the other hand the lake is shallow, therefore the mud is easily stirred up
by the waves. This renders the underwater light conditions extremely unstable.
For example on the 10" of August, the Secchi transparency was 180 cm,
and at 3 m depth the surface illumination was 20 percent, while on 11th of
July the Secchi transparency was only 20 cm, and at 1 m depth only 2 percent
of the surface illumination could be measured. Data of other days are between
these two extremes. In general, light conditions of deeper layers depend more
on the turbidity, i.e. on the wind, than on the cloud cover.

Altogether 108 alga species, 5 varieties and 1 form were found in the
samples, collected from four different depths at 13 different days. Their
distribution between the phyla was the following: Cyanophyta 12, Eugleno-
phyta 9, Pyrrophyta 6, Chrysophyta 50, Chlorophyta 37.

14
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For easier survey only those 22 species are listed separately in T'able 11
whose biomass attained in some days 10 mg /m®. The biomass of the other
species were summed up, and indicated in the 7T'able for each phylum. As
Table 11 shows the plankton was dominated unequivocally by diatoms till
the middle of July. In this year they were replaced only at this time by the
Ceratium hirundinella stand. Of the diatoms Cyclotella bodanica was the most
dominant. In the first three months investigated this single species amounted
to half of the total biomass of the phytoplankton. This year Melosira granulata
became numerous only towards the middle of summer.

Lake Balaton is rich in benthic algae, and the storm turns the lake
upside down. The importance of benthic algae in the plankton compared
to the euplanktonic forms has been frequently discussed. The present data
show, that in clear or moderately disturbed water, i.e. in most cases the plank-
ton is dominated by euplanktonic algae. Benthic elements do not attain one
fifth of the total biomass. On the other hand during a storm this ratio suddenly
increases. In a heavy storm on the 11th July the biomass of the phytoplankton
was doubled by the benthic elements. Of the tychoplanktonic algae the largest
biomass was given by Surirella robusta var. splendida. The biomass of Cyano-
phyta, Euglenophyta and Chlorophyta phyla are inferior.

The vertical distribution of the phytomass (Z'able I11) was always un-
even, but in the average of the phytomass values measured in the different days
there are no differences by depths. Generally phytoplankton shows an even
vertical distribution.

The primary production at the different depths (T'able 1V ) varied much
from time to time. Usually the maximal production was at 1 m, in clearer
water at 2 m depths. At 3 m the production is much lower, in two third of
the measurements there was scarcely any production at all. At the surface
the production was usually inhibited by the excessive light. There are however
significant deviations from this most frequent picture. At the 13" of June the
whole water column exhibited a high production. This day yielded the highest
production per surface area. The water was very clear, at 3 m 6 percent of the
surface illumination was recovered. In the most transparent water on the
10" of August by 180 em Secchi transparency and 20 percent illumination

TABLE I

Environmental factors

. . . Y. V.

v 5. 1. 5 16. 31

Water temperature °C 13 13 15 16 19

Total irradiation during exposal cal/cm? 166 141 227 113 99

Total irradition in the whole day cal/cm? 346 204 519 189 226

Secchi transparency cm 42 45 51 51 55
INlumination at the surface Klux — 62.4 66.4 40.5 8.1

Illumination in the different depths in

percent of the surface illumination
25 cm — 50.0 64.7 59.5 63.1
100 cm — 23.4 26.5 29.8 14.8
200 cm — 3.9 7.3 8.3 4.2
300 cm - 0.8 1.0 2.6 1.6
= 0.9
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at 3 m the higher levels were inhibited by light, and the production showed
the maximum at 3 m.

In storm the situation was reversed. On the 11*" of July, when the
illumination at 1 m was only 2 percent, already in this layer and underneath
there was no significant production. On the other hand tremendous production
was measured at the surface, duetothe huge amount of benthicalgae, brought
up by the storm (Table II).

Similar, but less extreme was the situation during a storm on the 27th
of July. On this day 7 percent of the surface light penetrated down 1 meter
depth, enabling intensive photosynthesis. At 2 m with 1 percent illumination
the production fell to a very low level.

From the means of the 13 days (Fig. 1) it appears that the vertical
distribution of the algae is even, but the same biomass displays quite different
productions in different depths. At 2 m the insufficiency of light is already
apparent, while at 3 m only one fourth is produced by the same biomass
than at 1 m. The means of the different levels are calculated from values of
very different dispersions. At 1and 2 m there is relatively less variation in the
production from one day to the other. Atthe surface on the other hand the pro-
duction is usually low owing to inhibition by the excess of light, while in
storm it is extremely increased by benthic algae. At 3 m the results show great
variability because here serious light insufficiency is caused in two thirds
of the cases by turbidity, on the contrary in clear water the production is
similar to that of the higher levels. Light saturation at the bottom must be
even rarer.

The production as related to surface area (Fig. 2.) is relatively even,
with values varying between 83 and 168 mg C/m2/4 hours. The differences
between the values of the different experimental days are less to be attributed
to seasonal changes, than to the different weather conditions of the single
days. Smaller differences, resulting from changes in plankton constituents,
temperature and water chemism are masked by the effects of the fluctuation
in water transparency. Only the last three measurements indicate the autumnal
decline of production. The highest values were obtained in the clearest water
(13" June, 27" July). In storm the production related to surface area was

VI. VI VII. ‘ VIIL. ’ VIII. VIIIL. \ IX. | IX.
13. 27. i 115 27. 10. 24, 1. 28.
23 19 22 23 24 17 20 14
250 283 95 51 256 164 199 124
485 538 269 221 550 306 399 217
78 55 20 28 110 33 1. 41
70.2 66.4 18.0 8.7 54.5 42.5 46.5 38.4
55.6 53.0 40.0 59.0 82.1 61.4 70.8 57.5
30.6 26.5 2.0 6.9 48.2 6.8 43.8 12.5
13.9 6.3 0.0 154 32.1 1.4 24.0 2.5
5.5 1.8 0.0 0.1 19.6 0.3 12.5 0.5
2.8 0.9 0.0 0.0 12.1 0.1 8.3 0.3
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TABLE II
The biomass of the

5. IV. 18. IV. 2. V. 16. V. ‘ 31. V.
Cyanophyta
Microcystis flos-aquae — — - — —
Aphanizomenon flos-agquae — —_ — —_ -
Other species 35 3 33 33 20
Total 35 3 33 33 20
Euglenophyta
Total 45 — 13 3 21
Pyrrophyta
Cryptomonas erosa — — 3 — —
Ceratium hirundinella 2 16 21 26 29
Peridinium inconspicuuwm — — — - —
Other species — - — — -
Total 2 16 24 26 29
Chrysophyta
Chromulina sp. 5 — — 1 113
Amphora ovalis 104 37 46 27 20
Cyclotella bodanica 1898 2005 1544 592 1218
Cyclotella ocellata 541 443 200 90 254
Cyclotella quadriiuncta 210 71 111 1 6
Cymatopleura elliptica 32 114 30 19 18
Cymatopleura solea : 230 10 12 5 7
Diploneis elliptica — — — — —
Melosira granulata 2 18 — 21 86
Navicula gracilis 6 — — 4 —
Navicula radiosa 114 — 35 — —
Nitzschia acicularis 684 292 51 17 11
Nitzschia amphibia — S — 27 13
Nitzschia hungarica 45 47 62 92 30
Natzschia sigmoidea 52 14 43 36 19
Surirella robusta 4 — 32 30 73
Surirella turgida 4 1 30 — —
Other species 133 71 134 28 176
Total 4064 3123 2330 1242 2044
Chlorophyta
Closterium aciculare — 2 — 5 22
QOocystis solitaria 39 11 37 20 49
Other species 54 44 34 21 84
Total 93 57 7l 46 155
Sum total of all algae 4239 3199 2471 1350 2269
g/m? 14.8 11.2 8.6 4.7 7.9

I

low. The benthic algae brought up by the waves can but partly compensate
for the darkness of deeper regions.

The mean production during the four hours and the standard error
of this mean were 118 4-8 mg C/m2. Owing to the low standard error a 20 per-
cent increase in the following years detected by measurements of similar
frequency could be regarded as significant difference. The average length
of day time in this half-year is 14 hours. To extrapolate the production of
the 4 hours of exposure to the whole day time, it was multiplied by 3.5. The
mean daily production is 413 mg C/m?day, the maximal production is 588 mg
C/m?/day. According to VINBERG (1961) lakes with 300—700 mg C maximal
daily production belong to the mesotrophic category. The maximal daily
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phytoplankton 10° ud[l

13, VL. | 27. VL ‘ 11. VII. 27. VIL. 10. VIIL 24, VIIL Te 32X 28. IX.
o 86 } - o - 257 AL 3 =
o = 3 6 32 56 199 7

7 139 119 145 103 17 86 64
7 295 122 151 392 73 288 71
36 87 46 20 34 76 26 8
34 48 43 129 47 1 90 11
138 147 341 1022 840 234 870 54
f 134 s 7 4 2 = =
= 222 38 182 86 19 15 .
172 551 422 1340 977 256 975 65
89 57 46 165 108 56 49 28
9 45 87 33 L 9 <t 71
2255 1934 558 335 93 223 = 228
458 384 | 125 62 10 62 18 29
50 i TY A e — a e = —
34 25 36 58 s o 2% 84
2 6 158 | 29 o o s 24
= = e ] = - - 105
242 316 1257 310 1 74 o 4
= 26 284 22 = 2 i 133
i o L e £ X Lo 87
2 15 42 7 2 7 L5 39
a7 5 110 29 6 25 i 81
s 37 226 40 £ = o 172
7 2 146 41 = 35 e 32
27 113 1072 786 I 1 s 45
s 189 229 20 2 i~ ek 17
52 171 431 146 52 135 91 239
3231 3454 4807 2083 270 626 158 1418
134 17 5 60 412 160 162 193
140 26 3 54 13 40 44 30
70 108 178 99 69 92 83 20
344 151 183 213 494 292 289 243
3790 4468 5580 3807 2167 1323 1736 1805
13.3 15.6 19.5 13.3 7.6 4.6 6.1 6.3

production of Lake Balaton falls within this range. According to the yearly
gross production, oligotrophic lakes produce 10—30, mesotrophic lakes
3070 eutrophic lakes 70—200 and hypertrophic lakes 200—400 g C/m?.
During the six months investigated the primary production of Lake Balaton
was 0.413 g C/m2x 183 = 75.6 g C/m? half-year, i.e. the production attained
already the yearly level of eutrophic lakes.

The average biomass of the phytoplankton is 10.3 g. The average daily
production, if 1 g C corresponds to 10 g biomass was 4.13 g. This means that
the mass of phytoplankton is renewed in each 2.5 days. As in other lakes
this value is 2—10 days, (GESSNER, 1959), the turnover time of the phyto-
plankton is relatively short.
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Fig. 1. The average biomass and production of the phytoplankton at different depths

Fig. 2. The primary production of the phytoplankton per unit of lake surface

Due to rapid turnover, the daily production is relatively high as com-
pared to the biomass, and due to the long productive period the yearly pro-
duction is high as compared to the daily production. This way it is possible,
that by relatively low phytomass, the daily production corresponds to the
mesotrophic, the yearly production to the eutrophic level. The not too high
mass of algae provides more food for other organisms than in lakes with a
slower renewal of algae, or with shorter productive period.

The primary production in this half-year, extrapolated to the whole
Lake Balaton was some 453 000 metric ton of planctonic algae. This amount
is 22 times higher than that estimated by Ex1z (1954) from the low phytomass
of the 1940 s (TamA4s, 1955) for the whole year.

The question may arise, how much did the productivity of the lake
change since the first primary production measurements in 1961. It cannot
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be answered in an exact manner, since there are essential differences between
the two set of experiments. BOszORMENYI et al. (1962) exposed the samples
only at 1 m depth for six hours, and measured radioactivity by the GEIGER—
MULLER tube. In this experiment the production was measured at four dif-
ferent depths, the exposition time was four hours and radioactivity was
measured by liquid scintillation.

In order to obtain comparable data the amount of carbon bound by 100
ml sample in one hour at 1 meter depth was calculated. These values were
0.70 and 1.07 pgC/100 ml/h in 1961 and 1973 respectively. Part of this dif-
ference may originate in the different techniques. Thus by all probability
the productivity of the phytoplankton increased but moderately in the last
decade.

Summary

The biomass of phytoplankton, the illumination and primary production
were measured fortnightly at four depths.

In the samples 108 alga species, 5 varieties and 1 form were found. Algae
were counted by UTERMOHL microscope. The biomass of each species and the
total phytoplankton were calculated from the number of algae and from
the volume of individuals. Until the middle of July the plankton was domin-
ated by diatoms, the largest mass was formed by Cyclotella bodanica. Cera-
tium hirundinella became the dominating species first in the second half of
the summer. The average biomass was 10.3 g/m?2.

Transparency is very unstable in the lake, due to the frequent swirling up
of the mud. In storm the primary production stops already at 1 m depth
because of light insufficiency while after a long calm period in the clear water
the deepest layer (3 m) exhibited the highest production.

In general at the surface the production is inhibited be excessive il-
lumination, the maximum is found at 1 or 2 m, and at 3 m the same mass
of algae produced four times less than at 1 m, owing to the insufficient light.

The mean production and the standard error of the mean during the
four hours expositions were 118 4+ 8 mg C/m?.

The average daily production was estimated to be 413 mg C/m?, the
primary production during the half-year to 76 g C/m?2.

This primary production corresponds to that of the slightly eutrophic

akes.
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A BALATON FITOPLANKTONJANAK ELSODLEGES TERMELESE
1972. APRILIS—SZEPTEMBERBEN

Herodek Sandor és Tamds Gizella

Osszefoglalas

Hél éven keresztiil kéthetente mértiik négy kiilénbdz6 mélységben a fitoplankton
tomegét, a megvildgitdst és az elsédleges termelést.

A mintédkban 108 algafajt, 5 véaltozatot és 1 formét taldltunk. Az egyedszémot
Utermohl médszerével hatdroztuk meg. Az egyedszdam és az egyedek dtlagos térfogata
alapjdn kiszémitottuk az egyes fajok és az egész fitoplankton biomasszéjat. Julius koze-
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péig a planktonban a kovamoszatok uralkodtak, a legnagyobb tomeget a Cyclotella
bodanica képezte. A Ceratium hirundinella a nyar masodik felében valt uralkodé fajja.
A biomassza atlaga 10,3 g/m2 volt.

A Balaton vizének atlatszésadga nagyon valtozékony az iszap gyakori felkeveredése
miatt. Viharban mar egy méter mélyen sincs termelés a fényhiany miatt, mig hosszu
szélcsend utdn a viz annyira tiszta volt, hogy a termelés maximuma a legmélyebb (3 m)
rétegben alakult ki. Altalaban a felszinen fénygatlas van, a termelés maximuma egy-
két méterre esik, harom méter mélyen pedig a fényhidny miatt ugyanakkora algatémeg
csak negyedannyit termel, mint egy méteren.

Négyoras expozicié alatt a termelés atlaga és az atlag standard hibaja 118 8mg
C/m2volt. Ebb6l szamitva az atlagos napi termelés 413 mg C/m2 a fél év alatti termelés
76 g C/m2volt. A fél évi termelés eléri a természetes eutr6f tavak szintjét. Ezt az alga-
témeg gyors, 2,6 naponkénti meguljuldsa, és a hosszU vegetacids periddus teszi lehetévé
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In Lake Balaton the number, biomass and production of the hetero-
trophic and total bacterioplankton have been investigated intensively from
many points of view during the years of 1966 —1971 (OLAH, 1969 a, b; 1970;
1971 a, b, ¢; OL&u and VAsiruELYI, 1970 a). However, our knowledge about
the bacteriobenthos of this lake is rather scanty. According to our short periodic
investigation, in the constantly disturbed water of shallow Lake Balaton
the sediment has a significant role in the formation of both the heterotrophic
and total bacterioplankton. Therefore, the investigation of bacterial gradients
is of special importance at the sediment — water interface, i.e. in the water
layers above the bottom, the sediment — water interface taken in the literal
sense as well as the deeper sediment layers. In this study we determined
the quantitative distribution of the aerobic, anaerobic bacteria and that of
the bacteria counted on the membrane filter at the sediment — water interface
in three shallow lakes of different trophic levels.

Methods

In Lake Balaton the samples were taken in the Keszthely Bay the most
eutrophicated part of the lake and in section “A” (in front of the Institute),
which represents the less eutrophicated larger part of the lake. In the highly
eutrophic Lake Bels§ the samples were taken in the deepest part of the lake.
In Lake Velence between the state of eutrophy and “senescence’, the samples
were taken in the reeds-free open water (sampling station “C”, OLA® and
VAsARHELYI, 1970 a). Samples were taken in July, 1971 with a MILBRINK’s
microstatification sampler (1968) into sterile glass or Petri-dish and the de-
terminations were carried out immediately after sampling or in the case of
Lake Velence and Keszthely Bay not later than 5 hours. The anaerobic bac-
terial gradients were determined in January of 1973.

The quantity of bacteria counted on the membrane filter was deter-
mined according to Kuznersov and RomanNexko (1963). The distribution
of aerobic bacteria at the sediment — water interface was determined with
the usual plating method. For plate pouring we have chosen the sodium
caseinate agar (OLAH and VAsArRHELYI, 1970 b). Burri-tubes were used to
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estimate the number of anaerobic bacteria. To ensure the anaerobic condition,
besides using deep agar, the left-over oxygen in the closed tubes was absorbed
with alkaline pyrogallol. The aerobic bacteria were cultured at 25° C and the
anaerobic bacteria at 38° C. Two culture media were used to estimate the
number of anaerobic bacteria. Nutrient II agar with a high organic content:

Beef extract (Difco) 3 g
Peptone (Difco) 5 g
Glucose 10 g
Difeo agar 15 g
Distilled water 1000 ml

We used iron sulphite agar (Oxoid) with a lower organic content to count
the anaerobic and sulphite-reducing bacteria. The colonies of sulphite-reducing
bacteria are black in this medium owing to the iron sulphide precipitation.
The agar column was pushed out of the tube, then cut into slices and examined
under a microscope.

Results and discussion
Aerobic bacteria

At the end of the 1920s the quantity of bacteria on the sediment surface
of the open water was below the value of 1 - 10° cell/g wet sediment (Zru, 1929)
in Lake Balaton. After ten years there was no significant change. On the sedi-
ment surface of the open water HArRANGHY (1941) found about 1 - 10% cell/g
wet, sediment both on gelatine and Heyden agar. In this study the number
of aerobic bacteria on the sediment surface of the open water reached the value
of 1 - 10%g wet sediment (Fig. 1). The comparison of data obtained during
the 1920s and 1930s and in this study is reasonable. All these investigations
were carried out in July and the same types of media occurred among the
culture media which were used for plate pouring. Attention was paid to the
selective effect of media (HArRANGHY, 1941; OLAH and VAs{rHELYI, 1970 b).
The comparison shows that during the first ten years of the period of forty
years there was no significant change while in the course of the following
thirty years the number of heterotrophic bacteria on the sediment surface
increased by two order of magnitude. This very high increase is especially
striking, because during the same period the quantity of aerobic bacterio-
plankton remained on the same order of magnitude (OrLAH, 1969 b).

The gradient of aerobic heterotrophic bacteria at the sediment—water
interface of Lake Balaton indicates the low number of cells in the water layer
of 11—15 cm above the sediment surface (Fig. 1). The number of aerobic
heterotrophic bacteria decreased rapidly in the deeper sediment layers. How-
ever, their number even in the sediment layer of 9—11 cm was significant:
reached the value of 1 - 10* cell/g. In the sediment of Keszthely Bay the ac-
cumulation of organic matter is higher than that in the other part of the lake
(Poxnvr et al., 1972). The input exceeds the output. This is reflected by the
quantity of aerobic heterotrophic bacteria living on the sediment surface.
Their number reach the value of 3.2 - 10° cell/g wet sediment. We have measur-
ed similar values in Lake Velence. In the highly eutrophic Lake Bels6
the quantity of aerobic heterotrophic bacteria reached the value of 2 - 10°
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Fig. 1. The quantity of aerobic heterotrophic bacteria at the sediment—water inter-
face of different lakes

cell/g wet sediment on the sediment surface and in the water layer of 11—15
cm above the sediment we have found more bacteria than on the sediment
surface of Lake Balaton. In the lakes investigated the quantity of aerobic
heterotrophic bacteria decreased rapidly in the deeper sediment layers except
the sediment of Keszthely Bay which produced an increase again in the sedi-
ment layer of 6—8 cm.

Anaerobic bacteria

We investigated the distribution of anaerobic bacteria at the sediment—
water interface only in section “A’ of Lake Balaton. On the sediment surface
the quantity of anaerobic bacteria counted on iron sulphite agar reached the
value of 2 - 10* cell/g wet sediment (Fig. 2). The same value on nutrient IT
agar was lower by one order of magnitude. During the last thirty years the
quantity of anaerobic bacteria also increased on the sediment surface. In the
open water sediment HArRANGHY (1941) found an average value of 1 - 102
and even in the littoral zone, in the sediment of the reeds his values were
below the value of 1 - 10° cell/g. The anaerobic bacterial gradients differ from
the gradient of aerobic heterotrophic bacteria. In the water layers we found
no anaerobic bacteria except some cells in the water layer immediately above
the sediment. The quantity of anaerobic bacteria counted on nutrient II agar
was smaller in the oxidized sediment surface than in the reduced sediment
layer of 1—5 cm. The distribution of sulphite reducing bacteria was similar.
The anaerobic bacteria counted on iron sulphite agar occurred in a larger num-
ber on the sediment surface than in the deeper reduced sediment layers. This
type of distribution may be explained by the higher proportion of facultative
anaerobic bacteria and the anaerobic microenvironment.
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Fig. 2. The quantity of anaerobic heterotrophic bacteria at the sediment—water inter-
face of Lake Balaton

Bacteria counted on membrane filter

A membrane filter variety of the original Vinogradsky’s method is
used more often to estimate the total number of bacteria living in the sedi-
ment (Kuznetsov and Romanenko, 1963). According to our present data
the quantity of bacteria on the sediment surface of open water in Lake Balaton
is lower in July than in the mesotrophic lakes (Fig. 3). The values of 3 + 108
cell/g wet sediment is lower than the values of 0.5—1.5 m109 cell/g charac-
terizing the mesotrophic lakes (Romanenko and Romanenko, 1971). How-

Tota! bacteria cell/ml, g, resp.

Fig. 3. The quantity of bacteria counted on the membrane filter at the sediment—
water interface of different lakes
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Fig. 4. Storm effect on the quantity of aerobic heterotrophic bacteria and bacteria
counted on the membrane filter in the bottom water layers

ever, according to our earlier autumnal investigation the quantity of bacteria
on the sediment surface reaches the values of mesotrophic lakes (PonNvyr et al.,
1972). In the Keszthely Bay with a higher trophic level, the quantity of bac-
teria reached the value of 5 - 10° cell/g characterizing the eutrophic lakes.
During our earlier investigation in autumn we found no such a large difference
between the Keszthely Bay and the other part of the lake.

The number of bacteria living on the sediment surface of the highly
eutrophic Lake Bels§ exceeded the value of 1 -10'° cellg wet sediment.

In the lakes Balaton and Bels§ the quantity of bacteria counted on
membrane filter decreased with depth. In the sediment of Lake Velence and
Keszthely Bay the number of bacteria was lower in the deeper sediment
layers, however, their number showed no decrease up to the sediment layer
of 10 em. The number of bacteria in the water layers immediately above the
bottom decreased rapidly in all three of the investigated lakes. After a storm
the number of heterotrophic bacteria increased by two order of magnitude
and that of the bacteria counted on membrane filter by one order of magnitude
in the water layers immediately above the bottom (Fig. 4). According to our
short periodic investigation the storm or strong wind effect may be detectable
even in the surface water layers (OLAH, 1970).

Summary

1. During the last forty years the number of aerobic heterotrophic bac-
teria on the sediment surface of Lake Balaton increased from a value of 1 - 103
cell/g wet sediment to a value of 1 - 10°. During the same period the quantity
of the heterotrophic bacterioplankton showed no significant change. Most
bacteria occurred in the upper 1 cm layer of the sediment. In the deeper sedi-
ment layers and in the water layers above the bottom their number decreased
rapidly.
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2. During the last thirty years the number of anaerobic bacteria on the
sediment surface increased at least by one order of magnitude. In the bottom
water layers there was no anaerobic bacteria. In the deeper, reduced sediment
layyers their number increased or decreased depending on the different media
used.

3. The quantity of bacteria counted on the membrane filter increased
from a value of 3 - 10%/g wet sediment (Lake Balaton) to a value of 1 - 101°
in lakes with different trophic levels.
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BAKTERIUM GRADIENSEK A SEKELY TAVAK VIZ-ULEDEK HATARAN
Olah Janos

ﬁsszefoglalés

1. Az elmult negyven év sordn a Balaton tledékfelilletén él6 aerob heterotrof
baktériumok mennyisége 1 - 103 sejt/g-rél 1 * 10° sejt/g-ra emelkedett. Ugyanezen perio-
dus alatt az aerob heterotr6f bakterioplankton mennyisége nagysdgrendileg nem vélto-
zott. Legtobb baktérium az iiledék fels6 1 cme-es rétegében volt. Az iiledékmélységgel,
de kiiléndsen az iiledékfeletti vizrétegben szdmuk gyorsan csdkkent.

2. Az elmult harminc év soran a Balaton iledékfeliiletén él6 anaerob bakté-
riumok mennyisége legaldbb egy nagysdgrenddel n6tt. Kozvetlenil az tiledékfeletti viz-
rétegben nem taldltunk anaerob baktériumot. A mélyebb, redukalt iiledékrétegekben
szdmuk csokkent vagy nétt az alkalmazott téptalajtol fiiggen.

3. A membrénsz{irén szdmolt baktériumok mennyisége a vizsgdlt kiilonbozé
trofitdsi tavakban 3 - 108 sejt/g nedves iiledékr6l (Balaton) 1 - 10'° sejt/g nedves iile-
dékre nétt (Bels6 t6).

15
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The method of sewage purification in fish-ponds is of old standing. Since
the beginning of this century this type of fish-ponds has been maintained in
Germany (Favck, 1935; KissgALT and InzaOrFER, 1937; KAUFMANN, 1958;
LieBMANN, 1960). The main point of the procedure is that the organic sub-
stances of the sewage-water getting in to the fish-pond after a suitable dilution
and distribution, are aerobically destructed by means of bacteria and the bio-
genic elements formed this way are utilized by the algae. The bacteria and
algae propagated during the decomposition of organic substances as well as
the organic fragments are incorporated by planktonic animals and other
invertebrate organisms, which are in turn consumed by other invertebrates
or directly by fish.

In spite of the fact that these fish-ponds supplied with sewage-water
function with a good efficiency according to the experience of Germany (Inm-
Horr, 1956 ; LIEBMANN, 1960), the results and observations can only be utilize
with some difficulties owing to the different conditions in Hungary (CSANADY
and GREGAcS, 1965 a). Upon the influence of the advantageous observations
obtained in Czechoslovakia (PyTrLIK, 1957) several papers have been published
in our country which, on the one hand, urged the operating experimental
introduction of the postpurification of sewage-water in fish-ponds (WoyNa-
ROVICH, 1959 a, b), and on the other hand, described the principal problems
together with home possibilities (DonNAszy, 1965; CsaANADY and GREGACS,
1965 a). In spite of that, attention was rather focused on the so-called waste
stabilization ponds (“‘Abwasserteich’”) (UnLMANN, 1962; BRINCK, 1961;
CsaNADY and GrEGACS, 1965 b), since as against to the fish-pond purification,
there is no need of dilution-water in this case, offering a possibility for wider
application. According to certain data,the waste stabilization ponds and the
fish-ponds supplied with sewage-water cannot be sharply distinguished
(Pyrrik, 1957), since in a closed system the culture of carp and tench can
be realized even without diluting the water, and what is more, for this purpose
even the strongly contaminated waste waters of the food industry can be used.

Neither sewage fish-ponds nor waste stabilization ponds were established
in Hungary until 1970 for direct purposes of purification of sewage-waters.
Nevertheless, the home literature (CsaxApy and GreGcAcs, 1965 a, b) reported
on the bacteriological, chemical and parasitological relationships of some fish-

15%
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ponds loaded with sewage-water and waste stabilization ponds, indicating
that these methods could be applied in a useful way even in our country.
The authors cited above suggest the establishment of these types of pond
especially on the southern shore of Lake Balaton, since “‘by means of them
the sewage-water can practically be kept out of the lake” (CsanApy and
GREGACS, 1965 a, p. 185), and hold as necessary to perform experiments in
operational sizes in order to estimate the possibilities. The idea of establishing
sewage fish-ponds has arisen even formerly, however, recently some apprehen-
siveness came to light both abroad and home as regards this method of sewage
purification especially in connection with the ponds along the Lake Balaton,
containing peat and a huge amount of organic substances (HoLENy1, 1962).

The OVH (National Buro for Water Conservancy) agreed to establish
experimental ponds in 1970, which is to be built in the region of Fonyéd for
the utilization of sewage-waters and to start to function in 1973. Until putting
this fish-pond into operation, we have investigated the so-called pond of
Zardavar No. 1 since 1971, which is a sewage fish-pond not studied before
from hydrobiological point of view. The long-term aim of our investigations
was to obtain scientific material on the basis of which the research work can
be planned with suitable certainty on the experimental ponds starting in 1973.

The investigations were intended to study directly

a) the biomass of bacterio-, phyto- and zooplankton as well as their
changes;

b) the biomass of fauna at the bottom of the pond;

c) the growth of fishes;

d) the most important chemical components.

Description of the place of investigations

A fish-pond system of 370 cadastral acre consisting of 3 units serves
for the postpurification of the sewage-water of the Fonyd6d resort centre.
The water is conducted here by a main collecting pipe. After lifting over and
sedimentation, the water reaches pond No. 1 at one point, which is of 85
cadastral acre. The other two ponds can be filled in with water through the
first one, thus, the accidentally remaining contamination can further be
destructed.

During the emptying of the ponds, the water gets in a canal called
Keleti-Bozét then into Lake Balaton. During this period, the sewage-water
is collected in a reserve pond (Fig. 1) acting for waste stabilization. The re-
filling of the ponds takes place from the canal mentioned above containing
plentiful clean water.

According to the aims of investigations, the work was concentrated on
pond No. 1. The standard places of sampling, except one, fall on the transversal
section of the pond. The place of sampling No. 1 was near the inflow of the
sewage-water, that of No. 5 near the outflow of the pond, and further 3 places
were selected at about identical distances from each other between the two
marginal places mentioned above.

Using these places of sampling, the changes can be followed from the
inflow up to the outlet of the pond. Samples were taken occassionally from
another point of the pond for comparisons (F#ig. 1, place of sampling No. 6).
Thus, 3 samples were at our disposal each from the marginal and open water
areas.
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Fig. 1. Places of sampling on pond No. 1 of Zardavar

»
Methods
1. The biomass of the planktonic members

The amount of the total microbial plankton was determined by means
of the method of Razumov (1932), whereas the biomass was calculated accor-
ding to Rodina (1965). For measurements of the phytoplankton biomass,
the chlorophyll-method of Strickland and Parsons (1969) was applied. For
the determination of alga species as well as for the evaluation of their per-

centual distribution, samples filtered through a mesh No. 25 were used. The
counting was carried out in a microscope type Uthermél.

229
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The determination of the zooplankton biomass was performed in light
of the works of SEBESTYEN (1958), NAUWERCK (1963), SCHNESE and SCHWARZ
(1970). For qualitative and quantitative analyses of the Rotatoria plankton,
the filtrate obtained on a mesh No. 25 from 4.5 1 of water was used. At the
evaluation of the biomass of the predominant species, the volume values
calculated on the basis of models of SEBESTYEN (1958) concerning the periods
of “warm water”’, as well as the values of length, width and thickness of
different species measured under the microscope, were applied. The product
of multiplication of those values is considered as a volume given in u? units
of a given individual. Since the measurements were carried out on formalin-
fixed material, the morphological changes of certain species could not be
taken into account (e.g. the retracted foot of Epiphanes, the head-region of
Asplanchna, etc.). The chitin-processes and the spines were also neglected
(e.g. Brachionus diversicornis, or B. calicyflorus). The volume values obtained
this way were averaged and multiplied by 1.025 resulting in the wet weight
of one rotifer individual in average. The dry weight amounts to 10 percent
of that (WinBErG, 1971). The number of individuals per litre was multiplied
by this average weight.

For the determination of the biomass of Crustacean plankton, 15 1 of
drawn water was used concentrated on a bronze-net of 90 u mesh. The biomass
was calculated by multiplying the number of individuals per litre by the value
of dry weight measured separately for every species (e.g. the weight of a
Bosmina longirostris is 2 pg, that of juvenile Cyclops vicinus is 5 ug).

2. The me hods of investigation of the benthos

The macrobenthos was investigated by using the Eckmann—Birge
dredge, the mud was passed through riddles of different mesh (the smallest
one of 500 u). Organisms of this order of magnitude occurred so rarely that
the determination of biomass was omitted.

The collecting of meiobenthic samples was also carried out by using
the Eckmann—Birge dredge. A mud layer of 1 cm thickness and 40 cm?
surface area was taken away from the untouched surface of the sample. The
material was fixed in 4 percent formalin. The mud sample was put into a
measure cylinder of 200 ml and filled up to the sign, then after mixing by
shaking the animals were selected and investigated in portions of 25 x 2—4 ml
in counting dishes. The biomass of Nematoda was estimated in dry weight
according to the work of Warwick and BucHANAN (1971) by calculations.
The biomass of the other groups of organisms was not calculated because
of their low number of individuals.

3. Methods of measurements on the fish-production and growth of fishes

The investigations were mainly carried out on fishes collected during
sampling fisheries. The total and standard body length as well as the
body weight were measured and conclusions were drawn for the absolute
growth from the average values. The allometric growth was calculated from
those values (HUXLEY, 1924; cit. BEVERTON and Hort, 1957). The rate of
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growth of body length and weight was characterized by the so-called growth
coefficients on the basis of the equations given below (CEAPMAN, 1968; TESCH,
1968):

= loge —V_{’l— loge W0 T Vs e e logc I_Jl jee loge I‘o
At ; ? At

where G, = growth coefficient of the body weight, G, = growth coefficient
of the body length; w = body weight; L. = body length; A4t = time between
0 and 1 (in our case it is 6 months).

The condition of the fishes was determined by using the method of HiLe
(1936) and LE CrEN (1951) on the basis of the following equations:

109 W
FE

Gw

and CF =

At the seasonal changes of the condition the average and the limit values were
considered.

The calculation of the actual total mortality was carried out according
to RickER (1958):

7 — —(oge Ny — log, N)
At ’

where Z = coefficient of the actual total mortality; N = number of individuals
at the beginning and at the end; A4t = time (= 0.5 year). From that equation
one can determine the coefficient of survival, i.e. the rate of that:

Bi=anf

as well as the total yearly mortality: A = 1 — S; this applies in this case
only to half a year. The “losts” at economical level are given simply as per-
centages without time-dependence on the basis of the results of fisheries.

The production parameters of Zardavir ponds No. 1, 2 and 3 were
evaluated separately between 1964 and 1971, and the net fish-production of
each pond was investigated by using the parameters determined above as well
as statictical data according to necessity (RICKER, 1958; BACKIEL, 1963;
NacIrd, 1964).

4. The water analyses were carried out according to the Hungarian
National Standards. The mud-analyses were performed by the Department
of waterphysiology of OMMI.

Results

1. Qualitative characterization of the water in the sewage fish-pond as well as in
the in- and out-flow canals

Several data summarized in Table I and Table 11 on water quality
indicate that the fish-pond shows an efficiency of purification of about 40— 74
percent. The recipient Keleti-Bozbt contains water of good quality 1 km before
Lake Balaton. This manifests itself especially in the low O,-consumption
and low ammonium-values.
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TABLE II
Some chemical characteristics of the water of Keleti- Bozét canal reaching Lake Balaton
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1969

1969

Vehicular bridge of Fonyéd

Substances investigated (mg/l) June Sept. 1970 1970 1971
April Nov. March

O, consumption 9.1 5.2 8.0 7.4 2.6
BOI; 4.1 5.0 5.0 3.0 2.3
Dissolved Oy 6.7 12 7.3 10.4 8.9
PH 8.4 8.0 8.2 8.0 8.1
NHF 0.15 0.2 0.1 0.6 0.1
Total dry substance 456 628 452 606 539

2. The biomass of bacterioplankton

The bacterial biomass was of high value during May due to the increasing
temperature (T'ables 111 and IV ). The high spring values were characteristic
for the whole pond; no increase in values was noted near the inflow. During
nearly one month, by the 9th June, the biomass of the bacterioplankton
decreased. The highest value was found at the place farthest from the inflow

on the 9th June, together with a low content of bacteria.

TABLE III

Biomass values of the bacterioplankton (g wet weight/m?®) in 1971

13th 9th 23rd 6th 10th 20th | 14th 12th 21st

May June June July Aug. Aug. Sept. Oct. Oct.
1. 11 4 21 0.25 4.4 2.8 13.8 20.6 24.1
2. 10.6 3.4 18 0.38 14 2.3 12.56 19.7 23.9
3. 9 4.2 14 0.46 1.3 1.8 10.8 21.0 23.3
4. 12 3.8 11 0.51 115 ) 1.8 9.2 21.6 25.2
5. 11.8 5.9 12.2 0.55 1.4 3.0 14.9 20.6 21.4
Keleti Bozét 2.6 1.9 2.1 —_— —_ —_ —_ —_ —_

TABLE IV
Biomass values of the bacterioplankton (g dry weight/m?®) in 1971

13th 9th 23rd 6th 10th 29th 14th 12th 21st

May June June July Aug. Aug. Sept. Oct: Oct.
13 2.2 0.8 4.2 0.05 0.8 0.5 2.7 4.1 4.8
2. 2.1 0.6 3.6 0.07 0.2 0.4 2.5 3.9 4.7
3. 1.8 0.8 2.8 0.09 0.2 0.3 2.1 4.2 4.6
4. 2.4 0.7 2.2 0.10 0.2 0.3 1.8 4.3 5.0
5. 2.3 i ) 2.4 0.10 0.2 0.6 2.9 4.1 4.2
Keleti Bozét 0.5 0.3 0.4 — — — = e 7y

|
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The restarted inflow of sewage-water increased again the biomass of
the microbial plankton in the whole pond according to the investigations of
the 23rd June. The biomass values surpassed those in high spring. The highest
values were obtained near the inflow. Proceeding toward the outlet, the bio-
mass of the bacterioplankton decreased nearly to its half.

Parallel with the blue-green algal bloom, the biomass of the bacterio-
plankton decreased to an extremely low value (6th July). The bacterioplankton
was formed mainly by a single coccoid form of 2 -3 u size (with food-inclusion
and often in the state of division).

The biomass of the bacterioplankton remained low even on the 10th
August beside the abundant biomass of Anabaena-Microcystis-Oscillatoria-
Aphanizomenon species. However, the cocci of 2—3 u size were changed
replaced by filamentous forms. The biomass of bacterioplankton was very low
even on the 29th August and the filamentous forms predominated.

The biomass of bacterioplankton was high on the 14th September. The
initiated mineralization of Anabaena filaments was indicated by the fact
that after the cocci of 2—3 p size and the filamentous forms, a significant
proportion of the bacterioplankton consisted of a form of less than 1 p of a
coccus-streptococcus type. The more or less colonized bacteria were always
localized around the destructed Anabaena cells. The terminal cells of the
destructed Anabaena filaments were surrounded almost always by the micro-
colonies of this microorganism.

The biomass of the bacterioplankton remained high on the 12th and 21st
October. The decrease of blue-green algae was accompanied by the appearance
of diatoms. Parallel to this phenomenon, a thin (less than 1 y thick) filamentous
organism became predominant in the bacterioplankton.

The biomass of bacterioplankton in the Keleti-Boz6t was very low
during the period of investigations as compared to that of the pond.

In the seasonal change of the biomass of bacterioplankton the very low
number of bacteria is the most conspicuous phenomenon observed parallel
with the bluegreen algal bloom. The decrease in the number of bacteria ac-
companying the blue-green algal bloom has also been described during our
previous investigations in Lake Balaton and Lake Belsé (OrnAm, 1971). It
seems to be regular that the destruction and mineralization of the large
blue-green algal biomass leads to an extreme increase in the bacterial biomass
following the minimum value of it. The complex causal relationships between
the blue-green algae and the bacteria described even here will be elucidated
in more detail in the future.

On the basis of literary data and considering the bacterial biomass, the
waste stabilization pond of Fonyéd can be classified as a pond of high producti-
vity and of medium loading.

3. The changes of biomass of phytoplankton and the percentual composition
of the algal groups

@) Chlorophyll content and phytoplanktonic biomass. Similarly to the
biomass of bacterioplankton, the amount of chlorophyll-a decreased after a
high spring value (T'able V). By the end of June, after the restarting of the
sewage-water inflow, the chlorophyll-a content increased again. During July,
August and September, the amount of chlorophyll-a extremely increases in
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TABLE V
Chlorophyll-a content wn ugllitre in 1971
13th 9th 23rd 6th 10th 1 29th 14th 12th 21st
May June June July Aug. | Aug. . Sept. Oct. Oct.
i 95.6 28.2 63 | 4566 464 672 313 150 34
2 58.4 324 | 114.1 589 603 545 823 150 104
3. 75.2 41.6 92 614 603 522 788 23 58
4. 84 26.9 | 106 536 487 661 730 11 174
5. 40 21.6 98 519 556 742 812 46 139
Keleti Boz6t 16 14 11 — — — — — —_

consequence of the mass production of blue-green algae. Parallel with the
decrease of blue-green algae during October the chlorophyll-a content also
significantly decreased.

The chlorophyll-a content is usually lower at the points near the inflow
than at the other places of the pond. This decrease in the chlorophyll-a con-
tent at the inflow is especially conspicuous in the results of September.

The chlorophyll-a content of the Keleti-Bozét is low as compared to
that of the pond.

Apart from the measurements of chlorophyll-a, in some investigations
the amounts of chlorophyll-b and ¢ were also measured. At some points the
amount of chlorophyll-c reached the value of 200 ug/l indicating an important
role of diatoms in the photosynthetic organic production as well as indirectly
in the production of oxygen necessary for the aerobic bacteria to decompose
organic substances.

The quantitative estimation of phytoplanktonlc biomass on the basis
of the pigment content is widely known. For this purpose the following formula
was used:

mg C = 25X mg chlorophyll-a.

The phytoplanktonic biomass and the pigment contents indicate (7T'able
VI) an important role of photosynthetic oxygen production in the decrease
of organic content of the sewage-water as well as in the processes of decompo-
sition and mineralization. The bacterioplanktonic biomass is somewhat lower
in natural, non-contaminated waters or even identical with the phytoplank-

TABLE VI
The biomass values of the phytoplankton in gClm® in 1971

13th 9th 23rd } 6th 10th 29th 14th 12th 21st
May June June July Aug. Aug. Sept. | Oct. ’ Oct.
1. 4.7 1.4 3.1 ‘ 22.8 23.2 33.6 15.6 ‘ 7.5 1.7
2. 2.9 1.6 5.7 | 294 30.1 27.2 41.1 7.5 5.2
3. 3.7 2.0 4.6 ‘ 30.7 30.1 26.1 39.4 i 1 2.9
4. 4.2 143 5.3 ‘ 26.8 ’ 24.3 33.0 | 36.5 0.5 ‘ 8.7
5. | 2.0 1.6 4.9 25.9 | 27.8 37.1 | 40.6 23 | 69
Keleti Bozét ‘ 0.8 0.7 0.5 | ‘= I == = I st e e
[ |
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tonic one. The phytoplanktonic biomass of the waste stabilization pond of
Fonyéd significantly surpassed that of the bacterioplankton especially during
the blue-green algal bloom. :

b) Qualitative relationships of algal species (T'able VII). The number
of algal species determined in the drawn-filtered samples collected at 5 points
of the pond No. 1 between the 13th May and 21st October, 1971 as well as in
the water of Keleti-Boz6t, amounted to 114. They showed the following phylal
distribution:

Cyanophyta 14
Euglenophyta 6
Pyrrophyta 3
Chrysophyta 34
Chlorophyta 56
Mycophyta 1

114

Among the four systematic groups, the species were distributed as fol-
lows:

Occurrence of Cynophyta species in the places
of sampling of the pond No. 1 during 1971.

1 Points of sampling

I 1 | 2 | 3 4 ’ 5 I Keleti-Bozot

13th May

25th May

9th June

23rd June

6th July

10th August
29th August
14th September
12th October
21st October

o
-

—t
Do oOgWw

LS SRE I Sl VU L)
S WO ONWW
[N B U=l cilU= = )
Bl S BU-REN NGNS Wl

The number of individuals of the following 4 species gradually increased
from July:

Anabaena scheremetievi ELENKIN
Aphanocapsa delicatissima W. et G. S. WEST
Microcystis flos-aquae (WITTROCK) KIRCHNER
Spirulina laxissima G. S. WEST.

All four species prefer the strongly contaminated waters, i.e. they are
mesosaprobic organisms. The Anabaena scheremetievi reached the total bloom
by the end of August and beginning of September. Its exact taxonomical
place could be determined on the basis of the persisting cells. Several variants
and forms of it also occurred, but, they have not been identified. Aphanizo-
menon flos aquae var. klebahnii ELENKIN and Anabaena spiroides KLEB. are
also characteristic beta-mesosaprobic species. Both occurred rather frequently
in the samples.



2317

Huglenophyta
1971 l 1 | 2 l 3 4 5 Keleti-Boz6t

25th May 2 1 1

9th June 1 1

23rd June 2 2 3 3

6th July 2 3 1 2

10th August 1 1 1

14th September L 1 1 1

12th October 2 1 1 1

21st October 2 1 2 3 2

Euglena klebsii (LEMM.)MAINX and Phacus pyrum (EHR.) STEIN were
present in the majority of samples, during the blue-green algal bloom only
the Huglena klebsii appeared, their number decreased to only a few individuals
by August—September.

Pyrrophyta
1971 ‘ 3 I 2 ' 3 ’ 4 \ 5 | Keleti-Bozét

9th June 1

6th July 1 1

10th August 1

29th August 2 1

14th September 1 1 1 1 1

12th October 2 3 1 1 1

21st October 1 2 2

The Mallomonas species appeared in the samples from July, whereas
none of them were found during the bloom of Anabaena during September.
They reappeared in October.

Larger numbers of Peridinium sp. are significant at the end of August,
September and October. The highest number of individuals was found just
during the Anabaena bloom.

Chrysophyta
1971 I ) ’ 2 3 4 5 Keleti-Boz6t

13th May Lk

25th May 12 8 4 2 8 4
9th June 14 10 8 10 10 5
23rd June 12 12 10 15 13

6th July 11 12 11 13 13 8
10th August 6 5 4 4 i 1
29th August 2 6 3 3 9

14th September 3 4 1 6

12th October 8 6 % 4 4

21st October 7 5 8 5 5

The majority of species are beta-mesosaprobic. Among the 3 classes of
this phylum, 2 species of Xantophyceae ( Botryococcus braunii and Tetrakentron
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TABLE VII

The phytoplankton data of fish-pond No. 1 of Fonyddliget between 13th May, 1971
and 21st October, 1971

Symbols: 1—5 places of sampling in the pond; KB = Keleti-Boz6t; e = appears;
k = low number of individuals; g = frequently occurs; s = numerous; t = mass, algal
bloom; f-m = beta-mesosaprobionts; ehl = euryhaline.

Species Date of 1 2. 8. 4. 5. KB Note
sampling

CYANOPHYTA
1. Anabaena scheremetievi 9th June
ELENKIN 6th July
10th Aug
29th Aug
14th Sept
12th Oct
21st Oct

R W ow
o
Rt a
Ko n e g
FiEctn o Ko

@

2. A. spiroides KLEB. 13th May

9th June |
23rd June

6th July
10th Aug k k
29th Aug
12th Oct

w

(]
[l

RO

3. Aphanizomenon flos- 9th June
-aquae var. klebahnii 23rd June
ELENKIN 6th July
10th Aug
29th Aug
14th Sept
12th Oct
21st Octs

TR OR

p—m
ehl

R

R FER

ORRR
FORR R

b

4. Aphanocapsa delica- 25th May
tissima W. et G. S. 9th June
WaesT 23rd June

6th July
10th Aug
29th Aug
14th Sept
12th Oct
21st Oct

R B R R R R
FReRERRRE R
Frekl RE K
R e e R

5. A. elachista W. et 25th May
G. S. WEsT 23rd June
29th Aug

w
HOR O RRFR o2 R

w

6. Chroococcus 25th May
limneticus LEMM. 9th June
23rd June
6th July
10th Aug
29th Aug
14th Sept
12th Oct
21st Oet,

R ORRR R
KRR R R R
o
R R R R
ROR R R R R
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TABLE VII (continued)
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Date of
sampling

1.

2.

3.

KB

Note

7. Gomphosphaeria
lacustris CHOD.

8. Lyngbya limnetica
Levwm.

9. L. martensiana
MENEGH.

10. Merismopedia glauca
(E=mR.) NAEG.

11. Microcystis flos-aquae
(WITTROCK)
KIRCENER

12. Oscillatoria princeps
VAUCHER

13. Romeria elegans
(Worosz.) Koczw.

14. Spirulina laxissima
G. 8. WEesT

Euglenophyta

15. Euglena ehrenbergii
Kress

9th June

23rd June
6th July
10th Aug

25th May

9th June
23rd June

6th July
10th Aug
29th Aug
14th Sept
12th Oct
21st Octs

13th May
25th May
23rd June

6th July
10th Aug
14th Sept

6th July
10th Aug
29th Aug
14th Sept
12th Oct

25th May
9th June
23rd June
6th July
10th Aug
29th Aug
14th Sept
12th Oct

23rd June
12th Oct
21st Oct

6th July
10th Aug
29th Aug
14th Sept

29th Aug
14th Sept
12th Oct
21st Oct

23rd June

FRER EFFEFF FERR

FE FREEFRFRER

R

[l

FERFF ORR

R R = R

-

/R0

FOoRERRER R

W]

Lol

w R

o

R RR R R

R R

mROR

o

FREFF ® K

il =

0

R n

WO

ehl

B—m
ehl

o—m
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TABLE VII (continued)

Species Date of 1 3 4, 5 Note
sampling
16. E. klebsiv (Lemm.) 23rd June k k
MAINX 6th July k k k
10th Aug k k
14th Sept k k k
12th Oct k k k k
21st Oct k k k k
17. E. oxyuris SCEMARDA | 23rd June
6th July k
18. Phacus acuminatus 25th May k
STOKES 6th July k
21st Oct k
19. P. pseudonordstedtii 25th May
PocuwM. 23rd June e e
6th July e
20. P. pyrum (EBR). 25th May k
STEIN. 9th June k
23rd June k k k
10th Aug k
12th Oct k k
21st Oct k k k k
PYRROPHYTA
Cryptophyceae
21. Mallomonas acaroides 6th July k k
PErTY 10th Aug ? k
12th Oct
21st Oct k k
22. M. tonsurata TEIL. 29th Aug k k
12th Oct k
21st Oct k k
Dinophyceae
23. Peridinium sp. 9th June k
29th Aug k
14th Sept k g k k
12th Oct k k k k
21st Oct k k k
CHRYSOPHYTA
Xantophyceae
24. Botryococcus braunii 9th June k
Kirz. 23rd June k
6th July k k k
10th Aug k k
25. Tetrakentron tribulus 9th June k
GEITLER 23rd June k k
6th July k k k
10th Aug k

Chrysophyceae
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Species

Date of
sampling

Note

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Amphichrysis
compressa KORCSH,

Chromulina sp.

Rhizochrysis limnetica
G. M. SmIiTH
Bacillariophyceae

Amphora ovalis
Kirz.

Anomoeoners
sphaerophora
(KtTz) PFITZNER

Cocconeis diminuta
PaxnT,

C. placentula EHR.

Cyclotella
meneghiniana
Kitrz.

C. ocellata PANT.

Cymatopleura solea
(BriB.) W. SmiTH

16

. 29th Aug
12th Oct
21st Oct

9th June
12th Oct

9th June
23rd June

6th July
10th Aug

25th May
9th June

23rd June
6th July
10th Aug

14th Sept

9th June
23rd June
10th Aug

9th June

13th May
25th May
9th June
23rd June
6th July
21st Oct

25th May
9th June
23rd June
6th July
10th Aug
29th Aug
14th Sept
12th Oct
21st Oct

9th June
23rd June
6th July

25th May
23rd June
6th July
29th Aug
14th Sept
21st Oct

o & & &

R

FRE ORREFEFREFR R

R R

R R

R

=

FRORFRREREFRRER

@ ol

R

W

W

FROR O ORFRRERR

R R®

R

RORR R
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TABLE VII (continued,)

Species

Date of
sampling

Note

36

37

38

39

40

41

42

43

44

. C. prostata (BERK.)
CLEVE

. Cymbella cymbiformis
(KtTz.) V. HEURCK

. Epithemia sorex Kirz.

. Fragilaria construens
(EHR.) GRUN.

. Gomphonema
lanceolatum EBR.

. Qyrosigma kitzingii
(Grux.) CLEVE

. Melosira granulata
(Emr.) RALFS

. M. granulata var.
angustissima MULL.

. M. granulata var.
angustissima f.
spiralis MULL.

9th June
23rd June

6th July
10th Aug

9th June
23rd June
10th Aug

25th May
23rd June

6th July
10th Aug’
14th Sept

13th May
25th May
9th June
23rd June
10th Aug
29th Aug
21st Oct

9th June

25th May
9th June
23rd June
6th July
10th Aug
29th Aug

256th May
9th June
23rd June
6th July
10th Aug
29th Aug
14th Sept
21st Oct,

13th May
25th May
9th June
14th Sept
12th Oct
21st Oct

13th May
9th June
23rd June
6th July
10th Aug
29th Aug
14th Sept
12th Oct
21st Oct

R R w0 R

ORRERE

R

P

ol & R ol )
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FORRFRERR
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Species

Date of
sampling

1

2.

3.

Note

45

46

47

48

49,

50

51

52

53

. M. varians C. A. A,

. Navicula
cryptocephala KTz,

. N. hungarica var.

capitata (EHR.)
CLEVE

. Nitzschia acicularis

W. Smire

N. sigmoidea W.

SmiTH

. Pinnwularia maior

Kirz.

. Rhizosolenia

longiseta ZAcH.

. Strauoneis alabamae

HEIDEN

. Stephanodiscus

hantzschii GRUN.

16*

13th May
25th May
9th June
23rd June
6th July
14th Sept

13th May
25th May

6th July
29th Aug
14th Sept

13th May
25th May

9th June
23rd June
14th Sept

13th May
25th May
9th June
23rd June
6th July
12th Oct
21st Oct

13th May
25th May
9th June
23rd June
6th July
29th Aug
14th Sept

25th May

23rd June
6th July

12th Oct

25th May
9th June

23rd June
6th July

10th Aug

13th May
25th May
6th July

29th Aug
12th Oct
21st Oct

uw FERE R

wRRE

ww R K

2w R R
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TABLE VII (continued)

Date of

Species saanpling 2. 4. 5. Note
54. Surirella robusta 25th May
var. splendida 9th June k
(EgRr.) V. HEURCK 23rd June k k k
6th July k k
10th Aug k
29th Aug k
55. S. tenera GREG. 25th May k
23rd June k
6th July
10th Aug k
56. Syndera acus KiTz. 6th July k
b7. S. acus var. 13th May k
angustissima GRUN. | 25th May k
23rd June
14th Sept k
12th Oct s s s
21th Oct s 8 s
CHLOROPHYTA
Volvocales
58. Chlamydomonas sp. 9th June k
59. Pandorina morum 9th.June f—m
Bory
Chlorococcales
60. Actinastrum 13th May k
hantzschit LAGERH. 25th May k k
9th June k
29th Aug k f—m
12th Oct k k
21st Oct k k
61 Ankistrodesmus 13th May k
falcatus (CORDA) 25th May k k k
RAvLFs 9th June k
23rd June k
6th July k f—m
10th Aug k
29th Aug k k
14th Sept k
12th Oct k k k
21st Oct k g k
62. A. falcatus var. 25th May e
acicularis (A. 13th May e
BravN) G. 8. WesT 12th Oct
63. A. falcatus var. 9th July e

marabile W. et G. S.

WaesT .
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Species

Date of
sampling

1,

L

e

»

i

KB

Note

64. A. lacustris (CHOD.)
OSTENF.

65. A. longissimus
(LeMM.) WILLE

66. Chodatella balatonica
SCHERFFEL

67. C. ciliata (LAGERH.)

Lemw.

68. C. quadriseta Lemm.

69. Coelastrum
microporum NAEG.

70. C. sphaericum NAEG.

71. Crucigenia
tetrapedia (KIRCHN.)
W. et G.S. WesT

72. Dictyosphaerium
pulchellum Woop

73. Golenkinia radiata
CHroD.

25th May
9th June

23rd June
6th July

12th Oct

9th June
23rd June
12th Oct

9th June

9th June

23rd June

6th July
10th Aug
29th Aug

25th May
21st Octs

25th May
9th June
23rd June
6th July
10th Aug
29th Aug
14th Sept
12th Oct
21st Oct

9th June
10th Aug
29th Aug

9th June
23rd June

6th July
12th Oct
21st Oct

13th May
9th June
23th June
6th July
10th Aug
12th Oct
21st Oct

9th June
23rd June

6th July
10th Aug
29th Aug
14th Sept
12th Oct
21st Oct

[l ol ol
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TABLE VII (continued)

Species

Date of 1 2, 3.
sampling

Lol

KB

Note

74. Micractinium
pusillum FRESENIUS

75. Qocystis solitaria
WITTR.

76. Pediastrum boryanum
(TurpH.) MENEGH.

77. P. boryanwum var.
granulatum (Kirz.)
A. Braun

78. Pediastrum simplex

79. P. tetras (EBr.) RALFS

10th Aug k
10th Aug k
14th Sept k
12th Oct . k
21st Oct

25th May
9th June k
23rd June
6th July
10th Aug
29th Aug
14th Sept

R
W
O ORRFRER OFRER

25th May
9th June
23rd June
6th July
10th Aug
29th Aug
12th Oct
21st Oct

N 4 R
R

e e

13th May
25th May
9th June
23th June
6th July
10th Aug
29th Aug
14th Sept
12th Oct
21st Oct

FRERERE

FrREF FRER® "

25th May
9th June
23rd June
6th July
10th Aug
29th Aug
14th Sept
12th Oct
21st Oct

FRERFREREFREFRFRF & K
FERFERFRER
FRERERERRERRERFREFREF ® FREFRFE R

13th May
9th June
23rd June
6th July
10th Aug
29th Aug
14th Sept
12th Oct
21st Oct
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Species

Date of
sampling

1.

2.

3.

»

=

Note

80. Scenedesmus
acuminatus
(LAcErE.) CHOD.

81. S. carinatus var.
polycostatus
HorToB. et
NéMETH

82. S. denticulatus Lag.

83. S. dispar BriB.

84. 8. ecornis (RALFS)
CHoD.

85. 8. ecornis var.
disciformis CrOD.

86. S. ellipsoideus CHOD.
87. 8. intermedius CaoD.

88. 8. quadricauda
(Ture.) BrEB.

89. S. quadricauda var.
biornata Kiss

13th May
25th May
9th June
23rd June
6th July
10th Aug
12th Oct
21st Oct

9th June
23rd June

6th July
10th Aug
29th Aug
14th Sept
12th Oct
21st Oct

6th July

9th June
12th Oct

23rd June
6th July

23rd June
21st Oct

23rd June

9th June
23rd June

6th July
10th Aug
29th Aug
14th Sept
12th Oct
21st Oct

13th May
25th May
9th June
23rd June
6th July
10th Aug
29th Aug
14th Sept
12th Oct
21th Oct

25th May
9th June
23rd June
6th July
10th Aug
29th Aug
14th Sept
12th Oct
21st Oct

FeaRRrrEFREFERF FRERE KRR

R

o nn®l

R R

R

F OREFRERER FRF

FRORR

foll o

nwwn e R

AR R R®

FREERFFRR R R

R R

R R

mmmmwmmmpr

FRERFFFEFRR KEF FEREFR

[y

L WRE R

R FFEER R

N

KRR R

@

w

ORRERR

R n

»

nR = R

R

R R




248

TABLE VII (continued)

Species

Date of
sampling

| v e

o

Note

90. Scenedesmus
quadricauda var.
biornata f.

gigantica UBERKOV.

91. 8. quadricauda var.

longispina (CEHOD.)
G. M. SmiTH

92. S. pannonicus
HorroB.

93. S. spinosus CHOD.

94. Selenastrum gracile
REINSCH

95. Tetraedron caudatum

VAar. meisum.
LAGERH.

96. 7. cruciatum
(WarricH) W. et
G. S. WesT

9th June
23rd June

6th July
10th Aug
29th Aug
14th Sept
12th Oct
21st Oct

13th May
25th May
9th June
23th June
6th July
10th Aug
29th Aug
14th Sept
12th Oct
21st Oct

9th June
23rd June
26th July
29th Aug

13th May
25th May
9th June
23rd June
6th July
10th Aug
29th Aug
14th Sept
12th Oct
21st Oct

9th June

6th July
29th Aug
14th Sept

13th May
25th May
9th June
23rd June
6th July
10th Aug
29th Aug
14th Sept
12th Oct
21st Oct

9th May
10th Aug

® R R R
RO R RR B

R OFeR2z KB R0
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TABLE VII (continued)

Spect Date of .
T sampling :

I
e
-
o

KB Note

97. T. hastatum var. 9th June
palatinum LEMM. 23rd June
6th July
10th Aug
29th Aug
14th Sept
21st Oct

o
® ORRRRR
o

98. T'. minimum (A. 13th May
Braun) Hansa. 25th May

9th June

23rd June

6th July
10th Aug
29th Aug
14th Sept
12th Oct
21st Oct

[+ 5]

R R R R R
RRRERR R
R R R

99. T'. muticum (A. 9th June

Braun) Hanse. 23rd June

6th July
10th Aug
12th Oct
21st Oct

FEE ORERERRER R
FORRE FRERRRERR E

w
®ORRE
R R

=
=

100. T'etraedron proteifor-
me (TURNER)
BruNNTH. 9th June

(]

101. 7. regulare Kirrz. 13th May

9th June
23rd June
10th Aug
29th Aug
14th Sept
12th Oct k
21st Oct

Lol

mEE
R ORRFRE
R
FRERF KRR

102. Tetrastrum heteracan-
thum (Norpsr.)
Cuop. 25th May

=
w

103. T'. staurogeniaeforme
(ScEROED.) LEMM. 13th May

9th June

23rd June
6th July
29th Aug
12th Oct
21st Oect

pm

R RRER
R ORE®R
e ® R
o ORRRR

I R A

104. T'reubaria triappend;i-
culata BERN. 9th June

23rd June
6th July
10th Aug
29th Aug
12th Oct k
Zygnematales 13th May k

R R
RE O ORRR
=R
ol
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TABLE VII (continued)

Species Date of 1, 2. 3. 4. 5. KB Note

105. Closterium acerosum
var. elongatum BREB. | 12th Oct

=
=

106. Cosmarium sp. (I.) 25th May
9th June
23rd June
6th July

o ORRR
=

107. Cosmariwm sp. (I1.) 9th June
23rd June
6th July

w
FERE ORRR
R ORF RRRR

108. Cosmarium sp. (IIL.) 6th July
10th Aug k
| 29th Aug k k

109. Staurastrum furcige- |
rum BR¥EB. | 25th May
| 9th June
23rd June k
6th July k k k k
10th July k

W

P

110. S. gracile RALFS 9th June
29th Aug k
14th Sept k
12th Oct
21st. Oct

W

111. S. paradoxum MEYEN | 25th May
9th June
23rd June
6th July
10th Aug.
29th Aug

R
FRERERP R
mERE
ol

38 e il

112. Spirogyra sp. (1.) 13th May
9th June k

R
-

113. Spirogyra sp. (IL.) 13th May k

9th June k k k
25th June k
MycorEYTA

114. Planktomyces békefiu

GIMESIT 13th May k
10th Aug k
12th Oct k
21st Oct k ’ k

i I

tribulus) occurred and reached a higher number of individuals during July —
August. None of them were found before and after the end of August.
Among the 3 representatives of Chrysophyceae, Rhizochrysis limnetica
was very frequent during June beginning of August. During the blue-green
algal bloom it disappeared from the samples. Amphychrysis compressa occurred
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in the samples of August. It be came rare during the intense Anabaena bloom
in September and was again frequent in the samples of places No. 1, 2 and 3
in October.

Pelagic, benthic and epiphytic species appeared among the species of
Bacillariophyceae. The pelagic Melosira granulata and its variant as well as
its spirale form were present from May till the end of October, their number
significantly decreased during the Anabaena bloom, whereas later on many
empty shells were found. In the October samples the variant and the spiral
form reached a higher number of individuals. The Cyclotella meneghiniana was
very frequent in all samples except the period of algal bloom in September.
The individuals of Fragilaria construens floating in forms of ribbon and the
fragile Rhizosolenia longiseta reached their highest frequency from May till
the beginning of August, during the algal bloom they occurred only sporadic-
ally. After the mass appearance of blue-green algae none of them were found
again.

The Nitzschia acicularis and Synedra acus var. angustissima were of
rather high frequency from May till June. None of them were found during

July and August, whereas their number abruptly increased by October at all
5 places of sampling.

Stephanodiscus hantzschii preferring strongly eutrophic waters appeared

in masses after the Anabaena bloom in October.

Chlorophyta

1971 I 4 | 2 | 3 | 4 i b ‘ Keleti-Boz6t

13th May 17

25th May 12 15 11 12 14 4
9th June 28 29 24 23 34 10
23rd June 23 22 22 25 25 6
6th July 21 22 25 27 27 11
10th August 19 18 13 15 14

29th August 15 19 12 14 18

14th September 13 L 12 11 15

12th October 21 19 22 15 23

21st Oct. 19 18 22 16 15

The 56 species of green algae found in the samples can be divided into
3 groups according to their frequency, similarly as the diatoms:

1. Those occurring in all samples and showing often a high number of
individuals, e.g. Coelastrum microporum, Pediastrum species, Scenedesmus
quadricauda and its variants and forms, Tetraedron species. These were not
influenced by the Anabaena bloom.

2. Those influenced strongly by the blue algal bloom, their number
of individuals decreased to be sporadic during August—September. Their
number is higher before and after the algal bloom, e.g. Scenedesmus spinosus,
Tetrastrum staurogeniaeforme, Treubaria triappendiculata.

3. Two subgroups can be distinguished: @) Significant number of in-
dividuals during May—June —July, i.e. before the Anabaena bloom, e.g.
Ankistrodesmus lacustris, Chodalella ciliata, Oocystis solitaria, Staurastrum
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furcigerum and 8. paradoxwm. b) Higher number of individuals appear just
during and after the Anabaena bloom, e.g. Golenkinia radiata, Micractinium

pusillum.

Mycophyta
1971 | 1 I 2 ‘ 3 ) 4 I 5 l Keleti-Bozot
10th August 1
29th August 1
14th September 1
21st October 1 1!

The Planctomyces békefii was of higher frequency before and after the
Anabaena bloom in the plankton of the pond.
The total number of algal species in the pond and the canal shows the

following distribution:

1971 ‘ 1 l 2 ‘ 3 | 4 | 5 1 Keleti-Bozot

13th May 30

25th May 27 |28 [ Lagi 1Tt o 9
9th June 48 | 45 | 36 | 38 | 50 15
23rd June &7 {40 8T 1 ae ] a8 7
6th July 39 | 42 | 49 | 51 [ 50 20
10th August 337 g1 0 Megal |4 o 1
29th August 92 f-as b oaer Losh | ey

14th Sept. 20 | 23 | 26 | 22 | 30

12th Oct. 43 | 36 | 30 | 26 | 33

21st Oct. 35 | 30 | 40 | 30 | 32

The percentual distribution of the algal phyla according to their number
of individuals in the pond No. 1 on the basis of the samples of May— October,

was as follows:

13th May
Cyanophyta
Chrysophyta
Chlorophyta

9th June
Cyanophyta
Euglenophyta
Pyrrophyta
Chrysophyta
Chlorophyta

9th July
Cyanophyta
Euglenophyta
Pyrrophyta
Chrysophyta
Chlorophyta

5%
159,
809,

1009,

25th May
Cyanophyta
Euglenophyta
Chrysophyta
Chlorophyta

23rd June
Cyanophyta
Euglenophyta
Chrysophyta
Chlorophyta
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10th August 29th August
Cyanophyta 309, Cyanophyta 509,
Euglenophyta 20, Pyrrophyta 59,
Pyrrophyta 20, Chrysophyta 149,
Chrysophyta z 259, Chlorophyta 309,
Chlorophyta 409, Mycophyta 19,
Mycophyta 1% 1009,
1009,
14th September
Cyanophyta 609,
Euglenophyta 3%
Pyrrophyta 39%,
Chrysophyta 109,
Chlorophyta 239/
Mycophyta 19,
71009,
12th October 21st October
Cyanophyta 209, Cyanophyta 20%
Euglenophyta 5% Euglenophyta 5%
Pyrrophyta 5%, Pyrrophyta 49,
Chrysophyta 359, Chrysophyta 309,
Chlorophyta _35% Chlorophyta 409%,
1009, Mycophyta 1%

4. The change of biomass and percentual composition of the zooplankton during
the periods of investigations
a) Rotatoria plankton

The average volume of 9 predominating Rotatoria species was calculated
by multiplication of measures of length, width and thickness.

Brachionus calyciflorus 10 688 986 u®
Brachionus diversicornis 3 696 491 ud
Anuraeopsis fissa 138 727 u®
Epiphanes macrourus 2 153 005 pu®
Brachionus angularis 1213 946 u3
B. calyciflorus amphiceros 2 997 164 u®
Proalides tentaculatus 131 604 p?
Pedalia mira 943 622 pd
Asplanchna sieboldi 100 737 294 u?

Considering the volume values determined by SEBESTYEN, the average
value of the volume of one Rotatoria individual (except Asplanchna) amounts
to 1622 444 3. Including the Asplanchna, this value would be above 7 mil-
lions which is wholly unreal. Therefore, we used the former value for the cal-
culations of the biomass.

The Rotatoria biomass shows various distribution within the trans-
versal section both in space and time (T'ables VIII and I1X ). The lowest value
were always obtained at the inflow except in a few cases (6th July, 29th August
and 12th October).

13th May: The predominant species are identical both qualitatively and
in quantitative rates at the places of sampling No. 2—5. At point No. 1,
Conochilus unicornis was substituted by Brachionus quadridentatus. Predo-
minant species: Keratella cochlearis, Pompholyx sulcata, Keratella tecta, Cono-
chilus wnicornis, Brachionus angularis, Brachionus quadridentatus.
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TABLE VIIL
The distribution of the Rotatoria biomass (g/m®) in pond No. 1 in 1971

Points of sampling
Date of sampling
Yo 1 7

3 ' 4 b}
13th May | 0.400 1.019 1.173 1.055 0.832
25th May | 1.587 3.682 3.169 3.432 3.179
9th June | 0270 0.295 0.410 0.280 0.338
23th June (A et0nes 0.166 0.253 0.209 0.231
6th July | 0.534 0.469 0.491 0.342 0.317
10th Aug 2 0:370 0.507 0.460 0.303 0.776
29th Aug \ 1.598 |  0.928 15112 0.837 0.741
14th Sept 0.830 1.025 0.886 1.046 1.120
12th Oct ‘ 0.393 0.407 0.417 0.350 0.196
21st Oect | 0.165 0.233 0.183 0.170 0.194
|
TABLE IX

Changes of the quantitative section of pond No. 1 during in 1971
(individuals per litre)

Date of sampling
Points of sampling 13. 25. 9. [ 23. 6. 10. 29. 14, 12. 2l.
V. V. VL VI VI | VI | VIL | -IX. X %
y [ 2408 9241 1624 991 | 3209 | 2237 | 9610 | 4991 | 2361 990
2. 6127 22 143 1776 998 | 2818 | 3050 | 5580 | 6167 | 2450 | 1403
3. 7055 19115 2464 | 1524 | 2953 | 2767 | 6685 | 5331 | 2508 | 1099
4. 6344 20 638 1684 | 1260 | 2056 | 1823 | 5031 | 6288 | 2106 | 1022
5. 5004 19119 2034 | 1392 I 1908 | 4664 | 4457 | 6737 | 1181 | 1167

26th May: The predominant species are identical on all the 5 places
of sampling. Their quantitative distribution shows identical rates on points
No. 2—5 and differs only on No. 1. Predominant species: Pompholyx sulcata,
Brachionus diversicornis, Keratella tecta, Brachionus calyciflorus dorcas, Kera-
tella - quadrata.

The horizontal distribution of the predominant species was roughly
uniform on the whole area of the pond in those two times of sampling.

19th June: Only two predominant species are common in all places of
sampling (Keratella tecta, Pompholyx sulcata). Further predominant species:
Filina longiseta, Brachionus angularis, Brachionus quadridentatus, Brachionus
diversicornis, Keratella quadrata.

23rd June: Four of the 5 predominant species appeared at all 5 points
of sampling. The quantitative rates of the predominant species, however,
strongly varied. Predominant species: Keratella tecta, Pompholyx sulcata,
Brachionus angularis, Polyarthra vulgaris, Filina longiseta, Keratella cochlearis,
Brachionus calyciflorus dorcas, T'richocerca pusilla.

6th July: Polyarthra vulgaris and Pompholyx sulcata occurred in the
highest rates at points No. 1, 2 and 3, whereas at No. 4 and 5, Keralella tecta
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and Brachionus angularis represented the largest mass. The predominant
species were qualitatively identical on places No. 3, 4 and 5, however, their
rates were different to each other. Predominant species: Pompholyx sulcala,
Polyarthra vulgaris, Keratella tecta, Brachionus angularis, Filinia longiseta,
Keratella cochlearis. The last one was represented by its subspecies, K. ¢. macra-
cantha on places No. 1 and 2. Apart from the predominant species listed above,
the Brachionus budapestinensis also appeared. At point No. 2, Keratella quadrata
predominated instead of K. cochlearis.

10th August: Among the predominating species, the first place was
occupied by Filina longiseta at all sampling points, its number of individuals
varied between 1073—1846 per litre. Apart from it, 5 species were found
occurring at least at 4 points in predominant quantities: Brachionus calyci-
florus amphiceros, Keratella tecta, Anuraeopsis fissa, Proalides tentaculatus,
Polyarthra vulgaris. From the last two the former and latter were absent at
points No. 2 and 1, respectively. Other predominant species: T'richocerca
pusilla in places No. 1, 2, 4 and 5; Brachionus calyciflorus anuraeiformis at
points No. 2, 4 and 5; Brachionus angularis at points No. 4 and 5; Brachionus
budapestinensis at point No. 2; Pedalia mira at No. 3; a Bdelloidea sp. and
Asplanchna sieboldi at No. 5.

29th August: The highest number of individuals was yielded by Epi-
phanes macrourus (2034—2599 per litre) at points No. 2—5. The number of
predominant species amounts to 8 (Epiphanes macrouwrus, Polyarthra vulgaris,
Anuraeopsis fissa, Keratella tecta, Filinia longiseta, Keratella cochlearis, Pedalia
mira, Proalides tentaculatus). Five of them occurred at all 5 points of sampling,
two of them (Keratella cochlearis and Proalides tentaculatus) were absent from
points No. 4, and 1, and so was Pedalia mira from No. 1 and 2. On this basis
the pond can be regarded as uniform in the period of investigation. Wide
quantitative differences occurred, however, just in this period (the total
number of individuals per litre was almost twice as high at point No. 1 than
at the others).

14th September: Among the predominant species, the quantitative rates
of Anuraeopsis fissa and Keratella tecta were nearly identical at the sampling
point of the transversal section. The number of predominant species was 10
(Anuraecopsis fissa, Keratella tecta, Polyarthra vulgaris, Filinia longiseta, Epi-
phanes macrourus, Keratella cochlearis, Brachionus calyciflorus amphiceros,
Brachionus angularis, Chromogaster ovalis, Proalides tentaculatus); 6 were
common at all points of sampling, Brachionus calyciflorus amphiceros was
absent at point No. 2, and so was Brachionus angularis at No. 1 and 3. Chromo-
gaster and Proalides were present in a dominant quantity only at point No. 5.

12th October : The number of predominating species decreased to 5, and
to 3 at point No. 1. The transversal section can be regarded as uniform from
the view point of the composition of the qualitative Rotatoria plankton. Pre-
dominant species: Polyarthra vulgaris, Brachionus angularis, Brachionus calyci-
florus amphiceros, Keratella tecta, Keratella cochlearts.

21st October: The number of predominating species was 3 and 2 at point
No. 1. As regards the qualitative composition of Rotatoria plankton, the 5
sampling point were identical. The quantitative relationships were balanced.
Predominant species: Brachionus angularis, Brachionus calyciflorus amphi-
ceros, Polyarthra vulgaris.

The number of species encountered during the whole investigation was 62.
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. Asplanchna amphora WESTERN

. Asplanchna brightwelli GOSSE

. Asplanchna girodi DE GUERNE

. Asplanchna sieboldi (LEYDIG)

. Anuraeopsis fissa (GOSSE)

. Bdelloidea sp.

. Brachionus angularis GOSSE

Brachionus budapestinensis DADAY

. Brachionus calyciflorus calyciflorus PALLAS

. Brachionus calyciflorus anuraeiformis BREEM

. Brachionus calyciflorus amphiceros (EHRBG)

. Brachionus calyciflorus dorcas BREEM

. Brachionus calyciflorus dorcas spinosa (WIERZEJSKI)
. Brachionus diversicornis diversicornis (DADAY)

. Brachionus leydigi COEN

. Brachionus plicatilis MULLER

. Brachionus rubens EHRENBERG"

. Brachionus quadridentatus HERMANN

. Brachionus quadridentatus ancylognathus SCHMARDA
. Brachionus quadridentatus brevispinus EHRENBERG
. Brachionus quadridentatus cluniorbicularis SKORIKOV
. Brachionus quadridentatus rectangularis (LUCKS)
. Brachionus quadridentatus rhenanus (LAUTERBORN)
. Cephalodella gibba (EHRBG)

. Chromogaster ovalis (BERGENDAL)

. Colurella adriatica (EHRBG)

. Colurella colurus (EHRBG)

. Colurella obtusa (GOSSE)

. Colurella obtusa aperta HANER

. Collotheca sp.

. Conochilus unicornis ROUSSELET

. Buchlanis deflexa (GOSSE)

. Buchlanis dilatata lucksiana HAUER

. Epiphanes macrourus BARROIS & DADAY

. Filinia longiseta (EHRENBERG)

. Keratella cochlearis GOSSE

. Keratella cochlearis macracantha LAUTERBORN

. Keratella cochlearis macracantha micracantha LAUTERBORN
. Keratella tecta GOSSE

. Keratella quadrata MULLER

. Lecane bulla GOSSE

. Lecane closterocerca SCHMERDA

. Lecane hamata STOKES

. Lecane lunaris (EHRBG)

. Lecane stenroosi MEISSNER

. Lepadella ovalis MULLER

. Lepadella patella MULLER

. Lophocaris salpina (EBRBG)

. Monommata longiseta MULLER

. Mytilina mucronata MULLER

. Pedalia mira HupsoN

. Platyias quadricornis (EERENBERG)

. Philodina sp.

. Polyarthra vulgaris CARLIN

. Pompholyx sulcata HUDSON

. Proalides tentaculatus DE BEAUCHAMP

. Proales sp.

. Rotatoria sp.

. T'richocerca dizon-nuttalli JENNINGS

. Trichocerca pusilla JENNINGS

. Trichocerca stylata GOSSE

. Trichotria pocillum MULLER
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Considering the whole period of investigations, we may state the follow-
ng.

5 1. The characteristic species of the open water plankton such as Kera-
tella cochlearis, Pompholyx sulcata, Keratella tecta, Keratella quadrata predomin-
ating at the beginning of May, completely disappear by August, and are not
found in significant quantities even later.

2. The appearance of Pompholyx sulcata in the water indicates a tem-
perature of about 20°C and contamination. Its disappearance by August
cannot be explained by the change in temperature but can be connected only
with the increase of pollution. This is also proved by the occurrence of this
species in Lake Balaton (it is absent in the Keszthely Bay, Zankai and Ponyi,
1970; 1972).

3. Filinia longiseta is of a cold stenothermic character in Lake Balaton,
whereas in the pond investigated it grows better at higher temperatures.

b) Crustacean plankton
The changes of the Crustacean biomass show a uniform pattern in the
pond. The development of Cladocera mass results in a maximum at the early

TABLE X

Quantitative changes of biomass of the Crustacea-plankton in the transversal section
of pond No. 1 (the values are in g/m?) in 1971

Points of sampling
Date of sampling Groups of crabs
R AR i OO e
Cladocera 0.092 | 0.060 ‘ 0.140 | 0.088 | 0.098 —
13th May Copepoda 0.129 | 0.220 | 0.494 | 0.215 | 0.179 —
Total Crustacea 0.221 | 0.280 ’ 0.634 | 0.303 | 0.277 —
Cladocera 0.252 | 1.266 | 0.870 | 0.630 | 0.860 i
25th May Copepoda 0.320 | 0.340 \ 0.423 | 0.562 | 0.354 —
Total Crustacea 0.572 | 1.606 | 1.293 | 1.192 | 1.214 —
Cladocera 4.466 | 4.450 | 5.066 | 3.140 | 1.910 | 0.674
9th June Copepoda 0.579 | 0.453 | 0.497 | 0.845 | 0.293 | 0.229
Total Crustacea 5.045 4.903 5.563 3.985 2.203 0.903
Cladocera 2.130 | 1.684 | 3.526 | 4.244 | 8.956 | 0.164
23rd June Copepoda 0.212 | 0.439 | 0.442 | 0.577 | 0.599 | 0.041
Total Crustacea 2.342 | 2.123 | 3.968 | 4.821 | 4.545 | 0.205
Cladocera 0.400 | 4.110 | 1.730 | 2.097 | 1.140 | 0.166
6th July Copepoda 0.221 | 0.472 | 0.437 | 0.105 | 0.343 | 0.021
Total Crustacea 0.621 | 4.582 | 2.167 | 2.202 | 1.483 | 0.187
Cladocera 0.060 | 0.064 | 0.036 | 0.054 | 0.010 —
10th Aug Copepoda 0.189 | 0.283 | 0.323 | 0.291 | 0.314 —
Total Crustacea 0.249 | 0.347 | 0.359 | 0.345 | 0.324 —
Cladocera 0.024 | 0.030 | 0.026 | 0.001 [ 0.010 —
29th Aug Copepoda 0.280 | 0.184 | 0.164 | 0.098 | 0.084 —
Total Crustacea 0.304 | 0.214 | 0.190 | 0.099 | 0.094 —
Cladocera 0.006 | 0.006 ' 0.016 | 0.010 | 0.004 —
14th Sept Copepoda 0.121 | 0.116 ‘ 0.112 | 0.117 | 0.040 —
Total Crustacea 0.127 | 0.122 | 0.128 | 0.127 | 0.044 —
Cladocera 0.006 | 0.002 ‘ — — — —
12th Oct Copepoda 0.026 | 0.045 @ 0.065 | 0.036 | 0.045 -
Total Crustacea | 0.032 | 0.047 | 0.065 | 0.036 | 0.045 —
Cladocera 0.014 | 0.004 0.006 | 0.002 | 0.008 —
21st Oct Copepoda 0.094 | 0.043 ‘ 0.079 | 0.090 | 0.058 —
Total Crustacea 0.108 | 0.047 @ 0.085 | 0.092 | 0.066 —
| \

17
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summer (about 4 g per m3) and abruptly decreases by August. Later on its
amount is minimal (Fig. 2, Table X). The Copepoda biomass is much lower
(0.2—0.5 g per m3) during spring and early summer seasons than that of
Cladocera, however, from August when the biomass of Cladocera is insignificant,
that of Copepoda is considerable.

g/m3

Fig. 2. The change of biomass of Cladocera and Copepoda in the whole section of in-
vestigation. x—X—x Cladocera; o—o0—o0 Copepoda

The Cladocera hiomass consists practically of Bosmina longirostris and
Chydorus sphaericus (Table 1X). The rare occurrence of Daphnia hyalina
(and generally the species of Daphnia) is connected with the fact that these
animals possessing a fine filtering apparatus hardly at all, or can not live
in waters rich in corpuscular organic substances (moorish waters). Their
filtering apparatus becomes clogged and consequently they die.

The biomass of Copepoda is composed essentially of Acanthocyclops
vernalis and Cyclops vicinus (Table X 1). Both species possess a high ecological
tolerance. The former is expressis verbis carnivorous (feeds on small larvae
of water insects and worms), whereas the latter lives on the smaller members
of the plankton (algae, Rotatoria) as well as on other plant fragments.

During the investigations 18 Cladocera, 6 Ostracoda and 7 Copepoda
species, varieties and forms were identified (Table XI1).



259

et

++

++

e

-+ omperodg ¢+ ey {4+ -+ snozewmy {444+ sse :uwoneuedxi

o
+ |+t
+

++

Gt
+
+++T
+
+
T+
e
++

C o+

+
+

I

4t

++ +
++

o
e

ok +
e

R

b

et
++
+

+
++++

| +++

et

snapdnou sdophip

umipe)s prpodedoo ds sdopfip
(amHOSILY) snssvio sdojohioowwdy];
(u=HOSIY) syDuULa sdophiooyunoy
NINVLTI() snwoa sdojofip
(wamoSI) snywiquin/ sdojofiovin g
(axTH0 L) snprgm sdophioowonyr

vpodadoy)

WAHOSI 8247500400 *J SUIS0L6U0] DUNUSOT

ANIEOL DINULOD ° §14§80406U0] DULUSOG

sAVQ ppnbunioas vnbunioss nuo)

suvy vwpnb vuojy

(waTIaW g Q) smwmbuvipond vuoy

DIGATAT] SWNffD DU

(a8TTIAW A "0) snpuobry snxoina)g

(METIQW g Q) snowevyds sniophiyp

(amHOSI ) $2p100.0000Yy)uVOD V2BYPRIT

(praaary) nbiphia) vabrphoy

zany] syubo snydfiwofiyr

NIAGIT snpipios snidfizoofir

(ENTHO L) S2UL00UID] TUYIOLID AT

suvy by sraqQajoydnog

(DIaRTT) 82480427004 DUOPT

suvy oppydmd vywydoporay

(8@TIOW g Q) smngea snppydaooung

SUVS $wysnov] *XeA puywhy vwwydo(
DU2O0PD])

XTI F _E.%_.E.s_ “TIA *9 _ ‘IA ‘88 _

‘IA 6 _ ‘A "98

A ‘ST

soroedg

I "ON puod wr 83102ds DaomISTIL) NU0IYUD)D Y] [0 POUILINDGIO JDUOSDIS Y],

IX HTV.L

b f



260

TABLE XII

The occurrence of Crustacea species in pond No. 1 and in the canal Keleti-Boz6t
an 1971

Pond No. 1

Species Keleti-Boz6t
plankton mud

Cladocera

Bosmina longirostris f. cornuta
Bosmina longirostris f. curvirostris
Chydorus sphaericus

Pleuroxus trigonellus

Macrotriz laticornis

Ilyocryptus sordidus

Ilyocrypius agilis

Scapholeberis kingi

++ 4+t
+++ + o+
o

Cladocera

Ceriodaphnia pulchella
Daphnia hyalina var. lacustris
Stmocephalus vetulus

Moina rectirostris

Alona guttata

Alona rectangula

Alona affinis

Alona quadrangularis

Leydigia leydigii

Leydigia acanthocercoides

B R R S

bt
b

Ostracoda

Lymnocythere inopinata
Cyclocypris laevis
Cypridopsis vidua
Cyclocypris ovum
Cypria ophtalmica
Darwinula stevensoni

btk

Copepoda

Macrocyclops albidus
Cyclops vicinus
Acanthocyclops vernalis
Thermocyclops crassus
Paracyclops fimbriatus -
Eucyclops serrulatus
Nitocra hibernica

et

o

5. Changes of the dissolved O, in the transversal section of pond No. 1

The measurements of oxygen concentrations carried out 10 times (Fig. 3)
revealed that the values were more or less different at the points of sampling
at the same time. As a rule, higher values were obtained in the central regions
while near the shore they were lower. The oxygen concentration of point No. 1
(at the inflow) showed significant differences 3 times (23rd June, 29th August
and 15th September) as compared to the other place near the shore, i.e. No. 5.
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0,mg/!

Fig. 3. The quantities of the oxygen dissolved in the water at the places of sampling
of pond No. 1

The values were 9, 10 and 6 at point No. 1, respectively, whereas at the other
place 21, 20 and 12 mg/litre, i.e. just twice as high. The difference is presumably
due to the effect of the inflowing sewage-water.

The data of Fig. 3 indicate that the oxygen concentration of the water
is of decreasing tendency from May till September and it increases again
only from October. At the beginning of May, the average O, concentration
was 36 mg/litre, whereas at the end of May and in June it amounted to 19 —22
mg/l. During July, August and September, the average value varied between
10—15 mg/l. It increased again to reach the early summer value during
October.

On the 6th July and 29th August the oxygen content analyzed through-
out a day (24 hr). It was found that in the middle of the pond (point No. 3)
the oxygen supply was sufficient for the fishes even in the “ecritical” period
of early morning, however, at the point of inflow it is so low in August (1
mg/l) to be insufficient for them (Fig. 4). Furthermore, the oxygen supply
is better generally in the middle of the pond than near the shore. Similar
observations were made in other fish-ponds by HANNAN and ANDERSON
(1971).
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Fig. 4. The quantitative change of oxygen dissolved in the water during 24 hr at two
points (No. 1 and 3) of pond No. 1

6. Some reasons for the changes in biomasses of the more important groups of
plankton

According to our investigations, the bacteria, algae, Rotatoria, Crustacea
represent the groups of greatest importance influencing the planktonic biomass
to the highest extent. The data regarding the biomass of those groups are
summarized in Table XI1I11.

In the beginning of May, the biomass is composed in a nearly identical
proportion of the algae (3.5 g per m®) and bacteria (2.2 g per m?), followed
by Rotatoria (0.89) and last comes the Crustacea plankton (0.32). Upon the
influence of the relatively high algal and bacterial biomasses, mainly the
Rotatoria showing a quick propagation increase among the members of the
zooplankton, then it is followed by a large increase of Crustacea (Bosmina)
plankton. Presumably, the algal and bacterial biomasses further decrease on
the effect of zooplanktonic biomasses.

The organic substances arriving with the sewage-water in an increasing
quantity from the beginning of July, induced an extensive Anabaena bloom.
On its effect the bacterioplankton as well as the Rotatoria and Crustacea
biomasses were reduced (F'ig. 5, T'able X111 ). The Anabaena biomass reached
its maximum in the middle of September. Between July and September, only
the Rotatoria biomass is considerable, apart from the algal mass, the former
displayed a maximum at the end of August (1 g per m?). The bacterial mass
becomes significant only after the decrease of algae.The Crustacea biomass
completely lost its significance from August owing to the algal bloom. Signi-
ficant differences appeared between the points of sampling as regards the bio-
mass of the total plankton (bacteria, algae, Rotatoria and Crustacea) from
July when the loading with sewage-water increased (7T'able XIII, Fig. 6).
The relatively lowest biomass value was found during the whole period of
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TABLE XIII

Quantitative changes of the total planktonic biomass in pond No. 1 during 1971
(g dry weight/m3)

Points of sampling
Date Groups of organism Average
1. l 2. I 8. 4. 5.

13. V. Bacteria 2.20 2.10 1.80 2.40 2.30 2.16
Algae 4.70 2.90 3.70 4.20 2.00 3.50
Rotatoria 0.40 1.02 1.17 1.05 0.83 0.89
Crustacea ‘ 0.22 0.28 0.63 0.30 0.28 0.34

25, V. Bacteria —_ — 5 = = s

Algae — —_ —_ —_ — —
Rotatoria 1.54 3.68 3.17 3.43 3.18 3.00
Crustacea 0.57 1.61 1.29 1.19 1.21 1517
9. VI. Bacteria 0.80 0.60 0.80 0.70 1.10 0.80
Algae 1.40 1.60 2.00 1.30 1.60 1.58
Rotatoria 0.27 0.29 0.41 0.28 0.34 0.32
Crustacea ; 5.04 4.90 5.56 3.98 2.20 4.33
23. VI. Bacteria 4.20 3.60 2.80 2.20 2.40 3.04
Algae 3.10 5.70 4.60 5.30 4.90 4.92
Rotatoria 0.16 0.17 0.25 0.21 0.23 0.20
Crustacea 2.34 2.12 3.97 4.82 4.54 3.556
6. VII. Bacteria 0.05 0.07 0.09 0.10 0.10 0.08
Algae 22.80 29.40 30.70 26.80 25.90 27.12
Rotatoria 0.53 0.47 0.49 0.34 0.32 0.43
Crustacea 0.62 4.58 2.17 2.20 1.48 2.21
10. VIIIL Bacteria 0.80 0.20 0.20 0.20 0.20 0.32
Algae 23.20 30.10 30.10 24.30 27.80 27.10
Rotatoria 0.37 0.51 0.46 0.30 0.78 0.48
Crustacea 0.25 0.35 0.36 0.34 0.32 0.32
29, VIII. Bacteria 0.50 7 0.40 0.30 0.30 0.60 0.42
Algae 33.60 27.20 26.10 33.00 37.10 31.40
Rotatoria 1.60 0.93 ) b 0.84 0.74 1.04
Crustacea 0.30 0.21 0.19 0.10 0.09 0.17
14. IX. Bacteria 2.70 2.50 2.10 1.80 2.90 2.40
Algae 15.60 41.10 39.40 36.50 40.60 34.64
Rotatoria 0.83 1.02 0.89 1.05 1.12 0.98
Crustacea 0.13 0.12 0.13 0.13 0.04 0.11
. Bacteria 4.10 3.90 4.20 4.30 4.10 4.12
Algae 7.50 7.50 1.10 0.50 2.30 3.78
Rotatoria 0.39 0.41 0.42 0.35 0.20 0.36
Crustacea 0.03 0.05 0.06 0.04 0.04 0.04
21, X Bacteria 4.80 4.70 4.60 5.00 4.20 4.66
Algae 1.70 5.20 2.90 8.70 6.90 5.08
Rotatoria 0.16 0.23 0.18 0.17 0.19 0.19
i Crustacea 0.11 0.05 0.08 0.09 0.07 0.08



264

g/m

Fig. 5. The changes in the biomass of the most important planktonic groups at all
the points of the pond No. 1. o— Bacteria; o—.—.—o0 Algae; o———o Rotatoria;
o — —o Crustacea

investigations at point No. 1 (at the inflow) and the highest at point No. 2.
The averages are -as follows:

Point No. 1 14.96 g/m3
Point No. 2 19.18 g/m?
Point No. 3 18.05 g/m3
Point No. 4 17.82 g/m?
Point No. 5 18.52 g/m?

The differences in planktonic composition as well as of biomass values
must be looked for in the quantity and quality of the sewage-water. The
insignificant role of Crustacea plankton during summer and the lower biomass
value near the inflow may indicate the inlet of a considerable amount of
detergents into the system. The practically complete absence of Daphnia
species as well as the secondary role of Cladocera during the summer season
involves a limited transportation of the increased algal biomass along the
food chain. These questions will be discussed later in connection with fish
production.

7. Investigations on the benthos in the transversal section of pond No. 1

a) Detailed chemical analyses of an average sample. The mud sample
taken between points No. 1 and 2, i.e. near the shore is be classified to be an
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Fig. 6. The upper curves 1—5 show the biomass changes of algae and bacteria, the lower
ones those of the total zooplankton at the five points during the whole period of investi-
gations 1

organic mud (T'ables XIV and XV ). It proved to be of rather inhomogeneous
composition during the analyses.

Its reaction was neutral, although contained 22,4 percent CaCO,. This
originates mainly in fragmented shells of mussels and snails.

In the mud saturated up to the level of flow (K, number: 170), 0.11
percent water-soluble salts were measured, indicating a tendency to salt-
accumulation.

The compact fractions contained more Fe?', SO3" and SiO, than the
disintegrated one.

The fraction of the mud sedimentable by boiling (percentage of the
particles of less than 0.02 mm) was low, 16.03 percent, indicating a relatively
high amount of non-humificated organic matter in the mud, contradicting the
results obtained by humid decomposition and burning.

Among the interchangeable cations of the mud, Ca?*" predominated,
however, the amount of Mg2" was almost the same, while that of Na* and
K+ was relatively low.
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TABLE XIV

The results of wnwestigations of the mud-samples taken near the shore
(between the points of sampling Nos. 1—2) of the pond of Fonyéd (1971)

Reaction: 7.10 pH

K, (H;0)

Total amount of water-soluble salts
CaCOy4

Sluiceable fraction

Fedt in the disintegrated fraction
Fed+ in the compact fraction
Humus by humid decomposition
Organic substance by burning
P,0; soluble in aqua regia

K,O soluble in aqua regia

Total N

Easily soluble P,0,-(Al-P)
Moderately soluble P,0,-(Al-P)
Hardly soluble P,0,-(Al-P)
Binding of phosphorous

Easily soluble K,0-(Al-K)

SO%- in the disintegrated fraction
SO%- in the compact fraction
Si0, in the disintegrated fraction
SiO, in the compact fraction
P,0; in the disintegrated fraction
P,0; in the compact fraction

170
0.119,
22,409
16.039,
41.94 mg/100 g
1858.90 mg/100 g
923.209,
56,429,
192.00 ‘mg/100 g
235.00 mg/100 g
900.00 mg/100 g
52.00 mg/100 g
39.10 mg/100 g
13.00 mg/100 g
90.009,
21.00 mg/100 g
134.43 mg/100 g
3696.79 mg/100 g
12.50 mg/100 g
104.06 mg/100 g
180.00 mg/100 g
150.00 mg/100 g

The exchangeable cations of the mud:

mg/100 g
Ca2+ 1010.00
Mg2+ 541.04
Nat+ 34.75
K+ 26.50

The water-extract analyses of the mud are only informative results,
since they give preliminary prognosis to a certain extent to the secondary
quality of the water, and allows us to calculate the order of magnitude of dis-
solution of the mud components during the refilling of the fish-pond.

The large O,-consumption of the water-extract is considerable in this
respect. The amounts of inorganic nitrogen, PO}~ and Fe®" are remarkable
in the aqueous extracts. In a mud-water of 1 : 5 extract 455.6 mg/l salts were
dissolved.

The chemical type of the aqueous extract is characterized by Ca-hydro-
carbonate.

The mud is rich in N and phosphorous and contains small amounts
of K,0 soluble in aqua regia, as the morassy soils do in general. As compared
to the soluble P,0;, even the soluble K,O is inconsiderable. The amount of
P,0; soluble only in aqua regia is nearly identical with the P,O, content of
the compact and humificated fractions (even the disintegrated fraction
contains a considerable amount of P,0;). Twenty-seven percent of the P,0O;
soluble in aqua regia is easy to dissolve. Using a continuous dissolution, the
second results in 39.10, the third in 13.00 mg P,0; per 100 g. Therefore, more
than a half of the P,0; soluble in aqua regia can be dissolved to different
degrees (easily, moderately and hardly).
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TABLE XV
The data of analysis of the water extract of the mud
prepared using a water : mud rate of 5 : 1 (1971)

Reaction: 7.30 pH
mgfif200 g mud
0,-consumption

(0.01 n KMnO,) 56.98
Total degree of hardness 12.01
Soluble sulphide 4.87
Calculated H,S 0.98
Alkalinity L° 2.73
Na+ : 40.09
K+ 6.3
Ca2+ 37.5
Mg2+ 29.5
Fe3+ 1.7
NH} 3.0
HCO3 166.6
Cl- 11.3
S0%- 128.3
PO 0.8
Si02- 17.8
NO3 6.6
NO3z 5.3
Sum of cations 118.9
Sum of anions 336.7
Cations and anions together 455.6

During the laboratory experiments of dunging the applied amount of
P,0;5 (10 mg/100 g) was bound to 90 percent, the binding, however, was weak,
it was easy to liberate, observed during the continuous dissolution of the
dunged mud. The bound P,0, was given back during the second or third
dissolution. Therefore, the mud samples of Fonyéd contain considerable
amounts of N, P,0;, Fe** and SO} . Large O, consumption and P,0; as well
as N amounts can be precalculated during refilling.

b) Quantity and quality of the benthic organisms. According to their
sites they can be divided into 3 groups: macro-, micro- and meiobenthos.
The term macrobenthos involves the Chironomida-Tubifex, the meiobenthos
the Nematoda-Cladocera-Copepoda, while the microbenthos includes the algae
and unicellular animals. We call the macrobenthos above 2 mm, the meio-
benthos between 2 and 0.1 mm.

Macrobenthos

The points of transversal section investigated proved to be very poor
in macrobenthic organisms. Only near the inflow (No. 1) have we found a few
Tubifex samples. The almost complete absence of the macrobenthos can be
explained by the activity of carps searching for these organisms.

Meiobenthos

Only the Nematoda showed a higher frequency in this group, whereas
the other organisms occurred only sporadically (7'able XV1I).

It deserves special interest that the Nematoda were almost without
exception juvenile forms. This obviously indicates that the fish have optimal
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TABLE XVI

The occurrence of the members of meiobenthos in the transversal section of the pond

Place of sa;pling No. 1. Place of sampling No. 2.
13. : 9. 6. 29. 12, 13. 9. 6. 29. 12.
V. \ VI. ' VIIL. VIIL. . & V. YL VIL, VILLS X.
1
Nematoda 367 117 114 \ 17 47 17 — 19 28 64
Oligochaeta — - - - — 33 — 3 - —
Cladocera — — Ll — — — 8 3 3
Ostracoda 17 11 3 1 —_ 17 — — 3 —
Copepoda 50 33 14 17 8 — — 5 — —
Diptera — — e — — — — — —
Total 434 67 131 ] 34 55 67 — 35 34 67

accers to the benthic organisms. On this basis one can clearly explain the
sporadic occurrence of the organisms larger in size than the Nematoda (Clado-
cera, Copepoda, Oligochaeta, Diptera). This peculiar phenomenon can only be
explained by the fact that the toxic substances (e.g. detergents) of the inflow
are fixed by the mud surface of point No. 1. Therefore, Cladocera being rela-
tively sensitive to environmental effects, immediately die.

One can point out the interesting occurrence of the mud-living Clado-
cera. Whereas these animals are absent in the mud near the inflow, their num-
ber increases towards the other side of the pond.

Hydracarina and Tardigrada organisms occur sporadically in the benthos.

Biomass values were only calculated for the more frequent Nematoda
(Table XVII). The data indicate that the largest biomass value was yielded
by point No. 1, i.e. the inflow region during the whole period of investigation.

TABLE XVII
Changes of Nematoda biomass in pond No. 1 (mg|/m?) during 1971

Dates of sampling

Points. of Aversage
semplivg 1B.V. | eovL | 6. VIL | 29, VIIL. l 12. X.
1 6.0 ‘ 0.3 ‘ 2.0 0.3 ‘ 0.8 1.8
2 0.3 — 0.3 0.5 1.1 0.5
3 05 | 03 0.1 0.5 0.1 0.3
4 0.3 0.8 0.1 0.3 0.1 0.3
5 2.2 0.5 0.3 0.1 1 0.5 0.7
\

The reason is that this group is less sensitive to environmental changes than
the Cladocera, and there are many species among them preferring the medium
of high organic content. Considering the fact that apart from the spring and
early summer seasons, the zooplanktonic biomass plays only a secondary role
beside the phytoplankton, the members of the meiobenthos may be of higher
importance in the nutrition of fish than it had been assumed before the in-
vestigations.
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“anvestigated i 1971. (Values are given in individuals/dm?, rounded of figures)

Place of sampling No. 3. Place of sampling No. 4. Place of sampling No. 5.
13. 9. 6. 29. 12. 13. 9. 6. 29. 12. 13. 9. 6. 29. 12,
V. WA VIL | VIIL X V. VI. VI | VIIL X. A2 VL VIL. | VIIL X,
33 17 5 30 3 17 50 8 17 5| 133 33 19 5 36
— - 3 — 3 33 — 11 — — 33 — 3 5 —
— B 5 - — - 33 8 — — — | 117 | 150 3 -
1 33 —_ — — — — — — — — — 5 — —_
50 83 5 3 — ) i f — 19 8 11 17 50 5 — —
17! — — — — — — — — — — 17 3 —_ 3
117 | 150 18 33 6 67 83 46 25 16 | 183 | 217 | 185 13 39

It should be noted that the mud of the pond is inclined to form hydrogen
sulphide affecting the quantitative relations of certain benthic organisms.
This question will be treated in more detail later in connection with the de-
struction of fish.

8. Investigations on the growth of the fish population

a) Evaluation of the productivity of ponds on the basis of parameters
of production.

Only the data of highest significance will be treated from the voluminous
tables (XVIII and XIX, a 4+ b) in order to characterize the ponds.

Pond No. 1 (Table XX, Fig. 7):

The production of the pond showed significant differences depending
on the amount of fish recovered as well as onthe mortality during 1964 —1971.

Considering the total amount of fish recovered (106 — 286 q), the production
forms a variable part of the average biomass, namely 8.59—67.42 percent,
related to the natural loss. During 1971, this rate much surpassed the results
of the earlier years, amounting to 204.6 percent. The fishes introduced were
mainly carp and tench, whereas in May 1971 sheat-fish as well as fry of white and
spotty grass-carps were also introduced. The natural loss of carp was significant
at the first-summer individuals, 37—61 percent, while in the case of older
ones, it amounted to only 15— 20.4 percent. The natural production of the pond
varied between 36—150.2 kg/cadastral acre (in 1971 107.7 kg) achieved by
consuming 1.4—2.6 kg food per 1 kg fish flesh. Considering the number of
introduced fishes, this seems to be a better efficiency of the food than in the
other ponds (see T'ables X VIIIand XIXb). The pre-sedimented sewage-water
diluted with that of the Keleti-Bozét gets in directly into pond No. 1. The
quality and daily amount is not yet known, however, it may significantly
affect the natural production and the parameters seem to indicate even higher
productions. The carp and other fishes cultured in that pond tolerate the load-
ing with sewage-water, as far as we are informed, mass destruction of fishes
has not been observed because of the sewage-water inflow. Considering that
the pond has a bottom of boggy character and is rich in phytoplankton, the
introduction of grass-eating species during 1971 was a fair bid for the future.
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TABLE XIX/b

Recovery statistics of fish during 1964—1971 from

Planted material

A B Carp Other fishes Total Total
1964 1 88 2 537 1122 3 6569 10 632
2 132 6 330 274 6 604 20 430
3 142 10 559 479 11 038 15 456
total: 366 19 426 1875 21 301 46 518
1965 1 88 2 860 — 2 860 22 214
2 132 9 364 839 10 203 6 027
3 142 6 660 533 7193 5234
total: 366 18 884 1372 20 256 33475
1966 i 88 10 600 — 10 600 28 556
2 132 19 915 613 20 528 39 323
3 142 16 480 e 16 480 22 149
total: 366 46 995 613 47 608 90 028
1967 1 88 9 200 1123 10 323 24 397
2 132 14 000 997 14 997 18 703
3 142 13 680 2100 15 780 29 720
total: 366 36 880 4220 41 100 72 820
1968 1 88 9 693 1036 10 729 16 971
2 132 13 467 3057 16 524 19 343
3 142 16 581 1506 18 087 18 852
total: 366 39 741 5599 45 340 55166
1969 1 75 10 400 — 10 400 16 853
2 84 8 594 348 8 942 22 912
3 90 2 958 - 2 958 1241
total: 249 21 952 348 22 300 41 006
1970 if 75 7794 — 7794 11 561
2 84 13 060 305 13 365 29 647
3 90 9013 675 9 688 12 280
total: 249 29 867 980 30 847 53 488
1971 1 75 10 006 10 827

w = White grass-carp; sp = Spotty grass-carp; sh = Sheat-fish; * = 1-summer-old
Pond No. 2 (Table XX1I)

This pond had had an area of 132 cadastral acres between 1964 and 1969,

then it was restricted to 84 cad. acres. The number of introduced fishes as well
as the amounts recovered were higher excepting the years of 1965 and 1967,
than in the previous pond. The percentual value of the loss amounted to 4.1—
44.2 at the first-summer fishes, whereas at the older ones it was much higher,
6.5—64.9 percent. The pond offered an outstanding production in 1965, when
the introduced amount of fishes was 60 q and in spite of the high mortality,
it increased to 120 ¢ by the end of the year involving a production of 169.3
percent achieved by a food consumption of 3.51 kg/l kg fish flesh. The natural
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the fish-ponds of Zardavdr

Increase of the pond per cad. acre gzm&uﬁﬁfm mnzogx:
Natural
[ At 1-summer-old ﬁf’“g,‘:‘;ﬁdvﬁi‘l’,‘: Amoulntktéf f!?:l;l production of
From carp \ Total o0it6 At older ones = Wﬂ gy . the &(;:d Lgerkecad
kg kg
— 120 57 — 26 011 2.44 36
—_ 155 — 45 50 355 2.46 46
— 106 — 77 16 107 1.04 74
— 127 57 63 92 473 1.90 : 55
228 222 37 - 31 475 1.41 150.2
41 44 — 64.9 21 292 3.51 -
29 317 97.3 — 9453 1.60 17.8
66 91 86.8 64.9 62 220 1.86 42.9
318 324 60 8.9 60 046 2.10 129.5
286 290 4.1 — 74 790 1.90 132
153 159 71.8 60.5 49 304 2.22 56.7
242 246 59.9 37.8 184 140 2.04 102.2
282 2717 56.2 — 55425 2.27 82.8
132 137 — 30 41 939 2.24 42
203 209 45.9 — 61 294 2.06 76
195 199 49 30 158 658 2.18 67.7
191 192 60.9 20.4 39 789 2.34 63
135 142 — 40.5 50 461 2.61 36.2
141 133 —_ — 66 096 3.65 —
151 151 60.9 24.5 156 346 2.83 28.7
—_ 224 50.9 — 31176 1.8 —_
g 272 — 6.5 42 044 1.8 —
13 13 — 7.9 12 228 9.9 —
— — — —- 85 448 —
147 154 — 15 30 034 2.6 39
332 353 44.2 — 57 862 1.9 156
125 136 — 29.2 40 878 3.3 —
202 215 44.2 23.5 128 774 2.4 66.7
295 44.7* | 49 253 2.22 107.7
53w
26,4 sp.
40,3 sh.

production of the pond was 36.2—156 percent, its average biomass production
varied between 32.33—169.3 percent.

Pond No. 3 (Table XXI1)

1t is of lower planting than that of No. 2. (except 1967), having an area
of 142 cadastral acres between 1964—1969 and 90 cad. acres from 1969. The
values of mortality were high, nevertheless the amounts of produced fish
widely varied: 42—455 q. The production, accordingly, amounted to 53.1—
238.4 percent. The amount of food consumed fluctuated between 1.04—9.9 kg



272

Iig. 7. The data of fish production in pond No. 1 of Zardavdr during 1964 —71.
) a = material planted; b = recovered material; ¢ = production
TABLE XX

The productivity of pond No. 1 of Zardavar (Fonydd) during 1964—71
(without wild fish)

Rate of missing fish from

Area ’I;liepﬁ;gt | incr’-‘;:g:lper the initial stock Total Production of the biomass
e oi:g? :;‘;’;d matter 1 cad. acre 10 Peedernene tec;;ery
A B kg %

1964 88 10 632 120 57 — 14 291 3 659 34.4
1965 88 22 214 222 37 —_ 25074 2 860 12.87
1966 88 28 556 324 60 8.9 39156 10 600 37.12
1967 88 24 397 277 56.2 — 34 720 10 323 42.31
1968 88 16 971 192 60.9 20.4 27 700 10 729 63.22
1969 75 16 853 224 50.9 - 18 300 1447 8.59
1970 75 11 561 154 — 15 19 355 7794 67.42
1971 75 10 827 295 44.7 —_ 32 978 22 151 204.59

Note : Rate of missing fish from the initial stock in percentage, A = one-summer-
old, B = at older ones

per 1 kg fish flesh representing a high value. During the years of 1965—66
and 1969 this pond was of the lowest level of planting among the three, how-
ever, it offered the highest relative production in 1965 and 1969, corresponding
to an increase of weight of 30—72 q. Nevertheless, the production depends
on the intense feeding. During seven years between 1964—70, the survived
portion of the introduced fish-mass produced an increase in weight of about
30—181 q.



TABLE XXI
The productivity of pond No. 2 of Zardavar (Fonydéd) during 1964 —71

(without wild fish)
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TABLE XXIII

The productivity of ponds Nos. 1—3 of Zardavar (Fonydd) during 1964—71
(without wild fish)

The Rate of missing fish from
Area amount of | . Total the initial stock Total Production of the biomass
Year of the pond planted increase per in percentage recovery
cad. acre matter 1 cag:, o o S kg 4

¥ k A B kg %
1964 136 20 430 155 — 45 27034 6 604 32.33
1965 136 6 027 44 — 64.9 16 230 10 203 169.29
1966 136 39 323 290 4.1 — 59 851 20 528 52.20
1967 136 18 703 137 — 30 33 700 14 997 80.18
1968 136 19 343 142 — 40.5 35 867 16 524 85.43
1969 84 22 912 272 — 6.5 31 854 8 942 39.05
1970 84 29 647 353 44.2 — 43012 13 365 45.08

TABLE XXII
The productivity of pond No. 3 of Zardavar (Fonyéd) during 1964—71
(without wild fish)
The Rate of missing fish from
Area amount . Total the initial stock Total Production of the hiomass
Year of the pond | of planted | lDCrease per in percentage recovery
cad. acre matter 1 cad. acre St s AN kg
kg kg
A B kg %

1964 142 15 456 106 — 77 26 494 11 038 71.42
1965 142 5234 37 97.3 — 12 427 7193 137.43
1966 142 22 149 159 71.8 60.5 38 629 16 480 74.41
1967 142 29 720 209 45.9 — 45 500 15 780 53.10
1968 142 18 852 133 — — 36 939 18 087 95.94
1969 90 1241 13 — 7.9 4199 2 958 238.36
1970 90 12 280 136 — 29.2 21 968 9 688 78.79

The

Rate of missing fish from

Area amount | . Total the initial stock Total Production of the biomass
Year of the pond | of planted | 'ncrease per in percentage recovery
cad. acre matter 1 cad. acre kg
kg kg ’
A B kg %

1964 366 46 518 127 57 63 67 819 21 301 45.79
1965 366 33475 91 86.8 64.9 53 731 20 256 60.51
1966 366 90 028 246 59.9 37.8 137 636 47 608 52.88
1967 366 72 820 199 49 30 113 920 41 100 56.44
1968 366 55 166 151 60.9 24.5 100 506 45 340 82.19
1969 249 41 006 — — — 63 306 22 300 54.38
1970 249 53 488 215 44.2 23.5 84 335 30 847 57.67

18
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General evaluation of ponds Nos. 1—3 (Table XXI111)

The summarized area of the ponds was 366 cad. acres until 1968, then
249 from 1969. The amounts planted varied between 335—900 q. The increase
of weight was 91— 246 kg per cad. acre. Except 1964, the mortality was higher
at the first-summer carp (44.2—86.8 percent) than at the older ones (23.5—
64.9 percent). The total amount of fish caught was between 633—1376 q
including a total biomass production of 202—467 q, i.e. 52.9—60.5 percent
showing extreme values of 45.8—82.2 percent. It can be regarded in general
that the ponds taken either collectively or even individually are of medium
fish-production as compared to other ponds. However, it seems to be likely
that perhaps by an increased sewage-water consumption and by mass plant-
ation of lower number of species mainly of grass-carps, the production can
be increased up to 80— 100 percent in each pond or even above that. For this
reason one has to know more about the connections between sewage-water
loadings and fish-production, since only a few data are known at present
concerning this problem. The joint effect of duck-cultivation and sewage-
water consumption should also be cleared up in pond No. 1, first of all, in order
to increase the production of the grass-eating species.

b) Investigations on the growth of carp in pond No. 1.

During 1971 altogether 679 two-summer-old and 263 fry-carps were in-
vestigated in order to estabilsh the rate of growth (Table X X1V ). Although
the performance of samplings could not always be carried out, sufficient amount
of data have been obtained during June, September and November in pond
No. 1 regarding the growth of carps (T'able X X1V ). The results prove that in

TABLE XXIV

The fish-material studied in pond No. 1 of Zardavar
with a view to the rate of growth (1971)

June ‘ Sept. ‘ Nov. ‘ Total (pc)
Carp 2-summer-old 103 ‘ 280 296 679
Carp 1-summer-old 42 | 107 114 263
White grass-carp — 26 37 63
Tench ~— 35 35 70
Crucian carp — 48 31 79
Total: 145 | 496 513 1154

spite of the large amount of food consumed in this pond, carps grow relatively
slowly and rather unevenly. This concerns both the body length and weight
and the slow growth is reflected by the low or medium results of production
mentioned above. The growth of length of the second-summer carps remains
far below the attainable values and even the rate of growth of the fry is un-
satisfactory (Fig. 8). A similar conclusion is gained when investigating the
coefficients of equations calculated for the allometric connections of the body
weight and length. The value of regression coefficient b changes seasonaly
(2.4—2.6), it has never reached the value of 3.0, i.e. the body mass (the so-
called specific weight) of the fish issignificantly lower than the average achieved
in other fish-ponds (Fig. 9).
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weight (dkg)

Fig. 8. The increase of body length and weight of carp in pond No. 1 of Zardavér.

a = increase of standard length of two-summer-old carp; b = increase of body

weight of two-summer-old carp; ¢ = increase of standard length of carp fry;
d = increase of body weight of carp fry

90 100 170 720 130 140 150 160 170 180 190 200
standord length (mm)

Fig. 9. The ratio of body weight and length of carp during the period of investigation
(pond No. 1). W = body weight in dkg; L, = standard length in mm

18%
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The coefficient of body-weight increase varied between G,, = 1.39--2.46
at the second-summer carps during the period of investigations, whereas the
same regarding body length was G; = 0.26 showing a much slower increase
(Table XXV ). The rate of growth of the fry significantly surpasses the above
values (G,, = 2.58; G; = 0.91).

The condition of the carps changes according to season, it seems to decline
by the end of the year. The values of CF were 3.2367—4.6654 in June (average
4.2010), 3.0440—4.9202 in September (average 3.814) and 2.666—5.370 in
November (average 3.956). The extreme values display great differences
among the fishes of the same age. Beside those numerical values, the po-
pulation cannot be regarded as uniform attributable to nutritional and eco-
logical connections.

TABLE XXV

The rates of mortality and survival of fish-species as well as the growth
coefficients of body weight and length wn pond No. 1 (1971)

| Z | Gy G, | s A
Carp 2-summer-old ’ —1.1912 2.4642 - 0.2652 30.42 69.58
fry - 2.5756 0.9062 — —
Tench —3.7002 1.3054 — 2.47 97.53
White grass-carp —0.1069 5.9994 — 89.58 10.42
Spotty grass-carp —0.9082 3.2325 - 40.25 59.75
Sheat-fish —1.0780 4.6614 — 33.96 66.04

7Z = instantaneous total coefficient of mortality (R1ckEr, 1958), G and G; =
coefficients of growth of weight and length, respectively, (CEAPMAN, 1968; TEscH, 1968),
S = survival rate in percentage, A = total annual mortality in percentage (in our case,
involves 0.5 year).

The value of the actual total mortality is high at the two-summer-old
carps (Z = —1.1912), the loss was 69.6 percent during a period of 6 months
accordingly the survival rate was only 30.4 percent. The calculated values of
mortality and survival differ more or less from the real values, since they
describe mathematically a change between an initial (t,) and a final (t,) point
of time, i.e. they express the time dependence of a logarithmic decrease in
the number of individuals. The seasonal variations of the values cannot be
followed, since the exact determination of the number of individuals is pos-
sible only on the basis of data of planting and recovery because of the large
area of the ponds and the insufficient technical facilities.

Data regarding the growth of carps allow us to draw the conclusion that
this species may play only a secondary role in the waste stabilization ponds
of Fonydéd, if the increase of fish production is intended at a higher consump-
tion of sewage-water.

¢) Observations on the growth of other fishes

Apart from the carps, white and spotty grass-carps as well as sheat
fish were introduced into pond No. 1 in 1971. At the same time, mainly tench,
a smaller number of pike-perch and pike were fished representing the natural
production of the pond. The crucian carp was the most significant among the
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wild fishes, nevertheless, it plays no role in the statistic. Apart from the carps,
observations were carried out to study the growth of tench, the crucian carp,
the white and spotty grass-carps and partly of sheat fish. The results are
summarized briefly as follows:

Tench: Both the body and length increased more intensely than in the
case of carps (Fig. 10) according to the relationships calculated for the allo-
metric growth at first- and second-summer as well as fry individuals. The allo-
metric exponent significantly differs from 3.0. As against the carp, this species
is of continuous growth during the whole period of investigations, thus at the
end of autumn, from September till November, the body length increased
about 2—2.5 cm and the body weight about with one third. The actual coeffi-
cient of the increase of body weight is of relatively low value (G,, = 1.3054).
The mortality is high (97 percent), accordingly, the survival rate is only
2.47 percent.

Fig. 10. The allometric relationship of body weight and length of tench (see for other
explanations Fig. 9
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Crucian carp: It is considered to be a junk-fish in fish-ponds, since it is
a food-competitor of carps and other useful fishes. It gets into the pond with
the filling-water and because of its extraordinary prolification and intense
food-consumption it may have a considerable effect on the growth of carps.
Two groups of size occurred in pond No. 1 (first-summer-old and fry) with a size-
difference of 6—7 cm (T'able XXV1I). The equation calculated for the con-
nection of body-weight and length indicates that the increase in body size

compared to the other species, best approaches the isometric value (b
= 2.954) (Fig. 11).

TABLE XXVI

The average values of body sizes of fish investigated during the period
of wnwestigation in 1971

June September November

L¢ L Lg ' w L¢ l Ly l w Lg l Ly ’ w
Carp 2-summer-old 130 161 9.3 154 189 |14.2 153 190 14.0
fry 82 103 2.4 118 144 6.2 145 180 12.5
129 161 8.7

White grass-carp — — — 253 305 |31.9 — — —
Tench — — — 175 210 |13.0 149 180 9.3
199 235 20.3
293 348 53.3
Crucian carp — — — 115 | 142 50 | 163 | 203 154
109 136 5.2

L, = standard length in mm; L; = total body length in mm; W = body weight

in dkg.

Fig. 11. The allometric relationship of body weight and length of crucian carp (see
for other explanations Fig. 9)



TABLE XVIII

Planting statistics of fish into the ponds of Fonyéd-Zardavdr (1964—1971)

Carp Tench Sheat-fish Pike-perch ‘White amur ‘White grass-carp Spotty grass-carp
A B o D Mature female 2-summer-old 1-summer-old Fry Breedix;gim Fry Bre;(;mg Breeding Fry Pry Plantec}(g)gethsr
pe kg pe kg pe kg pe kg pe kg pe ’ kg pc | kg pe kg pc kg pe kg pe kg
1964 1 88 250 8.0 71 354 176 000 1408 74 000 2183 = 1122 = = = = 2% ek e ey ] — 5 = = - 5067
840 2.9
2 136 496 | 11.0 — — 66 100 (00 i — - — 180 - ‘ — 1760 274 — — — — — — — — — — 7 565
3 142 500 7.4 234 762 94 200 7 608 — — - — — — 1900 299 - — — - - - — — - — 8 669
total: 366 305 1116 336 300 16 127 74 000 2183 = 1302 = = LT L o (R R = = e = g = = e 21 301
1965 1 88 795 4.0 — e - — 70 000 2 860 — — — ‘ - — — — — — — — — — e - — 2 860
2 136 316 | 20.0 350 960 41 750 8 404 — — — — 1272 | 747 — — 430 92 — — - — — — — — 10 203
3 142 | 2250 2 63 533 — — 330 000 6 600 — — — \ - 2500 60 — - — — — — — - — — 7193
total: 366 413 1493 41 750 8 404 400 000 9 460 = = 1272 747 2500 60 | 430 gov — =t i = - = =2 = 20 256
1966 il 88 | 2270 2.8
114 | 50.0 - — 10 000 5000 200 000 5 600 - — - — - — — — — — — — - — - — 10 600
2 136 1564 | 11.4
255 | 54.0 — — 34 750 17 537 20 920 2 378 — 96 531 249 480 40 280 200 570 28 — — — — — — 20 528
3 142 535 2.8 5
500 | 20.6 = = 70 300 14 480 76 000 2000 i o e = = = Y = o B =2, = o 2, # 7 16 480
total: 366 115 050 37 017 296 920 9 978 — 96 531 249 480 40 280 200 570 28 — — — — — — 47 608
1967 1 88 | 2270 2.8 1500 3600 — —- 200 000 5 600 — 1123 — — - - — - — - - — — - — — 10 323
2 136 316 | 32.0 — S 43 000 14 000 - — — 590 265 177 — — 425 230 — — — — — — — — 14 997
3 142 | 3500 2.0 1500 4100 — - 498 940 9 580 — 2100 — — — — — — — — — — — — — — 15 780
total: 366 3000 7700 43 000 14 000 698 940 15180 o 3813 265 7T —_ — 425 230 — —_ — — — — — — 41 100
1968 1 88 | 3200 2.8
100 | 13.0 105 443 8 800 1150 281 600 8 100 - 1036 — — — — — — - — — — — — — — 10 729
2 136 880 | 10.0 500 2400 119 900 11 067 — — - 1481 — — 1100 230 — — = — 802 1346 — — — — 16 524
3 142 535 | 15.0 1305 5423 75 950 11 158 — - — 1278 - — 1100 228 — — -— — — — - -— — — 18 087
total: 366 1910 8266 204 650 23 375 281 600 8100 — 3795 - — 2200 458 — — — — 802 1346 — — — — 45 340
1969 1 75 | 2893 4.6 — — — — 217 030 10 070 — - —— — — - — - — — — — — — - — 10 070
2 84 | 431 | 24.0 == = 36 200 8 594 = - £ 124 o717 166 = e 66 34— = = o = a = = 8 942
3 90 9 829 3288 — — — e = = o = L~ AL hix i, Sy 3 2 5 -, =5 Fis = 3 288
total: 249 829 3288 36 200 8 594 217 030 10 070 £ 124 271 166 = = 66 Bl el & ey = Ly X b i 22 300
1970 1 75 = L 32 795 7794 = = = o iR -~ = = S 2 = P = = = e = L 7794
2 84 — — 441 215 353 600 12 845 — 242 — — 1045 63 - — — — — — — — —— — 13 365
3 90 — — 43 254 9013 — — = 675 o = i == = = s iz £ 24 A =5 = = 9 688
total: 249 — — 76 490 17 022 353 600 12 845 - 917 — - 1045 63 — — — — — - — — — — 30 847
1971 1 75 | 4500 3.5 - — -— — 288 500 10 006 — — 1800 120 — — — — — — —- — 30 000 380 20 000 321 10 827
2 84 550 | 21.0 — — 46 110 9 779 .o— — — — 1650 990 —— — — — - — - — — — — — 10 769
3 90 | 4500 1.5 — —- 9 000 1041 342 300 4 335 50 000 2080 — — — — — - — -— 3000 28 — - — — 8 084
total: 249 — - 55 100 10 820 630 800 14 941 50 000 2080 3450 1110 — — - —— — - 3000 28 30 000 380 20 000 321 29 680

A = number of ponds; B = area of the pond in cad. acres; C = planted per cad. acre; D = average weight in dkg.







TABLE XIX/a

Recovery statistics of fish during 1964—1971 from the fish-ponds of Zardavdr

Carp Recovered material Tench Sheat-fish Pike-perch Pike
— — — . Total
: bove | below Breeding White amur Crucian | Oghers | (without
COlass T/b Class T Olass TIT Class TV Breeding of : A | Mat. fem. and Ab d bel :
A B by 1—15 ke 061 ke balow 065 e e P Jie i i 10 akg o sallivg: i p e e s ovef_lllxg ik s W R
e kg pe kg pe ; kg pe kg pe 1 kg pe i kg pe kg kg kg ) kg pe kg pe kg pe kg pe kg pe kg kg kg kg
3 |

1964 1 88 — — 284 349 —_ — —_ — 150 602 30556 | 10735 — — L1781 643 ‘ 803 — — -— — 90 21 — — 4050 | 1093 — - 14 291
2 132 - - — 8 223 8 799 14 289 11 044 9 943 5129 —_ — — | — — — 24 972 — 108 — —_— 1232 | 1196 — — — — 1410 758 —_ — 27 034

3 142 1538 2 925 8 225 9 965 7101 6 126 137 67 72 333 9 460 3471 6 650 1194 24 081 — i 338 — — 909 672 — —_ — — 4370 | 1403 — — 26 494

total: 366 1538 2 925 16 732 19 158 21 390 17 170 10 080 5196 222 935 40 016 14 206 6 650 1194 60 784 643 | 1249 - — 2141 | 1868 90 21 — — 9830 | 3254 — — 67 819
1965 1 88 — — 730 930 1450 1 070 510 310 — — 44 090 22 160 6 550 750 | 24910 — 96 == — 500 48 210 20 — — - — 100 350 25 074
2 132 249 302 7 452 8 759 6 960 5074 — e~ 197 643 660 377 — —_ 14 778 210 — 500 824 3156 141 280 200 — — — 200 — —_ 16 230

3 142 — — 5 354 6 232 2170 1 640 — — 129 747 - — 14 370 1618 10 994 430 — 121 139 — — 360 8 — — — 775 — - 12 427

total: 366 249 302 13 536 15 921 10 580 7 784 510 310 326 | 1390 44 750 22 537 20 920 2378 50 622 640 96 621 981 815 189 850 228 — — — 975 100 350 53 731
1966 1 88 5 482 10 387 2 315 3 233 1310 1 036 — — - — 80 000 24 000 — — 38 656 300 | 200 — — — — i — — — — — — —_ 39 156
2 132 6 060 11 925 21 300 31 059 9 450 8 520 — — — — 18 000 7 398 — — 58 902 120 — 300 424 400 252 250 137 — — — 16 100 50 59 851

3 142 2193 3439 13 188 15 592 10 782 8 593 1 550 734 — - 21 392 9 828 — — 38 186 — — — — — — — —_ — — — 443 13 —_ 38 629

total: 366 13 735 25 751 36 803 59 884 21 542 18 149 1550 734 — —— 119 392 41 226 — — 135 784 420 200 300 424 400 252 250 137 - — - 459 113 50 137 636
1967 1 88 490 784 Tl 2 245 755 155 88 46 | 1300 | 3350 84 440 26 830 — — 34010 — 710 — — — — — — — — — — — 889 34 720
2 132 1 000 1 800 10 000 14 000 15 000 14 400 — — — — 4 000 1 800 — — 32 000 992 | 200 200 300 — — 220 200 — — 10 8| — — 33 700

3 142 —_ — — — —_ — — - 1200 | 3500 27 000 39 000 — — 42 500 1500 | 1500 — — — — —_ — — — — — — — 45 500

total: 366 1490 2 584 =71 16 245 15 755 15 155 88 46 | 2500 | 6850 358 440 67 630 — — 108 510 2492 | 2410 200 300 — — 220 200 — — 10 8 — 889 113 920
1968%* 1 88 — — 7 000 5 000 — — — — 80 500 11 000 21 000 — — 26 500 400 800 — — — — — — — — — — — 27 700
2 132 235 268 8 620 5831 — — —- — 366 | 1565 62 460 23 144 100 000 1006 31 814 — 1030 11 27 288 135 20 25 733 2821 38 15 — — 35 867

3 142 = —_ — — — — — — 668 | 1583 103 140 35185 — — 36 718 — — — — 340 212 10 9 — — — - — 516 36 939

total: 366 235 268 15 620 10 831 —_ — — - 1114 | 3648 275 600 79 279 100 000 1006 95 032 400 | 1830 11 27 628 347 | 30 34 733 2821 38 15 — 516 100 506

[

1969 — — — -— e —_ — — — — 73 200 18 300 — - 18 300 — — — — —_ — ; — — — — - — — — 18 300
1 75 359 382 320 251 — -— — — 89 298 32 800 7 883 — — 8 814 — — 120 87 — — — — — - 100 52 — 760 8 953

2 84 14 204 18 677 10 090 8 317 — — — — — — 9 536 3783 — — 30777 — — 250 401 — — 150 63 — — 348 613 | 229 — 31 854

3 90 127 576 — — 554 | 2074 441 215 22 700 706 3671 — 152 — — — — — — — - 1070 476 — 12 4199

total: 249 14 690 19 635 10 410 8 568 — — — — 643 | 2342 115977 30 181 22 700 706 61 462 — 152515370 488 — — 150 63 — — 1518 | 1141 229 772 63 306

|

1970 1 75 3016 3531 15697 | 101786 9170 3 962 == == = = — = 23 100 b4 RIRo s = 180 1 = — 629 290 == = 60 i = 19 355
2 84 — — — — i — — — — - 197 240 41 014 — — 41 014 — 802 — — 806 635 100m 124m - — 540 437 | 1012 — 43 012

3 90 490 578 11 524 8 663 18 610 7745 — — — — — — 167 200 3328 | 20314 — 1407 | — — 187 32 1379 207 — — 8 8 — — 21 968

total: 249 3 506 4109 27 221 19 449 27 780 11 707 — — —_ — 197 240 41 014 190 300 3877 80 156 — 2389 | 1 6 823 667 2108 621 — — 608 496 | 1012 - 84 335
1971 1 75 159 400 19 053 19 053 7860 628 24 9 | 1050 720 730 70 28 420w | 7254 350 60 32 978
12 720Sp | 5148 -

Notes: ** = estimated values;

w = white grass-carp;

Sp. = spotty grass-carp,

breeding; m = mature female for selling (see pike-perch in 1970)







279

White and spotty grass-carp: their growth could not be followed by
means of samplings because of their motility, only the data of planting and
recovery could be used. Grass-eating fishes were first introduced in pond No. 1
in 1971 and this action proved to be of surprisingly successful result. Con-
sidering the very high value of the coefficient of the body-weight increase
(Gy = 5.9994) of the grass-carp, surpassing by far all other fish species, it
can be regarded as the most suitable for the given circumstances. Apart from
its quick growth, even the low rate of mortality (10.4 percent) is advantageous,
the survival is 89.6 percent. It reached a body weight of about 8 —10-times
higher than the average weight at planting by the end of the first year, and the
body length of 4—5 cm increased to 27—32 cm. There was no observation at
our disposal regarding the behaviour of this species in sewage-water ponds,
thus, further investigation is needed to determine the number of individuals
of maximal planting.

The spotty grass-carp proved to be also of successfully plantable and
quickly increasing species, although it does not the former in any respect.
The coefficient of increase in body weight was G,, = 3.2325, the rate of mor-
tality was about 60 percent, accordingly the survival was only 40 percent.

Sheat fish: The coefficient indicating the growth of body weight (G, =
= 4.6614) was between those of the two grass-eating species, however, its
mortality was higher (66 percent). From the flesh-production point of view
in waste-stabilization ponds this species is insignificant.

d) The reasons for the high mortality of fishes in the pond of Zardavér

Among the data of pond No. 1 investigated in more details, the high,
yearly changing rates of mortality of planted carps, first of all of fry are espe-
cially conspicuous. Because of its importance, this problem should be more
thoroughly analyzed.

On the basis of home literary data (VAmosS et al., 1963) it is known that
the mass destruction of fish was observed in the ponds having an acidic, boggy
bottom extremely rich in organic substances. Hydrogensulphide can easily
be formed in those waters during the summer season. This compound is not
formed from the protein decomposition but as a result of activity of sulphate-
reducing bacteria in the mud. The initial point of the process is the ferment-
ation of the plant residues (cellulose) in the mud, offering the hydrogen and
the organic substances for the reduction processes transforming the sulphate
ion into hydrogensulphide.

The H,S in the water forms ferrous-sulphide (FeS) as long as the water
contains dissolved iron, and in the form of a black deposit it is sedimented at
the bottom. If the water layer above the mud contains O,, the FeS will be
oxidized (rost-brown colour). What is more, under oxidative circumstances
there exist the possibility that the H,S could be transformed into untoxic
elementary sulphur.

If anaerobic conditions prevail at the bottom, the redox-level increases
from the mud into the water. In such cases the amount of molecular hydrogen
represents one of the main factors of the intense activity of the sulphate--
reducing bacteria.

If the prolonged warm weather is followed abruptly by a cool period,
the oxygen content of the cool water increases in pressing down the redox-
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level. As a consequence, the reductive layer having been so far anaerobic, ab-
ruptly becomes aerobic and quick processes of oxidation will start resulting
in the formation of sulphuric acid which liberates H,S.

The formation of H,S is usually accompanied by algal bloom, mainly
by a blue-green alga due to increased respiration induced by H,S, as a con-
sequence of which their specific weight decreases and they will rize to the sur-
face.

The chemical analyses of mud and water of pond No. 1 prove (the ex-
tremely high organic substance-, iron- and sulphate-content of the mud, the
periodically occurring oxygen-shortage at the mud-surface) that the mud
and water of that pond are inclined to form H,S, since all the factors of sul-
phate-reduction are present together. These facts can explain even the high
mortality of fishes.

General discussion

When evaluating the results, it should be borne in mind that they were
obtained only during one year. The relations and phenomena observed cannot
be applied without any further restrictions to other seemingly identical
aqueous biotopes.

Pond No. 1 analyzed in details represents a biotope rich in organic
substances, nitrogen and phosphorous, having a boggy bottom. The investig-
ation of the planktonic biomass indicates that during the summer season
when the loading with sewage-water is of the highest rate, the biomass of
blue-green algae predominates (Anabaena bloom). In spite of the good N and
P supplies, the water of the pond is poor in natural fish-food (Chironomida,
Tubifex, Crustacea plankton, etec.) because of the reductive processes taking
place at the water-mud interface and the boggy mud of disadvantageous
structure.

On the basis of parameters of production of several years, the growth
and production of carps in pond No. 1 was lower than even the values obtained
in the fish-ponds of medium production. The rate of mortality of carps es-
pecially of the fry was very high, although it varied annually. That rate was
much lower in case of second-summer carps, however, nevertheless the value
of 15—20 percent represents a considerably loss. The high mortality can
probably be explained by the locally formed hydrogensulphide. Namely, H,S
induced a mass destruction of fish in that pond during the early sixties. Certain
amount of detergents may also get in into the pond and cause destruction.
The reasons of the slow development of carps can be searched mainly in the
poor bottom-fauna and zooplankton.

The grass-carp first planted in 1971 showed the highest productivity
on the basis of both the rate of growth and the low mortality. The quick
growth can be explained not only by the large amount of phytoplankton and
its consumption but also by the utilization of the boggy bottom and its fauna
(meiobenthos) being useless or inaccessible for the other fish species (carp,
-tench). The observations of soviet researchers prove that the grass-carp
develops extremely well in ponds of boggy bottom where there is no firm
flora. The intestinal content of fish included peat occasionally up to 80 per-
cent. Using a mixed plantation, the rate of feeding of the carp indicates no
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considerable consumption of carp-feed by the grass-carps. On the basis of
that observation, it seems to be likely that the grass-carps planted into pond
No. 1 were feeding to a considerable extent on peat and its fauna apart from
the phytoplankton. Home experiences proved that in the ponds where a nearly
optimal plantation of grass-eating fishes was applied, the increase of produc-
tion could be reached without any essential increase of dunging and feeding,
i.e. first of all the natural production increased. The natural production of
carps based mainly on the protein of zooplankton doesnot limit the plantation
with grass-eating fishes even when considering economical points of views.
Apart from the poorness of the pond investigated in proteins of animal origin,
the condition is of special significance that the mass-production of phyto-
plankton representing the main food for the grass-eating fishes is greatly en-
chanced by the duck-cultivation and post-purification of sewage-waters
carried out in the pond. Considering that under such conditions the carp
produces flesh only according to the rate of feeding, it is in a disadvantageous
position as against to the grass-eating fish, therefore, its maintenance in that
pond is uneconomic. One of the aims of our investigations was even the selection
of the suitable species of fish. On the basis of our observations and the data
of production we are convinced that for the utilization of sewage-waters in
fish-ponds, the white grass-carp are the most suitable. Beside the disadvan-
tageous morphometric and soil-characters of the pond, the role of the grass-
eating fishes is underlined by the fact that they need no animal proteins ex-
cept in the first several months of their life and even during that period hardy
or not at all, therefore, they do not load the natural ability of the pond for
carp-production. In the case of the white grass-carp, the ability of the pond
to produce algal plankton can be intensified almost without limitation even
beside duck-cultivation and supply with sewage-water of suitable mixture,
as long as it does lead not to the worsening of the water quality and to the
lowering of the oxygen-supply. The relationships of the optimal density of
population and the load with sewage-water, representing the keyproblems
of the post-purification of sewage-waters by fish-ponds, will be studied in
experimental waste-stabilization ponds during the following years (and a
final evaluation will be given only on the basis of those future experiments).

Summary

1. The distribution of the total planktonic biomass is uneven in the trans-
versal section of pond No. 1, namely it is about 4 — 7 percent lower in the vicinity
of the inflow of sewage-water than at other places.

2. The zooplankton plays a secondary role in the planktonic community
during the warm-water period as compared to the algal biomass.

3. The almost complete absence of Daphnia species as well as the se
condary role of the other Cladocera during the summer season indicate a
limited transfer of the algal biomass increased by the sewage-water along
the food-chain.

4. On the basis of the bacterial biomass, pond No. 1 can be classified
to be of high productivity and medium loading.

5. The boggy soil of the pond is rich in organic substances (N, P,0;)
iron and sulphate ions. There exist a danger of the formation of H,S because
of the O,-shortage at the mud-surface during summer.
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6. The data of production of the ponds testify that carp-production
is generally high and apart from the varying mortality, it depends on the
quantity and quality of the fishes planted as well as on the feeding. Pond No. 1
but the other two also are qualified to be of medium or low productivity.

7. The rate of growth of different fishes varied in pond No. 1; the increase
of body weight and length of carp lagged that of other fishes. Its mortality
was high, survival rate was low.

8. The slow growth of carp can be explained by the poorness of the
natural food of animal origin.

9. The white and spotty grass-carps consuming algae and small benthic
animals displayed intense growth, showed a lower mortality and the best
adaptation to the given circumstances.
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LIMNOLOGIAT VIZSGALATOK EGY BALATON MELLETTI
SZENNYVIZES HALASTOBAN 1.

Ponyi Jend, Biré Péter, Olah Janos, P.-Zankai Nora, Tamds Gizella,
Csekei Tibor, Kiss Gyorgy, Morvai Tibor és Bancsi Istvdn

Osszefoglalas

1. A teljes plankton biomassza megoszldsa az 1. sz. t6 keresztmetszetében egye-
netlen, a szennyvizbeémlését koriilvevs vizteriileten 4—79;-kal kisebb, mint egyéb
helyeken.

2. A plankton térsuldsban meleg viz idején a zooplankton aldrendelt szerepet
jatszik az alga-biomasszéhoz képest.

3. Daphnia fajok szinte teljes hidnya, valamint a tobbi Cladocera aldrendelt
szerepe a nyéri id6szakban, azt jelenti, hogy a szennyviz dltal megemelt alga-biomasszd-
nak a tovdbbjutdsa a tédplaléklanc mentén korldtozott.

4. A bakterioplankton biomasszdja alapjdn az 1. sz. t6 nagy produktivitdsu,
kozepesen terhelt tavak kozé sorolhato.

5. A t6 t6zeg talaja szerves anyagban (N, P,O;), vas- és szulfdtionban gazdag.
Nyéron az iszap felszinén felléps O, hidny miatt a kénhidrogén képzédésének veszélye
fennall.
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6. A halastavak termelési adatai arrél tantskodnak, hogy a ponty-produkeié
4ltaldban magas és vdltozé mortalitéds mellett mindenkor a telepitett halanyag mennyi-
86gét6l, minbségétol, valamint a takarmdnyozastél fiigg. Az 1. sz. — de a két médsik t6
is — kozepes vagy alacsony produktivitdsi ténak minésiil.

7. Az 1. sz. szennyvizoxiddciés téban az egyes halfajok novekedési sebessége
eltérd, a ponty testhossz és testsiilygyarapoddsa egyardnt elmarad egyéb halastavi ada-
tokt6l. Mortalitdsa magas, életben maradési szdzaléka alacsony.

8. A ponty lassu novekedésének oka a természetes, dllati eredetii tdpldlék sze-
génysége.

9. A fehér és pettyes busa mint az algdk és apré iszaplaké dllatok fogyasztédi
intenziv novésli, alacsonyabb mortalitdst, az adott koriilményekhez legjobban alkal-
mazkodé fajok.
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The investigations on Lake Balaton having been recommenced since
1965, have estimated the horizontal distribution of Rotatoria plankton over
the whole lake (P.-ZAN®KAI and KERTESZ, 1967; P.-ZANKATI and PoxNy1, 1970;
1971; 1972), and on the other hand, they were connected to the former works
(SEBESTYEN, et al., 1951; SEBESTYEN, 1953) concerning the quantitative and
qualitative relationships of the Rotatoria in the open water in front of Tihany.

The present paper was intended at describing the changes of Rotatoria
biomass on the basis of comparisons with the former investigations based
on the data of population density obtained during 1965 67.

Methods

The volume-values determined by SEBESTYEN (1958) were used for our
calculations, namely those of the ‘“forms of warm water”” according to the
possibilities, since the samples were collected from May to November in each
year. The specific weight of the animals was taken for unity and the biomass
was expressed in mg wet weight/m3.

During 1966 —67, three parallel samplings were made, therefore, the
values of the number of individuals per liter obtained during the evaluation
of the samples, were averaged when calculating the biomass. For comparisons,
the data of SEBESTYEN (1958) concerning the months from May till November
were also averaged and expressed in the same unit of measure.

According to our previous investigations (P.-ZANkAr and KERTESZ,
1967; P.-ZANKAI and PonNy1, 1970; 1971; 1972), the lake can be divided into
two areas considering the qualitative and quantitative relations of Rotatoria,
namely the south-eastern part, i.e. the Keszthely Bay and its surrounding
(segments “M” and “K”), as well as the north-eastern basin to the line of
Sagpuszta—Balatonszemes (segments “G”, “A” and “E”). The data of po-
pulation density of segments “M” and “K’ were averaged and the biomass
values calculated from them were compared with the averages of segments
“G”, “A” and “E”. This way, the changes of Rotatoria biomass are treated
in view of the two main areas of Lake Balaton.
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Results

The biomass of Keratella cochlearis showed a maximum in August of
all three years in the area “M -+ K" (Table 1.). In the other part of the lake
(“G + A + E”), the density of population increased twice during both 1966
and 1967, the values of May were four or nearly five times higher than those
of August, respectively. During the same time, the south-western part of the
lake displayed only a single mass development. In 1965, very high density
of individuals as well as values of biomass were found in the Keszthely Bay
and its surrounding, which in absence of parallel samplings is assumed to be
a result of collecting from shoals. The distribution of this species can be re-
garded as uniform over the entire lake during the years of investigations.

TABLE I

Quantitative distribution of Keratella cochlearis along five
transversal sections of Lake Balaton

(w=1.22 -+ 10-* mg fresh)

i/m’ Biomass (fresh)
Date Collecting place mg/m3
M+ K l G+A+E M+ K G+ A+ E
1965, VI. 1 000 20 700 0.1 2.5
VII. 2100 8 500 0.2 1.0
VIII. 168 000 27 500 20.5 3.3
IX. 20 000 40 300 2.4 4.9
2. 2 500 35 000 0.3 4.3
average: 38 720 26 400 4.7 3.2
1966, V. 13 000 149 000 1.6 18.2
VI. 25 300 309 000 3.1 3.8
VII. 58 200 39 800 7.1 4.8
VIII. 61 000 36 100 7.4 4.4
IX. 16 000 19 400 1.9 2.4
2 23 200 25 700 2.8 3.1
XT. 3100 16 000 0.4 1.9
average: 28 542 44 271 3.4 5.5
1967, V. 21 000 130 000 2.6 15.9
VI. 21 000 28 000 2.6 3.4
VII. 29 200 16 200 3.5 1.9
VIII. 60 500 33 600 7.4 4.1
IX. 4 800 6 900 0.6 0.8
X. 1 800 18 100 0.2 2.2
average: 23 050 38 800 2.8 4.7
average of three years 23 189 36 823 3.6 4.4

The species Keratella cochlearis tecta was formerly considered to be an
autumnal form in Lake Balaton on the basis of its occurrence (SEBESTYEN,
1958). However, it displayed a characteristic summer development during
the three years, the values of biomass were the highest in July and mainly in
August (T'able 11). The density of population increased only once during the
three years overall the lake, the rates of which and the biomasses were different
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TABLE II

Quantitative distribution of Keratella cochlearis tecta along
five tramsversal sections of Lake Balaton
(w=1.31 - 10-* myg fresh)

i/m? Biomass (fresh)
Date Collecting place mg/m?3
M+ K \ G+A+E M+ K G+ A+E
1965, VI. 0 1700 ' 0 0.2
VIIL. 1100 14 000 0.1 1.8
VIII. 83 000 330 000 10.9 4.3
IX. { 3 100 12 500 0.4 1.6
average: 20 040 13 860 2.6 1.7
1966, V. 0 5400 0 0.8
A4S 7 800 15 000 1.0 2.0
VIIL 101 000 48 700 13.3 6.4
VIII. 199 000 31 900 26.0 4.2
IX. 6 100 9 300 0.8 1.2
X 14 000 9 300 1.8 1.2
XI. 2100 5 500 0.3 0.7
average: 47 142 17 871 6.1 2.3
1967, V. 0 3 100 0 0.4
VI. 11 000 18 000 1.4 2.4
VII. 23 000 12 300 3.0 1.6
VIII. 43 300 21 700 5.7 2.8
IX. 7 800 8 900 1.0 1.2
X. 3100 7 200 0.4 0.9
average: 14 700 18 866 159 1.5
average of three years 27 294 14 532 3.5 1.8

on the two areas of the lake. The very low biomass values of the south-western
part characterized by two segments, observed in July, increased to their high
multiple by July and August, then decreased again nearly to the former values
by September. The increase of biomass was of much lower rate in the other
region of the lake, during the last year of investigation no maximum appeared,
the mass was uniformly distributed during the period of June—September.
Comparing the yearly averages, large differences between the two areas of
water were found only in 1966. This. results in twice as high biomass in the
Keszthely Bay and its surroundings when comparing the averages of three
years.

The population density of Keratella quadrata was higher in the north-
eastern areas of water (“G + A -+ E”) during the spring and autumn of all
the three years (May, June in 1965; October, November) than in the Keszthely
Bay and its surrounding (7'able I1I). Considerable masses of this species
appeared just during the spring and autumn months on this part of the lake.
This result supports the finding of SEBESTYEN (1958) who regards this species
an early spring form on the basis of collections across segment “A”, as well
as the occurrence of population maxima. However, during the summer periods
(e.g. July—September of 1966 and 1967), the biomass of the species was
224 times higher in segments ‘M - K”, than in the other regions. The
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TABLE III

Quantitative distribution of Keratella quadrata along five
transversal sections of Lake Balaton

(w=6.61"10-* mg fresh)

i/.m’ Biomass (fresh)
Date Collecting place mg/m3
M+E | G+A+E MR |GratE
1965, VI. 510 1 300 0.3 0.9
VII. 2100 i 00 2.2 0.7
VIII. 18 000 0 11.9 0
IX. 7 500 1300 5.0 0.8
X 510 1100 0.3 0.7
average: 51724 960 3.9 0.7
1966, V. 1 600 4 500 120 3.0
VI 50 700 2 100 33.5 1.3
VII. 16 700 2100 11.0 1.3
VIII. 25700 4 000 17.0 2.7
IX. 24 000 2 300 15.9 1.5
X. 16 700 7 400 11.0 4.9
XI. 810 4 300 0.5 2.8
average: 19 458 3 814 12.8 2.5
1967, V. 21 000 57 000 13.9 37.7
VI. 9 100 3 100 5.9 2.0
VI 9 500 4 300 6.3 2.8
VIIL. 18 000 2 400 11.9 1.6
IX. 6 300 410 4.2 0.3
X. 510 2 300 0.3 1.5
average: 10 735 12 101 bica ! 7.6
average of three years 11 969 2 812 7.9 3.4

average values of three years showed a more than double difference between
the two areas of water in favour of the Keszthely Bay and its surrounding.

The biomass of Polyarhtra wvulgaris strongly varied during the three
years following each other on both areas of water (Zable IV ). A certain re-
gularity was only observed over the entire lake during all three years, in so far
as the population increased during the autumn. Apart from that, the values
of biomass were high in June in the Keszthely Bay and its surrounding, as
well as in May and August in the north-eastern part. The former investigations
in segment “A” (SEBESTYEN, 1953) indicated the months July —August as
well as May, December and September when this species reached the highest
numbers per liter. Comparing the yearly averages of biomass values found
in the two areas of the lake reveals that this species occurs in larger mass in
segments “G—E”. The difference is sometimes small (1966) but it can even
reach a double level.

The biomass of Pompholyx sulcata showed the largest difference between
the two areas, since it was negligible in the Keszthely Bay and its surrounding,
whereas even 20 mg/m3? occurred in other regions (Z'able V). 1t is a charac-
teristic species of summer development, its maximal masses occur during July
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TABLE IV

Quantitative distribution of Polyarthra vulgaris along five
transversal sections of Lake Balaton
(w = 3.83 - 10~* mg fresh)

ifm?® Biomass (fresh)
Date Collecting place mg/m®
M+ K ‘ G+A+E M+ K G+A+E

1965, VI. 1 000 3 300 0.4 1.3

VIL 0 0 0 0

VIII. 0 0 0 0
IX. 49 000 35 700 18.8 13.7
X 49 000 172 000 18.8 65.9
average: 19 800 42 200 7.6 16.2
1966, V. 21 000 91 900 T 35.2
VI. | 23800 5700 9.1 2.2
VII. [ 3200 29 000 1.2 1kl
VIII. | 9 500 52100 3.6 21.0
IX. 36 000 25 900 13.8 9.9
X, 75 700 11 300 29.0 43.2
- O 6 400 12 900 2.4 7.3
average: | 25085 48114 9.5 18.5
1967, V. 23 000 29 000 8.8 11T
VL 31 000 18 000 11.9 6.9
VIL 2 800 22 100 131 8.5
VIII. 9100 64 000 34 24.5
IX. 5 800 31 200 2.2 11.9
b. & 51 500 43 400 19.7 16.6
average: 20 533 34 616 7.8 13.2
average of three years 21 806 41 643 8.3 16.0

tnd August. Its distribution was uniform in segments “G —E” during all the
ahree years on the basis of comparisons of the yearly average biomass values.

Both the density of individuals and the biomass of Kellicottia longispina
are uniformly low in both parts of the lake. Its highest mass appears in May
in accordance with former literary data (SEBEsTY®N, 1953; 1958) The yearly
averages show no significant differences between the two areas, whereas the
comparisons of the years revealed small differences only.

Discussion

During the three years of investigations, the Polyarthra vulgaris occupied
the first place among the Rotatoria of the open water of the lake as regards
biomass values. It was followed by Keratelln quadrata and Pompholyx sulcata
(Tables I11, 1V and V), i.e. the mass is formed by a species of medium volume
but high density as well as by an other one of large volume and relatively
of lower number of individuals. According to former investigations (SEBES-
TYEN, 1958), Polyarthra and Pompholyx showed the highest biomass values
even during other years in the north-eastern basin of the lake.

19
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TABLE V

Quantitative distribution of Pompholyx sulcata along five
transversal sections of Lake Balaton
(w=3.11"+10-* mg fresh)

i/m? Biomass (fresh)
Collecting place mg/m3
Date
M+ K l G+ A+ E M+ K G+ A+ E
1965, VI. 0 7 300 0 2.3
VII. 0 67 000 0 20.8
VIII. 0 35 500 0 11.0
IX, 0 38 300 0 11.9
X 0 12 500 0 3.9
average: 0 32 120 0 9.9
1966, V. 210 47 000 0.1 14.6
VI. 17 000 56 000 5.3 17.4
VII. 700 54 100 0.2 16.8
VIII. 0 64 500 0 20.1
IX. 0 17 000 0 5.3
X 830 7 300 0 2.3
XT. 0 810 0 0.2
average: 2 677 35 244 0.8 10.9
1967, V. 3 000 25100 0.9 7.8
VI. 2 000 36 000 0.6 11.2
VII. 1 500 69 000 0.5 21.4
VIII. 0 30 300 0 9.4
IX. 0 17 700 0 5.5
X. 0 14.300 0 4.4
average: 1083 32 066 0.3 9.9
average of three years 626 33 143 0.4 16.2

However, Keratella quadrata has never been of such a high density. Since
at each three points of each three segments nearly uniform number of indivi-
duals per liter were obtained, one can exclude the possibility of collecting
from shoals, and one has to accept the wide propagation of this species over
the entire area of water.

Systematic quantitative investigations of Rotatoria plankton involved
only the open water area in front of Tihany (segment “A’”) before 1965.
According to our results having been obtained so far, this segment represents
well the area of the whole north-eastern basin, and on the other hand, its
Rotatoria fauna is similar to that of the line Sdgpuszta—Balatonszemes
(segment “G”’) both qualitatively and quantitatively. Therefore, one can con-
clude on the basis of changes appearing in segment ‘A’ that similar phenomena
also occur in the larger part of the open water of the lake (“G 4+ A + E”).

In order to be able to compare the recent biomass data with the former
ones, the values of segment “A” were separated from the other two segments
belonging to the north-eastern basin. Analyzing the changes of biomass of
certain species present in the plankton with higher number of individuals
(T'able VI), one can establish that the mass of Keratella cochlearis increased
as compared to that of years 1936 —49, it remained practically unchanged from
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TABLE VI

Changes of Rotifera biomass in the water-area in front of the Biological Institute
(transversal section “A”’)

Keratella Keratella Keratella Polyarthra | Pompholyz | Kellicottia | Trichocerca _T°t‘l
Year cochlearis ¢. tecta quadrala vulgaris sulcata longispina pusilla b;’g”,‘;“f
1936 1.1 0.3 0.7 1.5 2.5 0.4 0 6.5
1937 1.0 0.4 1.3 2.3 3.1 0.6 0 8.7
1938 2.2 0.4 2.0 1.5 4.3 1.7 0 12.1
1947 0.8 3.5 1.3 17.6 4.0 0.4 1.4 29.0
1949% 0.8 1.0 0.7 2.7 1.5 1.3 0.4 8.4
1951 6.3 6.1 1.3 156.3 9.6 0.2 2.1 40.9
1965%* 2.4 1.1 0.3 5.4 13.2 0 0 22.4
1966 6.0 2.2 1.5 19.5 1157 0.6 0.5 42.0
1967 4.3 1.3 8.0 10.2 9.8 14 0.5 35.5

* an unusual subsidence of the open water during that time
** relatively few samplings

1951. A similar pattern was shown even by Pompholyx sulcata. The biomass
of Keratella c. tecta increased until 1951 and started to decrease only during
recent years, whereas that of Keratella quadrata was practically unchanged
from the first year of investigation, apart from the higher value of 1967 which
however, could not be evaluated because of the absence of further investig-
ations. The Polyarthra from the 1940s, the Kellicottia during the whole period .
of investigations occur in the Rotatoria plankton with a nearly constant mass.
Trichocerca pusille could be collected in almost identical masses since its
propagation to the open water (SEBESTYEN, 1953; 1958).

The total biomass of Rotatoria continuously increased until 1951 in
segment ‘A’ representing the larger part of the lake. Since that time a stagn-
ation has appeared instead of a further increase, the reason is unknown. How-
ever, different hypotheses can be outlined (cf. Ponyr and P.-ZANKAI, 1972,
pp- 136—137).

Summary

Among the most frequent rotifers of the lake three species (Polyarthra
vulgaris, Keratella quadrata and Pompholyx sulcata) represent the highest
biomass values.

On the basis of average biomasses of years 1965, 1966 and 1967, Poly-
arthra vulgaris is of the highest importance showing a value of 8.3 and 14.1
mg/m3 in the Keszthely Bay and its surrounding as well as in the other parts
of the lake. Keratella quadrata and Pompholyx sulcata display different distri-
bution of biomass in the two areas: the former occurred in 7.9 mg/m? in the
samples taken from the Keszthely Bay and its surrounding (segments “M--
K”), the latter in 0.4 mg/m3. In the segments representing about two thirds
of the lake (segments “G 4 A + E”’), the former showed 3.5 while the latter
10.3 mg/m?® biomass value. :

In the larger part of the open water (segments “G + A 4 E”’), the total
biomass of the Rotatoria gradually increased till the 1950s from 6.5 up to
40.9 mg/m3, then it remained at nearly identical level until 1967 (38.7 mg/m3).

19*
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KEREKESFERGEK (ROTATORIA) BIOMASSZAJA A BALATONBAN
P.-Zankai Néra és Ponyi Jend

Osszefoglalés

A t6 leggyakoribb kerekesférgei koziil biomassza értéket tekintve 3 faj (Polyarthra
vulgaris, Keratella quadrata, Pompholyx sulcata) a legjelentGsebb.

1965, 1966 és 1967 évek dtlagos biomasszdja alapjén a legfontosabb a Polyarthra
vulgaris, melynek értéke a Keszthelyi-6bol és kornyékén 8,3, a tobbi részen 14,1 mg/m?
volt. A Keratella quadrata és a Pompholyx sulcata biomasszdjdnak megoszldsa a té6 két
vizteriiletén eltérd; az el6bbi faj biomasszdja a Keszthelyi-6bol és kornyékén vett min-
tédkban (M -} K teriilet) 7,9 mg/m3, az utébbié 0,4 mg/m3 volt. A t6 kb. kétharmad részét
reprezentdlé G + A + E szelvényeken a Pompholyx biomassza értéke 10,3 mg/m?, a
Keratella quadrata-é 3,5 mg/m?® volt.

A t6 nyiltvizének nagyobbik részén (G + A 4 E szelvények) az 1930-as évektsl
kezdbdben a kerekesférgek Osszes biomasszdja az 1950-es évekig fokozatosan emelkedett
6,6 mg/m3-r6l 40,9 mg/m?3-ig, majd ett6l kezdve 1967-ig kozel azonos szinten maradt
(38,7 mg/m?).



CHRONICLE

The new four-year’s research plan started in 1972 in our Institute which is the
continuation of the earlier experimental work. The investigations follow the main topies
of research of the Hungarian Academy of Sciences corresponding to the themes ‘“‘Bio-
regulation” and ‘“Biosphere’. Accordingly research on the ““‘Regulation of the physiological
processes’ carried out in the Department of Hxperimental Zoology focussed attention
on the neurohumoral regulations in the invertebrate animals, while in the Department
of Hydrobiology, hydrobiological problems of Lake Balaton and its catchment area were
studied.

Results of the work performed by the members of the two Departments were
published partly in Annal. Biol. Tihany 40, and partly in various Hungarian and foreign
journals (See Annal. Biol. Tihany, 1973, 40, p. 301). The list of scientific lectures held in
31)(2))7 2 by3the scientific staff of the Institute is published in Annal. Biol. Tihany, 40, pp.

2—303. i

In the sessions of the General Meeting of the Hungarian Academy of Sciences
in 1972 Dr. JANos SAnANKI, Director of the Institute, Dr. KaTarIN S.-R6zsA, Dr. IMRE
Zs.-Nacy and Dr. ELEMER LABOS senior scientific research workers were awarded the
Academy Prize for establishing and developing in Hungary investigations on invertebrate
neurobiology in the Department of Experimental Zoology. Neurobiological investigations
were started in 1962, when the present Director of the Institute was appointed them to
be Director of the Institute and at the same time the head of the Department of Experi-
mental Zoology. Dr. JANos SALANKI won his degree of candidate of Biological Sciences
(Ph.D.) in Moscow in the laboratory headed by academician H. S. KOSHTOYANTS pro-
minent representative of the school of Soviet comparative physiology, then in 1970
he won the degree of Doctor of Biological Sciences in Hungary. Dr. KaTATIN S.-Rézsa
was also the follower of Professor H. S. KosaTovyAnNTs and she won the degree
of Candidate of Biological Sciences in Moscow in1961. Dr. IMrE Zs.-Naey and Dr. ELEMER
LABos finished University Medical School in Debrecen in 1961, the former from 1963,
the latter between 1962 —1970 were investigating invertebrate neurobiology at Tihany.
Dr. I. Zs.-NAGy won his Candidate degree of Biological Sciences in 1967 and Dr. E. LABoS
the same in 1969 on the basis of the investigations carried out in our Institute. The scien-
tific publications of the Prize winners can be found in the volumes of Annal. Biol. Tihany
published between 1963 —1972, and in the other scientific journals listed in the above
volumes.

Dr. JENG Ponvr, head of the Department of Hydrobiology on the competition
for the “Prize of Research work” conducted by the General Secretary of the Hungarian
Academy of Sciences won the Prize on the basis of his work entitled “Investigations on
crustacean and molluscan remains in the upper sedimentary layer of Lake Balaton’.
The Prize winner paper was published in 38th volume of Annal. Biol. T'ihany.

During 1972 the following members of the scientific staff received the title of
University Doctor or won the candidate degree of Biological Sciences:

1. On the 20th of April, IstvAx Kiss on the basis of his work ‘“Different forms

of the generation of rhythm and types of the chemical sensitivity of the giant

neurones identified in CNS of Lymnaea stagnalis’” obtained a title of University

Doctor as the Department of Comparative Physiology of the Eoétvés Lorénd

University, Budapest.
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2. On the 16th of October, TiBor Kiss obtained his University Doctorship on the
basis of his work ‘‘Microelectrophysiological and morphological investigations
on the snail heart muscle cells” at the Department of Comparative Physiology
of the Eotvos Lordnd University, Budapest.

3. On the 27th of November, Dr. JANos OLAE won the degree of Candidate of

Biological Sciences with his dissertation: “The mass and production of the plank-

ton of microorganisms and the trofic condition in Lake of Balaton’.

The Institute’s permanent staff is 54 persons, comprising 18 scientific research
workers, 14 technical assistants, 6 administrative and 16 other workers.

The following changes took place in the scientific staff of the Institute: on the 1st
of May, IstvAN Kiss, on the lst of October, KArorLy ErErEs and TiBor Kiss were
appointed scientific rescarch workers to the Department of Experimental Zoology.
On the st of September, JANos NEMcsOK biologist was appointed scholar assistant
scientific worker to the Department of Experimental Zoology and at the same time
Jupir N.-HorvATH biologist was appointed assistant scientific research worker to the
Department of Hydrobiology.

Inland scientific connections

The Institute had inland connections with several scientific Institutes of the Aca-
demy and University Departments, realized by cooperations and consultations.

The following Hungarian scientists worked in our Institute as visiting research
workers in 1972: Prof. E. Bir0, Biochemical Institute of the Eétvis Lordnd University,
Budapest; Prof. Gy. Bor, Department of Medical Chemistry of University Medical
School, Debrecen; Prof. B. CsiLik, Department of Anatomy, Histology and Embriology
of University Medical School, Szeged; Dr. G. Czecrépy-Janké, OKI, Budapest; Prof.
O. FrrEr, Physiological Department of Jézsef Attila University, Szeged; Dr. F. JOLESZ,
Kand6 Kdlmén Higher Technical School of Electrical Industry, Budapest; Dr. E. KNvI-
HAR, Department of Anatomy, Histology and Embriology of University Medical School,
Szeged; Prof. M. NEmEssURrI, Institute of Sports, Budapest; Dr. A. Puppr, Central
Laboratory of Zootechnic of the Biophysic Institute of POTE, Pécs.

Similarly to the previous years Dr. J. SanAnkr, Director of the Institute held
lectures at the Department of Comparative Physiolog‘y of Eotvos Lordnd University,
Budapest for students-biologists, which was entitled “Excitation at membrane level’.

Similarly to the previous years, in 1972, several university students performed
here the experimental part of their theses submitted for certification at the University,
In the summer period eight university students joined the experimental work of the
Institute. Dr. Zs.-Nacy IMRENE, TOTH VALERIA assistant, who was corresponding student
at the teacher’s training course in biology and chemistry at the Kossuth Lajos Uni-
versity, Debrecen between 1966 —1972 performed her thesis submitted for certification
at the Zoological Department of the Institute.

Among the scientific workers of the Institute Dr. I. Zs.-NAGy senior scientific
research worker spent one week as an inland study tour in the Department of Pathological
Anatomy of POTE, Pécs. :

Scientific connections with foreign Institutes and research workers

In 1972 within the frame-work of an official agreement mutual work was done
with the Czechoslovakian Academy of Sciences on: ‘“Light and electronmicroscopic
structures of neurohaemal organ of insects’ and on “Quantitative analysis of the nerve
processes of invertebrates”. The first theme was investigated jointly with the Institute
of Entomology (Prague), the second with the Institute of Physiology (Prague). To study
the second theme Dr. T. J. SKVARIL engineer visited our Institute in the frame of a study
tour.

Travels abroad

1. Dr. P. B1IrG, scientific research worker finished his four-month study tour
on the 30th of April, spent in the Institute of Freshwater Biology in Borok (Soviet Union).

2. Dr. B. ENTz, senior scientific research worker, has continued his work as a
UNESCO expert in UAR.

3. T. Kiss assistant scientific research worker in June spent two weeks in the
Physiological Institute of the Ukrainian Academy of Sciences at Kiev (Soviet Union).
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4. TnoNaA B.-Musko assistant scientific research worker was working in the Depart-
ment of Insect Physiology of the Institute of Entomology of the Czechoslovakian Aca.-
demy of Sciences (Prague) between the 9th and 28th of October.

5. Dr. J. Onin scientific worker attended a Symposion on “Detritus and its
ecological role in aquatic ecosystems’ organized by IBP-UNESCO between the 23rd
and 27th of May in Pallanza (Italy).

6. Dr. KaTaLIN S.-R06zsSA senior scientific research worker and Dr. J. SALANKI
Director of the Institute were invited to deliver lectures at the Zoological Department,
of the Basel University, Basel (Switzerland); then Dr. K. 8.-R6zsA was on a study tour
in the Zoological Department of the Jena University, Jena (GDR) between the 1st and
19th of June, subsequently, she attended the methodical course held by ICRO-EMBO
in the topic of Biophysic of the membranes in Bern (Switzerland) between the 12th and
29th of September.

7. Dr. J. SALANKI, Director of the Institute, Dr. K. S.-R6zsA senior scientific
research worker, I. VARANKA scientific worker, T. Kiss assistant scientific research
worker, I. VApAsz scholar scientific worker and M. VERG electronic engineer attended
the International Congress of Biophysics held in Moscow (Soviet Union) between the
4th and 14th of August. Dr. J. SALANKI took part in the work of the Meeting of COME-
CON experts in the frame of cooperation on the Biophysics of Membranes held in Rein-
hardsbrunn (GDR) between the 28th and 31st of May.

8. M. V£RO electronic engineer visited the Laboratory of Neurocybernetics of
the Physiological Institute of the Czechoslovakian Academy of Sciences (Prague) and
Physiological Institute of the Slovakian Academy of Sciences (Bratislava) between the
2nd and 21st of October.

9. Dr. N6ra P.-ZAxkAr and Dr. S. HERODEK scientific research workers were
invited to visit the Ecological Institute of the Polish Academy in Sciences in Warsaw
between the 11th and 18th of December.

The following scientific research workers visited the Institute or spent longer
periods of time here during 1972:

Dr. U. Basite, Department of Construction of the Biological Apparatus at the
University of Milano, Milano, Italy; Dr. S. BEr~or, Department of Neurology at the
University of Wiirzburg (GFR); Dr. L. Bowis, Physiological Department of the Uni-
versity of Rome, Italy; Dr. Bryrinski, Institute of Hydrobiology, Olsztyn-Polska,
Poland; Dr. T. P. Ciruwnis, Institute of Evolutionary Physiology and Biochemistry,
Leningrad, Soviet Union; Dr. A. CENTAMORE, Institute of Genetics, Rome, Italy; Dr.
C. L. DEELDER, Fisheries Laboratory, Ijmuiden, Holland; Dr. T. Kiracawa, University
Medical School, Nisimachi, Gonado City, Japan; Dr. D. Lasic, Institute of Molecular
Pathology, Paris, France; Dr. R. S. LEEUwWIN, Pharmacological Department of the
Amsterdam University, Amsterdam, Holland; Dr. M. MAcKAy, London University,
London, UK; Dr, P. MARKKANEN, Biochemical Laboratory of the Research Centre of
Finland, Helsinki, Finland; Dr. L. MarToN, Institute and Museum of History and
Technology, Washington, USA; Dr. R. NorpMANN, Biochemical Department of Uni-
versity Medical School, Paris, France; Dr. A. B. Novikorr, Albert Einstein College of
Medicine, New York, USA; Dr. B. M. ORusAwaA, Institute of Clinical and Experimental
Neurology, Thilisi, Soviet Union; Dr. C. C. Ross, University of South Carolina, Spartam-
surg, USA; Dr. J. J. SAwreLL, Bethany College, Bethany, USA; Dr. L. Seveus, LKB-AB,
Bromma, Sweden; Dr. G. TAUTERMANN, Department of Zoology of the University of
Innsbruck, Austria; Dr. H. Upg, Zoological Department of the Jena University, Jena,
GDR; Dr. H. VoLkMER, Physiological Department of the Jena University, Jena, GDR;
Dr. H. J. SEEwALD, Physiological Department of the Jena University, Jena, GDR;
Dr. K. Wirckowskr, Institute of Geography of the Polish Academy of Sciences, W arsaw,
Poland.

Meetings

In 1972 the following meetings were held at the Institute:

1. Winter School in the field of nuclear physics organized by the Central Research
Institute of Physics of the Hungarian Academy of Sciences from the 24th to 28th of
January (25 participants).

2. The meeting of the Section of Biomechanies of the Physiological Training
Scientific Council dealing with the “Automatism of the human movements” between
the 4th and 6th of May (40 participants).
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3. Meeting of the Committee of water protection in Lake of Balaton on the 30th
of May with 50 participants.

4. Symposium on the mechanisms of neurovegetative transmission between
19th and 24th of June (52 participants).

5. Summer course for the pupils of secondary schools with biological specialization
was organized by the Biological Department of the Hungarian Academy of Sciences
between the 27th and 30th of June (27 participants).

6. The IVth International Continuation Course of Hydrobiology between the 10th
and 17th of July (20 participants).

7. First conference on the properties of membranes between the 4th and 6th
of September (25 participants).

8. The course on the topic of the “Regulation of cell division” held by the Morpho-
logical and Cytological Committee between the 13th and 16th of September (50 parti-
cipants).

9. The “Hydrobiological days’ were organized by the Hungarian Hydrobiological
Society and the Hydrobiological Department of the Institute between the 5th and Tth
of October (50 participants).

10. Course on the topic ‘“‘Development of the IVth generations computer system’’
was organized by the 1st Department of the Natural Sciences of the Hungarian Academy
of Sciences between the 30th of November and 15th of December (53 particpants).

Improvement of research facilities

The equipment park was completed in 1972 among others by NE-230. x-y Re-
corder; 4-channel pen-recorder, KUTESZ-146; tape punch Perfomon-30; tape reader
Readman-1000; 4-channel FM/DR data recorder TEAC, R-200; Preparative centrifuge
K-24, GDR; Submabine Photometer, Model-310, GM, Instr. Corp. USA; industrial
permanent pH-meter, MMG-MOSION. The modernization of the aquarium-room was
finished and as a result the thermoregulation of the aquarium was completed (5—30° C).

A two-channel data recorder was made in our workshop.

Library

At the end of the year the Institute’s Library comprised 45483 volumes: book —
4853 units, journals = 30 326 units and reprints = 10 304 units. The Institute’s Year
Book — Annal. Biol. Tihany — Vol. 39 (1972) was sent to 645 Institutes and private
persons all over the world. In exchange the Library received about 346 different journals
and publications.

Miscellaneous
Our Institute participated in the International Fair held in Budapest in May,

1972. In the Pavillion of the Hungarian Academy of Sciences our research program was
made public and the equipments constructed at the Institute were exhibited.



KRONIKA

Az Intézetben 1972-ben indult az ] négyéves kutatési terv, mely kozvetlen
folytatdsdt képezi a kordbban folytatott vizsgdlatoknak. A kutatdsok csatlakoznak az
MTA kutatdsi f6irdnydhoz ,,Bioreguldci6™, ill. ,,Bioszféra” témakorokben. Ennek meg-
feleléen a Kisérletes Allattani Osztaly munkdja az ,,BEletfolyamatok szabdlyozdsa” ec.
6 feladaton beliil a neurohumordlis szabédlyozds torvényszeriiségeinek tanulmanyozdsdra
irdnyult gerinctelen éllatokon, mig a Hidrobioldgiai Osztaly a Balaton és vizgy(ijt6 terii-
leteinek hidrobioldgiai vizsgédlatat folytatta.

A két osztaly tudoményos tevékenységét titkréz6 tanulmdnyok részben az Annal.
Biol. Tihany 490. kitetében, részben méds hazai és kiilfoldi folyéiratokban keriiltek publi-
kaldsra (1. Annal. Biol. Tihany, 1973, 40, 301). Az 1972-ben tartott tudomdnyos elbaddsok
jegyzéke az Annal. Biol. Tihany 40. kotetének 302 —303 oldaldn keriil felsoroldsra.

Az MTA 1972. évi kozgytilésén Dr. SALANKI JANOS intézeti igazgatdé, valamint
Dr. S.-R6zsA KATALIN, Dr. Zs.-NAGY IMRE és Dr. LABos ELEMER tudoményos fémunka-
tarsak Akadémiai Dij-ban részesiiltek a Kisérletes Allattani Osztdlyon folyé Gerinctelen
Neurobiolégiai kutatdsi irdnyzat hazdnkban tortént kifejlesztéséért, illetve az abban
val6 részvételért. Az Intézetben 1962 6ta folynak neurobioldgiai kutatésok, amikor az
Intézet jelenlegi igazgatoja az Intézet élére keriilt és egyben a Kisérletes Allattani Osztédly
vezetdje lett. Dr. SALANKI JANOS a szovjet Osszehasonlité élettan ismert képvisel6jének,
H. Sz. KostHOYANTS akadémikusnak Intézetében, Moszkvdban kandiddlt 1959-ben,
majd 1970-ben a biolégiai tudoményok doktora fokozatot Magyarorszdgon szerezte meg.
Dr. S.-R6zsa KATALIN ugyancsak KOSTHOYANTS professzor tanitvédnya volt és 1961-ben
védte meg kandiddtusi disszertdcidjat, Moszkvaban. Dr. Zs.-NAcy IMRE és Dr. LABOs
EreMER a Debreceni Orvostudoményi Egyetemen végeztek 1961-ben, az el6bbi 1963 6ta,
az utébbi 1962—1970 években vett részt a Tihanyban kialakitott gerinctelen neuro-
biol6giai kutatdsban. Zs.-Naecy Imre 1967-ben, LABos Eremir 1969-ben védte meg
kandiddtusi disszertdciéjat az Intézetben folytatott vizsgdlatok eredményeként. A dija-
zottak tudoményos munkéi megtalalhatdk az Annal. Biol. Tihany 1963 —1972 években
megjelent koteteiben, illetve az ezekben felsorolt, més folydiratokban.

Dr. Ponv1 JENG a Hidrobiol6giai Osztdly vezet6je a MTA f6titkdra dltal Kutatdsi
Dijra kifrt pédlydzaton ,,A Balaton fels§ iiledékrétegébbl szdrmazé rdk (Crustacea) és
puhatestli (Mollusca) maradvédnyok vizsgdlata’ e. pdlyamunkdja dijazdsban részesiilt
A dijazott munka az Annal. Biol. Tihany 38. kotetében (1971) keriilt publikédldsra’

Az év folyamdn az aldbbi kutaték szereztek egyetemi doktori ecimet, illetve
kandiddtusi fokozatot: ;
1. Kiss IstvAN 1972. dprilis 20-d4n ,,A ritmusgenerdlds kilonb6zé forméi és a
kémiai érzékenység tipusai Lymnaea stagnalis kozponti idegrendszerében identi-
fikdlhat6 6rids neuronokon” c. témakérbél Budapesten az ELTE Osszehasonlité
Elettani Intézetében egyetemi doktori cimet szerzett.
2. Ki1ss TiBor 1972. oktéber 16-4n ,,Mikroelektrofizioldgiai vizsgdlatok éticsiga
szivizomrostjain” c. értekezésével Budapesten az ELTE Osszehasonlité Elettani
Intézetében egyetemi doktori cimet nyert.
3. OrAr JANos 1972. november 27-én megvédte ,,A mikrobidlis plankton meny-
nyisége, produckiéja és a trofikus dllapot a Balatonban” c¢. kandiddtusi érte-
kezését.
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Az Intézet személyi dllomdnya 54 £6, mely a kovetkezbképpen oszlott meg: kutatd
18, kutatdsi segéders 14, adminisztrativ 6, egyéb 16.

Az Intézet kutatéi dlloménydban az aldbbi véltozdsok torténtek: Kiss IsTvAN
tudomédnyos segédmunkatdars 1972. méjus 1-t6], ELEKEs KAroLy és Kiss TIBOR tudo-
ményos segédmunkatdrsak 1972. oktéber 1-t61 tudoményos munkatérsi Kkinevezést
kaptak. 1972. szeptember 1-én NEMcsOék JANOs biologus gyakornokként a Kisérletes
Allattani Osztdlyra, N.-HorvATH JUDIT bioldgus pedig segédmunkatérsként a Hidro-
biolégiai Osztélyra kapott kinevezést.

1
E
Belfoldi tudominyos kapesolatok -

Az Intézet szémos egyetemi és akadémiai intézettel tartott fenn kapcsolatot,
mely konkrét egyuttmiikodés vagy konzultdcié formédjaban realizalédott.

Hazai kutaték koziil az aldbbiak dolgoztak Intézetiinkben 1972-ben:

Prof. Biré Expre, ELTE Biokémiai Intézete, Budapest; Prof. Bor Gyoray,
DOTE Orvosvegytani Intézet, Debrecen; Prof. Csimrik BerrTALAN, SZOTE Anatémiai
Intézet, Szeged; Dr. CzecLEDI-JANKO GEza, OKI Budapest; Prof. FEafir Orré, JATE
Allattani Intézet, Szeged; Dr. JoLEsz FERENC, KANDO KALMAN Villamosipari Mfiszaki
Féiskola; Budapest; Dr. KnvraArR ErzsgBeT, SZOTE Anatémiai Intézet, Szeged;
Prof. NEMESSURI MieALY, Testneveldsi Féiskola, Budapest; Dr. Puppr ANprAs, POTE
Biofizikai Intézet Kozponti Zootechnikai Laboratérium, Pées.

Dr. SAnAnk:r JANOs intézeti igazgat6é ez évben is specidlkollégiumot tartott az
ELTE biolégia szakos hallgatéinak ,,Elemi ingeriilet’’ cimmel.

Kordabbi évekhez hasonléan 1972-ben t6bb egyetemi hallgaté készitette palya-
munkdjdnak kisérletes részét Intézetiinkben. A nyédri hénapokban 8 egyetemi hallgato
kapesolodott be az Intézet munkdjdba. Az Intézetben készitette egyetemi szakdolgoza-
tét Dr. Zs.-Nacy ImMrENE, TérH VALERIA asszisztens, aki a Debreceni Kossuth Lajos
Tudoményegyetemen biolégia-kémia tandri szak levelez6 hallgatéja volt 1966—1972
kozott.

Az Intézet kutatéi koziil Dr. Zs.-NAcy IMrE tudoményos fémunkatérs, a POTE
Koérbonctani Intézetében toltott egy hetet belféldi tanulmanyaton.

Kulfoldy tudomdnyos kapcsolatok

Az egyezményes témdk keretein beliil 1972-ben a Csehszlovdk Tudoményos Aka-
démidval folyt kozos munka ,,Rovarok neurohaemadlis szerveinek fény és elektronmik-
roszkopos szerkezete”’, valamint ,,Gerinctelenek idegi folyamatainak kvantitativ anali-
zise” c¢. témakorbbl. Az el6bbi téma az Entomoldgiai Intézettel (Praga), az utébbi akizio-
16giai Intézettel (Prdga) kézdsen folyt. A mésodik téma kidolgozdséra Dr. T. J. SKVARIL
mérnok tanulményttra Intézetiinkbe ldtogatott.

Az Intézet kutatéi koziil az aldbbiak utaztak kiilféldre:

1. Dr. Biré PETER tudomédnyos munkatérs dprilis 30-dn fejezte be négyhénapos
tanulményutjat a Belvizek Biol6giai Problémédi-t kutaté Intézetben, Borokban (Szov-
jetunid).

2. Dr. Entz BfiLA tudomédnyos fémunkatdrs folytatta munkédjit mint UNESCO
szakért6 az Igyesiilt Arab Koztdarsasdgban.

3. Kiss TiBoR tudomédnyos segédmunkatérs juliusban két hetet toltott az Ukrdn
Tudoményos Akadémia Elettani Intézetében, Kievben (Szovjetunio).

4. B.-Musk6 IronNa tudoményos segédmunkatérs oktéber 9—28 kozott a Cseh-
szlovdk Tudoményos Akadémia Entomolégiai Intézetének Rovarfiziolégiai Osztdlydn
(Préga) dolgozott.

5. Dr. OLAH JANos tudomdnyos munkatdrs részt vett az IBP-UNESCO &ltal
szervezett szimpoziumon ,,Detritus and its ecological role in aquatic ecosystems” témé-
bdl méajus 23—27 kozott Pallanzdban (Olaszorszdg).

6. Dr. S.-R6zsa KATALIN tudomédnyos fémunkatdrs és Dr. SALANKT JANOS inté-
zeti igazgaté meghivésra el6addst tartottak a Baseli BEgyetem Zooldgiai Intézetében
(Svéje) februdr 27—maédrcius 5 kozott, Dr. S.-Rézsa Katalin junius 1—14 kozott tanul-
ményuton volt a Jénai Egyetem Zoolégiai Intézetében (NDK), és részt vett az ICRO-
EMBO szervezésében rendezett metodikai kurzuson Membrén Biofizika tdrgykorb6l
szeptember 12—29 kozdtt, Bernben (Svéje).
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7. Dr. SALANKI JANOS intézeti igazgat6, S.-R6zsa KATALIN tudomédnyos f6mun-
katdrs, Kiss TiBor tudoményos segédmunkatdrs, VapAsz IsTvAN kézponti gyakornok
és VERO MrHALY vezet6 mérndk részt vettek a Nemzetkdzi Biofizikai Kongresszuson,
Moszkvaban augusztus 4 — 14 kozott (Szovjetunid). SALANKI JANOS mdjus 28 —31 kozott
KGST szakért6i tandcskozdson vett részt a Membrén Biofizikai Egyiittm{ikédés kere-
tein beliil Reinbardsbrunnban (NDK).

8. VERG MimALY vezetd mérndk a Csehszlovdk Tudoményos Akadémia Prégai
Fiziol6giai Intézetének Neurokibernetikai Laboratériumdt (Préga) és a Szlovdk Tudo-
ményos Akadémia Fiziolégiai Intézetét (Bratislava) latogatta meg oktéber 2—21 kozott.

9. Dr. P.-ZANKAI NORA és Dr. HERODEK SANDOR tudoményos kutaték december
11 és december 18 kozott meghivésra a Lengyel Tudomdnyos Akadémia Ekolégiai Inté-
zetét (Varsd) ldtogattdk meg.

Az aldbbi kiilfsldi kutaték tettek ldtogatdst vagy toltottek hosszabb idét az
Intézetben:

Dr. U. BasiLe Mildndi Egyetem Biolégiai-Késziilékeket El54llité részlege, Olasz-
orszdg; Dr. S. BERNOT a Wiirzburgi Egyetem Neuroldgiai Részlete, NSZK; Dr. L. Bowris
Roémai Egyetem Elettani Intézete, Roma, Olaszorszag; D. N. BRYLINSKI Hidrolé6giai
Intézet Olsztyn-Polska, Lengyelorszdg; Dr. T. P. Crruris, Evoliciés Elettani és Bio-
kémiai Intézet, Leningrdd, SZU; Dr. A. CentaMmorE, Genetikai Intézet, Réma, Olasz-
orszdg; Dr. C. L. DEELDER, Haldszati Laboratérium, Ijmuiden, Hollandia; Dr. T. KrrA-
GAWA, Orvostudoményi Egyetem, Nisimachi, Gonado City, Japdn; Dr. D. Lasic, Mole-
kuldris Patholégiai Intézet, Pdrizs, Franciaorszdg; Dr. R. S. LEEuwiIN, Amsterdami
Egyetem Farmakolégiai Intézete, Amsterdam, Hollandia; Dr. M. MacKAy, Londoni
Egyetem, London, Anglia; Dr. P. MARKKANEN, Finnorszégi Kutatékézpont Biokémiai
Laboratériuma, Helsinki, Finnorszdg; Dr. L. MarroN, Torténelmi és Technologiai
Muzeum, Washington, USA; Dr. R. NOoRDMANN, Orvosegyetem Biokémiai Intézete,
Périzs, Franciaorszdg; Dr. A. B. Novikorr, Albert Einsteinrél elnevezett Orvos Kollé-
gium, Bronx-New York, USA; Dr. B. M. Oxkusawa, Klinikai és Kisérletes Neurologiai
Intézet, Thiliszi, SZU; Dr. C. C. Ross, Dél-Karolinai Iigyetem, Spartamsurg, USA;
Dr. J. J. SaAwreLL, Bethani Kollégium, Bethany, USA; Dr. L. Seveus, LKB-AB Brom-
ma, Svédorszdg; Dr. G. TAUTERMANN, Innsbrucki Egyetem Zoolégiai Intézete, Inns-
bruck, Ausztria; Dr. H. Ubpg, Jénai Egyetem Zoolbgiai 'Intézete, Jéna, NDK; Dr. H.
VOLERMER, Jénai Egyetem KElettani Intézete, Jéna, NDK; Dr. H. J. SEEwWALD, Jénai
Egyetem Elettani Intézet, Jéna, NDK; Dr. K. WIECKOWSKT, Lengyel Tudoményos
Akadémia Foldrajzi Intézete, Vars6, Lengyelorszdg. .

Rendezvények

1972-ben az aldbbi rendezvényekre keriilt sor az Intézetben:

1. Téli iskola a magfizika tdrgykorébél az MTA Kozponti Fizikai Kutatéintéze-
tének rendezésében janudr 24 —28 kozott, 256 résztvevivel.

2. A Testnevelési Tudomdnyos Tandes Mozgédsbiolégiai Szekcidjdnak iilése ,,Az
emberi mozgds automatikdja’ témdbol méjus 4 —6 kozott, 40 résztvevivel.

3. Balatoni Vizvédelmi Bizottsdg iilése médjus 30-4n 30 résztvevivel.

4. Neurovegetativ transzmissziés Mechanizmusok Szimpoziuma 52 f6 részvéte-
lével, junius 19—24 koézott.

5. Kozépiskolds didkok nydri tanfolyama jinius 27—30 kézott, 27 f6 részvéte-
lével, az MTA TI. Féosztdlydnak rendezésében.

6. IV. Nemzetkozi Hidrobiolégiai Tovdbbképzb Tanfolyam jalius 10—17 kdzott,
20 résztvevével.

7. Els6 kerekasztal konferencia membranolégiai tdrgykorbél szeptember 4—6
kozott, 25 f6 részvételével.

8. ,,A sejtosztédds szabdlyozdsa’ c. tanfolyam a Morfol6giai és Citoldgiai Bizott-
sdg rendezésében szeptember 13—16 kozdtt, 50 résztvevével.

9. Hidrobiolégus Napok oktéber 5—7 kozott 50 f6 részvételével, a Magyar Hidro-
biolégiai Tdrsasdg és az Intézet Hidrobiolégiai Osztélydnak rendezésében.

10. ,,IV. generdciés szdmitégéprendszerek fejlesztése” c. tanfolyam az MTA Ter-
mészettudomdnyi I. Fbosztdly rendezésében 53 f6 részvételével, november 30 —decem-
ber 1 kodzdtt.
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Kutatasi feltételek fejlédése

1972-ben vésdrolt jelentésebb mfiszerek, kutatdsi eszkozok:
NE-230. X-Y Recorder; KUTESZ-146 4-csatornds kompenzograf; Perfomon-30. Perfo-
rator; Readmom-1000 lyukszalagolvasé; TEAC, R-200, 4-sdévos FM/DR mégneses adat-
rogzité; K-23 (NDK) Preparativ centrifuga; MODEL-310, Submabine Photometer (GM.
Instr. Corp. USA); MMG-MOSION ipari folyamatos pH-mér6. Befejez6dott az akvé-
riumszoba korszer{isitése, melynek eredményeként az akvdriumok hészabdlyozéisa
(6—30 C°) megolddst nyert.

Az Intézetben készult kutatési eszkoz: FM/DR 2-sdvos FM/DR mégneses adat-
rogzits.

Konyvtdr

Az évvégi oOsszesités alapjdn az Intézet Konyvtdrdnak dllomdnya 45 483 egység.
Ebbél kiényv: 4853 db, folyéirat: 30 326 kitet és kiilonlenyomat: 10 304 db.

Az Intézeti Evkonyv — Annal. Biol. Tihany — 39. kotetét 645 cimre kiildtiik
meg, melyért cserébe 346 kiadvény érkezett.

KEgyebek

Intézetiink részt vett az 1972 mdjusdban xﬁegrendezett Budapesti Nemzetkozi
Vésdron. Az MTA kidllitdsi pavilonjdban ismertette az Intézet kutatési teriiletét és
a kutatdsokhoz az Intézetben kifejlesztett miiszereket.



LIST OF PAPERS PUBLISHED ELSEWHERE AS IN VOL. 39
OF OUR ANNALES

BIrG, P.: Neogobius fluviatilis in Lake Balaton — a Pontic Caspian goby new to the
fauna on central Europe. — J. Fish. Biol. (1972) 4, 249—255.

Borovyagin, V. L., J. SAtAnkr, I. Zs.-Nagy: Ultrastructural alterations in the cerebral
ganglion of Anodonta cygnea L. induced by transection of cerebrovisceral con-
nective. — Aecta biol. Acad. Sci. hung. (1972) 23, 31—45.

Erekes, K., P. Piczery: Light and electron miecroscopic investigations on the median
eminence of the pigeon after TSH and PTU treatment. — Z. Zellforsch. (1972)
134, 337—349.

HERODEK, S.: Formation of diglycerides of long turnover time from labelled acetate and
glucose in rat tissues. — Lipids (1972) 7, 572—575.

HERODEEK, 8., G. CsixvAry: Effect of dietary fatty acids on the desaturation of stearic
acid in rat liver. — Acta Biochim. Biophys. Acad. Sci. hung. (1972) 7, 207—213.

Kiss, T., K. ELekes: Myo-neural junctions in the ventricle of the snail Helixz pomatia. —
Acta Biol. Acad. Sci. hung. (1972) 23, 207—210.

Orim J.: Aljzatesere és tdpldlkozds kozotti kapesolat a Potamophylax retundipennis
Brauer ldrvéjéndl (Trichoptera). — Allattani Kézl. (1972) 59, 106—110.
S.-Rézsa, K., I. V.-Sz6kE: Ton mechanisms of the resting and action potentials in the

heart of some insect species. — Comp. Biochem. Physiol. (1972) 41A, 495—506.

S.-R6zsA, K., I. V.-SzO0kE: The effect of bioactive substances on the heart muscle cell
membranes on Locusta migratoria migratorioides. — Acta Physiol. Acad. Sci. hung.
(1972) 41, 27—36.

SALANKI, J.: Serotonin in the neuronal regulation of the bivalve mollusc Anodonta
cygnea L. In: Recent developments in meurobiology in Hungary I1I. (Ed. by K.
LissiAx) (1972) pp. 67—389.

SATANKI, J., I. VARANKA: Central determination of the rhythmic adductor activity in
the fresh-water mussel Anodonta cygnea L. (Pelecypoda). — Comp. Biochem.
Physiol. (1972) 41A, 465—474.

VerzAR, F., I. Zs.-Nacy, N. Masera: Agl-dependent differences in thermal denatura-
tion of nucleoproteins in situ in the nerve cells of the bivalve Mytilus gallopro-
vincialis (Mollusca) as revealed by electron microscopy. — Mech. Agl. Develop-
ment (1972) 1, 199—211.

Zs.-Nacy, I., V. L. BorovvaciN: Organization of the cytosomal membranes of molluscan
neurons under normal and anaerobic conditions as revealed by electron micro-
scopy. — Tissue and Cell (1972) 4, 73—84.

7Zs.-NAcy, ., M. Ermint: Oxidation of NADH, by the lipochrome pigment of the tissues
of the bivalve Muytilus galloprovincialis (Mollusca, Pelecypoda). — Comp. Bio-
chem. Physiol. (1972) 43B, 39—46.

Zs.-Nacy, I., M. Ermint: ATP-production in the tissues of the bivalve Mytilus gallo-
provincialis (Pelecypoda) under normal and anoxic conditions. — Comp. Bio-
chem. Physiol. (1972) 43B, 583—600.



LIST OF SCIENTIFIC LECTURES IN 1972 YEAR

Bir6 P.: A fogassiill6-populdcié tédpldlékfogyasztdsa és energiatranszformdciéja a Bala-
tonban. — XIV. Hidrobiologus Napok, Tikany, 1972. oktéber 5—17.

Bir6 P.: Neobius fluviatilis a Balatonban. — XIV. Hidrobiolégus Napok, Tihany, 1972.
oktober 5—7.

CzEGLEDI-JANKO G., PoNyr J., CsoNTI F: A Balaton peszticid szennyezettségi dinamiké-
jdnak néhény kérdése. — X V. Jubileumi Balatoni Kozegészségiigyi Napok, Siéfok,
1972. méjus 5.

Erexes K., Kiss T., S.-R6zsA K.: Ca-hidny okozta ultrastrukturdlis véltozdsok Heliax
pomatia szivében. — MET 38. Vandorgyiilése, Budapest, 1972. méjus 31—jtnius 3.

Franko6 A., Poxvi J.: A szén és nitrogén ardnydnak vialtozédsa a Balaton fels§ iszap-
rétegében. — MHT Limnoligiai Szakosztdlya, Budapest, 1972. éprilis 28.

Haspu L., Ordm J.: Adatok a, Planctomycesek ismeretéhez. — XIV. Hidrobiolégus
Napok, Tihany, 1972. oktéber 5—17.

HeropEK S., TaAMAs G.: Az els6dleges termelés vizsgdlata a Balatonban 1972-ben. —
X1IV. Hidrobiolégus Napok, Tihany, 1972. oktéber 5—17.

HeropeEk S., TAMAs G.: A balatoni fitoplankton els6dleges termelésének vizsgdlata
uC médszerrel. — Magyar Biolégiai Tdrsasdg Botanikai Szakosztalydnak 963. szak-
ilése, Budapest, 1972. oktéber 24.

Hrrrer L., SAnAnkr J.: Seasonal and activity-dependent changes of serotonin level in
the central nervous system of molluses. — Symposium on Neurovegetative Mechan-
isms, Tihany, 1972. June 19—24.

Hirrer L., SAvANk: J., Zs.-Nagy I., B.-Muské 1.: Biogén monoaminok szubeelluldris
lokalizécibja Anodonta cygnea L. kbzponti idegrendszerében. — MET 38. Vdndor-
gytilése, Budapest, 1972. mdjus 31—jhnius 3.

Hirrer L., SALANKI J.: Szezondlis és aktivitésfiiggl szerotoninszint véltozdsok Mollusz-
kédk kozponti idegrendszerében. — X. Bioldgiai Vdndorgydlés, Szeged, 1972.
augusztus 28—30.

Kiss I., SALANKI J.: Az ion-mili6 szerepe a spontén aktivitds generdldsdban Lymnaea
stagnalis identifikélt 6rids neuronjain. — MET' 38. Vandorgyfilése, Budapest, 1972.
mdajus 31—jlnius 3.

Kiss T., S.-R6zsA K.: Egy- és kétvegyérték(i ionok szerepe Heliz pomatia szivizomsejt-
jeinek potencidlgenerdldsdban. — MET 38. Vandorgyiilése, Budapest, 1972.
méjus 31—janius 3.

Kiss, T., S.-R6zsa, K.: Ton dependence of the resting and action potentials in the heart
muscle cells of the snails, Helix pomatia L. — IV . International Biophysics Con-
gress, Moscow, Soviet Union, 7—14, August, 1972.

Naey-VezegkENyI, K., Zs.-Nacy, I.: Further investigations on the ultrastructure of
psoriasis. — XIV. International Congress of Dermatology, Venice, 1972. méjus
22—27.

Or4dH, J.: Leaching, colonization and stabilization during detritus formation. — IBP-
UNESCO Symposium *‘Detritus and its ecological role in aquatic ecosystems”.
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