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The first anatomical description of the central nervous system of Lym-
naea stagnalis L. was written by DE Lacaze DuTHIERS in 1872. Later works
(PELSENEER, 1901; Ero, 1938; CARRIKER, 1946; MouUussA, 1950; HEKSTRA and
LEVER, 1960; Joossk, 1964) have furnished further valuable data on the
anatomy and histology of the nervous system of the pond snail Lymnaea
stagnalis L. There are, however, unclarified question in this field such as the
denomination of the different ganglia, which is not uniform even in most
recent works (JazmiziNa et al., 1968; KArNaAUROV et al., 1968). The nervous
nature of the cells of the mediodorsal bodies first described about 70 years
ago (PELSENEER, 1901) has been the subject of ample discussions (CARRIKER,
1946; Moussa, 1950; Joossg, 1964) but the role of these cells has remained
unelucidated up to the present (Boer, 1965; BurLock and HorRRIDGE, 1965;
Tavc, 1966).

The purpose of the present work was to perform a cytological study
on the central nervous system of Lymnaea stagnalis 1. with special regard
to the location of large neurons within the ganglia.

Material and method

For the investigations medium-sized specimens of Lymnaea stagnalis 1.
weighing 1416 ¢ were used. After dissection the central nervous system
was fixed in CarNoy solution and in 8%, formol. Embedding in paraffin was
preceded by a careful orientation of the ganglia. Serial sections were cut at
78 u thickness. Sectioning was made in the parallel plane of the caudal
surface of the central nervous system. For staining a mixture of pyronine
(GT Gurr, England) and malachite green (Edard Gurr, No 315) was employed,
according to the method of Baker and WirLLiams (1965). From the serial
sections light micrographs were made on which the largest diameter of each
neuron was measured. According to their size the nerve cells were classified
in five groups:

1. Neurons smaller than 50 u
2. o from 50 to 100 u
3. - from 100 to 150 u
4 % from 150 to 200 pu
5 . larger than 200 pu

l*



The nerve cells of various sizes were counted and determined. Determina-
tion of cells over 50 u was made with precision while small cells were determ-
ined with a deviation of +5%,. The micrographs made from serial sections
of a ganglion were divided in 3 equal zones:

Caudal third of the ganglion (zone I)
Median third ,, ,, = (zone 1I)
Oral third SR o (zone III)

By this division the demonstration of the neurons in three zones of
depth was rendered possible.

For the investigations we have used the central nervous systems of
three medium-sized specimens of Lymnaea stagnalis L. for cell counts and
5T ganglia from each ganglion type for the determination of the distribu-
tion within the ganglion of cells exceeding 100 p in diameter.

Results

The number of neurons found in the central nervous system of Lymnaea
stagnalis L. and their distribution according to size are shown in T'ables 1—3.
As can be seen from the T'ables, the central nervous systems of snails of about
the same size and weight differ as regards the number of cells they contain.
The distribution of nerve cells in the different ganglia displayed a certain
regularity. The proportion of cells of different sizes was more or less similar
in all the three central nervous systems.

Buccal ganglion

Of all paired ganglia of the central nervous system of Lymnaea stagna-
lis L. the buccal ganglia are the smallest in size connected by the longest
connectives (cerebro-buccal connective) to the cerebral ganglia and at the
same time they contain the smallest number of nerve cells. Most neurons
larger than 100 g in diameter were found in zone I and no cells over 150 g
were present in zone 11I. Cells over 200 p in size were not seen in any of the
three zones. Most neurons over 100 u in size were located in the part of the
ganglion facing the cerebral ganglion, in the area between the issue of the
cerebro-buccal connective and bucco-buccal commissure (#£ig. 1). The number
of neurons comprised in the right and left ganglia was nearly identical (7'ables
1—3). The n. gastricus anterior was found to be surrounded in a ring-like
manner by 60—80 small nerve cells forming a marked bulging (Fig. 2) in
the ganglion. The picture is similar to that displayed by the group of bag
cells in Aplysia (Torvs and BRACKENBURY, 1969).

Cerebral ganglion

The small cells of the mediodorsal and laterodorsal bodies were not
counted among the cells of the cerebral ganglion as they differ from the cells
of the central nervous system in their morphology and physiology. The cerebral
ganglion was found to contain 1700-—2200 nerve cells. According to our data
there is no essential difference between the right and left cerebral ganglia as



Fig. 1. Distribution of large (exceeding 100 y in diameter) neurons in the central nervous
system of Lymnaea stagnalis L.
zone | = caudal third; zone Il = median third; zone 111 = oral third (basal part)
1. Left buccal ganglion; 2. Left cerebral g.; 3. Left pleural g.; 4. Left parietal g.; 5. ab-
dominal g.; 6. left pedal g.; 7. right parietal g. (parieto-abdominal ganglion)
@ = neurons 100—150 y in diameter; O = neurons 150—200 y in diameter;
¢ = neurons larger than 200 y in diameter

regards the number of cells. Neurons over 200 u in diameter were rarel

observed. The majority of neurons over 100 y in diameter were localized,
similarly to those in the buccal ganglion, in the caudal part (zone I), while
in zone 111 only 3—4 such neurons were found. Large cells occurred mainly
around the cerebro-cerebral commissure (Ccc) and in the anterior lobe. In the



Fig. 2. 1. Small neurons surrounding the anterior gastric nerve. 2. Large cells of the
buccal ganglion lying around the site of origin of the eerebro-buccal connective and
bucco-buceal commissure. X 150

lateral lobe small neurons were predominant. The left ganglion contained
more large cells than the right (Fig. 1).

Using pyronine and malachite green (PMaG) staining disk-shaped
formations were demonstrated in the cytoplasm of numerous nerve cells. The
neurons were always arranged in groups in the caudo-dorsal area of the
ganglion around the site of origin of the cerebro-cerebral commissure. Their
number varied from 25 to 70. In the right cerebral ganglion the number of
such cells was always higher (50—70 cells). The largest diameter of cells ranged
from 70 to 140 g.

Pleural ganglion

About 90 93 per cent of the neurons are small, under 50 g in diameter.
No cells larger than 150 g occurred in any of the ganglia examined. The
number of cells ranged from 800 to 1000. In all the specimens of Lymnaea
stagnalis the cells of the right ganglion numbered about 100 more than those



TABLE 1

Cell number and size distribution of neurons in the different ganglia of Lymnaea stagnalis L.
weighing 14 g

under 50 p. | 50—100 p | 100—150 p | 150—200 p. | over 200 p | Toal
Ganglion | ‘ i ~ | number
‘ number | % ‘numberl % numberi % number] % number| %
\
Buceal (left) 470! 87.2 59 1 10.9 i e 3 0.6 - — 539
Buceal  (right) 432| 85.5| 60 [11.9( 11 | 2.2 2 | 04 — | — 505
Cerebral (left) 1512 | 90.6/ 111-| 6.7| 36 | 2.1| 12 | 0.7 — | — 1670
Crebral (right) 1460 | 88.0| 180 [10.8| 18 | 1.1 2 101 — | - 1660
Pleural  (left) 650 91.9| 48 | 6.8 9 (13| — | — — | - 707
Pleural  (right) 711/ 89.9| 69| 87| 11 | 14| — | — — | — 791
Parietal (left) 457)| 93.1| 26| 53| 3| 0.6 1 | 0.2 4 | 0.8 491
Parietal (right) 1265| 83.2| 189 | 13.3 i 49 | 3.5 12 0.8 5 0.4 1520
Pedal (left) 1775 89.4| 202 |10.2| 9| 04| — | — — | — 1986
Pedal (right) 1893 | 88.8| 225 (10.5| 12 | 0.6 1005 — | — 2131
Abdominal 840| 78.9| 176 [16.5| 39 | 3.7 8 [W0iT 2 |02 1065
Total number of cells in the l
central nervous system | 11465 | 87.7 |1345 10.3| 203 | 1.6| 41 | 0.3 | 11 | 0.08| 13065

TABLE 2

Cell number and size distribution of neurons in the different ganglia of Lymnaea stagnalis L.
weighing 16 g

under 50 p | 50—100 p ‘ 100—150 [ 150—200 p | over 200 & | mogar
Ganglion e T e | s number
number 1 % number’ % |number!‘ % !number' % inumber| %
Buccal  (left) 438‘ RORiIS 4958 IGHESEINEGH = - der— = 488
Buccal  (right) 432 89.6 | 43| 8.9 85,3 1 {02 — | = 482
Cerebral (left) 1514 | 84.8| 241 |13.5]| 28 | 1.5 3 | 0.2 - | — 1786
Cerebral (right) 1455| 85.3 | 214 |12.5| 33 | 1.9 5 |03 — |— 1707
Pleural (left) 8995 90.6| 81 ( 83| 11 | 11| — | — — | — 981
Pleural (right) 965| 92.6| 71 6.8 5| 0.5 1 0.1 —_ | = 1042
Parietal (left) 465| 87.8| 58 [10.9 QRITILT 2 |03 — | = 534
Parietal (right) 1510| 78.0| 335 |17.3| 67 | 3.4| 23 | 1.2 1 |0.05| 1936
Pedal (left) 1866 | 87.0| 267 |12.4| 13 | 0.6| — | — — | — 2146
Pedal (right) 1974 | 88.3| 249 |11.1| 11 | 0.5 1004 — |— 2235
Abdominal | 836| 76.2| 197 |18.0| 45 | 41| 16 | 1.4 3 103 1097
|
Total number of cells of the|
central nervous system ' 12344 | 85.5(1798 |12.4| 236 | 1.6 52 | 0.4 4 |0.03| 14434

of the left ganglion (Tables 1—3). Cells larger than 100 yu in size were few
in number and scattered in the ganglion. Two or three of such cells were
localized in each of the three zones (Fig. 1).

Parietal ganglion

The number of cells in the two ganglia is not identic, the right ganglion
containing about three times more nerve cells than the left (7T'ables 1—3).
About 90939, of the neurons in the left parietal ganglion are small
(under 50 u in diameter). Nearly all large cells are located in zone II1. While



TABLE 3
Cell number and size distribution of neurons is the different ganglia of Lymnaea stagnalis L.
weighing 16 g
) under 50 [i 50—10 I 100—150 [k 150—200 1 over 200 K  Toar
Ganglion number
number % number 04 number 9() number % number g
Buccal (left) 509 912 45 8.1 4 07 558
Buccal (right) 544 920 43 7.3 4 07 — — - = 591
Cerebral (left) 2056 91.3 189 8.3 8 04 — — - = 2253
Cerebral (right) 2107 90.9 205 8.8 5 02 1 005 — — 2318
Pleural  (left) 916 94.7 47 4.8 5 05 — — - - 967
Pleural  (right) 1015 928 74 6.7 5 05 — — - - 1094
Parietal (left) 597 945 32 5.1 2 03 I 01 - - 632
Parietal (right) 1425 836 225 125 43 24 9 05 2 01 1704
Pedal (left) 2086 88.1 274 116 8 03 — — - - 2368
Pedal (right) 2127 878 289 119 6 0.2 1 004 — — 2423
Abdominal 810 782 183 176 36 35 4 04 3 03 1036

Total number of cells in the
central nervous system 14192 89.0 1605 10.0 126 0.8 16 0.1 5 0.03 15944

Fig. 3. Micrograph of the oral part of the right parietal ganglion.
X Lateral part; 2. Medial part x40



in zone I and II there are but one or two large cells, their number rises to
48 in zone 111, some of them exceeding 200 u in size. In our material con-
sisting of 6 left parietal ganglia we have invariably found two neurons over
150 p in the basal part (zone 1II) of the ganglion.

In addition to the difference in cell number between the two ganglia,
the right parietal ganglion differs from the left also in structure and distribu-

Fig. 4. Large cells in the basal part (zone III) of the right parietal ganglion not sur-
rounded by small cells. x200

tion of cells of various sizes. It may be divided into a medial and a lateral
part. In the latter area of the ganglion a marked protuberance is present
which is even more oonspicuou.s in histologic section (Fig. 3). Such a pro-
tuberance is always absent in the left ganglion. A further difference between
the two ganglia is the strikingly hich number of large cells (among them
one or two exceeding 200 u in size) in the caudal part of the right parietal
ganglion. The median part (zone Il) consists mainly of small cells. The large
cells present in this zone are usually surrounded by numerous small cells
under 50 u in diameter. Similarly to the lef ganglion, the oral part (zone I1T)
of the right one contains many large cells, most of them located in the lateral
part of the ganglion. The large cells in this zone are rarely surrounded by small
cells (Fig. 4). In some specimens the examination disclosed nerve cells out-
side the ganglion, in the immediate vicinity of the connective tissue. In one
case the larger part of the neuron was lying in the connective tissue between
the abdominal and the right parietal g(m«rllon while its minor part was
within the ganglion (Fig. a).
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Fig. 5. Neuron lying in the connective tissue between the abdominal and right parietal
ganglion. A minor part of the cell is located in the right parietal ganglion.
1. abdominal ganglion; 2. connective tissue between the ganglia; 3. parieto-abdominal
ganglion. X 200

Abdominal ganglion

The percentage ratio of small cells is only about 76 —78 in this ganglion.
In the central nervous system the abdominal ganglion is the richest in cells
exceeding 100 g in diameter. Cells over 150 g in size were also found to be
relatively numerous and large cells over 200 g in size were found in all the
specimens examined. Numerical distribution of large cells was nearly identic
in all three zones. Most of them were located in the area facing the cerebral
ganglion, between the sites of origin of the two parieto-abdominal connect-
ives (Fig. 1). The large cells located here were usually close to each other
and in most cases they were not surrounded bv small cells.

Pedal ganglion

Of all the ganglia the pedal ganglion contains the highest number of
neurons, about 450Ch 5000, which is about 30 —31% of all the cells of the
central nervous system. About 8 89% of the cells are small in size (under
50 g). Cells exceeding 150 g in diameter were only observed occasionally, and
cells over 200 g were never encountered in the specimens examined. While
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1.49, of all the cells of the central nervous system are about 100--150 u in
diameter, this percentage ratio in the pedal ganglion is but 0.4—0.5 (T'ables
1—-3).

Neurons larger than 100 u in size are scattered in the ganglion, each
zone containing about 3—5 such cells (Fig. 1).

Discussion

From our results it appears that the central nervous system of Lymnaea
stagnalis 1. weighing 14—16 g contains about 1300016000 nerve cells. The
differences between certain specimens are so great that they cannot be attrib-
uted to errors due to calculation. The data shown in T'able I refer to specimens
weighing 14 ¢ and those shown in T'ables 2 and 3 to snails weighing 16 g. The
difference in cell number is probably due to individual variations. According
to Kunze (1917) there is an individual difference in size in the large cells of
the central nervous system of Helix pomatia L.

The various ganglia within the central nervous system contain different
numbers of nerve cel],s. The fewest neurons are in the buccal and the most
numerous in the pedal ganglion. No appreciable difference was found in the
number of cells between the left and right ganglion of the paired buccal,
cerebral and pedal ganglia. In the case of the buccal and pedal ganglia this
may be explained by the fact that the ganglia situated on the left and right
side have a common area of innervation. The right and the left cerebral
ganglia have different number of main nerve branches. The single nervus
penis arises from the right cerebral ganglion. As according to our data, the
two cerebral ganglia contain identic number of nerve cells, it seems probable
that in the innervation of the nervus penis the left cerebral ganglion is like-
wise involved.

The right pleural ganglion contains by 60100 neurons more than the
left one. At present we cannot give a satisfactory explanation of this finding.

As regards the number of neurons the greatest difference can be found
between the two parietal ganglia, the right containing about three times
more cells than the left. It should be noted that Kuxze (1917) found but a
slight difference in the number of neurons between the rigcht and left parietal
gzmgha of Helixz pomatia 1. About 88899, of the cells of the central nervous
system of Lymnaea stagnalis are smaller than 50 p in diameter, whereas the
number of large cells (over 200 p) is insignificant. In the basal part of the
parietal ganglion and in the abdominal ganglion of the specimens examined
(5—1 pleces) one to three giant cells were nearly always present, while in the
cerebral ganglia a giant cell was seldom encountered (Fig. 1). As regards
ganglionic distribution and localization of cells over 100 u in diameter a
certain regularity was noted.

The large cells of the buccal ganglion were always found in the caudal
part (zone 1), around the sites of origin of the cerebro-buccal connective and
bucco-buccal commissure. In the oral part of the ganglion (zone III), large
cells were very rare. A similar distribution was noted in the large cells of the
cerebral ganglia, as well. The left ganglion was always found to contain more
large cells than the right one ( Fig. 1). The majority of the large cells are
located around the site of origin of the cerebro-cerebral commissure, where
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Nissl cells ranging from 70 to 140 u in size are also present. According to
Borr (1965) the Nissl cells are in relation with the small nerve cells of the
medio-dorsal and medio-lateral bodies. Their number in the left ganglion is
about 5070 which is about the double of the Nissl cells found in the right
ganglion.

In the pleural and pedal ganglia there are very few cells exceeding 100 p
in diameter. Their numerical distribution is about the same in all three zones
of these ganglia. In the pleural ganglion of Helixz pomatia the number of large
cells is likewise low but in the pedal and parietal ganglia their number is
much higher (Kuxzg, 1917).

The abdominal ganglion is characterized by the presence of large cells.
About 459, of all its cells are larger than 100 u in size displaying an identic
numerical distribution in all three zones, in particular in the area of the origin
of the two parieto-abdominal commissures (PAC), as can be seen in Fig. 1.

As regards location of large cells, the left parietal ganglion differs from
all the other ganglia, zones I and II containing but a few large cells, while
zone I1I is relatively rich in them. Two large cells are always present in the
basal part of the ganglion, one of them sending direct fibers to the nerve branch
innervating the heart (GuBicza and S.-Rézsa, 1969), while the fibers emitted
by other are directed towards the cerebral ganglion and left pallial nerve
(Jazmizina, 1968).

There is a difference in location of the large cells between the right and
left parietal ganglia. In the right ganglion their number i always high in
zone I, rddtlvelv reduced in the median zone (11) and hi¢ch again in zone ITI.
The (‘onsl(lelablv higher number of cells over 100 u in dla,mcter and their
different location in the right pariet tal ganglion raises the question whether
these ganglia are an identic pair. The dissimilarity between them seems to
be confirmed by the difference in their size, the rigcht ganglion being much
larger than the left, and by the presence of a well visible protuberance in its
lateral part. Therefore, some authors (NABIas, 1899; KARNAUKOV et al., 1968)
suggested the right parietal ganglion to be termed as ‘“large” and the left
one as “small’. Such a distinction between these ganglia does not seem to
be entirely satisfactory as besides the difference in size, there are also other
dissimilarities between them, e.g. the lateral protuberance differs in structure
from the median part of the gm(rllon A further difference is that two main
nerves take origin from the richt parietal ganglion, namely the right internal
and the right external pallial nerves, while only one: the left pallial nerve
arises from the left ganglion. Moreover, the innervation area of the right
ganglion is larger than that of the left one (NaBias, 1889; CARRIKER, 1946).

In a previous work (Gusrcza and S.-Ro6zsa, 1970) we have reported
that different results were obtained in the two parietal ganglia after trans-
section of various nerve branches and connectives. The response of the right
parietal ganglion to nerve trans-section was similar to that of the abdominal
ganglion. As it has been demonstrated (SALANKI and K1ss, 1969), some nerve
cells of the abdominal and right parietal ganglion exhibit identic electro-
physiological properties.

From our investigations it was concluded that the ganglion regarded as
the right parietal one has come into being from the fusion of the right parietal
and right abdominal ganglia, therefore; the term “parieto-abdominal ganglion”
seems to be more appropriate for it. Correspondingly, for its connective to
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the abdominal ganglion the term ‘“‘parieto-abdomino-abdominal connective”
(PAAC) and for its connective to the pleural ganglion the term “pleuro-
parieto-abdominal connective (PPAC) are suggested.

Summary

From the results of cyto-topographic investigations performed on the

ccntlal nervous system of Lz/mnaea stagnalis 1. it was concluded that
The central nervous system of medium-sized specimens of Lymnaca
stagnalis L. (weighing 14 —16 g) contains about 1300016000 neurons.

2. The pedal ganglion contains the highest and the buccal ganglion
the lowest number of nerve cells.

3. The number of neurons in the right and left buccal, cerebral and
pedal ganglia is nearly identic, whereas the right pleural ganglion in all the
specimens examined contained more nerve cells than the left one.

In the right parietal ganglion the number of neurons was three times
higher than in the left.

4. Most nerve cells exceeding 100 u in diameter are comprised in the
right parietal and the abdominal ganglia. No cells over 200 u in diameter
were found in the buccal, pleural and pedal paired ganglia.

5. In the distribution of large cells (over 100 p in diameter) the follow-
ing regularity was noted:

The majority of large cells are located in the caudal part (zone I) of the
buccal and cerebral ganglia and in oral part (zone III) of the left parietal
ganglion. In the other ganglia the number of large cells is nearly identic in
all three zones.

6. On the basis of the anatomical and histological structure of the
right parietal ganglion, cell number and distribution of large cells within it,
and according to the data of carlier works, this ganglion should be regarded
as one arisen from the fusion of the right parietal and right abdominal ganglia.
Therefore, the term ‘‘parieto-abdominal ganglion” is ﬂuggested
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A LYMNAEA STAGNALIS L. KOZPONTI IDEGRENDSZERENEK
CYTO-TOPOGRAFIAI VIZSGALATA

Gubicza Andras
Osszefoglalﬁs

A Lymnaea stagnalis L. kézponti idegrendszerének cytotopogréfiai vizsgdlatainak
adataib6l az aldbbi kovetkeztetések vonhatok le:

1. A kozepes sulya (14—16 gr-os) Lymnaea stagnalis L. kézponti idegrendszere
13—16 000 db idegsejtet tartalmaz.

2. A legtobb idegsejt a ggl. pedaléban, legkevesebb a ggl. buccaléban van.

3. A ggl. buccale cerebrale és pedale jobb és bal dtcaiban kozel azonos széamu
idegsejt van. A jobb ggl. pleurale minden vizsgalt példanynal tobb idegsejtet tartal-
mazott, mint a bal. A ggl. parietale dexter haromszor annyi idegsejtet tartalmaz, mint
a ggl. parietale sinister.

4. A kozponti idegrendszeren beliil legtobb 100 mikronnal nagyobb idegsejtet a
gel. parietale dexter és a ggl. abdominale tartalmaz. A ggl. buccale, ggl. pleurale és a
ggl. pedale ducparban nincs 200 mikronnal nagyobb idegsejt.

5. A 100 mikronndl nagyobb idegsejtek ducon beliili elhelyezkedésében az aldbbi
torvényszertiség tapasztalhato:

A ggl. buccale és a ggl. cerebrale caudalis részében (I. zéna), a ggl. parietale sinister
ordlis részében (I11. zéna) taldlhatok a nagyméretii idegsejtek tébbsége, méas diacokban
pedig mindhdrom zéndban koézel azonos szamban fordulnak el6 (1. abra).

6. A jobb ggl. parietale-t az anatémiai szovettani szerkezete, sejtszdama s a nagy-
méretii idegsejtjeinek elhelyezkedése és a kordabbi munkdk eredményei alapjan ugy kell
tekinteni, mint két idegdic — a ggl. parietale dexter és a ggl. abdominale dexter —
Osszendvésébdl 1étrejott gangliont. Kzért a ggl. parictale dexter helyett alkalmasabb a
ganglion paricto-abdominale elnevezés.
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LINTOTOIOTPAGUYECKUE MCCJIEJOBAHUSI 1IEHTPAJIbHOM HEPBHOIN
CUCTEMbI

A. I'vouya

M3 JaHHBIX LUTOTONOrpa@uuecKux HCCjIe0BaHuil 1IeHTPaIbHOIl HepBHOI crcTeMbl
60JIBIIOTO MPYA0BUKA OBbUIN C/leJIaHbl CIIeAYIONIHe BbIBO/IbI:

1. LleHTpasibHast HepBHas cucTema 00JLHOI0 NMPYI0BHKA, €O cpeanum Becom (14—16 rp),
cosiepykut 13 000— 16 000 HEHPOHOB.

2. Bojblie BCero cojepyKuTes HelipOHOB B 1e/la/IbHbIX TaHIJIHAX MEHbIe BCero B OyK-
KalbHbIX TI'aHIJIHSIX.

3. B npaBsix M JIeBBIX MOJOBHHAX OYKKAJILHOIO, 11epedpasibHOrO W 11e/1aJ1bHOT0 T'aHr-
JINEeB CoJ/IeprXKaTcs HCFIPOHI)I IIDIIGJIH3MTCJ1bH0 B O/IMHAKOBOM KOJIMYeCHBeE. V Bcex Hccjie1o0BaH-
HBIX 0co0eil B paBoM IUIEBPAJIbHOM IaHrJuKM Obljio 0oJibuie HelipoHos, yem B JieBoM. IlpaBblii
napueTasbHblil raHrimii cogepyKuT B TpH pasa 00Jiblie HeifipoOHOB, YeMm JieBblii.

4. HeiipoHoB, pagmepom Bbiie 100 MK, 00JiblIe BCEro COAePyKUTCs B IPaBOM Hapuerali-
HOM 1 B a0/IOMMHAJILHOM TI'aHrMsIX. B OYKKaJIbHbBIX, MJ1eBPAJIbHBIX M 11€/1aJIbHBIX TAHTJINSX He
Haiijieno neiiponon Boiie 200 MK.

5. B pacnojioykennn HeiipoHoB paamepom Bbiie 100 MK, BHYTpH raHr/ieB Ha0J110/ai0Tcst
CJIE/LYI0NIHE 3AKOHOMEPHOCTH

BOJBUIMHCTBO THTAHTCKUX HelpoHOB Hailjlenbl B OYKKAJIBbHOM TaHTJIMK, B Kay/laJbHOIl
vacTu 1epedpanbaoro (1. 3oHa) M B 0panbHOI yacTi JIeBOro napueraabHoro ranrimes (111, 3oHa);
B JIPYI'UX FAHIUIMSAX BO BCEX TPEX 30HAX UMCIIO HEHPOHOB OJIMHAKOBOE.
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The simple structure of the central nervous system of Lymnaea stagna-
lis L., the large size and not too great number of its cells facilitate the investiga-
tions of morphologists and electrophysiologists on complex neural connections
and central localization of physiological functions.

In a previous work (SALANKI and Gusicza, 1969) we have determined
the direct axonal connections between different ganglia and localization of
neurons innervating the anterior and posterior adductors by the demonstra-
tion of retrograde regeneration following transection of various nerve branches
in Anodonta cygnea 1.. The same method was employed to identify in Lymnaea
stagnalis 1.. the central neurons involved in the direct innervation of the heart
following transection of the branch of the intestinal nerve running to the
heart (GuBicza and S.-Roézsa, 1969).

The purpose of the present work was to identify the neurons changed
in consequence of transection of major nerve branches, and relying upon
these findings, to describe the direct axonal connections, between different
ganglia and organs.

Material and method

For the investigations medium-sized adult specimens of Lymnaea stagna-
lis L. were used. The snails were anaesthetized in a solution of 0.05—0.08%,
of nembuthal until complete relaxation was achieved. Then the central nervous
system was exposed and the following commissures connectives and main
nerve branches were cut:

cerebro-cerebral commissure
parieto-abdominal connective (left)
cerebro-buccal connective (left)
cerebro-pedal connective (left)
cerebro-pedal connective (right)
nervus labialis inferior (left)
nervus pallialis (left)

nervus pallialis (right)

0 ~1 O Ut = W o =
— — — — — — ~— ~—

Transection of each nerve branch was performed in 4 6 specimens. After
the operative procedure the animals were placed in aquaria containing oxygen-
ized circulating Balaton water for 24 —48 hours. Only specimens that survived
this post-operative period were used for histological preparations. After the

2 Tihanyi Evkonyv
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elapse of the period of 24 -48 hours following operation the central nervous
system was dissected out, fixed in Carnoy solution for 45 minutes, embedded
in paraffin and serially sectioned (at 7—8 u). Embedding was always preceded
by careful orientation of the ganglia. Sectioning was made in a horizontal
plane parallel with the horizontal posture of the animal. Staining of the
sections was made with a mixture of malachite green (E. Gurr, No 315) and
pyronine Y (GT Gurr, England) according to the method of BAKER and
WiLLiams (1965)

The sections were examined under the light microscope. In all the ganglia
examined the neurons showing signs of regeneration were measured according
to size and classified in three groups:

large cells (120 u and larger)
medium-sized cells (from 50 to 120 pu)
small cells (under 50 u)

Then the number of regenerating cells and their localization within the
ganglion were determined. Localization of nerve cells was facilitated by divid-
ing the sections of each ganglion into three equal zones:

dorsal third of central nervous system (zone T)
medial third ,, ., o5 = (zone 11I)
ventral third ,, ,, 5 Ee (zone 11T)

On the basis of this division regenerating nerve cells exhibiting granular
pyroninophilia could be localized in three zones of depth. The numbers of
pyroninophilic cells given in the figures represent the mean values of 46
animals, with a limit of error of 109%,. For control examinations 4 animals
were used in which the central nervous system was only exposed without
transecting any of the nerve branches. In addition 4 intact specimens were
also processed. In the present work the results of experiments performed on
40 animals with nerve transection and 8 controls are reported.

Results

Transection of the cerebro-cerebral commissure (cce)

After cutting the cerebro-cerebral commissure, in all the ganglia, except
the buccal pair, cells showing signs of regeneration were present in varying
numbers (Fig. 1). About 409, of pyroninophilic cells appearing in the central
nervous system after injury of the ccc were localized in the cerebral ganglia.
In all, 153 neurons were found to send direct fibers to the ccc. Of these cells
59 were located in zone I, 55 in zone II and 39 in zone 1II. The approximate
zonal localization of the cells is shown in Fig. I and their numerical and size
distribution in 7'able 1. The number of pyroninophilic cells appearing after
injury of the ccc was nearly the same in the specimens examined.

No regularity was observed in the distribution of cells within the ganglion.
There was, however, a difference in localization between the neurons of the
left and right ganglia, except the parietal ganglia in which a giant cell was
always present in the ventral third of each ganglion, localized symmetrically
(Fig. 1, 111). After transection of the cce the left ganglia were found to contain
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fewer pyroninophilic cells than the right ones. The difference was particularly
great between the right and left parietal ganglion where the former contained
24 nerve cells, whereas the latter only 13 (Fig. 1).

Fig. 1. Distribution of pyroninophilic nerve cells in the central nervous system of
Lymnaea stagnalis L., after transsection of the cerebro-cerebral commissure
I = dorsal third, IT = median third, TTT = ventral third of the central nervous system.
Ganglia: 1. cerebral, 2. pleural, 3. parietal, 4. abdominal, 5. pedal. The left ganglia are
marked on the Figure.
(®) = large neurons (over 120 x in diameter), O = medium-sized neurons (from 50 to 120u)
- = small neurons (under 50 wu)
Legend to Figures refers to all the Figures (1—9)

2*
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By cutting the cerebro-cerebral commissure evidence was obtained that
the cerebral ganglia receive nerve fibers from the contralateral pedal, pleural
and parietal ganglia, as well as from the single abdominal ganglion. Thus,
direct fibers are emitted from the left pedal, pleural and parietal ganglia and
from the single abdominal ganglion to the right cerebral ganglion. On the
other hand, the left cerebral ganglion is in direct axonal connection with the
corresponding right ganglia and the single abdominal ganglion, at least in

Fig. 2. Localization of pyroninophilic cells in the central nervous system following
transection of the left cerebro-pedal connective
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ascending. direction. Existence of descending pathways from the cerebral
ganglion to other ganglia was not demon&.trablo by cutting the ccc but only
by transection of other connectives.

When cutting the cce, in addition to the appearance of typical pyro-
ninophilic cells, considerable changes were noted in the cells of the medio-
dorsal body attached to the cerebral ganglion. These cells are small, never
exceeding 10 u in diameter. Their nuclei are uncommonly large (7—10 u)
containing several small nucleoli hardly visible in the light microscope. In the
control animals the diameter of the nucleoli was usually smaller than 1 u,

Fig. 3. Occurrence of neurons exhibiting granular pyroninophilia after cutting the right
cerebro-pedal connective
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whereas following transection of the cce, the nucleoli in some cells of the
mediodorsal body enlarged so much that they entirely filled the nuclei, rang-
ing from 2 to 7 p in diameter: Even nucleoli 8 -9 u in size were not rare.
With pyronine these enlarged nucleoli stained a vivid red. The red colour
could be removed by digestion with ribonuclease which is an evidence of the
increased RNA content of the nucleoli.

These results have verified that the neurons of the mediodorsal body
also send axons to the cerebro-cerebral commissure and injury of the latter
brings about a characteristic reorganization of the nucleoli of the involved cells.

Frig. 4. Distribution of pyroninophilic cells in the central nervous system after cutting the
left parieto-abdominal connective
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Transection of the cerehro-pedal connectives (ape)

By cutting the left cerebro-pedal connective cells exhibiting granular
pyroninophilia were found in all the ganglia examined except the right pleural
ganglion (Fig. 2). In all, 112 pyroninophilic cells were present localized as
follows: 38 in zone 1, 42 in zone 11, and 32 in zone 111. When cutting the right
epe, no pyroninophilic cells were found in the left pleural and parietal ganglia
in any of the specimens (Fig. 3). Following transection of the right epe 125
pyroninophilic nerve cells were counted in the central nervous system. Ofthese
neurons 60 were found in the dorsal, 39 in the median and 26 in the ventral zone.

Fig. 5. Pyroninophilic cells after transection of the left cei’ebro-buccal connective
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After cutting the cerebro-pedal connectives a total of 237 neurons
exhibiting pyroninophilia were found in the central nervous system but only
about 10—14% of these cells were localized in the pedal ganglia. Distribution
of pyroninophilic cells according to size is shown in Table 1

Localization of the involved cells within the ganglia was found to be
identical in the various specimens. Injury of the right cpc was followed by
the appearance of the greater number of pyroninophilic neurons in the right
cerebral and right parietal ganglia (Fig. 3).

Fig. 6. Pyroninophilic cells after cutting the left nervus labialis inferior
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Transection of the parieto-abdominal connective

Injury of the left parieto-abdominal connective resulted in the appear-
ance of 148 pyroninophilic neurons in the central nervous system of the
Lymnaea stagnalis L. In this case nearly the same number of neurons show-
ing signs of regeneration were found in all three zones. The pedal pair of
ganglia and the right pleural ganglion do not send direct fibers to the parieto-
abdominal connective (Fig. 4). In the right parietal ganglion the number of
cells exhibiting pvroninophilia was strikingly high. Distribution of pyro-
ninophilic cells in the right and left ganglia was assymetrical. By transection
of the parieto-abdominal connective it was proved that direct axonal con-

Fig. 7. Pyroninophilic cells after cutting the left pallial nerve
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nections passing through the abdominal ganglion exist between the right and
left parietal ganglia. Direct fibers are sent also from the abdominal ganglion
through the left parieto-abdominal connective to the left pleural ganglion
and both cerebral ganglia (Fig. 4).

Transection of the left cerebro-buccal commective

After cutting this connective regenerating cells were present only in the
cerebral ganglia (Fig. 5). The number of these pyroninophilic cells was

I'ig. 8. Pyroninophilic neurons appearing after transsection of the right pallial nerve.
Groups of pyroninophilic cells in the basal area (zone I1I1) of the right cerebral and
parietal ganglia
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28: 12 in the dorsal, 10 in the median and 6 in the ventral area of the ganglion.
No pyroninophilic cells were found in the buccal ganglion in any of the speci-
mens examined following transection of any nerve branch.

Transection of the inferior labial nerve

By injury of the left inferior labial nerve similar results were obtained
as by cutting the cerebro-buccal connective. Pyroninophilic neurons (in all,
27 cells) were found only in the cerebral ganglia. Distribution of these cells
is shown in Fig. 6. Transsection of the nerves leaving the central nervous
system was always marked by relatively few pyroninophilic cells.

Transection of the left and right pallial nerves

When cutting the left pallial nerve pyroninophilic cells appeared in the
left cerebral and parietal ganglia and in the single abdominal ganglion (#ig. 7).
A total of 31 neurons became pyroninophilic, of which 14 were localized in

Fig. 9. Grouping of pyroninophilic cells in the third zone of the right cerebral ganglion
after injury of the left pallial nerve
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the dorsal, 12 in the median and 5 in the ventral zone. In the abdominal
ganglion the pyroninophilic cells were grouped around the site of origin of
the intestinal nerve.

Transection of the right pallial nerve resulted in the appearance of
pyroninophilic cells in the right cerebral and parietal ganglia, as well as in
the abdominal ganglion. In all, 43 neurons exhibited signs of regeneration.
Their distribution within the ganglion is shown in Fig. §.

Fig. 9 shows the grouping of small pyroninophilic cells in the third
zone of the right cerebral ganglion after cutting the right pallial nerve. The
basal part of the parietal ganglion also contains groups of pyroninophilic
cells (Fig. §).

Following transection of the inferior labial nerve and of the right and
left pallial nerves, as well as of the cerebro-buccal connective the number
of cells involved even all together, is smaller than that found after cutting
the central commissures (Table 1).

TABLE 1

Distribution according to_ number and size of cells exhibiting pyroninophilia following
transection of different commissures, connectives and nerve branches emerging from the
central nervous system of Lymnaea stagnalis L.

Over 120 p | 50—120 p ‘ Under 50 p ‘ Total
cerebro-cerebral commissure (¢ce)............ 8 87 58 \ 153
left cerebro-pedal connective (cpe) .......... 5 41 66 112
right cerebro-pedal connective (cpe) ........ 7 43 75 | 125
parieto-abdominal connective (left) .......... 14 50 84 148
nervus labialis inferior (left) ................ \ 2 8 T 27
nervus palbishis. (lefb) i e d30ats s i e lsiusies - 16 i | 31
nervus: pallinlis’ (Tight) | et i ihe saes — 16 27 ; 43

Discussion

On the basis of our experimental results it was stated that following
transection of different nerves pyroninophilic neurons in the central nervous
system of Lymnaea stagnalis 1. are rather scattered within the ganglia. Groups
of cells containing a granular pyroninophilic substance were found only after
cutting the right and left pallial nerves.

After cutting different interganglionic connections granular pyro-
ninophilic neurons showing signs of regeneration were found in almost all
the ganglia. Following transection of the cerebro-cerabral commissure great
numbers of pyroninophilic cells were present in all the ganglia of the central
nervous system. This finding supports the assumption that the pair of cerebral
ganglia plays an integrative role within the central nervous system. In a
previous work (GuBicza and S.-RézsA, 1969) it has been reported that follow-
ing injury of the intestinal nerve, namely, by cutting the branch innervating
the heart, the greatest numbers of pyroninophilic cells were located in the
cerebral ganglion. A further confirmation of the integrative role of the latter
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ganglion seems to be provided by the fact that pyroninophilic cells were
always present in this ganglion after transection of any nerve or connective.
This finding can be taken as an evidence that the cerebral ganglion is the
centre of the ascending and descending pathways.

By cutting the parieto-abdominal connective all the ganglia, except the
right pleural ganglion and the pedal pair of ganglia, contained pyroninophilic
nerve cells which proves that the parietal ganglion receives fibers from all
the ganglia situated higher up and that the paths coming from the cerebral
and pleural ganglia pass uninterruptedly through this connective in their
way to the periphery.

After cutting the cerebro-pedal connectives it was surprising to find a
relatively small number of pyroninophilic cells in the pedal ganglion, to which
numerous direct fibers arrive from other ganglia. Presumably, the majority
of the neurons of the pedal ganglia send direct fibres to the periphery, while
the rest transmits information to the cerebral ganglion or receives information
from it (Figs 3 and 4).

No cells exhibiting pyroninophilia were found in the buccal ganglion
after cutting any of the nerve branches which finding seems to support the
assumption that the buccal ganglia send direct fibers only to the periphery
(oral organs). According to our data the pair of buccal ganglia is not in close
functional connection with the central nervous system.

Another question to be answered is why the right parietal ganglion
contains more pvmmnophlllc cells than the left following transection of the
cerebro-cerebral commissure and left parieto-abdominal connective. As shown
in Fig. 4, when cutting the right cpe the right parietal ganglion numerous
nerve cells exhibiting pyroninophilia, whereas in the left ganglion no such
cells were present. On the other hand, when the left cpe was cut pyronino-
philic cells were present not only in the left parietal ganglion but also in the
right one, where their number was even somewhat higher. From the difference
in the number of pyroninophilic cells between the rlght and left parietal ganglia
following cutting of other nerve branches as well, it was concluded that the
right parietal gmtrlmn has a different functional role. As it is known from
earlier anatomical descr iptions of the central nervous system of the Lymnaea
stagnalis L. there is a disparity between the nerve branches emitted by the
two parietal ganglia and their areas of innervation are also different. Moreover,
the right parietal ganglion containg about three times more neurons than the
left (GuBIicza, 1():0).

In a previous work (Gusicza and S.-Rézsa, 1969) it has been reported
that after cutting the intestinal nerve (originating from the abdominal ganglion)
at its branch innervating the heart, pyroninophilic cells appeared in the pedal
ganglia alike. After transsection of the parieto-abdominal connective, however,
no such cells were present in these ganglia in any of the cases, which seems to
prove that the nerve fibers running from the pedal ganglion to the heart
pass through the right ganglia.

Enlargement of nucleoli exhibiting pyroninophilia in certain cells of the
mediodorsal body attached to the cerebral ganglion is undoubtedly connected
with the transection of the cerebral commissure as this was never encountered
in control animals or when other nerve branches were cut. This observation
seems to confirm the earlier assumption that the small cells of the medio-
dorsal and medio-lateral bodies are in direct connection with the neurons of the
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cerebral ganglion (Bokr, 1965; LEVER, 1958). Enlargement of nucleoli follow-
ing neuronal injury has been described on various experimental animals
(Voar and Voar, 1946; CorEN and JACKLET, 1965, SALANKI and GUBICZA, 1967).

No regularity was demonstrable in the distribution according to size of
neurons forming the different nerve paths. The greatest number of pyro-
ninophilic cells was found among the smallest cells and the fewest pyronino-
philic cells were found among large cells (over 120 u in diameter) but this
may be in relation with the general cell number (Gusicza, 1970).

Our results seem to indicate that the central representation of the
different nerves is diffuse, several ganglia being involved in it.

Summary

By cutting the different commissures, connectives and nerve branches
in the central nervous system of the Lymnaea stagnalis 1. it was concluded that

1) Neurons containing a granular substance staining intensively with
PMaG appearing 12 days following nerve transections were scattered in
the various ganglia. Grouping of pyroninophilic cells was noted only after
transection of the left and right pallial nerves.

2) After cutting different nerve branches, there was a disparity in the
number and distribution of pyroninophilic cells between the right and left
ganglia.

3) Granular pyroninophilia was found to appear in small, medium-sized
and large cells alike. Most pyroninophilic cells were found among the small cells.

4) The number of pyroninophilic cells was higher after transection of
the connectives and commissures of the central nervous system than after
cutting peripheral nerves.

5) After transection of different nerve branches the right parietal
ganglion differed from the left showing a similar pattern to that of the abdom-
inal ganglion.

6) Following transection of the cerebro-cerebral commissure neurons
with enlarged nucleoli containing RNA particles were found among the cells
of the mediodorsal body. These cells stained intensively with pyronine.

7) The cerebral ganglia can be regarded as the integrative centre of the
ascending and descending nerve paths in Lymnaea stagnalis L.
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GANGLIONKOZTI ES PERIFERIAS NEURONPALYAK VIZSGALATA
LYMNAEA STAGNALIS L. KOZPONTI IDEGRENDSZEREBEN

Gubicza Andras és S.-Rézsa Katalin

ﬁsszefoglalés

A Lymnaea stagnalis L. kozponti idegrendszerének kiillonb6z6 comissurdit, connek-
tivumait és idegdgait dtvégva, az aldbbi megallapitdsokat tették:

1. Az idegdtmetszések utdn 1-2 nappal jelentkez6 PMaG-vel jol fest6dott szemesés
anyagot tartalmazo idegsejtek a kiilonb6z6 ducokban szértan fordulnak elé. Csak a n.
pallialis sinister és dexter atvdgdsa utdn volt tapasztalhatd a pyroninofil sejtek csoportos
cléforduldsa.

2. A kulonbozé idegdgak atmetszése utan, a jobboldali és a baloldali dticparokban,
eltérd szamban és egymdstol eltérd helyen fordultak elé pyroninofil sejtek.

3. Kis, kozepes és nagyméretii idegsejt egyardnt taldlhaté pyroninofil sejtek
kozott. Legtobb a kis méretii idegsejt.

4. A kozponti idegrendszer connektivumait és e()mmissuxéjét atvagva tobb ideg-
sejt valt pyroninofilld, mint a periférids idegdgak atvagédsa esetén.

5. A jobboldalon elhelyezked6 ggl. parietale a kiilonbozé idegigak dtvégdsa
esetén eltért a baloldali ggl. parietdlétol és az abdominalis dichoz hasonlé képet mutatott.

6. A cerebro-cerebralis comissura atvdgdsa esetén a medio-dorzélis test sejtjei
kozott pyroninnal jol fest6dott nagy nucleolusi RNS tartalmi sejtek fordultak elé.

7. A cerebralis ganglionok a Lymnaea integrativ kozpontjanak tekintheték, mivel
mind a felszdlld, mind a leszdllé pdlydk végsé, illetve kiinduldsi helyének felelnek meg.

UCCJIEJJOBAHUE MEMXI'AHINITMO3HBIX U TNEPUMEPUUYECKUX TIVTEN
B LIEHTPAJIbHOM HEPBHOM CHUCTEME BOJIbLIOIO IIPYJI0OBUKA

A. I'vouga w K. Hl.-Poxca

Ha ocHoBe onbITOB € nepepeskoii pasinyHbIX KOMUCCY P, KOHHEKTHBOB 11 HEPBOB B IIEHT-
paJibHOIT HepBHOIT cricTeme 0OJIBUIOT0 NMPYAOBUKA ABTOPBI IPHUXOAAT K CJIEAYIOUMM BbIBOAM:

1. Uepes 1—2 jins1 nociie nepepesku HePBOB HEHPOHBI, KOTOPbIE XOPOILIO OKPALIHBAKTCS
PMal' 00Hapy)KHBalOTCsl B PA3JMYHBIX TaHTJIMgAX. ['pynnupoBKa NHPOHUHOPMIIbHBIX KIIETOK
NOSIBUJIACH TOJILKO T10CJIe MepepesKn JIeBOro M MPABOro NasuilajbHbIX HEPBOB.

2. TTocie mepepe3Ky Pa3IMUHBIX HEPBOB, B JIEBBIX U MPABLIX I'AHIVINSIX NHUPOHUHOPUIIb-
HbI€ KJIETKH TIOSIBJISIIOTCSI B PA3JIMYHBIX MECTaX 11 He B OJIMHAKOBBIX UMCJIAX.

3. Mesikie, cpeHHe M KPYIHbIE HEHPOHbI B paBHOI CTENCHH BCTPEYaloTes Cpeau MHUpo-
HUHO(MJIbHBIX KJIeTOK. BoJiblie Bcero HeiipoHOB MaJloro pasvepa.

4. TTocje mepepe3Ky KOMUCCYP U KOHHEKTHBOB 1eHTPAJbHOI HEPBHOIT CHCTEMBI 00JIbIIE
HeHPOHOB CTAHOBUTCST NMHPOHMHOMUIBHBIMM, YeM T0cJie Nepepe3ku nepu(epHuecKux HepBoB.

5. Tlocsie mepepesky pasinuHBIX HEPBOB, NMPaBblil NapueTaibHblil ranriuii Mo pasmnpeje-
JICHHIO llllpOHHHO(l)lU]belX KJICTOK OTJIMYAJICS OT JIEBOBO IAPHETAJILHOI0 I'aHIVIHSI U ITPOSIBJIS
CX0/ICTBO C a0/I0MMHAJIbHBIM TAHTJIMEM,

6. B ciyuae mepepesxu lepedpo-lepedpasibHoii KOMUCCYPbI Cpei HelfpOHOB Meano-
JI0P3aJILHOTO Tesla 00HAPYIKMBAIOTCSI KJIETKH, ¢ 00JIBIIMM SIPLIIKOM cojepxanum PHK, xopo-
110 OKpalMBaemMble MHPOHIHOM.

7. llepeGpanbhpie raHrJnm y 00JBLIION0 NPY/A0BHKA SIBJSIIOTCST MHTErpATHBHBIM LIeHT-
POM, TaK KaK 371eCb OKOHYMBAIOTCS BOCXO/SIIINE ITYTH U 0TCI0/1a HAYMHAIOTCS HUCXO/ISAIINE TIYTH.
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EXAMINATION OF MONOAMINE SYNTHESIS AND BREAK DOWN
IN THE NERVOUS SYSTEM AND OTHER TISSUES
OF LYMNAEA STAGNALIS L.

LASZLO HIRIPI

Biological Research Institute of the Hungarian Academy of Sciences, Tihany, Hungary
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The distribution of serotonin (5 HT) and dopamine (DA) have been
investigated in the nervous system of many molluscs. In Gastropods, serotonin
and dopamine were demonstrated in Helixz aspersa (KErkuT and COTTRELL,
1963), in Heliz pomatia (DAHL et al. 1962, 1966), in Lymnaea stagnalis (SAKHA-
rov and Zs.-Nacy, 1968; Hirier, 1968). In many other molluscan species
the distribution of serotonin was investigated by WeLsH and MoorEEAD (1960)
and that of dopamine by SWEENEY (1963).

Investigating the synthesis of these amines in Busycon canaliculatum
(WeLsH and MoorHEAD, 1959) and in Helix aspersa (KErRkUT and COTTRELL,
1963) 5HTP-decarboxilase, in Mercenaria mercenaria (SWEENEY, 1969) DOPA-
decarboxilase were demonstrated. 5HTP-DOPA decarboxilase was investig-
ated in Helix pomatia (CArDOT, 1963a, b; 1966) and in Anodonta cygnea
(Hirrer and SALANKI, 1969).

The monoamine-oxidase (MAO), which is generally responsible for the
inactivation of the monoamines was demonstrated in the digestive gland of
Buccinum undatum, in different tissues of some Lamellibranches as well as
in the nervous tissues of the Cephalopods (Brascaro and Hawxkins, 1952;
Brascako and Hivwms, 1954; Brascako and Hoeg, 1957). The monoamine
oxidase was demonstrated also in the nervous tissues of Helix pomatia (CARDOT,
1963c; 1964) and in the kidney of Helix aspersa (Kerxur and CoTTRELL, 1963).

However, in the different tissues of same species the whole metabolism
has not investigated neither for serotonin nor for dopamine. Earlier the
serotonin was demonstrated in the nervous tissues of Lymnaea stagnalis L.
(Hirrpr, 1968) but no available data concerning the synthesis and break
down of serotonin in the different tissues of this species.

The aim of the present study was the examination of the 5SHTP-DOPA
decarboxylase and that of the inactivation of serotonin in the nervous system
of Lymnaea stagnalis 1., as well as the break down of the serotonin was exam-
ined also in the tissues of the heart and kidney.

Methods

The pharyngeal ganglia of Lymnaea stagnalis 1.. was used for the exam-
ination of 5HTP-DOPA decarboxylase and that of the monoamine oxidase
the tissues of the heart and kidney, too.

The tissues of the kidney can only be dissected together with the mantle
and connective tissues so the measured weight of the kidney contains also

3 Tihanyi Xvkonyv
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the weight of these tissues, and the given data concern this total weight.
In some cases, after the careful separation of the kidney, the weight of the
mantle and connective tissue were remeasured and the weight of the kidney
was calculated. It was found that about 1/5 total weight of the kidney measured
by us derive from the kidney.

During dissection the tissues were collected in ice-cold physiological
saline, measured after drying on filter paper and homogenized in physiological
saline with Potter—Elvehjein homogenizers.

Examination of SHTP-DOPA decarboxylase: Enzymatic activity was
assayed by fluorometric measuring the rate of amine formation. 5HTP
decarboxylase was estimated by the method of KuNtzmaN et al. (1961) and
that of the DOPA decarboxylase by the method of LOVENBERG et al. (1962).

Incubation was carried out at 25 - 0.1 °C in the presence of iproniazid
and piridoxal-5-phosphate. The pH was adjusted to 8 for the examination
of 5HTP decarboxylase and to 7 for that of the DOPA decarboxylase.

The mixture was shaken throughout the incubation period. After a 15
minutes preincubation period, the incubations were carried out for 60 minutes
in the case of 5HTP decarboxylase and for 30 minutes in the case of DOPA
decarboxylase.

The composition of the incubation mixture was the follows: 20 mg/ml
tissue homogenizate, piridoxal-5-phosphate 8.09 <1075 M, iproniazid 7.2x
10-* M, phosphate buffer 0.1 M. As substrates DIL-5-hydroxytryptophan
(DL-5HTP) in concentration 4.54 x10~* M and DL-3,4-dihydroxyphenylala-
nine (DL-DOPA) in concentration 7.6 x10-* M were used. Enzyme activity
is reported as ug of amine formed/g of wet tissue per hour.

The excitation and fluorescent wavelenths (mpu, uncorrected instrument
values, Aminco Bowman Spectrophotofluorometer) were as follows: serotonin
300 and 540; dopamine 282 and 330.

EBxamination of monoamine oxidase and the identification of the 5-hy-
droxyindoleacetic acid (§HIAA): Enzymatic activity was assayed by fluoro-
metric measuring the rate of serotonin disappearance. At the beginning and
the end of the incubation period 1 ml aliquot from the incubation mixture
was assayed for serotonin by method of BoepANskr et al. (1956). The com-
position of the incubation mixture was the follows: kidney homogenate
25 mg/ml, heart and ganglia homogenates 50 mg/ml, phosphate-buffer 0.05 M
pH 7.4, serotonin 1.13x 104 M.

After a 15 minutes preincubation period the incubations were carried
out for 60 minutes in the case of the kidney and for 120 minutes in the case
of the heart and ganglia. During this period the enzyme activity was linear.
The mixture was shaken throughout the incubation period at 25 -+ 0.1 °C.
As substrate serotonin creatinine sulphate was used. The enzyme activity
are expressed in ug of disappeared serotonin/g wet weight per hour.

From the incubation mixture the 5SHIAA was isolated and identified
by the thin layer chromatographic method of AscHROFT et al. (1968). In this
case the incubation was carried out at 37 °C in order to increase the for-
mation of the 5SHIAA. ErrLicH’s reagent was used for the localization of the
spots.
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Results

SHTP-DOPA decarboxylase: The homogenate of Lymnaea ganglia is
capable to synthetize both serotonin and dopamine. The enzyme activity is
220 ug serotonin synthetized/g wet weight per hour and 1600 ug dopamine
synthetized/g wet weight per hour. The rate of the synthetized amines are
(dopamine : serotonin) = 7.3: 1. The enzyme activity could be inhibited by
a-methyl-DOPA. Among the two substrates we tested only the effect of DOPA,

Fig. 1. Inhibition of the activity of 5HTP (e — & —) and DOPA (o — o —) decarboxylases
by a-methyl-DOPA (e — —e) and DOPA in the homogenate of Lymnaea ganglia

and it was found to inhibit the decarboxylation of 5HTP. The inhibition of
serotonin and dopamine synthezis is shown in Fig. I and the concentration
of inhibitor necessary for 50%, inhibition is given in T'abe 1.

TABLE 1
Concentration of inkibitors for 50%, inhibition of SHT'P—DOPA decarboxylase

Concentration of inhibitor for 509, inhibition

Substrate ) -

 amethylDOPA | DOPA
S5HTP 1.6 xX10-*M 6.2%104*M
DOPA 4.0%x104M

An approximately K, values were estimated with the Lineweaver-
Burk plot, taking into consideration that we used DL-5HTP and DL-DOPA,
however, the enzyme acts only on the L-form. As the D-form is no inhibitor
and the L. and D forms are present in equimolar concentrations in the DL
form, we took into consideration during the estimation of K the half-value
of the concentration of substrate for the DL form. This Ky corresponded
3x 1075 for 5HTP and 1.5x 1074 for DOPA.

3*
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Monoamine oxidase: The thin layer chromatogram of the extract from
the incubation mixture shows that the serotonin was destroed to 5HIAA,
because the Ry values are identity both to the destroing product and to the
authentic 5HIAA (Fig. 2). In the case of the kidney, where the enzyme
activity is highest, three another spots (Fig. 2. 1., I1., IIl.) are seen whic
is failed to identity. :

e

e

)X
OOOO!}"I—/IAA

I'ig. 2. Thin-layer chromatogram of the incubation mixtures derivated from Lymnaea.
1. ganglia, 2. heart, 3. kidney, 4. authentic 5HIAA

The spot I is present in the case of the ganglia and heart too, however
its intensity is lower and it is possible that it derives from the carotine occur-
ring in the tissues in a considerable amount.

This spot ran in each case with the front solvent. The spot IL is like
a pigment, because its colour is yellow-brown before and after the localization
of the spots. '

The results show that the activity of the kidney is the most highest
among the examined tissues, however, the nervous system have also a con-
siderable activity (7'able 2). The homogenate of the kidney also contains
the mantle and the connective tissue but the latter tissues have no activity.

TABLE 2

MAO activity in the ganglia, heart and kidney tissues of Lymnaea. The enzyme activity is
reported as ug SHT disappeared/g wet weight per hour

Tissue pg SHT disappeared/g wet wt/h
ganglia 77
heart ; 20

kidney 270
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The rate of serotonin disappearance depending on the substrate con-
centration is illustrated in Fig. 3. The enzyme activity was inhibited by ipro-
niazid and actomol. The inhibition was investigated in the case of the kid-

Fig. 3. Substrate curve of the inactivation of serotonin in case of ganglion (0o o o) and
heart (.o ) homogenate of Lymnaea (left side) and that of the kidney homogenate
(xxxxxx) (right side)

Fig. 4. Inhibition of the 6HT-disappearance in the kidney homogenate of Lymnaea
by iproniazid (0 o - -) and actomol (» —e —)

ney at different concentration of iproniazid and actomol (Fig. 4) as well as
in the case of each tissues at a concentration 500 fig/ml for iproniazid and
0.1 jitg/ml for actomol (Table 3).
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TABLE 3

The inhibition of enzyme activity in Lymnaea tissues by 500 ug/ml concentration of iproniazid
and 0.1 pg/ml concentration of actomol

Inhibition %

Tissue
iproniazid 500 pg/ml [ actomo; 0.1 pg/mi
ganglia 90 80
heart 80 90
kidney 80 75

Discussion

The results show that the nervous tissues of Lymnaea stagnalis is capable
to synthetize both serotonin and dopamine, however, its ability for dopamine
synthesis is higher than for serotonin synthesis.

Comparing the present results with our earlier data gained with Ano-
donta cygnea 1. (Hiripr and SALANKI, 1969) it can be concluded that in the
nervous tissues of Lymnaea about 4 times smaller serotonin concentraticn
belongs to four times higher enzyme activity. Comparing the proportion of
the synthesis (for Anodonta 6.0 -6.4, for Lymnaea 7.3) it can be seen that
in Lymnaea the direction of the synthesis even more moved toward dopamine.

This was supported by the comparison of the x-methyl-DOPA con-
centration necessary for 509, inhibition, because in the case of Lymnaea the
o-methyl-DOPA concentration was one order lower than that of the Anodonta.

The synthesis of both amines by the same enzyme is proved by the
inhibition of enzyme activity with the x-methyl-DOPA and DOPA the sub-
strate of DOPA-decarboxylase.

It agrees with the data given in vertebrate animals (PLETSCHER et al.
1966) where the identity of two enzymes the 5HTP and DOPA-decarboxylase,
is examined in detail.

The Ky values show that the affinity of the substrate to the enzyme
is greater in the case of DOPA than in the case of 5HTP and correspond to
that found in other cases (HAgEN and CoHEN, 1966).

However in the molluscan nervous tissues the synthesis of serotonin is
known, there are no identical opinion concerning its inactivation.

Our results suggest the present of the monoamine oxidase (MAO) in the
nervous tissues as an inactivating system for serotonin.

This result is in agreement with the data of Brascako and co-workers
(Brascako and Hawkins, 1952; Brascako and Hivwms, 1954; BrascHko and
Horg, 1957) who found MAO in the molluscan nervous tissues.

However, others found biochemical evidences that the MAO does not
participate in the inactivation of 5HT by the nervous tissues. Monoamine
oxidase has been found in the nervous system of Helix pomatia (CArDOT,
1963; 1964) but it seems to be inactive on a 5HT substrate.

Mirorr1 (1968) found that MAO is not present in the nervous tissues
of Busycon canaliculatum. According to his opinion, it is possible that in the
nervous tissues the 5TH is inactivated by binding to other molecules and it
may be in the kidney where serotonin is inactivated by MAO, because it is



39

known that the kidney homogenates are able to metabolize 5HT to 5HIAA
(KerguT and COTTRELL, 1963).

In the CILDA neurons of Cryptomphallus GERSCHENFELD and STEFANI
(1968) have found evidence that the exogenous 5HT and probably the natural
transmitter seem to disappear from their receptors by a diffusion mechanism.

In the nervous tissues of Lymnaea the diffusion is not regarded as an
exclusive mechanism for 5HT inactivation because MAO is present and it is
active on 5HT substrate. It was supported by the finding that the homogenate
of the nervous tissues are able to metabolize 5HT to 5HIAA and the activity
of the homogenate is inhibited by iproniazid and actomol inhibitors of MAO.

This result is in agreement with the data of SAxkHAROV and Zs.-Nacy
(1968) who on examinating the monoamine contents of the cerebral ganglia
in Lymnaea stagnalis L. by histochemical method, found that the cell fluor-
escence was increased by nialamide.

However, the pigment formation may be also a metabolic pathway for
the inactivation of serotonin because a yellow-brown spot, like a pigment
spot, appeared on the chromatogram. Such a pigment formation was also
demonstrated in other molluscan tissues (Brascako and Mintow, 1960;
Arerro, 1964). Further investigations is needed in order to obtain evidence
about the presence of pigment formation.

The fact, that the amount and activity of the enzyme is higher in the
kidney than in the nervous system, suggest the idea that the majority of 5HT
is destroyed in the kidney.

Summary

Examining serotonin metabolism in the different tissues of Lymnaea
stagnalis 1. the following may be said:

1. The nervous system is able to synthetize both serotonin and dopamine
by 5HTP-DOPA-decarboxylaze enzyme.

2. The examined tissues of Lymnaea have MAO activity because the
homogenates of the nervous system, heart and kidney are able to metabolize
5HT to 5HIAA in vitro and the enzyme activity is inhibited by iproniazid
and actomol.

3. However, there may be another pathway for the inactivation of
serotonin because such product is also formed in vitro which is not identical
with 5HTAA.
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MONOAMIN SZINTEZIS ES LEBONTAS VIZSGALATA
LYMNAEA STAGNALIS L. IDEGRENDSZEREBEN ES EGYEB SZOVETEIBEN

Hirips Laszlé
0Osszefoglalas

Vizsgélva a Lymnaea stagnalis killonbdzé szoveteiben a szerotonin metabolizmust,
azt taldltuk, hogy:

1. Az idegrendszer jelent6s mértékben képes szerotonin és dopamin szintézisre.
A szintézist végz6 enzim az 5HTP-DOPA-dekarboxildz.

2. A Lymnaea vizsgalt szivetei tartalmaznak MAO-t, mivel az idegrendszer, a
sziv és vese szovetei 5HIAA-vd képesek bontani a szerotonint, és az enzimaktivitds
iproniaziddal és actomollal gdtolhaté.

3. A szerotonin lebomlds feltehetéen nemesak MAO révén kovetkezik be, mint-
hogy az 5HIAA-val identikus termékek is képzdédnek.

WUCCJIENOBAHME CHUHTE3A M PA3JIO)KEHUSI MOHOAMWHOB B HEPBHOHN
CHUCTEME U B IPYI'MX TKAHSIX LYMNAEA STAGNALIS L.

JI. Xupunu

Uccenyst MeTab0JIn3M CepOTOHIHA B PA3JINYHBIX TKAHSX Lymnaea stagnalis HALLUIIM, YTO:

1. HepBHasi cutema B 3HAUMTEJIbHOH Mepe CIOCOOHA CHHTETU3MPOBATH CEPOTOHMH I
nponamun., Cunrerusupyiouii pepment SHTP— JIOPA nexapOokcunasa.

2. HccnegoBaHHble TKaHU Y 00JblIOro npyaoBuka cogepyar MAO, cyis 1o Tomy uTo
HepBHAs1 cHCTeMa, TKAHU Cep/ila U MoyYeK CrocoOHbI pasjaraTb cepoToHuH 10 SHIAA, 1 aKkTuB-
HOCTBH (hepMeHTa TOPMO3UTCS MIIPOHHA3UIOM U AKTOMOJIOM.

3. Ilpeanonaraercst, uTo0 Pasjioy<eHHe CEPOTOHMHA MPOUCX(UT He TOJBKO € MOMOIIbIO
MAQO, nocKoJILKO BOSHUKAIOT U NMPOAYKTHI, WaeHTHUHbIe ¢ SHIAA.
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PHOTODYNAMIC EFFECTS AND IRREVERSIBLE DAMAGE
IN AUTOACTIVE NEURONS OF HELIX POMATIA
EVOKED BY ROSE BENGAL AND METHYLENE BLUE EXPOSED TO
VISIBLE LIGHT

ELEMER LABOS
Biological Research Institute of the Hungarian Academy of Sciences, Tihany, Hungary
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Photosensitization of different excitable tissues is a phenomenon being
known since a long time and analyzed in details (Lippay, 1929; 1932; ROSEN-
BLUM, 1960; LYupkKOVSKAYA and PEVSNER, 1964; LABos, 1965; LABOS and
TurcsAnyr, 1966; LakaTos and KoLLAR-Mor6cz, 1967; LarATOs, 1969;
SpikEs, 1967). Investigations at cellular level were started on squid giant
axon (ARVANITAKI and CHALAZONITIS, 1953; CHALAZONITIS and CHAGNEUX,
1961). The natural photosensitivity of Aplysia-neurons (CHALAZONITIS, 1954;
1964; ArvANITAKI and CHALAZONITIS, 1960; 1961) due to endogenous neuronal
pigments includes in a certain sense similar processes, but such phenomena in
Heliz neurons — because of their low pigment content — can be osberved
only sporadically.

The cited authors generally emphasize that such a photoactivation is
suitable tool when looking for electron processes be involved in the excitation.
At the same time, it is also known that the photodynamic effect is noxious
or even lethal (RaaB, 1902) and only the moderate effects are reversible.

Applying laser-pulses in the presence of methylene blue (ARVANITAKIL
et al. 1967) it succeeded to evoke discharges of Heliz neurons, but long-lasting
experiments were not carried out and effects of rose bengal on neurons — one
of the most potent sensitizing dye — have not been reported yet. For these
reasons in the present paper the photodynamic response evoked in the presence
of methylene blue and rose bengal will be described up to its irreversible
phase on molluscan neurons.

Methods

Spontaneous electrical activity of single or in some cases two neurons
situated near the dorsal surface of the suboesophageal ganglion-complex was
studied in the presence of 50—100 upg/ml rose bengal (Fluka, abbreviation:
RB) and methylene blue (Merck, MC) in dark and in exposure to light. The
composition of ‘the physiological solution was the following: 3.0 g NaCl, 0.35 g
KCl, 2.4 ¢ MgCl, - 6 H,0, 1.5 g CaCl, - 2 H,0, 0.2 ¢ NaHCO, pro lit. The
recording was carried out with mlcroplpettes of 410 MO filled with 2.5 M
KCl, FET-input stages, and Tektronix 502 oscilloscope. The optical system
had the following characteristics : tungsten-lamp of 500 watts; upper illumina-
tion from 50 cm; 15 mm heat-filter of BG 17 type; the surface of the focused
spot was about 10 mm?; effective illumination was near to 50 000 lx. The
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exchange of solution was carried out at 100 Ix. This latter illumination did not
evoke any modification of neuronal activity even in the presence of sensitiz-
ing dyes.

The conditions of the leading off made possible experiments lasting for
at least 5—6 hours without any essential decrease in the amplitudes of spike.
In order to facilitate the input of stains to the cells, the thin layer of connective
tissue covering the neurons was very carefully removed. To avoid mechanical
excitations during the exchange of solution, it was carried out in a chamber
of two compartments. The suction and exchange have taken place in the
compartment where the ganglion was not present. The two parts of the chamber
were communicating through a narrow gap.

50 neurons originating from about 40 ganglia were utilized in the exper-
iments. In Fig. I the localization of the neurons demonstrated in this paper
is shown.

Fig. 1. A — Rough sketch of dorsal surface of suboesophageal ganglion. 1 — cerebro-
pleural stub; 2 — n. intestinalis; 3 — n. analis; 4 — n. pallialis sin.; 5§ — n. pallialis dext.;
6 — aorta; 7 — 170/8; 8 — 197/8 or 324/1 or 196/7 9 — 190/2; 10 — 203/4; 11 — 195/1
12 — 192/5; 13 — 196/6; 321/5; 198/1 (numbers of protocol).
Those neurons are demonstrated here whose reaction will be shown in the further figures
(code-number see there)

Results

1. Effects of rose bengal in dark and light

In Fig. 2 records obtained during an experiment carried out on a neuron
discharging in constant intervals. During the control period of 25 min, the
frequency was 22.6 4 2 cpm. Exchanging the medium of incubation with
rose bengal of 50 ug/ml, similarly for a period of 25 min, 21.4 4+ 1.9 cpm
frequency was observed. The resolution of these frequency-measurements was
20 sec. It is seen that these two values do not deviate significantly from
each other. An illumination was applied after this period of 2x 25 min. As an
effect of the exposure to visible light, the frequency has doubled in 10—15
min and synchronously the peak to peak amplitudes have decreased. During
a further 25—30 min the spikes get rarer and returning to the control a
significant decrease in the amplitudes, the potential of resting membrane and
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that of the overshoot was observed. In the given case, the decrease of fre-
quency is fluctuating but that of the amplitude is monotonous.

In all experiments (25— 30 neurons) we could notice a transient increase
of frequency, a decrease of 2530 mV in the membrane potential, an initially
slow and after a rapid-decrease of amplitude and a diminuation of overshoot
as well. In cases when the initial (control) amplitude of the action potential

min
Fig. 2. Effect of 50 ug/ml RB in visible light. Neuron — 190/2. A, and A ,: control in RB
and in dark. B—G: records in the 20, 30, 40, 42, 45 and 50th min of exposition. Time
course of frequency (f), amplitude (A), membrane potential (JC) and overshoot (ov)

changes in the per cent of control. The controls: 21 ¢pm, 107 mV, 54 mV or. 33 mV
(100 per cent)

was already smaller (peak to peak 60—80 mV) the above enumerated changes
have taken place more quickly (Fig. 3).

In Fig. 3 the A;—A, or B, —Bg squares demonstrate the terminal phases
of the effect. These alterations are almost general at the end-period of the
photo-dynamic effect. In such cases a polymorph oscillation of low amplitude
appears. Some sufficently constant values of amplitude can be measured
alternating bi- or multimodally. Synaptic noise, axon-spikes and abortive
discharges of soma equally occur. In the final square of the Fig. 3 a quasi-
sinus oscillation is demonstrated yet. These diverse oscillations have amplitudes
of about 120 mV.

The neurons modulated periodically (Br-like) are especially sensitive
to this light-effect. In the case demonstrated in Fig. 4 a short, transient
increase of frequency, depolarization and finally a getting rare of frequency
can be observed. The whole effect lasts for 10—15 min.

To verify that the observed destroying effects of rose bengal in light is
not an accidental phenomenon caused by other influences, but it is in fact
a photodynamic effect — we have recorded synchronously the alterations of
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Fig. 3. Effect of 50 ug/ml rose bengal. A,—A,: neuron 192/5; B,—Bg: neuron 170/8"

A, — dark control in rose bengal; A,—A, in the 10, 15, 17, 25, 30, 35 min of illumination.

‘Calibration — A;—A,: 50 mV, 5 sec; A;—A,: 2mV, 5 sec; B, — dark-control; B,—B;:
5, 10, 20, 32 min. of exposition; B;—By: 40—50th min

E || | 1 11l T N
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Fig. 4. Effect of 50 ug/ml RB on a cell of periodic activity (Br-like). Neuron 203/4.
A — control; B — RB, in dark; C—G — RB in light: 1st, 2nd, 3rd, 10th and 12th min.
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two different neurons (Fig. 5). It is observable that in the cases of the two
neurons. (whose activities are, on the other hand, correlative) the decrease
of amplitude, transient 2—5 fold increase of frequency and its terminal decrease
are parallel events. In Fig. 5D and 9K correlating periods are demonstrated.
In Fig. 5D a seizure-like sequence of spike lasting for 2 sec is seen when in
the other neuron a synaptic activation is notiecable. Such an activition of
extremely high frequency in the given case between the 10th and 20th minutes
of the exposition appeared 6 times and in all cases EPSP-s emerged in the
record of the other neuron.
The destroying effect of rose bengal proved to be irreversible.

h l FH I 50 mv
| s o o
""»' MISVIIRNN W - I —

Fig. 5. 50 ug/ml RB. Two neurons of correlating activity. A — control in RB; B — I in
light (5, 7, 10, 12, 20, 30, 40, 50th min of exposition). Neurons: 196/6 and 196/7

2. Effects of methylene blue in dark and light

Effects of 50 pg/ml methylene blue at the applied illumination are
detectable already after an exposition of 5—10 min. It is observable further-
more that the dyestuff has effects even in dark, which effects become more
explicit in light.

In the case illustrated in Fig. 6 during the dye-free, control period
and in the presence of the stain in dark or under the illumination, the am-
plitude of the action potential, its duration at the half-height or the frequency
of discharge were measured. The values obtained are the following.

98 92 80 mV (10—10 measurements)
18.6 4+ 0.9 23.4 + 14 28.6 |- 1.2 msec (11 -11 measurements)
6.3 + 0.45 6.48 4 0.70 7.19 + 2.27 spikes/20 sec (20—27—58
samples)

Changes can be observed in the shape of action potential already in dark.
Both the decrease of amplitude and the prolongation are statistically significant
(&-test, P << 0.05). It is noticeable, furthermore, that the relative dispersions
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Fig. 6. Effect of 100 /ig/ml MC. Neuron: 321/5. A: control; B: MC in dark; C: MC in light.
The lower diagram demonstrates the frequency change in time for A, B and C periods.
Time resolution is 20 sec

CALIBRATION

Fig. 7. Effect of 100 /ig/ml MC in visible light. A—D — neuron 197/8; E —G: neuron

195/1. A — MC, dark, 5th min. B—D — MC, light 2nd, 5th and 8th min. E — control in

MC; F—H: between the 40th and 50th min of exposition. Calibration — A—E: 50 mV,
10 sec; F: 25 mV, 4 sec; G: 25 mV, 40 sec; H: 60 mV, 10 sec
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Fig. 8. Bffect of 50 pg/ml MC. Neuron: 198/1. A — frequency-distribution; resolution

is 20 sec; 1, 2, 3 — stain-free control, dark control in the presence of stain, in light.-
B, and B, — seizure-like burst in light; B, — shows the changes of shape, during the
sequence
I 1 K
J
It M ; 50 mV
10 sec

Fig. 9. Effect of 100 ug/ml MC in light. Neuron 324/1. A, B: dyestuff-free controi; C —
MC in dark 25th min; D—K: MC in Light (1, 5, 12, 15, 25, 30, 35 and 40th min; L—M —
records newly after some hours of total darkness

4 Tihanyi Evkonyv
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in the three periods are increasing: 7—11 or 32 per cent. It can be easily
followed on the frequency-time plots in Fig. 6 that on the effect of light both
periods of inhibition and those of higher frequency appear.

There are neurons which respond by a sudden cessation of their activity
after switching on the light (#ig. 7). The reasons for this may be the appear-
ance of EPSP-s or long lasting inhibition. An increase of threshold in the
pacemaker region of neuron is also presumable, as in some cases only the
signs of subthreshold excitation (EPSP-s and slow depolarizing waves) have
survived light exposure (Fig. 7D).

In the late-phase of methylene blue effect axon-discharge-like depolariza-
tions can often be observed. When these appear interferring with spikes, the
frequency decreases and in the destructive phase of effect the amplitude
decreases as well.

The fact, that phases inhibited by other mechanisms as classic IPSP-s
demonstrated by the following case. Inhibited periods whose duration exceeded
2 sec and the average frequency during the control, methylene blue/dark and
methylene blue/light periods were measured. These values are:

424 1.2 10.6 - 3.9 19.6 - 14.4 sec
(124-—23—29 samples)
11.4 +- 1.4 8.7+ 3.3 8.7+ 5.5 spikes/20 sec

(5037108 samples)

A prolongation of inhibited periods and a decrease of frequency were
observed already in the dark period. The frequency distributions of the 3
periods demonstrate these facts (Fig. 84 ). Cases marked by arrows refer to
the presence of bursts with high frequency. Such a burst is demonstrated
in Fig. 8§B. These bursts are similar to those paroxismal discharges observed
in rose bengal and in visible light (Fig. 5D ).

In the demonstrated case of sensitization with methylene blue such
bursts appeared 4 times. In dark, destructive effects after the application of
methylene blue was not observed. However in 100 ug/ml concentration and
after a longer (3050 min) exposure to light the same phases of damage
could be noticed as in rose bengal. A characteristic course of the alteration
is shown in Fig. 9. A significant change of rhythm, a decrease of amplitude,
appearance of EPSP-s and finally subthreshold or graded, grouped oscillation
are seen. In the latest two squares of Fig. 9 a record made after 3 hours of
dark period demonstrate a very low degree of reversibility.

Parallel with the decrease of amplitude, a decrease of membrane potential
and that of the overshoot are also taking place. But the membrane potential
has never decreased to zero and in the terminal period the peaks of action
potential do not reach the zero level.

Discussion

The effects observed when applying the two stains are in certain sense
different. These deviations can be summarized as follows:

1. methylene blue causes alterations already in dark;

2. in the effect of methylene blue perhaps the inhibitory phenomena
are dominating;
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3. in the case of methylene blue to evoke destroying effects a little

higher concentration or longer exposition is needed
(50 pg/ml MC~156 uM MC; 50 ug/ml RB~50 uM RB)

Effects of the two stains are similar in the destructive phase of depolariza-
tion character and in the appearance of seizure-like bursts from time to time.

The higher sensitivity of certain neurons (for example Br-cells) perhaps
is concerned with their higher endogenous pigment content. However, in
stain-free medium no destructive reaction was observed. Because of such
differences in the sensitivity of the individual cells, quantitative examina-
tions, for example measurements of dose-effect curves can be carried out only
when a great number of the same identified neuron is studied.

The destructive effect on the soma membrane is irreversible and taking
place in discrete steps. Presumably in such cases different patches of the
soma-membrane discharge without coordination which manifests in a more
or less disordered fluctuation of amplitude. A probable mechanism of this
that both inward and outward cation-transport are damaged as both the
overshoot and membrane-potential decrease. According to this later fact in
some cases a decrease in the resistance of membrane was observed (unpub-
lished).

On the base of above outlined facts it can be stated that the photo-
dynamic experiment in its early phase only, or after slight influences may be
adequate to investigate the electron processes which are perhaps included in
nerve excitation.

Summary

Spikes of 50 autactive giant neurons situated superficially on the dorsal
surface of suboesophageal ganglion of Heliz pomatia were studied in the
presence of 50—100 ug/ml rose bengal and methylene blue in dark and visible
light applying heat filter.

In the presence of rose bengal, the photodynamic effect is manifesting
in a long-lasting increase of frequency, slow depolarization, decrease of amplit-
ude, membrane potential and overshoot. In the terminal phase the frequency
is newly decreasing and polymorph subthreshold oscillations originating from
different sources having multimodal amplitude and frequency distribution,
appear or remain. The effects are irreversible.

Methylene blue already in dark causes appreciable alterations of shape
and frequency. In visible light the effect is more explicit. In the early phase
of the influence the inhibitory phenomena may be more than before. In visible
light a similar destruction takes place as in the case of rose bengal. Its effect
is also irreversible.

Seizure-like burst were observed in the presence of both stains.
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AUTOAKTIV HELIX|POM ATIANEURONOKJFOTODINAMIAS BEFOLYASOLASA
ES IRREVERZIBILIS KAROSITASA BENGALVOROSSEL ES METILENKEKKEL

Labos Elemér

Osszefoglalas

ifeliz pomatia suboesophagealis ganglionjanak 50, dorzdlis felszini, autoaktiv, 6rids
neuronjanak Kkisiléseit vizsgdltuk 50—100 ug/ml bengédlvorss, ill. metilénkék jelenlété-
ben, sotétben, ill. lathaté fényben, hésziirés mellett.

A fotodindmids hatds bengdlvorss jelenlétében a frekvencia tartés névekedésében,
lasstt depolarizdciéban, az amplitid6é, a membranpotencidl és az overshoot esésében
nyilvdnul meg. A hatds kés6i fazisaban a frekvencia tjra esik, és tobb forrdsbél ered6
polimorf, multimoddlis amplitiddja és frekvencidju kiiszob alatti oszcillicidk jelennek
meg. A hatds irreverzibilis. LB 5

Metilénkék mdar sdtétben is észrevehetd alak- és frekvenciavdltozdst okozhat.
Fényben a hatds kifejezettebb. A hatds kezdeti fazisiban a gdtldsi jelenségek fokozdd-
‘hatnak. Fényben a bengélvoros hatédsdhoz hasonlé destrukeid zajlikle. A hatds irrever-
zibilis.

Mindkét festék jelenlétében megfigyeltiink paroxizmadlis jellegli kisiiléssorokat.
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®OTOJAMHAMUYECKOE BJIMSIHUE HA HEWNPOHbI HELIX POMATIA CO
CIIOHTAHHOM AKTHMBHOCTBIO M HMX HEOBPATHMMOE IIOBPEKJIEHHWE
BEHIAJIbCKMM KPACHbIM M METHMJIEHOBBIM CHMHHMM

9. Jlabow

Bruia uceieoBaHa  ClOHTaHHAsT AKTHBHOCTD 50 MOBEPXHOCTHLIX MHIAHTCKIX HeiipoHOB
B noArjorouHom ranrsmu Helix pomatia B npucyTerBun 50— 100 pr/min GeHraabcKoro Kpac-
HOTO MJIM METHJIEHOBOTO CHHEr0 B TEMHOTE WJIM MPH JHEBHOM CBeTe IPH HCKJIIOYEHHH TEeryI0BhIX
BOJIH.

doToHAMIYECKOe JleliCTBIe B MPUCYTCTBHM OEHrajIbCKOro KpacHOro NposiBjsieTcsi B
AJHUTEJILHOM YBeJNUEHUH YacTOTHI, B Me/UIEHHOI Jenoasipusaniu, ¥ B NajJeHul MeMOPaHHOTo
MoTeHIAa, aMILIMTY/Abl NOTeHInaa aAeiictBust 1 overshoot-ra.

B nocieaywoumx (asax AeHcTBUSI KpaCHUTeIbsi YacTOTa CHOBA NajaeT M IPOSIBIASIIOTCS
NOAUMOP(HBIE, € MYJITUMOJAJIBHOI AMIUIMTY/I0H M 4YacTOTOH IOANOPOroBble OCHHIIISALNM,
BO3HHKAIOIME U3 PA3HbIX MCTOUHMKOB. JlecTBHe KpacuTelsbst HeoOpaTHMo.

MerieHOBBIH cHHMIE CrTOcO0eH BHI3BATH 3aMeTHOe M3MeHeHHe (POPMBI M YACTOTHI TOTeH-
1HasoB y)ke n B TemHoTe. [Tpn aneBHOM cBete sieifcTBie Gosee BrIpakenHoe. B HauanbHoM dase
TOPMO3HbBIE IPOIECCH MOI'YT YCuiuBaThest. IIpn JHEBHOM CBeTe CMEIOT MecTa IIpeBpalleHus],
110/100HBIe 3(Q(PeKTy OeHraJbCKOro KPacHoro.

B npucyrerBun 06oux Kpacuteneil Hadmonanuch paspsiipl, M0100HbE K apOKCHMATb=
HBIM.
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ACTIVATION OF THE ADDUCTOR IN ANODONTA-GLOCHIDIA
BY N, N-DIALKYL-TRYPTAMINES, 5-METHOXY-TRYPTAMINE,
B-ADRENERG-ANTAGONISTS, COCAINE, SCOPOLAMINE
AND OTHER PHARMACONS
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Earlier it has been described by us that tryptamine, contrary to other
indole compounds, is a relatively selective activator of the adductor in
Anodonta-glochidia (LLABos et al. 1964; LABos, 1966). It was found also
that the most of the «- and f-adrenergic agonists and antagonists potentiate
the tryptamine rhythm, moreover dichloroisoproterenol (DCI) is solely able
to evoke rhythmic activity (LABos, 1966). On the basis of these facts tryp-
tamine was suspected as excitatory (LABOS et al. 1964) and some kind of adren
ergic substance as inhibitory and/or excitatory mediators in the chemical
control of adductor activity (LABos, 1966). This supposition was supported
by a chemical analysis according to which tryptamine and phenyl-alanine
have been found in the extracts gained from the whole glochidial organism
(S.-Rézsa and LABos, 1967). Electron microscopic observations of glochidia
have shown nerve endings containing dense core vesicula (Zs.-Nacy and
LABos, 1969), the connection of which to catecholamines and tryptamines
is presumed and disputed in molluse (DAHL et al. 1963; CorTRELL and LAVE-
RACK, 1968).

Tryptamine-sensitivity of the glochidia is variable, perhaps it is in con-
nection with ontogenesis (LABoS et al. 1964). However, it has become clear,
that certain non-specific factors able to modify the uptake and the effect of
drugs also have to be taken into account (LLABos and Luxacsovics, 1968).
Differences in the activiting effects of tryptamine, serotonin and different
alkyl-tryptamines often are explained by their different permeation (VAn®
et al. 1069; MARLEY and VANE, 1963; OFFENMEIER and ARIENS, 1966). In other
instances, the central excitatory effects of alkyl-tryptamines are considered
as specific (LessIN et al. 1965; Szara, 1964; GerscHON and BELL, 1963;
OFFENMEIER and ARIENS, 1966).

By all means, therefore, it seemd to be reasonable to extend the experi-
ments to substances with alkyl-indol-amine structure and of sympathetic
type. Thus, the pronethalol and propanolol appeared to be important as being
more selective-adrenolytic drugs as DCL (BrLack and STEPHENSON, 1962;
Kocu-WESER, 1964) and also the N,N-diethyl-tryptamine (DET) was chosen,
because it is one of the most complex central excitant indole-compound
(SzaraA, 1964). Among others, yohimbine (x-adrenolytic), cocaine (adrenaline-
sensistor) and scopolamine (cholinolytic) were tested. to get complementary
information to the pharmacology of glochidia.
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Methods

By a method which has been described elsewhere (LLABos et al. 1964;
LABos, 1966), groups consisting of 10—25 larvae have been gained from the
external gill of Anodonta were observed. We habe noted the number of rhyth-
mic contractions in each minute and the ratio of glochidia being in closed
state. The results were obtained from experiments (at least) on 100 animals
or they refer to 100 animals. The total number of the glochidia used for the
experiments was about 15.000. Only glochidia originating from the same popu-
lation and tested in the same day were taken for comparisons.

Lake water of Balaton (BW) or distilled water (DW) were utilized as sol-
vents. In general the concentrations of the applied materials refer to salts.

List of the applied substances: tryptamine HCL (TA Schuchardt), N,N-
diaethyltryptamine bioxalate (DET; Koch-Light), N,N-diaethyl (DET; Serva)
serotonin-creatinine-sulphate (5HT; Sandoz), N,N-dimethyl-tryptamine-H-
oxalate (DMT; EGA), 5-methoxytryptamine (5MeOTA; Mann Ltd), bufo-
tenine H oxalate (5-OH-DMT; Fluka), melatonin purum (Fluka), cocaine
HCl (Fluka), L-scopolamine (Fluka), atropin sulphate (Fluka), N-Br-methyl-
atropine, Halidor (EGYT-201; 1-benzyl-1-3’-di-methylamino-propoxy cyclo-
heptane), tetracaine HCl (EGYT), procaine HCL, ergometrine-H-tartarate
(BDH), papaverine HCl (EGYT), y-amino butirye acid (Reanal; GABA),
ergotoxine-methane-sulphonate (BDH), brom-lysergicacid-diethylamide (BOL-
148, Sandoz), methysergide (UML-491, Sandoz), yohimbine HCl (Merck),
chlorpromazine HCl (CPZ; EGYT), L-adrenaline-D-H-tartarate (EGA),
L-noradrenaline-bitartarate (Serva), dopamine HCl (DA; Sigma), DL-iso-
proterenol (IPNA; Fluka), tyramine HCl (Fluka), ephedrine sulphate, diben-
amine HCI, di-chloro-isoproterenole HCL (DCI, Eli et Co. Ltd.), alderlin HCI
(nethalide, pronethalol; Wilmslow Ltd) propranolol HCl (Inderal; ICI),
nicotinic acid, Vitamin B, pyrydoxale-5’-phosphate (Py-5'PO,; Sigma),
isonicotinicacid hydrazide (INH), iproniazide, actomol (ICI Ltd; Spinks and
Whittle, 1966) carbamide, LiCl (BDH), NaCl, CaCl,, MgCl,, NaN,, KCN,
2,4-DNP, ouabaine, «,x-dipirydyl (Chinoin), NaF, CdCl,, cyclic-3’,5’-adenosine
monophosphate dibutyrate (cAMP); Boehringer Co), catfeine, theophylline,
histamine HCI (Fluka), histidine, cystamine, acetylcholine Cl (Sandoz, ACh),
d-tubocurare (d-TC), nicotine tartarate, reserpine (NCCo).

Results

1. Effects of pronethalol, DCI and propranolol

Already in 50—100 uM concentrations, pronethalol evokes a detectable
rhythmic activity. Both in water of Balaton or distilled one, the activity
often reaches 500 cmp maximal frequency (Fig. 1). For higher concentra-
tions (250 uM) it was typical that the activity stops suddenly after about
5 min. In DW the response is more prolonged. A tonic closure was not char-
acteristic of a predominant majority of the populations even after applying
500 uM. However, sometimes such populations were found, which hardly
responded by rhythmic actvity and after a certain pause a closure has
taken place.
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The pattern of individual rhythm follows the reaction observable in
groups but there are glochidia whose maximal activity reaches a peak-
frequency of 40—60 cpm/glochidium for 1/2—2 min. It is often noticeable
that the maximal activity is followed by contractions organized in groups.

Approximately the same concentrations of DCI evoke a rhythm of similar
degree and time-course as those of pronethalol. The attainable peak-frequency

Fig. 1. Effect of pronethalol alone and in the presence of cCAMP and IPNA. 100—100
glochidia. The solvents are distilled water (5th diagram) or Balaton-water (1st—4th
diagrams)

Fig. 2. DCl-effects. 100—100 animals. Abscisse: concentration; ordinates: total number
of observed contractions (Aa), maximal frequency (amax, cpm), time required for closure
of 50 per cent (t50) and time of maximum frequency (t(amax))
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is 400—1000 cpm. The sudden stop of activity is more typical. Independently
from the rhythm following the stop by a considerable delay closure may appear
(Fig. 2). The time between the rhythm of maximal frequency and the closure
can be even 10—20 min. In the individual cases it could not be observed
that the activity of high frequency would damp gradually or by grouping
activity (that is by an appearance of pauses).

The effect of propanolol was tested by diluting the content of Inderal
ampoules. Dose-effect curves obtained in such a way did not deviate signific-
antly from that of the NaCl vehicle.

9. Effect of N,N-dialkyl-tryptamines, bufotenine and 5-methoxy-tryptamines

The oxalate salts of DET and DMT are ineffective. However, the base
of DET in saturated solution (~~2.5 mM) both in BW and DW causes tonus
of 100 per cent within 1 min (Fig. 3). The pH of this solution is between 7
and 8. In 0.25 mM of DET the tonus cannot yet be detected at all. For the
intermediated concentrations, it is typical that the tonus-curve runs through
a maximum (Fig. 3/1) and a rhythm also appears (Fig. 3/2). The maximal
frequency attainable in 0.4 mM at the 3rd—5th min. Its value generally is
below 200 cpm. In DW the rhythmic response is lower. In the individual
rhythm patterns constant intervals appear, sometimes very precisely. This
constant frequency is reached by monotonous acceleration which does not
always end in a similar decrease in speed.

In DW, by lower concentrations of 5-methoxy-tryptamine a quick
tonic closure can be elicited, almost without rhythmic activity. For example
250 uM leads to a closure of 50 per cent within 6 -7 min. These results are
different from those obtained in BW (LLABos, 1966) when we have been able
to elicit a rhythm of low frequency (< 150 cpm).

0.25mM 5 MeOTA

com C%
200 100 -
o
5 Me OTA
100 501 = =
1% A DET
0.45 mM \S
DET :, 3
A
0 - ¢
T T T T et T T
5 0 5 0 50 S00uM 25mM

Fig. 3. DET (QO) and 5-MeOTA ((3)) effects. 1. Tonus-time diagrams; 2. Frequency and
tonus-time diagrams; 3. Dose-response (tonus-ratio)-curves. 100-100 animals. Solvents:
lake-water (DET) and distilled water (5-MeOTA)
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Earlier it has been published by us that 150300 uM concentrations
of bufotenine, examining for 20 min, were not effective (LLABos, 1966). Because
of the effectiveness of DET a testing of higher concentrations for a longer
time of incubation seemed to be reasonable. Indeed, it has become clear
that already 160 uM can evoke a low-frequency rhythm, however only after
about 1 hour of incubation. But when the concentration has been increased
above 1 mM, the rhythmic activity was elicited in the 10th min, the frequency

cpm I

Fig. 4. Bufotenine-response. Frequency- and tonus-time diagrams. 100-100 animals.
Balaton-water

of which is near to that of the tryptamine. The required concentrations of
bufotenine are yet higher by 2 3 than those of the equipotent tryptamine
(LABOS et al. 1964; LABOS, 1966). Also a further difference is, that bufotenine

may lead to a closure of 100 per cent (Fig. 41). In lower concentrations the
closure-time curves have inflection or maximum.

3. Effects of cocaine, scopolamine, atropine, novatropine, yohimbine, ergo-
melrine, ergotoxine

Both cocaine and scopolamine evoke a considerable and long-lasting
rhythmic activity (Fig. 5, 6, and 7). Neither of them lead to tonus even in
very high doses. The contractions are more complete in scopolamine than in
cocaine, but in both compounds they become gradually of fibrillation-like.
L-scopolamine causes an increase of act1v1tv alreadv in 300 uM concentration.
In higher concentrations the rhythm is of lower frequency and ceases earlier
without any closing. A consequence of this that the dose-response curve
shows a maximum. The threshold concentration of cocaine is about 150 uM.
However its dose-response curve is similar to that of the scopolamine ( Fig. 5).
The maximum of cocaine-curve is at 700 M and that of the scopolamine
s at 1600 uM. These values refer to BW. In DW a shift to right is observable.
The dose-effect curve of atropine is comparable with those of the cocaine and
scopolamine, except that its maximum is significantly lower than those of the
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former ones. For the position or amplitude of dose-response curve-maxima
the following is valid, respectively (Fig. 5):

cocaine << atropine <C scopolamine
or cocaine, scopolamine > atropine

The effect of atropine cannot be influenced by ACh.
In experiments for 50 min, novatropine is not effective even in con-
centrations above 1 mM.

Fig. 5. Cocaine (CO), scopolamine (SC) and atropine (A) dose-effect curves.

Abscisse: concentration (mM base); ordinate : number of produced rhythmic contractions
in a given period. Summation has been carried out for 40, 80 and 20 min for the three
drugs respectively, as it was necessary. Each points: 100 glochidia. Solvent: Balaton-water

Both in cocaine and scopolamine the time course of the individual
patterns are rather variable. In lower concentrations, the rhythm accelerates
gradually but slows down periodically. The periodicity of the slowing down
is often very definite and even during observations of groups is detectable.
Contractions organized in bursts or recurring in precise intervals have been
observed only in cocaine. The scopolamine rhythm includes periods of less
exact and its periodic modulation is less explicit.

250 —500 uM yohimbine evokes a low-frequency rhythm, a tonus run-
ning through a maximum. Ergotoxine evokes a tonus while ergometrine does
a rhythm of low frequency (Fig. §).
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Fig. 6. Noradrenalin on scopolamine rhythm. 100-100 animals. 1. 1 mg/ml L-scopolamine;
2. 1 mg/ml L-scopolamine - 100 ug/ml noraderenaline; 3. 500 ug/ml scopolamine
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Fig. 7. Susceptibility of cocaine-response. Frequency-time curves. 100-100 animals.
Balaton-water. ¢ = cocaine; DB = dibenamine; EPH = ephedrine; DA = dopamine;
A = adrenaline; TPNA = isoproterenol; cAMP = cyclic AMP; TY = tyramine
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C%

Fig. 8. Yohimbine, ergometrine, procaine and tatracaine effects
Frequency and tonus-time curves. 100-100 animals

4. Effects of scopolamine and cocaine in the presence of sympathomimetica,
cAMP and dibenamine. Influence of reserpine preincubation

The effects of 200 ug/ml cocaine and 1 mg/ml scopolamine are inhibited
by 100—200 pg/ml dibenamine and IPNA. The cocaine effect is more or less
potentiated in the presence of 100—200 ug/ml adrenaline, noradrenaline,
tyramine, dopamine, ephedrine and 200 —400 ug/ml cAMP (Fig. 7). The effect
of 1 mg/ml scopolamine is not potentiated by adrenaline, dopamine and
ephedrine. However, the potentiation by cAMP is of small degree and the
scopolamine-effect is significantly prolonged by noradrenaline (Fig. 6).

A preincubation in 10—20 ug/ml reserpine is not showing any influence
on the DCI or pronethalol effect. A slicht inhibition was observed only in
cocaine at certain populations. This inhibition is present in the later period
of activation (Fig. 9).

5. Susceptibility of DCI-response. Pronethanol rhythm in cAMP and pyri-
dozale-5’-phosphate

We attempted to influence the rhythm evoked by 150—600 uM DCI,
applying different substances in 10—200 ug/ml concentrations. This rhythm,
as taking place in a relatively short period, is suitable to test on it a lot of
different substances within a reasonable time. The experiments were carried
out with 100—100 animals for 10 min.

The following compounds has been proved to be ineffective or a slightly
potentiating (20 per cent) on DCI: ACh, atropine, nicotine, dopamine,
adrenaline, ephedrine, INH, tyramine, cystamine, GABA, ouabaine, CaCl..
carbamide, creatinine.
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Fig. 9. Reserpine preincubation on the cocaine-rhythm. 100-100 animals. 200 ug/ml
cocaine; 50 ug/ml reserpine preincubation for 3 hours. Solvent: Balaton-water

wm
- 1000
> — 25.ug/ml ALDERLIN

25 ug/ml ALDERLIN
250 ug/ m! PY5'PO4

19 min
Fig. 10, DCILand pronethalol-rhythm in pyridoxale-5’-phosphate. Frequency-time curves.
100-100 animals. Balaton-water
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Inhibition of low degree on DCI-effect (30 50 per cent decrease) has
been observed in: tryptamine, DMT, noradrenaline, IPNA, dibenamie, CPZ,
ergometrine, histidin, NaCl (< 10 mM), actomol, iproniazid, MgCl, (< 10
mM), creatine. Considerably inhibitory substances are the following (more
than 80 per cent inhibition): vitamin Bg, pyridoxale-5’-phosphate (see also
for pronethalol in Fig. 10) nicotinic acid, histamine, papaverine, theophyllin,
caffeine, 5HT, bufotenine, BOL-148, UML-491, NaF, NaN,, 2,4-DNP, CdCl,,
KCN, LiCl (10 mM).

A small potentiation was found in a mixture of DCI and 1 mM cAMP.
ATP, ADP, AMP have similar effects. The same phenomenon can be observed
also when pronethalol and cAMP are mixed.

Pronethalol-effect has not yet been tested by other substances.

6. Effects of EGYT-201, procaine and tetracaine (Fig. 8 and 11 )

Depending on the concentration, EGYT-201 causes a rhythmic activity
of high frequency taking place within 1 —10 min. After the rhythm the larvae
rest in opened state. The rhythm of peak frequency is noticeable at 100—
200 uM. The tryptamin rhythm is considerably inhibited by this substance.

com e

Fig. 11. Effects of EGYT—201. A — dose-response curves in Balaton (1) and in distilled
water (2); B — frequency-time curves (Balaton-water); C — inhibition of tryptamine-
rhythm (Balaton-water)

|
i !

In 0.45 oreven in 4.5 mM concentrations, the local anaesthetics do not evoke
rhythmic activity of high degree. In similar .concentrations, the f-blocking
substances or the tropeine compounds can elicit an activity of 5—20 higher
frequency. In Fig. § the effect of high concentrations of procaine or tetracaine
are demonstrated. A closure of low degree and a negligible rhythmic activity
is typical (see T'able 1 and Fig. §). : :



TABLE 1

DCI e 10 500 late 2 000 1000 3—10 short, high sudden stop

Pronethalol 0 350 late 3000 500—800 5—15 short, high  clock-like accuracy of intervals,
later periodic

Cocaine .......... 150 600 0 15 000 500—1000 10—35 long, high clock-like accuracy of intervals,
later bursts

Scopolamine ... 350 1700 0 15 000 500-1000 10—80 long, high slightly periodic

Atropine ... 150 1000 0 4 500 500—700 5—20 medium,high irregular

Yohimbine......... two phases ~100 <50 5—10 very low 0

Ergometrine ... 0 400 100 5—10 very low 0

DET . 350 1000  two phases 2 000 200 10—15 low clock-like accuracy

5MeOTA ... 150 240 sudden 0 0 3—10 0 0

Bufotenine......... 150 1000 synchron 6 000 600 15—80 high regular

EGYT-201_ 20 100 late 1700 800 3—10 short short-lasting, regular

Procaine............. low 0 1 0 0

Tetracaine low 50 5 very small 0

Tryptamine ... 10 500 0 4 000 1000 5—50 high regular

Explanations see in the text and legenda
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Discussion

Before analyzing the possible specific effects of the tested substances
we have to discuss the most important phenomena regarded to be non-specific.

As cocaine, yohimbine, atropine, ephedrine and EGYT-201 have an
accessory effect of local anaesthetic (HauscHILD, 1961, p. 698), this possibility
seems to be important. As that the true local anaesthetica are not activator
(Fig. §), for this reason the activator effects cannot be considered as coming
from such a property of the compounds even in the case of EGYT-201 which
proved to be a potent local anaesthetic agent on Anodonta nerve (unpublished).
Exclusively the cessation of the rhythm and perhaps the late and not con-
sequent tonus evoked by pronethalol may originate from this. However, the
descending parts of the dose-response and those of the frequency-time curves of
cocaine, scopolamine or atropine may originate from a conduction block
as well.

One may interpret the non specific origin for example as a “general memb-
rane activation”. But this term is too much undifferentiated and the fact that
the effects are generally distinguishable from each other contradicts this pos-
sibility (7Table 1). Therefore, their points of attack may be different in the
different groups of substance (cocaine-scopolamine-atropine or DCI-pro-
nethalol). During the experiments showing the heterogenous susceptibility of
DCl-effect, several sympathetic pharmacons have proved to be more or less
effective as potentiating or inhibitory agents.

These facts require to discuss the question of specificity for DCI and
pronethalol in detail and also for similar reasons the possible effects of cocaine,
scopolamine and atropine have to be raised and discussed as well.

As two of the examined B-antagonists (DCI and pronethalol) cause
rhythmic activity ending by a relatively sudden stop without closure we do
not think that the possibility of an adrenergic control (LLABos, 1966) may be
out of question when considering these factors playing a role in the adductor
activity. The effect of propranolol in NaCl-milieu cannot be compared to these
effects as simply attributed to the different conditions. Consequently further
experiments are desirable.

It is known that DCI and pronethalol have properties of f-agonists
(PowerL and SLATER, 1958; Brack and StepHENSON, 1962; KocH-WESER,
1964; Broom and GorLpmAN, 1966; Ariens, 1967). For this reason it is dif-
ficult to decide whether the observed activity — if it is specific — is a con-
sequence of a f-agonist or f#-antagonists property. The IPNA itself is not an
activator but it inhibits the DCI rhythm (LABos, 1966). Applying solely,
cAMP is also ineffective, nevertheless, it potentiates slightly the effects of
DCT and pronethalol. However this latter fact have to be considered as non-
specific for cAMP, in accord with the observations of Kim et al. (1968),
that AMP, ADP and ATP also can elicit similar effects. All these circum-
stances support an interpretation that the effects would originate — if they
are specific — from “antagonist-activation”. This would correspond with the
findings of PowrLrL and SraTer (1958) concerning DCI and with the
AnLQuisT’s definition (1948) of the f-agonist which includes inhibitory effect.

The specificity concerning the influences evoked by different substances
on DCI rhythm can be proved only by a quantitative method, testing the
competitive mode of interrelations which may be a severe criterium (ARIENS,
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1967) for each substances separately. Nevertheless, it is presumable, that
IPNA inhibits the DCI response acting at the same point, where DCI evokes
its effect. On the other hand, the non-competitive character (as an aspect of
non-specificity) is evident for several substances (for example indole-com-
pounds, metabolic inhibitors, cations, etc. . ..) influencing the DCI-response.

The activation evoked by the cholinolytic L- scopolamine which lasts
for an exceptionally long time and is of high frequency is conspicious. It has
been noticed before that atropine also causes a rhythmic response but this
has considerably lower frequency (LABOs et al. 1964). A comparison of the
dose-response curves in Fig. 5 supports this observation. In higher animals
scopolamine is mainly but not always (Mgmgs, 1927), tranquillant and
atropine is excitant (BrRaADLEY and ErLkEes, 1953; Forrez, 1951; RiNaLDI
and HimvwicH, 1955; RinaLpi, 1965; ISBELL et al. 1964; WADA et al.1963).

As cocaine, scopolamine and atropine have similar structure and cocaine
is adrenomimetic agent it may be raised that the effect of these drugs somehow
is related to the prcsumed adrenergic control, because their local “anaesthetic
and cholinolytic activator effects are less probable or even can be excluded.

This is not surprizing for cocaine, but scopolamine or atropine are general-
ly not considered as agents with direct sympathomimetic effect. However in
our case the cholinergic control is not probable (LABos et al. 1964; LABOS,
1966). This is supported also by the fact, that ACh does not inhibit the atropine-
rhythm. On the other hand we must take into account that quaterner sub-
stances as ACh or novatropine may be ineffective because of their retarded
permeation. Finally the sympathomimetic effect is just which cannot be
excluded in interpreting the effect of the three tropeine-like pharmacons.
Whether these effects are really sympathomimetic or other receptors being
able to respond to these agents are responsible — it is an open question.

It is interesting to consider a recent paper of KALSNER and NICKERSON
(1969). They explain the cocaine-potentiation of responses to amines by a
direct hyperresponsive influence of cocaine on the effectors which is not
related to uptake or storage of amines and at the same time the potentiation
deviates from the procaine-like properties of cocaine. A possibility of a purely
pharmacological interpretation without any endogenoussympathetic or adrenerg
system is also possible.

The presence of an “‘adrenergic” control may be supported by the
results showing that dibenamine, IPNA and perhapsreserpine inhibit the cocaine
rhythm. But there are differences between scopolamine and cocaine concerning
to the potentiation of their effects by catecholamines and ephedrine. These
differences may be in connection also with the high concentrations of scopol-
amine required to attain an equipotent effect with cocaine (Fig. 5)

It is more difficult to make these activating and potentiating effects
consistent with the similar activating character of DCI and proncthalol It is
not impossible that an undiffer entiated receptor system plays a role in the
two groups of phenomenon. This is supported by the inhibition of cocaine-
rhythm by dibenamine and IPNA and also by its potentiation by adrenaline,
dopamine, noradrenaline, tyramine, ephedrine. In this respect numerous
examples are known from the literature when «- and f$-effects cannot be well
distinguished (Ariens, 1967; PariL et al. 1968; Govier, 1968; LABos, 1966).
Furthermore the fact that ine‘fective sympathomimetics (for example ephed-
rine) are of MAO-inhibitor and are able to prolonge the effect of others

5#
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(MnHES, 1927) also may be responsible for potentiations. On the other
hand certain metabolites or metabolic inhibitors (nicotinic acid, vitamin Bg,
INH, iproniazide, actomol, pyridoxale-5’-phosphate) are more or less effective
on the DCI or pronethalol rhythm. An interpretation of such phenomena is
rather complex, as for example, f-adrenolytic drugs also can inhibit MAO
(GrEEF and WAGNER, 1966).

Connection of the activations with an adenyl-cyclase system (BUEDING
et al. 1966; BrLoom and GorpMaN, 1966) does not seem to be close if it exists
at all, as cAMP effect is of small degree.

The hallucinogen and central excitant DET and bufotenine (Szara,
1964; LEssIN et al. 1965; DowNING, 1964) are activators as it has been expected.
It must be mentioned that besides the specific differences in the effects of
indole compounds or their different permeation (VANE et al. 1960; WooLey
and SHAW, 1962; MARLEY and VANE, 1967) — because of the ineffectivity
of DMT and DET-oxalate — disturbing influence of counter-anion may also
play a role. Numerous examples have been given here that even the solvent
itself is not neutral. Thus, the distilled and Balaton-water have different
influences on the effects of drug. The latter is rich in ions and it is possible
that different cations are responsible for the observed differences.

Summary

Effects of activator substances were compared which elicit rhythmic or
tonic adductor activity of Anodonta glochidia (see T'able 1).

It can be stated that:

1. DCI and pronethalol evoke a rhythm in 100 uM concentration cessing
suddenly. A late tonus was observed independent from the rhythm. Propanolol
in NaCl does not evoke proper rhythmic activity.

2. DET leads to rhythm and a tonus of medium degree; 5-MeOTA
evokes tonus almost without rhythm. Bufotenine in 1 mM concentration
elicits a rhythm of high frequency.

3. The rhythm evoked by DCI can be influenced by indole compounds,
secale-alkaloids, metabolic inhibitors (KCN, NaN,, 24-DNP), cations
(Na+, Lit, Ca?*). Typical inhibitions are caused by pyridoxale-5’-phosphate.
nicotinic acid, vitamin By, INH and actomol. The cAMP potentiates slightly.

4. Cocaine evokes in 100—2000 uM concentrations a high frequency
rhythm which is sometimes periodic; maximal activity is at 600 uM.

5. Scopolamine can produces a long-lasting rhythm (80 min). It is
effective in 5005000 uM concentration; maximum is at 1700 pM.

6. IPNA and dibenamine inhibits, 0.5—-1 mM cAMP and catechol-
amines (~0.5 mM) potentiates the cocaine- or scopolamine-effects. A reserpine-
preincubation slightly inhibits the late phase of cocaine-effect. -

7. Yohimbine and ergometrine causes a low-frequency rhythm; the latter
evokes a transient tonic closure as well.

8. EGYT-201 (spasmolyticum and local anaestheticum) elicits a short-
lasting and very frequent rhythmic activity. True local anaesthetica (pro-
caine and tetracaine) do not activate.
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N, N-DIALKIL TRIPTAMINOK, 5-METOXI-TRIPTAMIN, 8-ADRENERG-
ANTAGONISTAK, KOKAIN, SZKOPOLAMIN ES EGYEB FARMAKONOK
AKTIVALO HATASA
ANODONTA-GLOCHIDIUMOK ZAROIZOM-TEVEKENYSEGERE

Labos Elemér

Osszefoglalas

Anodonta glochidiumok ritmusos és ténusos zardizom-tevékenységét aktivald
anyagok hatdsdt hasonlitottuk o6ssze. Megallapitottuk, hogy

1. a DCI és nethalide 100 M koncentraciéban dltaliban hirtelen ledllé magas frekvencidja
ritmikus vélaszt vdltanak ki; ténust nem észleltiink;

2. a DET ritmikus vélaszt és kozepes fokt ténust hoz létre, mig az 5MeOTA ténust és igen
kisfokt ritmust okoz. A bufotenin 1 mM koncentriciéban igen nagy frekvenciaja
ritmust valt ki;

3.a DCI és Alderlin-ritmus befolydsolhat6é indolvézas vegyiiletekkel, anyarozs-alkaloi-
dékkal, anyageseregdtlokkal (KCN, NaN,, 2,4-DNP), kationokkal (Na*, Li*, Ca*").
Jellegzetes gétldst piridoxdl-5’foszfat, nikotinsav okoz a Bg-vitamin és INH. A ¢cAMP
kissé potenciroz;

4. a kokainnal 50—2000 ug/ml koncentraciéban magas frekvencidju — esetenként
periodikus — ritmikus tevékenységet lehet kivdltani; maximaélis tevékenység 700
uM-ndl észlelhetd;

5. a szkopolamin igen hosszan (80 perc) elnyl6, magas frekvencidgju ritmust hoz létre
200—2000 ug/ml koncentraciéban; maximélis a ritmus 1,6 mM-nél;

6. IPNA és dibenamin gédtolja, 200—400 pg/ml cAMP és katecholaminok (100 ug/ml) dlta-
laban fokozzak (egyes esetekben hatdstalanok) a kokain és szkopolamin hatdsét.
Reszerpin-el6inkubécié gétolja a kokain-hatdst;

7. a yohimbin, ergometrin alacsony frekvencidji ritmust okoz; elébbi dtmeneti ténusos
zarast is kivalt;

8. az EGYT—201 (spazmolitikum és lokalanesztetikum) rovid lefolydst igen magas
frekvencidju ritmikus aktivitdst valt ki.
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BO3BYXIAILIEE BO3AENCTBME N—N AWANKWA TPUMNTAMUHOB,
5-METOKCUTPUMTAMUHA, "-AOQPEHEPTMYECKWNX AHTATOHUNCTOB, KOKANHA,
CKOMONAMUVHA N OPYTUX ®APMAKOJIOTMYECKNX BEWECTB HA
AKTUBHOCTb 3AMUPATESIbHOW MblLLbI FTIOXUAMEB BE33YBKW

3. Naboww
-y

Bosbyxgatolee eiicTBMe BELIECTB ObIIO CPABHEHO B OTHOLUEHWM TOHWUYECKOWA U pUTMU-
uecKoi AeHTeﬂbHOCTeM rnoxvigves 6e33y6ku. Bbino ycTaHOBNEHO, YTO:

1 AUl v Hedanng B KoHueHTpaummn 100 //M Bbi3blBAKOT 6bICTPO Pa3BUBAIOLLNIACA PUTMU-
YECKI OTBET BbICOKOIA YaCTOTbI. Habniofaetca 1 NosHWiA, He3aBUCALLNIA OT PUTMA TOHYC.

2. QET BbI3biBaET PUTMUYECKYIO PEaKLMIO N TOHYC CpPeaHeli BeNMYHbI, a 5-MeToKCUTpun-
TaMWH BbI3bIBAET TOHYC U cnaboe yBenmyeHne putma. BypoTeHH B KOHLEHTpauum | UM Bbi3bl-
BaeT PUTM BbICOKOI YacTarbl.

3. PUTM BbI3BaHHbI Mog BavsHuem [LIL w angepnvHa BUAOW3MEHSIETCA NpU Jade
VHOO/MbHBIX COEAMHEHWUI, alKanongoB, CropbiHbbl, WHXM6UTOPOB 0bmeHa BellecTB (KCN,
NaN3 2,4-DNP) u katuoHoB (Na+, Li+, Ca)). XapakTepHOe TOPMOXeHWe HacTynano nofg
[eicTBMeM nmpugokcan-5-goctara, HUKOTMHOBOM KUC/OThbI, BUTaMmmHa 656 INH n aktomona.
LimknnuHblli AT® HekoTopoe ycuneHue OTBeTa.

4. KokanH B KOHUeHTpaumm 50—2000 /n/Mn BbI3bIBAET PUTMUYECKYIO AeATeNlbHOCTb
BbICOKOI YacTaTbl ¥ MIHOTAa-NepuoAMNYEeCKYO0 PeaKLMIO; MakCUMabHbIA 3geKT b1 perncTpupo-
BaH npu 700 /.

5. CKOMOMamMnH BbI3bIBAET PUTM BbICOKOW 4acTOTbl M NPOAO/KMTENbHOCTM (80 MuH) B
KOHUeHTpauuyn 200—2000 //r/mn; MakcumanbHOe yBennyeHve puTMa Habnoganocb B KOHLEH-
Tpauun 1,6 MM.

6. VlsonponmnHopa,quHanMH N anbeHaMUH TOPMO3AT, LMKAWYHbIA AT® (200—400
/lr/mn) n kaTekonamuHbl («4,00 //r/mn) BoobLe yBeNnMUMBaKOT 3P(EKT KOKaMHA U CKOMoMamuHa,
UNn nHorga HeahpekTnBHbl. O6paboTKa pe3epnnHOM NPefoTBPALLAET MO3AHION CTaAunto eq)qJeKTa
KOKauHa.

7. VIOXMHOWH 11 3prOMETPMH BbI3bIBAOT PUTM HU3KOM YacCTOThbl. [1epBoe 13 HNX BbI3bIBAET U
BPEMEHHOE TOHWYECKOE 3aKpblBaHUe.

8. EGYT—201 (cna3monmMTUYecKoe 1 NoKanaHacTeTUYeCcKoe CpeACTBO) BbI3blBaeT KpaT-
KOBPEMEHHY0 PUTMUYECKYHD aKTUBHOCTb OYeHb BbICOKOW YacTOTbl.
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The law of initial value (L.LV.) was formulated firstly by WiLpEr
(1931) and describes correlations between the initial value of a biological
parameter and its change after stimulation. It shows also that on repeating
a stimulus, its effect becomes less and less; and when the system is unbalanced,
its behaviour is often oscillatory (WILDER, 1962; SOLLBERGER, 1965).

It had been observed earlier, that when the cerebrovisceral-connectives
(CVe) of Anodonta are excited, the responses of the posterior adductor muscle
(PAM) are variable, even when the stimulus parameters are constant. In such
cases the parameters of the response seem to be influenced by the initial
muscle-length, its eventual change in a given direction, previous stimulation
and the phase of the periodic activity (SALANKI and LABos, 1963).

After stimulating the CVe, the adductor muscle in many instances,
performs rhythmic contractions and approaches the initial or a new tonus
level. Such homeostatic or servomechanism properties are characteristic of a
system which follows the I.I.V. (SOLLBERGER, 1965). Because of this close
analogy, a systematic and more exact analysis of the related phenomena was
considered desirable.

Methods

Both spontaneous and evoked contractions and relaxations of the fresh-
water mussel’s (Anodonta cygnea 1..) posterior adductor muscle (PAM) were
recorded and analysed. The animal was taken out of the water and the
anterior and posterior adductors were disconnected mechanically as described
carlier (SALANKI and LABosS, 1963). One of the shells was fixed while the other
was connected to a lever, recording the muscle displacement on a kymograph.
The muscle was loaded only by the force of the ligament (~0.5 kg) connecting
the two shells.

Evoked contractions were elicited by stimulation of the cerebro-visceral
connective (CVe) with square pulses. The electrodes were placed in the middle
of the uninjured nerve.

A given level on the kymograph records (Fig. 1) represents an actual
muscle-length (1). The level representing the muscle-length when the shells
are closed is designated with 1,. The value |, is the shortest under the experi-

* Present address: Dept. of Physiology, The Medical School, The University
Manchester M13 9PL UK.
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mental conditions, as further contraction is prevented by the apposition of the
shell margins. The level 1 can be measured as the deviation from 1, that is
by (1 — 1y)-

The size of contraction (¢) was measured at its maximum, while that
of the relaxation (rT) at a given time (T) after the onset of stimulation. The
values of “¢’’ are given in arbitrary units which are the same for each experi-
ment.

Fig. 1. Experimental arrangement and designations
1 — mussel; 2 — posterior adductor muscle (PAM); 3 — ligament; 4 — lever recording
displacements; 5 — records; 1, = musecle length at closure of the shells; 1, = maximal
length of PA\[ 1 = an actual musele length; ¢ = amplitude of contraction; T = time
after stimulus- -onset; rp = effective relaxation below initial level at T moment

Results

1. The dependence of the amplitude of evoked contractions on the initial length
of the muscle

As the PAM is a mixed tonic and phasic muscle, it can work at dif-
ferent lengths and after spontaneous rhythmic contractions is able to return
to the actual working level. The contractions represent an increase in the
muscle tension, as at shorter muscle length the load is represented by the
increased tension of the ligament, which is higher. For this reason both steady
state muscle length and tension vary from animal to animal, as do the temporal
relations as well. Their levels influence the size and time course of the spon-
taneous or evoked phasic contractions and relaxations.

On stimulating the CVe by uniform trains of pulses, the evoked con-
traction is smaller if the initial level of tonus is higher i.e. when the initial
muscle length is shorter. This correlation is always close. In Fig. 2 the tvpxcal
negative linear correlation is demonstrated by line A. Its linearity is equi-
valent to the following law: the steady state amplitude (c) of the evoked
contraction is always a constant ratio of the maximal response that could be
elicited at the given muscle length. In the demonstrated case (A on Fig. 2
the slope-parameter of the regression line is 0.53. In short experiments this
ratio (k) is constant for a given animal, but it deviates with different animals
and depends on the parameters of the stimulus. The average of k calculated
from data of 20 animals was 0.50 ++ 0.19 (mean -+ s.d.) being 0.10 and 0.95
the extreme values. The stimulus-parameters were: 4 msec, 8 cps, 20 V, 60 sec.
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Fig. 2. Conctractions (¢) and relaxations (rp) are plotted against initial level (1—1,)
A—c~053.-1—1); B —rp~—088-(1—1,)

Coefficients of correlation are near to -1, resp. The origin means 1; and the abscisse is

intersected by ry line at 1,,y. The two further lines follow slopes of -4-1 (45°) and represent

the maximal possible contractions and relaxations in the actual case. Parameters of
stimulus-train: 20 volts, 4 msec, 8 cps, 60 sec

2. The dependence of the amount of relaxation following evoked contractions,
on initial muscle-length

In cases when the relaxation period was not interrupted by spontaneous
contractions a clear dependence of the size of relaxation on the initial muscle
length was found (B-line in Fig. 2). The size of relaxation increases with increas-
ing initial tonus level, that is with decreasing initial length of the muscle.
This linearity represents a similar law as that was described for the contrac-
tions, however the linearity of this dependence is not always so strict as that
of the contraction-response.

3. The differences in the magnitude of contraction evoked at a constant length
of the muscle

When the CVe is repeatedly stimulated at a constant muscle length,
the evoked contractions are still not uniform. #ig. 3 shows that the amplitudes
of the successive responses elicited by identical trains of pulse at a medium
level of length (or tonus) decrease successively. The steady state magnitude
of the n-th response (c,) is proportional to that of the first one (¢,) and
nearly exponentially decreases with the sequence number of repeated stimuli
(Fig. 44).

The time-intervals between the successive contractions in Fig. 3 are
determined by the returning to the initial muscle length. If these intervals
(7,) were measured and plotted against the amplitude of the following con-
tractions (c,,,) a correlation with a linear section was found (Fig. 4B).
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Fig. 3. Responses of PAM. The stimuli to CVe were applied at the moments when the
length ofrelaxing muscle reached a certain, constant value (horizontal line on the figure).
Time-scale 60 sec. Parameters of stimulus-train. 10 volts, 4 msec, 8 cps, 30 sec

Fig. 4. A — Logarithms of amplitudes of evoked contractions (log cn) are plotted against
the sequence number (n) of successive stimulus trains. Data are taken from Fig. 3.
The regression-line represents an equations cn~ c0 e« exp (—0.16 « n). Coefficient of
correlation r 0.9. — B Recurring times (rn) are plotted against the relative amplitude
ofn 1-th response (cn+l). Approximation oflinear part:

rn~ 1.95- 1#A -f-0.68 (min)
(@)

4. Oscillatory after-effect

In general the prepared PAM may contract rhythmically with very
different average frequencies (5—60 cph); and on stimulating the CVv, its
evoked response consists of contraction and relaxation, often below the initial
level. Depending on the stimulus strength and the initial muscle length, the
PAM may become more or less relaxed, than it was before stimulation.

In a number of instances the evoked response is followed by a series
of rhythmic contractions; whose frequency and amplitude is higher than
during the control period. The time course of these oscillatory after-effects
is variable. The tonus may return to the original or to a new steady level
finally (Fig. 5a—j).

The trend of the change in tonus depends on the ratio of the amplitudes
of contractions and subsequent relaxations and on the frequency of after-
oscillation as well. When relaxations are less than the contractions (Fig.



dc, h) or absent (Fig. 5d) the tonus increases. The high frequency of the
rhythm is favourable to a higher tonus because the contractions following
each other in short intervals interrupt the actual relaxation (Fig. e, g). The

Fig. 5. Different cases of evoked after-oscillations taken from three different animals

(a; b—d; 4—j). Parameters of stimuli to CVe: 10 V, 4 msec, 8 cps, 20 sec. The onset of

stimulations is marked by arrows. Horizontal lines show the same length of muscle.
Time-scale of b is valid for ¢—j as well

Fig. 6. Correlation between the size of phasic, evoked after-contractions (¢) and the level
of muscle length (1 — 1,) from that they were starting. The regression line is ¢ ~ 0.94 -
- (1 —1y). Coefficient of correlation r > 0.9

evoked oscillation starts usually after a latent period. Its frequency decreases,
but sometimes in a short initial period a slight increase is observable (Fig.
Sa, h, ).

T{m amplitudes of spontaneous oscillatory contractions bear a relation
to the tonus level from which they start. The higher the initial level, the
smaller the amplitude. The function is fairly linear at most values of the initial
tonus (Fig. 6). In the cases analyzed in detail (8 animals) the constant of
L.IV. was k = 0.68 4~ 0.11 (mean 4 s.d.; 0.28 — 1.00).
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The first few contractions (and its K-value) sometimes do not decrease
notwithstanding the increasing initial level (Fig. 6a).

The oscillatory after-effect evoked by repeated stimulation becomes,
step by step, less oscillatory (Fig. 7). In this case the decreasing number of
contractions after four successive stimulations were 17—7/—3—0. In general

Fig. 7. Adaptivity of after-oscillation. The repeated stimulation abolish the after-effect-
The horizontal lines show the reference-level. The onset of stimulation marked arrows-
Parameters of stimulus-trains: 20 V, 4 msec, 8 eps, 60 see. Time mark: 60 sec

Fig. S. The length of successive time intervals between the evoked after-oscillations are

plotted against their sequence-number. A — CVc is intact; B — The same plot but

after cutting the CVc After A an interval of about 30 min was left to pass. Parameters
of stimulations: 10 V, 4 msec, 8 cps, 60 sec
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after a few stimuli the oscillations are abolished. It is possible to subsequently
elicit a steplike increase of tonus by mechanically stimulating the syphon.
The previously abolished oscillation can be seen yet again.

The frequency of after-oscillations changes considerably when the con-
nection of CVe with the cerebral ganglia is cut. In Fig. 8 the successive inter-
vals between the rhythmic contractions of after-oscillation are plotted against
their sequence number. Fig. 84 shows the control, where the decrease of fre-
quency is well shown. Immediately after cutting the CVe, the cut end was
stimulated by the same stimulus used in the control. The intervals between
the evoked oscillatory after-contractions are demonstrated in Fig. §B. It can
be seen, that the frequency is decreased and its trend is less than in the
control.

5. L.1.V. for spontaneous conlractions at the end of the active period

The adductor muscles of Anodonta undergo alternating periods of
activity and inactivity. During activity the muscles are partially relaxed and
rhythmic contractions are observed. Towards the end of an active period
characteristic contractions appear. These manifest themselves as adductions
of decreasing amplitude. It was found that the amplitude decreases with the
decreasing initial legth of muscle. This correlation proved to be linear except
for contractions starting at very high tonus levels (Fig. 94 ). In the example
shown the constant of L.I.V. is 0.58.

10 20° 3040 50.60 70 80

Fig. 9. The amplitude of contractions (¢) are plotted against the initial muscle length
(1 —1,). L.IV. for A — spontaneous catch-contractions; B — evoked aperiodic response;
C — after-oscillations
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The described linearities in sections 1, 4 and 5 are not valid at extremely
high or low initial levels, where a decrease of the constant k was found (Fig.
9A). Similar non-linearity occurred also in case of evoked contractions (Fig.
9B) and oscillatory after-effect (Fig. 9C) at extreme initial values.

When contractions of a whole active period were analyzed, a more
complex phenomenon was found. The plot of amplitudes of consecutive con-
tractions (c) against the initial muscle length (1 — 10) does not follow a single
line but describe a loop (Fig. 10), which can not be characterized by a single K

Cc

Fig. 10. Plot of all phasic contraction-amplitudes (c) observed in a whole active period

of an animal against the level at that they start (1 — 1,). The linear parts represent a

L.I.V. with constant k. It is observed that during an active period an inhomogeneous
cycle of L.I.V. — variation takes place

value. The arrows starting from and returning to the point corresponding to
the shortest muscle length approximately follows the consecutive contrac-
tions. Some contractions are out of the main loop but they seem to form organ-
ized pattern.

Discussion

The L.1.V. applied here for evoked aperiodic or oscillating phasic con-
tractions, for the spontaneous closing contractions and for relaxations can be
written in a general form:

Al~ K s(l—1)

when 1is not extreme in value.

Concerning the origin of this law the following can be stated. In situ
the adductors are stretched by the force of the elastic ligament connecting
the two shells. When the shells are more closed by the shortening of the muscle,
this force is greater. A given extension of the ligament can be evoked by a
force being nearIK proportional to its deformation (extension and/or com-
pression; unpublished). Therefore a tension-increase in the muscle proportional
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to the magnitude of contraction must be produced during the shortening.
Thus the L.I.V. is equivalent to a length-active tension or to a load-active
tension diagram. In such a way the muscle is not working isotonically but
against a nearly linearly increasing load.

A source of the observed differences in the responses of the adductors
when Stlmulatmg at different initial length with identical stimuli (SALANKI
and LABos, 1963) has been found mainly in the above described length-tension-
correlation.

The L.LV. for artifical stimulation is seen to be valid when applying
the same stimulus. As the same law is valid for either spontaneous or evoked
oscillatory, free running contractions, a conclusion is suggested that these
actions must be generated by the excitation of same magnitude of the inner-

vating centres. On the other ‘hand, when the contractions of the same muscle
working spontaneously cannot be described by a single k value (#ig. 10),
different level of nervous excitation must be supposed. In this manner the k
of L.I.V. can give information about the excitation running out from ganglia
towards the muscle.

The 1..I.V. of relaxation can be interpreted also by taking into account
the tension of hgament At lower initial muscle-length, when the loading
force of ligament is higher, the relaxation under the initial level is proportion-
ally higher (Fig. 2B). Nevertheless by this explanation the differences in
the final relaxation level can not understood. For this reason during the relaxa-
tion-process intrinsic changes of the mechanical properties of muscle must
be taken into consideration as well.

Phenomena demonstrated in Fig. 3 and 4 clearly show that the explored
L.1.V. is not valid when the stimulation is too frequent. In such a case a decrease
of k value was observed. It could be considered as a result of the accumulative
effect of previous stimuli and/or as a dependency on the initial speed of
relaxation.

Systems studied by basimetry show all the phenomena observed in the
behavior of Anodonta adductor:

law of initial value (Fig. 2, 9)

law of initial speed (Fig. 3)

oscillatory behavior after disturbing (Fig. 5)

adaptivity of oscillatory behaviour and of the evoked contractions

(Fuy. 7 and 3).

B9 1o

It seems to be reasonable that such properties are concerned with an
automatic, adaptive control (servomechanism) of adductor behavior. The
sources of the phenomena or distribution of parameters in the components
(muscles, ganglia, synapses; ligament, receptors) of the whole system are not
known exactly. It is very probable that different functional feed-back loops
are responsible for the whole behavior. A suitable and quantitative description
or modelling of the behavior must be carried out in terms of automatic control.
Approximations given by an application of basimetry are less general and
purely phenomenological but it gives a unified explanation and may form a
first step in a cybernetic evaluation of the regulation of adductors.

6 Tihanyi Tvkonyv
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Summary

Initial value laws were demonstrated as being valid for spontaneous
rhythmic contractions, and evoked responses (contraction and relaxation) of
Anodonta adductor muscle.

The following group of phenomena has been observed and analyzed

1. quasi-linear relationship between responses and initial values,

2. homeostatic after-oscillations,

3. adaptive behavior of evoked contractions and that of after-oscillations.

The idea of basimetry seems to be useful in explaining some of the
phenomena observed, however it does not provide a complete explanation.
Conclusions may be drawn about the roles of innervation, the muscle itself
and the ligament, in the bahavior of the adductors.
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KEZDETI ERTEKTORVENYEK {xLKALMAZASA L td
ANODONTA ZAROIZOM SPONTAN ES KIVALTOTT OSZCILLACIOIRA,
VALAMINT APERIODIKUS VALASZAIRA

Labos K., B. Qlaisner és J. Salanki

Osszefoglalés

Kezdeti értéktorvények érvényességét demonstraltik 4nodonta zdrbdizom spontan
ritmikus valaszaira, valamint kivaltott oszcillacidira (kontrakeié és ernyedés).

Az alabbi jelenségesoportokat vizsgaltdk és analizdltak:

1. a vélasz és a kezdeti érték kozotti kvézi-linedris viszony;

2. homeosztatikus utéoszeillacio;

3. a kivaltott kontrakeidé és utdoszeilldcié adaptiv jellege.

A bazimetria alapelvei haszndlhaténak bizonyultak a vizsgilt jelenségek magya-
razatdban, azonban elégségesnek nem tekintheték.

Az eredmények alapjin kovetkeztetések vonhaték le az innervidciora, valamint
az adduktorok miikodésében szerepet jatsz6 izom és ligamentum sajatossdgaira vonat-
kozoban.
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MPUMEHEHWE HAYANIbHbLIX KO/TMMYECTBEHHbLIX 3AKOHOB
AnAa CNOHTAHHOWM N BbISBBAHHOW OCUMIALNNA
N ANEPNOAVNYECKNX OTBETOB AAAYKTOPA AHOAOHTHI

O. Na6ow, 6. Mnesvep N A. Wanawwn

MpoBepsnn NPUNOXMUMOCTb HaYa/lbHbIX KOMMUYECTBEHHbIX 3aKOHOB K CMOHTaHHbIM PUT-
MUYECKVM OTBETAM UM BbI3BaHHBIM OCLUANALMAM afAyKTOpa AHOZLOHTbI (COKpaLLeHue 1 pacciab-
NIEHNE).

)I/Iccne,qosanmb U aHaIM3MPOBANINCh CredytoLee FPYNMbl ABAEHUIA:

1. KBa3u-NMHeliHOe OTHOLLUEHWE MeX[Y OTBETOM W HayaNbHOW BENMUMHOM,

2. romeocTaTMyeckas MoCT-OCLUANALNS,

3. aflanTUBHbI/ XapaKTep BbI3BAHHOTO COKPALLEHUS W MOCT-0CLMUMNALMN.

OCHOBHblE MPUHLMMbI 6a3UMETPUN OKa3aNUCh MPUrOAHBIMU A1 0GBSCHEHUS MCCnedo-
BaHHbIX SIB/IEHUI, B TO )€ BPEMS Hefb3s MX PaccMaTpuBaTh JOCTATOUHbIM. Ha OCHOBE AaHHbIX
MOXHO CAeNaTb BbiBOAbI 06 UHHEPBALMM, W O CBOMCTBAX /IMraMeHTa U MbILbl, BXHbIX A4S
paboTbl afyKTOpOB.

6*
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Phylogenetically, the Annelids are the first animals possessing a special
organ to ensure the circulation of body fluids. There are but incomplete
reports on this primitive type of heart, though it deserves attention being the
first stage of development of the heart, an organ of vital importance.

It is known that on excitation of motor nerves acetylcholine is released
in the nerve endings of Annelids (Wu, 1939), at the same time the muscle
of the body wall of these animals, sensitive to acetylcholine, is insensitive to
y-amino-butyric acid and glutamate (Frorey, 1967). The digestive tract of
Lumbricus is regulated by cholinergic and adrenergic innervations (Wit, 1939;
F1orey, 1967), in which adrenaline is an inhibitory and acetylcholine a stimul-
atory factor.

Relatively little is known of the circulatory system of Annelids. Accord-
ing to Gaskel1 (1919) adrenaline increases and acetylcholine decreases the
activity of contractile vessels in Hirudo, whereas the vessels of Arenicola
and Lumbricus are stimulated by acetylcholine, and hardly affected by adrena-
line (Prosser and Zimmerman, 1943).

It has been demonstrated that in the central nervous system of Lumbri-
cus terrestris, adrenaline, noradrenaline and 5-hydroxytryptamine are present
(Oestlund, 1954; Euter, 1961; Welsh and Moorhead, 1960; K erkut et al.
1967). In spite of the data mentioned above, there is no satisfactory explana-
tion regarding the role of 5-hydroxytryptamine in Annelids and it is not
clear whether adrenaline and noradrenaline can be transmitters in this group
of ar“mals. As regards the effect of other substances there are no data available
at all.

The purpose of the present experiments was to investigate which of
other animal branches are related to Lumbricus regarding the chemical sen-
sitivity of its primitive heart and which agents can play the roles of inhibitory
and stimulatory transmitters in the heart activity of this animal. In addition,
the pharmacological characteristics of this type of heart has been also
described.

Material and method

For the experiments 15—30 c¢cm long specimens of earthworm, Lumbri-
cus terrestris L., were used. Examinations were made on the ring-shaped heart
(vasa dorsoventro-commissuralia) of which 6 pairs are found in segments
7—11 (Ilvanov et al. 1958).
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The animals were fixed dorsum-up to a wax-board and the hearts
exposed. After a period of rest lasting about 25 30 minutes, the heart rate
returned to normal. The number of contractions per minute of the pulsating
heart was counted for 15 minutes. Then various pharmacological agents were
applied to the hearts and the number of beats was counted as with the control
hearts. Care was taken to use the same heart for the control and for the test
measurements.

The effect of the drugs applied was studied over the range of 10710 M
to 1072 M. Each concentration of all the drugs was tested at least on 6 hearts.
The results obtained were then plotted on a graph, the abscisse showing the
time in minutes and the ordinate the number of heart contractions per minute.
For the investigations the physiological saline prepared according to PROSSER
and ZIMMERMAN (1943) was used. The test compounds were diluted in the
same type of saline.

The experiments were performed between September and May, at room
temperature (20 22 °C). The animals had been collected earlier and stored
in earth enriched with leaf-mould.

The following drugs were used for the experiments: adrenaline (EGA),
noradrenaline (Sigma), isopropylnoradrenaline (Serva), dopamine (Sigma),
5-hydroxytryptamine creatinine sulphate (Sigma), histamine (Fluka), acetyl-
choline chloride (Fluka), y-aminobutyric acid (Calbiochem), dichlorisopro-
terenole (Schuchardt), benzoquinone chloride (mytolon) (St, W. Res. Inst.),
methysergide bimaleate (Sandoz), nicotine chloride (Sandoz), 2-brom-d-
lyserg,lc acid diethylamide (BOI-148) (Sandoz).

Results

1. Heart rate of control animals

The rhythmic activity of control hearts showed considerable fluctua-
tions. The rhythm of the hearts is asynchronous, though the two hearts of
a segment tend to contract together. The frequency of heart rate of control
animals showed seasonal variations, namely, in autumn (October—November)
the number of contractions of normal hearts ranged from 16 to 32 (Fig. 1,
curves a and b), while in winter (December —January) the number of beats
was much higher, reaching the values of 45 to 75 (Fig. 1, curves ¢ and d).
Therefore, great care was taken to measure the control heart activity. Each
control value is the mean of 5 measurements.

The high or low pulse rates caused no difficulties in evaluating the results
as in both cases the effects of inhibition or stimulation of the test compounds
could be registered.

2. Effects of biologically active agents on the heart rate of the earthworm

For the experiments biologically active agents known to act as trans-
mitters in other animal groups have been employed.

Acetylcholine (ACh) at concentrations ranging from 1083 M to 104 M
accelerated the heart rate of Lumbricus. The effect was not strictly dependent
on concentration, as maximum stimulations was observed at 107 M and at
1074 M (Fig. 2
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Fig. 1. Control values of the heart activity of Lumbricus terrestria
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Fig. 2. Effect of acetylcholine on Lumbricus heart at 10~7 M concentration.

Abscisse: time in minutes; Ordinate: number of contractions per minute
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Noradrenaline (NA) when applied at 10~10M or higher concentrations
(up to 10-4M) produced a rather small increase (not exceeding 25%) in
frequency, but at 10~3M this drug proved to be a strong stimulant (Fig. 3).
The effect of adrenaline (A) was similar to that of noradrenaline, their
threshold concentrations were identical: 10~10M. Nearly the same extent
of increase in amplitude was observed at all concentrations applied ( Fig. 4).
Dopamine (DA) unlike the former two catecholamines, never produced
acceleration in heart rate in the earthworm. The threshold concentration of
DA is much higher than that of adrenaline and. noradrenaline producing

90 -

time (min.)
Fig. 3. Effect of noradrenaline on Lumbricus heart
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Fig. 4. Effect of adrenaline on Lumbricus heart



89

inhibition only from 103 M concentration. Considerable decrease in fre-
quency of heart activity occurred, however, only at 1073 M (Fig. 5) when
the number of heartbeats per minute was reduced by about 50%,.
Isopropylnoradrenaline (IPNA), like dopamine, produced but inhibition
in heart rate at 1076 M and in higher concentrations. The strongest inhibition
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Fig. 5. Effect of dopamine on the heart rate of Lumbricus
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Fig. 6. Effect of isopropylnoradrenaline on Lumbricus heart
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was noted at the threshold concentration and smaller degrees of inhibition
were noted at 10~5M and at 10~4M (Fig. 6).

5-hydroxytryptamine (5HT) was found to inhibit the heart rate of the
earthworm in concentrations from 10 7M (Fig. 7). By raising the concentra-
tions increased inhibition was observed.

Tryptamine (TA) at concentrations ranging from 10-9M to 10_4M had
an accelerating effect on heart rate. The extent of stimulation was dependent
on concentration, being the highest at 10_4M (Fig. 8).

Tyramine (TRA) had a double effect on heart rate, at concentrations
of 10-10M and 10-9 M producing inhibition, and in concentrations ranging
from 10-8 M to 10 _4M evoking acceleration in heart rate. Both effects were

50-
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Fig. 7. Effect of 5-hydroxytryptamine on Lumbricus heart
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Fig. 8. Effect of tryptamine on Lumbricus heart
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weak, neither of them causing an increase or decrease of frequency exceeding
20% (Fig. 9).

y-amino-butyric acid (GABA) inhibited heart activity at 10 7M and
higher concentrations (Fig. 10). The extent of inhibition depended on con-
centration, the strongest inhibition was observed at 10~3M.

Histamine (HA) produced both inhibition and stimulation, depending
on the level of concentration, i.e. at 10-9 M and at 10~8 M the heart rate was
accelerated, whereas at higher concentrations (from 10~7 up to 10_i M)
inhibition was observed (Fig. 11). The degree of inhibition, at all concentra-
tions, was approximately the same.
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Fig. 9. Effect of tyramine on Lumbricus heart
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Fig. 10. Effect of GABA on Lumbricus heart
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Fig. 11. Effect of histamine on Lwmbricus heart

3. Effects of anticholinergic, 5HT antagonistic and adrenergic blocking agents
on the Lumbricus heart

To settle the question which agents may be involved in the regulation
of heart rate of Lumbricus we have investigated the effects of drugs influencing
the level of endogenous substances or acting on their receptors.

Nicotine acted predominantly as a stimulant, as in concentrations
ranging from 1079 M to 10~% M it accelerated the heart rate of the earthworm.:
The strongest stimulation was observed at 107 ¢M and 1077 M, when the
frequency of heart rate was increased by about one third. Inhibition was
produced only at 103 M.

Dichlorisoproterenol (DCI) at 1071 M threshold concentration and up
to 1073 M had a marked stimulatory effect.

Mytolon accelerated the heart rate at concentrations ranging from
1019 M to 10~* M. Maximum stimulation was produced at 10-¢M concentra-
tion. The extent of stimulation was similar to that evoked by nicotine.

BOL-148 produced a decrease in frequency at concentrations from
1076 to 107* M. No stimulatory effect of BOL-148 was observed in any of
the cases.

4. Pharmacological investigation on the sites of action of some biologically
active agents

In these experiments we have investigated how do drugs acting on known
receptors influence the action of biologically active agents on the heart of
Lumbricus terrestris. The substances were given in combination (1:1) at
10 ¢ M concentration. The sites of action of acetylcholine, adrenaline, 5-hydro-
xytryptamine and GABA were analyzed by simultaneous application of nico-
tine, DCI, mytolon, BOL-148 and methysergide. The results are summarized
in Table 1.
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TABLE 1
]l[odafuatwn of the c//em’s of monoamines, arch/l('holzne and GABA b?/ d7uJ9
Agent Nicotine DCI Mytolon BOIL-148 | Methysergide
alone + agent + agent + agent + agent + agent
Acetiylcholine ....s.eloe b + — 0 — + 0
Advenalthe ™. < fs e s 2. - + = — - i
5-hydroxytryptamine ...... — 4+ —_ —_ 0 -
PN S R R e — 0 0 — — 0
+ stimulation — inhibition O ineffective

From the experiments it appears that more drugs influence the stimulat-
ory effects than the inhibitory ones. BOL-148 was the only drug having no
effect on stimulation evoked by acetylcholine, DCI and methysergide pro-
tected the heart from the stimulatory effect of ACh, while nicotine and mytolon
reversed the effect of ACh to the opposite direction.

The stimulatory effect produced by adrenaline remained unaltered
during nicotine treatment but it was reversed by all the other drugs used
(Table 1).

DCI, mytolon and methysergide did not alter the inhibitory effect
evoked by 5-hydroxytryptamine, but it was completely eliminated by BOL-
148 and reversed to stimulation by nicotine.

The inhibitory effect of GABA was not reversed by any of the drugs
used. Mytolon and BOL-148 had no effect on the action of GABA, while
nicotine, DCI and methysergide abolished it.

Different concentrations of the above drugs evoked the same modifica-
tions in the action of the agents tested.

As can be seen from 7Table 1, there are overlappings in the effects of
blocking and antagonistic agents, and except mytolon influencing only the
action of two stimulating amines, all the drugs alter both the action of inhibit-
ory and that of stimulatory factors. This seems to indicate the presence of
mixed pharmacological receptors in the heart of Lumbricus.

Discussion

Our experiments have shown that the normal heart rate of Lumbricus
terrestris is much more varying than it was described earlier. According to
STuBE (1909), CLARK (1927), ProssErR and ZIMMERMAN (1943), the charac-
teristic rate of contraction of the earthworm heart is 15--20 beats/min.
We were not able to demonstrate such a slow rhythmic activity in any of
the hearts examined (#ig. 1). The disparity may be explained by the seasonal
changes noted in these animals, in autumn their heart activity being slow,
whereas in winter very fast. Perhaps the heart rate values measurable in
spring and summer, which periods were not examined by us, are similar to
those reported in literature.

Our experiments have verified that the Lumbricus heart responds
selectively to biologically active amines and pharmacological agents. It is
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accelerated by acetylcholine, noradrenaline and tryptamine, it is inhibited by
dopamine, jsopr()])Vln()rmlrenalm(, 5-hydroxytryptamine and y-ammobutvrlc
acid. Tyramine and histamine, on the other hand, have an inhibitory or
stimulatory effect on it, depending on the level of concentration.

Our results are not entirely concordant with the pharmacological data
obtained on other organs of Lumbricus. As has been reported by Wu (1939)
and FLOREY (1967), d/dl enaline inhibits and acetylcholine stimulates the digest-
ive tract of the earthworm. In our experiments both agents had a %tlmulatory
effect on Lumbricus heart. In experiments on Hirudo medicinalis adrenaline
was found to produce inhibition and acetylcholine stimulation on the con-
tractile vessels of this Annelid (GasgeLn, 1919). PRossEr and ZIMMERMAN
(1943) found that acetylcholine accelerated and adrenaline was ineffective or
had a slight inhibitory effect on the heart of Lumbricus. In our experiments
it was the adrenaline that produced stimulation at lower threshold concentra-
tion (10~1° M) and not the acetylcholine (1078 M) and no inhibition was ever
observed with adrenaline in any concentration.

The heart of Lumbricus, like that of Arthropods, is accelerated by
acetylcholine which proves that it is a neurogenic type of heart, as it is known
that myogenic hearts are inhibited by acetylcholine (CrArk, 1927; PROSSER
and Browx, 1962).

Of the different catecholamines the effect of adrenaline was investigated
on the hearts of numerous invertebrates. On the hearts of Molluses and
Arthropods adrenaline was found to act as a stimulant (Prosser and BrowN,
1962). In our experiments adrenaline and acetylcholine produced similar
effects, both agents accelerating the heart rate of Lumbricus. Dopamine and
1sopropylnm‘ wdrenaline, on the ()ther hand, showed an inhibitory effect and
in this respect their effects differ from those observed on Molluscan heart
(S.-Ro6zsa and Pfesr, 1967).

The inhibitory effect of 5 5-hydroxytryptamine indicates species specificity,
as it is known that Molluses and Annelids contain the highest amounts of 5HT
(WeLsH and MoorHEAD, 1960) and this agent is considered as the stimulatory
mediator on the heart of Molluscs (WEeLsH, 1954; S.-R6zsA and GrRAUL, 1964).
Besides 5HT, dopamine is the dominant amine in the nervous system of
Molluscs and Annelids (WEeLSH et al. 1965; KerkuT et al. 1967). Their action is,
however, different in these animal groups as the heart rate of Molluscs is acce-
lerated both by 5HT and dopamine (S.-Rézsa and Picst, 1967), whereas the
Lumbricus heart is inhibited by both amines. The fact that dopamine acts
at rather high threshold concentration (10 °M), seems to indicate that it
does not pl(w the role of independent mediator in the regulation of heart
rate of the earthworm but it may be the _precursor of adrenaline and nor-
adrenaline. This may explain its presence in large amounts, as well.

The effect of y-amino-butyric acid on the heart of Lumbricus is similar
to that observed on Crustacean hearts (Prosser and Brown, 1962). This
similarity in pharmacological behaviour of Annelid and Crustacean hearts
(ProsserR and BrowN, 1961). This similarity in phamacological behaviour
of Annelid and Crustacean hearts refers again to the neurogenic nature of
the Lumbricus heart. GABA is ineffective on myogenic vertebrate and Mol-
luscan hearts (FLorEY, 1967).

According to our results, not only acetylcholine can be a stimulatory
mediator on the Lumbricus heart as has been previously reported (PROSSER
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and ZIMMERMAN, 1943; FLOREY, 1967), but adrenaline and noradrenaline,
as well. On the other hand, 5-hydroxytryptamine and GABA can be taken
into consideration as inhibitory mediators on the Annelid heart.

The pharmacological analysis of the sites of action of the above agents
has shown that there are no separated receptors in the heart of the Lumbricus.
The effect of acetylcholine is eliminated not only by anticholinergic sub-
stances but also by agents blocking the ff-receptors and antagonists of 5HT.
The effect of adrenaline is likewise altered by agents acting on other types
of receptors. The same applies to the sites of action of 5HT and GABA. All
these data verify that there is a considerable disparity in the pharmacological
receptors of the hearts of Lumbricus and those of other animal branches.

Summary

1. The frequency of contractions of the blood vessels of Lumbricus
terrestris L. showed seasonal variations. In autumn the number of heart con-
tractions per minute was found to be 1632, while in winter this number
was 45 —75.

2. Of the biologically active agents tested acetylcholine (1071 M),
adrenaline (10~19 M), noradrenaline (107!®M) and tryptamine (1079 M)
increase the heart rate of Lumbricus, while dopamine (10~° M), isopropyl-
noradrenaline (1076 M), 5-hydroxytryptamine (10-7? M) and GABA (10-7 M)
have a decreasing effect on heart activity. Histamine and tyramine have a
double effect.

3. Acetylcholine, adrenaline and noradrenaline may act as stimulatory
mediators, while 5-hydroxytryptamine and GABA may play the role of
inhibitory mediators on the heart of Lumbricus.

4. Nicotine, DCI and mytolon, similarly to acetylcholine and adrenaline,
produce acceleration of heart rate in Lumbricus, while BOL-148 and methy-
sergide have an inhibitory effect.

5. On the heart of Lumbricus the effects of monoamines, ACh and
GABA take place on mixed receptor structures which differ from receptors
of other animal groups.

6. Concerning pharmacological sensitivity, the Lumbricus heart seems
to be related to the neurogenic hearts of Arthropods and not to myogenic
hearts of Molluscs and vertebrates. As to the effect of acetylcholine, the
Lumbricus heart seems to stand near the insect heart, whereas on the basis of
its response to GABA it seems to be nearer to the Crustacean heart.
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LUMBRICUS TERRESTRIS L. SZIVMUKODESENEK
FARMAKOLOGIAI VIZSGALATA

S.-Rézsa Katalin és V.-Sz0ke Ida

0Osszefoglalas

1. Fold giliszta véredényein az osszehtizéddsok gyakorisdga szezonalis ingadozast
mutat. Az 6szi hénapokban az egy percre esé szivosszehtizoddsok szdama 16—32, mig
télen 45—75.

2. A bioldgiailag aktiv anyagok koziil az acetylcholin (10-1° M), adrenalin (10-1°
M), noradrenalin (10 =10 M) és tryptamin (109 M) névelik a Lumbricus szivm(ikodésének
frekvencidjat, mig dopamin (10-% M), izopropylnoradrenalin (10-¢ M), 5-hydroxy-
tryptamin (107 M) és GABA (107 M) esokkentik azt. A hisztamin és a tyraminkettGs
hatésu.

3. Lumbricus szivén az acetylcholin, adrenalin vagy noradrenalin lehetnek ser-
kents medidtorok, mig a gatlé medidtor szerepét az 5-hydroxytryptamin és GABA tolt-
hetik be.

4. Nikotin, DCI és mytolon az acetylcholinhoz és adrenalinhoz hasonléan serken-
tik a szivmiikodést, a BOL— 148 és methysergide pedig gatlé hatdstak.

5. Lumbricus szivén a monoaminok acetylcholin és GABA hatdsa kevert receptor
struktardkon zajlik le, s az kiillonbozik més dllatesoportok receptoraitél.

6. Farmakolégiai érzékenység tekintetében a Lumbricus sziv a neurogén ritmust
Arthropoda szivekkel mutat rokonsdagot, s nem a myogén ritmust Mollusca vagy gerinces
szivekkel. Ezen beliil acetylcholin hatas vonatkozasdban rovarszivekhez, mig GABA-ra
adott valaszreakeié alapjin a rdkszivekhez dll kozelebb.
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DGAPMAKOJIOTMYECKUE MCCJIEJOBAHHWSI HA CEPAUE JOYXKIAEBOI'O YEPBSI
Laumbricus terrestris L.
K. HI.- Poxca n U. B.- Céxe

1. Yacrora coxparieHusi cepiua JA0XKIAeBOr0 YepBsi MPOSIBJISIET CE30HHLIE H3MEHEHHS.
Ocenblo yacTora coxpamenusi 16— 32 B munyry, 3umoii 45—75.

2. U3 0MOJIOrMueCKU-aKTHBHBIX BeniecT auermixosns (101 M), agpenanun (10-1° M),
HOopazapeHaJiMH (10-1° M) i TpuUNTaMUH YBEJIMUABAIOT YaCTOTY COKpAIeHHs cep/ia J10>K1eBOro
yepsst, gonamud (10-3 M), ugonpornuiHopajapesanud (10— M), 5-oxcurpunramun (10-7 M)
yMeHbLIaoT €. [HecTaMMH 1 THPAMUH 00J1a/1a10T ABOIHBIM JieHcTBIEM.

SE BO36y)l(,‘l8lOuﬂl,\iH MeuaTopami Ha cepjrie JI0yK/1eBOro 4epBsi MOTyT ObITH aJIpeHaJiiH
H HOpajJpeHa/IMH, B TO >Ke Bpemsi TOPMO3BHBIMH MeJHATOpPaAMH SIBJIAIOTCS O-OKCHUTPHIITAMUH H
"'AMK.

4. IToj00HO JIeHCTBIIO alleTHIIX0JIMHA U ajipeHannHa, HUKoTHH, JCI u MUT0J10H BO30yIK-
JIAI0T CepIeUnyIo festrebHOCTb, BOJI-148 n metncepru Topmossr €.

5. Ha cejuie ao»/1eBoro uepBsi jieiicrBie MOHOAMMHOB, areruiaxosnuna u AMK ocy-
HECTBIISIETCST HA 00X PEIENTOPHBIX CTPYKTYPaxX, KOTOPbie OTIMYAIOTCS OT DPELEeNnTOpoB
JAPYIUX YKHBOTHBIX.

6. C TOuKH 3peHnst (papMaKOJIOrHUeCKOil UYBCTBUTEILHOCTI CeP/Ie J07KIeBOr0 UepBst
POJICTBEHHOE HeifpOreHHBbIM Cep/lllaM YWICHHCTOHOTMX, 1 He IIPOSIBJIAeT CXO/CTBA C MUOTCHHBIMH
cepAramin MOJUTIOCKOB MJIM TI03BOHOUHBIX YKMBOTHBIX. B OTHOUIEHHH JIHCTBHST alleTHIIX0JIMHA
910 cepile OJIKe K CepAllaM HACCKOMBIX, a B otHourennn otsera na FAMK Omke x cepany
PaK000OPA3HbBIX.

T Tihanyi Evkonyv
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The insect heart belongs to the neurogenic type of hearts, its rhythmic
activity is under neuronic control. The chemical regulation of neurogenic
hearts is characteristic as far as acetylcholine is the common stimulating
factor in these types of hearts (PrRosser and Brown, 1962).

Sensitivity of insect hearts was investigated mostly in two species:
Periplaneta americana and Blatta orientalis (METCALF et al. 1964; RICHTER,
1967; MiLLEr and Mercavr, 1968), first of all in connection with classical
mediators (acetylcholine, adrenaline).

In the present work the results of investigations performed on the hearts
of some insect species living in Hungary are reported. The purpose of the
examinations was to describe the effect of transmitters known from experi-
ments in other animals, as well as their sites of action from which conclusions
may be drawn regarding the nature of chemical mediation involved in the
regulation of insect hearts.

Material and method

For the experiments hearts of Phaneroptera nana, Ephippigera ephippi-
ger, Gryllotalpa vulgaris, Carabus coriaceus and Leptinotarsa decemlineata were
used.

After collecting the insects the specimens of P. nana, E. ephippiger,
O. coriaceus and L. decemlineata were used immediately, whereas the G. vul-
garis was kept for a time in earth enriched with leaf-mould.

The hearts of all species were exposed and prepared in the same manner:
after cutting off the legs, the animals were fixed dorsum-down to a wax-
board and the cuticle on the abdomen was completely removed. The dorsal
tubular heart was cleaned of the adhering tissue remnants and perfused with
physiological saline. Then the hearts were exposed to the effect of various
agents by removing the normal saline solution and replacing it with saline
containing the test compound. After observation of the effectiveness of the
agent tested the solution was removed by suction and replaced by normal
saline. The number of heart contractions in a minute was counted through a
binocular microscope for a period of 10 minutes. The values obtained were
illustrated graphically. Before application of the agents a control graph was
always plotted. The effects of the different agents were studied over the range
of the threshold concentration up to 10~ M. Each concentration was tested
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at least on 5 hearts. For the examinations physiological saline prepared
specially for Periplaneta heart (Lupwic et al. 1957) was used. The same solu-
tion was used also for dilution of test compounds.

The experiments were conducted in the period from June to January,

at room temperature (20 —-24 °C). In winter only the hearts of G. wvulgaris
were investigated.

The effect of the following agents was investigated : acetylcholine chloride
(Fluka), 1-adrenaline-d-hydrogentartarate (EGA), 1-noradrenaline bitartarate
(Sigma), dopamine hydrochloride (Sigma), n-isopropyl-d 1-noradrenaline
hydrochloride (Serva), 5-hydroxytryptamine -creatinine-sulphate (Sigma),
tryptamine hydrochloride (Schuchardt), tyramine hydrochloride (Fluka),
y-amino-butyric acid (Reanal), histamine di-hydrochloride (Fluka), nicotine
chloride (Sandoz), dichloro-isoproterenol, DCI (Schuchardt), benzoquinonium
chloride, mytolon (St. W. Res. Inst.), brom-d-lysergic acid diethylamide,
BOL-148 (Sandoz), methysergide bimaleate (Sandoz).

Results
1. Normal heart activity of the insects examined

In the insect species examined the frequency of the heart beat was
found to vary on a rather wide scale. T'able 1 shows the lowest and the highest
values of the rate of heart activity.

TABLE 1

Characteristic activity of control hearts of the wnsects examined

Insect ‘ Lowest f‘rcquem-y/ Highest frequency/
min min
P. nana 75 145
K. ephippiger 55 141
G. vulgaris 65 110
C. coriaceus 30 65
L. decemlineata 130 150

As shown in T'able 1, only the heartbeat rates of P. nana and E. ephippi-
ger are approximately within the same limits. In the other insects examined
varying values were obtained.

The extreme values do not, however, mean that the variation in heart
rate shown above can be observed on the same heart. The frequency of heart
activity is rather uniform within the same insect as shown in Fig. I where
control graphs for each species are presented. As can be seen in Fig. 1, there
is no essential difference between the heartbeat rate of controls in the first
and 10th minute. There are, however, considerable individual variations and
each heart has an activity of its own. Therefore, the effect of the agents tested
was always compared to the control values measured on the same heart.
No appreciable differences were noted between the control values of various
specimens measured on the same days. The cause of individual differences
was not investigated.



101

Fig. 1. Graphs showing control activity of normal hearts.
Abscisse: time in minutes; Ordinate: number of contractions per minute

2. Effects of some transmitter-like compounds and pharmacological agents

To facilitate the comparison of the effects of various agents tape dia-
grams were made which show the changes in per cent of inhibition and stimula-
tion as compared to the control.

The effect of acetylcholine (ACh) on heart aétivity was examined in all
five insect species. Acetylcholine in concentrations of 10~% and 1078 M had
an accelerating effect on the heart of Q. vulgaris. Increase in frequency never
exceeded 209%,. At 10-7 M and higher concentrations the heart of G. vulgaris
was also inhibited (Fig. 2), though to a lesser degree (159%,). ACh was found
to inhibit the hearts of the other four species in all the concentrations used
beginning from the threshold concentration of 10-8 M. The extent of inhibition
was always dependent on concentration. The maximum value was obtained
at 104 M (Fig. 2).

Noradrenaline (NA) when applied at 107810~ M concentration pro-
duced an acceleration of about 509, in the rate of heartbeat in G. vulgaris.
At higher concentrations (up to 10 * M) the compound exerted an inhibitory
action of about 159 (Fig. 2). The hearts of P. nana, K. ephippiger and C.
coriaceus were found to be inhibited by noradrenaline at concentrations rang-
ing from the threshold value up to 10~* M when the strongest inhibition was
observed. The extent of inhibition was closely dependent on concentration

(Fig. 2).
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Fig. 2. Effect of biologically active agents on insect hearts. The extent of inhibition
or stimulation is expressed in percentual value related to the control
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Adrenaline (A) when applied at about the threshold concentration
(1078 M), produced an increase of about 109, in the rate of heartbeat of the
i mllqarl,s-. Increasing the concentration to 107 M and higher, an inhibition
of 259, was observed. The hearts of P. nana and K. ephippiger were inhibited
by adrenaline at 1078 M threshold concentration and beyond this value.
Inhibition was found to grow with the increase in concentration. The thre-
shold concentration for the heart of C. coriaceus was 10~7 M and the inhibition
of about 209, was not dependent on concentration.

Dopamine (DA) showed an effect similar to that of the two catechol-
amines mentioned above: when applied at 108 M it accelerated the heart
of G. vulgaris by about 10%, and at higher concentrations by 259,. The hearts
of P. nana, H. ephippiger and C. coriaceus were inhibited by dopamine. The
inhibitory effect of the compound was the strongest in the heart of C. coria-
ceus (Fig. 2).

Lsopropylnoradrenaline (IPNA) at 10=7 M threshold concentration and
at higher concentrations had a decreasing effect up to 659, on the heartbeat
rate of P. nana and K. ephippiger. The effect was dependent on concentra-
tion (Fig. 2).

A characteristic feature of all catecholamines examined is the appearance
of the strongest inhibition in the 4th—5th minute of treatment and its gradual
disappearance by about the 10th minute which seems to indicate the adapta-
tion of the heart.

5-hydroxytryptamine (5HT) when applied at threshold concentration
(10~ M) produced an acceleration not higher than 109, on the hearts of
E. ephippiger and @. vulgaris. Higher concentrations inhibited the rate of
heartbeat by about 40%,. The compound showed an inhibitory effect on the
heart of P. nana (from 1078 M), C. coriaceus (from 10-8 M) and L. decem-
lineata (from 107 M). In all insect hearts examined, the inhibitory effect of
the compound depended on concentration. The strongest inhibition (779%)
was produced in the heart of P. nana (Fig. 2).

Tryptamine (TA) produced a decrease of 10 -15%, in the heart activity
of P. nana and @. vulgaris at concentrations increasing from 10-8 M. The
effect was independent of concentration.

Tyramine (TRA) was the only amine arresting the heart of P. nana at
10=# M. The threshold concentration was 1076 M causing an inhibition of
209, in the heartbeat rate of this insect. In G. vulgaris the threshold concentra-
tion was 10~7 M which was, however, less effective than in P. nana, as even
at 10~* the decrease of heartbeat rate was but 24%, (Fig. 2).

Gamma amino butyric acid (GABA) at threshold concentration (108 M)
accelerated by 159, the heart activity of G. vulgaris, then at 10-7—10—* M
concentrations an inhibition of 10 -159%, was observed in the heart of this
insect. The action of the drug was definitely inhibitory when applied to hearts
of P. nana, E. ephippiger, C. coriaceus and L. decemlineata. The threshold
concentrations was 1078 M. The effect depended on concentration.

Histamine (HA) inhibited the rate of heartbeat in P. nana and G. vul-
garis at all concentrations beginning from 1078 M. The extent of inhibition
increased with higher concentrations but never exceeded 60 per cent.

The effect of pharmacological agents was studied in the hearts of P. nana
and G. vulgaris.
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Mytolon. had a double effect on the hearts of P. nana and G. vulgaris:
at about the threshold concentration (10-7, 10-8 M), it produced an accelera-
tion of 309, in heart activity, whereas beginning from the concentration of
1076 it decreased the rate of heartbeat. Inhibition of the heart of P. nana
was 90%,, while that of the heart of ¢. vulgaris amounted only to 30%,.

DCI when applied at threshold concentration (10-7 M) caused no
acceleration but a decrease in heartbeat rate. The maximum inhibition was
40% (Fig. 3).

Nicotine at low concentrations (1078 -10-7 M) accelerated the heart
activity of P. nana and G. vulgaris, while at high concentrations (1075
10~* M) it produced inhibition in all specimens examined (Fig. 3). The extent
of inhibition, as well as that of stimulation remained below 309%.

BOL-148 inhibited the hearts of these insects and no acceleration of
heartbeat rate was observed in any of the cases. The threshold concentration
of the compound was 10~7 M. Decrease in frequency was 50%, in P. nana and
259, in G. vulgaris (Fig. 3).

Methysergide was the only drug that had antagonistic effects on the
hearts of P. nana and (. vulgaris, namely on the heart of P. nana at 1075 -
10=* M concentration it produced a 309, inhibition and had no effect beyond
this limit. In hearts of . vulgaris, on the other hand, at all concentrations
beginning from 1078 M produced an acceleration of about 15% (Fig. 3).

Phaneroptera Gryllofalpa
nana vulgaris
R bl
Myfolon
— it
bca h s
R DR
Nicotine B =W
Bos-hd o
Methysergide F il
I -~
100 %

W hibition
3 stimulation

Fig. 3. Effect of some drugs on the activity of insect hearts. The extent of inhibition
or stimulation is expressed in percentual value related to the control
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3) Pharmacological analysis of the site of action of acetylcholine, adrenaline,
SHT and GABA

Investigations on the site of action of the agents tested were performed
on the hearts of G. vulgaris, as this insect responded both with stimulation
and inhibition to the action of biologically active agents applied. On the
hearts of other insect species practically only inhibition was observed when
various agents were applied to the heart preparations.

In the present experiments the biologically active agent and the drug
were given in a mixture of equal volumes, at 10~¢ M concentration. The results
are summarized in Table 2.

As shown in the T'able 2 the original effect of acetylcholine is affected
by all the drugs employed. DCI and methysergide eliminate the inhibitory
effect of acetylcholine, whereas mytolon, BOL-148 and nicotine reverse the
action of acetylcholine which becomes a stimulant of heart activity. All the
drugs mentioned above, except nicotine and methysergide, when are given
alone at the concentrations applied produced no stimulation but only an
inhibition in heart activity.

Nicotine does not affect the action of adrenaline, where as DCI, mytolon,
BOL-148 and methysergide reversed its inhibitory action to a stimulatory one.

With the drugs investigated the smallest degree of modification was
observed in the effect of 5HT, DCI, mytolon, methysergide and nicotine had
no effect on 5HT and only the BOL-148 was found to decrease or to stop
the increase of heartbeat rate produced by 5HT. BOL-148 showed no effect
on GABA action, while nicotine and methysergide reversed its inhibitory
action to a stimulatory one.

TABLE 2
Effects of drugs on the action of acetylcholine, adrenaline, SHT and GABA
Effect of | Hot 4+ ae ”]J Mytolon BOL—148 \lnthvs«oru«lo Nicotine
Agent agent alone 10-eM | -+ agent -+ agent {- agent
10-¢ M [ 1041 | 10°M 105 10-° M
Acatylenoline .. cwiiios s a s 0 } - i 0 =
Adrennline . e o - - -+ oF =
5-hydroxytryptamine ...... - ‘ 4 0, 4+ 4 -
GAB A vt e s S - - -+ 0
| I
|
+ stimulatory — inhibitory 0 ineffective

Reversal of inhibition to stimulation owing to drug effect is a character-
istic feature of the heart of ¢. vulgaris. The stnnulatory effect is, however
rather small causing usually an increase of about 159, in the amplltude and
even the strongest stimulation never exceeded the level of 309,. Stimulation
pmduced in this way could be easily eliminated by repeated washing and
in some cases it was not observable after 9 - 10 minutes of treatment and the
heart resumed its normal activity.
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Discussion

Our results have verified that in spite of the considerable variation in
the rate and amplitude of beating of insect hearts examined, measurements
of activity performed on one specimen render possible the employment of
insect hearts for bioassay. The heart activity of one specimen is constant
enough to be usable for the evaluation of the effects of various agents (Fig. 1).

The investigations have shown that there are no great differences as
regards chemical sensitivity in the hearts of the insect species examined.
The threshold concentrations of all biologically active agents were nearly
identical (1078 -10-7 M) in all insect hearts. The only difference in this respect
was that the heart of G. vulgaris showed increased rate of amplitude in re-
sponse to considerably more agents than the hearts of the other four species
(Fig. 2). Acetylcholine which was found to accelerate the hearts of Blatta
orientalis, Apis mellifera, Melanoplus differencialis, Periplaneta americana and
Stenopelmatus sp. (HaminTon, 1939; RorpERr, 1953; ProsSER and BROWN,
1962), in our experiments produced but a rather small increase in the rate
of heartbeat of G. vulgaris and in other insect hearts it had an inhibitory effect.
Recently, some authors have questioned the view, generally accepted so far,
that all insects should be considered to possess neurogenic hearts. So in the
works of METcALF et al. (1964) and MILLER and METCALF (1968) reference
was made to myogenic insect hearts.

Considering that distinction between myogenic and neurogenic hearts
is made on the basis of their response to acetylcholine, our data seem to point
to the possibility of myogenic heart activity in some insects.

Of all catecholamines only the action of adrenaline was tested on insect
hearts. The heartbeat of Periplaneta americana was found to be accelerated
by adrenaline, whereas the heart activity of Stenopelmatus sp. was inhibited
bv this agent (ROEDER, 1953; PROSSER and BROWN, 1962). According to our
results the effects of the four catecholamines tested (NA, A, DA, IPNA) were
similar on the insect hearts examined. The heart of G. wvulgaris showed a
different pharmacological response, namely, it was stimulated, whereas the
other insect hearts were inhibited by these catecholamines. Tyramine proved
to be an effective inhibitor producmg a complete arrest in the heart of P. nana.

Indolalkylamine 5HT evoked stimulation of the heart of G. vulgaris,
but the reverse effect was observed in other insect hearts. Of all biological
agents tested tryptaminc proved to be the least effective evoking but a small
change (not exceeding 15%,) in heart activity.

GABA was found to inhibit the Crustacean heart (WELSH, 1942; CRESCI-
TELLI and GEissMaN, 1962) and — according to our results — the insect
hearts as well, except the heart of @. vulgaris where at low concentrations it
produced a slight stimulation (Fig. 2). Histamine like-wise had an inhibitory
effect when applied to the insect hearts under investigation.

There is no distinction between the numerous inhibitory effects acting
on the hearts of the fours insects, either as regards threshold concentration or
intensity of the effect (Fig. 2). The data indicate pharmacological and not
transmitter-like effects.

Up to now only the effect of nicotine has been investigated on the heart
of Periplaneta americana and Melanoplus sp. where at low concentration it
produced a stimulation of heartbeat rate (JArRGER and GAHAN, 1937; ROED ER
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1953) and protected the heart from the action of low concentrations of acetyl-
choline (ProsSER and BrowN, 1962).

According to our observations, nicotine at low concentrations pro-
duced a stimulation, while at higher concentrations inhibited the heart of
G. vulgaris. This finding is in agreement with the observation of HamiLTON
(1939) on the heart of Melanoplus sp. Mytolon showed similar effects -on the
hearts of P. nana and @. vulgaris. DCI and BOI-148 produced inhibition on
these hearts, while methysergide was found to inhibit the heart of P. nana
and stimulate that of G. vulgaris.

Analyzing the sites of action of acetylcholine, adrenaline, 5HT and
GABA, we concluded that in the heart of G. vulgaris the action of 5HT takes
place on receptor structures that can be blocked by BOL-148. These receptors
are highly specific as the effect of 5HT is not altered by mytolon, DCI, methy-
sergide and nicotine. The acetylcholine receptors are less specific, as the effect
of adrenaline is prevented both by DCI, an inhibitor of beta-adrenergic recep-
tors, and by antiserotoninergic methysergide. This latter drug was found to
have a similar effect on the rectum of Tapes (GREENBERG and JEGLA, 1963).
Mytolon, BOL-148 and nicotine reverse the inhibitory effect of acetylcholine
which is comparable to the pharmacological behaviour of Molluscan hearts
(CroNG and PHILLIS, 1965).

Of the drugs used only nicotine proved to be ineffective on the action
of adrenaline. Mytolon, DCI, methysergide and BOL-148 reverse the inhibitory
action of adrenaline to stimulation. The effect of the above drugs on other
insect hearts has not been described. In a previous work (S.-Rézsa and Pfesr,
1967), in which the effects of these drugs on the action of adrenaline in hearts
of Helix and Anodonta were described, the same phenomenon was observed,
namely a reversal in the inhibitory action of adrenaline to stimulation by
BOL-148 and mytolon.

The effect of GABA was not influenced by BOL-148, but it was eliminated
by nicotine and transformed to a stimulatory effect by DCI, mytolon and
methysergide.

Our results obtained with blocking agents have verified that, except
SHT, the action of the drugs occurs on mixed receptor structures.

From our finding no conclusions can be drawn on the nature of the
rhythm of the insect hearts but only on their chemical sensitivity. Why the
great majority of these drugs produced inhibition on the insect hearts exa-
mined, can be answered only on the basis of further investigations.

Summary

Investigations were performed on the chemical sensitivity of the heart
of Phaneroptera nana, Ephippigera ephippiger, Gryllotalpa vulgaris, Carabus
coriaceus and Leptinotarsa decemlineata. From the results of the experiments
it was stated that the heartbeat of (. vulgaris was accelerated by acetylcholine
(107 M), noradrenaline (108 M), adrenaline (10-8 M), dopamine (108 M),
5-hydroxytryptamine (1078 M) and GABA (1078 M). Higher concentrations
of these agents however, — except dopamine and 5-hydroxytryptamine —
inhibited the heart of G'. vulgaris. In addition, increase of cardiac activity
was observed with K. ephippiger, when 5-hydroxytryptamine was applied at
108 M concentration to the heart of this insect.
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The hearts of P. nana, K. ephippiger, C. coriaceus and L. decemlineata
were inhibited by the following biologically active agents, in all concentrations
used: acetylcholine (107% M), noradrenaline (1078 M), adrenaline (10-7 M),
dopamine (107# M), isopropylnoradrenaline (107 M), 5-hydroxytryptamine
(1078 M), tryptamine (10-8 M), tyramine (10-7 M), GABA (108 M), histamine
(108 M). Of these drugs tested mytolon and nicotine had a double effect on
the heart of P. nana and @. vulgaris. DCI and BOI.-148 produced inhibition
in both, whereas methysergide inhibited the heartbeat rate of P. nana and
increased that of G. vulgaris.

Analyzing the sites of action of acetylcholine, adrenaline, 5-hydroxy-
tryptamine and GABA, it was stated that only the effect of 5HT occurs on
separated receptors, while the rest of blOl()UlC«L”V active agents act on mixed
receptor structures.
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INSECTA SZIVEK KEMIAT ERZEKENYSEGENEK VIZSGALATA

S.-Rézsa Katalin és V.-Széke Ida

Osszefoglalas

Vizsgaltak Phaneroptera nana, Ephippigera ephippiger, Gryllotalpa vulgaris,
Carabus coriaceus és Leptinotarsa decemlineata szivének kémiai érzékenységét. Megdlla-
pitottik, hogy serkentést a G. vulgaris szivén az acetylcholine (10-¢ M), noradrenaline
(10— M), adrenaline (10-% M), dopamine (10-% M), 5-hydroxytryptamine (10-% M) és
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GABA (10-% M) hoz létre. A dopamine és 5-hydroxytryptamine kivételével azonban a
fenti anyagok magasabb koncentracioi gatoljak a G. vulgaris szivmiikodését. A fentieken
kiviil serkentést még egy esetben regisztraltak; K. ephippiger szivén az 5-hydroxy-
tryptamine 10-% M koncentraciéju adasakor.

A P. nana, . ephippiger, C. coriaceus és L. decemlineata szive az alabbi biologiailag
aktiv anyagokra minden koncentriciéban gitldssal reagdl: acetylcholine (10-% M), nor-
adrenaline (10-8 M), adrenaline (10-7 M), dopamine (10-% M), isopropylnoradrenaline
(10-7 M), 5-hydroxytryptamine (10-% M), tryptamine (10-% M), tyramine (10-7 M),
GABA (10-% M), histamine (10 % M). Farmakonok koziil a P. nana és G. vulgaris szivén
a mytolon és a nicotine kett6s hatasi, a DCI és BOL =148 csak gdtldst, mig a methy-
sergide az el6bbi faj szivén géatlast, az utébbin serkentést okoz.

Az acetylcholine, adrenaline, 5-hydroxytryptamine és GABA hatdshelyét vizsgdlva
megéllapitottak, hogy a rovarok szivén csak az SHT hatds valésul meg tiszta receptoron,
a tobbi biolégiailag aktiv anyag kevert receptor-struktdrdkon hat.

MCCJIEJJOBAHUST XUMMUYECKON UYBCTBUTEJIbLHOCTHU CEPALIA HACEKOMBIX
K. lI.- Poxcan H. B.- Cexe

Bbuia uccesieoBaHa XUMHYecKast 4yBCTBHTEILHOCTL cepiila Phaneroptera nana, K phip-
pigera ephippiger, Gryllopalpa vulgaris, Carabus coriaceus, Leptinotarsa decemlineata.

VCTaHOBIIEHO, UTO HA Cep/lle Me/BeIbKH aternaxosms (10-3 M) nopaapenanus (109 M),
aapenanud (10-8 M), ronamns (10-* M) 5-oxcurpunramus (10-8 M) u FAMK (10—-8 M) BoipiBaior
BO30ysieHne. OJIHAKO 32 MCKJIIOUEHHeM JI01TaMiHa 1 5-0KCHTPHIITAMHHA Bbillle [lepednCiieHHbIe
BEIECTBA B 00JIMINX KOHLEHTPAIMAX BBI3bIBABIT TOPMOYKEHHE CepP/IeuHOil 1esITeIbHOCTH Me/IBE/ b=
Ki1. Kpome Bblle 1epeurciieHHbIX BelecTs, Bo30y Kalomee jeiicTsure Had/101aa0ch eme B 0/i-
HOM cjiyuae: BO Bpemsi J00aBjieHHsT 5-OKCUTpUNITAMMHA ¢ KOHIeHTpanueit 10-% M k cepany
E. ephippiger.

Cepaue E. ephippiger P. nana, E. ephippiger, C. coriaceus n L. decemlineata na
cIiejlyioniie GMOJIOrHYeCKH-aKTHBHbIE BEIeCTBA 0TBEYAII0 TOPMOYKEHHeM: aleTnixouuH (10-% M),
Hopajapenasud (10-8 M), aapenanun (10-7 M), nonamun (10-8 M), H301ponuIHOpaipeHany
(10-7 M), 5-oxcurnpunramus (10-8 M), tpurmramus (10-8 M), Tupamus (10-7 M), TAMK (10-3
M), rucramun (10-% M). Ha cepuiax P. nana u G. vulgaris MUTOJIOH M HHKOTHH 00Jajzaior
asoitHbiv sieiictBuem, ICI, 1 BOJI= 148 Bbi3biBaeT TOJIHKO TOPMOYKEHHE, B TO YK€ BPEMST METH-
cepruji 00J1alaeT TOPMO3HBIM JIeiiCTBIIEM HA cep/ile IepBoro M Bo30y KAaloIM Ha Cep/iie BTo-
poro. Ilpn udyueHnn mecra NpHIOYKEHHsT AleTHIXO0JIMHA, aJpeHajiHa, 5-0KCUTpUITaMinHa 1
"AMK, ObLJI0 YCTAHOBIIEHO, UTO HA Cep/iile HACEKOMBIX TOJIbKO JieficTBHe 5-OKCHUTPUNTAMHHA
OCYIIECTBJISIETCSI HA UYMCTBIX PEIENTOPHBIX CTPYKTYPAX, BIHMSIHIE OCTAJIBHBLIX OHOJIOMMUYECKH-
AKTUBHLIX BEIIECTB OCYIIECTBIISIETCS HA CMEIAHHDBIX PEHeNnTopay.
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PHARMACOLOGICAL ANALYSIS OF THE SPONTANEOUS ACTIVITY
AND TRANSMISSION OF IMPULSES ON THE VISCERAL GANGLION
OF ANODONTA CYGNEA L.

ISTVAN VARANKA and JANOS SALANKI
Bilogicoal Research Institute of the Hungarian Academy of Sciences, Tihany, Hungary

Received: 14th January 1970.

The results of pharmacological analyses of the regulation of excitatory
processes in Pelecypoda are not so concordant as in other animal species. The
role and action of bioactive agents have not been clarified as yet in spite
of the fact that it was demonstrated by histochemical and biochemical methods
that the central nervous systems of various species of molluses contain seroto-
nin (5HT) and catecholamines (WELSH and MoORHEAD, 1959; DAHL et al.,
1962; Pupri, 1964), as well as acetylcholine (WELsH, 1956; CorTRELL, 1966)
and acetylcholinesterase (SALANKI et al. 1966), essental for cholinergic
mediation. By electron microscopic examinations axo-somatic and axo-axonic
synapses were demonstrated in the nerve cells of Anodonta cygnea (Zs.-NAGY,
1964) which — judging from the presence of numerous vesicles seem to
function by the release of some chemical substances.

In the course of numerous pharmacological investigations on the cerebral
ganglion of Mya arenaria (HORRIDGE, 1961), cerebral and visceral ganglia of
Anodonta (Puppr, 1963a, b), visceral ganglion of Anodonta (SALANKI and
LABOs, 1964) and ,on the cerebral and visceral ganglia of Unio (SoxoLOV,
1967a, b) spontaneous activity, as well as evoked potentials were recorded.

According to HorripGE, ACh has an inhibitory effect on the trans-
mission of nerve impulses, Puppi, on the other hand, observed an initial stimu-
lation besides inhibition, and lasting stimulary effects in the cerebral ganglion
when low concentrations of ACh were applied. Both authors found 5HT to
stimulate spontaneous activity. Most of the drugs applied had, however,
slight effects and the results were often contradictory.

As has becen shown in a previous work (SALANKI and VARANKA, 1969)
the spontaneous activity of the ganglia in Anodonta cygnea has varying pat-
terns in different nerves. It has also been demonstrated that when the posterior
margin of the mantle (region of the sypho) was mechanically stimulated,
burst could be recorded from the nervus pallialis posterior maior (nppm)
running toward the visceral ganglion. The burst could be conducted both
from the contralateral nppm and from the cerebrovisceral connective (CVc).
As has been pointed out by SALANKI and GuBiczaA (1969) in the latter pathway
there are no fibres running through the visceral ganglion and thus the impulse
is conducted by synaptic transmission from the nppm to the CVe. One can,
however, reckon with the presence of direct fibres between the two pallial
nerves (nppm), as has been described by SALANKI and VARANKA (1969).

As the spontaneous activity of ganglionic origin can be conducted from
the nppm and CVe, and transmission can occur in two directions, we have
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applied direct chemical treatment on the visceral ganglion of Anodonta to
see which possible chemical mechanisms are involved in the regulation of
spontaneous electrical activity of the visceral ganglion and in the transmission
of impulses.

Material and method

For the experiments, specimens of fresh-water mussel (Anodonta
cygnea 1..) 16—21 cm in length were used. One of the shells was removed and
the ventral surface of the visceral ganglion (VG) and the initial portions of the
nerves originating from it were exposed. Conduction of spontaneous and evoked
activity was usually made from the left nppm and right CVe. The experi-
mental arrangement is shown in Fig. 1.

When studying spontaneous electrical activity, the nerves were transected
at about 10 —15mm from the VG and suction electrodes were applied for con-

ot

CVe h

siphon

o

I'g. 1. Experimental arrangement. VG = visceral ganglion; nppm = nervus pallialis
posterior maior; nbr = nervus branchialis; CVe = cerebro-visceral connective

duction of activity from the central stump. When evoked activity was studied,
the sypho region with intact nerve was excited by touching it with a fine paint-
brush. To protect the preparation from desiccation the free surface of the VG
and the tissues in its vicinity were sprinkled from time to time, with Ringer
solution. Under such conditions the animals could be kept alive even for
24 hours.

The agents tested were diluted in physiological solution (MARCZYNSKI,
1959) and applied to the VG with a swab of cotton wool. The pH of the solu-
tion was 7.0 4 0.1. The effect of the agents was evaluated beginning from the
2nd minute after application, as manipulation with the cotton wool itself
produces for about a minute a change in activity.

The effects of the following agents were investigated: acetylcholine
chloride, tetraethylpyrophosphate, picrotoxin (Fluka), eserine sulphate, tetra-
ethylammonium iodide, atropine sulphate, ergometrine maleate (BDH),
neostigmine bromide, natrium glutamate (Merck), d-tubocurarine chloride,
tetramethylammonium bromide, dichlorisoproterenol hydrochloride (Schu-
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chardt) mytolon chloride (benzoquinonium), mytelase chloride (ambenonium)
(St. W. Res. Inst.), L-adrenaline d-hydrogentartarate (EGA) dopamine
hydrochloride, 5-hydroxytryptamine-creatininsulphate (Sigma), DL-5-hyd-
roxytryptamine (Mann Research Lb.), L-noradrenaline bitartarate (Serva),
dibenamine hydrochloride, decamethonium iodide (Koch-Ligth), BOL-148
(2-bromo-lysergic acid diethylamide), methysergide bimaleate (Sandoz),
y-aminobutyric acid (Reanal).

Results

Drugs acting on the cholinergic system

Acetylcholine evoked two kinds of response depending on concentration,
namely, at 10-7 and 10~s M the spontaneous basic and burst activity, as well
as the amplitude of the transmitted potential were found to increase (Fig. 2).
When no spontaneous bursts were recorded in the control, they frequently
appeared after ACh treatment.

In concentrations from 10-4 to 10 ( M ACh decreased the spontaneous
activity of the visceral ganglion, abolished the bursts and inhibited the trans-
mission of impulses evoked by mechanical stimulation of the sypho region
(Fig. 3). Within this range of concentrations sometimes a small stimulation
could be observed after adaptation, showing that ACh has a biphasic effect.
This applies also to the amplitude of spontaneous bursts and transmitted
impulses. The effect of ACh can be eliminated by washing.

Atropine at high concentrations (10-3—0~4M) increased the spontan-
eous basic activity, elicited the initiation of spontaneous bursts and potentiated
the transmission of evoked activity. At 10~5M it still has an increasing effect
on transmission but below this concentration level it is ineffective. Atropine
prevented the inhibitory effect of ACh (Fig. 4). Its stimulating effect on
burst activity could not be washed out even after one hour.

d-Tubocurarin (d-TC) at 10~3to 10~4M potentiated the transmission
of impulses and had a slight increasing effect on spontaneous basic activity,
as well. Its effect can be washed out in a relatively short time.

Spontaneous burst activity was increased and transmission potentiated
by tetraethylammonium (TEA). This drug antagonized the inhibitory effect of
ACh. Its effect on spontaneous activity can be washed out rapidly but its
potentiating effect on transmission persisted even after one hour (Fig. 5).

The effect of tetramethylammonium (TMA) was similar to that of TEA,
but it was effective only at 10_3M. Its stimulating effect can be prevented by
ACh.

Decamethonium at 10~4and 10-s M increased spontaneous basic activity
and potentiated the amplitude of spontaneous bursts and transmission at
10 _4M. Below this level of concentration it is ineffective.

Eserine at 10~4M inhibited transmission and to some extent also the
spontaneous activity. Inhibition takes place rapidly, but incompletely as
through several fibres transmission remains unaffected even after 30 minutes
of treatment (Fig. 6). The effect is not easily washed out.

Neostigmine even at 10-3 M had an inhibitory effect only on trans-
mission and was easily washed out.

8 Tihanyi Evkényv
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Fig. 2. Effect of 10-7 M ACh on spontaneous burst activity (a, c, €) and on transmission (b, d). a and b = before tre-
atment; c and d = 20 minutes after treatment; e = after 30 minutes; Up :nppm = Down : CVc (on each Figure)
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Fig. 3. Effect of 10_4 M ACh on VG spontaneous activity and transmission
a = before treatment; b = 10 minutes after treatment; e = after 30 minutes
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Fig. 4. Atropine antagonization of ACh inhibition
a = before treatment; b = after 5 min of treatment with 10“4 M ACh; ¢ = after 20minutes of treatment; d = after 25
minutes following addition of 10~4 M atropine
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a = before treatment; b = 20 minutes after treatment

5. Effect of 10~4 M TEA on spontaneous burst activity
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Fig. B. Effect of 10_4 M eserine on spontaneous activity and on transmission,
a = before treatment; b = 5 minutes after treatment; ¢ = 20 minutes after treatment



Fig. 7. Effect of 10~5M Mytelase on spontaneous activity and on transmission,
a = before treatment; b = 10 minutes after treatment; ¢ = 30 minutes after treatment



Fir/. 8. Effect of 10 _4 M noradrenaline on spontaneous activity and on transmission,
a = before treatment; b = 10 minutes after treatment; ¢ = 20 minutes after treatment
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Fig. Y. Effect of 10~c M DCI on spontaneous activity and transmission
a = before treatment; b = 5 minutes after treatment; ¢ = 10 minutes after treatment; d = 30 minutes
after treatment
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Fig. 10. Effect of 10-% M 5HT on spontaneous activity
a = before treatment; b =one minute after treatment; ¢, d =continuous record afterl0 minutes;
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Tetraethylpyrophosphate showed no effect even at 1()_:!M.

Mytolon at 10~4 and 10~5M enhanced spontaneous activity conducted
from nppm, and increased the amplitude and frequency of bursts. The activity
conducted from CVc showed no change as compared to the control. Trans-
mission was inhibited at 10-4M.

Mytelase at 10”4and 10~5M had no effect on spontaneous basic activity
but increased the duration and amplitude of spontaneous bursts. Trans-
mission was intensively inhibited under these circumstances (Fig. 7), but
inhibition, like with eserine, was incomplete. Application of 10 M mytelase
potentiated burst activity, but was ineffective on transmission.

Picrotoxin at 10 4and 10 5M elicited spontaneous bursts or increased
their frequency. It showed no effect on spontaneous basic activity and on
transmission.

Drugs acting on the adrenergic system

Application of adrenaline, noradrenaline and dopamine at 10~4M and
in higher concentrations led to inhibition of transmission (Fig. 8), whereas
spontaneous activity remained unaffected.

Dibenamine exerted a slight increasing effect on spontaneous basic and
burst activity, but was ineffective on transmission.

Application of 10"4to 10 M dichlorisoproterenol (DCI) caused but a
slight increase on spontaneous basic activity but had a strong activating effect
on spontaneous bursts, particularly on their frequency. Its effect on the am-
plitude was less marked. When lower concentrations were used adaptation was
observed after 20 minutes of treatment. Transmission was inhibited by DCI
in the concentrations applied (Fig. 9).

No appreciable alterations in electrical activity were observed with the
application of ergotamine and ergometrine at 10 1M or below this concentra-
tion level.

Drugs acting on the tryptaminergic system

Serotonin at 10~8M and in higher concentrations enhanced spontaneous
burst activity (Fig. 10) by increasing the amplitude and frequency of bursts
or eliciting burst activity. The strongest effect was noted when the drug was
applied at 10_6 M concentration. After 20 25 minutes of serotonin treatment
(10-8 M) adaptation was observed. When higher concentrations were applied
spontaneous basic activity was sometimes, also increased. Though the drug
occasionally showed some potentiating effect on transmission, it did not affect
it substantially.

5-hydroxytryptophan proved to be ineffective even at 10 3M.

BOL-148 and methysergide at 10-4to 10 6M concentrations have usually
no effect on spontaneous basic activity, but inhibited the appearance of
spontaneous bursts or decreased their amplitude. Transmission was likewise
inhibited (Fig. 11).
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Fig. 11. Effect of 10_4 M BOL—148 on spontaneous activity and on transmission,
a = before treatment; b = 10 minutes after treatment; ¢ = 20 minutes after treatment
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Fig. 12. Effect of 10 4 M Na glutamate on spontaneous activity and on transmission,
a = before treatment; b = 5 minutes after treatment; ¢ = 20 minutes after treatment
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Other possible transmitters

y-amino-butyric acid at 10~4M and below this concentration level was
ineffective, but at 10”1 M inhibited both spontaneous activity and trans-
mission of impulses.

Increase of spontaneous activity was observed when 10 10~6M con-
centration of glutamate were applied (Fig. 12). The effect lasted about 15—20
minutes followed by adaptation or even by a slight inhibition, as was registered
in some cases. Spontaneous burst activity and transmission were not altered
by these concentrations of glutamate.

Discussion

Acetylcholine was found to evoke different responses, depending on
concentration, on the visceral ganglion of Anodonta cygnea. On the whole,
this finding is in agreement with the data of Puppi (1963a) on cerebral ganglion
of Lamellibranchiata. Cholinergic antagonists: atropine, TEA, TMA and deca-
methonium, as well as d-TC given alone stimulate spontaneous activity and
transmission of potentials. Atropine and TEA eliminate the inhibitory effect
of exogenous ACh. Though according to Puppi (1963a) atropine produces
inhibition on the cerebral ganglion, we have never observed inhibition by
application of cholinergic antagonists. Considering moreover, that the ganglia
of Pelecypoda were found to contain ACh (Weish, 1956; Cottrert, 1966)
and cholinesterase (Satanki et al. 1966) the assumption that cholinergic
mechanisms may play a role in the regulation of spontaneous activity and
transmission of evoked potentials on the visceral ganglion of Anodonta, may
be accepted.

Dependence on concentration of ACh effect seems to be connected with
different sites of action. Low concentrations of ACh may increase by depolari-
zation the activity of certain nerve cells, as has been described in the “D”
cells of Gastropoda (Tauc and Gerschenfeld, 1962). A similar mechanism
may result in the potentiation of the postsynaptic response. This may con-
stitute the stimulatory cholinergic system.

Higher concentrations of ACh may also produce inhibition by prolonged
depolarization of high degree, but the stimulating effect of cholinergic anta-
gonists which themselves do not, as a rule, influence the permeability of
non-cholinergic membranes, seems to indicate that besides a stimulatory
cholinergic system, an inhibitory cholinergic system is also present in the
visceral ganglion. Thus the effect of higher ACh concentrations, besides the
depolarization, blocking the effect of the stimulatory system, may be explained
by the activation of this inhibitory system. The inhibitory effects of eserine
and neostigmine and the burst activating effect of picrotoxin also refer to the
physiological presence of inhibitory cholinergic systems.

The fact that only stimulation and no inhibition was observed when
cholinergic antagonists were applied seems to indicate that the cholinergic
inhibitory system, as compared to the stimulatory one, is more sensitive to
pharmacological treatment, or at least this is predominant after one minute
of treatment. We may also suppose that the stimulatory effect of ACh is
aspecific. This is, however, contradicted by the long duration of stimulation
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and by the fact that not only the increase of spontaneous activity, but also the
potentiation of transmission invariably occur with low concentrations of ACh.
Mytolon and mytelase may be regarded rather as ACh synergists than antagon-
ists in the visceral ganglion, increase of spontaneous activity may be inter-
preted as a stimulatory effect on the somatic membrane, while inhibition of
transmission as blocking effect on the stimulatory synapses. The presence of
a few fibres of evoked postganglionic potential, after application of eserine
and mytelase, show that inhibition of transmission is not exclusively con-
nected with cholinergic mechanisms.

The catecholamines employed were found to inhibit transmission only
in relatively high concentrations, which seems to refer to their inhibitory
role in the regulation of transmission. This is, however, contradicted by the
fact that neither dibenamine, an a-adrenergic blocking drug, nor the /~-blocking
DCI had a potentiating effect on transmission, on the contrary, the latter drug
inhibits transmission by itself. Both drugs increased spontaneous activity
which was, however, unaffected by catecholamines. On the other hand, there
are data indicating the ganglionic role of catecholamines. Thus, adrenaline
and noradrenaline applied to the cerebral ganglion increase the rhythm of
the posterior adductor muscle (Saranki, 1963) and the ganglia are known to
contain considerable amounts of catecholamines (Danhi et al. 1962; Puppi,
1964; zs.-Nagy, 1967). The presence of catecholamines in the synaptic vesicles
(Zs.-Nagy, 1968) also indicate their involvement in transmission of nerve
impulses. The question is raised that if these all are inhibitory synapses why
they cannot be blocked by the best known adrenergic blocking agents? For
the elucidation of the role of adrenergic system further investigations are
required.

| In the course of our investigations serotonin proved to be the most
effective drug. The fact that it has a strong stimulatory effect on the burst
activity of the visceral ganglion seems to point to its role played in the genera-
tion of spontaneous activity. This assumption is supported by the finding that
serotonin-antagoniststs: BOL-148 and methysergide evoke inhibitory effects.
This is in agreement with the data of Horridge (1958), P tjppi (1963b) and
Satanki (1963) who likewise found that the application of serotonin produced
stimulation in burst activity.

5HT did not alter the transmission of impulses. Therefore its function
as an interneuronal transmitter along the path nppm-CVc and nppm-nppm,
is unlikely. It should be noted that the role of 5SHT as a transmitter within
the ganglion has been questioned also on histochemical basis (Zs.-Nagy,
1967) .

Of the other substances tested, glutamate seems to deserve attention.
GABA does not appear to play a physiological part. The comparatively low
level of the effective concentration of glutamate seems to indicate that simi-
larly to the data obtained in other animals (kK rnjevic et al. 1966; Saranki,
1968) , glutamate may be involved in the regulation of VG activity in Anodonta,
as well.

So far morphological investigations of the cerebral and viseeral ganglia
have not disclosed any microsco;ﬁlc and electron microscopic differences in
structure between these ganglia. Physiologically, on the other hand, functional
differences were observed as the cerebral ganglia are the sites of the primary
relaxing centres of the regulation of the adductor muscle (Pawiow, 1885;



128

Barnes, 1955; Satanki and Labos, 1963). Pharmacological investigations
also indicate the different nature of these ganglia. Thus, when ACh was applied,
biphasic effect appeared only in the cerebral ganglion, whereas in the visceral
ganglion only inhibition was observed (Puppi, 1963a). Similarly, a disparity
in effect to atropine was also noted in these ganglia. Sokotov (1967b) described
the different pharmacological conditions of the cerebral and visceral ganglia.
It is therefore, not surprising that our data differ in part from those obtained
on the cerebral ganglion. This pharmacological dissimilarity may be utilized
in the investigations on spontaneous ganglionic activity and transmission
of nerve impulses on different pathways for the demonstration of functional
differentiation — insufficiently known so far - of the central nervous system
of Pelecypoda.

Summary

From the investigations on the spontaneous activity of the visceral
ganglion and on transmission of potentials evoked by mechanical stimulation
of the sypho region in Anodonta cygnea it was concluded:

1) Acetylcholine in low concentrations (10-e 10-8 M) increases while
in higher concentrations (10-4—10~5M) inhibits both spontaneous activity
and transmission of impulses.

Cholinergic antagonists exert a stimulating effect, cholinesterase inhibi-
tors, on the other hand, block the transmission of evoked potentials, which
indicates the presence of a stimulatory and an inhibitory cholinergic system.

2) Adrenergic drugs inhibited only the transmission of impulses. Their
role is not clear as the effect of adrenergic antagonists does not confirm the
inhibitory effect of catecholamines.

3) Serotonin in low concentrations (10-6—10_8M) had a stimulatory
effect on burst activity but was ineffective on transmission. It may play a
role in the generation of spontaneous activity.

4) Of the other substances tested, GABA does not seem to participate,
whilpi_glutamte may be involved in the processes of transmission of the visceral
ganglion.

5) Pharmacological difference is suggested between the cerebral and
visceral ganglia. Detailed analysis of this difference may help to demonstrate
the functional differentiation of the central nervous system in Anodonta
cygnea.
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A SPONTAN AKTIVITAS ES INGEKULETATTEVODES FARMAKOLOGIALI
VIZSGALATA ANODONTA CYGNEA VISCERALIS GANGLIONJAN

Varanka Istvan és Salanki Janos

Osszefoglalas

A viscerdlis ganglion spontan aktivitasanak, valamint a sziféingerléssel kivaltott
potencial attev6désének vizsgalata soran megallapitast nyert:

1. Az acetylcholin kis (10~6—10~8M) koncentracidban serkentd, nagyobb (10~4—
10~5M) koncentraciéban gatlé hatdst mind a spontan aktivitdsra, mind az &ttevédésre.
Kolinerg antagonistak serkentd hatadstak, eholineszterdze gatlok az attevédést blokkol-
jak. Mindez serkentd és gatlé kolinerg rendszer jelenlétére utal.

2. Adrenerg szerek viszonylag nagy do6zisban (10~4 M) is csak az attevédést befo-
lydsoljak, gatoljak. Szerepik nem vilagos, minthogy az adrenerg antagonistak hatasa a
catecholaminok géatl6 szerepét nem tdmasztja ala.

3. Szerotonin a burst aktivitast fokozza mar 10~6—10~8M koncentracioban is, az
ingeriletattev6dést azonban nem befolyasolja. A spontén aktivitds generalasdban lehet
szerepe.

4. Egyéb anyagok kozil a GABA valészinlileg nem, a glutamat esetleg szerepet
jatszik a viscerdlis ganglion ingerileti folyamataiban.

5. A cerebréalis és visceralis ganglion k6zdtt farmakolégiailag kimutathaté kilénb-
ség van, s ennek részletes vizsgalata alkalmas lehet a kdzponti idegrendszer funkcionalis
differencialtsdganak feltarasara.

®APMAKO/IOTMUYECKWE WCCAEAOBAHUA CMOHTAHHOM AKTUMBHOCTU U
MEPEAAUYN BO3BYXAEHNA HA BWCLUEPA/IBHOM TAHI AN
ANODONTA CYGNEA

M. BapaHka U A. LWanaHku

Ha ocHoBe uccnefoBaHMs CMOHTAHHOW aKTMBHOCTU W Mepefayn BO30YXAEHWS, Bbl3BaH-
HOTO pasgpaxxeHvem CI/I(#OHaI'IbHOI'O HepBa, MOXXHO CAenaTb CneflytoLine BbIBOAbI:

1 BnusiHWe aueTWUIXOMHA B Masloli KoHUeHTpaummn (10~6—10-8 M) Bo3byxpaatoLuee, B
60MbLUe KOHLUEHTPALMU TOPMO3HOE KaK Ha CMOHTaHHYH aKTMBHOCTb TakK M Ha nepegady. Xo-
NVHONNTUKM 06/1aJal0T BO36YXXAAIOLVMM [efiCTBMEM, a BellecTBa TOPMO3ALLME XONMHICTepasy,
61oKMpyloT nepegady. Bcé 3T0 MokasbiBaeT Ha NPUCYCTBME BO36YXAAIOLEA M TOPMO3ALLEeN
XO/IMHEPrNYeCKOM CUCTEMBI.

2. AfpeHepruueckve BeLLeCTBa B CPaBHUTENbHO 60MbLLoi gose (10~4M) BAMAIOT TOMbKO
Ha nepefadvy TopMo3s 8. VIX ponb He AcHas, Tak Kak AeliCTBMe aApeHa/IMTUKOB He MOATBEPXKAaeT
TOPMO3ALLEr0 AeliCTBMA KaTexonaM1HOB.

3. CepoTOHVH YCWUIMBAET 3a/1bMNOBYIO aKTUBHOCTL YXKe B KOHLUeHTpaumax ICH6—10~8 M,
Ha nepefady Bo3GYXAeHNS OH He BNIsieT. MOXET BblITb, UTO CEPOTOHWH UTPaeT Posib B reHepaLmm
CMOHTaHHON aKTUBHOCTHU.

4. Mpegnonaraetcs, 4To U3 Apyrux sewwects FTAMK He urpaet, a rnyramar, MOXeT 6biTb,
UrpaeT posb B MpoLeccax BO30YXAEHNS B BUCLEPabHOM FaHrnn.

5 Mexay uepebpaibHbIM U BUCLIEPANIbHBIM TAHTIMAMU  CYLLECTBYIOT (hapmakonoru-
yeckue pasnnumns, UCCNeAOBaHUA 3TUX Pa3IMuMii MOTYT COLENCTBOBaTb OOHapYXEeHWI0 (yHK-
LMOHa/bHON AndepeHLMPOBAHHOCTU B LIEHTPa/IbHOW HEpPBHOW cuCTeMe.
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THE FINE STRUCTURE OF NEUROMUSCULAR AND INTERMUSCULAR
CONNECTIONS IN THE ADDUCTORS OF ANODONTA CYGNEA L.
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The innervation of adductors in bivalves has only been studied at light
microscopic level by silver impregnations, methylene blue staining or cholineste-
rase histochemistry (Bowden and Lowy, 1955; Bowden, 1958; Abraham and
Minker, 1957, 1959). The published data are contradictory first of all because
of the irreproducibility of the impregnation and staining methods. On the
other hand, that time the cholinesterase activity was generally believed to
indicate only nervous elements. Later, however, it became clear that in the
adductors of mussels it is not the case (zs.-Nagy, 1964a). Therefore, the
histological investigations could only evidence that the adductors contain
nerve fibres. According t0 Bowden (1958) neuromuscular end plates are
present; others could not confirm his findings (Abraham and Minker, 1957,
1959); Bowden (1958) described also nerve cells in the adductors whereas
the latter authors denied this finding categorically.

Starting from the above mentioned contradictions we wanted to inves-
tigate electron microscopically the structure of axons and neuromuscular junc-
tions as well as the presence or absence of nerve cells. Since, however, during
the investigations light has been thrown to some intermuscular connections
which can be significant in the muscle function, we treat them also here.

Material and method

The investigations were carried out on the 12—20 c¢cm long specimens
of Anodonta cygnea L. The adductors were fixed as follows:

a) 2% Os()4 buffered with s-collidine at pH 7.2 (Bennett and Luft,
1959) for 2 hours at 0 °C.

b) 2.5% glutaraldehyde in tap water at pH 7.0 for 16—20 hours at
room temperature. The glutaraldehyde was purified by ion-exchange accord-
ing to vaaasz (1966). After the glutaraldehyde fixation we washed the material
in tap water for 2 hours than it was postfixed in 2% 0s04for 1—2 hours.

After fixation the material was dehydrated by ethanol and embedded
in Araidite (Durcupan ACM, Fluka) on the usual way. The sections were cut
on an LKB Ultrotome H1 and contrasted with uranylacetate and lead citrate
(Reynotds, 1963). The micrographs were taken with a TESLA BS 413A
electron microscope.

9*
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Fig. 1. Nerve fibres (Ax) in the white part of the posterior adductor. Gr — large granules
in the cytoplasm of the special cell adjoining the axons. | — interstitial connective tissue;
M — detail of a muscle cell. X 30,000
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Results
1. The structure of innervating axons

The nerve branches consist of several axons having neither myelin nor
Schwann sheaths. There frequently occur cells of special structure containing
in their cytoplasm large ovale-shaped granules of high electron density (Fig. 1).
Neither these cells form a closed sheath around the axons, only adjoin them
on certain places. The structure of axoplasm varies. In some places a lot of
parallel arranged microtubuli are to be seen (Fig. 2), however, numerous
dense-cored vesicles (DCV) or empty vesicles also occur among them. The
vesicles are also present in other parts of axons devoid of microtubuli. The
thickness of axons is different; from several tenths of micron it can reach
1 2 micron. The axons of larger diameter have usually a very poor axoplasm.

2. The structure of neuromuscular junction

In some places between the muscle cells solitary axonal enlargements
filled in with vesicles can be observed. They usually adjoin muscle cells and
correspond to the nerve endings (Fig. 3). On the place of contact both the
axolemma and the sarcolemma are intact and of normal thickness. The inter-
membranic cleft is about 200 A in width. In the nerve ending clusters of
vesicles are frequently seen near the point of contact. The vesicles are always
mixed, empty and DCV forms occur together, their diameter is about 400—
1200 A. Sometimes we could observe some morphological characteristics sug-
gesting the fusion of vesicles with the presynaptic membrane (Fig. 3). There
are endings forming contacts with more than one muscle cells. The post-
synaptic part never showed any specialization.

3. The presence of nerve cells

In either adductors both in white and yellow parts we observed cells
(Fig. 4) the cytoplasm of which bears a close resemblance to that of the central
neurones of mussels. These cells occur individually or in small groups usually
together with axons. Sometimes the axons show a neuropile-like gathering
near to these cells (Fig. 4). The cells are rather small, we failed to observe
any larger than 20 n. The low number of cytosomes in these cells represents
a difference as compared to the central neurones. The neurones of the adduc-
tors contain also dense-cored vesicles (Fig. 5). The fibrocytes of the muscular
interstitium can be strictly distinguished from the nerve cells on the basis
of their characteristic rough endoplasmic reticulum being absent in the
nerve cells.

4. The structure of intermuscular connections

Usually between two muscle cells there is a narrow intercellular space
filled in by atypic collagen fibres. This space in some places has dilatations
containing also fibrocytes. The sarcolemma here and there shows some specific
structures resembling desmosomes (Fig. 6). The cell membrane is trilami-
nated, on its internal side there is a dense material and the membrane itself



Fig. 2. Structure of the axoplasm in the white part of the posterior adductor. MT —

microtubuli, DCV — dense-cored vesicles. x 58,500
Fig. 3. Neuromuscular junction in the anterior adductor. NE — nerve ending; V —
synaptic vesicles; M — muscle cell; P — paramyosin filament. The arrow indicates a

possible place uf fusion of vesicles into the presynaptic membrane. x 58,500
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Fig. 4. Detail of a nerve cell in the posterior adductor (NC). NCN — nerve cell nucleus;
Cy — small cytosome; AX — axons contacting with the nerve cell; M — muscle cell;
I — interstitium. X35,000
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Fig. 5. Dense-cored vesicles (DCV) in the neurones of the posterior adductor. Their
diameter is about 2000 A. x 35,000
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adductor. My — myofilaments, X30,000. b) Half-desmosomes from the same muscle
(arrows). On the right side of the picture partially connected half-desmosomes are to be
seen. X30,000
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Fig. 7. Membrane appositions between two muscle cells (arrows). X 58,500

Fig. 8. Nexus between two muscle cells (arrow). My — myofilaments. X 78,000
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is also thicker than at other places of the sarcolemma. At these desmosomes
the muscle cells come nearer to each other than elsewhere. There occur also
halfdesmosomes where the sarcolemma of the opposite muscle cell shows no
specialization. At such places the intercellular space is also of normal width.
The half-desmosomes can especially frequently be seen on the surface of
muscle cells showing a small diameter in cross sections.

Apart from the desmosomes there are, however, intersarcolemmic con-
tacts between the normal muscle membranes, too. The intercellular cleft is
only 150 200 A width on such places (Fig. 7). We could only rarely observe
nexuses or “gap junctions” between the muscle cells (Fig. 8).

Discussion

There is no doubt that the adductors have no motor end plate. The
innervating axons are similar to those found in the ganglia (Zs.-Nagy, 1964b,
1968a). The structure of neuromuscular contacts is generally identical with
that of the neuromuscular (Schiote, 1962, 1963; Graziadeéi, 1966; K erkut
and cow. 1966; Rogers, 1968, Benjamin and Peat, 1968; Zs.-Nagy and
Labos, 1969) and neuro-interstitial (Nicaise, 1967; Nicaise and cow. 1968)
contacts observed in other Molluscs. In the ganglia of Anodonta cygnea the
DCV and empty vesicles represent the different physiological stages of the
same elements (zs.-Nagy, 1968b). Therefore, we are of the opinion that only
on the basis of the morphological difference they cannot be assumed to con-
tain different transmitter substances either in the adductors. The DCVs con-
tain dopamine in the ganglia (zs.-Nagy, 1968b), thus, also the innervation
of the adductors is most probably monoaminergic. We failed to observe
morphologically neuromuscular junctions of cholinergic character. This con-
trasts with the presence of cholinesterase activity in the adductors (Bowden,
1958; Zs.-Nagy, 1964a; Saranki and cow. 1967). It is extremely difficult
to interpret the significance of this enzyme taking into consideration that
its general sarcolemmar localization (Zs.-Nagy, 1964a) by no means agrees
with the distribution of nervous elements.

On the basis of their physiological behaviour the adductors must be
assumed to have a double innervation, namely the stimulation of the motor
nerves causes either a tonic contraction or relaxation depending on the para-
meters of the stimulation. The former effect can experimentally be brought
about by catecholamines whereas the latter by serotonin (Saranki and
Labos, 1969). As we mentioned above the nerve endings containing DCVs
must function with catecholamines, i.e. they represent the stimulating factor.
Nothing is known, however about the localization of serotonin. Since the sti-
mulation of the cerebro-visceral connectives causes an increase of the serotonin
level in the posterior adductor (Saranki and Hiripi, 1970) meanwhile the
adductor relaxes, one cannot call in question the physiological significance
of serotonin. This is why the innervating axon-endings are to be considered
functionally of two different kinds even despite of the mog)hological identity.
One cannot deny, however, that the catecholamines and the serotonin are
localized together in the same nerve endings, only the character of the nerve
impulse determines their liberation.
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Our investigations show that the adductors contain also nerve cells
which are not negligible in the interpretation of the muscle function. Their
presence in the adductors elucidates the physiological fact, that even after
a total denervation a rhythmic activity of the adductors remains, which is
not a myogen rhythm (Paviov, 1885, Saranki and Zs.-Nagy, 1970). It is
curious that they were not seen in silver impregnated sections (Abraham and
Minker, 1957, 1959). We do not know wether the cholinesterase-positive
structures described by Bowden (1958) as nerve cells are identical or not with
the nerve cells found by us in the electron microscope. Anyway the occurrence
of these nerve cells is not so frequent that it could explain - even if they
contain cholinesterase — the high activity of this enzyme in the adductors.
It should be noted that recently Fon and Bogusch (1969) described light
microscopically nerve cells of the same size in the penis retractor muscle of
Helix pomatia.

The presence of desmosomes and half-desmosomes show that the muscle
cells are connected mechanically to each other and to the interstitial connective
tissue; i.e. they do not extend from shell to shell. Hanson and Lowy (1961)
failed to find desmosomes in the yellow adductor of an oyster. It is possible,
however, that in the glycerinized muscle used mainly by them the desmosomes
are not well preserved. Desmosomes have been found also in smooth muscle
of vertebrates (Fawcett and Setby, 1958; Shoenberg, 1958). The mechanical
connecting function of desmosomes is also indicated by their frequent occur-
rence at the taper ends of the spindle-shaped muscle cell. 1t should be noted,
however, that Foara (1964) holds as possible that the desmosomes take part
in the electric coupling in the heart of the oyster.

The other intersarcolemmic connection corresponds to a usual membrane
apposition and as such it probably does not take part in the electric coupling.
The very infrequent places where the membranes form a nexus (Dewey
and Barr, 1962) or “gap junction” (Revel and Karnovsky, 1967) the
electric coupling can take place since these structures represent a well-
known low electric resistance. Since the neuromuscular connection itself is
not more specialized than the usual membrane apposition and the chemical
impulse-transmission takes place in it, it seems to be possible that also the
intermuscular membrane appositions play some role in a chemical trans-
mission process maintaining the synchronized function of the muscle cells in
the adductors. One may assume that the cholinesterase activity localized
diffusely in the sarcolemma has also some functional significance in such a
process.

Summary

The anterior and posterior adductors of Anodonta cygnea have been
studied by the usual electron microscopic techniques. It was found that the
axons between the muscle cells are unmyelinated and no Schwann sheath
is present. They are morphologically similar to the axons of the central nervous
system. They contain empty or dense-cored vesicles of about 400 —200 A
diameter. The enlarged endings of axons are especially rich in vesicles. The
endings are in connection with the sarcolemma on some places forming un-
specialized membrane appositions representing the neuromuscular synapses.
Near these contacts there often occur clusters of vesicles in the endings.
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We failed to find any specialized neuromuscular end plate in the adductors.
Nerve cells of small size are also present in the adductors.

There are membrane appositions between the muscle cells and rarely
nexuses or “gap junctions” can also be seen. These intersarcolemmic contacts
can have some functional significance in the maintenance of synchronity of
muscle contraction by chemical or electrical transmission of impulses. Des-
mosomes and half-desmosomes occur in great number on the surface of the
muscle cells.
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A NEURO-MUSZKULAR1S ES INTERMUSZKULARIS KAPCSOLATOK
FINOM SZERKEZETE AZ ANODONTA CYGNEA L. (MOLLUSCA, PELECYPODA)
ZAROIZMAIBAN

Zs.-Nagy Imre és Salanki Janos

Osszefoglalas

Vizsgéltatott az Anodonta cygnea eliils6 és hats6 zaréizmanak beidegzése szokasos
elektronmikroszkdpos technika segitségével. Megdallapitast nyert, hogy az izomsejtek
kozott talalhatd axonok velStlenek és Schwann-hiivellyel sem rendelkeznek, morfolégia-
ilag hasonlitanak a kozponti idegrendszer axonjaira. Bennilk 400—1200 A atmérdji
tres vagy dense-core vezikuldk lathaték. Az axonok tadgult végz6dései kilonsen sok
vezikulat tartalmaznak. E végz6dések helyenként hozzéafekszenek az izomsejtekhez,
azok membranjaival appoziciés kontaktusokat képeznek, amelyek specializaciét nem
mutatnak. Ezek felelnek meg a neuromuszkuléris szinapszisoknak. E helyeken gyakori
a vezikularis alloméany tomorilése az idegvégz6désekben. Neuromuszkularis véglemezt
nem taldltunk a zaréizomban. Sikerilt megfigyelni az izomsejtek kdzdtt kisméretd
idegsejtek jelenlétét is.

Membranappoziciok az izomsejtek kozott is taldlhatok, s6t ritkan ugyan, de
nexusok, illetve ,,gap junction”-ok is el6fordulnak. Ezen interszarkolemmaéris érintkezési
forméaknak jelentdségik lehet a zardizommikddés szinkronizdsanak biztositdsaban
ingeriuleti folyamatok kémiai vagy elektromos atadasa révén. Desmosomak és féldesmo-
somak nagy szamban lathaték az izomsejteken.
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TOHKASA CTPYKTYPA HEPBHO-MbIWEUYHbIX W MEXMbIWEYHbIX CBHA3EN
B AOQOYKTOPAX ANODONTA CYGNEA

n. X.- Hagb u 4. LWanaHkn

Bblfibl UcCMefoBaHbl NepefHue M3afjHue agfgyKTopbl Anodonta eygnea MeTo40M 06bIYHOW
3/1EKTPOHHOMMUKPOCKONMUU. Y CTAHOB/IEHO, YTO AKCOHbl CPeAM MbILUEUYHbIX KNETOK 6e3MUINUH-
oBble U He o6nagalT gaxe LI BaHHOBCKOW 060/104KOM, MOPHONOTNYECKN OHW CXOAHbI C aKCOHAMMK
LUeHTPanbHOW HEpPBHOW CUCTEMbl. BHYTPU HWUX BUAHbI MycTble UnuM dense-core Be3UKyNbl Aua-
mMeTpom 400— 1200 A. Oco6eHHO MHOrFO BE3WKYN COAEPXUTCA B PaClUUPEHHbIX KOHLAX aKCOHOB.
3TN OKOHYAHUA B HEKOTOPbIX yyacTKax NpuUaeranT K MblleYHbIM KneTKaM, ux mem6paHbl o6pa-
3yIOT anno3nuyMoHHble KOHTAKTbl, KOTOPble He MOoKa3biBalT creyuMannsayuu. STU KOHTAKTbI
COOTBETCTBYIOT HEPBHO-MbILWEYHbIM CUHancam. B aTWx MecTax 4acTo HabnofaeTcs cKonfeHue
BE3UKY/l B HEPBHbIX OKOHYaHWAX. B afAyKTope He HalWiuM KOHLEBYK MNAacTUHKY. Y aanocb
Ha6n4aTh HaMUYME MeNbKUX HEPOHOB CPeAU MbllleUHbIX KNeToK. M3peska Habnoganucs .Mem-
6paHHble anno3nuUy MexAy MbIledHbIMU BOJOKHAMM, NexXus WAu «gap junction» Toxe MOryT
BCTpeyaTcs. OTW MHTepcepKoneMMapHbie (OpMbl CBs3eil, MOXET 6biTb, UIPaAOT 3HAUUTEIbHYIO
ponb B CUHXPOHM3ALUW afAyKTOPOB, MOMOLbLID XUMWUYECKOW WU 3/1eKTPUYECKO nepegaun
B0O36yXeHUs. [ecMocoMbl U MONY-feCMOCOMbl B 6OMbLIOM KO/MYECTBE BUAHLI B MbILUEUYHbIX
KaeTKax.
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The age of fish together with the length of body and weight may provide
information as to the composition of the stock, their growth, sexual maturation,
life span production and mortality (Tescu, 1968). In the determination of
age and investigation of growth various scalimetric methods are in use, by
which the growth biology of fish can well be studied with sufficient accuracy.
The summary and criticism of these methods have been published in a variety
of papers (Vovk, 1956; BryuzciN, 1963; SHENTYAKOVA, 1966; TrscH, 1968;
RickERr, 1969; and many others). BERTALANFFY’s model (1938, 1957) has been
successfully applied in the mathematical description of growth of a number
of fishes; this model is the best known of its kind and extensively used in
the description of fish production studies (Frost and Krering, 1968; Sivui-
MAN, 1969). The method of application of this model has been introduced
into fish biological fields by BeverroN and Horr (1957) and by Ricker
(1958). The diagrammatic representation of growth was first given by WaL-
FORD (1946). The improved BERTALANFFY model was given quite recently
by ArLLeN (1969) in the form of a generalized equation of growth.

Early data bearing reference on the growth of pike- perch in Lake Balaton
(UxcEr; 1931; Tore, 1962) are partly contradictory, and partly have no
reference whatsoever as to the growth of scales, the allometric relation of body
weight and body length, and furthermore, these data lack the detailed descrip-
tion of the rate of the increasing body length. Tora’s (1959, 1962) experimental
results have drawn attention to the fact that the specimens of pike-perch
in Lake Balaton up to the age of 4 -5 years develop slowly and unevenly,
whose cause was explained by the special characteristics of the lake and more
especially in the lack of food-stuff touching mainly the younger age groups.

The aim of our scale investigations was to survey the characteristic
parameters of growth of the pike-perch population in the North-eastern
basin of Lake Balaton. Furthermore we endeavoured to gain data as to the
relation existing between the increasing length of scales and body dimensions.

Material and methods

A part of our experimental material was collected between Tth—11th
of December, 1968. We have altogether examined 432 pike-perches, out of
them 340 were 3 -9 vears old (all these specimens were supplied by the Balaton
Fishing Company), 32 were 1—2 years old, while 60 individuals hatched

10 Tihanyi Evkonyv



146

that summer. Specimens younger than 3 years old were collected by us with
a trawlnet of 5 mm mesh during the years 1968 and 1969.

For age estimation and growth investigation we detached 15- 20 scales
from the area below the lateral line behind the posterior margin of the left
pectoral fin of the fish (Fig. 1), the scales were stored between the pages of
a note-book. We measured the standard (L..) and total body length (L) of
each specimen in mm, and also its weight (W) in grams. The length and weight

Fig. 1. Measured lengths and the place of scale sampling on the left side of pike-perch
(“key-scales™)

measurements of one year old or of younger specimens were taken on material
preserved in 4%, formalin. From among the scales we selected those which
were entire — not regenerated — under a binocular microscope, each scale
was cleaned and subsequently stained by the WaArLLix (1957) and KEETON
(1965) method, then they were washed in distilled water and dried between
slides. The preparations were projected by a profile projector at a 50 times
magnification (sometimes at a magnification of 20), by the help of a milli-
metre divided scale we measured from the focus of the scale the winter annual
ring distances and the total oral radius (Fig. 2). Age determination was done
by counting the number of completely developed annual rings in differentiating
age groups we used the currently accepted denotations (14, 24, etc.).

The relation of the standard length (I..) and the total oral radius (S),
and the body dimensions of first-summer fries concerning scale formation
were all expressed by the equation of a straight line. With respect to the
relation of radial distances of the winter year rings and body length a similar
method of reasoning was followed. By knowing these data from the annulus-
radii the body length (L, and 1,) of individual age groups was determined
by the FraSeEr (1916) method. The relation existing between body weight
and body length was calculated by the allometric formula of HuxLey (1924)
(cit. BEVERTON and Howrr, 1957).

For the description of growth of pike-perch in Lake Balaton on the basis
of back calculated lengths we employed BERTALANFFY’s (1957) growth-
model, according to which body length at every ¢ period of time can be given
as follows:

1, = L, [lee-Kit=1)]
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Fig. 2. Points of measurement on pike-perch scales: S = total oral radius, s1;s2 s3 etc. =
distances measured from the focus and winter rings

where = the upper asymptotic limit of body length (maximal length)
K — the measure of rate at which body length approaches L,,
= the parameter of that hypotetic period of time at which the
length of fish would have been zero (Ito= 0)
the base of natural logarithm

[¢)
1

Results

The extreme values for the standard length in the examined specimens
of pike-perch, including the younger generation, too, were 22 630, while
for the total body length these values varied between 27 and 710 mm, body
weights were between (1.21—4000 g. The present paper deals with those speci-
mens caught in nets with a mesh of 4 cm, whose age is not less than 3 years
(Table 1).

10*
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TABLE 1

Measured values of body length and body weight in pike-perch of Lake Balaton
(samples were collected by fishermen)

Age I< w
A 31.0 36.0 349
3+ B 37.0 42.5 645
C 34.0 39.1 510
A 325 37.0 400
4-f B 425 48.5 975
C 37.0 425 671
A 375 43.0 805
5+ B 445 51.0 1593
C 41.8 48.1 1012
A 47.0 53.0 1341
6-f B 51.0 59.0 2160
C 49.1 56.4 1698
A 50.5 56.0 1900
7+ B 58.0 66.0 3000
C 51.7 58.0 2715
A 52.7 57.5 3725
8+ B 575 68.0 4000
C 54.0 62.0 3862
9+ C 63.0 71.0 3812

standard length (cm); It = total body length (cm)
body weight (9)

Lc
W
A minimum, B — maximum, C = average value

On the scales of pike-perch in Lake Balaton the winter rings appear
generally as wide bands. In most cases the borderline of the first winter ring
caused some difficulties in measurements. Similar problems also occurred
when examining the scales of older specimens. The growth zones may be
examined with greater precision by applying stains, on the other hand, in the
case of 7—8 years old specimens age estimation becomes increasingly difficult
because the annual rings are more dense and at times they even merge into one
another, so not even staining brings out any significant features for differen-
tiation. About 20—30 per cent of the collected scales were regenerated.

Taking into consideration all the fish samples in our investigation the
relation of standard length and the total oral radius (S) was calculated as
follows (Fig. 3, A):

S = —0.0729 + 0.1108 «Lc

where S was given in mm, Lcin cm. The equation gives a low value for the
respective body length of key-scale formation, and according to our experiences
this value indicates that body length which is measurable at the time of
development of the first caudal scales. The values of S at back calculated
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Fig. 3. Relation between standard length of pike-perch (Lc) and total oral radius of scale.
A-straight line: calculated for all examined specimens (432 individuals) (8 — 0.0729 +
+ 0.1108 < Lc), B-straight line: relation expressing measurable body length at the time
of scale formation in first-summer fries evaluated by direct analysis (60 individuals):

Lc = 4.064 + 8.054 S,

its point of intersection on the abscissa corresponds to the measurable standard length
at the time of key-scale formation (S given in mm, Lcin cm)

body dimensions (Table 2, average values) between 1+ and 8+ age groups
gave the following values in mm: 1.86, 2.71, 3.39, 4.05, 4.75, 5.32, 5.78, 6.14.
On first-summer specimens we established by direct investigations that stan-
dard length (Lc) of pike-perch fries is 40 mm at the formation of the lateral
key-scales (in case of Lt it is about 4.5 cm) (Fig. 1). At this stage of develop-
ment for the standard length the following equation is valid (Fig. 3,B):

Lc= 4.064 -f 8.054 S

In Lake Balaton on the caudal peduncle of pike-perch fries at 2 cm body length
developing scales may be perceived. When correcting back calculated body
lengths we considered 40 and 45 mm measurements. The equation expressing
the relation existing between the average radial distances of the winter rings
and standard length is given below (Fig. 4):

sn= 0.3300 + 0.1153 « Lc
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TABLE 2

Back calculated body lengths of pike-perch in Lake Balaton (Lcgiven in cm)

Age group: 3+ 4+ 5f 6f- 74- 8+ (9+) Average  Increase (\Q)/
A 125 119 113 167 177 17.6 — —

li B 207 232 205 222 193 182 @— —
[ 169 158 1559 186 183 179 173 17.5 76 625
A 183 184 207 223 225 234 — —

1, B 28.7 302 304 313 284 272 — —
c 249 239 250 260 250 254 257 25.1 6.3 196
A 250 235 282 281 282 298 — -

i3 B 351 35( 356 36.0 345 356 — -
C 302 294 312 327 324 330 313 31.4 5.2 397
A 294 332 343 335 342 — -

14 B 39.3 398 397 39.0 395 — —
Cc 338 357 379 376 37.7 373 36.7 5.7 645
A 36.3 39.9 379 400 - —

15 B 435 449 465 46.6 — —
C 39.4 426 433 441 420 42.3 4.6 1020
A 43.6 426 445 _ u---

16 B 489 51.0 515 — —
Cc , 46.3 47.0 473 471 46.9 3.7 1414
A 47.5 48.9 — —

17 B 55.0 53.1 — —
c 504 50.0 513 50.6 2.9 1798
A 51.0 — —

% B 53.6 — —
C 524 546 53.5 2145

I» C 57.4

A = minimum, B = maximum, C = average value
Calculated weight: log W = —5.2990 + 3.1634 «log Le according to allometric equation

where sn = distance between the focus and the “n”th winter ring measured
in mm, Lcis given in cm. The plotted points show that the distances between
the annual rings (growth zones) indicate the rate of growth, and that this
rate slackens year by year. Up to the fourth year the distance of winter rings
decreases, after this period an increase in rate may be observed, then from
the sixth year on a gradual deceleration may again be seen.

For both sexes the allometric equations received for the relation of body
length and body weight were the following (Figs 5 and 6),
between 22—200 mm:

logW -  4.6088 + 2.8379 *log Lc
log W= 48339 + 2.8880 log Lt

logW = —5.2996 + 3.1634 <log Lc
logW = —5.6057 + 3.2077 <log Lt

above 200 mm:
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Fig. 4. Relation between back caleulated standard
lengths and the average radial distances of the winter
rings: s; = —0.3300 + 0.1153 - L, (s, given in mm,
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30 40
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Fig. 5. Allometric growth curve of body length and
body weight between 22 and 200 mm:

A-curve: log W = —4.6088 + 2.8379 - log L,
B-curve: log W = —4.8339 4 2.8880 - log L;

(W = body weight in g, L, and L; = standard and
total body length in mm)

1
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Fig. 6. Allometric growth curve of body length and body weight above 200 mm:

A-curve: log W = —5.2996 |- 3.1634 - log L,
B-curve: log W = —5.6057 + 3.2077 - log L

(abbreviations as in Fig. 5)

In fish of similar measurements the calculated weight values hardly fall
short of the measured weights, which of course change according to the mass
of stomach content and the condition of fish. In Lake Balaton pike-perch
for the first five years remain below 1 kg of body weight, thus its weight and
body length increase are slow, by the progress of aging both body charac-
teristics slacken in their growth. The differences in measurement of each
age group become less simultaneously with age, indicating the weakening
of the potential capacity for growth (Tables 2 and 3). Within certain age-
groups significant differences in measurements were found. In the first year
the standard length varied between 717 em, in second year specimens
(14) 18—31 cm, in third year specimens (24) 23--36 cm, in fourth year
specimens (3-) 29—40 c¢m, while in the fifth year specimens (44-) 36 —47 cm.
In pike-perches of similar age the “diverse growth” yielded a value of 10 em.
Body length according to Walford’s line of growth:

1, = 077408718 ¢
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TABLE 3
Back calculated body lengths of pike-perch in Lake Balaton (Ly given in cm)
Age group 3+ 1 4+ ‘ X SRR § 74 J 84 9+) Average | Increase (‘{:)
| | e ey i (G St
A 12.5 13.7 12.7 18.8 19.7 19.6 — —
1, B 23.8 | 26.8 | 23.6 | 25.7 | 21.6 ; 22.4 — —
C 19.5 19.4 19.6 | 21.4 | 20.8 | 21.5 | 20.9 20.4 8.5 | 63.5
A ‘ 20.5 1 20.3 | 28.7 | 25.2 | 26,4 | 25.7 — -
1, B | 33.2 | 343 | 345 36.2 33.0 | 31.0 — —
C [ 28.7 | 27.4 | 28.7 | 29.9 | 29.4 | 29.3 | 29.3 28.9 6.9 194
A [ 2819} 26,0, | 32:851 31.7:}:"32.4:1:33.0 — —
1, B 40.0 ‘ 39.9 | 40.5 | 41.7 | 393 | 394 — -
C 34.7 | 33.7 35.8 | 37.5 ! 36.8:]°-36.8 .| 35.2 35.8 6.4 386
A 33,3 | 38,1 | 38,7 | 38,5 | 39,0 | — 2
1, B 44.0 | 45.2 | 45.6 | 444 | 47.2 — —
C 88.8 1 41.0 | 43.6 | 424 | 456 | 42.1 42.3 6.0 654
A 41.7 | 45,0 | 435 | 44.8 [ — —
1g B 49.9 | 51.9 | 52.9 | 53.0 — —
C 45.4 | 49.0 | 48.9 | 50.6 | 47.3 48.2 5.3 | 1012
A 49.1 48.9 51.0 | — —
1g B 56.6 | 58.0 | 58.2 — —
C 53.2 | 53.7 | 54.3 | 53.1 53.5 4.1 | 1400
A 5461 55:24(" — —
1, B 62.6 | 59.8 | — —
() i R G s 57.6 3.2 | 1736
A 59.0 | — 2
14 B 61.0 | — —
C 60.2 | 61.5 60.9 2110
e L, o i ¢ i SRS e
115 C i } 67.8
A = minimum, B = maximum, C = average value
Calculated weight: log W = —5.6057 + 3.2077 - log Ly according to allometric equation

(Fig. 7,B). When representing diagrammatically the back calculated body
lengths (WALFORD-plot), the points showing the average values for body lengths
closely follow the course of the line, whose slope (a = e~X = 0.4190) deter-
mines the final body length. In our case, the diagonal line passing through
the origin at an angle of 45 degrees intersecting the above line gives the fol-
lowing numerical relationship:

e Bl = 75.7 cm.

T 1— 08713

According to this the body length of first-summer (04) fish is 9.7 em, while
that of the second year specimens (1-}-) is 18.4 ecm. The straight line representing
the body length differences of the various age groups (Fig. 7,4) intersects
the abscissa exactly at the calculated value of L. The measurements of
log (L., — 1) in the function of time displays linearity (Fig. §). In projecting
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Fig. 7. Alternative representation of body length increase (L;) of pike-perch and body
length differences of individual age groups. A: body length difference in subsequent years,
B: representation of X = I; values (body length in t time) in the function of Y =l
values (body length in t - 1 time) (WALForD-plot). The equation of the straight line

L = 9.74 4 0i8713 * Ly

its slope a = e—¥ = 0.4190, maximum of standard length L,= 75.7 cm

the point of intersection of log L., value and the straight line determined
by the points onto the horizontal axis we obtain t, = —0.91 year. The slope
of the straight line is K = 0.1376, its point of intersection on the abscissa
means the final age limit (roughly between 13-+, 14+ years) of pike-perch
in Lake Balaton. In substituting the above parameters into Bertalanffy’s
growth equation we receive that the body length of pike-perch at any t time
(Table 4, Fig. 9) is as follows:

lt = TR (1 — e—0.1376(t+ 0.91))
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Fig. 8. Plotting of asymptotic body length (L,) and standard length differences at t time
in the function of consecutive years given in log values. t0 = —0.91 year, slope =
K = 0.1376, maximum age (i.e. point of intersection of straight line on abscissa) is

roughly between 13-—and 14-}—years

TABLE 4

Back- calculated standard lengths (Lc) in cm of pike-perch in Lake Balaton

Age-group

41

Actual age
in years

Calculated body lengths

From scales Walford-plot
9.7
175 18.2
25.1 25.0
31.4 31.6
36.7 37.1
42.3 41.7
46.9 46.6
50.6 50.6
53.5 53.8
Discussion

Bertalanffy’s
equation

8.9
17.3
25.0
31.1
37.0
42.0
46.4
50.2
53.3

The obliteration of annual rings of pike-perch in Lake Balaton and the
inaccurate determination of age by the scalimetric method in the case of
older specimens have already been mentioned by Woynarovich (1960).
According to our experiences the confluency of the annual rings, the formation
of subsidary, the so-called “pseudorings” are frequent phenomena. The forma-
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t (age in yrs)

Fig. 9. Representing the annual average body length increase (Lc)ofpike-perch population
in Lake Balaton by the Bertalanffy’s growth model

tion of these may come about by the changes occuring in growth during
spawning-season, the seasonal variation of the quantity of food, extreme cli-
matic conditions and the changes in water level. From this point of view tem-
perature is one of the most important factor in Lake Balaton. Svaroson
and Mo1in (1968) basing their opinion on the establishment of Freidenfert
say that in pike-perch in Sweden the complete development of annual ring
falls on the beginning of a new growth period, i.e. for May or June. Chugunova
(1931) on examining the pike-perch in Azov Sea found that in sexually immature
specimens the annual rings develop in spring, while in mature specimens the
development of annual rings starts at the end of the year. The process likewise
occurs in Lake Balaton.

Body measurements vary at the time scale formation, and the increase
in length of the scales also during the development of the fish according
to water area.
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The length increase of scales — as it has been revealed in many species
of fish — rarely follows in direct proportion the increase of body length (Lee’s
phenomenon). The relation between body length (L.) and the complete oral
radius (S) proved to be linear in the case of the examined pike-perch speci-
mens caught in Lake Balaton, at the same time, minor divergencies may be
observed in the relation existing between the radii of annual rings (s,) and body
length (age-groups 4+, 5-+). The measureable standard length at complete
scalation gives 40 mm which is in accordance with the data obtained by
PrIEGEL (1969) (Figs. 3—4).

The allometric relation between body length and body weight expresses
a relative growth rate within each natural period of life (FABIAN, 1959; SzEKY,
1966). In the numerical values of allometric coefficients (or the initial growth
index) show no great variation (Figs. 5—6).

In the N(nth eastern basin of Lake Balaton the average growth of the
pike-perch population may be given with satisfactory accuracy by Bertalanffv 8
model (Table 4, Figs. 7--9). The differences occuring within the season and
population cause changes in the numerical values of parameters, too. The
final body length (lL...), is influenced by the quantity of food and the density
of population, while the slope of the growth curve (K) is governed by genetic
and physiologic factors (BEvErTON and Horr, 1957). In the northern part
of the Caspian Sea, Lurasov (1961) obtained the following values for the
growth of pike-perch:

L, =80 ecm, K =0.235, t = —1.00 year.

Besides pike-perch, he calculated the constants for other species of fish, too
(Rutilus r. caspicus Jak., Abramis brama 1..) and he found that the method
is applicable for the description of growth of all three species.

Frost and Krering (1967) applied the method in their analysis when
examining pike (Hsox lucius 1..) inhabiting Lake Windermere in great numbers.
Both for back calculated and for measured body lengths separately for males
and females they calculated the parameters of the equation, the values re-
ceived were close to one another. According to their opinion those specimens
of pike which grew slowly in the first year will continue to develop slowly,
while those whose body length increased considerably in the first year will
continue to grow at a faster rate in their later years of life, too. Close relation
has been established between temperature and growth rate. Another factor,
at times having decisive role, is the intensity of light, which exerts effect
through the v1su(Ll faculty of the fish on the mode of obtaining food. Similar
environmental factors (great fluctuation in temperature, muddy water, etc.)
haye far reaching consequences in the life conditions of pike- perch inhabiting
the water of Lake Balaton.

SvirpsoN and Morin (1968) suggest that the cause of slow growth is
due to the low water temperature of the Swedish lakes. On the other hand,
in Poland in the environs of Konin Lakes (Slesin, Goslawice, Patnéw) pike-
perch living under rather more temperature conditions grow very fast (B.
Zamosska and H. WILKOXSKA, personal communication).

Davis and WARrEN (1968) called attention to the fact that in the food
consumption and growth of fish a whole string of factors play important roles
(e.g. concentration of dissolved oxygen). The especially emphasized that
food consumption, digestion, metabolic rate, nitrogen balance and growth
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TABLE 5
The qrowth of pike-perch
Item Basin l 1 ' 1, 15 it i 1, ‘ 15

i |

| |

1 Average of Northern Lakes 1
(Sweden, Finland, Soviet Union) ..... 10.8 | 19.5 | 26.2 | 32.6 | 38.1 | 42.2
2 Average of 24 Northern German Lakes 13.0 | 24.0 | 34.0 | 43.0 | 49.0 ‘ 55.0
3 Average of 8 Central German Lakes ... | 13.2 | 26.7 | 40.1 | 47.0 | 54.3 | 56.7
4 Average of 12 Northern Poland Lakes . | 14.6 | 25.5 | 35.8 | 43.8 | 49.7 | 54.2
5 S202ecINBaY H o e v ool mTe e 14.9 30.8 47.2 55.8 64.2 | 68.2
6 SZCTOSTIT=DD AN 1251 1o 1o e win oheharscPolsseltarie st tst e 16.9 | 300 | 39.0 | 51.0 | 61.0 | 64.5
7 Steti-Bay 2t i de e e ot — 44.4 56.2 64.7 66.5 68.7
8 1 {06 it 5 100 e e e e 12.9 | 25.8 |- 39.2 = 111.53.3/1|760.9

8¢ | “VastnlaZBay o iras v hint e d ST it [ 12.2 | 23.7 | 36.7.| 46.8 [ 57.5 | —

JOS I Donrdertan s o e s S A e | 16.9 | 32.0 | 37.4 | 42.3 | 47.9 | 54.4
IE - TG e e 16.8 | 37.2 | 43.8 ‘ 48.8 | 56.0 | 61.3
12 [ VolghIRIver: thtes Sk o nd Al I SRS | 20.6 | 28.0 | 34.3 | 41.2 | 46.8 | 53.0
13 it Do Ko BRBTOIAGN. 3 o iaese L3l sleratat Sigari LR 201 2 | — l 25.6 | 41.1 i 51.7 | 55.6 | 63.2
14 Lk (BRISON . i sieis o Tostm B SRS | 20.0 | 28.6 394 | 471 57.0 | 55.0
15 | lakeBalatons e, S B HERSIE SR 17.5 | 25.1 | 31.4 | 36.7 | 42.3 | 46.9
16 ‘ Lake Balatons:. . ¢ uadiliv bt ot .. l 20.4 | 28.9 | 35.8 i 42.3 | 48.2 l 53.5

itself change together with the alterations taking place in the behaviour and
state of metabolism of the fish. In identical seasons temperature requires an
optimum amount of energy and the ration of food utilizable for growth, which
decreases at low temperatures. A decrease may also be observed in the rate
of growth of larger and older fish specimens, because compared to their body
lengths they consume a relatively smaller quantity of food. Other worker
observed the daily food consumption of pike-perch with regard to the number
of consumed animals and found that the quantity of the latter simultaneously
decreases with the increase of body lengths (STEFFENS, 1960). The develop-
ment of pike-perch fries comes to a halt if they had not started predatory
life in the first summer. In such cases, specimens of similar age but of
diverse mode of food consumption by the end of the first summer the difference
in body length may be as much as 10 em (NrvHAUS, 1934). In the Bay of
Vistula, pike-perch developed very well in those years when the principal
food-item the smelt (Osmerus eperlanus 1..) was available in great numbers
(FiLuk, 1962).

Tore (1959, 1962) supposes that only those pike-perch fries may reach
high age which started predatory life not later than by end of May or June.
Thus, the growth of the fry may be faster than the average when appropriate
food was consumed, while at the same time, those fries which feed on planktons
fall behind in growth, and continue to grow slowly, or they may even die in
great numbers during the first winter. WovNirovicu (1959, 1968) states that
the rate of growth is the function of available quantity of food, and he gives
the following mean values for fish ponds: first-summer fish 15—25 em and
30100 g, two-years old specimens 3040 em and 200500 g, while for
three-yvears old pike-perch reach 3755 em in length and 500—1500 ¢ in
weight. He says that pike-perch does not develop well in muddy, shallow
water (as is the case in Lake Balaton), because its natural habitat is deep water,



159

. . v
wmn varwous E uropean waters

Ty T ! 15 ‘ 155 1is Tee : Author, year of publ Note
|
' 1 JARNEFELT, KLIMOVA, SCHNEIDER,

46.0 | 48.6 50.7 | 54.9 | 59.2 | 61.8 | FREIDENFELT (after NAGIEC, 1961) L
! ; Krivova: L

56.0 | 57.0 | — | 100| — — | Baven, 1955 L,
59.0 — — | — | —_ — | HELFER, 1944 L
59.1 59.3 ’ — | = s — | NaGIieg, 1961 L,
70.0 | 72.2 | 88.0 | 79.0 | 84.0 — | NEUHAUS, 1934 L
A Y [ | 2| = | Wikrom, 1954 Ti
72.6 | 77.6 o 81.5 — | — | Neunaus, 1934 Ly
— | 65.0 — 73.0 - — | MARgg, 1933 L

59.1 | 61.3 67.7 74.9 | 78.1 — | Finug, 1955 L¢
60.9  68.1 =t o — | — | CHUGUNOVA, 1931 L.
69.6 | 72.6 et — — — | CHUGUNOVA, 1931 LUE
59.1 | 652 68.0 P —_ — | Logasgv, 1931 (after NaGieé, 1961) L,
64.8 L = = oA — | GRIMALSCHI, 1938 L
62.0 o 73.0 | 68.0/] .73.0 — | UNGER, 1931 L
60.6 | 53.6'|. -(87.4) — — — | present investigation L,
57.6  60.9 (67.8) — it LR present investigation L;

above a gravelly and sandy ground. Our previous works reveal that both
quantitatively and qualitatively poor food consumption, the frequently
occuring cannibalism and the high percentage of specimens with empty sto-
machs clearly reflect the unfavourable living conditions of the pike-perch
population in Lake Balaton for the past few years. The three-four years old
pike-perch in Lake Balaton consume but a small amount of food (0.46 —14.6
g/day, yielding an average of 3.4 g/day) (BIr6 and ELek, 1969; Bir6, 1969).
Taking an average of many years fish catch around 13002000 q pike-
perch from Lake Balaton (1.2--1.7 kg/cadastral yoke). The unfavourable
composition of the stock form fisheries point of view is due to the compara-
tively small catch per cadastral yoke (T6ra, 1962). This is due to the fact, that
the ma]orltv of the catch comprises small, young generation. Because of in-
sufficient intake of food the majority of 300500 g pike-perch comprises
slowly growing specimens. In this age-group specimens reaching a weight-gr oup
remain in it even when they pass their fourth year. During the fourth vea
there are hardly any specimens which reach the weight of 1 kg, on an avemge
they reach this Wewht only in their sixth (5 +) year. Of course, there are
other causes for the slow growth of pike- perch in Lake Balaton, besides in-
sufficient feeding. From the point of view of lacustrian life it is undoubtable
that the shore arrangement of the lake has greatly influenced the stock of
fish, so did the more modern method of flshmg, the introduction of eel and
last but not least the pesticide-accumulation which took place in the food-
chain (BARON et al. 1968). Internal organic lesions can preceived almost in
every group of generation, which closely resemble to pesticide poisoning.
The effect of pesticide materials accumulated in the body tissues on growth
is as yet not elucidated.
Fast growth and the differences in individual body lengths can be further
influenced, besides the above mentioned factors, by social interrelationships
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(population density, size of habitat, structure of environment), which finally
result in size hierarchy (Nacossi, 1967). Considering local conditions the
probability for an inclination to dwarf-size growth come to the foreground,
like it happened with bream (Abramis brama 1..) in Lake Balaton, whose
observation clearly revealed a relationship between this phenomenon and
stock-density (WuxbpER, 1930). For the relationship between individual
growth and population-density in the case of carp was found that the rate
of growth at high population number very abruptly decreases (cit. HEPHER,
1967). Pike-perch in fish-ponds where the population generally in very high
by the end of the first summer hardly reach 6 —10 cm, on the other hand, at
low density they reach a maximum length of 22.6 em. At a 20,000 pike-perch
/hectare density the average body length is 7.7 em, at 1800 pike-perch/ hectare
12.7 em (STEFFENS, 1960). :

Comparing foreign data with our results obtained for the growth of pike-
perch in Lake Balaton it is readily given that in here both the increase of body
weight and body length remains below the growth rate measured in other
waters. In northern waters (Sweden, Finland, Soviet Union), on the other
hand, the rate of growth is somewhat slower than in Lake Balaton (Table 5).

Summary

1. The body length of the pike-perch fry at the time of scale formation
is 40 mm:

L, = 4.064 4 8.054 - S;

where L. = standard length in em, S = total oral radius of scale in mm.
2. The following equation has been received for showing relation existing
between the radii of winter rings (s,) and the standard length:

s, = —0.3300 + 0.1153 - L;

where s, is given in mm while L, was measured in cm. The radii of the 4th—5th
winter rings somewhat differ.

3. The following relations have been calculated for the allometric relation
of body length and weight:
below 200 mm body length:

log W = —4.6088 4 2.8379 - log L,
log W = —4.8339 -+ 2.8880 - log T
above 200 mm body length:
log W = —5.2996 + 3.1634 - log L,
log W = —5.6057 + 3.2077 - log L
where W is the body weight in g, L. and L; are the standard and total length of
the body respectively, given in mm.
4. We observed a slower rate of growth as compared to earlier data for

Lake Balaton and also for foreign data. The following values were yielded
for the annual increase of standard length:
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(14) 17.5, (24) 25.1, (3+) 31.4, (4+) 36.7,
(5-4) 42.3, (6+) 46.9, (7+) 50.6, (8-+) 53.5 cm.
Age estimation for pike-perch older than 8 years is inaccurate. There is
only a slight difference between the body lengths which has been back- cal-

culated and originally measured.
5. Our investigations gave the following parameters for BERTALANFFY’S
growth-model: calculated for

Liy="15.7 cm, K=:0:1376, t, = — 0:91 year.

On the basis of these data the following equation is given to show the
growth of pike-perch population inhabiting the North-eastern basin of Lake
Balaton:

lt = T5.7 {l s e—0.1376(t+0.91)}

where l; is the standard length in every t period of time.
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A FOGASSULLO (LUCIOPERCA LUCIOPERCA 1.)
NOVEKEDESENEK VIZSGALATA A BALATONBAN

Biré Péter

Osszefoglalés

1. A pikkelyképzidés idépontjaban a siilléivadék testhossza 40 mm: L, =
= 4,064 -}- 8,054 - S; ahol L, = torzshossz c¢m-ben, S = pikkelyhossz mm-ben.

2. A téli évgyliriik radiuszai (s,) és a torzshossz osszefiiggésére a kovetkezdt
kaptuk: s; = —0,3300 |- 0,1153 - L; ahol s;-t mm-ben, L.-t cm-ben mértitkk. A 4—5.
téli évgyliriik radiuszai kis mértékben eltérnek.

3. A testhossz—testsuly allometrikus viszonydra a kovetkezd Osszefiiggéseket
szamitottuk:

200 mm testhossz alatt log W = —4,6088 -~ 2,8379 - log L,

|

log W = —4,8339 4 2,8880 - log I4
200 mm testhossz folott log W = —5,2996 - 3,1634 - log L
log W = —5,6057 | 3,2077 - log L

ahol W = testsuly g-ban, L, és Ly = torzs és teljes testhossz mm-ben.

4. Korabbi Balatonra vonatkozo és kulfoldi adatokhoz képest a fogassiill lasstibb
novekedését figyeltiilk meg. Evenkénti torzshossz-novekedésre a kovetkezd értékeket
kaptuk: (1-+) 17,5; (24) 25,1; (3+) 31,4; (4+) 36,7; (5+) 42,3; (6+) 46,9; (7+4) 50,6;
(8-+) 53,5 em. A 8 évnél idbsebb siillék korbecslése bizonytalan. A pikkelyek alapjan
visszaszdmitott és eredetileg mért testhosszak koézott kis kiilonbségeket taldltunk.

5. BERTALANFFY nivekedés-modelljének paraméterei vizsgdlatainkban a kovet-
kez6k voltak: L, = 75,7 em torzshosszra széamitva, K = 0,1376, t, = —0,91 év. Ezek
alapjdn a t6 EKK-i medencéjében él6 fogassiillépopuldaciéo novekedését leird szdmszerii
egyenlet:

1, = 75,7 {1Ae—0,1376(m+ 0,91)}’

melyben l; = torzshossz minden t idépontban.

UCCJIEJJOBAHME POCTA CYJIAKA (LUCIOPERCA LUCIOPERCA 1..) B BAJIATOHE

I1. Bupo

1. OOpasoBaHue yemyn y MajibKoB Cy/laKka 3aBepuiaercst npu juiine tena 40 mm: L, =
= 4,064 - 8,054.S; rzie L, = /umHa Kopnyca B €M, S = JUIMHA YellyH B MM.

2. 3aBHCHMOCTb MEX/1y Pa/inyCcaMM 3UMHUX I'0/I0BbIX KoJIell (s,) M JUIMHOIT Tesna ciieayio-
masi: s, = —0,3300 -+ 0,1153. L; rae s, B MM, L, B cM. Pajinycsl 4—35 31MHUX KOJIeIl HEMHOTO
PasIHMYHEL.

3. JLust ansi0MeTpUYeCcKOoro OTHOLIEHMsT MEX/LY JUIMHOM TeJla M BeCOM pacCylTaHbl Clie/ly-
J011IME 3aBUCUMOCTH

e
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AnvHa Tena fo 200 mm logw = —4,6088 - 2,8379 «log L
logW = -4,8339 4-2,8880 ¢log L
ANnHa Tena cebiwe 200 MM logW = -5,2996 + 3,1634 «log L.
logW = -5,6057 3,2077 *log L,

roe W = Bec Tena B rp, Lcu Lt = anvHa kopnyca v AnviHa Tefa B MM.

4. B cpaBHeHUW C NPeXHUMU faHHbIMW NO BanaToHy v Apyrux BofoeMam HamMu Habo-
fanbcs 6oniee MeAneHHbI POCT CyakoB. POCT kopryca no rogaM npomMcxXoauT creayrowmm obpa-
3oM: (1+) 17,5;(2r)25,1; (3 +)31,4; (4 1)36,7; (5] )42,3; (6 b)46,9; (7 1)50,6; (8 i ) 53,5 cwm.
Y Cy[akoB CTaplue 8 NeT BO3PacT Heslb3s OMPEAeUTb C YBEPEHHOCTbIO. Mexay AnnHamu Ten
BbIUMC/IEHHbIX Ha OCHOBE Yellyu, W pesy/nbTaTaMu NPAMbIX U3MEPEHWIA pPasnnuuuns HeBemnuKu.

5. B Hawwmx onbiTax napametpu mogenu pocta (beptanaHddgu) cnegytowme: L, = 75,7
CM nepeyuncrieHHoe Ha AavHy Tena K = 0,1376, te = —0,91 rog. Ha ocHOBe 3TWX ypaBHeHWiA
OnMCbIBaEMbI POCT NOMYNALUM CYAAaKOB, XUBYLLUX B CEBEPO-BOCTOYHOM bacceliHe 03epa crefy-

FOLLMIA:
It = 75,7 {1—e-0,i3-6(t+0,90}
roe Jt = AnMHa Kopnyca BO BpeMs.
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It has long been known that the fat of aquatic animals differs from that
of land animals in the presence of long chain polyunsaturated fatty acids
(Hrprren, 1956). The fats of planktonic algae are in general poor in these
fatty acids and resemble the fats of higher terrestrial plants (Ackmax and
TocHER, 1968; CHUECAS and RiLeY, 1969). It is clear that each constituent
of the lower part of the food cycle must contribute in some way to the forma-
tion of the characteristic fatty acid pattern of the animals at the higher trophic
levels (e.g. fish), but the way in which this conversion takes place is not clear
as yet.

y Detailed investigations of the composition of the fatty acids of organisms
at different trophic levels of the aquatic food chain have been made at Tihany,
and many accounts of the fat metabolism of planktonic crustacea and fish
are available in the literature. The following account sets out to correlate the
results obtained by the author with the findings of other workers, and an
attempt has been made to determine the processes which take place at all
trophic levels leading to, and including, the formation of the characteristic
fatty acid composition of fishes.

Material and methods

The alga Chlorella vulgare was obtained from a large-scale culture and
samples of Diatomea vulgare collected from the inshore waters of Lake Balaton.

Live specimens of the planktonic crustaceans Daphnia cucullata G. O.
Sars (Cladocera), Diaphanosoma brachiurum Lievix (Cladocera) Eudiaplomus
gracilis G. O. SArs (Copepoda), Mesocyclops leuckarti Cravs (Copepoda) and
the bleak, Alburnus alburnus L. were collected in Lake Balaton in the summers
of 1968 and 1969. The knife, Pelecus cullratus 1.. were obtained from the
Balaton Fisheries Association and the carp, Cycprinus carpio L. from a nearby
fish hatchery. The fat for fatty acid analysis was obtained from 510 g of
planktonic crustaceans, from a sample of 50 bleak, 5 knife and 5 carp. The body,
intestinal and liver fats were investigated separately.

Fat was extracted according to the method of Brica and Dy&sr (1959).
The algae and planktonic crustaceans were homogenised in a Potter-Eljevhem
homogeniser and the fishes in a Bio-Mix homogeniser.

One part of the fat obtained was transmethylated immediately, and the
other fraction subjected to thin layer chromatography in order to separata
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triglycerides and phospholipids. Silicagel G on 20.20 ¢m plates was used for
this purpose and a mixture of petroleum ether : diethyl ether: acetic acid =
10 : 30 : 1 was utilized as a developing solvent. 0.01 per cent hydrochinone
was added to protect long chain polyunsaturated fatty acids. The spots ob-
tained were removed and transferred directly into ampoullcs containing
5 per cent hydrochloric acid in 1009, methanol and were then transmethylated
in the presence of silicagel at 80 °C.

Details of gas chromatographic analysis, identification and quantifica-
tion have been published elsewhere (FArkAs, 1970). In the present study, 15
per cent EGSS-Y on Gas Chrom P was used instead of EGS. This enabled the
separation of 16 : 3 and 20 : 1 fatty acids from stearic and linolenic acid re-
spectively.

Results

Few data are available on the fatty acid composition of species of fresh
water algae living under natural conditions. T'able 1. shows the fatty acid
composition of a blue-green alga as described by PARKER et al. (1967), and of
Chlorella vulgare and Diatomea vulgare. The blue-green alga collected by
PARKER et al. is a marine species, although two related species (Lyngbia
limnetica and L. circumcreta) are to be found in L. Balaton. The fatty acid
composition of a number of species of alga has been extensively described
by a number of workers (PascHkE and WHEELER, 1954; SCHLENK et al.
1960; Horron et al. 1964; Iwara, 1964; WERESCHIAGIN and KLASHKO-
GuUrBICH, 1965; PARKER et al. 1967; AckmaN and TocHER, 1969; KaTes and
Vorcant, 1966; Caurcas and RiLey, 1969). It is generally supposed that
the fat of any algal species is characteristic for its own group, although the
relative concentrations of the fatty acids present may change with variations
in the salinity of culture medium, the environmental temperature, the degree
of illumination and the age of the culture (HorLtox et al. 1964; RE11z et al.
1967; AckmaN and TocHER, 1968).

Table 1. also gives the fatty acid composition of four planktonic crusta-
ceans under investigation and of the body fat of the bleak.

The blue-green algae have the simplest fatty acid composition of all
the species in the food chain. Linolenic acid was absent in the species of
blue-green algae listed in 7'able 1, although present in some other species
investigated by PARKER et al. (1967) and palmitic, palmitoleic, and oleic acids
were predominant in blue greens. The fat of the green algae is more complex.
The data presented in this paper and in the publications of other workers
clearly show that the fat of green algal species is rich in both linoleic and lino-
lenic acids. The eicosa- and docosapolyenoic fatty acids which are characteristic
of the fats of the higher aquatic animals are present, if at all, in proportions
less than 1 per cent. A number of authors (Iwara, 1964; WERESCHTAGIN and
KrAsaro-GURBICH, 1965) failed to detect the last mentioned acids at all,
and while the present investigation demonstrated the presence of eicosapoly-
enoic fatty acids in the fat of Chlorella vulgare, docosapolyenoic acids were
also absent from the samples inv estigated. According to SCHLENK et al. (1960)
less than 0.1 per cent of these acids are present in the fat of C. pyrenoidosa
and the fats of marine species investigated are also poor in eicosapolyenoic
and docosapolyenoic fatty acids. In most cases oleic and stearic acid levels
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Fatty acid compositions in different members of food chain
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are low and the proportion of palmitolieic acid present does not exceed that
of palmitic acid.

Results of the present work on the fatty acids of Diatomea vulgare
agree with previous investigations on the fatty acids of other diatom species.
The level of myristic acid is comparatively high and palmitoleic acid is always
present at a higher level than that of palmitic acid. Linoleic and linolenic acids
form only very small proportion of the total fatty acids. All diatoms are
rich in eicosa pentaenmc and poor in docosahexaenoic acids. The fatty acid
composition of Nitella pelliculosa and N. closterium analysed by Kares and
Vorcant (1965) seems to be comparable to the fats of marine species. It is
probable that linoleic and linolenic acid levels and the ratio of palmitic to
palmitoleic acid are useful criteria in differentiating between the fats of blue-
green and green algae those of diatoms.

The fatty acid composition of the total fats of planktonic crustaceans
and plankton-eating fishes qualitatively resembled that of the fats of dia-
toms. Crustaceans and fish fat contained significant amounts of eicosa-
and docosapolyenoic fatty acids and differed in a number of ways from
the fats of the species of blue-green and green algae listed in T'able 1.

Palmitic and stearic acid levels were higher in the fats of planktonic
crustaceans than in those of the aglal species investigated, and as a consequence
the total amount of saturated fatty acids in the crustaceans was higher also.
The amount of palmitic and palmitoleic acids in the fats of the cladocerans
Diaphanosoma brachiurum and Daphnia cucullata was approximately the same,
while in the copepods Budiaptomus gracilis and Mesocyclops leukarti a higher
proportion of palmitic than palmitoleic acid was detected. The fats of all the
crustaceans in the investigation were equally rich in linoleic and linolenic
acids. While more eicosapentaenoic acids were detected in the cladocerans
than in the copepods, the latter proved to be richer in docosahexaenoic acids
than the former.

The total fat fatty acid composition of the bleak agreed in general with
that of the planktonic crustaceans, with the exception of the level of docosa-
hexeanoic acid which was even higher than in crustaceans.

The distribution of the fatty acids in the triglycerides of the crustacean
speciaes investigated was very similar (Table 2.). The triglicerides prepared
from the bleak and from the knife differred from those of planktonic crustaceans.
The palmitic acid level in the triglicerides of planktonic crustaceans was
higher than that of palmitoleic acid and as a result their ratio was greater
than unity. In the fishes the situation was reversed, but the sum of the two
acids was equal in fishes and crustaceans (T'able 3.). This was also the case with
oleic and stearic acid. The levels of linoleic and linolenic acids in the triglyceri-
des of fishes and crustaceans was approximately the same, while higher levels
of docosa hexaenoic acid were detected in the fishes than in the crustaceans.

There are two striking differences between the fatty acid composition
of triglycerides and phospholipids (Tables 2 and 4). The level of linoleic acid
(and that of linoleic acid also in Kudiaptomus garcilis) was considerably lower
in the phospholipids than in the triglycerides. This was particularly evident
in the copepods examined. The phospholipids and triglycerides of cladocerans
were equally poor in docosahexaenoic acid, while the level of this fatty acid
in the phospholipids of copepods was considerably higher than in their trigly-
cerides. The level of docosahexaenoic acid in bleak body phospholipids was



Fatty acid compositions of the triglicerides
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i planctonic crustaceans and fishes
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total 25.71 | 27.21 | 27.70 | 15.98 | 34.66 | 33.70- | 34.74 | 58.22
POLYENOIC FATTY ACIDS
16 : 2 = = 2.33 1.06 = 1.54 1.62 1.20
16 : 3 — = - Lo 2.17 2.23 0.87
16 : 4 0.45 = 0.60 = = = = L
18:206 12,60 9.68 | 11.38 | 13.96 | 1048 | 11.75 9.20 | 13.96
18:3mw6 1.48 1.62 1.58 0.97 2.26 1.15 1.09 1.80
20:2m6 0.13 — tr. 0.82 0.86 0.80 0.42 2.82
20:3 w6 0.24 — tr. 0.32 0.37 0.59 0.18 =4
20:4m6 1.87 2.80 2.97 4.02 4.74 7.02 0.13 —
22:4m6 tr. -— 0.08 0.25 tr. 0.08 0.11 —
22 :5wb6 0.64 - 1.00 1.94 0.55 0.47 0.33 —
total 16.96 | 1410 | 17.01 |-22.28 | 19.26 | 21.86 | 11.46 | 19.75
18:3mw3 8.42 4.30 7.22 9.29 6.26 5.09 4.94 1.79
18: 403 6.81 2.18 5.18 6.94 3.29 2.01 1.22 0.48
20:4w3 tr. 0.66 0.29 0.28 0.98 1.21 0.13 e
20:5w3 2.29 2.45 4.31 4.73 6.87 8.56 7.63 —
22 : 5w'3 tr. 0.74 0.07 tr. 0.61 0.72 0.83 -
22 : 6w 3 0.65 = 1.66 2.01 5.24 3.77 4.53 e
total 187 [/ 10:33 [t 18,78 152325 L [N03:25 5191 .36 | 19198 2271
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TABLE 3

The ratio of saturated to monounisaturated fatty acids in the triglicerids of planctonic
crustacens and fishes

Species ‘ H:Z:r:et:;lic - —11::”;)* —::—;—(1)— “ 16 : 0+ 16:1|18:0 + 18:1
D. cucullata . ......... 1.48 2.10 0.70 25.42 17.99
D. brachiurum .. .... 1.64 2.00 0.37 19.73 15.97
. gracilis:; asivevss e 1.22 2.34 2.55 25.92 11.37
YT T ey (i 1.23 1.84 0.55 24.03 17.80
A DTS S ol b s 0.60 0.84 0.16 22.83 17.92
P onltratus. s ess s [ 0.52 1.00 0.16 24.28 22.87
e e e J‘ 0.55 1.00 0.10 24.07 42.13

similar to that of the copepods examined. The liver and body phospholipids
of the carp also contained an appreciable amount of docosahexaenoic acid,
which was completely absent from the triglycerides.

Discussion

Nutritional factors. The planktonic crustaceans investigated obtain the
bulk of their food by filtration and the fishes feed mainly on zooplankton
(with the exception of the carp which were artificially cultured and received
a special diet).

The species composition of the phytoplankton in the northern part of
L. Balaton (according to Tamas, 1969) is listed in Z'able 5. In terms of the num-
ber of individuals per litre and number of species present, members of the
Chrysophyceae are dominant throughout the summer, followed by species
of Cyanophyta, Chlorophyta and Pyrrophyta in that order.

The intestinal contents of planktonic crustaceans were not investigated
and it is therefore not possible to demonstrate any species selectivity in relation
to the algal species consumed. It is highly unlikely that very large, filamentous
or gelatinous algae, or those having a complex sceletal structure play a signi-
ficant role in the food of planktonic crustaceans.

Metabolic aspects. The following processes may modify the fatty acid
composition of any member of the food chain:

1. De novo synthesis of fatty acids.

2. The fatty acid composition of the food ingested.

3. Interconversion of fatty acids taken up with the food or produced
by the organisms.

It is evident that the situation is most simple in the planktonic algae,
where all fatty acids are produced by de novo synthesis. Significant differences
in the ability to synthetise different fatty acids may occur between the different
taxonomic groups. The blue-green algae are the most primitive in this respect:
even linolenic acid is absent from the fats of some species. Diatoms may be
distinguished from species of Chlorophyta by their different abilities in syn-
thetising long-chain polyunsaturated fatty acids. The fats of green algae are
rather poor in these fatty acids, but are rich in linoleic and linolenic acids
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Fatty acid composition of the phospholipids in fishes and planktonic curstaceans

Tatty acid D. cucullata | D.brachiurum E. gracilis M. leukarti A'b‘("z:mm 1% b;?l;?io
SATURATED FATTY ACIDS
12: 0 a 0.26 0.35 0.16 0.87 0.72
13730 — 0.41 — - 0.61 0.59
14 : 0 1.93 2.80 3.33 2.60 2.32 1.21
15550 1.20 1.22 0.70 0.77 1.62 1.62
16.:°0 13.16 14.23 11.56 1241 14.77 8.80
T80 3.87 1.16 2.00 2.45 1.35 —
18%:0 5.38 4.94 6.27 5.63 7.34 5.29
total 25.54 30.02 24.21 24.02 27.26 18.23
MONOENOIC FATTY ACIDS
1B | — 0.16 — — — 0.46
13 — 0.09 — — 0.69 0.59
141 1.10 0.28 0.92 0.97 1.22 0.79
15l 1.80 0.31 0.25 0.32 0.94 0.90
1621 9.7 10.32 4.10 7.52 6.41 6.08
17:: 3.37 1.79 0.47 15.00 0.87 0.62
ST 12.43 14.68 6.14 9.54 10.90 14.47
20:1 1597 0.81 — 0.71 — 4.47
2221 = T S L e b
total 30.93 28.44 11.88 34.06 21.03 28.38
POLYENOIC FATTY ACIDS
1812 — —_ — — — 0.87
B3 2.40 — 0.47 — — 0.62
16 : 4 — 0.48 — 0.36 — 0.76
18: 2w 6 10.28 10.70 6.81 12.08 5.13 6.66
18:3w6 2.09 0.35 0.72 1.00 - 1.07 -
20:2w6 tr. —_ 0.20 0.20 0.18 5.98
20 : 3w 6 tr. — 0.23 0.20 tr. 3.86
20:4w6 8.53 1117 7.82 7.90 9.15 14.77
22:4w6 0.17 — 0.46 tr. 0.58 0.48
22 :5w6 0.24 1.00 4.83 2.39 2.08 1.92
total 21.31 23.82 21.07 23.77 17.12 34.74
18:3w3 0.19 2.64 3.51 4.23 1.09 0.92
18:4mw3 3.21 — 2.37 1.66 — 0.44
20:403 0.40 0.30 tr. 0.37 — —
20:5w3 10.39 11.52 15.97 12.01 6.38 5.66
22:503 0.26 e 0.71 0.41 1.86 1.69
22:6mw3 1.06 1.39 19.40 11.55 21.65 8.28
total 15.51 15.85 41.96 28.23 30.98 16.99

which are their natural precursors. Accumulation of linoleic and linolenic
acids may be the result of an inability of green algae to dehydrogenate and
elongate these compounds to long-chain polyunsaturated fatty acids. One of
the major components of the fat of diatoms is eicosapentaenoic acid (accom-
panied by lower level of docosahexaenoic acid), while linoleic and linolenic
acids are present in very low quantities. Dinoflagellates have no signifcance
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TABLE 5
Species composition of the phytoplankton in the Lake Balaton

Ly . Time of Number of Number of Per cent
Taxonomic group sampling species individuals of total
= g L 1,,,,7,,, O A
Cynophyta ‘ VIE 9 13 700 10.2
VAL ] 9 23 100 22.0
IX 10 27 270 40.0
Pyrophyta VII ‘ 3 8 650 6.4
VIII ‘ 4 10 840 10.2
IX | 3 5 600 8.0
Chrysophyta B B 95 190 71.0
VIII [ 33 58 450 55.0
IX ! 20 23 210 34.0
Chlorophyta VII ‘ 25 12 120 9.0
| VIII 19 12 830 121
IX [ 22 11 040 16.0

in the diet of planktonic crustaceans in L. Balaton, as the only representative
in the Lake, Caratium hyrundinella has a complicated sceletal structure, but
they may be of greater consequence in the nutrition of marine species. Since
the members of the Dinoflagellata are able to take up particulate food as do
the higher members of the trophic chain, it is to be expected that their fatty
acid composition should resemble that of the higher ammals (HARRINGTON and
Howrz, 1968).

The higher animals can synthetise de novo only saturated (i.e. palmitic,
stearic, myristic) fatty acids, which are readily desaturated to the corresponding
monoenoic fatty acids. The rate of these processes depends on the fat content
and on the fatty acid composition of the food, and in the case of fat rich diet
it may be supressed. There is no direct evidence indicating whether or not
planktonic crustaceans are capable of converting the starch of algae into
saturated fatty acids. The low fat and high starch content of blue-green and
green algae (Baraskow, 1962) and the high level of palmitic, stearic, and in
some cases of the palmitoleic acids in the fat of planktonic crustaceans indicate
that this may be the case however. It is probable that the fishes dehydrogenae
palmitic and stearic acids taken up from planktonic crustaceans, to palmitoleic
and oleic acids. This is also suggested by the data presented in T'able 4. It seems
likely that this is the case with carp, since carp on a carbohydrate-rich diet
have fat containing substantial amounts of palmitoleic and oleic acids. Phos-
pholipids have a more stable fatty acid composition than triglycerides, and
this may assure the functioning of subcellular particles into which they are
incorporated.

The level of linoleic and linolenic acids in the triglycerides of the fresh
water crustaceans from L. Balaton was considerably higher than in diatoms.
The values of 16 :0/16 : 1 were higher than 1., suggesting that their diet
consisted mainly of blue-green and green algae, rather than of diatoms. Since
linoleic and linolenic acids are present in large amounts in the fat of plankton-
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feeding and predatory fresh water fishes, it may be concluded that they are
members of a food chain based on blue-green and green algae. From this it
follows that differences in the fatty acid composition of fresh water and
marine fishes may be explained by differences in the species composition of
phytoplankton at the base of the food chain.

The mechanism of the biosynthesis of long chain polyunsaturated fatty
acids has already been described in vertebrates including fishes, by MEaD
(1960) and Krexk and Kremmer (1960). The factors influencing the intra-
cellular conversion of linoleic and linolenic acids have also been outlined
(BRENNER and PeLurro, 1966, 1969; MoRHUSER et al. 1967). It has been
shown that linoleic und linolenic acid in the mitochondria of vertebrates are
readily transformed into the corresponding long chain polyunsaturated fatty
acids (KLexk and Derre, 1960), and that the products are incorporated
preferentially into the phospholipids (NErvr et al. 1968). The intensity of
elongation and desaturation reaction is strongly influenced by the presence of
linoleie, linolenic and docosahexaenoic acids (BRENNER and PELUFFO, 1966,
1969; MorHUSER et al. 1967). Re1SErR et al. (1963) have noted that high
intensity of conversion of linoleic and linolenic acids occurs only when the
level of these acids is adequate in the diet ( >19%) while BRENNER et al. (1963)
have also shown that docosahexaenoic acid inhibits this process. The presence
of eicosa and docosa polyenoic acids in the phospholipids of the carp provides
further evidence that fishes are capable of producing long chain polyun-
saturated fatty acids, although the differences between the trigliceride fatty
acid composition of the carp and plankton feeding fishes and “the literature
(BRENNER et al. 1963; Tovomizu et al. 1963; KrrrLy et al. 1958, 1963;
KANEKO et al. 1967) suggest that the bulk of these fatty acids in the triglice-
rides of fishes is derived from the diet.

Comparison of the fatty acid composition of fresh water algae and plank-
tonic crustaceans suggests that the long chain polyunsatur ated fatty acids
characteristic for the aquatic organisms accumulate in phospholipids of certain
planktonic crustacean species. There are however few direct evidences on the
origin of these fatty acids in crustaceans. The observation that the fats of
species raised on green ¢ algae contained these fatty acids in greater quantities
than are present in algae (KavaMA et al. 1963; KELLY et al. 1963; FARKAS
and HERODEK, 1964) suggests that the crustaceans are able to convert linoleic
and linolenic acids in the diet to long chain polyunsaturated fatty acids. It is
also likely that these fatty acids are preferentially incorporated into the phos-
pholipids.

The present work suggests that the phospholipids of planktonic crusta-
ceans are the source of the long chain polyunsaturated acids in the triglicerides
of fishes. The accumulation of these fatty acids in fish triglycerides may be
explained in terms of their specific metabolic properties. Long chain polyun-
saturated fatty acids are esterified mainly into the p-position of phospholipids
(BROCKERHOF et al. 1963, 1964) and are resistant to pancreatic lipolysis, even
when transacilated into the a-position (BorTino et al., 1967). Because of this,
the monoglycerides resorbed in the intestines of fishes contain long chain
polyunsaturated fatty acids mainly in the carbonic atom 2 position. These
monoglycerides serve as a starting point for the synthesis of both triglycerides
and phospholipids in the intestinal wall and liver, while the triglicerides formed
in this way are deposited in the adipose tissue.
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Summary

Correlation of the present work on the fatty acid composition of algae
(Chlorella vulgare, Diatomea vulgare), planktonic crustaceans (Daphnia cucul-
lata, Diaphanosoma brachiurum, Eudiaptomus gracilis, Mesocyclops leukarti)
and plankton feeding fishes (Alburnus alburnus, Pelecus cultratus) and of the
carp (Cyprinus carpio) with results obtained by other workers, suggests that
the metabolism concerned in the formation of the characteristic fatty acid
composition of aquatic animals may be as follows:

1. Biosynthesis of linoleic and linolenic acid in members of the phyto-
plankton.

2. Formation of eicosa and docosapolyenoic acids in some planktonic
crustaceans. The bulk of these fatty acids accumulate inthe phospholipids.

3. Redistribution of long chain polyunsaturated fatty acids in the tri-
glicerides and phospholipids of fishes.

4. De novo synthesis of saturated fatty acids from non lipid precursors
and their desaturation to monoenoic fatty acids may take place in each
member of the food chain.
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ZSIRSAVAK DINAMIKAJA
A PHYTOPLANKTON — CRUSTACEA PLANKTON — HAL
TAPLALKOZASI LANCOLATBAN

Farkas Tibor

Osszefoglalais

Vizsgélva a planktonalgdk, planktonrdakok és planktonevs halak zsirsavossze-
tételét és fiéyelembe véve ezen szervezetek zsiranyageseréjére vonatkozé irodalmi
adatokat, a vizi szervezetek jellegzetes zsirsavosszetételének kialakuldsét, a kovetkem
lepeseken keresztiil képzeljiik el:

1. linol és linolénsav szintézise a phytoplanktonban;

2. eicosa és docosa polyen zsirsavak képzidése linol és linolénsavbdél és felhalmozbédédsa
bizonyos planktonrakok phospholipidjeiben;

3. a planktonrdkokban felhalmozddott eicosa és docosa polyen zsirsavak ,,mdlstubutlo -
ja a halak trigliceridjeiben és phospholipidjeiben.

JOUHAMUKA JKUPHBIX KHWCJIOT B IMUTATEJIbHOM LIEINW: ®UTOIJIAHKTOH
CRUSTACEA TUUIAHKTOH-PBIGA

T. Paprawr

Mcceneyst coctaB »KUPHBIX KHCJIOT Y IJIAHKTOHHBIX BOJOpOCJeil, pakos 1 y pbld, nuTa-
IONMXCS TIAHKTOHOM, M IIPHHUMAS BO BHUMAHUE JIMTEPATYPHBIE JAHHbIE, Kacalomuecst o0MeHa
JKUPOB Y 9THX OPraHUXMOB, l.bOp“HpOBaHHC XapaKTepHOro cocraBa yKUPHBIX KHCIOT ¥ BOIIHbIX
OPraHU3MOB IPEJICTABIISETCST TAKUM 06pasom:

1. cHHTE3 JIMHOJIEBOH M JIMHOJIEHOBOIT KHCJIOTDHI B (]m-ronnamaouc

2. 06pasosanue eicosa 1 docosa JKHPHBIX KUCJIOT U3 JIMHOJIEBOIT M JIMHOJIEHOBOM KHUCJIOT 1
HAKOTIJIEHHE B OTpe/esieHHbIX (POCHOMMIIIAX TUIAHKTOHHBIX PAKOB.

3. YcBOeHHe TUIAHKTOHBIMH paKamu eicosa 1 docosa MoJiieH YU PHLIX KHCIIOT B Tpnrnuue-
puaax u gochonunuaax peio.
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DESATURATION OF PALMITIC ACID-1- C* AND STEARIC ACID-1- Cl
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SANDOR HERODEK

Biological Research Institute of the Hungarian Academy of Seiences, Tihany, Hungary
Received: February 18th 1970

Among Arthropods the synthesis of fatty acids has been studied mainly
in Insects. The ability to synthetise saturated and monoenoic fatty acids and
to transform stearic and palmitic acids to monoenoic acids was demonstrated
in many species belonging to different Orders (ZEBE and McSHAN, 1959;
Bapg, 1964; LAMBREMONT et al., 1965, 1966; SRIDHARA et al. 1966; KEgiTH,

1967; STEPHEN et al. 1969). The isotopic experiments however — contrary
to earlier opinions — showed no signs of polyenoic fatty acid synthesis in
Insects.

In Crustacea the fatty acid composition of many species, the effect of
food and temperature on the fatty acid composition and the distribution
of fatty acids in different lipid classes are known (HirLpircm, 1956; FARKAS
and HERODEK, 1964; WOLFE et al. 1965; HERODEK and FARKAS, 1967;
HeroDEK, 1969; FArkas, 1970 a, b; Corrarz, 1969 a, b). Till now however
the synthesis of fatty acids has been studied only in two Decapods, in 4stacus
astacus L. and Homarus gammarus L. (ZANDEE, 1966, 1967). After the injection
of acetate-1-"C the saturated and monoenoic fatty acids were labelled, but not
the polyenoic ones.

The present work investigates to what extent can Amphipod crustaceans
desaturate the palmitic acid-1-"C and the stearic acid-1-1“C and how are these
fatty acids distributed into the different lipid classes.

Material and methods

The stearic acid-1-“C (REANAL, Budapest) had the specific activity
of 1.379 mCi/mmole, the palmitic acid-1-*C (REANAL, Budapest) 1.110
mCi/mmole.

From the labeled fatty acid 1 uCi was dissolved in 1 ml benzene and this
solution was distributed on a Macherey-Nagel 640 m filter-paper disk as evenly
as possible. The benzene was then carefully evaporated. The animals were
collected from the Asz6f6-Séd brook on the 20th October 1969. They were kept
in the laboratorium in two glass aquaria. The water level was 5 ¢cm. The water
was permanently transaerated. Both aquaria contained some hundreds of ani-
mals. The plamitic acid-1-*C impregnated filter-paper was placed into the one,
the stearic acid-1-"C impregnated filter-paper into the other aquarium. The
crustaceans eat up the filter-papers in two days. For further two days they
were fed on green and decaying plants originating from the sampling place.
On the fourth day the animals were rinsed with pure water, blotted on filter-
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paper and weighed. The fresh weights of the palmitic and stearic acid feeding
groups were 26.0 g and 14.7 g respectively. Both groups were homogenized in
chloroform : metanol 2 : 1in a Biomix blendor.

The lipids were extracted according to Foich (1957). The distribution
of the label in the lipid classes was determined from a part of the total lipid
by thin layer chromatography as described earlier (Herodek, 1968). Another
portion of the total lipid was chromatographed in the same way, then from
the silica gel the triglycerides were eluted three times with diethyl ether
the phospholipids three times with chloroform : metanol 2 : 1 and once by
methanol : ammoniumhydroxide 10 : 1. The triglycerides and phospholipids
so obtained, and a further part of the total lipid were transmethylated with
cc. HC1 : abs. methanol 5 : 95. The methyl esters were purified by rechromato-
graphing on silica gel G and eluted with diethyl ether. They were then sub-
jected to thin layer chromatography on silica gél G containing 12.5 per cent
silver nitrate to separate the methyl esters of the monoenoic, dienoic, trienoic
and polyenoic fatty acids. The developing solvent was benzene, the bands were
detected with Rhodamine B. The fatty acid composition of the bands was
checked gas-chromatographically in control runnings. The methyl esters were
eluted from the silver nitrate impregnated silica gel G with diethyl ether
in a micro-Soxhlet apparatus for two hours, then their radioactivity was
determined.

Radioactivity measurements were carried out with a USB—2 liquid
scintillation detector (Office for Nuclear Engineering Equipment Pilot Plant,
Warsaw). The samples were dissolved in 8 ml scintillation liquid consisting
of toluene, containing 0.4 Ber cent 2.5-diphenyloxazole and 0.01 per cent
I,4-di[?-(5-phen loxazolyl)]-benzene.

he gas-chromatographical analysis was carried out as described earlier
(Herodek, 1969).

Results and discussion

In the lipids of crustaceans 18.9 and 29.1 per cent of the activity of
palmitic acid-1-14C and stearic acid-1-14C respectively, introduced by the food,
was refound. The fatty acids were practically completely esterified, about
two third of them incorporated into the triglycerides and one third into the
phospholipids (Fig. 1.).

Neither in palmitic acid-I-M4C nor in stearic acid-I-4C feeding animals
did the di-, tri-, and polyenoic fatty acids show any measurable radioactivity.
The monoenoic fatty acids on the other hand had activities amounting in the
palmitic acid-1-14C fed group to 19 per cent, in the stearic acid-I-14C fed group
to 66 per cent of the total radioactivity. That only the smaller part of the
palmitic acid but the greater part of the stearic acid was transformed to
monoenoic acids corresponds to the fact that in the fat of Gammarus Roeselii
there is more palmitic than palmitoleic but much less stearic than oleic acid
(Table 1.).

In rats the ratios of the labeled palmitic /palmitioleic and stearic/ oleic
acid incorporations are much higher in phospholipids than in triglycerides
(Goransson and Otlivecrona, 1964, 1965; Goransson, 1965 a, b) In Gam-
marus Roeselii there is no such difference between phospholipids and triglyce-
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Figure 1. The distribution of radioactivity in the lipid fractions of palmitic acid-1-14C
and of stearic aoid- -14C fed crustacenas.

Left = palmitic aeid-1-14C fed animals; Right = stearic acid-1-14C fed animals;

TG = triglycerides; FA = free fatty acid;; DG = diglycerides; PL = phospholipids

TABLE 1

Fatty acid composition of the total lipid, triglycerides and phospholipids

14:0 14:1 15:0 15:1 16:0 16:1 16 :2 17 :0 18:0

Total lipids 2.2 13 1.4 2.0 11.9 55 4.2 2.2 2.9
Triglycerides 14 12 1.0 2.0 12.2 8.5 4.6 21 2.8
Phospholipids 2.8 1.6 2.0 22 10.6 5.1 4.6 2.0 31

18:1 18:2 18 :3 18:4 20:1 20:4 20:5 22:5 22:6

Total lipids 25.8 15.3 11.0 2.5 1.4 2.6 4.0 0.4 34
Triglycerides 27.6 16.9 135 2.5 1.6 0.7 1.0 0.1 0.3
Phospholipids 19.8 13.3 8.0 1.9 13 5.8 8.7 12 6.0

The number before the colon indicates the number of carbonic atoms, that after the colon the number of
double bonds.

rides. In the palmitic acid-1-14C fed crustaceans 18 per cent of the radioactivity
oftriglycerides and 20 per cent ofthat of phospholipids, in the stearic acid-1-14C
fed crustaceans 63 per cent of the radioactivity of triglycerides and 69 per
cent of that of phospholipids were in the monoenoic fatty acids (Fig. 2.)
As compared to mammals there is more palmitoleic and much less stearic acid
in the phospholipids of Gammarus lioeselii, therefore the saturated to mono-
enoic acid ratio of triglycerides and phospholipids does not differ so much
in this animal.

12*
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Figure 2. The radioactivity of monoenoic acids In per cent of the radioactivity of total
fatty acids. L = total lipids, other abbreviations as in Fig. 1

The nutrition of Gammarus lioeselii was in detail studied by Ponyi
31956,_ 1959?. This_crustacean chews with its strong mandibuls the green and
ecaying plants like caterpillars. Decae/ed plants contain a lot of cellulose.
According to Ponyi (1959) these animals, presumably due to their symbionts
can break down cellulose. Kept only on filter-paper these crustaceans chewed
it like the decaying leaves and survived longer than the control group fasting
without filter-paper. This experiment gave the idea to feed crustaceans with
labeled fatty acid impregnated filter-paper. Accordingly saturated and mono-
enoic fatty acids can be formed also from the glucose originating in cellulose.
On the other hand Gammarus lioeselii similar to Vertebrates and Insects is
not able to synthetise linoleic and linolenic acids, these compounds are taken
up from green plants. The origin of highly unsaturated fatty acids of 20, 22
carbonic atoms is more problematic. These fatty acids are to be found mainly
in the phospholipids, as demonstrated for several Crustacea species by Farkas
(1970 a, b). They are absent in higher plants, but may originate in epibiotic
algae. It is also possible that crustaceans desaturate and elongate linoleic and
linolenic acids in the way described for mammals (Mead, 1960; Kienk and
Mohrhaijer, 1960). Further feeding experiments with labeled linoleic and
linolenic acids could decide whether this process exists also in crustaceans or
not.

Summary

Crustaceans were fed on labeled fatty acid impregnated filter-paper for
two days and on their natural food for further two days.

In crustaceans fed on palmitic acid-1-14C 58 per cent of the radioactivity
was incorporated into the triglycerides and 38 per cent into the phospholipids.
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In the stearic acid-1-"C fed group 64 per cent radioactivity was in the trigly-
cerides and 34 per cent in the phospholipids.

In Gammarus Roeselii 19 per cent of the palmitic acid-1-*C and 66 per
cent of the stearic acid-1-1"C was transformed to monoenoic fatty acids.The
ratio of radioactivity of saturated to monoenoic acids was similar in triglyce-
rides and phospholipids

In the polyenoic fatty acids there was no measurable radioactivity.
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A PALMITINSAV-1-14C ES SZTEARINSAV-1-14C ATALAKULASA
A GAMMARUS (RIVULOGAMMARUS) ROESELII Gervais AMPHIPODA RAKBAN

Herodek Sandor

Osszefoglalas

A rdkokat két napig jelzett zsirsavval atitatott sz(ir6papirral, majd még két napig
a természetes taplalékukkal etettik.

A palmitinsav-I-M4C-vel etetett rakokban az aktivitds 58%-a a trigliceridekben,
38%-a a foszfolipidekben volt. A sztearinsav-1-1C-vel etetett rdkokban az aktivitas
64%-a volt trigliceridekben és 34%-a foszfolipidekben.

A palmitinsav-1-14C-nek 19, a sztearinsav-l-14C-nek 66%-a alakult &4t egyszer
telitetlen zsirsavva. A telitett és monoén zsirsavak radioatkivitdsanak ardnya a tri-
gliceridekben és foszfolipidekben hasonlé volt.

MPEOBPA3OBAHWE 1-C UMAJNBMUTUHOBOM W I-O'-CTEAPHHOBOTfi KWC/OThbI
Y PAKA Gammarus (Rivulogammarus) Roselii Gervais Amphipoda

L. Xepopgek

PakoB KOpMUAK B TeYeHWe fBYX CYTOK Bymaroii, NpoNUTaHHOW MeYEHHOW XMNPHOIR Kncno-
TOW, NOTOM eLié B Te4eHWe ABYX CYTOK HaTypanbHbIM KOPMOM.

Y pakoB KOpM/eHHbiX [-C14 -nanbMUTUHOBOW KucnoTolt, 58% akTUBHOCTU ObiNO0 B
Tpurnnuepugax, 38% B ¢ochonunuaax. Y pakoB, KOpMAeHHbiX 1-C4-cTeapuHOBON KWUCNOTOW
64% aKTUBHOCTMK 6blN0 B Tpurnuuepugax m 34% B ochonunungax.

19% 1-C14nanbMUTUHOBOMW KuUcnoTbl, 66% 1-CM4-cTeapuMHOBO KWCMOTbI NpeBpalya-
NNCb B XUPHble KNCNOTbl C OAHOW HeHacblleHoW CBA3bl0. COOTHOLIEHME PaaMoakTUBHOCTU B
Tpurauuepugax n goconmnmaax, HacblleHHbIX N HeHaCbIWEHHbIX KUCNOT 6bI10 MoA06HOE.
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DATA TO THE KNOWLEDGE OF COMPOSITION
OF THE MOST FREQUENTLY OCCURRING REED-GRASS SPECIES
IN LAKE BALATON

Mrs. v. KARPATI and Mrs. I. BEDO
Institutum Botanicum Scholae Superioris Scientiarum Agrarium, Keszthely, Hungéria

Received: 17th March, 1970

During the synecological analyses of the reed-grass vegetation in Lake
Balaton we wish to gain detailed information on the quantitative and quali-
tative conditions of the phytomass production. The present paper is to add
data to the composition of the most frequently occurring reed-grass species
in Lake Balaton. A carefully planned survey will subsequently follow our
present preliminary collaction of data. We wish to gain a comprehensive
picture about the organic material production of the reed-grass vegetation
(Potametea) in the constant water surfaces of Lake Balaton, together with
the shore-zonal reedery (Phragmition) and high sedge (Magnocarition) with
respect to individual annual periods.

Material and method

The reed-grass samples used in the investigation were collected at the
same time (1. X. 1968) from Lake Balaton (Table I). After washing in distilled
water, the samples were dried at 60 °C, then the desiccated matter was groun
to powder.

The compositional characteristics were determined by the following
methods:

1 Determination of water and dry matter content was carried out in
two phases:

(@ Organic matter (after drying) = dry matter - raw ash

(b) Extractable matter free of nitrogen = 100 — (water content +
raw protein) + raw fat -f- raw fibre -f- raw ash

2. Determination of raw ash was carried out according to the pattern
number MSZ6, B30.

3. Determination of raw fat by the Soxhlet method (extrahaling).

4. Determination of materials containing nitrogen:

(@) Raw protein (total matter containing nitrogen), the determination
was carried out according to the w agner-Parnass microkjeldahl
method

(b) Digestible raw protein percentage was obtained by calculation.

5. Raw fibre (lignin) content was determined by the Henneberg—
Stokiytann Mmethod.

6. Starch values were obtained by calculation.

Our investigations, in all cases, were carried out in accordance with the
foraging standards in order to enable anyone to compare our data to those
already published in Hungarian technical literature directly.
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Coenotaxonomic survey of the reed-grass stands at the collecting sites

The coenotaxonomic conditions of the reed-grass vegetation in Lake
Balaton are quite well known from the detailed works of Borbas, V (1900),
So06 R. (1928, 1934, 1936, 1947, 1948), also So6’s Manual I, Il and I11 (1964,
1966, 1968), and from the result of our investigations (Kabpati, I. and Mrs.
Karpati, |. 19673, 1967b, 1967c, 1968). We have taken our material for
investigation from these well defined associations. The significant associations
with respect to sampling are presented with a view to coenotaxonomy:

A. Lemno-Potamea Sod, 1968

a. Hydrochari-Lemnetea
I. Hydrocharietalia Ribel 33
Lemnion minoris K och et TX. 54
1 Salvinio-Spirodeletum savnic 56
2. Lemnetum minoris Rube1 12
a) tvpicum
b) lemnetosum trisulcae
c) charetosum
Hyrocharition (Viernappee) Rubel 33
3. Lemno-utricularietum Sod 28
a) lemnetosum minoris
b) charetosum
4. Hydrochari-Stratitetum (Langendonck 35) Westhoff 42
b. Potametea Ty. et Prsg. 42

Il. Potametalia W. Koch 26

Potamion eurosibiricum W. Koch 26. (p.p.) Ylieger 37
5. Anacharietum canadensis (Pign.) So6
6. Myriophyllo-Potametum So6 34

a) potametosum perfoliati

b) potametosum balatoniéi

C) potametosum crispi

d) myriophylletosum spicati

e) myriophylletosum verticillatii

Nymphaeion (Oberd. 56) So6 64

7. Polygono-Potametum natantis So6 64
a) polygonetosum amphibii
b) potametosum natantis

8. Nymphaeetum albo-luteae N owinsky 28
a) namphaeetosum
b) nupharetosum

9. Trapetum natantis Maller-Goérs 60
trapetosum natantis
potametosum perfoliati

10. Ceratophylletum submersi K arpati |. et V. 68
ceratophylletosum demersi
potametosum balatoniéi
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B. Cypero-Phragmitea So6 68
c. Phragmitetea TX. et Persg. 42

1. Phragmitetalia W. K och 26

Phragmition communis W. K och 26
11. Scirpo-Phragmitetum W. K och 26
ag phragmitetosum

b) schoenoplectetosum

c) typhetosum

d) glycerietosum

e) phalaridetosum

Discussion of results

a) Nutritive value of reed-grass elements

Tables 2 and 3 give the composition and nutritive values of reed-grasses.
The nutritive material content has been expressed by the starch value cal-
culated by Kk e11ner, accepted and currently in use in Hungary. The utilization
coefficients of individual nutritive materials were obtained on the basis of
Sudan grass (Sorgum vulgare sudanense) from the standard No. MSZ 6890,
for no coefficient numbers have as yet been calculated for reed-grass species,
and because the chemical composition of reed-grass species is very similar
to this arable land foraging plant.

The dry matter content of the reed-grass species fluctuated between
7.94 and 12.33%. The lowest dry matter content was measured (7.94 8.22%)
in Ceratphyllum submersum samples, while the highest values were obtained
for Lemna trisulca (11.98—12.33%) and Lemna minor (12.16%).

With respect to organic matter content the most favourable result was
obtained with Nuphar luteum (9.17%), while the lowest value was shown in
Chara phoetida (4.38%). The highest and lowest amount of ash residue (5.05%
and 1.14%) were gained with Myriophyllum spicatum. Concerning raw protein
content the lowest and the peak values were between 0.53 and 2.38%. The
highest protein content was shown by Myriophyllum spicatum, while the
lowest values were obtained with Potamogeton pectinatus ssp. balatonicus.

Among the nutritive materials the lowest values were displayed by raw
fats (0.03—0.15%). The raw fibre content of reed-grass species fluctuated
between 0.66- 3.96%. The quantity of the extractable matter free of nitrogen
varied between 0.58 and 5.24%.

The nutritive material quantity expressed in starch values fluctuated
between 3.18 and 7.90 kg/g. The lowest nutritive values were displayed by
Chara phoetida, while the highest values were shown by Myriophyllum spicatum.
With respect to digestible raw protein the smallest value was yielded bv Pota-
mogeton perfoliatus (0.47%), while the highest value was given by Myriophyl-
lum spicatum (1.83%) (Table 1).

In summarizing the results we established that both in chemical compo-
sition and nutritive values great variations are perceiveable between species
and even within the individuals of the same species. The most favourable
nutritive material content (expressed in starch values) is shown in Lemna minor
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23
25
35
38
39
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63

29
32

30
55
20
27
33
36
52

Species

Ceratophyllum submersum
33 33
33 S3

Chara phoetida

S3 Si

Hydroharis morsus-ranae

Si Si

Lemna minor
Lemna trisulca

Si Si

Myriophyllum spicatum

Najas marina

Nuphar luteum
Potamogeton crispus

Potamogeton pectinatus ssp.

33 33 33

Potamogeton perfoliatus

33 33

Stratiotes aloides

33 33

33 33

Trapa natans

TABLE 2

1000 g analised material contains

Dry matter Organic matter
% %
8.19 5.06
8.07 6.49
8.16 5.29
8.22 5.90
8.00 6.26
8.15 5.52
7.94 6.03
average 8.10 5.79
8.50 4.43
8.54 4.39
8.52 4.59
8.49 4.38
8.50 461
average 8.51 4.48
8.17 5.34
8.03 5.42
average 8.10 5.38
12.16 8.94
11.98 8.40
12.33 7.94
average 12.15 8.17
10.77 6.50
10.65 5.85
10.64 6.58
10.86 6.48
9.91 8.77
10.53 8.25
10.73 5.68
average 10.58 6.87
10.56 7.64
average 10.55 8.12
average 10.55 7.88
10.71 9.17
10.65 6.94
balatonicus 10.41 7.14
© 10.39 7.65
10.49 7.56
s 10.19 7.56
n 10.30 7.48
average 10.35 7.47
10.28 6.84
10.09 8.02
10.49 6.46
average 10.28 7.10
10.62 6.96
10.24 7.93
10.63 6.34
10.55 6.89
average 10.51 7.03
10.21 7.70



calculated for original dry matter

Ash

3.13
1.58
2.93
2.32
1.74
2.63
191
2.32
4.07
4.15
3.93
4.10
3.89

4.02

2.83
2.61
2.72
3.22
3.58
4.39
3.98
4.27
4.80
4.06

1.14
2.28
5.05
3.71
2.92
243
1,67
1.54
3.71
3.27
2.74
2.93
2.63
2.82
2.87

3.44
2.07
4.03
3.18
3.66
231
4.29
3.66
3.48

2,51

Raw protein

2.09
1.97
1.02
0.59
112
0.74
1.52
1.29
0.90
0.74
0.80
0.75
0.78
0.79
1.07
0.99
1.03
1.55
1.65
1.78
171
1.10
2.38
0.84
1.14
191
1.44
1.07
1.27
1.17
1.20
1.18

1.14
1.13
0.84
1.27
0.82
1.02
1.36
1.06

0.53
1.01
1.34

0.96
2.23

1.00
1.20

1.45
1.15

Raw fat
%

0.06
0.08
0.06
0.06
0.07
0.05
0.06
0.06
0.06
0.03
0.03
0.04
0.03

0.03

0.05
0.08

0.06

0.09
0.15
0.08
0.11
0.05
0.07
0.08
0.05
0.13
0.08
0.06
0.07

0.09
0.10
0.09
0.10
0.08
0.08
0.11
0.07
0.08
0.08
0.08

0.07
0.11
0.08
0.08
0.07
0.08
0.07
0.07
0.07

0.09

Raw firre
%

2.33
1.52
1.88
1.88
1.49
1.47
2.34
1.84
1.89
0.66
1.72
2.61
2.96

1.96

1.54
1.17

1.35

2.90
2.75
3.32
3.03
2.87
1.53
241
3.65
1.55
1.49
2.67
231
3.15
2.77
2.96

2.68
2.76
2.80
3.04
2.77
2.54
3.00
2.83

3.96
3.60
1.45
3.00
2.49
2.75
2.68
2.95
2.71

1.70

NMK
%

0.58
2.92
2.33
3.37
3.58
3.26
211
2.59
1.58
2.90
2.04
0.98
0.84

1.68

2.68
3.18
2.93
4.40
3.85
2.76
3.30
2.48
1.87
3.25
1.64
5.18
5.24
1.88
3.07
3.24
4.05
3.64
5.25
2.97
3.42
3.23
3.90
3.92
3.04
3.50

2.27
3.30
3.59
3.05
2.17
3.71
2.59
2.68
2.78

4.76

Starch value
%

3.70
4.72
3.84
4.27
3.63
3.98
4.39
4.07
3.23
3.18
3.32
3.20
2.82
3.15
3.86
3.94
3.90

7.55
7.90
5.78
6.84
4.68

4.78
4.72
7.90
5.95
4.13
5.32
5.56
5.90
5.73

6.65
3.25
5.19
5.56
5.47
5.62
5.44
5.45

4.97
5.84
4.69
5.16
5.10
5.76
461
5.00
511

5.56
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Digestible raw
protein, %

1.61
151
0.79
0.45
0.86
0.57
1.17

0.99



Serial No

~No gabhwhN —

10

12

13

15
10
17

18

20
21
22
23
24

25
26

37
38
39
40

41

Note-book

23
25
35
38
39

63

10
14
19
60

Species

Ceratophyllum submersum

Chara phoetida

ii
5] 99

Hydrocharis morsus-ranae
99 99

Lemna minor
Lemna trisulca

99 99

Myriophyllum spicatum

99 99

Najas marina

55 55

Nuphar luteum
Potamogeton crispus

TABLE 3

1000 g analysed material contains

average

average

average

average

average

average

Potamogeton pectinatus ssp. balatonicus

55 55 55

55 55 55

Potamogeton perfoliatus

Stratiotes aloides

Trapa natans

55

55

average

average

average

Dry matter
%

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

100.00
100.00
100.00
100.00
100.00
100.00
100.00

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

Organic, matter
g

61.78
40.43
64.10
71.78
78.25
67.74
75.95
71.43
52.11
51.40
53.87
51.59
54.24
52.64

65.36
67.49
66.42
73.51
70.12
57.51
63.81

60.35
54.92
61.85
59.67
88.38
78.35
52.94
65.20

72.35
76.97
74.66
85.63
65.17
68.58
73.63
72.07
74.20
72.63

72.22
66.53
79.49
61.59
69.20
65.53
77.44
59.64
66.97
65.30
75.42



calculated, for absolute dry matter

Ash
%

Raw
protein

%

25.51
24.41
12.50

7.17
14.00

9.07
19.14

15.97

10.58
8.66
9.38
8.83
9.17
9.32

13.09
12.32

12.70
12.14
13.77
14.44
14.10

10.21
22.35

10.49
19.27
13.67

9.97
13.40
11.07
11.37
11.22
10.64
10.61

8.06
12.22

7.81
10.00
13.20
10.25

5.15
10.01
12.77

9.31

20.99
13.57

9.40
11.37
13.83

11.26

Raw fat
%

0.73
0.99
0.73
0.73
0.87
0.61
0.76

0.77

0.71
0.39
0.37
0.47
0.35

0.45

0.67
0.99

0.83
0.74

1.25
0.65
0.95
0.46
0.66
0.75
0.46
1.32
0.76
0.56
0.71
0.84
0.95
0.89
0.93
0.75
0.76
1.06
0.67
0.78
0.78
0.88
0.68
1.09
7.62

3.13
0.65
0.78
0.66
0.69
0.69

0.88

Raw fibre
%

28.45
18.87
23.03
22.87
18.62
18.03
29.47

22.76

22.23

7.73
20.18
30.74
34.82

23.14

18.84
14.57

16.70

23.84
22.95
26.93
24.94
26.64
14.36
22.65
33.61
15.80
14.14
24.88
21.72
29.83
26.26
28.04
25.02
25.91
26.89
29.26
26.41
24.93
29.12
27.32
38.52
35.67
13.82

29.33

23.44
26.85
25.21
27.96

25.86
16.65

NMK

7.08
36.10
28.55
40.99
44,75
40.00
26.57

32.00

18.58
34.66
23.94
11.54
9.88
19.72

32.80
39.60

36.20

36.18
32.14
22.38
27.26
23.02
17.55
30.54
15.10
52.80
49.76
17.52
29.47
30.68
38.39
34.53
49.01
27.88
32.85
31.09
37.18
38.47
29.51
33.82
22.08
32.70
34.22

29.66

20.43
36.23
24.36
25.40
26.60

46.03

Straeh value
kg/g

45.17
58.48
47.05
51.94
45.37
48.83
55.28

50.30

38.00
37.23
38.96
37.69
33.17
37.01

47.24
49.06

48.15

62.08
65.94
46.88
56.41
43.45
48.16
44.92
43.46
79.71
56.50
38.48
50.66
52.65
55.92
54.28
62.09
30.51
49.85
53.51
52.14
55.15
52.81
52.69
48.35
57.87
44.71
50.38
48.02
56.25
43.37
47.39
48.75

54.45
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Digestible
protein, %

19.65
18.71
9.68
5.47
10.75
6.99
14.73
12.28

8.11
6.55
7.27
6.83
7.05
7.16

10.03
9.46

9.74

9.78
10.60
nn
10.85

7.89
17.18

6.11

8.10
14.83

10.44
7.64
10.31
8.52
8.72
8.62
8.22
8.17
6.24
9.43
6.00
9.03
10.09
8.15
3.98
7.73
9.82
7.17
16.10
10.44
7.24
8.72
10.62

8.72
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(7.55 kg/g), followed in order of sequence by Lemna trisulca (6.84 kg/g), Nuphar
luteum (6.65 kg/g). The nutritive values of the rest of the reed-grass species
was below 6.0 kg/g calculated for starch values. The highest value for the di-
gestible raw protein content was found in Lemna trisulca (1.329%,),while therest
followed in order of sequence Lemna minor (1.19%,), Stratoides aloides)
(1.11%,), Myriophyllum spicatum (1.08%,). The digestible raw protein content
of the rest of the species never reached 1.09%, (Table 2).

* The chemical composition and nutritive material values of reed-grass
species were calculated for absolute (1009) dry matter in order to eliminate
the differences caused by dry matter content and to obtain more favourable
basis for comparison. The absolute dry matter included 52.64 —85.639%, organic
matter. The lowest values were displayed by Chara phoetida, while the highest
ones by Nuphar luteum. Concerning ash content, the lowest vield was given
by Nuphar luteum (14.379%,), while highest yield was obtained with Chara
phoetida (47—379%,). The most favourable result with respect to raw protein
was obtained with Ceratophyllum submersum (15.97%,), while Pomatogeton per-
foliatus showed a mere 9.319, of raw protein. The highest raw fibre content
was yielded in Naja marina (28.04%), while the lowest value was shown by
Trapa natans (16.659%,). The extractable matter free of nitrogen fluctuated
between 1972 and 49.019,. With respect to nutritive material content we
found the following two limiting values 30.51 and 62.09 kg/g; at the same time
the digestible raw protein content fluctuated between 6.00 and 19.65%,. Con-
sidering the mean values of nutritive material content in eight species we found
a Value more than 50.0 kg/g for starch value (Lemna minor, Trapa natans,
Potamogeton perfoliatus, Nuphar lutewm, Najas marina, Ceratoplz_z/llum sub-
mersum, Lemna trisulca, Polamogeton pectinatus).

Only in four species have we found a value above 10.09%, for digestible
raw protein content (Myriophyllum spicatus, Stratiotes aloides, Ceratophyllm
submersum, Lemna trisulca).

On the basis of our investigations we came to the conclusion that the
nutritive value of reed-grass species is favourable, and under appropriate
and economic exploitation suitable for foraging of domestic animals. How-
ever, we must point out that our data as yet are informatory in nature, for
the exact determination of nutritive material content as now expressed in
starch value will need extensive investigations in the future. That will render
possible that the nutritive value of reed-g species be comparable to arable land
fodder plants, in order to decide the bes method of utilization.

b) Mineral material content of reed-grass elements

During the evaluation of phytomass production of reed-grass species
we endeavoured to obtain data throwing light on the mineral material conten
too. We wrote a comprehensive study on the manganese content of Potametea
elements (KArpATI 1., KArPATI V. and ToLavEesi, 1967), but we also have
useful data at our disposal concerning the characteristics of macro- and
microelement conditions of individual plant families (Mopor and ToéLayEsI,
1964; MoOcsy and ToneyEst, 1960; Toreyesi, 1962, 1963, 1965a, b, ¢, 1968).
As it has been indicated in our paper, the well-nigh 5,000 data of the 44 pro-
foundly investigated plant families unanimously support that the taxa in-
cluded in Potamion associations have a very high Mn content (T'able 5). At
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Mineral material content of some reed-grass species compared with that of fodder plants

(After: Tonayesr Gy. 1965)

Ca0 | Na ’ P,0, Fe i Mn ’ Zn l Cu
Species L LU
g/kg I me/kg

Potamogeton natans .............. 37 11 7 690 1400 81 5
Potamogeton pectinatus . .......... 26 10 6 880 1800 47 6
Ceratophyllum demersum .. ........ 36 7 9 1400 5000 140 8
Myriophyllum spicatum .......... 62 12 4 1300 2400 65 5
TNUPG. TUHANE s s < catnnr | Nere s oo o a9 35 5 4 450 700 68 6
Hydrocharis morsus-ranae . ........ 12 9 8 1300 4000 100 7
TOMNBEIANOP. < o . .o ot res et 58 7 12 440 3100 110 16-
Lomna  risulon. . 5l s B s s 30 7 6 3000 7000 50 9
Hordewm vulgare (grain) .......... 1 0.2 6 80 20 16 5
2160 DUaYS (BTBIN) L5 i oiolas saia s 5o se e 1 0.1 5 60 15 16 3
Medicago sativa (hay) ............ 20 0.4 6 240 " . 50 30 10
Meadovwr-hay O ., e S e s 10 0.5 5 160 80 25 8

TABLE 5
Mineral material content of some plant families
After: ToLevest Gy. — Acta Agr. Hung. (1965) 287—301.
: No. of Sample | 08O } P,0, Fe | Mo | Zn \ Su
Pant famil, T N : {
Y species No. | AP noh

Gramineae ........ 98 466 3.7 4.2 179 71 28 5.6
Compositae ....... 74 243 14.2 5.9 329 57 31 11.4
Papilionaceae ..... 49 194 15.6 4.7 196 50 25 9.1
Salicaceae ........ 18 117 17.0 4.8 149 103 85 7
Cyperaceae ....... 41 109 4.8 4.9 273 199 24 2.0
Rosaceae. ......... 24 105 15.8 4.3 201 69 28 ol
Lablatde ......u-. 27 72 15.3 5.8 439 50 33 11.2
Cruciferae ........ 27 71 14.0 6.4 270 46 27 5.3
Hagaceae ... ... 7 65 13.6 3.7 162 454 25 AT
Ranunculaceae ... 19 64 15.5 6.2 176 51 35 9.8
Betulaceae ........ 4 58 19.5 3.1 218 432 32 8.1
Scrophulariaceae .. 28 53 11.8 5.0 323 60 28 s 87
Caryophilaceae . ... 18 49 L 5.7 281 128 32 6.7
Polygonaceae ..... 14 | 48 10.2 5.4 277 81 28 6.6
Boraginaceae . ..... 18: 46 20.6 6.1 372 66 27 11.7
Oleaceae .......... 7 46 14.5 3.2 140 46 24 6.5
Rubiaceae ........ 12 44 15.4 5.5 293 52 27 7.5
ACCracese ..:..ens 6 44 15.0 5.1 181 94 27 7.0
Liliaceae .. ..:ve.vs 16 40 10.2 5.8 143 46 32 7.2
Junecaceae ........ 13 32 3.0 3.6 210 141 24 6.6
Euphorbiaceae .... 87l 25 16.9 6.1 183 109 32 8.4
Umbelliferae ..... 14 24 17.4 5.9 196 47 29 8.9
Solanaceae ........ 6 23 15.7 i | 299 57 25 14.0
Plantaginaceae .... 5 22 15.2 5.4 261 38 31 9.4
Chenopodiaceae ... 9 20 1217 5.5 270 55 46 71
Hydrochariaceae . . . 3 20 15:7 7.2 1300 496 108 5.3
Zosteraceae ....... 7 20 35.6 6.0 875 1160 80 5.6

13 Tihanyi ¥vkonyy
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TABLE 6

Manganese content of some reed-grass species

(After KArpATr I.—KArrATI V.—ToLcYEST Gy. 1967)

Species Collecting site ofDe£zl:er Association mlg/ig
CHAROPHYTA
Chara phoetida ......... Tatai-t6, Réti 60 Homogen-cous stand 1320
NYMPHACEAE
Nuphar luteum . ........ Ludanyhaléaszi, 80—100 | Nymphaeetum albo-luteae| 2 760
Ipoly
VLT e e S B Drégelypalank, 80—100 | Nymphaeetum albo-luteae, 1 960
3 Ipoly
N Totermiy: sive v viore visitsiess Sérfenybsziget, 100—150 | Nymphaeetum albo-luteae 300
Duna-holtag
N IR T 5 ieone 2ot inials Sérfenydsziget, 50—80 | Nymphaeetum albo-luteae 420
Kis-Duna
CERATOPHYLLACEAE
Ceratophyllum demersum . | Mosonmagyarévar, | 50—150 | Myriophyllo-Potametum 10 600
Fekete-erds,
Duna-holtag
C. demersum ......coous Dunaharaszti 100—120 | Myriophyllo-Pot2metum 3 000
C. demersum ........... Tatai-t6, Réti 60—80 | Myriophyllo-Potametum 2 160
Gl idenersumis s v L 2N S Velencei-té 200—300 | Myriophyllo-Potametum 450
HALORAGACEAE /
Myriophyllum spicatum . | Velencei-té 200—300 | Myriophyllo-Potametum 480
M. SPICAUNY oo veiieoninis Dunaharaszti 100—120 | Myriophyllo-Potametum 2 470
M. spicatum e si i, Tatai-to, Cseke 100 Myriophyllo-Potametum 980
M spicatiiy &oviee s Drégelypalank, 40—60 | Myriophyllo-Potametum 8 400
Ipoly
M. SPICGIEIR oo e s visislos Oskii-Séd Myriophyllo-Potametum 405
TRAPACEAE
Trapa natans .....s.-.- Dunaharaszti 200—250 | Trapetum natantis 1100
L AR OIBE 5tre oy hetess st ks Szarvas, Bikazug | 200—300 | Trapetum natantis 620
Mimatans - e iatt e dina e Taksony 180—190 | Trapetum natantis 360
AN s R e Hercegszanté 200300 | Trapetum natantis 305
LENTIBULARIACEAE
Utricularia vulgaris Karapancsa, 200—300 | Lemno-Utricularietum 1 090
Ferenc-csatorna |
TR T R R e T Veresegyhéz 70 Lemno-Utricularietum 2 040
U7 pulgarss s o ote loRll Karapancsa, 100 Lemno-Utricularietum 4 580
Duna-holtag
U vulgartsviveaunioimess Velencei-to 50—150 = Lemno-Utricularietum 303
|
HYDROCHARITACEAE
Hydrocharis morsus-ranae | Kiskunlachaza 60—70 | Hydrochari-Stratiotetum 1100
H. morsus-ranae ........ Szarvas, Bikazug | 200—300 | Hydrochari-Stratiotetum 895
H. morsus-ranae . ....... Ipolyszog 150—180 | Hydrochari-Stratiotetum 5200
Velencei-té Lemno-Utricularietum 625

H. morsus-ranae

] 50—100 |

|
|
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. . Depth o Mn
Species Collecting site of water Association mg/kg
ZOSTERACEAE incl.
POTAMOGETONACEAE
Potamogeton pectinatus .. | Tata, Fényesfiird6 | 60—80 | Myriophyllo-Potametum 840
L DECUNIGIUS . . v SaTs vaisters Drégelypaldank 60 Myriophyllo-Potametum 2 350
P, mechinarus .. v . snen Tatai-t6, Réti 60—80 | Myriophyllo-Potametum 276
B2 TDECUNAIUE: . - - winiis Sy e Soroksar, 50 Myriophyllo-Potametum 1320
Duna-holtag
P DEClimbus < o« ojs s Velencei-t6 100—200 | Myriophyllo-Potametum 240
Potamogeton perfoliatus .. | Keszthely Myriophyllo-Potametum 600
B. perfoliatus .. v . svoe Magyarévar, 50—100 | Myriophyllo-Potametum 336
Fekete-erd6
P perfoltatus .. s e i s Bankhdza 100—150 | Myriophyllo-Potametum 385
Potamogeton crispus .. ... Veresegyhaz 200 Myriophyllo-Potametum 1510
B CTIRPURS v, ool ol Dunaharaszti 100—120 | Myriophyllo-Potametum 1150
N CrEspea iy Lo s i e Ludanyhalészi, 80—100 | Myriophyllo-Potametum 1200
Ipoly
NAJADACEAE
Najas minor .......... Szarvas, Kaka 30—50 | Myriophyllo-Potametum 1100
Najas marina  ......... Velencei-t6 200—300 | Myriophyllo-Potametum 285
I T A e AP Hercegszanto, 200—300 | Myriophyllo-Potametum 620
Ferenc-csatorna
LEMNACEAE A
Lemna triculea . ........ Veresegy o hz 70 Lemno-Utricularietum 16 100
Los URUICE +o i ol s irainreis oo Drégelyplank 40—50 | Lemno-Utricularietum 9 680
L UBULCT: oo ss o's wioidione o 'n Ipolyszog, Ipoly 80—100 | Lemno-Utricularietum 34 600
Lemna minor .......... Tatai-ty, Réti 30 Lemno-Utricularietum 1190
L RIANOL s siiv 5 e < aeia i '\ Karapanesa, 200—280 | Lemno-Utricularietum 9 000
. Duna-holtag | |

the same time, in the specific elements of Rosaceaea, Fabaceae, Umbelliferae,
Runiaceae, Labiatae, Solanaceae, etc. reealy acclimatized to dry land habitats
manganese occur as an average between 50 and 70 mg/kg. The problem is
discussed in more detail in our previously mentioned paper (KArpATI, 1.,
KArpAri, V. and Toreyest, 1967) providing ample space both for ecological
and phylogenetical references.

The principle just indicated does not only appear in the relation of
Mn content but we can also see from the comparison of systematical taxa
(TorayEsI, 1965 b, ¢) that both the macro- and microelements occur in greater
quantities in the reed-grass elements in plant species living under dry land
conditions.

Especially their manganese, sodium, iron, and zinc contents are greater
than many of the plant species living on the dry land. The calcium oxide con-
tent is equivalent to the highest limit of known dry land fodder plants In
phosphorus and copper content no significant difference may be observed
between them and that of the plants living on dry land (Tables 4 and 5).

The data on hand reveal that this is not the outcome of macro- and
microelement quantity of habitats. It can rather be explained by the better

13*
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absorbing and concentrating capacity of aqueous plants although, we must
bear in mind that given habitats with prevailing conditions play a sgnifican
role in the accumulation of mineral material of the individual plant species.

REFERENCES

BaintNeRr, K. (1960): Gazdasdgi allatok takarményozasa 11. — Mezdg. Kiadé Budapest.

KArpATI, V. (1963): Die zinologischen und 6kologischen Verhiiltnisse der Wasservege-
tation des Donau-Uberschwemmungsraumes in Ungarn. — Acta Botanica 9,
323 —385.

KArpArr, I., KArpATr, I.-né (1967): A balatoni hindrvegetécio szukcesszios dinamikdja. —
Hidrobiolégus Napok Programja. Tihany. 17.

KAirpArr, 1., KArprATr, I.-né, Torayest, Gy. (1967): Manganese content of aquatic plants.
— Acta Bot. Hung. 13, 95—112.

KArrATI, I., KARPATI, I.-né (1968): A balatoni hindrvegetdcié szukcessziés viszonyai. —
Bot. Kazlem. 35, 1.

Mobpogr, V., ToLeyEsI, Gy. (1964): Adatok a szikes réteken és legel6kén termdé névények
makro- és mikroelemtartalmdrol. (Beitrige zum Makro- und Mikroelementgehalt
der Pflanzen in Alkaliboden.) — Kisérleti Kozlemények, Allattenyésaés 57/b,
59—66.

Moéosy, J., ToLeyesi, Gy. (1960): Uber den Gehalt der ungarischen Rauhfuttermittel
an Mikroelementen. — Acta Veterinaria Hung. 10, 303 —311.

So6, R. (1928, 1929, 1930, 1931): Adatok a Balaton flérdjanak és vegetdciéjanak ismere-
téhez. (Beitrige zur Kenntnis der Vegetation des Balatongebietes.) — Magy.
Biol. Kut. Int. Munkdai 2, 132—136, 3, 169—185, 4, 293—319, 5, 112—121.

S06, R. (1938): A Balatonvidék magasabbrendii vizinovényeinek és a Balaton-part fléré-
jdnak dttekintése. (Ubersicht der hoheren Wasserpflanzen des Balatongebietes
und der Uferflora des Balatonsees.) — Magy. Biol. Kut. Int. Munkdai 10, 195—
203.

S06, R. (1928, 1934, 1936, 1938, 1947, 1948): A magyar vizek virdgos vegetdciéjanak
rendszertani és szocioldgiai dttekintése. (Zur Systematik und Soziologie der Pha-
nerogamen Vegetation der ungarischen Binnengewiisser.) — Magy. Biol. Kut.
Int. Munkai 2, 45—79, 7, 1356—153, 8, 223 —240, 10, 174 —194, Ann. Mus. Nat.
Hung. 39, 167 184, Arch. Biol. Hung. 17, 90 —100.

Torayes:, Gy. (1962): Vadontermé névények mikroelemtartalma. (Microelementgehalt
wildwachsender Pflanzen.) — Agrokémia és Talajtan 11, 203 —218.

TorLayest Gy. (1963): Adatok a réteken el6fordulé négy gyakoribb névényesalad mikro-
elem-tartalmarol. (Beitrige zum Mikroelementgehalt von vier in Wiesen ofter
vorkommenden Pflanzenfamilien.) — Magyar Allatorvosok Lapja 13, 207—209.

Toreyest, Gy. (1965): Adatok az erdei fak és cserjék Ca-, P-, Fe-, Mn-, Zn- és Cu-tartal-
marol. (Beitrige zur Kenntnis des Gehalts an Ca, P, Fe, Mn, Zn und Cu der Wal-
biume und Striaucher.) — Az Erdd 14, 275 —281.

Torevest, Gy. (1965): Applicability of newest knowledge on the microelement content
of plants in different fields of agricultural sciences. — Acta Agronomica Hung.
13, 287—301.

TorLeyest, Gy. (1965): Vizinovények dsvanyi anyagai és togazdasdgi jelentéségiik. —
Haldszat 11, 114.

ADATOK A BALATONBAN ELTERJEDTEBB HINARFAJOK
BELTARTALMANAK ISMERETEHEZ

Karpati Istvanné és Bedd Sandorné

A balatoni hindrvegetdcié fitobiomassza-produkeidjanak vizsgdlata sordn sziik-
ségessé valt a termelt zold- és szdaraz novénytomeg kémiai jellemzéinek megismerése.
Elemzéseinket a takarmédnyozdstani gyakorlatban elterjedt modszerekkel végeztiik el,
a téban legnagyobb témeget adé fajok vonatkozdsdban.
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Elemeztitk a kovetkezé jellemziket:

a) hinarelemek taplaléértéke : nyersfehérje, nyerszsir, keményitéérték.

b) hkinarelemek asvanyanyagtartalma: kilonosképpen a mangédn, ndtrium, vas, cink-
tartalom vonatkozdsdban dllapithaté meg, hogy az lényegesen nagyobb mennyiség-
ben fordul el6, mint a szdrazfoldi névényekben.

A vizsgdlati eredmények elméleti szempontbol hasznos tampontot nytdjtanak a
balatoni taplaléklancban lényeges jelentdségiikre vonatkozdan.

Gyakorlaty vetiletében pedig a hazai nagy tomegii hindrprodukeid esetleges takar-
méanyozasi hasznositdsahoz nytijtanak vizsgdlataink témpontot, adatokat.

JAHHBIE O XMUMUYECKOM COCTABE HAUBOJIEE PACITPOCTPAHEHHBIX BUJ10B
BOJIOPOCJIEN BAJIATOHA

Kapnamu Hwumsanne w Beoe Illandopre

3HaHMe XMMHUECKUX XaPaKTePUCTHK 3eJieHOM M cyXoif Maccsl Boj0pocIeil HeodX0aumMo
a5 ueeneioannii Gurodnonpoaykiuu Banarona. B nannoil padore Hanbosiee panpocrpaHeH-
HbI€ BOJAOPOCJIHN Banarona XapaxKTepu3npoBaJiCb METOJIAMH, IIPUHSITBIMU B KOPMOBO/ICTBE. Onpe-
JIeJISLIMCh CJIeJIyIoNe IToKa3aTe ln: i

@) NUTATEJIbHOCTh BOAOPOCIeil (Chipble 0eJIKH, ChIpble YKUPHI, Kpaxmai),

i) cojepykanne MHHEPAJIOB. Y CTAaHOBJIEHO, UTO COJepyKaHue B IIePBYIO ouepelb, MapraH-
11a, HATPHS, >KeJieda U IIHHKA ropas/lo Bbille B BOJIOPOCIIAX, YeM B HA3CMHBIX PACTCHHSX. C teo-
pemqecxoﬁ TOYKH 3PE€HHsI, JJAHHBIC TTOJIE3HDI JUIsI ITOHUMAHHUST MecTa paC'remm B lIMmeBOﬁ nenu
Banarona. C TOYKHM 3peHHs] NMPAKTHKH, NMOJYYeHHbIE Pe3yJsbTaThl JAl0T MH(YOpPMAIMIO 0 BO3-
MOYKHOCTSIX MCIUIL30BAaHMsI OOraThiX 3anacoB BOAOPOCel B Ka4ecTBe KOPMOB.
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SHORT PERIODIC CHANGES
IN THE MICROBAL PLANCTON QUANTITY OF LAKE BALATON

JANOS OLAH

Biological Research Institute of the Hungarian Academy of Sciences, Tihany, Hungary
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The monthly investigations carried out in the years of 1966—1968 in
five standard sections of Lake Balaton throw light on the complexity of
seasonal changes occurring in the quantity of bactrioplankton. In thevery
same year in various sections, or in different years for the same section the
seasonal dynamics rather varied. These data called the attention to the fact
that in order to be acquainted with the seasonal dynamics of the quantity
of bacterioplankton and with the factors exerting influence on it in the case
of shallow waters of vast extension, as is the case in Lake Balaton, we must
carry out short periodic investigations (OrLAm, 1969a, b).

On the basis of these conclusions we carried out short periodic investiga-
tions in the years of 1968 —1969 at some points of the open water of Lake
Balaton. During these seasonal investigations we carried out a series of mea-
surements which noted the daily changes in the quantity of saprophytic and
total microbial plankton, in wind condition, in Secchi-transparency in tem-
perature and in COD. Besides surveying the quantity of bacterioplankton we
paid due attention to the quantity of phyto- and zooplankton as well during
our winter and early spring investigations, the former were taken under
the ice cover.

Material and method

Our short periodic investigations were carried out in the open water,
some 500 metres from the shoreline beside a buoy in front of our Research
Institute. On the 8th—27th September, 1968, 5th—13th February, 1969,
8th—12th April, 28th April to 7th May and between 13th and 16th August
generally on every day, in some cases with a few days interval. Between
5th and 13th February, 1969 we carried out parallel investigations with the
open water examination in the reedery in front of Research Institute. Besides
the sites enumerated above, in front of our Institute, we made two surveis
in Keszthely-Bay, between the 24th Juny and 4th July, and between the 8th
27th September, on every day, on the standard G section (TAamAs, 1967) at
some 500 metres from the shoreline:

To determine the quantity of the total microbial plankton we made
good use of Ramuzov’s (1932) direct method, while the determination of
phytoplankton quantity was made by De Novernes’s (1968) method. The
vertical distribution of the quantity of zooplankton was determined from the
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filtrates secured by a 90--100 u bronze sieve of 5—5 litre of water. To render
easy counting of the filtrate we used a mixture of dyes according to Dr
NovEerLLes made of analine blue and eosine Y. By this differential staining
the rotifers, and both young and mature crustaceans and their females with eggs
stained with the various hues of blue and red, and by the different colour
tones they could be easily distinguished. In counting saprophytic micro-
organisms we used the sodium-caseinate agar; and sealing-was made in the
following hour of sample taking. The saprophytes were counted in the section M
by using OPPENHEIMER’S (OPPENHEIMER an ZOBELL, 1952) medium. The che-
mical oxygen demand (COD) was determined by KMnO,.

Results and discussion

In section G, on the second day of our investigation of short period
changes, on the 19th September, 1968 a high wind disturbed the sediment
so much that Secchi transparency decreased to 12 em from 108 em (Fig. 1).
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Fig. 1. Short periodic investigations in section (G between 18th and 27th September,1968

Subsequent to this the Secchi gradually increased until the 25th September,
when again on the effect of gusts of wind it began to decrease. The COD of
of the water in the 10-days period of investigation displayed an invert-
ed value when compared to Secchi transparency values. On the 19th
September, at the same time when the sediment was disturbed the COD values
reached their peak, then as Secchi values increased they proportionately
decreased, and on the 24th, when Secchi transparency decreased COD values
again increased. The close relationship between the two factors seem to prove
that due to the disturbance of water from the sediment a large amount of
organic material passes into the water, especially at the site of investigation
where the lake is very shallow. The quantity of saprophytic microorganisms
is inversely proportional with Secchi transparency, while it is directly propor-
tional with the organic material content. During the time investigation the
quantity of total microbial plankton behaved similarly, only with the ex-
ception, that on the 22nd September we measured the highest of all, although
at this time, Secchi transparency did not decrease and the chemical oxygen
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demand did not increase either. All these facts apparently prove that with the
disturbance of sediment, besides the great organic material increase in the
water column, a significant quantity of bacteria passed from the sediment
into the water. Furthermore, on the effect of the increased quantity of organic
material content of the water column owing to the proliferation of bacteria
even after the lag-phase the bacterium content of the water increases.
Simultaneously with the short periodic investigation of section G we
carried out similar examinations in a site situated in front of our Researh
Institute. On the 19th September, as the result of a very high wind Secchi
values are extremely low here, too, but subsequently to this date they grad-
ually increase, and the repeated decrease which was observed in section G
from the 24th September, here, it was not observed (#ig. 2). Accordingly

direct count B
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2+ 4t 4 60
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Fig. 2. Short periodie investigations in the open water in front of our Research Institute
between 5th and 13th February, 1969

the quantity of the total microbial plankton simultaneously decreases as Secchi
transparency increases, disregarding the slight increase which occured on the
26th September. However, the quantity of saprophytic microorganisms sub-
sequent to the storm reach its maximum only after a two-days lag-phase, which
is undoubtably the result of an intensive proliferation initiated by the agitation
of mud occuring in the water.

Between the 5th and 12th February, 1969 we carried out investigations
under the ice in front of our Research Institute. During the whole time of our
investigation Secchi transparency was very large (270 cm) of the respective
water column (Fig. 3). The quantity of phytoplankton in the different water
layers was rather significant 0.9—2.0 - 10*/ml, and this value suffered no
major changes. The stock of phytoplankton almost exclusively consisted of
45 u big Chlamydomonas, which stains blue with the DE NoyELLES method,
accompanied by a few Diatoms and other flagellates. The winter stock of
phytoplankton, secured from under the ice, whose larger part comprised
the tiny Chlamydomonas belong to p-algae (Ropug, 1955; LunND, 1961;
PENNAK, 1968). Tt is a well-known fact, that the u-algae especially in the
oligotrophic lakes are significant in the winter plankton (RopHE, 1955; PEN-
NAK, 1968). According to Luxp (1961) the more oligotrophic a lake the more
important is the role of p-algae in it. In the water examined by the above
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Fig. 3. Vertical short periodic investigations in the open water in front of our Research
Institute between 5th and 13th February, 1969

mentioned authors the quantity of u-algae was the largest during the time
of their development 11--14.5 - 10%1. In Lake Balaton, during the investigated
period the volume of the u-alga population in the surface layers (0—1.5 m)
11 - 108, while in the bottom water (2.5—3.5 m) 18 —18 - 10%1 yielded good
values. This particular, inverted stratification is also characteristic for the
-algae.

= The vertical distribution of the total microbial plankton was similar
to that of phytoplankton. In the bottom water, the values surpassing 2 - 10%/ml
during the whole period of investigation hardly ever changed. In the surface
layers the quantity of the total microbial plankton was 1-—-1.5 - 10¢/ml. The
majority of the stock comprised a coccus form whose size was below 1 u,
which did not develop on the applied sodium-caseinate agar. The fact, that
the distribution of this form was similar with the distribution of u-algae
refers to the relation of these two organisms. In spite of the large number
of p-algae and the great quantity of “the total microbial plankton biomass
the number of saprophytic organisms was low, and their vertical distribution
did not follow that of the former. Generally, it was in the surface and bottom
layers where maximum were reached.

The large biomass of nutritional organisms brought with it the formation
of a significant zooplankton stock, which mainly consisted of the cold-loving
Cyclops vicinus Urs. and Budiaptomus gracilis (G. O. SARs), accompanied
by a few examples of Daphnia hyalina var. galeata (G. O. SARS) species. The

majority of the stock comprised juvenile exemplars and females with eggs.
The zooplankton primarily concentrated in the warmer bottom water layers
rich in bacteria and p-algae.

All this indicates that during winter, in the water of Lake Balaton
covered by ice a stabile stratification occurs, thus, the role of short periodic
changes is smaller. The strikingly high number of winter total microbial plank-
ton in our opinion is connected with the mass proliferation of u-algae. The
great proliferation of u-algae observed during the time of investigation is quite
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unknown in Lake Balaton. This may be explained, partly by the lack of winter
examinations, and partly by the fact, that the membrane filter suitable for
the counting of u-algae was not in use in the algological investigations of
Lake Balaton. The generally used Utermohl technique and the microscope
are not suitable for the quantitative determination of u-algae (RopHE, 1955;

BERNHADR et al. 1967). Parallel with the open water investigations carried out
under the ice cover, we did short periodic examinations in the reedery in front
of our Research Institute (7Table 1).

TABLE 1
Time of investigation

‘ February, 5th | 6th 11th 1 12th ’ 13th

I ‘ S g e 40
e R e B WD SR e B . R Ly R T n
Phytoplankton 103 specimens/ml ... l 2.1 [ 2:2 2.8 2.1 1.9
Total microbial plankton, ]

10° specimens/ml ............... ‘ 1.19 1.18 1.05 098 | 1.05

Saprophytes 103 specimens/ml ..... | o3 2.4 1.5 1.9 2.4
Zooplankton specimens/ml ........ | 110 90 84 | 98 i 110

The mass proliferation of p-algae in the open water was completely
lacking from the reedery. The phytoplankton stock which is significantly
smaller than that of the open water consisted in Diatoms and spores with
thick cell walls, and cysts. The quantity of the total microbial plankton was
likewise smaller than in the open water, and the period under investigation
showed no significant quantitative difference. On the contrary, the number
of saprophytic microorganisms in the reedery was more than 10 times higher.
The coccus form, smaller than one micron, was dominant in the open water
was not found in the reedery, and the large-sized filament forms are dominant
in the plankton. At any rate, in -comparing the food supply of the open water
and the water in the reedery, the latter was worse, which is not favourable
for the formation of a large zooplankton stock in the shallow, cold-water
reedery.

The daily investigations carried out between the 8th and 12th April
showed no stabile vertical stratification as was observed in the winter under
the ice cover (Fig. 4). On the 9th April Secchi transparency decreased from
100 em to 60 cm and consequently, the vertical distribution in the examined
period continuously changed. During the investigation, the total microbial
plankton and phytoplankton quantity displayed no significant variation,
contrary to this, the quantity of saprophytic organisms increased in the total
water mass two days after the decrease in Secchi transparency. Pronounced
quantitative change occured with regard to the state in February, under the
ice cover. The quantity of phytoplankton decreased, from among the 4 -5 u
Chlamydomonas species only examplars existed, and the majority of algae
was represented by Diatoms. Like it happened with phytoplankton, the quan-
tity of the total microbial plankton decreased from 2 - 10%ml counted in
February to 0.1 - 10%ml. The quantity of saprophytes compared to the state
under ice, hardly changed.
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I'ig. 4. Vertical short periodic investigations in the open water in front of our Research
Institute between 8th and 12th April, 1969

Between the 28th April, 1969 and the 7th May with the increase in water
temperature during the examined short period the quantity of the total
microbial plankton increased more than four times of its initial value ( Fig. 5),
and taking the state observed between the 8th and 12th April as basis, this
change was ten times bigger. By the increase in temperature the number of
saprophytic organisms increased, too. Between the 13th and 16th August
(Fig. 5) with a high water temperature the quantity of the total microbial
plankton, during the whole period of investigation, was around 0.5 - 10%/ml,
the number of saprophytes also decreased (200/ml). No significant short
periodic change occured. These results indicate that on the effect of sediment
disturbance besides the changes occurring in Secchi transparency and COD,
the rapidly changing water temperature also may cause the significant short
periodic changes of the saprophytic and total microbial plankton.

Iig. 5. Short periodic investigations in the open water in front of our Research Institute
between 28th April and 16th August, 1969
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The short periodic investigations carried out between the 18th and 27th
September, 1969 on section G and in the open water stretching in front of our
Research Institute (Figs. 1 and 2), indicate that in the different basins of
Lake Balaton the order of magnitude of the short periodic changes is not
identical. In a section of Lake Balaton, which is the richest in nutritive ma-
terials, in Keszthely-Bay, our short periodic investigations also prove this
(Table 2).

TABLE 2

Time of wnvestigation

| 21st May 24th June 27th June 4th  July

T8 VT 1 e BB SRS K NS w1 9L W ol S T2 25 64 52
Total microbial plankton

105 specimens per ml ....vc000 5.2 6.7 9.2 6.8
Saprophytes 10% specimens per ml . 1.9 3.2 4.4 1.3
Water temperature °C ............ 16 21 22 24.5

On the 24th June as the result of a very high wind Secchi transparency
decreased to less than its half. The effect of the disturbance in the sediment
occurred only three days later with a significant measure. The number of the
saprophytic organisms is higher as the result of organic materials getting into
the water from the sediment, this number at times attained the hundred-
fold of its initial value. The organic material which was introduced into the
water medium was quickly consumed and by the 4th July the number of sapro-
phytes was again rather low. The very fast proliferation of the saprophytic
organisms and their rapid decrease in number prove that the sediment of
Keszthely-Bay contains a large quantity of organic material and that the water
possesses an intensive self-purifying capacity. All these emphasize that the
sediment of the lake, whose water is frequently disturbed, has a close relation-
ship with the water.

In comparing the data of the short periodic examinations with the in-
vestigational result obtained by recent monthly analysis (OLAH, 1969a, b),
it becomes clear that in the seasonal dynamics of the microbial plancton of
Lake Balaton the spring and summer maximum and the summer-late summer
minimum seem to be the most significant values, which besides Lake Balaton,
are also applicable to the snmlarlv shallow Velence Lake of large water area
(()L im and VASARHELYI, 1970). We need further data to generalize the signif-
icant maximum formed during winter time.

Summary

1. The short periodic changes of the saprophytic and total microbial
plancton varied according to seasons: (a) in winter, under the ice the short
periodic change was not significant; (b) in spring, with a temperature rise a
significant short periodic change was observed even without a decrease in
Secchi transparency (c¢) while in summer, with a decrease in Secchi transparency
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in Keszthely-Bay the number of saprophytes increased by several order of
magnitude, the, without a Secchi decrease we measured no significant short
periodic change; (d) in autumn, the sudden decrease in transparency brought
about pronounced short periodic changes. Consequently, we attached import-
ance in the short periodic changes to temperature and to the wind disturbing
the sediment.

2. In winter, under the ice we found a stabile stratification and in the
bottom layer the quantity of the total mikrobial plankton (2 - 10%ml) surpassed
the values measured in spring, summer and autumn. The high number of
bacteria bears a close connection with the winter formation of the u-algal
stock exceeding even 19 - 10%/1. All these conditions made possible the develop-
ment of a significant stock of zooplankton. The mass proliferation of u-algae
in the reedery was lacking and the quantity of the total microbial plankton
was likewise smaller, consequently, the number of zooplankton is also low.

3. The seasonal short periodic investigations, beside the first description
of high winter values, support the previously observed spring maximum an
summer-late summer minimum in the seasonal dynamics.
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ROVIDPERIODUSU VALTOZASOK N
A BALATON MIKROBIALIS PLANKTON MENNYISEGEBEN

Olah Janos

Osszefoglalas

1. A szaprofita és teljes mikrobidlis plankton révidperiédusu valtozdsai évszakon-
ként kiillonbozéek: a) télen, jég alatt nem mértiink jelentés rovidperiédusu valtozdst;
b) tavasszal a hémérséklet emelkedésével Secchi dtlatszosag véltozds nélkiil is jelentds
rovidperiodusi valtozds volt; ¢) nydron Secchi dtlitszosdg valtozdssal a Keszthelyi-
6bolben tébb nagysdgrenddel valtozott a szaprofitdk szdma Secchi véltozds nélkiil nem
mértiink jelentés révidperiddust védltozést; d) Gsszel az atldtszoésdg hirtelen véltozédsa
jelentds rovidperiédust véltozdsokat eredményezett. A rovidperiddusa valtozdsban a
hémérséklet és az iiledéket felkavar6 szél jatszanak fontos szerepet.

2. Télen, jég alatt stabil rétegezettséget taldltunk és az alzati rétegben a 2 - 10/
ml-t eléré teljes mikrobidlis plankton mennyiség a tavaszi, nyédri és 6szi értékeket is
meghaladta. A magas baktériumszdm a 19 - 10°/1-es nagysdgot is meghaladé u-alga
dllomény téli kifejlédésével kapesolatos. Mindez jelentés zooplankton dllomédny kiala-
kuldsét tette lehet6vé. Az p-algak tomeges elszaporoddsa a nddasban hidnyzott, és a
teljes mikrobidlis plankton mennyisége is kisebb, ennek megfelel6en a zooplankton szam
is alacsonyabb volt.

3. Az évszakonkénti rovidperiédusu vizsgilatok a magas téli értékek elsé leirdsa
mellett megerdsitik a szezonalis dinamikdban kordbban megfigyelt tavaszi maximumot
és a nydri-nydrvégi minimumot.

KOPOTKHME INEPUOANYECKME NSBMEHEHHWS B KOJIMYECTBE
MUKPOITJIAHKTOHA BAJIATOHA

. Oaax

1. KopoTkue repnourdeckie n3MeHeHnst carnpoGuTHOro U TOTaaAbHOT0 MUKPOOHOT0 TJIAHK=
TOHA TIPOSIBJISIIOT CE30HHYI0 U3MEHUUMBOCTB: @) B MO/UIEHBIX YCIOBUIX 3UMBI TEPHOJIH YeCKHe
H3MEHEHHsI He3HAYMTEJIbHBI; 6) C POCTOM TeMIIEPeTYPbl BECHOI OHH MPOSIBJISIIOT 3HAYHTE/IbHbIE
pasmepsl Jlayke B OTCYTCTBIE CHIDKEHUsT NoKasaTelist npospaunoctu Secchi; ¢) nerom, ojHoape-
MEHHO CO CHIMYKEHHEeM IoKasareJisli npospadyHocTH Secchi B Kecrxeiickom 3aJimBe, YMCJI0 CHIIPO-
(bMTOB VYBEJIMYMBACTCA HA HECKOJIBKO MOPsAAKOB, TOr/la KaK B OTCYTCTBHE CHIYKEHHWsI ITOKA3aTEeJIs1
Secchi mbI He Hal’JﬂlO;laJ]H 3dAMETHBLIX KOTOPKHX HEPHOANYECKNX llSMeHCHHﬁ; 2) 0CE€HbIO PE3KOE
CHH)KEHHE IIPO3PA3HOCTH HAXOAUTCST B CBSI3bI € BBIPAYKEHHBIMH KOPOTKMMH TEPHO/IMYECKHMI
H3MeHeHUsIMU. 17151 KOpOTKUX 11epHOIMYeCKIX H3MEeHEeHHIT MPe/ICTaBIsIIOTCS BAYKHBIMU TemIepa-
Typa ¥ BeTep, BLI3bIBAION{HIT B3MYUYHBAHUE 0CA/IKOB.

2. B nojuiéiHpx ycs10BUSIX 3UMBI 00HAPY)KHBAETCs yCTOiYMBas CTpaTH(HKALMS, KOTI/la B
IIPUJIOHHOM CJI0€ KOJIHYECTBO TOTAJbHOTO MHUKPOOHOTO IUIAHKTOHA (2,10%/Mn3) mpeBbimiaer
3HAUEeHHsI, OTMEUEHHBbIE BECHOM, JIeTOM M 0CeHbio. Bbicokoe uncio 0akTepHil KOppeaupyer ¢
pacrpesiesieHeM MeJIKIX XJIaMUHOMOHAL (pu-algae), KoJan4ecTBO KOTOPBIX 3UMOIT B MPHAOHHOM
cioe nipesbimaer 19.106 51, Bee 9TH yCJI0BUSI /1€71a10T BO3MOYKHBIM PasBUTHe 3HAUNTEILHBIX 3a-
11acoB 300TJIAHKTOHA. B TPOCTHHKOBBIX 3apOCIISIX MACCOBOT0 Pa3BUTHsI p-algae He HadJo1amm, 1,
COOTBETCTBEHHO, KOJMYECTBU TOTAJBHOI'0 MUKPOOHOT0 M 300IJIAHKTOHA ObIJI0 MEHbILE.

3. MccneioBanne KOPOTKHX MepHOAMYECKUX N3MEHEeHHl, a TaloKe repBoe ONMUcaHie Bbl-
COKMX 3MMHUX 3HAYeHWil, MOATBEPKIAIOT TNpPeKHUEe HAOMI0AeHUsT OTHOCHTEJIbHO BECEHHEro
U MaKCHMyMa JIETHOI'0-TIO3/JHeJIETHEr'0 MUHIMYMa B Ce30HHOIT JAHHAMUKE.
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The first redox measurements were carried out in limnology by K ar-
sinkin and K uznetsov (1932), and eversince this first attempt redox potential
came into the foreground of interest (K uznetsov, 1935; Pearsat and Morti-
mer, 1939, Hutchinson €t al. 1939; Deevey, 1941; Arigeier €t al. 1941)
The classical work of Mortimer (1941—1942) once again called the attention
of researchers to the redox processes (zoBet1, 1946; Hayes et al. 1958;
Gorham, 1958) instead of pondering upon certain material migrations occur-
ring on the borderline of mud and water, and to some relationships existing
between the former and certain redox changes.

At this time, it has been pointed out by Hayes and his collaborators
(1958) that in carrying out redox measurements unexpected difficulties may
arise, quite recently stumm (1967) passed severe criticism as to the practica-
bility of directly measured redox potential in natural, mixed systems. Contrary
to this, at the same time, Borcharda (1967) and w agner (1967) state that the
directly measured redox potential within a natural, mixed system yields valu-
able and practicable information. R abotnava (1957) gives a very detailed
analysis on the properties of the redox potential of biological objects, and
establishes that it differs in many respects from the properties of the conception
used in chemical sciences. wnitrieta (1969) considers the problems arising
in connection with redox measurements from the point of view of a limnologist,
and in order to describe the distribution of reduced and oxidized sediments
with good efficiency he uses the following “operational parameter” Eh.

Consequently, it is reasonable and important at the same time to know
and carry out measurements as regards to the momentary redox state of
waters and sediments from the point of view of limnology. This is supported
by the ever increasing number of measurements carried out far and wide
(Drabkova, 1966; Romanenko, 1966, Mihaylenko, 1967, Patrick and
Turner, 1968, Kjensmo, 1968, Whitfield, 1969)

However, besides measuring the momentary redox state, we think that
to measure the intensity of redox possesses occurring in natural waters and
sediments are also deserve attention. In order to study the redox processes
occurring in the Hungarian lakes with a great stretch of water and in shallow
water the measurement of the reducing ability of water and mud is especially
suitable, where owing to continuous atmospheric oxygen supply the momen-
tary redox measurements are insufficient to survey the guantitative relation-
ships of the process. We have found no reference in the literature as to the
measurement and to the potential reduction ability of natural waters and

14 Tihanyi Evkoényv
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sediments, thus, its order of magnitude may only be calculated from the degree
of oxygen consumption. Accordingly, we have elaborated for a direct measure-
ment a simple new method, which is based on the redox changes of a closed
system containing natural substrate.

Description of method

The oxygen has a very important role in establishing the redox state
of natural waters and sediments as it generally has in the redox processes. The
reducing ability of the examined water and sediment was measured during
longer or shorter periods of incubation time depending on the sample by ex-
cluding the atmospheric oxygen supply and terminating the process of photo-
syntesis.

The graduated vessel (Fig. 1), a 250 ml glass container of 6.5 cm dia-
metre fitted with a ground glass or rubber stopper. The measuring and reference
electrodes built into the stopper were immersed throughout the analysis into
the liquid to be measured. By completely excluding oxygen diffusion we could
not solve the problem of coupling the reference electrode’s agar bridged or its
simplified variety in the measuring space (Kovacs and Matkovics, 1954).
We incubated our samples at 25 °C, at the dark parallels the measuring vessel
has been covered with aluminium sheet or with thick black paper. The light
parallel has been illuminated by 5000 Lux. The measuring vessel was filled
excluding all bubbles and the samples were saturated with oxygen by bubbling
through them air at 25 °C before filling up.

Throughout our investigations we used electrodes manufactured by
Radelkis (Electrochemical Instruments, Budapest). The measuring electrode
is a smooth platinum sheet with a surface area of 2x0.5 mm2 It has been
washed before application in cronic-sulphuric acid many times, followed by
a careful rinsing In distilled water. The measuring electrodes were calibrate
by ZoBen1’s solution (1964). Our reference electrode was a saturated calomel
electrode. The measurements were carried out in a Beckman GS-type pH

Fig. 1. Measuring vessels for incubation in darkness and in light
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measurer and to the values thus obtained we added 250 mV and so the final
values were given in E;. According to the purpose of the analysis we carried out
1-— 6 measurements a day. When the measurement closely followed the setting
up of the investigation quite frequently the ‘slgmflc{mt drift greatly hinder ed
read off, which, however, after a period of 120 min, but mostly after 20 min,
ceased.

Working with closed systems the repeated measurements could be re-
produced with an exactness of 4-10 mV.

Our investigations were carried out with sample waters and sediments
from Lake Balaton and from the Inner Lake of Tihany. The water samples
were taken by the help of FRANCEV’s sampler (KuzNETSOV, 1962) from a depth
of 50 em disregarding vertical sampling, while the mud samples were taken

partly by using the Ekman-Birge dredge, and partly by a mud borer. To
determine the reducing ability of the sediment we placed some 50 ¢ moist mud
into the measuring vessel then at 25 °C oxygen-saturated lake water was
layered on it. Then by differential filtration using Soviet and Oxoid filters
(pore size: 100 u, 6 u, 0.5 u) we were able measure separately the role of zoo-,
phyto- and bacterioplanktons in the reducing ability of the lake.

The oxygen concentration during the investigation was determined
by the Winkler method. The saprophytic microorganisms were counted on
the sodium-caseinate agar for this medium proved to the most efficient in
the case of water from Lake Balaton (OrAE and VAsAruELYT, 1970). The total
quantity of microbial plankton was determined by Ramuzov’s direct method
(1932) and likewise was the quantity of phytoplankton determined by the help
of a membrane filter.

When the lake water was incubated in light the redox potential within
the measuring vessel remained unchanged for quite a long period of time, or
it increased (1« ig. 2). Even during a 42-day incubation, this was the longest,
no decrease in redox potential was observed. Long lasting incubations gen-
erally brought about an increase in the redox potential of the sample, es-
pecially when the water sample was taken near the substrate. When the same
samples were incubated in darkness — i.e. excluding photosynthesis — de-
pending on the origin of the sample, after a longer or shorter period of time
the redox potential decreased. This phenomenon may be called the darkness-
induced reducing ability of the sample. The main characteristics of the curve
obtained during incubation in darkness (Fig. 2): time requirement until
the decrease in redox potential (1); length of duration of the decrease itself (2);
and the redox potential value characteristic for the state of equilibrium (3).

By excluding the continuous oxygen supply in the measuring vessel
gradually results in the total consumption of oxygen (Fig. 3) which in turn
set off further processes causing an even more pronounced decrease in redox
potential set in (1), consequently depends primarily on the intensity of oxygen
consuming processes. The significant decrease in redox potential coincides with
the complete disappearance of oxygen (HurcriNsoN, 1957), thus, we obtain
data as to the rate of oxygen consumption by observing the darkness-induced
reducing ability, and furthermore, we may obtain information on the biochem-
ical oxygen demand (BOD) of natural waters and sediments. By knowing
the oxygen content of an oxygen saturated water at a given temperature
and the volume of the measuring vessel we can calculate the quantity of the
oxygen used up during a given period of time.

14*
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incubation time (days)

Fig. 2. Changes in redox potential during incubation in darkness and in light
(a) surface water, (b) bottom water from the Inner Lake of Tihany

Fig. 3. Relationship between redox potential and oxygen concéntration in the water
of the Inner Lake of Tihany
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The redox potential, however, independently from oxygen concentration,
sufferes further changes under the influence of several other factors (Fig. 3).
From this fact it follows that by simply measuring the concentration of oxygen
we do not get a picture true to reality as regards actual redox state. In the oxy-
gen-free period according to the state of equilibrium the redox potential (3
at any rate depends on the special biological and chemical composition of the
sample. The length of the decreasing part (2) on the curve, on the other hand,
depends additionall?/ on the change in oxygen concentration and on the che-
mical and biological composition of the sample.

Some typical experiments with the method
and the interpretation of results
On the 23rd May, 1969 we measured the reducing ability in the water
full of reed fragments in a reedery in Lake Balaton in front of our Research
Institute. A decrease was observed in the redox potential in the lotic zone the

open water after the 8th day, while this decrease occurred in the littoral,
lenitic zone separated from the open water already on the 2nd day. Here, the

ofgae/ml

-BOO 11
5 0]
incubation time (days)

Fig. 4. Relationship between the reducing ability of various water layers and the vertical
distribution of plankton in the Inner Lake of Tihany
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value for the state of equilibrium was 300 mV, while for the lotic zone this
value was only 450 mV. We found no significant difference in the reducing
ability between the vertical samples originating from within the reedery and
from the open water. A decrease in the redox potential was observed In the
reedery on the 6th day, while in the open water on the 18th day.

On the 12th June, 1969, the reducing ability of the water In the strongly
eutrophic Inner Lake of Tihany significantly differed verically, too (Fig. 4).
Redox potential decrease was measured in the bottom water on the 3rd day,
while in the surface water on the 8th day. The time required for the decrease
in redox potential from the surface water proceeding downward is gradually
shortening by 1day per metre. Parallel with this, the total quantitP/ of micro-
bial plankton gradually increases towards the bottom from 2 « 106ml to 6 « 106
ml. The number of saprophytic organisms increased with a similar tendency
from 200/ml to 3800/ml. On the contrary, the quantity of phytoplankton
decreased toward the bottom. In the surface water the reducing ability is well-
night the same down to a depth of some 50 cm, it is probable that the sudden
decrease in the microbial plankton at a depth of 50 cm is compensatedby the
maximum number of phytoplankton existing here.

The darkness-induced reducin ability of the water from the Inner Lake
of Tihany displayed marked changes according to seasons. The biggest was
(4 days) on the 30th July and 3rd September, while the smallest was (9 days)
on the 4th December (see Fig. 5).

The vertical examination of the Inner Lake of Tihany proves that the
reducing ability of water and sediment is primarily determined by the quantity
and quality of living organisms. By differential filtering the effects of individual

Fig. 5. Seasonal changes in the reducing ability of the water deriving from the Inner
Lake of Tihany
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components may well be separated. Significant difference was observed bet-
ween the reducing ability of the filtered and unfiltered water of the Inner Lake
of Tihany and that of Lake Balaton. The 6 u filtering (Fig. 6) of the water of
Lake Balaton shifted the decrease of the redox potential by a day and a half,
and the so obtained state of equilibrium hardly showed any difference from

Fig. 6. Reducing ability of filtered and unfiltered water of Lake Balaton

Fig. 7. Reducing ability of filtered and unfiltered water of the Inner Lake of Tihany

that of the unfiltered water. Examining the same in the Inner Lake of Tihany
on the 30th July, 1969, the 6 /nfiltering (Fig. 7) shidted the decrease of the
redox potential by three days, on the other hand, the so acquired state of
equilibrium was 300 mV more positive than that of the unfiltered water. The
separation of zooplankton shifted the decrease of redox potential only by on
day, and the so gained state of equilibrium hardly differed from the previous
state. Consequently, in the case of the Inner Lake of Tihany the phytoplankton
play an important role in the formation of redox potential corresponding to the
oxygenfree equilibria! state.
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On the 16th April, 1969, we measured the reducing ability of sediments
coming from different depths from the reedery of Lake Balaton in front of
our Research Institute. The best reducing ability was displayed by the upper,
active layer containing the highest number of bacteria. The decrease in redox
potential occurred already two days after incubation. A longer period of time
Is needed for the decrease in redox potential in deeper lying layers. This, how-
ever, does not increase parallel with depth. For example, the decrease requires
three days in a layer lying at 12—15 cm deep, while this decrease is attained

Fig. 8. Reducing ability of mud examined at 4 sites each of sections “A” and “M”
(Lake Balaton)

only after six days at a depth of 9—12 cm. This indicates, that the reducing
ability of the sediment in a reedery has a definite stratification. The reducing
ability of the various layers increases parallel with the quantity of the par-
ticulate organic material. Thus, layers displaying a very strong reducing
ability are at the same time the accumulational zones of reed detritus.

The reducing ability of the sediment is dependent to a great extent on
the origin and age of the detritus. The reducing ability of the mature detritus
(Rodina, 1964) of a sediment in a reedery, is greater than that of open-water
sediment; at the same time, the reducing ability of young detritus originating
from a reedery (Rodina, 1964) is smaller still than that of open-water sediment.

We analyzed the reducing ability of 5standard sections of Lake Balaton
(Tamas, 1967) on the 11th April, 1969 but found no great divergencies. A
decrease in redox potential occurred the quickest inthe sediment deriving from
section M (Készthely-Bay). On the 11th September, 1969, we took 4 samples
each from sections M and A and measured the darkness-induced reducing
ability of the sediment (Fig. 8). The similarity in the measured reducing
ability of sites lying closely to one another within one profile confirm the exact-
ness of the method in investigating sediments. The time requirement for the
decrease of redox potential in section Mwas 5days, while the same for section A
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was 7 days. Which prove the great reducing abilit yof the sediment deriving
from Keszthely-Bay (section M()].

The darkness-induced reducing ability of natural waters and sediments
may be used in studying the processes of mineralization and by their help
we are able to measure the influence of various materials exerted on redox
potential. Under aerobe condition the mineralization of organic materials
is proportional with oxygen consumption. From the quantity of consumed
oxygen, and from the rate of consumption we may conclude as to the intensity
of mineralization. On the other hand, under anaerobe condition the mineraliza-
tion products exerting effect on the redox potential is dominant.

Fig. 9. Influence of glucose on the reducing ability of water deriving from Lake Balaton

When giving to the water of Lake Balaton a 40 mg/1 end-concentration
glucose solution (Fig. 9), we find that the length of time required for a
decrease in redox potential is 4 days shorter. Using a 250 ml measuring flask
at 25 °C with a 100% saturation the consumation time of 2 mg oxygen de-
creases to its half. Carrying out the same experiment with the water ofthe Inner
Lake of Tihany, whose time requirement for a decrease in redox potential is
shorter than that of Lake Balaton, under similar conditions with a 40 mg/1
end-concentration glucose solution the length of time required for a decrease
in redox potential is only one day shorter. Thus, by adding glucose the required
time for a decrease in redox potential for the water of Lake Balaton and the
Inner Lake of Tihany becomes balanced. On the effect of glucose the redox
potential corresponding to the equilibrial state both in the cases of Lake
Balaton and in the Inner Lake of Tihany, decreases by nearly 100 mV. On the
19th August, 1969 the lake water of the Inner Lake of Tihany free of phyto-
and zooplankton the time required for a decrease in redox potential lengthened
by 2 days to the unfiltered water. Comparing it to the one measured on the
30th July the redox potential corresponding to the state of equilibrium it
became more positive only by 50 mV. This clearly indicates that even within
a season in a lake the role of individual components change in the formation
of the potential reducing ability. When we added to the filtered lake water



218

of the Inner Lake of Tihany a 40 mg/1 end-concentration glucose solution we
obtained a result very similar to that of the unfiltered water. Consequently,
at the time of examination the role of bacteria was decisive in the process.

It was interesting to note, that giving to the water of Lake Balaton and
to the Inner Lake of Tihany a 2 mg/1 end-concentration glucose solution caused
a 4 and 1day shift in the decrease of redox potential. When the same concen-

Fig. 10. Influence of glucose and darkness, then of light incubation on the reducing
ability of water deriving from the Inner Lake of Tihany.
(a) lake water -f- 2 mg/1l glucose; (b) lake water -f- 20 mg/1 glucose; (c) lake water -f-
40 mg/1l glucose; (d) lake water

tration was given to the water filtered through a 0 /t filter deriving from the
Inner Lake of Tihany the length of time required to cause a decrease in redox
potential, doubled. Comparing the redox potential corresponding to the state
of equi ibrium to the control a 200 mV higher positivity was measured, while
the same compared to water to which a 40 mg/1 end-concentration glucose
solution was added this value reached 400 mV. So far we have no explanation
to the phenomena accompanying the addition of glucose with low concentra-
tion.

If the sample gaining the equilibrial state characteristic for oxygen-free
condition, is placed in light (Fig. 10) its redox potential attains a value of the
corresponding initial state. In the case of samples filtered through 6 g sieve
— without phytoplankton — reoxidation, naturally, cannot be effected. It is
interesting, that after adding a 20 and a 40 mg/l end-concentration glucose
solution disregarding a slight increase in redox potential the sample is not
reoxidized. On the other hand, using a low concentration of glucose solution
the process of reoxidation passes freely.
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Summary

In order to measure the potential reducing ability of natural waters and
sediments we employed a simple, direct method, which is based on the changes
in redox potential of closed systems containing natural substrate. The measur-
ing vessel is a 250 ml graduated glass container fitted with a ground glass
stopper or made of rubber into which reference and measuring electrodes are
built. By discontinuing the atmospheric oxygen supply, and by excluding
photosynthesis because of incubation in darkness, the redox potential decreases
in the measuring vessel containing natural substrate. Information received
during measurement: 1 time requirement for redox potential decrease;
2. length of decrease; 3. redox potential value characterizing the state of
equilibrium.

Some typical experiments exemplifying the applicability of the method
brought the following results:

1 The supertrophic water ofthe Inner Lake of Tihany displays a greater
reducing ability than that of Lake Balaton, and further, this reducing
ability shows significant changes as regards seasons.

2. In the reedery of Lake Balaton the reducing ability of the water in
the lotic zone is smaller than in the lenitic zone, and in both cases
the reducing ability is higher than that of the open water.

3. The reducing ability of the water deriving from Lake Balaton does
not change vertically, at the same time, in the Inner Lake of Tihany
the reducing ability towards the bottom increases. The growth showed
a direct relation to the quantitative distribution of the total and
saprophytic microbial plankton.

4. The influence of bacterio-, phyto- and zooplankton on the reducing
ability of the water of Lake Balaton and the Inner Lake of Tihany
is different.

5. The sediment in the reedery of Lake Balaton with regard to reducing

ability shows a stratification. The highest reducing ability is displayed

by the upper, active layer, which contains the highest percentage
of bacteria.

The reducing ability of the young detritus is smaller than that of

the mature detritus.

The reducing ability of the sediment in section M in Lake Balaton

is greater than in section A.

By measuring reducing ability we may also obtain data as to the

intensity of mineralizational processes.

If the sample gaining the equilibrial state characteristic for oxygen-

free condition, is placed in light, its redox potential attains a value

of the corresponding initial state.
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TERMESZETES VIZEK ESULEDEKEK REDUKALO KEPESSEGENEK MERESE:
EGY EGYSZERU LIMNOLOGIAlI MODSZER

Olah Janos

Osszefoglalas

A természetes vizek és iledékek potencialis redukalé képességének kozvetlen
meérésére egy 0j, egyszer( mdédszert alkalmaztunk, amely a természetes szubsztratumot
tartalmazé zart rendszer valtozasain alapszik. A mér6edény egy 250 ml-es livegedény,
melynek becsiszolt Giveg vagy gumi dugdjaba mér6 és referenciaelektr6ddk vannak
beépitve. A leveg6bdl az oxigénutanpotlas megsziinése és a sétét inkubalads folyaman a
fotoszintézis kizdrdsa a természetes szubsztrdtumot tartalmazé mér6térbe a redox-
potencial csdokkenéséhez vezet. A mérés soran kapott informéaciék: 1. a redoxpotencial
csOkkenéséhez sziikséges id6; 2. a csOkkenési szakasz nagysaga; 3. a beéllé egyensulyi
helyzetet jellemz6 redoxpotencidl érték.

A modszer felhaszndlasi lehetéségeit bemutaté néhany tipuskisérletb6l a kovet-
kez6k allapithaték meg:

1. A szupereutr6f Bels6-t6 vize a Balatonénal nagyobb redukalé képességgel rendelkezik,
és a redukald képesség szezonélisan jelentds mértékben valtozik.

2. A Balaton nddasaban a viz redukalé képessége a lotikus zénéban kisebb, mint a leni-
tikus zénéaban, és mindkét helyen nagyobb a nyiltvizbhen mért redukalé képességnél.

3. A Balaton vizének redukal6 képessége vertikalisan nem véaltozik, ugyanakkor a Bels6-
toban a fenék felé a redukald képesség névekedett. A ndovekedés a teljes és szaprofita
mikrobialis plankton mennyiségének eloszlasaval egyenes dsszefliggést mutatott.

4. A Balaton és Bels6-t6 vizének redukald képességében a bakterio-, fito- és zooplankton
hatdsa eltér6.

5. A Balaton nédasiiledéke redukald képességét tekintve hatdrozott rétegezettséget
mutat. Legnagyobb reduk&lé képességgel a fels6 legtébb baktériumot tartalmazé,
aktiv réteg rendelkezik.

6. A fiatal detritusz redukalé képessége kisebb, mint az id6s detrituszé.

7. A Balaton M szelvényén az uledék redukéald képessége nagyobb, mint az A szelvényen.

8. A redukald képesség mérésével a mineralizaciés folyamatok intenzitasar6l is adatok
nyerheték.

9. Az oxigén nélkili redox egyensulyra bedllt mintat fényre helyezve a redoxpotencial
kozel a kiindulasi értékre all vissza.

W3MEPEHWE PEAVNLUWPIOLWTEN CNOCOBHOCTU NPUPOAAX BOJ U OCALKOB:
MPOCTON NNUMHONIOTUYECKNIM METO/

A. Onax

L na namepeHns NoTeHUWanbHOR pefuuupytloLeidl cnoco6HOCTM MPUPOAHbLIX BOA W OcCaf-
KOB pa3paboTaH MpoOCTO/ NPAMOW MeTOd, OCHOBaHHbIi Ha W3MEHEHUAX OKUCNUTEeNbHO-BOC-
CTAHOBMUTENLHOrO MOTEHLMaNa B 3aMKHYTbIX CUCTeMax, CofepXalnx npupoaHbIiA cy6cTpar. U3-
MepnTenbHbIM COCYAOM CNYXWUT rpagynpoBaHHbI CTEKNAHHbIA KOHTeliHep Ha 250 mn, cHab-
XEHHbIA HUXHUM CTEKNSHHbIM KPaHOM WKW Pe3MHOBO Npo6KOW, B KOTOPYH BMOHTUPOBAHbI
N3MepALWNIA N petepeHTUBHBIA 3NeKTPOAbI. VIcKntouyeHnem focTyna aTMOC(epeHTUBHbIN anek-
Tpofbl. MicknoyeHnem focTyna aTMOC(HepPHOroKMCAopoAa U UCKN0OYeHeM (DOoTOCUHTE3a (MHKY-
6aLma B TEMHOTe) [JOCTUraeTcs CHUXXEHWEe OKUCIUTENbHO-BOCCTAHABUTE/LHOIO MOTeHuMnana.
B xoge n3MepeHUs MOXHO MONYYUTb CBefeHUs o: 1. BpeMeHW, Heo6XOAUMOM [/1i CHUXEeHUs
noTeHumana; 2. pasmepe CHWXeHUA; 3. 3Ha4yeHnenoTeHLnana nocne ycTaHOB/NEHUA paBHOBECHUSA.
B HECKONbKUX TUMWUYHBLIX 3KCMEpPUMEHTaxX, falowWwux npefcTaBneHne 0 BO3MOXHOCTAX MeToja,
nofiyyeHsl cregytowme pesynbraThbl:

1. CynepTtpoguyeckas Bofa BHyTpeHHero O3sepa (Tuxaub) npossnset 60/iee BbICOKYIO
pefyuMpyroLLY0 cnocobHOCTb, YeM Boga bBanaToHa, n eé cnocoO6GHOCTb NPOABNAAET 3HAYNTENbHbIE
Ce30HHbIE U3MEHEHMUS.

2. B TpocTHMKOBBLIX 3apocniax banatoHa pefyuupytowas crnocobHOCTb BOAbI M3 N0TU-
4eCKOM 30Hbl MeHbLUe, YeM CMOCOBGHOCTb BOAbLI OTKPbLITOW 4acTu 03epa.
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3. B o03epe BanaToH Boja He NposBNAeT BEPTUKaNbHOW M3MEHYMBOCTU NO CBOEW peay-
uupytoweii cnocobHocTu, Torga Kak Bo BHyTpeHHem O3epe (TuxaHb) CNOCOGHOCTb YBENMYUBA-
eTCs 0T MOBEPXHOCTU K AHY. STOT POCT NPSAMO COOTBETCTBYET KONMYECTBEHHOMY pacnpefeneHunio
o6Lero canpo@uUTHOr0O MMKPOMNNaHKTOHaA.

4. BnnaHve 6akTtepuno-, GuUTo- M 300NNaHKTOHA HapejuLuupytoLwas cnocobHOCTb BOAbI fBYX
YNOMSAHYTbIX 03€p PpasNnyHo.

5. TpocTHUKOBbIe ocafku BanaTtoHa Mo CBOel peAyuupyloLwein cnocobHoCcTU cTpaTudu-
LmpoBaHbl. HamBblLW el cNOCOBHOCTLIO 06/1aaeT caMblii BEPXHUIA, aKTUBHBIWA CNOW, cCoaepXalyunit
6onblue BCero 6akTepwuii.

6. Pegyuupytowas cnocbHOCTb MONOAOIO AeTpWTa MeHbLUe YeM 3penoro.

7. Pegyuupytowias cnocobHocTb ocafkoB o3epa banaTtoH 6onbwe B paspese M, uem
B paspese A.

8. MocpencTBOM M3MepeHNUa pefyuupytoweil CNOCOBHOCTA MOXHO TakXe nonyvaTb CBe-
[eHNs 06 MHTEHCUBHOCTM MWHEpanu3auMoHHbIX MPOLEecCoB.

9. Ecnu obpasel, AOTUTLWNIA COCTOAHMA paBHOBECWA B OTCYTCTBMe [OCTyna KWCNopoaa,
NOMEeCTUTb Ha CBET, ero OKWCAUTENbHO-BOCCTAHOBUTENbHbIA NOTEHLMan CABUraeTca K WCXOA-
HOMY 3HauyeHuio.



ANNAL. BIOL. TIHANY 37 223—234 HUNGARIA 1970

COMPARATIVE BACTERIOLOGICAL INVESTIGATION
OF THREE SHALLOW HUNGARIAN LAKES
WITH DIFFERENT TROPHIC LEVELS

JANOS OLAH and REKA VASARHELYI

Biological Research Institute of the Hungarian Academy of Science, Tihany, Hungary
and Research Institute for Water Resources, Budapest, Hungary

Received: 20th February 1970

The quantity of the saprophytic and total bacterioplankton depends
on the nutritional supply of lakes (Kuznetsov, 1952; Razumov, 1962; Rodina
and K uzmitskaya, 1963; Thshekbakov, 1967) and so it can be used for studies
of trophic processes. The results of researches carried out in Lake Balaton
(Oran, 1969 a, b) show that the comparison to deep stratified lakes do not
give appropriate information on its trophic state. We know little about the
bacterological conditions of our shallow extensive lakes like Lake Balaton,
therefore bacterological investigations of our shallow lakes with different
trophic levels and the comparison of results are advisable.

Material and methods

The samples were taken from reeds and open water sections of the lakes
at 52 sites from 12th—28th, August 1969. Lake Balaton: 12 sites were exam-
ined (Fig. 1) in open water at 200 m distance from each other in the standard
section at Balatonfired—Zamardi (O1an, 1969 b). Vertical samples were
taken at the 12th site. Inner Lake of Tihany: It is a highy eutrophic “small
pond” according to the chemical and biological examinations (Varga,
1937; Moricz, 1938; Jaczé and Mann, 1940; Ponyi and Tamas, 1964) Ten
sites proceeding from the reedeny toward the centre ofthe open water (Fig. 2)
were examined and vertical samples were taken at the 10th site. Velence Lake:
it is a shallow eutrophic natron lake covered mainly with reeds (Donaszy,
1953; Csajaghy, 1953; Dvihally, 1960). The water regions surrounded with
reeds are greatly isolated. To compare with Lake Balaton and Inner Lake we
had t oexamine at least 6 reeds and open water sections (Figs. 3, 4, 5). Vertical
samples were taken from open water in section A, B and F and from reeds
in section F.

Water samples were taken by Francev’s sampler (Kuznetsov, 1952)
from a depth of 50 cm and transferred into sterile, 250 ml glasses with glas
stopper except the vertical samples and the 1st site of reeds-open water section
in Lake Balaton. Applying Razumov’s direct method (1932) the amount
of total bacterioplankton was calculated from the samples. The saprophytes
were counted on sodium-caseinate agar. Incubation took place at 25 °C and
the number of colonies was counted on the 10th day at a magnification of
X10. Pouring was made in one hour after the collection. Besides counting
the saprophytic and total bacterioplankton to estimate the differences among



Fig. 1. The quantity of sapi'ophytes and total bacterioplankton in the reeds-open water
section in Lake Balaton

the isolated water regions of the Lake additional samples were taken in 6
open water sections: the quantity of dissolved organic nitrogen easily assimil-
able for microbes expressed in pepton was determined with the method of
Bringman Coli biomass’ index and the chemical oxygen demand was stated
with KMn04.

Results

In Lake Balaton the quantity of total bacterioplankton in the reeds-open
water section was below 1 ¢ 109ml and in the reeds only about 1 « 104ml. The
distribution of saprophytes was inverse. Their number decreased in open water
from site 7 (1700/ml) to 11 and 12,200/ml andthe greatest value was measured
in the reeds. The number of saprophytes was greater in the littoral zone of
reeds in the narrow stripe of shallow water and in the broader zone of water
adjoining the open water than in the open water or in the centre of the reeds.
(7—8-103ml). The number of saprophytes was in the littoral (8200/ml)
near the figure of total bacterioplankton (9200/ml).

In the section of Inner Lake (Fig. 2) the amount of total bacterioplank-
ton was 7—9 « 108@ml in the littoral and it decreased to 3—6 * 106ml moving
off. The distribution of saprophytes was unequal, the greatest value was in
the littoral stripe (27 « 103ml).
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The distribution of saprophytes in the reeds-open water sections (Figs.
3,4) in Velence Lake was similarto that of in Lake Balaton. In all the 6 sec-
tions the greatest values were in the reeds. The most significant difference
in the saprophytes between the reeds and the open water was in sections B
and D. The different quantity of saprophytes characterised the reeds of the

Fig. 2. The quantity ofsaprophytes and total bacterioplankton in the reeds fragment-open
water section in Inner Lake

sections too. The amount of saprophytes was 12—14 « 103ml in the reeds
of section B and 4.5 « 10¥ml in that of section A and E. The greatest amount
of saprophytes (18.5 « 103ml) was found in the reeds of section D, the lowest
amount (2.5 « 103ml) was found in the reeds of section F. In open water of
the sections the number of saprophytes was lower. It was in the sections A,
B, E, and F between 5 ¢ 102—3.5 « 103ml, higher values (3.5 10 ¢ 103ml
were reached only in sections C and D. The distribution of the total bacterio-%

15 Tihanyi Evkényv
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plankton did not give the same proportions between reeds and open water
like saprophytes. The distribution similar to Lake Balaton was detected only
in section D. The amount of total bacterioplankton in the reeds was 2 « 103ml
and in the open water higher (4.3—7.6 + 109ml). In other cases equal distribu-
tion was measured (B, E, E) or the differences of the sites (A, C) did not reflect
the proportions of reeds and open water.

Fig. 3. The quantity of saprophytes and total bacterioplankton in reeds-open water
sections A, B and C in Velence Lake

In summarizing the data on the quantity of saprophytes and total
bacterioplankton in each section (Fig. 5) the water-regions strongly separated
by reeds differ from each other referring to the bacterioplankton. The amount
of bacterioplankton is the greatest in section C and D according to the amount
of saprophytes and total microbioplankton, too. Section A, B and E are in
the next order of magnitude. Section E has an outstanding low amount of
total bacterioplankton (3 «104ml) among the water-regions separated by
reeds. With the decreasing number oftotal bacteria in the same order mentioned
above, the Secchi transparency increases. In sections Cand D it was 20—30 cm
and in the section E 190 cm.

In the open water sections of Velence Lake the chemical oxygen demand
did not show significant differences (Fig. 6). The Bringmans Coli-biomass
index did not follow the great differences observed in the quontity of the total
bacterioplankton. The Coli-biomass index in section F containing an extremely
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saprophytic microorganisms/ ml

Fig. 4. The quantity of saprophytes and total baeterioplankton in the reeds-open water
sections D, E and F in Velence Lake

15:
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Saprophytic microorganisms 6000/ml

Fig. 5. The average amount of saprophytes and total bacterioplankton at six sites
observed in Velence Lake
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Fig. 6. The amount of dissolved organic nitrogen in pepton equivalency measured with
Bringman’s Coli biomass index and the chemical oxigén demand measured with KM n04
{at six sites observed in Velence Lake

low amount of bacterium comes close to that of in sections A, B, C and E.
In section D containing the highest amount of bacterium the biomass index
was low.

The vertical distribution of total bacterioplankton and saprophytes in
the open water of Lake Balaton was not homogeneous (Table 1). The amount

TABLE 1

Number of individuals per ml
Depth (m)

saprophytes total bacterioplankton

0.0 180 51 000
0.5 400 67 000
1.0 440 50 000
1.5 440 90 000
2.0 580 98 000
25 290 71 000
3.0 180 118 000
3.5 210 93 000

of saprophytes immediately on the surface and in the deeper layers was lower.
The amount of total bacterioplankton in the deeper layers was higher. Maxima
of the saprophytes and the total microbioplankton were found in the layer
above the bottom in Velence Lake (Table 3) and in Inner Lake (Table 2).
In the layer close to the mud in Inner Lake the amount of saprophytes de-
creased suddenly.
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TABLE 2
Depth Numberof individualsper ml
saprophytes total bacterioplankton

0.0 21 000 5 900 000
0.5 17 000 5900 000
1.0 16 000 4 600 000
15 23 000 5 800 000
2.0 16 000 5900 000
2.5 19 000 5 400 000
3.0 36 000 5 400 000
35 30 000 6 900 000
4.0 6 000 9 300 000

TABLE 3

Number of individuals per ml
D(?TF]’)th A B F F  reeds

saproph.  total bact. saproph  total bact.  saproph. total bact.  saproph. total bact.

00 760 158000 2000 210000 320 32 000 2 350 34000
0.5 8750 412 000 3180 452 000 1790 29 000 1930 37000
10 3860 187000 10000 756 000 1260 111 000 7690 163000
1.5 8770 140000 12400 393 000

Discussion

The quantity of bacterioplankton is characteristic for lakes with different
trophic levels (Kuznetsov, 1952; Razumov, 1962, Thserbakov, 1967,
Romanenko, 1969). However, the orders of magnitude were studied in deep
stratified lakes and our data (O1an, 1969 a, b) show, that these cannot be
applied in the case of the extensive shallow Lake Balaton. E.g. the order of
magnitude 0.05—2.3 « 10dml obtained in 1966—68 agrees on that of the oligo-
trophia and mesotrophic lakes.

At present investigations the quantity of total bacterioplankton in reeds
and open water section in Lake Balaton was very low similar to the oligo-
trophic lakes (1 * 109ml). The low value 9.4 « 103ml of the reeds is not frequent
in the oligotrophic water either. It is very striking, that the amount of total
bacterioplankton in Velence Lake between the state of eutrophy and “se-
nescence” (Lindeman, 1942) did not exceed the order of oligotrophic lakes.
The amount of total bacterioplankton in littoral-open water section of Inner
Lake was 3—9 « 108ml. This order is corresponding or rather superior to the
values weighed in eutrophic lakes (Kuznetsov, 1952; Thsherbakov, 1967).
The low values of the detailed survey in August in Velence Lake prove the
possibility of strong reduction the quantity of the total bacterioplankton
similar to that of Lake Balaton in the seasonal dynamics. Such low values
were not weighed in the shallow Inner Lake whose small size differs from
Lake Balaton and Velence Lake. Although, summer minima are well known
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(HExrICI, 1938; PoTAYENKO, 1968), data of such decrease in summer were
not found in the literature referring the meso- and eutrophic lakes. The extra-
ordinary low value in August measured in the two lakes was observed in the
1966 —68 summer irregularly. The average of the results of 15 year’s investiga-
tion in Coli content (Parp, 1969) refers also to a great reduction in August
in both lakes. Considering the short-term investigations in the 1968 —1969
vears (OLAH, 1970) the strong reduction in the quantity of bacterioplankton
in late summer in our extensive but shallow lakes seems to be general. The
exhaustion of nutritive substances due to the oxygen saturation and the high
temperature in the constantly moving water is the main factor in this process.

In Velence Lake isolated by reeds differently the quantity of saprophytes
and total bacterioplankton changed in inverse ratio to the Secchi transparency.
In section K in the dark brown water with transparency near 200 cm the lowest
value of saprophytes and total microbioplankton was measured. At the same
time, in the grey turbid water with Secchi transparency 20—30 cm in the section
C and D the highest values were found. Probably the different separation of
water regions and the different cover of plants at the bottom influence the size of
Secchi transparency The section F is the mostly isolated by reeds and its bottom
was covered with thick reed-grass and Cladophora. At the bottom in section D
and C a cover of aquatic vegetation was not detected. In these parts of the
lake the hight bacterial content at the mud-water interface has an effect on
the great quantity of bacteria in the water column through the frequent
disturbance of shallow water. This is indicated also by the fact that there were
no great differences in quantity of chemical oxygen demand and in that of
pepton equivalent dissolved organic nitrogen available for bacteria in the
regions of the lake isolated by reeds.

The data of our survey in the 8 reeds-open water sections in Lake Balaton,
Velence Lake and Inner Lake make possible the generalization of the results
of our seasonal survey in 1968 in the same sections in Lake Balaton (OLAH,
1969 b).

The amount of saprophytes are always higher in the reeds than in the
open water. Due to the introduction of Ct enopharyngodon idella Cuv. et VAL.
in the Inner Lake the reeds were dead and the amount of the saprophytes did
not increase significantly toward the littoral zone.

In the section reeds-open water in Lake Balaton the amount of sapro-
phytes has the biggest value at the line of reeds-open water. This characteristic
distribution was also discovered in May and August 1968 on the reeds-open
water section. The cause of this distribution of saprophytes may be the moving
water washes away the broken fragments of detritus out of the reeds and keeps
floating in contrast with quiet water of the reeds, moreover, gives appropriate
nutritive material and surface for the bacteria population in the water in front
of the reeds.

The distribution of the total bacterioplankton in the reeds-open water
sections is different. There is no difference in quantity among the reeds and
open water sections in Velence Lake except in section D. At the same time,
the amount of the total bacterioplankton decreased SIgmflcantlv in the reeds
on the reeds-open water section in Lake Balaton and in section D of Velence
Lake. Although in the seasonal survey in 1968 generally a greater amount
of the total bacterioplankton was stated in the reeds (OrLAm, 1969 b), this
considerable decrease, occurred in late August-early October of the same year,
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too, and its reason is, very probably the sedimentation of the particular
nutritive substances in the stagnant water and the exhaustion of the dissolved
organic nutritive substances in the water.

Summary

1. The quantity of both the saprophytes (5--27 - 103/ml), and total
bacterioplankton (3-—8.8 - 10%ml) in Inner Lake is in accordance with the
data in literature referring to eutrophic lakes. However, the extremely low
quantity of the bacterioplankton in the extensive and shallow Lake Balaton
and Velence Lake does not reflect the real trophic state.

2. The considerable decrease of the quantity of the total bacterioplank-
ton measured is not known in the mesotrophic and eutrophic lakes. This signi-
ficant decrease in summer and late summer period is an important feature
of our shallow extensive lakes.

3. The quantity of saprophytes and total bacterioplankton in the parts
isolated with reeds in Velence Lake is different and it is in inverse ratio to the
Secchi transparency. Thevalues of COD and Bringman’s Coli biomass test have
little alteration.

4. We can state on the examination of the 8 reeds-open water sections
that the quantity of saprophytes in the reeds is always greater than in the
open water. The following periodic phenomena had been observed are charac-
teristic to the reeds-open water sections in Lake Balaton: a) the highest
amount of saprophytes is at the border of reeds-open water. b) the amount
of the total bacterioplankton in the reeds candecrease toa lowvalue (1 - 10%/ml).

5. The vertical surveys show the possibility of the formation of the bac-
terioplankton stratification in our shallow lakes like Lake Balaton besides
the heterogeneous vertical distribution.
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HAROM SEKELY, KULONBOZO TROFITASU MAGYARORSZAGI TO
OSSZEHASONLITO BAKTERIOLOGIAI VIZSGALATA

Oléh. Janos és Vasarhelyi Réka

Osszefoglalas

1. A Bels6-téban mind a szaprofitdk (5—27 ¢« 103ml), mind a teljes bakterio-
plankton mennyisége (3—8,8 « 10°/ml) az eutr6f tavakra vonatkozé irodalmi adatokkal
0sszhangban van. Ezzel szemben a sekély, nagykiterjedés(i Balaton és Velencei-té a
vizsgalt periddusban az irodalomban ismert nagysagrendek oligotréf tavaihoz hasonlé
alacsony baktériumtartalma nem tikrozi a redalis trofikus allapotot.

2. A mez6- és eutr6f mély tavakban nem ismert a teljes bakterio-plankton jelen
munkéankban mért nagyardnyl csokkenése. Ez a nyéari-nyarvégi erbteljes csokkenés
sekély, nagykiterjedés(i tavaink fontos sajatosséaga.

3. A néadasokkal kilonb6z6 mértékben izoladlt Velencei-tavi torészletekben a
szaporfitak és a teljes bakterio-plankton mennyisége is eltér6, a Secchi-atlatsz6saggal
forditott ardnyban all. A COD és a Bringman Coli-biomassza teszt értékei kevéssé
valtoznak.

4. A 8 nddas-nyiltviz szelvény alapjan megallapithaté, hogy a szaprofitdk szama
a nadasban mindig nagyobb, mint nyiltvizben. A balatoni szelvényre idészakonként
jellemz6ek a kovetkezd, kordbbi években is megfigyelt jelenségek: a) a legmagasabb
szaprofita szdm a nddas—nyiltviz hatadron alakult ki; b) a nddas vizében a teljes bakterio-
plankton mennyisége 1+« 104ml-re lecsokkent.

5. Vertikalis vizsgélataink azt mutatjak, hogy az egyenetlen vertikalis elterjedésen
tal sekély vizeinkben, igy a Balatonban is kialakult hatarozott bakterioplankton réteg-
zGdés.

CPABHUTE/IbHO BAKTEPUONOTMNYECKWE WCCNELOBAHWUA TPEX MENKUX
BEHITEPCKWNX O3EP C PA3IMYHBIMU TPOPUNYECKNMU YCNTOBUAMMU

A. Onax n P. Bawapxein

1 Mo konu4yecTBy TOTanbHOro 6akTepuonnaHkToHa (3—8,8* KP/mn) u canpoutos
(5—27 «KP/mn) BHyTpeHHee O3epo (TuxaHb) COOTBETCTBYET 03epaM, Ha3biBaeMblM B /inTepa-
Type 3yTpoduyeckumu. HanpoTuB, UCKNOYNTENbHO HU3KOE KONWYecTbio GakTepuonnaHKTOHa
B 06LINPHBIX H Menknx o3epax banaTtoH n BeneHne He oTpaxkaeT feNCTBUTENbHON TPOPUKN 3TUX
o3ep.
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2. 3HaunTe/lbHOEe CHWDKEHMe TOTa/IbHOro 6aKTepuOmn/IaHKTOHa, Habntofaemoe B 03epsiX
BanatoH 1 BeneHue /1IeTOM 1 B KOHLIE /1ETa, HE U3BECTHO A/ ME30TPOMHLIX 1 9YTPO(HBLIX 03ep 1
ABNIAETCS BaXKHON 4epToi YNOMSHUYTbIX 06LUVIprIX MeJIKUX BOJ0EMOB.

3. KonnyectBo canpogmToB U TOTa/IbHOr0 6aKkTepMonjiaHKTOHA B pasHbIX YacTax 03epo
BeneHue, 13011MPOBaHHbIX TPOCTHUKOBOW PacTUTE/IbHOCTLIO, Pa3/IMYHO 1 HAXO4MUTCS B 06paTHOM
OTHOLLEHMW K Be/IMYeHMe nokasaTens. 3HayeHus 6romacc COD u Coid, no Bringman, nposBns-
HOT HebOoNbLUNE M3MEHEHUS.

4. Ha ocHoBe n3yueHus 8 paspe3os, BK/IOUAIOLLMX TPOCTHUKOBbIE 3apOC/N 1 OTKPbITYHO
BOZY, MOXHO 3aK/HUNTb, YTO KOIMYECTBO CanpogvTOB B 3apOCIAX BCErfa Bbille YeM B OTKPbITON
Boge. [na Takux pa3pes3oB 03epa banaTtoH XapakTepHbl CNefytolmne Neprofnyeckne aBneHmna:
a) Camoe BbICOKOe COfiepXKaHue canpoMToB- Ha rpaHuLLe 3apocnein N OTKPLITON BOLbl; 6) KOMU-
tz(iclgg TO)TaJ'IbHOFO 6aKTepnonIaHKTOHa B 3apOC/AX MOXET NafaTh A0 BeCbMa HA3KOTO 3HaYeHUs

-104mn).

5. BepTuKa/bHble UCCNeA0BaHWS MOKa3bIBAKOT, YTO B MefIKMX 03epaX, MofobHbIx bana-
TOHY, MOMUMO HEOAHOPOAHOCTW BEPTUKa/IbHOrO pacrpeaeneHnsi 6akTepuoniaHKTOHa MOXET
MMETb MECTO ero cTpaTuuKaums.
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SURVEY OF SAPROPHYTIC WATER MICROORGANISMS
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One of the most important endeavours of present-day research in water
microbiology is to elucidate the dynamics of saprophytic and total microbial
associations in waters of various trophism (0cevski, 1966; Dauksta, 1967;
Overbeck, 1968 a, b, Rheinheimer, 1968, Potayenko, 1968, Daubner,
1969, Deufe, 1969, Fonden, 1969, Romanenko, 1969, and OtherS).

The majority of water microbiologists employs R aztjmov’s direct method
(1932) in order to make quantitative surveys of total microbial flora living
in waters and in sediments, consequently, the obtained results are well com-
parable. To standardize the counting of saprophytes would also be desirable
(Babenzien, 1962). The nutrient agar used in hygienic practice is quite in-
adequate for counting the autochton, slowly growing water inhabiting bacteria
(Strzetczyk et al. 1967) thus, there is an ardent quest to find new nutrient
media and the line of suggested and applied nutrient agars has not yet come
to an end (Hesse and Niedner, 1898, Frea et al. 1924, Stark and McCovy,
1938, Oppenheimer and ZoBell, 1952, Ferrer €t al 1963, Strzelczyk
et al. 1967, Melchiorri-Santolini aNd Caearell i, 1967, FOXden, 1967,
1968) which makes comparative study extremely difficult.

It is important to choose the right composition of the nutrient agar
in the process of plate-pouring and spreading when determining the number
of saprophytes, however, besides this, a large number of other factors may
also influence the number of bacteria appearing on the agar-slide (cariucci
and Pramer, 1957, Jones and Jannash, 1959, Buck and Cleverdon,
1960, Gunker et al. 1960, Fonden, 1967, Clark, 1967, Strzelczyk €t al.
1968).

To take into consideration all the above presented facts we thought
important to try and apply some new nutrient agar in order to count the
saprophytic microorganisms in connection with the new and detailed micro-
biological investigation of Lake Balaton. To this effect we have carried out
a comparative research on the basis of 12 nutrient agars, relying partly on
literary data and partly on our own resources; our samples were taken from
Lake Balaton, from the Inner Lake of Tihany, from Velence Lake, and from
River Danube and cultured accordingly.

Material and method

The samples from Lake Balaton have been taken at some 500 metres
from the shoreline in front of our Research Institute, the other sample taking
localities, the Inner Lake of Tihany and River Danube, were in the littoral
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TABLE 1

The composition

Nutrient agar Nutrient agar | Complex agar | TAYLOR's agar | Sodium caseinate
La Lb 11, 111, "'Igvﬁf‘

Distilled water, ml — 1000 1000 1000 1000
Lake 55 —
Tap 2 1000 — o — =
Agar 5

K,HPO,

Na,HPO,

KNO,4

NaNO,

MgSo, + TH,O
(NH,)280,

FeSO, - TH,0
FeCl,

NaCl

Glucose

Glycerin

Soluble starch
Bacto pepton
Bacto beef extract
Bacto yeast extract
Sodium caseinate
Mud extract
Powder alga

08 5 ®RRMKR F 0008 0RKKRKR KR
l
«w
(==}

Note: X.a — Lake water agar of Balaton; X.b — Lake water agar of Lake Belsé

zone (Table 3). While the mud-samples of Velence Lake originate from the
yellow-coloured oxidized micro-zone and from the black-coloured reduced
zone. The watersamples have been taken by the help of a Francev sampler
(Kuzxersov, 1952) into a sterile, 250 ml flask from a depth of 50 cm. The mud-
samples have been secured by using an Ekman-Birgs drege and from the so
obtained mud-blocks by the help of instruments cauterized in alcohol flame
from inside we took our samples. The samples have been elaborated in the
following hour of collecting from sites Lake Balaton and Inner Lake while
samples originating from River Danube on the next day. The mud from
Velence Laké has been stored in a refrigerator for a longer period of time.

The total microbial plancton quantity has been determined by Razu-
MoVv's direct method (1932).

The slides were sealed from 10—10 ml of 42 °C nutrient agar, whose
composition is shown in 7T'able 1. Our pulverized alga-nutrient medium have
been obtained from the laboratory mass-culture of Scenedesmus obtusiusculus
CHop. The desiccated alga fragments were ground in a ball and tube mill.
To the mud-extract agar 800 g mud from Lake Balaton was boiled in 2 litre
Balaton water, then following sedimentation it was passed through filter
paper. Considering the low number of bacteria in Lake Balaton, 0.1 and 1 ml
lake water without dilution were inoculated, while in case of the Inner Lake
of Tihany and River Danube the degree of dilution was 10 and 100-times,
respectively. In the case of mud-sampes coming from Velence Lake we made
dilutions of 10-, 100- and 1000-times. In the case of sealings we had 2 controls



of the mediums

agar agar agar agar

Jensen’s Oppenhlimer’s agar Fe-peptone  Powder alga Mud extract Lake water agar Krashemnikova’s
agar
V. v vil. Yiil. IX. Xa  Xb XL

1000 400
— 1000 - 1000 - 1000 1000 500
— — 1000 - - - - 100
15 15 15 15 15 15 15 15
0.5 0.1 0.01
0.2
- - 0.1 - 0.005
- trace 0.1 - — - e —

trace — — — _ _ —

0.05
1 0.1
5 5
1.0 _ _ —
0.2

— — — — looo — — —

(8}

without inoculum and 3—5 parallels. The slides were incubated at 25 °C and
as the colonies appeared they were counted under 10-times of magnification
on the 1st, 2nd, 3rd, 6th, 12th, 14th, 32nd and 36th day. The results obtained
have always been referred to 1 ml and 1 g of the original sample.

Results and discussion

It was striking to observe that the bacterioplankton quantity of Lake
Balaton and that of the Inner Lake of Tihany shows significant difference
(Fig. 1). The total microbial plankton quantity (nearly 12 « 108ml) of the
Inner Lake of Tihany when compared to the data found in literature (Roma-
nenko, 1969) shows a pronounced degree of eutrophism. Likewise isthe number
of saprophytes examined on every nutrient agar greater, more than one order
of magnitude, than the values obtained for samples taken from Lake Balaton.

The comparison of the examined nutrient agars (Fig. 1) unambiguously
prove that in hygenic practice as well as in water microbiology the media used
are inadequate for bacterial cultures, and only a low number of colonies
develop. Sealings of various samples originating from different waters, and
taken at different times, the proportion of bacteria developing on various
culture media varies in every case, but we never obtained favourable culture
values on nutrient agar.
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la LM N V M M Mi IX Xa Xh X

Fig. 1. Appearing colonies on the examined nutrient mediums and the total quantity of
the microbial plankton in plate pouring carried out in different times from Lake Balaton
and from the Inner Lake of Tihany. Total microbial plankton: (a) 19th VIII, 1968;
(b) 8th IX, 1968. Plate pourings: (c) 6th V111, 1969; (d) 19th V111, 1968; (e) 8th IX, 1968

From among the culture media rich in organic materials the one con-
taining sodium-caseinate appeared to be the most effective, for the largest
number of colonies developed in this type of culture media. The Oppenheimer
medium and the iron-peptone agar are also better for bacterial cultures than
the nutrient agar, although, the proportions vary in the case of individual
sealings. We examined three culture media rich in organic material and yielding
high values for a period of one week by daily sealings (Table 2) using an in-
oculum originating from the water of Lake Balaton.

The sodium-casenate medium in this particular case also has yielded
the highest value. The modified iron-peptone agar proved to be only half
as efficient as regards the quantity of bacteria, than the former. The oppen-
heimer Mmedium has yielded the owest values in every case of examination.
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TABLE 2
Time of (plate pouring
Media
1968 I1X. 19 20 21 23 1 23 26 27

number of individuals/ml
v 1013 1200 2730 1950 2088 -
Vi 325 253 810 690 510 450
VII 594 560 1320 710 1600 110

In examining the water samples taken from River Danube in order to
indicate the pollution we have shown the oxygen consumption of samples
measured with KMn04 (Table 3).

It is interesting to note that in one instance in the most polluted water
sample on the sodium-caseinate agar we obtained a low value. On a small
decrease of pollution the sodium-caseinate agar again yielded the highest
values and the samples taken from the comparatively pure water of River
Danube in both cases the biggest number of bacterium colonies developed

on the sodium-caseinate agar.
TABLE 3

Time of plate pouring and Origin of samples

Media 22 X. 1969 4. X1. 1969 5. XI. 1969
22. X. 1969 Nagymaros Branch of River Pet6fi bridge
Megyer right shore Danube at Soroksar leftshore

Quay at Ferencvaros

number of individuals/ml

I/a — | 5 310 2 870
I/b 12 350 10 850 8 960 20 220
VI 19 050 35 660 30 190 24 800
vV 41 280 29 370 37 000 14 180

Oxygen consumption
O ™ 6.7 7.7 12.1 13.8

A significant difference has been observed between these two nutrient
agars, too. Nutrient agar containing various salts has yielded higher values.

The highest number of bacterium colonies developed again on the sodium-
caseinate agar from samples originating from the oxydized microzone and the
reduced zone of Velence Lake (Table 4).

Both on the oppenneimer agar and on the sodium-caseinate agar the
samples taken from the oxidized microzone yielded more than twice as many
bacteria than from samples originating from the reduced zone. At the same

TABLE 4

Origin of samples

Media i i Reduced zone,
Oxydized microzone, . "mud with a seell
yellow mud of HZS

number of individuals/ml

I/b 3 684 000 3 477 000
Vi 8 156 000 3408 000
v 13 210 000 5 240 000



240

time we have not found such a significant difference on nutrient agar, thus,
when we work with nutrient agar only in the examined mud zones, we find
the quantity of saprophytes well-nigh the same.

From all the above it issues that from the already employed media con-
taining much organic materials the sodium caseinate agar appears to be the
most favourable for counting saprophytic microorganisms especially for
samples taken from Lake Balaton, and for other types of waters as welkin the
case of strongly polluted waters it is well advisable to use nutrient agars con-
taining a variety of salts.

In Poland, serzetczyk and his collaborators carried out investigations
in 1967 on Lake Jeziorak and found that the sodium-casemate agar did not
give as high a value as the iron-peptone agar, for the latter yielded the highest
values. Notwithstanding, in Hungary and elsewhere the sodium-caseinate
agar has gained a wide acceptance for the examined waters (Fred, et al.
1925; Fred and W aksman, 1928; stark and McCoy, 1938; Taylor,
1940; Potter and Baker, 1956, 1961; Corttins and Wittoughby, 1962;
Willoughby and Cotrins, 1966).

Fig. 2. Nutrient media marked l.a, Il, Ill, IV showing the dynamics of appearing colonies

in plate pouring carried out in different times from Lake Balaton and from the Inner

Lake of Tihany. Lake Balaton: (a) 19th V111, 1968; (b) 8th I1X, 1968; (c) 6th V111, 1969.
Inner Lake of Tihany: (d) 6th VI1II, 1969



241

The other advantage of the sodium-caseinate agar yielding higher
number of bacteria that the bacterium colonies appearing on the slide are
small, they are clearly delineated from one another, as compared to those
cultured on nutrient agar whose colonies are large, spreading fast and becoming
liquefied, consequently, they render counting difficult. The cromogenic bac-
teria also develop on the sodium-caseinate agar in a higher percentage (Strzel-
czyk et al. 1967).

The medium containing lake water and algal powder yielded a better
result when inoculated with the water of Lake Balaton than the same procedure
carried out on nutrient agar. Somewhat smaller values were obtained when
inoculated with the water of the Inner Lake of Tihany. Here, the colonies
were small and easy to count. Surrounding a number of colonies appearing
4—6 days after inoculation, on a dark green agar slide, striking light zones
may be perceiveable. By counting the colonies having lighter zones we might
get some information to the quantity of microorganisms probably taking part
in the decomposition of pigment materials.

The dynamics of the development of the final number of bacterial
colonies on media enriched with organic materials (Figs 2 and 3) is ratherf

Fig. 3. Nutrient media marked V, VI, VII, VIII showing the dynamics of appearing
colonies in plate pouring carried out in different times from Lake Balaton and from the
Inner Lake of Tihany. For symbols see Fig. 2

16 Tihanyi Evkényv
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variable. The fastest rate of growth has been observed on nutrient agar. Onthe
fourth day 85% of the final number of bacterial colonies appear. On the other
media, the rate of growth is slower, and by the 14th day 95- 100% ofthe final
number of bacterial colonies appears.

The other group of examined media not enriched with organic materials,
but consisting of natural substrate or containing salts is shown in Table 1.
On these culture media far many colonies developed than on the nutrient
agar rich in organic materials, and quite frequently they yielded the highest
values among all the culture substrates examined (Fig. 1). It was quite sur-
prising that when Balaton water was inoculated on the lake-agar deriving
from the supertrophic water of the Inner Lake of Tihany we obtained 10-times
less number of bacterial colonies, while inoculated with the water of the
Inner Lake ofTihanK this number was only 4 when using lake-agar deriving
from the water of Lake Balaton. The cause of this phenomenon may be sought
for in the high algal content of the Inner Lake of Tihany whose colour is per-
manently of a green hue. In preparing culture substrates, as the result of
repeated boiling, a large quantity of organic material as well as materials
inhibiting the growth of bacteria become dissolved. An extravagant increase
in organic materials, as has already been seen, may inhibit the growth of a part
of the bacterial flora inhabiting the water.

The development of the final number of colonies on the lake water and
mud-extract agars containing merely natural substrate as well as on oligo-
carbophilic medium, is slower than on substrates enriched with organic ma-
terials (Fig. 4).

The majority of colonies appearing on the agar-slides containing natural
substrate develops on the borderline of the agar and 4%Iass. This peculiar
phenomenon may be due to surface effects (zoBe11, 1943). The colonies are
frequently small, indistinct, spotlike, difficult to perceive and thus counting
is hindered. The development of colonies is very slow, and besides the sapro-
phytic colonies other colonies also appear on the agar slide. For this particular
cause the agarized nutrient media containing natural substrate are used only
for special investigations. For example, the nutritive material supply of a lake
may be calculated with their help quite easily, as well as the developmental
rate of the natural microflora, etc. The MPN" procedure was combined with
a membrane fllterlng by Melchiorri-Santolini anNd Caearelli (1967),
where the lake waters was used for nutritive solution, receiving a higher
number for bacteria than in nutritive solution enriched with organic materials.

When comparing the properties of nutritive media, on the one hand,
those which has been enriched and examined by us, and on the other hand,
those containing the natural substrate taking into consideration the properties
of bacteria regarded to be autochton and zymogen as established by Wino-
gradsky (1932), the following conclusion is well justified: that zymogen
bacteria are able to develop on nutrient media enriched with organic materials,
while media containing only natural substrate is good for autochton bacteria
only. Ginson (1957) says that the winogradsky’s classification of soil bacteria
is also valid for water inhabiting microorganisms.

We should, of course, bear in mind that only a supposed parallelism
exists, for winogradsky’s classification is rather general, as the above pre-
sented results conclusively prove that on various culture media, how divers
representatives of natural microbial associations may develop. The difference
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Fig. 4. Nutrient media marked 11X, X.a, X.b, X | showing the dynamics of appearing
colonies in plate pouring carried out in different times from Lake Balaton and from
the Inner Lake of Tihany. For symbols see Fig. 2

between the result obtained by plate pouring and direct counting is mainly
due to a high degree of selective capacity of the various nutrient media than
to the high number of dead organisms counted on the membrane filter, for
the quantity of dead organisms, measured by any type of method, compared
to the total number hardly reaches a mere 20% (Razumov, 1962).

Summary

L Significant differences have been observed between culture media
used by us for counting saprophytic microorganisms.

On the basis of results obtained by comparative analysis, for the waters
in Hungary the sodium-caseinate agar proved to be the most suitable for
counting saprophytic microorganisms. This medium vyielded the highest
number for bacteria, the colonies were small, did not liquefy and the chromo-
genic bacteria occur in them in greater numbers.

16*
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2. It was interesting to note that on nutrient media containing only
natural substrates and salts a large number of bacteria were able to develop.
The slow rate of growth of the colonies and the difficulty in their counting
make them suitable, primarily, for “special’” investigations.

3. The authors in studying the microflora of waters by direct and in-
direct methods found that significant differences exist between the results
of the two methods, which, according to them, are mainly due to the selecting
property of the emploved nutrient media as against the supposed high per-
centage of dead organisms counted on the membrane filter.
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OSSZEHASONLITO TAPTALAJ-TANULMANYOK
A SZAPROFITA VIZI MIKROORGANIZMUSOK MENNYISEGI FELMERESERE

Olah Janos és Vasarhelyi Réka

Osszefoglalés

1. A szaprofita mikroorganizmusok szdmlaldsara altalunk felhasznéalt tdptalajokon
nagymértékben eltéré eredményeket tapasztaltunk. Az dsszehasonlitéd vizsgélataink ered-
ményei alapjan a natrium kazeinétos taptalaj bizonyult a legalkalmasabbnak a szaprofita
mikroorganizmusok szamléaléasara.

A legmagasabb baktériumszamot adta, a telepek apréok, nem dsszefoly6k és kozot-
tik a kromogén baktériumok is nagy szamban szerepelnek.

2. A csak természetes szubsztratumokat és sokat tartalmazé taptalajokon meg-
lep6en sok baktérium képes fejlédni. A kolénidk lassi novekedése és szamlalasuk nehéz-
kessége miatt azonban elsésorban ,,specidlis” vizsgalatok elvégzésére alkalmasak.

3. A szerz6k a vizek mikroftérdjanak direkt és indirekt mdédszerekkel térténéd
tanulméanyozésa soran a két médszer eredményei kdzotti nagy kilonbségeket — szemben
a membran filteren szamolt elhalt sejtek feltételezett magas szazalékaval — els@sorban
az alkalmazott taptalajok szelektadlé hatdsanak tulajdonitjak.
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CPABHUWTENBbHOE N3YYEHWE MNTATEJIbHbIX CPEA A4N1A KOJTMYECTBEHHOT O
M3YYEHWA CATIPOPNTHBLIX BOAHbIX MNKPOOPITAHN3MOB

A. Onax W P. Bawapxeiin

1. B pa3BuMTUM CanpoMTHbIX MWUKPOOPTraHW3MOB Ha MCMOMAb3yeMblX HaMW pasanyHbIX
nuTaTenbHbIX cpefax Habnganuce pasnnuma. Ha oCHOBe CPaBHUTENbHbIX NCCNef0BaHUI camoii
Nyuylweid nuTaTenbHOW cpedoi, Ans noAcyéTa MMKPOOPraHM3MOoB, OKasanacb NuTaTenbHas cpega
codepiKalias KasenHaT HaTpusa. OTa NnuTaTenbHas cpefa fana camoe 60Mblioe YUCNO GaKTepuii.
ManeHkne KONOHWUM He CANBAKTCA W MEXAY HUMU B BONbLIOM YMCNE HaXOAATCA XPOMOreHHble
6akTepuu.

2. Ha nuTaTenbHbIX cpejax COAepXalux TONbKO HaTypanbHble cy6cTpaTbl M cOu
pa3BuMBaeTCA YAMBWUTENbHO MHOro 6akTepuii. M3 3a MeAneHHOro pocta KONOHWUIA W TPYAHOrO
noAcyéTa OHVW NPUrOAHbI B OCHOBHOM ANS CNeLuuanbHbiX UcCnefoBaHuii.

3. ABTOpbl 06HapPYXUAN NPU U3yYeHUU BOAHON MUKPOMNOPbLI MPAMbIMU U KOCBEHHbIMYU
MeTofaMu 3HauYMTeNbHbIE Pa3Nnuna MeXay pesynbTataMu ABYX MeTOA0B. ITU pe3nnyusa TpakTy-
I0TCA KaK pe3ynbTaT TOro, YTO MCMOMb30BaHHbIe cpefbl 06NafaloT CeNeKTUBHbIMU CBOWCTBAMMU.
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KLADOCERA TANULMANYOK A BALATONON
IV. SZUBFOSSZILIS* MARADVANYOK BALATONI ULEDEKEKBEN II.

SEBESTYEN OLGA

Magyar Tudomanyos Akadémia Biolégiai Kutaté Intézete, Tihany

Erkezett: 1970. februar 28.

E tanulmany folytatdsa Sebestyen: ,Kladocera tanulmanyok a
Balatonon” sorozat V. fejezete szubfosszilis kladocera maradvanyokkal
foglalkozd |. részének (Sebestyen, 1969 a: 247, 255). A soron levé fajok:
Eurycercus lamellatus, Camptocercus rectirostris, Acroperus harpae, Leydigia
leydigi,L. acanthoceroides tovabbé a Balatonbdl eddig ismert 6t Pleuroxus faj:
P. truncatus [syn. Peracantha truncata], P. laevis, P. aduncus, P. trigonellus
és P. uncinatus v. balatonicus.

A tanulmany felépitése azonos az emlitett I. részben kovetett menettel:
(Sebestyén, 1969a, 235, 251'252)

Eurycercus lamellatus O. F. Mari1er 1785
12 é&bra, 14 kép.

I. a. Balatoni recens adatok

Daday (1897) csak a Kis-Balatonbol sorolja fel, ahol 1891-ben ,,rengeteg
tomegben” gydjtotte, 1904-ben a Balatonb6l nem ismert fajok listajaban sze-
repel.

P Hanko6 (1925) planktonmintdiban Ponyi (1965) talélta.

K ottasz (1933, E-K-S, 1937: 12 B tablazat) planktonbdl és homokos
nadas partok kozelébdl emliti.

A negyvenes években a tihanyi Kisobol és Godros novényzettel bendtt
teruletérél, féként Mvriophyllumosbdl van feljegyezve (Sebestyen, 1948:
110, 2—3 é&bra, tdblazat). Ladsd még sevestyen, 1965 1. B. tablazat.

A hatvanas évekb6l (sebestyen, Nnem kdzolt adatok): Tihany, Godros,
fonalas moszatok k6zott (1964. V. 25., 1965. V1I. 25.), nddmozaik, bevonattal.

Balatonfured, nddas kozelében (1965. VI. 25.) Vizmélység 265 cm.

Keszthely (1964. 1X. 16. M 28/1 sz. minta), strand hidja melletti vegyes-
hinérosbol.

Ponyi, 1956: 115, 1957: 1. Ill. tablzat, parti hinarosban, Myriophyl-
lum alloményban (Asz6f6i patak torkolata, F(zf6 Kkikot6, Csoka-partok
111. tablazat) és nddasban (Balatonudvari, keves, 1962:135).

I. b. Elterjedés, lel6helyek

* A sorozat |. részében hasznélt ,,Szubfosszilis . . .” kifejezés helyett — a lektoralé
Kretzoi Mik1es professzor szives javaslatdra — a megfelel6bb ,,Negyedkori ...” meg-
jelolést e dolgozatban, technikai okokbél, még nem hasznalhattam.
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Aladmerllt és emersus (Negrea) NOVENyzet kdzott, tavak parti dvében,
sekély parti vizben, kis vizekben (Litijeborg, K. Berg, Scottrfield €S
Harding), az angol tévidék sok tavaban, eljarasokban (Fi1sssner, Wagier),
folydvizben (zemp, Smirnow) €S mocsarakban is (zemp).

Fonalasmoszatok szévedékében legtdébbnyire a fiatalja talalhat6. A fona-
lakra antenndjaval és a héj szélével tapad (Meuche, 1939: 444, 11 tablazat).

Fisssner abba a kladocera csoportba sorolja, mely slr(i makrovegeta-
ci6 allomanyokban és ndvényzetnélkili fenéken is megél, de nem ubiquista.
Synekolégial szempontb6l az Eurycercus lamellatus—a csoport névaddja
(1964: 68, 85, 87—388).

Ekologiajardl részletesen smirnow tdjékoztat. Elterjedése a Volga
rezervoirjaiban ndvényzettel bendtt teriletekre szoritkozik. Abundancijja
valészinlileg a frissen elhalt névényi részek baktériumtaplalékatol fiigg.
Detritus taplalék egymagaban nem biztositja a populacié jolétét (smirnov,
1962). Téaplalkozasaban detritusznak és bakteriumoknak van szerepe. A meleg
id6szak el6rehaladt szakaszaban iszapos Uledékben vald tart6zkodasénak
alapja a baktériumgazdagsag. Kultirakban baktérium-taplalékon hosszu ideig
megel, szaporodik (utalas R odina, 1950-re).

I. c. Tavi Uledékek fellleti rétegébdl a kilsévéaz részei el6keriltek a
Madison tavakbol (Frey, 1960 b), a Mississippi volgy egy szakaszdban levé
tavak kozil az északi fekvésiiekben folyamatosan, a déliekben meglehet6sen
szorvanyosan fordul el6 (pe costa, 1964). Szerz6 északi fajnak mindsiti.
Indiana allam északi részében lev6 tavak mindenikében gyakori (Muetter,
1964).

Szubfossilis el6fordulas

1. d. Altaldban:

Frey, 1958 (3—4 tdblazat) maradvanyok el6fordulasa irodalom alapjan
leiras, abrazolas (235—239 c, 19—27 dbra. — 1959: 33. 0. 3—4 dbra, — 1962. a:
3—4 dbra. — 1962 »: 1139, 1, 11, 20 abra.

Lasd még Goulden, 1964: 20.

Il. e. Eurépa.

Zemp, 1941: 61, 67.Tablazat. Wauwiler See tavikréta rétegben és kultir-
rétegben P S C A**

Langsee Frey, 1955: P.C. A, 11Il. tablazat. Wallesen Frey, 1958:
1—2. tablazat SP Il CA], Alleréd Il a, Il b, 1—2. abra, Uledékben CH
11 300 év a leggyakoribb. Nincs adat arra, hogy az Eurycercus glacialis
el6fordult volna e téban.

Schleinsee Frey, 1961: 2. dbra. VIII—X, kevés. Herning szelvény.
Frey, 1962 b: 1—2. tablazat, Fig. 3. (spektrum). El6fordult az Eemi inter-
glacialisban, Post Eemiben is.

Leggyakrabban P H S (L még Gourden, 1964: 20).

Esthwaite Water. Gourden, 1964: 2—3. tabldzat 5—6. &bra. Csaknem
valamennyi mintaban: 11—V ill. VI—V11 b pollen-zéna. A populécié relative
kicsiny, legmagasabb értékek a I1. aljan levd rétegek kdzepénél. Ma is él e
toban.

** A szovegben nagybetilikkel jelolom a kiils6 vaz részeit: P = utépotroh, C =
ennek végkarma, H = fejpajzs, S = héj, E = ephippium, A = antenna.
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Il. f. Lake Nojiri Tsukada (1967). A Late glacialistol egészen a korai
hamurétegig fordul el6, maximum a korai jégkorszak utani (RI, R 1) rétegek
hatéaran.

I1. g. Magas hegyi tavak

Lake Zeribar Megard, 1967: 184 -185. o. Fig. 2—3. palinoldgiai ada-
tok alapjan megallapitott klimaval egybeesé kladocera zénakban. A zénaban
(22,600 + 500 év, 17 m alatt) a kovetkez6 B zbéna kozepéig 8100 = 160.
A populacid kicsiny, valamivel a Leydigia leydigi elmaradasa el6tt tlinik el.
Az A zonaban kozmopolita és északi fajok vannak, hasonloan a Wallensen
és az Esthwaite Water Late glacidlis Allerdd intervallumanak uledékeiben
(L fentebb). Ebben a korszakban az eurdpai tavakban E. lamellatus mellett
Chydorus sphaericus, Alona rectangula, Acroperus harpae, Graptoleberis volt
gyakori (v.0. Sebestyeén, 1969: 238. 0.), a fajok szama (13—14) egyidejlleg
azonos volt. E fajok északi foldrajzi elterjedése arra mutat, hogy viszonylag
intoleransok a meleggel szemben (v.0. Leydigia leydigi fejezetét).

Whimpy Lake DeCosta, 1968: 4. 4bra, (%-0s Osszetetel, spektrum).
Fajunk a Late Glacidlis aljan a Leydigia leydigi és Alona quadrangularlst
kovetben jelenik meg. A Chvdoridae zonak hatarai nem esnek sziikségszer(ien
Ossze a pollenzénakéval. Az I. b zondban kevés. Az Alonella nanaval egyutt
»minor” elem (412. 0.). — A spektrum szerint van kevés adat a Il . b.-b6l is.
I11.-bél nincs.

. h Tropusi Kistavakbol nincs adat.

II. i. Balaton (2. tablazat).

Valamennyl minta pozitiv, a két legujabb kivételével (Ne 1,20). Osszesen
110 drb. E. lamellatus-maradvany kerllt el6. Az el6fordulds gyakorisaga
megfelel — kor szerint — a Wallensen és az Esthwaite Water adatainak.

A 160. sz. mintaban (la pollenzéna) 78 E.l. maradvany. Min@ség sze-
rinti megoszlas: S= 37, P= 17, H= 3, C= 3, A= 5 egyéb = 13

E mintdban a Cladocera fajok gyakorisdgi megoszlasa: 22- 24% —
98%: Acroperus, Eurycercus, Alonella nana, Alona affinis. 2.15—1.19%:
Gamptocerus, Kis Alona, Chydorus sphaericus, Alonella excisa, Alona quadrangu-
laris. A kovetkezd fajok %-o0s gyakorisagértéke kisebb 1%-nal: Oxyurella
tenuicxmdis, Graptoleberis, Pleuroxus uncinatus, Chydorus piger, Alanella rost-
rata, Sida. Osszesen 15 faj, a két kis Alonat @sszevonva.

CamptocercUs rectirostris Schoedler 1862
syn. Lynceus macrurus (Fischer) 1848
5. kép

I. a. Daday (1897) Richards adatdra (Keszthely) és sajat feljegyzésére
(Tihany, Balatonflred, Badacsony) utal. K ottasz planktonmintabol es Pota-
mogeton allomany kozeléb6l emliti. Meschkat (1964) furedi nadas bolyhos
bevonatédban talalta tiszta- és zavarosvizii terlileteken (491, 492). Tovabbi
adatok: negyvenes évekb6l: Tihany, Godros, novényzet nélkili tertletek
(Sebestyén, 1948), tihanyi Kisoboi, 1943. X. 17, 1947. X. 29. (rajzok).
Hatvanas évekbdl: Godros, nddmozaikos szélviz, 1965. VII. 14., VII. 25.
Tihanyi kisobol, két nadas kozotti homokos tertilet, 1963. IX. 25. XI. 5.
neuszton. Balatonfured, strand el6tt (1963. VII. 18) (fejpajzs). Keszthely,
parti hinaros, a strand hidja és nddas kozelében (1964. IX. 16.).



250

I b. Lel6helyek altaldban: ndvényzettel bendtt parti teriileteken, fenék
kozelében (Littjeborg, Berg) kozonseges Scourfield €S Harding, meg-
lehet6sen ritka. Fisssner €S Wagler gyakori. Hegyipatakok partiévében
is, valamint novényzettel ben6tt kistavak iszapjaban (Negrea, 1966). F16ss-
ner Szerint Charasokban, parti Myriophyllumosban, névényzet nélkiili vagy
stirin benétt terlleteken egyarant el6forduld fajok csoportjaba tartozik.
Synekoldgiai szempontb6l az Eurycercua csoportba sorolja, Cladocera taxo-
cenozis tekintetébdl a Chara-mez6k csoportjdba (F1sssner, 1964: 51, 68, 88).

I. c. Maradvanyok fellleti uledékekbdl.

Madison tavak, Frey, 1960 b.

A Mississippi volgy 45 tavabél 39-ben. Eurytop. %-os el6fordulas leg-
magasabb értéke Luisiana allam két tavadban (pH 6,8, 6,4) (DeCosta, 1964).

Indiana allam északi részének harom tavaban (Mualler, 1964.).

Szubfosszilis maradvanyok

1. d. Altaldban.

Frey, 1958: El6fordulds. Maradvanyok ismertetése.

Frey, 1959: 34. 0., 9—11. abra, fejpajzs és abrazolasa.

Frey, 1960: 693, 7- 8. abra.

Frey, 1962 b: 8—11. abra.

Goulden, 1964: 22. o. irodalmi adatok.

1. e. Eurdpa.

Wauwiler-See. zemp, 1941: Csak a tavikréta rétegben, ritkan. S P C.
C. lilljeborgi kevésbé gyakori. S P C

Langsee Frey, 1955: 156. S P C

Wallesen Frey, 1958: Legtobb maradvdny SH CP a Late Glaci-
alisbol (Lower Allerdd 11. a.). Fig. 42, 44 -48. Az eurOpai populacié fejpajzsa
némileg kilonbdzik egy Indiana allambeli t6 szubfosszilis populaciojaétol.

Schleinsee Frey, 1961: 2. abra, VI-x pollenzéna valamennyi min-
tajaban.

Herning szelvény. Frey, 1962 b: 1. Tablazat, valamennyi Eemi és Post-
eemi rétegben.

Esthwaite Water, Goutden, 1964: 22. 0. 2—3. Tabl.,, 5 -6. abra.
C H S P maradvanyok. Leggyakoribb az Allerédben és a Pre-borealban, a
populacié ezutan lecsokken, kieséssel, I 1—V. pollenzénaban, VI —VII. b-ben
folyamatosan.

1. f. Lake Nojiri. Tsukada, 1967: Populécié a korai Postglacialistol
(Il? 1) I?Z els6 hamuesdig (R Il). Ezutdn az Eurycercus lamellatussal egyid6ben
eltdnik.

Il. g. Magas hegyi tavak.

Lake Zeribar. Megard, 1967: 185—186. Csupan a G. australis fordul
el6, mely morfologiailag kevéssé kulonbozik a C. rectirostris s. st.-tol, allat-

foldraJZ| elterjedése mas.
Whimpy Lake, DeCosta, 1968: 4. Abra. Egyetlen adat a 11. B Clado-

cera zonabdl.
Il. h. Laguna de Petenxil, Goulden, 1966 a: 92. Egy trépusi Campto-

cercus fordul el6.
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I1. i. Balaton. Mint lattuk, balatoni recens el6fordulasarol kevés adatunk
van. Figyelmet érdemel az is, hogy Fiossner Szerint (1964, 51, 2. Tablazat,
2. Abra) fajunk parti vizek Iak01a és nem mozgékony szervezet a helyvaltoz-
tatast illetéen. Tavunkban szélesebb kor( elterjedésére lehetne kovetkeztetni,
a parti 6v habitatjai nincsenek kell6 mértékben atkutatva. Sztenotop fajnak
latszik, ekologiai valenciajanak ismeretében valoszintileg tobb lelShelyrdl
kertlhet el6 és habitatja is jobban korilirhato.

A balatoni populacio morfoldgiai szempontbdl a Camptocercus recti-
rostris s. str.-nak felelhet meg. Kevés szamu szubfosszilis maradvanya (H CP)
ket holocén mintabol hianyzik. A jégkorszak vegen, e korbol szarmazo
mintdk adataibdl kovetkeztetve, gyakorisdga magasabb lehetett, mint a
holocénban.

Acroperm harpae Baird 1835 syn. A. leucocephalus KoeH
3. abra, 6—7. kép

1. a. Daday (1897) Balatonfuredrél emliti. Hanke planktonmintaibol
Ponyi (1965) sorolja fol. K ottasz (1933, E-K-S, 1937) planktonmintéiba is
bekerult néhany példany. Potamogeton ,,sziget” kornyeken a Remete-barlan-
gok tadjan nadas mell6l, homokos nadas partoknal is foljegyezte.

Harmincas évek tovabbi adatai: Tihany, Kisobol, rengeteg (1937. VII.
29.), Myriophyllum kozétt (VI 12). A Kisobol és Godros habitatjaiban
(Balatoni Faunakatalégus).

A negyvenes évek adatainak feldolgozdsa 1944—1948 évek adataira
tAmaszkodik (Sebestyen, 1948). Entz (1947) megéllapitotta, hogy &sz elején
a Kisébol Myriophyllum-klloméanya joval gazdagabb Acroperusb&n, mint a
Potamogeton, a litoralis 6v hindrosainak Acroperus-népessége srdbb, mint a
szemilakusztrikus &lloméanyoké. Vizmélység szerint a felsO vizréteg latszik
a legkedvezdbbnek.

A hatvanas évek féként Uledékminta-sorozatok részben feldolgozott
adatai a Kerekedi 6bolb6l, Balatonfiiredrél a strand kdzeléb6l és Keszthelyr6l
szarmaznak.

Ponyi nyar derekan leginkabb CeratophyllumosbsLn talalta tébb lel6-
helyen (1965, 1957), s nadashol is emliti (1962).

el. b. Honos nagy tavak parti 6vében, kis vizekben (Littjeborg, Wagler,
K. Berg, Zemp), nOvényzet kozott, szemilakosztikus allomanyban is (Scour-
FiELD és Harding), tovabba be nem ndtt terlileteken. Kora tavasszal tyeho-
planktikus is lehet (Fi1sssner, 1964).

Utobbi szerz6 a ,,Stechling-See- Gebiet” tavaiban jellegzetes habitatja-
kent a tavirozsa-hinaros Myriophyllum és Stratiotes allomanyt jel6li. Chara-
sokban, mas macrophytadllomanyokban és iszapban is dominans tagnak
mindsiti.

Romaénia szamos tavaban, kilonosen a Duna arteriletén és a delta
tavaiban (Negrea, 1966 139—140) él. Kulonb6z6 alakjainak rendszertani
jelentGsége nincs. Meuche (1939: 444. 11. Tabl.): algaszvedekben meg-
lehetGsen gyakran, de kevés egyedszamban talalta.

1. c. A kuls6 vaz (vedlett) részeit megtalaltdk a Madison tavak mindeni-
kében (Frey, 1960 b), az Indiana allam északi részében levé h&rom toban
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(MUELLER, 1964). Jelenlétét a Mississippi-volgy tavaiban DeCoSTA mutatta
ki 14 t6bol: északi fekvéstiekben folyamatosan, déliekben igen szérvanyosan
fordult el6.

Szubfosszilis el6forduléas

IL. d. Altalaban. Frey, 1958: Maradvanyok el6fordulédsa az irodalom
szerint. Ismertetés. Abrazolds, 1. még GouLpEN, 1964: 20.

IL. e. Burépa, Wauwiler See. Zemp, 1941. Maradvanyai kultirrétegekben
gyakoriak, tavikrétaban ritkan fordulnak eld.

Langsee. FrEY, 1955: S H P C.

Wallensen. FrREY, 1958: Leggvakoribb a II a és II b pollenzéndban,
II1-ban szérvanyosan.

Schleinsee. FreY, 1961: Maradvinyok valamennyi elemzett mintdban
(VII—X). Leggyakoribb a X pollenzénaban. s

Herning szelvény. FREY, 1962 b: 1139. o., 14—32. Abra. H S leggyako-
ribb. Valamennyi Eemi és Posteemi mintidban valtozé abundancidban.

Esthwaite Water. GouLpeN, 1964: S H P. A t6 fejlédése alatt végig
megvolt. Legnagyobb abundanciaja az Allerodben és a Pre-Boredlisban, le-
csokkent a Borealisban és az Atlanticumban. Ezutén méig kis populaciéban
allandéan jelen van.

II. e. Lake Nojiri. TSURADA, 1967: Jelen van a Late Glacialistél, a két
hamuesd kozott is, a té6 egész torténetében.

IL. f. Magashegyi tavak. Whimpy Lake. DECosta 1968: 4. Abra (spekt-
rum). A 1I Chydoridae zéndban honosodik meg e téban. El6forduldsa spora-
dikus, és abundanciaja rendkiviil alacsony, jelenléte novényzet térfoglalasira
utal. A faj északisaga osszeegyeztethets récens és szubfosszilis el6fordulasaval.

Lake Zeribar. MEGARD, 1967: Szerzé kozel 23 ezer évnek megfeleld
iiledékrétegeket elemezve, eurytopikus fajnak tartja. Valemennyi zénéban
el¢fordul — A4-ban kevés, valtozé abundanciaval, jelentGsebb lesz a B zona
tetejétsl, O zéna kozepétsl abundancidja csokken. 15 000 BP-t6l 5000 BP-ig
felmelegedés van, de a h6mérséklet nem lehetett magasabb a mainal. Azoknak
a fajoknak egyike, melyek eurépai vizekben az Allerédben nagy abundanciaval
voltak jelen, megvannak a Lake Zeribar A zdénajaban. A klima ekkor olyan
lehetett, mint a Wallensenben és az Esthwaite Waterban: hiivésebb, mint ma,
a zbéna tetejének megfelels idGben szaraz, a diatomedkrdl itélve a viz alkalikus,
és gyakorlatilag Chara az egyetlen novény, mint els§ submersus forma.

IL. h. Tropusi— kistavakbol nines adat.

IL i. Balaton. A feldolgozott mintakbdl 6sszesen 140 maradvany keriilt
el6, legtobb a jégkorszakvégi mintakbol: 160. sz. mintabdl 87 drb, 140 szamu-
bol 49. S = 74, H = 33, P = 29. Holocén mintédkbél néhény fejpajzs és tobb
héj van feljegyezve. A héjak identifikdldsa nem minden esetben biztos. A 160.
sz. mintaban noévényi térmelék domindal, 140.-b6l néhdny Chara-termés van
feljegyezve.

Az Acroperus harpae eurytherm volta mellett (kifejezett hidegtiiréssel)
szélna egyfel6l a jégkorszakvégi mintakban gyakorisidga, masrészt pedig
tomeges elGfordulasa a nyaron erésen felmelegedd Balaton vizében.



Leydlgla Ieydlgl (Schoedler) 1863
syn. Alona leydigii schoeda1er Leijdigia quadrangularis
(Ley[dig)

4. Abra

I. a&. Daaay Balatonfiredrél és Keszthelyr6l emliti, utalva Richarad
és France QYy(jtéseire, majd Siofokrdl is (1888, 1894, 1897, 1903, 1904).

Ujabb adatok, hatvanas évek: ponyi (1963): Keszthelyi 6bol, nagyob
tdmegben csak egyik nyari mintdban. ponyi (1966): u.a. 6bOl k6zépso, leg-
mélyebb részén.

Sebestyén mintasorozatabdl:

1. Balatonfiired és Tihany kozott, fele uton 1965. VI. 25. nyiltviz;
iszap, m = 365 cm — Egydttes: L. acanthocercoides, Alonella rostrata, Mono-
spilus, Sida, L. leydigi, Alona (sebestyen, 1965: IB tablazat).

2. 1965. VII. 23. Tihany, Kisobol bejarata, nyiltviz jellegd teriilet,
m = 240 cm. L. leydigi, Macrothrix laticornis, Alonella rostrata, Pleuroxus
uncinatus, Monospilus (Collotheca sessilis epibionttal).

3. Balatonfured, 1965. X. 8. Horgéaszohely, nadas: m = 170 cm. A sz(-
redék nadkaparékhdz hasonld. Két elénk vords szinl L. leydigi példany.
Egydttes: Pleuroxus uncinatus, lliocryptus, harom élénk karminvoros példany.
Alona affinis.

4. Balatonfiired, 1966. VII. 12. Nadas el6tt, ritka Innéros (Pét. perf.).
Leydigia leydigi, L. acanthocercoides, Macrothrix, Alona, Pleuroxus.

I. b. Kifejezetten fenéklako, iszapba rejt6zkddik (K tjrz, Littjeborg,
Wagler, Scoureield €S Harding). Parti iszapos terlileteket kedvel, kemény
alzatot bevon6 vékony iszaprétegben (Fisssner). Jég alol is el6kerilt (Livije-
borg). Szerzd balatoni példanyai vords szinliek. Erre vonatkozéan lasd még
Littjeborg Megjegyzését. Hemoglobin jelenléte a kdrnyezet 0,2szegénységére
utal (Gourden, 1966, sars utan). Behatol nagyobb mélységbe (Litijeborg)
és a litorélis 6von tali tertletekre (Muerrer, 1964: 26).

I. c. Maradvanyok fellileti ledékekbdl:

Frey, 1960 b: Mendotaban a harom leggyakoribb faj kozott. Indiana
é“am 3 taVébél Mueller (1964) mutatta kl 3 DeCosta, (1964) 45 té
kézll csupdn négyben nem talalta maradvanyait. Az Illionisbeli Carbon
Lakéban (pH 7,8) a Chydorida-maradvanvok kozel fele e fajhoz tartozik.
Szerz§ eurytopnak mindsiti (V0. Megara, 1967: 185).

Szubfosszilis maradvanyok

Il. d. Altaldban. Frey, 1959: 37, 15—18. &bra H,
1962 a: 15—18. dbra H.
1962 b: 1139, 21. &bra I,
1960 b: 695, 4 5. abra S C
Goulden, 1966 a: S H P, 101. 1966 b: 387—388.
Il. e. Eurdpa. Schleinsee, Frey, 1961: VII. VIII -I1X. hataran, X.
pollenzénakban, kevés, igen szérvanyos.
Herning, Eemi interglacialis. Frey, 1962 b.
I1. f. Lake Nojiri. Nincs adat.
Il. g. Hegyi tavak. Dead Man Lake (Megara, 1964: 1. tdblazat, 20 -21.
abra). A fajszegény, egy rétegben legfeljebb 4 5 Chydorida fajt tartalmazé
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Pleistocén | —V. Chydorida zona mindenikében el6fordul: Az I.-ben zo6najelz6
a Ghydorus sphuericus-szal, a 1V. zéna kis Alona-Leydigia leydigi zonanak van
jelélve. El6fordul a fellileti rétegekben is, hianyzik az an. fekete tledék tébbi,
Chydorida fajokban gazdag rétegeiben.

Szerz§ szerint a zénak a Ghydorus sphaericus és kis-Alondk kombinécioja
egymassal és a Leydigi leydigivelvagy nagy-Alondkkal valtakozva. A zonalis
tagoltsdg nem latszik Osszefuggésben lenni Kklimatikus vagy egyéb Kkilsd
tényez8ktdl indikalt valtozasokkal.

Lake Zeribar, Megara, 1967: 2—3. &bra. Az A és B zbénakban a L.
leydigi nem éri el a L. acanthocercoides abundancigjat. Az a kortilmény, hogy
a B zonédban az Emycercus lamellatus eltlinése utan csakhamar elttinik, s jelen-
léte egybeesik a L. acanthocercoides megjelenésével, a klimaval fokozatos ked-
vez6vé valasara enged kovetkeztetni (12 000—5000 BP kozott). Ez pedig,
a L. leydigi mai elterjedését figyelembe véve, arra utalhat, hogy fajunk intole-
rans a meleggel szemben, de arktikus allapotokat sem tdir.

A L. acanthocercoides targyalasanal latni fogljuk, hogy e téban a chydo-
rida-zonacié valtozdsa 6sszhangban van a palinoldgiai alapon megéllapitott
klimavaltozassal.

Whimpy Lake. pecosta, 1968: 4. dbra. Szerz$ a to Uledékében 4 Chy-
dorida zénat ismer fel, melyekben &ltaldban egy tropusi kis Alona és ket
Ghydorus sp. dominal. A L. 1. altaldban igen kis populacioban szerepel, de az
I. zona aljan fajunk és az Alona quadrangularis abundancidja is elég magas.
A késbbbi rétegekben szérvanyos.

I1. h. Tropusi kistavak. Laguna de Petenxil, Gotjiden, 1966 a: 2 3.
tablazat, Fig. 3. és Aguada de Santa Ana de Vieja, Goutden, 1966 b. El6bbiben
igen kevés és szdrvanyos L. leydigi mellett a L. acanthocercoides és L. parva
maradvanyai vannak jelen. Ut6bbit paday irta le Paraguaybél, tbb adata
nem ismert. Az Aguada Uledékeibdl a Leydigiopsis megalops Kozép- és Dol-
Amerika humid tropikus régiéjaban honos faj maradvanyai keriltek eld.
E faj ekologiai igénye hasonld a L. leydigiéhoz. Spektrumaban mind a rétegek
szerinti el6fordulds, mind az abundancia hasonl6 a L. leydigiéhoz.

I. i. Balaton. Csak 4 Holocén mintabdl keriltek el6 maradvanyai,
legtdbb az Atlanticumbdl. Valamennyi H. A mért hét H hossza 250—309 vy.
kozépérték 271.5. u.

Leydigia acanthocercoides (Fischer) 1854
5. dbra, 8—10. kép

l. a Daday koréabbi balatoni vonatkozdsu munkéaiban (1888, 1897,
1918*) Alona acanthocercoides Fischer néven emliti, késébbi (1904) dolgozata-
ban Leydigia acanthocercoides Fischer néven szerepel. A Dadaylsl A. bala-
tonicanévvel uj fajként leirt Chydorida azonosnak latszik a L. acanthocercoides
FiscHER-rel (Sebestyén 1965: 203, 220).

E faj balatoni elterjedését 1 Sebescyen, 1947, 1948, 1965. A hatvanas
évek eddigi nem kozolt adatai (Balatoni Fauna kataldgus, vazlatok, vazlatos

* A ,,Fauna Regni Hungariaé” = ,,A magyar Birodalom Allatvilaga"-ban (1918)
a krustaceak jegyzékét Daday J. allitotta 6ssze. Irodalmi listajaban a szerzé legkésébbi
munkéaja 1894-bdl szarmazik. A millennium alkalméabél ésszedallitott listanak Arthropoda
része 1900-ban mar készen volt, s meg is jelent. (El6sz6 kelte: 1918. I11. 31.)



255

feljegyzések, minték elemzése S. O.) meger6sitik azt a kordbbi megallapitast,
hogy a L. acanthocercoides a Balaton egyik leggyakoribb fenéklako Chydoridaja
(Sebestyen, 1965: 202). A populacio életpalyajanak rovid aktiv szakasza
kihatasaként évi atlagban ez nem tlinhet Ki (sebestyen, 1965: 220, 1 még
Goutden, 1966: 397). Egyéb adatok a Balatonbdl: rPonyi (1956, 1957),
hinarvizsgalatai soran a Sidban Myriophyllum bevonataban talalta szorva-
nyosan, tovabba 1963: 115) a Keszthelyi-6bolben &L. leydigival azonos tledék
mintakban és mennyiségben. Planktonmintaiba is bekerllt (Ponyi, 1968: ]71).

sebestyen (1964, 2—3. tablazat) horizontélis planktontanulmanya
keretében vertikalis vizoszlop szlredékeben talalta planktonrdkok és maés
iszaplakok kozott. Pl.:

a) DNy tdrész 648 ab sz. minta, 1958. VII. 7. b) Keszthelyi-0bol 694. sz.

minta, 1958. IX. 30. c) Keszthelyi-6b6l bejarat, 786. ab sz. minta.

1958. VI. 9. d) Keszthelyi-6bol kozepe, 785. ab minta.

I. b. Limicol faj (K urz, 1878). Iszapos fenéken él (wagier, Negrea).
Homokkal kevert iszapos fenéken (Lit1jeborg). Lehatol nagyobb mélységbe
iS (Littjeborg, Wagter). E meglehetésen ritka fajrél nincs adat az angol
toévidék tavaibdl (Scoureield és H arding), Negrea, 1966), a ViZSgé.It tavak
egy részéb6l sorolja fel. zemp K. Berg €S Meuche munkéiban nem szerepel.

I. ¢. Levedlett vdzmaradvéanyai tavak felileti Uledékében: Frey,
(1960 b, Madison tavak), b ecosta (i964). Utdbbi a Mississippi-volgy 45 tava
kozll a délies fekvésliekben folyamatosan, az északi szakaszon szdérvanyosan
megtalalta. Déli fajnak mindsiti.

Szubfosszilis maradvanyok

1. d. Altalaban.

Frey, 1958: 4. tablazat.

Maradvanyok leirdsa és abrazolasa (Frey, 1959: 37 és 1962 a: 19- 20.
dbra H, 1960 b: 695, 6. abra, 1962 b: 1139, 8. &bra.

1. e. Europa.

Langsee, Frey, 1955: I11. téblazat P.

Schleinsee. Frey, 1961. Az Uledék fels6 rétegeiben (X pollenzdna),
kevés, szorvanyos. Kordbbi rétegekben nem talalta.

Herning. Frey, 1962 b: Eemi interglaciélis két mintajaban.

Ii. +. Lake Nojiri. Tsukaaa, 1967: a Late glacidlis rétegek aljatol folya-
matosan az Early Post-glacidlis és Late Postglacialison at, a jelent is beleértve.

1. g. Hegyi tavak. Whimpy Lake. b ecosta, 1968: Az el6forduld fajok
tobbségét tevd oly formék koze tartozik, melyek kevés adattal vannak kép-
viselve (Post-glacialis 11, 111 zéna).

Lake Zeribar Irdn. Mmegara, 1967: HosszU geoldgiai kort (£23 000 év)
és a t0 egész torténetét magabanfoglalé tanulmanybdl hatarozottan Kitlnik
a Balatonban is el6fordnlo keét iszaplako Leydigia-faj eltér6 héigénye (186. o.).
A legrégibb A zénaban (fanélkili steppe, szaraz hideg klima, 23 000 B.P.—
12 000 B.P.) csak sporadikusan van jelen. Abundanciajanak allandé emelke-
désével zoOnajelz6 lesz, mutatva a Chvdorida egyuttesben bekdvetkezett
Iényeges valtozast (felmelegedés), elérve az Osszes kladocerak kozott a leg-
magasabb értéket. B zonaban, noha alacsony abundanciaval, mér tropusi
fajok is jelen vannak (12 000 B.P.—5000 B.P.). A C zdnaban (5000-t6l) még
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mindig a leggyakoribb kladocera, jéllehet az abundancia csokken. Ekkor a méig
is tarté tolgyerdd uralkoddsa veszi kezdetét.

II. h. Tropusi kistavak. A Laguna de Petenxil kladocerdi nagyrészt
Dél-Amerikaban elterjedt fajok (GourpENw, 1966). A két hazai Leydigia
mellett a DapAY-t6l Paraguaybdl leirt L. parva is el6fordul. A furat spektrum-
jaban a L. parva és L. acanthocercoides spektruma nagyjab6l azonos. A B-ben
kit(inik a L. leydigi alarendelt szerepe a L. acanthocercoides-hez és a L. parva-
hoz viszonyitva.

La Aguada de Santa Ana de Vieja. GoUuLDEN, 1966 a: Kevés adattal
van képviselve mind a mintak szamat, mind az abundanciat tekintve.

IL i. Balaton. A B 28 furat feldolgozott mintdib6l 91 maradvéany keriilt
el (37 P, 21 S, 17T H és 16 C + E + héj széle). Maradvanyok a 120. sz. és
valamennyi Holocén mintdban voltak. El6fordulisuk gyakorisiga részben
e faj délies affinitdsdval, masrészt a récens el6fordulis gyakorisigaval van
osszhangban (vo. SEBESTYEN, 1968: 220—-221).

Pleuroxus truncatus (0. F. MULLER) 1785
Syn. Peracantha truncata (0. F. MULLER) 1785
(1. EpmoxpsonN, 1959: 649, SmirNov, 1966: 62)

I. a. Tavunkbdl egvediil Korrisz jegyezte f6l: tihanyi vizekbdl gytijtott
nyari mintdkbol Potamogeton és nadas szomszédsagabol. Nyiltvizi plankton-
mintaiba is bekeriilt, bar nem oly gvakran, mint Sida (Korrisz, 1933, ExTz,
KorTAsz és SEBESTYEN, 1937).

L. b. Tavak parti 6vében, kisvizekben, técsikban és mocsarakban fordul
el6 novénvzet kozott, ill. ily teriiletek iszapjaban (LinLieBore, K. BERG,
WAGLER, SCOURFIELD és HARDING, ZEmp: Kurépa, Szibéria). Gyakorisiga
algaszovedékben a Chydorus sphaericusé utian kovetkezik. Abiotikus alzat
vékony moszatbevonatabdél régebben ismert (Laxcmaxs, 1911, MEUCHE
utan). Hl6fordulisa a mész-szegény Pinnseeben — egyediili kladoceraként —
tomeges (MEUCHE). Az angol tévidék alacsony fekvésti tarn-jaibol (magas
Osszion-tartalom [SMyLy, 1958], GOULDEN, 1964 utén), Dania szdmos vizébsl
(lakes, ponds, K. BEra) ismert. Erdsen savanyu vizeket — WAGLER szerint —
keriili. (I. még NEGREA, 1966) Fitofil aprésiagtalé. A Stechling-See vidékén
novényzet kozott parti és nyiltvizi teriileteken nagy tomegben él. Siddhoz,
Polyphemushoz, Alonopsis elongatahoz hasonléan leginkdbb elszakad litoralis
teriiletektél. Alzatdhoz nem ragaszkodik erésen. Ekologiailag atmenetet képez
eulemnetikus formédkhoz (FLOSSNER, 1966). Az Esthwaite Waterben plankton-
ban is (GOULDEN, 1964).

Szubfosszilis maradvanyok

II. d. Frey, (1958): Kléfordulis, maradvinyok leirisa és abrizolisa
H kivételével. H jellemzése, abrazolasa, 1. Frey (1959): 39—40. FrEy,
(1962 b): 1141, 22—50. 4bra. GOULDEN, 1944: 29, 1. tiblazat.

IL. e. Wauwiler See, Zump (1941): Tavikréta- és kultarrétegekben, nem
ritka. S mind him.

Lingsee, FrEY, (1955): III. tablazat S.

Wallensen, Frey (1958): S (legtébb), P H C E. 1-2. tabldzat. F&ként

a Late Glacidlisban, hasonléan a Pleuroxus trigonellushoz.
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Schleinsee. FrReEY (1961): El6fordulids kevés és szérvanyos, folyama-
tosan a VII —IX.-ben, legtobb a IX. aljan, X.-ben is.

Herning. FrEY (1962 b): 1 2. tdbldzat, altalaban kevés, szérvanyosan.
Legtobbje S, egyetlen H, az Eemi interglacialisban.

Esthwaite Water, GOouLDEN (1964): El6szor az Atlanticumban (VII)
jelenik meg, innen folyamatosan, — ma planktonban is.

II. £ -h. Lake Nojirib6l, hegyi tavakbdl és trépusi vizekbol nines adat.

II. i. Szubfosszilis balatoni adat nincsen.

A Paracantha truncata alakja, f6ként idény szerint valtozé (LiLrLiEe-
BORG, K. BErG). Habitatjanak ekolégiai jellegérdl, ill. e faj ekologiai valen-
ciajarol még nines egységes képiink. FLOSSNER adatai felkeltik az érdekldést
ilven vonatkozisban (1. I. b). A szubfosszilis maradvanyok legnagyobb része
héj, mely a faji felismeréshez elegendd, de vékony és tobbnyire gyiirott allapot-
ban keriil el§ (Frey, 1958: 256).

Paleolimnoligiai adatok arra engednek kovetkeztetni, hogyv a hideget
tiri (Wallensen), de &altaldban melegebb klima (interglacidlisok) kladocera
faundjahoz tartozik, Pleuroxus fajokhoz hasonléan.

Plewroxus laevis G. O. SArs 1861%
6—7. dbra

L. a. Dapay 1904-ben (p. 56, 94) a Balatonbdl nem ismert fajok kozott
sorolja fol.

SEBESTYEN (1948) a tihanyi Godrosben (mocsaras jellegii szélviz, Bulo-
mus wmb. pH 8,06) talalt egy petés néstény példanyt (h = 660 @, S = 550 u)
Alonella excisa és A. exigua tarsasagaban (1947. X. 22.).

Poxvyr (1962) kevés példanyt jegyzett fel, nadasbol (Scirpeto-Phragmi-
tetum fontinalosum [hydrocharetum]).

I. b. Svédorszdgban sth. szérvanyos. Altaldban kis vizekben, nagyvizek
parti 6vében, folyok lagundiban honos, dius novényzet kozott (LILLIEBORG).
Széltében elterjedt, nem kozonséges, iszap és novényzet kozott él6 faj. Az
angol tovidékrol és Daniabol kevés adat. — WAGLER szerint ritka. NEGREA
(1964, 1966) a vizsgdlt hét t6 kozil kett6bsl emliti ezt a nagy tavak parti
ovében, zavaros vizi kis vizekben honos holarktikus fajt. ZEMP szintén ugy
ismeri, mint nagy tavak partjan és kis vizekben él6 format. A németorszagi
Stechling-See vidékén igen szérvanyosan fordul el6 mind novényzettel benstt,
mind novényzet nélkiili habitatokban, de nem ubiquista. Az iiledék feliiletén
levé detrituszgazdag réteghen (ooze) kiillonboz6 novényi cenozisokban honos.
Synekolégiai szempontbdl a Simocephalus csoportba tartozik, melynek habi-
tatja ,,Laubdy in Erlenbriichen” (FLOSSNER, 1966).

I e. Kiils6 vazdnak maradvanyait a Mississippi-volgy E D szakaszdban
tavi iiledékek felszini rétegében keresve, 45 t6 koziil csak harombdl emliti
DrCosrta )1964), Pleuroxus hastatus. H = 6,5 7,1, 7,7). Az USA-ban ritka
(EpmoNDsoN, 1959).

* LILLIRBORG szerint a Plewroxus laevis azonos a P. hastus-sal. Ut6bbi néven
hazénkbol régéta ismert (Dapay, 1904: 94). — A. P. laevis G. O. SArs 1861 és P. hastatus
G. O. Sars 1962 fajok azonossdgara 1. MEGARD, 1967: 186. jegyzet.

17 Tihanyi Bvkényv
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Szubfosszilis el6fordulés

1. d. Altalaban.

Frey, (1958)2 ZEMP-re utal, ami azt jelenti, hogy régebbi adat e faj
szubfosszilis maradvéanyairél nincs az irodalomban.

Il leirdasa és abrazolasa. Frey (1959): 39, 55. dbra. (1962a): 55. abra.

Il. e. Eur6pa Wauwiller-See. zemp, 1941: Tavikréta rétegben, n¢j, ritka;

Schleinsee, Frey (1961): VIl -1X—X pollenzéndban, végig, kevés.
Esthwaite Water, (lour,den, (1964): 1. 3. tAblazat. 29. 0. Kevés adat, bar tobb
mint akar P. trigonellusbdl, akar P. uncinatusbol. Elsé megjelenése az Atlanti-
cumban. VII a-ban szérvanyos, VIl b-ben a P. trigonellus helyébe Iépve jelen-
léte meglehet6sen folyamatos, kiiléndsen e zéna felsd részén. H S P.

1. f. Lake Nojiri. Tsttkada (1967): SzoOrvanyos adatok a korai Post-
Glacialistél (Ri) végig.

1. g. Magashegyi tavak. Lake Zeribar, Megara, (1967): Noha a B és (J
Chydorida z6naban maximalis s(iriséget elért fajok legtobbje déli, két kozmo-
polita is el6fordul: Alona affinis és Plamoxus laevis. Utdbbiak abundanciaja
(az Uledék cc X 104ben adva) altalaban alacsony. A P. laevis legmagasabb
ertékei idején a Camptocercus rectirostrise is magas érték(, Leydigia acatho-
cercoides pedig hidnyzik vagy csak kevés.

Whimpy Lake. (pecosta, 1968): E faj maradvanyainak jelenléte csak
egykrii’:t(legb(jl van feltliintetve (Il b. zdéna, Postglacialis kornyezet), alacsony
értékkel.

Il. h. Trépusi kis tavakbol nincs emlitve.

1. i. Balaton. Egyetlen P kerult el6 az Atlanticusb6l. Egy S a fellleti
rétegbdl kérdéses (rajz). A balatoni el6fordulds mind récens mind szubfosszilis
adata igen kevés ahhoz, hogy értelmezni lehessen totorténeti szempontbdl.
Elterjedésére vonatkozd récens adatokbol sztenotdpidra lehet kdvetkeztetni.

Pleuroxus aduncus (Jurine) 1820
8—10. abra

. a. Daday 1904-ben (94. 0.) a Balatonb6l nem ismert fajok kozott
sorolja fol.

Balatoni el6fordulasa Tihanyban a Godros el6tti naddas szélérél van el6-
szor jelentve (sevestyen, 1948: 111. o. tablazat). Itt a keskeny nédas és a
partvonal kozotti mocsaras jellegli szelvizekben korhadé nadmozaik, néad-
tormelék és kulénb6z6 mocsari noveények kozott ismételten talélta a szerzé
(1945. VII1. 8., XI. 6., 1946. V. 28.). Az 6szi mintakban petés és ephippiumos
néstények meg himek voltak. El6kerilt még a furedi nadasbdl (1949. X. 25.)
és a tihanyi Kisobolbdl (1953. VI. 25, 1965. VII. 27, VIII. 3)).

Furedi vizek Ceratophyllum-allomany&bdél valamint nadasok mind-
harom asszociécidjabol ponyi jegyezte fel (1965, 1957, 1962).

I. b. Eurdpai szerz6k szerint altaldban kozonséges faj, mocsarakban,
kis vizek, tavak parti 6vében s folyokban is él (Litijeborg, K. Berg, Zemp,
Fisssner). Algabevonatban nem ritka (Meucne, 1939). Déanidban nem
kozonséges (K. Berg). Svédorszdgban nem hatol annyira északra, mint a
P. trigonellus (Litijeborg). Romanidban altaldban ritka (Negrea, 1966).
(USA nyugati részén, novényzet kozott és pool-okban, wara €S Whippie
2d). A németorszéagi Stechling-See vidékén hatarozottan fitofil, kis tavakban
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bevonat — és detritus-gazdag novényzet kozott, melyek névénycenoldgiai
szempontb6l tavir6zsa hindrosokba sorolhaték. Hatérozottan kerlili a Pota-
metum lucentis tarsulds habitatjait. Alzathoz szorosan ragaszkodd szemi-
lakusztris forma. Synekoldgiai szempontb6l az Acroprrus csoporthoz tartozik

(Fressner, 1964)

I. c. Akulsd vaz részeit a Mendota tavak négy egységének feliileti (iledé-
kében Frey %yakorinak talalta. Szerz6 felhivja a figyelmet a fejpajzs rostralis
részének rovidségére mindkét nemen, méas északamerikai Pleuroxus-ia,]dké\ioz.
viszonyitva (Frey, 1960 b: 696, Il. tdblazat, 20—=25. abra — H S).

Szubfosszilis maradvanyok

I. d. Altaldban kevés irodalma van.
Frey (1958) 4. tablazat.
(1959: 39 H leirasa
(1962 b): 1141, 54. abra (H)
(1960 b) 1 fentebb.

I. e. A \vauwiler See hajdani t6 ledékébdl zemp (1941) e faj héjat és
postabdomenjét mint gyakori elemet jegyezte fel a tavikréta- és kulturrétegbdl.

A déniai hajdani t6 (Herning) Eemi interglacialis rétegében egyetlen S
(Frey, 1962).

Il. f. Lake Nojiri, nincs adat.

Il. g. Hegyi tavak. Lake Zeribar (Megarda, 1967: 2—3. abra spektrum,
maradvany per cc tUledékx 103). Eléfordul az A B C pollen z6nékban (184 o.)
kevéssé valtozé sdrliségben. Szerzd e dolgozat paleo-zoogeografiai fejezetében
felsorolja azokat a fajokat, melyek a to tortenetének teljes folyaman jelen
voltak. A Pleuroxus aduncus is csaknem mindig jelen van a t6 torténetében,
de nem hatol annyira északra, viszont (Harding, 1955, szerint) meglehetdsen
gyakori a trépusokon. E fajok elterjedése arra utal, hogy meglehetsen ko-
zombosek a klimavaltozasokkal szemben.

Il. h. A két hegyi té Uledékéb8l mas Pleuroxus fajok maradvanyait
emlitik a szerzék.

I1. i. A feltart balatoni tledékmintadkban nem talaltam Pleuroxus aduncus
maradvanyt. A balatoni recens populacidban el6fordulnak hosszu és révid
rostrumuy példanyok (10. &bra). A $ héjanak posteoventralis sarkan levé fogak
szdma valtoz6 még ua. példanyon is. Pl. 1945. XI. 6. gy(ijtott példanyon
fiatal = 2-2 fog, kifejtett »: 1 2, 2—2, 2—3, 3—4 fog (L mégFrey, 1960 b,
Smirnov, 1966).

A postabgomen széle és distalis vége, az antennak és a Md fistszind,
ami er@s chitinezettségre utal (hasonléan az Alonella rostrala-rn és Pleuroxus
uncinatusra,). A taplalkozasban résztvevd labak egyes sertéi is szinesek. Tdbb
szerz6 megjegyzi, hogy a Pleuroxus aduncus utépotroha igen hasonlé a P.
trigonelluséhoz. Harding €S Scotjrfieta mutat rd a kilonbség lényegére:
a P. trigonellus utépotrohanak dorzalis szélén fogak vannak, a P. aduncus-én
sertecsoportok. A rovid, egy sikba es6 sorokba tomoriilt serteegységek bazalis
végének rovid vonala szoget alkot az utépotroh dorzélis szélevel. Az egyes
sertecsoportok nem simulnak r& az utépotroh oldalara, hanem arra kozel
mer6legesen helyezkednek el, s az utdpotroh laterélis nézetében egymast
részben fedik. igy jon létre az a latszat, mintha tébb fog volna egy csoportban.
A targylencse fokuszat valtoztatva, Kitlinik a valé helyzet. A postabdomen
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armaturajanak hasonlo elhelyezkedése fordul elé az Alona rectanguli-n (récens
és szubfosszilis példanyok a Balatonbdl) és egves esetekben az Alona quadran-
gularis balatoni maradvanyon.

1945. novemberében gytijtott példanyokbdl sikeriilt tébb mint féléven
at nyerstenyészetet fenntartani laboratériumi koriilmények kozott (Balaton-
viz, szobahdmérséklet, taplalék: szaritott-poritott hindr). A héjak kozé bevont
zoldalga-fonalakon maszkaltak, s az arra tapadt finom detritusz-térmeléket
gylijtotték ossze bonyolult felépitési labaikkal. A folosleget idénként kilokték
az utépotroh karmaval. Taplalkozas kézben az utolsé labpar és a mandibuldk
ritmikus mozgasa figyelheté meg (lélegzés, felaprézis). A fonalakon lassan
egvenletesen ‘haladnak vagy egy helyben vevtegelnek Usz6 mozgisuk a
rovid antenna szapora mozgésa kovetkeztében remegs, de gyors.

Az a koriilmény, hogy a P. aduncus —— az irodalom szerint — kis vizek-
ben és tavak parti 6vében gyakori fitofil forma, tovabbé, hogy szubfosszilis
maradvanyok kevés adata kis vizekre szoritkozik, arra utal, hogy populéciéja
— tavi vonatkozasban — nem lehet népes. Kis terjedelmii parti teriileteken
(tihanyi Kisobol, Godros, nadason beliili szélviz) vett mintdk elemzése e faj
mozaikszerii el6fordulasira utal.

Pleuroxus trigonellus (O. F. MULLER) 1785
11. dbra

L. a. Dapay (1897) a Balatonbdl és a Kis-Balatonbdl emliti: Balaton-
fiireden FraNCE gy(ijtotte hinaros partrél. MeglehetGsen ritka, a Kis-Balaton-
ban gyakoribb.

Tihanyi vizeken Potamogeton ,sziget’”-nél, nddas kozelében s nyiltvizen
Korrisz (1933, E-K-S, 1937) gyfijtotte.

Ujabban makrovegetacié nélkiili tihanyi vizteriilet iszapjabdol (1965.
VII. 9. A, — B, kozott 420 cm viz aldl) és (1968. X. 31, vizmélység 270 cm)
Tihanybdl jovet joval a fiiredi strand el6tt jutott az iszapmarkoléba. A korabbi
minta adatai: tipikus kékessziirke iszap, feliiletén vékony drap réteg,* t —
viz 20 C°, t = levegd 19 C°, Secchi 61 ecm. Egyiittes: Alonella rostrata, Alona,
Pleuroxus. Utébbi minta adatai: sziirke homogén iszap, feliiletén vékony drap
réteg. H,S szag. t = viz 10,5 C°, Secchi. 113 em. Sok kladocera: Macrothrix
laticornis, A rostrata Q@ 3, P. uncinatus @ 3, Pleuroxus trigonellus @, 3 Mo-
nospilus. Legtobb a Macrothriaz és Pleuroxus.

L b. 'lan,]s lassu folyéast vizek csekély mélységében, iszapon, de néhany
fonalnyira is (LitLsesora) (1. FrEY, 1960 b). Széltében elterjedt novényzet
kozott és iszapban (SCOURFIELD és HArDING). MeglehetGsen szaporanak
tlinik, noha altalaban kis szamban fordul el§ (K. BEra). — Gyakori (WAGLER).
— A Stechling-See vidéki vizekben fenéklaké iliophil forma. A parti 6v iszapos
iiledékét kedvels, ekolégiailag egységes Alona quadrangularis-csoport tagja
(hasonléan a P. wuncinatushoz). El6fordul homokon, moszatbevonaton, no-
vényzet kozott is (FLOSSNER, 1964: 58, 69, 74, 90. stb.).

* Kz a tavi iiledékek feliiletén ismételten megfigyelt vékony drap réteg legnagyobb
valészintiséggel abbél a morzsolt k6zethsl (murva) szérmazik, mellyel az utébbi években
— homok helyett — a té kérnyéki parkok utjait szoktdk felszérni. Dolomit eredett. Ez
az anyag az utakon nedvesen viligos sarat ad, szérazon elhordja a szél, elszérja a kor-
nyéken, a vizben, beviszi a partkozeli lakdsokba. is.
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L e¢. A kilsGvaz részeire vonatkozé adatok feliileti iiledékekbdl.

Madison tavak. Frey, 1960 b: Kengosa kivételével mindenik téban
igen kevés.

Indiana allam harom taviban, kevés. MUELLER, 1964.

A Mississippi-volgyszakasz feldolgozott tavainak kb. felében van, tobb
déli fekvéstibdl hianyzik. Legmagasabb 9%,-ban a Lake Geneva-ban (pH 7,1),
DeCosra, 1964.

Szubfosszilis maradvidnyok

II. d. FrEY, 1958: Maradvanyok elGfordulasara vonatkozdé irodalom,
S H P C E leirdsa, abrazolasa.

FrEY, 1959: 40, 1962 a: 58—459. dbra, fejpajzs leirdsa, dbrazoldsa.

Frey, 1962 b: 1141. 7, 26, 51. dbra.

GOULDEN, 1964: 28: FrEY vizsgilati eredményeinek rovid osszefog-
lalasa.

IL. e. Eurépa. Langsee, FREY, 1955: 156, I11. tdbldzat (3 P)

Wallensen, Frey, 1958: 1 2. tdbldzat: Maradvinyok és gyakorisi-
guk (2. tdbldzat). A taldlt fajok kozottik a P. trigonellus-maradvanyok
spektruma. Maradvanyok gvakorlatilag hidnyzanak a szubarktikus klima
idején (Ia pollenzéna. Older tundra period) és a III pollenzonabdl (Younger
Dryas). Lényegileg az Upper Alleréd (IL b) és utébbi, valamint a IIT haté-
ran, tovabba a III és IV hataran (lapos allapot) fordulnak elé maradvéanyai.
Az Allersd intervallumban populiciéja Kkicsiny.

Schleinsee. FrREY, 1961: VII-ben és a VIII mdsodik felében a legg\ ako-
ribb Chydoridae. Ezutén csokkent és kb. azonos marad a IX—X végéig.

Herning, FrEy, 1962 b. A Pleuroxus- nem négy, ill. 6t képviselGjének
(P. trigonellus, P. aduncus, P. uncinatus, P. sp. - Peracantha truncala)
maradvanyai szerényen vannak képviselve az Kemi interglacial kozépss és
kés6i rétegeiben. A P. trigonellus és a Peracantha ardnylag a leggyakoribb.
(1—2. tabldzat, S H + egyetlen P, mindossze 18 db.). Spektrum: Fig. 3,
dabrak: 7, 26, 51.

Esthwaite Water. GOUuLDEN, 1964 : A furat mintdinak elemzésekoregyet-
len Pleuroxus faj maradvanyéit sem taldlta. A VI—VII. pollenzéniban Atlan-
ticum Post-atlanticum (7able 3.) S H P néhdny minta negativ. E periédus
spektrumabdl (Fig. 6.) kitlint, hogy a genus tobbi tagjaval Osszehasonlitva,
a P. trigonellus el6fordulisa a legfolytonosabb, habar nem nagyobb a popula—
ci6. Szerz$ véleménye szerint a Pleuroxus fajok (P. trigonellus, P. laevis, P.
uncinatus ), valamint a Peracantha sth. megjelenése az Atlanticumban és Post-
Atlanticumban kézvetleniil utal a klima ameliorizici6jira.

II. f. Lake Nojiri. Nincs adat.

IL. g. Magas hegyi tavak koziil csak a Lake Zeribar iiledékeiben van adat.
MEGARD, 1967: 63-furat C zéna: igen kevés. Szerz$ szerint a P. trigonellus
annak a négy fajnak egyike, amelynek a t6 torténet kiilonbhoz6 szakaszaiban
rovid életli populdciéi fejlédtek (Oxyurella tenuicaudis, Alonopsis ambigua,
Alona quadrangularis, Pleuroxus trigonellus.

IL. i. Balaton. Kevés maradvany P H S (1. tabldzat).

A kilfoldi szubfosszilis adatok és a balatoni maradvianyok mérlegelésével
hangsilyozni lehet GOULDEN szavait (1964: 28): ,too little is known of its
ecological requirements to interpret its abundance in lakes”.
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1. TABLAZAT

B28 furat kilenc mintajabdl feltart és e dolgozatban targyaltkladoceramaradvanyokgyakorisaga
% értékek az Osszes kladocerakra vonatkoznak

160 140 120 100 80 60 40 20 1 Minta  Sample
870 330 290 250 208 170 123 60 0—3  melység depth Fajok
cm Species
La 1.b 1n—Iv \Y, VI \ll VIl 1X X pollenzona
78 15 4 + 8 3 2 — — db Eurycercus
18.71 6.97 1.02 147 091 0.44 — % lamellatus
8 5 — 2 1 '— — 1 1 db  Camptocercus
191 2.32 0.72 0.18 0.30 0.15 % rectirostris
87 49 3 -L + + + 1 + db Acroperus
20.80 22.79 0.76 0.36 % harpae
— — — — 8 1 5 — i db Leydigia
147 030 112 015 9 leydigi
— — 5 + 20 11 31 6 18 db  Leydigia acantho-
1.27 367 334 695 219 282 9 cercoides

db Pleuroxus
0 truncatus

— — — — 1 — — — 1 db Pleuroxus
0.18 015 9 laevis
— — — — — — — — — db Pleuroxus
% aduncus
— — 2 _ 1 _ _ _ — db Pleuroxus
0.51 0.18 % trigonellus
2 — 2 — 12 4 1 — 1 db Pleuroxus
0.47 0.51 220 121 112 015 9% unc. balat.
— _ -f _ 14 _ _ _ 6 db Pleuroxus s, .
2.57 1.12 0.94 94

Pleuroxus uncinatus Baira 1850
12—15. &bra, 11—13. kép

I. a. A Magyar Fauna Katalégus (1918) a Pleuroxus nembél a P. tri-
gonellust és a P. balatonicust emliti a Balatonbdl. Az ugyanott felsorolt ,,Pleu-
roxus excisus és a ,,P. exiguus” ma az Alonella nembe van sorolva. Ennél tobb
a BTTE Fauna kotetében (1897) sincs e nemre vonatkozéan. p aday a Pleu-
roxus balatonicusrél Siéfokon talalt néhany példany tanulméanyozésa alapjan
tesz elG6szor emlitést (1884), melyek, miutdn himet nem emlit, mind $-k
lehettek. Leirdsat, rajz nélkil, magyarul és németil adta (1885: 182, 162).
Megel6z6 évben ue. folyodiratban (12. 0.) név szerint emliti, s megjegyzi,
hogy RiICHARDnal (1891) is e néven szerepel. Rajzat 1888-ban teszi kozzé
(Taf. 1. Fig. 45—46). Tudjuk, hogy a P. glaber és a P. personatus, melyekhez
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az Ujonnan leirt kladocerat hasonlénak véli, synonimjai a ma hasznalatos
P. uncinatus Baira elnevezesnek. (L még Littjeborg, 1900: 538). Morfoldgia-
jarol, tobbek kozott, megjegyzi, hogy a héj posteoventralis sarkaban fog nincs,
és hogy az utépotroh karma sima (L Frey, 1965).

Sebestyen (1947) a negyvenes években a Tihany el6tti nyiltviz iszapja-
ban talalt Pleuroxus példanyokat P. balatonicusnafc véli, azon az alapon, hogy
1944 novemberében Tihany el6tt nyiltvizi iszapban és a Kisobol kulénb6zo
habitatjaiban lelt himek utopotroha kuldnbdzik eurdpai vizekbdl ismert mas
Pleuroxus-injok himjeiét6l abban, hogy az hasonlé a $ példanyokéhoz. sebes-
tyéen IS megjegyzi, hogy a $ példanyok héjanak posteoventralis sarkaban
fog nincsen. 1945. jalius 6-an fiatal $ példanyt talalt egyetlen nagy foggal
(egykoru rajz). E kérdéssel még érdemes foglalkozni (Smirnov, 1966: 190).

Sebestyeén, 1948. munkdjdban mind a P. uncinatust, mind a P. bala-
tonicust felsorolja, ui. 1947. X. 29-én a tihanyi GOdros tdjan parti vizben
tipikus P. uncinatus himeket jegyzett fel (Sebestyen, 1948. Tablazat).

Tobb, mint 10 év elteltével R. Sramek-Husek (1959. 4. 1. in litt) hivja
fel a szerz6 figyelmét arra, hogy a P. balatonicus himjére vonatkozé 1947-ben
kozolt rajzok valdszinlileg androgyn példanyokat abrdzolnak.

A hatvanas években szamos balatoni peldany gondos atvizsgalasa utan
Erey Mmegallapitotta, hogy gynandromorph jelensegrdl lehet sz6. Tenyészeté-
ben ugyanis nem tipikus $ példanyok vas deferensében kifejlett spermiumot
figyelt meg (Frey, in litt.). Véleménye szerint a ,,balatonicus” megjel6lés leg-
fentebb varietds érték( lehet, azon az alapon, hogy a balatoni példanyok az
irodalomban megadott méretnél kisebbek, egy populaciéban kétféle himek
fordulnak el?, s a $ példanyokon a héj posteoventralis sarkdban nincs fog
(Frey, 1965).

Hogy e fajon gynandromorph himekkel egyidejlleg a P. uncinatus
BAIRD-re jellemz6 himek is el6fordulnak a Balatonban, bizonyitja az is, hogy
Sebestyeén 1963-ban Tihany el6tti nyiltviz iszapjabdl szarmazott régi minta
(No. 51., 1947. X. 29.) (jravizsgalasa soran a P. uncinatusra tipikus himeket
talalt (12 é.bra) L. még Smirnov, 1967: 567, 570)

A kovetkezdkben a balatoni recens populacio megjel6lésére a Pleuroxus
uncinatus Baira 1850. v. balatonicus pDaaay 1884 megjel6lést hasznalom.

Fenéklakd kladocerakra vonatkozo6 Gjabb mintasorozataim (1963 —1969,
M 1—65, kb. 250 minta) legtdbbje Pleuroxusra pozitiv volt (részletes feljegy-
zés, egylttesek és habitatok vazolasa, vazlatok keziratban). Leggyakoribb
a Pleuroxus uncinatus v. balatonicus. Igen kevés adat vonatkozik P. aduncusra,
P. trigonellusra és P. laevisre.

leuroxus uncinatus balatonicust a Balatonban a kdvetkezd helyekrdl
gyljtottem:

Tihany el6tti (a Tihany félsziget K. partja el6tt) nyiltviz iszapja (AL
gydjthely a horizontélis planktonvizsgalatokban: sevestyen, 1964). A negy-
venes évek iszapmintdinak is gy(jt6helye (Sebestyen, 1947).

Ar t6l a Kisohol tengelyében a part felé menve, még nyiltviz jellegd
tertileten (6bol bejarata), két kisnadas kozott, az 6bol valtozatos habitatjai-
ban, parti detritusz-tarzésban, szélvizi neusztonban (Sebestyen, 1965:
192—193). — Tihany, Godros tajan, nadasmenti szélvizek és tledékik.

Balatonfired, nadas kozelében, strand el6tt.

Balatonfured—Tihany, fele Uton: tipikus nyiltvizi tledék.

Keszthelyi 6bol: parti szélvizek, a strandtol EK-re.
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Planktonmintaba is bejut: kis teriiletnek megfelels vertikalis vizoszlop-
szlrés (SEBESTYEN, 1964: 232 233, 2 - 3. Tabldzat: 676. sz. planktonminta, A,
gylijtéhely, 694. sz. planktonminta, Keszthelyi-obol, a Zala beomlése elGtt.
Tychoplanktikus elemek is felsorolva).

Pleuroxus uncinatus balatonicust tartalmazé iiledékminta adatai: 1968.
X. 12. Tihanytél keletre az A, gy(ijt6hely vonaldban, m = 355 em, t viz —
14 C°, sziirke kénhidrogénszagi iszap, feliilletén vékony drap réteg: P.
uncinatus balatonicus nagyon sok @ 3, Alonella rostrata petés és ephippiumos 2,
nagy Alona egy-egy, Monospilus, Ectinosoma abraw, Micronecta, Turbellaria
cocon, Bolryococcus.

1968. X. 12. Balatonfiired Tihany kozott fele utan, v > 3 m. Makro-
vegetacié nines: Pleuroxus Q, nagy Alona, Kkis-Alona, Monospilus,Alonella
- rostrata, Macrothriz laticornis — Ectinosoma, Micronecta.

L. b. Holarktikus (NEGREA), széltében elterjedt gyakori faj, f6ként tavak,
de kisvizek iszapos fenekén is (LILLJEBORG, K. BERG, SCOURFIELD és HAR-
DING, ZEmP, NrarEA). Chérdsokban detrituszban gazdag iszap-padokon
FLOSSNER). — Az iiledék homokos voltara valamint makrovegetacio jelen-
létére vonatkozoéan eltérdek a megallapitdsok (LILLJEBORG, ZEMP, FLOSSNER).
— Iliobiont, Kurz a limicol fajok kozé sorolja — Pleuroxus (Rhyophilus)
glaber ScHOEDLER néven. Lehatol nagy mélységbe is (LILLJEBORG, FLOSSNER).
FLOSSNER az Alona quadrangularis ekolégiailag jol koriilhatéarolhatd, egvséges
csoportjaban sorolja. A parti 6v iszapos fenekfi habitatjira jellemzdének itéli.
Iszapos iiledék taxocoenozisdban négy subdominans faj kozé helyezi.

I. e. E-Amerikai tavak feliileti iiledékébl P. uncinatus maradvinyok
nincsenek emlitve.

Szubfosszilis maradvianyok

I. d. Altaldban.

FrEY, 1959, 1962 a: 56—57. dbra 2 3 H leirdsa, dbrizoldsa,

Frey, 1964: 48 Utal KorpE (1956) fejpajzs dbrazolasara.

OULDEN, 1964: El6fordulasinak osszefoglalisa Rossorimotél kezdve.

II. e. Eurépa Wauwiler See, Zrmp, 1941. S, a posteoventralis sarokban
erGteljes fogak. Seekreide és kulturrétegek leggvakoribb maradvanyai kozé
tartozik.

Lingsee, FrREY, 1955: P.

Schleinsee, Frey, 1961: a VIII végén lép fel. A IX —X pollenzéniban,
lényegesen kevesebb adat, mint a P. {rigonellusb6l. X-ben a legtobb.

Herning profil, Dénia, FrEy, 1962 b: Az Eemi interglacialish6l néhény
maradvéany.

Esthwaite Water, GourLpex, 1964. Hianyzik a II -V pollenzénabdl,
igen szorvanyos a VI—VII b-ben. Az el6fordulé P. fajok koziil az uncinatusrol
van legkevesebb adat.

II. f. Lake Nojiri, TSukaDA, 1967: A vizsgalt rétegekben — a hamuesét
megel6z3 id6kben is — végig megvan.

II. g—h. Magas hegyi tavakbdl és trépusi kistavakbol mas fajok vannak
emlitve.

II. i. Balaton. Az elemzett kilenc mintab6l harom kivételével (20, 100,
140) keriiltek eld maradvanyai. Gyakorisig H > P > S.
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Bar recens adatok arra utalnak, hogy tavunk egyik leggyakoribb iszap-
laké Chydoridaja, a maradvanyok szamszer( adatai ezt nem tukrozik vissza.
Ezt az ellentmondast talan ugy lehetne magyarazni, hogy fajunk maradvényai
nem annyira id6talléak, mint mds Chydoridae fajokéi. Kérdés, hogy lehet-e
ezt a P. uncinatus balatonicus hidrofil voltaval kapcsolatba hozni ?

A Wauwiler See kivételével, a tekintetbe vett eurdpai tavak tledékeiben
(Esthwaite Water, Herning) fajunk kevesebb maradvannyal van képviselve,
mint e genus mas tagjai. A japani Lake Nojiri Uledékeiben is a P. u. marad-
vany kevesebb, mint a P. laevis-é.

A Late Pleistocenbdl el6kerult maradvany (két fejpajzs és egy héjpar,
utobbi qualitativ mintabdl) talan kevés ahhoz, hogy messzemené kévetkez-
tetéseket lehessen levonni, bar, mint a faj létezésenek bizonyitéka, jelenléte
esetleg felmelegedésre utalhat.

Feltlinden kiugrik aranvlag sok adataval a 80. sz. minta (Atlanticum,
H P S), mely mintabdl csak az a két Pleuroxus faj maradvanya hianyzik,
melyekrél egyetlen mintaban sem volt pozitiv adat.

Him fejpajzs a 120 mintabol kerllt el (a jégkorszak vége, Holocén
kezdete).

Osszefoglalas

E tanulmény folytatdsa sebestyen (1969 a) hasonld targyd dolgozata-
nak. A most feldolgozott Chydoridak: a) Emycercus, Camptocercus, Acroperus,
b) két Leydigia faj, ¢) 6t Pleuroxus faj.

A tanulmény felépitése azonos a sorozat | részében kdzolt menettel
(234 235, 251-252).

Az a) csoport tagjai makrovegetaciohoz kotott formak. Gyakori jelen-
létiik jégkorszakvdgi mintdkban alamerilt novényzet altalanosabb elterje-
désére utalhat. A Leydigia és Pleuroxus genus tagjai kozott iszaplakdok(Leydigia
leydigi, Pleuroxus uncinatus), tovidbba noévényzettel bendtt terlletek iszap-
jaban él6, bar ugylatszik ekoldgiai igény szerint nem egységes sztenotop for-
méak vannak. Ez magyarazza, a Pleuroxus uncinatus kivételével, recens allo-
manyok, maradvanyok eléfordulasara vonatkoz6 adat keves szamat. Az Acro-
perus harpae és a Pleuroxus truncatus szemilakusztrikus hinarosokban is €I,
sot talan planktofilnek minGsithet6 tagok.

Az eszakias Eurycercus lamellatus maradvéanyai gyakoriak jégkorszak-
végi mintdkban. A délies ljeydigia acanthocercoides az életpélya aktiv szakasza-
nak megrovidulésével hidegebb klimahoz alkalmazkodhat.

Pleuroxus fajok megjelenése kulféldi irodalom szerint felmelegedés jele.
A P. trigonellus legrégibb maradvanyai a 120. mintabdl valok (Pinus), a P.
uncinatuséru mér a t6zegréteg alakulasadt megel6z6 korszakbdl van adat.
Ez arra is utalhat, hogy az 4gascsapu rakok az életpalya rovidsége és a terjesz-
kedési lehet6ségeik kovetkeztében gyorsan reagalnak klimavaltozésokra.
A jégkorszakvegi mintdkbdl az akkori kladocera fauna egyhanguséga tdnik Kki.
A lombosfak megjelenésével jellemezhet6 Atlanticum id6szak (80. sz. minta),
a sorozat els6 részeében targyalt hijokhoz hasonléan, itt is Kitlinik fajokban
és egyedekben vald gazdagsagaval.

A balatoni maradvanyok jelenléte az eddig nyert adatok alapjan alta-
ldban dsszhangban latszik lenni a kulfoldi irodalom megéllapitasaival.
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A tablazat a balatoni Uledékekbdl eddig feltart maradvanyok szamszer(
el6fordulésat és szazalékos relativ abundancidjat mutatja.
Eredeti c.l. rajzok és mikrofotok.
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CLADOCERA STUDIES IN LAKE BALATON IV.
SUBFOSSIL REMAINS IN THE SEDIMENTS OF LAKE BALATON I1.]

0. Sebestyén

This paper is the continuation of a study on both recent and subfossil Cladocera.
The species are dealt with are: a) Eurycercus lamellatus, Camptocercus rectirostris, Acro-
perus harpae b) two species of the Leydigia and c) five species of the Pleuroxus genera.

Structure of this paper is the same as that of part |I. of the series (Sebestyén,
1969a: 234—235, 251 —252). Data in Table | in the previous work concern to this part
too. Some morphological data regarding to Lake Nojiri missing from that Table are to be
found now on this page (References). Table 1 in this paper gives the numerical data of
occurrences of remains for the species mentioned above, being recovered from nine
samples of core B 28.

Acroperus harpae, Leydigia acanthocercoides and Pleuroxus uncinatus v. balatonicus
are the most common members in the present biota of this lake, all forming large popu-
lations. The other members of groups a) and c) seem to have a stenotopic nature. They
occure in various habitats within stands of macrovegetation. However their distribution
seems to be rather mosaic like, having very likely different ecological demand.

Scarcity of data on the recent occurrence of Leydigia leydigi may be found an
explanation in the cryptic mode of life of this species. Being a true limicol form (Kurz)
it is buried in the mud and able to endure depletion of Oxygen in the presence of haemo-
globin. However its population hardly can be large, concluding from the few remains
recovered.

Judging from the related literature both Acroperus and Pleuroxus truncatus
(syn. Peracanthe truncata) occur in semilacustris stands of submerse vegetation too.
Acroperus usually develops large population in certain part of the lake in the appropriate*

* Lake Nojiri’s data missing from Table 1. Sebestyeén, 1969: area 3.9 km2 mean
depth 20.8 m. Lake formed by damming of a valley by volcanic mudflows or lahars
(Horie, 1962; 196, 219).

E munkabél poétolva a Lake Nojiri adatai, melyek, sajnalattal, kimaradtak
Sebestyén, 1969b |. tablazatabdl: A 3.9 km2 terjedelm( és 20.8 m kdézépmélységl to
vulkéani iszaptél elzart volgyben keletkezett. (Horie, 1962: 196, 219).
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season. Pleuroxus truncatus has only been recorded from this lake by one scientist. Its
population can’t be large. Pleuroxus laevis, P. aduncus and P. trigonellus are seemingly
stenotopic too having different ecological demands. P. aduncus seems to be most common
among them. It inhabits littoral habitats in marshy situation. It propagates well in raw
culture under laboratory condition when fed by detritus. It is tolerant to high con-
centration of salts (lluttner-lvorisko, 1966: Verh. Internat. Verein Limnol. 16: 529).

Pleuroxus trigonellus is known from the lake since baday’s time as a “rare” from.
Recent data on its occurrence are also scarce. Indeed, it is very little known of its habitat
in this lake. In spite of having records of both recent and subfossil occurrences of P.
laevis, no more can be said of this species.

Considering the frequency and large population of P. uncinatus v. balatonicus
(see Frey, 1965, smirnov, 1966) more remains might be expected. This may be due to
the delicate nature of the exoskeleton with the exception of the postabdomen. It is one
of the few species which populate the eprofundal of muddy nature in Lake Balaton.

The extensive littoral zone of Lake Balaton with luxurious growth of Phragmi-
tetum and the increasing stands of submerse vegetation offer a great variety of habitats
for Chydorids. This is true even in the case of small territories exemplified by “Gdédros”
and “Kisdbo6l” off Tihany. A thorough study in the various seasons promise more data
even in our time of increasing human influence.

It seems that the northern affinity of Eurycercus lamellatus is mirrored by the
frequency of the remains in Lake Balaton in the Late Pleistocene samples. It has to be
kept in mind, however, that this large species is distinguished by a good preservation of
the most various parts of the exoskleton.

Leydigia acanthocercoides although a southern form, has the shortest period of
the active life in our lake, in comparision to the other Chydorids. Presence of remains
in the Late Pleistocene samples (la) may suggest an incidental amelioration of the climate
(Gottliden).

M3YUYEHNA KNALOLEP O3EPA BANATOH.
IV. CYB®POCCUNBbHBIE OCTATKN B OCAAKAX O3EPA BANATOH (II)

O. LebewTeH

B HacToAwel cTaTbe, ABNAOWLENiCA MNPOJO/MKEHMEM WCCNef0BAHMSA COBPEMEHHBIX W
nckonaemblX Knafouep, paccmatpusatoTca crnegytowme tdopmbl: a) Eurycercus lamellatus,
Camptocercus rectirostris, Acroperus harpae, 6) pgBa Buga Leydigia, u B) nsATb BUAOB
popa Pleuroxus.

CTpyKTypa CTaTbM Takas >e, Kak B MepBoii Nyb6nmkauuum aToil cepun. (Sebestyén,
1969a: 234—235, 251 —252). faHHble Tabnuubl 1 npeaupyliein paboTbl OTHOCATCA M K Hac-
Toflel cTaTbe. HekoTopble HeAoCTaBLiMe B 3TOW Tabnuue AaHHble No Mmoptonorun osepa bana-
TOH MOXHO HalTu 3aecb Ha cTp. 00. Tabnuua 1 gaHHON CTaTbW COAEPXMUT faHHbIE O HAXO0XAEHUN
OCTaTKOB YMOMAHYTbIX BU0B B [jeBATW 06pasuax npobol B28.

Acroperus harpae, Leydigia acanthocercoides n Pleuroxus uncinatus v. balatonicus
ABNAOTCA CaMbIMW O06bIYHLIMU KOMMOHEHTaMW COBPEMEHHON (hayHbl 03epa W 06pa3ytoT 6onbline
nonynauuun. Apyrve yneHol rpynn a) n 6) Kak 6yATo MMEKOT CTEHOTUNUYECKYIO npupogy. OHu
o6HapyXuBatoTCAa B pasnyHbIX MecTax 06UTaHMA, 4TO OMpefenseTca XxapakTepom Makposere-
TayuMm, N MX pacnpocTpaHeHuWe MMeeT [OBONbHO MO3anyHbI XapakTep.

OcobeHHOCTM 06pa3a xu3Hu Leydigia leydigi, BO3MOXHO, 06BACHAIT NPUUYNHY Manoy-
YNCMIEHHOCTMN JaHHbIX O COBPEMEHHOM COCTOAHUW 3TOr0 BuAa. OTOT BUL 06MUTaeT B Une 1 cnocobeH
NnepeHoCcUTb HefoOCTaTOK Kucnopoga 6narogaps nNpucyTcTeuto remornobuHa. Cyas no manomy
yncny 0CTaTKoB, BPAA W NMONYyNAuMA 3TOr0 BUAA MOXET ObiTb GOMbLLOIA.

Acroperus 06bI4HO AaéT 60/bluMe Ce30HHble NONynAuUU B HEKOTOPbIX 4YacTAX 03epa.
Pleuroxus truncatus nuwb ofHax bl bl OTMeYeH OfiHUM aBTOPOM, U MONYNALUN 3TOrO BUAA He
MOTYT 6bITb 3HaUUTeNbHbIMU. Pleuroxus laevis, 11, aduncus u P. trigonellus nosugomy ToXxe
CTEHOTUNNbl W NPOABAAT pasHble 3KoNornmyeckne notpebHocTu. Haiibonee 06bIYHBIM Cpefm
HUX KaxeTtcs. P. aduncus Hecenslowmii nMTTOpanbHbie Mecta 06uTaHna 60n0THOro Tuna. OH
XOpOoLWOo pa3BoOANUTCA B N1abopaToOpHbIX YCAOBMAX MPU KOPMIEHWW [eTPUTOM U YCTOWYUB K
BbICOKOW KOHLEHTpaLuu coneil.)

Pleuroxus trigonellus co BpemeHn [lafian M3BecTeH KakK «pefkasa» topma [fN1A o03epa.
CoBpEMEHHbIE HAX0X/EeHNA ero TOXe HEMHOTOYMUCNEHHbI, ¥ OYEH .Malo U3BECTHO O MecTaxX ero
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06uTaHMs B 03epe. HecmoTps Ha MPMCYTCTBME TOrO BUAA B COBPEMEHHON U Cy6(occuIHOM
(hayHe, Mano 4YTo MOXHO CKa3aTb 006 3TOM Bufe.

Cyas no yacToTe HaxoXfeHus u 6onblwuMm nonynauumsam P. uncinatus v. balatonicus
(cM. Frey, 1965, Smirnov, 1966) MOXHO 6blN0 6bl OXMAaTb 60nee 4acTblX 0OCTATKOB. X
pefKce HaX0XAeHne, BOSMOXHO, 06 BACHAETCA XPYNKOCTbIO HAapPYXHOro CKeneTa.

CyuiecTBoBaHMe B BanaTtoHe NMTTOpPanbHOWA 30HbI C MbIWHLIM POCTOM Phragmitetum
N [PYrol pacTUTeNbHOCTW MpPeaocTaBnsieT 60MbLION BbIGOP MeCT 0ObITaHUA ANS XUAOPWUA.
YacTas BCTpeYaeMOCTb OCTaTKOB Emycercus lamellatus B MO34HEM MNENACTOLEHE, BO3-
MO>XXHO, 0BSI3aHO C XOPOLUEl COXPaHMMOCTbH 3K30CKeNeTa 3TOro KPYMHOro BUAA, HO, MOXET BbITb,
OTpaXkaeT ero CeBepHyH MNPUHALNEXHOCTb.

Leyidigia acanthocercoides, 6yayyn 0>XHON hOpPMOIA MMeeT camblii KOPOTKUIA nepuog,
aKTUBHOWM XW3HW B 03epe, NO CPaBHEHWIO C APYyrumu xugopupamu. MpucyTcTBue OCTaTKOB
3TOro BMAa B Mo3gHOM nneiictoueHe (la), BO3MOXHO, yKa3blBaeT Ha BpeMeHHOe MoTenneHue
knumata (Gotxlden).
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1. Eurycercus lamellatus fejpajzs B 28. 160 2. Eurycercus lamellatus antennula
No 1116 B 28/140 No 1040 1 érzd8serte
Fig. 1. Eurycercus lamellatus Headshield tovet

B28/160 No 1115 Fig. 2. Eurycercus lamellatus An-

temmleB 28/140 No 1040 showing
pore oflocation of sensory bristle

3. Ac.roperus harpae utépotroh B 28/140 a) $ No 947 c) $ No 1018 b) C utépotroh vége
er6sebb nagyitasban
Fig. 3. Acroperus harpae Postabdomen B 28/140
a) $ No 947 c) < No 1018 b) end of postabdomen of g in larger magnification
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4. Leyidigia leyidigi a) fejpajzs B
28/40 No 394, b) e) pdrusok erésebb
nagyitasban
Fig. 4. Leydigia leydigi a) Headshield
B 28/40 No 394, b), c) pores in larger
magnification

6. Pleuroxus laevis potroh $
Tihany, Godros 1947. X. 22. (e
példany héjanak hossza 550fi)

Fig. 6. Pleuroxus laevis Post-

abdomen $ Tihany, Gd&dros,

1947. X. 22 (1 = shell of same
specimen = 550 fi)

5. Leydigia acanihocercoides héj
szélének részlete B 28/120
No 912

Fig. 5.Leydigia acanthocercoides
margin of postabdomen, detail
B 28/120 No 912

7. Pleuroxus laevis utépotroh §
B 28/80 No 520

Fig. 7. Pleuroxus laevis Postab-
domen $ B 28/80 No 520



8. Pleuroxus aduncus utépotroh
$ 1946. X 1. 6. Tihany, Godros
(fiatal példany kultarabél,
1946.1.)

Fig. 8. Pleuroxus aduncus Post-
abdomen $ 1945. XI. 6. Ti-

hany, Godrdés (young specimen
from culture, 1946. 1.)

30.1

10. Pleuroxus aduncus fejpajzs kul-
taradbol (Tihany, Kis6bdl, 1966)

Fig. 10 Pleuroxus aduncus Heads-
hield from culture (Tihany, Kiso-
bal, 1966)
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Fig. 9. Pleuroxus aduncus Postab-
domen and hook Go&drds, 1945. X.

11. Pleuroxus (trigonellus?) Tihany = Bf fele-
Gton. Utépotroh distalis vége és d kampé
Gynandromorph (?) (e példany héjanak hossza
431 fi). 1965. X.

Fig. 11 Pleuroxus (trigonellus?) distal part of
postabdomen Gynandromorphs specimen
(1-of shell +431 fi)
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12. Pleuroxus uncinatus (?) a) utépotroh, b)
rostrum vége és antenulla, Gédrds, 1947.X.29

Fig. 12. Pleuroxus uncinatus (?) a) Postab-
domen b) end of rostrum and antennule.
Godros, 1947. X. 29.

14. Pleuroxus uncinatus a) b) rostrum vége
er6sebb nagyitasban. Balatonfiired, 1965.X.

Fig. 14. Pleuroxus uncinatusa) d b) end of
rostrum in larger magnification Balaton-
fured, 1965. X.

13. Plemoxus uncinatus fejpajzs
rostralis vége, 3 B28/120 No 910a

Fig. 13. Pleuroxus uncinatus rost-
raj end of headshield < B 28/120
No 910a

15. Pleuroxus uncinatus B28/160
No 1270. a) a héj flirészes szélé
nek részlete, b) héj hats6 sarkanak
armataraja, s6savval kezelt minta-
bol (e példany héjanak hossza 478/i)

Fig. 15. Pleuroxus uncinatus B
28/160 No 1270 a) detail of serra

ted margin of shell with plumous

setae, bj posterior-ventral corner
of shells (from sample treated with
HCI (Lof shell of specimen =478 fi)
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2. kép. Eurycercus lamellatus, els6 antennula.
160. minta. No 1163

2. Eurycercus lamellatus Antermule Sample 160.
No 1163

1. kép. Eurycercus lamellatus, utépotroh. 160.
minta. 250 /<. No 1160

1. Eurycercus lamellatus Postabdomen Sample
160. No 1160

€LC
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3. kép.Eurycercus lamellatus, fejpajzs
distadlis vége a porussal (toéredék).
160. minta, p6érus h = 30 p. No 1169
3. Eurycercus lamellatus Fragment of

headshield, length of pore 30 p.
Sample 160. No 1169

4. kép. Eurycercus lamellatus, héj szélén a serték csatlakozasi
helye. 140. minta, h = 7—8 db +64//, No 1057

4. Eurycercus lamellatus Margin of shell showing articulations
for the plumose setae. 5—6 scallops measure +54
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5. kép. Camptocercus rectirostris, u. potroh. 140. minta, h = 338 /n.
No 1238

5. Camptocercus rectirostris Postabdomen 1=338,«. Sample 140.
No 1238.

6. kép. Acroperus harpae, utépotroh. 160. minta, h = 135//. No 1159
6. Acroperus harpae Postabdomen 1 = 135 ft. Sample 160. No 1159

18-



7. kép. Acroperus harpae Baird, a hati részen felébe hajtott és ﬁsszet?\Padt fejpajzs egyik
oldalso lebenye részben felhajolva. 140. minta, h = 396 ri. No 1143

7. Acroperus harpae Headshield, partly folded 1 = 396 +i. Sample 140. No 1143



8. kép. Leydigia acanthocer-
coides, fejpajzs < (?). 40.
minta, h = 206 p. No 349b

8. Leydigia acanthocercoides

Headshield g 1 = 206 fi.
Sample 40. No 349b

0. kép. Leydigia acanthocercoides, a 8. képen ab-
rdzolt fejpajzs porus-rendszerének nagyitott rész-

lete

9. Leydigia acanthocercoides Part of headshield
showing pores in larger magnification of No 8
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11. kép. Pleuroxus uncinatus,
fejpajzs rostralis vége, 80.
minta, sz. a fornix mogott

+230 p

11. Pleuroxus uncinatus, ros-
tral partofheadshield widht
behind the fornices 230 /i.

Sample 80. No 504.

10. kép. Leydigia acanthocercoides,
utépotroh maradvanya a dorzalis
szegélyb6l megmaradtrészletekkel.
1. minta, h, szegély = 130 //. No
607

10. Leydigia acanthocercoides Re-
mains of postabdomen 1= 130 y.
Sample 1. No 607
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12. kép. Pleuroxus uncinatus, héj toéredék. 80. minta, h =571 fi.
No 494

12. I’lcuroxus uncinatus Fragment of shell 1 = 571 /(. Sample 80.
No 494

13. kép. Pleuroxus uncinatus, utépotroh. 80. minta, h = ventralis rész,
128 p

13. Pleuroxus uncinatus Postabdomen 1, ventral part = 128 //. Sample 80.
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Method

All samples from sediments of Lake Balaton analysed as far s .» «.«, «.
1969) bubble up when treated with diluted HCL In the procedure applled
to recover chitinous remains of Cladocera, most part of the inorganic sedi-
ments could be eliminated with treatment of HC1 (. ., 1961). In order to
recover microfossils of calcareous nature a simple sedimentation method
has been applied with good results.

Equipment: Zeiss Stereomicroscope S. M. XX, one larger and few
smaller watchglasses (diameter ~10 cm resp. 70 mm), pipette of various size,
Leonard pinzette, vials, distilled water and alcohol, 50%.

Procedure: 0.1 0.2 ml sediment is transferred into the larger watch-
glass containing about 10 ml water. Dispersion of the solid particles is aided
by a jet of water through a pipette. Larger particles settle quickly. The cloudy
supernatant containing minute particles having the size of “ultratripton”
should be decanted promptly with care and saved for further examination.

Fresh water being added, subsamples should be transferred into small
watchglasses. For microscopical investigation (epi-illumination, 10—25X
magnification) solid particles of organogenic nature (valves of both Ostracods
and glochidia, Pisidium, fruit of Characeae etc.) could be removed by pipette
or pinzette to a series of small watchglasses containing water. (Text Table 1)

1 TABLE 1

Calcareous microfossils in the !) samples of the sediment B 28 (Balatonboglar—Révfilop,
Zotyomi) and in the sample No 145 of the sediment B 24 (Keszthely—Gyenesdias, Zo1yomi).
The depth of the samples can be seen in Table 2

Remains Sample 160. 140. é“;‘i 120. 100. 80. 60. 40. 20. 1.

C haraca "

+
N
N
N
+

o stracoda .... " . .+ .+ N
glochidium ... " — — . — — ¥ .
Fisidium — —

snail (csigahéj) — _ _ . _ — —

Valves of Ostracods and glochidia (as well as headshields and shells
of cladocera) are usually filled with minute inorganic particles (carbonates,
quartz) seldom with organic detritus. All these usually settle on the bottom
of the watchglass concave surface facing upward. Microfossils containing
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carbonates being extremely fragile, should be transferred with care into
water or alcohol. Large particles of inorganic nature may be tested for carbon-
ates by diluted HCL. Insoluble particles have not been tested for quartz yet.
Mica ranging in length from 70 to 200 /nand black sphaerules of pyrite (Vai-
tentyne, 1963) ranging in length from 16 to 22 //) are also present.

Part of the newly dispersed solid particles of the supernatant saved
at the beginning of the procedure are soluble in diluted HC1, most of the rest
of the particles of brownish tint are evidently of organogenic nature. Observing
this phase of the procedure through microscope (epi-illumination), it could be
established that the minute inorganic particles are usually attached to the
organic ones.

In the text Table 1 distribution of the calcareous microfossils to be seen.

All investigations carried out as far have only a preliminary value.
If volume or weight of the initial sample is known the selected remains result
quantitative data.

Remains of glochidium larvae of Unionidae (Mollusca)

Using the method described above remains of glochidia larvae have
been recovered from several samples of ze1yomis core B 28 bored at the
middle of the profile Balatonboglar-Révfiilop. Samples 40 (New Holocene),
100 (older Holocene) and 140 (Late Pleistocene) yielded only negative results
(Text Table 2). Glycerine gelatine is appropriate for making slides for micro-
scopic investigation. It seems that polyvinil lactophenol dissolves the sub-
stance of the glochidia.

During the selection of the remains it could be established that specimens
of glochidia belong to two size orders. All with the exception of two half valves
were filled with inorganic particles (Fig. 1—2).

In the identification of subfossil glochidia B rodniewicz’s method has
been followed (1968: Figs 1—3, Tables 1 2, photos and explanation of the
photos). Dr. Broaniewicz distinguishes subfossil glochidia at the generic
level by the size (length, hight, the proportion of these) and the form of the
valves. Specimens measuring above 300 u belong to the genus Anodonta,
those measuring about 200 u to Unio. Glochidia of Anodonta being fairly
eﬁuilateral are that of A. cygnea, those being rather assymetrical of A. com-
planata.

According to this key, subfossil glochidia recovered from the sediments
of Lake Balaton so far, belong very likely partly to Unio, partly to A. cygnea
and A .complanata. (Figs. 1-6, microphoto 1—4, Table 3). Valves ofthe remains
of A. cygnea have a yellowish tint all the rest of the remains are colorless.

Although from samples yielding only negative results more subsamples
have been investigated in comparison with those having positive data, analy-
sation should be continued. Nevertheless the negative results of sample 140
core B 28 and sample 145 core B 24 being pollenstatistically of the same age
(Late Pleistocene previous to peat formation, sebestyen, 1967: 313) may
mirror the real situation.

The presence of glochidia of Unionidae recovered from several samples
of core B 28 is significant in that sense that they prove that in the corresponding
age Unionidae inhabited the Lake perhaps since its pre-Balaton period in the
Late Pleistocene (sevestyen, 1969: 296). Their presence suggests also the
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TABLE 2

Distribution of the remains oj glochidia of Unionidae in the sediments of Lake Balaton
from the samples showen in Table 1

Sample

20

60

120

160

+

Sample Depth, cm Unio Anodonta Total
1 0—3 1 + 3
20 00 7 53 60
40 123 - - _
60 170 2
80 208 + 1
100 250 -
120 290 7
140 330 - -
145 318—320 - -
160 370 3
TABLE 3

Dates on the sizes of the remains of glochidia of Unionidae

Xo of sketshes

1278/a
1279

1276/a
1276/b
1276/c
1277/a
1277/b
1277/c
1266/d
1277/e
1277/f
1280/a
1281/b
1282

1283

1284

1275/a
1275/b
1275/c
1269/a
1269/b
1275

1274

Xo of praep.

656
656
658
658
658
657
657
657
657
657
657
654

659
653
653
653
653
653
653
652

length

209.8
186.5
186.5
198.2

186.5

204.5

not measurable Ji = cam. luc. sketch F

hight

198.2F
174.9F
186.5
198.7

186.5

180.7

lenght
*

326
338

349.8
_f-

326
_f-

314.9
338.1
326

279.8
338.1

338.1

361
326
326
326
-f-
326
338.1

microphoto

Anodonta

hight
\

2915
291

338.1

338.1

314.9
338.1
303.2
2915
326.7
338.1

338.3
320.7
326.7
291

2915
391

303.1

sp

compl.

cygn.
cygn.
cygn-
cygn.
cygn.
cygn.
cygn. ?
cygn.
cygn.?
cygn.
cygn.
cygn.

cygn. ?
compl.
cygn. ?
cygn
cygn

compl.

DOVXDODDO

n

X 0



Fig. 1. Anodonta cygnea, in-
side of empty valve showing
scar of the adductor muscle.
Sample B 28, 20. Specimen
1281b For size see Table 3

Fig. 3. Anodonta cygnea?,
right valve filled with carbon-
ate particles. Specimen No
1280a. For size see Table 3

Fig. 5. Anodonta cygnea, left

valve, Sample B 28,20. Speci-

men No 1283. For size see
Table 3

Fig. 2. Anodonta cygnea, insi-
de of empty valve showing
scar of adductor muscle.
Sample B 28,20. Specimen
1284. For size see Table 3

Fig. 4. Anodonta cygnea?,

left ? valve, Sample B 28,20.

Specimen 1282. For size see
Table 3

Fig. 6. Anodonta cygnea, half
valve sample B 28,120. Speci-
men 12(>9a. For size see
Table 3



ph. 1. Uni6sp. Sample M .ph. 2. Anodonta cygnea right valve. Sample
28,20. Specimen 1276. R 28,20. Specimen 1277 a Length 350 //, height
ngth 186.5 //, height 338 y

175 fi

M.ph. 3. Anodonta complanata ?, right valve. Sample B 28,1. Specimen 1278. Length 326 /<
height 291.5 k
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M.ph. 4. Anodonta complanata left valve. Sample B 28,160. Specimen 1274, Length 338 Ir,
height 303 /t
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Bresence of fish because, as it is well known, the glochidium larvae of Unionidae
eing released by the mother mussel lead a parasitic mode of life on fish before
assuming the final free mode of life. (Lttkacsovics and Labos, 1965).

From samples of L. Léczy’s several borings in the sediments of Lake
Balaton, specimens of subfossil Unio and Anodonta and other molluscs had
been recovered (Loczy, 1916: 536, 630, 638). It isa question, however, whether
the depth of the layers being positive for mussels could he compared with
those layers of nowadays borings.

Malakological investigation of Zélyomi’s borings of Lake Balaton is
in progress by a specialist. Results of investigations may throw light on the
problem.

Specimens of Unio with larvae being in the glochidium stage have been
found in the middle of the thirtieth at the Tihany Ferry, at the time of the
mussel disaster in Lake Balaton. Free larvae might be caught occasionally
in planktonnet. Shells have been recovered from recent surficial mud samples.

In the rescent biota of Lake Balaton the following species and varieties
of Unionidae are present:

Unio crassus Retz, bosnensis MIIdff. frm. serbicus Okown RT “frequent”
(Sods, 1943: 425).

Unio tumidus solidus Zer. “common” (So6s, 1943: 426).

Unio pictorum L. subsp. balatonicus Kstr. (ibidem p. 426) “very com-
Unio pictorum L. subsp. platyrchynchus Rossm. Fauna Catalogue, Bala-
ton and specimens, Tihany.

Anodonta (Pseudoanodonta) complanata Zel. Fauna Catalogue, Balaton
and specimens, Tihany.

Anodonta cygnea L. “generally distributed in Lake Balaton” (Soos,
1943: 428).

Anodonta cygnea L. frm. cellensis Schroter Fauna Catalogue, Balaton,
and specimens, Tihany.

Anodonta cygnea L. frm. piscinalis Nillson (syn. A. balatonica Hazay)
(SoGs, 1943: 429).

mon

Other remains of calcareous nature

Remains of Ostracod valves have been recovered from all samples in-
vestigated. Such material is studied by a specialist.

Considering the through study on the Characeae in Lake Balaton and
surrounding (Firarszky, 1931) it would be of interest to know the connection
between the Characeae flora in the past and present, (see Text Table 1).

Remains of Phacotus lenticularis (Khrbg/Stein/Chlorophyta, Volvo-
cales) are to be expected from the Balaton sediments. Remains of this minute
organism (20 //) could be recovered by the described method although a pro-
priate larger magnification should be applied. There are several records of
the presence of Phacotus lenticularis in the plankton of our lake (Kol, 1939;
in Entz—K ottasz—Sebestyén, 1937; Hortobagyi, 1939: 335). R. Francé
found the calcareous shells of it off Tihany, Balatonfiired and Keszthely.
He recorded its presence in the plankton too (France, 1894, 1897). The cal-
careous remins of Phacotus lenticularis are well known from sediments rich
in carbonates (Frey, 1964: 16).
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Summary

Using a simple sedimentation method, described here microfossils of
calcareous nature have been recorded from the sediments of Lake Balaton.
From nine samples of core B 28, had been analysed for cladocera and Pedi-
astrum (Late Pleistocene, Holocene) remains of glochidia of Unionidae, valves
of Ostracods, oosporangia of Characeae have been recovered. The glochidia
belong to the genera of Unio and Anodonta, inhabiting the lake at present.
Ostracod remains are being studied by a specialist. Subfossil glochidia of
Unionidae have been recorded so far only in Poland. Remains of the calcareous
shells of Phacotus lenticularis are to be expected.
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MESZTARTALMU MIKROFOSSZILIAK A BALATON ULEDEKEIBEN

Sebestyén Olga

Osszefoglalas

Egyszer( ulepitd eljarassal fel lehet tarni a Balaton karbonéatokat tartalmazé
lledékeibdl oly mikrofossziidkat, melyek karbonatokat tartalmaznak. zZesiyomi B.
B 28 furata Pediastrum-okra és Cladocerakraelemzett kilenc mint4jabél (Late Pleistocén,
Oholoeén, Ujholocén) ésa B 24 furat 146. mintajabél (Late Plelstocen)S|kerultareszletesen
ismertetett eljarassal balatoni tledékekbdl Unionida glochidium kagylésrak és Chara-00
sporangium maradvéanyokat feltarni.

A glochidium-maradvanyok oly kagylék (Unié, Anodonta) larvainak marad-
vanyai, melyek ma istagjai atavi biotdnak. zs1yomiemlitett és mas furataibél a Mollusca
és Ostraeoda maradvanyokat szakemberek dolgozzadk fel. Glochidium-maradvéanyok
édesvizi uledékeiben val6é el6fordulasara a kozdlteken kivil csak lengyelorszagi adatok
vannak (Brodniewicz) a szakirodalomban. Varhaték még a Phacotus lenticularis
maradvanyai.

MWNKPOCKOIMNYECKNE MN3BECTKOBbLIE NCKOMAEMBbBIE B OCAOKAX BAJTIATOHA

O. LWebewTeH

C NoMOLLBH0 OMUCAHHOTO B CTaTbe NPOCTOrO CeAYMEHTALMOHHOTO METOAA B 0caakax bana-
TOHA 06HapY>eHbl MKPOCKOMUUYECKNE UCKOMaeMble M3BECTKOBOI Npupogbl. B AeBATN 06pasLax
npo6bl B28, npoaHanmsmposaHHom Ha npucycTeue knagouep uPediastrum (no3gHwuin nneiicto-
LieH, ronou,eH) HaliieHbl OCTaTKN TNOXUAUIA YHWOHWJ, PaKkOBMHKM OCTPAKOA, M 00cnoparuu
XapoBbIX. [noxuamn npuHagnexat pogam Unié n Anodonta, KoTopble 06uTaloT a 03epe M B
HacToslee Bpems. OCTPAKOZ HaANeXuT OnpedennTb cneynanucty. [lo cux nop cy6goccusib-
HbIX TNOXUAWA YHUOHWT, 06HapYXMBanu TONbKO B MMosbile. MOXHO OXWAaTb, YTO B OCafKax
OyaoyT Takke 06Hapy>XeHbl W3BECTKOBblE OCTaTKM MUKPOCKOMMYECKOW 3e/IeHOM BOLOPOC/N
Phacotus lenticularis.

19 Tihanyi Evkény
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A number of papers have been published — mainly the result of occa-
sional investigations — on the wheelanimalcules inhabiting the water of
Lake Balaton, which provide valuable information on species living in various
parts of the lake in different biotopes or habitats (Varga, 1938; 1939; 1941;
1944—45; 1957). The elaboration of Rotifera plankton of the lake is given
in three papers based on several years of systematic work (Entz et al. 1937,
Sebestyén et al. 1951; Sebestyén, 1953), the studies make reference to
the seasonal changes of species inhabiting the open water stretching before
the Tihany Peninsula. Horizontal investigations carried out simultaneously for
the whole area of the Lake Balaton have not yet been done up to this date,
our present paper endeavours to supply data to this effect.

The rapid development of the shoreline: erections of houses, increased
cultural actual activities, higher degree of water polution, shoreline arrange-
ments all conti'ibuted to certain changes taking place in the aguaeous habitat,
consequently, we may justifiably suppose, that since the last Rotifera in-
vestigations in 1951 both the number of individuals and species suffered changes.
Furthermore, the question arose whether the results obtained previously
for the water stretches before Tihany Peninsula also hold good for other parts
of Lake Balaton.

In order to give exhaustive answers to these questions, and to see clearly
the conditions issuing from the great fish stock destruction which occured in
1964 in Lake Balaton, since 1965 we have collected plankton samples both
for quantitative and qualitative investigations (P.-Zankai and Kertész,
1967). In our present study, we made our quantitative analysis on Rotifera
collected in 1967.

Material and method

Sample taking was done between May and October once a month at
5 places of the depth longitudinal axis of the Lake Balaton and at 3—3 places
of its transversal section. The places of sample taking in each section were
2000-2500 m apart from each other (Fig. 1). (For detailed description of the
sections see Sebestyén, 1960, p. 118.)The samples were taken by the help
of Friedinger apparatus from the depths of 0.3, 1, 2, 3 and when it was
possible from 4 metres. The one litre water samples taken from the different
depths were poured together in order to obtain better values for average,

19*
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subsequently, the mixture was preserved with formalin, after deposition the
surplus water was removed by Voik filtration (Sebestyeén et al. 1951). After
determining the volume of the condensed sample, one third and one fourth
of it were examined, of which we pipetted 1, 2 or 4 ml of sample quantity at a
time into 60x30 mm counting dish, then in turn each sample was counted
under a magnification of X130. This procedure depending on the good pa-
rallels was repeated 3—®6 times. The obtained results were calculated for one

Fig. 1. Sketch of Lake Balaton showing the sites of sample taking

litre of water. Those species which were difficult to determine we cleared on
separate slides during counting, of course, after sufficient preparation pro-
cedures we determined them.

At the time collecting we made ample notes as to the transparency,

tgumperature of the water as well as to weather conditions.

Results

We found great differences between Keszthely-Bay (“M”) and the other
parts of Lake Balaton when taking the sum of individual numbers per litre
collectedat 3 3points ofthe 5sections separated from one another by different
distances during the 6 months of investigation (Table 1).

TABLE |

Quantitative distribution of total Rotifera in the sections of the Lake Balaton
(individual per litre)

M K G A b
V 340 290* 711 765 1125
Vi 107 330 496 163 324
VII 143 654 549 489 436
VIII 262 725 843 408 413
IX 35 139 170 219 234
X 207 109 308 215 323
1154 2307 3077 2259 2855

« The sample taken at point marked K Owas broken, thus, the sum is the result of 2 parallels only.

In each of the four sections twice (“K” and “A”) and three times more
Rotifera plankton was present than in the water of Keszthely-Bay.

If we add up the individual numbers per litre at each point of the section
referring it to the whole period of investigation then we find that between the
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collecting sites near the south and north shores and those situated in the middle
axis of the Lake Balaton i.e. sections “M” and “A” the difference is compara-
tively small, in the case of the others, i.e. sections “G” and “E” the two point
near the shore show somewhat greater similarity. Generally, excepting section
‘M”, the central points of all others sections display higher values (Table 2).

TABLE 2

Quantity of total Rotifera at the different collecting sites of the sections with reference to the
whole period of examination

460 325 369 672 1061 574 957 1191 929

678 814 767 728 1327 800

The average values of individual number per litre of the total Rotifera
of each section show that the populations increase twice or three (?) times
(Fig. 2). In May, the Rotifera plankton density is high in all the 5 sections
this is the time when the highest number of individuals occur in sections “M”
“A” and “E”. The population greatly decreases in June, then in July, ex-

Fig. 2. Monthly change of the specimens per litre values of the total Rotifera shown in
the average for the three sites of each section
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cepting section “M” the population again gradually increases, and in August
the late summer maximum is formed, which value is well below that of the
spring results, excepting sections “K” and “G”. The lowest individual number
of populations was recorded in September, except in section “A”, however,
in October some slight or bigger increase could be observed.

During the collecting period 24 species, varieties and forms have been
determined. From among them 4 species (Keratella cochlearis, Polyarthra vul-
garis, Keratella C. tecta, Keratella quadrata) occurred in every section and
during the whole period of investigation, 1 species was lacking in Keszthely-
Bay during the whole period. These 5 species consequently may be regarded

Keratella cochlearis 1967 V- 10-
MI. month X month
100- HO0-
SOm [ 0
[’lru i e P i
M K 0 A E - M n B A E

M. month IX month

at 3-3 sites of each section
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as the main comBonents of the Rotifera plankton of Lake Balaton from early
spring to November. Because each these species is capable for very rapid pro-
liferation (Sebestyén et al. 1951) we thought important to treat them in more
detail concerning their population changes with regard to months both within
each section  following the order of chronology - and their interrelationships.

Keratella cochlearis Gosse (Fig. 3). In section “M”, after a very small
individual number in May, the population increases gradually until August,
reaching a value of 1specimen|£er litre, and the same number may be observed
in October, too. In section “K” (?) and “G” the population increases twice,
once in May and once in August. In the case of section “A” but especially in

Fig. 4. Monthly change of the number of individuals per litre of Polyarthra vulgaris
at 3-3 sites of each section
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the case of section “E” after May the number of individuals suddenly drops
and only a slight increase occurs in October, which cannot be called a second
maximum by any rate.

Comparing the populational changes observed in all sections, it becomes
clear that in May the litre density of Kochlearis gradually increases from
sections “M”’ to “G”, the value of “A” is identical w1th that of “G”, while
the value of section “E i extremely high as regards number of individuals.
In June, from section “G” and in July from section “K” a gradual decrease
could be observed proceeding towards the two ends of Lake Balaton. In
August, excepting section “E” the population density increases in all cases,
in this month the highest number of individual was counted in section “K”,
which in September decreases suddenly and showed a well-nigh similar distri-
bution in the open water of the Lake Balaton. In October its quantity again
increases between sections “G—E”.

Polyarthra vulgaris CARLIN (Fig. 4). In May, and in June and October,
in sections “M”” and “K” the two increases in population may well be observed.
In the case of “E” and “G” it so appears that three increases are present in
population, but the quantitative differences between the autumnal values
are not very convincing. In sectio “A” disgarding the low value in June, the
population density is even during the whole period of investigation.

Comparing the results of the examined sections in May we see that as
regards species the poorest parts of the Lake Balaton are in the middle (“K”
and “G”"). The proportions change in the following months so that the middle
areas become the richest in the number of individuals. During July —September
the high values of population density occur in sections “G” and “E” while
in October, the number of individuals is evenly distributed at a high level
over the whole area of the open water.

Keratella cochlearis tecta Gosst (Fig. 5). In sections “M” and “K”,
this species shows a characteristic late summer (August) development, its
population density gradually increases from May until August, then sub-
sequent to this month a pronounced drop may be observed. In section “G”
the population seemingly appears with a double increase. In section “A”,
similarly to sections “M” and “K”, it shows a characteristic maximum in
August. In section “E” a distinct maximum in population density did not
occur in any of the months throughout the whole period of investigation
— except in May — the density is even.

With regards to its horizontal distribution this is a characteristically
summer developing species, its highest individual number is found in the
central parts of the southwestern basin. In the months of spring and autumn
its distribution is very nearly even, excepting Keszthely-Bay.

Keratella quadrata MoLL. (Fig. 6). In section “M”, it appears with an
even density between May and the autumnal months, in September and Octo-
ber, however, its number decreases to one specimen per litre. In the other four
sections the maximum of development is in May. In October, from quantitative
point of view in the Rotifera plankton play an inferior role.

As regards horizontal distribution, it may be established that in May its
population from section “M” to “E” gmduallv increases, in June —September,
it plays a significant role only in the southwestern basin.

Pompholyx sulcata HupsoN (Fig. 7). In the northeastern basin section
“A” and “E” and in section “G”" its population density, from May until July,
slowly increases, then in August suddenly drops. In larger number they were
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KerateHa quadrate KerateHa cochlearis tecta
1967 V.-X. 1967 V- XI
X month R9) X month
30
- I-l'n —.r“— r|_| I_I, Nl
M n G A E M K G~ A E
IX month IX. month
30- Kep
M P~~ rn ' cfl P~i
M K~ G~ A" M K G A E
MIl. month
Vili month
- 50
N OPU-8B AE
30 MI. month M K G A E
. . Vimmonth >
M IIP% I£é_ A E 50-
40- M. month
X 77 Vd
|b -0-fS u a il
M K G A E M K —8 —A £~
M. month
Jl
7
HLEL o pam
M K G A E
V month
e
_J cMb ———T-T1-1
M 'K
Fig. 5. Monthly change of the num- Fig. 8. Monthly change of the num-
ber of individuals per litre of Kera- ber of individuals per litre of Kera-
tella cochlearis tecta at 3-3 sites of tella quadrata at 3-3 sites of each
each section section

only collected in the area limited by sections “G”—"E”. As regards its dis-
tribution in the Lake Balaton, its population gradually increases from section
“G” towards east, except in October, when the species is evenly distributed
in all the three sections; a further exception is the collecting site marked AQ
in July where the highest value was obtained for the whole period of investiga-
tion (150 individuals per litre).

Other species. The five species discussed above occurring most frequently
are accompanied by some further 19 species (Table 3) which, however, with



TABLE 3. QUANTITATIVE DATA OF THE NUMBER OF INDIVIDUALS PER LITRE OF INFREQUENT SPECIES %

M K G A E
Species Data of collection
M, M, M, K. K, K, G. G, A, A, A, E. E. E,

Aeplanchna girodi de Guerne V. 16—18 1 2
VIl 19—20 1 2 1
X. 23 3 1 1 1

Brachiomis angularis Gosse V. 16—18 2 2 1 2
V1. 20 1
IX. 19 1

Brachionus sessilis Varga V. 17 1
VII. 18—19 4 1 1
VIIl. 15—16 1 4 38 4 15

IX. 19-20 1
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Cephalodella catellina
(Mute.) IX. 19 1

Cephalodella gibba (Ehrbg.) VII. 18 2
VIIl. 15—16 2 1

Collotheca balatonica Varga V. 18
VI. 20, 26
VIl 19—20
VIl 15—16 4
IX. 20
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Collolheca sp. VI. 26 2
VIIl. 19—20 3 4 6 6 3 3
VIl 16 6

Conochilue unicornis
Rousselet V. 16—17 157 38 4 7 6 5 1 3 1

Filinia longiseta (Ehrbg.) V. 17



Kellicottia longispina V. 16- 18 42 26 26 51
(Kellicott) V1. 20, 26 1 1 1 3 2
VII. 18- 19 2 6 12 1 4
VIl 15 2 1 7 10 1 2
IX. 19-20 1 3 12 7 2 3
X. 17, 23 1 2 2 6 1 14 4
Keratella cochlearis V. 16 1
macracantha f. micracantha VI. 20, 26 1
Lauterborn VII. 18 1 1 6
VL. 15 1
X. 17
Notholca squamula (Mull.) X. 23
Polyarthra major Burckhardt X. 16--17 9 5 3 2 1 1
Synchaeta obtonga Ehrbg. VI. 20 8 16 19 3 4 1
VII. 18- 19 5 7 6 55 56 13 2 6
VIl 15 2 4 4
IX. 19 1
X. 23, 26 1
Trichocerca pusilla VI. 20 1
(Jennings) VII. 18 4 7 69 8 29 81 63
VIII. 15 5 6 14 22 51 15 19 29
IX. 19--20 1 2
X. 23
Trichocerca rousseleti (Voigt) VI. 20, 26 1
VII. 18 2 7 3 6 9
VIl 15 2 4 2
IX. 19 1
Trichocerca stylata (Gosse) VII. 18 1
Trichocerca tenuior (Gosse) X. 23
Trichocerca tigris (Mull.) V. 17
VIII. 16
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Pompholyx sulcata 19%67- V.-Y-

It month MIl. month

Fig. 7. Monthly change of the number of individuals per litre of Pompholyx sulcata
at 3-3 sites of each section

regard to their number of individuals play only an inferior role in the Rotifera
plankton population of Lake Balaton. The majority of these species (11 species)
belongs to the plankton, some inhabits the littoral zone (4 species), others
inhabit both the littoral zone and the open water, consequently, they may not
be considered exclusively the inhabitants of either habitat (4 species). The
appearance of a larger number of individuals in the case of a few species is
rather limited to one or two months, while the others occur only sporadically.
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The occurence of these species in the various parts of the Lake Balaton sup-
posedly indicates certain changes which have taken place in the quality and
composition of the water.

Discussion

On the basis of earlier investigations (SEBESTYEN, 1953) it was expected
that the Rotifera plankton of Lake Balaton for the whole area of the lake in
various periods of time displays a great variability in the appearance of species,
in distribution and also in the disappearance of species.

The Rotifera plankton investigations carried out from May, 1967 until
October, show that as regards the total number of individuals there are two
maxima being valid for the whole open water area of Lake Balaton, these
maxima occur in May, July and in August. Owing to the lack of early spring
samples (March and April) — whose collection due to technical difficulties
were postponed — a supposition may bestaged that the high number of individ-
uals observed by us in May (first maximum) might perhaps have developed
in one of the earlier months. However, quantitative investigations carried out
in recent years (SEBESTYEN et al. 1951; SEBESTYEN, 1953) prove that neither
in March nor in April occurred any high value as regards the number of individ-
uals, furthermore, investigations carried out over a period of seven years also
prove that in Aprll of several years a very low value was yielded (15 specimens
per litre). In May, on the other hand, in several years a high value for Rotifera
plankton was recorded. Investlgatlons of other lakes (KREUTZER 1934; CAr-
LIN, 1943; HurcHinsoN, 1967; EiNsLE, 1967) also make reference that these
plankton in the whole year show their highest values in spring-early summer
months, Data referring to Lake Balaton show that the species giving the signif-
icant mass of Rotifera plankton, those which have been examined by us too
(Keratella cochlearis, Keratella quadrata, Polyarthra vulgaris) occur in larger
or smaller number of individuals throughout the whole year. On the basis of
the above thus we may conclude that in spite of the lack of early spring col-
lectings, the maximum occurring in May is valid for the total Rotifera plank-
ton of Lake Balaton.

The results obtained by hydrobiological investigations on several lake
in Denmark by Nycaarp (1938) prove conclusively, that in a moderately
eutrophic lake the absolute plankton maximum is under normal circumstances
in August —October, while the second maximum occurs either in April or in
May. The absolute plankton minimum occurs in May —dJune, rarely at the end
of August. The total Rotifera plankton of Lake Balaton also has two maxima,
accor dm<r1\ our lake also belongs to the group of moderately eutrophic waters.
The compomtlon of Chrustaceous plankton as well as the dynamics of popula-
tion refer to the fact that Lake Balaton, which in 1951 was regarded to be on
the borderline of oligo and eutrophic lakes on the basis of investigations carried
out that time (SEBESTYEN, 1953) today, we consider it moderately eutrophic
in character.

The peak values of Rotifera plankton appearing in great masses in May
and in August can be brought into connection with two ecological factors:

1. The rise in temperature brings about the disappearance of cold steno-
therm species (Filinia longiseta, Notholca squamula), and the proliferation of
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eurytherm species which until that time occured only in small numbers, and
also the appearance of warm stenotherm species (Pompholyx, Trichocerca,
Brachionus sessilis). These observations conform to the opinions of other
authors who examined the relationship existing between the increase in popula-
tion and temperature.

150 w

100-

50-
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V. V. VL VL. VI IX. X.

Fig. 8. Monthly change of transparency measured by a Secchi disc in the average of the
sample taking places of each section. The scattering of points are shown by the standard
divergence from average

2. The bulk of foodstuff of Rotifera consists mainly of algae, bacteria and
detritus fragments of about 10 y in size. Comparing the quantitative increase
of bacterial plankton taken at the same time when our collectings were done,
with the seasonal changes of total Rotifera individuals we could establish
relationships as regards individual sections. Thus, in the case of section “M”,
o1an (1969) has shown that parallel with the Rotifera maximum an increase
in bacterioplankton was present. Similar foodstuff enrichment could be esta-
blished both in the case of section “A” and “E” in the maxima occurring in
May. In other cases, a quantitative increase of bacterioplankton was closely
followed in the next month by an increase in Rotifera population (in the case
of sections “G” and “E” in July).

Comparing the maximal density of the population with the transparency
data measured at the same time (Fig. 8) — which, in fact, are nothing else
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than floating seston being proportional to their quantity and refer to the acces-
sible food supply changes for Rotifera — relationships can be established
between them. In May and in August, when transparency is very small for all
the section in other word, the foodstuff concentration was high, the Rotifera
population showed a spring maximum. In June and in September, we observed
the exact reverse of the above. Numerous literary data (Natay, 1914; Sebes-
tyén et al. 1951; Edmondson, 1960, 1965; Hutchinson, 1967) put forth the
supposition of existing relationship between the magnitude of Rotifera popula-
tion and the quantity of foodstuff.

Species occurring in the biggest number of individuals of the Rotifera
plankton in Lake Balaton also occur in the majority of European freshwaters,
therefore, they are regarded less sensible to the chemical and other conditions
of the water. The seasonal changes in their population in the various waters
are frequently diverging, so much so, that they may even display differences
in the same lake year after year.

In examining the seasonal changes of the Keratella cochlearis population
certain authors found two maxima. Thus, for example, Einste (1967) in Min-
delsee, where the summer temperature of the water does not exceed 20 °C,
recorded one maximum in the middle of April, and another one at the end
of September. On the other hand, Ruttner (1930) could not establish a regular
periodicity in the seasonal changes of population. Kreutner (1934) from Lake
Sulan in Silezia for two years secured samples every 14 days, and making
analysis he found that in both years the maximum occurred in May. In the
summer-autumn period one or two population increase may also occur. In
Lake Balaton, in the years of 1936 1937 no spring maximum could be shown,
while in 1938 definite maxima occurred in May and in September. In later
years, the maximum number of individuals appeared in January, February
and in September (Sebestyén, 1953). Comparing our results with the most
recent data of investigations (number of individual layers per litre, taken as
mean values) it appears that the result obtained for section “A” in the exa-
mined six months decreased in the light of values received in 1951 (in 1951:
58 specimens per litre; in 1967: 16 specimens per litre).

Polyarthra vulgaris like in other water often comes second after K. coch-
learis (Koch Althaus, 1963; Einsle, 1967; Nipkow, 1952). In the lakes of
Switzerland two cycles of proliferation have been observed one in the begin-
ning of July and the other one in October (Nipkow, 1952). In Lake Balaton,
in 1967 the population of P. vulgaris increased in spring and autumn only in
sections “M” and “K’*, which may perhaps conform to two cycles of pro-
liferation. The unequivocal increase in population occurred only in October
in every section. However, recent investigations embracing a number of years
(Sebestyén, 1953) show that there is a slow population increase in summer
(July and August), and one in late autumn. Certain modifications taking place
in the population dynamics of the species (maximum divergencies) can sup-
posedly be explained by the changes occurring in the food supply of the lake.
Paying due attention to the changes in the number of individuals per litre,
and comparing them to the results obtained in the years of 1947 and 1951 we
find a thinning in population in the case of this species.

Species Keratella cochlearis tecta was regarded on the basis of earlier
investigations (Sebestyén, 1958) carried out in the lake stretching before
Tihany Peninsula, to be an autumnal form, for the biggest number of individ-
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uals was found between August and October. However, in 1967 the highest
number of individuals was observed in the months of June—August. Further
investigations are needed to decide whether it is a characteristic summer or
autumn developing species. Comparing the population data with that of years
1947 and 1951 we find a decrease.

Species Keratella quadrata on the basis of literary data (Sebestyén et
al. 1951; Hutchinson, 1967; Einsle, 1967) during the whole year may sporad-
ically occur, still it is characteristically a species developing in spring. In
Lake Balaton, taking into consideration earlier results generally it yields
a maximum in May. Investigations carried out in deep lakes (Koch Althaus,
1963) point out that simultaneously with a rise in temperature the specimens
of the species retreat into deep water layers. In Lake Balaton, it seems to
bear up well to the higher temperature (19 °C) of the water.

Species Pompholyx sulcata in the literature is generally mentioned as
a summer species, In Lake Balaton, too, it yields its maximum in July, August
(Sebestyén, 1953). In 1967, the biggest population density was in July, whose
values for the number of individuals well surpassed the data of earlier years.

Comparing the results of 1930s and 1940s it appears (Sebestyén, 1953)
that the population of the species Keratella cochlearis, K. c. tecta and Poly-
arthra in the recent years increased in Lake Balaton. Our present investiga-
tions in connection with these species ascertained a decrease in the population.
In order to decide whether the population of these three species really shows
a decreasing tendency or the values obtained were characteristic only for 1967,
further investigations are needed covering the whole area of the lake. About
the probable cause of this change and about the phenomenon itself we must
say a few words because the great decrease observed in section “A” in 1967
compared to the data of 1951 is very significant.

1951, Sebestyén 1967, P.-ZANKAI—PONYI Decrease
Keratella cochlearis 58 sp/1 16 sp/1 3.6X
Keratella cochlearis tecta 53 sp/1 13 sp/1 4.0X
Polyarthra vulgaris 46 sp/l 23 sp/1 2.0x

sp = number of specimens.

The numerical data are the calculated mean values from 4—4 sections
of the identical four months.

Comparing the average values of other sections e.g. “K” for the very
same species of period of time with the data obtained by Sebestyén in front
of Tihany we can see that the decrease of K. cochlearis and K. c. tecta is only
1.6 X, while the same for Polyarthra the values for specimens per litre are the
same. The example described above and the previously presented data suggest
two conclusions.

1 The changes and dynamics in the zooplankton conditions of Lake
Balaton can hardly be elucidated on the basis of even detailed and regular
investigations carried out in one section, because at the same time, in the dif-
ferent water areas the population of Rotifera and Crustacea (Ponyi, 1968)
also differ from each other.
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2. Certain Rotifera species — if not to such a great extent as in section
“A” — decreased in some degree in every section when compared to the values
of 1951. Perhaps one of the causes may be attributed to the wide-scale applica-
tion of DDT from years 1957—58 in the lake and its environment (cf. Poxvyi
et al. 1968).

The role of Rotifera in saprob-system is not great (LIEBMANN, 1962),
still it appears that certain species groups with regard to trophism may be
significant (Kocr ArntHAUS, 1963; BErzINS, 1949; LiLieroTH, 1950). Many of
these species also occur in Lake Balaton, some of them in small (Brachionus
angularis), others in large population density (Pompholyx sulcata). Tricho-
cerca pusilla which is regarded to indicate the onset of eutrophic processes by
many authors, in the central sections of the lake its population is also very
high. These facts also refer (cf. also p. 301) to the moderately eutrophic con-
dition of the lake.

Summary

1. With regard to the quantity of the total Rotifera significant difference
occurred between Keszthely-Bay and the open water areas of the lake. The
average values per section during the whole period of investigation in Keszt-
hely-Bay yielded 64 sp/l, while for the other sections (“K”—“E”) this value
fluctuated between 125 and 171.

2. The number of individuals of the total Rotifera plankton in every
section increase twice (perhaps three times?).

3. The 24 species determined during the investigations, including varietas
and forms too, five species (Keratella cochlearis, K. c. tecta, K. quadrata, Poly-
arthra vulgaris and Pompholyx sulcata) can be regarded as the main compo-
nents of Rotifera plankton in Lake Balaton. From among these species the
population of K. quadrata and P. sulcata increases once in the whole area of
the lake. K. cochlearis and K. c. tecta show two maxima in the middle part
of the lake (“K” -“G”), while towards the two ends of Lake Balaton they
show only one maximum. Polyarthra shows clear population increase twice
only in Keszthely-Bay, while in the other parts of the lake apparently it shows
three maxima. The development of maxima generally may be placed in the
month of May, and in August and October.

4. The quantitative change of the Rotifera plankton is inversely pro-
portional with Secchi (transparency); i.e. apparently it is directly proportional
with the concentration of the formed foodstuff.

5. The population changes and dynamics of Rotifera plankton cannot be
elucidated even by detailed and regular investigations if it is restricted to only
one section, because investigating the different areas of the lake in the same
time, the development of Rotifera population may differ from one another.

6. The double population increase of the total Rotifera plankton and the
proliferation of species indicating eutrophic processes apparently prove that
Lake Balaton may be ranged among the moderately eutrophic waters.

20 Tihanyi BEvkonyv
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A BALATON ROTATORIA PLANKTONJANAK MENNYISEGI VISZONYAI
1967-ES EVBEN

P.-Zdnkai Néra és Ponyi Jend

Osszefoglalais

1. Az osszes Rotatdria mennyisége szempontjabol, jelent6s kiilonbség mutatko-
zott a Keszthelyi-6bol és a té nyiltvizi teriiletei kozott. Az egész vizsgdlati idészak
szelvényenként dtlagértékei db/lit.-ben kifejezve a Keszthelyi-obolben 64, a tobbi
szelvényben (,,K”—, E”) 1256—171 koézott védltoztak.

2. A teljes Rotatéria plankton egyedszdma az Osszes szelvényeken kétszer (esetleg
héromszor ?) emelkedik.

3. A vizsgdlatok alkalmdval taldlt 24 faj, varietas és forma koziil 5 faj (Keratella
cochlearis, K. c. tecta, K. quadrata, Polyarthra vulgaris és Pompholyx sulcata) tekinthet6 a
Balaton plankton Rotatériai f6 alkotéelemeinek. E fajok kozil a K. quadrata és a P.
sulcata népessége a t6 egész teriiletén egyszer emelkedik. A K. cochlearis és K. c. tecta a
t6 kozéps6 tdjain (,,K”’—,,G”) kett6, mig a Balaton két vége fvlé egy maximumot mutat.
A Polyartha csak a Keszthelyi-6bol és kornyékén mutat hatdrozottan 2 népességemelke-
dést, mig a t6 tobbi teriiletein gy tlinik, hdrmat. A maximumok kifejlédése altaldban
mdjus, ill. augusztus és oktéber hénapokra tehetd.

4. A Rotatéria plankton mennyiségének valtozdsa forditottan ardnyos a Secchi-
atldtszosdggal, azaz ugy ldtszik, egyenesen ardnyos a formdlt tdpldlék koncentricidjaval.

5. A Balaton Rotatéria népességének viltozasa és dinamizmusa egyetlen szelvény
részletes és rendszeres kutatdsa alapjan nem ismerhet6 meg, mivel kozel azonos id6ben
vizsgdlva a té kiilonbozd teriileteit, a Rotatéridk népességének kifejlédése egymadstol
eltérhet.

6. Az Ossz-Rotatéria plankton népességének kétszeri emelkedése, valamint az
eutro6fizdciot jelolé fajok elszaporoddsa alapjdn feltételezhetéen tavunkat a mérsékelten
eutréf jellegi vizekhez kell sorolni.

KOJIMUECTBEHHOE MCCJIEJJOBAHHUE ITJIAHKTOHHBIX KOJIOBPATOK B O3EPE
BAJIATOH B 1970 rogy

I1.-3anxau Hopa v E. Ilonu

1. B oTHOmeHuH 001ero Yucsna KOJ0OBPATOK OTMEUEHBI 3HAYMTCIbHBIE PA3NIHUHsT MEKITY
Kectxelickumu 3a7HMBOM 1 OTKPBITOI uacThio o3epa. Cpenue s BCCro MCrHoaa Mcchaenosa-
Hisl 3HaYEHHs Ha pa3pe3d cooTBeTCTBYIOT B KecTxeiickom 3a:mise 64 piija/a, Toria Kak B Apyrux
paspesax («K» — «E») 3naucHust kone6aorest meany 125 u 171,

2. Yucso ocodeit 00uiero njiaHKToOHA KOJOBPATOK B KAYK/I0M paspese yBeJMuuBaeTcsi B 2, a
BO3MOX(HO U B 3 pa3sa.

3. OnpenensiioniiMi B TeUEHHE TePHONA MCCAEeNOBAHUH SIBASINCH 24 BUAA, BKJIOUAs!
PASHOBIIHOCTH ¥ GOPMBI; 13 HIX MsATh Auaon (Keratella cocklearis, K. c. tecta, K. quadrala,
Polyarthra vulgaris, Pompholyx sulcata) MO)KHO CYMTATh IJIABHLIMII KOMIOHCHTAMM TIAHK-
TOHA K0J0BpaToK Banatona. M3 HUX no Beei 001acT 03epa 0JAHax)Ibl YBeJIMUNBAETCST MOy Jisl-
wist K. quadrata w P. sulcata. K. cochlearis n K. c. tecta TpOsIBASIOT ABA MaKCUMyma B
cpenneit yactu ogepa («K» — «G»), a B HANPaBJICHUST K JIBYM KOHIAM 03Cpa OHW NPOSIBJISHOT
TOJILKO OMH MaKcumyM. Polyartha TposBisieT YSTKMH POCT MONYJISIMH ABAXK/IbI TOJILKO B

20*
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KecTxelickom 3anuBe, Torga Kak B Apyrux 4acTsix 03epa3ToT BUA KakK 6yaTo MMeeT 3 MaKcuMymMma.
M x pa3BuTue 06b6I4HO NPOMCXOANT B Mae, B aBrycte U B OKTA6pe.

4. KonnyecTBeHHbIe M3MEHEHUSA MNaHKTOHa KO/N10BPaTOK HaxoaAaTca B OﬁpaTHOVI 3aBuUCun-
MOCTM OT M3MEHEHWI nokKasaTens npo3payvyHOCTM no Secchi, To ecTb no-snagunmomy B I'IpﬂMOVI
3aBUCUMOCTU OT KOHLEHTpauum obpasyolimxca KOPMOBbLIX BELLECTB.

5. VBMeHeHVs Mony/isiuymn 1 AyHaM KA M/IAHKTOHHbIX KO/IOBPATOK He MOryT 6biTb Bbk
ACHEHbI Ha OCHOBE AaKe [ETa/IbHbIX U PeryfisipHbIX WICCMef0BaHNA, eC/i OHX  OrpaHyYeHb
TO/MbKO OHUM Pa3pesom, MOTOMY YTO B pasHbIX HacTsX 03epa passuTVe MoMy/isaumy NpoTeKaeT
pa3IMUHBIM OBPE30OM.

6. [BoilHOe yBenM4YeHMe MONynaLMy obLLero NAaHKTOHa KONOBPaTOK UM mponudepayms
BUAO0B, XapaKTepHbIX A4 3yTPOPUUeCKUX MNPOLEeccoB, BEPOATHO CBUAETENLCTBYKT O TOM 4TO
BanaToH MOXeT 6biTb OTHECEH K pas3psAfy YMepPeHHO 3YyTPOgHbLIX 03ep.



CHRONICLE

1969 was the first yvear in a period of a three year’s research plan. The
two scientific departments continued investigations as it was scheduled.

1. Department of Experimental Zoology has started its three year’s plan
within the main topic “Investigations of physiological and morphological
specificites of neurohumoral regulation in invertebrates”.

2. Investigations of the Department of Hydrobiology concentrated on the
main theme “Hydrobiological investigations of Lake Balaton”.

Dr. Orca SEBESTYEN, former head of the Department of Hydrobiology,
now retired, continued her work on the field “Paleolymnological investiga-
tions on microfossils of Lake Balaton sediments”. In 1969 Dr. OLcA SEBES-
TYEN participated in the work of the Editorial Board of Annal. Biol. Tihany
for the last time; she resigned on the grounds of her advanced age. Dr. OrLca
SEBESTYEN has been working since 1948 with the Editorial Board and took
part in the editing of 19 volumes. She played a prominent part judging and
evaluating the papers on hydrobiological topic. Her altruistic help is grate-
fully acknowledged hereby.

Results of the work performed by the members of the two Departments
were published partly in Annal. Biol. Tihany 36, and partly in various Hungar-
ian and foreign periodicals (see Annal. Biol. Tthany, 1970, 36, p. 318). ‘

The Institute’s permanent staff 54 persons were divided as follows:
19 scientific research workers, 14 technical assistants, 6 administrative and
15 other workers.

The following changes took place in the scientific staff of the Institute:
Cs. Csukris biologist-geographer assistant scientific research worker left for
the Brewery, Debrecen on the 16th of May; K. Bir6 biologist-chemists assistant
scientific research worker left for Medical Plant (Herb) Research Institute,
Budapest on the 21st of September; K. ELekes biologist-geographer on the 1st
of August and T. Kiss biologist-chemists on the 1st of September were appoint-
ed as assistant scientific research workers to the Department of Experimental
Zoology.

Inland study trips

K. Bir6 assistant scientific research worker was working from the 1st
of January untill the 10th of March at the Zoological Department of Eotvis
Lordnd University in Budapest; Dr. I. Zs.-Nacy scientific research worker
visited the Institute of Pathological Anatomy of the Medical School in Pécs
from 21st to 25th of April. Dr. E. LABos scientific research worker spent two
weeks in the Institute of Biophysics of Medical School in Pécs.
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Travels abroad

P. Biré assistant scientific research worker was working from the 17th
of June to the 17th of August in Poland — in the Dcpartment of River Menage-
ment of the Institute of Inland Fisheries (Zabieniec) and in the Department
of Ichthyology of the Institute of Inland Fisheries (Olstyn—Kortowo).

L. Hirrer assistant scientific research worker spent four weeks in the
Physiological Institute of Czechoslovakian Academy of Sciences, Prague
(Czechoslovakia).

I. Kiss assistant scientific research worker started his six-month long
study trip in Physiological Institute of the Ukraine Academy of Sciences,
Kiev (Soviet Union) on the 4th of September.

Dr. P.-N6ra ZANKAI was working in Borok (Soviet Union) at the Insti-
tute of Freshwater from the 2nd of September until 28th of October, following
she visited the Natural History Museum in Moscow from 29th of October
until 26th of November.

Dr. J. Poxyr head of the Department of Hydrobiology attended the
International Congress on the Pollution of Water in Prague (Czechoslovakia)
on 21—26 April; following the invitation he worked in the Mineralogical-
Petrographical Institute of Heidelberg University (West-Germany) from 30th
of May until 27th of August.

Dr. KaraLix S.-Rézsa senior scientific research worker visited the
Soviet Union from the 18th of October to 1st of November attending the
Second Congress of Soviet Biochemists held in Tashkent; than she left for
Czechoslovakia, and she stayed there between 10th of November and 5th of
December, where she visited the Physiological and Entomological Institutes
of the Czechoslovakian Academy of Sciences (Prague) and the Physiological
Institute of the Slovakian Academy of Sciences (Bratislava).

Dr. J. SavAnxkr director of the Institute attended the IBRO Seminar
held in Kotor (Yugoslavia) from 30th of June until 11th of July; than attended
the Second Congress of Soviet Biochemists held in Tashkent (Soviet Union)
from 18th of October until 1st of November.

Dr. B. Extz deputy director of the Institute has finished his work in
Ghana on the 1st of June, then he has started his work in the UAR as an
expert.

Visiting scientists from inland and abroad

Similarly to the previous years in 1969 also several research workers
visited our Institute: The following investigators spent longer time in the
Institute:

Dr. K. RICcHTER Zoological Institute Jena (DDR); Dr. OLTEAN MIRCEA,
Institut de Biologie “T. Savulescu” de I’Academie R. S. R. Bucuresti; Dr.
F. VERZAR, Institute of the Experimental Gerontology Basel; Y. RoBix Collége
de France Biochimie Générale et Comparée Paris; Dr. K. GALEWSKI Institutute
Zoologica PAN, Warsawa: Dr. V. Novik Entomologisches Institut CSAV,
Abteilung fur Physiologie, Leiter der Abteilung Praha; I. D. CArTHY (London);
P. DucHEesNE (Liege).

Besides the above mentioned research workers the following visitors
have spent few days in the Institute:
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J. J. RaMaNAUSzKASZ (Vilnius); F. HaANsoN (Texas); Dr. G. HARWICH
(Berlin); K. A. VeEsSPALAINEN (Helsinki); G. LINKE (Berlin) A. T. NATARAJAN
(Stockholm); P. Pasik and A. TauvBa (New York); F. MakLep (Cairo); CH
GrAUL Berlin (DDR); M. Gaze (London); Z. K OBILINSKI (Warsawa); B. Borio
(Sofia); P. DracH (Paris); NikorAa D. Nixkorov (Sofia); L. Voapimir (Praha);
H. Wurop (Jena); K. Rostarisa (Wroclaw); Professor T. ANDRE (Paris);
H. E. Lacos (Jena); R. E. Austin (Texas).

The following Hungarian scientists worked here as visiting research
workers or visited the Institute by aim of exchanging experiences:

From Budapest:

Prof. Dr. G. Apim, Department of Comparative Physiology of Eétvis
Lorand University; Prof. Dr. E. Bir6, Biochemical Department of Eotvos
Lorand University; Dr. L. FELrorpy, VITUKI; Dr. M. GARAMVOLGYT, Insti-
tute for the Retraining of Physicians; Dr. J. HAMoRI, Anatomical Department
of the University Medical School; Dr. T. JErMY, Scientific Research Institute
for Plant Protection; Dr. Z. Kaszas, Hungarian Natural History Museum;
Dr. J. Marskisi, Hungarian Natural History Museum; Dr. M. MoLNAR,
Hungarian Natural History Museum; Dr. Nacy TiBorNE, Botanical Depart-
ment of Eotvos Lordnd University; Dr. M. NEmEssuri, School of Physical
Training; Dr. L. PERENYI, Koranv1 TBC School; Dr. A. PAszror, Hungarian
Nerve Surgical Institute; Dr. B. PiNzZES, Botanical and Zoological Garden;
Dr. A. QOOS Hungarian Natural History Museum; Dr. L. VARJAS, Scientific
Research Institute for Plant Protection; R. VASARHELVT VITUKLE; Dr. I.
TorG Jr., University Department of Histology and Embriology in University
Medical School.

From Debrecen:

Dr. Cs. HapuAzI, Anatomical Department of the University Medical
School; Dr. I. Fekere, Zoological Department of Kossuth University; Dr.
S. IMRE Pathophysiological Department of University Medical School; Prof.
Dr. I. KROMPECHER, Anatomical Department of University Medical School
Dr. Z. KADAR, Kossuth University; Dr. NAcy ENDRENE, Dernmtologica]
Department of University Medical School.

From Szeged:

Prof. Dr. B. CsiLuig, Department of Anatomy, Histology and Embrio-
logy of University Medical School; Dr. L. ERDELYI, Physiological Department
of Jézsef Attila University; Prof. Dr. O. Fenfr, Physiological Department of
Jozsef Attila University; Dr. J. MEcYERI, High School of Pedagogy; Dr.
J. PorszAsz, University Medical School; Dr. A. StaMMER, Zoological Depart-
ment of Joézsef Attila University; Dr. G. UBERKOVICS, Station for Tisza Re-
search.

From Pées:

Prof. Dr. K. LissiAr, Physiological Department of University Medical
School.
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From Keszthely:

Dr. G. BorpfrLy, Academy of Agriculture; Dr. KirrArr ISTVANNE,
Academy of Agriculture.

From Alsogod:

Dr. G. SzemEs, Station for Duna Research.

Variria KovAcs student from the Biological-Geographical Department
of Budapest E6tvos Lorand University performed her dissertation thesis sub-
mitted for certification at the Zoological Department of the Institute.

During the summer months 17 Hungarian University students joined
the Institute’s work for 3 —4 weeks.

In the 1969 year the Scientific Council of the Institute held two sittings
where they were informed on the results of the fulfilments of the Institute’s
year plan and approved the publications submitted for the 36th volume of
Annal. Biol. Tihany.

Meetings

In the course of the year 1969 nine meetings were held at the Institute:

1. Between the 26th of January the course entiled: ,,Indentifica-
tion and significance of Algae” was held with 15 participants by the Lymno-
logical Section of the Hydrobiological Society, Hydrobiological Department
of the Institute and the Hydrobiological Committee of the Hungarian Academy
of Sciences.

2. From the 29th of January to the 8th of February ‘“Winter School”
in the field of nuclear physics was organized by the Central Research Institute
of Physics the of Hungarian Academy of Sciences with participation of 59
scientists.

3. Between the 18th and 26th of June “Summer School” in the field
of nuclear physics with 45 participants in the organization of the Central
Research Institute of Physics of the Hungarian Academy of Sciences.

4. Summer course for the pupils of secondary schools with biological
specialization from the 7th to the 17th of July was organized by the Biological
Department of the Hungarian Academy of Sciences with 24 participants.

5. Between 17th and 23nd of August retraining course for the teachers
of biology in the secondary schools was held with 26 participants by the Bio-
logical Department of the Hungarian Academy of Sciences.

6. From the 1st to the 4th of September the “Memory Symposium’ was
held by the Comparative Physiological Department of Budapest Eotvis Lorand
University and the Biological Department of the Hungarian Academy of
Sciences with 44 participants.

7. Between the 15th and 20th of September Summer School in the field
of astro-physics was held in organization of the Mathematical Department
of the Hungarian Academy of Sciences with 40 participants.

8. Between the 28th and 30th of September ‘“Hydrobiological Days”
attended by 33 participants were organized by the Hungarian Hydrobiological
Society and the Department of Hydrobiology of the Institute.

9. From the 13th of October to the 2nd of November the course “Identi-
fication and importance of water animals in the water-menagement” was
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held with 28 participants by the Liymnological Section of the Hydrobiological
Society, Hydrobiological Department of the Institute and The Hydrobio-
logical Committee of the Hungarian Academy of Sciences.

Improvement in research facilities

The Equipment park was completed among others by Preparative Ultra-
centrifuge (Beckman Spinco L-50, a USA), Homogenizer (MSE, Typ. 7700,
Great Britain), one beam oscilloscope (Typ. EMG-1546), a universial dual beam
oscilloscopes (Zeiss NU-2), a binocular microscope (Zeiss SMXX), a universial
turn-bench, turner’s lathe (EMU-220), a Grinding machine on the tripod (Typ.
EVIG CSF64/2), a Digital DC Voltmeter (EMG Typ. TR-1652), a Desk calculator
(Hunor 131), a Fraction collector fractiomat (Typ. Labor 59 932), a Micromani-
pulator (Typ. Brinkman RP-5), a boring machine (42V), a Biomix homogeniser
(Labor), a Rodatest rotary evaporator (KUTESZ).

At the end of year 1969 the Library of the Institute registered 44 178
volumes. Over 610 different periodicals are currently received, among them
12 are “‘Abstracts’.

The Institute’s Year Book, Annal. Biol. Tihany, Vol. 36. (1969) was sent
to 579 Institutes all over the world, in exchange the library received 345 dif-
ferent journals and publications.



KRONIKA

Az 1969-es ¢v a soron kovetkezd hiroméves terveiklus elsd éve volt.
A két Tudomdnyos Osztdly munkéja a hiroméves tudomanyos tervnek meg-
felelen folyt.

1. A Kisérleti Allattani Osztdaly ,,A neurohumordlis szabédlyozds fizio-
l6giai és morfolégiai sajatossagainak vizsgdlata gerinctelen allatokon” — cimii
témaban kezdte meg haroméves tervét.

2. A Hidrobiologiar Osztaly vizsgalatait a ,,Balaton hidrobiolégia kuta-
tdsa’ c. f6 téman beliil folytatta.

- Dr. SEBESTYEN OLGA nyugalmazott osztilyvezetd tovabbra is aktiv
tudoményos tevékenységet fejtett ki az Intézetben. Munkajat ,,Paleolimno-
logiai vizsgalatok balatoni iiledékben” c. témakor keretében végezte. Dr.
SEBESTYEN OLGA 1969-ben vett részt utoljara az Annal. Biol. Tihany szer-
kesztGbizottsaganak munkéjaban; a tovabbiakban elGrehaladott kordra vald
tekintettel, e megbizatasarél lemond. Dr. SEBESTYEN Onca 1948 éta folyva-
matosan tagja volt a szerkesztGbizottsagnak, 19 kotet szerkesztésében vett
részt. Jelentds szerepe volt a hidrobiolégiai targyu dolgozatok elbirdlasdban,
értékelésében. Aldozatos munkajaért koszonet illeti.

A két osztalyon dolgozé kutaték tudoményos tevékenységét tiikrozd
dolgozatok részben az Annal. Biol. Tihany 36, kotetében, részben mdas hazai
és kiilfoldi folyéiratokban keriiltek publikdlisra (lasd. Annal. Biol. Tihany
1970, 37, 318).

Az Intézet személyi dllomdnya 54 15, ami a kovetkez&képpen oszlott meg,
kutaté: 19, kutatdsi segéderd: 14, adminisztrativ: 6, egyéb: 15.

Az Intézet kutatéi &allomanydban az alidbbi valtozasok torténtek:
CsukA4s CsaBa biolégia-foldrajz szakos tanir, majus 16-an a Debreceni Sor-
ipari Véllalathoz, Biré KALMAN biolégia-kémia szakos tandr szeptember 21-én
a Budapesti Gyogynovény Kutaté Intézethez tdvozott. ELERES KAROLY
biolégia-foldrajz szakos tanar augusztus 1-én és Kiss TiBor bioldgia-kémia
szakos tanar szeptember 1-én segédmunkatarsi kinevezéssel az Intézet Kisér-
leti Allattani Osztélydra keriilt.

Belfoldi tanulmdnyutak :

Bir6 KALMAN tudoményos segédmunkatars janudr 1-t6l mércius 10-ig
az ELTE Allatrendszertani Intézetében (Budapest) dolgozott. Dr. Zs.-Nacy
IMRE tudoményos munkatérs aprilis 21-t6l aprilis 25-ig, dr. LABos ELEMER
tudomanyos munkatirs pedig november 10-t6l november 22-ig a POTE
Koérboncetani, illetve Biofizikai Intézetében dolgozott Pécsett.



Kalfoldy utak :

Bir6 PETER tudomanyos segédmunkatérs junius 17-t6l augusztus 17-ig
Lengyelorszighan a Belvizi Haldszati Kutatéintézetben (Varsé, Zabience,
Olsztyn-Kortovo) dolgozott akadémiai kikiildetésben.

Hirrer LAszré tudoményos segédmunkatdrs négy hetet toltott Cseh-
szlovakidban akadémiai kikiildetésben a Csehszlovik Tudoményos Akadémia
Elettani Intézetében, Pragiban.

Ki1ss IsTvAN tudoményos segédmunkatars szeptember 4-én megkezdte
hathénapos tanulményutjat az Ukran Tudomanyos Akadémia Fiziolégiai
Kutatéintézetében, Kievben.

Poxvyr JENGONE szeptember 2-t6l oktéber 28-ig a Boroki viztarold és
Belvizekkel foglalkozé Kutatéintézetében dolgozott, majd oktéber 29-t6l
november 26-ig a Moszkvai Természettudomanyi Mizeumban folytatta tanul-
manyutjat.

Dr. Poxvr JexG a hidrobiol6giai osztily vezetGje aprilis 21-t6l aprilis
26-ig részt vett a Prigdban rendezett Vizszennyezési Vilagkongresszuson
(Csehszlovakia), majd majus 30-t6l augusztus 27-ig Nyugat-Németorszaghan,
a Mineroldgiai-Petrografiai Intézetben (Heidelberg) dolgozott meghivésra.

Dr. S.-Rézsa Karariy tudoményos fémunkatars oktéber 18-tél november
1-ig a Szovjetuniéban tartézkodott, ahol részt vett a Taskentben rendezett
II. Ossz- -szovetségi Biokémiai Kongresszuson majd november 10-t6l december
5-ig Csehszlovikidba utazott tanulményutra, ahol a Csehszlovak Tudomanyos
Akadémia Fiziol6giai Intézetét és Entomolégiai Intézetét (Praga), valamint
a Szlovak Tudoméanyos Akadémia Fiziolégiai Intézetét (Bratiszlava) latogatta
meg.

Dr. SALANKI JANOS intézet igazgaté 1969. junius 30-tél jalius 11-ig
részt vett a Kotorban (Jugoszlavia) rendezett IBRO szeminariumon, majd
a II. Ossz-szovetségi Biokémiai Kongresszuson Taskentben (Szovjetunid)
oktéber 18-t6l november 1-ig.

Dr. ExTz BfLa igazgatéhelyettes junius 1-ig Ghandban dolgozott, szak-
ért6i mingségben, majd az év folyamén az Egyesiilt Arab Koztarsasagban
kezdte meg két éves szakértsi tevékenységét.

Vendégkutatdk

Az el6z6 évekhez hasonléan tobb kiilfoldi és hazai kutaté dolgozott az
Intézetben.

Hosszabb idét toltottek az Intézetben:

K. RICHTER, Jénai Egyetem; Dr. OLTEAN MIRCEAU, Biolégiai Intézet
(Bukarest); Dr. F. VErRzAR, Gerontolégiai Intézet, Basel; Y. Rosix, Colege
de France, Paris; Dr. T., GaALEwsk1l Zoolégiai Intézet, Warsawa: P. Du-
CHESNE, Anatémiai Intézet, Liege; V. Novik, Entomoldgiai Intézet, Praga;
J. CHARrty, Field Studies Cauncil, London.

A fentieken kiviil par napos latogatést tettek az Intézetben:

J. J. Ramanauszkasz, Valstybinis Universitetas, Vilnius; Hanson
Fraxxk, University of Texas; G. HarrwicH, Berlin; K. VEPSALATNEN, Gene-
tikai Intézet Helsinki; G. Lingg, Universitit of Halle/Saale, Berlin; A. T.
NaTARATAN, Stockholm University; P. Pasik és A. TauBA; School of Medicine
New York City, U.S.A.; Farar MARLED, University of Kairé; CHRISTA GRAUL
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University of Berlin; M. Gaze,University of London; Kobilinski Zbigntjm,
Lengyel Tudoményos Akadémia Warsawa; Botio Betev, Bolgar Tudoményos
Akadémia Szofia; P. Drach, Paris; Nikola D. Nikolov, Institute of Physio-
logy Sofia; Rank Ettanson, Austin Texas; Viadimir Londa, Entomoldgiai
Intézet Prdga; Whiod Herbel, Jena; K. Rostarish University of Wroclav;
Andre Thomas, Faculté des Sciences, Paris; H. E. Lacob Institut F. Mikro-
biol6gica Jéna.

Hazai kutatok kozil vendégkutatéként dolgoztak, ill. tapasztalatcsere
céljabol keresték fel az Intézetet:

Budapestrdl:

Dr. Adam Gyoérgy, ELTE Osszehasonlitd Elettani Intézet; Dr. Biré
Endre, ELTE Biokémiai Intézet; Dr. Felfoldi Lajos, VITUKI; Dr. Garam-
volgyi Miklés, Orvostovabbképzd Intézet; Dr. HamoriJo6zsef, BOTE Ana-
tomiai Intézet; Dr. Jermy Tibor, NOvényvedelmi Kutato Intézet; Dr.
Kaszab Zoltan, Természettudomanyi Muzeum; Dr. Matskasi Istvan,
Muzeum, Allattar; Dr. Molnar Mikl6s, Termeszettudomanyl Muzeum;
Dr. Nagy leorne ELTE NOvénytani Tanszek Dr. Nemessuri |\/||haly,
Testnevelési F0|skola Dr. Perényi Laszl6, Koranyi TBC Intézet; Dr.
Pasztor Andras, Orszagos ldegsebészeti Intézet; Dr. Pénzes Bethen, FO-
varosi Novény- és Allatkert; Dr. So6s Arpad, Természettudomanyi Mizeum;
Dr. Varjas Lasz16,Novényvéd6 Kutatd Intézet; Vasarhelyi Réka,VITUKI;
Dr. ifj. Tors Imre, BOTE Szdvet- és Fejlodestanl Intézet.

Debrecenbdl;

Dr. Hadhazi Csaba, DOTE Anatomiai Intézet; Dr. Fekete Istvan,
KLTE Allattani Intézet; Dr. Imre Sandor, DOTE Korélettani Intézet;
Dr. Krompecher Istvan, DOTE, Anatomiai Intézet; Dr. Kadar Zoltan,
KLTE; Dr. Nagy Endréneé, DOTE Boérklinika.

Szegedrdl:

Dr. Csillik Bertalan, SZOTE Anatomiai Szovet- és Fejlédéstani
Intézet; Dr. Erdélyi Lajos, JATE Allatélettani Intézet; Dr. Fehér Otto,
JATE Allatélettani Intézet; Dr. Megyeri Janos, Tanarképz6 Fdgiskola;
Dr. Porszasz Janos, SZOTE Sebészeti és M{itéttani Intézet; Dr. Stammer
Aranka, JATE; Dr. Uherkovics Gabor, MTA, Tiszakutaté Allomas.
Pécsrél:

Dr. Lissak Kalman, POTE Elettani Intézet.

Keszthelyr6l:

Dr. Borbély Gyorgy, Agrartudomanyi Féiskola; Dr. Karpati Ist-
vanné, Agrartudomanyi Féiskola.

Alsogodrdl:
Dr. Szemes Gabor, MTA, Dunakutatd Allomas.

K ovacs Valéria, az ELTE biolégia-féldrajz szakos hallgatdja szakdolgo-
zatat az Intézetben készitette.
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A nyari hénapokban 17 hazai egyetemi hallgaté kapesolédott be az
Intézet munkajaba 34 hétre.

Az 1969. évben az Intézet Tudomdanyos Tandesa kétszer iilésezett, amikor
is meghallgatta az éves tervek teljesitésének eredményét, valamint jévahagyta
az Annal. Biol. Tihany 36. kétetének anyagat.

Rendezvényel:

1969. évben 9 nagyobb rendezvény keriilt lebonyolitasra az Intézetben.

1. Janudr 6 —26-ig ,,Algdk felismerése és jelentdsége” c. kurzus a Hidro-
biologiai Tarsasag Limnolégiai Szakosztalyanak, az Intézet Hidrobiolégiai
Osztalydnak, valamint az MTA Hidrobioldgiai Témabizottsigianak rendezésé-
ben, 15 {6 részvételével.

2. KFKI Téli Iskola janudr 29 és februar 8 kozott az MTA Kozponti
Fizikai Kutaté Intézetének rendezésében. Résztveviok szama: 59.

3. Junius 18 -26 Magfizikai Nyéari Iskola az MTA Kozponti Fizikai
Kutaté Intézetének rendezésében. A résztvevék szama: 54.

4. Nyéri tanfolyam a biol6giai szakositast kozépiskolak didkjai szamara
jalius 7—17-ig, az MTA Biolégiai Osztalyanak rendezésében 24 didk rész-
vételével.

5. Tovabbképzés biolégiat oktaté kozépiskolai tanarok részére augusztus
17— 23 kozott az MTA Biolégiai Osztalyanak rendezésében, 26 {6 részvételével.

6. Emlékezéshiologiai Szimpozium szeptember 1-—4-ig az ELTE Ossze-
hasonlité Elettani Intézetének és az MTA Biolégiai Osztélyanak rendezésében,
44 16 részvételével.

7. Szeptember 15 — 20 kozott Asztrofizikai Nyari Iskola 40 f6 részvételé-
vel az MTA Matematikai Osztalyanak rendezésében.

8. Hidrobiolégus Napok szeptember 28 30 kézott a Hidrobiologiai
Tarsasig és az Intézet Hidrobiologiai Osztalyanak rendezésében 33 6 rész-
vételével.

9. ,.Viziallatok felismerése és jelentGsége a vizgazddlkodasban™ c. kurzus
oktéber 13-t6l november 2-ig 28 {6 részvételével a Hidrobiolégiai Tarsasdg
Limnologiai Szakosztdlydnak, az Intézet Hidrobiolégiai Osztilyinak, vala-
mint az MTA Hidrobiol6giai Témabizottsaginak rendezésében.

Kutatdsi feltételel: fejlodése

Az év folyaman beszerzett jelentGsebb miszerek: Ultracentrifuga
(Spinco L—50, USA), Homogenizator (MSE, Angol), EMG 1546 tipusa
egysugaras oszcilloszkép (1 db.), EMG 1552 tipusu kétsugaras oszcilloszkép
(2 db.), NU -2 (Zeiss) univerzilis kutatémikroszkép, SMXX (Zeiss) binoku-
laris mikroszkép, EMU —200 egyetmes miiszerészeszterga, Allvanyos esiszol6-
gép (EVIG Typ. CSF 64/2), Digitalis DC Voltmérs (EMG Typ. TR -—1652),
Hunor 131 szamolégép, Frakeciészedd (Labor typ.: 59932) Fractiomat, Brink-
man manipulator (Tvp. RP—5), Fuarégép 42 V-os, Biomix homogenizitor
(Labor), Rotadeszt rotécids leparld (KUTESz).

Az évvégi Osszesités alapjan az Intézeti konyvtar allomanya 44 178
egység. Az év folyamén osszesen 610 kiilonbozd folydirat és kiadvany jart
az Intézetbe, koztitk 12 referald jellegii.

Az Intézeti Evkonyv — Annal. Biol. Tihany 36. kotetét 579 cimre
kiildtiik meg, melyért cserébe 345 kiadvany érkezett.
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	Farkas Tibor: The dynamics of fatty acids in the aquatic food chain, phytoplankton, zooplankton, fish = Zsírsavak dinamikája a phytoplankton-Crustacea plankton-hal táplálkozási láncolatban���������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	Herodek Sándor: Desaturation of palmitic acid-1- C14 and stearic acid-1- C14 in Gammarus (Rivulogammarus) roeselii Gervais (Crustacea, Amphipoda) = A palmitinsav-1-C14 és a sztearinsav-1-C14 átalakulása a Gammarus (Rivulogammarus) roeselii Gervais Amphipoda rákban�������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	Kárpáti Vera  - Bedő I.: Data to the knowledge of composition of the most frequently occurring reed-grass species in Lake Balaton = Adatok a Balatonban elterjedtebb hínárfajok beltartalmának ismeretéhez�����������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	Oláh János: Short periodic changes in the microbial plankton quantity of Lake Balaton = Rövidperiódusú változások a Balaton mikrobiális plankton mennyiségében���������������������������������������������������������������������������������������������������������������������������������������������������������������������
	Oláh János: Measurement of the reducing ability of natural waters and sediments: Simple limnological method = Természetes vizek és üledékek redukáló képességének mérése: Egy egyszerű limnológiai módszer�����������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	Oláh János  - Vásárhelyi Réka: Comparative bacteriological investigation of three shallow Hungarian lakes with diffrent trophic levels = Három sekély, különböző trofitású magyarországi tó összehasonlító bakteriológiai vizsgálata�������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	Oláh János  - Vásárhelyi Réka: Comparative nutrient agar studies on the quantitative survey of saprophytic water microorganisms = Összehasonlító táptalaj-tanulmányok a szaprofita vízi mikroorganizmusok mennyiségi felmérésére���������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	Sebestyén Olga: Kladocera tanulmányok a Balatonon IV.: Szubfosszilis maradványok balatoni üledékekben II.����������������������������������������������������������������������������������������������������������������
	Sebestyén Olga: Calcareous microfossils in the sediments of Lake Balaton = Mésztartalmú mikrofossziliák a Balaton üledékeiben������������������������������������������������������������������������������������������������������������������������������������
	P. Zánkai Nóra  - Ponyi Jenő: The quantitative proportions of Rotifera plankton in Lake Balaton, in 1967 = A Balaton Rotatoria planktonjának mennyiségi viszonyai 1967-ben���������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
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